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CONCLUSIONS 

Delta operations of the Centra1,Valley Project and State Water Project have not been 
a major factor in the decline of the winter run of Central Valley Chinook salmon stocks. 
This conclusion is based on three facts: 

There is no correlation between detrended cohort abundance and Delta 
pumping during the period when the cohort migrated through the Delta 
toward the ocean. 

There is no correlation between an index of survival (recruits per spawner) 
and such Del.ta conditions during outmigration as total pumping, percent of 
inflow diverted, and numbers of days of reverse flow. 

Perhaps most important, the decline occurred during one of the wettest 
periods in this century. During winters of wet years, Delta Cross Channel 
gates are closed, flows in the Sacramento and San Joaquin rivers are high, 
and total pumping is a small fraction of the inflow. 

Delta opeiations do result in the take of winter-run Chinook salmon. Take occurs due 
to juvenile salmon being diverted off the mainstem through the Delta Cross Chamel, 
perhaps due to flow reversals in the lower San Joaquin River, and due to direct losses 
associated with CVP/SWP diversions in the southern Delta. 

At this time it is not possible to quantify the take caused by either the direct or the 
indirect effects of Delta operations. This conclusion is due to uncertainties in: 

The application of models derived from studies of survival of fall-run hatchery 
juveniles planted a t  various locations in the Delta. The models do consistently 
indicate that temperature may be the most important factor in calculations 
of survival indices. 

The use of DFG's system of classifying Chinook salmon by race, knowing the 
fish's length and time of capture. The system is innovative and exhibits 
considerable biological insight, but it appears to greatly overestimate the 
numbers of winter-run salmon captured or salvaged in the Delta. It does 
appear appropriate for use in the upper river. 

The loss rate of salmon moving across Clifton Court Forebay to the fish 
protective facilities. Based on temperature alone, and its effects on predator 
feeding rates, the loss rates should be lower in the winter, when winter-run 
juveniles are moving through the Delta. 



CONTENTS 

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CONCLUSIONS zzz 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  INTRODUCTION 1 

BIOLOGY AND LIFE HISTORY OF WINTER-RUN CHINOOK SALMON . . . . . .  3 

Chinook Salmon Basic Life Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Life History Strategies Distinguishing the Four Runs of 
Sacramento River Chinook Salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Winter-Run Chinook Salmon Life Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Adult Spawning Migration 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spawning Activity 6 

Fry Emergence and Juvenile Outmigration . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Estimated Annual Spawning Population of 
Winter-Run Chinook Salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Hatchery Production of Other Chinook Salmon Races . . . . . . . . . . . . . . . . .  11 

FACTORS INFLUENCING WINTER-RUN CHINOOK SALMON 
POPULATIONSIZE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

SACRAMENTO-SAN JOAQUIN DELTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

STATE WATER PROJECT AND CENTRAL VALLEY PROJECT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DELTAOPERATION 21 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Reservoir Releases 21 

Regulatory Requirements for Delta Water Quality and Flow . . . ' . . . . . . . . .  23 

Pumping Capacity and Demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

Skinner Fish Protective Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

Clifton Court Forebay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

Efficiency of the Primary and Secondary Louvers . . . . . . . . . . . . . . . .  30 
Predation in the Primary and Secondary Channels . . . . . . . . . . . . . .  30 
Holding Tank Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
Counting and Measuring Salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
Hauling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

Tracy Fish Protection Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

The Coordinated Operation Agreement . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Obligations for In-Basin Uses 34 
. . . . . . . . . . . . . . . . . . . .  Accounting and Coordination of Operations 35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Reverse Flows 36 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Suisun Marsh Salinity Control Structure 39 

. . . . . . . . . . . . . . . . . . .  Description of the Salinity Control Structure 39 
..................... Operation of the Salinity Control Structure 42 

. . . . . . . . . . . . . . .  Discrete Flow Diversions from Montezuma Slough 43 

Lower Joice Island Fill/Drain Facility (Maximum Flow Calculation) . . . . . .  46 
........................... Delta Cross Channel and Georgians Slough 46 

. . . . . . . . . .  Delta Cross Channel and Georgians Slough Hydraulics 47 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  South Delta Facilities 52 

. . . . . . . . . . . . . . . . . . . . . . .  Head of Old River a t  San Joaquin River 52 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OldRiverNearTracy 53 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Middle River Near Victoria Canal 53 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grand Line Canal Near SWP ; 54 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Operatingschedule 54 

ANALYSIS OF CENTRAL VALLEY AND STATE WATER PROJECT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EMPACTS IN THE DELTA 59 

. . . . . . . . . . . . . . . . . . . . . . .  Juvenile Salmon Movement Through the Delta 59 

Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Temperature 60 

Predation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
. . . . . . . . . . . . . . . . . . . . . . .  Losses to Local Agricultuiral Diversions 61 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Diversion Off the Sacramento River 61 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Identification of Winter Run Salmon 63 

. . . .  Timing of Winter-Run Chinook Salmon Migration Through the Delta 64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Glenn-Colusa Inigation District 65 
. . . . . . . . . . . . . . . . . . . . . . . . . .  SacramentoIChipps Island Trawling 69 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Golden Gate Trawl 73 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Early DFG Trawling Studies 73 

CVPandSWPSalvage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 



USFWS Beach Seine Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Suisun Marsh Sampling 79 

1991- 1992 Winter-Run Outmigration . . . . . . . . . . . . . . . . . . . . . . . . . .  81 

Overall CVP and SWP Delta Impacts on Spawning Stock . . . . . . . . .  89 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Delta Salmon Smolt Survival Model 96 

Direct Losses a t  the State and Federal Pumps . . . . . . . . . . . . . . . . .  102 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Salinity Control Gates 119 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Contra Costa Canal 124 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  North Bay Aqueduct 126 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Coordinated Operation Agreement 127 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Flow 128 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Reverse Flows 128 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Delta Cross Channel Gates 129 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  South Delta Temporary Barriers 131 

ImpactsonAdults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 
Use of DFG's Salmon Classification System . . . . . . . . . . . . . . . . . . .  132 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CUMULATIVE IMPACTS 133 

Georgiana Slough Barrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133 
Los Vaqueros Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133 

Proposed Additions to the State Water Project . . . . . . . . . . . . . . . . . . . . . . .  134 
SouthDel ta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 
North Delta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 
KernFan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 
Los Banos Grandes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 
Coastal Branch Extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
Appendix 1 RESTORATION GOALS AND UP-RIVER FACTORS CONTROLLING 

WINTER-RUN CHINOOK SALMON ABUNDANCE 

Appendix 2 TABLE 11. DECISION 1485 WATER QUALITY STANDARDS FOR 
THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH 

Appendix 3 PLOTS OF SACRAMENTO RIVER DAILY FLOWS 

Appendix 4 SALMON LENGTH FREQUENCIES FROM THE 
UNITED STATES FISH AND WILDLIFE SERVICE 
MONTEZUMA SLOUGH TRAWLING. 4/7/87 THROUGH 5/28/87 

Appendix 5 FIGURES AND TABLES RELATED TO DEVELOPMENT OF THE 
DELTA SMOLT SURVIVAL MODEL 

. vii . 



Tables 

Estimated Cumulative Percent of Winter-Run Chinook 
Year's Brood Emigrating from the Upper Sacramento River 
Past Red Bluff Diversion Dam by Mid-Month . . . . . . . . . . . . . . . . . . . 9 

Winter Run Chinook Salmon Counts a t  
Red Bluff Diversion Dam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Chinook Salmon Planting Summary, 
Feather River Hatchery, 1987-1988 . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

1988 BY Merced River Strain Chinook Salmon Smolts 
Planted From Merced River Fish Facility, 1989 . . . . . . . . . . . . . . . . . 13 
Summary of Delta Conditions and 
Controlling Standards for 1992. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

Monthly Mean Handling and Trucking Mortalities and 
Fork Length for Chinook Salmon and Water Temperature for 
September 1984 through October 1985 at  Skinner Fish Facility . . . 32 

Months During Water Years 1978-1989 in which the 
Average Calculated Flow Past Jersey Point was Negative. . . . . . . . . 38 

Discrete Diversions from Montezuma Slough . . . . . . . . . . . . . . . . . . . 44 

Data Related to Delta Operations Extracted from 
Long-Term CVP-OCAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Protective Alternatives for Juvenile Winter-Run Chinook Salmon . . 57 

Weekly Total Catches of Juvenile Winter-Run Chinook Salmon 
in the GCID Oxbow, 1988-1990. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

Sizes of 1990 Winter-Run Chinook Salmon Captured a t  
GCID's Trap Compared to Intervals Predicted from 
DFG's Growth Curves . . . . . . . . . . . . :. . . . . . . . . . . . . . . . . . . . . . . . . 68 

Summary of Chipps Island Salmon Trawl Data, 1976-1990. . . . . . . . 70 

Summary of Golden Gate Salmon Trawl Data, 1983- 1986. . . . . . . . . 73 

Comparison of Estimated Winter-Run Catch versus 
Total Salmon Catch a t  Carquinez Strait (1961-1962) and a t  
Hood(1973-1974) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

Salvaged Chinook Salmon Classified as Winter Run Using the 
April 1992 DFG Length Intervals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

USFWS Beach Seine Monitoring Sites. . . . . . . . . . . . . . . . . . . . . . . . . 78 



Summary of Estimated Winter-Run Catch, by Major Area, 
USFWS Beach Seine Data, 1977-1989. . . . . . . . . . . . . . . . . . . . . . . . .  79 
Chinook Salmon Classified as Winter-Run Collected during the 

...................... 1991-1992 USFWS Beach Seine Surveys. 83 

Chinook Salmon Trawl Catch Statistics, USFWS Sampling a t  
Miller Park, December 1991 through May 1992 . . . . . . . . . . . . . . . . .  85 
Original and Detrended Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
Cohort and Delta Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
Calculated Delta Smolt Survival Using 1992 Model and 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  CVP-OCAP Operational Scenarios 100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1988 Hydrologic Data 100 

. . . . . . . . . . .  Results of Survival Model Using NMFS Alternatives. 101 

Proportion of Fish Released During Interagency 
Smolt Survival Experiments that were Estimated to have been 
Salvaged at  the CVP and SWP Fish Facilities. . . . . . . . . . . . . . . . . .  102 
Expanded Four Races of Chinook Salmon Salvaged at  the 

. . . . . . . . . . . . . . . . . . . . . . . . . .  SWP and CVP Delta Fish Facilities 107 

Four Races of Chinook Salmon Salvaged a t  the 
. . . . . . . . . . . . . . . . . . . . . . . . . .  SWP and CVP Delta Fish Facilities 108 

Estimated Annual Salvage of All Chinook and Winter-Run 
Salmon a t  the SWP and CVP Delta Facilities, 1981-1992 . . . . . . . .  109 
Estimates of the Number of Chinook and Winter-Run Chinook 
Direct Losses at  the SWP Assuming 25,50, and 75 Percent 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pre-Screening Predation Rates. 113 

Estimates of the Number of Chinook and Winter-Run Chinook 
Direct Losses a t  the CVP Assuming 75 Percent Screening 
Efficiency and 15 Percent Pre-Screening Predation Rates. . . . . . . .  113 
Midwater Trawl Catches at  Chipps Island and 
Montezuma Slough, Expanded for Time and Channel Size, and 
Percentage of Fish Diverted into Montezuma Slough for 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1987 and 1992 125 

Coordinated Operation Agreement Balances. . . . . . . . . . . . . . . . . . .  127 
Fall-Run Smolt Survival Indices in the Sacramento River Delta 
During Spring 1987 and 1988 under Low, Medium, and High 
Temperature Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130 



Figures 

Life History Characteristics of Sacramento River Chinook Salmon 
a t  and Upstream of Red Bluff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Central Valley Location Map. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Relative Proportions of Each Life Stage Present in the 
Upper Sacramento River for Each Run of Sacramento River 
Chinook Salmon During a Representative Wet Year (1983) and a 
Dry Year (1985) for the Month of August . . . . . . . . . . . . . . . . . . . . . . . . 8 

Estimated Annual Winter Run Escapement, 1967- 1992. . . . . . . . -; . . 11 

Sacramento-San Joaquin Delta and San Francisco Bay. . . . . . . . . . . 19 

Monthly Average San Joaquin River Flow Near Vernalis, 
September through December, 1956 through 1990. . . . . . . . . . . . . . . 22 

Monthly Average Sacramento River Flow Near Sacramento, 
September thru December, 1956 thru 1990. . . . . . . . . . . . . . . . . . . . . 22 

Past and Projected California Urban Water Deliveries. . , . . . . . , . . . 25 

Total Annual CVP and SWP Pumping from Delta, 1956-1991 . . . . . . 26 

Average Monthly CVP Pumping, Water Years 1978- 199 1, 
from the DAYFLOW Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

Average Monthly SWP Pumping, Water Years 1978-1991, 
from the DAYFLOW Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Schematic Diagram of the John E. Skinner 
Fish Protective Facility .,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Schematic Diagram of the USBR Tracy Fish Protective Facilities . . 33 

Schematic of Net Flow Pattern During Periods of Low Inflow and 
High CVP, SWP, and Internal Delta Diversions . . . . . . . . . . . . . . . . . 37 

Average Flow Past Jersey Point, Water Years 1978 through 1990, 
from the DAYFLOW Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

Calculated Flow at Antioch, November 1991 through May 1992. . . . 39 

Suisun Bay and Suisun Marsh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Schematic Diagram of Montezuma Slough Salinity Control Gates . . 41 

Two Operational Scenarios for-Managed Wetlands 
inSuisunMarsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

Delta Cross Channel, with TWO Radial Gates on the 
Sacramento River End. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 



Average Monthly Contra Costa Canal Pumping, 
Water Years 1978-1990, from the DAYFLOW Database. . . . . . . . . . . 50 

Barker Slough Daily Pumping Rate. . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

Location Map, South Delta Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

Possible Installation and Operation Schedules for the 
South Delta Temporary Barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 

Estimated Growth Curves for the Four Races of 
Sacramento River Chinook Salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Location and Site Map for Glenn-Colusa 
Irrigation District Intake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Size of Juvenile Winter-Run Chinook Salmon Migrating through 
the GCID Oxbow During 1990 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

Average April 'Winter Runn Trawl Catch at  Chipps Island 
versus Estimated 'Winter Run" Spawning Escapement the 
Previous Year, 1980-1990 except 1987 . . . . . . . . . . . . . . . . . . . . . . . . . 7 1 

Length Frequencies of Juvenile Late-Fall-Run Chinook Salmon 
Sampled a t  Coleman National Fish Hatchery, 
December 30 and 31, 1991. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 

Delta Outflow and Sacramento River Flow at Freeport during 
Periods when Messersmith (1966) and Schaffter ( 1980) 
WereTrawling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

DAYFLOW Net Delta Outflow, October through December 1981 . . . 80 

USFWS 1991-1992 Beach Seine Catch, Area 1, Classified by Run . . 81 

USFWS 1991-1992 Beach Seine Catch, Area 2, Classified by Run . . 82 

USFWS 1991-1992 Beach Seine Catch, Area 4, Classified y Run . . . 82 

USFWS 1991-1992 Trawl Total Salmon Catch a t  Miller Park, 
Classified by Race . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 

USFWS 1991-1992 Trawl Catch of Adipose-Clipped Salmon a t  
Miller Park, Classified by Race. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

USFWS 1991-1992 Trawl Catch at  Chipps Island, All Chinook, 
Classified by Run. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

USFWS 1991-1992 Trawl Catch at  Chipps Island, Adipose-Clipped 
Chinook, Classified by Run. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

Monthly Fall Sacramento River Flows at  Freeport, 1955-1991 . . . . . 88 

Historical Total Delta Exports, 1966- 1990. . . . . . . . . . . . . . . . . . . . . . 90 

Estimated Winter-Run Spawning Stock, 1968-1992. . . . . . . . . . . . . . 90 



Regression of November through May Total Delta Exports 
. . . . . . . . . . . . . . . .  versus Winter-Run Cohorts, 1968 through 1992. 91 

Regression of Natural Log of Total November through May 
..................... Delta Exports versus Winter-Run Cohorts. 91 

Regression of Sequential Years versus Winter-Run Abundance, 
1968-1991 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 

Regression of Detrended Export Data versus Winter-Run Cohorts. . 93 

Plot of Total January through April SWP and CVP Exports versus 
. . . . . . . . . . . . . . . . . . . . . .  Number of Winter Recruits per Spawner. 94 

Plot of Percentage of Inflow Diverted in January through April 
. . . . . . . . . . . . . . . . . . . . . . .  versus Number of Recruits per Spawner 95 

Plot of Calculated Salinon Smolt Survival during April through 
June versus Fall-Run Chinook Escapement to the 

. . . . . . . . . . . . . . . . . . . .  Upper Sacramento River 2-112 Years Later 101 

Total Chinook Salvage, December 1991 through May 1992, 
byRun . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 

Total CVP Salvage, December 1991 through May 1992, by Run . . .  105 

Adipose Fin-Clipped Chinook Salmon Salvaged at  the SWP, 
December 1991 through May 1992, by Run. . . . . . . . . . . . . . . . . . . . .  106 

Adipose Fin-Clipped Chinook Salmon Salvaged a t  the CVP, 
December 1991 through May 1992, by Run. . . . . . . . . . . . . . . . . . . .  106 

Fraction of Winter-Run Expanded Salvage of 
Total Expanded Salvage, January through April, 1981-1992. . . . . .  110 

Expanded Salvaged Winter-Run per Thousand Acre-Feet of 
Export Pumping, January through April, 1981-1992 . . . . . . . . . . . .  112 

Estimated Clifton Court Forebay Predation Rates at  
Various Pumping Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 

Mean Daily Water Temperature in the Sacramento River a t  
. . . . . . . . . . . . . . . . . . . .  Freeport, January 1 through May 20,1992 115 

Length Frequency of Late-Fall-Run and Winter-Run Chinook 
. . . . . . . . .  Salvaged a t  the SWP, January 1 through May 31,1992. 117 

Length Frequency of Late-Fall-Run and Winter-Run Chinook 
Salvaged at  the CVP, January 1 through May 31,1992 . . . . . . . . . .  118 

Temperature-Corrected Survival for Fish Released at  Ryde 
Between 1984 and 1992 versus Flow at Jersey Point on the 
SanJoaquinRiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 



INTRODUCTION 

This report describes results of analyses to assess the impads of existing Delta opera- 
tions of the Central Valley Project and State Water Project on the Sacramento River 
winter run of Chinook salmon, Oncorhynchus tshawytscha. The report provides the ba- 
sis for formal Section 7 consultations and resulting biological opinion regarding Delta 
operations of the U.S. Bureau of Reclamation and California Department of Water 
Resources Delta. A second winter-run biological assessment focusing on the USBR's Sac- 
ramento and W t y  operations has been released by the USBR (USBR, October 1992). 

For purposes of these analyses, existing project operations cover the ranges of flows and 
exports experienced within the past several years. Principal facilities included in these 
analyses are CVP fish protective and pumping facilities at  Tracy, SWP fish protective 
and pumping a t  Byron, CVP Delta Cross Channel gates at  Walnut Grove, Montezuma 
Slough salinity control gates, the C W s  Contra Costa Canal, the S W s  North Bay 
Aqueduct's pumping and fish protective facilities in Barker Slough, and DWR's South 
Delta Temporary Barriers Project. 

The report covers existing operations and evaluates operational scenarios developed by 
USBR and DWR staff for the CVP-OCAP (CVP-Operations Criteria and Procedures). 
The goal of the Section 7 process is to obtain a long-tern incidental winter-run take per- 
mit which encompasses expected CVPISWP operations using existing facilities. Once 
this permit is obtained, DWR expects to enter consultation regarding future SWP facili- 
ties such as the Kern Fan ground water storage element. 

Although the assessment is primarily for fulfilling the requirements of the federal En- 
dangered Species Act, it is also intended for use by the California Department of Fish 
and Game pursuant to the State act. By informal interagency agreement in June 1991, 
the State and federal government combined the two consultation processes with the ex- 
pectation that conditions in the State and federal biological opinions would be identical. 

The report contains sections describing the biology of the winter-run salmon, a sum- 
mary of out-of-Delta factors influencing its distribution and abundance, project opera- 
tions and facilities in the Delta, means of identifying winter-run salmon, timing 
winter-run movement through the Delta, and analysis of Delta impacts. 

As will become apparent in the report, our knowledge of winter-m distribution and 
abundance in the Delta and factors controlling survival is severely limited. There are es- 
sentially no published analyses of winter-run Chinook salmon migration through the 
Delta and factors influencing survival of either adults or juveniles through this migra- 
tory corridor. The available data and hypotheses are examined to help ensure they pro- 
vide the best available scientific information related to this race of Chinook salmon. 



BIOLOGY AND LIFE HISTORY OF 
WINTER-RUN CHINOOK SALMON 

The following descriptions of Chinook salmon biology and specific features of winter-run 
biology are designed to provide a common starting point. More information is in a 1991 
USBR publication, Guide to Upper Sacramento River Chinook Salmon Life History 
(Vogel and Marine 1991). 

Chinook Salmon Basic Life Cycle 

The Chinook salmon, or King salmon as it is sometimes referred to in California, has 
the broadest geographic range of any of the Pacific salmon species. Runs of Chinook 
salmon are found throughout the northern Pacific Ocean and tributary drainages 
around the Pacific Rim from northern Japan to southern California. In spite of its wide 
distribution, the Chinook salmon is the least abundant of Pacific salmon species. As a 
species, the Chinook salmon is distinguished by its highly variable life history, and 
many rivers have more than one distinct stock identifiable by its life history patterns. 

The life span of Chinook salmon may range from 2 to 7 years. Chinook salmon spend 
from 1-l/2 to 5 years in the ocean before maturing and returning to natal streams to 
spawn. Both life span and the timing of spawning migrations are primarily genetically 
controlled. 

Chinook salmon eggs are laid in nests, referred to as redds, excavated by the female in 
uncompacted gravels. Suitable gravel beds selected by female Chinook salmon consist 
mainly of gravel ranging from 1 to 6 inches in diameter. Optimal survival of eggs and 
pre-emergent fry occurs when the largest fraction of the redd is composed of the small to 
midsize gravel. The female seeks out gravel beds with water depths and velocities SUE- 
cient for spawning activities and egg incubation. Depths for spawning range from shal- 
low rime areas (0.5 to 2 feet deep) to deep runs or glides (5 feet to over 20 feet deep). 
Spawning depth is a function of physiological requirements, available habitat, and spe- 
cific preferential Merences between stocks of salmon, probably under genetic influence. 
For instance, some winter-run Chinook salmon have been observed to spawn on gravels 
in deeper water than the other three Sacramento River salmon runs. Prefemed spawn- 
ing velocities are generally in the range of 1.5 to 2.5 feet per second just above the sur- 
face of the gravel bed. As the female lays the eggs in the redd, one or more male salmon 
fertilize the eggs. The female subsequently buries the eggs in the redd by displacing 
gravels upstream of the redd onto the eggs. 

Eggs hatch after a variable incubation period that is dependent on water temperature, 
generally about 40 to 60 days. Based on literature from other streams, maximum sur; 
viva1 otincubating eggs and pre-emergent fry occurs at  water temperatures between 40 
and 56 Fahrenheit. The newly hatched larvae, or pre-emergent fry, remain in the redd 
and absorb the yolk stored in their yolk-sacs to grow into fry. This period of larval incu- 



Bation lasts about 2 to 4 weeks, depending on water temperatures. The fry then wiggle 
a t  of the redds, up into the water above. The fry seek out shallow, near-shore areas 
with slow current and vegetative andlor boulder cover nearby, where they begin to feed 
on &ifki.ng insects and crustaceans. As they grow, the juvenile salmon (about 50 to 75 
larillimeters fork length) move into deeper, swifter water for rearing, but continue to re- 
& near boulders, fallen trees, and other such cover to reduce chances of being preyed 
upon and to minimize energy expenditure. 

Juvenile salmon may emigrate downstream toward the estuary a t  any time from imme- 
h t e l y  after emerging from the redd to after spending more than a year in &esh water. 
The length of juvenile residence time in flesh water and estuaries varies between 
salmon runs and depends on a variety of factors, including season of emergence, stream- 
&w, turbidity, water temperature, and interactions with other species. There are two 
aneral  types of Chinook salmon life history strategies, the "stream" and "ocean" types 
@ee for example Taylor 1990). Stream-type juveniles remain in the river for one or more 
years before migrating to the ocean. Ocean-type juveniles typically move to the ocean 
during their first few months of life. In general, stream types are found north of the 
Columbia River and in streams that have long migratory routes (eg the Snake River in 
Idaho). Although California races more typically follow the "ocean" pattern, some fall, 
late-fall, and spring-run juveniles may outmigrate as age 1 smolts. Winter-nm salmon 
apparently all migrate during the first few months after emergence (Frank Fisher, per- 
sonal communication). 

Life History Strategies Distinguishing 
the Four Runs of Sacramento River Chinook Salmon 

The Sacramento River is unique among Pacific Coast streams in that it possesses four 
Chinook runs (fall, late-fall, winter, and spring) and spawning occurs virtually year- 
r~und.  Each of the freshwater life stages (ie, spawning adult, egg and larva, fry, and ju- 
venile) may be found in the upper river every month of the year. This is due to a variety 
of factors, including the remarkable adaptability of the Chinook salmon, the historically 
diverse habitat available in the Sacramento River Basin including spring-fed streams 
that remain cool all summer, and the moderate California climate that provides for 
nearly year-round ice-free streams throughout many drainages (Vogel and Marine 
1991). 

Figure 1 illustrates the general timing of each run of Sacramento River Chinook salmon 
at  and upstream of Red B l a  for the fleshwater life stages during the course of a year. 
Actual timing of each life stage varies somewhat from year to year and is primarily a 
function of weather, streadow, and water temperature. For example, the onset and 
peak of spawning for each nm can vary by 2 to 3 weeks from year to year (Richard 
Painter, DFGame, personal communication). 

Sacramento River Chinook salmon runs are designated by the season during which they 
enter the river to begin upstream spawning migration. Although migrating and spawn- 
ing adults from adjacent runs may be found in the river at the same time, each run has 



Figure 1 
LIFE HISTORY CHARACTERISTICS OF SACRAMENTO RIVER CHINOOK SALMON 

AT AND UPSTREAM OF RED BLUFF 
(U.S. Bureau of Reclamation) 

CEGEND - DENOTES PRESENCE AND RELATIVE MAGNITUDE - DENOTES ONLY IJnESEFICE 

a fairly discrete period of spawning (some overlap does occur, particularly between the 
fall and spring runs). There is a consensus among fishery scientists that a "genetically 
pure" mainstem spawning population of Sacramento River spring-run salmon no longer 
exists, due to the broad overlap in spawning periods of the fall and spring runs. The fall 
run and spring run have likely crossbred to  become one protracted late-summer through 
fall spawning run in the mainstem. The only remaining genetically pure spring-run 
stocks in the upper Sacramento River Basin are believed to be those using the tributary 
spawning habitats (eg, Mill Creek and Deer Creek). 

The Sacramento River winter Chinook salmon run has been defined as a separate spe- 
cies according to a provision in the Endangered Species Act of 1973. That provision 
states: 

"The term species includes any subspecies of fish or wildlife or  plants, 
and any distinct population segment of any species of vertebrate fish or  
wildlife which interbreeds when mature" (ESA of 1973, as amended by 
PL 95-632). 



hecdotal evidence has indicated a winter run may have been sporadically present in 
tihe Calaveras River. Data are not available to determine if observed spawners were 
drays kom the Sacramento River and if egg deposition resulted in juvenile production. 

Winter-Run Chinook Salmon Life Cycle 

The winter run life cycle is characterized by a series of discrete events in fresh and salt 
water. For convenience, the following discussion starts with the adults leaving the 
m a n .  

Adult Spawning Migration 

Winter-run Chinook salmon first begin appearing in the Sacramento-San Joaquin Delta 
during early winter (Skinner 1972), with the first upstream migrants arriving a t  the up- 
per reaches of the river during December. Since the closing of Shasta and Keswick 
Dams on the upper Sacramento River in 1946 and 1951, respectively, the upstream 
movement of the salmon migration has been restricted. Keswick Dam is about 302 river 
miles upstream of Sari Francisco Bay (Fibwe 2). Due to the lack of fish passage facilities 
and the configuration of Keswick Dam, there is no way for salmon to migrate past the 
dam. There are, however, facilities to collect adults as they congregate a t  the dam for 
transport to Coleman National Fish Hatchery near Anderson, California, where they 
oan be used for artificial propagation. 

The first adult arrivals to the upper Sacramento River, and those following through the 
winter months, migrate to and hold in deep pools prior to initiating spawning activities. 
Based on past fish counts at  Red Bluff Diversion Dam (Fibwe 22) on the upper Sacra- 
mento River, the peak migration of winter-run Chinook to the upper river reaches usu- 
ally occurs during March (Figure 11, but this can vary depending on the run timing, 
streamflows, and operations of the diversion dam. Spawning migration usually starts to 
decline in April, but in some years is substantial during the spring months. During dry 
years, a greater proportion of the spawning population anives in the river upstream of 
the diirersion dam by April as compared to wet years. The upstream migration subsides 
substantially during May and continues to decline until July, when the migration is 
complete (Vogel and Marine, 1991). 

Hdock and Fisher (1985) found that most winter-run Chinook return as 3-year-olds 
(67 percent) with the remainder returning as 2-year-olds (25 percent) and 4-year-olds 
(8 percent). 

Spawning Activity, 

The timing of spawning activity for winter-run Chinook is fairly well established, and 
incubation periods can be reasonably calculated &om knowledge of egg development in 
hatcheries. A small portion of winter-run Chinook spawning activity may begin as early 
as mid-April, and in most years the first eggs are in redds by the end of April. Spawning 
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Figure 3 
RELATIVE PROPORIONS OF EACH LIFE STAGE PRESENT IN THE 

UPPER SACRAMENTO RIVER FOR EACH RUN OF 
SACRAMENTO RIVER CHINOOK SALMON 

DURING A REPRESENTATIVE WET YEAR (1983) AND A DRY YEAR (1985) 
FOR THE MONTH OF AUGUST 

(Hydrologic and watw temperature dala tor 1983 and 1985 are presented in Appendu 0, Figures 1 and 2.) 

activity increases through May and reaches its peak during June. The majority of the 
winter-nm eggs are incubating in redds by the end of June (Figure 3). By the end of 
July, winter-run spawning activity is declining and continues to do so through August, 
when spawning is completed (Vogel and Marine, 1991). 

Cumulaltve perccnl of 
spawning migration passing 
RBDD by mid-month 

Cumulative pcrccnt having 
s p a w n 4  by mid-month 

Relative pcrcenl of year's 
brood as incubating cggs and 
larvae 

Rclutivc pcrccnt ut yur's 
brood having rcach fry lifc 
stage 

Relative percenl of year's 
brood having reached juvenile 
life siagc 

Est imatd cumulative pcrmnl 
of  year's brood cmignting from 
upper rivcr by mid-month 

The fecundity of winter-run Chinook salmon varies, but based on samples taken at  
Coleman National Fish Hatchery, a typical female has about 3,400 eggs (Hallock and 
Fisher, 1985). 

Although spawning may occur in the mainstem between Keswick and Red BluEDiver- 
sion Dam (and even below) in many years, because of ambient warming a t  Shasta re- 
leases, habitat in the fist few miles below Keswick is most suitable for egg incubation. 
In 1992, for example, most spawning occurred above Cottonwood Creek where cold- 
water releases from Shasta Reservoir should have allowed excellent sunrival from eggs 
to emergence. 
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Fry Emergence and Juvenile Outmigration 

The timing and dynamics of the rearing and downstream migration periods of winter- 
run Chinook are not well understood. This circumstance is due to the paucity and limi- 
tations on data regarding juveniles, as well as the year-to-year variability affected by 
weather, streamflow, and the biological interactions of food availability, predation, and 
competition with juveniles from other Chinook runs. 

During dry years with low reservoir storage and warm spring seasons, fry fkom some of 
the earliest spawning winter run may begin to emerge as early as late June; most have 
emerged fi.om the redds by the end of August. During wet years with cooler tempera- 
tures, a significant portion of the winter-run larvae and some eggs may remain in the 
redds until the end of August, but even in these years most have emerged by the end of 
August (Figure 3). 

During September, fry rearing in shallow, near-shore habitat are at  peak abundance by 
the end of the month. During October and November, the larger winter-run juveniles 
move into deeper water. Dispersal of fry and juveniles out of the upper reaches is moder- 
ate through October, with the exception of stonns and related increases in streadow. 
Large numbers of juveniles can emigrate from the upper river during November and 
December during large storms. Emigration continues during the winter months, par- 
ticularly with high flow periods, until all juveniles have migrated from the upper river 
by the end of March (Table 1) (Vogel and Marine, 1991). Movement through the Sacra- 
mento-San Joaquin Delta is covered in a subsequent section. 

Table 1 
ESTIMATED CUMULATIVE PERCENT OF WINTER-RUN CHINOOK 

YEAR'S BROOD EMIGRATING FROM THE UPPER SACRAMENTO RIVER PAST 
RED BLUFF DIVERSION DAM BY MID-MONTH 

(From Vogel and Marine, 1991) 

Wet Year , Dry Year 
Month !I9831 !1985) 

August 
September 
October 
November 
December 
January 
Febtuary 
March 



Estimated Annual Spawning Population 
of Winter-Run Chinook Salmon 

The best estimates of winter-run Chinook escapement have been obtained by counts of 
salmon passing through the fish ladders at Red Bluff Diversion Dam. Estimated num- 
bers of winter-run adults have been recorded from 1967 to the present. The maximum 
number of winter-run adults passing the diversion dam was 117,808 in 1969 and the 
minimum was 191 fish in 1991 (Table 2). The average annual number of winter-run 
Chinook passing the diversion dam was 24,062 for 1967 through 1990. 
1 

Table 2 
WINTER-RUN CHINOOK SALMON COUNTS AT RED BLUFF DIVERSION DAM 

Number Number Number 
Year of Fish Year of Fish Year of F~sh 

The marked decline in numbers passing the dam in 1979 and 1980 was probably the re- - 
sult of drought in 1976 and 1977 (Figure 4). Because most winter-run salmon return as 
3-year-old fish, the impact of such losses is evident for many years into the future, mak- 
ing it diflicult for the runs to rebound to previous population levels. The last strong year 
class, which was in 1981, failed to return in large numbers during 1984. The reason for 
this low return is unknown, but is assumed to be the result of the 1982 and 1983 El 
Niiio event, which created poor rearing conditions for salmon in the ocean. 

The winter-run spawning populations have remained at low levels (~4,000) since 1982 
and have decreased to well below 1,000 in 1989, 1990, and 1991. The 1992 estimate of 
1,180 spawners is an encouraging sign and hopellly is the start of a recovery trend. 

The winter-run estimates are for adults passing Red Bluff Diversion Dam. For the past 
five years, the Red Bluff Diversion Dam gates have been raised during the non iniga- 
tion season (about December through March) and the fish ladders were inoperable. 
Freeflow conditions were present at the diversion dam during this time, salmon pas- 
sage was unimpeded past the dam. Without the fish ladders in operation, enumeration 
of salmon passing the dam was not possible, so DFG employed an alternative method of 
estimating each year's winter Chinook run size. This method assumes that each year's 
timing is the same as that exhibited for 1982 through 1986. Atter counts are conducted 
following dam gate closure at the onset of the irrigation season and the fish ladders are 



Figure 4 
ESTIMATED ANNUAL WINTER-RUN ESCAPEMENT, 1967-1 992 

(1 992 is preliminary dala) 

'67 '72 '77 '82 '87 '92 
YEAR 

operational, an estimate of the entire year's run size is calculated by using the historical 
run timing pattern to extrapolate actual fish counts to encompass the entire period 
when counts could not be conducted. For example, if the diversion dam begins operating 
on April 1, when historically about two-thirds of the winter run is estimated to have 
passed the dam, and 1,000 winter-run salmon pass the dam after April 1, the run size 
would be estimated to be about 3,000 fish. 

Hatchery Production of Other Chinook Salmon Races 

Several Chinook salmon hatcheries have been constructed and operated in the Sacra- 
mento-San Joaquin drainage to mitigate for water project impacts. Foremost among 
these hatcheries are the Coleman National Fish Hatchery (USFWS), Feather River 
Hatchery (DWRDFG), American River Hatchery (USBRDFG), and the Merced River 
Fish Facility (DFG). 

Although among them these hatcheries produce all four races of Chinook salmon, they 
focus on the fall run with present annual production of several million fall-run fish. 
Coleman National Fish Hatchery rears late-fall and winter run with all their production 
being released in the upper river during most years. The Feather Ever Hatchery 



produces fall-run and spring-run with the planting size and location being quite vari- 
able (Table 3). American River fall-run are generally planted in the spring as smolts in 
the estuary near the Carquinez Strait. Finally, fall-run salmon produced at the Merced 
River Fish Facility are planted as fry, smelts, and yearlings at various locations in the 
San Joaquin River drainage (Table 4). 

This information is included because, as is shown later, the presence of hatchery-reared 
h h  at the State and federal salvage facilities as well as in various sampling programs 
can confuse the process of sorting winter run &om other races. 

Table 3 
CHINOOK SALMON PLANTING SUMMARY, FEATHER RIVER HATCHERY, 1987-1988 

Month of Average Number 
Race Release Size (G) Released Mark Release Site 

Spring Run 1986 BY July 16.5 367,540 BenicidMare Island 
August 20.0 158,550 BenicidMare Island 

Total 526,090 

Spring Run 1987 BY February 1.7 60,400 . Chico Creek 
March 8.4 243,200 Benicia . i 

April 16.5 263,000 Berkeley 
May 14.0 297,375 Benicia/Berkeley : 

Total 863,975 I I 
Fall Run 1986 BY July 14.4 2,477,075 . BeniciaJMare Island 

August 24.8 1,860,400 BeniciaMare Island 
September 37.0 435,850 Benicia 

i I 
October 44.8 552,975 

Total 5,326,300 

Fall Run 1987 BY February 3.6 
March 6.5 
April 7.1 
May 6.7 

8.2 
6.5 
6.5 
8.4 
8.6 

12.5 
June 7.7 

8.7 
9.1 
8.7 
9.9 

10.9 
11 .o 
12.7 
12.7 

Total 

86-14-02 and -03 
06-31 -01 

86-14-06 and -07 
06-14-04 and -05 

86-14-06 
06-31 -02 

06-62-59 and -60 
06-62-63 

06-62-61 and -62 
06-62-50 

06-31 -05 and -06 
06-31 -03 
06-31 -04 

Feather Rive (Gridley) 

Mokelumne Hatchery I 
Benicia 
Benicia 

I 

i 
Courtland I 

Ryde i 
Miller Park ! 

Courtland 
Port Chicago 
R yde 
Benicia 
Courtland 
R yde 
Miller Park 
Courtland 
Steamboat Slough 
Ryde 
Port Chicago 
Tiburon 
BenicidMare lsland 

I 



Table 4 
1988 BY MERCED RIVER STRAIN CHINOOK SALMON SMOLTS 

PLANTED FROM MERCED RIVER FISH FACILITY, 1989 
Date Size/ Total 
Released CWTCode Tagged Untagged Pound Released Release Location 

71.9 79,804 American Trails 
Stanislaus River 

76.0 107,150 Knights Ferry 
Stanislaus River 

4/21/89 06-01-11-01-01 79,980 70,425 111.0 150,402 Hills Ferly Sports Club 
06-01-1 1-01-02 Merced River 
06-01-11-0143 

Y2189 06-01-11-01-07 79,950 75.0 79,940 Dos Reis Park 
06-01-11-01-08 San Joaquin River 
06-01-11-01-13 

93/89 06-01-1 1-01-04 81,106 75.8 81,096 Downstream horn 
06-01-1 1-01-05 San Joaquin River at Old River 
06-01-11-01-06 

YY89 86-14-12 51,507 21,930 74.8 73.437 American Trails, Stanislaus River 

611 6/89 

Subtotal 

2.890 2,890 UC Davis Pathology Lab 

479,512 95,245 574,719 

I 
Net Efficiency and Vulnerability Test 

420189 Blue Dye Dorsal 9,996 119.0 9.996 Dos Reis Ranch, Tuolumne River ( 
92\89 Red Dye Caudal 1.300 1 13.0 1,300 Mossdale County Park Ramp ; 

I 
94/89 Blue Dye Anal 2,550 1 13.0 2,550 Mossdale County Park Ramp 1 
Subtotal 

TOTAL 

Yearling Merced River Strain Chinook Salmon (1987 BY) Planted from 
Merced River Fish Facility, 1988-1989 

1 (Y1 7/88 9.1 12,740 Fisherman Bend, Merced River 
9.3 8,360 
9.3 10,224 
9.1 8,186 

10/18188 9.3 20,915 Fisherman Bend, Merced Rver 
9.3 13,005 
9.1 8,185 

1 0/20/88 

10124188 

TOTAL 

9.1 22,270 Fisherman Bend, Merced River 
9.1 18,180 

9.1 20,445 Fisherman Bend, Merced Riier I 
9.1 1,000 MRFF Ponds to Merced River I 

143.510 i 

I 



FACTORS INFLUENCING WINTER-RUN CHINOOK SALMON 
POPULATION SIZE 

As with all organisms a variety of factors interact to control the distribution and abun- 
dance of winter-run Chinook salmon. This race of salmon is particularly vulnerable to 
culturally induced perturbations because access to its original habitat in the McCloud 
and perhaps Pit Rivers was blocked by closure of Shasta Dam in 1945. In contrast to 
other races and species Pacific salmon which spawn in falVearly winter period the win- 
ter run had evolved to spawn during the period when water temperatures were increas- 
ing. This reproduction strategy was only possible in rivers like the McCloud where cool 
spring water maintained summer river temperatures at tolerable levels. Immigration 
and emigration during the winter months of normally high streamflows evolved as part 
of this strategy. 

Although records of winter-run population size in the years immediately before the 
USBR constructed Shasta Dam are not available, it is likely that the run was relatively 
small at  that time with logging, pollution, agriculture, fishing, etc. contributing to its de- 
cline. 

In the late 1940s through the mid-1960s Shasta Dam and Reservoir resulted in condi- 
tions between Keswick and Red BluE that were apparently ideal for winter run. High 
reservoir storage levels, an abundance of wet winters, cold water released &om the hy- 
polimnion, relatively low demand for CVP water, and spawning gravel that had not de- 
teriorated due to lack of recruitment &om upriver resulted in large population increases 
with an estimated peak of about 118,000 spawners in 1969. 

All of that changed in the late 1960s and the population declined to the point where the 
winter run was listed in 1989 by both the State and federal governments. During this 
period the Red BluaF Diversion Dam was closed with its fish passage and predation 
problems, the increased demands for water, toxicity problems from Iron Mountain Mine 
increased as dilution flows, and it became more difficult to provide the cold water during 
the hot summer nursery period in the river between Keswick and Red Bla 

In 1988 a 10-point program was developed to improve conditions in the upper river. A 
summary of the recovery efforts can be found in Appendix 1. 



SACRAMENTO-SAN JOAQUIN DELTA 

Winter-run adults and juveniles must pass through the Delta on their way to and fiom 
the spawning grounds. The Delta as a source of mortality is the subject of this evalu- 
ation. 

Numerous reports provide descriptions of the Delta formed at  the confluence of the Sac- 
ramento and San Joaquin Rivers. (See, for example, DWR 1987 and Herbold and Moyle 
1989.) Figure 5 shows many of the Delta features and points included in this report. Fol- 
lowing are brief descriptions of these features. 

Freeport - Site of cooperative DWFUUSGS point for measuring inflow, tempera- 
ture, and sediment load from the Sacramento River to the Delta and estuaqy. 

Hood - Location of the proposed intake for the Peripheral Canal and the New 
Hope Cross Channel and a sampling site for salmon trawl surveys. 

Vernalis - Site of cooperative DWRfUSGS point for measuring inflow, tempera- 
ture, and sediment load from the San Joaquin River to the Delta and estuaqy. 

Mossdale - Location of lower San Joaquin River DFG push net sampling site 
for downstream migrants. 

Delta Cross Channel - The Cross Channel, located near the town of Walnut 
Grove, is a component of the CVP constructed by the USBR to allow better ex- 
change of water between the Sacramento River and the southern Delta. Two ra- 
dial gates were installed in 1951 and one or both can be closed for flood control 
purposes. 

Courtland - Location of many Interagency Ecological Studies Program releases 
of marked Chinook salmon to test the effects of the Cross Channel on through- 
Delta survival. Also a fish sampling point. 

Ryde - Location of many Interagency Program releases of Chinook salmon be- 
low the Cross Channel to test through-Delta survival. 

Georgiana Slough - Ungated slough that conveys water between the Sacra- 
mento and San Joaquin Rivers. Georgiana Slough is not a SWP or CVP facility 

Threemile Slough - Ungated slough that conveys water between the Sacra- 
mento and San Joaquin Rivers. Threemile Slough is not a SWP or CVP facility. 

Sherman Island - Westernmost Delta island. 

Horseshoe Bend - Release site for fish salvaged at  S W  and CVP intakes. 

Chipps Island - Site of intensive trawl surveys conducted to recapture marked 
salmon and provide rough estimates of numbers of annual fall run. 



. Curtis Landing - Alternative release site for fish salvaged at the SWP intakes. 

Rock Slough - Intake location for Contra Costa Canal. 

Barker Slough - Intake location for North Bay Aqueduct. 

Jersey Point - Site for calculated DAYFLOW estimates of flow in the lower San 
Joaquin River. 

Clifton Court Forebay - Site of intake to California Aqueduct and John E. Skin- 
ner Delta Fish Protective Facility The Harvey 0 .  Banks Delta Pumping Plant is 
located about 1 mile down the intake channel. The forebay became operational 
in 1968. The intake complex is often called the State's Byron facilities, named 
after a nearby village. 

CVP Intake - Fish facilities are located at the head of the Delta-Mendota 
Canal. Pumps are located about 1 mile down the canal. Often called the USBR's 
Tracy facilities. 



Figure 5 
SACRAMENTO-SAN JOAQUlN DELTA AND SAN FRANCISCO BAY 

SACRAMENTO - SAN JOAQUlN DELTA 
AND SAN FRANCISCO BAY 



STATE WATER PROJECT AND CENTRAL VALLEY PROJECT 
DELTA OPERATION 

Several aspects of SWP and CVP operations, including reservoir releases and pumping, 
a t  times directly affect Delta conditions and may affect survival of winter-run salmon. 
Releases from Oroville, Shasta, and Folsom Reservoirs contribute to Delta inflow and 
outflow and, along with SWP and CVP pumping, tides, and winds, affect Delta circula- 
tion patterns. Project operations are not easily described, but there are some limitations 
that set the boundaries for flows and pumping. This chapter describes some of these 
limitations (or controlling features) and then describes some resulting Delta conditions 
(pumping, outflow, reverse flows) that result from a specific operational framework. 
Principal project features such as Montezuma Slough gates, fish facilities, and the Delta 
Cross Channel are included. 

The USBR has prepared a document, "Central Valley Project Operations Criteria and 
Plan (CVP-OCAP)", that describes operations in more detail. The results of the CVP- 
OCAP relative to Delta operations are summarized later in this section. These results 
are spedically used in subsequent analyses of project impacts. 

Reservoir Releases 

Release schedules from project reservoirs (Shasta, Folsom, Oroville, the Trinity complex, 
and New Melones) are a complex function of such factors as reservoir storage levels, hy- 
droelectric power production, instream flow needs (including temperature), riparian and 
contractual irrigation demands along the streams, Delta water quality and flow require- 
ments, Delta pumping demands, hydrologic and meteorological conditions, and Coordi- 
nated Operation Agreement account balances. 

It is beyond the scope of this report to describe exactly how the operators decide on 
release schedules. CVP-OCAP provides many details for projected operations under a 
variety of water-year types, storage levels, and environmental criteria (USBR, October 
1991). These descriptions may also not be particularly relevant in only a given year 
because actual operation is dependent on too several variables, any one of which may be 
controlling a t  a given time. 

The controlling variables, plus a large number of nonproject-related events, determine 
inflows to the estuary at  Vernalis on the San Joaquin River and Freeport on the Sacra- 
mento River. Figures 6 and 7 provide resulting idows during the past several years. 
Although the data have not been developed to show project impacts on Delta inflow, the 
projects generally reduce inflows in the winter and spring (especially in below-normal 
water years) and increase them in the summer and fall. 



Figure 6 
MONTHLY AVERAGE SAN JOAQUIN RIVER FLOW NEAR VERNALIS, 

SEPTEMBER THROUGH DECEMBER. 1956;1990 
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Figure 7 
MONTHLY AVERAGE SACRAMENTO RIVER FLOW NEAR SACRAMENTO, 

SEPTEMBER THROUGH DECEMBER, 1956-1 990 
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Regulatory Requirements for Delta 
Water Quality and Flow 

State Water Resources Control Board Decision 1485, issued in 1978, provides several 
water quality and flow requirements designed to provide without-project protection to 
Delta agriculture, fisheries, municipal and industrial users, and Suisun Marsh re- 
sources (Table 5 and Appendix 2). The CVP and SWP have been operated to meet those 
standards and with few exceptions have met them. On any day, only one of the stand- 
ards may be controlling (eg, chloride a t  the Contra Costa Canal's Rock Slough intake) 
and reservoir releases and pumping are adjusted to meet the standard. Daily adjust- 
ments m y  be also necessary to account for the effects of wind, tides, in-Delta demands, 
and local inflows on circulation and water quality. 

In addition to D-1485, operating requirements come from agreements between project 
operators and other parties. Examples of these agreements are: 

DFGIDWR 4-Pumps Fish Mitigation Agreement - Outside of but resulting from 
the agreement, DWR agreed to reduce May and June Delta diversions from 
3,000 to 2,000 cfs during low flow years. 

Suisun Marsh Plan of Protection - DFG, DWR, USBR, and the Suisun Resource 
Conservation District agreed to changes in D-1485 Suisun Marsh standards and 
provided for facilities and monitoring. Provisions of this agreement have not 
been fully adopted by the SWRCB. 

North Delta Water Agency - DWR may provide overland supplies in lieu of meet- 
ing a Delta water quality standard). 

The current round of Bay/Delta hearings to develop interim Delta standards has not yet 
resulted in changes to D-1485. For purposes of this report, no changes in D-1485 are 
considered. 

Pumping Capacity and Demand 

The CVP and SWP pumping plants presently have maximum capacities of 4,600 and 
10,300 &, respectively. The additional SWP capacity created by the installation of four 
new pumps cannot be used without a new permit from the U.S. Army Corps of Engi- 
neers, and an agreement with DFG on measures to o&et the indirect effects of SWP 
pumping on the Baymelta. For purposes of these analyses we assume that pumping re- 
strictions included in the present USCE permit remain in effect. 

The existing USCE permit conditions are tied to a monthly maximum average inflow 
into Clifton Court Forebay of 6,680 cubic feet per second. During wet years with above 
n o d  precipitation the permit does allow about 50,000 acre-feet of water to be di- 
verted that could not have been without the additional capacity. There are presently no 
plans to increase pumping at  the C W s  Tracy intake. 



Table 5 
SUMMARY OF DELTA CONDITIONS AND CONTROLLING STANDARDS FOR 1992 
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In response to population increases, 
projected demand for SWP water fiom 
Delta water is rising (Figure 8). DWR 
has proposed additional water storage 
and development facilities including 
North Delta, South Delta, Kern Fan, 
and Los Banos Grandes to meet this 
demand. This analysis does not include 
an evaluation of changes in flows and 
diversions that would be caused by 
these new projects. The impacts of 
these proposed actions will be covered 
in subsequent biological assessments. 

Figure 9 shows total Delta pumping by 
the SWP and CVP, as well as pumping 
for each project for the 1955 through 
1992 water years. Total Delta diver- 
sions in the late 1980s and 1990 stabi- 
lized a t  about 5.5 to 6 million acre-feet 
after gradual increases during the pe- 
riod of record. 

CVP and SWP Delta pumping are fur- 
ther broken down by month in Figures 
10 and 11. The average monthly CVP 

Figure 8 
PAST AND PROJECTED CALIFORNIA 

URBAN WATER DELIVERIES 
(From DWR Bulletin 160-87) 

.. . . 
i '  ; : 'A~nl led Water .. 

pumping rate has been reasonably 
steady a t  between 3,000 and 4,000 cfs. The SWP, on the other hand, has much greater 
variation in diversion rates. From August 1989 through April 1990, SWP pumping was 
near maximum capacity in anticipation of a planned major outage in 1990 to repair the 
California Aqueduct. This is not the normal practice, because around-the-clock pumping 
requires use of the much more expensive on-peak power. 

As discussed earlier, schedules for reservoir releases and pumping are developed by tak- 
ing many variables into account, many of which change on a daily basis. DWR and the 
USBR do make periodic forecasts of fbture operation based on such factors as reservoir 
storage, snowpack, time of the year and demand. The projections are designed to pro- 
vide water users and fish and wildlife agencies with an idea of what to expect in the up- 
coming months. As is expected, the forecasts become more accurate the h t h e r  we 
proceed into the water year. Typically, the May 1 forecast is reliable for expected 
monthly average deliveries, reservoir and Delta operations, but does not represent flow 
and pumping on a daily or even weekly basis. 



Figure 9 
TOTAL ANNUAL CVP AND SWP PUMPING FROM DELTA, 1956-1 991 

(In Millions of Acre-Feet) 
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Figure 10 
AVERAGE MONTHLY CVP PUMPING, WATER YEARS 1978-1 991, 

FROM THE DAYFLOW DATABASE 

'78 '80 '82 '84 '86 '88 '90 
WATER YEAR 



Figure 11 
AVERAGE MONTHLY SWP PUMPING, WATER YEARS 1978-1 991, 

FROM THE DAYROW DATABASE 
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Skinner Fish Protective Facility 

The John E. Skinner Fish Protective Facility began operating in 1968, using the same 
basic screen design as those constructed earlier at  the USBR screens near Tracy. The 
louver system resembles venetian blinds and acts as a behavioral barrier. Although the 
slots are wide enough for fish to enter, at  the correct water velocities fish encountering 
the screens sense the turbulence and move along the screen face to the bypass. 

In general, the system consists of a series of primary V-shaped bays with louver fish 
screens that guide the fish to a bypass at  the apex of the V (Figure 12). Bypassed fish 
move by buried pipeline to another screening system, called the secondary screen, 
where they are concentrated further. Exiting the secondary by another bypass, the 
screened fish move to holding tanks, where they are kept until being trucked a few 
miles to one of two Delta release sites (Figure 5). The release sites, Horseshoe Bend and 
Curtis Landing, were selected to be far enough away &om the pumps to reduce chances 
of salvaged fish being returned to the screens. Releases are alternated between sites to 
reduce potential predation problems. Two emergency release sites are also available. 
Salvaged fish are subsampled periodically at  the Skinner facility to obtain information 
on species composition, numbers, and lengths. 

On July 1,1992, DFG staffbegan counting and hauling the fish salvaged at the Skinner 
Fish Facility. Monthly salvage estimates are published by DFG. 



Figure 12 
SCHEMATIC DIAGRAM OF THE JOHN E. SKINNER FISH PROTECTIVE FACILITY 

In the early 1970s, DFG and DWR conducted an extensive evaluation of the Skinner 
E'ish Facility (DWR and DFG, 1973). Subsequently, staff has evaluated specific features 
of the system such as trucking and handling losses, losses to predators in Clifton Court 
Forebay, and losses in the holding tanks. These studies have generally been confined to 
a relatively few species of fish, including fall-run Chinook salmon, striped bass, and 
American shad. No specific studies have been conducted with winter-run salmon. 

In response to suggestions by DFG, DWR extensively modified the Skinner facility in 
the early 1980s by installing center walls in the primary bays (for improved striped bass 
screening efficiency); opening new bays; building a second, perforated-plate secondary; 
and rescreening the holding tanks to help minimize fish losses. The new secondruy is a 
positive barrier in that the small diameter perforations are too small to allow juvenile 
salmon to move through the screen. In 1989, salt was added to water in the hauling 
t ~ c k s  to reduce stress and mortality and a new 2,000 gallon handling truck was pur- 
chased for the same reason. 

In 1992, DWR completed three more holding tanks to the Skinner facility, which will 
improve salvage efficiency for all species by allowing more efficient use of both sewn- 
dary systems. The number and design of the new holding tanks were arrived at  from 
discussions between DWR and DFG staff. The four new pumps mentioned earlier in 
combination with the new holding tanks will also allow better velocity control and in- 
creased salvage efficiency. This increased efficiency results from being able to optimize 



water velocities for salmon at  any given pumping rate and from using both secondaries 
to ensure that flows through the holding tanks do not exceed fish protection rriteria. 

The above general description provides an idea of how the facility works to salvage fish 
and return them to the Delta. Following is a point-by-point description of each mqjor 
feature of the system, with special reference to winter-run salmon. 

Clifton Court Forebay 

The forebay is a 31,000-acre-foot regulating reservoir at  the intake to the California 
Aqueduct. The reservoir is operated to minimize water level fluctuation in the intake by 
taking water in through gates at  high tides and closing the gates at  low tides. When the 
gates are opened a t  high tides, inflow can exceed 20,000 cfk for a short time and de- 
creases as the water levels inside and outside the forebay reach equilibrium. Velocities 
vary with the difference in elevation and can be several feet per second when tides are 
high and reservoir elevation is low. 

In a series of studies by DFG, there were sigmficant losses of released marked fall-run 
hatchery salmon crossing the forebay. A juvenile salmon loss rate of 75 percent is pres- 
ently being used by DFG to calculate losses of Chinook salmon at the State Water Pro- 
ject intake. The loss rate estimates have been developed by DFG by releasing known 
numbers of marked hatchery-reared fall-run Chinook salmon in the forebay and near 
the trash racks. Differential recoveries from the various release sites were used to calcu- 
late the forebay loss rate, with the losses assumed to be mostly due to striped bass pre- 
dation. Three estimates of loss rates were determined, namely 88 percent (19781, 63 
percent (1984, and 75 percent (1985). Although an average value of 75 percent has been 
used in calculations for DWR mitigation obligation, DWR and DFG have agreed that 
the numbers will be recalculated as new information becomes available. 

There were two other predation tests, one conducted in 1976, the second in 1992, which 
provided a loss rate of 97 and 98 percent, respectively. These values have not been in- 
cluded in the average because they do not provide useful data regarding predation at  
typical pumping rates. In the 1976 test there was only one release group (near the in- 
take) and the release was made when there was essentially no pumping. There was also 
a fungal problem noted when the fish were collected at  Coleman National Fish Hatch- 
ery and large numbers of dead fish when the truck arrived at  the Delta. The 1992 test 
also occurred when there was little pumping (average of about 500 cfk for 5 days after 
release) and the water temperatures were quite wann. 

Aside from problems extrapolating loss rate data from hatchery to wild fish, there are 
several reasons why the use of a 75 percent rate does not appear appropriate for winter- 
run salmon during the February through March period when downstream migrating 
winter run are most abundant. 

DFG studies have also indicated that the primary predators in the Forebay are sublegal 
striped bass. DFG and DWR have initiated a program to evaluate methods to safely re- 
move striped bass from the forebay and also to evaluate the effects of predator removal 



on loss rates. Studies in the fall of 1991 have indicated that striped bass can be effec- 
tively captured by use of seines or hook and line. In March 1992 about 2,000 sublegal 
striped bass were removed from the forebay. A more intensive predator removal effort is 
scheduled to begin about November 1,1992. In addition, a winter predation rate test is 
being scheduled for December 1992 to help determine predation during conditions when 
winter-run Chinook are typically in the Delta. 

Predator removal studies will be accompanied by additional studies on loss of salmon in 
the forebay The drought and resulting atypical pumping patterns have delayed imple 
mentation of the loss rate studies. 

Efficiency of the Primary and Secondary Louvers 

The original evaluation of the Skinner Fish Facility resulted in the following equations 
for the combined efficiency of primary and secondary louver screens for fall run Chinook 
salmon: 

Length (mm) Efficiency 

A) 1-100 Eff=0.630+0.0494 X Approach velocity 
B) >I00 Eff=0.568+0.0579 X Approach velocity 

As indicated, screen efficiency is a function of length and c h a ~ e l  approach velocity. D- 
1485 specifies the following approach velocities in both the primary and secondary chan- 
nels: 

3.5 fps November 1 through May 14 for Chinook salmon. 

1.0 fps May 15 through October 31 for striped bass. 

The new secondary is a perforated plate positive barrier screen with 5132-inch-diameter 
holes. Screening efficiency for salmon longer than about 20 mrn is 100 percent. 

For these analyses, these screen efficiencies have been assumed to apply to winter-nm 
salmon. The period when the 3.5 fps salmon criterion is in effect covers the period when 
one would expect winter-run salmon to encounter the screens. 

Predation in the Primary and Secondary Channels 

Striped bass and other predators have been observed in both primary and secondary 
channels, and they undoubtedly prey on juvenile salmonids. There are no reliable esti- 
mates of loss rates in this part of the system, and for this evaluation these losses are in- 
cluded as part of the overall 75 percent prescreening losses of salmon to predation. ' 



Holding Tank Losses 

The holding tanks were rescreened in the mid-1980s, which prevents physical losses of 
all salmon. D-1485 specifies a 10 cfs maximum flow through the holding tanks. With the 
new holding tanks this criterion can be met at  all times. 

Removing fish fiom the holding tanks entails collecting them in a crane-supported 
transfer bucket and moving the bucket to a tanker truck for hauling to the Delta. Haul- 
ing eequency varies from one to several times per day and is based on estimated den- 
sity of fish in the tanks using guidelines provided by DFG. 

Counting and Measuring Salmon 

Since it is impossible to count all salvaged salmon, estimates are made by subsampling 
periodically during the day and extrapolating the results to the entire day. Typically, 
subsamples are collected every two hours by diverting flow from the secondary bypass 
into a "counting" holding tank. Sampling time varies with expected fish density but is 
normally on the order of a few minutes. Fish are collected and counted, then returned to 
the holding tank. Twice each day, at  0100 and 1300, the subsarnples are identified and 
the length of several of each species is measured to the nearest millimeter. Total daily 
salvage, by species and average length of each species, is then calculated by comparing 
the period subsampled with the total pumping time. 

For the past two years, this procedure has been modified in that all salmon collected in 
all the counts (ie typically 12 per day) are typically measured, which eliminates any bias 
associated with failure to randomly select individuals for measuring. Sampling time has 
also been increased during times of low salmon abundance to improve statistical reli- 
ability. Both measures were implemented in response to the need to better assess im- 
pacts on winter-run Chinook salmon. 

The above sampling design results in large but uncalculated error bars about the sal- 
vage numbers, especially when not many of a particular species are being salvaged. 
DFG recognized these problems when the procedures were first proposed in the 1960s 
but for the purposes of that time the numbers were considered adequate. DFG and 
DWR will be reevaluating these procedures in light of new uses for the data and as DFG 
assumes control of the counting and salvage operation in 1992. 

In these analyses, we have assumed the salvage numbers are accurate. Upon advice 
from DFG (Dan Odenweller, personal communication) we have concentrated these 
analyses on data collected from 1980. 

Hauling 

This analysis uses recent findings that handlinghauling losses for fall-run Chinook 
salmon are not significant hold true for the winter run as well (Table 6). This assump- 
tion is also supported by observations that the infrequent problems with transporting 



Table 6 
MONTHLY MEAN HANDLING AND TRUCKING MORTALITIES AND 

FORK LENGTH FOR CHINOOK SALMON AND 
WATER TEMPERATURE FOR SEPTEMBER 1984 THROUGH OCTOBER 1985 

AT SKINNER FISH FACILITY 
(From DFG 1987) 

Mean Mean 
% Mortalii Fork Length Water Temperature 

Year Month Handling Truckiiq (m) (Degrees F) 
1 984 September - - - 72.7 

October' 0.0 0.0 175.7 59.9 
November* 0.0 0.0 164.4 53.6 
December* 0.0 0.0 172.5 49.2 

1985 January' - 0.0 190 42.8 
February' - - - 44.0 
March* 0.0 0.0 104.9 53.1 
April 0.01 0.01 85.3 62.2 
May 0.0 0.0 88.6 63.6 
June - - - 74.3 
JulV - - - 73.8 
August - - - 70.3 
September - - - 69.5 
October' 0.0 0.0 175.1 63.5 

' denotes sample size less than 100 fish. 
- denotes no salmon present. 

juvenile salmon occurred due to elevated temperatures - a problem that should not be 
present during the winter. 

There are some data indicating that the salvage process reduces the survivability of fall- 
run smolts released to the estuary (Menchen 1980). Although it is likely that winter-run 
post-release mortality is lower than that for fall run because stresses induced by sudden 
temperature changes would be less, there are no data to support or refute this hypothe- 
sis. 

Tracy Fish Protection Facility 

The USBR's ' h c y  Fish Protection Facility, located a t  the intake to the Delta-Mendota 
Canal, began operation in 1955. Fish protection is provided by a system of primary and 
secondary louvers (Figure 13). The primary screening system is a single 320-foot-long 
louver set a t  a 15-degree angle to the flow. The louver slats are 25 feet high and have a 
1-inch spacing between slats. Four, 6-inch bypasses located along the louver face convey 
the screened fish to the secondary louvers. Afker passing the secondary louvers, the by- 
passed fish enter the holding tank building. Periodicall3r, with fkequency depending on 
fish abundance, the salvaged fish are transferred from the holding tanks to trucks and 
then hauled to the Delta for release. The USBR currently uses only one release site, 
which is on the Sacramento River near Horseshoe Bend, just downstream of the State's 
release site. 



Figure 13 
SCHEMATIC DIAGRAM OF THE USER TRACY FISH PROTECTIVE FACILITIES 

Unlike the State screens, the Tracy system is completely open to tidal iduence. Since 
pumping is generally constant over a 24-hour period, channel and approach velocities 
vary with the tidal height. Like the State system, the screens are operated to achieve 
velocities specified in D- 1485 for striped bass and salmon. However, having only one pri- 
maxy screen and constantly changing water surface elevation makes it impossible to 
maintain the desired velocities. 

An office evaluation of the Tracy facility was completed in the late 1950s (Bates, et al 
1960). Although there has never been a complete field evaluation of the facility, USBR 
s M  Erom Sacramento and Denver are presently looking a t  specific hydraulic features 
and predation removal to decrease fish losses at  the intake to  the Delta-Mendota Canal. 

Without specific field evaluations to define losses of Chinook salmon, the following infor- 
mation has been used to estimate total salmon losses at the CVP's Delta screens. 

Predation losses - 15 percent (from DFG 1987) and based solely on DFG's ge- 
neric estimate that structures in water attract predators and 
losses associated with these predators is in the order of 15 
percent. 

Screening losses - Assume screens operate at  the optimum 3.5 fps and that efi- 
ciency is a function of fish length using the equations shown 
for the SWP screens. Although this over estimates number 
salvaged there are no data to do otherwise. 



Handling losses - Assume none which underestimates losses to an unknown ex- 
tent. 

Hauling losses - Assume none which underestimates losses to an unknown ex- 
tent. 

Salvage numbers - Used as absolutes (ie, identification and counts are accurate). 
Although both assumptions are known to be incorrect, there 
is no way to correct the salvage estimates. Using only data 
from 1980 on helps in this assumption. 

The Coordinated Operation Agreement 

Because the CVP and the SWP use the Sacramento River and the Sacramento-San 
Joaquin Delta as common conveyance facilities, reservoir releases and Delta exports 
must be coordinated to ensure that each project retains its share of the commingled 
water and bears its share of joint obligations to protect beneficial uses. The Coordinated 
Operations Agreement (COA) between the United States of America and the State of 
California became effective in 1986. The agreement defines the rights and responsibili- 
ties of the two projects with respect to Sacramento Valley and Sacramento-San Joaquin 
Delta water needs and provides a mechanism to measure and account for those respon- 
sibilities. 

Obligations for In-Basin Uses 

In-basin uses are dehed  in the COA as regal uses of water in the Sacramento Basin in- 
cluding the water required under the provisions of Exhibit A", where Exhibit A contains 
the SWRCB D-1485 Delta standards (except Suisun Marsh standards). Each project is 
obligated to ensure that water is available for these uses but the degree of obligation is 
dependent on several factors and changes throughout the year. 

Water conditions in the Sacramento Basin and Delta can be divided into two conditions; 
excess and balanced. In excess water conditions, releases from upstream reservoirs plus 
unregulated flow exceed Sacramento Valley in-basin uses plus exports. In balanced 
water conditions, releases from upstream reservoirs plus unregulated flow approxi- 
mately equal Sacramento Valley in-basin uses plus exports. 

As its name implies, during excess water conditions suflicient water is available to meet 
all beneficial needs and the projects are not required to supplement the supply with 
water from reservoir storage. Thus, no accounting for responsibility is required. How- 
ever, during balanced water conditions the projects share in meeting in-basin uses. 
Balanced water conditions are fixher divided into two conditions when water from up- 
stream storage is required to meet Sacramento Valley in-basin use, or when unstored 
water is available for export. 

When water must be withdrawn from reservoir storage to meet in-basin uses, 75 per- 
cent of the responsibility is borne by the CVP while 25 percent is borne by the SWP. 



(Percentages were derived fkom reservoir operations studies that simulated CVP opera- 
tions with and without the influence of the SWP while preserving the yield of the CVP.) 
When unstored water is available for export (balanced water conditions when exports 
exceed storage withdrawals) the sum of United States stored water, State stored water, 
and the unstored water for export is allocated 55/45 to the CllrP and SWP respectively. 

Accounting and Coordination of Operations 

To achieve the provisions of the COA, the CVP and SWP operators must maintain regu- 
lar communication. Daily coordination is necessary to determine target Delta outflow 
for water quality, reservoir release levels necessary to meet in-basin demands, and 
schedules for use of each other's facilities for pumping and wheeling. 

During balanced water conditions, daily accounting of CVP and SWP obligations are ac- 
cumulated. Thisallows for flexibility in operations and avoids the problems of attempt- 
ing to make daily changes in reservoir releases that originate several days travel time 
from the Delta. It also means that the variables of reservoir inflow, storage withdrawals, 
and in-basin uses can be dealt with after-the-fact rather than by prediction. 

Although the accounting language of the COA provides the mechanism for determining 
the responsibility of each project, real-time operations, not formulas, dictate actions. For 
example, conditions in the Delta can change rapidly. Weather conditions combined with 
tidal action can quickly affect outflow requirements. If, for this example, the SWP could 
only respond by increasing its Oroville release, the change would not be seen in the 
Delta for three days (three day travel time from Oroville to the Delta). In actual opera- 
tions, the CVP would probably increase the Folsom release (one day travel time fkom 
Folsom to the Delta). Similarly, if the CVP had to increase its contribution during a pe- 
riod when increasing the Keswick release was desirable, the Folsom release might be 
increased temporarily until the Keswick water anived (five day travel time from 
Keswick to the Delta). 

Releases are not the only way that the projects can adjust to changing in-basin condi- 
tions. During balanced water conditions an increase in Delta outflow can be achieved 
immediately by reducing project exports. 

Standards contained in D-1485 require that the projects limit pumping to 3,000 cfs dur- 
ing May and June. This condition is particularly exacting on the CVP since its annual 
exports are limited by the capacity of the Tracy Pumping Plant and the Delta Mendota 
Canal. Because this export limitation was a result of the SWP becoming operational, the 
SWP compensates by pumping &om the Delta up to 195,000 acre-feet of CVP water 
each year. If this water is pumped during balanced water conditions, the CVP is respon- 
sible for supplying the water in the Delta under the terms of the COA. 

When real-time operations dictate project actions, an accounting procedure tracks the 
water obligations of the two projects. When the balance of the projects' obligations are 
sufficiently great, adjustments are made in reservoir releases. These adjustments allow 



the project that has canied more than its obligation to recoup the water while the other 
project makes up for its deficient contribution in the preceding period. 

During the year, water conditions can go in and out of balance. Account balances con- 
thue from one balanced water condition through the excess water condition and into 
the next balanced water condition. When, however, the project with a plus balance en- - into flood control operations, the accounting is zeroed out. 

'%!Em language of the COA incorporates a provision for the review of the agreement every 
b y e a r s .  The first of these reviews is scheduled for 1991. The USBR is now in an inter- 
xwl review prior to formal review with the DWR. 

A basic tenet of the COA is that it provides a mechanism by which the CVP and SWP 
cam function more efficiently by operating together than they could if operating inde 
pendently. Working together can provide both environmental and project benefits. 
Sbsta, Oroville, and Folsom Reservoirs can be operated conjunctively to provide flows 
and temperature control that could not be obtained otherwise. With specific reference to 
winter-run salmon, Delta inflows during the summers of dry years could come &om the 
SW's Lake Oroville, which would help conserve cold water in the CVP's Lake Shasta. 
Through the USBWCOA account, Shasta flows would be used later to pay back the 
water owed to DWR. Use of the COA account to help winter-run salmon is discussed in 
chapter on project impacts. 

h t s ide  the COA, the USBR hosts annual fall and spring meetings of biologists and pro- 
*t operators in an effort to facilitate inclusion of environmental concerns in project op- 
-tion. During these meetings, information is exchanged on projected reservoir levels, 
deases, diversions, and fisheries concern. Although operational changes may not be 
decided at  these meetings, much of the information needed to identify upcoming fishery 
amcerns is made available. Subsequent meetings are often called to work out details of 
-rational changes for conducting environmental (river temperatures, fish flushes, for 
example) or fish protective measures. 

Reverse Flows 

Sthough not an operational feature, reverse flows result from SWP and CVP operations 
d are an environmental concern. Flow distribution in the Delta channels is a function 
&Sacramento River and San Joaquin River inflows, channel capacity, Delta depletions, 
SWP and CVP pumping, and tides. At any given time and location in a Delta channel, 
#he major flow component is the tide. For example, on a summer ebb tide, the total out- 
@ow in the lower Sacramento River may be several tens of thousands of cubic feet per 
second, only 5,000 of which may be freshwater flow. The strength of the tidal component 
d e s  monthly and seasonally as the tide changes &om spring to neap. 

Jftidal effeds are removed, a net flow will remain which is an indication of direction a 
water particle will move over an extended time period. In the Delta, water project 
gumping can result in net flows in the lower San Joaquin River being toward the 
pumps, ie up river (Figure 14). The flows, often called "reverse flows*, occur when project 



Figure 14 
SCHEMATIC OF NET FLOW PATTERN DURING PERIODS OF LOW INFLOW AND 

AND HIGH CVP, SWP, AND INTERNAL DELTA DIVERSIONS 

pumping and a portion of the internal a,gricultural demand exceeds inflow from the San 
Joaquin River plus cross-Delta flows &om the Sacramento River. Since capacities of the 
cross-Delta channel, Georgians, and Threemile Slough is fixed, additional Sacramento 
River water needed to meet pumping demands takes the path of least resistance and 
flows around the westward tip of Sherman Island and up the San Joaquin River. 



ks might be expected, during the past seven years of mostly dry conditions, the fre- 
qpency of flow reversal has increased (Figure 15). The data plotted in Figure 15 are cal- 
d a t e d  average monthly flows past Jersey Point (in the lower San Joaquin River), with 
negative values indicating reverse flows. It must be emphasized that these values are 
water balance calculations based on balancing Delta flows and depletions and are to be 
med as indices of flow reversals. 

Figure 15 
AVERAGE FLOW PAST JERSEY POINT, WATER YEARS 1978 THROUGH 1990, 

FROM THE DAYFLOW DATABASE 

'78 '80 '82 '84 '86 '88 '90 
WATER YEAR 

Table 7 
MONTHS DURING WATER YEARS 1978-1989 IN WHICH THE 

AVERAGE CALCULATED FLOW PAST JERSEY POINT WAS NEGATIVE 

Water Water 
Year Months with Negative flow Year Months with Negative f l ou  

1978 July, August 
1 984 July, August 

1979 1 1985 July, August, September , 986 June through December 
1 980 August, November July, August, September 

1981 April, July, August, September 
1987 January, June through December 

1982 None 1 1988 All but April, November, December 

1983 None 1 1989 All but March 

The months in which reverse flows occurred during 1978 through 1989 are shown in 
Table 7. As the drought continued, the numbers of months with reverse flows increased. 

1 



In 1992 a combination of Delta Cross Channel closure and high pumping resulted in 
relatively high reverse flows during the February-March period (Figure 16). The effects 
of flow reversal are discussed in a subsequent chapter. 

Figure 16 
CALCULATED FLOW AT ANTIOCH, NOVEMBER 1991 THROUGH MAY 1992 

(Preliminary Data from DWR's Dispatcher Report.) 
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Suisun Marsh Salinity Control Structure 

Phase I1 of the Plan of Protection for Suisun Marsh was completed in November 1988, 
with the Suisun Marsh Salinity Control Structure (also referred to as Montezuma 
Slough salinity control gates) operating for the first time. The primary objective of 
Phase I1 is to help meet channel water salinity standards established by D-1485 at  con- 
trol sites a t  Collinsville (C-2), the SMSCS (S71), National Steel (S641, and Beldons 
Landing (S49) (Figure 17). 

Description of the Salinity Control Structure 

A schematic of the SMSCS is presented in Figure 18. The structure is located about 2 
miles northwest of the confluence of the eastern end of Montezuma Slough and the Sac- 
ramento River near Collinmille (Figure 17). The structure spans Montezuma Slough, a 
width of 465 feet. The schematic shows the southern, or upstream, side of the structure. 
From left (west) to right (east), the structure consists of the following components: 
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Figure 18 
SCHEMATIC DIAGRAM OF MONTEZUMA SLOUGH SALINITY CONTROL GATES 



A permanent barrier, 89 feet across, extending &om the western levee to the 
flash board module. 

The flash board module with a 66-foot opening that is closed to flow during the 
October 1 through May 31 control season. This module can be removed in case of 
emergency work within the Marsh requiring large barge mounted equipment. 

The radial gate module, 159 feet across, containing three radial gates, each 36 
feet across. 

The boat lock module, 20 feet across, which is operated when the flash board 
module is closed OK . A permanent barrier, 131 feet across, extending from the boat lock module to the 
eastern levee. 

h acoustic velocity meter is located 300 feet upstream (south) of the gates to measure 
water velocity and flow in Montezurna Slough near the structure. Water level recorders 
me located on both sides of the structure to determine the difference in water level. The 
three radial gates are opened and closed automatically using the water level and veloc- 
ity data. I 

aperation of the Salinity Control Structure 

The SMSCS is operated only when needed from October 1 through May 31, designated 
as the control season, to meet channel water salinity standards. From June 1 through 
September 30, the gates are generally not operated, although there has been some test- 
ling of the effectiveness of gate operation with the flash boards out. Operation is neces- 
sary during control seasons of below normal, dry, and critical water year types to meet 
D-1485 standards. The gates are operated: 

To divert less saline water from the Sacramento River near Collinsville into 
Montezuma Slough. 

To limit intrusion of higher salinity Grizzly Bay water into the western end of 
Montezuma Slough. 

"I6fie gates can either be operated "full bore" to divert the maximum quantity of water 
&om the Sacramento River a t  Collinsville into the eastern end of Montezuma Slough or 
htexdttently to divert the quantity needed to meet stanwds. During W bore" opera- 
tion, the gates open and close twice each tidal day (approximately 25 hours long). The 
gates are opened during the ebbing portion of the tide, when the water level is higher on 
the Collinsville (upstream) side, and remain open about 7 hours each cycle. The gates 
me closed during the flood tide, when water in Montezuma Slough begins to flow up- 
stream toward Collinsville. 

The quantity of flow tidally pumped by the salinity control gates is primarily a function 
of the shape and sequence of ocean tides and hydrologic conditions in the Delta. When 
in operation, flows past the gates recorded on a 15-minute basis, vary from no flow when 



the gates are closed to several thousand cubic feet per second with the three gates open. 
When operating " l l l  bore", net flow through the gates is about 1,800 cfk when averaged 
over one tidal day When the gates are not operated from June through September and 
the flash boards are removed, the net flow in Montezuma Slough over one tidal day is 
low and oRen in the upstream direction, as estimated by hydrodynamic model simula- 
tions. 

W D .  %. During the 
1988-89 control season, the gates were operated for 157 days &om October 31, 1988, 
through April 7,1989. Operation was "full bore" when possible to test gate operation and 
help determine the maximum effectiveness of the system to lower channel water salin- 
ity in Suisun Marsh. Because of intermittent equipment problems, operations were re- 
corded for 132 of the 157 days. During the recorded period, the gates opened 268 times 
totaling 1,812 hours, and nearly 480,000 acre-feet of water was tidally pumped past the 
structure. On a calendar-day basis, average flow through the gates during this period 
was 1,830 ch. 

' D '  * on (Critical Year). During the 1989-90 
control season, the gates were operated "full bore" when possible to findher test and 
evaluate operations. The system was operated 248 days between September 26, 1989, 
and May 31, 1990. Because of intermittent equipment problems, operations were re- 
corded 170 of the 248 days. During the recorded period, the gates opened 295 times to- 
taling 2,931 hours, and nearly 490,000 acre-feet of water was tidally pumped through 
the system. On a calendar day basis, average flow through the gates during this period 
was 1,430 c&. Using a hydrodynamic simulation model to fill the 78-day data gap, an es- 
timated 818,000 acre-feet of water was tidally pumped past the structure, averaging 
3,300 acre-feet or 1,670 cfk each calendar day. 

O~eration Dur in~ the 1990-91 Control Season (Critical Year). During the 1990-91 
control season, the salinity control structure was operated intermittently from October 
through mid-December and "full bore" during the remainder of the control season. The 
structure was not operated during November 1990 because the one cable that raises 
and lowers the gates broke. The number of gate openings and volume of flows are not 
available a t  this time. 

Discrete Flow Diversions from Montezuma Slough 

Water is diverted &om Montezuma Slough a t  discrete diversion points onto private own- 
erships along the slough and at  the Roaring River Distribution System intake (one of 
the initial facilities of the Plan of Protection). Roaring River is by far the largest diver- 
sion point off Montezuma Slough in the Marsh. 

The intake to Roaring Ever is currently screened to prevent entrainment of fish larger 
than about 1 inch. The design average approach velocity is 0.5 fps, but velocity is usu- 
ally below this value. (Design flows occur only at  maximum high tide with all culverts 
open.) The 0.5 fps approach velocity criterion was provided by DFG to protect salmon 



and striped bass. DWR designed and installed the screens using DFG screen criteria. 
USBR and DWR paid the approximately $1 million installation cost and are providing 
routine screen maintenance. 

Over 30 private ownerships and DFG 
along Montenuna Slough divert water 
h m  the slough through more than 60 
advert pipes of varying diameters. The 
diameters and numbers of the culverts 
are reported in Table 8 (from a survey of 
waterways and control shc tures  in 
Suisun Marsh, USBR and Hugo B. Fis- 
her,  Inc., 1976). 

Table 8 
DISCRETE DIVERSIONS FROM MONTENMA SLOUGH 

Culvert Di- Number 
12 3 
18 2 
24 15 
30 4 
36 28 
40 1 
42 1 
48 9 

Most of these diversions are used to supply water for ponds in adjacent waterfowl man- 
agement areas. The area flooded with these diversions is roughly 12,000 surface acres, 
and if an average flooding depth of 1.5 feet is used, 18,000 acre-feet of water is diverted 
from Montezuma Slough (numbers extracted from 1976 USBR survey data cited above). 
Maximum diversion rates usually occur during October, when the managed wetlands 
are flooded for the first time. On average, initial flooding requires approximately two 
weeks. Therefore, this would give an average diversion rate by these 30 ownerships of 
1,285 acre-feet per calendar day, or 650 cfs. Maximum diversion rates will be higher 
than this average rate and will be experienced during high tides, especially when the 
managed wetlands are dry. 

Annual water management practices vary greatly in Suisun Marsh, but the Suisun Re- 
source Conservation District is working to establish and enforce efficient management 
schedules for the private ownerships. Two representative schedules are presented in 
Figure 19. During the control season, diversions from Montezuma Slough occur during 
initial flooding in October, water circulation from November through mid-January, and 
leach cycles fkom February through May. 

DFG and private ownership diversions are not currently screened. 



Figure 19 
TWO OPERATIONAL SCENARIOS FOR MANAGED WETLANDS IN SUISUN MARSH 

LATE DRAWDOWN 
(ALKALI BULRUSH) 

WATER MANAGEMENT SCHEDULE 

DRAIN 
V/ATER -6' WATER I NOT ALLOW POND 

BOTFOM TO DRY 
DRAIN WATER AS 

DEEP AS mssmLE 
I 1  I 

JUL IAUGISEPIOCTJNOVJDECJJU( JFEB IUARIGRJRIHIYJJUN 
The leaching cycles are calculaled using a 10 day n o d  ad 20 day drain period. 
however, many clubs can acconylish one lotal flaod acd dra!n cyde In less Vlan 30 
days. The flushing cycles should be completed as fast u possible. however, do not cut 
short the 20 day drain period unless the water level in :ka ditch is t'belou pond bonom 

" Ideally, stabilized water levels of the seed sel cycle shcdld be aaompr ied before 
April 1. 

"' Stabilized water levels of the seed set cyde should be zcanp6shed before April 1. 
Any duck club planning to fluctuate pond water levels in April must notify the Solano 
County Mosquao Abatment Mstrkf. Pond bonom am m~ ahwed to dty out during 
Apnl prior to re l l ood i  for the seed-set cydr. 

EARLY DRAWDOWN 
(FAT HEN) 

WATER MANAGEMENT SCHEDULE 

+12- SEASON 
4 
SHOOTING LEVEL 

POND 
I 

WATER +6- 
LEVEL 

I 
I I  

0' 
I I 
1 

DilAlN 
I 

WATER -6' 
LEVEL 

I 1  
I 
1 1  AUOW #)ND TO DRY 

-1 2- 
/TO CERWTE SEED 

SEP OCT NOV DEC JAN FEE MAR APil MAY 

[Rollins, 1 981 ] 



Lower Joice Island FilllDrain Facility (Maximum Flow Calculation) 

In September 1991, a private landowner using DWRKJSBR funding installed two 36- 
inch-diameter culverts with flap gates on Montezuma Slough on the northeastern end of 
lower Joice Island under the DWRAJSBR Individual Ownership Program. Estimates of 
xxmxixnum flow and velocity were made to indicate if fish screens were necessary. 

For this calculation, it is assumed that there is a 1.5-foot difference in water level be- 
tween Monte- Slough and the inside of lower Joice Island. Head loss resulting from 
flap gate operation was included by reducing flows by 20 percent. For a 30-foot-long cul- 
vert, the resulting maximum flow through each culvert would be about 35 cubic feet per 
second. This would result in a velocity at the end of each culvert of about 2.5 feet per 
second. However, the effective velocity experienced by fish in Montezuma Slough will be 
less because the two culvert pipes are set back from the slough about 25-30 feet on a 
side channel. Because the opening of the side channel on Montezurna Slough is roughly 
15 feet wide by 5-7 feet deep (75-105 square feet cross-sectional area), the effective di- 
version velocity at the western bank of Montezuma Slough would be about 0.7-1.0 fps. 
The Suisun Marsh Technical Committee (with DFG as a participant) is addressing 
screening of these culverts. It may not be technically feasible due to head-loss problems. 
If deemed necessary and feasible a screen can be in place by the 1993-94 control season. 

In the spring of 1992, the February 14,1992 National Marine Fisheries Service Biologi- 
cal Opinion resulted in dramatically changed operation of the salinity control over what 
would normally have occurred in a critically dry year. The gates were ordered to cease 
operating on March 1 and remained closed until March 27. Full gate operation began on 
March 27 but individual owners were not allowed to take water onto their clubs through 
unscreened diversions. Since Roaring River is the only screened intake, most clubs were 
unable to take water until May 1,1992, when permit conditions in the opinion ceased to 
be in effect. 

Delta Cross Channel and Georgiana Slough 

The Delta Cross Channel (Figure 20) was constructed by the USBR in 1951 to improve 
water conveyance through the Delta. The Delta Cross Channel, about 40 miles south of 
Sacramento near Walnut Grove, diverts water &om the Sacramento River into eastern 
Delta channels, including the north and south forks of the Mokelumne River. During pe- 
riods of high flow in the Sacramento River (flows above about 25,000 cfk at Freeport), 
the gates of the Delta Cross Channel are closed to help limit flooding in the interior 
Delta channels. (Levee heights on interior Delta islands are generally lower than those 
on the Sacramento River.) During periods of normal and low flow, the gates are left 
open. D-1485 allows DFG to call for up to 20 days of gate closure between April 15 and 
May 31 when calculated Delta flows exceeds 12,000 c&. (The 20 days are not consecu- 
tive.) Appendix 3 shows plots of flow and operation of the Cross Channel gates during 
the 1980-1990 period. 



Figure 20 
DELTA CROSS CHANNEL, WITH TWO RADIAL GATES ON THE SACRAMENTO RIVER END 

The Delta Cross Channel's two 60-foot gates are operated by the USBR's staff from 
Tracy. 
Georgiana Slough, located about 1 mile downstream of the Delta Cross Channel, is a 
natural, ungated channel that conveys Sacramento River water to the San Joaquin 
River. Winter-run salmon could also move into the Delta via this channel. 

Delta Cross Channel and Georgiana Slough Hydraulics 

The net flow rates in the Delta Cross Channel and Georgiana Slough over a tidal cycle 
are ftndamentally determined by the net flow entering the Delta from the Sacramento 
River, and from the Mokelumne River to a lesser extent. Flow through the Delta Cross 
Channel and Georgiana Slough are not continually gauged. However, empirical equa- 
tions were developed in 1978, using historical data collected before SWP exports began, 
to relate these flows to Sacramento River inflow (Figure 4, DAYFLOW Documentation, 



Pebruary 1986). These equations can be used to estimate net flow: (1) in Georgians 
Slough when the Delta Cross Channel is closed, (2) in Georgiana Slough and the Delta 
Cross Channel with one gate open, and (3) in Georgiana Slough and the Delta Cross 
Channel with two gates open. 

I& is also understood that net flows in the Delta Cross Channel and Georgiana Slough 
are practically unaffected by the exports and diversions from the south Delta. This is 
supported by . The obsemation that the above-mentioned relationships were recalculated using 

field flow data collected in 1970, with no appreciable change, even, though com- 
bined exports from the south Delta had increased significantly with the addition 
of SWP pumping. 

Hydraulic simulation model studies performed by DWR (1987) of existing physi- 
cal conditions with combined export rates from the south Delta ranging from 
zero to over 10,000 cfs. 

Hydraulic simulation model studies performed by DWR (1989-90) of proposed 
south Delta project configurations and export changes with combined export 
rates from the south Delta as high as 15,000 cfs. 

The essential independence between Cross Channel-Georgians Slough flows and south 
Delta exports and diversions is explained by two basic hydraulic characteristics in the 
Delta. 

The first characteristic is that Cross Channel and Georgiana Slough flows are caused by 
water level merences between the portions of the Sacramento and Mokelumne Rivers 
that reside in the Delta. Water level differences result from tidal action, channel con- 
figuration and characteristics, and inflows to the Delta. The particular orientation of the 
Sacramento and Mokelumne Rivers (configuration) with respect to the source of the 
tides (Golden Gate), as well as, the shape, dimensions and composition of their channels 
(characteristics) affect the movement and progression of the tides and inflows within 
their banks. Tides from San Francisco Bay are less impeded moving through the broad 
and deep channels of the lower Sacramento and San Joaquin Rivers than through the 
more narrow, shallow and braided channels of the Mokelumne River. Consequently, the 
various phases of the tide move through the Mokelumne River later than, or lag behind, 
the Sacramento River, causing differences in water level between the terminal ends of 
the Cross Channel and Georgiana Slough. 

The flood tide moves up the Sacramento River faster and is less impeded than up the 
Mokelumne River causing water to flow &om the Sacramento River into the Cross 
Channel and Georgiana Slough. Conversely, the tide ebbs in the Sacramento River be- 
fore and is less impeded than in the Mokelumne River, causing one of the following flow 
patterns depending on the tide shape and range of the tide (spring or neap) and the 
relative inflows to the Delta firom both rivers. 



Water continues to flow from the Sacramento Kver into the Cross Channel and 
Georgiana Slough. 

Water continues to flow into Georgiana Slough and slack flow occurs in the 
Cross Channel. 

Water continues to flow into Georgiana Slough and, less frequently, water flows 
from the Mokelumne River into the Cross Channel to the Sacramento River 
(relative small in magnitude). 

The second characteristic is that the lower San Joaquin River 6.om Pittsburg to the cen- 
tral Delta acts as a "hydraulic divide" between the north-central and southeastern Delta 
because of its relatively large water-carrying capacity. 

When water is exported andlor diverted (agriculture) from the south Delta, it is drawn 
from the San Joaquin River upstream into Old and Middle Rivers. The water displaced 
from the San Joaquin River near Jersey Island, Bradford Island, and Webb Tract is then 
primarily replenished from the lower San Joaquin River near Sherman Island, taking 
the "path of least resistance*. Because little additional water is drawn from the 
Mokelumne River in response to south Delta exports and diversions, net flows in the 
Delta Cross Channel and Georgiana Slough are essentially unaffected. 

As mentioned above, flows through the Delta Cross Channel and Georgiana Slough are 
not gauged but are estimated by empirical relationships developed by DWR in 1978. At 
Sacramento River flows of 10,000 to 25,000 cfs, calculated daily average flows through 
the Cross Channel range from about 3,000 to 6,000 cfk. With the Cross Channel gates 
closed, calculated flows in Georgiana Slough range fkom 2,000 to 4,000 cfs when Sacra- 
mento River flows vary from 10,000 to 25,000 cfs. DAYFLOW does not calculate sepa- 
rate Georgiana Slough and Cross Channel flows when both gates are open. DWR's 
annual DAYE'LOW summary includes daily values for calculated Cross Channel plus 
Georgiana Slough flows. 

The hydraulic capacities of the Delta Cross Channel and Georgiana Slough provide a 
physical limitation to the quantity of Sacramento River water that can be moved toward 
the SWP and CVP pumping plants in the south Delta. These physical constraints cause 
reverse flows (described previously) when pumping plus internal Delta demand exceeds 
the sum of cross-Delta flows and San Joaquin River inflows. 

The Delta Cross Channel is not screened to prevent fish from entering the central Delta. 
A 1991 report for an interagency salmon management study concluded that screening 
the Cross Channel was not a technically feasible alternative (DFG 1991). The main 
problems were controlling velocity through the screens in an area where extensive tidal 
reversal occurs and physical limitations associated with the size and location of the 
Cross Channel opening (ie due to the need for a large screen surface area an effective 
screen would not fit). Biologists and engineers have long recognized these problems and 
have recommended that the diversion point be moved upriver where it is much more 
likely that effective screens can be constructed and operated. 



Contra Costa Canal 

&lthough technically part of the CVP, the Contra Costa Canal recently has been main- 
&.bed and operated by Contra Costa Water District. The unscreened intake @ located 
at Rock Slough, which in turn draws its water from Old River (Figure 5). 

Historical pumping into the Contra Costa Canal has ranged fkom about 50 to 250 cfk 
and varies seasonally (Figure 21). The trend over recent years has been toward in- 
caeased diversions. 

Figure 21 
AVERAGE MONTHLY CONTRA COSTA CANAL PUMPING, WATER YEARS 1978-1 990, 
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North Bay Aqueduct 

To meet project entitlements in Napa and Solano Counties, in 1987 the State Water be- 
gan pumping &om Barker Slough (Figure 5) through the North Bay Aqueduct. Sched- 
uled annual deliveries were expected to be about 67,000 acre-feet. Maximum pumping 
capacity is about 160 ds and has averaged much less than 100 cfk during the past two 
years. Figure 22 shows the total pumping for the period of record. 

In response to fisheries concern DWR constructed a state-of-the-art positive barrier 
fish screen at the Barker Slough intake. The screen consists of a series of flat stainless 
steel wedge wire panels with a slot width of 3132-inch. The design approach velocity is 
0.5 feet per second. This slot width will exclude all salmon fiom being diverted and the 
low approach velocity prevents them fiom being impinged onto the screens. The screens 
are routinely cleaned to prevent head loss across the screen face which would result in 
increased approach velocity. Screen design and maintenance were developed in coopera- 
tion with DFG and the final design was approved by DFG. 

Pre- and post-installation monitoring studies have been conducted by DFG to evaluate 
impacts on fisheries resources. The results of these studies are discussed in the section 
on project impacts. 

Figure 22 
BARKER SLOUGH DAILY PUMPING RATE 

(In Cubic Feet per Second) 
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South Delta Facilities 

At the request of DFG and NMFS, we have included the South Delta Temporary Barri- 
ms Project in this Biological Assessment. Although technically the barriers are not part 
sf existing CVPISWP facilities, three of the barriers were installed in 1992 and DWR is 
planning to seek permits for installation during the next three summers. If the baniers 
prove effective in helping San Joaquin River salmon and enhancing south Delta farm- 
ers' ability to manage their water supply, and prove to have no other detrimental im- 
pacts, the eventual goal will be to routinely install them during the spring and summer 
of drier years. Following is a general description of the barriers. 

Head of Old River at San Joaquin River 

The Temporary Barriers Project proposes a springtime barrier in the same location as 
the fall banier authorized by USCE pennit 9706 (Figure 23). The fall barrier has been 
in place each year since 1968, between September 15 and November 30, and permit 
9706 authorizes installation during these months until 1997. 

In 1992 the spring barrier was installed on April 23 and removed on June 8. The pro- 
posed 1993 installation date is April 1. Design of the spring barrier is similar to that of 
the fall barrier except that the spring banier will not be notched and will have boat 
portage facilities. 

Figure 23 
LOCATION MAP, SOUTH DELTA FACILITIES 
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Both the f d  barrier and the spring barrier consist of about 1,800 cubic yards of rock 
and sand, which would be placed across Old River about 0.5 mile west of the confluence 
with the San Joaquin River. The barrier would be abut 200 feet long and 50 feet at  its 
widest point. Side slopes would be 1.5 vertical to 1 horizontal. Flow of water over the 
barrier would be prevented completely. 

When the period of the barrier placement concluded, all rock would be removed and 
stockpiled for use the following period. Facilities would be designed so as not to impede 
floodflows, and installation of these facilities would not compromise the integrity of the 
channels. 

Old River near Tracy 

The proposed temporary tidal control facility is in the same location as a temporary bar- 
rier installed for three months during the drought in 1977 and for about a month in 
1991 under USCE pennit 199100192 (Figure 23). The bamer may be placed as early as 
April 1 and be in place through September 30 each year during the testing program. 
The proposed 1993 installation date is April 1. 

About 5,700 cubic yards of rock and sand would be placed across Old River near Tracy 
about 0.5 mile west of the Delta-Mendota Canal intake. The barrier would be about 250 
feet long and 100 feet at  its widest point. Nine 48-inch pipes each 56 feet long with flap- 
gates would be placed in the barrier to permit unidirectional flow. The crest elevation is 
+2.0 feet and will allow water to flow over the top of the structure during flood (inward) 
tides. During ebb (outward) tides, the crest elevation will retain the tidal volume below 
the +2.0-foot elevation. The invert of the pipes would be at  -6.0 feet elevation (NGVD). 
The structure would allow tidal flows to enter the channel upstream of the banier and 
be retained as the tide ebbs so agricultural pumps can divert water with less probability 
of pump damage. Also, the barrier would circulate flows and dilute return agricultural 
drainage to improve the quality of local agricultural diversions. 

Boat portage facilities would be similar to those for the Old River barrier near the San 
Joaquin. Six marking buoys would be placed about 70 feet apart, three upstream and 
three downstream, about 200 feet &om the centerline of the banier. Two signs providing 
notice to mariners would be placed on top of the barrier. 

When the period of barrier placement has concluded, all rock would be removed and 
stockpiled for use the following period. Facilities would be designed so as not to impede 
floodflows, and installation of these facilities would not compromise the integrity of the 
channels. 

Middle River near Victoria Canal 

A barrier at this location is authorized by USCE permit 9205 for yearly placement until 
September 30, 1992. The barrier would be installed April 1 through September 30 for 
each of the four additional years of the temporary barriers testing program. 



As in the past, this rock barrier would be constructed with a removable center section. 
About 4,800 cubic yards of rock and sand would be placed across Middle River to con- 
struct a 270-foot-long berm. The ends of the banier near the abutments each contain 
three 48-inch pipes with flapgates. The barrier end and pipes have been and would con- 
tinue to remain in place throughout the year. The tide gates are tied open during the 
time the center section is removed. The center 140-foot section, with side slopes of 2 
horizontal to 1 vertical, is installed seasonally kom April through September 30. Crest 
elevation of the center section is 2 feet lower than the abutment, allowing some flow of 
water over the barrier even during times other than high tide. The existing boat portage 
facility at this site is a gravel ramp that can be used to carry or drag a small boat across 
the banier. 

Grant Line Canal near SWP 

The Grant Line barrier was not installed in 1992, but may be proposed for installation 
in 1993 under a new USCE permit. Installation may be as early as June 1 of the testing 
year, but after the Old River near San Joaquin barrier is removed. The barrier would re- 
main in place until September 30 each year of the testing program. At this time, the De- 
partment has not decided to seek installation of the Grant Line Barrier in 1993. 

Operating Schedule 

The proposed operating schedule (Figure 241, which will be coordinated with the NMFS, 
DFG, DWR Division of Flood Management, and DWR Division of Safety of Dams, is pre- 
sented as a range of dates beginning with the earliest possible installation and ending 
with the latest possible removal. Actual barrier installation will be determined by water 
supply, agricultural operations, and fisheries conditions. Grant Line Canal barrier and 
Old River near San Joaquin River barrier will never be in place at the same time. 

Figure 24 
POSSIBLE INSTALLATION AND OPERATION SCHEDULES FOR THE SOUTH DELTA TEMPORARY BARRIERS 
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'The time line indicttIe3 the possible range of installation times of each Of these barriers wdh the understanding that the Old River at Head barrier and the Grant 
Line Canal barrier will never be in place at the same time. 



CVP-OCAP 

The USBR report long-term Central Valley Project-Operations Criteria and Plan dated 
October 1992, describes in detail how the various operational scenarios have been devel- 
oped. Although only CVP is mentioned in the title, the OCAP includes DWR facilities, 
and DWR st& was involved in developing OCAP. For additional information on OCAP 
and how the information was developed, the interested reader is referred to the USBR 
document. 

Only a small portion of the information in CVP-OCAP is needed to evaluate Delta im- 
pacts using the salmon smolt model (the model is described later in this assessment). 
The extracted data are tabulated in Table 9 for the 40 operational scenarios to be evalu- 
ated. Following is a brief explanation of the tabulated values. 

The operational scenario designation corresponds to CVP-OCAP. The first letter 
represents water-year type (Wet, Above Normal, Dry, Critical, Extreme Critical). 
The next two letters represent starting storage (High, High Middle, Low Middle, 
and Low). The number represents percent of project deliveries in 25 percent in- 
crements from 0 to 100 percent. The last three or four letters represent three 
levels of operations: 

PRE - Pre-1992 operations. See CVPIOCAP for assumptions. 

TEM - Five scenarios designed to decrease upriver temperature mortal- 
ity. 

ALTB - Alternative B from Table 10, which NMFS presented a t  the 
SWRCB's recent hearings on interim standards for the Sacramento- 
San Joaquin Delta. 

Temperature is average monthly temperature at  Freeport during the 1980-1990 
period. 

Antioch flows are a value calculated from inflows, pumping, and internal Delta 
demand. Although Antioch flow does not enter into the smolt survival model, it 
is of concern in any analysis of Delta impacts. 



X-Channel Gate 
Onen. Closed 

Feb. War. Aor. -- 
Average Month 1 y Uatfr 

T m .  OF. F reewr t  
Feb. Mar. Aor. -- operational Freewrt Flou c f s  CVP/SUP Pmoins c f s  

Scenario Feb. Mar. A .  Feb. War. Aor. -- Antioch Flow c f s  
Feb. War. Aor. 

U H I  100 PRE 
U HU 100 PRE 
U W 75 PRE 
U LO 50 PRE 
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c 1 osed 
closed 
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ope" 
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Y H I  100 ALTB 
U HU 100 ALTB 
U LU 75 ALTB 
U LO 50 ALTB 
A H I  100 ALTB 
A HU 100 ALTB 
A LM 75 ALTB 
A LO 50 ALTB 
D H I  100 ALTB 
D HU 100 ALTB 

& D W 75 MTB 
Q, D LO 50 ALTB 

C H I  100 ALTB 
C HM 100 ALTB 
C LU 75 ALTB 
D Hn 100 PRE 
D W 75 PRE 
D LO 50 PRE 
C H I  100 PRE 
C HU 100 PRE 
C 111 75 PRE 
C LO 50 PRE 
E H I  100 PRE 
E HU 100 PRE 
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c 1 osed 
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closed 
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closed 
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c 1 osed 
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closed 
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c 1 osed 
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closed 
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open 
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c 1 osed 
closed 
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open 
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0 LO 50 TEM 19,789 16,124 10,858 9,849 8,685 3,411 
C HU 100 TEM 13,685 13,994 8,438 11,001 10,783 4,083 
C LU 75 TEU 12,073 14,130 6,791 10,065 10,783 2,437 
C LO 50 TEU 12,073 13,763 5,262 9,291 9,270 907 
E H I  100 TEU 7,996 5,336 6,539 5,096 1,870 1,680 

closed open open 
open open open 
open open open 
open open open 

open open 

C LO 50 ALTU 10,948 14,037 6,421 3,818 4,228 2,067 
E H I  100 ALTB 6,386 6,035 5,857 2,340 2,569 992 
E HM 100 ALTB 6.374 6,035 5,470 2,340 2,569 605 

closed closed closed 
closed closed closed 
closed closed closed 

1/ Uater Temperature i s  average monthly value fo r  the 1980-1990 period a t  Freeport. 



Table 10 
PROTECTIVE ALTERNATIVES FOR JUVENILE WINTER-RUN CHINOOK SALMON 

Close Close Maximum Total 
Deltacross Channd G e o m a h  Dailv CVPISWP F q r t s  

I A 211 through 4130 Open 211 through 3131 Vemalis Q 
4 1  through 4/30 75% Vemalis Q plus 

10% DOF when DOF r 50,000 cfs 

B 211 through 4/30 Open San Joaquin River, Jersey Point, Q 
0 to +I ,000 cfs 211 through 4/30 

C 211 through 4/30 Open 3.000 cfs 2/1 through 4/30 

D 2/1 through 4/30 2/1 through 4/30 2/1 through 3/31 Vemalis Q 
411 through 4/30 75% Vernalis Q plus 

10% DOF 2 50,000 cfs 

E 211 through 4/30 211 through 4/30 0-1 485 Salinity 

F 1 111 through 4/30 211 through 4/30 D-1485 Salinity 1 
I 

G 111 through 4/30 3 1  through 4/30 3,000 cfs 2/1 through 2/29 

H 211 through 4/30 211 through 4/30 San Joaquin River, Jersey Point, Q I 
0 to -2,000 cfs 211 through 4/30 I 

I 
- -. - - 



ANALYSIS OF 
CENTRAL VALLEY AND STATE WATER PROJECT 

IMPACTS IN THE DELTA 

The approach used in this section is to provide a qualitative view of salmon migration 
through the Delta, examine the means of separating winter-run Chinook salmon from 
other races, develop information on the timing of migration through the Delta to the 
ocean, and analyze to the extent possible, the impacts of specific project features de- 
scribed previously. 

The discussion and analyses focus on juvenile outmigrants. Although there is almost no 
information on upstream migrating adults, when possible the impacts on this life stage 
are addressed. 

Juvenile Salmon Movement Through the Delta 

Before analyzing the impacts of Delta CVPISWP operation it may prove worthwhile to 
provide a general, qualitative description of how a juvenile Chinook coming down the 
Sacramento River may move through the Delta. The description also includes brief dis- 
cussions of causes of mortality during this movement. It must be pointed out that much 
of this description is informed speculation. There is not a great deal of published litera- 
ture on the subject. 

Most of the following description applies to smolts, a life stage in which the juvenile 
salmon have undergone physical and physiological changes in preparation for their jour- 
ney to the ocean. In this stage we assume that the young Chinook are actively migrat- 
ing - not passively moving with the flow. 

In the free-flowing river downstream migrants undoubtedly use flow as a guidance 
mechanism and as a means of conserving energy. In fast water areas they typically 
move downstream tail first, probably because they are able to better control their direc- 
tion and velocity. Although accurate estimates of migration speed in the mainstem are 
not available, catches in the Delta of salmon released in the upper river fi-om Coleman 
National Fish Hatchery indicate that they may be moving at  a slightly slower rate than 
the average water velocity. 

When Chinook reach the lower river and estuary, where tidal influence often dominates, 
they must begin to use a different cue than flow to guide them toward the ocean. Inter- 
agency salmon study data have shown that fall-run smolts move through the estuary in 
a relatively short period (a few days) and the time required is independent of flow. (They 
do move through the upper estuary at a slower rate than they do in the river.) This find- 
ing is not surprising in that during low-flow periods and weak tides, the net down- 
stream rate of movement of a theoretical particle suspended in the water is quite slow. 
For example, calculated outflows may be on the order of a few thousand cfh while tidal 



flows may be on the order of 100,000 to 200,000 cfs. Of course when the salmon reach 
the lower bay there is essentially no freshwater flow (at least velocity) signal which can 
be used for guidance. 

rn any event the salmon smolt reaches the Delta and must find its way to the ocean. Al- 
though the information is not as solid as one would like, the general distribution pattern 
of these fish in the river may be: 

They are in the upper part of the water column, at  least during the daylight. 

They tend to move closer to the sides than to the middle. 

Although it is generally assumed that fish go with the flow (ie if 50 percent of 
water is diverted off the river, 50 percent of the fish go as well) U S W S  (1990) 
presented limited evidence that the proportion of salmon going into the Cross 
Channel and Sutter Slough is less than the proportion of water. 

As in the upper river, a Chinook salmon passing through the Delta is exposed to several 
factors that may reduce its chances of reaching the ocean alive. The following are brief 
descriptions of these factors and how they may impact survival. 

Toxicity 

Although there are several potential toxicants in Delta waters, including pesticides, re- 
sidual chlorine from waste treatment, and trace elements, there is little indication that 
toxicity is a significant factor influencing survival in this area. 

Temperature 

Temperature changes can affect Chinook salmon survival in several ways - both direct 
and indirect. These are: 

Directly Lethal - Depending on previous temperature history (acclimation), 
temperatures in the upper 70s (OF) can kill salmon juveniles. This is probably 
not a problem for Chinook salmon entering the Delta from the Sacramento 
River and is almost certainly not a concern for winter-run salmon which pass 
through in the colder months. 

Indirectly Lethal - Indirect impacts can occur because higher temperatures 
cause increased metabolic rates and resultant greater need for food. Higher tem- 
peratures also make juvenile Chinook more vulnerable to disease. Both indirect 
impacts can decrease the salmon's scope for activity and make it more vulner- 
able to factors listed below. Indirect temperature impacts in the Delta are not 
well quantified, but are probably significant, especially when the exposure time 
(transit time through the Delta) is increased. Again the winter-run migration 
period minimizes indirect temperature impacts. 



Predation 

In the Delta, Chinook juveniles are exposed to such predators as striped bass and Sacra- 
mento s q u a d s h  Presumably, losses to predators are affected by water temperature, 
turbidity, exposure time, and salmon size. In general, conditions during the winter-run 
outmigration (ie cold water and Other high turbidity) should result in lower losses to 
predators than for fd-run smolts which emigrate later in the year. 

Losses to Local Agricultural Diversions 

Brown (1983) in an unpublished examination of the possible impacts of local Delta agri- 
culture diversions on striped bass and Chinook salmon, found that there were about 
1,800 small diversions in the Delta. The average size of intakes to these pumps and si- 
phons was 10-12 inches with average flows in the low cfs range. 

At the time of this review (and it hasn't changed much since) there was only one unpub- 
lished USFWSDFG study which provided any useful information on losses of juvenile 
Chinook salmon to these diversions. Based on those data it did not appear that the 
small diversions caused significant losses of smolt-size salmon. More idonnation is 
needed for a wider variety of diversion sizes. The Interagency Program initiated a pilot 
study in 1992 but encountered problems in obtaining access to these private diversions. 

High temperatures, which may lessen the salmon's ability to avoid the intake, and 
greater transit time increase exposure and perhaps losses to agricultural diversions. 

Diversion Off the Sacramento River 

A smolt staying in the Sacramento River has the most direct route to the ocean and in 
theory, the shortest residence time. All things being equal, the shorter the residence 
time the less likely the smolt is to die on the way. 

All downstream migrants do not remain in the mainstem. At several locations there are 
channels off the river which result in water, and fish, leaving the mainstem. There is 
also the chance that even those fish remaining in the Sacramento River can be drawn 
around the tip of Sherman Island and drawn up the San Joaquin River by reverse flows. 
The Delta Cross Channel, Steamboat and Sutter Sloughs, Georgians Slough, Threemile 
Slough, Montezuma Slough, and the lower San Joaquin River are described below. 

Delta Cross Channel. Fish diverted off the Sacramento River by way of the Cross 
Channel wind up in the North or South Fork of the Mokelurnne River and thence to the 
San Joaquin River. Those that reach the San Joaquin River can either go toward the 
State and federal pumps (by way of Old River or other routes) or down the San Joaquin 
River toward the ocean. At times the San Joaquin may have a net flow toward the 
pumps (reverse flow) but there are tidal flows which are 20 to 100 times stronger than 
the net flows. It is not clear how Chinook juveniles react to this situation. 



Experiments with marked fall-run juveniles show that some fish reaching the San 
haquin River do move toward the pumps. These fish probably encounter the State in- 
take first and, when the radial gates are operating, can be drawn into Clifton Court 
Forebay. Some of those salmon entering the forebay are eaten by predators, some are 
lost through the screens, and the remainder are salvaged. The salvaged fish are trans- 
ported back to the Sacramento for release. 

A significantly smaller number of Chinook salmon in Old River may proceed on toward 
the federal pumps. There is no forebay before the intake to the federal pumps; however, 
there are losses to predators in the intake ehannel and in the screen bays themselves. 
Salvaged salmon are hauled by truck to the Sacramento River. 

Upon reaching the San Joaquin River from the Mokelumne River system, an unknown, 
But probably sigdicant, &action of the Chinook salmon going through the Cross Chan- 
nel move directly downstream toward Antioch and the ocean. Experimental results in 
this area have not been as definitive as desired, however on some occasions marked 
salmon planted in the lower river apparently migrated toward Chipps Island and had 
good survival, even with flow reversals. 

Geor~ana Slowh, Since Georgiana Slough is not gated and at low Sacramento 
River flows diverts 2,000 to 3,00 cfs, some Chinook salmon are diverted as well. As 
shown in Figure 5, those salmon entering Georgiana can reach the ocean by way of the 
Mokelumne and San Joaquin Rivers. Experiments in 1992 indicated poor survival to 
Chipps of fall-run hatchery fish planted in Georgiana Slough. These experiments were 
conducted when flows in the lower San Joaquin River were positive. These salmon going 
down Georgiana, as those entering the Cross Channel have a longer pathway to the 
ocean and probably incur greater mortality than salmon remaining in the mainstem. 

$utter and Steamboat S l o w h  Limited experimental information has indicated 
that salmon entering Steamboat and Sutter Sloughs have a better chance of reaching 
Chipps Island than those remaining in the river. As shown in Figure 5, this makes some 
sense in that the migration path via the slough is shorter and the downstream migrants 
are not subject to being diverted into the Delta Cross Channel or Georgiana Slough. 

eemile S l o u a  Although there is significant exchange of water between the 
Sacramento and San Joaquin Rivers through Threemile Slough, there are no data avail- 
able to determine how this exchange affects downstream migrants. 

T'D of Sherman Island, A downstream migrant &om the Sacramento River sys- 
tem that has reached the tip of Sherman Island will probably continue its way to the 
lower bays and ocean. The importance of flow as a guidance cue has greatly diminished 
and it is unlikely that the juveniles will move up the San Joaquin River, even when 
flows are negative. This conclusion is supported by the lack of tag recoveries at the State 
and federal facilities kom groups of fall-run hatchery salmon released in the Sacra- 
mento River below the Delta Cross Channel near Ryde. 

Montezuma Slowh. Fish entering Montezuma Slough encounter the salinity 
control gates and supporting structures. During dry years the stop-logs are in place, and 



the gates act as tidal pumps and are operated to meet internal Marsh salinity stand- 
ards. There are likely to be predatory fish near the structures, and some salmon are 
eaten. As described earlier, there are several unscreened diversions in the Marsh which 
can cause fish losses. 

This qualitative description can be summarized by the following main points. 

Not a lot is known about the mechanisms causing salmon losses in the Delta. 
Studies to date have not been designed to determine cause and effect or mecha- 
nistic models but mainly to develop empirical statistical models. 

Temperature apparently plays important direct and indirect roles in salmon 
survival. 

Longer migration pathways should result in increased mortality. Migration 
pathways are lengthened when salmon are diverted into the Delta Cross Chan- 
nel and Georgiana Slough. 

Causes of mortality are unknown but are probably due to predation and direct 
losses to diversions. 

Winter-run mortality through the Delta must be lower than that experienced by 
fall run in most years, if only because temperatures during their outmigration 
are up to 2 0 ' ~  cooler than those present when fall-run smolts emigrate. 

Identification of Winter-Run Salmon 

There are no distinguishing physical features that allow a winter-nm outmigrant to be 
separated from juvenile of the other three races inhabiting the Sacramento-San Joaquin 
Basin. Also, at  this time there is no biological marker (scale pattern, otoliths, blood 
chemistry, etc.) that can readily provide that separation. We are left with timing of the 
emigration and size as candidate attributes to help resolve this problem. 

Frank Fisher (DFG, Red Bluff) has used estimated timing of winter-run spawning and 
emergence as well as hatchery fall-run growth rates to develop hypothetical growth 
curves for the four races of Chinook salmon in the upper Sacramento River (Figure 25). 
The original curves were limited to fish less than 130 mrn. 

In June 1989 Don Stevens (DFG, Stockton) used these curves to help answer the ques- 
tions relating to the timing of winter-run migration through the Delta (DFG memo to 
Pete Chadwick dated June 19, 1989). Stevens also extrapolated the curves to expand 
the period of coverage. He found the curves useful in his analyses, but cautioned that 
the size ranges are mtimate~ (emphasis his) only. 

Frank Fisher has revised his curves several times as more data on growth of fall-run 
Chinook salmon became available. For purposes of these analyses of losses at  the 
pumps, the daily growth increments were used. This modification makes use of the 
daily data and avoids problems with overlaps between races. (That is, each Chinook 
salmon fits into only one race.) 



The Fisher-size classification system is used to sort salmon captured in the Delta by 
mce. An assessment of its usefihess is made a t  the end of this chapter. 

Figure 25 
ESTIMATED G R O W  CURVES FOR THE FOUR RACES OF SACRAMENTO RIVER CHINOOK SALMON 

Cuwes Represent Early, Middle, and Late Spawners 
(Developed by Frank Rher, DFG, Red Blun) 
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Timing of Winter-Run Chinook Salmon 
Migration Through the Delta 

One of the key factors needed in determining the water projects' Delta impacts is an un- 
derstanding of period in which juvenile winter-mn salmon are in the Delta and exposed 
to project operations. However, there is only general knowledge of the timing of the win- 
ter-run outmigration, especially after the migrants pass Glenn-Colusa Irrigation Dis- 
trict. This lack of understanding is mostly due to: 



Lack of emphasis by fish and wildlife agencies on developing a comprehensive 
data base which can be used to describe biology of the four races of Chinook 
salmon in the Sacramento and San Joaquin systems. 

Focus of most studies on fall-run Chinook salmon. For example, USFWS, as part 
of the Interagency Ecological Studies Program, has documented the problems 
associated with passage of Sacramento River and San Joaquin River fall-run 
smolts through the Delta. 

Overlap in timing and size of outmigrants from the four races. 

Confusing effects of hatchery releases including failure of hatchery managers to 
consistently mark large numbers of released fish and the lack of analysis on 
those fish that are marked and recaptured at  various locations. 

The small number of winter-, fall-, and spring-run spawners in recent years 
which has produced relatively few outmigrants. 

For this analysis, several data bases were examined to determine if they could shed 
light on the timing issue. Included in these data bases are: 

Historical information from Messersmith ( 1966) and Schamer ( 1980). 

Catches a t  Gle~-Colusa Irrigation District's fish screens. 

USFWS beach seine data. 

Interagency (USFWS) trawling data - Chipps Island. 

Interagency (DFG) trawling data - Golden Gate. 

CVP and SWP salvage data. 

Interagency evaluation of Roaring River fish screens installed by DWR and 
USBR as part of the Suisun Marsh Plan of Protection. 

USFWS trawling data fkom Montezuma Slough. 

The 1992 USFWS trawl and beach seine data set. This is a special case in that it 
is probably the most comprehensive for any of the period of record. 

The following sections briefly describe the studies from which these data were obtained 
(and references for more descriptions) and the results. 

Glenn-Colusa Irrigation District 

Although winter-run fry have been collected extensively at  Red Bluff Diversion Dam, 
Glenn-Colusa was selected because it is the farthest downstream location where they 
are effectively sampled. A complete description of the intake, fish screens and sampling 
program is found in Cramer (1990). In summary, the intake is in a small bypass off the 
Sacramento Kver (Figure 26). A horizontal rotary-drum fish screen was installed by 
DFG in 1972 to minimize fish losses to the canal. Bay 23 of this screen contains a fish 



Figure 26 
LOCATION AND SlTE MAP FOR GLENN-COLUSA IRRIGATION DISTRICT INTAKE 

SACRAMENTO RIVER 

GCl D IRRIGATION CANAL 

RIVER M I L E  208 
(RIVER RELEASE SITE) 

UPPER OXBOW 
RELEASE SlTE 

FISH SCREEN FACILITY 

RELEASE SlTE 
(NOT TO SCALE) 

trap operated by DFG. In 1990 the district contracted with a private consultant to Sam- 
ple the bypass downstream of the screens using a rotary-screw trap. District s t d  con- 
tinues to operate the screw trap and, with help from DFG, identifies, enumerates, and 
measures the catch. 

Table 11 contains a summary of the weekly catches by the GCID trap for 1990 along 
with DFG's winter-run length intervals. As is apparent from the data, winter-m 



I salmon were captured as early as July and as late as the end of December. (It is likely 

I 
that migration past GCID occurs after December 31, but there are no data &om these 
studies to verify this.) September and October had the highest catches of the months 
sampled. 

Table 11 
WEEKLY TOTAL CATCHES OF JUVENILE WINTER-RUN CHINOOK SALMON IN THE GCID OXBOW, 

1988-1 990 

GClD 1990 
End of DFG Trap Trap Pump 
Week 1988 1989 1990 1990 Q 
08 JUL 0 0 0 0 231 2 
15 JUL 0 0 0 0 2358 
22 JUL 
29 JUL 
05 AUG 
12 AUG 
19 AUG 
26 AUG 
02 SEP 
09 SEP 
16 SEP 
23 SEP 
30 SEP 
07 OCT 
14 OCT 
21 OCT 
28 OCT 
04 NOV 
11 NOV 
18 NOV 
25 NOV 
02 DEC 
09 DEC 
16 DEC 
23 DEC 
31 DEC 
TOTAL 

The catch and lengths of the fish captured by the GCID trap are shown in Figure 27. 
From these limited data it appears that maximum size is asymptotic at  about 90 mrn, 
perhaps due to decreased growth rate as water temperature decreases or because smolt- 
ing salmon generally move out at about the same general size. For comparison, the ac- 
tual size range of the fish caught in the GCID trap are compared to the predicted size 
range using the DFG size intervals (Table 12). 

Although the general trends between predicted and actual sizes are similar, there are 
sigruficant differences, especially with the much narrower length intervals of the wild 
fish in November and December as compared to the predicted sizes. The information 
presented cannot be used to estimate growth in that the GCID traps are presumably 



capturing fish that are mixtures of active migrants and perhaps semiresident salmon 
that are using the shallows as nursery areas. 

The information indicates that some winter nm apparently began their downstream 
movement in the early fall and that the predicted size interval may be considerably 
wider than the actual internal. If the predicted vs. actual relationship remained the 
same in the Delta, use of the classification system could tend to overestimate the nunu- 
bers of winter-mn Chinook. 

Figure 27 
SIZE OF JUVENILE WINTER-RUN CHINOOK SALMON MIGRATING THROUGH THE GClD OXBOW DURING 1990 

(Cramer, personal communication) 

End of Week 

Fish +- Length 

I' 
Table 12 

SIZES OF 1990 WINTER-RUN CHINOOK SALMON 
CAPTURED AT GCID'S TRAP COMPARED TO 

INTERVALS PREDICTED FROM DFG'S GROWTH CURVES 

Actual Predicied DFG 
GClD Data Winter-Run Size Interval 

Month Imml fmml 
August 30-40 30-54 
September 3040 30-65 
October 35-70 35-80 
November 70-80 34-99 
December 80-90 41 -122 



SacramentoIChipps Island Trawling 

As part of the Interagency Ecological Studies Program, USFWS has been trawling for 
juvenile salmon a t  Chipps Island since 1978 and, in recent years, has trawled a t  Court- 
land near Sacramento as well. These efforts have been designed to provide an annual 
index of smolt abundance as well as provide for recapture of marked fish released as 
part of studies to estimate salmon survival through the Delta. 

The sampling procedures have been described in annual USFWS progress reports such 
as Kjelson and Brandes (1987). Standard 20-minute daylight trawls were made, gener- 
ally during April through June, using a 9.1 X 7.9 meter midwater trawl (3.2 mm cod-end 
mesh). 'hwling was from two to seven days per week depending on weather, st&' 
availability, and catch. Abundance in other months was estimated occasionally, includ- 
ing a special 1990 program near Hood that was specifically designed to evaluate the 
timing of winter-run downstream migration. 

Data from these surveys were obtained from the DFG's Rancho Cordova data specialists 
and reformatted for use on a microcomputer. DFG criteria were used to classify cap- 
tured fish as winter run salmon. Chipps Island trawl and other USFWS trawl and 
beach seine (described later) data were received electronically from USFWS through the 
DFG data unit. Files were in the form of both ASCII and SAS. The data were in various 
stages of editing, therefore for the purpose of the winter-nm report data analysis, the 
data were assumed not to have been edited and the data were loaded into a personal 
computer database manager for editing. The data were queried for unreasonable or 
missing date, time, total catch, length, length frequency and media code. The sum of the 
length frequencies for each trawl date, time and media code were computed and com- 
pared to the total catch value. There were many occurrences of length frequencies en- 
tered as total catch. These entry errors were verified. We assumed that the electronic 
data were accurate representations of data from the field sheets. This assumption 
should be checked by USFWS. 

The data are summarized in Table 13. These efforts have been designed to provide an 
annual index of fall-run smolt abundance as well as evaluating fall-run survival 
through the Delta by recapturing marked fish released a t  various Delta sites. 

Using these data and the DFG winter-run criteria, it would appear that significant 
numbers of winter-run salmon pass through the Delta in April and that May and June 
are not important migration periods. However, these data probably overestimate the 
numbers of winter-run outmigrants during April, May and June. This conclusion is 
based on the following: 

The estimated catch of winter-run salmon in April does not appear to show any 
relationship with estimated spawning escapement (Figure 28). With winter-run 
escapement declining to low numbers in the 1980s, one would expect a similar 
decline in juvenile catch per unit effort. This undoubtedly means the April 
catches overestimate the numbers of winter-nm Chinook. 



Table 13 
SUMMARY OF CHIPPS ISLAND SALMON TRAWL DATA, 1976-1990 

Number of Total Number of Winter Run % W~nter 
Year Month Trawls Catch Winter Run' Catchflow Run 

1976" May 76 509 2 0.03 0.4 
June 188 1,101 1 0.005 0.1 

1 9 T  May 1 74 834 2 0.01 0.2 

1978 April 101 625 140 1.14 22.4 
i 

June 90 61 2 5 0.06 0.8 I 

> 
1979 April 

May 
June 

1980 January 
Feb~ary  
March 
April 
May 
June 

' 1981 i April 

I 
May 

1 1982 April 
1 
I May 
I 1983 

I 

April 66 370 140 2.12 38 I 1 May 128 913 19 0.15 2.1 I 

June 146 932 1 0.007 0.01 I 
I I 

April 
May 

April 72 866 137 1.9 16 
May 294 7,030 12 0.04 0.02 

1 986 April 95 2,142 270 2.8 13 1 
May 284 7,972 46 0.16 0.6 I 

1987"' 'I 
1988 April 122 1,199 200 1.63 17 

May 490 9.091 8 0.02 0.09 

I lgBg 

April 1 87 3,764 1 54 0.82 4.1 
May 292 7,410 10 0.03 0.1 

April 175 2,772 191 1.09 
May 266 4,828 4 0.02 0.08 

1 

I * Uslng DFG classlficat~on schedule 
** No April trawls , 

1 "* Data for 1987 d~d not get translerred 
I 

I 



Figure 28 
AVERAGE APRIL "WINTER RUN" TRAWL CATCH AT CHIPPS ISLAND VERSUS 

ESTIMATED "WINTER RUN" SPAWNING ESCAPEMENT THE PREVIOUS YEAR, 1980-1990 EXCEPT 1987 
(USMIS unpublished trawl data) 

I . . . . . . . . . . . . . . . . . - . - . . . I  
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In April 1989, an examination of a subsarnple of the lengths of marked fish cap- 
tured in the Chipps Island trawl indicated about 7 percent (2 of 30) would be 
classified as winter-run salmon. The marked fish were all fall run. 

In a special 1990 trawl survey, USFWS collected an average of 0.4 fishltow in 
February and 1.671tow in March (Hood, 1990). In both months about 50 percent 
of the fish captured were in the winter-run size range developed by DFG. Some 
of the "winter run" fish had evidence (fin erosion) of hatchery origin. During 
January 1990, Coleman National Fish Hatchery had released about 800,000 
late fall-run fish of a size that could categorize them as winter run. 

The codbsing effect of hatchery releases on classifying winter run are shown in Figure 
29. These data were provided by Jim Smith, USFWS, and consist of measurements of a 
random sample of winter-run and late-fall-run Chinook reared at the Coleman National 
Fish Hatchery. The late-fall fish were released in early January after the measure- 
ments, and the winter-mn fish were released on January 21,1992. 



Figure 29 
LENGTH FREQUENCIES OF JUVENILE LATE-FALL-RUN CHINOOK SALMON 

SAMPLED AT COLEMAN NATIONAL FISH HATCHERY, DECEMBER 30 AND 31,1991 
(USFWS unpublished data) 

LENGTH FREQUENCIES OF JUVOVlLE WINTER-RUN CHlNOCK SALMON 
SAMPLED AT COLEhMN NM. JANUARY 10. 1992 
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It is apparent that a significant &action of the late-fall fish would be classified as winter 
run if they were caught a t  Chipps Island or the fish salvage facilities. Although length 
data are not readily available on other hatchery releases (fish size is normally reporkdl 
as number per pound), similar problems probably exist. Coleman late fall productim 
was about 300,000 smolts which dwarfk the natural plus hatchery production of 1991 
brood year winter run. 

In summary, the trawl data suggest that winter-run juveniles pass Chipps Island 
April. However, use of the DFG criteria greatly overemphasizes the extent of the outnik 
gration. At present there is no means of determining if April is a significant month 6z 
winter-run outmigration. In May and June there may be occasional outmigrants, M 
migration during this period is probably not significant. 



Golden Gate Trawl 

The DFG winter-run size interval criteria were used to classifjl the catch (Table 14). As 
with the Chipps Island data, use of the time-specific growth intervals results in appar- 
ent large overestimates of the numbers and population of winter-run salmon migrating 
through the Golden Gate. 

Table 14 
SUMMARY OF GOLDEN GATE SALMON TRAWL DATA, 1983-1 986 

Number of Total Number of Winter Run % Winter 
Year Month Trawls Catch Winter Run' CatctdTow Run 

1983" April 68 267 117 1.7 44 
May 181 3,191 222 1.2 7.0 
June 140 2,999 12 0.09 0.4 
July 29 193 0 0 0 
August 39 1 50 0 0 0 
September 29 108 0 0 0 

1 984 April 
May 
June 
July 
August 

1985 April 90 382 135 1.50 35 
May 228 6,698 187 - 0.82 2.8 
June . 74 952 5 0.07 0.5 
July 29 28 0 0 0 

1986 April 
May 
June 

' Using DFG length interval. 
"Sampling was April through July. 

Early DFG Trawling Studies 

In 1961 and 1962 (Messersrnith 1966) and in 1973 and 1974 (Schafbr 19801, DFG con- 
ducted year-round trawling studies to determine the pattern of juvenile salmon outrni- 
gration from the Sacramento and San Joaquin River systems. Messersmith sampled at  
Carquinez Strait as part of the DWR/DFG Delta Fish and Wildlife Protection Study. 
Being below the confluence of the Sacramento and San Joaquin Rivers, his trawl sam- 
ples included salmonids &om both drainages. SchaBer, on the other hand, trawled near 
Hood, so his catches represented outmigration from the Sacramento River only. Schaf- 
fter's study was part of the Interagency Ecological Studies Program pre-Peripheral 
Canal fish distribution studies. Sampling protocols are described in the two references 
and are not repeated here. 



The salmon catches from these two studies are summarized in Table 15. The DFG time- 
specific length intervals have been used to classify the Chinook salmon as either 
"winter-run salmonw or "other". Both surveys were conducted when winter-run spawners 
were probably abundant (although there are no escapement data for these years) a d  
the confusing effects of hatchery releases were low. Flows during the two sampling peri- 
ods are shown in Figure 30. 

Table 15 
COMPARISON OF ESIMATED WINTER-RUN CATCH VERSUS 

TOTAL SALMON CATCH AT CARQUINEZ STRAIT (1961 -1 962) AND AT HOOD (1 973-1 974) 

Messersmith (1 966) Schamer (1 980) 
Total Number of Total Number of 

Year Month 

1961 March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1962 January 
February 
March 
April 
May 
June 
July 
August 
September 
October 

Catch Winter Run* 

No Survey 
726 294 

2,076 18 
0 
0 1 

0 
I 

0 ! 

No Survey 
0 I 

! 
No Survey 

Year Month 

1973 March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Estimated using the DFG i n t r r n  salmon length intervals. 

/ 1974 January 

I Febtuary 
March 
April 
May 
June 

I July 
August 

I September 
! October 
I 

Catch Winter Runb 

61 0 340 
2.246 531 

0 
0 
0 
0 

23 0 
0 

15 0 
No Survey 0 

41 3 
67 11 
383 32 
823 290 

3,847 2 1 
0 
0 
0 

No S u ~ e y  
No Survey 

In both instances, estimated peak winter-run outmigration occurred during January 
through April, with March and April having the highest catches. These data are m$ 
corrected for sampling effort and, thus, the total catches may not provide an accumtb 
picture of relative abundance between months. Both samplings indicated some outnik 
gration in May, and Messersmith also collected three salmon classified as winter run& 
June. 

In the fall, Schaffter collected two small winter-run fish in September and three in 
December. AU of these were of a size that clearly indicates they were winter run. 
shown in Figure 30, flows during September 1973 were relatively low and u n i f m  
throughout the month, indicating that these fish were not brought down by freshets. 



Figure 30 
DELTA OUTFLOW AND SACRAMENTO RIVER FLOW AT FREEPORT DURING PERIODS WHEN 

MESSERSMITH (1966) AND SCHAFFTER (1980) WERE TRAWLING 
(From DAY FLOW) 
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CVP and SWP Salvage I 
In an effort to help resolve questions about fall and early winter winter-mn outmigrst 
tion, the salvage database was searched for all Chinook salmon that fit the winter-m 
size interval for September through December. The database includes the years 198B 

I 
through 1992. Results of this search are shown in Table 16. I 

Table 16 
SALVAGED CHINOOK SALMON CLASSIFIED AS WINTER RUN 

USING THE APRIL 1992 DFG LENGTH INTERVALS 
(Because only monthly length data were available, overlaps could not be avoided.) 

Calculated Frequency 
Facility Year Month Fork Length Race 1 Race 2 

I 
I' 

State Water Project 1980 12 109 1 W LF I' 

1983 12 93 1 W LF 
1983 12 96 1 W LF 1 

1 

1983 12 99 1 W LF 
1984 10 69 1 W LF 

I 
I 

1984 10 70 1 W LF I 

1986 12 103 1 W LF I 
1986 12 107 1 W LF 
1986 12 109 1 W LF 1. 

1987 12 100 1 W LF 1 
1987 12 102 1 W LF 1 
1987 12 104 1 W LF :I 
1987 12 109 1 W LF I 

Central Valley Project 1980 
1981 
1981 
1981 
1981 
1981 
1981 
1981 
1981 
1981 
1983 
1984 
1984 
1984 
1984 
1984 
1984 
1984 



Thus, out of several thousand measurements during this period, essentially none of the 
salmon measured during September through December would be classified as winter 
run. Data fkom high flow years such as 1982 and 1986 indicate that the fish salvage sys- 
tems are capable of salvaging large numbers of small Chinook salmon and thus the ab- 
sence of small fish is not due to selectivity 

Use of the salvage data to estimate timing of the winter-run outmigration during Janu- 
ary through June is more complicated and is discussed in the chapter on project im- 
pacts. 

USFWS Beach Seine Data 

Another major data base used to evaluate timing of the winter-run outmigration was 
the annual beach seine survey conducted during the winter and early spring by USFWS 
as part of the Interagency Program salmon studies. These surveys, conducted annually 
since 1977 are designed to provide salmon abundance indices for near-shore areas in the 
Sacramento and San Joaquin Rivers, the Delta, and the northern reach of the Sacra- 
mento-San Joaquin estuary. The methods are described in Kjelson and Brandes (1987). 
For these studies, only the data base fkom 1977 through 1989 was available for analysis. 

Table 17 lists the stations and their locations used in these surveys. For ease of analysis, 
the stations were grouped into four general areas (as indicated in the table). 

These beach seine surveys captured a total of 38,172 Chinook salmon during the period 
analyzed. The DFG winter-run criteria were used to  classify the catch as "winter-run" or 
"other" Chinook salmon. Results of these analyses, by area, are shown in Table 18. 

The data indicate that winter-run salmon were most vulnerable to seining in the Sacra- 
mento River above Sacramento (Area l) during January through March, but some were 
captured in April and again in October through December. This pattern is similar to 
that shown at  Red Bluff and GCID. Below Sacramento, most of the winter-run salmon 
were also caught in January through March, with relatively fewer caught in April, No- 
vember, and December. No Chinook salmon classified as winter run were captured by 
beach seines in the northern reach of San Francisco Bay (Area 3). 

The data suggest that fair numbers of winter-run Chinook salmon occurred in the San 
Joaquin River/Delta area, again mostly in the January through March period. Looking 
a t  the actual winter-run catch data for Area 4 reveals that 27 of the 95 "winter run" 
were captured at  Stockton. It is highly unlikely that Sacramento River winter-run 
salmon migrated up the river to Stockton. This conclusion is supported by the fact that 
11 of the 95 "winter-runn were marked "fall-run" Chinook. 



Table 17 
USFWS BEACH SEINE MONITORING SITES 

Description Code Station 

COLUSA, STATE RECREATIONAL BOAT RAMP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A01 RSAC315 
WARDS RESORT BOAT RAMP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A02 RSAC304 
THE BEACH SOUTH OF MERIDIAN. .......................................... A03 RSAC291 
R E ~ S  BAR, JUST NORTH OF KNIGHTS LANDING. ............................. ~ 0 4  RSAC233 
KNIGHTS LANDING COUMY PARK BOAT RAMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A05 RSAC227 
VERONA RESORT BOAT RAMP. ............................................. A06 RSAC209 
W O R N  COUNTY PARK BOAT RAMP ....................................... A07 RSAC194 
AMERICAN RMR-EAST BANK RAMP-NORTH OF BRIDGE. ...................... A08 RAMOOO 
SACRAMENTO RIVER AT DISCOVERY PARK BOAT RAMP ....................... A09 RSACl77 
MILLER PARK MWT. ....................................................... A10 RSAC169 
SACRAMENTO RIVER AT GARCIA BEND PARK BOAT RAMP ..................... A1 1 RSAC163 
SACRAMENTO RIVER-CLARKSBURG MIDWATER TRAWL ....................... A12 RSAC149 
SACRAMENTO RNER AT CLARKSBURG PUBLIC FISHING RAMP .. . . . . . . . . . . . . . . .  A13 RSAC144 
HWDMWT ............................................................... A14 RSAC143 
SACRAMENTO RIVER BEACH AT KOKET RESORT. . . . . . . . . . . . . . . . . . . . . . . . . . .  A1 5 RSACl2O 
SACRAMENTO RIVER AT ISLETON PUBLIC BOAT RAMP. . . . . . . . . . . . . . . . . . . . . . . . .  A16 RSAC109 

. . . . . .  STEAMBOAT SLOUGH WEST OF STEAMBOAT RESORT. . . . . . . . . . . . . . . . .  : 801 SLSBTI 7 
SACRAMENTO RIVER NORTH OF DUTRA DREDGE CO. . . . . . . . . . . . . . . . . . . . . . . . .  A017 RSAC103 
SACRAMENTO RIVER STUMP BEACH SOUTH OF RIO VISTA BRIDGE . . . . . . . . . . . .  A018 RSAC098 
SACRAMENTO RIVER AT SHERMAN ISLAND PUBLIC FISHING ACCESS.. . . . . . . . . .  AB19 RSAC087 
SAN JOAWIN RIVER-ANTIOCH DUNES NATIONAL REFUGE. . . . . . . . . . . . . . . . . . .  CDEFS RSANOlO 
SAN JOAQUIN RIVER-SHERMAN ISLAND-EDDO'S BOAT RAMP . . . . . . . . . . . . . . . . .  CDEF4 RSANO21 
THREEMILE SLOUGH-BRANNAN ISLAND STATE PARK SWIM BEACH. . . . . . . . . . . . .  F1 SLTRM2 
MIDDLE RIVER-WWDWARD ISLAND BEACH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E2 RMlDl8 
OLD RIVER-BEACH BELOW THE HIGHWAY 4 BRIDGE. . . . . . . . . . . . . . . . . . . . . . . . . . .  El ROLD36 
MOKELUMNE RIVER0 AND W RESORT BOAT RAMP . . . . . . . . . . . . . . . . . . . . . . . . . . .  05 RMKLW5 
LITTLE POTATO SLOUGH-TERMINOUS SWIM BEACH. . . . . . . . . . . . . . . . . . . . . . . . . . .  04 SLLPTS 

. . .  GEORGlANA SLWGH 1 MILE SOUTH OF JUNCTION WITH SACRAMENTO RIVER D3 SLGRGl7 
MOKELUMNE RIVER SOUTH FORK AT WIMPY'S RESORT . . . . . . . . . . . . . . . . . . . . . .  D2 RSMKL24 
DELTA CROSS CHANNEL-NORTH BANK, SOUTH OF KOVR AMENNA . . . . . . . . . . .  D l  CHDLCO 
SAN JOAWIN RIVER-SOUTHEAST CORNER OF VENICE ISLAND. . . . . . . . . . . . . . . . .  C3 RSAN042 
HONKER CUT-KING ISLAND MARINA BOAT RAMP. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C2 CFHKRO 
SAN JOAQUIN RIVER-STOCKTON CHANNEL-DAD'S POINT BEACH. . . . . . . . . . . . .  C1 RSANOGO 
EAST OF MONTUUMA SLOUGH ON THE SACRAMENTO RIVER. . . . . . . . . . . . . . .  ABCDEF20 RSACOel 
MONTUUMA SLOUGH 1400 YARDS NORTH OF ROARING RIVER SL. INTAKE . . . . .  G1 SLMZU27 
ROARING RIVER SLOUGH INTAKE POND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G2 SLMZU29 
SACRAMENTO RIVER AT CHIPPS ISLAND MIDWATER TRAWL . . . . . . . . . . . . . . .  ABCDEFG2 RSAC075 
CARQUINU STRAIT-BRICKYARD BEACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ABCDEFG2 RSAC052 
CARQUINU STRAIT-CROCKETT BEACH WEST OF MARINA . . . . . . . . . . . . . . . . . .  ABCDEFG2 SHSSP30 
SAN PABLO BAY-POINT PINOLE UPSTREAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ABCDEFG2 SHSSPI 4 
SAN PABLO BAY-POINT PINOLE DOWNSTREAM ............................ ABCDEFG2 SHSSPl3 
PETALUMA RIVER AT MOUTH, BLACK POINT BOAT RAMP. . . . . . . . . . . . . . . . . . . . . . .  HI  RPETW2 
SAN PABLO BAY-CHINA CAMP STATE PARK BEACH. . . . . . . . . . . . . . . . . . . . . . . .  ABCDEFGH SHNSP02 

. SAN FRANCISCO BAY-POINT MOLATE BEACH. ............................ ABCDEFGH SHNESF42 
SAN FRANCISCO BAY-PARADISE BEACH COUNTY PARK ................... ABCDEFGH SHNWSF30 
SAN FRANCISCO BAY-BERKELEY BEACH FRONTAGE ROAD ................ ABCDEFGH SHNESFl8 
SAN FRANCISCO BAY-TREASURE ISLAND BEACH . . . . . . . . . . . . . . . . . . . . . . . . .  ABCDEFGH ISTRSI 
........................................................................... SLRARO 



Table 18 
SUMMARY OF ESTIMATED WINTER-RUN CATCH BY MAJOR AREA, 

USFWS BEACH SEINE DATA, ign-1989 

Total Winter Total Winter 
Area Month Catch Run Area Month Catch Run 

I 

' No Sampling I 

Suisun Marsh Sampling 

In 1980,1981, and 1982, DFG sampled, screened and unscreened culverts at the newly 
constructed Roaring River Slough intake in Suisun Marsh (Pickard et a1 1982). The 
studies were to determine screen efficiency and develop estimates of the magnitude of 
the fish saved by having the screens in place. All culverts were subsequently screened. 

On November 23 and 24, 1981, the nets caught 81 Chinook salmon, 50 of which were 
measured. Of those measured, 30 were in the winter-run size interval and the remain- 
der were close enough to have been winter run as well. November 1981 was charac- 
terized by having the first major storm event of the water year with outflows exceeding 
100,000 cfs (Figure 31). 



Figure 31 
DAYFLOW NET DELTA OUTFLOW, OCTOBER THROUGH DECEMBER 1981 

OCT NOV 
1981 

DEC 

Perhaps more important, fiom a standpoint of analyzing winter-run migration througjb 
Montezuma Slough, is the info~mation on when winter run were not captured. In 19@ 
samples were collected twice in November and twice in December with no Chino& 
salmon being collected. In 1981, samples were collected twice monthly in January, F& 
ruary, March, and November, and once monthly in May, June, September, October, a d  
December. Of the almost 900 Chinook salmon collected, only some of those capturedih 
November 1991 fell into the winter-xun size interval. Continued sampling in Jan- 
Febmary, and March 1982 caught 192 juvenile Chinook salmon none of which would!h 
classified as winter run. Although data are limited, it appears that winter run rnayrhg 
entering the slough only during extremely high flow periods. 

In April and May of 1987, the USFWS trawled in Montezuma Slough as part of a n ' h  
teragency Ecological Studies Program study to evaluate fish problems associated 
operation of the salinity control gates. The following information was extracted &om & 
field data sheets fkom this sampling effort. The data are tabulated in Appendix 4. 

In April there were 36 Chinook salmon captured in 75 tows. None of these salmon werw 
in the size range to be classified as winter-run juveniles. In May the USFWS crew m a  
145 individual trawls and captured 147 juvenile Chinook salmon. None of the c a p t d i  
fish would be classified as winter run. As mentioned earlier, the 1987 Chipps Isladl 
data did not get electronically transfemed, thus we cannot compare catchltrawl in & 
two locations. The data do demonstrate M h e r  than juvenile Chinook salmon do we 
Montenuna Slough as a migratory corridor. 



1991-1992 Winter-Run Outmigration 

As part of the Interagency Studies Ecological Program, USFWS had three sampling ef- 
forts underway during the December 1991 through May 1992 period of likely peak win- 
ter-run outmigration. The first of these was their normal beach seine surveys conducted 
at  numerous sites in the lower Sacramento River and the Sacramento/San Joaquin 
Delta. In addition, survey s M  conducted midwater trawl sampling in the Sacramento 
River near Miller Park. (Miller Park is a couple of miles below the confluence of the 
American and Sacramento Rivers.) At Miller Park, tows were made one to three days 
per week during the period December 1 through March 22 and during the month of 
May. The Miller Park tows represent the most comprehensive winter trawling effort yet 
undertaken in the lower river to determine salmon outmigration. Daily tows were also 
made near Chipps Island during the April through May period. 

The Chinook salmon collected in these tows were assigned to one of the four races by 
use of the DFG growth curves. We used the daily size intervals to avoid overlaps. 

Figures 32,33, and 34 illustrate the beach seines catches by area where Area 1 is gener- 
ally the lower Sacramento River (Sacramento to Hood), Area 2 is the Sacramento River 
between Sacramento and Sherman Island, and Area 4 is the interior Delta and the San 
Joaquin below the mouth of the Mokelumne. (See Table 17 for a list of site names and 
locations. ) 

Figure 32 
USFWS 1991 -1 992 BEACH SEINE CATCH, AREA 1, CLASSIFIED BY RUN 
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Figure 33 
USFWS 1991-1992 BEACH SEINE CATCH, AREA 2, CLASSIFIED BY RUN 
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Figure 34 
USFWS 1991-1992 BEACH SEINE CATCH, AREA 4, CLASSIFIED BY RUN 
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1 A few general observations can be made about the beach seine data. 

No Chinook salmon were captured at  any site in December. 

Fall-run were by far the dominant race captured in the beach seine with the ma- 

I 
jority of the catch occurring after the February rains began. 

Out of a total of 3,173 Chinook salmon captured in the beach seine, 14 salmon 
were classified as winter-run, with two of those from the Delta (Table 19). The 

I Delta captures occurred on February 12 and 26. None of the Chinook salmon 
classified as winter-run had adipose clips. 

w Only four Chinook salmon classified as late-fall-run were captured and these 
were all from stations above Sacramento. 

Station 

Table 19 
CHINOOK SALMON CLASSIFIED AS WINTER-RUN 

COLLECTED DURING THE 1991-1992 USFWS BEACH SEINE SURVEYS 

Date lime 
Temperature 

(' F) 
Fork Length 

(mm) Race 

Figure 35 contains a general picture of the juvenile Chinook salmon trawl catches a t  
Miller Park classified by run. A total of 3,536 Chinook salmon were captured during the 
months of December, January, February, March, and May. (No sampling occurred at  
Miller Park in April.) As with the beach seine data, a few general observations can be 
made about the Miller Park catches. 

No Chinook were captured in December and relatively few in January. 

Fall- and spring-run fry dominated the catch in February and March, probably 
responding to the high flows. 

Relatively large numbers of Chinook salmon classified as winter run were cap- 
tured in February and March and two in May. 



Figure 35 
USFWS 1991-1992 TRAWL TOTAL SALMON CATCH AT MILLER PARK, CLASSIFIED BY RACE 

DEC JAN FEB MAR APR MAY 
1992 

Fewer late-fall-run were captured than winter run which is opposite from what 
one would expect based on numbers of spawners and hatchery releases. 

Although it appears that peak winter-run outmigration occurred in February 
and March, the lack of April data weakens this conclusion. 

The catches of adipose clipped fish at Miller Park by race, are shown in Figure 36. As 
with the other Chinook, these fish were assigned to run by size - none of the tags we= 
read. Most of the tagged winter- and late-fall-run Chinook moved past Miller Park dm 
ing the mid-Febmary through early March period. A few late-fall apparently moved 
downstream soon after they were released in Battle Creek in early January. Althougk 
the sample size is small, there did not appear to be much growth in the late-fall-run b e  
tween early January and mid-February. 

The Miller Park catch data are summarized by race and presence of adipose clip kl 
Table 20. About 2.3 percent of the catch were classified as winter run of which about El 
percent had clipped adipose fins. Late-fall made up about 1.9 percent of the total cat& 
30 percent of which had clipped adipose fins. 

We expanded the catches to obtain a rough estimate of the total numbers of Chino& 
salmon passing Miller Park during the 1992 outmigration period. The expansion factom 
were derived &om a ratio of net width to channel width and kaction of time sampled. 
more refined expansion using meters in the net to obtain volume of water sampled h t ~  



not been completed.) Based on the expansion, about 85,000 Chinook salmon classified as 
winter run passed Miller Park during February, March, and May. About 5,900 of these 
winter run  had adipose fin clips. The estimates of wild winter-run seem somewhat high 
based on escapement but is in the right order of magnitude. The late-fall-run estimates 
of 69,000 is low considering that 300,000 hatchery-reared late-fall-run were released in 
Battle Creek in early January. 

Figure 36 
USFWS 1991-1 992 TRAWL CATCH OF ADIPOSE-CLIPPED SALMON AT MILLER PARK. CLASSIFIED BY RACE 
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Table 20 
CHINOOK SALMON TRAWL CATCH STATISTICS, USFWS SAMPLING AT MILLER PARK, 

DECEMBER 1991 THROUGH MAY 1992 
(No April Sampling) 

Fall Spring Winter Late-Fall 
No No No No 

Year Month Clip C l i ~  Clip Clip Clip Clip Clip C l i ~  

1991 DEC 0 0 0 0 0 0 0 0 
1992 JAN 16 0 0 0 0 0 30 5 
1992 FEB 1,970 8 16 0 48 10 19 11 
1992 MAR 447 18 55 0 24 1 0 0 
1992 MAY 626 12 49 0 2 0 0 0 



The USFWS began routine Chipps Island trawling in April and continued through Ma& 
The composition of total catch assigned by race, and the adipose clipped salmon by race 
are shown in Figures 37 and 38. These data indicate several of the salmon collected in 
April were classified as winter-run. As expected, the majority of the catch at Chipps 
Island during April and May were falllspring Chinook. No late-fall-run or adipose fb 
clipped winter-run were captured at  Chipps Island. 

We used the USFWS Chipps Island trawl data from to develop an estimate of April[ 
winter-run outmigration. The trawls captured 36 Chinook salmon categorized as win- 
ter-run Chinook salmon in April and 1 on May 4. Using the expansion developed by 
USFWS staff 

catch 
(fraction time sample) (0.0055) 

about 55,000 winter run were estimated to have passed Chipps Island in April. (Them 
were about two weeks between the last trawls at Miller Park and the first winter rn 
captured at Chipps Island, thus it is unlikely they were sampling the same fish.) 

Combining the Miller Park and Chipps Island estimates of winter-run outmigrants, w .  
arrived at a grand total of 141,000 outmigrants of which about 5,900 were tagged. 
number is much higher than expected given the low numbers of spawners in 1991 a d  
may reflect sampling problems and misidentification of the captured Chinook. The cattikt 
from all sampling sites and gear data do support the conclusion that downstream mi- 
grating winter-run salmon did not enter the Delta until after the rains began in Febratr 
ary. Although most of the Chinook classified as winter-run apparently passed throughhi 
a six-week period from mid-February through the end of March, a significant numb= 
were captured at Chipps Island in April. 

The picture of when winter run migrate through the Delta is not as clear as one woddi 
hope. One major problem is the failure of the present classification system to accurate 
assign juveniles by race. The following is a summary of our interpretation of the a v d  
able data on timing. 

Although some winter run may leave the upper river in the early fall, it is like 
that the main downstream migration occurs during the winter, probably tied h 
flow events. The strong flow/migration relation was certainly true in 1991492 
when downstream migrants apparently remained above the Delta until the F& 
ruary-March rains. Another piece of evidence supporting this conclusion was t k e  
high winter-run catches in Montezuma Slough during a major flow event in lade 
November 198 1. 

Although Chinook salmon classified as winter run have been reported in t 3 ~  
Delta from late September through June, the period during which most of th 
juveniles migrate through the Delta is much shorter. 



Figure 37 
USFWS 1991-1992 TRAWL CATCH AT CHIPPS ISLAND, ALL CHINOOK, CLASSIFIED BY RUN 
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Figure 38 
USFWS 1991-1992 TRAWL CATCH AT CHIPPS ISLAND, ADIPOSE-CLIPPED CHINOOK, CLASSIFIED BY RUN 
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- Significant flow pulses are not usually seen until December (Fig- 
ure 39). 

- Catches of winter-run-size fish at the federal and State fish facilities 
are quite low (bordering on nonenistent) until after January. 

- Although there has not been extensive coverage, fall trawl catches 
have been low. 

It is likely that in most years most of the winter-run juveniles move through ths 
Delta in January, February, and March, with February and March being the 
most important. Early high flows in December, or even late November, may 
change this distribution. Although April catches were often high in the trawl% 
and in the salvage, we need better identification of the races to verify that this is 
a key month. 

Figure 39 
MONTHLY FALL SACRAMENTO RIVER FLOWS AT FREEPORT, 1955-1 991 
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Delta Impacts 

The approach in this section is to examine the question &om three vantage points. First, 
we use statistical techniques to help if the Delta is a key factor in controlling the abun- 
dance of winter-run escapement. Next, an empirical Delta smolt model is used to evalu- 
ate the overall effects of such Delta conditions as flow, temperature, and pumping on 
survival through the Delta. Since this model integrates survival fkom Sacramento-to 
Chipps Island, it, in theory, includes losses at  the pumps, effects of reverse flow, etc., 
even though these variables may not show up in the actual model. Finally, we examine 
specific features and facilities such as reverse flows, losses at  the pumps, Montezuma 
Slough salinity control gates, Delta Cross Channel, North Bay Aqueduct, and south 
Delta temporary barriers. 

Overall CVP and SWP Delta Impacts o n  Spawning Stock 

In the early 1980s federal and State biologists, engineers, and water managers devel- 
oped a 10-point program designed to help winter-run salmon recovery. Although the 
Delta was mentioned, most of the efforts focused on upstream measures such as tem- 
perature control, Red Bluff Diversion Dam improvements, gravel replehishment dnd 
toxins. This focus continued until the 1992 NMFS Biological Opinion on 1992 CVP and 
SWP operation included Delta measures. 

Before looking a t  specific Delta impacts it seems reasonable to examine overall Delta 
conditions as factors controlling spawning stock abundance. The information fiom these 
analyses may be useful in evaluating the reasonable component when developing rea- 
sonable and prudent alternatives. This is especially important in that economic costs of 
Delta measures can be high, thus one needs to understand the likelihood that any given 
Delta measure will significantly increase the run's chances for recovery. 

During the period of record, the CVP and SWP have had a combined Delta pumping ca- 
pacity of about 11,000 cfs. Since the SWP came on line in 1967, total Delta exports have 
steadily increased (Figure 40). During this same period the estimated winter-run es- 
capement has steadily decreased (Figure 41). We looked into a possible relationship be- 
tween Delta pumping and winter-run escapement to help determine if pumping was a 
significant cause of the decline. 

Using winter-run cohort data provided by the DFG (Frank Fisher, personal communica- 
tion) and Delta combined CVPISWP pumpin during the November through May (from 
DAYFLOW), there is a significant relation ($ = 0.88) between exports and escapement 
(Figures 42 and 43). Since both escapement and pumping exhibited consistent trends 
(albeit in opposite directions) there was also significant autocomelation between the two 
variables. In cases where autocomelation exists, extreme values at the beginning and 
end of the period being examined may be driving the correlation with no correlation be- 
tween variables within the period. Looking at  this another way, the best equation (high- 

2 est r ) for explaining winter-run abundance is when time alone is the independent 
variable (Figure 44). 
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Figure 42 
REGRESSION OF NOVEMBER THROUGH MAY TOTAL DELTA EXPORTS VERSUS 

WINTER-RUN COHORTS, 1968 THROUGH 1992 
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Figure 43 
REGRESSION OF NATURAL LOG OF TOTAL NOVEMBER THROUGH MAY 

DELTA EXPORTS VERSUS WINTER-RUN COHORTS 
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Figure 44 
REGRESSION OF SEQUENTIAL YEARS VERSUS WINTER-RUN ABUNDANCE, 1968-1 991 
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To determine if the correlation between winter-nm cohort abundance and Delta expd  
is driven by the strong temporal trends of both variables, the regression analysis 
also done for detrended data. Detrending was accomplished by using the increment8 
difference between each time step, rather than absolute values. (Table 21 contains tlw 
original and detrended data.) There was no relation between the detrended a b u n d m  
and pumping (Figure 45). 

Another way to look at possible Delta impacts is to determine if there is a relations& 
between total exports and some measure of survival such as a recruit/spawner index 
long-term recruit/spawner index of 1.0 would indicate that the population was r e p r o b  
ing itself and was stable.) Delta operations examined are total combined project expo* 
and the ratio of total project exports to total Delta inflow (ie a measure of fraction inflm 
being diverted) during January through April. The data used in these analyses are& 
Table 22. 

Again there was no relation between Delta conditions and operations and the s& 
sequent number of recruits produced by a given spawning stock (Figures 46 and 47). 

Although lack of statistical correlation does not necessarily imply lack of cause 
effect, the above analyses do indicate that Delta pumping has not been a major fa* 
determining the abundance of adult winter-run Chinook salmon. A look at some of in& 
vidual years provides additional support for the conclusion that Delta conditions are mt 
controlling abundance. The strong 1992 escapement came from smolts that emigratd 



Table 21 
ORIGINAL AND DETRENDED DATA 

---FRANK FISHER'S CORRELATION DATA--- ----------------------DETRENDED DATA---------------------- 

BROOD COHORT FLOW 
YEAR ABUND YEAR ---- ------ ---- 
1968 99101 1966 
1969 119153 1967 
1970 41038 1968 
1971 34479 1969 
1972 45526 1970 
1973 27996 1971 
1974 22732 1972 
1975 19721 1973 
1976 33960 1974 
1977 23661 1975 
1978 25855 1976 
1979 3444 1977 
1980 198 1978 
1981 19369 1979 
1982 2716 1980 
1983 1709 1981 
1984 I185 1982 
1985 5503 1983 
1986 2308 1984 
1987 2205 1985 
1988 1622 1986 
1989 1187 1987 
1990 478 1988 
1991 150 1989 
1992 942 1990 

NOV-MAY 
EXPORTS ------- 
613228 
464075 
1186767 
1714282 
913549 
1331327 
1786164 
1312068 
1964755 
2056806 
3010414 
1537766 
2415057 
2083769 
2298807 
2718654 
2994330 
2794398 
1882731 
3076775 
2751607 
2642864 
3440929 
3458097 
3862205 

LN LOO 
EXPORTS -------- 
13.32649 
13.04780 
13.98674 
14.35450 
13.72509 
14.10169 
14.39558 
14.08712 
14.49088 
14.53666 
14.91759 
14.24584 
14.69723 
14.54969 
14.64790 
14.81565 
14.91223 
14.84313 
14.44823 
14.93939 
14.82770 
14.78737 
15.05125 
15.05623 
15.16675 

BROOD 
YEAR ------ 
119153 - 
41038 - 
34479 - 
45526 - 
27996 - 
22732 - 
19721 - 
33960 - 
23661 - 
25855 - 
3444 - 
198 - 

*19369 - 
2716 - 
L709 - 
I185 - 
5503 - 
2308 - 
2205 - 
1622 - 
1187 - 
478 - 
150 - 
942 - 

DETRENDED 
BROOD COHORT 
YEAR-1 ABUND ------ ------ 
99101 - 20052 
119153 -78115 
41038 - -6559 
34479 - 11047 
45526 1-17530 
27996 -5264 
22732 -3011 
19721 14239 
33960 - -10299 
23661 - 2194 
25855 -22411 
3444 1 -3246 
198 - 19171 

19369 - -16653 
2716 -1007 
1709 - -524 
1185 4318 
5503 -3195 
2308 -103 
2205 1 -583 
1622 - -435 
1187 -709 
478 -328 
150 - 792 

DETRENDED 
FLOW FLOW NOV-MAY 
YEAR YEAR- 1 EXPORTS -------- -------- -------- 

13.04780 - 13.32649 1-0.27869 
13.98674 - 13.04780 9 0.93894 
14.35450 - 13.98674 9 0.36776 
13.72509 - 14.35450 1-0.62941 
14.10169 - 13.72509 - 0.3766 
14.39558 - 14.10169 - 0.29389 
14.08712 - 14.39558 1-0.30846 
14.49088 - 14.08712 9 0.40376 
14.53666 - 14.49088 9 0.04578 
14.91759 - 14.53666 9 0.38093 
14.24584 - 14.91759 9 -0.67179 
14.69723 - 14.24584 9 0.45139 
14.54969 - 14.69723 1-0.14754 
14.64790 - 14.54969 - 0.09821 
14.81565 - 14.64790 - 0.16775 
14.91223 - 14.81565 - 0.09658 
14.84313 - 14.91223 1 -0.0691 
14.44823 - 14.84313 - -0.3949 
14.93939 - 14.44823 - 0.49116 
14.82770 - 14.93939 1-0.11169 
14.78737 - 14.82770 9-0.04033 
15.05125 - 14.78737 9 0.26388 
15.05623 - 15.05125 1 0.00498 
15.16675 - 15.05623 0.11052 

Figure 45 
REGRESSION OF DETRENDED EXPORT DATA VERSUS WINTER-RUN COHORTS 
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Table 22 
COHORT AND DELTA DATA 

Figure 46 
PLOT OF TOTAL JANUARY THROUGH APRIL SWP AND CVP EXPORTS VERSUS 

NUMBER OF WINTER RECRUITS PER SPAWNER 
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Figure 47 
PLOT OF PERCENTAGE OF INFLOW DIVERTED IN JANUARY THROUGH APRIL VERSUS 

NUMBER OF RECRUITS PER SPAWNER 
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SWP & CVP EXPORTS / DELTA INFLOW, 1964-1990 

during the dry winter of 1989-90. Conditions during the January through April period, 
the probable period of peak outmigration were: 

Thus, in 1992, Delta conditions were such that there would be concern for Delta sur- 
vival. 

On the other extremely wet years occurred in relatively high frequency during the win- 
ter-run decline period. From 1967 through 1992 there have been 12 wet years ('67, '69, 
'70, '71, '73, '74, '78, '80, '82, '83, '84, '86). During wet years, winter flows in the Sacra- 
mento and San Joaquin Rivers are typically high, the cross Channel gates are closed, 
and Delta pumping takes a relatively small percentage of the total inflow. (That is, 
Delta impacts are low.) 

The occurrence of the decline in an overall wet period when probable Delta impacts are 
low suggests other factors other than the Delta are responsible for the decline and con- 
trolling adult population abundance. Likely factors include physical baniers, tempera- 
ture, and oceanic conditions. 

A corollary to the conclusion regarding lack of Delta impact is that mandated changes in 
Delta operations may offer little in the way of help leading to the recovery of the species. 
These conclusions are not completely surprising biologically in that the run has evolved 
in a way that takes advantage of generally favorable conditions during their migration 



through the Delta. Conversely, summer spawning, incubation, and rearing strategy puts 
this race at a particular disadvantage compared to other races in California's meditema- 
nean climate with the long hot summers. This summer temperature problem was exao- 
erbated when the run was forced to spawn in the Central Valley as opposed to its 
historic spring-fed McCloud River spawning grounds. 

The above analyses and discussion are not to imply that there are no project-indud 
losses of winter-run Chinook salmon in the Delta. In the following sections we examim 
some of the sources and impacts of these losses. 

Delta Salmon Smolt Survival Model 

Since 1978 the USFWS, as part of Interagency Ecological Studies Program, has re- 
leased marked hatchery fall Chinook salmon at  various locations in the Delta d 
trawled a t  Chipps Island to recapture some of the marked fish. Using these data, a sm 
vival index is determined for each release. Survival information from releases near S w  
ramento and above and below the Cross Channel have been used to evaluate t b  
impacts of water project activities on survival of salmon smolts through the Delta. 

In 1989 the results of these analyses were used to develop an empirical multilinear 
regression model of survival (or mortality). The principal factors included in the modd 
were water temperature, fraction diverted into the Delta Cross Channel and Georgiam 
Slough, and pumping. The model developed survival indices for three reaches - f r m  
Sacramento to Walnut Grove; via the interior Delta to Chipps Island; and from jwtt 
below the Cross Channel to Chipps Island. 

We decided to use the survival model to  evaluate the 40 alternative operational scenar- 
ios provided in CVP-OCAP. Before being used, the Smolt Survival Model was revisdl 
with 1990, 1991, and 1992 survival data. As background, there are survival index= 
greater than 1 in the data set. In the 1989 version, the survival indexes were divided by 
1.8 to evaluate survival transformations with values between 0 and 1, and to maintab 
biological "meanmgfihess". The survival index should not, in theory, exceed 1, ie tb 
Delta does not produce fish. The 1992 survival data included a survival index of 2 . a  
The survival indexes were left in their raw form in the 1992 revision for several reasorq 
(1) the results from the previous analysis did not indicate a statistical advantage a i m  

transforming the survival indexes, (2) dividing the indexes by the largest index vallrr 
may mislead users into believing the indexes from 0 to 2.15 are equivalent to survidi 
values of 0 to 1. The consequences of not dividing the survival indexes by the large& 
survival value are discussed in the section "Sacramento to the Cross Channel". 

The Delta from Sacramento to Chipps Island is modeled as three sections, S a m e &  
to the Cross Channel, the Cross Channel to Chipps Island through the interior Deltq 
and the Cross Channel to Chipps Island through the mainstem Sacramento River. Tbz 
survival from the Cross Channel to Chipps Island through the mainstem Sacramefib 
River is represented by releases at  Ryde; the survival from the Cross Channel to Chippls 
Island through the interior Delta is represented by factoring the Ryde survival f rm 



concurrent Courtland survival. The fkaction of smolts continuing through the mainstem 
or interior Delta is assumed to be the same as the fraction of Sacramento River water 
continuing through the mainstem or Cross Channel and Georgiana Slough, respectively. 
The 1992 Georgiana survival indexes (ie when the Cross Channel gates were closed) 
were assumed to be equivalent to the fadored interior Delta survival values. 

Courtland Survival = (Interior Su~val*Fraction Diverted into Cross Chamel)+ 
(Ryde Survival*Fraction Remaining in the Mainstem) 

Survival firom Sacramento to the Cross Channel is represented by factoring the Court- 
land survival from the Sacramento survival. Since there were only four concurrent re- 
leases, the Courtland survivals were predicted using the survival relationships 
developed from the Ryde and Courtland releases &om 1983 through 1992. 

Sacramento Survival = Sacramento to Courtland Survival* 
Courtland to Chipps Island Survival 

Smolt survival in each section of the Delta was regressed to environmental factors 
thought to iduence survival. The independent factors used were Sacramento River 
water temperature a t  Freeport, Sacramento River, San Joaquin River, western Delta, 
Cross Channel flows, Delta outflow, and SWP+CVP exports. Several averaging periods 
were used. Generally, the best predictive flows were the average of four to six days after 
release. The best predictive water temperatures were on the day of release or four to six 
days after release (Appendix 5, Tables 1-3). 

Rvde to  Chipps Island. The best predictive survival equation fkom Ryde to Chipps 
(Appendix 5, Figures 1 and 2) was: 

Survival = 9.173846 + (-.0545419*Temp) + (-.5449393*1n Exports) 
t=-3.23 t=-4.64 

r2=.71 corrected r2=.67 F=18.35 

Survival, water temperature and exports were all correlated to  Julian day (Appendix 5, 
Figures 3-5). Equations with Julian day were not as good predictors as the equation 
with water temperature and In exports. After water temperature and exports are se- 
lected, Julian day is not significant. Export was not a significant independent variable 
through the 1991 data. It became significant only after including the 1992 data. Each 
year of data were removed &om the data set and regressed against exports (Appendix 5, 
Figure 6). The slope of the data set without 1992 was the most different from the mean 
slope of all subsets, and the value decreased from -0.50 to 0.10 (Appendix 5, Table 4). 
This indicates the 1992 data are driving the equation, but there is no justification to re- 
move the 1992 data. More data collected at  low exports are needed to substantiate the 
relationship. 

Western Delta flow has recently been shown to  correlate with temperature corrected 
survival values, but this correlation is significant only when 1983 and 1986 data are 
removed from the data set (Appendix 5, Figures 7 and 8). In the process of multiple 
regression, using the entire data set, western Delta flow is not si,anificant. If the 1983 



and 1986 data are removed before the regression process, then water temperature is no 
longer significant because the 1983 and 1986 data are centrally located on the regres- 
sion line. After western Delta flow is incorporated, water temperature is extremely in- 
significant. There does appear to be a relationship between survival and western Delta 
flow over a narrow range of western Delta flow, but water temperature and exports pro- 
vide a better predictive equation. We did not use western Delta flow in these analyses. 

Delta. The best predictive equation for the interior Delta (Appendix 5, 
Figures 9 and 10) was: 

Survival = 4.393222 + (-.0385240*Temp) + (-.1879482*1n Exports) 
b 4 . 3  1 t=-2.95 

r2=.74 corrected r2=.71 F=18.96 

The regression equation is similar to the previous version of the smolt survival mode& 
but the significance is greater. 

Sacramento to the Cross Channel. The equation for the Sacramento to the Cross 
Channel section (Appendix 5, Figure 11) was: 

Survival = 5.819648 + (-.0752945*Temp) 
t=-3.38 

r2=.45 corrected r2=.4 1 F= 11.40 

This section of the Delta has always been the weakest section of the model. As men- 
tioned earlier, the Courtland survival factored from the Sacramento survival i n d e w  
were modeled, not observed due to lack of concurrent releases. The uncertainty in tb 
mainstem and interior regression equations confound modeling this to an unknown ex- 
tent. The most significant independent parameter in this section is length of the smok 
at  release (Appendix 5, Figure 12). The correlation with length has caused uncertainty 
in the past. In the previous version, length was not used in the regression equation fm 
two reasons; the correlation was negative indicating smaller smolts survive better 
(which is counter-intuitive), and smolt size was not considered a manageable factor, d 
other combinations of variables produced better predictive equations. In this revi- 
length is unquestionably the best predictor. It may be that length is actually another 
Julian day measure in that smaller fish are planted earlier and fish planted earlier sm- 
vive better than those in later plants. Further work should be performed to resolve & 
uncertainty due to the length correlation. 

It has been pointed out that, if water temperature is used in the Sacramento to Crcm 
Channel section of the model in addition to the Cross Channel to Chipps Island sectim 
of the model, then the relationship between water temperature and suxvival is multiplsa, 
resulting in a quadratic relationship of survival to water temperature. Additional w d .  
should be performed to resolve the consequences of multiplying water temperatme 
twice in the model. 

As mentioned earlier, the consequences of not dividing the survival indexes by the 1- 
est survival index occur in this section of the model. If the survival indexes in Sa- 



mento to Cross Channel section and Cross Channel to Chipps sections were divided by 
-2, then the h v a l  from Sacramento to Chipps Island would be divided by 2 * 2 = 4. 
The difference between using raw survival indexes and divided survival indexes would 
be in the apportionment of survival to the Sacramento to Cross Channel section but fac- 
toring out the Courtland to Chipps Island survival f?om the Sacramento to Chipps Is- 
land survival. The greater the difference in survival indexes between these two sections, 
the greater the difference between using raw survival indexes and divided survival in- 
dexes. If the survival indexes are divided by the largest value, then the analyses must 
revised each time a new maximum survival index is obtained, and users may be misled 
into believing the survival indexes f?om 0 to 1 are equivalent to survival from 0 to 100 
percent. If the survival indexes are left in their raw form, then results must be inter- 
preted as survival indexes and used as differences between a base case and an alterna- 
tive. 

We need to determine whether the uncertainties and problems in using the Sacramento 
to Cross Channel section in series with the Cross Channel to Chipps Island section 
causes more uncertainty than useful information to the whole model. 

Several assumptions were used in applying the 1992 smolt survival to the winter-run 
Chinook salmon biological assessment: 

Full scale survival indexes range from 0 to  2.15. 

The fraction diverted at  the Cross Channel represents the amount of Sacra- 
mento River flowing into the interior Delta. 

The smolts are diverted into the interior Delta in proportion to  the flow. 

Georgiana Slough survival indexes are equivalent to factored interior Delta sur- 
vivals. 

The Smolt Survival Model can be extrapolated to water temperature outside of 
range of the model input data. 

Results of the modehg analyses are shown in Table 23. The operational scenarios are 
the same as in the CVP-OCAP, and Delta conditions arising &om these scenarios were 
shown in Table 9. The Y refers to water year type (net, above normal, etc. ), ST refers to 
beginning-of-year storage, and DEL refers to percentage of project deliveries. PRE is 
pre-1992 operations, B is alternative B kom the NMFS list of winter-run operational 
scenarios presented at the SWRCB hearings on interim Delta standards. 

The numbers represent calculated Delta survival indexes. They do not represent actual 
survival. The maximum observed survival index in the database has been 2.15. Values 
in excess of 2.15 are due to the relationship between temperature and survival, which is 
not constrained by a lower temperature limit; ie cooler temperatures increase survival. 
Although the beneficial impacts of cold water cease a t  some temperature, perhaps in the 
high 40s, we did not set a limit for these benefits. 

A few general observations can be made about the results in Table 23. 



Table 23 
CALCULATED DELTA SMOLT SURVIVAL USING 1992 MODEL AND CVP-OCAP OPERATIONAL SCENARIOS 

Y ST DEL PREFEB TEMFEB BFEB PREMAR TEMMAR BMAR PREAPR TEMAPR BAPR 

W HI 100 2.36 2.36 1 .87 1.71 1.01 1.02 
W HM 100 2.36 2.36 1.70 1.71 1 .W 0.97 
W LM 75 2.54 2.54 1.73 1.75 0.94 0.98 
W LO 50 2.54 2.59 1.73 1.75 0.94 0.98 
A HI 100 2.34 2.54 1.71 1 .88 0.93 1.20 
A HM 100 2.33 2.72 1.73 1.91 0.93 1.19 
A LM 75 2.51 2.74 1.75 2.01 0.71 1.24 
A LO SO 2.33 2.73 1.72 1.99 0.71 1.24 
D HI 100 2.33 2.91 1.36 2.32 0.71 1 .43 
D HM 100 2.33 2.92 1.34 2.34 0.71 1.43 
D LM 75 2.33 2.94 1.34 2.35 0.94 1 .43 
D LO 50 2.44 2.44 2.54 1.43 1.46 2.35 1.00 1.12 1 .43 
C HI 100 1.84 3.22 1.32 2.41 0.85 1.47 
C HM 100 1.84 1.85 3.22 1.31 1.31 2.39 0.90 0.98 1.46 
C LM 75 1.88 1.88 3.22 1.33 1.32 2.39 1.03 1.11 1 .46 
c LO SO 1.90 1 92 3.22 1.40 1 39 2.39 110 1 32 1.80 
E HI 100 2 12 2 15 3.55 1 75 1 83 2 65 1.14 1.22 2.20 
E HM 100 2.24 3.55 1.75 2.65 1.25 2.45 

During wet and above normal years, survivals under the pre-1992 and Alterna- 
tive B scenarios are about the same. 

During dry and critical years, Alt B always resulted in higher survivals com- 
pared to pre-1992 (the "base" case). - 
As expected, calculated survivals decreased over the three-month period. 

In March and April, survivals for Alternative B increased as water year welait 
from wet to dry. This result was due to a combination of warmer water and the 
reduced export during the drier years to meet the no-net reverse flow criterim 
in Alternative B. 

The smolt survival model was also used to  rate four of the alternatives presented by 
NMFS in the SWRCB hearings. These alternatives were modeled using flow and diver- 
sion information from DWR's studies on closing Georgians Slough during the 1993 w b  
ter-run Chinook salmon outmigration period (Table 24). The base case for these data is 
1988. 

Table 24 
1988 HYDROLOGIC DATA 

Temperature ('F) Fract~on Diverted sWP+CVP Exports 
Run FEB MAR APR FEB MAR APR FEB MAR APR 



The results of these analyses, Table 25, indicate that Alternative H provides the best 
calculated survival and the base (actual operating conditions) the worst. Alternative H 
has both the Cross Channel and Georgians Slough closed from February 1 through 
April 30 and average monthly western Delta flows not to exceed -2,000 cfs during the 
same period. (To be on the safe side, DWR modelers did not allow reverse flows to ex- 
ceed -1,000 cfs; thus, Alternative H is not the same as envisioned by NMFS.) Alterna- 
tive E has the same closures but calls for meeting D-1485 salinity standards and with 
no pumping or reverse flow criteria. 

Table 25 
RESULTS OF SURVIVAL MODEL USING NMFS ALTERNATIVES 

I BAsF 88 AI T F A1 T B ALT C A ITH I 
FEB 
MAR 1 APR 

The model results are to  be used with caution. Although they appear to make intuitive 
sense, some of the statistical components are troublesome. Even with fall run, the model 
does not appear to be a good predictor of subsequent escapement (Figure 48). (The upper 
Sacramento River fall run was selected for this analysis because all of the resulting 
smolts must swim through the Delta on their way to the ocean.) Over the next few 
months, Interagency Program staff will be conducting further evaluations of the model 
and data used to develop it. 

Figure 48 
PLOT OF CALCULATED SALMON SMOLT SURVIVAL DURING APRIL THROUGH JUNE 

VERSUS FALL-RUN CHINOOK ESCAPEMENT TO THE UPPER SACRAMENTO RIVER 2-112 YEARS LATER 

10-1992 SMOLT SURVIVAL MODEL I 

.4 .6 .8 1 1.2 1.4 1.6 1.8 
AVERAGE APR-JUN ESTIMATED SMOLT SURVIVAL 

2-1/2 YEARS EARLIER 



Direct Losses at the State and Federal Pumps 

Although in theory the smolt survival model includes all sources of mortality for Sacra- 
mento River outmigrants moving through the Delta, both direct and indirect, it is of in- 
terest to examine the number of winter-run estimated to have been lost at the pumps., 
The following section examines these losses for the 1992 outmigration (when we had the 
best data) and for the period 1980-1992. We did not use earlier data because of ques- 
tions regarding its reliability. 

Some recent USFWS data provide additional perspective on salvage of juvenile Chinook 
salmon migrating down the Sacramento River and through the Delta. Over the yeam 
the USFWS has made several large releases of marked Chinook salmon in the Sacra- 
mento River near Sacramento. Some relevant data fi-om these releases, made when the 
Delta Cross Channel is open, are shown in Table 26. For purposes of these analyses the 
relevant data are in the final column of the table, ie percent of release salvaged. The 
percentage ranged from 0.001 to  0.474 with a mean of 0.168. 

Table 26 
PROPORTION OF FlSH RELEASED DURING INTERAGENCY SMOLT SURVIVAL EXPERIMENTS THAT WERE 

ESTIMATED TO HAVE BEEN SALVAGED AT THE CVP AND SWP FlSH FACILITIES 

'i 
Data Are for Releases Made Above the Delta Cross Channel When It Was Open 

(Adapted from DFG 1992) 

Release 
Date 
04/25/91 
04/29/91 
05/07/90 
OYO2190 
OY05188 
05/06/08 
05101187 

Release 
n 

Miller Park 
Miller Park 
Miller Park 
Courtland 
Miller Park 
Courtland 
Courtland 

Number 
Released 
102,664 
107,608 
48,390 
52,612 
102,736 
102,480 
100,919 

Survival 
lndex 
0.77 
0.48 
0.85 
0.84 
0.65 
0.76 
0.40 

Total 
_Salvaae 

8 
1 
6 
26 
486 
461 
1 86 

Percent 
Salvaaed 

0.008 
0.001 
0.012 
0.049 
0.474 
0.450 
0.184 

Mean = 0.1 68 

Since these releases were all made when the Cross Channel gate was open, the perm& 
salvaged should represent the maximum expected. The data are from spring and sum- 
mer when losses across the Delta may be high. With winter run coming down in colder 
weather, indirect losses should be much lower and salvage rates higher. Although 
Werence is unknown, it is reasonable to expect salvage rates for winter run couldb 
twice as high as those for fall run. Even then the rates would be on the order of a b 
tion of a percent. 

Closing the Delta Cross Channel, which is common during typical winter months, wodd 
further reduce the percentage recovery, since the only access is through Georgima 
Slough. There have been almost no recoveries of marked fish at the salvage faciliiks 
from releases made below the Delta Cross Channel (USFWS 1992). Since the R e  
(below Cross Channel) releases were made under a variety of conditions, these da%! 
indicate that salmon that move past the Delta Cross Channel do not move back up 6bxz 
San Joaquin River to the pumps. 



C Intakes. In 1992, DFG, DWR, and USFWS made 
estimates of winter-run take for the February/March period. Since these estimates var- 
ied widely, a small group of biologists representing NMFS, USFWS, USBR, DFG, and 
DWR met on several occasions during the spring and summer of 1992 in an attempt to 
develop analyses leading to an agreed upon number for 1992 take. The effort was quite 
productive although agreement was not reached on all factors used in the take esti- 
mates. The following discussion largely reflects the results of these meetings. 

To calculate take (or loss), the following data and assumptions from the facilities are 
needed. 

Total number and length of salmon salvaged on a daily basis. 

A system of sorting the salmon by run. 

Estimates of screen efficiency which are derived from fish length and channel 
velocities. 

Estimates of handling and hauling losses. 

After considerable discussion and data analyses the ad hoc group agreed to use the fol- 
lowing data and rate estimates for calculations. 

Salvage After about January 15, 1992, the facility operators meas- 
ured every Chinook salmon captured during the counting pe- 
riod. These data were used to expand actual counts to 
numbers of Chinook salmon salvaged. Total length, as meas- 
ured by the operators, was converted to fork length by the 
DFG equation: 

FLmm = TLmm 0.9056 + 1.6700. 

Screen efficiency - Daily screen efficiencies for winter-run were calculated for 
the SWP by using velocity and fish length in one of the two 
following equations, depending on fish size: 

Screening emiency = 0.630 + (0.0494)(V,fps) for fish ~ 1 0 0  mm 
Screening efficiency = 0.568 + (0.0579)(V,fps) for fuh >I00 mm 

The calculated efficiencies are for the combined primary and 
secondary systems. We assumed 75 percent efficiency for the 
CVP because velocity data were not available. 

Prescreening 
loss rates - 

For the CVP the agreed upon prescreening loss rate is 15 per- 
cent. Although the 15 percent was not experimentally derived 
it has been used for several years to calculate CVP losses. For 
the SWP, agreement on a similar loss rate could not be 
reached. Colder water temperatures, higher pumping, and 
larger fish led some of us to conclude that during February 



and March (when most of the winter-run were at  the intakeb 
the loss rate should have been lower than the 75 used in cal- 
culating losses under terms of the 4-pumps mitigation agree- 
ment. As a compromise measure we agreed to provide loss 
estimates using 50 and 75 percent prescreening loss rates fm 
the SWP. We did agree that more studies are needed to deter- 
mine if predation in Clifton Court Forebay is affected by such 
variables as pumping rate, prey size, water temperature, and 
number of predators. 

General pictures of the timing and distribution by race of the Chinook salmon salvagd 
at the State and federal facilities during the period December 1991 through May 199% 
are shown in Figures 49 and 50. Similar information for the marked fish are shown h 
Figures 51 and 52. The salvage data are summarized in Tables 27 and 28. A few gened 
obsewations about the data. 

The distributions at the facilities do not resemble those seen either at Milks 
Park or Chipps Island. For example, the percentage catch or salvage by race 
Miller Park, SWP, and CVP are: 

Miller Park SWP eve 
Fall 91.7 20.5 20.2 
Spring 3.8 20.0 54.3 
Winter 2.5 16.1 5.0 
Late Fall 2.0 43.2 20.7 

The percentages are somewhat more similar if the spring and fall runs a m  
combined, which may better reflect suspected recent interbreeding betweem 
the two runs. 

There were no salmon salvaged in December and no winter-run salvaged %a 
January at either facility. The percentages and numberlacre-foot of total wink- 
run salvaged by month are: 

SWP CVP 
% of Number % of Number 
Total Per Total Per 

PCl I t  1 re-F 

December 0 0 0 0 
January 0 0 0 0 .OOO 1 
February 21.7 0.0023 7.0 0.0012 
March 70.8 0.0041 63.8 0.0061 
April 7.1 0.0020 28.2 0.0066 
May 0.4 0.0002 0.4 0.0002 



Figure 49 
TOTAL CHINOOK SALVAGE, DECEMBER 1991 THROUGH MAY 1992, BY RUN 
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Figure 50 
TOTAL CVP SALVAGE, DECEMBER 1991 THROUGH MAY 1992, BY RUN 
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Figure 51 
ADIPOSE FIN-CLIPPED CHINOOK SALMON SALVAGED AT THE SWP, 

DECEMBER 1991 THROUGH MAY 1992, BY RUN 

t f ' .  .. . 1 4 
. . 

. . 
.. . 

i 
LATE FALL ... . 

t ,,'; 

DEC JAN FEB MAR APR MAY 
1992 

Figure 52 
ADIPOSE FIN-CLIPPED CHINOOK SALMON SALVAGED AT THE CVP, 

DECEMBER 1991 THROUGH MAY 1992, BY RUN 
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Table 27 
EXPANDED FOUR RACES OF CHINOOK SALMON SALVAGED AT THE 

SWP AND CVP DELTA FISH FACILITIES 
The races were categorized using DFG daily length interval criteria derived from DFG bimonthly length intervals. 
The special length salvage dataset was used; therefore the expansion involved only the fraction of time sampled. 

This salvage dataset represents the DFG data edited by DWR, although the data are still subject to revision. 

State Water Project Central Vallev Project 
Expanded Expanded Expanded Expanded 

Run Chi- 

January 1992 Wild 0 203 0 48 
Clipped 0 26 0 48 
Unknown 0 100 12 84 
Total 0 329 12 180 

Febtuary 1992 Wild 31 0 1197 72 468 
Clipped 159 2347 72 2184 
Unknown 0 0 24 120 
Total 469 3544 168 2772 

March 1992 Wild 1018 4080 834 6479 
Clipped 537 2528 61 5 9349 
Unknown 4 1 95 84 192 
Total 1596 6703 1533 16020 

April 1992 Wild 27 660 175 5833 
Clipped 116 342 478 7761 
Unknown 0 0 24 189 
Total 143 1002 677 13783 

May 1992 Wild 0 837 8 736 
Clipped 7 88 0 80 
Unknown 0 0 0 0 
Total 7 925 8 81 6 

Cumulative 1992 Wild 1355 6977 1089 13564 
Clipped 81 9 5331 1165 19422 
Unknown 41 195 144 585 
Total 221 5 12503 2398 33571 

The percentage of salvaged Chinook by race that were tagged was: 

Fall 9.5 60.3 
Spring 15.9 55.5 
Winter 39.6 53.3 
Late Fall 58.5 7 1.2 



Historical yearly winter-run salvage data for both facilities are summarized in Table 28 
The winter salvage numbers are based on the April 1992 DFG size classification system 
and, except for 1992, on the monthly intervals. If daily length data were available it is 
likely that all winter-run estimates before 1992 would be lower than shown. 

Table 29 
ESTIMATED ANNUAL SALVAGE OF ALL CHINOOK AND WINTER-RUN SALMON AT THE 

SWP AND CVP DELTA FACILITIES, 1981-1992 

State Water Project Central Valley Project 
Year Winter . Total Winter Total 

The total winter-run salvage for each facility from 1981 through 1992 is surprising& 
similar - 135,130 for the SWP and 128,550 for the CVP, or an average of about 12,Om 
per year. There were, of course, considerable annual variations, and the year-by-ye= 
salvage numbers are not similar. Plotting total annual CVP winter-run salvage versus 
SWP winter-run salvage indicated there was no relationship (r2 = 0.03). If predatim 
rates are as used in loss computations, one would expect salvage at the CVP to be abm 
3 to 4 times that at the SWP. This assumes equal pumping and equal concentrations pff 
salmon in the water entering the facilities with the exception of a large difference is 
1986 salvage, total numbers of salmon salvaged at the two facilities are quite similar. 

Another way to look at the salmon salvage data is to plot percentage of winter-run of tb 
total salvage (Figure 53). Although the period of record is relatively short, there is m 
apparent trend in the hction. The downward trend in winter adult stock should haw 
resulted in a lower fraction of winter-run at the facilities. Interestingly enough, over 
period the record the average fraction of winter-nm in the total salvage was essenti* 
the same for both facilities at about 21.5 percent. This fkaction is surprisingly high givm 
that the facilities salvage mostly San Joaquin salmon, with the USBR salvaging 
even higher fraction of San Joaquin than the State. This again points out that there 
problems in using the size criteria. 



Table 28 
FOUR RACES OF CHINOOK SALMON SALVAGED AT THE 

SWP AND CVP DELTA FISH FACILITIES 
Races were determined using DFG daily length interval criteria derived from DFG bimonthly length intervals. 

This salvage dataset represents DFG data edited by DWR, although the data are still subject to revision. 

State Water Project 
Fall Spring Winter Late-Fall . - 
Run Run Run Run >77Qmm Total 

January 1992 Wild 3 0 0 44 0 47 
Clipped 0 0 0 7 0 7 
Unknown 0 0 0 14 0 14 

February 1992 

March 1992 

April 1992 

May 1992 

Cumulative 1992 

Total 

Wild 
Clipped 
Unknown 
Total 

Wild 
Clipped 
Unknown 
Total 

Wild 
Clipped 
Unknown 
Total 

Wild 
Clipped 
Unknown 
Total 

Wild 
Clipped 
Unknown 
Total 

and SWP Direct Entrainment 1980-1992. The 1992 drafi biological assess- 
ment contained information related to the total Chinook salmon and winter-run sal- 
vaged a t  the State and federal facilities during the period 1981 through 1991. Data 
before 1981 were not used because necessaxy length information was not available from 
DFG. The information was updated for the present assessment by: 

Adding 1992, 

Converting all salvaged fish from total length to fork length, and 

Using the newest (April 1992) version of the DFG size interval classification sys- 
tem to classify the winter-run by race. 



Figure 53 
FRACTION OF WINTER-RUN EXPANDED SALVAGE OF TOTAL EXPANDED SALVAGE, 

JANUARY THROUGH APRIL, 1981-1992 

SWP f 



To remove the potential impacts of differences in total amount of water pumped, the 
annual average number of winter-run Chinook salvaged per thousand acre-feet pumped 
during January through April over time has been plotted in Figure 54. There is little 
apparent Werence salvage per unit volume at  the two facilities and no discernible 
trend over time. 

The months in which maximum salvage of Chinook salmon (numberlacre-foot) occurred 
a t  the facilities varied considerably among water years and between facilities (Table 29). 
Although it is difficult to detect a pattern in the relative rankings, one could conclude 
that March and April are the months in which density of winter-run-sized fish was 
highest. The high ranking for April and May at  the CVP intakes does not seem to be in 
line with accepted outmigration patterns. 

For the CVP, more than half of all the races were tagged; percentages that are much 
higher than expected based on known hatchery releases. The high percentages of tagged 
winter run are surprisingly high in that there were probably several times more wild 
winter-run than hatchery. To avoid undue killing of possible hatchery winter run, we 
were able to read only two of tagged salmon falling into the winter-run category. These 
two salmon, which died accidentally during handling at  the federal facility, were identi- 
fied as fall-run yearlings released from the Merced River Fish Facility. The percentage 
of tagged late-fall-run is also high given that only one-third of the 1992 brood year pro- 
duction kom Coleman was tagged and there should have been a substantial number of 
wild late-fall-run juveniles. 

Calculated winter-run losses for 1992 are shown in Table 30 for the SWP and Table 31 
for the CVP. Not specifically shown are the losses for the period April 9 through April 30, 
1992. In an April amendment to the February 14,1992 Biological Opinion, NMFS stipu- 
lated that no more than 400 winter- run could be taken from April 9 through April 30. 
The actual calculated take was 355 Chinook salmon fitting into the winter-mn size 
interval. The losses used a 75 percent predation loss rate for Clifton Court Forebay and 
15 percent for the CVP intake. 

Again using the 75 percent predation rate for the SWP and 15 percent for the CVP, the 
total calculated 1992 take was 10,411. Reducing the Clifton Court Forebay predation 
rate from 75 percent to 50 percent reduces the take by more than 50 percent to 4,782 
Chinook salmon that fit into the winter-run size category. 

As mentioned earlier, many members of the committee working on 1992 loss estimates 
were not convinced that we should move away from the 75 percent predation rate in 
Clifton Court Forebay. Since the predation rate drives the loss estimate, it is important 
to summarize some of the arguments that pointed to  a lower rate for February-March 
period. 



Figure 54 
EXPANDED SALVAGED WINTER-RUN PER 

THOUSAND ACRE-FEET OF EXPORT PUMPING, JANUARY THROUGH APRIL, 1981-1992 
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Table 30 
ESTIMATES OF THE NUMBER OF 

CHINOOK AND WINTER-RUN CHINOOK 
DIRECT LOSSES AT THE SWP 

ASSUMING 25,50, AND 75 PERCENT 
PRE-SCREENING PREDATION RATES 

Expended Chinook and winter-run Chinook salvage was 
estimated using tho special lengths dataset and DFG duly 
winter-run length intervals. Daily screen e~ciencies were 
calculated for all Chinook and winter-run Chinook. 
Comparable CVP numbers were not calculated because 
there are no data available to calculate primary screen 
etftcieney. 

Estimated Loss Using 
Predation Rate ot  

25% 50% 75% 

January 1992 
Chinook 102 31 7 963 
Winter Run 0 0 0 

February 1992 
Chinook 2557 5608 14760 
Winter Run 343 749 1967 

March 1992 
Chinook 4700 10401 27505 
Winter Run 1072 2406 6408 

April 1992 
Chinook 761 1642 4286 
Wtnter Run 118 249 641 

May 1992 
Chinook 704 1519 3963 
Winter Run 6 13 33 

Cumulative 1992 
Chinook 8825 19489 57007 
Winter Run 1540 3417 9049 

1 
Table 31 

ESTIMATES OF THE NUMBER OF 
CHINOOK AND WINTER-RUN CHINOOK 

DIRECT LOSSES AT THE CVP 
ASSUMING 75 PERCENT SCREENING EFFICIENCY AND 

15 PERCENT PRE-SCREENING PREDATION RATES 

I I Expanded Chinook and winter-run Chinook salvage was estimated using the 
special lengths dataset and DFG daity winter-run length intervals. 

Estimated Estimated Estimated 
Expanded Number Number Estimated 
Salvage Prescreen Preforebay Direct 

at 1 
January 1992 

Chinook 180 240 282 102 
Winter Run 12 16 19 7 

1 February 1992 
I Chinook 2772 3696 4348 1576 1 Winter Run 168 224 264 96 

March 1992 
Chinook 16020 21360 25129 91 09 
Winter Run 1533 2044 2405 872 

13783 18377 21620 7837 
/ Winter Run 677 903 1062 385 

I May 1992 
I (  

I Chinook 81 6 1088 1280 464 1 1 Winter Run 8 11 13 5 

Cumulative 1992 1 Chinook 33571 44761 52659 19088 / Winter Run 2398 3198 3763 1365 

Pumping rate - The 75 percent value is based on the average of three tests that 
were conducted a t  average pumping rates ranging from about 2,000 to 4,000 cfs. 
In 1992 another experiment was conducted at  an average pumping rate of about 
500 ds. The four data points are plotted in Figure 55 and a least square regres- 
sion line fitted (r2=0.95). Extrapolating to the 6,400 ds pumping that occurred 
in February and March 1992, the expected predation would be about 45 percent. 
A lower predation rate at  high pumping makes biological sense in that residence 
time, and exposure time, is reduced. 

Temperature - Using data on perciform fish from Windell (1978) found, as ex- 
pected, that the evacuation time (an index of digestion rate and feeding) varies 
with temperature. At 10°F the average number of days it took to clear the gut 
was about 44 days, which decreased to 20 days at  20°F. This follows quite well 



the van't Hoff rule of doubling the metabolic needs of a poikilotherrn for each 
10°C rise in temperature. During February and March 1992, Delta water tem- 
peratures were in the range of 9 to 16°C (data from Freeport, Figure 56.) DFGk 
1992 Biological Assessment and Opinion on the striped bass planting program 
also concluded that striped bass predation on juvenile salmonids is reduced dm- 
ing the colder months. 

Number of predators - The previous predation studies were conducted whm 
there were higher adult striped bass populations than DFG estimates to be pre- 
sent in 1992 (from 1.5 to 2.0 million adults to a million or less a t  present). The 
expectation would be that there would now be fewer sub-adult striped bass in 
the forebay than when adult population levels were higher. Earlier DFG tag& 
studies suggested that the forebay striped bass population varied s e a s o d x  
with lower numbers in midwinter (reference). In addition, 1991 and 1992 had m 
active predator removal program in the forebay. 

In 1992, DFG used a modified Peterson marwrecapture technique to estimab 
striped bass abundance on two occasions in the forebay - once during Febxw 
alyRMarch and the second during ApriVMay. The two estimates were in close 
agreement (142,023 in February/March and 162,281 in ApriVMay) and wem 
higher than expected and even higher than in previous years. Although them 
are fairly wide confidence intervals around the estimates, based on these data 
it appears a large share of the 2-year-old striped bass in the estuary are iPn 
Clifton Court Forebay. More data are needed to determine if the estimatw 
are reasonable. 

Prey size - Winter-run Chinook salmon entering the forebay are generally 
larger than hatchery salmon used in previous predation studies. Larger prey 
should be better able to avoid predators. 

'Purbidity - Since striped bass are sight feeders, increased turbidity shot&& 
reduce predator effectiveness. During storms, and high flows such as occurrd 
this past February and March, turbidity in the Delta is generally near its an-. 
nual maximum. 

Even without issues related to predation, there are several inconsistencies in the s& 
vage data which raise questions regarding the validity of the estimates. The followiqg 
are a few of these inconsistencies. 

We know exactly how many marked and unmarked hatchery Chinook salm, 
were released in the Sacramento River. Assuming that survival rates of thew 
various releases were approximately equal, one would expect that the s a l v a s  
or losses, at  facilities of those marked would be about the same proportion as tkw 
relative size of the release groups. The release groups were: 



FREEPORT WATER TEMPERATURE, F 
b b C n U 1  0 . 0 .  
C n . o G , C n * O  

REPORTED CLIFTON COURT FOREBAY 
PREDATION RATE 



Winter-run Chinook Source: Coleman National Fish Hatchery 
(information provided by Release date: January 21,1992 
Jim Smith, USFWS) Number marked: 11,582 

Release location: Near Redding 

Late-fall-run Chinook Release date: January 3 and 6,1992 
(information provided by Total number released: About 300,000 
Jim Smith, USFWS) Release location: Hatchery on Battle Creek 

Number tagged of total: 119,145 

Spring-run Chinook Release date: March 1992 
(information provided by &lease location: Clear Creek 
Don Schlicting, DFG) Total number released: 205,208 

Number of total that were tagged: 100,000i 
Size distribution: Average 66 mm; 

Range 55 to 75 mm 

Of the tagged fish the number released by race is: 

Late Fall - 119,145 
Spring - 100,000 
Winter - 11,582 

All salmon had the same external mark. 

Expected and obsewed ratios from salvage for the three marked groups are: 

Late Fall S s r i n ~  Winter 
Expected 1 1 0.1 
Observed 1 13 .25 

The marked spring-run are underrepresented and the winter-run over-rep= 
sented in the salvage. Since the winter-run and late-fall were about the same 
size a t  release, and were released a t  about the same time and location, sur- 
vival to and through the Delta should be about equal. 

The apparent growth rates of the hatchery winter-run and winter-run were caw 
siderably Werent. Based on visual inspections of data from Figure 29 and Ejg. 
ures 57 and 58, on the average the winter-run about doubled in size betwem 
early January and march, whereas the late-fall-run increased in length by kz 
than 50 percent. It is likely that the DFG curves overestimate the growth of tls 
larger salmon, since their size is not changing as rapidly as the curves pre* 
This conclusion is supported by the observation that two fall-run salmon fkcm 
the Merced Fish Facility were in the fall-run interval in November and in tk 
winter-run interval when recaptured in April. 

The percentage of hatchery winter-run salmon was about twice as high as m- 
pected at  both facilities. 



Figure 57 
LENGTH FREQUENCY OF LATE-FALL-RUN AND WINTER-RUN CHINOOK 

SALVAGED AT THE SWP, JANUARY 1 THROUGH MAY 31,1992 

WINTER 
WILD 

-- 

90 130 170 210 260 90 130 170 210 260 
FORK LENGTH mrn FORK LENGTH mm 

WINTER 
CLIPPED 

90 130 170 210 260 90 130 170 210 260 
FORK LENGTH mm FORK LENGTH mm 



Figure 58 
LENGTH FREQUENCY OF LATE-FALL-RUN AND WINTER-RUN CHINOOK 

SALVAGED AT THE CVP, JANUARY 1 THROUGH MAY 31,1992 

LATE FALL I I 

I 

90 130 170 210 260 90 130 470 210 250 
FORK LENGTH mm FORK LENGTH rnm 

24 LATE FALL 
24 1 CLIPPED I 

90 130 170 210 260 90 130 I70 210 2661 
FORK LENGTH mm FORK LENGTH mm 



Salinity Control Gates 

As described earlier, the control gates, which went into operation in 1988, are used to 
tidally pump low salinity water from the Sacramento River to freshen the interior chan- 
nels of Suisun Marsh. 

The control gates are generally operated from October 1 through May 31 of drier years 
to meet D-1485 salinity standards. On March 1, 1992, they were placed in the down 
position and left closed until March 24,1992. From March 24 until April 30 landowners 
in the Marsh could only divert from screened diversions. Since only the Roaring River 
intake was screened, most club managers were unable to divert water during a critical 
period for vegetation management. Without the FebruaIy/March rains curtailing gate 
operation for extended periods would have had serious impacts on the Suisun Marsh 
plant and animal community, including rare, threatened, and endangered species. 

Although there has been relatively little effort devoted to determining the impact of the 
gates on juvenile operation, or the importance of Montezuma Slough as a migration cor- 
ridor for salmon outmigrants there are three sets of information which bear on these 
topics. There are some data on potential predator concentrations around the structure 
and a theoretical analysis by DFG on the importance of the slough in salmon migra- 
tions. The third data set, from USFWS testimony at the 1992 SWRCB hearings, inte- 
grates both predation impacts and migration corridor. 

DFG has conducted studies of predator abundance before and after the control gates 
were installed. Raquel(1992) summarized these data which showed that the combined 
squawfish and striped bass catch rate in 1991 (with project) was 1.9 fishhour compared 
to  a 1987 preproject catch rate of 1.4 fishhour. Over the period there was a decline in 
squawfish catch and an increase in striped bass catch. The data were not analyzed sta- 
tistically to determine if the preproject and post-project catchlunit effort are different. 

In February 1992 in a letter to Jim Lecky (NMFS), Pete Chadwick (DFG) analyzed the 
possible impact of the Montezuma Slough diversion on winter-run salmon. This analy- 
sis, the main text of which is included below, concluded that impacts of the diversion 
would be low but that there were several unknowns. 

"Does operation of the gates increase the number of salmon mi- 
grating through Montezuma Slough in relation to the normal 
tidal action? 

"The answer to  this question needs to start with a description of the 
physical change caused by gate operation. Salinity in the marsh chan- 
nels is reduced by allowing normal tidal action during ebb tide, but 
closing the gates during flood tide. Hence the block of water which 
enters the slough is moved downstream rather quickly during each suc- 
cessive ebb tide rather than being pushed back and forth by each ebb 
and flood tide. 



"Actually in Montezuma Slough during low Delta outflows, a typical 
average velocity is 1,800 cfs during ebb tide and 2,100 cfs during flood 
tide. Thus a net upstream flow of 300 cfs would occur under normal 
tidal action in this example. Because gate operation causes flood tide 
flows to be 0, it would change net velocity to a downstream flow of 
1,800 cfk. 

"How do fish behave in response to these differences between gate op- 
eration and normal tidal action? The only definite applicable fact is 
that tagging results clearly demonstrate that salmon migrate down- 
stream much more rapidly than net flows would transport them. Thus 
they must either actively swim downstream or find some way to hold 
their geographic locations during flood tide or some combination of 
those two strategies. It seems unlikely that $hey can actually make 
downstream progress during flood tide, even if they swim into the cur- 
rent. 

'Given all of the above, the most logical conclusion is that the same 
number of salmon enter Montezuma Slough under both modes of op- 
eration, since actual downstream transport is limited to ebb tide and 
ebb tide flows are not affected by gate operation. 

"Under gate operation, the salmon which enter the Slough presumably 
get moved downstream relatively rapidly by a combination eliminating 
flood tide and active downstream swimming. Under normal tidal opera- 
tion movement through the Slough is likely slower, and unless salmon 
have a way to maintain their geographic location during flood tide, 
some would be carried back out into the Sacramento River. Consider- 
ing the known active downstream movement, the fraction carried back 
out into the Sacramento River is presumably small. 

"The only actual evidence to help answer this question comes from 
marked fall-run salmon released a t  Ryde on the Sacramento River and 
recovered a t  Chipps Island. Survival indices are available for 9 groups 
released pre-project from 1984-1988 and two groups released during 
normal tidal operation in 1989 after the gates were installed. Survival 
indices are also available for three groups released when the gates 
were operating during 1989 and 1990. The temperature corrected sur- 
vival index averaged 0.6 1 (range 0.16- 1.28) during normal tidal action 
and 1.35 (range 1.19-1.62) during gate operation. If gate operation had 
caused a large increase in the number of salmon passing through Mon- 
tezuma Slough, it would have tended to  decrease apparent survival to 
Chipps Island rather than the increase which was observed. Factors 
other than gate operation could change survival, so the results are not 
definitive. 



"Given all of the above, I see no logical reason or evidence to indicate 
that gate operation would increase the number of salmon migrating 
downstream through Montezuma Slough. 

"Does the survival of salmon in Montezuma Slough differ under 
gate operation and normal tidal flow? 

"One potential source of mortality is predation near the control struc- 
ture. Sampling from 1987 through 1991 indicates an increase in the 
abundance of predators after the structure was put in place. This is not 
surprising since predators generally tend to concentrate around struc- 
tures. Thus the structure may well have increased local predation, but 
I can think of no logical reason for believing that predation would differ 
depending on whether gate operation or normal gate operation was oc- 
curring. 

"Another source of mortality is losses in diversions from the Slough. 
The only reason I can think of for such losses to  differ between modes 
of operation is that less diversion might occur if the slough were too 
salty for effective marsh management. That would be more likely to oc- 
cur during normal tidal action. Obviously screening diversions would 
reduce mortality and the largest diversion was screened as part of the 
project. 

"Another factor potentially affecting mortality is speed of migration. 
Presumably the faster fish migrate through the Slough, the less expo- 
sure would occur to the various factors causing mortality. The rationale 
discussed in answering the previous question, suggests that gate opera- 
tion would cause faster migration and thus less mortality. 

'We have no actual evidence of the relative rates of mortality. 

'What proportion of salmon outmigrants go through Mon- 
tezuma Slough? 

"At low flows a substantial portion of this net Delta outflow goes 
through Montezuma Slough. For example, total Delta outflow this 
spring, will probably be in the range of 4,000 cfs t o  7,000 cfs. Of that 
about 1,800 cfs will be moving through Montezuma Slough if the gates 
are operating. It is difficult to believe, however, that fish can perceive 
differences in net flow which is the difference between flows integrated 
over ebb and flood tides rather than a flow occurring a t  some time. 
Also, the transport rationale described in answering the first question 
is contrary to a hypothesis that net flow determines the proportion of 
salmon migrating through Montezuma Slough. 



"A better indication of the proportion of migrants using Montezuma 
Slough may be the magnitude of ebb tidal flow in the main chamel and 
Montezuma Slough. The average ebb tidal flow in the main channel is 
on the order of 200,000 cfs or about 2 orders of magnitude grater than 
the average ebb flow in Montezuma Slough. This suggests that only a 
very small fraction of the outmigrants use Montezuma Slough. 

"A few miles downstream from Montezuma Slough at Chipps Island, 
salmon tend to be least abundant on the south side of the river. This 
probably reflects salmon being more numerous in the Sacramento 
River than in the San Joaquin River. Since the two rivers join immedi- 
ately upstream of Montezuma Slough and Montezuma Slough is on the 
Sacramento side, Montezuma Slough may transport a disproportionate 
share of the population. Given the different tidal flows, however, it 
seems likely that less than 5% of the salmon outmigrants use Mon- 
tezuma Slough. 

Wow does survival through Montezuma Slough compare to 
survival in the main channel through Suisun Bay? 

"Again, no measurements of relative survival are available. A general 
consensus is survival is p-robably greater in the main channel than in 
Montezuma Slough. The fact that Montezuma Slough is a longer route 
with more diversions and a number of side channels leads t o  that con- 
sensus. 

"Do the gates affect the passage of upstream migrant salmon 
through Montezuma Slough? 

maximum velocities through the control structure are about 3 fps and 
average about 1.8 fps. This contrasts with sustained swimming speeds 
of about 4 to 10 fps for adult salmon and design velocities of 4 to 6 fps 
for salmon passage through culverts. For this reason, no one expected 
salmon to have any dif'ficulty migrating through the gates when they 
are operating. Hence the expectation has been that salmon would be 
delayed for up to 6 hours during flood tide when the gates are operat- 
ing but that they would easily pass through during ebb tide when ve- 
locities would range from essentially 0 to 3 fps. 

"Observations, however, during sampling for predators within a few 
hundred upstream and d&ns&eam of the control structure fmm 
1987 through 1991, raise questions about whether this expectation has 
been met. Biologists doing that work have captured 1-3 adult salmon 
each spring both upstream and downstream from the control structure 
both before the structure was installed and after installation when the 



stoplogs were out and the gates were open. They report sighting other 
salmon escaping from their nets, which have a mesh size too small for 
optimum capture of adult salmon. In contrast, they have neither taken 
or  observed any salmon when the gates were in operation during 1990 
and 1991. 

"The actual number of observations are so small that it is difficult to 
know whether there observations reflect a real difference. If the differ- 
ence is real, its significance is uncertain. It could be that salmon don't 
enter Montezuma Slough at  all when the gates are in operation, or it 
could be that they are holding up someplace below the barrier. Either 
conclusion seems surprising, given the nature of the structure and 
what is known about salmon migration. 

'What studies could provide evidence on the most significant 
unknowns about impacts? 

"The highest priority is gathering evidence on the relative number of 
salmon using the main channel and Montezuma Slough. The relative 
abundance of salmon in the main channel is being measured each 
spring, so this requires only comparable sampling in Montezuma 
Slough. 

"Another useful study would be measuring the survival of marked 
salmon released a t  Chipps Island and in Montezuma Slough. The logi- 
cal recovery point is in Carquinez Strait. This has a substantially lower 
priority than the first study, unless the first one documents a much 
higher percentage of migrants using Montezuma Slough than I have 
hypothesized. 

"Better sampling of adults is clearly warranted. This should include 
sampling with more appropriate nets near the structure and probably 
sonic tagging salmon captured near the west end of the Slough and 
observing their movements. 

'What can be concluded from the various questions I have pro- 
posed? 

"Clearly there are uncertainties as to the actual impacts of the Suisun 
Marsh Salinity Control Structure on winter-run salmon. I believe the 
most logical inferences which can be drawn from the physical data and 
the general biology of salmon, are that only a small portion of the 
winter-run migrate through Montezuma Slough, that that fraction is 
not increased by gate operation (as contrasted to allowing normal tidal 
operation), and that mortality is more likely to be decreased than 



increased by gate operation. Some very limited evidence supports the 
second contention. 

'On the other hand, the most logical inference is that closing the con- 
trol structure would exclude salmon from Montezuma Slough and in- 
crease their survival, since survival in the main channel is likely 
greater than in  Montezuma Slough. If the proportion migrating 
through the Slough is small as hypothesized, this would have little con- 
sequence for the population. I also acknowledge that I have a major 
philosophical reservation about such a management strategy. It in ef- 
fect would take advantage of the existence a structure built to mitigate 
a major impact of water development in a way which would negate its 
purpose during the most important time of the year. 

'As for the potential delays on adult migrants, I would hesitate to rec- 
ommend management measures based on the meager evidence, uncer- 
tainties as to its real meaning and its being so a t  odds with 
considerable experience with salmon behavior a t  potential barriers." 

In response to the concern that gate operation would draw winter run and other dl- 
monids into Montezuma Slough, the USFWS staff made numerous trawls in the Slou& 
during April and May 1992 when the gates were operating full bore. During the sanw 
period, they were also trawling at  Chipps Island. The two trawl data sets were used tb 
estimate the percentage of Chinook salmon entering Montezuma Slough. A similar 
study was conducted in 1987 before the Salinity Control Structure was in place. 

The 1992 results, Table 32, were almost identical to those from 1987. In both cases, ody 
a small percentage (average of 0.7 percent) of Chinook salmon apparently entered M m  
tenrma Slough. Perhaps more importantly the percentage was the same with and wi th  
out the gates operating. 

Based on theoretical and empirical evidence gate operation does not impact winter-mrm 
juveniles and operational conditions should not be included in subsequent b i o l o ~  
opinions. 

Contra Costa Canal 

The CVP's Contra Costa Canal, oldest of the CVPISWP Delta diversions, diverts ap 
proximately 120,000 acre-feet/year &om Rock Slough at  diversion rates vaqying h 
about 150 to 255 & (Figure 21). Concerns related to winter-run salmon impacts oft& 
CCCs Rock Slough intake are being handled in consultations regarding Contra Ccsh 
Water District's proposed Los Vaqueros Project. 



Table 32 
MIDWATER TRAWL CATCHES AT CHIPPS ISLAND AND MONTEZUMA SLOUGH, 

EXPANDED FOR TIME AND CHANNEL SIZE, AND 
PERCENTAGE OF FISH DIVERTED INTO MONTEZUMA SLOUGH FOR 1987 AND 1992 



Table 32 (conf nued) 
MIDWATER TRAWL CATCHES AT CHIPPS ISLAND AND MONTEZUMA SLOUGH 

EXPANDED FOR TIME AND CHANNEL SIZE AND 
PERCENTAGE OF FISH DIVERTED INTO MONTEZUMA SLOUGH FOR 1987 AND 1992 

North Bay Aqueduct 

To meet project entitlements in Napa and Solano Counties, in 1987 DWR began pump- 
ing from Barker Slough through the North Bay Aqueduct. Although scheduled annus4 
deliveries were expected to  be about 67,000 acre-feet, pumping has averaged about W 
cfs (50 cfs for 365 days would be about 36,000 acre-feet) during the past two years (Fig- 
ure 26). 

In response to fisheries concerns, DWR constructed a state-of-the-art positive b& 
fish screen a t  the Barker Slough intake. The screen consists of a series of flat s t a i h  
steel wedge wire panels with a slot width of 3132-inch. The design approach velocity% 
0.5 feet per second. This slot width will exclude all salmon fkom being diverted and t.&e 
low approach velocity prevents them fkom being impinged on the screens. The screeas? 
are routinely cleaned to prevent head loss across the screen face which would result in 
increased approach velocity Screen design and maintenance procedures were develapd 
in cooperation with DFG and the h a l  design was approved by DFG. 

A s  part of DWR's Corps of Engineers permit for the North Bay intake, DWR contracttat 
with DFG and U.C. Davis to conduct pre- and post-installation fisheries monitoring 
The results of these surveys have been documented by DFG in two file reports ( D E  
1989 and 1990). The post-project monitoring is continuing. 

Because of its location, physical feature, and focus on striped bass concerns, DFG and 
U.C. Davis used egg and larva nets, otter trawls, and gill nets to obtain fish s a r n p l e s ~  
analysis. Samples for both pre- and post-project were collected twice in February, J m ,  
and October of each year. These gear are not particularly effective for juvenile salmon. 



In the pre-installation sampling (February 1986 through February 1988) two adult Chi- 
nook salmon and no juveniles were captured. In the post-project sampling (June 1988 
through June 1990) 4 of the 1,636 fish caught were Chinook salmon. The salmon ranged 
in size &om 43 to 845 millimeters. 

Although data are scarce, the relatively remote location of intake fiom the Sacramento 
River, the low pumping rate, and the presence of a state-of-the-art fish screen should re- 
sult in little or no impact on juvenile winter-run salmon. 

Coordinated Operation Agreement 

The Coordinated Operation Agreement provides the opportunity for mitigation and 
avoidance of project impacts on winter run salmon. Through the COA accounts DWR 
can loan water to the USBR which can help retain cold water in Shasta Reservoir for 
temperature control in the upper Sacramento River. DWR uses Lake Oroville releases 
to  meet in-basin and Delta outflow needs during certain months. USBR balances their 
COA account in subsequent months by increasing releases fiom Shasta and Folsom 
while the SWP reduced flows from Lake Oroville. 

Table 33 contains the COA balances for the past four years and shows that in 1988 and 
1989 significant "exchanges" of water were made between the two projects. For example, 
during the period July 1988 and November-August 1989, the USBR "borrowed" water 
from DWR and wound up with a balance of 185,000 acre-feet. In September and October 
of 1989 they returned the water. Although it is not possible to quantify benefits to win- 
ter run salmon, in some years the benefits can be substantial. 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Table 33 
COORDINATED OPERATION AGREEMENT BALANCES 

(In Thousands of Acre-Feet) 

* Not in Balanced Condlions 
Sign Convention: -Means USBR owes DWR 

a As of 11126; last day of balanced conditions. 
b Balanced conditions effective from 1213 through 12/25. 
c Not adjusted for effects of Governor's Drought Water Bank 



Flow 

In their analyses of survival of Sacramento River fd-run salmon through the Delta, 
Kjelson et a1 concluded that flow per se was not a controlling factor. Flow did enter into 
the equation as the fraction of Sacramento River flow diverted through the Delta Cross 
Channel. Flow also may be important in the late spring as a factor influencing water 
temperature in the river above Sacramento and thus will affect survival to the Delta. 

Reverse Flows 

It has been diflicult to assess the impact of flow reversals in the lower San J o a q d  
River on winter run salmon. As mentioned earlier, western Delta flow does not enter 
into the smolt survival regression model in any of the reaches. Recoveries a t  the Delta 
pumps of tagged fish released below the Cross Channel has been low during perids 
when flow reversals were occurring. Regressing Antioch flow versus salmon salvage or 
spawning stock two years later did not yield sigTllficant relationships. Finally, in the 
western Delta, tidal flows overwhelm river flows during the dry periods when flow re- 
versals typically occur. It isn't clear how a juvenile salmon can use these relatively s d  
residual flows in their migratory movement. Due to tidal effects, reverse flows are mutt 
transport flows; ie fish are not canied along with net flows. At this location the sal- 
should be using other guidance cues to find their way to the ocean. 

The USFWS presented testimony regarding reverse flow at the 1992 SWRCB hearings 
to help develop interim standards to protect the BayDelta. Their detailed information& 
contained in USFWS WRINT-7. In essence the Service correlated residual survivd 
(observed survival minus predicted survival at  61°F) with reverse flow for the RyBe 
reach. Their regression relationship is shown in Figure 59. 

To obtain a significant relation, the Service deleted data &om two years, 1983 and 1986, 
with the rationale that these were wet and they were trying to  develop a dry year r e h  
tion. As shown in the figure, the range of reverse flows in the regression is limited, b& 
cally from -2000 to +2000 &. The regression is driven by the high survivals at flows d 
1000 to 2000 cfs. One of the major concerns with this analysis is the reverse flows d 
are calculated values based on Delta inputs and depletions. Since the calculations & 
not take tidal effects into account, the flows used do not represent how water was a& 
ally moving in the lower San Joaquin River during the 5-day averaging period used ih 
the regression. 

The USFWS subsequently used a Ryde survival versus reverse flow regression equatim 
to develop another version of the smolt survival model excluding 1983 and 1986. Inm- 
porating reverse flow into the regression prevents incorporating water temperature b 
sidual suxvival after reverse flow is not correlated to water temperature). Survivd &I 
the interior Delta still uses temperature and exports as the driving factors. The Sam- 
mento to Walnut Grove reach equation was the same as used in the 1989 Smolt b- 
vival model. 



, 1yY'Y Y" 

TEMPERATURE-CORRECTED SURVIVAL FOR FISH RELEASED AT RYDE BETWEEN 
1984 AND 1992 VERSUS now AT JERSEY POINT ON THE SAN JOAQUIN RIVER 

(From USFWS 1992) 

Flow at  Jersey Point (Q West) X 1000 cfs 

The USFWS smolt survival model was used to  calculate survival indexes for the same 
NMFS alternatives as the updated DWR smolt survival model. The results are: 

BASE NMFS ALTERNATIVES 
1988 E H C B 

FEB 0.32 -1.90 0.59 1.03 1.09 
MAR 0.56 -0.70 0.59 0.89 1.07 
APR 0.56 -0.88 0.56 0.86 0.99 

Their are still many unresolved issues related to the reverse flow question. This should 
be an area of active research by the Interagency Ecological Studies Program. 

Delta Cross Channel Gates 

Although impacts of the Delta Cross Channel are covered in the salmon smolt model, a 
few words about their impacts may be useful here. 

Salmon migrating down the Sacramento River when the Delta Cross Channel gates are 
open can be diverted into the central Delta with the flow. (They also can be diverted into 
Georgians Slough.) With fd-run salmon, Kjelson et a1 have found that through-Delta 



survival is &ected by water temperature, percent diverted through the Cross Channel, 
and combined CVPISWP pumping. Similar studies have not been conducted for winter- 
run salmon. 

Temperature appears to be an especially important factor in determining fall-run smolt 
survival. Since the estimated peak of winter-run migration (January through March) oo- 
curs during cold weather, temperature should not be a problem. Overall Delta survival 
for winter-run salmon should be better for the winter run than for the fall run. Alsq 
during this period lower internal Delta agricultural diversions and lower predatim 
rates should help lead to good Delta survival. 

There are some strong indications that the Kjelson et a1 equations may underestimate 
the benefits of low temperatures to juvenile salmon and overestimate the benefit of clos 
ing the Delta Cross Channel when temperatures are low. For example, the data in Tabh 
34 were obtained from the 1988 USFWS annual report. 

-- - - - - - - - - - - - - 
Table 34 

FALL-RUN SMOLT SURVIVAL INDICES IN THE SACRAMENTO RIVER DELTA 
DURING SPRING 1987 AND 1988 

UNDER LOW, MEDIUM, AND HIGH TEMPERATURE CONDITIONS 

7: 
I 
I 

Courtland Open 
Closed 

Low Medium High 
Release Delta Temperature Temperature Temperature 

Open 1.28 0.88 0.34 
Closed 0.94 0.85 0.40 

I 

I 

Sacramento Open 0.65 No Release 0.09 I I /  

At low water temperatures, closing the Cross Channel gates did not benefit survival d 
fall-run smolts released above or below the Delta Cross Channel. On the other him$, 
closing the gates did increase survival for fish released above the Cross Channel w k  
temperatures were moderate to high. 

Release s~Ie temperature range In May 1988 
" Release sile temperature range in May 1987. 
'"Release eile temperature range In June 1987. 

Results of an experiment conducted in April 1991 with fall-run salmon provide a&&. 
tional support for the contention that closing the Cross Channel gates may not p r o e  
significant benefits during low water temperatures. This study was selected because &e 
water temperature was near conditions that exist when winter-run salmon are press 
On April 25, as part of the Interagency Program, the USFWS released about 1 0 0 , ~  
tagged fall-run hatchery salmon into the Sacramento River at Miller Park. Relev=% 
conditions at the time of release were: 

'I 



Water Temperature 61°F 
Combined CVP/SWP Exports About 6,000 cfs 
Estimated Flow, San Joaquin River a t  Antioch -1,000 cfs 
Estimated Flow, Sacramento River a t  Freeport 7,000 cfs 
Delta Cross Channel Gates Both Open 

This experiment represents a mix of potential good and bad conditions. The tempera- 
ture was near optimum for salmon survival and in about the range expected in January 
through March. However, streamflow was low, exports were moderate, and there was 
reverse flow in the lower San Joaquin River. 

Expanded coverage of the salvage a t  the State and Federal facilities resulted in recovery 
of 1 out of 100,000 of the tagged fish at  the SWP and none a t  the CVP. Expanding the 
tag recovered to salvage involves multiplying the number recovered by the reciprocal of 
the sampling time divided by the total minutes pumped during that day. For example, if 
the sampling time was 10 minutes and the pumps were on for 720 minutes, one recov- 
ery would represent a salvage of 72 fish. The survival index to Chipps Island during this 
study was relatively good, at 0.77. 

The experiment was repeated in May with slightly warmer temperatures (64F a t  re- 
lease), less exports, positive flow at Antioch, and the Cross Channel gates still open. The 
survival index of 0.48 was sigmficantly less than the 0.77 obtained in April. 

South Delta Temporary Barriers 

In mid-April 1992, DWR installed a temporary barrier at  the head of Old River to help 
protect juvenile Chinook salmon migrating from the San Joaquin River. Markhecapture 
studies demonstrated that although overall survival of San Joaquin smolts was low in 
1992, the barrier appeared to result in increased survival. 

Evaluating impacts of the barrier installation on winter-run Chinook salmon is more 
difficult. There are no experimental data to help determine if the barrier affects Chi- 
nook salmon corning down the Sacramento River and diverted into the interior Delta. 
Mathematical modeling results indicate installation of a barrier at  the head of Old River 
has minimal effect on movement of water from the mouth of the Mokelurnne toward 
Stockton. If this is the case, then there is no apparent way in which barrier installation 
could adversely impact winter-mn salmon. 

In a preliminary analysis of potential impacts of the barrier, Coulston (1992) concluded 
there could be a minor impact. The data used in this assessment were fkom mathemati- 
cal modeling using tracers injected into the model to help follow the direction of trans- 
port. It is unlikely that salmon would move in a manner similar to diffig&ve material 
such as salt. 

Coulston's analyses were done under the assumption that the Delta Cross Channel 
gates were open. If they were closed, then the potential for the barrier impacting winter- 
run Chinook salmon would be even less than he postulated. 



Impacts on Adults 

There is basically no infomation on adult movement through the Delta and how projed 
operation affects this movement. In that adult salmon are probably being guided by 09- 
factory responses in their migration through the estuaqy to their natal streams, there is 
some concern that present circulation patterns may confuse adult migrants. Since 
historical Delta was a myriad of interconnected channels and flooded wetlands, finding 
their way through the Delta has always been difficult. 

Use of DFG9s Salmon Classification System 

At present, we have only the size interval system that can be used to classify juvenib 
salmon by race. Analysis of the available data indicates the system probably greatly 
overestimates the number of winter-run salmon in CVP and SWP salvage and t r d ,  
sampling. This conclusion has been developed after examination of the large amount d? 
information analyzed for this assessment. The problem, not unexpected, is that a gem- 
eral growth curve does not capture the large amount of natural variability present h 
wild, and even hatchery, salmon populations. This variation can be seen in the plots d 
salmon catch and salvage presented earlier. In several instances, the sizes of what 
appeared to be a cohort of outmigrating smolts produced a solid line from one race iiw 
another - in this case, from winter run to  late-fall run. The system will have no ap+ 
cability for sorting the spring run from the fall mn in that there was always a sciM 
band of smolts between the two races. 

Several observations support the conclusion that the system does not provide a c m e  
estimates of the numbers of winter-run Chinook salmon collected or taken. These 
clude: 

The lack of correlation between winter run catches at  the two facilities. If like 
system provides accurate estimates, one would expect some relationship. 

The failure of winter run catch-per-unit-effort to decrease in the Chipps Islad 
trawl as the spawning stock decreased. 

The large deviation in the ratios of the four races at  the salvage facilities f h x  
what would be expected based on parent spawning stocks and run timing indie 
Sacramento River. 

Identification of several tagged fish that were originally classified as fall run. 

Information developed by DFG (1992) comparing size intervals of hatchery && 
and salvaged fish showing that many of the salmon classified as winter --I 

were more likely to be fall run. 

Some of the problems mentioned above will disappear in 1993 if the proposal to s a d e  
most of the hatchery marked salmon at  the facilities and trawling is enacted. For exam* 
ple, a t  the facilities in 1992, almost half of the winter nun take was from rnarkd 
salmon. 



CUMULATIVE IMPACTS 

Several projects and actions can cumulatively interact with CVP and SWP Delta opera- 
tions to affect winter-run Chinook salmon. It is beyond the scope of this assessment to 
analyze the cumulative impacts of these projects and actions; however, brief desaip- 
tions may be helpful in providing a perspective on how they may interact with Delta op- 
erations. 

Georgiana Slough Barrier 

The 1992 Biological Opinion on CVPISWP operation included closure of Georgians 
Slough as a conservation measure. Also, in the 1992 SWRCB hearings on interim 
BayDelta standards, NMFS included an alternative that called for closing the slough 
during February, March, and April and meeting current D-1485 standards. Since this 
alternative appeared to provide a level of protection acceptable to NMFS and resulted in 
the least water cost to the projects, DWR decided to pursue installation of the barrier for 
the 1993 outmigration season. 

As of the end of October 1992, DWR is continuing to plan for barrier installation; how- 
ever, the installation period is February and Marcy only, due to  concerns about other 
fish, including the fall run on the San Joaquin system. Planning for the temporary rock 
barrier includes provisions for rapid removal in case of flooding and two relatively small 
culverts at  the base of the barrier. These culverts will allow sufficient water to enter 
Georgiana Slough to maintain water quality and to provide for passage of any adult 
salmon that may wind up on the downstream side of the barrier. 

Although planning is continuing, installation will depend on conditions in the 1993 bio- 
logical assessment. The presence of the barrier can increase flow reversal, depending on 
pumping and flow in the San Joaquin River. It would appear that keeping downstream 
migrants in the mainstem of the Sacramento River results in the greatest survival; 
however, there are as yet unquantifyable concerns about reverse flow impacts. An alter- 
native action would be to install the barrier, allow pumping, and monitor salmon abun- 
dance in the lower San Joaquin. If it were determined that significant numbers of 
juveniles were moving toward the pumps under this scenario, pumping curtailments 
would be enacted. Implementation of this alternative requires an extensive monitoring 
program in the lower river and timely reporting of results to management agencies. 

Los Vaqueros Project 

Contra Costa Water District is proposing to construct and operate an offstream storage 
reservoir, which will result in increased diversions from the Delta. The District has pre- 
pared environmental documentation and a biological assessment for the project. There 
is also formal consultation with NMFS related to winter-run salmon concerns. 



From a cumulative standpoint, the project will cause additional diversions f?om &: 
- Delta, some of which are likely to occur during the months in which winter-run salmma 
are present. Calculation of reverse flows has a term for internal Delta demand and ze 
new diversion in the southern Delta results in an incremental increase in reverse flm 
at  any given CVP/SWP pumping rate. 

Proposed Additions to the State Water Project 

The Department of Water Resources has several proposals for projects to complete tk 
State Water Project. Each of these projects has environmental documentation and 
entail formal consultation with NMFS and DFG on winter-run salmon and with DFG 
and USFWS on other listed species. Following is an annotated list of these projects. 

South Delta 

This project, by itself, is mainly to improve circulation in the southern Delta by a cod& 
nation of baniers and dredgmg. Alternatives being looked at include expansion af 
Clifton Court Forebay. South Delta also calls for lifting the current Corps of Enginem 
constraint on pumping. 

North Delta 

Planning for the northern Delta involves providing for additional flood protection ad 
diversion off the Sacramento River. North Delta planning is temporarily on hold p d  
ing the results of environmental documentation called for as part of the Governor's pw 
posed BayDelta Oversight Council. 

Kern Fan 

The objective of the Kern Fan project is to divert water from the Delta during high-hit 
periods for storage below ground in Kern County. The stored water would be pumped& 
delivery during water shortages. As proposed, the diversions would occur during d k  
time when winter-run outmigrants are common in the Delta. 

Los Banos Grandes 

The Los Banos Grandes project is similar to the Kern Fan project, except that st- 
would be above ground in the offstream Los Banos Grandes reservoir. 

Coastal Branch Extension 

The Coastal Branch Extension is an approved project that will not result in i n c r e d  
diversion from the Delta. To meet the water needs of the South Coast area, the pr- 
involves allocation of a portion of existing SWP supplies to new users. 
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RESTORATION GOALS AND UP-RIVER FACTORS 
CONTROLLING WINTER RUN CHINOOK SALMON ABUNDANCE 

The U.S. Fish and Wildlife Service has formally identified 
restoration goals for Chinook salmon in the upper Sacramento 
River. Those goals are to restore Chinook salmon stocks to 
levels of the 1950s (adult catch plus escapement of 673,000 fall 
Chinook, 50,000 late-fall Chinook, 80,000 winter Chinook, and 
130,000 spring Chinook) (USFWS, 1982). 

The California Department of Fish and Game has established 
higher restoration goals as, shown in Table 2. 

Prior to the winter run Chinook being listed as a threatened 
species by the Federal Government in 1989, a task force composed 
of natural resource professionals and interest groups was 
established to develop and review actions to restore the 
depressed populations of winter run Chinook. That group 
developed this restoration goal: 

- 

"The goal is to restore the Sacramento River winter run 
Chinook salmon throughout their range as a naturally 
sustained stock capable of withstanding natural and 
man-made perturbations while maintaining harvestable 
surpluses. The Winter run Task Force believes that the 
goal will have been achieved when the three-year 
running average of naturally spawning fish reaches or 
exceeds 40,000. During the period of restoration, no 
additional projects or water diversions detrimental to 
the population should occur. All actions including 

l eb le  2 
California Depart.ent of F i s h  and m a s  

Restorat im Goels for P r o b c t i m  o f  Adult Chinook S a l m  
f ra  the Upper Seer-to River 
(f igures in th- o f  s a l m )  

Total 

900 

75 

112 

1 75 

Tscapement equals Mmber of spawners plus nuhe r  harvested i n  r iver. 
b~l though the catch:escapement r a t i o  f o r  Sacremento River l a t e - f a l l  run Chinook salmon has not been 
ascertained, i t  i s  estimeted t o  be substantial ly higher than the r a t i o  fo r  f a l l  run. 
Source: Cal i fornia Department of Fish and Game, 1990. 

Ratio o f  Catch t o  
E-t 

2: 1 

2+:lb 

0.6:l 

1.5:l 

Stock 

Fa1 1 

Late f a l l  

Minter 

Spring 

Escapemt8 

300 

25 

70 

70 

Stock Catch 

600 

50 

42 

105 



habitat restoration, flow augmentation, water quality, 
as well as water temperature and fish passage 
improvement, artificial production, and reduction of 
direct mortalities from fish screens, dewatering of 
redds, and predation shall be actively pursued by all 
responsible agencies.It (Rawstron, 1988). 

In 1988, a ten-point cooperative agreement was made between 
the U. S. Bureau of Reclamation, U. S. Fish and Wildlife Service, 
National Marine Fisheries Service, and California Department of 
Fish and Game to implement actions to improve the status of 
winter run Chinook salmon in the Sacramento River Basin. 
Specific actions to be taken by the contributing parties are 
summarized from the agreement: 

Raise the Red Bluff Diversion Dam gates from 
December 1 to April 1. USBR will operate the 
gates so that the timing for raising the gates 
will be designed to optimize the maximum practical 
benefits for upstream migrating winter run Chinook 
salmon. The parties will develop fish passage 
alternatives to raising the gates. 

Develop a water temperature control solution for 
warm water years in the Sacramento River. USBR is 
to develop and implement operational solutions to 
temperature control problems associated with 
Shasta Dam releases. This will include 
installation of a device to control the depth of 
water released from the dam. 

Correct the Spring Creek pollution problems. 
USBR, under a funding agreement with the 
Environmental protection Agency, will develop the 
water management portion of the Spring Creek 
pollution control program. Pollution problems are 
associated with acid drainage from Iron Mountain 
Mine, located in the Spring Creek watershed. 

Restore spawning habitat in the Redding area of 
the Sacramento River. CDFG will develop and fund 
a winter run Chinook salmon spawning habitat 
restoration program. 

Correct salmon-related problems at the Anderson- 
Cottonwood Irrigation District Diversion Dam. 
CDFG has already begun efforts to replace the 
diversion dam with an alternative method of . 

supplying water to the district. 

Restrict in-river harvest of winter run Chinook 
salmon. 



Develop a winter run Chinook salmon propagation 
program at Coleman National Fish Hatchery. 

Modify the Keswick fish trap to prevent mortality 
to winter run Chinook salmon. USBR began 
modification to the fish trap in 1986. 

Develop measures to control squawfish predation at 
Red Bluff Diversion Dam. 

Continue and expand studies on winter run salmon. 
The parties will fund, develop, and implement 
studies to identify additional management actions 
to improve the status of winter run Chinook salmon 
in the Sacramento River. 

A variety of activities to benefit winter run Chinook salmon 
are currently underway. NMFS has organized the Winter run 
Chinook Salmon Restoration Team, which includes representatives 
from the cooperative agreement parties as well as from the 
California Department of Water Resources, U. S. Army Corps of 
Engineers, Pacific Fishery Management Council, American Fisheries 
Society, and United Anglers of California. As of November 1, 
1991, the team had not met to discuss and evaluate recovery 
efforts. 

USBR completed the Red Bluff Diversion Dam Fish Passage 
Action Program in 1988 to improve upstream passage of adult 
salmon and survival of downstream migrating juveniles. For the 
past five years, USBR has raised the diversion dam gates during 
the nonirrigation season to benefit winter run migration. 

USBR also completed the Tehama-Colusa Canal Diversion fish 
screening facilities in 1990 to eliminate fish entrainment into 
the Tehama-Colusa and Corning irrigation canals and to reduce 
predation at the dam. 

USBR, DWR, and CDFG have begun adding spawning gravels to 
the upper Sacramento River, and USFWS has initiated a winter run 
Chinook salmon artificial propagation program. 

The Environmental Protection Agency is in the process of 
implementing pollution control measures for the Iron Mountain 
Mine. 

The California State Legislature enacted legislation (Senate 
Bill 1086) initiating the development of an upper Sacramento 
River fisheries and riparian habitat management plan. The plan 
was completed in 1989 and cooperating agencies are seeking 
funding for these restoration projects. 



Actions have been taken by the California Fish and Game 
Commission and the Pacific Marine Fisheries Council to reduce 
commercial and recreational catches by anglers. The following 
are brief descriptions of these actions. 

Before 1987, the Department of Fish and Game estimated that 
the in-river fishery resulted in about 8.7 percent of the adult 
winter run salmon being harvested. In 1987 the following 
regulation was adopted to decrease this take. 

ItProhibit salmon fishing year-round upstream from the 
Deschutes Bridge; from February 1 through June 30 
between Deschutes Bridge and Red Bluff Diversion Dam; 
from February 1 through April 30 between Red Bluff 
Diversion Dam and Hamilton City; from February 1 
through March 31 between Hamilton City and Knights 
Landing; and open to fishing all year below Knights 
Landing. The bag limit is three trout or salmon in 
combination, but no more than two salmon per angler per 
day. 

Implementing this regulation resulted in the take being 
reduced to an estimated 1.2 percent in 1987; 4.2 percent in 1988% 
and 3.1 percent in 1989. 

In 1989 an additional restriction prohibited the harvest of 
salmon in: (1) the Sacramento River from the Deschutes Bridge 
downstream to Red Bluff Diversion Dam from Saturday nearest 
November 15 through August 15, and (2) the Sacramento River from 
Red Bluff Diversion Dam downstream to Carquinez Bridge from 
Saturday nearest November 15 through July 31. This restriction 
was intended to reduce the take to near zero. 

Ocean Commercial and Recreational Harvest 

The Pacific Fisheries Management Council, through its Oceam 
Salmon Management Plan, develops fishing regulations that balanw 
salmon resource protection with providing catch for commercial, 
recreational, and native American fishermen. A proportion of 
those fish harvested in the ocean off California are winter run 
salmon. In April 1990, the Management Council requested the 
National Marine Fisheries Service to enter into consultation 
regarding 1990 and 1991 fishing regulations. In October 1990, 
NMFS requested formal consultation for the 1991 fishing 
regulations. A biological opinion and incidental take permit 
under Section 7 of the Endangered Species Act was issued on 
March 1, 1991 for 1991 and future salmon regulations. The NMFS 
opinion stipulated that consultation would be reinitiated if 
conditions changed significantly or if new information became 
available. In summary, the March 1, 1991 biological opinion 
conveyed the following information related to the ocean fishery.. 



Winter run Chinook salmon probably leave the ocean from 
early November through mid-May, with the peak occurring 
in February through early March. 

Ocean impact rate (catch plus those killed by the 
fishery) is about 35 percent. 

Early migration from the ocean and small size relative 
to other Sacramento River Chinook salmon runs 
contribute to this comparatively small impact rate. 

For every fish caught in the ocean fishery, it was 
estimated that two escape to the river. 

The 1990 ocean fishery may have impacted (caught or 
killed) 249 adult winter run salmon. 

Most winter run adults are caught below Point Arena. 

Although the opinion recognized that the ocean commercial 
and recreational fishery was not a major cause of the observed 
decline, NMFS stipulated two conditions in issuing its incidental 
take permit: 

The PMFC not approve a proposed early opening before 
May 1 of the commercial fishery below Point Arena. 

The PMFC close the ocean recreational fishery for two 
weeks at beginning and end of proposed (normal) season. 

c 

Estimated Annual Spawning Population 
of Winter run Chinook Salmon 

The best estimates of winter run Chinook escapement have 
been obtained by counts of salmon passing through the fish 
ladders at Red Bluff Diversion Dam. Estimated numbers of winter 
run adults have been recorded from 1967 to the present. The 
maximum number of winter run adults passing the diversion dam was 
117,808 in 1969 and the minimum was 190 fish in 1991 (Table 3). 
The average annual number of winter Chinook passing the diversion 
dam was 24,062 for 1967 through 1990. 



The marked decline in numbers passing the dam in 1979 and 
1980 was the result of drought in 1976 and 1977 (Figure 4). 
Because most winter run salmon return as 3-year-old fish, the 
impact of such .losses is evident for many years into the future, 
making it difficult for the runs to rebound to previous 
population levels. The last strong year class, which was in 
1981, failed to return in large numbers during 1984. The reason 
for this low return is unknown, but is assumed to be the result 
of the 1982 and 1983 El NiAo event, which created poor rearing 
conditions for salmon in the ocean. 

The winter run spawning populations have remained at low 
levels (<4,000) since 1982 and have decreased to well below l,OO@ 
in 1989, 1990, and 1991. Reasons for these declines are unknown 
but are presumed to be attributable to direct and indirect 
adverse conditions induced by the drought. 

For the past five years, the Red Bluff Diversion Dam gates 
have been out of water during the nonirrigation season (about 
December through March) and the fish ladders were inoperable. 
Free-flow conditions were present at the diversion dam during 

A-I 



this time, salmon passage was unimpeded past the dam. Without 
the fish ladders in operation, enumeration of salmon passing the 
dam was not possible, so CDFG employed an alternative method of 
estimating each year's winter Chinook run size. This method 
assumes that each year's timing is the same as that exhibited for 
1982 through 1986. After counts are conducted following dam gate 
closure at the onset of the irrigation season and the fish 
ladders are operational, an estimate of the entire year's run 
size is calculated by extrapolating actual fish counts to 
encompass the entire period when counts could not be conducted 
using the historical run timing pattern. For example, if the 
diversion dam does not go back into operation until April 1, when 
approximately two-thirds of the winter run is estimated to have 
passed the dam, and 1,000 winter run salmon pass the dam after 
April 1, the run size would be estimated to be about 3,000 fish. 

Hatchery Production 

Several Chinook salmon hatcheries have been constructed and 
operated in the Sacramento-San Joaquin drainage to mitigate for 
water project impacts. Foremost among these hatcheries are the 
Coleman National Fish Hatchery (USFWS), Feather River Hatchery 
(DWR/DFG) , American River Hatchery (USBR/DFG) , and the Merced 
River Fish Facility (DFG). 

Although these hatcheries produce all four races of Chinook 
salmon, they focus on the fall run with present annual production 
being several million fall run fish. Coleman NFH rears late fall 
and as of last year winter run with all their production being 
released in the upper River during ost years. The Feather River 
Hatchery produces fall run and spring run with the planting size 
and location being quite variable (Table ) Amrican River fall 
run are generally planted in the spring as smolts in the estuary 
near the Carquinez Strait. Finally, fall run salmon produced at 
the Merced River Fish Facility are planted as fry, smolts, and 
yearlings at various locations in the San Joaquin River drainage 
(Table -1. 

This information is included because, as will be seen later, 
the presence of hatchery-reared fish at the State and federal 
salvage facilities as well as in various sampling programs can 
confuse the process of sorting winter run from other races. 



FACTORS INFLUENCING WINTER RUN CHINOOK SALMON 
POPULTION SIZEe 

Red Bluff Diversion Dam was constructed in 1964 and went 
into operation in August 1966 to provide water for the Tehama- 
Colusa and Corning irrigation canals. Fishery resource problems 
associated with operation of the diversion dam include: 

Delay and blockage in upstream migration. 

Increased predation on juvenile salmon in Lake Red 
Bluff and areas directly downstream from the dam. 

Direct injury to juveniles passing under the dam 
gates or through the fish bypass system. 

Red Bluff Diversion Dam has been shown to affect upstream 
salmon migration by delaying fish passage to the upper river. 
Between 1979 and 1981, winter run salmon were radio-tagged and 
their movements monitored in the area of the diversion dam 
(Hallock et al., 1982). Results of that study showed that radio- 
tagged migrants were delayed from 1 to 40 days and an average 03 
18 days (Hallock and Fisher, 1985). The researchers determines 
that the period of delay directly below the dam was related to 
flow levels between 4,000 and 16,000 cubic feet per second -- 
the greater the flow the longer the delay. Data for water flow 
through Red Bluff Diversion Dam between 1967 and 1983 showed that 
average monthly flows ranged from 12,743 to 23,535 cfs during 
January through May (Hallock and Fisher, 1985). This corresponh 
to the period when most of the spawning winter run Chinook would 
attempt to pass the diversion dam. Delays in winter Chinook 
spawning runs may increase prespawning mortality, reduce 
fecundity or egg viability, or cause the winter run Chinook to 
spawn in areas below the dam where water temperatures and habi- 
may not be suitable. 

As stated previously, for the past five years, the Red Bl- 
Diversion Dam gates have been removed from the water during the 
nonirrigation season (about December through March). Free-flow 
conditions were present at the dam during this period, and sal- 
passage was unimpeded. It is estimated that this period 
encompasses about the first two-thirds of the upstream migratian 
for winter run chinook. Those passing after April 1 (or when tb- 
gates go back into place) have to pass the dam via the fish 
ladders. Overall, the measure of raising the dam gates during 
the nonirrigation season is believed to have been beneficial far 
winter run, because it allows a greater proportion of a given mw 
to access the best spawning habitat upstream ofthe dam. 

Downstream migrating juveniles that are delayed in Lake R d  
Bluff have an increased chance of being preyed upon by both 

Ads 



piscivorous and avian predators. Vogel and Smith (1987) reported 
that radio-tagged juvenile steelhead salmon were preyed upon by 
cormorants while moving through Lake Red Bluff; similar predation 
may occur on winter run Chinook juveniles. 

Studies have not been conducted on mortality of winter run 
juveniles passing though Red Bluff Diversion Dam. However, these 
types of studies have been performed for other anadromous 
salmonids. For example, studies by CDFG have indicated that 
survival of out-migrating juvenile fall run Chinook salmon 
released downstream of the dam exhibited a 46 percent greater 
survival rate than those released upstream of the dam. Results 
of these studies also indicate that losses occur for juvenile 
salmon passing the dam in spring as well as in winter, so winter 
run juveniles probably suffer similar mortalities to the fall run 
Chinook (Hallock and Fisher, 1985). 

Young salmon passing the dam are faced with the turbulence 
below the dam, which can disorient the fish and increase 
predation effectiveness. Conditions for squawfish predation on 
juvenile winter run salmon are optimal during summer and fall 
(Garcia, 1989). The river is typically low, with seasonably high 
temperatures and low turbidity, which could increase the 
efficiency of squawfish predation. Significant numbers of 
squawfish have been observed directly below Red Bluff Diversion 
Dam during late summer and early fall, when juvenile winter run 
salmon may begin to migrate downstream (Garcia, 1989). In 
addition, large numbers of predatory striped bass are known to 
accumulate downstream of the dam during the fall months, when 
juvenile winter run are present. 

Sacramento River Temperatures 

Chinook salmon spawning success in the Sacramento River is 
determined by the length of the river reach that possesses cold 
water (I 56'F). In most years, the area of suitable spawning 
habitat (with respect to water temperature) is located upstream 
of Red Bluff Diversion Dam. Hallock and Fisher (1985) found that 
downstream of Red Bluff Diversion Dam water temperatures were 
suitable for salmon egg incubation in only 4 of 18 years studied 
(1967 through 1984). This indicates that optimal spawning and 
incubating temperatures below the dam would be unlikely during 
any given year. 

The optimal spawning reach above Red Bluff Diversion Dam may 
also incur water temperature problems under certain conditions. 
Water temperatures between Keswick Dam and Red Bluff Diversion 
Dam are affected by the following factors (Resources Agency of 
California, 1989) : 

Ambient air temperature 



Tributary inflows 

Volume of water released from Keswick Dam 

Ratio of Spring Creek Power Plant to Lake Shasta 
releases 

Total storage at Shasta and Clair Engle Lakes 

Depth of water released from Shasta Lake 

During dry years with low reservoir storage, water 
temperatures can exceed 58'F in the upper reaches and result in 
significant egg and fry mortality. 

Irrigation Diversions 

Irrigation diversions can affect both adult upstream 
migrants and juvenile downstream migrants. There are over 300 
unscreened irrigation diversions on the Sacramento River between 
Redding and the Feather River (RAC, 1989). Cumulatively, these 
unscreened diversions could cause large losses of winter run 
Chinook fry, because the fry are rearing in the Sacramento River 
during a significant portion of the irrigation season (i.e., Julz 
through November). An estimated 10 million juvenile salmonids 
are lost to unscreened diversions annually (RAC, 1989). 

As of 1988, only the Anderson-Cottonwood Irrigation District 
diversion at Redding, the Tehama-Colusa Canal at Red Bluff 
Diversion Dam, and the Glenn-Colusa Irrigation ~istrict diversim 
at Hamilton City have fish screening facilities (RAC, 1989). 
However, not all of the screened facilities offer adequate 
protection to migrating chinook salmon. In addition to the loss 
of downstream migrating juveniles, adults may enter many of the 
unscreened outfalls of irrigation canals, where they can become 
stranded or attempt to spawn in unsuitable habitat. 

Anderson-Cottonwood Irrigation District 

The Anderson-Cottonwood Irrigation ~istrict dam is a 450- 
foot-long flashboard structure constructed in 1917 to divert 
water from the Sacramento River at Redding. Factors affecting 
winter run salmon production related to the operation of the d m  
are: 

Inadequate .fish passage. 

Reduced Sacramento River flows from Keswick Dam in 
response to ACID operations. 



• Dewatering of redds constructed by salmon forced 
to spawn below the dam (result of reduced flow 
directly below the dam). 

The dam is equipped with a fish ladder, but it was designed 
in the 1920s and is inefficient (CDFG, 1990). The fish ladder 
does not provide adequate flows for fish attraction. The ladder 
entrance is positioned at a 90-degree angle to the dam, which can 
result in direct mortality of fish attempting to enter the ladder 
or delay adult migration to the point that winter run Chinook may 
be forced to spawn below the dam (CDFG, 1990). 

The Anderson-Cottonwood Irrigation District flashboards are 
usually in place from April to October (RAC, 1989). Operation of 
the dam requires that water released from Keswick Dam be reduced 
during installation, removal, or adjustment of the flashboards 
(RAC, 1989). Flows from Keswick Dam must be reduced for 3 to 4 
days to make these adjustments (CDFG, 1990). These periods of 
lowered flows may cause increased water temperature in the main- 
stem Sacramento River, adding to mortality of winter run salmon 
eggs incubating in redds during this time. The reduced flows may 
also result in dewatered redds downstream of the dam and cause 
egg mortality. CDFG is currently devising an alternative method 
for supplying the district with water. 

Tehama-Colusa and Corning Irrigation Canals 

The headworks for the Tehama-Colusa Canal are at Red Bluff 
Diversion Dam. Water entering the headworks supplies both 
Tehama-Colusa Canal and Corning Canal, which is about 1/2 mile 
from the intake. Both canals convey irrigation water, and 
Tehama-Colusa Canal also provides water to national wildlife 
refuges and the Tehama-Colusa Fish Facilities. 

Problems historically associated with operation of Tehama- 
Colusa Canal and Corning Canal are: 

• Entrainment of downstream migrating juvenile 
salmon into Tehama-Colusa Canal. 

• Entrainment of juveniles into Corning Canal pumps. 

• Increased predation on juveniles as they exit the 
Tehama-Colusa Canal bypass system into the 
Sacramento River. 

In 1966, a louver fish screening system was placed at the 
headworks to prevent entrainment of downstream migrating 
juveniles into the canal. This system operated until 1990, when 
it was replaced with a state-of-the-art fish screening system. 
Yearly entrainment of downstream migrants into Tehama-Colusa 
Canal from 1982 to 1987 was estimated to be between 0.2 and 0.6 



million salmon. Physical injury to downstream migrants passing 
through the headworks bypass system was 1.6 to 4.1 percent during 
this same period (Vogel et ale, 1988). 

A series of 32 new rotary-drum screens and fish bypass 
system have been installed at the TCC headworks and began 
operation in the spring of 1990. It is believed that the problem 
of entrainment of juvenile salmon has been greatly reduced or 
eliminated. The impact of predation at the fish bypass outlet 
has yet to be determined. 

Glenn-Colusa ~rrigation District 

The Glenn-Colusa ~rrigation District diversion on the 
Sacramento River is located about 3-1/2 miles north of Hamilton 
City. The diversion is on an oxbow of the Sacramento River that 
is about 1-1/2 miles long and contains about 25 percent of the 
total Sacramento River flow during the summer months (Cramer et 
al., 1990). 

Downstream migrant juvenile Chinook salmon are being lost at 
the diversion. Recent evaluations at the California Department 
of Fish and Game's fish screen at this diversion have indicated 
that losses may range from 9 to 72 percent of the juvenile salmm 
entering the diversion's intake channel (Cramer, 1990). Losses 
of salmon fry migrating past the fish screens may be particularly 
severe (Ward, 1989). Primary causes of these losses are believed 
to be a combination of: 

* Entrainment of downstream migrating juveniles into 
the canal. 

Impingement of juveniles on the existing fish 
screens. 

Predation of juveniles in the oxbow channel. 

In 1972, rotary-drum fish screens were installed by the 
California Department of Fish and Game to prevent entrainment 05 
downstream migrating juvenile salmon into the canal. However, 
since the installation of the screens, the hydraulics of the 
river have changed in the oxbow, resulting in a reduced elevatiami 
of the river by about 3 feet (RAC, 1989). This reduced water 
level has, in turn, reduced the effective screening area of the 
drums and increased the water velocity through the screens. The 
increased velocity has resulted in impingement of juveniles on 
the drum screens. Another problem is that the screens were not 
designed with the proper mesh size to effectively screeh small 
salmon or trout fry. Fish smaller than 1-3/4 inches (45 mm) casn 
pass through the screens. 



The total loss of all downstream salmonid juveniles at the 
Glenn-Colusa Irrigation District is estimated by California 
Department of Fish and Game to have been about 7 million fish 
annually (RAC, 1989) . 

In August 1991, a suit was filed in federal court by the 
National Marine Fisheries Service to require Glenn-Colusa 
Irrigation District to reduce its pumping level to protect 
downstream migrant winter run salmon. The federal court mandated 
that the district reduce pumping to 1,100 cfs to comply with 
present fish screening criteria of the California Department of 
Fish and Game (0.33 feet per second through-screen velocity). 
Glenn-Colusa Irrigation District subsequently obtained 
alternative water supplies from Tehama-Colusa Canal (U. S. Bureau 
of Reclamation) and Black Butte Reservoir. (Access to this 
latter source required the district to pursue a federal court- 
ordered water transfer from USBR.) Neither of these alternative 
water supplies may be secure for the district's future use. 

Toxins 

The greatest risk of toxins to winter run Chinook salmon 
occurs as a direct result of acid mine drainage from Iron 
Mountain Mine, located in Shasta County about 9 miles northwest 
of Redding. The mine was mined periodically for copper, gold, 
iron, pyrite, silver, and zinc from the 1860s until 1963. 

Iron Mountain Mine has been associated with water quality 
degradation and impacts on aquatic resources in nearby drainages 
during much of its history. Impacts include numerous fish kills 
in the upper Sacramento River and have been attributed primarily 
to contamination of surface waters with acid mine drainage that 
has a low pH and high concentrations of cadmium, copper, and 
zinc. 

The greatest risk of acid mine drainage to winter run 
Chinook is during the wet season (November through March in most 
years). This is the period when the most acid mine drainage is 
discharged into the Sacramento River and when the highest number 
of uncontrolled spills from Spring Creek Reservoir enter the 
Sacramento River just above Keswick Dam. Spring Creek Reservoir 
receives contaminated water from Spring Creek, Boulder Creek, and 
Slickrock Creek, all of which pass within the Iron Mountain Mine 
boundaries. This is also the period when Lake Shasta is refilled 
and the availability of dilution water is low. 

Winter run juveniles are at a particular risk from Iron 
Mountain Mine acid mine drainage because they may be in the upper 
Sacramento River when uncontrolled spills from Spring Creek 
Reservoir have occurred (Table 4). This is also the time adult 
winter run salmon are likely to be in the Sacramento River 



immediately downstream of Keswick Dam and may be susceptible to 
lethal conditions. 

Loss of Spawning Gravel 

Construction of Shasta and Keswick dams has reduced or 
eliminated the recruitment of spawning gravel to the main-stem 
Sacramento River below the dams. Most spawning gravel 
recruitment in the upper Sacramento River is now derived from 
bank erosion, tributaries, and chute cutoffs (CDFG, 1990). 
Controlled dam releases are limiting the amount of gravel 
recruitment from stream banks. Many tributaries entering the 
Sacramento River below the dams are now mined for gravel. 

J 

Table 4 
Unaontrolled S p i l l s  from Spring Creek Reservoir 

Although spawning habitat is not believed to limit winter 
run Chinook at this time because of currently depressed run 
sizes, replenishment of good spawning gravel in the uppermost 
reaches of the Sacramento River will likely enhance winter run 
recovery efforts. For example, about 10 percent of the entire 
1987 winter run utilized the severely gravel-depleted, 3-mile 
river reach from Keswick Dam to the Anderson-Cottonwood 
Irrigation District dam (Vogel and Taylor, 1987). 

Start o f  S p i l l  
(date) 

12/22/64 
1/13/69 
1/9/78 
2/6/78 

3/28/79 
2/19/80 
1/30/81 
3/22/81 

11/24/81 
1/26/83 
3/1/83 
2/15/86 
3/25/89 

To compensate for the historical loss of spawning gravel, 
the California Department of Fish and Game and the Department oif 
Water Resources have been involved in a spawning gravel 

Note: Information obtained from U. S. Bureau of 
Reclamation, Central Valley Operations- 
Report of Operations, 1967-1990. 

Length o f  
S p i l l  (days) 

7 
10 
14 
2 

2 
2 
4 
3 

3 
4 
4 
4 
43 

Volume of S p i l l  
(aore-feet) 

5,159 
5,195 
15,248 

355 

22 
496 
194 

1,065 

30 
1,662 
5,177 
3,457 
2,535 



replenishment project in the upper reaches of the Sacramento 
River since 1978 (Ralph Hinton, DWR, personal communication). 
Gravel was placed during 1978, 1979, 1986, and 1988 through 1991 
(John Elko, DWR, personal communication). All gravel 
replenishment has been initiated during periods that would 
minimize the impact on Chinook spawning and the outmigration of 
juveniles. This has typically been from January 1 to March 31 
and from September 1 to October 1. 

The Department of Water Resources has placed approximately 
95,000 cubic yards of gravel in the upper Sacramento River during 
1990 and will place 6,300 cubic yards of gravel at the mouth of 
Salt Creek (about one mile downstream of Keswick Dam) in 1991. 
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Table I1 
DECISION 1485 

WATER QUALITY STANDARDS 

1 FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH& 
. . 

BENEFICIAL. USE PROTECTED PARAMETER DESCRIPTION . YEAR TYPE& VALUES . 
and LOCATION , ' .. . 

UNlClPAL and INDUSTRIAL 
Contra Costa canal Intake Chloride Marlmum Mean Doi ly C r  

In mgi l  

I 
at Pumping Plant No. 1 

Contra Cbsta Canal lnlake 
at Pumping Plant No. 1 

Number 01 Days Eacb Calendar roar 
Less than 150 mgil Chloride 

Chloride Marimum Yean Dai ly  150 mgl l  
Chloride lor at least the number 
01 days shown durlng the 
Calendar Year. Must be provided 
In Intervals 01 not less than ... two weeks durrtion. I% 01 Year 
shown in parantheris) 

or 
Anlioch meter Works Intake wet 

Ab. N w m l  
81. Normal 
Dry 
Cri t ical J on San Joaquin R~ver  

Clty o l  Yal leio h t 8 k r  
at Cache Slough 

Cl i l ton Court Forebay tntake 
a t  lYest Canal 

Chloride Maximum Mean Dai ly CI- 
~n mgl l  

Chloride Maximum Mean Dai ly C r  
i n  mgl l  

A l l  

1 Delta Yendola Canal Chloride Maxlmum Yean Dai ly CI- A 11 
a t  Tracy Pumping Plant in m g / l  

0.45 EC 
April 1 to  
Date Shown 

Aug. IS 
July 1 
June 20 
June 15 -- 

EC hom Dale 
Shown 3.' lo  

Aug. 15 ESTERN DELTA 
Emmaton on the 
Sacramento River 

Electrical haximum 14-day Running 
Conduetivlty Avenge 01 Mean Dal ly  Wet 

EC in mmhos Ab. Normal 
BL Normal 

. Dry 
Cri t ical 

Electrical Maxlmum 14-day Running Wet 
Conduclivlty Average 01 Mean Dai ly Ab. Normal 

EC in mmhos 81. Normal 
Dry 
Cri t lcal 

Aug. 15 
Auj.  15 
June 20 
June 15 -- 

INTERIOR DEL 7A 
Terminous on tne 
Mokelumne River 

Electrical 
Conductivity 

Maximum 14-day Running Net 
Average 01 Mean Dai ly  Ab. Mormal 
EC in mmhos 8 1. Normal 

Dry 
Cri t ical 

Aug. 15 
Aug. 15 
Aug. 15 
Aug. 15 -- 
Aug. 15 
Aug. IS 
Aug. IS 
Juee 25 -- 

San Andreas Landing on the Electrical 
San Joaquin River . Conductivity 

Maximum 1 4 - 4 ~ ~  Running Wet 
Average of Mean Dai ly  A k  Normal 
EC In mmhos 81. Normal 

011 
Crit ical 



Table II 
DECISION 1485 

WATER QUALITY STARDARCS 
FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUlSUN MARSH 

BENEFICIAL USE PROTECTED PARAMETER DESCRlPltON YEAR  TYPE^ VALUES 

and LOCATION 

FISH AND WILDLIFE 
STRIPED BASS SPAWNING 

Prisoners Point on the Electr ical Average 01 mean daily EC lor ' A l l  
San Joaquin Rivet Conductivity - the period not to oxcmd 

~ p r i l  1 to Yay 5 .  
0.550 amhos ., 

Chipps Island Delta Outllow Average 01 the dally Dolta .. A l l  
Index in  CIS oufllow Index tar 160 pe t id ,  

not less thaa 

April 1 to April 14 * 

6700 c h  

Antioch Waterworks Intake Electr ical Average 01 mrra d8lly EC lor A l l  
on the San Joaquin River Conductivity the perlod, not more thaa 

' . . i p r i l  15 to May 5 
1.5 smhos . . . .. 

Antioch Waterworks Intake Electr ical Averago 01 mean dally EC lor A11 - . Total Annwl lmnartd A ~ r i l  1 to hWmE 
Conductivity the period, no1 more than the ' whemvor Delicien;.r YAF EC in m& 
(Relaxation valuas corresponding to the tho p r O / ~ t S  
Provision - aelictencles takra (linrar lmposo 0 1.5 
replaces the interpolat~on to be used to ~ ~ ~ ~ ~ l e s  0.5 1.9 
above Antioch determine volues between ~ u a s l i r +  51 1.0 2 9  

t - - rr.. - - 
and Chlpps those shown] 1.5 3.4 
Island Sfin- 
dard whenever 
the projects 
impose 
dbliciencles In 
llrm supplies 5' 

- 2.0 4.4 
3.0 10.3 
4.0 or mom 7 5 a  

STRIPED BASS SURVIVAL 

Average 01 the daily Delta . Yay 6-31 - June Ju,& -- 
outllow Index lor arch p r i o d  Wet " 14.000 14.000 1O;m 
shown not less than Ab. Normal" 14,000 . - 10.700 7 3 .  

Chipps lsland Del la Outllow 
Index in  CIS 

BI. Notmrl 11,400 9,500 6 . W  
Subnormal . . 

Snowmolt 6,500 5;toiI 3,- 
Dry 61 4,300 3,600 3,?clD 
01 7/01 

~ r l t l c a l  . 3,300 ' ' 3.100. .- -2gPD.. 

r SALMON MIGRATIONS 

Rio Vista on the Computed net Minimum 30-day waning 
Sacramento River stream /low average 01 arras dally 

i n  ch net t low 

. . Feb. 1- Mat- . 
Jan. . M u .  15 JuneSD 

We1 ' 2.500 3,000 
A& Normal 2,500 2,000 asp0 
81. Nwmal 2.540 2.000 3 D  

July * Aug. . D&.% 
wet .. 
A A  Normal 

3m-r -T2m's;am 
2,000 1,000 2JQD 

81. Normal . .2,000 1,000 2- 

Jan.-Yav Qct. - Dec. 
Yoxlmum 28-day maaiag W r l  . 12.5 mmhos 12.5 mahos 
average 01 stoma d r i l y  EC Ab. N a r n l  ' 12.5 amhos 12.5 mmbos 

81. Norm1 . 12.5 mmhos I2.l  mabos 

SUISUN MARSH 
Chlpps Island at Electr lcel 
OhA Ferry Landlng Conductivity 

D r y o r  . .: . * 

CrMlcal.  12.5 tnmhos 1LS rmhos 
(The 166 mmloa EC Standmd appl lrs 
only wbra pro/ael w8lot PIM u e  kmkinf 
d r ~ ~ c i o s c i o s  /a U M U I ~  water aupp~ias 8' 
o thwr l s r  Lbr 12.1 mmhor EC m u i n s . -  
In r l l u L )  

Chipps Island Delta Outflow Average 01 the dally Wet 
Index in c l s  Delta outllow ladox lor 

each month, ro t  hss t h ~ #  S U ~ ~ W M I  ' ' 

values shown S n o r m e l l ~  - . 

Y inimum daily Delta 
outllow Isder lor 60 . 
c o n s a c u t l ~  days i m  
the p r l o d  

January-April . 
12.WO el¶ 



Table I I  
DECISION 1485 

WATER QUALITY STANDARDS 
.FnR THE SACfiAMENTO-SAN JOAQUlN DELTA AND SUlSUN M A R S H ~ '  

I BENEFICIAL USE PROTECTED PARAMETER ' DESCRIP TlON YEAR T V P E ~ '  VA W E S  

and 1 OCA ?ION 
.. . . 

FISH AND WILDLIFE . . 

s u l s u w ' m i ~ s n  .,, . . ' 1. .. Jan.-Mar 

Chipps Island (continued) Delta Outtlow Averape ot the dal ly Delta A l l  (11 greater 6,100 CIS 
Index in CIS  outllow Indax. lor each month, flow no1 t e q ~ l d  

1 not lass thao values shown above s t a b  
, dard)-vbeaewr 

storage i s  at or 
ahow tbe mini- 

I 
mum level in the 
flood control 
resewatlon en- 
velope at two out 
ot tbrm ot the 
loll ow in^ Shash 

I Reservoir, Oroville . . 
Reservoir, and CVP 
storage on the 
American River 

t EC in 
Month mmhos -- 

Coll insvi l le on Sacramento Electr ical The mbnthly average ot both A l l  - To become Oct. 19.0 
River (C-21 Conductlvily dally high t lde values not . ellective Nov. 16.5 

. lo  exceed the valuer shown Oct. 1, 1984 Dec. 15.5 . 
Miens Landing on Montexmma (or demonstrate that squiva- Jan. 12.5 
Slough (5-64) lent or better protection w i l l  F e h  8.0 

be provided at the location) Mar. 8.0 . Montezuma Slough at Cutott ,. Apr. 11.0 
S10,ugh (S-46) . . Yay 11.0 
Honlezuma Slough mar  mouth 

/ 

Sulsun Slough near Volanti 
Slough (S-42) . 
Suiiun Slough near mouth (5-31) 

R ~o:o&ear Slough south 
"ol.plerce Harbor (S-351 

~ o r k l l a  Slough above 
S. P. R.R. (S-32) 

I l OPERATIONAL CONSTRAINTS . . 

Minimize diverslon 01 Divers ions 
young strrped bass lrom in c ls  

~ i n l m l r e  diversion ot 
young striped bass Into 
Central Delta 

Mlnimlte cross Oelta move. 
ment ot Salmon 

The mean monthly diversions 
lrom the Del la by the State 
Waler Prolect (Department) 
not to exceed the values , 

shown. 
The mean monthly dlversions 
lrom the Delta by the Central 
Valley Proiect (Bureau). not 
t o  arceed the v a l w s  shown 

Closure o t  Delta cmas channel 
gates lor up to  20 days but no 
more than two out 01 lour 
consecutive days r t  the dis- 
cretion of the Department 01 
F i sh  and Game upon 12 hours 
notice 

Closure 01 Delta Cross Channel 
gates (whenever the dal ly 
Delta outllow index is greater 
than 12.000 c l s l  

A l l  - vbenwer 
t& dally Delta 
outt lor index 
Is Veater than 
12,000 c h  

A l l  

Mav June July 
3,000 3.000 4,600 

Yay June 
3.000 3,000 

bar11 16-Yav 31 



Table II 
DECISION 1485, 

WATER QUALITY STANDARDS 
FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUlSUN MARSH 

FISH PROTECTIVE FAClLlTlES I 
Maintain appropriate records of the numbers, sizes, kinds of fish salvaged and of water export rates and fish 
facility operations. 

The facility i s  to be operated to nteet the following standards to the extent that they are compatible with water 
export rates: 

(a) King Salmon - from November through May 14, standards shall be as lollows: 
(1) Approach Velocity - 3.0 to 3.5 feet per second 
(2) Bypass Ratio - maintain 1.2:l.O to 1.6:l.O ratios in  both primary and secondary channels 
(3) Primary Bay - not crit ical but use Bay B as first choice 
(4) Screened Vlater System - the velocity of water exiting from the screened water system is not to excmfi 

the secondary channel approach velocity. The system may be turned off at the discretion'of the opera-. 

(b) Striped Bass and White Catfish - from May 15 through October, standards shall be as follows: . . 
(1). Approach Velocity - in both the primary and secondary chann'els, maintain a velocity as close to 1.0 

feet per second as i s  possible 
(2) Bypass Ratio 

(i) When only Bay A (with center wall) is in operation maintain a 1.2:l.O ratio 
(i i) When both primary bays are in operation and the approach velocity is less than 2.5 feet per seamf1.. 

the bypass ratio should be 1.5:l.O 
' 

( i i i) When only Bay B i s  operating the bypass ratio should be '1.2:l.O 
(iv) Secondary channel bypass ratio should be 1.2:l.O for a l l  approach velocities. 

(3) Primary Channel - use Bay A (with center well) in preference to Bay B 
. ' (4) Screened Water Ratio - i f  the use of screened water is necessary, lhe velocity of water exiting the ' 

screened water system i s  not to exceed the secondary channel approach velocity 
(5 )  Clifton Court Forebay Water Level - maintain at the highest practical level; 

TRACY FISH PROTECTIVE FACIL ITY  
The secondary system is to be operated to meet the followjng standards, to the extent that they are compatibk 
with water export rates: 
(a) The secondary velocity should be mainlaingd at 3.0 to 3.5 feet per second whenever possible from F e b r m  

through May while salmon are present 
(b) To the extent possible, the secondary velocity should not exceed 2.5 feet per second and preferably 1.5-ks% 

per second between June 1 and August 31, to increase the elficiency for striped bass, catfish, shad, andstkr 
fish. Secondary velocities should be reduced even at the expense of bypass ratios in the primary, but ttcemio 
should not be reduced below 1:l.O' 

(c) The. screened water discharge should be kept at the lowest possible level consistent with its purpose of 
minimizing debris in the hold~ng tanks 

(dl The bypass ratio in the secondary should be operated to prevent excessive velocities in the hold~ng tanlq,ht 
in no case should the bypass veloc~ty be less than the secondary approach velocity. 

FOOTNOTES 
3 Except for flow, a l l  values are for surface zone measurements. ~ x c e ~ t  for flow, al l  mean daily values a re tbad  

on at least hourly measuremenls. A l l  dates are inclusive. 

2 Footnote 2 is set forth on next sheet. 

Vien no date Is shown in the adjacent column. EC limit in this column begins on April 1. 
41 If contracts'to ensure such facilities nnd water supplies are not executed by January 1, 1900, the Board vjtF3 take 

appropriate enforcement actions to prevent encroachment on riparian rights in the southern Delta. 

- '  8 
For the purpose of this provision firm supplies of the Bureau shall be any water the Bureau is legally obl@f&d 
to deliver under any CVP contract of 10 years or more duration. excluding the Friant Division of the CVP,mbject 
only to dry and critical year deficiencies. Firm supplies of the Department shall be any water the C e p a r t m  

I 
would have del~vered under Table A entitlements of water supply contracts and under prior right Settlernen&thad 
de!icienciegng h e n  imposed in  that dry or critical year. 

A? Dry year following awet;above normal or below normal year. 
II Dry year following a dry or crit ical year. 

t 
.&I Scheduled water supplies shall be firm supplies lor USBR and DWR plus additional water ordered from D\'iR& a 

contractor the previous September, and which does not exceed Ihe ultimate annual entitlement for said contmtor. 

NOTE: EC Values are mrnhos/cm at 2s0c. 



FOOTNOTE 2 OF . TABLE . II 

YEAR CLASSIFICATION 

. Any othehise wet, above normal, or below normal year may he designated a subnormal 
snowmelt year whenever the forecast of Apr i l  through July unimpaired runoff reported in  
the May issue of Bulletin 120 i s  less than 5.9 million acre-feet. : V' The year type for the preceding wafer year w i l l  remain i n  effect unt i l  the in i t ia l  forecast 

-. of unimpaired runoff tor the current water year i s  available. 

YEAR TYPE 
Year classification shall be determined by the forecast 1 1  y e r  for year Following 

of sacrament0 Valley unimpaired runoff for the current water A11 i t a n ~ ~ r i ~ ~ ~ ~ l  Year y 
. . y,ear , (October 1' of the preceding calendar year through Except 
. September 30 .of the current ca,lendar. year) as published in  

"Year lollowing crit ical yearo* classification does not apply to Agricultural, Municipal and 
I ndustrial standards. 

California Department of Water Resources Bul let in 120 for 
t'he sum 'of the following locations:. Sacramento River above .. 
Bend Bridge, near Red Bluff; Feather .River. total inflow to 
Oroville Reservoir; Yuba River . at Smartville; American 
River, total inflow to Folsom Reservoir. Preliminary 10,L 
determinations of year classification . shal l  be made in  . .  . 
February, March and April with final determination in  May. 
These preliminary' determinations shall be based on hydro- 
logic conditions to date plus forecasts of future runoff 
assuming ' normal precipitation for the remainder of the 

1 water year. . 
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FOOTNOTE 2 OF TABLE II . . .  

. . YEAR CLASSIFICATION 

. Any otherkiss wet, above normal, or below normal year may be designated a subnormal 
snowmelt year whenever the lorecast of Apri l  through July unimpaired run011 reported in  
the May issue of Bulletin 120 i s  less than 5.9 million acre-feet. 
The year type lor the preceding ra ter  year wi l l  remain i n  elfecl unti l  the init ial  torecasr 

-I) 
of unimpaired runoff for the current water year i s  available. 

YEAR  TYPE^ ' 

Year classification shall be determined by the forecast A l l  Years )or Year Following 
of sacramento Valley unimpaired runoff for the current water A l l  Year 

. .year. (October 1' 01 the preceding calendar year through Except . . 
September 30 .of the current calendar. year) as published in  

-J #, 

year lollowing critical year" classification does not apply to Agricultural, Municipal and 
Industrial standards, 

California Department of Water Resources Bulletin 120 for 
the sum b f  the following locations;. Sacramento River above .. 
Bend Bridge, near Red Bluff; Feather .River, total inflow to 
Orovi l le Reservoir; Y uba d.iver . at Smartville; American 
River, total inflow to Folsom Reservoir. P r e i m i  10,6 
deierminations of year '.classification . shall be made in .. . 

I 

February, March and April with final determination in May. 
These preliminary' determinations shall be based on hydro- ! 
logic conditions to date plus forecasts of future runoff 
assuming normal precipitation for the remainder of the 
water year. . . 
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Appendix 3 

PLOTS OF 
SACRAMENTO RIVER DAILY FLOWS 



JAN FEE MAR APR MAY JUN JtR AU8 SP OCT NOV DEC 
YEAR 1980 

JAN FEB MAR APR MAY &PI JIR A U ~  SEP OCT NOV MC 
YEAR 1981 

JAN FED MAR APR MAY JUN JUL AU8 Om NOV 
YEAR 1982 

Sacramento River daily flow at Freeport and DeNa Cross Channel gate 
operations from 1980 thru 1991, taken from CDWR DAYFLOW publication 

A dot near the 160,000 cfs line indicates gates open 
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JAN RB MAR APR MAY JUN Ak AUQ SEP OCT HOV DK: 
YEAR 1983 
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JAN r3B MAR APR MAY JUN JUL AU6 S P  OCT NOV DEC 
YEAR 1984 

JAN MAR APR MAY dRJ J U  AU6 S R  OCT NoV DEC 
YEAR ?986 

Sacramento River daily flow at Freeport and Delta Cross Channel gate 
operations from 1980 thfu 4991, taken from C 3 W  DAYFLOW publioation 

A dot near the 160,000 cfs line indicates gates open 



JAN MAR APR MAY JUN J U  All6 SEP OCT NOV DK: 
YEAR 1986 

JAN B MAR APR MAY JUN JU AUB SE? OCI NOV M C  
YEAR 1987 

JAN FEB k(lAR A?R MAY JUN .M A W  8EP OCT W V  DEC 
YEAR 1988 

Sacramento River daily flow at Reepori and Delta Cross Channel gate 
operations from 1980 thru 4991, taken from CDWa DAYFLOW pubiicat!on. 

A dot near the 160,000 cfs line indicates gates open 
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JAN FEB MAR APR I M Y  JUN J U  All0 8EP OCT NOV MC 
YEAR 1991 

Sacramento River daily flow at Freeport and Delta Cross Channel gate 
operatiom ftom 4980 thru 199t taken from CDWR DAYFLOW publcation 

A dot near the 160,000 cfs line indicate8 gates open 



8 Appendix 4 

4 SALMON LENGTH FREQUENCIES 

I FROM THE 
UNITED STATES FISH AND WILDLIFE SERVICE 

I MONTEZUMA SLOUGH TRAWLING, 
4/7/87 THROUGH 5/28/87 
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I 
I 
I 
1 
1 



APPENDIX 4. Salmon length frequencies from the United States  Fish and 
Wildl i fe  Service Montezuma Slough trawling 4/7/87 through 5/28/87. 

DATE -------- 
04/14/87 
04/16/87 
04/16/87 
04/21/87 
04/21/87 
04/21/87 
04/23/87 
04/23/87 
04/28/87 
04/28/87 
04/28/87 
04/29/87 
04/29/87 
04/29/87 
04/29/87 
04/29/87 
04/29/87 
04/29/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
04/30/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/01/87 
05/02/87 
05/02/87 
05/02/87 
05/02/87 
05/02/87 
05/02/87 
05/02/87 
05/02/87 
05/02/87 

LENGTH FmQ 
------ ---- 

62. 1 
62. 1 
97. 1 
62. 1 
82. 1 
91. 1 
74. 1 
79. 1 
68. 1 
75. 1 
80. 1 
74. 1 
75. 1 
76. 1 
79. 1 
81. 2 
83. 1 
95. 1 
67. 1 
74. 2 
75. 1 
76. 3 
83. 1 
84. 2 
85. 1 
86. 1 
87. 2 
90. 1 
94. 1 
95. 1 
74. 1 
78. 1 
80. 2 
81. 1 
82. 2 
84. 1 
85. 1 
90. 1 
91. 1 
92. 1 
77. 1 
79. 2 
81. 1 
82. 1 
83. 3 
84. 1 
85. 1 
90. 1 
91. 2 

DATE -------- 
05/02/87 
05/03/87 
05/03/87 
05/03/87 
05/03/87 
05/03/87 
05/03/87 
05/04/87 
05/04/87 
05/04/87 
05/04/87 
05/04/87 
05/04/87 
05/04/87 
05/04/87 
05/05/87 
05/05/87 
05/05/87 
05/05/87 
05/05/87 
05/05/87 
05/05/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/06/87 
05/07/87 
05/07/87 
05/07/87 
05/07/87 
05/07/87 
05/07/87 
05/07/87 
05/07/87 
05/08/87 
05/08/87 
05/08/87 
05/08/87 
05/09/87 
05/09/87 
05/09/87 
05/09/87 
05/09/87 

LENGTH FREQ ------ ---- 
97. I 
78. 2 
80. 1 
81. 1 
82. 1 
84. 2 
85. 1 
67. 1 
74. 1 
75. 1 
77. 1 
80. 2 
84. 1 
91. 1 
94. 1 
73. 1 
74. 2 
75. 1 
78. 1 
79. 1 
86. 1 
92. 1 
69. 2 
7 1 .  2 
74. 1 
7 5 . .  3 
76. 3 
77. 3 
78. 2 
79. 1 
85. . 2 
86. 1 
67. 1 
70. 1 
71. 1 
75. 1 
79. 3 
85. 1 
88. 1 
95. 1 
70. 1 
76. 1 
79. 1 
81. 1 
70. 1 
71. 1 
73. 1 
75. 1 
77. 1 

DATE -------- 
05/09/87 
05/09/87 
05/09/87 
05/09/87 
05/09/87 
05/09/87 
05/09/87 
05/10/87 
05/10/87 
05/10/87 
05/12/87 
05/12/87 
05/12/87 
05/12/87 
05/12/87 
05/12/87 
05/12/87 
05/13/87 
05/13/87 
05/13/87 
05/13/87 
05/13/87 
05/13/87 
05/13/87 
05/14/87 
05/14/87 
05/14/87 
05/14/87 
05/14/87 
05/14/87 
05/14/87 
05/15/87 
05/15/87 
05/15/87 
05/21/87 
05/21/87 
05/21/87 
05/21/87 
05/21/87 
05/21/87 
05/21/87 
05/21/87 
05/21/87 
05/26/87 
05/26/87 
05/28/87 
05/28/87 
05/28/87 

LENGTH FREQ ------ ---- 
78. 2 
81. 1 
82. 1 
83. 1 
85. 1 
88. 1 
91. 1 
80. 1 
83. 1 
90. 1 
68. 1 
72. 1 
74. 1 
77. 1 
78. 1 
80. 1 
83. 1 
70. 1 
75. 1 
77. 2 
78. 3 
79. 2 
80. 1 
82. 1 
70. 1 
75. 2 
77. 1 
81. 1 
88. 1 
89. 1 
91. 1 
72. 1 
75. 2 
80. 1 
72. 1 
74. 1 
75. 1 
76. 1 
82. 1 
85. 1 
87. 1 
89. 1 
90. 2 
78. 1 
89. 1 
85. 2 
90. 1 

100. 1 



Appendix 5 

FIGURES AND TABLES 
RELATED TO DEVELOPMENT OF THE 

DELTA SMOLT SURWAL MODEL 



TABLE 1. 
TRAWL JULI  AN 

RELS RELDATEB SURVIVAL DAY TEMPFREE WEST4-6 WEST-CI 
---- -------- 
i s l e  05/20/83 
ryde 06/13/84 
ryde 05/11/85 
ryde 05130186 
ryde 04/29/87 
ryde 05/02/87 
ryde 05/04/88 
ryde 05/07/88 
ryde 06/22/88 
ryde 06/25/88 
ryde 05/03/89 
ryde 06/02/89 
ryde 06/16/89 
ryde 05/09/90 
ryde 05/31/90 
ryde 04/06/92 
ryde 04/14/92 
ryde 04/27/92 



TABLE 2.  
TRAWL FRACTION OBSERVED INTERIOR JUL 

RELSITE RELDATEB SURVIVAL DIVERTED RYDESURV SURVIVAL DAY --------- -------- -------- -------- -------- -------- ---- 
courtland 05/16/83, 1.06 0.227 1.18 0.651 136 
courtland 06/11/84 0.61 0.616 1.05 0.336 163 
courtland 05/10/85 0.34 0.643 0.77 0.101 130 
courtland 05/28/86 0.35 0.637 0.68 0.162 148 
courtland 04/28/87 0.67 0.412 0.85 0.413 118 
courtland 05/01/87 0.4 0.548 0.88 0.004 121 
courtland 05/03/88 0.7 0.387 0.94 0.32 124 
courtland 05/06/88 0.76 0.547 1.28 0.329 127 
courtland 06/21/88 0.17 0.412 0.4 -0.158 173 
courtland 06/24/88 0.02 0.535 0.34 -0.258 176 
courtland 05/02/89 0.84 0.684 1.19 0.6784 122 
courtland 06/02/89 0.35 0.664 0.48 0.2846 153 
courtland 06/15/89 0.21 0.657 0.16 0.236 166 
georgiana 04/06/92 * * 1.36 0.41 97 
georgiana 04/14/92 * rk 2.15 0.71 105 
georgiana 04/27/92 * * 1.67 0.2 118 

TEMPFREE 
- - - -- - - - 

60.1 
65.5 
61.3 
71.6 
67.3 
67.5 
63.5 
62.1 
72. 
74.3 
60.8 
68.7 
70.9 
64.2 
62.1 
69.3 

EXPORTS EXPORTS 
1-6 DAYS LNEXP1-6 4-6 DAYS LNEXP4-6 



TABLE 3 .  
INTER10 INlERlOR RYDE RYUE FRACTION PREDICT PREDICT FACTORED J J L  

RELSITE RELDATEB SUIV - T TEW InW)ORT W InMPDRT DIVERTED INTSUlV RYDESURV SACSlRV DAY LEffiTtbn TEWl TW1 - 3 W 4  - 6 SAC4-6 WEST4-6 EXP4-6 InMP4 - 6 - - - - - - - - - - - -  
dlscoveryWOSn8 0. 71.78.842027 73. 8.969584 0.642 -0.03079 0.304408 0. 156 91. 69.8 71.5 72.8 12767. 7162. 6216. 8.734882 
discovery 08/04/19 0.42 68.7 8.688648 68.8 8.661319 0.665 0.113608 0.70147 1.352475 155 75. 68.8 69. 68.3 11500. 953. 65!B. 8.794522 
discovery 08/02/80 0.32 66.6 8.5909?% 66.2 8.552175 0.28 0.212869 0.9M756 0.450966 154 96. 66.9 66.7 66.2 14087. 5397. 4993.8.515792 
discovery 06/04/80 0.35 66.18.434409 66.3 8.43961 0.5360.2615540.9586430.598287 156 96. 66.2 66.1 66.9 15367. 5482. 5462. 8.60557 
discovery 08/02/81 0.016 73.1 7.880237 74.3 7.6!53508 0.702 0.096041 0.841698 0.050275 153 90. 72.4 72.8 75.1 9317. 685. 3400. 8.131531 
discovery 08/04/81 0. 75.3 7.909948 75.1 8.163956 0.709 0.005704 0.61799 0. 155 90. 74.3 74.8 72.6 10933. 2361. 2237. 7.712891 
dtscrwery 05/11/82 1.48 59.38.422003 59.58.412425 0.2350.525849 1.344342 1.284727 131 76. 59.5 59.4 60.5 36033. 24930. 5110.8.538955 
discovery 05/12/82 1.54 59.5 8.412425 59.9 8.477343 0.236 0.519944 1.287149 1.392294 132 78. 59.3 59.6 61.1 34333. 24399. 4548. 8.422003 
discovery 06/04/82 0.64 62.8 8.065789 63.4 8.011024 0.243 0.457964 1.3511368 0.564616 155 76. 62.7 63. 64.1 27833. 10268. 3836. 8.252186 
mi I ier 05/05/88 0.65 62.1 9.019584 59.9 9.059013 0.661 0.305667 0.970174 1.224256 126 77.5 63.5 61.8 60.5 13967. 579. 7706. 8.99755 
MI 1 ler 08/23/88 0.09 74.3 8.642827 72.9 8.500928 0.644 -0.09352 0.565252 0.638271 175 88.6 74.3 73.8 73.4 11237. -2202. 6639. 8.800716 
mlller 08/01/89 0.16 68.7 8.45262 69.3 8.5699 0.664 0.157969 0.724562 0.459316 152 91. 67.5 68.5 68.8 14267. 698. 3998. 8.25355 
a1 1 ler 06/14/89 0.21 70.9 8.3E6711 70. 8.541626 0.65 0.091241 0.701245 0.689108 165 87. 70. 70.3 69.4 13567. 369. 3868.8.260493 
miller 05/07/90 0.8551 70.3 7.653969 68.9 7.76966 0.766 0.246435 1.181916 1.837583 127 73.9 70.3 69.8 66.8 8907. 2316. 2013. 7.607381 
miller 04/25/91 0.775 61.7 8.035603 60.3 7.8842 0.799 0.506014 1.588559 1.071025 115 81.5 62.2 61.4 62.2 56CR. 238. 4155. 8.332067 
nrlller 04/29/91 0.485 63.57.913387 63. 8.032685 0.85 0.459547 1.36038 0.815575 119 80. 61.3 62.6 62.9 6183. 993. 2790. 7.933797 



X 
SURV = 5.99 + [-0.60 * In(EXP0RTS)l 

r-squared = 0.51 
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APPENDIX 5 
FIGURES 1 AND 2 

USFWS RYDE SURVIVAL INDEXES REGRESSION AGAINST NATURAL 
LOG OF SWP PLUS CVP EXPORTS, AND FREEPORT WATER TEMPERATURE 



APR MAY 
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APPENDIX 5 
FIGURES 3 AND 4 

USFWS RYDE SURVIVAL INDEXES AND EXPORTS VERSUS JULIAN DAY 
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6.75 7 7.25 7.5 7.75 8 8.25 8.5 8.75 9 9.25 
AVG LN SWP+CVP EXPORT, 3-9 DAYS AFTER RELEASE 

APPENDIX 5 
FIGURE 5 AND 6 

WATER TEMPERATURE AT FREEPORT VERSUS VERSUS JUblAN DAY, 
AND REGRESSION LINES OF RYDE SURVIVAL VERSUS 
EXPORTS REMOVING EACH YEAR ONE AT A TIME 



OCT. 1 9 1991 

TABLE 4. 

DATA REMOVED FROM THE SET INDIVIDUALLY 
ABS VALUE 

RELEASE TRAWL SWP+CVP In SWP+CVP MEAN SLOPE 
DATE SURV 3-9DAYS3-9DAYS REGRESSIONEQUATIONS R2 -SLOPE 

MEAN = -.64561 

DATA REMOVED FROM THE SET ANNUALLY 

RELEASE 
DATE 
-------- 
05/20/83 
06/13/84 
05/11/85 
05/30/86 
04/29/87 
05/02/87 

TRAWL 
SURV 
------ 
1.18 
1.05 
0.77 
0.68 
0.85 
0.88 

SWP+CVP In SWP+CVP 
3-9 DAYS 3-9 DAYS 

,-- -------- -------- 
4634. 8.441175 
5508. 8.613956 
7221. 8.884748 
5931. 8.687948 
5335. 8.582045 
5244. 8.56484 

ABS VALUE 
MEAN SLOPE 

REGRESSION EQUATIONS R2 - SLOPE 
----C-""'--------- - -  ------- 
6.44+(-.650*lnEXP39); .51 0.01933 
6.50+(-.657*lnEXP39); .51 0.02633 
6.50+(-.657*lnEXP39); .50 0.02633 
6.37+(-.639*lnEXP39); .49 0.00833 
6.42+(-.646*1nEXP39); .50 0.01533 

04/27/92 1.67 1991. 7.596392 
MEAN -.63067 
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AVG QWEST (CFS X 1,000), WHEN PASSING CHIPPS ISLAND 

-4 -3 -2 -1 0 1 2 3 
AVG QWEST (CFS X 1,0001, WHEN PASSING CHIPPS ISLAND 

APPENDIX 5 
FIGURES 7 AND 8 

USFWS RYDE SURVIVAL INDEXES VERSUS 
WESTERN DELTA FLOW ON TWO SCALES 
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AVG FREEPORT WATER TEMP (F) ON RELEASE DAY 

APPENDIX 5 
FIGURES 9 AND 10 

USFWS SURVIVAL INDEXES REGRESSIONS AGAINST WATER 
TEMPERATURE AND NATURAL LOG OF SWP + CVP EXPORTS 
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AVG LN SWP+CVP EXPORTS (CFS), 4-6 DAYS AFTER RELEASE 



- 
SURV = 5.82 + (-0.075 * TEMP) : - 

r-squared = 0.45 - 
- 
- 0  

- 
- 
- 
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60 62 64 66 68 70 72 74 76 
AVG FREEPORT WATER TEMP (F), 4-6 DAYS AFTER RELEASE 

- 
SURV = 5.40 + (-0.055 * LENGTH): - 
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r-squared = 0.61 - 
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FORK LENGTH (MM) 

APPENDIX 5 
FIGURES 11 AND 12 USFWS 

SURVIVAL INDEX DATA REGRESSION AGAINST WATER 
TEMPERATURE AND SMOLT FORK LENGTH 



- - - waPRE.wncr - - - - I . .  
EXPORTS UTER TLEP flUCTIOW DIVERTED FEBRWW SURVIVAL LIARI)I W N A L  APRIL =VAL 

Y ST El RUI MPFEB DOW WAPR TDQFEB TEWM WAPR DIVFEB D M  DNAPR WEB IHTSFEB RmSFEB TOTAL SMWl ItllSWl RYDE9WI TOTAL SAeSAPR IICrSAPR RlDESAPR TOTAL ------------------------- 
W HI 100 PRE 11289. 8M3. 9713. 50.7 54.5 59.9 0.225 0.231 0.239 2. 0.69 1 2.36 1.72 0.58 1.24 1.87 1.31 0.38 0.9 1.01 
W HI 100 PRE 11m. 11306. m. 50.7 54.5 59.9 0.226 0.231 0.239 2. 0.69 1.32 2.36 1.72 0.54 1.12 1.7 1.31 0.36 0.89 1. 
W LW 7!5 PRE 9237. 10131. 10873. 50.7 51.5 59.9 0.226 0.231 0.24 2. 0-72 1.43 2.54 1.72 0.56 1.14 1.73 1.31 0.34 0.84 0.94 
WLO 50PRE 9363.10131.10873. 50.7 54.5 59.9 0.228 0.231 0.24 2. 0.72 1.43 2.54 1.72 0.56 1.14 1.73 1.31 0.34 0.84 0.94 
A HI 100 PRE 11289. 10929. 10873. 50.7 54.5 59.9 0.236 0.235 O . B  2. 0.69 1.32 2.34 1.72 0.55 1.13 1.71 1.31 0.34 0.84 0.93 
A HI 100 PRE 11289. lam. 10873. 50.7 54.5 59.9 0.246 0.236 0.253 2. 0.69 1.32 2.33 1.72 0.56 1.15 1.73 1.31 0.34 0.84 o.m 
A LW PRE 9237. im. 10873. 50.7 54.5 59.9 0.248 0.242 0.585 2. 0.72 1.43 2.51 1.72 o.s 1.16 1.75 1.31 0.34 0.84 0.71 
A U) 50 PRE iim. im. im. 50.7 51.5 59.9 0.248 0.242 0.587 2. 0.69 1.32 2.33 1-72 0.55 1.14 1.72 1.31 0.34 0.85 0.71 
D HI 100 PRE 11253. 10799. 10812. 50.7 54.5 59.9 0.251 0.592 0.602 2. 0.69 1.33 2.33 1.72 0.56 1.14 1.38 1.31 0.34 0.85 0.71 
D H4 100 PRE 11253. 10799. 10873. 50.7 54.5 59.9 0.259 0.615 0.6 2. 0.69 1.33 2.33 1.72 0.56 1.14 1.34 1.31 0.34 0.81 0.71 
D W 75 PRE 11253. 10717. 5731. 50.7 51.5 59.9 0.259 0.615 0.646 2. 0.69 1.33 2.33 1.72 0.56 1.14 1.34 1.31 0.46 1.19 0.M 
D LO 5D PRE 9819. 906g. m. 50.7 54.5 59.9 0.259 0.617 0 . m  2. 0.71 1.4 2.44 1.72 0.58 1.24 1.43 1.31 0.49 1.29 1. 
C HI 100 PRE 11001. 10620. 8156. 50.7 54.5 59.9 0.649 0.637 0.615 2. 0.69 1.34 1.84 1.72 0.56 1.15 1.32 1.31 0.43 1.1 0.85 
C HI 100 PRE 11001. 10183. 5583. 50.7 54.5 59.9 0.649 0.637 0.697 2. 0.69 1.34 1.84 1.72 0.55 1.14 1.31 1.31 0.48 1.21 0.9 
CU 75PRE10065.1~.  3429. 50.7 54.5 59.9 0.661 0.643 0.751 2. 0.71 1.39 1.88 1.72 0.56 1.16 1.33 1.31 0.56 1.47 1.03 
C LO SO PRE 9651. 9173. 2454. 50.7 54.5 59.9 0.668 0.64 0.784 2. 0.72 1.41 1.9 1.72 0.58 1.23 1.4 1.31 0.62 1.65 1.1 
E HI 100 PRE 9600. 2634. 2353. 50.7 54.5 59.9 0.731 0.813 0.769 2. 0.82 1.71 2.12 1.72 0.81 1.91 1.75 1.31 0.63 1.68 1.14 
E HI 100 PRE 3493. 2618. lm. 50.7 54.5 59.9 0.8 0.814 0 . W  2. 0.91 1.96 2.24 1.72 0.81 1.91 1.75 1.31 0.71 1 .  1.25 

DL0 50TEU 9849. 8685. 3411. 50.7 54.5 59.9 0.259 0.617 0.68 2. 0.71 1.4 2.44 1.72 0 . 3  1.26 1.48 1.31 0.56 1.47 1.12 
c m loo nu iiooi. im. m. 50.7 54.5 59.9 0.641 0.637 0.732 2. 0.69 1.34 1.85 1.72 0.56 1.4 1.31 1.31 0.52 1.38 0.98 
C U 75 TEU 10065. 10183. 2437. 50.7 54.5 59.9 0.661 0.636 0.784 2. 0.71 1.39 1.88 1.72 0.55 1.14 1 1.31 0.62 1.86 1.11 
C LO SO TEU 9291. m. sol. 50.7 54.5 59.9 0.661 0.64 0.856 2. 0.72 1.43 1-92 1.72 0.58 1.22 1.39 1.31 0.81 2.2 1.32 
E HI 100 TEU 5096. 1870. 1680. 50.7 54.5 59.9 0.744 0.851 0.794 2. 0.84 1.76 2.15 1.72 0.86 2.1 1.83 1.31 0.69 1.86 1.22 

WHI IWB l l 2 8 9 . l m .  9512. 50.7 54.5 59.9 0.225 0.231 0.239 2. 0.69 1.32 2.38 1.72 0.54 1.13 1.71 1.31 0.36 0.91 1-02 
W HI 100 B 11289. 10994. 10153. 50.7 54.5 59.9 0.226 0.231 0.239 2. 0.69 1.32 2.36 1.72 0.54 1.13 1.71 1.31 0.35 0.86 0.97 
W L W  750 9237.10425.10119. 50.7 54.5 59.9 0.226 0.231 0.24 2. 0.72 1.43 2.54 1.72 0.55 1.16 1.75 1.31 0.35 0.87 0.98 
WLO 50B 8768.10425.10420. 50.7 54.5 59.9 0.229 0.231 0.24 2. 0.73 1.46 2 . 3  1.72 0.55 1.16 1.75 1.31 0.35 0.87 0.98 
A HI 100 B 9129. 8815. 7056. 50.7 51.5 59.9 0.236 0.235 0.252 2. 0.73 1.44 2.54 1.72 0.59 1.25 1.88 1.31 0.42 1.08 1.2 
AW100B 7418. 8522. 7128. 50.7 54.5 59.90.2480.2360.251 2. 0.77 1.55 2.72 1.72 0.59 1.27 1.91 1.31 0.42 1.07 1.19 
A L W  Z B  m. m. m. 50.7 54.5 59.9 0.248 0.241 0.261 2. 0 .n  1.n 2.74 1.72 0.62 1-31 2.01 1.31 0.44 1.13 1.24 
A LO 50 8 7256. 7563. 6486. 50.7 54.5 59.9 0.248 0.241 0.26 2. 0.77 1-56 2.73 1.72 0.62 1.33 1.99 1.31 0.41 1.12 1.24 
DHI1008 5831. 4846. 4438. 50.7 54.5 59.9 0.257 0.264 0.287 2. 0.81 1.68 2.91 1.72 0.7 1.58 2.32 1.31 0.51 1.33 1.43 
D HI 100 B 5726. 4684. 4437. 50.7 54.5 59.9 0.259 0.267 0.287 2. 0.81 1.69 2.92 1.72 0.71 1.6 2.34 1.31 0.51 1.33 1.43 
D ~1 7s B s i8 .  4 5 ~ .  us. 50.7 51.5 59.9 0.26 o.n 0.287 2. 0.m I .  2.94 1.72 0.71 1.61 2.35 1.31 0.51 1.33 1 . 4  
D LO 50 B sw. 4603. 4470. 50.7 54.5 59.9 0.26 0.27 0.287 2. 0.82 1.7 2.94 1.72 0.71 1.61 2.35 1.31 0.51 1.33 1-43 
C HI 100 B 3818. 4196. 3963. 50.7 54.5 59.9 0.293 0.278 0.314 2. 0.89 1.91 3.22 1.72 0.73 1.66 2.41 1.31 0.53 1.39 1.47 
CHI100B 3818. 4Z8. 4033. 50.7 54.5 59.9 0.293 0.278 0.314 2. 0.89 1.91 3.22 1.72 0.72 1.65 2.39 1.31 0.53 1.38 1.46 
c u 75 8 3818. ma. 4016. 50.7 54.5 59.9 0.293 0.277 0.314 2. 0.89 1.91 3.22 1-72 0.72 1.65 2.39 1.31 0.53 1.38 1.46 
CLOSOB 3818. 4228. 2067. 50.7 54.5 59.90.2930.2770.339 2. 0.89 1.91 3.22 1.72 0.72 1.65 2.39 1.31 0.65 1.75 1.8 
E HI 100 B 2340. 2569. 992. 50.7 54.5 59.9 0.339 0.345 0.348 2. 0.98 2.18 3.55 1.72 0.82 1.92 2.65 1.31 0.79 2.15 2.2 
E HI 100 8 2340. 2569. 606. 50.7 54.5 59.9 0.339 0.345 0.356 2. 0.98 2.18 3.55 1.72 0.82 1-92 2.65 1.31 0 .a  2.42 2.45 


