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Report to the Fish and Game Commission 
A Status Review of the 

Spring-run Chinook Salmon (Oncorhynchus tshawytscha) 
in the Sacramento River Drainage 

I. EXECUTIVE SUMMARY 

Background 

This status report was prepared in response to a petition to list Sacramento River spring -run 
chinook salmon (Oncorhynchus tshawytscha) as an endangered species pursuant to the 
California Endangered Species Act (Fish and Game Code Sections 2050 et seq.). The Fish 
and Game Comm ission (Commission) received the petit ion on October ·16, 1995, trom State 
Senator Tom Hayden. The California Department of Fish and Game (Department) conducted a 
90-day review of the petition and recommended the petition be accepted and considered by the 
Commission. 

At its April 4, 1996, meeting the Commission rejected the petition to list the Sacramento River 
spring-run chinook salmon. On February 21, 1997, a Writ of Mandate was issued by the 
Sacramento Superior Court commanding the Commission to accept the petition and designate 
the Sacramento River spring-run chinook salmon as a "candidate• spec ies. On June 13, 1997, 
the Commission took formal action to void and set aside its May 6, 1996, rejection of the 
petition. The twelve-month candidacy period became effective Jur.e 27, 1997. 

Pur.suant to Sectlon 2074.6 of the Fish and Game Code, the Department undertook a review of 
this petition. Based on the best scientific information available and consideration of existing 
and proposed future management activities regarding spring-run chinook salmon in California's 
Central Val ley, the Deparu11ent has evaluated whether or not the petitioned action is warranted. 
Information and commen :s on the petitioned action and the species in question were solicited 
from interested parties , management agencies, and the scientific community. 

This report presents the results of the Department 's rev iew and analysis. 

Findings 

life-h istory characteristics that separate spring run from the other Central Valley populations 
have been observed since the last century. These characterist ics, together with recently 
developed genetic analyses, indicate spring run comprise a distinct interbreed ing population 
segment of Central Valley Chinook salmon. Spring-run Chinook salmon are distinguishable and 
separable from other runs of Central Valley chinook . 

Spring-run chinook salmon once occupied the headwaters of all major river systems in 
California's Central Valley where natural barriers were absent. Based upon estimates derived 
from comme rcial fish land'ngs, the population of Central Va lley spring-run chinook salmon in 
the 1880's ranged from 127,000 to 604,000 fish. 
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Between the 1880s and the 1940s, a majo r decrease in spring-run chinook salmon abundance 
occuued. It is attributab le to the commercial gill-net fishery at the tum of the century, water 
development and dams that prevented or interfered with access by adults to headwater areas, 
and habitat degradat ion due to mining and reclamation activities. In the 1940's , the population 
ranged from 19,000 to 222,C00 fish per year . In rece nt decades , spring run have ranged from 
500 to 13,000 fish per year. 

Streams that continue to support wild, persistent, and long-term documented popu lations of 
spring-run chinook salmon are Mill, Deer, and Butte creeks. These remaining wild populations 
of Sacramento River spri ng-run chinook salmon are small, isolated, and their range is 
restricted. Genetic risks exist due to these small population sizes. 

There are other streams wh ich may support Sacramento River sprino run but documentation is 
weaK (Battle Creek), their populations are not persistent (Antelope, Cottonwood, and Big Chico 
creeks), populations may be hyb ridized to some degree with fall run due to lack of spatial 
separation of spawning habitat (Sacramento, Yuba, and Feather rivers) , or is a hybrid hatchery 
population (Feather River Hatchery). If unmodified, this hatchery program represents a threat 
to the genetic integrity of remaining wild spring run in the Sacramento River basin. 

Habitat degradation in the lower part of tributaries and in migratory pathways, is cons idered to 
be a significant source of ongoing risk to Sacramento River spring-run chinook. Juvenile 
rearing habitat and juvenile and adult migrat ion corridors have been impacted. Degradation 
Includes: restricted and regulated flows , agricultural and municipal diversions and returns, 
unscreened or poorly screened diversions, elevated water temperatures, and the poor quality 
and quantity of rema ining habitat. Adult fish passage within the lower re.:iches of spawn ing 
tributaries can be delayed or even blocked under lower flow conditions. Morta lity of migratory 
juveniles is considered a significant factor affecti ng spring-run abundance. Operat ions at the 
State and Federal Delta water export facilit ies affect the level of juven ile spring run entrainment 
to the central and southern Delta. 

Habitat restoration projects to benefit spring run are being addressed principally under two 
major restoration plans: the Department's Restoring Central Valley streams: A Plan For Action 
and the Federal Centra l Valley Project Improvement Act. Recently impleme nted restoration 
actions upstream of the Delta have resulted In improveme nts to spring-run fish passage through 
increased streamflows and barrier removal and modificat ions. The expected benefits to spring
run populations from othe r recently implemented restoration projects wi l take time to realize 
because of the variable nature of the populations and their predominantly three-year life-cycle. 
Adaptive management for sprng run in the Delta, initiated in 1996 through the CALFED 
Operations Group and the Spring-run Chinook Salmon Protection Plan, if continued, is also 
expected to reduce Impacts on Juvenile spring run. 

There are a considerable number of future restoration actions proposed in the Department's 
Restoring Central Valley Stre2ms: A Plan For Action and the Central Valley Project 
Improvement Act's Anad romous Fish Restoration Program. These actions primarily target 
areas upstream of the Delta. Full implementation of these actions should provide adequate 
protections for spring run upstream of.the Bay-De lta. 
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The CALFED Bay-Delta Program, which began In June 1995, is charged with developing a 
long-term solut ion for restoring the ecosystem health and improvir:g water management fo r 
beneficia l uses of the Bay-Delta system. The CALFED Bay-Del ta Program released a draft 
Environmental Impact Siatement / Environmental Impact Report in Apr il 1998 . Following the 
close of the comment period (July 1, 1998) CALFED will be preparing a Revised Draft 
Progro1mmatic Environmenta l Impact Statement/ Environmental Impact Report for release by 
the end of the year; It wi I identify a draft preferred alternat ive. One element of the CALFED 
Bay-Delta Program , the Ecosystem Restoration Program, contains actions that wou ld be 
generally beneficial for salmon, including spring run. 

There are seve ral projects, such as the Interim South Delta Program, the Implemen tation of the 
1995 Bay/Delta Wate r Quality Control Plan, and others funded by the Centra l Valley Project 
Improvement Act, which are currently proposed that could alte r the magnitude and timing of 
wate r diverted at the State and Federal export facilities in the Delta. These projects are in 
various stages of env ironmental review, some of whic h have yet to define a preferred 
alternat ive. 

Conclusions 

The pernion requested listing as endangered. Based on the best scientific information available 
to the Department and existing and future proposed act ions affect ing Sacramento River spring
run chinook salmon, the Department concludes that this species is threatened . 

Recommendations 

The Department recommends the following: 

1. The Comm ission find that the Sacramento River spring-run chinook salmon are 
threatened . 

2. The Commiss ion publish notice of its intent to amend Title 14, California Code of 
Regulations, Section 670 .5 to add Sacramen to River spring-run chinook salmon 
(Oncorhynchus tshawytscha) to the list of threatened species . 

3. Cont inue current protective actions. Design and implement new ones in cooperatio n 
with the public and government agencies, including State and Federal water project 
operaiors , to serure Sacramento River spring run and its habitat. 

4. Develop a restoration plan fo r Sacramento River spring -run chinook salmon that will: 
(a) protect the existing populations and habitat of the spec ies; (b) restore the habitat and 
populations of the species; and (c) monitor the popula tions of the species . 
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Report to the Fish and Game Commission 
A Status Review of the 

Spring-run Chinook Salmon (Oncorhynchus tshawytscha) 
in the Sacramento River Drainage 

fl. INTRODUCTION 

Petition History 

The Fish and Game Commiss ion (Commission) received a petition from State Senator Tom 
Hayden on October 16, 1995, to list Sacramento River spring-run chinook salmon as an 
endangered species unC:er provisions of the California Endangered Species Act (CESA). The 
Commission reviewed the petition for completeness and, pursuant to Section 2073 of the Fish 
and Game Code (FGC), referred the petit ion to the Department oi Fish and Game (Department) 
on October 18, 1995, for evaluation. The Department had until Jcnuary 17, 1996, (90 days from 
the date of reie rral from :he Commission) to evaluate the petition and report one of the following 
recommendations to the Commission: 

(1) Based upon the information contained in the petition, there is not sufficient 
information to indicate that the petitioned action may be warranted; or 

(2) Based upon the informat ion conta ined in the petition, there is sufficient 
informatio:i to indicate that the petitioned action may be warranted, and the 
petition should be accepted and considered . 

The Department found that the information in the petition was sufficient to indicate the petitioned 
action may be warranted . Petition information was evaluated according to the criteria specified 
in FGC Section 2072.3. The Department also relied upon information and data conta ined in its 
files to interpret the petition's information. The Department recommended acceptance of the 
petition to the Commission. Al its April 4, 1996, meeting the Commission rejected the petition. 
The Commission adopted findings outlining reasons for the rejection of the petition at its May 6, 
1996, meeting . The Commission determined that: 

' ... there was insufficient evidence to find there was an immediate threat to the continued 
existence of the spring-run salmon or that a listing may be warranted. The Commission 
finds that the peiition does not provide sufficient information in the category of degree of 
threat and lacks a discussion on taxonom y that would esiablish the Sacramento River 
spring-run chinook salmon as a listable entity." 

The Commission further declared the spring-run salmon to be a 'monitored" species (California 
Code of Regulations [CCR], Section 670.6) and instructed the Department to gather certain 
information on the species. 

Senator Hayden, the original petitioner, and others challenged the Commission's determination 
and designation in court. On February 21, 1997, a Writ of Mandate was issued by the 
Sacramento Superior Court setting aside the Commiss ion's actions of April 4 and May 6, 1996, 
On March 6 anq Apr il 3, 1997, Commission meetings were held, An appeal of the court order 
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was considered during executive sessions . On Apri l 4, 1997, a news release was issued 
relating the Comm ission's decision to not appeal the Superior Court ruling. 

On June 13, 1997, a Commission meeting was held in Brid9eport. The Commission took formal 
action to set aside its actions of Aprll 4 and May 6, 1996, and accepted the petition and noticed 
the spring-run chinook salmon as a candidate species. The Commission also adopted a Specia l 
Order , pursuant to FGC Section 2084, to provide for incidental take of spring-run chinook 
salmon during the candidacy period. On June 17, 1997. the Commission staff submitted a 
Notice of Candidacy , includir g the Specia l Order to the Office of Adm inistrative Law. On June 
27, 1997, the notice was published in the Californ ia Regulatory Notice Register and the twe lve
month candidacy period became effective. A "candidate species" means a native spec ies or 
subspecies of a bird, mammal, fish, amph ibian, reptile, or plant that the Commiss ion has 
formally noticed as being under review by the Department for addition to either the list of 
endange, ed spec ies or the lfst of threate ned species , or a species for which the Comm ission 
has published a nQtice of proposed regulatio n to add the species to either list (FGC Section 
2068). 

Department Review 

This report contains the results ·of the Department 's review and recommendation to the 
Commission. It is based on the best scientific information available and a knowledge of current 
and proposed protective mea-sures. It also conta ins the Department's recommendation about 
whether the petitioned action is warranted. Further , it identifies habitat that may be essential to 
the continued existe nce of the species and suggests prudent managerr.ent activ ities and othe r 
restorat ion actions. 

The Department has contacted affected and interested parties, invited comment on the pet ition, 
and requested any additional scientific informatio n that may be available, as required under FGC 
Section 207 4.4. Append ix A contains a list of parties contacted, a copy of the Departme nt's 
Public Notice wl;lich was transmitted to all parties , a list of newspapers which published the 
Public Notice , and a list of individuals, orga nizations , and agencies that responded. 

Federal Status Review and Recovery Planning 

The National Marine Fisheries Service (NMFS) is the Federal resource 3gency respons ible for 
administeri ng the Federal Endangered Species Act (ESA) for anadromous fish. On March 14, 
1994, NMFS was petitioned by the Professional Resources Organizatio~-Salmon (PRO-Sa lmon) 
to list spring-run populations of chinook salmon in three separate rivers in the state of 
Washington (the North Fork and South Fork Nooksack River, the Dungeness River, and the 
White River). Around this same time, NMFS also received petitions to list additional populations 
of other Pacific salmon species in the Puget Sound area. As a result, NMFS announced on 
September 12, 1994 that it would initiate status reviews pursuant to the ESA for all species of 
anadromous salmonids in Washington, Oregon, Califomia, and Idaho . 

The status of Sacrame nto River spring-run chinook salmon is presently under evaluation ,as part 
of the NMFS status review of all West Coast chinook salmon populatio ns (NMFS 1996). 
Sacramento River spring-run chinook salmon is referred to as Central Valley spring-run chinook 
salmon in the NMFS status review. The NMFS West Coast Chinook Salmon Biolog ical Review 
Team {NMFS-BRT), completed preparation of a draft status review repcrt in Novembe r 1996 
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(NMFS 1996). NMFS distributed copies of the report to selected private and public individuals 
and government agencies, including the Department, for review and comment. A final status 
review report was issue;j in February 1998 (Myers et al. 1998). 

NMFS concluded that, based upon its life-history tra its, ecological data, and supported by recent 
genet ic data, Central Valley spring-run chinook salmon constitute a separate Evolutionarily 
Significant Unit (ESU). The majority of the NMFS-BRT concluded, based upon scientific 
evidence, that Central Valley spring-run chlnook salmon are in danger of extinction. 

Wrthin a year of the NMFS-BRT conclusion (by February 1999), NMFS will consider the impacts 
of the current and planned management activities to protect Central Valley spring run and make 
their final listing determinations. 

The U.S. Fish and Wildlife Service (USFWS) prepa red ahd released a multi-species Recovery 
Plan for Sacramento-Sa11 Joaquin Delta Native Fishes in November 1996 (USFWS 1995a). The 
USFWS included Sacramento River spring-run chinook salmon as one of eight species 
addressed by the plan. All eight species were determined to be dependent on the Delta for a 
significant segment of their life history and threatened by; (1) loss of habitat due to increased 
freshwater exports; (2) loss of shallow-wate r habitat; (3) introduced aqua tic species; (4) 
entrainment in State, Federal, and private water diversions.; and (5) changes in pattern and 
tim ing of flows through the Delta. The plan also determi ned that spring-, late-fall-, and San 
Joaquin fall-run chinook salmon are affected by sport and commercial harvest , as well as by 
interactions with hatchery populations. 

The Department, in this report for the Commission , reviewed both the NMFS' chinook salmon 
status review and the USFWS recmi1;ry plan. 

Public Responses 

Append ix A contains: (1) a copy of the Public Notice; (2) a list of parties contacted by Public 
Notice; (3) a list of newspapers which published the Public Notice ; (4) a list of parties who 
responded to the Public Notice; and (5) a list of Peer Reviewers who reviewed the draft report. 
Where appropriate, modifications to the document were made to respond to Peer Review 
comments. 

Section II. Introduction 

Section II. - Page 3 



Ill . LIFE-HISTORY 

Species Identification 

Chinook salmon are physically distinguished from othe r spec ies of salmon by their large size (to 
99 pounds) the presence of small black spots on both lobes of tile caudal fin, black pigment 
along the b~se of the teeth, and a large number of pyloric caeca (McPhail and Lindsey 1970, 
Hart 1973). Juveni le fish are identified by large parr marks that extend well_below the lateral 
line. The adipose fin is unpigmenied except for a black edge. Tne ~nal fin Is usua lly only 
slightly falcate, and the leading rays do not reach past the postenor Insert1on of the fin when 
folded against the body. The ana l fin has a white leading edge that _is not outlined by a dark 
pigment line (as in the coho sa lmon). Juveni le characte nst1cs are highly vanab le; reliable 
identification is often dependent on meristic and pyloric caeca counts. The chinoo k, like all 
salmon spec ies within the genus Oncorhynchus, is anadromous . Adults spawn in freshwa ter 
and juveniles em igrate to the ocean where they grow to adulthood. Upon the ir return to 
freshwater , adults spawn and then die. 

On the North American Coast, spawni ng populatio ns of chinook sa lmon are known to be 
distributed from Kotzebue Sound, Alaska to Central Cal ifornia (Healey 1991). The southernm ost 
populatfons of chinook salmon occur in the Sacramento-San Joaquin basins of Cal ifornia. 
There are two distinct spring-run chinook salmon populations in California: the North Coast 
Klamath-Trinity population and the Cent ral Valley Sacrame nto-San Joaquin popu lation. NMFS 
has recently completed an examination of genetic study results for West Coast chinook salmon 
popu lations and determined that the Klamath -Trin ity River populatlon is genet ically distinct from 
the Sacramento-San Joaquin population (Myers et al. 1998). 

Taxonomy 

Taxonomy is the discipline of classifying and naming distinc t groups of organisms. The 
classification system consis ts of a hierarchy of smaller to larger groups. A group of organisms 
defined by the classification system, such as a class or species, is called a tax on. A taxonomic 
"species" is a basic unit in the classificatio n system, consisting of a group of individuals having 
many characteris tics in common and differing from all other life forms in one or more ways. 

Chinook salmon, Oncorhynchus tshawytscha (Walbaum), is one of nine Oncorhynchus species 
distributed around the North Pacific Rim. The genus Oncorhynchus is found within the Fam ily 
Salmonidae (Salmon, trout, and char), ,n the Class Osteichthyes (bony fishes}. Chinoo k are 
most closely related to the coho salmon, Oncorhynchus kisutch (Walbaum). Chinook salmon is 
the accepted common ram e for this species as adopted by the American Fisheries Society and 
Federa l and State natural resource a·gencies, but they are also known as king sa lmon and tyee. 

Chinook salmon, like all Pacific salmo n, exh ibit a wide range of characierist ics that are not 
accounted for in classic hie rarchica l taxonomy. In order fo d istinguish each group sharing 
several io many characteristics, data regard ing body structure , physiology, embryology, genetics , 
behavi.or, and other feat;res, must be included (Storer et al. 1968) . Riddell (1993) prov ides a 
more detailed description of the hierarchica l organizatio n of Pacific salmon that accounts fo r 
!heir biological dive rsity. Lower leve ls with in the organ izationa l hierarchy have less temporal and 
spatial variability. Avers (1989) de fined subspecies as: • ... popu lations that share most of their 
characteristics but differ in a iew tra its, inhabit different geographica l or ecological subd ivis ions 

Section Ill. L~e-History 

Section 111. - Page 1 



of the entire range of the species, and can freely interbreed with one another... . The 
identification of geographically or ecologically distinct subspecies has genetic validity." 
Subspecies are categorized below species, but above biological races. Races can be further 
categorized into populations. The diversity of the species has arisen f;om a variety of genetic 
processes (for example nakral selection , genetic drift, and mutation) which occur at the level of 
the individual (Freeman 1998), which is a basic unit of diversity. 

In Califo rnia there are four runs of chinook salmon that are differentiated by the timing of adult 
spawning migration: fall-, late-fall-, winter-, and spring-ru n chinook salmon. These four runs, 
including spring-ru n Chinook, are often called "races• in the sense of Merrell ( 1981) : subdivisions 
of a population that are somewhat geographically separated and exhibit reduced gene flow. In 
this report, Sacramento River spring-run chi nook salmon as a group will be refe rred to as a run. 
Units wifhin this larger group Will be referred to as populations. 

Species as a Biological Concept and Regulatory Criteria 

Spring run and the other chinook salmon runs in the Central Valley are not characterized as 
separate species by classic taxonomy; however, they are distinct popu'.ation segments when the 
cumulative knowledge of each run's spatial, temporal , and behavioral attributes are fully 
considered along with biochemical data such as protein electrophoresis, cytogenic analyses, 
and techniques that estimate genetic divergence. 

Spring run are different iated from the other chinook salmon nuns (fall-, late-fall-, and winte r-run 
chinook) in the Sacramento River by the time of their spawning migrations, the degree of 
maturity of adult fish entering freshw ater, their spawning areas, and emigration timing of 
juveniles. Spring run m~intain their gtmetic integrity by being temporally and/or spatially isolated 
from other runs in the Sacrarnento River system. Spring run are temporally isolat ed from winter 
run. Temporal isolation with fall run is not complete; however spring run were natura lly spatially 
isolated from fall run. Based on their recognized distinctness, State and Federa l resource 
manage ment and conservation agencies have historica lly managed spring run separately from 
the other runs of Sacramento River chinook salmon. 

As explained in a recent publication by Nehlsen et al. (1991), the greatest challenge in 
preserving the genetic diversity of salmonid fishes concerns the protection of nontaxa (below the 
biological species level). Beh~ke (1993) also voiced th is opinion, stating, "Obvious ly, any 
conservation program to preserve biodiversity must begin at the lowest nontaxon level.• The 
scientific justification for extending protection to distinct population segments of species is that 
genetic diversity provides the raw materials for adaptation of a species as a whole to changing 
conditions. Loss of specific population segments can contribute to the decline of the spec ies as 
a whole and increase its probability of extinction. Therefore, protection of population segmen ts 
is biologically appropriate (Ecological Society of America 1996). Wood (1995), in describ ing the 
declining trends in number and magnitude of salmon spawning runs in British Columbia , 
concluded they implied a loss of genetic diversity, through the loss of both locally adap ted sub
populations and genetic variation due to low effective population sizes. The same arguments 
can be made for the Sacramento River spring-run chinook salmon. 

The Sacramento River spring run has been formally recognized In the fisheries litera ture as a 
distinct run or stock since 1875 when Livingston Stone first described the differe nt runs in the 
mainstem Sacramento River (Stone 1875). The Commission has defined the State's policy 
regarding salmon population management and at what level manageme.,t should be directed , 
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stating: "It is the policy of the Fish and Game Commission that salmon shall be m:maged to 
protect, restore, and maintain the populations and genetic integrity of all ident ifiable stocks .. ." 
(FGC, Salmon Policy). This management focus is consistent with current literature on th'e 
protection of the genetic divers ity of species. 

Genetics 

Recent genetic research has provided evidence that supports the d istinctiveness of spring-run 
chinook salmon and complements known spring-run Chinook life-history. Several researchers 
have investigated, or are curre ntly investigating, genet ic variation in Central Valley chinook 
salmon runs using a variety of data: protein (Le., allozyme) electrop hores is, variability in 
mitochondrial DNA (mtDNA), and highly polymorphic segments of nuclear DNA (nDNA) called 
microsate!lites. Not all :ributary spawning populations of spring run have been analyzed. 
Therefore, the genetic relationsh ips between various spring-run spawn ing popu lations in the 
Central Valley have not yet been evaluated. In addition, because of the reduced population 
levels, sample sizes are small and baseline data with which to characterize each population are 
limited. Nevertheless, some general conclusions can be made, using this recent work, that 
support the distinctiveness of spring-run chinook salmon from fall-, late-fall-, and winter-run 
chinook salmon. 

Bartley et al. (1992) analyzed the genetic structure of 37 chinook salmon populations in 
California and southern Oregon using allozyme data. Five population clusters were discerned, 
with the most distinct cluster containing samples from the Sacramento-San Joaquin basins. 
However, although allozyme data have been successfully used to discriminate chineok salmon 
populations on a large scale, they cannot discriminate temporal runs within a system . 

Geneticists at the Unive;sity of California, Davis, Bodega Marine Laboratory (BML) are analyzing 
highly repetitive, highly polymorphic elements of nDNA for genetic differe ·nces that can 
discriminate the four runs of Central Valley chinook salmon. These elements, called 
microsatellites, undergo evolutionary structural change at a very high rate. Because of this, 
microsatellite markers hold the potential to reveal recent evolutionary changes that allozyme 
data cannoL To date , more than 50 microsatellites have been isolated at BML. Five of these 
show strong potentia l for discrimination of salmon runs: Ots-2, Ots-3, Ots-9, Ots-10, and One-
13. The four Ols mic rosatellites were isolated from Central Valley chinook by BML; One-13 was 
isolated from sockeye salmon at the U.S. Geological Survey (USGS) in Anchorage, Alaska . 

An analysis tree, using a technique called an unweighted pair group method with arithmetic 
averages (commonly referred to as UPGMA), of Nei's (1978) genetic distance for these five 
microsatellltes indicated that fall-run and late-fall run were most similar among the four Central 
Valley chinook runs. Spring run chinook were next most closely related to fall - and late-fall runs. 
Significant allele frequen: y differences between spring-run and fall- or late-fall run Chinook were 
demonstrab le at seven of ten statistical comparisons. Winter-run chinook were most distant 
irom the other three runs, show ing significant allele frequency differences at 13 of 15 statist ical 
comparisons . The average proportion of genetic variation due to differences between 
populations overthe five loci (F" = 0.084) r-epresents considerable divergence among run types. 
These results are consistent with the conclusion that significant levels of reproductive isolation 
exist between winter run and the other three runs of Central Valley chinook, and between spring 
run and fall- and late-fall 'Un chi nook. In addition, using these same data , well defined 
differences between several spring run samples are discernable. Spring run fro m Mill and Deer 
creeks appear to be hom::,geneous, whereas Butte Creek spring run is a distinct population. 
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Baseline samples for spring run chinook we re collected from 1993 to 1997. Williin any one 
collection year sample size for the spring run baseline is low (Tab le 1). Also, many baseline 
samp les are from juven iles that are very likely spring run, buf may confuse analysis because of 
relatedness. These features highlight the preliminary nature of the analyses based o n these 
baselines. 

Table 1. , Bode!;a Marine Laboratory 's Spring-run Baseline Sources. 

Sample Year Fish Life-stage of Number of 
Location Sam11led Sam11les Sam11tes 
Mill Creek 95 adults 15 

96 juveniles 64 

Deer Creek 93 adults 10 
94 adults 2 
94 juveniles 64 
95 adu lts 29 
96 adults 20 
96 juveniles 223 
97 adults 48 

Big Chico Creek 
95 adults 5 

Butte Creek 94 adults 69 
95 adults 5 
94 juven iles 35 
96 adults 50 
96 juveniles 69 
97 adults 48 

The work being done at BML focuses on iden tification of winter-run chinook, and the ava ilable 
data suggest that w inter-run chinook can be identified to some level of reliability. However , BML 
has cha racter ized all four runs of Central Valley ch inook to some degree using these five loci. 
On this bas is, although winter run show the best promise for discri mination, spring run are also 
demo nstrably different and can usually be separated based on microsatellite allel.e frequencies. 
Genetic ists at BML believe that this technique will be useful in separatlng spring run from other 
runs (M. Banks pers . com.). They recently initiated a second study that focuses on spring run 
genetic integrity, relationships between different spring-run popu lations , and comparisons to 
other chinook runs in the Central Valley. 

Study results {Hedgecock et al. 1995) showed a large genetic; distance between winter-run and 
fall- and spring-run samples . Significant allele freq uency differences were also found between 
the spring -run sa_mple and each of the fall- and late- fall -run samples , and between the two fall
run samp les. · 

Nielsen {1995) also analyzed microsatellite nDNA to evaluate genetic variation in Cent ral Valley 
chinook salmon. Comparisons between spring -run chinook samples from Deer Creek {1993) 
and Butte Creek (1994) showed significant differences , suggesting to Nielson poss ible 
introgress ion of spring- and faD-run chinook salmon in Butte Creek. However, as stated ln 
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Nielsen's report, the Department had cautioned that the juvenile samples collected from Butte 
Creek in 1994 might include some fall-run fish . The dissimilarity of the spring-run populations in 
Butte and Deer creeks , and the similarity of Butte Creek spring-n:n fish to fall-run chinook is 
more likely explained by collection of a mixed sample of the two ri;ns than by introgression 
among runs in Butte Creek. 

Nielsen (1997) investigated genetic variation in spring run at three microsatellites, Ssa-4, Ssa-
14, and Ssa-289. Spring-run chinook salmon used in this study were collected from Deer Creek 
(1992 adults and juveniles, 1993 adults, 1994 juveni les) and Butte Creek (1993 juveniles 
collected in 1994 but originally reported as adults, 1994 adults). An exclusive allele (Ssa-289) 
found only in the 1993 Deer Creek spring-run chinook population was not fou nd in the same 
population in the 1994 sample. Some fish collected in Deer Creek in 1994 as "spring-run" 
chinook were genetically most s imila r to the Coleman National Fish Hatchery (CNFH) fall-run 
chinook. Also, ::i mtDNA haplotype associateti with fall-run Chinook appeared in 24% of the 
individuals in the 1994 Deer Creek sample . This haplotype had not been observed in Deer 
Creek spring run in prevbus yea rs (1992-93) . Nielsen stated that these results were 
inconclusive, but -that they suggested fall-ru n influence in the 1994 Deer Creek sample. Nielsen 
further stated that the source of this influence is unclea r. 

To date Nielsen (pers. com.) has ana lyzed 138 spring-run chinook from Butte Creek (1993-96), 
Deer Creek (1994 and 1996), and Mill Creek (1995-96) for seven microsatelfite loci. Nielsen has 
also analyzed 177 fall- and 18 winter-run chinook for comparison. Using these limited 
preliminary data Nie lsen ;pers. com.) found that the allelic size distribution for fall-run chinook 
encompasses the allelic size range for all other races at all seven ioci examined . No diagnostic 
alleles have yet been found that would allow unambiguous race discrimination . Analys is of 
allelic frequency independence shows significant population genefo $\ructural differences 
separating fall- , winter-, and spring-run chinook. Initial preliminary analysis of Butte, Deer, and 
Mill creeks show significant populat ion differences ln allelic frequencies by stream and year
class that suggest that populations in these streams are not identical and that sign ificant year-to
year variation exists in these spawning populations. 

Nielsen et al. (1994) presented the first publis hed support for significant genetic separation 
among spring- , fall- and winter-run chinook salmo n in the Central Valley. Differentiat ion among 
chinook spawning popula:ions was poss ible based on haplotypefrequency (analogous to allele 
frequency) distributions. The levels of gene• flow found among the temporal spawning runs 
suggested recent evolutionary divergence (within the last 10,000 years) of the Central Valley 
chinook into unique temporal runs. Overall mtDNA haplotype frequency analyses in Nielsen 
(1997) similarly support significant genetic separa tion among the four chinook spawn ing runs. 

Additional mtDNA research by Nielsen (1995) found no significant year-class structure in 
haplotype frequencies of any chinook tem poral runs in a diverse ccllection of Chinook 
populations in the Sacrarrento-San Joaqu in basin. Eight mtDNA haplotypes were identified. 
The consistency of haplot fpe frequencies over three years shows genetic stability in the four 
temporal chinook runs in the Sacramento-San Joaquin basln. This stability supports a unique 
evolutionary history for each chinook run. In these analyses, mlDNA haplotype frequencies for 
Deer Creek spring-run chinook were significantly different from all winter- and fall-run 
populations . In this study the proportion of genetic variation due to genetic differences between 
runs (G,J was 15.3%. This value is relatively high, but comparable to estimates of 
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differentiation between runs of chinook salmon in other geographic regions using allozyme 
data [see summary in Myers et al. (1998}]. 

Cramer and Demko (1997} speculated that Butte Creek spring-run chinook may be more similar 
to Feather River Hatchery (FRH} fish than to spring-run Chinook from Mill and Deer creeks. 
Howeve r, this is not supported by available, although preliminary, genetics data. Preliminary 
microsatte lite data (M. Banks pers. com.} separates FRH chinook salmon from all other runs 
including Butte, Mill, and Deer creek spring-run chinook. Nei's (1978) index of genetic similarity 
placed FRH chinook between fall- and spring-run chinook salmon, as expected if introgression 
had occurred in this population. Based on· these data, FRH chinook a;e likely introg ressed fall
and spring-run chinook. The suggestion that Butte Creek spring-run chinook may be more 
similar to FRH fish is not supported by the data , but genetic separation of Butte Creek from Mill 
and Deer creek samples is evident. However . un;;mbiguous genetic evidence of introgress ion 
as its cause is lacking. 

In summary, while curre nt genetics information is not abundant, and o:len it is preliminary , the 
Information supports the finding that spring-run chinook salmon comprise a dist inct interbreeding 
populat ion segment of Central Valley chinook salmon. Although the definition of the genetic 
constitution of spring-run chi.look may depend on location and year of collection (J . Nielsen 
pers. com.), spring-run chincok show consistent moderate genetic differences from other runs of 
Central Valley chlnook. They are genetically distinguishable and separable from other races of 
Central Valley chinook using mtDNA and nDNA analyses. The data demonstrate that spring-run 
chinook popu lations in Mill and Deer creeks are more similar to each other than to those in Butte 
Creek. However, all three of these populations are distinguishable from winter-run, late-fall , and 
fall-run populations. Genetic separation is demonstrable on the basis cf differences in allele and 
haplotype frequencies. No alleles or haplotypes unique to spring run have yet been found. 
Work is curren tly underway to more fully characterize spring-run chinook genetics. 

There is only a small amount of information with which to evaluate the relationship of relict 
spring-ru n populatio ns in the Sacramento River tributaries with those in the mainstem 
Sacramento River and the Feather River. There is no genetic analysis that includes samples 
from the Yuba River and several other tributaries with non-persistent spring-run occurrence. 
Therefore, conc lusions based on the genetic relationships of these pof:ulations are not possible. 
Current work may shed light on these relationships. 

Unique Species Characteristics 

Adult llpstre;;m Migration and Spawning 
It is estimated that adult Sacramento River spring-run chinook salmon leave the ocean to begin 
their upstream migration in late January to ear ly February based on time of entry to natal 
tributaries. Spr ing-run chinook are sexually immature when they enter freshwater, their gonads 
maturing over the summer holding period (Marcotte 1984). Adult chinook salmon do not feed 
upon entering freshwater. Stored body fat reserves are used for maintenance and for gonada l 
development. 

Adults enter their natal tributaries from mid-February through July with upstream migrat ion 
peaking in May. The most thorough historic records of timing of spring-run migration and 
spawning ,;1re contained in Livingston Stone's reports to the U.S. Fish Commissioners of 
operations at Baird Hatchery :,n the Mccloud River (Stone 1893, 1895, 1896a, 1896b. 1896c, 
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1898, Williams 1893, 1894, Lambson 1899, 1900, 1901, 1902, 1904). Spring-ru n salm on 
migration in the upper river and tributaries extended from mid-March through the end of July with 
the peak of migration in late May and early June (Figure 1}. Baird Hatchery intercepted return ing 
spring-run adul ts and spawned them from mid-August through late September (Tab le 2}. Peak 
spaw ning occur red in the first half of September. The peaks of spawning for spr ing- and fa ll-run 
salmon we re almost two months apart. 

Table 2. Dates of Spring-run and Fall-run Chino9k Salmon Spawni ng at Baird Hatc hery on 
the McCioud River. 

Year 
1888 
1889 
1090 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 

Soring run 
Aug 15 - Sep 24 
Aug 27 - Sep 26 
Aug 27 • Sep 23 
Aug 31 • Sep 19 
.A.ug 13 • Sep 12 
Aug 22 - Sep 15 
Aug 24 - Sep 30 
Aug 26 • Sep 30 
Aug 22 • Sep 20 
Aug 14 - Sep 20 
Aug 15 • Sep 17 
Aug 21 - Sep 27 
Aug 18 • Sep 22 
Alig 16 • Sep 25 

Fall run 
Oct 29 - Dec 15 
no egg ta.ke 
Nov 6 • Nov 25 
Oct 30 • Nov 10 
Oct 20 - Nov 26 
Oct 21 - Nov 28 
Oct 22 - Nov 23 
Oct 18 - Nov 14 
no egg take 
Oct 08 - Dec 08 
Nov 05 - Dec 27 
Oct 18- Nov 09 
no egg take 
Oct 25 - Nov 25 

Reference 
(Stone, 1893) 
(Williams, 1893 ) 
(Williams , 1893) 
(Williams , 1894) 
(Stone, 1895} 
(Stone, 1896) 
(Stone, 1896} 
(Stone , 1896} 
(Stone, 1898) 
(Lambson, 1897} 
(Lamb son, 1900) 
{Lambson, 1901) 
(Lambson, 1902) 
{Lambst>n, 1904) 

Currently, timing of adult spawning is from mid to late August through Octobe r. Peak spawning 
is in late Septembe r. It has been observed that within Deer Creek, spawni ng begins fi rst at 
higher elevations, which are the coolest reaches. Spawning occurs progressively later at the 
lower elevatio ns (Harvey 1995a , 1996a, 1997c}. 

Fry Emergence and Juvenile Emigration 
After hatching, larval s;;ilmon remain in the gravel living on yolk-sac reserves for another two to 
three weeks . The length of residency as yolk-sac fry is also influenced by wate r temperat ure. 
Emergencegenerally occurs after the yolk-sac is absorbed. 

The strong influence of water temperature greatly influences the vadations observed in egg 
incubation and time of emergence between different drainages. Water tempera tures are 
wa rmer in Butte and Big Chico creeks than Mill and Deer creeks. Within Butte and Big Chico 
creeks, juve nile salmon first appear in late November, some three months after the onset of 
spawn ing, with juvenile emergence continuing through January. However, in Mill -and Deer 
creeks, juveniles emerge from January through March, up to six months after the onset of 
spawn ing. 

Tim ing of emigrat ion is highly variable. For Mill and Deer creeks, eggs incubate over the winter 
months and juveniles typically begin to emerge in early March, over six months · after the first 
spawn ing. The majority of juvenile production continues to re;ir in :he tributaries over the 
summe r months and emigrates the following fall as yearlings, defined in this report as 
approximately one year old irom time of egg deposition. Emigration of yearl ings occurs from 
October through March, with peak movement during November and December. Yearlings 
Section Ill . Life-History 

Section 111. - Page 7 



en 
(1) 

a 
0 
:::, 

-0 
Pl 

(Q 
(D 

co 

Adult Spring-run Chinook Salmon 

16% 
Timing of Upstream Migration 

14% ------ ---- --- -------~--- ------- -·-
3 12%-,---- --- - - ------ ----- -
er: 
IL 10% 
0 
I-
z 
UJ 
0 
er: 
w 
Cl.. 

8% 

6% 

4 %-,-. -- - - . -- - --- - - - -

2% ~I 
O%M~1,.~;3; 1 1 1 Jun~1~ 1 1 :;u;2-;-.••~;r-111111~. 

Ap rll 9 May 21 Ju ly 2 Aug 13 Sep 24 
WEEK 

-- Current distr ibution at RBDD • Historical distr ibution 

Figure 1. Present timing of spring-run chinook salmon migration past RBDD using a composite of data from 1970-1988 compared to 
the historical distribution based on a composite of data from MIii and Deer creeks, Feather River, and the upper Sacramento River 
prior to the construction of Shasta Dam. 

- -, 



appear to be in a smelting condition (i.e ., a slimmer fish as indic.itcd by a decreasing condition 
factor and fading of parr marks). In some years, under certai n flow and/or water temperature 
conditions, juveniles in Mill and Deer creeks may outm igrate as fry and finger ling beg inn ing soon 
after emergence . 

The bulk of the production in Butte and Big Chico creeks em igrate from their natal tributaries as 
fry in December and January, Some rear in the stream and emigrate as fingerl ings from 
February through May. A few juven iles rear in these two creeks through the summer months 
(Brown 1995), with yearl;ng emigration starting in October, peak.ing in Novembe r-December, and 
generally end ing in February . 

Delta and Ocean Entry of Juveniles 

Depending on flow condit ions in their natal streams and within the Sacramento River, year lings 
can enter the Delta as early as October and as late as March or April based on emigration 
patte rns from natal tributaries (CDFG monitoring data for Mill , Deer, Butte, and Big Chico creeks 
from 1994-96). Fry and fingerling can enter the Delta as early as January and as late as June. 
Their length of residency with in the Delta is unknown but probab ly lessens as the season 
progresses into the late spring months. 

Ocean Distribution 

Sacramento River spring-run chinook salmon are reported to be distributed primari ly between 
Point Arena and Morro Bay along the coast of Californ ia (Figure 2;, where they feed, grow, and 
mingle with other chinook salmo n poputalions that inc lude Centra l Valley fall-run and winter-run 
chinook sa lmon. 

Sex and Age Structure of the Populati.on 

Fisher (1994) reported that 87% of spring-run adults are three -years-old based on observations 
of adult chinook salmon trapp ed and examined at Red Bluff Diversion Dam (RBDD) between 
1985-1991. Categorization of adults as spring run was based on coloring and deg ree of sexual 
maturity, which is an imperfect method for differentiating winter run from spring run early In the 
season and spring run from fall run late in the season . Further, the data may inc lude unmarked 
FRH spring run straying to the upper Sacramento River. 

A survey of Deer Creek from 1992 through 1996 indicated that the percentage of two-year-old 
fish (based on size) ranged from 3% to 14% with a median value of 4% (CDFG 1996). No 
attempt was made to refine the age distribution of these fish further. 

Fecundity 

The fecund ity for wild spring run was deve loped by using a geometric mean (GM) regress ion 
(Ricker 1973) by regressing fecundity on length for all Sacramento River chinook runs (Figure 
3). Data to deve lop the function came from McGregor (1923), Hanson (1940), Warner (1940), 
Tehama Colusa Fish Facility, and CNFH winter-run repor;ts. The resultant GM functiona l 
equation of fecundity for an adult female at a given fork length is: 

number of eggs= -6800.73 + 153.7804 x FL (cm), (r' = .70). 

A fecundity for each fema le was calculated us ing the derived equafon for fork lengths from 172 
female carcasses from Mill and Deer creek.s. The number of eggs-per-ad ult-female spring-run 
chinool<. in Mill and Deer creeks, derived with the above formula, ranged from 1,350 eggs lo 
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THE OCEAN DISTRIBUTlON OF SACRAMENTO SPRING RUN CHINOOK SALMON 

ALONG THE COAST OF CALIFORNIA 

Figure 2. Distribution of Sacramento River spring run in the Pacific Ocean off the coast of 
California. 
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7,193 eggs , with a weighted average of 4,16 1 eggs (Table 3). The fork lengths of the adult 
female spring -run chinook ranged from 53 cm and 91 cm. This is comparable to the fecund ity of 
spring-run salmon taken at Baird Hatchery on the McCloud River using the num ber of females 
spawned and tota l egg take. Eggs-per-adult-female ranged from 3,400 to 5,000 and averaged 
4,200 aggs (Table 4) . 
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Table 3. Fork Lengths and Calculated Fecundity of Spring-run Chinook 
Salmon in Mill and Deer Creeks 1991 through 1996. 

Fork Length Frequency of Calculated 
(cm) Observance Fecundity 

53 1 1350 
54 0 0 
55 1 1657 
56 1811 
57 0 0 
58 1 2119 
59 0 0 
60 1 ·2426 
61 6 2580 
62 2734 
63 5 2887 
64 4 3041 
65 4 3195 
66 11 3349 
67 10 3503 
68 9 3656 
69 10 3810 
70 27 3964 
71 8 4118 
72 5 4271 
73 7 4425 
74 8 4579 
75 5 4733 
76 13 4687 
77 8 5040 
78 5 5194 
79 3 5348 
80 5 5502 
81 2 5655 
82 0 0 
83 2 5963 
84 3 6117 
85 4 6271 
86 0 0 
87 2 ·s578 
88 0 0 
89 0 0 
90 0 0 
91 1 7193 
92 0 0 
93 0 0 
94 0 0 
95 0 0 

Calculated by the Equation: Fecundity = •6800 . 73 + 153. 78 x fork length; 
minimum eggs/fema le= 1,350; maximum eggs/female= 7,193; we ighted average 
eggs/female = 4,161. 
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Table 4. Spring-run Chinook Salmon Egg Reco rds at Baird Hatchery 

I '?EAR I EGGS I FErvlA[ES I FECOJ\l[jl I'? I 
1877 6,008,500 1,460 «:,115 
1878 12,246,000 3,600 3,402 
1879 6,889,859 1,620 4,253 
1880 7,396,800 2,144 3,450 
1881 7,270,000 1,729 4,205 
1882 3,991,150 999 3,995 
1883 940,750 287 3,278 
1889 1,105,000 252 4,385 
1891 3,026,000 678 4,463 
1892 834,000 220 3,791 
1894 3,294,300 816 4,037 
1895 7,678,700 1,497 5,129 
1896 5,196,700 1,063 4,889 
1897 7,000,000 1,555 4,502 
1898 13,445,810 2,878 4,672 
1899 6,228,340 1,272 4896 
1900 2,021,000 520 3,887 
1901 7,375 520 2.103 3.507 

Total 101 948.429 24,693 74,856 
4,159 

Mean Over 
Years 
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IV. HABITA T NECESSARY FOR SURVIVAL 

Adult Migration 

Freshwater habitat requirements of spring-run chinook salmon vary with age, life-history phase, 
and season of the year. Maturing adults are estimated to leave the ocean and begin thei r 
upstream migration through the Delta beginning in January . Adult entry into natal streams 
extends from mid-February through July. Throughout this upstream migration phase, adults 
require streamflows sufficient to provide olfactory and other orientation cues used to locate their 
natal streams. Adequa ,e streamflows are also necessary to allow adult passage to upstream 
holding habitat. The preferred tempe rature range for spring-run chinook salmon upstream 
migration is 38°F to 56°F (Bell 1991). 

Ad ult Holding 

Habitat requirements for holding adults include: (1} pools sufficiently deep to allow adults to 
over-sum1111::r; (2) adequate cover , such as bubble curtains created by flowing water; (3) 
proximity to quarity spawn ing gravel (USFWS 1995a); and (4} adequate water temperatures and 
dissolved oxygen. 

Immature adult spring run reach thelr spawning habitat, then stage for several months before 
spawning. Adults require cold-water refuges such as deep pools to conserve energy for gamete 
product ion, redd construction, spawni ng, and redd guarding. The upper limit of the optimal 
temperature range for adults holding wh ile eggs are maturing is 59°F to 60°F (Hinz 1959). 
Sustained water temperatures above 80.6° F are lethal to adults (Cramer and Hammack 1952}. 

Adults prefer to hold in deep pools with moderate water velocities and bedrock substrate and 
avoid cobble, gravel, sand, and especially silt substrate in pools (Sato and Moyle 1989}. Optimal 
water velocities for adu lt chinook salmon range between 0.5-1.3 feet-per-second (Marcotte 
1984). The pools usually have a large bubble curtain at the head, underwater rocky ledges, and 
shade cover throughout the day (Ekma n 1987). The pools where adults over-summer are at 
least three to ten feet deep (G. Sato unpublis hed data, Marcotte 1984). 

Adult Spawn ing 

Spawning occurs in gravel beds that are often located at tails of holding pools (USFWS 1995a). 
Spring-run adults have been observed spaw ning in water depths of 0.8 feet or more, and water 
velocities from 1.2-3.5 feet-per-second (Puckett and Hinton 1974). Eggs are deposited within 
the grave l where incubation, hatching, and subsequent emergence takes place. Optimum 
substrate for embryos is a mixture of gravel and cobble with a mean diameter of one to fou r 
inches with less than 5% fines, which are less than or equal to 0.3 inches in diameter (Platts et 
al. 1979, Reiser and Bjomn 1979). The upper preferred water temperature for spawning adult 
chinook salmon is 55°F (Chambers 1956) to 57°F (Reiser and Bjomn 1979) . 

Egg and Larv ae Incubation 

Length of lime required for the egg to develop and· hatch is dependant on water temperature . 
The optimum temperature range for chinook salmon egg incubation is 44°F to 54°F (Rich 1997). 
Incubating eggs show reduced egg viability and increased mortalir/ at temperatures greater than 
58°F and show 100% mortality for temperatures greater than 63°F (Velson 1987). Velson 
(1987} and Beacham anc' Murray (1990) found that develop ing chboo k salmon embryos 
exposed to water temperatures of 35°F or less before the eyed stage expe rienced 100% 
mortality. 

From the time of egg fertnization a cumulat ive total of 1550 temperature units (the sum of the 
average daily tempe ratures minus 32) are required for an egg to hatch and fry to emerge (Armor 
1991 ). Salmon eggs hatch in 50 days when incubated at 50°,F but requ ire over 11 O days at 
40°F. After hatching, larval salmon remain In the gravel, living on yolk sac reserv es. 

Se-coon IV. Habit-at Necessary for Surviv~f 
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The length of res idency as yolk sac fry is also influenced by water temperature. Emergence and 
sub:;cquent free living generally occurs after the yolk sac is absorbed. 

Fry Emergence 

The strong influence of water temperature greatly increases the variations observed in juve nile 
spring-run chinook salmon life-history patterns from different drainages. Calculated fry 
emergence time in Deer Creek for the period 1993-96 ranged from early January thro ugh late 
February (Table 5}. Actual emergence times based on field surveys during this same period 
ranged from January through March (four to six months after spawning). Within Butte and Big 
Chico creeks , ju venile salmon first appear in late November, some th:ee months after the onset 
of spawning. 

Table 5. 

Actual 
Emergence 

Calculated 
Emerge nce 

Actual Emergence of Fry in Deer Creek with the Calculated Emergence 
from First Obs.erved Spawning Based on Temperature Units. 

Brood Year 

1993 1994 1995 1996 
Early March Mid March Early January no fish 

observed 
Mid-February Mid-February Early January Late January 

Newly emerged fry congregate in shallow, low velocity edgewater, especially in areas where 
organic debris provides a background that makes juveniles difficult to see (Moyle unpublished 
data: as cited in USFWS 1995a). Juveniles prefer water velocities between 1-1.8 feet-per
second. depths greater !han 0.9 feet, and gravel substrate for rearing (Bovee 1978). Optimal 
temperature co nditions for fry are slightly higher than for eggs and larvae, from 50°F to 55°F 
(Boles et al. 1988, Rich 1997, Seymour 1956). 

Juvenile Rearing and Emigration 

Juvenile spring-run chinook salmon use natal tributary rearing habitat, the Sacramento River, 
nonnatal tributaries to the Sacramento River, and the Delta . Juveniles may exit their natal 
tributaries soon after emergence while some remain throughout the summer and exit the 
following fall as "yearlings" usually with the onset of storms starting in October. Yearling 
emigration from the tributaries may continue through the following March with peak movement 
usually occurring in November-December. 

Juvenile spring run rear in nonnatal tributaries to the Sacramento River including the lower 
reaches of small , intermittent streams. Habitat requirements are the same as for natal tributa ries 
and the mainstem Sacramento River. Juveniles have been located as far as five miles upstream 
in these tributaries and can remain for weeks until rearing habitat conditions deteriorate (spring 
flows diminish and water temperatures increase) (Maslin et al. 1997). 

Habitat for juvenil e rearing must provide adequate space, cover, and food supply. Fry use low 
velocity areas at the stream margin and where substrate irregularities and other instream habfat 
ieatures create velocity breaks. As juveniles grow, they move away from the sho reline into 
higher velocity areas , especially for feeding. Optima l temperatures for fingerlings range 
between 55°F and 60°F. Dissolved oxyge n levels greater than 7 mg/I are required (Rich 1997). 

Suitable habitat includes abundant instream and overhead cover (e.g. undercut ban ks, 
submergent and emergent vegetation, logs, roots, other woody debris, and dense overhead 
vegetat ion) that provides. refuge from predators. A sustained abundan: supply of invertebrate 
forage production is required. 
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Emif;jration of juvenile salmon alternates between active movement, resting, and feeding. Thus, 
quality freshwater .. nd brackish resting and feeding habitat is essential for migrating juveniles. 
Juvenile salmon may rear for up to several months within the Delta before ocean entry (Kjelson 
et al. 1981 ). 

Juvenile rearin1;1 withir the Sacramento-San Joaquin Bay-Delta Estuary occurs most ly In 
freshwater habitat. Juveniles typically do not move into brackish water until they have 
undergone smoltificati::in (Kjelson et al. 1981, 1982). Sasaki (1966) found that chironomid larvae 
were import ant food items for juveniles in the upstream areas of the Delta, whereas Neomysis 
and Corophium were h1portant in the lower Delta. Kjelson et. al. (1982) instead found 
Cladocera, Copepoda, and Diptera to be the most important food items for juv eniles in both the 
upper and lower estuary. 

Juveni les undergo physiological transfom,at ions (smoltification) that prepare them for the 
transition to saline wat:r (Hoar 1976). These transformations mdude changed swimming 
behavior and proficiency, lower swimming stamina, and increased buoyancy that also make the 
fish more likely to be passively transported by currents (Saunders 1965, Folmar and Dickhoff 
1980, Smith 1982). In general, smoltification is timed to be competed as fish are near the fresh 
water-salt water transition. Too long a migration delay after the process begins is believed to 
cause the fish to miss the "biological windovl' of optimal physiological condition for the transition 
(Walters et al. 1978). The optimal thermal range during smoltification and seaward migration is 
so·F to 55°F (Rich 1997). 

Sec:uon tv . Habtt-at Necessary for~ 11rvn1al 
Section IV. - Page 3 



.. ., 



V. RANGE AND DISTRIBUTION 

Toe following is a summary of information on historic and current range and distribution of 
spring-run chinook salnon in the Sacramento River system. For further information, Sto ne 
(1874), Clark (1929), and Yoshiyama et al. (1996) provide more detailed descriptions of the 
historic range and distrbution of spring-run chinook salmon . These and numerous other 
accounts provide a detailed history of habitat destruct ion and modification throughout 
California's Central Valley which accounts for the present-day limits of the spring-run chinook 
salmon's remna nt range and distribution. 

Historic Range an d Distribution 

Spring-run chinook salmon populations once occupied the headwaters of all major river systems 
in CAiifornia's Central V:>llcy where natural barriers were absent (=igure 4) (Clark 1929, 
Yoshiyama et al. 1996). 

Clark (1929) estimated that originally there were 6,000 miles of Selmon habitat in the Central 
Valley system and that 80% of this habitat had been lost by 1928. Much of this was spring-run 
headwater habi tat. Yoshiyama et al. (1996) calculates roughly 2,000 miles of salmon habitat 
were actually available before dam construction and mining, but concludes that 82% of what was 
there is lost today. Clark (1929) did not give deta ils about his calculation. Whether Clark's or 
Yoshiyama's calculation is used, little remains today of the former spring-run habitat. 

Sacramento River and Tributarjes above Shasta Dam 
Spring-run chinook salmon once ascended the Sacramento River to its headwaters and 
tributaries (the Pit, McCloud, and Little Sacramento rivers) when '! chinook salmon habitat 
conditions were characterized as "ideal" by Clark (1929). Spring-run salmon spawning habitat 
was spatially isolated from fall-run chinook, although there was some overlap in spawning time. 
Isolation from winter run was due to different spawning times (Hallock and Fisher 1985). 

Upper (Little) Sacramento River. Stone (187 4) observ ed spring run at upper Soda Springs 
which is above the falls at Sims. Once past these falls, spring run would have been able to 
migrate upstream as far as the present -day Box Canyon Dam near the town of Mount Shasta 
(Yoshiyama et al. 1996). 

McC/oud River: Spring run could have ascended the McCloud River as far as Lower Falls, but 
probably stopped at Big Springs (Wales 1939). Big Springs provided one-half of the flow as 
measured at the mouth of the McCloud River. Flows between Lower Falls and Big Springs 
would have been adequate for adults to over-summer in low water-years (Yoshiyama et al. 
1996). 

Pit River. Spring run were able to ascend Pit River Falls and migrate to t he Fall River 
(Yoshiyama et al. 1996). Spring run used Hat Creek and Kosk Creek and one mile of Burney 
Creek, 

Sacramento River and Trjbutaries Below Sha sta Dam 
Historically spring-run chlnook salmon did not use the mainstem Sacramento River below the 
site of Shasta Dam, except as a migratory route to and from headwater streams. 
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SPRING-RUN CHINOOK SALMON IN THE CENTRAL VALLEY OF CALIFORNIA 

Historical Range and Distribution 
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Figure 4. Historic range and distribution of spring-run chinook salmon in 
the Centra l Vallev of California. 
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Clear Creek Spring -run chinook could have historica lly migrated to the uppermost reaches of 
Clear Creek above the town of French Gulch (Figure. 5) (Yoshiyama et al. 1996). Although there 
is no documentation of spring run being in this area , spring run would have had to migrate to this 
elevation to find water cool enough to over-summer. In 1956, Azevedo and Parkhurst {1958) 
saw spring run in Clecr Creek for the first time since 1949. Passage to the upper watershed was 
severely impaired by the construction of McCormick-Saeltzer Dam around the tum of the 
century, then permanen tly blocked by the construction of Whiskeytown Dam in 1964. 

Cottonwood Creek: Spring run are known to have migrated to 1he headwaters of the Middle 
Fork and into Beegum Creek and South Fork above Maple Gulch (Figure 6). Yoshiyama et al. 
(1996) and Hanson et al. (1940) did not ment ion salmon using the North Fork. Even in the 
1940s, Cottonwood Creek was noted as having poor habitat conditions with the exception of 
Beegum Creek (Hanson et al. 1940). 

Battle Creek Spring run were thought to have used the North Fork up to near the town of 
Manton and the South Fork to a falls near the Highway 36 crossing (Figure 7) (Hanson et al. 
1940). Starting in 1900, Pacific Gas and Electric (PG&E) built a series of dams and power 
plants on Batt le Creek. Clark ( 1929) indicated that some of the lcdders at these fac ilities were 
inoperable at low flows and that sections of !he stream were dewatered. 

Antelope Creek Historically, spring run were thought to ascend the North and South Forks to 
the vicinity of the Ponderosa Road crossings (Figure 8) (Yoshiyama et al. 1996), although there 
is no documentation of thi s. Spring run were observed as far upstream as McClure Place on the 
North Fork and reported as far upstream as Buck's Flat on the South Fork (Hayes and lingquist 
1966) . 

Milf Creek: The historic range and distribution of spring-run chinook salmon in Mill Creek is the 
same as it is today (Figure 9). Adults migrate upstream and hold in a 20-mile reach from 
approximate ly the Lassen National Park boundary downstream to the confluence of little Mill 
Creek. 

Deer Creek: The historic range and distribution of spring-run Chinook salmon in Deer Creek was 
less than rt is today (Figure 10). Fish held in a 16-mile reach from Dillon Cove upstream to 
Lower Deer Creek Falls. In 1943, a fish ladder was constructed around the falls, providing 
access to an additiona l six miles of adult holding and spawning habitat. 

Stony Creek Historically, spawning runs of fall- and spring-run chinook salmon occunred in the 
Stony Creek watershed above the present dams and the reservoirs to the confluence of Stony 
Creek and litt le Stony Creek. approximately five mile3 below the town of Stonyford (Clark 1929, 
Yoshiyama et al. 1996). 

Big Chico Creek : Historic spring-run habitat within the creek extended beyond Iron Canyon 
(Figure 11) (CDFG 1958). Access was blocked by large.boulders dislodged during the 1906 
earthquake and was restored in 1958 with the construction of a series of small fish ladders . The 
holding area is in the reach upstream of Iron Canyon to Higgins Hole. Higgins Hole ls the 
primary adult holdi ng area. Under certaln wate r flows, fish were able to ascend Higgins Hole 
falls and proceed upstream approximately 1.5-2 miles until encounlering an impassab le barrier 
(White 1958). 

Butte Creek Clark (1929) provides the only known early record of the range of spring run in 
Butte Creek, althou h he robabl incorrect! refers to them as fall run. Various sour.ces 
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suggest that salmon and steelhead may have reached Rutte Meadows (Figu re 12}. However , a 
recent review suggests that the upper limit for spring-run salmon was most likely in the vicinity of 
PG&E's Centerville Head Dam (Holtgrieve and Holtgrieve 1995) . Holtgrieve and Holtgrieve 
referenced observations by a local resident that there were thousands of salmon in the Quartz 
Bowl, a large pool about one-hal f mile above Chimney Rock, which had a 15-foot high barrier 
that was the upper limit of dist ribution. The barrier was dynamitej somet ime in the 1930s, which 
allowed passage to the Centerv ille Head Dam. The field survey by Holtgrieve and Holtgrieve 
(1995) found additional impassable natural barriers just upstream of the Cente rville Head Dam, 
further substantiating the conclusion that spring-run salmon probably did not ex ist in the reach 
above the Head Dam, and, certainly did not migrate as far as Butte Meadows. 

Feather River: Spring-run salmon were reported to have asce nded to the very highest streams 
and headwaters of the Feather River watershed (Figure 13) prior to the construc tion of the 
various hydropower dams ~nd divers ions (Clark 1929}. Spring run were reported to have 
occurred in the West Branch at least to the site of Stirling City, and the North Fork through the 
present-day site of Lake Almano r into various tributar ies, including the Hamilton Branch. 
Additionally, spring run were known to have ascended Indian Creek, a tributary of the East 
Branch of the North Fork, and reportedly Yellow and Spanish creeks, two other tributaries of the 
North Fork. In the Middle Fork, spring-run salmon were reported to have occu rred as far as the 
natural barrier falls at Bald Rock, .and potentially to Feather Falls bcated on Fall Rive r, a 
tributary lo the Middle Fork. Spring run may have ascended to the vicinity of Forbestown on the 
South Fork (Yoshiyama et al. 1996). Between the installation of the small hydropower dams and 
the construction of Oroville Dam, naturally occurring spring run in the Feather River were 
described as primari ly spawning in the Middle Fork, although small numbers of fish were 
occasionally found in the North Fork (Hanson et al. 1940). 

Between the time of the installation of the early hydropower diversions and Oroville Dam, spring 
run were resiricted to areas which were also within the range of fall-run ch inook sa lmon , 
particularly the North Fork and the Middle Fork. Comments included in the Department's annual 
chinook salmon spawning stock surveys as early a.s 1958 (CDFG 1959), prior to constru ciion of 
Oroville Dam, indicated that fall- and spring-run spawners were often not separated, even in the 
Middle Fork. 

Yuba River. Spring rur historically occurred in the Yuba River, which is the larges t tributary to 
the Feather River (Figure 14). In the North Fork, salmon were caught by PG&E workers in the 
Bullards Bar area in 1898-1911 (Coleman 1952: as cited in Yoshiyama et al. 1996). There are 
no barriers above the Bullards Bar area, and salmon were presumably able to ascend a 
considerable distance up the North Fork (Yoshiyama et al. 1996). The California Fish 
Commission (1875: as cited in Yoshiyama et al. 1996) indicated that in 1850 and 1851, large 
numbers of salmon were taken by miners and Native Americans as far upstream as Down ieville 
on the North Fork Yuba River. There are no natural barriers from Downieville upstream to Sierra 
City, where Salmon Creek enters. Thus, salmon were most li~ely able to ascend this reach of 
the river (Yoshiyama et al. 1996). Except for a 10-foot fqlls in the lower reach of the Midd le Fork 
Yuba River, there are no significant natural barriers and salmon wculd have had access to a 
considerable reach of the Middle Fork (Yoshiyama et al. 1996). Salmon were observed in the 
lower reach of the Middle Fork during a Department survey in 1938 (CDFG unpub lished data). 
Little is known of the original distribution of salmon in the South Fork. 

Salmon were observed within one to two miles upstream of the mouth of the Sout h Fork (CDFG 
unpub lished data). A cascade with a 12-foot drop below the juncture of Humbug Creek may 
have posed a significant obstruction , but was not a complete barrier (Stanley and Hqlbek 1984: 
See(ion 'v. R::in91: and Di!stribvtfOn 
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as cited in Yosliiyama et al. 1996). Steelhead were known to have ascended above this area 
and as far up the South Fork as Poorman Creek near the town cf Washington (CDFG 
unpublished data). Salmon have as.cended similar cascading falls on other streams. 

Blockage of spring run to their historic range occurred with the construction of Barrier No. 1 
Debris Dam in 1904-05 until it was destroyed by floods in 1907. Daguerre Point Dam was 
completed in 1906. Fish ladders were installed at the dam which were ineffective except during 
high flows . These ladc'ers were destroyed in the floods of 1927-~8 and were not rebu ilt until 
1938. They were generally ineffective in passing fish . In 1941, Englebright Dam was 
constructed approximately 12 miles upstream from Daguerre Point Dam. The ladders over 
Daguerre Point Dam were modified in 1950, allowing substantial passage of salmon. However, 
Englebright Dam. still blocked passage to their historic adult holding and spawn ing hab itat. 

American River: Spring run ascended the North Fork' at least to Mumfo rd Bar (Beals 1933: as 
cited in Yoshiyama et ;;.I. 1996). Spring run were able to ascend the Middle Fork to its 
confluence with the Ruoicon River and the South Fork to Eagle Rock about 12 miles 
downstream the from vfllage of Strawberry. Following years of problems with ineffec tive or 
absent fish ladders at the historic Folsom Dam, upstream access was completely blocked when 
the new, present-day Folsom and Nimbus dams were const ructed. Spring run no longer exist in 
the American River. 

Mokelumne River. Before the construction of Pardee Dam in 1929, spring run were thought to 
have migrated to the si1e of the Electra Powerhouse (Yosh iyama et al. 1996) . Spring run no 
longer exist in the Mokelumne River. 

Stanislaus River. An account by Yoshiyama et al. (1996) places spring run in the Stanislaus 
River historically. Spring run may have ascended the North Fork to the confl uence of Griswold 
Creek. Salmon were thought to ascend the Middle Fork to the site of Beards ley Reservoir. 
Salmon were not thought to inhabit the South Fork. Spring run no longe r exist in the Stan islaus 
River. 

Tuolumne River. Spring run were thought to ascend the Tuolumne River to Preston Falls near 
the Yosemite National Park boundary, approximately 50 miles upstream of New Don Pedro Dam 
(Yoshiyama et al. 1996). The Clavey River, the South Fork, and Middle Fork have obstructions 
a short distance upstream of their confluences and are not thought to have contai ned salmon 
(Ford: as cited in Yoshiyama et al. 1996). Spring run no longer exist in the Tuo lumne River. 

Merced River. Spring rJn may h-ave ascended the Merced River near El Portal (Yosh iyama et 
al. 1996). Yoshiyama et al. (1996) give an :iccount that spring run probab ly never reached 
Yosemite Va lley. Salmon were thought to enter the South Fork to the vicinity of Peach Tree Bar 
where there is a falls ( Bartholomew: as cited in Yoshiyama et al. 1996) . The North Fork 
probably did not contain many salmon because of its low elevation and a falls one mile upstream 
of the mouth which prevented migration of salmon (Vestal: as cited in Yoshiyama et al. 1996). 
Spring run no longer exist in the Merced River. 

San Joaquin River: Yoshiyama et al. ( 1996) indicate spring run r.iay have migrated to a point 
immediately below Mammoth Pool Reservoir, although an obstruction near Redinger Lake may 
have been a barrier to spring run (Vestal: as cited in Yoshiyama et al. 1996). Vestal indicated 
that salmon migrated u~ Fine Gold Cree~ approximately six miles and up Cottonwood Creek at 
least two miles. There is evidence that spring run used Willow Creek, but it is not known how far 
they ascended. Spring run no longer exist in the San Joaquin River. 
Section V, Range and Disti'ibut!On 
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Kings River. There is strong evidence that spring-run chinook salmon occurred in the Kings 
River even though the Kings River is not part of the San Joaquin drainage. The Kings River 
once flowed into Tulare Lake, which in wet years flowed into the San Joaquin Riv.er. The 
following is irom Yoshiyama et al. (1996). Most of the salmon migration occurred as far 
upstream as the North Fork, about 12 miles above the present extent of Pine Flat Reservoir. 
Some salmon may have reached Cedar Grove approximate ly 28 miles above Pine Flat · 
Reservoir. The North Fork Kings River is very steep a short distance above its mouth and 
probably did not support very many fish (Bartho lomew: as cited in Yoshiyama et al. 1996). 
Spring run no longer exist in the Kings River. 

Present Range and Distribution 

Most of the former spring-run habitat has been eliminated by water development and dams that 
prevent adult access to headwater areas. Present range and distribution is restricted to the 
Sacramento River below Keswick Dam and some of its tributaries (Figure 15). Spring-run 
chinook salmon no longer exist in t he San Joaqu in River or any of its tributaries, nor in the 
American River. Mill, Deer, and Butte creeks consistently support spawning populations of 
spring-run chinook salmon. Several other tributari es occasionally have spring run present or 
have recently supported small num bers of them. These tributaries include Big Chico, Antelop.e, 
and Beegum creeks. There may be some spring run in the Feather River, but these fish, for the 
most part, have hybridized with fall run. A counting statio n, operated on Battle Creek in 1995, 
1996, and 1997, estimated a run of 50 to 100 salmon was present. The status of spring run in 
the Yuba River is largely unknown, but a few spring run may persist. A small population of 
spring-run salmon may persist in the upper Sacramento River above RBDD although there is 
question as to the genetic integrity of these fish . 

Sacramento River and tributaries below Shasta Dam 
Sacramento River mainstem: Some spring-run chinook salmon may persist betwe en RBDD 
and Keswick Dam in-the Sacramento River, although there is evidence that a portion of the 
spring run estimated to have passed upstream of RBDD are hybrids of spring run and fall run 
(Figure 16). The physical environment below Keswick Dam is adequate for spring run; however 
in some years high wate r temperature would prevent egg and embryo survival (USFWS 1990) . 
Even though there is physical hab itat available to spring run, spring run depend on spatial 
isolation to prevent competition and hybridiza tion with fall run. The onset of fall-run spawning 
occurs simultaneously with the termination of spring-run spawning. This overlap In spawning 
periods may be evidence of introgression already occurring between the two runs. Also, since 
fall run use the same spawn ing riffles as spring run, later spawners may be displacing the redds 
of earlier spawners during nest construction. Under the current conditions in· the Sacramento 
River, it appears that spring run are not thriving. Redd surveys of the spawning habitat In the 
mainstem have found little spawning in August or September when spri~g-run salmon 
historically spawned (Table 6;. The spring run that was observed by Moffett (1947) and to some 
extent Slater (1963) is, for the most part, no longer found. 

Clear Creek: There are no spring run currently in Clear Creek (Figure 5). Habitat in Clear 
Creek has the potent ial to support spring run if passage problems at McCorrnick-Saeltzer Dam 
are corrected so that adults can ascend to hab itat below Whiskeytown Dam. Operation of 
Whiskeytown Dam can produce su itable cold-water hab itat downstream to Placer Road Bridge, 
depending on the flow releases. 

~cljon V. Range allt,I O~i.JiuulHJII 
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SPRING-RUN CHINOOK SALMON IN THE CENTRAL VALLEY OF CALIFORNIA 
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Table 6. Redds Counted Using Aircraft from 1983 lhrough 1997. Reach Surveyed Principally :rorn Red Bluff Diversion Dam to 
Keswick Dam. Each Count Represents Fresh Redds. Blank Cells Indicate No Survey Conducted. Zero Indicates a 
Survey Was Done But No Fresh Redds Observed. The August and Early September Spawning of Spring-run Chinook 
Salmon Noted by Livingston Stone is Sparse to Absent. 
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Cottonwood Creek: The Cottonwood Creek drainag e still suppons a few spring run (Figure 6). 
However , in recent years salmon have been observed only in Beegum Creek. In 1995 , eight 
spring-ru n salmon were observed and in 1996 six salmon were observed. No fish were 
observed in the South Fork. 

Battle Creek: Currently ihe most suitable spring run hold ing and spawning habitat Is restricted 
to the North Fork between V'lildcat Diversion upst ream to Eagle Canyon Dam, a distance of 
approximately three miles. Holding adult spring run have been observed In the mainstem of 
Battie Creek below the confluence of the Nort h Fork (Figure 7) (Croci 1996) . The CNFH Fish 
Barrier Dam has a functioning fish ladde r that is left open April through June, the principal 
spring-run migration period. In addition, the barrier dam becomes panially passab le when flows 
exceed approximately 350 c:Jbic-feet-per-second ( cfs) (USFWS 1995b ). There is risk of 
hybridization with fall run in this reach if flows are high enough to pass fall run. Howeve r. 
hybridizat ion 1s min imized by keeping the hatchery banrier dam closed during the fall-run 
migration period (July to December). 

Ante/ope Creek: Spring run are tho ught to ascend the North and Sou:h forks to the vicinity of 
the Ponderosa Road crossings, as they did his_torica lly (Figure 8). Habitat surveys and wa ter 
tempe rature monitoring have iden tified only eight miles of Antelope Creek as having suitable 
holding and spawning habitat for spring run: (1) in the North Fork from McClure Place to the 
South Fork confluence: (2) in the South Fork from Round Mountain Creek to the North Fork 
confluence; and (3) in the mainstem from the North and South Fork confluence to two miles 
below Payne Place. During the years 1989-97, adult population counts have been made during 
the month of July in the adull holding areas. Counts range from a low of zero in 1991, 1992, and 
1994 to a high of seven fish in 1995. 

Mill Creek: The present range and distribution of spring-run chinook salmon in Mill C reek is the 
same as it was historically (Figure 9). Adults migra te upst ream and hold in a 20-mi le reach from 
the Lassen National Park boundary downstream to the confluence of Little Mill Creek. 

Deer Creek: The present range of spring run has been eX)ended beyond the historic range 
(Figure 10) . In 1943, a fish ladder was constructed around the Lower Deer Creek Falls, which 
opened up an additional six miles of spring-run chinook salmo n holdin~ and spawn ing habitat. 
The prese nt habitat is a 22-mile reach of stream extending from Dillon Cove upstream to Upper 
Deer Creek Falls. Approximately 20% of the spawning now takes place in the six mile 
extension. Although a fish ladder was also constructed around Upper Deer Creek Falls, the 
ladder is managed to allow sleelhead passage around the fa lls, but not spring-run chinook 
salmon passage. This is because the habita t lacks large holding poo ls and wou ld not susta in a 
large popula tion of holding salmon. 

Stony Creek: Stony Creek no longer has spring-run chinook salmon. Upstream passage of 
adults to the upper watershed was blocked by Stony Gorge Darn. 

Big Chico Creek: The present range of spring-run chinook salmon in Big Chico Creek does not 
diffe r substantially from its historic range, although access to this habitat is currently provided 
under most flow cond itions by a fish ladder located in Iron Canyon east of Chico (Figu re 11 ). 
Blockag e of the historic habitat above I ran Canyon was believed io have occurred in 1906 as a 
result of the San Francisco earthquake (CDFG 1958). The primary holding area is in the reach 
upstream, of Iron Canyon to Higgins Hole , with most fish holding in Higgins Hole . Under certain 
water flows, fish were able to ascend Higgins Hole Falls and proceed upstream approximate ly 
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1.5-2 miles until encountering an impassable barrier {White 1958), .although there is no recent 
observation of any fish ascend ing above Higgins Hole. 

Butte Creek: The present range of spring-run chinook salmon in Butte Creek does not differ 
substantia lly from its historic range and Is limited to the reach below the PG&E Centerville Head 
Dam to as far downstream as the Parrott-Phelan Diversion (Figure 12) (Holtgrieve and 
Holtgrieve 1995). 

Feather River: Since the construction of Oroville Dam, spring-run salmon are now restricted to 
the area downstream of the fish barrier dam near Oroville, and essentially all are taken into FRH 
(Figure 13). Based on an assessment of FRH operations, the population within the Feather 
River, while still called a spring run, is considered a hybrid of spring- and fall -run populations 
(Brown and Greene 1993). Coded-wire-tagging (CWTing) of sprin;:i-and fall-run salmon at FRH 
(Tables 7 and 8) Indicates that in some years, more than 20% of the fish tagged as spring run 
were subsequently identified as adults from fall-run and visa versa. A further discussion 
regarding effects of hatchery operations can be found in this repon's discussion of competition 
and hybridization . 

Table 7. 

Year 

1987 

1988 

1989 

1990 

The Disposition of Chinook Salmon Spawned, Tagged, and Released as Spring
run Salmon from Feather River Fish Hatchery. Shaded Cells Indicate Years 
When >20% of Returning Progeny from Adults Originally Spawned as Spring-run 
were Subsequently Spawned as Fall-run. 

Number of Number of 
progeny progeny . 

subsequently subsequently 
spawned as spawned as 

fall-run s rin -run 

213 76 

116 228 

414 106 

2 23 

Total 

289 

344 

147 

25 

Percent of 
progeny 

subsequently 
spawned as 

fall-run 

8% 

Percent of 
progeny 

subsequently 
spawned as 
s rin -run 

66% 

72% 

92% 
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T::ihle 8. 

Year 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

The Disposif on of Chinook Sa lmon Spawned, Tagged, and Released as Fall-run 
Chinook Salmon from Feather River Fish Hatchery . Shaded Cells Indicate Years 
Whe n >20% of Returning Proge ny from Adults Originally Spawned as Fall-run 
were Subsequently Spawned as s ·pring-run. 

Number of Number of Percent of Percent of 
progeny progeny progeny progeny 

subseque ntiy subsequen tly subsequently subsequent ly 
spawne d a·s spawned as spawned as spaw ned as 

fall-run s rin -run Total fall-run s rin -run 

432 17 449 96% 4% 

33 7 96 133 78% 

424 113 537 79% 

481 111 592 81% 19% 

390 32 422 92% 8% 

355 68 423 84% 16% 

264 223 487 54% 

343 197 540 64% 

Yuba River: Historic spring-run chinook sa lmon holding and spawning habitat was blocked by 
Englebright Dam (Figure 14). Spring-run chinook salmon are still able to ascend the Yuba River 
as far as Englebrigh t Dam. However, follow ing the tenn ination of access to their historic holding 
and rearing hab itat , spring run now occupy the same area as fall-run salmon and introg ressive 
hybridization has likely occurred. 

Miscellaneous Tributaries to the Sacramento River : Rearing juvenile spring run use vario us 
nonnatal tributaries to the Sacramento River , including the lower reaches of small, interm ittent 
streams . Afte r ex iting their natal streprn, some juveniles ascend nonna1al tributa ries and 
continue rearing (Maslin et al. 1997), a behavior which has been observed in other rive r systems 
as well (Murray and Rosenau 1989, Scrivener et al. 1994, and Williams 1987: as cited in Mas lin 
et al. 1997). In tributaries of the Sacramen to River tha t do not support an adult population of 
spring-run cn inook salmon, nonnatal rearing has been observed in Sulphur, Olney, Ch um, 
St illwater, Bear, Inks, Reeds, Red Bank, Salt, Coyote, Oat, Dye, Elder, McClure, Thomes , 
Toomes, Pine, Mud , and Stony creeks, as well as in Kusal Slough (Rock Creek) (Maslin et 
al.1997). Add it ionally, other 1ributaries which have not been documented as harboring nonna tal 
rearing juve niles, but which are believed to provide acceptable conditions, include Jew ett, 
Dibble, E!iue Tent , Sevenmile, Paynes, Spring , Frazier, Anderson, Ash , Cow, Clover, and Midd le 
creeks (Maslin et al.1997). Based upon observations of CWT juvenile winter-, fall-, and late-fall
run chinook ,salmon, the variety of dates Juveniles enter the tributaries, ·and the variety of sizes of 
Juveniles present at any one date, some members of all four chinook salmon runs enter 
tributaries for rea ring (Maslin et al. 1997). Juveniles migrate upstream in these tributaries as far 
as five miles and can remain until rearing habitat condit ions deteriorate (diminishing spring flows 
and increas ing wate r temperatures). 
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Sacramento-San Joaquin Delta: The Delta serves as Juvenile soring-run rearing habitot and an 
adult and juvenile migration corrido r, connecting inland habitat lo the ocean. One of the more 
significant habitat alterations which has affected the range and distribution of Sac ramento River 
spring run within the Delta occurred in 1951 when the Federal Central Valley Project (CVP) 
began operations of the Delta Cross Channel (DCC). The DCC is a gated canal structure which 
diverts water and fish from the Sacramento River into the Mokelumne River drainage (Figure 
17). 
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The Sacramento/San Joaquin Bay-Delta Estuary 
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Figure 17. The Sacramento/San Joaquin Bay-Delta Estuary , Caflfomia. 
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VI. ABUNDANCE AND POPULATION TRENDS 

Historic and Present Population Estimates 

Spring-run chino.ok salmon was once the second most abundant race of salmon in Ca lifornia 's 
Central Valley (Fisher 1994), with fall run the mosi abundant, as it remains today. The Central 
Valley drainage .as a w'iole is estimated to have supported spring-run chinook salmon runs as 
large as 600,000 fish between the late 1880s and 1940s (Table 9, Figure 18). The gill-net 
fishery , establis hed arcund 1850 (Clark 1929), operated in the Sacramento-San Joaq uin Delta. 
Initially , the fishery targeted spring- and winter-run chinook salmo n due to their fresh 
appea rance and excellent meat quality compared to that of fall run, which are fn a more 
advanced spawn ing condition upon return to freshwater (Stone 1874). Ear1y gill-nei landings 
were reported in excess of 300,000 spring , un (CFC 1882). l::!efore the construction of Friant 
Dam, nearly 50,000 adults were counted in the San Joaquin River (Table 10, Figu re 19) (Fry 
1961 ). This popu lation of spring-run ch inook salmo n was extirpated after 1949 as a result of the 
clos ure of Friant Dam. 

Sacramento River an d Tributaries above Shasta Dam 

The re are no precise estimates for the total number of spring run that migrated above the site of 
Shasta Dam. Given that this portion of the watershed was a principal spawning area for 
Sacramento River spring run, the numbers of spring run which returned to this area must have 
been large. 

Upper (Little) Sacraf/1ento River. Stone (1874) reported that in July 1871 ' hundreds of 
sa lmon, averaging 15 pounds apiece' were caug ht near Upper Soda Springs j ust downstream of 
the town of Dunsmu ir. In addition, nativ e Wintu people were said to have fished for salmo n in 
July from a point one mile above the town of Dunsmuir downstream to a point five miles from 
Dunsmuir (Voegelin 1942: as cited in Yoshiyama et al. 1996). Two to three hundred people 
fished for two to three weeks, indicating a large run of salmon. 

McC/oud River: When Stone (1876) was installing a weir at Baird Hatchery in 1874 , he made 
an observation that "tens of thousands, not to say hundreds of thousands which would perhaps 
be nearer the truth • passed the weir while it was being installed and 'tho usands more" we re 
blocked after it was installed. Stone (1880) spawned 3,600 female salmon. Clark (1929) 
reported that by 1928, the run was great ly depleted . 

Pit River: There are no population estimates of spring run that ascended the Pit River. 
Yo!-hiyama et al. (1996) reported that the run was large and extended at least up to Pit River 
Falls. Hat Creek was also reported to once have had a large run of spring-run salmon . 

Shasta Dam completely blocked access of spring run to the Upper Sacramento, Mccloud , and 
Pit rivers and i heir tributaries . 

Sacramento River and Tributaries below Shasta Dam 

Sacramento River: Historically the Sacramerito River downstream of Shasta Dam was used by 
spring run only as a migration route to and from cooler tributary streams. After the construction 
of Keswick Dam in May i9 42, Moffett (1947) estimated that 25,000 spring run spawned in the 
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Table 9. Historical Spring-run Chinook Salmon Abundance. Early Estimates Derived from Annual Commercial Salmon Catch 
Records. Present Abundance Is the Sum of Individu al Estimates for Mill. Deer, and Butte Creeks . 

Year Index Cltln11 Calcul ation Notes 
1872 242,000 Clark, 1929, p. 65 4000000 lbs . • 0.544118)0.5 :::ommercial salmon cotch Jn lbs.• 

rve weighl : (total lbs • %SR by 
velghl / avg wl)I harvest rato 1/ 

1873 
1874 247,000 Cla1k, 1929. p. 65 4079025 lbs . • 0.544/18)/0.5 pommerclal salmon catch In lbs. 

Ive weight 
1875 308.000 Clorn. 1921. p. 65 509078 1 lbs. • 0.544118)/0.5 r::ommerclal salmon catch in lbs. 

1876 321.000 C!a,k , 1929, p. 6 5 
Ive weight 

5311 4 23 llni . ,. 0.$14 / 16}/0.5 i:;onumUcial snlmon catch In lbs. 
ive wofght 

1877 392,000 Cla1k, 1929, p. 65 6493563 lbs. • 0.544/18)/0.5 pommorcrsl salmon catch in lbs. 
fve weight 

1878 394,000 Clark. 1929, p, 65 6520768 lbs·. • 0.544/18)/0.5 ; ommeiciaf salmon catch In lbs. 
lvowelnht 

1879 268,000 Clark, 1929, p. 65 4432250 lbs . • 0.544/18)10.5 ~ommerciol salmon catch In lbs, 
Ive weigh! 

1880 604,000 Clark. 1929, p. 65 10837400 lbs . • 0.502/18)/C.5 ponwnerciol saln1on calch In lbs, 
hie weight (%SR by Wel9hl 

~hanged lo .502) 
1881 536,000 Clark, 1929, p. 85 9605000 lbs . • 0.502/18)/0.5 r:ommercial salmon catch In Jbs. 

ive weight 
1882 536,000 Clark, 1929, p. 65 9605280 lbs . • 0.502/ 18)10.5 :omrne,clal safmon catch l.n lbs. 

hie weight • 
1883 535,000 Fish Comm., 1884, p. 4 9585672 lbs . · 0.502/18)/0.5 :;ommercial salmon calch In lbs. 

Ive weight 
1884 263,000 Fledlor, 1930, p. 357 5082480 lbs . • 0.502118)/0.5 packed , canned sa lmon: (81450 

:.ises • 1.3 x 48)=1bs. 
1885 313,000 Fiedler. 1930. p. 357 56 16000 lbs . • 0_5·0211R)I0.5 po.c-1:cod, canned o;;ilmon: (9-0000 

·a sos ' 1.3 x 48)=1bs. 
1866 137,000 Fiedler, 1930, p. 35 7 2452320 lbs . • 0.502118)10.5 packed, canned so lmon: (39300 

·ases • 1.3 x 48)=ibs . 
1887 127,000 Sk inner, 1082, p. 201 2277600 lbs . • 0.502/18)/0 ,5 packe .d. can ned salmon : (36500 

Pases • 1.3 x 45J=lbs . 
1888 369,000 Clark. 1929, p. 65 '6622978 lbs . • 0.502/ 18)10.5 Pommerclal sa lmon catch In lbs . 

Ive we_fg_ht 
1889 361,000 Ciark, 1929, p, 65 6471095 lbs . • 0.502118)10.5 ~ommercial satmon catch In lbs. . 

ive wcjg_ht 

1/ Harves t ra te or 0.5 derive d lrom spr ing -ru n population and gift-net catches 1943 • 1951. 
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Table R (Continued). 

Year Index Citing 
1690 208 ,000 Clark, 1929, p, 65 

1891 137,000 Clark, 1929, p. 65 

1892 339.000 Fish Comm .. 1894, p . 11 

1893 277 ,000 Clod<, 102Q, p. 85 

1894 3 15,000 Clark, 1929, p. 65 

1895 305,000 Fish Camm., 1896, p. 8, 9 

1806 229 ,000 Clark, 19'9, p. 65 

1097 279,000 Clark, 1929, p. 65 

1898 287,000 Clark. 1929, p. 65 

1899 452 ,000 Clark, 192~. p, 65 

1900 
Fish Comm ., • 900, p. 11 

1901 
1902 ' 
1 !JU:J 

1904 

l905 
1906 
1907 
1908 
1909 

1910 

1911 
1912 

1/ Harvest rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951. 

Calculation Notes 
2970111 lbs. • 0.385111)1).5 ;;ommcrclol salmon catch In lbs. 

Ive weight (%SR by weight 
ha!![ed to .385) 

1957354 lbs. • 0,365111)10.5 pommer clal salmon catch In lbs. 
ivewc~ ht 

4848816 Ibo, • 0.385111)10.5 .... omme,clal salmon catch h1 lbs. 
lvo weigh! 

(3950373 lbs. • 0.38!>/l 1 )10,5 r.;ommcrcial salmon catch In I~ 
ivo WO!l!hl 

(4494616 lbs. • 0.385111)/0.5 commercial saJmon catcll fn lbs. 
ive weight 

(4350483 lbs. • 0,385111)10,5 Commorclal salmon catch in lbs. 
ivo weight (2713458 calch at San 
Francisco+ 1637025 at cannedesj 

(3276587 lbs. "0.385/11)/0. 5 vommerclal salmon caJch In lbs, 
lvewe~hl 

(3979397 lbs. • 0.38!;/11)/0.5 pornmercla1 Selmon catch In lbs. 
lvew~ht 

(4079397 lbs. • 0.385111)/0.5 ~ammerclal salmon calch In lbs. 
lvo weigh! 

(64~8959 lbs. • 0,385111)10,5 Fommorcial salmon catch in lbs. 
lvo weli!hl 

,sh markels denied Fish 
pomm[sslon access io records duo 
o anlagonism over Jaw enforcemer 
ncomplete Records 
ucompteto Recorus 
nCOf'!!EIBIG Records. 
nco~fete Records 
ncom~lcta Records 
ncomplcte Records 
ncomplele Records 
ncompfete Records 
ncomJ!IOlo Records 

ncomplero Records 
ncomple.to Records 
ncom_Qlete Records 
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Table 9. (Continued) . 

Year Index Cltrna 
1913 

1914 

1915 Fish Comm ., 1916, p.8 1 

1916 106,000 Fry, unpub., 1916-1947 

1917 1081,000 Fry. unpub,, 1018-1947 

1918 90,000 Fry, unpub ., ' 916-1947 

1919 121,000 Fry , unpub ., 1916-1947 

1920 134,000 Fry , unpub., 1916-1947 

1921 104,000 Fry, unpub. , 1916-1947 

1922 70,000 Fry, unpub,. 1916-1947 

1923 68.000 Fry , unpub., 1916-1947 

1924 87.000 Fry, unpub., 1916-1947 . 

1925 106.000 Fry, unpub., 1916'.1947 

1926 40,00 Fry, unpub ., 1916-1947 

1927 30,000 Fry , unpub., 1916-1947 

1928 11,000 Fry, unpub ., 1916-1947 

1929 1MO O Fry, unpub., 1916-1947 

1930 61,000 Fry, unpub., 1916-1947 

11 Harvest rate of 0.5 derived from spring-run population and gill -net calches 1943 - 1951 . 

Calculation Notes 
ncomplete Recotds 
ncomplele Records 
.egfslatu,e enacted .a law requlrfng 
pealers of salmon lo provldo 
pommlsslon with monthly fishery 

laUstlcs 
(9o2697 lbs .l18)/0.5 pornmerclol salmon ·catch In lbs. 

ive weight ror March-July: 

(055590 lbo.110)/0,5 
#lbs/avg weighUharvesl rate) 

pomme,cial salmon CQlth. In ll>s. 
lvewe lohl for March-July 

(885326 lbs,/18)/0,S Fommerclal salmon catch In lbs. 
Ive weight for Marcfl-July 

(1086204IbsJ18)/0 .6 Jommercfal salmon catch In lb$. 
Ive weight for March-July 

(1207234 Ibs.118)/0.5 r)onvnercial salmon catch In lbs, 
Ive we_fghl for March-July 

(938402 lbs.118)/0.5 pommerc:lel salmon t:;atch In lbs. 
Ive Wolghl for March-July 

(626917 lbs.118J/O.~ ~ommercial. satmo11 colci1 In lbs, 
iv~ weight for March-July 

(607570 lbsJ18)/M r;omrnerclnl salmon catch In Jbs. 
Ive weight for March.July 

(778775 lbs./18)/0 .5 Fommer'clal salriion catch in lbs. 
ive we ight for March-July 

(952307 lbs./18)/0.5 ,omme1cial salmon calc:h In lbs. 
Ive weight for Marcll4 Julv 

(364235 lb•.118)/0.5 ::ommeretal salmon catch In lbs. 
Ive woloht to, Mnrc:h-July 

(266094 lbS.118)/0.5 pommerclal salmon catch fn lbs. 
Ive weight lot March-July 

(100332 lbs./ 18)/0.5 Fommerclal salmon catch In lbs. 
Ive weight ror March,Juiv 

(173153 lbs,/18)/0.5 pommerele l salmon catch In lbs. 
lva wel~ ht for March-July 

(549'366 lbs./18J/0.5 pommorclal salmon catch In lbs. 
ive wel11h1 for March-JuJv 

1 
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Ta ~le 9 . (Cont in ued}. 

Year Index Clfln11 
1931 49,000 Fry, Unpub .• 1916-1947 

1932 46,000 Fry, unpub., 1916-1947 

1933 20,000 Fry, unpub., 1916-1947 

1934 16.000 Fry , unpub., 19 16-1947 

1935 12,000 Fry, unpub .• 1916-1947 

1936 4~,000 Fry, unpub., 19f6-t947 

1037 16,000 Fry , unpub., 1916-1947 

1938 6,000 Fry, un1>ub., 191/j-19.47 

1939 45,000 Fry, unpub., 1916,1947 

1940 68,000 Fry, unpub., 1916·1947 

1941 19.000 Fry, unpub., 1916-1047 

1942 73,000 Fry, unpub., 1916-1947 

1943 46,000 Fry, unpub. , 1916·1947 

1944 17.000 F'ry, unpub., 1816-1047 

1045 166,000 Fry, unpub., 1016,1947 

1946 222,000 Fry, 1111pub., 1'16-1947 

1947 72,000 Fry, urlpub., 1916-19.47 

. 1948 59,000 CDFG Bui. 80, p. 33 

1/ Harvest ra te of 0.5 derived rrom spring -run population and gill-net catc hes 1943 - 1951 . 

Ca lculallon Notes 
(437351 lbs./ 18)10.5 pommercial safn,on cet~h in lbs. 

Ive wolghl lor March-July 
(429566 lb$./18)/0 .S Pommorclal salmon catch In lbs. 

Ive we ight lo r Marcl1-July 
{ 181565 lbs.fl 8)/0.5 pomn,c,clal salmon catch In lbs, 

Ive welgl U ro, March.July 
(145286 lbs./18)/0.> :ommerc1a·1 salmon catch tn lh.~. 

Ive weight ror March-July 
(111030 lb,.118)/0.5 r::ommerciat salmon catch In lbs. 

Ive we!n_hl for March-July 
(376609 lbs.f18)/0.5 ;ommerclal salmon c.olch In lbs, 

lvo wo!i)ht for March.July 
(14 1398 lbs ./16)/0 .5 ;o ,nmerclal setmon catch In lbs, 

Iva weight for March.July 
(57905 Jbs.116)/0.5 ~ommerclal salmon catch tn lbs. 

ive welght for March.July 
(4031 17 lbs./18)/0,5 ommerclal salmon catch In lbs. 

Ive we.!l!hl for March-Ju ly 
(609179 lbs118)10,5 pommercial salmon catch In lbs. 

Ive weigh! for March. July 
(168326 lbs.118)/0.5 :::ommerclal satmon catch In lbs, 

Ive weight ror March-Julv 
(657666 lbs./18)/0 .5 pommerclol salmon et1lch in lbs. 

lvo we igh! for Morch -July 
(413760 lbsJ18)/0.5 ~omniercfal salmon catch in lbs. 

Ive weigh t for March-July 
(1 G!i0170 lb.$.l16)/0.! ,: ommefclal salmon catch In Jbs. 

ivo weight for March,Jufy 
/149 10201bs./16)10.5 ;:;ommerclal salmon catch In lbs. 

lvo we!l!hl ror March-July 
(199577 4lbs.118)/0. 5 ::ommercial salmon catch In lbs. 

Ive wo.!l!_hl f6r March-Ju ly 
(650868 lbs./18)/0.5 ~ommerclal salmon catch rn lbs, 

ive weight ror March-July 
(528667 lbs./18)/0 .5 r,nonlhly landing of comme rcial 

ishl ng boats In Sacramento reg ion: 
~a rch-June 
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Table 9. (Continued), 

Yoar Index Citing 
1949 30,000 CDFG But 80, ,p. 63 

1950 19,000 COFG Bui. 86, p. 93 

1951 9,000 CDFG Bui, 69, p. 39 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1065 
1966 
1967 

1968 
198,0 

1970 4,000 see Appenll• B 

1971 3,000 see Appendix B 

11 Harvest rate or 0 .5 derived from spring-run populallon and gill-net catches 1943 • 1951. 

Calculatlon Notes 
(267686 lbS./18)/0.S ""onlhly lancrlno of commercial 

Lishing boals In Sacramanto region: 
t'1orch-Juno; Frlanl Dam complo led 
ihich oxlirpales San Joaquin 
S-n1ino•run 

(173779 lbs.118)/0.5 t,1onthly landing or commc relal 
1shing bbals in Sacrnmento region: 
IAarch.June 

(76744 lbS/18)/0,5 v1on1hly !anding of commercial 
lshlno boals In Sac,amenlo rogton: 
March•Juno 

rient Dam completed 1949 • 
~xllrpating San-Joaquin SR; gill nel 
,sheN restticled lo 7¼ mesh 
o Dala 
oDeto 

o Data 

~o Data 

Ill Not Flshery abolished 

e~ lslallon closed t I11-nol nsherv 
oDa!o 

No Data 

oOata 

oData 

'o Data 

0Da1a 

o Data 
~o Dara 
~o Dala 
~o Data 

~o Dora 

f'Jlill, Ooer and Bulle creoks 
~•llmoles 

MIii, Deer and Butte creeks 
sUmates 

' . , '1 
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Tab le 9. (Conllnued) . 

Year Index Cltlnq 
1972 1.00.0 S8o Appon<lix B 

1973 4.000 see Appendix B 

1974 5,000 S00 Aptendlx 8 

1975 13,000 seo Appendix B 

1976 

1977 
1978 2,000 see Appendix B 

1979 
1980 2,000 s.ao App;indix 8 

1981 
1062· 3,000 see Appendix B 

1983 

1984 
1985 1,000 see Appendix B 

1986 2,000 see AppendlX B 

1987 500 soe Appondhc B 

1000 z,uuo SOB Appendix B 

1989 2,000 soe Appondhc 8 

1990 1,000 .see App6ndhc B 

1991 1,000 see Appendix B 

1992 1,000 seo Appendix B 

1/ Harvest rate of 0.5 ilerived from spring-run population and gill-net catches 1943 -1951 , 

Calculatton Notes 
rvim, Oeer nnd Bullo creeks 
astlmalos 
t,,,111, Door and Bullo ctceks 
~sllmatos 

t,,1111, Deer and Bulle creeks 
pslimatos 

tv,ill, Oa~r and Butte creeks 
•sllmat c s 

ncomofete Recotds 

ncomlilcto Records 

~Ill. Deer-and Bulle creeks 
JJSlimote.s 
ncompfete Records 

1/11, Door nnd Butte creeks 
sllmotos 

ncomplote Records 

l',,,ill, Deer and Butte creeks 
stlmates 

nconu lele Records 
ncomplete Records 

r,,lill, De.er and Bulle creeks 
"'stlmares 
~ill. Oeer and Buue c;,eeks 
stlmates 

r-,1111, Deer and Bullo c,eeks 
~rlm~le,s 

:v,111, Deer and Bulle creeks 
$tlmalos 

\1111, Deer ond Butta creaks 
sllmritos 

f\'1111, Deer and Bullo creeks 
f?stimates 

~Ill. Deer and Bulle creeks 
,sllmates 

\11111, Deer ond Bulle creeks 
sUmales 
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Table 9. (Conllnued) . 

Year Index Clt ln_g 
1993 1,000 see Ap,pendlx 8 

1994 ·2,000 see Appondlx B 

1995 9,000 sea Appandlx B 

1996 2,000 see Apponcflx 8 

1997 1,000 see Appendix B 

1/ H3rvesl rale of 0.5 derived from spring-r1.11 population and gill-net catches 1943 • 1951. 

Calculatlon Notes 
MIii, Deer and Butta creeks 
stimatos 

Mill, Deer and Bulle creeks 
sllmales 

Mill, Deer and Butte creeks 
stimafcs 

MIii, Deer and Bullo c,eeks 
stlmates 

Mm. Door ant1 A 1Jlt& c,eeh 
sUmales 

,':J 
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Estimated Total Spring-run Abundance 
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Figure 18. Historical spring-run chinook salmon abundance. Early estimates derived from annual comme rcial salmon 
catch records. Present abundance is the sum of individual estimates for Mill, Deer, and Bulle creeks. 



Table 10. Counts ancf Estimates of ihe San Joaquin River Spring-run Popu lation . 

I YEAR I f;STIMATE I YEAR I ESTIMATE I 
1940 No survey 1951 0 

1941 No survey 1952 0 

1942 No survey 1953 0 

1943 35,000 1954 0 

1944 5,000 1955 0 

1945 56,000 1956 0 

1946 30,000 1957 0 

1947 6,000 1958 0 

1948 2,000 1959 0 

1949 No survey 1960 Exti"pated 

1950 No survey 

Section VI. - Page 10 
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Sacrame nto River and an additional 2,391 fish were taken at Keswick Dam trap. These fish 
migrated and spawned at the same time as spring run that migrated through this sect ion of river 
before Shasta Darn. Adu lt spring-run abundance was estimated until 1956 based on redd 
counts. Estimates ranged from 27,000 to 4,000 (Appendix 8) . During this period , Slater (1963) 
noted a change in the spring-run population and an increase in what he referred to as early
spawning fall run. Slater (1963) states that early fall-run spawne rs were competi ng with spring 
run for nest sites. He also indicates that fall run may have hybridized with spring run. No 
estrmates were made from 1957 through 1968. Starting in 1969 counts were made at RBDD. 
RBOD also incl uded fish that were destined for Battle and Cottonwood creeks. Estimates of 
adult spring-run escapements are also separately generated for each drainage, result ing in 
"double counting• of these fish . No analysis has been performed to adjust the RBDD est imates 
to account strict ly for the spawners to the mainstern river. 

Clear Creek: The re is no record of the population size in Cle·ar Creek. Azevedo and Parkhurst 
(1958) mentioned seeing spring run in 1956 for the first time since 1949, but gave no estimate. 
Today, there are no spring-run chinook salmon in Clear Creek (Appendix 8}. 

Cottonwood Creek: There are no good estimates of what the population size of spring run was 
histo rically in Cottonwood Creek. CDFG (1993) simply state_s there was a historical population 
of 500 salmon , but does not cite a source. Now Cottonwood Creek has a remnant popu lation of 
a few fish . ln 1995, eight spring-run salmon were observed in Bee.gum Creek and six fish were 
observed in 1996. No spring run were detected during a survey in 1993 of the South Fork of 
Cottonwood Creek. 

Battle Creek: Battle Creek historically supported a spring-run population, but no reliable 
records exist that documen t the magnitude (Figure 20). System ic counts were not made du ring 
spring month's when adult si;ring run migrate upstream. Hanson (et al. 1940) reported a small 
spring run and a larger fall run. Azevedo and Parkhurst (1958) used redd surveys and carcass 
counts to estima te adult spring run; estimates ranged from 1,700 to 2,200 for 1952-56. These 
numbers were subsequently used in Fry (1961). 

During the last three years (1995-97), the USFWS has generated partial estimates for spring 
run using ladder counts at the CNFH Barrier Dam (Appendix 8). These partial es timates 
indicate Batt le Creek presently has a run of 50 to 100 adult spring run (Saracco 1996, 1997). 

Antelope Creek: Historically , Antelope Creek supported "a few hundred" adult fish (Hallock 
1956, Van Woert 1959 ). Hayes and Lin9quist (1966} estimated the run to be about 500 fish 
annua lly. Today , there are few fish in Antelope Creek. Since 1989, surveys cond ucted by the 
Department have counted salmon in holding areas. Counts ranged fron a low oi zero in 1991, 
1992, and 1994 to a high of seven fish in 1995 (Figure 21, Appe ndix 8 ). 

Mill Creek: The re are no early records of populatron size for Mill Creek. Counts of spring run 
were initiated in 1940 by the USFWS (Appendix B). Though some of th.:se counts are 
incomplete , there were counts of 3,000 to 4,000 fish. In recent years counts are an order of 
magnitude lower. In 1997, 200 spring run were estimated to have spawned in MIii Creek 
(Figure 22). 
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Deer Creek: The re are no early records of popu lation size for Deer Creek. Salmon were 
abundant enough for the Yahi people to use them as a food source (Yoshiyama et al. 1996). 
Counts oi spring-run chinook salmon in Deer Creek were initiated in 1940 by the USFWS 
(Appendix B). Although some ofthese counts are incomplete, there were counts of 3,000 to 
4,000 fish. In recen t years counts are an order of magnitude lower. In 1997. 466 spring run 
were counted (Figure 23). 

Stony Creek: There are no records of the numbers of spring-run salm :m in Stony Creek. Clark 
(1929) states tha t Stony Creek was a very good salmon stream prior to the placement of 
irrigation dams. Sp ring-ru n chinook salmon were blocked by Stony Gorge Dam (Hanson et al. 
1940). As a resu lt, spring-run chinook salmon are no longer able to access habitat in the upper 
watershed necessary for adult holding and spaw ning, leading to their extirpation. 

Big Chico Creek: No historical records exist, but the number of spring run in the 1950s and 
1960s averaged less than 300 fish. In the last four years , the number of adults seen in Big 
Chico Creek has ranged from 200 to two fish (Appendix B, Figure. 24). 

Butte Creek: The re are no early accounts of the number of spring-run chinook salmon in Butte 
Creek. Butte Creek was described in 1929 (Clark 1929) as having been a very fine salmon 
stream which was almost destroyed by irrigation dams and diversions. Clark further 
hypothesized that only remnant numbers of fall run remained, with the 'mplication, therefore , 
that spring run had been extirpated. It appears that Clark based his conclusion upon 
observations of the va lley reach of Butte Creek, which during the summer was described " ... as 
the water is very low and warm ... " He made similar observations fo r Mill and Deer creeks , anrl 
apparently did not recogn ize that the life history pattern of spring-run salmon was such that low 
flows and high temperatures . in the valley reaches during the summer did not preclude their 
existence. In 1940, Butte Creek was describe.d as "reported to have been a very fine sa lmon 
stream in the past , but mining and hydroe lectric power developments in the upper and middle 
portions, and irrigation diversions in the lower sections have so altered the stream that it is no 
longer suitable for sa lmon" (Hanson et al. 1940). 

During 1954, a counting station was maintained at the Parrott-Phelan Dam to record adult 
spring-run salmon passing through the fish ladder ( Append ix B). During a 21-day period (May 
7 to 27), 830 fish were obser,ed (Warner 1954). Warner further commented that the firs t 
salmon were seen in the area during the last week in March, and also that Warden Gene 
Mercer reported that 300 salmon were taken by anglers in upper Butte Creek on May 1 and 2. 
Variou~ c;i;nsus techn iques have been employed to evaluate the spring-run populations in Butte 
Creek since 1954. The population has fluctuated significantly, from a high of 8,700 adu lts in 
1960, to a low of ten fish in 1979. The fluctuation may, in part, be exp lained by the various 
survey techniques which have varied in rigo r and comparabi lity. However, the general tre nd 
has been a dec line since the 1940s (Campbell and Moyle 1990). In 1995, 7,500 spring run 
returned to Butte Creek and in 1997, 635 returned (Figure 25). 

Feather River. Historically the populat ion in the Feather River was substant ial. Letters written 
by CDFG (as cited in Yosh iyama et al. 1996) indicated that1housands of spring run entered the 
North Fork. In 1946, the spring-run population In the Feather River was estimated at 2,000 
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adults (Fry 1961 ). Prior to complete blockage resulting from Orov ille Dem, the popu lation 
est imate varied from a low of 500 fish in 1957 (Mahoney 1958), lo 4,000 in 1959 (Ma honey 
1960) (Appendix 8 , Figure 26). 

Following construct ion of Oroville. Dam, the spring -run population dropped to an all- time low of 
146 fish in 1967 (Menchen 1968). The greatest abundance since Oroville Dam was in 1988 
(6,833 ad ults) based_ on numbers of fish returning to the fish hatchery (Schlicting 1991). 
Estimate s for spri ng run since the construction of Oroville Dam are coi:nts of salmon ente ring 
the FRH. These fish , referred to as spring run for the last two decades, are probably 
introgressed hyb rids of sprirg and fall run (Brown and Greene 1993). Tables 7 and 8 illustrate 
how muc h hybridiza tion has been occurri ng between fall and spring run at the FRH . A more 
deta iled discuss ion can be found in this report 's section titled Factors /lffecting the Ability to 
SuNive and Reproduce - Competition anrl Hybridization. 

Yuba River. There are no early accounts of the populatio n size·in the Yuba River , but it is 
thought to have be.en large. When Bullards Bar Dam was constructed, there were so many 
spring run congregat ing be!cw the dam and dying that they had to be burned (Yoshiyama et al. 
1996). 

A small population of spring-run .chinook salmon may exist today in the Yuba River , but the 
status of its magnitude or introgressive hybrid ization with fall-run chinook salmon is unk nown: 
Chinook salmon exhibiting spring-run characte ristics, early ascending (April, May , and June) 
and early spawn ing (September-early Octobe r) , have been observed in the Yuba River. 
Observations of fi sh exhibiting spring-run charact eristics have been documented since 1980. 
Best professional Judgement by Departmen t personne l has estimated spring-run populationc 
during the 1980s to number several hundred fish (Appendix 8). Surveys since 1992 have been 
di rect observatio ns (aerial in 1992 and snorke ling in 1993-94) in the reach where spri ng run are 
considered to hold and spawn. from Englebrigh t Dam downstream to Parks Bar. Snorke l and 
aerial surveys were generally conducted in September to determine the pres.ence of adults and 
redds. Spring run were not observed during the snorkel or aeria l surveys conduc ted between 
1992 and 1994. Surveys we;e not conducted in 1995 and 1996. Spring-run chinook salmon 
we re observed to be present in 1997, although an estimate of abundance was not made (J . 
Nelson , pers . observ. ). 

American River and Tributaries South 
Spring run no longer inhabit the American River, Mokelumne River and any tributaries of the San 
Joaqu in River. All of these rivers have had impassib le dams built low in the drai nage wh ich 
blocked spring run from reaching their fonmer habitat. There are no early records of the 
magnitude of spring run in the American River . From the size of their fcrmer habitat as 
described in Yoshiyama et al. (1996) it cou ld have been large. Stone (1874) indicated the 
Ame rican River was once a ~rolific salmon river, but mining had made it so mudd y that salmon 
no longe r ascended •it. Fry (1961) noted a sma ll spring run. · 

There are no historical recorcs of the size of the spring run in the MokelJmne Rive r. There are 
no ea rly counts of spring run in the Stanisla us River but it was probably quite larg e. Historica lly, 
the Stanislaus River was primarily a spring-run stream (Yosh iyama et al. 1996) . Today there are 
no spring run In the Stanislaus River. There are no early counts of spr ir.g run in the Tuolumne 
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River. Clark (1.929) noted th.:it spring run were inconsequent ial in 1928. There are no early 
counts of spring run in the Merced River, but the spring run must have been large. Clark (1929) 
recounts statements from early residents that •great quantities of fish come up the river in the 
summe r and fall.• The San Joaqu in River once had a tremendous spring run of sa lmon . Clark 
{1929) indica tes that in the late 1800s •sa lmon were very numerous and came in great hordes.' 
Fry {1961) est imated a run of 56,000 spring run in 1945. In the Kings River, there are no 
records of the size of the spring run historically . Apparently , it occurred often enoug h and was 
large enough for nat ive people to use salmon as a food staple and hold a ritual praying to 
salmon for a plentiful supp ly (Yoshiyama et al. 1996). Ferguson (1914: as cited in Yoshiyama et 
al. 1996) reported a "very conside rable run• occurred in 1912 and 1914 after a channe l was 
dredged between the San Joaqu in River and the Kings River . 

Magnitude and Rate of Population Decline 

The overall population trend for spring run in the Central Valley has been documented as 
declining for many decades (Table 9, Figure 18). The population initially underwent a significant 
decline main ly due to loss of upstream habitat caused by barriers and hydropowe r dams, 
difficulty in adult and juvenile passage caused by water diversion faciHties and lack of inst ream 
flows, the commercial gill-net fishery in the late 19"' and early 20"' century, and habitat 
degradation from mining and reclamation activities. By 1870, the commercial _gill-net fishery 
had already dec lined as a result of placer mining in the tributaries , which dewatered and 
destroy ed spawning gravels (Marcotte 1984). Spring-run popula tions continued to decline 
drastically in the early 1900s when hydropower and irrigation dams were constructed on nearly 
every major Central Valley tr.butary . Altho ugh the populatio ns were significantly dep leted 
compared to pre-dist urbance conditions, they were not threatened with extinction . Complet ion 
of Shasta and Friant dams in the 1940s blocked access to a significant portion of the historic 
spawning habitat for spring run and resulted in the extirpation of spring run in the San Joaquin 
River and a further precipito us drop in abundance in the Sacramento River system. Still, spring 
run have experienced significant losses since this era. More than 20 historically large 
populations have been ex1irpated or reduced to nearly zero . By 1997, wild spring-run 
populations have decl ined to less that 0.3% of their historic run sizes (Appendix B). 

One way to eva luate population trend is to examine the strength of Brood Year (BY) lineages. 
Due to the varied methods used over the years to estimate population abundance in each 
tributary. there are few data which are adequate for such an analysis. For Mill, Deer, and Butte 
creeks, the more rece nt data are generally most consistent and robust. Individual BY data are 
lacking altogether on rates of grilse returns , age structure, and sex ratio of return ing adults. If 
one can assume all spawn ing adu lts return as 3-year-olds , there is a 1: 1 male to female sex 
ratio, and there is no variation in these facto rs between BYs one can calculate a cohort 
replacement rate (CRR). This calculation consists of div iding the number of returning adu lts in 
a given BY by the number of returning adults three years prior. A CRR of 1.0 or greater 
represents a popu lation that would be self-sustaining in a constan t environment. A value of 1.0 
means the cohort has simply replaced itself. Values greater than 1.0 means the cohort 
abundance is increasi ng and values less than 1.0 means th.e cohort abundance Is decreas ing. 

For Mill Creek (Tab le 11, Figure 27) , all three cohorts (BY lineages) have failed to replace 
thems elves at least 50% of t~e time. Cohort 1 has exhibited the greatest volatility in CRR 
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Table 11. Mill Creek Spring-run Chinook Salmon C,hort Replacement Rate 

Cohort Broody ear Cohort 
Replacement 

Rate 

1 1957 1203 + 1789 = 0.7 

2 1958 2212 + 2967 = 0.7 

3 1959 1580 + 2233 = 0.7 

1 1960 2368 + 1203 = 2.0 

2 1961 1245 + 2212 = 0.6 

3 1962 1692 + 1580 = 1.1 

1 1963 1315 + 2368 = 0.6 

2 1964 1628 + 1245 = 1.3 

3 1990 844 + 89 = 9.5 

1 1991 319 + 572 = 0.6 

2 1992 237 + 563 = 0.4 

3 1993 61 +844= 0.1 

1 1994 723 + 319 = 2.3 

2 1995 320 + 237 = 1.4 

3 1996 252+61 = 4 .1 

Section VI. - Page 23 



(/) 
(0 

g 
:::, 

$ 

• 
"CJ 

c2l 
(1) 

~ 

Mill Creek Spring-Run Chinook Salmon 

11 

Ql 10 ------ ------------- ------ --- ------------ -------- ---- -------- &6--- -------- --..., 
Ill 
a:: ..., 
C 
Q) 

E 
Q) 
u 
Ill 
a. 
Q) 

a:: 
t 
0 

.c 
0 u 

9 --------- - ----- ----- -- --- ---- -------- -- ---- ------- --- · 
8 --- -- ---------- ----- -- ---- --- --- ------ ---- --- ----1 
7 ·-- ----- ----- -- ----- - -- ---- ----- --- - - - - -- - --------- - - --- - -1 
6 -- -------- --------------------- ---- ---- ----------------- - ----------------------- 1 
5 -- -- -- ---- . ·-- ------ ---- -------- ---- --------- ----" -- ------ -------- --
4 --------- ·---------~ ------- ---·••---- ---

4.1 

. - - - - -- -. - -- - . . --- - - - .. ---- -
3 

2 

1 

- - - - - - - - •••.•• - - - - - - • • • - - - - - - •••• - - - - - - - ••• - - - - • - • • - - - - - •• - - - - • - - - - - .I 
~ ~ 

. - - - - - • · - - - - - l.3 - - - ••• - • " - - - - - •• • • - - - - - - • • " • • - - - - - - - • - - - - - • • • • - - - - - - - - - -~ f.4 - - -
1.1 y -

0.6. 0,6 - - - - - - - - - • - - - - - - - - ••• - - - - - - - • - - - - - - - - - •• - - - - - •• - • - - - 0 ,6 0.4 - - - ••• __ - -

Y - •-0.1 
1960 

'19'63' 
1966 

19¥39' 19' 19'81 
1972 1978 1984 

Cohort Adult Return-Year to Spawn 

19: 
1990 

19'93' 
1996 

- cohort 1 T cohort 2 • cohort 3 

A CRR of 1.0 or greater r~preeenlf;, a &elf cuclalnl ng populaUoo In a con:,tant eovifoniuuut. A value of 1.0 means me cohort 
has simply replaced llself . Values grea ter than 1.0 means the cohort abundance is increasing . Values leis than 1.0 mean the 
cohort abundance is decreasing. 

Figure 27. Cohort replacement rates (CRR) for Mill Creek calculated from spawning abundance estimates. 

• I . . . l t ' ' :~ 



be.tween BY's. In 1990, the CRR was 9.5, dropping to 0.1 in 1993. and then rebounding to 4.1 
in 1996. Cohort 2 is weak with replacement rates between 0.6 and 1.3 in the late 1950s 
through early 1960s . The CRR has shown little improveme nt until 1994 then the BY appeared 
somewhat stronger with a CRR of 2.3. Cohort 3 has consistently failed to rep lace itself every 
other BY cycle . The CRR for 1995 was 1.4 

For Deer Creek (Table 12, Figure 28}, the CRR for Cohort 1 (1990 BY lineage) has fluctuated 
from 2.3 to 0.6 and back to 2.4 over the last three BY's. Cohort 2 (1991 BY lineage ) has been 
barely maintaining itselfwith values ranging from 1.0 to 1.2. Cohort 3 (1992 BY) is the 
strongest of the three cohorts. While the BY had a showed return in 1992, the replacement rate 
further increased in 1995 with a CRR of 6.2. 

CRR for Butte Creek are the most volatile of the three populat ions analyzed. Two of the three 
coho!ls In Butte Cree!< are declining and have exhibited large variation in CRR between BY's 
(Table 13, Figure 29). The third cohort (BY lineage 1995) exhib ited as strong CRR of 10.3. In 
1995, 7500 adults returned to spawn. The fate of the 1995 BY will be assessed this year. 

For all three popu lations, there has been a large variability in CRR from generation to 
generation. This pattern of high variabil ity between BYs has been observed for spring- run 
chinook salmon in the Klamath-Trinity basin and for fall-run chinook salmon in the San Joaqu in 
River system. In the latter case , the population historically exhibited extreme inte r-ann ual 
variability in popu lation size with no obvious trend. The popu lation then plummeted . 

Degree and Immediacy of Threats 

The wntin uing popu lation decline•, overall low population abundance, fluctuating CRR , and 
restricted range place Sacramento River spring-run chinook salmon at risk of becoming 
endangered in the foreseeable future absent special protect ion and management efforts. 
Significant efforts have recently been and continue to be expended to restore habitat in natal 
tributaries and the Sacramento River below Keswick Dam . These e;ctions are expected to 
benefit Sacramento River spring run (see this report 's section on existing and future. 
management efforts). Fer each BY lineage in each tributary , it takes a minimum of three years 
(the length of time for a cohort to emigrate to the ocean, mature, and return to freshwater to 
spawn) after a significa nt impact occurs, whether positive or negative, before a population 
response can be assessed. It will take several generations before a change in population trend 
can be determined. 

Demographic and gen1::tic risks due to the Sacramento River spring run's small popu lation sizes 
are considered to be high. Given the low population size over many generat ions and relatively 
isolated nature of sub-populations from one another, Sacrame nto R'ver spring-run ch inook 
salmon may have already experienced detrimental genetic effects, such as increased 
inbreeding and the consequent lowered immediate fitness and loss of genetic variat ion that may 
result in a lower long-term fitness and reduced adaptive potentia l (Hedrick et al. 1994). The 
total annual abundance oi adult Sacramento River spring run (Mill, Deer, Butte , Big Chico, 
Antelope, and Battle creeks combined) since 1989 has ranged from 867 to 2,282 fish , with the 
exception of adult returns in 1995 when 7,500 adults retu med to Butte Creek alone. A 
minimum spawni ng population of 400 to 1,000 fish is considered necessary to main tain genetic 
diversity in the winter-run chinook salmon population (5.2 Federal Register 604 1), wh ich consist 
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Table 12. Deer Creek Chinook Salmon Cohort Replocemcnt Rate. 

I 
Cohort 

I 
Broodyear 

I 
Cohort 

I Repl9cement 
Bate 

1 1990 458 + 200 = 2.3 

2 1991 448 + 371 = 1.2 

3 1992 209 + 77 = 2.7 

1 1993 259 + 458 = 0:6 

2 1994 485+448= 1.1 

3 1995 1295 + 209 = 6 :2 

1 1996 614 + 259 = 2.4 

2 1997 466 + 485 = 1.0 
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Table 13. Butte Creek Spring- run Chinook Salmon Cohort Replacement Rate. 

I 
Cohort 

I 
Brood year 

I 
Cohort 

I Replacement 
Bate • 

1 1963 6100 + 8700 = 0.7 

2 1988 254 + 534 = 0.5 

1 1993 550+100= 6.5 

2 1994 474 + 100 = 4.7 

3 1995 7500 + 730 = 10.3 

1 1996 1413+650 = 2.2 

2 1997 635+474= 1.3 

.l, 
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of a single breeding populaiion In the upper Sacramento River. Hedrick et al. (1994) noted that 
a recent re-evaluation of minimum effective populat ion size suggests a population of 5,000 
adults may be more appropriate in order to ma intain adequate potential adaptive variatio n. 
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VII. FACTORS AFFECTING ABILITY TO SURVIVE ANO REPRODUCE 

Spring-run populations have continued to decline, long after the historic.loss of upstream 
spawning habitat occurred. The Department has concluded that the continuing decline in recent 
decades Is due to a comb ination of physical, biolog ical, and management cond itions as 
discussed below. 

Impacts from Climatic Variation 

Weather and ocean conditions can vary substantially in California from year to year . Droughts 
are a natural phenomenon in California's arid, Mediterranean climate. Tree-ring ana lysis 
indicates 11 multi-year droughts in the Centra l Valley from the mid-16"' century through the end 
of the 19:11 century (Roos 1992: as cited in NMFS 1997). Since 1906, when continuous collection 
or data on streamflow, runoff, and precipitation for Central Valley streams began, droughts have 
occurred from 1918-20 , 1929-34, 1976-77, and 1985-94. The mos: recent drought was 
continuous with the exception of record outflows in February 1986 and an above-normal water 
year in 1993. Populations in Mill and Deer creeks dropped to all-time lows during this period. 
The Butte Creek population did not noticeably increase or decrease during the last drought. 

Historically, spring-run populations were likely affected by droughts. but they were sufficiently 
abundant and resilient so they could survive and rebound after each event. Today, the small, 
isolated populations of spring run must survive drought conditions which are significantly 
exacerbated by current ciegraded habitat conditions, modem-day water supply and delivery 
systems, and other factors which diminish their survival. Drought conditions cause a natural 
decrease in runoff, inflow, and thus outflows. Water management operations during the last 
drought resulted in an increased proportion of inflowing watar being diverted by water projects. 
Increasing the proportion of water diverted degrades physica l habitat conditions and increases 
the risk of entrainment to unscreened diversions and to the. central and southern Delta where 
survival is significantly reduced. The management of wate r within the Sacramento River and 
Delta was a primary factor precipitat ing the endangered status of the winter-run chinook salmon 
population (NMFS 1997). For adult spring run, reduced flows retarded or completely blocked 
access to natal tributaries for spawn ing and stranded adults as they moved upstream to holding 
areas. Reduced flows also impacted adults, eggs , and juven iles thiough elevated water 
temperatures. 

Climate fluctuations affect ocean habitat conditions as well. During the period from 1989-92, 
there were indications of poor ocean condit ions off California for sa'mon. Fall-run chinook 
salmon spawning escapements throughout California in 1992 were among the lowest on record. 
In conttast , tha 1992-93 ocean conditions were very favorable for salmon, especially south of 
San Francisco. California 's recreational ocean salmon landings for 1995 were the highest on 
record, especially from Monterey southwards, where landings were eight times the average of 
the previous five years (PFMC 1998). 

The weathe r phenomenon of El Nirio is having a major impact on California's ocean and 
weather patterns in 1998. With elevated ocean temperatures off central and northern California, 
salmon mortality could be increased. Ocean survival could be significantly reduced by 
immigration of warmer water predators such as mackerel; low food supplies due to decreased 
survival of prey species or increased competition from warm water immigrants; increased 
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susceptibillty to disease and infection; or, most likely, a combination of these and other factors. 
Also, California's sa lmon runs could emigrate to cooler water temperat;res, north of the 
Oregon/Ca lifornia Border. 

In addition to droughts and El Nino events, !he Central Valley periodically experiences major 
flood events such as occurred in 1997. The catastrophic flooding and scouring flows of January 
1997 may have caused significant mortality to incubating eggs and pre-emergent fry in Mill and 
Deer creeks since fry in those creeks do not typically begin emerging from the gravels until 
January. The high flows may have had a lesser negative effect on spring-run salmon eggs and 
fry in Butte and Big Chico creeks, fry in these creeks begin to emerge in fate November. Though 
the high flows swept nearly all Butte and Big Chico creeks' fry downstream, some probably 
survived by rearing in the Sutter Bypass or other tributaries of the mainstem Sacramento River. 

In surnmiciry, whlle healthy , abundant runs of chinook salmon have the capacity to rebou nd 
successfully from unfavorable dimatic and oceanic events, severely diminished runs lack the 
resiliency to tolerate catastrophic population reductions and rebound from such events. 

Competition and Hybridization 

Historica lly, the spring-run salmon migration in the upper river and tributaries extended from mid
March through the end of July with the peak of migration in late May and eariy June (Table 2). 
Spawning started in mid-August and ceased in late September, peaking in early September. The 
peak of spawning between spring- and fa ll-run salmon were almost two months apart. Under 
natural conditions (before access was cutoff to many headwater spawning areas due to dams 
and water diversions}, spring-run salmon were spatially isolated from faff-run chinook as well as 
temporally isolated during spawning from winter run. It was this spawning isolation, in time and 
space, although not absolute, that maintained the integrity of spring-run populations . 

After the completion of Shasta Dam, spring run were no longer able to e.scend headwater 
streams. Fish were stopped at Keswick Dam and spawned in t he same area that fall run 
historically spawned. Immediately after Shasta Dam was completed, a distinct spring run and a 
distinct fall run was evident (Moffett 1947). Moffett (1947} writes: 

"These salmon began spawning late in August but only scattered females occupied the 
beds until early September when the peak of egg deposition occorred. Spring -run 
salmon had virtually completed spawning by the end of September, a full six weeks 
before the fall-run spawning peak was reached.• 

About 15 years later, Slater (1963) speculated that there was a greater overlap in the time of 
spawning between the spring run and fall run than was noted by Moffett (1947) and Stone 
(1896) . Slater hypothesized that early fall run were competing with spring run and that 
hybridization had occurred. Slater (1963} states : 

'The spring run .. .is only well started spawning before the early fall-run spawners 
move in to compete for nest sites. This competition, plus the indicated hybridizing 
of the spring and fall r.aces, appears to have held down the spring run, perhaps 
even to have eliminated it as a distinct race in the mainstem Sacramento River. 
StJch hybrid izing coulc not readily be detected through routine field observa tion, 
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for the hybrids would continue to enter the river in both spri11g and fall and to 
spawn throughout the overlappi ng spawning periods. The status oi the spring run 
in the mainstem is thus specu lative. Suffice it to state that spring-run chinook 
salmon have not teen noted to have been abundant in the mainstem Sacramento 
River during the summer holding period of recent years. Small runs of spring-run 
fish still ascend such tributaries as Mill and Deer creeks however.· 

Cope and Slater (1957} noted what could have been introgression of spring- and fall-run sa lmon. 
They marl<ed spring- and fall-run salmon at CNF H and subsequent ly recovered these fish in the 
gill-net fishery in the Delta. Of the 179 recove red fish released as fall run salmon, ·81 % were 
identified as fall run and 19% were identified as spring run. Of the 18 recovered fish released as 
spring-run salmon, 83% were recovered as spring run and 17% were recovered as fall run. 

Migration of adults termed ·spri ng-run' passing RBDD is now protracted, starting in March and 
ending in October (Table 14, Figure 1}. The pronounced spring run that passed Redding is no 
longer identifiable. In con:rast, there is still a pronou nced fall run passing RBDD (Figure 30). 
The early spawning, indicative of spring run in the mainstem Sacramento River above Red Bluff 
as·was observed by Moffett {1947) and to some extent Slater (1963}, is gone. Currently, aeria l 
redd flights of the spawning habitat in the mainstem have found little or no spawning in the river 
in August or September when spring-ru n sa lmon historically spawned. Under present~ay 
conditions, few salmon migrating to and remai ning in the Sacramen:o River above RBDD are 
characteristic of the spring-run salmon observed by Moffett (1947} 2nd Slater {1963). Still, there 
are some spring run that migrate past RBDD that are destined for upper river tributaries. 

Hatchery practices probably have also contributed to the intermixins of fall run and spring run in 
the Sacramento River system. There were early failed attempts to propagate spring-run chinook 
salmon beginning at the end of the 19"' century . The U.S. Fish Commission operated a hatchery 
on Battle Creek beginning in 1896 . This hatchery was initially built by the California Fish 
Commission (CFC) in 1895 and transferred to the U.S. Fish Commiss ion in 1896. Records. (U.S. 
Fish Commission 1896-1938) indicate that only fall-run eggs were propagated at the hatchery. 
These eggs were obtained from either a fish rack or seining near the mouth of Battle Creek 
generally from October un:il January. In 19Q1 hatchery records indicate: 

• A large run of fish came into the se ining-poo l during the late spring and early 
summer, but owing to the extreme heat they died without ripening. The 
experiment proved that there is a large summer run [now termed spring run) of 
fish in the creek, but it also proves that it is impossible to secure eggs from th is 
run at the Battle Creek Station.• 

After CNFH was built in 1944 and replaced the Battle Cceek Station, another attempt was made 
to propagate spring-run salmon eggs. From 1943 -51, adult salmon were collected either in 
Battle Creek or transferred from Balls Ferry and Keswick Fish Trap on the Sacramento River. 
Dates of collection were Septembe r and October . In 1950 CNFH stopped collecting "sprin g-run" 
eggs due to the excessive mortality of the adu lts in the warm September and early October 
water temperatures. 

FRH was built by the California Department of Water Resources (DWR) to mitigate for the loss 
of habitat upstream of Oroville Dam. The hatchery was dedicated on October 1, 1967 and is 
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Table 14. Migration Timing of Spring-run and Fall-run Chinook Salmon. Historic Distribution for Spring-run 
Based on Composi te of Data from MIii and Deer Creeks, Feather River, and the Upper Sacramento River 
Prior to Shasta Dam. Present Distributions for Spring-run and Fall-run Migrating Past RBDD Using a 
Composite of Data for Years 1970-1988, 

Percent of Adults Migrating 
JI -• P,=i;r u,,_ ' 

Spring run Spring run Fall run 
W<=k ~• '1'1Rnn ' . 

"' RBDD 
March 19 0.1% 0.1% 
March 26 0.3% 0.0% 
Apri l 2 0.6% 0.3% 

IADril 9 1.0% 0.6% 
Aoril 16 1.4% 0.9% 
Aoril23 1.6% 1.3% 
April 30 1.6% 2.8 % 
Mav7 1.7% 6.7% 
May 14 2.2% 13.1% 
Mav21 2.6% 9.4% 
Mav28 2.9% 15.1% 
June4 2.6% 14.0% 
June 11 2.9% 13.3% 
June 18 3.5% 8.3% 
June25 3.1% 5.1% 0.1% 
July 2 3.7% 4.1% 0.1% 
July 9 6.0% 1.9% 0.2% 
July 16 4.8% 1.1% 0.4% 
Julv 23 3.2% 0.9% 0.6% 
July 30 4.1% 0.7% 0.8% 
Auoust 6 7.0% 0.1% 1.5% 
August13 6.1% 0.1% 2.3% 
August 20 6.8% 0.1% 2.7% 
Au11us!27 5.7% 3.3% 
Seol3 7.2% 4.4% 
Sept 10 6.7% 5.6% 
Sep t 17 5.2% 8.3% 
Sepl24 3.7% 9.3% 
October 1 1.2% 10.4% 
October 8 0.7% 11.0% 
Octoher 15 9.6% 
October22 7.2% 
October29 7.1% 
Nov. 4 5.2% 
Nov. 12 3.0% 
Nov. 18 2.6% 
Nov. 25 1.9% 
Dec . 3 1.0% 
Dec. 10 0.8% 
Dec . 17 0.6% II 
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ope~ated by the Departmen t During the five-year period prior to the opening of the hatchery 
(1962-66) all adult salmon were t rapped and transported above the site of Oroville Dam. During 
1968 and 1969 spring-run salmon were allowed to enter the hatchery as soon as they arrived in 
the river, as early as April and May. The result was significant mortalir/, due to the inability to 
hold adults for several months until they were ready for spawning, with greater than 50% losses. 
As a resu lt, since 1970 hatchery policy has been to exclude spring run entry to the facility until 
onset of spawning , the period August through October (generally early September to October 1 ). 
This practice has resu lted in the inability to clearly identify spring-run chinook based on their 
adult upstream migration timing, which historica lly has been described as occurring between late 
February and June . As described earlier in this report , their actual time of spawning overlaps 
with fall run . Evidence suggests that introgress ion with fall run in the Feather River actually 
occurred prior to Oroville Dam, due to early hydropower and agric ultural diversions blocking 
access to spring-run spawning habitat in the upper watershed. Since the hatchery program's 
inception, practices have fos:ered this intermixing of fall run and sprlng run in the Feather River 
and within the hatchery (Brown and Greene 1993), which has been substantiated by Cl/VT 
returns (Tab les 7 and 8). The pronounced spring-run population increase in 1982 is large ly 
believed to be the result of extend ing, perhaps arbit rarily, the cutoff date for spring run entering 
the hatchery (D. Schlicling, pers. com.). 

Brown and Greene (1993) reported that approximate ly 22% of hatchery juveniles tagged as fall 
run were subsequently identified and spawned in 1988 as spring run when they returned as 
adults. They reported similarly that approximately 29% of juveniles tagged as spring-run were 
subsequent ly identified and spawned as fall-run adu lts. Subsequent evaluation of fall- and 
spring-run chinook salmon returns for the entire period 1987-94, furt her substantiates the 
magnitud e of the overlap (Tables 7 and 8). During 1987 , 74% 9f the adults which had previous ly 
been tagged and releas ed as spring run, returned and were identi fied and spawned as fa ll run. 

During 1994, to assess the current numbers of spring-run chinook which exhibited spring-run 
adult migrat ion timing , the fish ladder remained open until April 15, was closed and reopened on 
May 16 and remained open until June 6. Prior to June 6, only one fish had entered the hatchery 
(on May 23). On June 6, 31 fish entered tne hatchery and the ladder was closed (F. Fisher , 
pers. com.). The implicatio n is that few fish exhibiting the "typ ical" sprin;i-run sa lmon adult 
migration timing existed ln the Feather River during 1994. The subsequent spring-run 
population which entered the hatchery when the ladder was reopened on September 6, 1994, 
was 3,641. 

Today, FRH salmon appear to have an intermixed life history pattern. In 1982, early returning 
fall-run sa lmon were observed at RBDD and subsequently identified from FRH cwr as fall run 
from the 1980 BY. Now it is common place to intercep t fish tagged as fall run at RBDD during 
the spring-run migration (mid-March through the end of July). This intermixed life history pattern 
was evident when FRH fish were used in an attempt to re-establ ish spring run in Clear Creek. 
More than 523 ,000 FRH spring-run fry were planted at the base of Wh iskeytown Dam during the 
three-year period 1991-93 (Table 15), A portion of the fish w_ere marked. Since 1993, 
snorkeling surveys have been performed during the ad ult spring-run holding period to determ ine 
if the plants were successful. Three unmarked salmon were observed during the spring -run 
adult holding period in 1993 and two in 1995. However , 23 Cl/VT adults returne d between 1993 
and 1995 during the adult fall-run spawning migration. 

Based on the conclusion that hatchery practices have resulted in the hybridization of fall- and 
spring-rurr chinook salmon 1n the Feather River and in the FRH, it is recommended that both 
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T~ble 15. Feather River Fish Hatchery - Records of Spring-run Chinook Salmon Product ion 

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK 
YEAR ENTRY I SPAWN NUMBER 

PLANTED 

1969 • May Ocl.-Nov. 1970 
(112) 

71,900 45 -50 g None 

Aug . 
(233) , s (121) 

1970 • Aug ,13-25 Jen. 1971 25,500 1.0 a None 
(235), 5 (95) 

Nov.-Dec . 1971 233,000 7.0-7.6 /lb None 

1971 • Aug. 30•31 Mar. 1972 32 ,000 800/lb Nono 
t484) 

Nov.-Dec. 1972 101,000 44.8-74.5 a None Oct. 6 
(211) 

Jan.-Feb. 1973 66.605 99.4-11 2.0 g Nona 

1972 • Sep. 6 -Ocl. 1 Jt11e 1973 50,000 11.2 g None 
1256) 

Oct 4-18 Sep.-Dec.1973 211,459 25-56 g Nona (90\ 

1973 • ·sep. 1-25 May 1974 61,600 6g None 
po5) 

Oct . 1-31 Oct.-Oe¢. 1974 175,100 29-45 g None 198\ 

1974 F. Sep . 3.a · Jun. 1970 110,000 63 jj LP-RV 
{198) 

Oct , 4 -21 
(29) 

1975 6 Sep. 2-11 Mav.June 1976 487,650 5-7 a None 
{691) 

Dec. 1978 90,825 75.6g CWT No. Oct .3-30 
(309) 060107 

Deo. 1976 60,010 63g None 

PLANTING SITE 

Feather River 

Fealher River 

Fea lher River 

Fealher River 

Fealher River at Yuba C itv 

Foalher River at Yuba Cily 

Feather River at Yuba Cily 

Feather River at Uve Oak· 

Sacramento River al Rio Vista 

Fealher River at Grldley/Mary~v llle 

Fea ther River at Gridley 

Sacrame nto River al Rio Vista. 

Feal her River el Fealher River Halchery 

Feather River al Gridley 
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Table 15. (Continued). 

BROOD HATCHERY 
YEAR ENTRY I SPAWN 

1976 E Sep. 2•'15 
f 13) 

Sep.26-Oct.25 
(354) 

1977 E Aug.24-30 
(121) , 
• Sep. 16 
t73) 

Sep.30-Oct.31 
(95) 

1978 • Sep.6-Oct.10 
(202) 
•oct.2-30 
(32) 

1979 6 Sep. 4~28 • 
Fso> 

Sep. 21)-Ocl 1 0 
(167) 

1980 • Sep 1·22 
1122) 

Sep, 22-0ct.31 
(41) 

DATE PLANTED 

Jan. 1977 

May 1977 

O:t. • Nov. 1977 

Dec. 1977 -
Jan. 1978 

Oc\. 1978 

Dec. 1978 

Jan. 1979 

Oct. 1979 

Mav. 1980 

Ju'y 1980 

Oct. 1980 

Ocl.-Nov. 1981 

TOTAL SIZE MARK PLAN1ING SITE 
NUMBER 
PLANTED 

93,500 44..9. None Fealher River at Orovllle 

355,950 6-8 g None Sacramenlo River al Rio Visla 

74 840 50-56 g None Feather River al B~ds Pornos 

71,105 75-90 g CWf No. Fealher River al Feather l~iver Halchery 
065.809 

24,000 37 g Dye Fealher River at Verona 

54,700 64.8g CWT No. Pealher River al Vero na and Yuba City 
0658 11 

50,046 56 g CWT No. 
06581·2. 

Fealher River al Verona 

86,300 56 g None Feather River al Halchery · 

465,325 7g None Sacramenlo River al Rio Vista 

15,925 34 g Nono Yuba River al Nelson Bar 

139 60 g None Fealher River al Feathe r River Halchery 
. 

129,000 45g None Fealher Rlver al Feather River Hatchery 
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Table 15. (Continued}. 

BROOD HATCHERY 
YEAR ENTRY I SPAWN 

1981 • Sep.1-Oct. 1 
!469) 

Ocl. 1. Nov.3 
(132) 

1982 • Sep. 1-30 
11010) 

Ocl. 1-26 
(426) 

1983 • Sep. 1-29 
p112) 

Sep. 29 - Oct. 
31 (806) 

DATE PLANTED TOTAL 
NUMBER 
PLANTED 

l\f,ay 1982 47,250 

Nov. 1982 260,988 

Jan-. 1983 106,600 

Jan. 1983 106 600 

Jan. 1983 205 000 

Feb. 1983 110,200 

May 1983 46,550 

June 1983 261,600 

Sept 1983 336,809 

Feb. 1984 212,520 

Feb. 1984 199,956 

Feb. 1984 302,733 

Feb. 1984 261,120 

M<r, 1984 51,000 

May 1984 142,400 

May 1984 157,400 

June 1984 652,300 

June 1984 2,000 

Sept 1984 72,750 

SIZE MARK PLANTING SITE 

11 g CWfNo . Sac.ramenlo River al Marllime Academy 
065828 

76g None Fea:her River at Fealher River Halchery 

0.33 g Nono Yuba River 

0.33 Q None But19 Creek 

0.33g None Anlelope Creek 

1.9 A None Chico Creek 

' gg CWf No. Sac,amenlo River al Vallejo 
065836 

11 g None Secramenlo River al Vallejo 

52 g None Fealher River al Hatchery 

1.7 g None Chlo, Creek 

1.8 g None Bulle Creek 

1,5g Nono Antelope Creek 

0.7 g None Fealher River al Halcll ery 

7.4 9 CWT No. Sacrnmenlo River al Vallejo 
065846 

7.2 g None Sacramenlo River al Vallejo 

9.1 g None Sacramento River al Vallejo 

10.5-17.9 g None Sacramenlo River al Valle].o 

5.6g None Sacramenlo River al Glenn-Colusa 

28g None Sacramenlo River at Vallejo 



en 
(1) 

g-
::, 

s 
' "'O 

& 
(1) 

~ 

0 

Table 15. (Continued). 

BROOD HATCHERY 
YiaAR ENTRY/ SPAWN 

19M "Sop. I-Del. 1 
f1562) 

Ocl. 1-21 
(459) 

-
1984 e Sep. 1-29 

i1712) 
Sop. 29-Ocl. 31 

(866) 

DATE PLANTED TOTAL 
NUMBER 
PLANTED 

Feb. 1985 76,800 

Fe~. 1985 77,400 

Feb. 1985 77.400 

Feb. 1985 96 ,800 

Feb. 1985 104,720 

Feb, 1985 100,280 

Apr. 1985 53,179 

Apr. 1985 52.278 

Apr. 1985 32,400 

Apr. 1985 50,117 

Apr. 1986 24;996 

May 1985 1100 

May-June 1985 832,820 

Sepl. 1985 257 ,350 

SIZE MARI( PLANTING SITE 

1.2 g None Orv 'Creek 

1.3__g_ None Auburn Rav ine 

1.3g None Doly Ravine 

1.2 _ _g NonA YubaCitv 

0.7 g Nona Coon Creek 

1.0__g_ Nono Secret Ravine 

3.3 g CWT No. Big Chico Creek 
861002 

3.4 g CWT No. Feather River at Feather River Hatchery 
861001 

6.2_g None Bullo Creek 

8.4-8.9 g CWT No. Monterey Bay 
065853 
065854 

7.9g CWT No. Sacramento River al Vallejo 
065855 

4.4 g None Feather River 

10.8-21.3 g None Sacramento River at Vallejo 

28.0g None Sacramenlo River at Vallejo 
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Table 15. (Cont inued). 

BROOD HATCHERY 
YEAR ENTRY/ SPAWN 

1985 • Sep. 1-Ocl 1 
11632) 

Sep. 30 - Oct. 21 
(589) 

1986 • Sep. 1-Oct. 1 
p433) 

Sep, 30-Oct. 21 
(408) 

. 

1987 • Sep.2-Ocl. 1 
11213) 

Oct.2-19 
(2081 

DATE PLANTED 

Mar. 1986 

Mer. 1986 

Mar.-May 1906 

July 1986 

Au~.-Sept. 1986 

Oct. 1986 

Mar. 1987 

Mar. 1987 

Aor. June 1987 

July-Aug. 1987 

Feb. 1988 

Mar.-May 1988 

TOTAL SIZE 
NUMBER 

MARK PLANTING SITE 

PLANTED 

105,868 2.2g CWfNo . 
861003 

Big Chico Creek 

104,895 2.3 g CWf No. Fealher River al Gridley 
861004 

1,372,600 6.3-7A g None Sacramenlo River at Benicia 

278,600 15.2 g None Sacramenlo River al Benicia 

440,725 18.6-24.8 g None San Francisco Bay 

184,800 37.3 g None Feather River 

106,270 4.09 CWfNo. 
861005 

Big Chico Creek 

102,279 3.7g CWf No. Feather River at Haichery 
861006 

1 052.100 7.9-14.4 a None Sacramento River at Benicia 

526,090 16.5-20.0 g None Sacramenlo River ,il Benlcla/Mare 
Island 

' 
60.400 1.7 g Nnn o Big Chico Cree k 

803,575 8.4-16,5 g None Sacramento River at Benicia/Berkeley 
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Table 15. (Continued). 

BROOD HATCHERY 
YEAR ENTRY/ SPAWN 

19.88 • Sep. 7 - Oct. 1 
~6833) 

Sep. 28 - Oct. 
13 
(1652) 

1989 • Sep. 7- Oct. 1 
15078) 

Oct. 4-20 
(1620) 

1990 • Sep. 7-Oct. 1 
paeai 

Sep. 28-Ocl 13 
(580) 

1991 • Sep.7-Oct . 1 
p,448) 

Sep. 28-0ct. 3 
(1491) 

1992 

DATE PLANTED TOTAL 
NUMBER 
PLANTED 

Dec. 1988 502,000 

Dec. 1988 293,000 

Feb. 1969 1.515,500 

Apr. 1989 909,200 

Apr.-Aug. 1989 3.910 ,450 

Jan. 1990 178.500 

Jan. 1990 150 384 

Jan_ 1990 966,500 

Acr . 1990 719.000 

Apr.-Aug . 1990 2,603,300 

F.eb. 1991 60,000 

Mar. 1991 200,032 

June•Aug. 1991 1,684,850 

Feo. 1992 201020 

Mar. 1992 205,359 

May-J11ne 1992 2,198,075 

112.926 

SIZE MARK PLANT ING SITE 

0.4 q None Bio Chico Creek 

0.4 Q None Fealher River 

2.5 a None Mokalumne Hatcheiv 

4.0 !I None Feather Riv~r 

6.8-20.3 g None Sacramento River at Benicia 

0.3 a None Feather River 

0.711 None Chloo Creek 

1.1 Q None Mokelurnne Hatcherv 

3.4 a None Feather River 

10.6-22.4 g None Sacramento River at Mare 

0.4 a None Clear creek 

2.4 o None Clear Creek 

14.0-26.3 g None Sacramento River at Benicia 

2.1 !I None Bia Chico Creek 

3 0-3.5 g CWT No. Clear Creek 
060 1120101 
0601120 102 

7.7-7.9 g None Sacramento Rive r at Benicia 

2.6g CWT No. ClearCteek 
0601120103 
0601120104 

, 



populations of spring run be considered introgressed. However, it is important to note lflat fish 
still exhibiting spring -run characteristics { e.g. early ascending and egg maturity) appear at the 
FRH. FRH spring run have been documented as straying throughout the Central Valley for 
many years (Tables 16 and 17) and have intermixed with wild-spawned spring run in the upper 
Sacrame nto River, though the extent of hybridizat ion has not been detennined. The estimates 
of adu lts return ing as 'spring-run' at RBDD contain these introgressed FRH fish. 

Questions regarding the viabifity and genetic Integrity of the Butte creek spring-run salmon 
continue to surface, particularly in light of the interconnectivity of Butte Creek and the Feather 
River with the potential for intermixing of the two populations. Butte Creek has several different 
sources of introduc ed water, including West Branch Feather River water, mainstem Feather 
River water, and Sacramento River water. Given the interconnectivity, it is conce ivable that 
some spring-run salmon in Butte Creek could be strays from the Feather River. Examinat ion of 
the relative numl,t; rs of adult sprlng run entering Butte Creek and FRH, for the period 1964-91, 
however , does not shew a strong relationship and would suggest that they are generally 
independent. 

FRH spring-run fry and juveni les have been released over the years in various locatio ns within 
the Central Valley (Table 15). Fry and juven iles were released into Butte Creek during 1983, 
1984, and 1985 {BY's 1982, 1983, and 1984 respectively), Only BY 1983 releases seem to 
have affected resultant year-classes, showing large .increases in BY 1986 and BY 1989. There 
was a significant reduction in adult returns for BY 1992 but BY 1995 was the largest observed 
(7500 adults) since 1960. 

During the 1977 drought. adult spring run were trucked from RBDD to Mill, Deer, and Butte 
creeks . No appreciab le effect was seen in the subsequent ye,:,r dass (1980) on Butte and Mill 
creeks, however there was an apparent single year {1980) increase in the Deer Creek 
popu lation. The Yuba River was planted with surplus FRH spring run in 1980 (15,925), 1983 
(106,600), and 1985 {96,800). In 1980, fish were planted as fingerlings, weigh ing 34.4 g. Fry 
were planted in 1983 {weighing 0.33 g) and in 1985 (weighing 1.2 g). Influence of these three 
introductions on subsequent adult spring-run returns cannot be determined since escapement 
surveys were not conducted. The extremely small size of the fish planted in 1983 and 1985 
signi ficantly decreased their ability to survive, whereas conclus ions cannot be· drawn regard ing 
the success of the 1980 fingerling plants. In 1984, Antelope Creek was planted with 302,733 
FRH juvenile spring run. In 1985, the creek was again planted with 205,000 juveniles. 
Presently, there is no persistent population of spring run in Antelope Creek, thus the effect of 
hatchery supplementafon in this drainage is now irrelevant. 

Disease 

Few studies have spec'fically investigated disease problems in wild adult or juvenile spring-run 
chinook salmo n in California. From hatchery programs at Trinity River Hatchery, CNFH , and the 
FRH, it is known that spring run are affected by the same pathogens as other runs of chinook 
salmon 0/11. Cox, pers. -;om.). For the Sacramento River basin, pathogens which are known to 
be endem ic and have caused serious health problems in Central Valley hatcheries incl ude 
Infect ious Hematopoie tic Necrosis Virus (IHNV), Renibacterium salmoninarum (bacterial kidney 
disease ), Yersinia ruckeri (enteric redmouth disease), Flexibactercolumneris (columnaris 
disease ), Ceratomyxa shasta (ceratomyxosis), Bacterium salmondda (fumunc ulos is), and 
/chthyop /hirius multifiliis (Cox 1993). Adults entering in spring rnonihs must reside in freshwater 
for severa l months prior to spawning. Health problems, such as external funga l infections, 

Section VII. Factors AJfecting tt,~ Ability to Survive-and Repr«luce 
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Table 16. 

Date 
Captured 

0517.8/95 

D.5I28I95 

05/ 19/97 

05/26/97 

06106/95 

06/ 13/95 

06111/95 

06127/95 

06/03/96 

06/0 3/97 

06/09/9.7 

06/Z7l9 7 

07/07/95 

07/09195 

07/10/95 

)7/10/95 

07/17/95 

07/17/95 

07/17/95 

T/7/17/95 

07122/95 

Recovery of Coded-wire Tagged Fish at Red Bluff Diversion Dam for Years 1995-1997 (CNFH= Coleman National 
Fish Hatchery, FRI-I= Feather Rlver Hatchery, Cir= Clear Cre.ek, Slew= Stewart Road, Delta.) 

Brood Race Hatchery Released Date Brood Ra.ce Hatchery Released 
Year Tagged of Origin At Captured Year Tagged of Origin Al 

As As 
1992 Spring FRH Cir 07/25/95 1992 Sprng FRH Cir 
1992 Spring FRH Cir 07/28/95 1992 Spdng FRH Cir 
1994 Fall CNFH CNFH 07/01/96 1992 Spring FR;/ Cir 
1993 Fall FRH Rydo 07/ 15/96 1992 Spring FRH Cir 
1992 Spr ing FRH Cir 07115I9G 1993 F, 11 CNFH CNFH 
1992 Spring FR11 Cir 07/01/97 1993 F,/1 FRH Ryde 
1992 Fall FRH Ryde 07/08197 1993 Fall FRH Ryde 
1992 Spring FRH Cir 07108197 1993 Fd l CNFH CNFH 
1992 Sprtng FRH Cir 07/15197 1992 Spri,g FRH Cir 
1994 Fall FRH Slew 07/17/97 1994 Fall CNFH CNFH 
1993 Fall CNFH CNFH 07/20197 1993 Fa l CNFH CNFH 
1993 Fall CNFH CNFH 07/21/97 1992 Spring FRH Cir 
1992 Fal l FRH Ryde 07/30197 1994 Fau CNFH RBDD 
1992 Fall CNFH CNFH 08/02195 1992 Spring FRH Cir 
rno2 Spf ing CNFH Cir O0/1!i/J)j 1992 Spring FRH Cir 
1992 Spring FRH Cir 0.8107/07 1994 Fa/' CNFH CNFH 

1992 Spring FRH Cir 08/08197 1993 Fan CNFH CNFM 

1992 Spring FRH Cir 08114/97 1993 Fall CNFH RBDO 

1992 Fall CNFH CNFH OB/15I97 1993 Fall CNFH CNFH 
1992 Spring FRH Cir 08/21/97 1994 Fall CNFH RBDD 
1992 Fall CNFH CNFH 09/05/97 1993 Fall CNFH CNFH 

I 

~ 
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Table 17. Summary of Recovered Coded-wire Tagged Feather River Hatchery Spring-run Chinook Salmon Released Into the Upper 

CWT COOE I VE/111 OF, I RELEASE 
R£J..- · --: --·-· ·-

06 0107 1070 Feamo, Rl',·cr 

085809 1077-1088 fe alhe.r l'Uvet 

00581 I 1078 Fet1lher River 

065812 1979 Feather R111er 

061001 1005 Fealher River 

00 1002 1965 Big Chico 
creek 

06 100,J 1oea Big Chico 
Creek 

1161004 1068 FC!:i.lher River 

Recovery Locations: 

- - . . . . ... ·- · - ., ,, __ ,., ,, ·---· 
NUMBER RELEASED NUMBER RECOVERED AT LOCATION 

I. I ~ . VEAROF I AGEAT 
nEC.Oll:--• • CLR ICNFH I BAT I Raoo ITCFF I FRH I FEA 1 • u OA I NBFH-1 AMN I MAFI I Tllo 11,1RFF I UNK 1ncvA 

90,825 1.054 82,879 1977 2 1 
1918 ~ 34 
1979 4 84 1B I 
H)80 5 I 

71,105 2,093 74.058 1078 2 2 
1070 J S6 8 3 
1980 4 1 58 23 12 
1981 5 2 

54.700 ' 2.811 57,51 1 107.0 2 1 
1080 3 I 10 1 
1981 4 1 7 2 

50040 3754 6380() 1970 2 3 1 25 1 
1980 3 I 5 56 3 I 
198 1 ' 1 20 1 1 

46810 368:t 52278 1906 2 30 2 
1087 3 149 2 1 I I 
1988 4 25 

47908 627 1 5!H7'9 1869 5 1 

98034 783< 105868 1987 2 3 

1900 3 3 I 
Hl89 4 2 1 

100689 '4106 104805 1987 2 29 I ' 

CLR • Clear Creek; CNFH - Coleman Hatchery; BAT · Belile Creek; RBOD • Red Bluff Dam; TCFF - Tehama-Colusa Fish Facility; 
FRH • Fealher River Halchery; FEA • FealherRlve r; YUBA - Yuba River; NBFH - Nimbus lialchery; AMN -A .merlcan River; 
MRF I - Mokelumn e River Hatchery; TUO • Tuolumne Rl·,er; MRFF - Merced River Halchery ; UNK - Unspec ified; 

1 

3< 
10 1 

1 

2 
87 

•• 
2 

1 

12 

10 

30 

88 

32 

32 
154 
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3 

• 
3 

31 
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Table 17. (Continued). 

cwrcooE l!~!l.~~I RELEAS~. 

B61005 1087 Blg Chico 
Crook 

861006 1067 Fealhor River 

0601120 101 1992 c1carc,.eek 

0601120102 1992 CJe.lrCff!¢k 

0001120103 1003 Clear C,cek 

0601120104 19-93 Clear Creek 

Recovery Locallons: 

NUMBER RELEASED NUMBER RECOVERED AT LOCAT ION 

¥"" I. - I ¥-•-· YEAROF I AGEAT Clf{ ICNFHI BAT I RBDD ITCFF I FRH I FEA I Y•JBA I NBFH I AMN I MRFI I TUO I MRFF I UNK IRCVR 

1000 3 307 14 
1009 • 27 10 
189 0 5 1 

102531 3739 106270 1986 2 2 1 

1989 l 3 2 9 
muo • 1 

98392 3887 102271) 1986 2 0 
l080 3 ilO 1 
1890 • 25 

52626 50954 103580 1993 2 2 
10!N 3 1 1 2 

50859 509.20 101770 t99J 4 
' 199◄ s 2 

4~ 1Q 7750 58166 101)4 I 

50708 5971 56780 1094 1 2 

CLR - Clear Creek; CNFH - Coleman Hatchery ; BAT - Belile Creek; RBDD • Red Bluff Dam; TCFF - Tehama-Colusa Fish Facility; 
FRH - Feather River Hatchery; FEA • Feather River; YUBA• Yuba River; NBFH - Nirnbus Hatchery; AMN. American River; 
MRF I - Mokelumne River Hatchery; TUO - Tuolumne River; MRFF • Merced River Hatchery; UNK - Unspecified; 

321 

37 

I 

3 

I IS 

1 

8 
117 

25 

2 

4 

1 
2 

1 
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protozoan , viral , and v:.rious gram-negative bacter ial infections, e~countered whi le holding 
winter-run chinook adults fo r two to five months at CNFH, may be similar to those facing spr ing
run adults due to their overlap in spawning migrat ion time and extended holding behavlor. 
Warm water can exacerbate a number of salmonid diseases (columnaris, fumuncu losis, 
lchthyopthirius infection, externa l fungal infect ions, enteric redmouth disease , and others) and 
can serious ly reduce adult pre-spawning survival (Becker and Fujihara 1978, Inglis et al. 1992). 

Ceratomyxosis 
Adu lt spring-run chinook salmon entering the Sacramento River can be exposed to the intestinal 
parasite Ceratomyxa shasta, a pathogen which may cause pre-spawning mortality in adults due 
to severe enteritis. This adult and juvenile salmon pathogen is known to be endemic to the 
Sacramento, Mokel umne, and Feather rivers , as well as Butte Creek (Hendrickson et al. 1989). 
Warmer water tempera tures will accelerate the progress of ceratomyxosis {Udey et al. 1975) 
and throug h stress mechanisms reduce the immune defenses of the fish (Mau le et al. 1989) . 
Winter-run chinook adults captured in spring and early summer from both the upper Sacramento 
River and Batt le Creek have been observed to have a 27% to 50o/, incidence of Ceratomyxa 
shasta infection (USF\NS, CA-NV Fish Health Center Inspection Records 1993-97). Up to 40% 
of these infected fish were judged to be in later stages of this lethal disease. One presumptive 
spring- run adu lt sampled at ih e Battle Creek trap in 1997 was also infected with this enteric 
parasite . How and to what degree the disease affects juveniles which pass downstream and are 
exposed to the disease is. not well known. Ceratomyxa shasta vias not observed in histological 
samples taken from juvenile fall-run out migrants collected at Knight's Landing (primarily CNFH 
fish) and Chipps Island (unidenti fied origin) in April of 1996 and 1997. 

Bacterial Kidney Disease /BKDl 
Renibacteruim salmoninarum is the causative agent of BKD, which affects salmonid fishes 
worldwide. Infec tions tend to be chronic and often are lethal for Pacific salmo n. This pathogen 
has been assoc iated with morta lity in both wi ld and hatchery chincok juveniles in the Columbia 
River basin (Elliott and Pasche 1992). Severe infections have been diagnosed in wild winte r-run 
adults used as broodstock at CNFH. There was a 10% to 40% incidence of infection for the 
period from 1993-95. Of the eight presumptive spring-run adults tested by the CA-NV Fish 
Health Center for the R. sa/moninarum antigen, only one fish had antigen conce ntrations 
indicative of an active infection. 

Funga l agents 
External fungal ( Saprolegnia sp .) infections are the most serious cause of spring-run chinook 
salmon pre-spawning less in Pacific Northwest hatcheries and probably affect wild spring-run 
chinook in California waters . lmmunosupp ress ion associated with senescence is a major factor 
in external funga l infections (Nash 1977). Rough handling of fish al weirs for tagging or other 
purposes, or in hatchery programs, could predispose these fish to fungus and place them at high 
risk for prespawn ing mortality. 

Rosette Agent 
A systemic pr_otist called the "rosette agent' was detected In captive winter-ru n chinook salmon 
at the BML rn 1993. These fish had been transferred from CNFH in 1992. It appears that the 
infect ious stage of the rosette agent is associated with the Batlle Creek watershed (S. Foott, 
pers. com.). Even in the Winter-run Adult Captive Broodstock Program at BML where adults are 
held for a couple of years, the disease affected the health of only a few individua ls and no 
debilitating infections have been observed for the last two years. After three years of intensive 
monitoring of returning adult salmonids to CNFH, it appears the rosette agent is mostly 
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associated with hatchery-orig in late-fall-run chinook (20% to 30% incidence of infect ion) . The 
parasite has been detected in only one fall-run adult and not in any of the 13 winter-run returns 
examined in 1997. II is likely that there is a late spring through summer seasona lity to the 
presence of the infectious stage which would influence which runs are exposed to the parasite. 
The chronic nature of the ir.fection is such that detection of the rosette agent has only occurred 
In CNFH chinoo"k after 18 months of captivity. The overall effect on infected individuals released 
to the wild or on wild-spawned fish (any of the four runs of Central Valley chinook sa lmon) is 
unknown. 

Infec tious Hematopoietic Necrosis Virus IIHNVl 
It is unknown to what degree !HNV is a problem for wild spring-run chinook salmon. All runs of 
Sacramento River sa lmon are considered to have a high incidence of ihe disease c,N. Wingfie ld, 
pers. com.). The virus has been detected by the USFWS in unmarked salmon adu lts captured 
in the Keswick fish trap in 1993. It was unknown whether the adults were fall- or spring-run 
salmon. Investigations of fall-run carcasses and swim-up fry in Battle ,;reek have shown that 
while carcasses shed the vhis, no virus was detected in the fry . The USFWS also exam ined 
naturally-spawned fall-run outmigrants in 1992 and 1997 for signs of irJection . None was 
detected. It also does not appear to be a signiQcant problem in naturally spawned salmon fry 
within the Battle Creek watershed. Overall, ii may be that IHNV is less common in naturally
spawned salmon j uveniles within the Sacramento River system than previously suspected . 
IHNV infection is principally a problem in hatchery production where high density cond itions 
cause amplification of the disease. FRH detected IHNV in March 1998, for the first time in 15 
years. For CNFH, it is expected that installation of the new ozone water treatmen t system will 
reduce the incidence and potential transmission of this disease from anadromous adult fish in 
the water supply to the. production fish. 

There is the possibility of an epizootic occurrence in fali-run production (with subsequent release 
of iniected juveniles) infecting wild juvenile spring run. Infected hatchery production would be 
released in March-May, a time when juvenile spring run can be expected to still be moving 
downstream through the De~a . In such a case, infected hatchery production could transfer the 
disease to naturally-spawnej outmigrating juveniles oi all runs in the system. Trans miss ion of 
IHNV from adults to highly susceptible progeny has been found to cause significant mortality 
(Wolf 1988). Latent IHNV infections are commonly expressed in maturing salmon, but do not 
appear to affect their health (Mulcahy et al. 1984) . 

Predation 

Predation may be a factor in the decline of spring-run chinook salmon . Predation occurs 
throughout the migratory pathway of spring-run chinook selmon, both the river and ocea n 
phases of its life cyc le. Predation is a natural phenomenon and would not normally be 
considered a significa nt cause of decline to spring-run chinook salmon. However, there are 
examples where predation has been enhanced or intensified by human activities . 

Avian predators include cormorants, gulls, terns, mergansers', snowy egrets, herons, and osprey 
(USSR 1983). Native fish predators include squawfish, prickly sculpin , and stee lhead. Other 
fish predators of spring-run salmon include introduced species such as striped bass, white 
catfish , channel catfish, American shad, killifishes, smallmouth bass, and largemouth bass. 
Marine mammal predato rs include harbor seals, sea lions, and killer whales (NMFS 1997). 
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There are specific loc;;;tions where predation has become a significant problem. Predatory t1sh 
are known to congregate around struct ures placed in the water , where they maximize their 
fo raging efficiency by using shadows , turbulence, and boundary edges (Cooper and Crowder 
1979: as cited in Kano 1987). The,se structures include dams, bridges, diversions , piers , and 
wharfs (Steve ns 1961, Vogel et al. 1988, Garcia 1989, Decoto 1978). On the Sacramento River, 
losses to predat ion occur at RBDD and the Glenn-Colusa Irrigation District (GC ID) diversio n 
facil ity, On the Yuba River losses to predation occur at the Hallwood-Cordua Diversion and at 
the South -Yuba Brophy diversion. In the southern Delta the water diversion structures at the 
State Water Project (SWP) and CVP pumping plants also concentrate predator species. 

Overa ll mortality on spring run due to predation at RBDD is probably low. Predation of Juvenile 
chinook sa lmon at RBDD occurs primari ly when the gates are lowered, Lake Red Bluff has filled, 
and downstream migrants pass through the fish protection facilities at the Tehama -Colusa Canal 
headworks, orgo under the gates. The gates are lowered between May 15 and September 15 
each yea r at the tatter part of the juvenile emigration period. It takes a while for the predato rs to 
congregate and most juvenile spring run are likely not affected. Juvenile spring run that migrate 
dow nstream in winter and early spring encounter RBDD when the gates are still raised and 
exper ience near normal river conditions. 

The GCID diversion near Hamilton City is one of the largest irrigation diversions on the 
Sacramento River. Predation at this diversion is likely to be more intense in the spring when 
squawtish are migrating upstream , juvenile fish are migrating downstream, and irrigation 
demands are high. Predation may be significant in the oxbow at the GCID diversion, although 
severa l improvements have been made recently (P. Ward pers. com., Vogel and Marine 1995). 
Predat ion also occurs in the bypass system (P. Ward pers. com.) 

On the Yuba River, juvenile salmonids which pass over Daguerre ?oint Dam can become 
disorie nted by the hydraulic condit ions created by the splffway, increasing their vulnerab ility to 
predators. The pool qirect ly below the dam attracts and concentr.;tes predators, which resu lts in 
incre·ased predation. Juveniles entering the Halfwood-Cordua Diversion encounter predators 
concentrated in the channel between the dam and fish screen. Sacramento squawtish 
examined during predato r control evaluations at the Haflwood-Cordua fish screen conta ined 
remai ns of salmo nids (Kano 1987). Juveniles entering the South-Yuba Brophy Diversion 
encounter predatory fish in the 1.6 acre pool in front of the rock weir. Exposure to predation 
there may be exacerbated because in excess of 90% of the flow entering the diversion passes 
through the gabio ns, with insufficient sweeping flow to return fish to the river. 

The USFWS found that more piscivorous predators, such as squawfish and prickly sculpin, were 
fo11nd at rock revetment b::mk protection sites between Chico Landing and Red Bluff than at 
naturally eroding bank sites (Michny and Hampton 1984). More juvenile salmon were found 
adjacent to eroding bank habitat with riparian vegetation than at rivapped sites . Chinook 
salmon prefer habitat wiih cover, both overhead and submerged, because it provides a refuge 
from predato rs and it provides a major food source (terrestria l insects). Loss of this habitat to 
rock revetment bank protection may enhance predation. 

The ecology oi the Delta and the Sacramento River system has been significantly altered by the 
introduct ion of exotic fish and invertebrate species. The effects of :hese introductions on spring
run ch inook salmon abundance and distribution have not been quantified. Based on the 
availab le informat ion, striped bass, American shad, and white catfish are the principal predators 
wit hin the Delta on juven ile salmon. ·Str iped bass were introduced ·nto the Sacramento-San 
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Joaquin estuary in 1879. Both striped bass .and chinook salmon were at high levels in the late 
1960s and early 1970s. In recent years both species have experienced a decl ine in abunciance. 
However, naturally produced chinook salmon has had a greater decline. 

Between October 1'976 and November 1993, the Department conducted ten mark/recapture 
experiments at the SWP's Clifton Court Forebay (CCF) designed to es:imate pre-sc reen loss 
(which includes predation) of fishes entrained to the forebay (Gingras i 997). Eight of these 
experiments involved-hatchery-reared juvenile Chinook salmon . Pre-screen loss rates for 
juvenile fall-run chinook salmon ranged from 63%-99% and for late-fall-run chinook sa lmon they 
ranged from 78%-99% . Predation by striped bass is thought to be the primary cause of pre
screen loss in CCF (Gingras and McGee 1997). Mark/recapture estimates of preda tor-sized 
striped bass suggest that they are abundant in CCF (CDFG in prep}. However. recent telemetry 
stud ies of striped bass emig ,ation from CCF indicate that the forebay is an open system in which 
many adult and :;ub-adult strfped bass move through the radial gates over short periods 
(Gingras and McGee 1997). Such movement violates the assumption of negfigib le immig ration 
and emigration . Therefo re, lhe abundance estimates based on mark/recapture methods are not 
valid. 

Predat ion studies have also been conducted at the release sites for fish salvaged from the SWP 
and CVP Delta pumping fac i'ities (Orsi 1967, Pickard et al. 1982 ). Striped bass and squawfish 
were ihe primary predators in the Delta. They were more abundant and had more fish remains 
in their gut at release sites tran at the nearby control sites . 

The Department conducted predator sampling at the Suisun Marsh Salinity Control Structure 
fro m 1987-93 and found that the striped bass populatio n had increased dramatically (DWR 
1997). The increased predator population at the salinity control structure implies .i higher rate of 
predation. Sampling of juvenile chinook salmon both upstream and downstream of the gates in 
1993 indicated there may be loss associated with the structure . Data from a follow-up study in 
1994 (DWR 1997) did not corroborate this, but the study design may have precluded obta ining' 
clear results. 

The Department is implementing the State's Striped Bass Management Program, with the goa ls 
of stabilizing and restoring the striped bass fishery , and restoring and improv ing hab itat for 
striped bass and other aquatic species in the Delta ecosystem (CDFG 1995). This program has 
the potential to increase predation on species listed under the ESA. The Department will 
operaie the program with an incidental take permit from NMFS and USFWS pursuant to Section 
1 O(a)(1)(8) of the ESA, as amended. The permit will authorize take of winter-run chinook 
salmon , steelhead trout, Delta smelt, and Sacrame nto splittail. The Department has submitted a 
Conservat ion Plan (CP) that estim::ites the level of incidental take expected to occur during 
proposed activities , and specifies how the impacts of the taking wil l be minimized , mitigated, and 
monitored. The Department has also drafted an Environmental Assessmen t (EA) for use by the 
Federal agencies that analyzes env ironmental impacts associated with the issuance of an 
incidental take perm it and implementation of a Cl". The EA a~dresses the listed species as well 
as candidate or proposed species for Federal or State-listing, including spring-run chi nook 
salmon and fall -run chinook salmon. 

The Department proposes stocking a combination of striped bass salvaged from the SWP and 
CVP fish screens and those reared in floating net-pens for a period prior to release, as well as 
striped bass cultured and rea;ed in hatcheries. The goal is to subsequently stabilize the striped 
bass population at the 1994 level. Through successfu l implementation of the CP , the 
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fJepartment estimates triat 0.5% to 1.0% of the juvenile spring -run chinook sa lmon may be 
incidentally taken annually due to predation by stocked stripe d bass (CDFG 1997). 

Ocean predation by ma-lne mammals is a natura l phenome non: h-jw ever, the extent and impact 
of this type of predation is unknown. Hart (1987) cites severa l studies that have fou nd increased 
abundance of harbor seals in estuaries coincident with seasona l anadromous fish runs . In 
addition, studies have found that harbor sea ls are more proficient at capturi ng salmon confined 
in estuaries and river systems. Some research on predation rates is availab le from the Klamath 
River estuary and the Russian River estuary. During seining and fagging oper ations for adult 
salmon by the Depa rtment on the lower Klamath River, Stanley and Shaffe r (1995} iou nd that 
the feeding act ivity of harbor seals was significantly higher on days. that seining occu rred than on 
days when no seining occurred. Over five years of study ( 1978-82) the estimated pe rcentage of 
seined fish taken by seals was relatively constant , ranging from 3.1 % to 5.5%. Sim ilarly, Hart 
(1987} reported predation rates of 3.6% and 7.9% on the tagged adult salmon migrating 
upstream in 1981 and 1982, respectively, from harbo r seals on the lower Klamath River . The 
predation by harbo r seals during these seining and tagging activities may be expla ined by the 
opportunistic feed ing strategy of harbor seals . The noise of seinin3 activity, the splashing of 
entrapped fi sh, and the acute hearing of seals may enab le them tc focus in on large 
concentrations of fish (Hart 1987}. Upon release the tagged fish are sti ll in a stressed state and 
may be more vu lnerable to predation. 

Harvest 

Ocean fis hery manage ment and evaluation 
Central Valley chinook salmon. primarily Sacramento River fall run, comprise the majority of the 
salmon harvested in the ocean fisheries off Californ ia. The r.en tral Valley Index (C\/ 1} has been 
used to evaluate Central Valley chinook salmon abundance since 1970. It is the sum of all 
chinook landings in the ocean fisheries south of Point Arena and the Central Valley adult 
chinook spaw ning escapement for the same year. The CV! has ranged from a low of 323,100 in 
1992 to a high of 1,312,000 in 1995 (PFMC 1998). Harvest is evaluated by the Ce ntral Valley 
Ocean Harvest Index, whfch is the total ocean chinook harvest as a percentage of the CVI. The 
Harvest Index has ranged between 50% and 79% since 1970 (Figure 31). 

Sacramento River fall-ri:n chinook, which com prise approximate ly 30% of the Central Valley 
chinook salmon spawning escapement, is one of the principle salmon populations by whi ch 
ocean salmon fisheries south of Cape Falcon (in nort hern Oregon) are managed under the 
salmon Fisheries Management Plan (FMP) as authorized by the Federal Magnuson-Stevens 
Fishery Conservat ion and Management Act. Based on the FMP, each year the ocean salmon 
fishe ries off Oregon and California must be managed to ensure that 122,000 to 180,000 adult 
fall-run chinook salmon return to spawn in the Sacramento River and its tributaries. Other 
chinook salmon stocks on which Califomia's's ocean salmon fisheries are managed under the 
FMP include, Klamath River fall-run chinook and salmon stocks listed under the ESA , such as 
the endangered Sacramento River winter-run chinook, the threatened coho salmon populations 
that originate in coastal rivers from Monterey Bay into so·uthem Oregon, and the endangered 
Snake River fall-run chinook from the Columbia River basin . Manage·ment measu res include 
time and area closures , seasonal quotas , minimum sizes , specific fishing gea r restric tions , and 
maximum allowable take (e.g. daily bag and possession limits). California's recrea tiona l and 
commercia l ocean salmon fishing regulations for the years 1 ~96-1998 are in Appe ndix C. 
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Coded-wire tags (CWTs) have been used to mark Pacific salmon 5ince tlli:, mid- ·I 970s. 
Whenever a tagged fish is recovered as part of a sampling program, the tag is extracted and the 
code deciphered. By referring to the CWT database (maintained at the Pacific States Marine 
Fisheries Comm ission's Regional Mark Processing Center In Gladstone, Oregon}, the fish's 
origin , BY, size of release group, and other information can be determined. When tagged fish 
are recovered through a statistically appropriate, randomized sampling program, an estimate 
can be made of the tota occurrences of that particular release group in .all of the fish caught. 
The composition of Central Valley runs in the ocean landings cannot be extrapo lated from the 
CWT recoveries from landed fish because of inadequate and inconsistent tagging rates among 
released hatchery fish and naturally produced fish. CWT recovery data are used in conjunction 
with the numbe r of tagged fish released to estimate the rate of recovery by individ ual ta_g code. 
Recovery rates provide a means of relative comparison between age-classes and between runs. 

The only u1.;i:,,m CWT recoveries for Sacramento River spring-run diinook salmon are from 
releases of fish produced at FRH, which are designated as "spring-run chlnook .' Because of 
evide nce of intermixing of fall run and spring run in the hatchery (as discussed elsewhe re in this 
report), there is a question as to whether FRH spring run are an ap;,ropriate surrogate for 
eval uation of the effects of ocean harvest on wild Sacramento River spring-run chinook. Tagged 
releases of FRH spring run date from 1975, and occurred during 11 of the 20 years through 
1994. These releases ranged in number from about 40,000 fish to more than 200,000 fish 
(Tab le 18 and Figure 32). Recent (1995 BY) tagged releases included approximately 14,450 
wild fish from Butte Creek, and 160 and 780 wild fish from Mill and Jeer creeks, respectively . 
None of these 1995 releases has been recovered in the ocean fisheries as oi the end of the 
1997 sport and commercia l seasons. 

All tagged salmo n, identified by the missing adipose fin, observed in the sport and commercia l 
ocean harvest are measured at the dock before the head is removed to be taken to the lab for 
tag extraction. Based on the FRH spring-run chinook rec.overed in California 's oce an fisheries 
from 1978 th rough 1997, average total length (TL) by month for February through Novembe r for 
ages 2-4 fish are shown in Figure 33 with comparable data for Central Valley fall -run chinook 
ocean recoveries . FRH age-2 fish range in size from 20. 7 inches tc 23.5 inches TL , reach their 
greatest size during the months of July through September , and are slightly larger in size 
compared to age-2 Central Valley fall-run chino0k. The average monthly TL of age-3 FRH 
recoveries are between 24.5 and 29.6 inches , and lend to be somewhat less than age-3 fa ll 
chinook , espec ially in the early spring and fall months. The average monthly TL of ag~ FRH 
fish recovered in the ocean fisheries range from a low of about 26 inches lo a high of nearly 34 
inches TL during June and July, and like age-3 recoveries , tend tote somewhat smaller than 
simila r aged Central Valley fall-run chinook during the spring and fal months. Ocean tag 
recoveries of FRH spring run fort he years 1978-97, expanded for sampling rates, total more 
than 12,700 fish. In comparison, expanded tag recoveries of Central Valley fall-run chinook 
harvested by the ocean fisheries total more than 255,000 fish (Table 19). Althoug h FRH spring
run tags were occasionally recovered from ocean landings as far north as British Col umbia, the 
vast majority we re recovered in California. Almost 78% of the total Iecoveries we re from 
landings at ports from Bodega Bay to Monterey (Figure 3~)- Hatchery tag recoveries are not 
compl ete and there are no in river monitoring programs for angler catch and spawn ing areas. 
Therefore, comp rehensive analysis of harvest Impacts is difficult. 

Using a subset of the available cwr recovery data for the FRH spring-run chinook, Cramer and 
Demko (1997) were able to construct a cohort analysis to estimate, 'JY age, such popu lation 
parameters as survival rates, harve.st rates, and maturity rates. They limited their data to the six 
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Tab le 18. List of Centra l Valley Spring-run Chinoo.k Salmon Coded-wire Tagged Releases (PFMC 1998), 
TagCodo Tog Run~Speo Bd Agy Rel. 1-falohery Raleese.S!lo Name Flrol Last # Ad-C lp Unmarked T Yr Release Releoso Tag5ed Only Fish 

060107 0 Sp1I Ch ln 75 CDFG FEATHER R H, FEATHERR H, 7612 7612 90,825 1,654 0601DB0408 3 Sprl Chin 95 CDFG (WILD) DEERCREEK 960501 96 1205 782 060,1080409 3 Spil Chin 95 COFG (WILD) MILL CR (TRIB SACR) 960502 96 1119 157 060 112010 1 3 Sprl Chin 9 1 CDFG FEATI-IER RH . CLEAR CREEK 920320 920320 52,626 966 49,988 0601120102 3 Sp1l Ch in 91 COFG FEATHER RH, CLEAR CREEK 920320 920320 50,8 25 966 49,98'[ 0601120 103 3 Spri Chin 92 CDFG FEATHER RH . CLEARCREEK 9jon2 930322 48,415 7,750 060 1120104 3 Sp,I Chin 92 CDFG FEATHERR H, CLEARCREEK 930322 930322 50,78:> 5,971 o6·5B09 0 Spr l Ch in 76 CDFG FEATHER RH FEATHER R rl. 77 12 7601 71, 10; 2,963 06581 t 0 Sprl Chin 77 CDFG FEATHER RH . YUBA CITY 781221 781.226 54,700 3,014 OG.5812 0 S p1i Chin 77 COFG FEA IHl::H H H, GRIDLEY 790125 790126 50,046 2,401 3,754 
065828 0 Spr(Chln 81 CDFG FEATHER RH . CALIF, MARIT. AC.AD. 820517 820517 40,776 6,474 065836 0 Sprl Chin 82 COFG FEATHER RM , CALIF, MARIT. ACAD , 830527 830527 42,593 3,957 (/) 065M 6 0 Sprl Chin 83. CDFG FEATMER RH . CALIF. MARIT, ACAD, 040522 840522 48,552 2,448 «> 065853 0 SpriChln 84 CDFG FEATHER RH. MONTEREY MINOR PORT 850423 850423 10,533 5,381 g, 065654 0 Sp,J Chin 84 CDFG FEATHERR H. MONTEREY MINOR PORT 850423 85042l 19, 1 Bl 5,959 0 065855 0 Sprl Chin 84 CDFG FEATHER RH . CALIF , MARJT. ACAO. 850425 650425 22,32' 2,675 :::, 
B6 100I 2 Spil Chh\ 84 CDFG FEATHER RH , FEATHER R HATCHERY 850401 850401 48,614 3,662 < 861002 2 Sprl Chin 84 CDFG FEAT HER RH . BIG CHICO CREEK 850401 850401 47,908 5,271 86"1003 2 Spri Chin 85 COFG FEATMER RH. BIG CHICO CREEK 860317 860317 98,03< 7,834 

-0 B6 1001 2 Spri Ch in 85 CDFG FEATHERR H, GRIDLEY 860317 860317 100,699 4,196 1l) 
co B61005 2 Sprl Chin 86 CDFG FEATHER RH. BIG CHICO CREEK 870303 870303 102,5~1 3,739 (1) 

86 1006 2 Spr l Chin 86 COFG FEATHER ll rl. FEA Tl1ER RH . 870303 870303 9'8,3S2 3,887 N 
.j>. 861201 2 Spri Ch in 95 CDFG (WILD) BUTTE CREEi< 960104 960125 6,2.E9 1,339 B61202 2 Sp1i Chin 95 CDFG (WILD) BUTTE CREEK 960125 950316 5,802 1,50 1 B61203 2 Sp1I Chin 95 CDFG (WILD) BUTTE CREEK 960322 960407 68 17 861,04 2 Spd Chin QS CDFG (WILD) BUTTE CREEK 960408 960429 132 33 061,05 2 Spr l Chin 95 CDFG (WILD) BUTTE CREEK 960504 060805 168 43 
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Figure 33. Average size of Central Valley chinook salmon in ocean commercial troll fisheries for 1978-97, by month 
(California only). 
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Table 19. Number of Coded -Wire Tag Recoveries (Expanded for Sampling) for Feather River Hatchery Spring-Run Chinook and 
Central Valley Fall -Run Chinook in California's Ocean Fisheries for 1978-97, by Brood Year and Age Class. 

SPRING FALL 
8ROOD 

AGE-2 AGE -3 AGE-4&5 AGE-2 AGE-3 AGE-4&5 YEAR TAGGED TAGGED 
R.ELEASE 

SPOR T TROLL SPORT TROLL SPORT TROLL RELEASE 
SPORT TROLL SPORT TROLL SPORT TROLL 

1975 90,825 229 402 20 163 904.661 676 4,25-5 64 4i l 
1976 71,105 428 1,398 1,44 1 32 162 975,132 511 1.425 3,354 23 392 
1977 104,746 18 10 220 438 5 69 666,797 1,601 184 1,722 11,33 30 514 

2 
1981 40,776 15 64 284 13 38 1,298,272 204 20 1.431 4,916 400 1,670 
1982 42,593 4 10 112 42 1,338,596 298 10 935 3,284 30 4E9 
1983 48,552 177 6 135 855 5 73 1,360.002 1,563 134 2,566 9,633 140 862 
1U84 157,559 136 7 151 818 16 156 1.438,639 1,260 93 2,017 10,33 78 938 

9 
1985 198,733 94 10 78 932 51 8(, 1,840,686 2,787 273 2,748 23,57 287 1,720 

4 
lnAR ~on,0?.3 96 20 165 632 9 13 1,:141,733 669 1:a 1,939 7,123 204 537 
1991 103,452 11 10 71 4 3 1,536,521 310 32 685 2,184 74 210 
1992 99,205 56 28 1 407 19 15 1,547,006 1,142 176 3,733 6,987 259 559 
Total ·, 158(469 1,035 53 2,741 6,392 174 814 14,268-,245 10,34 1,049 19,87 86,98 1,589 8,342 

5 7 1 



en 
(1) 

~ 
0 
::, 

:e; 

,, 
D> 

(0 
(1) 

N 
(X) 

~ 
~ 

.: 
~ 

:;; 
u 
~ 

0:: 

o.ao ·r----------------------------------------

0.60 - 1------ -- -- ---- -- -- -- -- -- -- -- - -- -- -- ..lii 

'i; 0.40 

C 
0 

"" ;; 
= e .. 

0.20 - 1 

o.oo 
CAN WA OR CRC EUR 

Recovory Ar ·ono 
FTB SNF MON 

- Fall Troll ~ Fall Sport ~ Spring 'Troll 1/11111] Sp r in g Spo r t 

Figure 34. Centra l Valley chinook salmon ocean recover ies , 1976-97 combined by area (major port in California), run, 
and fishery . 

l 



CWT groups released at or near the hatchery, although o tota l of 16 C'NT groups was 1eleased 
from the 1975-9 1 broocs. To use these data in a cohort analys is, they had to ass ume that the 
hatchery and in-river recoveries were complete for those cohorts. Given the absence of an 
alternative marked spring-run population to evaluaie, FRH spring rJn is considered a -surrogate 
for evaluation of ocean fisheries ' impacts on wild Sacramento River spring -run chinook salmon 
based on the catch timing in the recreational fishery and the availability of Cramer and Demko's 
cohort analysis . 

Spring-run adul ts are known to enter their spawn ing tributaries within the Sacramento River 
system as early as mid-February. In contrast, Central Valley fall-run adults do not ente r the river 
until August. Therefo re, a larger proport ion of the total annua l landings of mature (;,age-3 fish) 
spring run would be expected to occur during the early spring months, compared to fall run. 
Table 20 and Figu re 35 show that 68% of the total annual harvest of age-3 FRH spring run 
occurred duling the months of February through Apri l, compared to 41% for the fall run . 
App roximately 59% of the annual harvests.of age-4 FRH spring run occurred during February 
through April compared to 27% for fall run for the same 20-year peiod (Figure 36). 

The timing of FRH spring-run chinook CWT recover ies during the season appears substa ntially 
different from tha t of Central Valley ia ll run. Although a similar ana ·ysis by Cramer and Demko 
(using recoveries from the 1975-86 broods) indicates that the majo.-ily of FRH spring-ru n 
landih.gs occur after Apri , their data include both recreational and commerc ial landings . The 
data used for the present analysis were limited to those CWT recoveries from Californ ia's ocean 
salmon sport fishery because it opens in late February/early March and better represents the 
timing of FRH spcing-nun chinook landings across the fishing season. With the except ions of 
1983 and 1997 , Cal iforn ia's commercial ocean salmon fishery has not opened south of Poini 
Arena prior to May 1 since 1979; therefore, it cannot provide catch d::ita for months prior to May 
(PFMC 1998). 

Ocean Commercial Harvest 
Californians have been commercially trolling for salmon since the late 1800s. Commercial 
chinook landings in California since the early 1950s have ranged from 163,400 fish in 1992 to 
1,317,200 fish in 1988 (PFMC 1998). Althoug h commercial landings have shown a gene ral 
declining trend since the 1960s, 1988 had the highest landings on record (Figure 37). The 
commercial harvest comprises the majority of California's tota l ocean salmon harvest. Although 
it is unknown what proportion of the commercial harvest includes Sacramento River spring-run, 
almost 65% of the FRH tag recoveries in California were from the commercial fishery . The 
recovery rate for age-3 FRH fish in the commercia l fishery is conside rably greate r than age-4 
fish. This is expected because a high iraction of the populat ion matures at age-3. If spring• and 
fall-run CWT recovery ra:es are comp::ired for tho period. FRH spring-run rates ofte 11 exceeded 
fall-nm rates during the late 1970s and early to mid-1980s. Since about 1988, the recovery rates 
for both age-3 and age-4 FRH fish are either comparable to or substantia lly less than those of 
Central Valley fall run for those years when recoveries. for both run~ are avai lable (Tab le 21, and 
Figures 38 and 39). Data for FRH spring-run recoveries for the last seven years are sparse and 
limited to age-3 and age-4 recoveries for 1995 and 1996, respective ly, from the 1992 BY 
release. The FRH age-3 recovery rates in the commerc ial fishery are based on 6,392 fish; age-
4 FRH recovery rates are based on 814 fish (Table 19). Size of fish harvested in the comme rcia l 
fishery is affected by the fishery's 26-inch n minimum size limit. 
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Proportio n of Total Landings for Coded-w ire Tag Recoveries from Feather River 
Hatchery Spring- run Chinook and Central Valley Fall Chinook in California's 
Ocean Fisheries for 1978-97, by Age-class and Month. 

AGE-2 AGE-3 AGE-4 

SPRING FALL SPRING FALL SPRING FALL 

0.13 0.05 0.12 0.06 

0.01 <0.005 0.30 0.17 0.24 0.09 

0.01 0.25 0.19 0.23 0.12 

0.05 0.03 0.06 0.11 0.11 0.12 

0.08 0.11 0. 12 0.18 0.23 0.23 

0.24 0.35 0.10 0.21 0.06 0.2~ 

0.18 0.26 0.02 0.01 0.07 

0.05 0.13 0.01 0.02 0.01 

0.27 0.09 0.02 0.01 0.01 0.01 

0.12 0.02 0.01 <0.005 
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Figure 35. Age-3 Central Valley chinook salmon ocean sport recoveries. Spring-run vs fall-run chinook salmon for 
·197~-97, by year (California only). 
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Table 21. Coded-wire Tag Recovery Rates for Feather River Hatchery Spring-run Chinook Salmon and Central Valley Fall-ru n 
Chinook Salmon in California's Ocean Fisheries for 1978-97, by Age-class and Year of Reccvery. 

. 
RECREATIONAL COMMERCIAL 

YEAR AGE-2 AGE·3 AGE~1 AGE•2 AGF.-3 AGE-4 

SPR ING FALL SPRING FALL SPRING FAll SPRING FALL SPRING FALL SPR ING FALL 

1978 0.0060 0.0005 0.0025 0.0008 0.0002 0.0044 0.0047 0.0015 

1979 0.0002 0,0024 0.0197 0.0015 0.0002 0.0001 0.0001 0.0003 0.0203 0.0034 0.0018 0.0005 

1980 0.0002 0.0021 0.0026 0.000'4 <0.00005 <0.00005 0,0042 0.0170 0.0022 0.0004 

1981 0.0014 0.0007 0.0001 <0,00005 0.0001 0.0071 0.0007 0.0008 

1982 0.0016· 0.0014 . 0.0001 0.0002 0.0111 0_0011 

1983 0.00114 0.0002 0.00 12 <0.00005 <0.00005 0.0055 0.0004 

1984 0.0001 0.0002 0.0016 0.0011 0.0001 <0.00005 0.0070 0.0038 0.0006 

1985 0.0036 0,0011 0.0002 0.0007 0.0003 0.0003 0.000 1 0.000 1 0.002,6 0.0025 0.0009 0.0013 

1986 0.0009 0.0009 0,0028 0.0019 <0.00005 0.000 1 0.0001 0.0176 0.0070 0.0003 

1907 0.0005 0.00 15 0.0010 0.0014 0.0001 0.000 1 0.000 1 0 .. 0002 0,0052 0.0072 0.0015 0.0006 

1988 0.0005 0.0005 0.0004 0.0015 0.0001 0.0001 0.000 1 0.0001 0.0047 0.0128 Q.0009 0.0007 

1989 0.0008 0.0008 0.0015 0.0002 0.0002 0.0001 0.0031 0.0053 0.0004 0.0009 

1990 0.0005 0.00·11 0.0001 0.000.2 <0.00005 0.0048 0.0001 0.0004 

1991 0.000 1 0.0006 0.0001 <0.00005 0.0024 0.0001 

19n ·0.0003 0.0002 <0.00005 <0.00005 0,0007 0.000 1 

1993 0.0001 0.0002 0.0006 <0.00005 <0.00005 0,0016 0.0001 

1994 0.0006 0.0007 0.0001 0.0005 0.0001 0.0001 0.0007 0.0014 0.0003 

,995 0.00 12 0.0028 0.0024 <0.00005 <0.00005 0.0041 0.0046 <0.00005 0.0001 

1996 0.000 1 0.0018 0.0002 0.0002 <0.00005 0,0031 0.0005 

1997 0.0006 0.0019 0.0002 0.0001 0.0048 0,0004 
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Figure 38. Central Valley age-3 chinook salmon ocean commercial troll CWT recovery rates. 1978-97 , by year 
(California only). 
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Ocean Sport Horvest 

Both age-3 and age-4 FRH spring- run recovery rates in California's recreational ocean salmon 
fishery exceeded comparable Centra l Valley fall-run chinook salmon recovery rates du ring some 
of the years prior to 1990. ln subseq uent years, when recoveries for both runs are available , 
recovery rates are similar (Flgures 40 and 41}. Expanded recoveries for age-2, age-3 , and age-
4 FRH fish in the recreational fi shery total 1,035, 2,741, and 174 f.sh, respectively (Table 19). In 
contrast with the commercial fishery , where age-2 fish comprise less than one percent of the 
FRH spring chinook recoveries (primari ly because of the 26-inch minimum size), age-2 fish 
comprise more than 26% of the sport harvest of FRH spring-run chinook. As in the commercia l 
fishery, size of fish harvested in the sport fishery is affected by the fishery's minimum size limit of 
20 inches TL for 1984 through 1995. In 1996, the minimum size was increased to 24 inches TL 
south of Horse Mountain to reduce harvest impacts on Sacramento River winter-run chinook, 
which tend to be smaller than fall-run chinook of the same age; in fact , the minimum size was 
further increased to 26 inches from mid-July through the end of the 1996 season. After the 1996 
season, the minimum size was reduced to 24 inches TL, except between Point Reyes and 
Pigeon Point, the area adjacent to (San Francisco} during July and August of 1997, when 
anglers were required to keep the first two fish caught (except coho) regardless of size. 

Overall Harvest Rate 

There was variation among the ace.an haivest rates estimated by Cramer and Demko ( 1997) on 
the six tagged groups of FRH spring chinook comprising their cohort analysis. Harvest rates on 
age-3 fish ranged from 18%-22%; on age-4 fish, they ranged from 57%-85%; and on age 5 fish, 
they ranged from 97%-100%. Cramer and Demko concluded that fish maturing at age-5 have 
little chance ·of surviving the ocean harvest , since the rates were cumulative over the number of 
years that a fish was ln the ocean. Therefore, it appears that the ocean fisheries may have a 
significant impact on S:;icramento River spring-run chinook. The absence of cwr recoveri es in 
the 1996 and 1997 seasons from any of the Sacramento River spring-run releases, either 
hatchery or wild, when management measures for Sacramento winier-run chinook were 
implemented (which may be expected to reduce harvest impacts on spring-run ch inook to some 
degree) is problematical. 

Inland Sport Harvest 

Sportfishing regulations (Appendix D} for the mainsiem Sacramento River were instituted to 
protect the State and federally fisted Sacramento River winter-run chinook salmon. Existing 
regulations protect a portion of the spring-run adults from legal exp :oitation in the Sacramento 
River. However, due to the different adult migration timing for the tNo runs, exist ing regulations 
may allow some spring run to be harvested . The Sacra_men to River from the Deschutes Road 
Bridge to Bend Bridge (approximately five miles upstream from the town of Red Bluff) is open to 
fishing from August 1 through January 14, with a dalfy bag and possession limit of two salmon. 
From January 15 through July 31 the daily bag and possession limit is zero salmon. Spring-run 
salmon in this reach could be vulnerable to take from August 1 through mid-October, when 
,,.,,inter-run adults are no longer present. The Sacramento River from Bend Bridge to the 
Carquinez Bridge (includes Suisun Bay, Grizzly Bay, and -all tributaiy sloughs) is open from July 
16, through January 14, with a da ily bag and possession limit of two salmon. From January 15 
through July 15, the daily bag and possession limit is zero salmon. Spring-run salmon in the 
upper reach of the Sacramento River below Bend Bridge could be vulnerable to take from July 
16 through mid-October, when winter -run adults are no longer present. 

It should be noted that for the protection of winter-run Chinook salmon, regulations prevent 
removal of any salmon incidentally caught from the water in the reach of the upper Sacramento 
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Figure 40. Central Valley age-3 chinook salmon ocean sport C\'\/T recovery rates. 1978-97, by year (California only). 

l 



Cl) 
ro 
g, 
0 
::, 

< 

"U 

«2l 
(D 

~ 

0 . 000,S 

0 . 000 .. - 1---- / 11- -- -- ----- -- -- -- --- -- -- -- -- - -- -- -- -- - -- -- - -J 

~ 0 . 00(13 
~ 

0:: 

i'::' 
~ ,., 
0 u 
~ 0.0002 

0.000'1 ~ 

0.000 0 

r' , 
\ \ I \ J., \ I._ . , I \,_ :: - - ,, I - , , ........... , ,~, ~ ,,, -- ~ ~ ~--

1070 ---- --- - -- -'18 yu 1082 1884 '1006 1080 
vo..,r 

1000 1 Go;;i: '1084 1006 

S pring ---• Fall 

Figure 41. Central Valley age-4 chinook salmon ocean sport cwr recovery rates. 1978-97, by year (California only) . 



River from the Deschutes Bridge to 650 feet below Keswick Dam during the season closure. 
This Is because fish ing in this reach is open for spec ies other than salmon, and winter-run 
salmon could potentia lly be exposed to incidental catch. There is currently no similar restriction 
in place for incidentally caught spring-run sa lmon in tributary streams . 

Salmon may not be taken at any time in any tributa ry oi the Sacramento River be low Keswick 
Dam in Shasta and Tehama counties, unless spec ifically authorized in the special fish ing 
regulations (CCR, Title 14, Section 7.50) . However, all tributaries to the Sacramento River 
downstream of Tehama Cou1ty that fall under the general Valley District regulations are open all 
year to fishing with a daily bag and possess ion limit of two salmon. Spring run that may 
occasionally use or occur in those waters would be subject to harvest. Departmen t experience 
indicates that anglers take advantage of angling opportunit ies when fish, especially salmon, are 
dis~nvered In unlikely wate rs. 

Within Mill and Deer creeks , '.he lowermost reaches (from the U.S. Geclogical Service [USGSJ 
Gage Stations to thei r confluences with the Sac ramento River) are presently open to fishing from 
June 16 through Septem ber 30 with a zero bag and possession limit for salmon . The majority of 
adult spring run retu rning to these creeks have already ascended upstream by June 16 and are 
no longer present in the lower reaches during the proposed fishing season. The upper reaches 
are still open to fishing and adults are subject to catch and release impacts. 

The upper reach of Butte Creek (Oro-Chico Road upstream to the DeSabla Powerhouse) is 
closed to alt fish ing all year, which protects holdi ng and spawning spring-run salmon . The area 
downstream of the Oro-Chicc Road is closed to salmon fishing all year, but open to fishing for all 
other species . This regulation Is c;:onsidered adequate to protect migrafng adult spri ng-run 
salmo11. 

Angling regulations on Big Chico Creek are considered adequate for protecting spring-run 
salmon . The reach of Big Ch'co Creek where adult spring-run holding and spawn ing occur is 
closed to fishing irom March 1 through September 30 , the time adults are present. During the 
remainder of the year, the reach is open wit h a zero bag and possession limit for salmon. The 
lower reach (downstream from the upper end of Bidwell Park) is closed when adult spring run 
are migrating, from March 1 through June 16. 

Existing regulations for the Yuba River allow the take of. spring run in ihe reach below the 
Highway 20 bridge and allow a take of two fish pe r day. This reach is mainly a migration route 
for adults to the area above the Highway 20 bridge, which is their primary holding area . The 
holding area is open to angling with a zero bag limit from December 1 through September 30, 
when spring-run salmon are holding and spawning. limited information exists rega rding angling 
activity for spring run in the Yuba River. Angling surveys conducted by the Department in 1993-
94 indicate that spring run are harvested. There were 27 chinook salmon harvested in June 
1993 with anglers expending 108 hours (Wixom et al. 1995). In 1994, there was no fishi ng 
activity during the majority of the spawn ing migrat ion period (March through July). However, 38 
chinook salmon were caught and released in Septembe r during Initiation of the spring-ru n 
spawning season. 

Existing regulaiion s for tile Feather River allow the take (two fish per day) of spring run in the 
reach below the Table Mounta in Bicycle Bridge . Spr ing-run salmon in this reach would be 
vulnerable to take from mid-February thro ugh August 30. This area is primarily a migration 
corridor to the hold ing area above the bridge . Limited information exists regarding angl ing 
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activity for spring-run salmon in the Feather River. Angling surveys conducted by the 
Department from 1991-94 indicate th at anglers are targe ting chinook salmon during the period 
when spring run are present in the river . Angler catch during the years surveyed ranged from 
zero to 62 fish caught in May and from 128 to 3,737 fish caught in Septembe r, w ith the catch of 
salmon genera lly increasi ng each month from May through Septembe r (Wixom et al. 1995). The 
majority -of fish caught were not released. It would seem reasonable that Feathe r River spring 
run or other spring-run salmon are the sole run c.aught early in this time period with a greater 
percentage of the catch composed of fall run as the season progresses . 

The Feather River from the Highway 70 bridge to a point 100 yards upstream from the 
Thermalito Afterbay out let is open to general fishing all year, with a bag limi t of two salmon. 
However, it is specifically closed to salmon fishing during the period of October 1 through 
December 31. Spring -run salmon in this reach would be vulnerable to tak e from mid-February 10 
October 1. 

The Feather River from a point 100 yards upstrea m from the Thermalito Afterbay outlet to the 
mout h of Honcut Creek is open to genera l fishing all year, with a bag limit of two salmon . 
However , it is specifica lly closed to salmon fishing only during the period October 16 through 
December 31. Spring-run salmon in this reach would be vulnerable to take from mid-February 
through Octobe r 15. 

The Feather River from Honcut Creek to the confluence of the Fea,her and the Sacramento 
rive rs is open to fishing all year. with a daily bag limit of two salmon. Feather River spring-run 
salmon in this reach could be vulnerable to take from mid-February through October 15. 

Illegal Inland Harvest 

Poaching of spring-run salmon undoubtedly occurs at fish ladders and othe r areas where adult 
salmon are concentrated, such as pools below dams or other obstr1ctions. Mill, Dee r, and Butte 
creeks as well as other tributary spr ing-run adult populations, are also vulnerable to poaching 
duri ng the summer holding months because of the long period In which adults occupy relatively 
confined areas. The significance oi illegal fishing to the spring-run salmon adult population in 
freshwater , however, is unknown. 

Condition of Existing Habitat 

Sacramento River 

The history of human development w iihin the Central Va lley and the degraoation of mainstem 
Sacramento River habitat is the basis for nume rous governme nt reports, books , and legisl::ltion. 
More informa tion on the habitat condit ions and recommende d restoration actions is contained in: 
Restoring Central Valley Streams: A Plan for Action (CDFG 1993), Status of Actions to Restore 
Central Valley Spring-run Chinook Salmon: A Special Report to the Fish and Game Commission 
(Mills and Ward 1996), and NMFS Proposed Recovery Plan for the Sacramento River W,nter
rvn Chinook Salmon (NMFS 1997). Some of'thls informat ion is discussed In the Influence of 
Existing Management AcUons sect ion of this report . 

Cond itions in the Sacramento River affecting spring-run chinook sal:non include: Ande rson
Cottonwood Irrigation Dis trict's (ACID) seasonal flashboard dam in Redding that diverts 
approximately 400 cfs: RBDD fish passage delay and losses; Glenn-Colusa Irrigation District 
(GCID) Pumps that divert 3,000 cfs and approximate ly one million acre-feet of water per year 
through fish screens with less than optimum effic iency; hundreds of small unscreened 
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divers ions; bank protect ior projects; discharges of chemica l waste irom industrial , municipal , 
agricultural, and mining sources; and chronic contaminat ion from numerous, but widespread 
sources . In add ition, excessive flow fluctuation and elevated water temperatures below Keswick 
Dam near Redding result in less than optimum survival of salmon (CDFG 1993). Recent , 
current and planned actions to address these problems are also discussed in the Influence of 
Existing Management Actions section of this report. 

The Sac;ramento River yields 35% of the State's water supply. Most of the Sacramento . River 
flow ls cont rolled by Shasta Dam, which stores up to 4.5 million acre-feet of wate r. River flow is 
augmented in an average year by transferring up to one million acre-feet of Trinity River water 
through a tunnel to Keswick Reservoir. The U.S. Bureau of Reclamation (USBR) operates the 
Shasta-Trin ity Divis ion of the CVP. This division includes Shasta, Keswick, Trinity, Lewiston, 
Whisk eytow n, and the Spring-Creek Debris dams, RBDD, and the Tehama-Colusa and Coming 
canals . 

All of the spring-run adul t holding and spawning habitat in the mainstem Sacramento River is 
upstream of the RBDD and below Keswick Dam. Water temperature below Keswick Dam is a 
function of flow release volume from Shasta Reservoir , the condition of reservoir storage , depth 
of water released from the reservoir, and climate. In years with low storage in Shasta Reservoir 
and under low flow releases, water temperatures exceed 56°F downstream of Keswick Dam 
during crit ical months for spring-run spawning and egg incubation. Presently there is a complete 
overlap of physical spawn ill;l habitat for spring- and fall-run chinook salmon in the mainstem 
Sacramento River . Given that their spawning time also overlaps , it has been concluded that 
there is hybridizat ion occurring between the two runs. 

RBDD Is located about two miles southeast of the city of Red Bluff. The fish ladders are 
inefficient in allowing adult spring-run chinook salmon to ascend to the upper Sacramento River 
and its tribu taries (Hallock et al. 1982, Vogel and Smith 1986, Vogel et al. 1988). To help protect 
the Sacramento River winter-run chinook salmon, the dam gates have been raised for vary ing 
periods since the end of 1986. Presently the gates are raised from September 15 through May 
14, allowing free passage for adults during this period. While this allows for approximately 85% 
of winter-ru n adults to pass unimpeded upstream , few spring-run adults have migrated past 
RBDD by the time the gates are closed. The majority of the fish are required to negot iate the 
inefficient ladders. Adu lts that are obstructed fro m passing the daril are forced to either spawn 
downstream, where temperatures are typically lethal for incubating eggs, or to ascend lower 
tri butaries in search of suitable spawning habitat (Hallock 1987). 

When the gates are closed at RBDD (between May 15 and September 14), any outmigrating 
salmon juv en iles pass under the gates and into turbulent waters below the dam where they are 
heavily preyed upon by squawfish and striped bass (see Predation Section). However, gates
out operations from September 14 until May 15 for adult and juvenile winter run provide 
unimpeded downstream mifrat ion for juvenile spring run. 

Clear Creek . . 
Potent ial spring-run habitat occurs below Whiskeytown Dam to Placer Bridge. There is an adult 
upstream migration barrier at McCorm1ck-Saeltzer Dam, which precludes use of the area below 
Whiskeytown Dam. Currently, there are inadequate flows , spawning gravels, and water 
temperat ures betow Whiskeytown Dam and accelerated erosion in port'ons of the watershed 
(USFWS 1994). 
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Cottonwood Creek and tributaries 
The habitat for spring run is limited by the amount of cold water flows during the summer holding 
period. Curre ntly, the i;opulalion of spring run is restricted to Beegum Gorge and occasionally a 
small section of the South Fork. 

Battle Creek 

The present condition of physical habitat in Battle Creek ls suitable for maintain ing a seli
sustaining population of spring-run chinook salmon. Habitat condi:ions in Battle Cree k are 
considered drought resistant due to the geologic and hydrologic characteristiCJ; of the basin. 
Battle Creek has large volcanic formations in the watershed that produce large springs and 
sustained flows during drought. The base flow of Battle Creek across the valley floor exceeds 
300 cis on average and is still above 200 cfs during droughts, which keeps it well connected to 
the Sacramento River under all conditions . 

PG&E owns and operates the Battle Creek Project (Federal Energ:,, Regulatory Comm ission 
Project Number 1211) consisting of two storage reservoi rs, four unscreened hydropower 
diversions on North Fork Battle Creek, three unscreened diversions on South Fork Battle Creek, 
a complex system of canals and forebays, and five powerhouses. There are also two 
agricultura l diversions in the mainstem of Battle Creek, only one of which is screened . 

A primary factor that lim.ts the Battle Creek spring-run population is the large volume of water 
diverted into unscreened hydroelectric canals that parallel the natural drainage course. The 
remnants oi spring-run habitat in Battle Creek are associated with stream reaches between 
diversions where there is inflow from the large cold springs that are common throughout the 
waters hed. An instream flow study indicated a need to increase the minimum requ ired flow 
below the dam by a factor of five to ten in most reaches (Payne 1991). Add itionally , upstream 
migration is impaired by dams with inadequate fish ladders, as well as the CNFH fish barrier that 
is closed for a small portion of the spring-run migration period. Because of the unscree ned 
divers ions and limited instream flow releases, the fish ladders are· closed on PG&E 's two lower 
diversions (Eagle Canyon Dam on the North Fork and Coleman Diversion on the South Fork). 
This prevents fish from Escending into the area above the hatcher/water supply and to 
dewatered and unscreened reaches of the creek. Closure ef the fish ladders at Eagle Canyon 
and Coleman Diversion dams blocks migration of adult spring run into the middle or upper 
reaches of those streams. As a result, the range of spring run in Battle Creek above CNFH is 
presently restricted to 17 miles out of a potential 42 miles of habitat There is evidence !hat 
salmon have gotten above the small dams during high flows even with the fish ladders closed, 
so the range reduction is probably not complete. 

Antelope Creek 

Department habitat surveys and water temperature monitoring have identified limited but 
adequate adult holding and spawning habitat for spring-run salmon. Adul t passage is a limiting 
factor across the valley floor during the majority of the adult upstream migratio n period . 

There are two water diversions at the canyon mouth on Antelope Creek. One is ·operated by the 
Edwards Ranch and has a water right of 50 cfs. The other is operated by the Los Molinas 
Mutual Water Company with a water right to 70 cfs. Flow in Antelope Creek is typically diverted 
Ap ril 1 through October 31. Average annual flow during this time of year, measured between 
1940 and 1980, was 92 cfs. The lower reach of the stream is usually dry when both diversio ns 
are operating. Adult spring run are unable to enter the stream durirg the irr igation and diversion 
season. 

Section VU. Factors Affeo:,1119 the Ability to Survive and Reproduce 

Section VII. - Page 43 



Mill and Deer creeks 

The habitat in Mill and Deer creeks is similar, as is the life-history of spring-ru n ch inook salmon 
in these two tributar ies. Elevations above 2,000 feet in both creeks (like many other easls ide 
trib utaries at similar elevations) usually nave water temperat ures which meet or exceed the 
min imum requireme nts for aj ult spring-run sa lmon to hold througho ut the summer (Figure 42). 

Spring-run spawning habitat in Mill Creek ranges from two miles upstream of the State Highway 
36 Bridge downstream to Le;,s Camp, a distance of 24 miles. The ran9e in elevat ion is 880 feet 
to 5,300 feet. In Deer Creek, spawning occurs at Upper Deer Cr!;lek Falls downstream to Deer 
Creek Crossing, a distance of 23 -miles. The range in elevation is 1,280 feet to 3,600 feet. (Kano 
and Reavis 1997a, 1997b) . 

All diversions on Mill Creek .;re screened. All fish screens on MIii Creek diversions are installed 
and operated du ring the irrigation season, typica lly April through October, by the Department's 
Red Bluff Rsh Habitat Shop. The primary prob lem in Mill Creek affecting :,pring-run abundance 
in recent years is the withdrawal of water at agricu ltural diversio ns, affecting adult and juvenile 
migration due to low flows. 

Lower Mill Creek has three water diversions: Ward (Lowe r Diversion ), the Clough Diversion, and 
!he Upper Diversion . The State Water Resources Contro l Board (SWRCB) fully adjud icated Mill 
Creek in the 192Os. Decree 3811, issued by the Superio r Court of Tehama County , apportioned 
a total of 203 cfs of the natural flows of Mill Creek. This decree autho rized diversio n amounts 
and provision for screening of all diversions. Los Molinos Mutua l Water Company is the Water 
Master for Mill Creek and manages the Upper and Lower diversions. Clough Divers ion is a 
private diversion. There are no major dams or water diversions upstream of the Upper fli version 
on Mill Creek. 

Ward Diversion (Lower Diversion) is located app roximate ly three miles from the confluence with 
the Sacramento River. The Decree 3811 authorized 60 cfs to be diverted at this location. The 
dam at Ward Diversion is a gradual Inclined ramp . The slope of this ramp-type dam allows adult 
salmon to swim up and over the dam at moderate to high flows . The Ward Diversion fish ladder 
is a cement pool and weir type ladder and was rebuilt in 1997 to operate at a higher range of 
stream flows. The Ward Diversion is screened by an incl ined-diagona l, perforated flat-p late 
screen with an optional trap or direct fish bypass . 

Clough Diversion is located approximately five miles upstream of the confluence with the 
Sacrame nto River and is authorized to divert 20 cfs of flow. Flood waters in 1997 breached the 
divers ion dam so that it no longer diverts flow and fish can swim upstre~m using the natural 
stream channel. Alternate water delivery solutions are being considered for the Clough 
Diversion. which may allow for the permanent remova l of the dam and any diversions from this 
site. 

Upper Diversion Dam on Mill Creek is located approximate ly six miles upstream from the 
confluence with the Sacramento River, and is authorized a maximum di•,ersion of 123 cfs. The 
dam at Upper Divers ion is a gradual inclined ramp and is designed for adult salmon to swim up 
and over the dam at moderate to high flows. The fish ladder is a concrete pool and weir type 
ladder. The Upper Mill Creek Divers ion is screened by a vertica l, perforated flat-plate fish 
screen. 
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Deer Creek has fou r water diversions, all of which have been screened since the early 1920s. 
All fi sh screens on Deer Creek diversions are installed and operated during the irrigat ion 
seaso n, typically Apri l through Oc\ober. The Department's Red Bluff Fish Habitat Shop 
main tains all fish ladders and fi sh screens on Deer Creek. 

In 1923, the Teh ama County Superio r Court adjud icated 100% of the water in Deer Creek. The 
three water diversions on the lower creek are: the Stanfor d-Vina Ran:h Irrigation Company 
{SV IC) Diversion Dam , the Cone- Kimball Diversion Dam, and the Deer Creek Irrigat ion 
Compa ny Dam (DCID) . The SVIC Diversion Dam is located approx irr.ately three miles from the 
confl uence with the Sacramento River. SVIC and Cone-Kimball Diversion Dam receive 66. 7% 
of the natural flow in Deer Creek_ SVIC diverts from both a north and a south divers ion. Each is 
scree ned with an inclined diagonal, perforated flat-plate screen. The north diversion has a direct 
fish bypass. There is a concrete pool and weir-type fish ladder on each and of the diveniion 
dam. 

The Gone-Kimball Diversion is located six miles from the confluence with the Sacrame nto River. 
The amo unt of flow diverte d is included in the amount adjudicated to SVIC. This dive rsion is 
sc reened with a s loping diagonal. perforated plate screen. Adult salmon can swim over the 
control boards on this dam and, therefore, a fish ladder is not necessary. 

The DCID is located approximate ly eight miles upstream of the confluence with the Sacrament o 
River and is the uppermos t irrigation dam on Deer Creek. This diversion is adjudicated 33.3% of 
the natura l flow in Deer Creek. This diversion is scree ned with an inclined-diagonal, perforated 
flat-plate screen with a direct fish bypass. Adult salmon can swim over the control boards on 
this dam and , the refor e, a fish ladder is not necessary . 

For both Mill and Deer creeks, th e diversion structures can slow salmon from going upstream , 
but the Department has no evidence that these structures cause undt:e mortality of migrating . 
adults. At high flows , salmon are able to swim over all dams except Stanford-Vina Dam on Deer 
Creek . At lower flows, salmon are able to negotiate the fish ladders adequately. 

In low water-years, the diversions on Mill and Deer creeks can reduce or elim inate natural flows 
downstream of the lower diversions to the Sacramento River during the peak of adult spring-run 
sa lmon migrat ion (late May throug h June), thus truncating the adult salmon migration. Through 
the conservancies on Mill and Deer creeks, the diverters have worked cooperative ly to provide 
flows for migrating adults. On Mill Creek, the Water Exchange Agreement was created to 
provi de 25 cfs of flows ior adult and juvenile fall- and spring-run salmon during peak migration 
and spawn ing periods. A similar water exchange program is being negotiated for Deer Creek. 
Tl 1e Department mon itors critical fish passage areas on the lower thre;, miles of Mill and Deer 
creeks during the spring to ensure adequate flow for migrating adult spring-run salmon . Flows 
have been adequate to pass adult spring-run salmon in most years throughout the adu lt 
migrat ion period in both Mill and Deer creeks. 

The re is no evidence that degradation of riparian habitat , due to cattle grazing and farm 
practices in spaw ning areas , has adversely affected spring-ru n abundance in recent years. The 
terra in (i.e., bedrock cl iffs, canyons, and steep gradient boulder cascades} is not conducive fo r 
livestock grazing. In Deer Creek, cattle grazing occurs in Deer Creek 11eadows, wh ich is 
ups tream of Upper Deer Creek Falls (a barrier to upstream migration). In the early 1990s, the 
Department ass isted in fencing Deer Creek meadows to exclude cattle from the riparian areas in 
Deer Creek. Fence condition and repair is monitored and maintained by the Departmen t. 
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Big Chico Creek , 

The best summer holding habitat in Big Chico Creek is Higgin's Hole, whi.ch is the upstream limit 
of spring-run salmon habitat. Temperatu re data from the pools at Higgin's Hole show daiiy 
mean temperatures of 64°F to 68°F during the summer months. Other lesser quality holding 
habitat downstream of Higgin's Hole have even higher water temperatures (K. Hill, pers. cam.) . 
During the summer months, flows in Big Chico Creek average 30 cfs, while flows during the 
winter averages over 300 cis (CH2M HiH 1993). These low flows and correspondingly high 
water temperatu res during the critical summer holding months are less than optimum for adult 
spr ing-run salmon. However, other habitat parameters such as rii;arian vegetation and isolation 
from human activity are good in Big Chico Creek. 

Butte Creek 

Existing habitat conditio ns have been significantly degraded over those that existed I 1istorically. 
As was stated by Clark in 1929, " ... the creek was formerly one oi the best salmon streams, but 
because of the irrigation dams and low water the run has been almost destroyed ." This 
degradation exists today, although restoration actions as discussed below and later within this 
report have moderated, and in some cases partially remedied, some of the man-caused effects . 

Centerville Head Dam to Centerville Powerhouse: Habitat concitions within Butte Creek vary 
by reach. PG&E virtuallv dewatered the upper reach between the Centerville Head Dam and the 
Centerville Powerhouse prior to 1980. The reach , wh,ich is about fi·,e mi.les in length , remains 
one of the prime summer holding and spawning areas for spring-run chinook salmon. PG&E, as 
part of a Federa l Energy Regulatory Commission (FERC) relicense process now prov ides a 
minimum of 40 cfs from June 1 to Septembe r 15. In dry years , PG&E is required to provide. only 
10 cfs, with no commitment after September 15. Some additional damage has been caused by 
miners in this reach, although with t'x i:;ting regulations the situation has been stabili:z:ed. The 
deep ly incised canyon , its relative remote ness from human intrusion, and deep spring-fed pools 
provide the best summer adult holding potentia l of the entire creek. 

Centerville Powerhouse to Parrott-Phelan Dam: The reach from the Centerville Powerho use 
down 'to the Parrott -Phelan Dam near the valley floor , has undergone and continues to undergo 
significant residential development. This reach contains the remairo er of the summer adult 
holding habitat and the majority of the potential spawning habiiat for spring run. Human access 
is provided by a county road which traverses the entire reach and is heavily utlfi:z:ed by summer 
recreational ists . In addition, major channel modifications have occurred to repair or prevent 
flood related damages to roads and houses. These channel modifications, which have 
attempted to address habitat needs, have degraded the natural processes which serve to recruit 
spawning grave l, provide instream cover and forage , and provide summer holding pools. It is 
Important that future development and chan nel modification carefully consider impacts to stream 
habitat. 

At !he lower end of this s:ream reach is the Parrott-P helan Diversion. At key times , it diverts a 
significant portion of Butte Creek flows, previousl y entraining large r□mbers of juv eniles and 
affecting downstream flows for adult and juvenile passage. A new fish screen, meeting current 
State and Federal criteria, and a high efficiency fish ladder have recently been installed at this 
sfte. In addit ion , as discussed elsewhere in this report, a recent agreement (1996) with the 
diverters, M&T Ranch and Parrott Investment Company , has provided 40 cfs of inst ream flows 
during the period of October through June. Prior to this agreement, a Superior Court 
adjudication (Butte County 1942) and previous appropriative water r'ghts frequent ly resulted in 
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dewatered portions of the creek in the reach below the Parrott -Phelan d iversion down to the 
Sacramento River at either of the two entry points near Colusa or Verona . 

Parrott-Phelan Dam to Butte Sink: The valley reach from the Parrott-P helan Diversion to the 
Butte Sink has been heavily affected by agriculture. This was recognized by Clark as early as 
1929 when he stated: ''The dams are unimportant except for the fact t.1at they divert so much 
water that fish cannot ascend the st,ream." As within the upper reaches , developmen t has 
occurred and continues to cccur within this reach. The Superior Court water rights adjud ication , 
which was settled In 1942, under many cond itions provided diverters the legal right to dewater 
stream sections between the Parrott-Phe lan Diversion and the Western-Canal dam . Low flows, 
in addition to affecting passage, also have-contributed to elevated water temperatures which 
have been detrimental to both adu lt and juvenile spring-run salmon. V'/ithin this reach , the 
Western Canal Water nistrict, and rt,s predecessors, have conveyed Feather River water mto 
and across Butte Creek since about"1908. 

Prior to recent and scheduled structural changes, there were seve n seasona l diversion dams 
operated by agricultural interests. Each of the diversions had the potentia l to detrime ntally affect 
migrating spring-run adults and juveniles. During 1997, the two Western Canal dams were 
removed and replaced with a siphon which now conveys Feather Rive r flows under Butte Creek. 
Additionally, two downstream dams, McGowan and McPherrin , will be removed during 1998. 
The three remaining structures (Durham-Mutual, Adams , and Gorri ll} are scheduled for 
installation of fish screens and improved fish ladders during either 1998 or 1999. 

Various levee projects have been implemented, extending from approx imately Highway 99, near 
Chico to Highway 162. As with the upper reach above Parrott-Phelan Dam, levee installation, 
maintenance, and repc1ir have altered the natural stream process and with in this reach has 
affected riparian vegetat ion. In addition, agricultural development has occurred within the 
levees, which has further limited channel function and riparian vegetation . Below Highway 162, 
agricultural dra inage flows return into Butte Creek, which may detrimentally affect migration , 
waier temperatu re, and water quality. 

Butte Sink to Butte Stough Outfall: The reach of Butte Creek within the Butte Sink is 
generally located between the Gridley-Colusa Highway and Butte Slough Outfall gates at the 
Sacramento River south of Colusa. Within ttiis reach, Butte Creek historically overflqwed into a 
large basin, without a well defined stream channel , altho ugh maps from the mid-1800s show a 
channel along the northwest boundary of the Butte Sink. Within the Butte Sink, even as early 
as 1929, duck clubs were diverting and rerouting flows (Clark 1929}. Impacts from duck clubs 
and agricultural diversions continue to this day . Potentia l imp:.ct sites include the S3nbom 
Slough Bifurcation, White Mallard Weir, Drumheller Sloug h Outfa ll, Butte Slough Outfall gates 
and a host oi lesser diversiors. Lack of fish screens, fish ladders, and operational agreements 
ior flows addressing spring-run migration and rearing needs, impact spring run in this reach. 
Additionally, major drains and flood overflows converge into the Butte Sink and alter water 
quality and attraction flows that detrimenta lly affect migra tion'and reari ng ef spring-ru n salmon. 

Sutter Bypass: Prior to the •tarious levees associated with the present Sutter Bypass , Sutte 
Creek alternate ly flowed into :he area now within the Sutter Bypass levees and the Sacramento 
River near the present site of the Butte Slough Outfall gates (DWR 1976, USGS 1912}. Butte 
Creek is currently regulated by gates placed at or nea r the site of the historic entry into the 
Sacramento River, approximately five miles south of Colusa . Flows are reg ulated through the 
gates to accommoda te both flood control and agricultura l needs. During much of the year most 
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oi Butte Creek flow is directed through the Sutter Bypass East and West channels for 
agricu ltural purposes, to rejoin the Sacramento River via Sacramento Slough near Verona. in 
addiiion, during flood events originating from the upper Sacramento River, any flows in excess of 
approximately 22,000 cfs are directed into the Sutter Bypass via Tisdale Weir, Colusa Weir, or 
Moulton Weir . The net effect is to present changing migration al rcutes for both juvenile and 
adult spring-run salmon. 

Throughout the Sutter Bypass, there are various flow control structures which directly impact 
both migrating adults and migrating and rearing juveni le spring run. There are five major 
structures that divert or regulate .water which are unscre.ened and either do not have fish 
ladders, or have inefiect:ve fish ladders. There are various other barriers and diversions that 
under some conditions are detrimental to spring-run adults and juveniles. Various actions are 
being implemAnted to address many of the identi fied passage problems within the Butte Sink 
and Sutter Bypass. A limited evaluation by the Department has identified rearing potential for 
juveni le spring run withir. the Sutter Bypass (Curtis 1996). 

Yuba River 
Migration of spring run to historic holding and spawning hab itat was blocked by the construction 
of Englebright Dam. Spring run now spend the summer in the area just below the Narrows 1 
and 2 powerhouses immediately 'below Englebright Dam or furth er downstream, particularly in 
the large deep pool immediate ly below the Narrows. This reach provides summer refugia with 
deep pools and cool water. However, this is his toric fa ll-run spawring habitat. There may be 
hybridization occurring between the two races. 

Adult spring-run chinook salmon encounter Daguerre Point Dam during their upstream spawning 
migration:;. Factors which can inhibit or prevent upstream passage include poor ladder design 
and operation, sheet flow across the dam spillway confusing fish and hindering attraction to 
ladder entrances, and increased poaching. The fish ladders are designed to be operated within 
a limited river flow range, primarily during low flows, when fall-run chinook salmon are present 
During higher flows, ladder passage is inhibited , attraction to the ladder entrance s are obscured , 
and flows in excess of approximately 15,000 cfs dictates that the ladders be closed. Ladder 
closures in excess of a month occur during the spring-run salmon migration periods . 

Existing instream flows are less than opt imum for adult spawning, juvenile rearing, and Juvenile 
outmigration. The cumulative water divers ion rates in the lowe r Yuba River can exceed 95% of 
the entire river flow . 

Fish health and spawn1ng success can be significantly affected by delays at dams. Sheet flow 
over the face of Daguerre Point Dam attracts fish which try to ascend the face, and they can be 
injured and subsequently become diseased. Summer water temperatures below the dam are 
often not adequate to support juvenile salmon, which remain in the river to yearlings. Passage 
problems can prevent spring-run chinook salmon from reach ing the cold water holding pools 
above the dam. 

Losses of j uvenile salmon occur at the Hallwood -Cordua and South Yuba-Brophy diversions. 
The Hallwood-Co rdua fish screen is operated by the Departme nt a1d is operated only during the 
estimated peak period for downsiream migration of juveni le fall -run chinook salmon (typically 
April through June). Periods occur when water is diverted but the screen is not operated, and 
juvenile spring-run salmcn which migrate during those times and enter the diversion are lost. 
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The South Yuba -Brophy Divers ion consists of a gabion weir wh ich cannot meet current 
screening criteria and is ine:fect ive at excluding juvenile salmonids. Studies indicate that 
juvenile salmon id losses of the fish that enter the South Yuba-Brophy Diversion ranged from 
40%-60% (Konnoff 1988). Losses were associated with the entire diversion faci lity, which 
included losses to predation. imp ingement , and entrainment. 

Sacramento-San Joaquin Delta 

The Delta provides habitat for spring -run sa lmon in three ways: (1) it is a migration corridor to the 
upper Sacramento River and its tributaries for adults returning to freshwater to spaw n; (2) It is a 
migration corridor to the oceah for juveniles ; (3) and It provides rearing habitat for juven ile 
salmon that move into the Delta weeks or months before they are able to enter sa lt water . 

Historical Perspectiva on Habitat Conditions in tho Delta: Major change~ occu rred In the 
Delta in the 1800s when thousands of acres of tidal marshes we re reclaimed through the 
\construction of levees, changing the character of the landscape permanently . Sedimentation 
from gold mining also had a substa ntial impact. More gradual and sub:le changes have 
occurred since the late 1800s affecting the suitability of the Delta as habitat for salmon and othe r 
native fishes (ABAG 1992). 

Eighty percent of the estuary 's fresh water is provided by the Sacramento River bas in. Water 
storage and diversions withi n the basin affect the seasonal flow of fresh water into the estuary 
and the vo lume of water entering San Francisco Bay. Beginning in the .ate 1850s, flood control 
projects as well as storage and diversions for agricu lture and power ge11eration began to alter 
the timing and volume oi the estuary's inflows . Within the 20., century, major human alterat ions 
to flow timing , vo lume, and destination have occurred during several major time periods (Arthur 
et al. 1 996): 

Prior to 1945 
1945-1950 

1951-1967 
1968-1977 

1978-1992 
1993- 1994 

1995-199 7 

- No major Slate or Federal dams on the Sacramento River 
- Sh3sta and Friant dams in operation but no significant Federal 

water exports from the Delta; 
- Federal water exports from the Delta; 

State and Federal water exports from Delta. Compliance to 
SWRCB D-1379 water quality standards ; 
Co:np liance to SWRCB D-1485 water quality standards; 

- Operations of CVP and SWP modified to comply with Biological 
Opinions for Sacramento River winter-run Chinook sa lmon and 
Delta Smelt; and 
Operations to SWRCB Water Quality Control Plan for the 
San Francisco Bay/Sacrame nto-San Joaquin Delta Estuary 
(1995 Bay-Delta Plan.) 

A review of historic DA YFLOW flow data (averaged by major time period as defined above, by 
month, and by water-year type) (Appendix E) indicates that water project operations during the 
last 50 years have sh ifted the lime of peak total Delta inflow, especially in drier years . Summer 
and fall total Delta inflows have increased , while winter and spring inflows have been reduced 
(Figure 43 , Append ix E-1 ). The percent of total inflow that is diverted annually by the SWP and 
CVP continually increas·ed over the last 50 years (Figures 44a and 44b, Append ix E-9) . On a 
seasonal basis , the maximum export to inflow (E:1) ratio once occurred in the summe r months , 
but gradually shifted towards the fall through early spring months (Figure 45). The E:I ratio in the 
fall, winter , and spring months increased from less than 10% in the 1930-50 period to an excess 
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of 30% to 60% diverted in the 1978-92 period . In the la!'lt five years, there has heen ~ general 
reduction in the E: I ratio ju ring the late spring months, but a continued increase during the 
October and November months. 

Most of the time, more water is being diverted from the southern Delta by the SWP and CVP 
pumps than flows in irom the San Joaquin River. As a resu lt, the rest of the water exported by 
the SWP and CVP comes from the Sacramento River and eastside Delta tributaries, resu lting in 
net upstream water movement (reverse flow} in the lower San Joaquin River and through the 
centra l and southern Delta (Figure 46). Before major water projects began operations in the mid-
1940s, lower San Joaquin River flows remained positive except in :he driest years (1931 , 1934, 
1939) and flow reversals only occurred during late summer and early fall months (Figure 47 , 
E-5). As exports increased over the last 50 years, reverse flows in the lower San Joaquin River 
became the norm rather than the exception . Since the late 1970s, reverse flows occur In fall, 
winter, and early spring months (key months for juvenile year ling a~d sub-yearling spring-run 
outmigration}, especially in dry and critica l water-years (Figure s 48 and 49). 

The recent (1985-94} series of mostly dry years, including the 1987-92 drought, produced 
severely degraded habitat conditions with in ·the Sacramento River basin and the Delta . At the 
same time, monthly export volumes continued to increase until 19!<1 (Figure·50, Append ix E-13). 
The peak month ly export occurred in the fall of 1989 (699,000 af). Whereas historically water 
was exported mainly in spring and summer months to satisfy Immediate demand for crop 
irrigation, construct ion of San Luis Reservoi r and other water storage facilities south of the Delta 
has accommodated shifting peak exports into late fall, winter , and early spring months (Figures 
51 through 53; Appendix E-15}, the key period fo r juven ile spring run rearing and year ling out 
migration wit hin the Delta. · 

As .a consequence, expo:ts have increased over the last half century and Delta outflows have 
been reduced commensurately (Figu re 54, Appendix E-19). 

Under present-day operations with the 1995 Bay-Delta Plan and recent Anadromous Fish 
Restoration Plan (AFRP} Delta actions , water exports are shifted from the spring to the fall and 
winter months, which are critical to Sacramento River spring run yearling outmigration (Figure 
55, Appendix E-16 through E-18) . Both the frequenc y and severity of reverse flows increase 
throughout the year (Figure 48, Append ix E-6. through E-8}. Reduced export levels in spring 
months will improve conditions for rearing and migrating sub-yearling spring run within the Delta. 
The 1995 Bay-Delta Plan allows for closure of the DCC more often to protect salmon from 
entrainm.ent to the central Delta. However, closure of the DCC without commensurate reduction 
in export levels exacerbates reverse-flow conditions in the lower San Joaquin River. This likely 
reduces the benefits of OCC dos , ,res. 

Changes in Delta Ecosystem and Their Effect on Spring Run: Changes in estuarine 
hydrodynam ics have advarsely affected a variety of organisms at all trophic levels , from 
phytoplankton and zooplankton to the young life stages of many fis1 specie's (e.g., Delta smelt, 
strij:)ed bass) (Arthur et al. 1996). The ecological proces~es in the Delta have also been affected 
by interactions among native and introduced species, the various effects of water management 
on Delta water quality and quantity, and land use practices within the watershed. Cumulatively, 
these changes have diminished the suitabi lity of the Delta as Juvenue salmon rearing habitat and 
have reduced the survival of young salmon migrating through the Delta to the Pacific Ocean. 
While conditions have been more stable in the spring-run tributaries during the last 50 years, 
substantial modification of flow-related habitat conditions in the Del1a has occurred. The 
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The Sacramento/San Joaquin Bay-Delta Estuary: Reverse Flow 
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Rgu re 46. The Sacramento/San Joaquin Bay-Delta water ways and reverse flows. 
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Figure 49. (A & C) Change In average monthly QWEST flows (cfs) for dry and critical water -years since pre-Shasta and Frlant dams (1930-1944) 
through 1992. (B& D) Compared to average monthly QWEST flows (cfs) In dry and critica l water-y ears under simulated operations to 1995-Bay
Delta Plan, simulated operations to Inter im South Delta Program at future water demand level and, simulated operations to SWRCB Water Rights 
Alternative 5. 
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Figure 55. Average monthly exports {cfs) at CVP and SWP (lnde r (A) simulated operations lo existing Stale and Federal Bay-De lla water export 
facillly config uration. meet ing exlsll ng variable-leve l water demand operated lo SWRCB '1995 Bay-Delta Plan water qual ity criteria with Interim 
water rights agreement ; {BJ simulated operations to Interim South Delta Program faci lities al future water demand level , and; {C) slmulaled 
operations lo SWRCB 1995 Bay-Della Plan and SWRCB Rights Alternative 5. 



Recov1::ry Plan for tne Sacramento I San Joaquin Delta Native Fishes (USFWS 1995a) 
considers poor surv ival of outmigrating juvenile spring run, •especially in the Delta' as one of the 
key factors in the species' continued populatio n decline in recent decades. 

Historica lly, a sign ificant proportion of juvenile Sacramento River salmon was obse rved to 
naturally migrate into the central Delta via Georgiana Slough in direct proportion to the volume of 
water transpo rting them, esiimated to be approximate ly 20% in March 1948, prio r to the 
construct ion of the CVP DCC (Figure 17) (Erkkila et al. 1950). Under present day operations , 
when the DCC is open, as much as ;70% of Sacramento River flow (at Walnut Grove) can be 
diverted into the central Del:a, whereas only 20%-30% is drawn in with the DCC closed (USFWS 
1987 ). If juv enile salmon are entrained to the central Delta In direct proportion to the vo lume of 
water transport ing them, significant ly great er numbers of juvenile sprin~-run ch inook salmon can 
be transporte d into the Delta on their outmigr ation journey. When diverted into the centra l and 
hence the southern Delta, juveniles are exposed to a highly altered system with man ipulated 
flow condit ions, resulting in direct and indirect impacts which reduce s~rvival compared to 
salmon that remain in the Sacramento River. Within the central and southern Delta, juven iles 
are exposed to reve rse flows, entrainment in small unscreened agricultural diversions , 
entra inment in the SWP and CVP water export facilities, predation, reduced shallow wate r 
habitat fo r fry, reduced water quality condit ions (including higher watertemperatures), and 
reduced river inflows during spring months which decreases available habitat, nutrients, and 
transport flows for migration (USFWS 1995a, NMFS 1997). The adverse changes in Delta 
hydrodynamics, particularly :he increase in cross-Delta flows (flows from the nort hern and 
central Delta to the southern Delta) have dramat ically increased since 1968. Those increases 
have been the most pronounced in the late fall through the early spring months, key periods for 
outm igrating juvenile and yearling spring run. 

The USFWS , within the lnteragency Ecologica l Program (IEP), conducted studies during the 
1980s to assess the relative difference in survival of fall-run chinook salmon smo lts em igrat ing 
down the Sacrame nto River which were not exposed to entrainment at the DCC and Georgia na 
Slough (Ryde releases ) versus smelts subject to entrainment to both channels lead ing to the 
centra l Delta , as well as smelts which were only subject to entrafnment through Georgiana 
Slough (Table 22) (USFWS 1992). Salmon smolts survived about 3.4 times greate r to Chipps 
Island (western Delta) when they were not exposed to entra inment at Georgiana Slough and an 
open DCC. When the DCC was closed , the relative difference in survival was reduced by nearly 
half. However, surv ival was still 1.6 times greater for those smolts which were not exposed to 
entrainment at Georgiana Slough. 

From 1992-94, the USFWS conducted survival studies where they released one marked group 
of hatchery- reared juvenile fall-run salmon directly into Georg iana Slough and a second group 
into the Sacramento River at Ryde (downstream of the DCC and Georgiana Slough). Marked 
fish recove ries indicated survival for salmon released at Ryde was 1.5 to 8.4 times higher than 
for salmon released simultaooously in Georg iana Slough (the subsequent migration route for 
these fish is assumed to be tnrough <;,eorgiana Slough to the-central Delta) with a larger 
difference observed at higher water tempera ture (Table 23) (USFWS unpublished data) . 

Since 1993, the USFWS has annually conducted additional studies designed to evaluate the 
differential survival of larger juvenile winte r-run chinook salmon which emigrate throug h and rear 
in the Delta during coo ler winter and early spring months (Table 24). These studies used 
juve nile la~e-fall-run salmon ~s a surrogate for the State and federally-listed endangered winter 
run. The results are relevant lo survival of yearling spring-run salmon which also migrate in the 
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Table 22. Comparison of Survival Indices for Coded-wire Tagged Fall-run Chinook Salmon Smolts Released 
in the Sacramento River Above and Below the Delta Cross Channel and Georgiana Slough 
between 1983 and 1989 (USFWS 1992). 

Cross Channel Year Release Above Release Below Ratio of Below/Above 
Operation (Walnut Grove) (Ryde) 

1984 0.61 1.05 1.7 
OPEN 1985 0.34 0.77 2.3 

1986 0.35 0.68 1.9 
1987 0.40 . 0.88 2.2 
1988 0.72 1.28 1.8 
1988 0.02 0.34 17.0 
1989 0.84 1.19 1.4 
1989 0.35 0.48 1.4 
1989 0.21 0.16 0.8 

. 
Average: 3.4 

CLOSED 1983 1.06 1.33 1.3 
1987 0.67 0.85 1.3 
1988 0.71 0.94 1.3 
1988 0.17 0.40 2.4 

Average: 1.6 
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Table 23. Comparison of Survival Indices for Coded-wire Tagged Fall-run Chinook Salmon Smolts Released 
into Georgiana Slough and at Ryde (below the Delta Cross Channel and Georgiana Slough) from 
1992 through 1994 and the Ratio of Survival Between the Two Paired Groups (USFWS, 
unpublished data). 

Year Month Day Georgiana Slough Release Below Ryde Ratio of Below/Above 
IGeoraiana / Rvdel 

1992 Ap ril 5111 0.41 1.36 3.3 

1992 April 1411
' 0.71 2.15 3.0 

1992 April 2711
' 0.20 1.67 8.4 

1993 April 14th 0.13 0.41 3.2 

1993 May 101h 0.29 0.86 3.0 

1994 April 12111 0.054 0.198 3.7 

1994 April 25th , 0.12 0.18 1.5 

11 • -~-7 
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Table 24. Comparison of Survival Indices for Coded-wire Tagged Late-fall Run Chinook Salmon Smolts 
Released into Georgiana Slough and at Ryde and Isleton (below the Delta Cross Channel and 
Georgiana Slough) from 1993 through 1996 and the Ratio of Survival Between the Two Paired 
Groups (USFWS, unpublished data). 

Year Month Georgiana Slough Release Below Ratio of Below/Above 
(Rydell, lsleton Z!) (Georgiana/ Rydell, lsletonY) 

1993 December 0.28 1.91.11 6.8ll 

1994 December 0.16 0.57 11 3.611 

1995 January 0.06 0.3911 6.51 

1996 January 0.16 0.66ll 4.1ll 

1997 December 0.03 0.70 ll 23.JJJ 

1998 January 0.24 o.9oll 3.8 11 

A ·Rn 



fall and early winter. It was hypothesized that larger juveni le salmon may be less affected than 
the smaller fall-run juveniles by adverse habitat cond itions in the intericr Delta, due to their larger 
size anc/ assumed shorter residency time within the Delta. Also , duri ng winter months water 
temperatu res are lower and less stressful to juvenile salmon, the re is a lower risk of entrainment 
losses for juvenNes because local diversions for irrigation are minima l, and morta lity due to 
resident fish predation is expected to be less ( due to lower predator metabolic rates and activity 
levels compared to Apri l and May conditions). Water contractors have stated that negotiators of 
the water quality objectives in the 1995 Bay-Delta Plan allowed exports up to 65% of inflow in fall 
and winter months because they believed the larger juven iles would be better able to avoid 
predators and entrainment at the State and Federa l water export facilities than smaller juvenile 
fall-run s.almon in spring months when a lower (35%) export limit was chosen (statement of 
Charles Hanson, Ph.D.; represent ing the SWP contractors; October 1997, Comm ission meeting 
in San Diego). 

Results from the USFWS December and January tests during the last six years do not support 
the hypothesis oi higher Interior Delta survival of large r juvenile salmon relative to surv ival in the 
Sacramento River during cooler fall and winter months . Late-fall- run salmon released in the 
Sacramento River below the DCC and Ge.orgiana Sloug h survived, on average, eight times 
greater than those released directly Into Georgiana Slough (results have ranged from 3.6 to 
23.3). These juvenile late-fall-run salmon surviva l studies indicate low relative surv ival levels 
throug h the Delta, similar to the earlier studies with fall run in April and May (USFWS 1997a, 
unpublished data). 

The above salmon survival experimental resu lts , including those using larger salmon during 
winte r months in the past few years, demonstrate that larger juveni le salmon are not necessarily 
affected fess by deleterious factors encountered in the centra l Delta. The results also suggest: 

(1) from the lisi of potential causes of morta lity, those fact9rs known or suspected to be less 
harmful in the winter than the spring (i.e ., water temperature, entrainment in local 
divers ions, predation) may be relatively less important in both seasons than previously 
thought ; and 

(2) delete rious iactors usually present in both seasons (i.e. , altered or reverse flow patterns 
due to ex9orts, increased residence time) may act to increase m:irtality due to other 
factors and thus , have relatively greater consequences for salmon surviva l than the 
factors listed in item 1. 

The following is a summary of the various potential causes of the mortal'ty assesse d in the 
.salmon survival experiments and which affect spring-run salmon in the Delta as yearl ing 
outmigrants in November through January or as sub-yearling salmon between December and 
June (Table 25). Some factors have not been well studied and specific data related to juvenile 
salmon are often lacking or inadequate. 

Direct (Entrainment) and Indirect Losses at the SWP and CVP Water Export Facilities: 
Delta Impacts oi the water projects to rearing and migrating juvenile chinook salmon are both 
direct (based on observat ions of salvaged fish at U,e fish salvage facilities) and indirect (the fish 
die as a result of degraded habitat conditions before reaching the salvage facilities and are not 
recovered) . The rate of direct entr ainment (direct loss) of juve nile salmon at the facilities , by 
itself, does not provide a complete measure of water project impact to ju·;enile salmon. Instead, 
·low recovery rates at the fish facilities can be due to: ( 1) relative ly low nLmbers of j_uvenile 
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Table 25. Factors Potentially Affecting Spring-run Chinook Salmon Survival in the Bay-Delta Estuary. 

LIFE STAGE 

SUB- SUB- YEARLING SOURCE OF 
FACTOR YEARLING YEARLING MIGRATION INFORMATION REARING MIGRATION 

Outmigratio n Tim ing (Dec. - April) (March-May) (Oct.-Feb.} CDFG studies 

Hydrodyn amics Yes Yes Yes USFWS studies 

Inflow Yes Yes Yes USFWS studies 

Cross Channe l Yes 
Georgi ana SI. 

Yes Yes USFWS studies 

Reverse flow Probable Probable Probable USFWS studies 

Outflow Probable Probable Probable USFWS studies 

Entrainment to Probable 
Local In-Delta 

Probable Probable DWR sampling 

dive rsions 

Entrainment to Yes Yes Yes Salvage records 
CVP/SWP (Includ ing DFG studies 

predati on) 

Water Temperature Probable Probable No USFWS studies 
(late spring) (late spring} 

Predation Probable Potet1tial Potential Food habits 
studies 

Contaminants Potential Unlikely t.:nlikely 

Habitat Cond ition Potentia l 
(cover/food. etc.) 

Potential Potential 

Yes: effect documented ; 
Probab le: 
Potent ial: 
Unlikely: 

mechanism identified, evidence inconclusive; 
mechc:nism suggested, evidence lacking; 
no m~:hanis m known or factor not relevant to time period. 
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salmon in the system; (2} a high loss rate of juveni les before they reach the Delta; (3) a high 
indirect loss rate of juvenile sa lmon, attributable to water projec.t operat ion, in the central and 
southern Delta; or (4) a combination of the above. 

Studies have been conducted by the USFWS to assess Juvenile salmon surviva l through the 
Delta relative to survival for juveniles which remain In the Sacramento River. The USFWS has 
measured the differences ir. recover ies at the SWP and CVP Delta fish sa lvage facilit ies of the 
marked late-fall run sa lmon released into Georgiana Slough versus the Sacramento River ( Ryde 
and lselton) releases. While the recoveries at the fish salvage facilities of Georg iana Slough 
releases have not exceeded 3%, no more than 0.6% of any group of salmon released in the 
Sacrame nto River (Ryde/lsel ton) has been recovered at the fish facilities. A consiste ntly higher 
proportion (between 5 and 60 times· more) of the Georgiana Slough release groups have been 
recovered at the SWP and CVP Delta fish facilities ~ince 1993. This would indic.itc that the 
relative effects of export on Delta salmon surviva l may be several times greater than indicated by 
entrainment alone. It also suggests that exports have a greater influence on salmon once they 
are in the centra l Delta compared to those remaining in the Sacr.amento River, at least as fa r 
downstream as Three Mile Slough near Rio Vista . 

Length of Migration RoutelResidence Time in the Delta: To reach Chipps Island from ihe 
respective release locations, tes t salmon have a longer migration route via Georgiana Slough 
(about 37 miles) than in the Sacramento River from Ryde (27 miles). Increased res idence time 
increases the durat ion of exposure to hazards during migration and recuces the likelihood for 
survival to Chipps Island. If the mortality rate per mile was the same on both routes and salmon 
trave led at a fixed rate directly on each pathway, mortality would be approx imate ly 37% higher 
for the Georgiana Slough release group. 

Altered Flow Patterns in Delta Channels • Reverse Flows: The role of net flow direction 
within the interior Delta in guiding migrating salmon is a critical' issue. Higher entrainment losses 
demonstrate salmo n using the Georgiana Slough migration route are more suscept ible to the 
effects of export pumping. Juvenile salmon that migrate downstream through the interior Delta 
are subjected to a longer ar.d more complex migration route which increases the fish's 
residence time and thus , exposure to mortality mechanisms within the interior Delta. In many of 
the interior Delta channels, net flows are in the upstream direction (i.e. , towards the southern 
Delta from the central Delta, so-called reverse flows) . For salmon which are cueing on flows as 
they migrate throug h the Detta towards the ocean, substantial confusi on and stray ing into 
channels leading to the southern Delta could take place. 

Increasing salinity westwa rd thro ugh the estuary may provide one of many guidance cues to 
juvenile salmon mov ing through the estuary. But use of the salinity grad ient as a guide may also 
be a problem for salmon under present-day water management within the Delta since the 
northern and western Delta can be fresher (less saline) due to Sacramento Rive r influence than 
the central and southe rn Del:a which is influenced more by the poorer water quality of the San 
Joaquin River. 

Predation Losses: The most comprehensive information on the distrnution of piscivorous fish 
in the Delta is from the Department's resident fish survey beguni n the late 1970s. Centrarchid 
species were substant ially less abundant in northern and western Delta areas than elsewhere in 
the Delta and less abundant in rivers and open sloughs than in othe r channel types. 
Largemo1,1th bass were generally less abundant in river habitats than eilher open -ended or dead
ended sloughs. Largemouth bass ar~ less abundant as salinity increases in the w'estem reach 
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of both migratio n routes, however other predators su<;h as stiiped bass may be more abundant. 
Independent of predator density , there is an increased probability of loss to predation of 
juveniles that migrate down Georgiana Slough and through the central and interior Delta due to 
the increased residence time of juveniles and thus exposu re to predation (a more detailed 
discussion of predation is contained in the report section titled Factors Affecting the Ability to 
Survive and Reproduce - Predation). 

Water Temperature-R~lated Mortality: Water temperatures duri1g the fall/wi nter experime nts 
were cool and no temperature-related impact on surviva l was expected in either the Sacramento 
River or in Georgiana Slough and the rest of the Delta migration route. Temperat ure would not 
adversely affiact spring-run yearlings in the November-January period or sub-year lings unti l 
about May in most years. 

Contaminants: The role of potential contaminant-related effects on spring-run salmon survival 
in the Delta is un.known. The USFWS (1995a) concluded that the effects of contaminants on the 
biota in the Delta is of major importance. There are no data to determine if contaminant 
conce ntrations were different for either of the paired test groups during any of the USFWS 
surv ival experiments nor any evidence that acute contaminant-related mortality occurred during 
these tests. Contaminant-related chronic effects during the relatively short period the test fish 
were in the Delta seem unlikely, but cannot be ruled out. In general, it is known that selenium 
from the San Joaquin River and from point sources in the estuary may affect sa lmon growth and 
survival. The U.S. Environmental Protection Agency (USEPA) is pursuing reduction s in 
selenium loadings from Bay Area oil refineries and the San Francisco Regional Water Quality 
Control Board has recommended an additional 30% reduction in selenium levels to adequate ly 
prote ct the Bay's beneficial uses. Municipal wastewater treatment plants release heavy metals, 
thermal pollution, p::ithocens, suspended solids , and other constituents. Improved ln,c1tment has 
reduced pollutant loadings, however heavy metals and organic pollutants rema in a concern 
(ABAG 1992). Non-point sources include runoff from urban areas, agricultural lands, 
constr uction and logging sites, and mined land. Elevated levels of polychlorinated biphenyls and 
chlorinated pesticides hive been iound in the stomach contents of :uveriile salmon from the Bay, 
the Delta, and from hatcheries. Non-point sources are suspected as the origin of these 
materia ls in the Delta and Bay environment. Agricultural drainage ls another source of 
contaminants (pesticides and herbicides) that may be affecting lower level food web organ isms 
and bioaccumulating in t:igher trophic level organ isms. This may be detrimental to salmon , 
partic ularly duri ng smoltification (NMFS 1997). Dredging may be harmful to juve nile sa lmon due 
to re-suspen sion of contaminant in sediments as well as increased turbidity, increased oxygen 
demand, and reduced dissolved oxygen concentration. 

Food SupplyLimilations: In general, It Is known that limitation of food supply and changes in 
the species composition of zooplankton, which may influence food availability for young fish in 
the estuary, has been suggested as a cause of decl ine in the abundance of estuarine
dependent species such as Delta smell and striped b~ss (ABAG 1992). However, there is no 
direct evidence oi food limitation for salmon in the Delta or lower estuary . 
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VIII. INFLUENCE OF EXISTING MANAGEMEN T EFFORTS 

There are a significant number of monitori ng and resto ration acti'1ities being perfonned on 
Sacramento River spring-run; some of which have recent ly been completed and some of which 
are in progress (Table 26). The following is a synopsis of these efforts, which are ·also detailed 
In the Department 's update to the Comm ission on the Status of Actions to Restore Spring-run 
Chinook Salmon on the Central Valley (Saracco 1996). 

Disease 

Disease cont rol efforts include prohibiting the transportatio n of infected, diseased, or parasitized 
fish between drainages (FGC, Section 6307) end the importation of fish Into California from 
areas.known to have infected , diseased, or parasitized fish and other organisms (FGC , Sect ion 
2270). When fish are found to be infected, diseased , or parasit ized, the Departme nt requ ires 
them to be destroyed (FGC, Section 6302). 

Both State and Federal hatchery programs within California's Certral Valley emp loy various 
protocols to contro l infection . Regular health monitori ng of production fish is performed to 
quickly respond to problems. Chemotherapeutics are used for control of most external parasi te 
problems while many bacterial infectio ns can be treated with antrbiotics. Avoidance of 
infectious agents and stressfu l conditions Is the best managemen: practice . 

Harvest 

Federa l Ocean Fisheries Management and Restoration Plans 

California's ocean salmon fisheries, as well as those fisheries off Oregon and Wash ington, are 
managed by the Pacific Fishery Manageme nt Council (PFMC) under the authority of the 
Federal Magnuson-Stevens Fishery Conservation and Management Act. The states are 
required to confonn the i' fish ing regulations for the ir State ocean waters (zero to three miles 
offshore) to those implemented for Federa l ocean waters (three to 200 miles offsho re), or risk 
pre-emptio n of their manageme nt authority by the NMFS. Sacramento fall-run chinook is one 
of the key chinook stocks on which ocean salmon fisheri es south of Cape Falcon in Oregon are 
managed . The salmon Fishery Managemen t Plan (FMP) provides the basis on which the 
PFMC manages California 's ocean salmo n fisheries. 

Among the managemen : goals of the FM P is the requi rement that tho ocean fisheries be 
managed to provide an annual spawning escapement of 122,000 to 180,000 fall-run chinook 
adults to the Sacramento River's hatche ries and nat ural areas . On March 8, 1996, NMFS 
issued a Biological Op inion for the endange red Sacramen to River ·.vinter-run chinook, under 
authority of th e ESA, that required harvest impacts on Sacramento River winter-run chinook in 
California's sport and commercial ocean salmon fisheries to be recuced by 50% . This 
reduction in harvest was estimated to be sufficient to increase adult winter-run chinook 
spawning escapement by 35% above recent levels. Based on additional spawne r escapeme nt 
data for 1996, NMFS re-evaluated the leve l of incre ased spawner escapeme nt required for the 
restoration of this run: therefore , Californ ia's ocean sa lmon fisheries in 1997 and 1998 were 
managed for an increase in spawner escapement of 31%. It is expected that management 
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Table 26 . Current Status of Ac tivities to Reduce Risk of Extinction of Spri ng -run Chinook Salmo n . 

Sacramento Clear Collonwood Battle Antelope Mill Deer Big Bulle Feather Yuba Della 
River Creek Creek Creek Creek Creek Creek Chico Creek River River 

Creek 
MONITORING 

Adult Salmon 

Escapement p p s p s s s p s p p NA 

Age Composition N N N N N N p N N p N NA 

Run-timing p p N p N s s p p N p p 

CJ) 
C1l 
!l. o· 

Spawning period p p N p N s s p p N p NA 

::, 

$ Juvenile Salmon 

' 
-0 Fry Emergence p N N N N 
I» 

s· s p p N N NA 
<O 
C1l Oulmigrant Urning p 
N N N N N p p p p N N p 

Size at outmigration p N N N N p p p p N N p 

Emigration cues p N p p p p p p p tL p p 

S = Sufficient Actlvily; P = Partial Activity; N = No Activ ity 

-.J 



Table 26. (Continued). 

Sacramento C lear Coltonwood Baille Anlelope Mill Oeer Big Bulle Feather Yuba Della River Creek Creek Creek Creek Creek Creek Chico Creek Rive r River 
Creek 

MANAGEMENT ACTIONS 

Barriers/Passage p p p p N p p s p s p p 

Flowe p p J-' p p p p p p s p p 

Tem perature p p p p N p p p p s p NA 

Gravel p p s p s 
en 

s s p s p p NA 
CD 

~ Erosion p 
0 ::, 

s N p N p ·p p p p p NA 

< Entrainment p s p p N s s p p p p p 

Cover p p p II p p p p p p p p -u 
Ill 

(0 
CD Loca l Land Mgmt. p s p p p p p p p p p p w 

Harves t p p p p p s s N s p p p 

Della Oeerallons NA NA NA NA NA NA NA NA NA NA NA p 

S = Sufficient Activity; P = Partial Activity; N = No Actlvlly 



measures enacted to reduce ocean harvest. impacts on Sacramento River winter-run chinoo.k 
are prov iding some protection for Sacramento River spring-run chinook. 

Existing Ocean Harvest Regulations 

To achieve the 50% level of 'mpact reduction for the 1996 season, the PFMC recommended 
Increasing the minimum size limit of chinook salmon caught in the rec reational ocean salmon 
fishery between Point Conception and Horse Mountain from 20 inches TL to 24 inches TL from 
May 1 through mid-July, then furthe r increased it to 26 inches n thereafte r (Append ix C). Prior 
to the PFMC action, the Commission increased the minimum size limit to 24 inches n for State 
waters in early April 1996. Also, the minimum size limit in the commercial fishery was 
increased from 26 inches TL to 27 inches TL . The 1996 recreatlonal fishing seasons south of 
Point Arena were shortened by two weeks to two months, depending on area. The opening 
dates for the 1997 recreational ocean saimon seasons below Point Arena were de layed by two. 
to four weeks, again depending on the area. Because of the slight eas ing of harvest impact 
reductions for 1997, the recreational ocean salmon seasons were re-extended by later closing 
dates. Also, the minimum size limits were 24 inches TL and 26 inches TL, respectively, for 
California 's sport (south of Horse Mountain} and commercia l fisheries. 

Two fisheries in 1997 could have had potentiai impacts on spring chinook: a 10,000 chinook 
quota commercial fishery during the la.st half of April betwe en Lopez Point and Point Mugu; and 
a recreational fishery in the Gulf of the Farallones (between Point Reyes and Pigeon Point) 
from July 1 through September 1, which required ang lers to keep the first two salmon , except 
coho , regard less of size. The former fishery cou ld prov ide s.ome risk to spring-run chinook 
because of fts timing, since cwr data have shown that the majority of FRH spring-run chinook 
recove ries occur prior to May 1; the latter fishery cou ld impact spring-run chinook because of its 
location and lack of a minimum size limit. Opening dates for the 1998 recreationa l ocean 
salmon seasons south of Point Arena are essentially the same as in 1997. South of Pidgeen 
Point (San Mateo County) the season ended O!=tober 19 in 1997. In 1998, further restriction in 
season length was initiated, v.1th a season ending date of September 7. 

In land Sport Fishing Regulations 

California 's inland sport fishing regulations are set under the author ity of the Comm ission (FGC, 
Division 1, Chapter 2, Article 1 ). Inland sport fishing regulations are rev ;ewed and revised as 
necessary every two years during even-numbe red years. In every odd-numbered year, the 
Commission devotes its late August, October, November, and December meetings to 
recommenda tions for changes in the sport fish ing regulations. 

Inland sport fish ing regulations within severa l of the primary spring-run libutaries were changed 
in 1994 to provide specific protection for spring-run Chinook salmon. In addition . present 
regu lations covering the remaining inland spring-run adult ha~itat prov ide vary ing degrees of 
protection (Append ix D). 

Enforcement 

Enhanced ·enforcemen t activities continue to be implemented throughout the spring -run range, 
with particular attention to the tributaries and adu lt holding areas. Addit ional funding for warden 
overt ime is being provided through the Four Pumps Agreement and has resulted in additional 
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hours of enforce1r1ent, whlle the Delta Bay Enhanced Enfo rcement Program (DBE EP) warden 
position continues to fo:us specific enforcement during the spring migratio n and summer 
holding periods . Initial reports from the wardens invo lved indicate that violations have declined 
significantly , which in part is attributable to the increased enforcement and in part to the 
increased public awareness and invo lvement through the emerging watershed conservancy 
efforts. The DBEEP , in addition to the focused attention in the sr;ring-run tributaries, continues 
to provide added enforcement in the Delta . The DBEEP program was expanded in 1994 , which 
included three additional wardens assigned specifically to the Delta and upper Sacramento 
River . 

Operations of the State Water Project and Central Valley Project 

Factors affecting spriny-run chinook sa lmon related to the effects ofSWP and CVP operations 
in the Delta are: (1) upstream or "reverse• flows in the western, central, and southern Delta : (2) 
entrainment of rearing .juveniles to the Southern Delta, where it is more difficult for j uveniles to 
find their way to the ocean; (3) poor environmental conditions in the central and southern Delta; 
(4) entra inment of juveni le salmon at the SWP and CVP Delta diversions; and (5) food web 
production and other po1ential ecological consequences . of altered Delta hydrodynam ics. 

Recent Bay-Delta Regulatory Setting and CALFED 

The late 1980s and early 1990s were characterized by State-Federa l disputes rega rding water 
quality protection, continued dec line of numerous estuarine-dependent species leading to listing 
of two species of fish (Sacrame nto River winter-run chinook sa lmon and Delta sme lt), and 
increased uncertainty of water supplies deril(ed from the Delta . Growing frust ration as to how 
to meet th e diverse human and wildl.lfe needs related to the estuary culminated in the series of 
events desc ribed below. 

In June 1994, the California Water Policy Counci l and the Federal Ecosystem Directora te 
(ClubFED) signed the Framework Agreement intended to provide for increased coordination 
and communica tion with respect to: (1) substantive and procedural aspects of Bay-Delta water 
quality standard setting; (2) improved coordi nation of wate r supply operations with enda ngered 
spec ies protection and water qua lity standard compliance; and (3) development of a Jong-term 
solution to fish and wi ldlife, water supply reliabil ity , flood control, and water quality problems in 
the Bay-De lta Estuary. The collaboration is known as "CA LFED ." recognizing the State-Federal 
partnership . 

On December 15, 1904, the Principles for Agreement on Bay-Delta Standards Between the 
State of Caliiomia and the Federal Government (Principles Ag reement, comm0nly referred to 
as the "Bay-Delta Accord ') was signed by State and Federal agencies and urban , agricultural, 
and environmenta l interest representatives. The Principles Agreement articulated the basic 
tenants on how to acco mJlish the goals of the Framewo rk Agreement. Initially a three year 
agreemen t, the Princ iples Agreement has been extended though December 31, 1998. 

The CALFED Princ iples Agreement , In conjunction w ith other Federal and State efforts such as 
the Central Valley Project Improv ement Act (CVP IA), was intended to provide habitat protect ion 
suffic ient for currently listed th reatened and endangered spec ies and to create condit ions in the 
Bay-Delta Estuary that would avoid the need for any addit ional listings for three years. The 
Principles Agreemen t inclJded an understand ing that if addit ional listings were requked due to 
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unforesee n circumstances 'n the Estuary or to factors not addressed in the Bay-Della Plan, that 
protect ions of these species would result in no additional water cost relative to the Bay-Delta 
protect ions embod ied in the Bay-Delta Plan. 

The Principles Agreement also states that additional water needs (to ~rotect species} will be 
provided by the Federal government on a willing seller basis financed by Federal funds, not 
through additional regulatory re-allocations of water within the Delta. This includes, but is not 
limited to, future biological opinions, incidental take statements , recovery plans, listing 
decis ions, and critical habitat designations. The Principles Agreement does not specify similar 
requirements for existing or future listings under CESA. In recent years, the Department of 
Interior (USDOI) has bought water with CVPIA Restoration Fund money to meet ESA 
requirements (Delta smelt in spring months) in the San Joaquin River portion of the Delta. n-,e 
proposed Vemalis Adaptive Management Program (VAMP) focusing on San Joaquin basin 
salmon depends on water purchases, potentially involv ing some State money. Unless Federal 
money would be spent on water for spring run, Delta export curtailments to reduce impacts to 
spr ing-run salmon may depend on State funding and the existence of willing sellers of water to 
offset water supp ly costs if increased pumping at another time is not possible. 

I ri May 1995, the SWRCB adopted the 1995 Bay-Della Plan which identifies municipal, 
industria l, agricultural, and fish and wildlife beneficial uses of water and specific objectives to 
ensure reasonable protectio n of beneficial uses. II includes numeric objectives for flow and 
w~ter quality constituents (dissolved oxygen and salinity), SWP and CVP operations, and 
narra tive objectives for the protection of salmon and brackish tidal marshes in Suisun Marsh. 
Object ives for SWP and CVP export limits are includep in the 1995 Bay-Delt.:i Plan to protect 
the hab itat of estuarine-dependent species. For the fall/winter months (October through 
January) when yearling Sacramento River spring-run chinook salmon emigrate through the 
Delta , up to 65% of Delta infiow may be diverted by the SWP and the CVP. During 
winter/spring months (February through June) when young-of-the-year spring-run chinook 
salmon rear in and emigrate through the Delta, up lo 35% of Delta inflow may be diverted, 
excep t if January is relatively dry, when up lo 45% of inflow may be diverted in February. Up to 
65% of inflow may be exported from July-September as well. Requirements imposed by the 
USFWS (Biological Opinion for Delta smelt and operations of the SWP 3nd CVP} to protect 
Delta smelt limit SWP and CVP exports to 1500 cfs or the flow in the San Joaquin River at 
Vema lis, whichever is greater , from mid-Apnlt hrough mid-May. SWP and CVP operations at 
limes are controlled by one of the other Bay-Delta Plan objectives (outflow, salinity, etc.) and as 
a result, exports ofte n are lower than the applicable diversion percentage would allow. Flgure 
44 shows the avera9e montl:ly diversion percentage during past years compared to the limits in 
the 1995 Bay-De lta Plan. 

The SWRCB issued interim Water Right Order WR 95-6 , which amended portions oi Water 
Right Decision 1485 lo conform SWP and CVP water rights p·ermits and licenses with the 1995 
Bay-Delta Plan . WR 95-6 expires on December 31, 1998. The SWP an:l CVP agreed to 
operate to the objectives in the 1995 Bay-Delta Plan until this date or until the SWRCB adopts a 
water right decision to reallocate shares of this responsibility to other parties. The USFWS and 
NMFS modified their biological opinions for protection of Delta smelt and winter-run chinook 
salmo n in regards to Delta operations of the SWP and CVP to reflect the new water quality 
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criteria . The Department concurred with the USFWS and NMFS findings with respect to the 
effect of SWP and CVP operations on winter-run salmon and Delta smelt. 

The SWRCB prepared an Environmental Report (ER) on adoption of the 1995 Bay-Del ta Plan 
(SWRC B 1995b) which described the life-history patterns of the iour runs of chi nook salmon, 
including spring run. It acknowledged that although upstream effe:ts are responsib le for the 
significant initial decline in spring run, condit ions in the estuary may contribute to their 
continuing decline. The ER did not analyze the effects of the 1995 Bay-Delta Plan on spring
run salmon. 

CALFED Operations Group 

The Bay-Delta Plan delegates substantial authority, subject to veto by the SWRCB Executive 
Director, to the CALFED Operations Group (Operations Group) to-ensure compliance with take 
provisions of the Biological Opinions for the Sacramento River winter-run Chinook salmon and 
the Delta smelt , yet avoid additional loss of annual water supply using operational flexibility 
achieved through adjustment of export limits. Decisions to exercise flexibil ity may increase or 
decrease water supplies in any month and must be based on best available data to ensure 
biological protect ion, as well as being consiste nt with the ESA and CESA. Any agreement on 
variations are effective immediately and remain in effect if the SWRCB Executive Directo r does 
not object to the variations within ten days. 

Operations Group deliberat ions are conducted in consultation with water users, as well as 
environmental and fishery representatives. If the Operations Group disagrees on a particular 
issue, or there is an action that requires additional water that it is believed cannot be made up 
within existi ng requi rements, the issue is dec ided by the CALFED Policy Group 
(agency/departme nt directors or representatives). If the CALFED Policy Group cannot reach 
agreement, and if the issue involves protected species, a final decision is up to the appropriate 
regulatory or resources management agency. While the Sacramer.to River spring-run chino.ck 
sa lmon is a candidate species for listing under CESA, both the Commission and the 
Departme nt have authority to regulate the incidenta l take of spring run. If spring-run salmon is 
listed by the Commiss ion, the Department becomes the responsible entity for the management , 
incidental take authorization, and restoration oi spring run. 

The Operations Group has a relatively brief history during which op:irations flexibility has been 
used. Since 1995 , the fishery-related actions it has undertaken in the Delta primari ly have been 
to reduce exports in the mid-April to mid-May period to improve salmon survival during part of 
the outmigration period of San Joaquin basin salmon and, concurrently, to improve rearing and 
transport cond itions io r Delta smelt. Exports have been curtailed temporarily in late-Ma y and 
June (1997) to reduce SVVP and CVP entrainment of Delta smel t when loss rates were high. 
Exports have been reduced (two weeks in January 1998) for a USFWS salmon survival 
expe.rimen t designed to determine the role of export pumping on salmon in the Delta in the 
fall/winte r. These actions, targeted at other species or for studies, have benefitted juven ile 
spring-run salmon to some degree. 

Operations to recover the SWP and CVP export water supply that could have been exported 
absent the fishery -related actions have occ urred primarily in the fall. Water costs of spring 
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1996 fishery actio ns were recovered through additional export pumpin:;i beginn ing in October 
1996. The increment of export pumping associated with the make-up operation was completed 
in Decembe r just as monitoring indicated Spring run and other salmon were entering the Delta, 
thus avoiding any impact of make up pumping operatio n on salmon . Because the focus was 
only on incremental effects of the make up pumping operation and notthe baseline project 
operation, no judgements were made regarding the pumping effects on spring-run salmon after 
the make-up operatio n ended. 

Spring 1997 fishery actions water costs were to be recovered through a combination of Delta 
outflow relaxat ion , reservoir release/pumping adjustments , and a short-term relaxation of the 
35.% export limit in June 1957. Reductions in Shasta and Oroville reservoir releases in 
November 1997 through January 1998 were to recover upstream stor .. ge. Export impacts were 
not fully recovered because meeting Delta salinity requirements precluded reducing the outflow. 
Upstream storage impacts were deemed recovered when reservoirs reached allowable flood 
reservation levels and releases to maintain flood contro l capacity began in January 1998. 

In summary, the Princ;iples Agreement, and the B~y-De lta Plan promote the use of operat ional 
flexibility of the CVP and SVVP to provide protection fo r anadromous and othe r Delta-dependent 
fish while, at the same lime, not causing additional loss of water supply annually. The 
Operations Group has the responsibility to use the operatio nal flex ibility of the SWP and the 
CVP in such ways that species using the estuary rece ive more protecti:Jn than they wo uld have 
received by strict adherence to Bay-Delta Plan standards. Supp lemental actions t hat require 
water will be limited by the water available through manageme nt of dedicated water and 
acquisition of water from willing sellers pursuant ta the CVP IA. 

1997-98 Spring-run Chinook Salmon Protectlon Plan 
In a 1997 Special Order and later in emergency regu lations (CCR Title 14. Section 749) , the 
Commission authorized take of Sacramento River spring-run salmon during its one-year 
candidacy period that would occur incioental to continuation of specific otherwise lawful 
activities, Including operation of the SWP and CVP facilities In the Delta. In response to the 
Commission's direction to recommend target levels of protect ion and measures to achieve them 
to the CALFED Operations Group, the Department collaborated with the CALFED agencies and 
other Operat ions Group participants to develop a Spring -run Chinook Salmon Protection Plan 
(Spring-run Plan) which established monitoring of both salmon and environmenta l paramete rs, 
set criteria for environmen tal conditions and salmon detection indicative of risk to spring-run 
salmon in the Delta, and a set of operations responses related to these criteria. The fo llowino 
describes experiences during implementation of the Spring -run Plan and provides a context for 
observations about this approach relative to the 1995 Bay-Delta Plan. 

Spring-run Plan monitoring began in October 1997. In late-November, the DCC gates were 
closed (one of the Spring-rur. Plan responses) pursuant to guidel ines for the 45 days of DCC 
gate closure provided in the 1995 Bay-Delta Plan to reduce mortality of salmon. The closure is 
triggered when Sacramento River basin juvenile salmon (of any race} enter the Delta. In this 
instance, the salmon caught were not spring-run . Excessive salinity in :he Delta was a concern 
at the time but gradually improved as Delta inflow increased, making it possible to keep the 
gates closed in December and January as they normally are whe n Sacramento River flows 
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exceed about 25,000 cfs (to reduce interior Delta flood risk). The NMFS biologica l opinion for 
winter -run sa lmon r.equires that the DCC·gates be closed continuously from Februa ry 1-May 20. 
Closing the DCC gates when salmon are approach ing the Delta prevents them from entering 
the Moke lumne River portion of the Delta. USFWS stud ies indicate survival is increased by 
about 50% by clos ing the DCC gates (USFWS 1992, unpublished data). Under certain 
hydrological condit ions (low flows in drier years) the adverse effect oi gate closure on the abil ity 
to control Delta sa linity may prevent closing them to reduce salmon impacts in the fall and ear ly 
winte r, especially for all of Novembe r-January as recommende d ty the petitioners and by the 
USFWS Revised Draft Restoration Plan for the Anadromous Ash Restoration Program, A Plan 
to Increase Natural Production of Anadromous Fish in the Central Valley of California Delta 
Action 6 (USFWS 1997b). Even with the DCC gates closed, a significant proport ion of 
Sacramento River juveni le solmon still enter the central Delta through Georgiana Slough. At 
high export pumping ra:es (with no limits on reverse flows such as the former QWEST 
requirement) closing the DCC gates increases reverse flows in the western, cent ral and 
southern Delta, contributing to lower surviva l for j uveni le salmon in these parts of the Delta and 
partia lly offsetting the benefits of DCC gate closure. 

In mid-January 1998, many salmon fry appeared in the SWP and CVP fish salvage samples , 
These were most probably fall-run, but some were quite likely spring run since fry were seen 
both in Butte Creek and ln the Sacramento River during the previous several weeks. SWP and 
CVP exports, which were high during the fall months (up to 11,500 cfs), had just been reduced 
to less than 4,000 cfs for the low-export phase of a USFWS salmon survival test. A series of 
intense storms caused '.he inflow to the Delta to increase substantially (from approximately 
30,000 cfs to greater tlian 150,000 cfs). No action was recommended in reaction to the 
increase in salmon salvage, which declined after about two weeks. Storms continued , river 
flows remained high, and SWP and CVP export pumping remained relatively low {about 3500 
cfs) even after the salmon experiment ended in late January . Five percent or less of Delta 
inflow was being exported during most of January and even less in February , a favorable 
condition for Delta fish. 

To date, imp lementation of the Spring-run Plan in 1997-98 has been relatively simple and not 
particularly instructive for severa l reasons. Through January 1998, no specific operations 
response in the Spring-run Plan was initiated pursuant to a spring-run salmon criteria. The lack 
of yearling spring run in 1997 made this an unusua l season to be implementing such a 
monitoring/response approach in the Delia. Record high flows in the spring-run tributaries in 
January 1997 appear le have destroyed a large portion of BY 1996 incubatlng eggs and pro
emergent fry and displaced most oi the remaining emergent fry dcwnstream. Almost no 
juvenile spring-ru n were observed in the tributary rearing habitat through the spring and 
summer of 1997 , and monitoring gea r did not detect yearling spring run leaving the tributaries in 
the 'fall 1997 when storms produced creek flows that normally trigger such downstream 
moveme nt of yearlings. Thus , because no yearling spring run were seen leaving the tributaries, 
it was assumed that individual salmon seen at the fish salvage facilitie.s in December were from 
one oi the other ch inook salmon runs. In future years when it appears spring-run salmon are 
being enirained by the SWP and CVP, the certainty that they are spring-run and the 
significance of the losses to the spring-run salmon populatio~ will be undoubtedly be 
que~t ioned . With the information and methods availab le today, nefiher of these questions is 
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easily answerable. Future decision-making regarding export reductions to reduce salvage of 
spring-run size salmon is likely to be controversial on the basis of uncertainty regarding run 
Identification, documented significance of the impact, and the issue of foregone export 
recovery . 

The Operations Group process has demonstrated the ability to dea l wi:h endangered fish 
protect ion issues as env isioned in the Principles Agreement and the Bay-Delta Plan. Howeve r, 
the specific h_ydrological conditions of the past three years (mode rately to extremely wet) have 
not .presented many serious challenges , particu larly with respect to addressing the needs of 
yearling spring-run salmon. In 1997-98 there was an uncommon absence of yearlings in the fall 
months. There were favorable Delta fishery and water supply conditions due to continuous 
storms. At-the s::ime time, a salmon experin1tmt was being conducted, which necessitated low 
export levels in order to access juvenile survival under such an operations scenario. Otherwise , 
export levels would have been considerably higher. Losses of juven ile salmon at export 
facilities during this period would have been higher as well. In such a case, it might have been 
necessary to recomme nd a reduction in exports to reduce losses of spring-run salmon. 
Instead, all of the above combined factors obviated the need for any potentially controversial 
decisions by the Operations Group . 

In Mure drier years, a consensus decision to reduce exports may be more difficult given the 
· no net water supply impact' principle and the inevitabi lity that making up foregone water supply 
later will involve risk to winter-run salmon, Delta smelt , or perhaps spring-run juveniles from 
anothe r BY. It may be very difficult for the Operations Group to find enough flex ibility, given the 
w;iter supply/demand , to occommodate export reductions to reauce spring-run losses . 

Use of the flexibility prov ided In the Principles Agreement will always involve risk and 
uncertainty for both water and fishery managers and usually will require biologists to make 
trade-offs among several species and/or between different life stages of a single spec ies. It 
should be recognized that there is a real limit on how much flexibility can be found in project 
operations with current facilities. Furthe(lTlore, the drier the water-year, '.he less flexibility there 
will tend to be. 

Habitat Restoration and Management 

Habitat restoration projects to benefit Central Valley spring-run sa lmon are being addressed 
under two major restoration ~lans. The Deportments Restoring Cenlrdl Valley Streams: A Plan 
For Action (Action Plan) was initiated in November 1993 (CDFG 1993). The specific goal of 
the Action Plan is to restore end protect California's aquatic ecosystems that support fish and 
wildlife and to protect threatened and endangered species. The USFWS AFRP was initiated in 
1995. The AFRP is a compor.ent of the CVPIA which directs the Secretary of the Interior to 
develop and implement a program that makes all reasonable efforts to couble natural 
production of anadromou s fish in Central Valley streams . The AFRP im,orporates many of the 
actions recommended in the Action Plan. Implementat ion of the Action Plan and AFRP will 
provide significant benefit to Central Valley spring-run salmon, particularly upstream of the 
Delta. The follow ing sections, arranged by watershed , discuss actions which have been 
implemented. 
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Sacramento River 
Habitat restorat ion actions in the mainstem Sacramento River impact each of t he tributary 
populations of spring-run salmon as well as any remnant population remaining in the river. 
Protection and restorat ion of riparian and flood plain habitat in the river reach from the mouth of 
the Feather River to Keswick Dam will 1mprove temperature, cover, and feeding conditions in 
the river. This action is being addressed by the Upper Sacramento River Advisory Council, 
which was originally initiated by Senate Bill 1086 (California Resources Agency 1989). Under 
the direction of the Advisory Council, draft documents for the delineation and management of a 
Sacramento River Riparian Zone and the creation of a managemen t entity were comp leted 
during 1997. Funds from the CALFED Category Il l process were provided in the fall of 1997 for 
acquisition, restoration, and management of lands acquired under this plan. 

Water qua lity conditions in the upper Sacramento River have been improved with the 
completion of the Shasta Dam Temperature Control Device and parti'al comp letion of the device 
to control the toxic metal discharges from the Iron Mountain Mine Superfund site. The CVPIA 
has improved management of river flows by avoiding inadequate or fluctuating flows that cause 
losses. Adu lt and juvenile passage at RBDD is unimpeded from September 15 to May 15, 
when the dam gates are in a raised position. Efforts are underway to improve passage for 
spring-run adult:; which must pass the dam after May 15 when the dam gates are reinst alled. 
This could be in the form of fish ladder lmprovements or extending the dam gate remova l period 
under the guidance of a, interagency technica l team . Construction of a new fish screen and 
gradient restoration structure at the GCI D diversion will be initiated during 1998. During the 
construction period, GCID will continue to operate the "interim' flat-plate fish screen installed in 
1993. Four major Sacramento River diverters , (Reclamat ion District 1004, Reclamation District 
108, Provident Irrigation District, and Princeton-Codora-Glenn Irrigation District} have initiated 
construct ion or engineering analysis and design and have been funded for fish screen 
construct ion. ACID has modified the operation of their Sacramento River dam near Redding, 
which will re<fuce flow fluctuations associated with dam operations. In addition , an engineering 
analysis of options to improve adult passage and Juvenile fish screen performance has been 
initiated. Pred ictive models for hydrology, temperature, fish populations , harvest, water 
development, and wetla~ds are currently under development by the Ecological/Water Systems 
Operations Models Project, CVPIA Section 3406(g). The implications and value of Juvenile 
rearing in the lower reaches of small Sacramento River tributaries continues to be under 
investigation by several researchers (Maslin et al. 1997, Moore 1997). 

Battle Creek 
The restoration program in Battle Creek is addressi ng anadromous fish habitat suitable for 
Sacramento River spring run above CNFH. An instream flow study demonstrated a need to 
increase the minimum required flow below the dams within the dra;nage by a factor of ten 
(Payne 1991 ). Presentli, the flows have been increased to the recommended level below three 
of the hydroe lectric dams that.control the flow in 17 miles of stream above CNFH. This is an 
interim action under an agreement with PG&E. Spring run are now confined to this lower reach 
io prevent exposure to Lnscreened diversions and inadequate flows. Negot iations are currently 
underway to consummate a long-term agreement that would restore flow and ecological 
function to the entire Ba:tle Creek watershed. If negotiations are successful , the final 
agreement would have to be embodied in an amendment to the FERC Permit for the project. 
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The comprehensive plan for deve lopment of restorat ion actions in the watershed is being 
developed with the assistar.ce of a Technica l Advisory Committee, consisiing of representa tives 
oi the respons ible agencies and interested parties. In addition, a watershed planning process is 
also being conducte d with input from the community throug h a Watershed Conservancy. 

The operation of CNFH is being integrated with restoration of the watershed through various 
planning processes tiei ng conducted by the USFWS. DWR Northern District engineers , under 
a contract funded by the Tracy Mltigaiion Agreement, completed a draft eva luation of fish 
passage alternatives at the Eagle Canyon Diversion. Addltiona lly, during late 1997, DWR was 
awarded a CALFED Category Ill and USFWS grant to develop an overall fish passage and flow 
management program for the remaining Battle Creek divers ions, including Wildcat and Battle 
Creek Feeder divers ions on the North Fork, :;1nd Coleman, lnskip and South dive,s ions on the 
South Fork. 

Clear Creek 

The Western Shasta Resource Conservation District, in conjunction with the Bureau of Land 
Management (BLM), has completed the Lower Clear Creek Watershed Analysis (BLM 1996). 
The Watershed Analysis was prepared in coope ration with various agencies and focal 
stakeholder groups. The Watershed Analysis developed six major restoration actions focused 
upon doubling the Jong-term production of salmon and steefhead in Clear Creek, including 
facilitating re-introduction of spring-run chinook salmon . 

DWR Northern District, with funds provided by the Tracy Mitigation Acoount, has completed a 
preliminary engineering technica l evaluation and environmental review of fish passage 
alternatives at the McConnick-Saeftzer Dam. In additional, a CALFED Category Ill grant was 
awarded for further development of structura l alternatives identified by the DWR eva luation . 
The USBR continues to release the minimum of 50 cfs into Clear Creek below Whiskeytown 
Dam, and will provide addit ional flows when the passage issues at McCormick-Saeftzer Dam 
are resolved. 

Mill Creek 

On December 19, 1994, a Memorandum of Understand ing (MOU) was created under the 
auspices of the Mill Creek Watershed Conservancy (Mi ll Creek Watershed Conservancy 1994). 
The MOU is a non-binding agreement , signed by the Conservancy, the Department, and many 
other affected agenc ies and interested parties . One of the major purposes of the MOU was to 
publicly recognize the commrm ent of the signatorie-s to restoring ~nd preserving spring-run 
chinook salmon in Mill Creek. In 1995, with the efforts of the Mill Creek and Deer Creek 
Watershed Conservancies, the Deer and Mill Creek Protectio n Act was passed (AB 1413), 
which provides State protection against the construct ion of new dams or divers ions on private 
lands on Mill and Deer creeks. Policies that protect against new dams and diversions on USFS 
land are provided in the Lassen Land and Resource Plan (USFS 1992). 

Lassen National Forest grazing allotments have been reduced from a hi;ih of 4112 animal unit 
months (AUM's) in the 1920s to 360 AUM's in 1995 (Mill Creek Watershed Conservancy 1997}. 
Currently, the only allotment is the Morgan Springs Allotme nt. The: number of cattle that are 
currently being grazed on the upper watershed has been established by range management 

Section VUI, lnfiul!!n.;.e of ExJstfng Maoagement E.1Torts 

Section VIII. • Page 12 



techniques that the landowner and the USFS use to ach ieve a balance of productivity without 
environmental damage. Cattle are rotated on and off pastures, dependent on the available 
grasses and the condition of the land. The maximum number of permitted animals cou ld be 
red uced if warranted by environmental facto rs, such as drought, forage production, etc. The 
USFS monitors the condition of pasture areas during, and at the conclusion of, the grazing 
season (Mill Creek Watershed Conservancy 1997). 

During 1997, Department screen shop perso nnel mod ified the ap ron and rebu ilt the fish ladder 
at the Ward Dam on lower Mill Creek. In addi tion, a supplemental water exchange agreeme nt 
was finalized which provides (at the Department's option) a total cf 25 cfs of add itional flows 
during key migration pe,io ds. Telemetry fo r two real-time flow monito ring stations in the valley 
reach of Mill Creek was installed during 1997. The new telemetry rrovides the ability to moniior 
flows included in the waler exchange agreemen t and also provides the potential to develop and 
identify juvenile migration cues. One additio nal gage, and addi tional telemetry including 
turbidity and temperature, is scheduled to be installed in the upper watershed during 1998 . An 
evaluation of "critical riffe• passage flows was completed during 1396, which recommended 
minimum migration flows be between 34 efs and 157 cfs, dependent upon water-yea r type and 
potential annual physical modification of key riffles in the valley reach of Mill Creek (Alley et al. 
1996). An evaluation of road-related sediment sources In the upper Mill Creek Watershed was 
comple ted during 1997 (Meadowbrook Conservation Assoc iates 1997). 

Deer Creek 

During January 1995, an MOU was created under the auspices of the Deer Creek Watershed 
Cons ervancy (Deer Creek Water Conservancy 1 ~95). The MOU is a non-hinding agreeme nt, 
signed by the Conservancy, the Department, and many other affected agencies and interested 
parties. One of the major purposes of the MOU was to publicly recognize the commitmen t of 
the signatories to restoring and preserving spring -run ch inook salmon in Deer Creek. In 1995, 
under the ausp ices of the Deer Creek and Mill Cree k Watershed Conservancies, the Deer and 
Mill Creek Protection Act was passed (AB 1413), which provides State protection against 
constructio n of new dams or diversions on private lands of Mill and Deer creeks. Policies that 
protect against new dams and diversions on USFS land are prov ided in the Lassen Land and 
Resource Plan (USFS 1992). 

Livestoc k exclusion fencing was installed along both upper and lower Deer Creek. Limited 
removal of the exotic giant reed was conducted where it was block·ng adult and juve nile 
migration . Water exchange agreements with the SVIC and DCID continue to be developed. 
Upon implementation , the agreements will prov ide (at the Department's option}, up to 50 cfs of 
flow during key migration periods. Addit ionally , telemetry for two real-time flow monforing 
statio ns in the valley reach of Deer Creek was installed during 1997. The new telemetry 
prov ides the ability to monitor flows included in the wate r exchange agreement and also 
provides the potential to develop and identify juvenile migration cues. One additional gage and 
additional telemetry , including turbidity and temperature , are scheduled to be-installed in the 
upper watershed during 1998. 

Bi g Chico Cree.k 

Current and recently completed projects to recover spring-run chinook salmon popu lations in 

Scefa,:m VIIL lnflucr'\oc of t:Xi3tir.g M-,ncscment Efforts 

Section VI 11. - Page 13 



Big Chico Creek include improvements for adult and jweni le passage, water quality, and 
reduction in entrainment of juveniles at water divers ions. 

Modification of One-Mile Pool to decrease downstream siltation and turbidity has been 
completed. The One-Mile Pool modification involved installing a bypass pipe around the poof to 
allow removal of bedfoad deposits. Previous cleaning methods resulted in high turbidity and silt 
deposition in the reach of the creek immediately below the pool, whic~ were in violation of 
.SWRCB standards and potentially detrimental to migrating salmon. 

A new diversion facility to replace the old M&T pump facility on Big Chico Creek was recently 
completed and began operation in April 1997. The M&T pumps, which were located on Big 
Chico Creek. were moved to the Sacramento River . Additiona lly, the new diversion intake was 
screened. There are multip le benefits of the pump relocation as they ref ate to spring-run 
salmon, which include increased flows in Big Chico Creek that directly benefit both juvenile and 
adult spring-run salmon. Additionally, entrainment of j uvenile spring-run salmon from both Big 
Chico Creek and those migrat ing from up-river, including Miff and Deer creeks, has been 
eliminated by the relocation and screening of the pumps. 

Evaluation of the Iron Canyon Fish Ladder after the 1997 storm indicated that additional 
modifications were necessary to improve passage. Interim repairs were made by Department 
habitat shop personnel and the ladder is now passable under most flows. 

Butte Creek 

Current efforts to improve spring-run chinook salmon populations in Butte Creek are directed 
towards reduction of entrainment of juveniles in unscreened water diversions, improvements of 
adult passage, increased instream flows, and protect ion of riparian habital During May 1996, 
the Butte Creek Watershed Conservancy initiated a MOU similar to those developed by the Mill 
Creek and Deer Creek Conservancies . The Butte Creek MOU also has as a central focus the 
restoration and protection of spring-run chinook salmon in Butte Creek As with the other 
watershed MOU's , the Butte Creek MOU was signed by the. Department , other affected 
agencies, and interested parties. It serves as a written commitment on the part of all signatory 
parties to seek a coope rative solution to the protection and restoration of spring-run chinook 
salmon. As with the other watershed conservancies, the Butte Creek Conservancy, working 
with and though the California State University Chico, is developing an analysis of existing 
conditions within the watershed. Ultimately the conservancy intends to develop an overall 
watershed management plan, central to which will be the restorat ion and protection of spring
run chinook sa lmon. The conserv ancy has received funding and is in the process of acquiring 
approximate ly 300 acres of riparian land located in the lower reaches of 1he spring run holding 
and spawning habitat. 

As a result of the M&T pump relocat ion on Big Chico Creek; a component of the project was an 
agreement to mod ify diversions · from Butte Creek during certa in key months to protect spring
and fall-run salmon and steelhead trout in Butte Creek. Under the new agreement , up to 40 cfs 
of flow (approx imately -22,000 acre feet per year) that cou_ld be diverted at the Parrott-Phelan 
Dam will be left in Butte Creek from October 1 throug h June 30 of each year. The additiona l 
flows are dedica ted under the provisions of California Water Code Section 1707, which 
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authorizes the use of water to preserve or enhance wetland habitat and wildlife resources. 
Dedication under Sect ion 1707 was implemented on a temporary basis in 1996-97, and will 
eventually be covered on a permanent basis under the terms of the agreement with the water 
right holders. Telemet ry for eight real-rime flow monitoring stations along Butte Creek was 
installed during 1997. The new telemetry provides the ability to monitor flows included in the 
wate r agreement and also provides the potential to develop and identify juvenile migration cues. 
Two additional gages and addftional teiemetry, including turbidity and temperature, are 
scheduled to be insta lled during 1998. 

During 1994, the first fish screen on any of the many Butte Creek diversions was installed at the 
Parrott-Phelan Diversion near Chico. Following installation of the f:sh screen, a new and 
Improved fish ladder was constructed during 1995. During 1997. an inverted siphon was 
constructed under Butte Creek to convey flows delivered by the Western Canal Water District, 
thereby allowing removal of four dams along the valley reach or Butte Creek, south of Chico. 
Two of the fou r dams belonging to the Western Canal Water District were removed during 
1997, with the remaining two (McGowan and McPherrin) to be removed during 1998. Removal 
of the dams eliminated the need to screen four major diversions, the largest of which was 
approximately 1,200 cfs. During 1997, DWR's Northern District engineering staff, under 
contract to the Department , completed preliminary engineering anc environmental analysis for 
struct ural modifications lo th ree add itional diversion structures (Durham Mutual, Adams, and 
Gorrill) along the valley reach of Butte Creek. Final engineering and funding for a new fish 
screen and fish ladder are complete for the Durham Mutual diversi.on, with comptetion 
sched uled for the summer of 1998. Final engineering and funding 3re nearing complet ion for 
Adams and Gorrill diversions. with the possibility that construction can also be completed during 
the summer of 1998. 

The Nature Conservancy, in conjunction with the California Waterfowl Association , has received 
a grant partially funded and administered by the Departmen t., to work with local landowners 
along the lower reaches of Butte Creek and the Sutter Bypass to initiate a program to improve 
fish passage through the Butte Sink and Sutter Bypass . This will include evaluation of each of 
the 12 wate r divers ion structures located in the study area, including water managemen i 
procedures and numerous water diversions associated with each structure. Final alternatives 
for each site will Include engineering data, estimated costs of alternatives, site locations, fish 
passage issues, design and operations issues, and an analysis of the impact of each alternat ive 
on waterfow l and other water dependent species. The study is currently in progress and is 
ant icipated to be comp leted by mid-1998. 

Yuba River 
Projects and preliminary project evaluations are in progress that will improve hab itat and 
survival of salmon in the Yuba River. Browns Valley Irrigation District (BVID) is proceed ing to 
screen iheir diversion_ Screening should be completed by the sum:ner of 1998. PG&E, as a 
requirement of their FERC license, is required to implement fishery improvements on the Yu ba 
River. The USFWS has funded the U.S. Army Corps of Engineers (USACOE) to undertake 
studies for fishery improvements at Daguerre Point Dam. Evaluations will center around 
improvements in adult and juve nile passage, juvenile predation, entrainment at water 
diversions, as well as dam removal. 
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The USFWS has strongly recommended that the USACOE remove Daguerre Point Dam 
"because this action above all will truly restore the river ecosystem , offering the. greatest and 
longest lasting benefits to fish and wildlife resources which rely on the river'' (USFWS 1994). 
The Departmen t believes that this is a prudent alternative for fishery restoration in the lower 
Yuba River. 

In 1991 the Department presented testimony before the SWRCB to improve in stream flows and 
temperatures for salmon ids. However , the SWRCB has not rendered a decision and it does not 
appear that a decision will be forthcoming in the near future. 

Scree ning of BVID and improvements at Daguerre Point Dam will result in increased saimonid 
production. Howeve r. the lack of adequate flows and temperatures and the lack of adequa te 
screens on the South Yuba-Brophy and Hallwood-Co rdua diversions will cont inue to preclude 
the significant improvemen ts in saimonid populations, including spring-run chinook salmon in 
the Yuba River. 

Unscreened Water Diversions and Fish Passage Correction 

Ongoing surveys by the Department indicate that there may be at least 2,050 unscreened 
water diversions in the Delta and Sacramento River valley . These unscreened qivers ions pose 
a risk of take of anadromous fish, including Sacramento River spring-n:n chinoo k salmon . 

To ameliorate the problems posed by unscreened diversio ns, the Department has fu nded and 
staffed a Califo rnia Water Diversion and Fish Passage Program. The following are the key 
elements of the State's program: 

(1) 

(2) 

(3) 

Inventory Water Diversions and Fish Passage Problems. The purpose of the 
inven tory is to locate and identify all screened and unscreened diversions. This 
informat ion w ill be entered into the Inland Fisheries Division Geograph ic 
Information System (GIS). Information will be verified by site visits. The site 
visits allow the Department to locate the diversion site. aid gat her informatio n on 
the size and number of divers ions at each site. The presence and condition of 
exist ing fish protective facilities are noted. 

Evaluate and Set Priorities for Fish Screening and Fish Passage Problems . 
Based on the results of the inventory activities, the Depaiment conducts field 
evaluat ions when necessary , and then evaluates and sets priorities for identified 
problems for funding and resolution. 

Implement and Coordinate Fish Protection Activities as They Relate to Fish 
Screening and Fish Passage. Each project is different, both in the nature of the 
solution and in the manner in which the solution is implemen ted. First priority is 
to be given to those sites owned or opera ted by the Department. Next in priority 
are to be sites which serve Department owned lands. This would be most critica l 
where those sites have the potential to affect, or are presently affecting, State or 
federally listed species. 
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(4) Evaluate Existing and Proposed Fish Protective Installations. The Department 
eva luates existing facil ities and newly installed faci lities to provide feedback for 
the program. This feedback allows the Department to document the 
effective ness of its actions, and will allow the Department to modify activities to 
enhance the protection afforded the resource. 

(5) Review Fish Screening and Fish Passage Uteratura. The Department maintains 
an active program of reviewing the literature on fish screening and fish passage 
research and site evaluations to ens ure that the Department is curren t with 
recent developments in these fields. The Department closely monitors resea rch 
and evaluation activities in Californ ia, including the activities of the Fish Facilities 

Technical Committee of the I EP for the Sacramento-San Joaquin Estu.ary and 
the Red Bluff Research Pumping Facility. 

In addition to Department efforts to implement corrective actions at un·screened and poorly 
screened diversio ns in the Central Valley, the CVP IA requires the Secretary of the Interior to 
assist the State of California in efforts to develop and implement measures to avoid losses of 
juvenile anadromous fish resulting from unscreened or inadequately screened dive rsions on the 
Sacramento and San Joaquin rivers, their tributaries , the Sacramento-San Joaquin Delta , and 
the Suisun Marsh. Such measures shall include, but shall not be limited to, construction of 
screens on unscreened divers ions, rehabilitation of existi ng screens, replaceme nt of exist ing 
non-function ing screens, and relocation of diversions to less fishery-sensitive areas. The 
Secretary's share of costs associated with activities authorized under this paragraph shall not 
exceed 50% of the total cost of any such activity. 

Both the State and the Federal governments have ongoing programs to abate the unscreened 
diversion problems. In addition to efforts by the Department , DWR has an ongoing unscreened 
dive.rsion assessment program in the Delta. The NMFS regularly participates in discussions, 
project deve lopment , and engineering review of proposed screening projects. The USFWS, 
under the Fish and Wildlife Coordination Act and the USACOE permitting process , reviews and 
comments on proposed fish screening projects. The USSR, using drought funds, has 
implemented a Fish Screening Demonstration Project for CVP contractors along the 
Sacramento River. 

All diversions are to be cealt with uniformly on a statewide basis, as outlined in the 
Department's Fish Screening Policy. The sequence and manner in which diversio ns are to be 
addressed is a function of location, diversion rate, diversion tim ing, com1;>liance with existing fish 
screening statutes, the National Environmental Policy Act (NE PA). the California Environmenta .I 
Quality Act (CEQA), the ESA, CESA, and court decision~. 

Tne USFWS has also deve.loped a process and proposed eva luation criteria to be used to 
identify reason able restoration actions, which will greatly influence funding priorities for fish 
passage correct.ion and diversion screening projec ts . The process and criteria are described in 
their 1995 Draft Anadromous Fishenes Restoration Plan. 
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Operations of State and Federal Hatcheries 

Coleman National Fish Hatchery 

The USFWS is currently opening the fish ladder at the barrier dam at the CNFH to allow 
upstream passage of spring-run adults from Ma rch through June. Closure of the ladder after 
June 30 will generally separate spring run from later arriving fall run, A portion of the hatchery 
water supply is now steri lized with ozone to remove fish pathogens originating from upstream 
aquaculture facil ities , resident fish, and wild-spawning anadromous fish (USFWS 1997b). 

Feather River State Fish Hatchery 

Curren tly, the fish ladder at FRH is opened on or about September 8. Return ing adults are 
allowed free access to the hatchery after that date. consistent with physica l constraints and 
water quality. All adults entering the hatchery between September 8 and October 1, are 
classified as spring run, while adults arriving after October 1 are class ified as fall run . Current 
production goals include the tak e of 7,000,000 spring -run eggs, and re:ease of 5,000,000 
juveniles at an average size of 60 fish per pound . Once the egg produ~ion goal is met, all 
remaining aduits classified as spring run are returned to the Feather River. All juvenile spring 
run are transpo rted to various release sites in the Carquinez Straits/San Pablo Bay area. 

Salmon and Steelhead Stock Management Policy 

It is the policy of the Depart ment to maintain the genet ic integrity of all identifiab le stocks of 
salmon and steelhead in California (Reynolds et al. 1990). To protect the genetic integ rity of 
California salmon and steelhead stocks, each salmon or stee lhead stream shall be evalu"!tcd 
by the Department and the stocks classified according to their probable genetic source and 
degree of integrity . Management and restoration efforts will be guided by this classification 
system, and polic ies relating to artificial production must also be compatib le with this 
classification system. 

The classification system shall be employed to define the appropriate stocks and the role· of 
artificial production for management of each salmon and steelhead stream in Californ ia. This 
classification may be applied to drainages , indiv idua l streams , or segments of streams as 
necessary to protect discrete stocks of salmon or steelhead. Only designated appropriate 
stocks may be place d or artificially produced in any stream within the guidelines specified under 
this class ificatio n system. Exceptions to these management constraints may be allowed only 
under emergency conditions !hat substantially threaten the long-term welfare of the fishery. 
Exceptions may only be granted upon submission of a written request, which details the 
emergency conditions. by a regional manager or an Inland Fisheries Division Assistant Chief to 
the Chief of the Inland Fisheries Division. The Inland Fisheries Division Chief will review the 
request and make recom meooations for approval or denial to the Deputy Director of Fisheries 
who will approve or deny the request. · 

The lnteragency Ecological Program (IEP), Spring-run Salmon Project Work Team 

The Spring-run Sa lm on Project Work Team (Teani) has been established to provide a forum to 
discuss the many issues affecting spring-run chinook salmon . This group is formed under the 
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umbrella of the IEP's Centra l Valley Salmon Work Team. The Team is also tasked with 
providing an avenue for discussing issues such as habitat restora tion priorities, meas urement of 
the overall health of the spring-run resource , new monitoring actions that are nee<led and the 
success of those that are ongoing. Last year, pursuant to Sect ion 670 .6 of nue 14, CCR, the 
Spring-run Salmon Project Work Team produced a report for the Commission ent itled The 
Status of the Sacramento River Spring-run Chinook Salmon (Baracco 1997). 

Watershed Management Planning 

An essent ial component of salmon management and restoratio n is strong public support to 
ensure program success. Successfu l implementation of any measures, particularly on privately 
owned land to protect, restore, and enhance habitats for spring-run salmon is faci litated by 
close c.001 dinatio n and commun ication with the newly established and forming watershed 
conservancies in the Central Valley . The following organizations a;e instrumenta l in the 
successfu l implementation of management activities to restore and prolect spring-run sa lmon in 
the Centra l Valley. The :allowing narrative sections have been pro•1ided by the respect ive 
organizations. 

Lower Clear Creek Coordinated Resource Management Plan (CRMPl 
The Lower Clea r Creek CRMP was formed in 1994 and received funding from CVPIA 
(administered by USBR) and Natural Resources Conservation Service in Septembe r 1996 . The 
CRMP's goal related to fisheries is to "protect and enhance the Jong-term productivity of the 
Clear Creek aquatic ecosystem with special emphasis on salmon and steelhead and to restore 
spring-run salmon and steelhead to the area upstream of McCormick-Sae ltzer Dam as soon as 
possible.' Private (andow11ers, stakeho lders, concerned citizens, Federal, State, and local 
governmen t agenc ies make up the CRMP. 

The preferred solut ion to the fish passage problem at McConnick-Saeltzer Dam appears to be 
in the form of a new dam or new fish ladder. The CRMP endorses an effort to introduce spring
run spawners to the area upstream of McCormick-Saeltzer Dam so that there will be adults 
returning when the passage problem is solved, 

In the meantime , the ir focus has been on habitat improvements. Work performed includes: 
(1) introducing spawning grave l both up and down stream of McCormick-Saeltzer Dam; (2) 
completing an erosion inventory for the watershed and severa l demonstration projects; (3) 
completing a fue ls inventory for the watershed and work ing on shaded fuel breaks and 
controlled bums; ( 4) designing channel reconstruction projects for the grave l-mined area 
downst ream of McCorm ick-Saeltzer Dam: (5) negotiating increased flows irom Whiskeytown 
Reservoir during the October to April period (for fall-run chinook ); and (6) monitoring of channel 
substrates and fisheries by agencies. 

Battle Creek Watershed Conservancy 

The Battle Creek Watershed Conservancy has been formed with assistance of the local 
Resource Conserva tion Districts. Property owners with econom ic interests and concerns for 
lhe env ironmental health of the watershed will likely be members . Watershed issues and the 
operating procedures of the group are being identified. Since the Battle Creek watershed is 
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believed to have some oi the finest remain ing habitat for spring-ru n chinook salmon , community 
membe rs want to be involved with the implementation of a fish restoration program. Funding 
for this local watershed group is provided by the AFRP (50%) and Category Il l (50%). In 
addit ion to the work being Initiated by the-community conservancy , a technical planning effort 
has been funded with Categ:,ry Ill monies. The Batt le Creek Working Group meets reg ular ly to 
rev iew and discuss the technical issues applicable to restoring wild salmonids while maintain ing 
the CNFH mitigation · responsibility of the CVP. 

Mill Creek Conservancy 

The Mill Creek Conservancy is a non-p rofit conservatio n group that is devoted to resource 
protection and enhancement through cooperative efforts of landowners , agencies, and othe r 
groups ded icated to a hea lthy ecosystem . The Conservancy's mission is to sustain tile 
historica l pristi ne condition, 2ppropriate land uses, and the biological integrity of the Mill Creek 
watershed . The Conservancy believes that the landowners have been, and will con tinue to be, 
the best stewards of the land, and that commun ity stewardship is desirable for long-term 
resou rce protection. 

Durfng 1997, the Mill Creek Conservancy: (1) partic ipated in storm assessment; (2) subm itted a 
grant proposal for revegetation projects ; (3) conti nued support of the Los Molinas student 
projects ; (4) sponsored an annual Watershed Advisory Committee meeting wh ich was attended 
by more than 50 conce rned citizens; (5) supported Department fish surveys; (6) provided input 
regarding listing and incidental take regulation for spring-run chinook sa:mon ; (7) submitted 
comments regard ing impacts from CALFED policies on spring -run chinook salmon; (8) pursued 
a Fire Management Plan for the Mill Creek watershed: (9) and developed an Implementation 
Plan for the Mill Creek Watershed Manageme nt Strategy . 

Deer Creek Watershed Conservancy 

The Deer Creek Watershed Conservancy (DCWC) was formed in March 1994 by the 
landow ners within the watershed and people who divert water from Deer Creek. The DCWC 
embraces the following goals: (1) protect ion of the unique ecological, social, and cultura l values 
of Deer Creek; (2) the preservation of private property rights; (3) the promotion of responsible. 
land stewardship that has preserved the extraord inary resource values and eco nomic uses 
resu lting in watershed stability for generatio ns; (4) a mechanism by which agencies responsible 
for the management of public trust resou rces in the watershed can tailor the ir programs to loca l 
conditions; and (5) the educa1ion of the community and the general pub lic about Deer Creek. 
Since its formation, DCWC has committed its efforts towa rd the enhancement of fish habitat in 
Deer Creek. An immediate goal of DCWC is to prevent any degradation of an already 
diminished spring-run salmon population. Early commitmen t to this goal was demonstrated by 
DCWC 's initia tion of State Assembly Bill 1413, which prohibits the construc tion of new dams , 
divers ions, or wate r impoundments, 

The DCWC has jo ined w ith Federal, State, and local resource managers, conservation groups , 
universities, local schoo ls, and other interested individuals to develop a collaborative process 
for watershed management planning . DCWC has created, during its Phase I time-frame, a 
Watershed Action Comm ittee (WAC) comprised of representatives from the above-ment ioned 
entit ies that met for the first t ime in May 1996. The WAC has held eight meetings and has 

Sec..ilvn vm. lnnuenoe or Ex.1s tmg Management Effons 

Section VIII. - Page 20 



successfully completed the following tasks: (1) drafted goals for watershed management and 
protection; (2) assembled existing Information concerning the watershed in an Existing 
Conditions Report; (3) colle.cted data for the Historical Report ; (4) reviewed and compiled the 
existing plans, programs , and policies affecting Deer Creek; (5) Identified concerns and 
priorities for implementation projects in order to comprise the Watershed Management Strategy 
Report; and (6) desig ned and implemented a comprehensive on going mon itoring program for 
Deer Creek. A Wate rshed Management Strategy Report is in preparation. 

Phase II of the planning process will commence upon completion of the Watershed 
Management Strategy, which is currently being developed. Phase JI will focus on imp lementing 
the actions identified in the Watershed Management Strategy Report, the on-going monitoring 
program, and annual progress reports. All above mentioned documents will eventually 
comprise the Deer Creek Watershed Management Plan. Th is Plan wi ll be a living .docume nt to 
reflect new information , natural watershed events, and new identified projects, and will provide 
the framework for the Conservancy to assist the landowners in long-term stewa rdship of the 
watershed. DCWC has also applied for funding from CALFED to produce a Fire Plan, a Flood 
Plan and a Range Management Plan. This phase will be a continuing part of the process to 
provide hands-on stewardsh ip and commitment toward maintaining and enhancing the 
condition oi the Deer Creek watershed. 

Big Chico Creek Watershed Alliance 

In response to the reverse flows in Big Chico Creek, caused by in stream pumping at the M&T 
Chico Ranch, concerned citizens formed a Task Force in 1991 and began meeting on a 
monthly basis. The Task Force began c! process intended to ensure the creek's vitality , and 
presarve and resto re native salmon and stee.lhead populations. TIie City of Chico, M&T Chico 
Ranch, the Department, DWR, Regional Water Qual ity Contro l Board, Streami nders, 
Sacramento Rive r Preservation Trust, Chico Fly Fishers, and loca l citizens set goa ls, 
objectives, and a timeli ne for implementation of speclfic projects. 

In May 1997, the Task Force changed its name to the Big Chico Creek Watershed Alliance 
(Alliance) and reconfirmed its commitment to long-term watershed-wide protection emp loying a 
strategy of adapt ive management. 

The Alliance has worked cooperatively to accomplish many of the prnjects which have been 
deve loped to meet the goals and objectives. A major accomp lishment was the relocation of the 
M&T Pumps to the Sacramento River, allowing salmonids and other native fish unrest rained 
access to the crn,;,ks. The initial GIS mapping of the Big Chico Cre~k upper watershed has 
been completed. Funding has been sought to map the entire watershed , whic h includes 
important nonnatal rearing habitat for salmonids in Rock, Mud, and Sycamore creeks and Lindo 
Channel. 

With the complet ion of the GIS, the Alliance will start a process to create a comprehens ive, 
holistic management , restoration, and implementation plan fo r the watershed . The All iance has 
completed a MOU that v.ill help build partnerships with landowners, State and Federa l 
agencies, city and county government, conservat ion groups, and watershed stakeho lders. 
Additionallv, the Alliance has applied for funding for a gravel management plan, riparian 
restoration· projects, a co:irdinated school watershed education program, and a fencing project 
to exclude cattle from the creek, as well as a restoration project in the upper watershed. 
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Butte Creek Watershed Conservancy 

The Butte Creek Watershed Conservancy was formed in September 1995 to encourage 
watershed-wide cooperation and communication between residents, landowners, water users, 
recreational users , and locaL Slate, and Federa l agencies. The mission statement of the 
Conservancy is: "The Butte Creek Watershed Conservancy was established to protect, resto re 
and enhance the cultural, economic, and ecological heritage of the Butte Creek Watershed 
through cooperative landowner action." The Conservancy has circulated a MOU, which was 
signed by many of the agencies and groups involved with Butte Creek projects, to develop a 
watershed management strategy (WMS). The USFWS, CALFED and the National Flsh and 
Wildlife Foundation have funded the initial elements of the WMS through the Departmen t of 
Geography and Planning at California State University, Chico and the Conservancy . The 
Conservancy has also received grants for the K-12 education program on Butte Creek from 
US EPA 319(h) funds and a grant for a full-time watershed coord inator from For the Sake of the 
Salmon, an Oregon non-profit group dedicated to restoring anadromous fisheries. 
Stakeholders formed a Watershed Advisory Committee to work with the project at the University 
in defining importan t issues and concerns for inclusion in an Existing Conditions Report. This 
report will form the basis of the WMS to be developed with the stakeholders in 1998. The 
Conservancy has been most active in raising awareness of the watershed and the desire to 
promote their mission. These efforts include an annual Spring -run Chinook Salmon 
Celebration, a silent auction and benefit, a newsletters , and a website for the Conservancy. 

Although the projects and plans may seem ambitious, the Alliance me□bers are committed to 
the restoration and preservation of salmon and stee lhead populations in the Butte Creek 
watershed. 

Spring -run Workgroup 

The Spring-run Workgroup (Workgro up) was formed in 1992 for the stated purpose of 
developing a coalition of individuals, groups , and organizations to achieve a grassroots 
restoration of spring-run chi nook salmon. As intended when initially formed, it continues to be a 
broad amalgam of groups and individuals, all with a common goal of protecting and restoring 
Sacramento River spring-run chinook sa lmon. 

The Workgroup, which opera!es by consensus, is facilitated by the University of California at 
Davis Sea Grant Extension Program, under a grant funded by the Com:nercial Salmon Stamp 
Account and administered by the Department. The Workgro up meets on a monthly basis. and 
has involved over 300 Individuals representi ng private landowners, agencies, agriculture, cities, 
counties, environmental groups , the timber industry, and commercial and sport fishi ng groups. 
The Workgroup's fundamental tenet is inclusion and cooperation, a basis which has served an 
invaluable role in bringing together the disparate stakeholders and constituencies. 

Restoration Programs 

Several existing key Federal and State programs are he lping to facilitate protection and 
restoration of spr ing-run chinook salmon within the Central Valley, The following report section 
provides a summary of program actions relevant to spring-run salmon. 
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Central Valley Project Improvement Act 

The CVPIA is one of the most important programs, having great potential in the successful 
funding and impleme ntation of many resto ration actions needed lo protect and restore spring
run chinook salmon. The CVPIA requires the Secretary of the lntarior to implement a wide 
variety of ope~ation modificat ions and structu ral repairs in the Central Valley for the benefit of 
the anadromous fish resou rces. Section 3406(b )(1 ), known as the AFRP , directs the Secretary 
of the Interior to develop and implement a program that makes all reasonable efforts to double 
natural productio n of anadromous fish in Central Valley streams. Sections 3406(b){1) through 
(21) of the CVPIA authorize and direct the Secretary , in consultation with other State and 
Federal agenc ies, Native American tribes, and affected interests t:, take the follow ing actions, 
all of which will ultimately assist in protecti ng and restoring Sacramento River spring-run 
chinook salmon: 

3406(b)(1)(A) -

3406(b)(1 )(B) -

3406(b )(2) -

3406(b )(3) -

3406(b )( 4) -
3406(b )(5) -
3406(b )(6) -
3406(b )(7) -
3406(b )(8) -
3406(b)(9) -
3406(b)(10) -
3406(b)(11) -

3406(b)(1 2) -

3406(b)(13) -

3406(b)(14) -
3406(b)(15) -

3406(b)(16) -

Modify CVP operations to protect and restore natura l channe l and 
riparian va lues. 

Modify CVP operatio n based on recommendations of USFWS 
after consultation with the Department. 
Manage 800,000 acre-feet of CVP yield for fish, wildlife, and 
habitat resto ration purposes after consultation with USBR and 
DWR and in cooperation with the Department. 
Acquire water to suppleme nt the quantity of water dedicated for 
fish and wi ldlife wate r need~ under (b)(2), includi ng modifications 
of CVP operations ; water banking; conservation; transiers; 
conjunct ive use: and temporary and permanent land fallowing, 
including purchase, lease, and option of water, water rights, and 
associated agricult ural land. 
Mitigate for Tracy Pumping Plant Operations. 
Mitigate for Contra Costa Pumping Plant operations. 
Install temperatu re cont rol device at Shasta Dam. 
Meet flow standards that apply to CVP. 
Use pulse flows to increase migratory fish survival. 
Eliminate fish losses due to flow fluctuations of the CVP. 
Minimize fish passage problems at RBDD. 
Implement Colema n National Fish Hatchery Plan and modify 
Keswick Dam Fish Trap. 

Provide increased flows and improve fish passage and restore 
habi tat in Clear Creek. 

Replenish spawning gravel and resto.·e riparian habitat below 
Shasta Reservoir. 

Install new cont rol structures at the DCC and Georgiana Slough. 
Construct, in coopera tion with the State·and in consultation with 
loca.l interests, a seasonally operated barrie r at the head of Old 
River. 

In cooperation with independent entities and the State, monitor 
fish and wildlife resources in the Central Valley. 
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3406(b )( 17) -

3406(b)(19) -

3406(b )(20) -

3406(b)(21) • 

Resolve fish passage and strand ing problems at ACID Divers ion 
Dam. 

Reevaluate carryover storage criteria for reservoirs on the 
Sacramento and Trinity rivers. 

Participate with the State and other Federal agencies in the 
implementation of the on-going program to mitigate for GCID's 
Hamilton City Pumping Plant. 

Assist the State in efforts to avoid losses of Juvenile anadromous 
fish resulting from unscreened or inadequately screened 

· diversions. 

In addition to the aforementioned CVPIA actions , Section 3406(e) (1) through (6) directs the 
Secret.iry to fnve5t igate and provide recommendat ions on the feasibi lity, cost, and desi rability of 
implementing the act ions liS(ed below. When completed, these actions will provide additional 
understanding of the overall ecosystem problems and provide additional measures which will 
benefit spring-run chinook . 

3406(e)(1) -

3406( e )(2) -

3406( e )(3) -

3406(e)(4) -

3406(e)(5) -

3406( e )(6) -

Measures to maintain suitable temperatures for anadromous fish 
survival by controlling or relocating the discharge of irriga tion 
return flows and sewage effluent , and by restoring riparian forests. 
Opportunities for additional hatchery production to mitigate the 
impacts of water development and operations on , or enhance 
efforts to increase Central Valley fisheries: provided., that 
additional hatchery production shall only be used to supp lement or 
to re-establis h 11atural production While avoiding adverse effects 
on remaining wild stocks. 

Measures to eliminate barriers to upstream and downstream 
migration oi salmonids. 

Installation and operation of temperature control dev ices at Trinity 
Dam and Reservoir. 

Measures to assist in the successfu l migration of anadromous fish 
at the DCC and Georgiana Slough. 
Other measures to protect, restore, and e~hance natural 
production of salmon and stee lhead in tributary streams of the 
Sacramento River. 

Section 3406(9) of the CVPIA directs the Secretary to deve lop models and data to evaluate the 
ecologica l and hydrologic effects of existi ng and alternate operations of pubfic and private water 
facilities and systems to improve scientific understanding and enable the Secretary to fulfill 
requirements of the CVPIA 

Finally, habitat restoration actions not directly addressed in the aforementioned actions, such as 
restoration measures on streams tributary to the Sacramento River, will be managed by the 
AFRP of the USFWS. Section 3406(b)(1) of the CVPIA directs the Secretary to develop and 
implement a prog ram which makes all reasonable efforts to ensure that, by the year 2002 , 
natural producfion of anadro mous fish in Central Valley rivers anct streams will be sustainab le, 
on a long.-term basis , at levels not less than twice the average levels attained during the period 
of 1967-91 . The AFRP released its revised draft restoration plan in May 1997, and , simila r to 
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the Department's Central Valley Restoration Plan released in 1993, lhe USFWS plan contains a 
listing of act ions deemed necessary to protect and restore anadromous fish, includ ing 
Sacramento River spring-run chinook salmon, in the Sacramento Valley. 

Sectio n 3407 of the CVPIA established in the Treasury of the United States the "Cent ra l Valley 
Project Restoration Fund•. Funds up to $50,000,000 per year are authorized to be appropriated 
to the Secretary to carry out program, projects, plans, and habitat restoration, improveme nt , 
and acquisition. 'The funds are derived by payments from CVP water and power users . 

Agreement Between the Department of Water Resources and the Department of Fish and 
Game to Offset Direct Fish Losses in Relation to the Harvey 0. Banks Delta Pumping 
Plant 
The agreemen t, also known as the Four-Pumps Agreement , between DWR and the 
Departmen t has proven to be a mutually beneficial program to protect and restore habita t for 
anadromo us fish, particularly ·for chinook salmon. The agencies, through the Four-Pum ps 
Agreement , have successfully designed and implemented several projects to benefit 
Sac ramento River spring-run chinook salmon on Mill and Deer creeks. Funding ls availab le 
through this agreement on a project-by-project basis. Projects that provide quantifiable benefits 
to Sacramento River spring-run chinook salmon, within specified cost benefit analyses , are 
gene rally funded. 

Agreement to Reduce and Offset Direct Fish Losses Associated with the Operation of 
the Tracy Pumping Plant and Tracy Fish Collection Facility 
The agreement , also known as the Tracy Agreement, between the USBR and the Department 
provfdes a mechanism tc identify. develop, and impleme nt habitat restoration measu r~s for 
anadromous fish in a manner similar to the Four-Pumps Agreement Its funding was used to 
develop envi ronmental documentation and permitting for the Western Canal Siphon Project on 
Butte Creek, and additionally was used to develop preliminary engir.eering and environmen tal 
documen tation at six other sites on key spring-run tributaries . 

Category Ill 

The "Principles for Agreement on Bay-Delta Standards Between the State of California and 
Federal Govemme nr cal'ed for the development of a program of so-called ' Category 111' 
measures . Category I and II measures address water quantity and water operations wh ile 
Category Ill measures address non-flow related habitat issues. The 'Princip les= prov ide for 
funding of Category Ill activities estimated to be $60,000,000 annually (for th ree years ), to be 
secured through a combination of Federal and Stati, appropriations, user fees., and other 
sources. It was further agreed that urban and agricultural water suppliers Will work with State 
and Federal agencies and environmental interests in an open process to determ ine project 
priorit ies and financial commitments for the implementation of Category Ill measures. 

Safe, Clean . R,eliable Water Supply Act {Act\ 
The Safe, Clean Reliable Water Supply Act, also know as Proposition 204, passed by the 
voters of California in November 1996, is equal in Importance to the CVPIA in prov iding the 
funding to implement restoration actions needed to protect and restcre spring-run chinoo k 
salmo n. The Act, in part, provides the Slate and local cost share for projects funded under the 
CVPIA and CALFED Bay-Delta Program, both of which have compo,enfs that will sign ificantly 
advance Sacramento River spring-run chinook salmon restoration programs . The Act 
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authorizes a variety of programs that provide both direct and indirect benefits to Sacramento 
River spring-ft.In chinook salmon. The following sections of the Act are expected to provide 
benefits to Sacramento River spring-run chinook salmon restoration efforts: 

Chapter 4, Article 2. • Central Valley Project Improvement Program: Creates the 
Central Valley Project Improvement Subaccount ($93,000,000) for the purpose of 
providing the State's share for the costs for fish and wild life restoration measures 
required by Section 3406 of the CVPIA (P.I. 102-575). Preference is given to projects 
for the purpose of installing fish screens at diversions identified in the CVPIA, for which 
deadlines have been established by State or Federa l agencies or by State or Federal 
courts. 

Chapter 4, Article 3. - Bay-Delta Agreement Program: Creates the Bay-Delta 
Agreement Subaccount ($60,000,000) for the purpose of implementing non-flow-related 
projects called for in the Water Qua lity Contro l Plan for the Bay-Delta. Those projects 
are known as ·category 111' activities called for in the "Princip les for Agreeme nt on Bay
Delta Standards between the State of California and the Federal Government" , 
December 15, 1994. Category Ill projects have been, and are currently being funded , 
which have given a priority to restorat ion of spring -ft.In chinook salmon. 

Chapter 4, Article 4. • Delta Levee Rehabilitation Program: Creates the Delta Levee 
Subaccount ($25,000,000) for the purpose of provid ing local assistance under the de lta 
levee maintenance subventions program and for specia l flood protection projects. 
Funds expended unc'er this article must demonstrate consister.cy and a net long-term 
h"bitat improvement program and have a net benefit for aquatic species in the Delta as 
evidenced by a written determ ination by the Department. 

Chapter 4, Article 5. - South Delta Barriers Project: Creates the South Delta Barriers 
Subaccount ($10,000,000) for the purpose of mitigating non-SWP or non-CVP impacts 
and for the purpose of envi ronmenta l enhanceme nt in the Delta. Funds expended 
under this article must be determined in writing by the Department to provide habitat 
benefits. 

Chapter 5, Articles 2-4. Clean Water and Recycling Program: Creates severa l 
subaccounts for the purpose of provid ing funding for projects under the Clean Water 
Act, Water Recycling Programs , and Drainage Management Programs, which serve to 
Improve water quality and quantity. These programs are expected to provide bene fit to 
spring-run restoration efforts as they relate to projects implemented within the Delta. 

Chapter 5, Article 5. Delta Tributary Watershed Program: Creates the Delta 
Triputary Waters hed Program Subaccou nt ($15,000,000) for the purpose of 
implementing projects in tributaries whic h drain into the Delta for the following purposes : 
(1) reduction in the presence of contam inants; (2) increase yield of water by vario us 
means including restoration of upland meadows , and rep air.to stream channels ; (3) 
improvement , resto ra:ion, or enhancement of fisheries habitat; and (4) improvement of 
overall forest health. 
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Chapter 61 Articles 2-6. Water Supply Reliability: Creates the Water Supply 
Reliability Supply Accou nt ($117,000,000) with several subaccounts containing 
provisions potenlially beneficia l to spring-run ch lnook salmon, primarily th rough the 
development of increased flows in key spring-run tributaries. Additionally, Artic les 5 and 
6 provide for general habitat acquis ition and water management for the acquisition and 
restoration of riparian habitat, riverine aquatic hab itat , and other lands In close proximity 
to rivers qnd streams . 

Chapter 7. CALFED Bay-Delta Ecosystem Restoration Program: Creates the Bay
Delta Ecosystem Account ($390,000,000) for the specific purpose of implementing 
projects , identified in the programmatic EIS/EIR, that are intended to improv e and 
increase aquatic and terrestria l habitats and ecological functions in the Bay-De lta 
ecosystem. For the purpose3 of this chapter , the Bay-Delta ecosystem means the Bay
Delta and its tributary watersheds. Eligible projects may include, but are not limi ted to, 
the following: (1) protection and enhancement of existing habitats; {2) restoration of 
tidal, shallow water, riparian, riverine, wetlands, or other habitats; {3) expansion of 
weUand protection programs; ( 4) acquisitio n of wate r for instream flow improvements; 
(5) improved habitat manageme nt; and (6) protection and management. 

Section 78691 authorizes the issuance of bonds in the total amount of $995,000 ,000 fo r 
the express purpose of implementing the various provisions of the Act. Funds are 
derived from the sale of genera l obligation bonds supportec: primanly from personal and 
corporate income taxes and sa les taxes. 

Monitoring Programs and Studies 

Monitoring programs are currently in progress that are addressing various aspects of spring-run 
life-history. Table 26 provides a genera l summary of existing efforts. Additionally, specific 
details of'the various programs may be refe renced in several publications which include Status 
of Actions to Restore Central Valley Spring-run Chinook Salmon (Mills and Wa rd 1996), The 
Status of the Sacramento River Spring-run Chinook Salmon (Saracco 1996), Central Valley 
Spring-run Chinook Salmon, A status Report to the Fish and Game Commission January-June, 
1997 (CDFG 1997), and :he Comprehensive Assessm ent and Monitoring Program (CAMP) 
Implementation Plan (USFWS 1997c). 

The following specific monitoring activities are discussed to provide information on key areas of 
investigation. 

Sac ramento River 
Estimates of the total numbers of adult spring-run salmon using the Sacramento River 
upstream of RBDD contlnue to be generated through the use of a closed circuit video camera 
monitoring salmon passing through the ladders. Racia l differentiation has, in the past, been 
based upon coloration, scale embedded ness , sexual maturity, and ,rofessiona l judgement of 
the observer. In addition, aerial redd counts are generally conducted during September and 
October. 

Battle Creek 

The USFWS uses a video monito r to count adult salmon passing upstream through the ladder 
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ot the CNFH Oanier Darn during the period April through June. Addif.onalfy, surveys of the 
adu lt holding areas above '.he CNFH Barrier Dam are conducted during the summer , as well as 
limited surveys of spawning activity during September and October . 

Antelope Creek 

Current ly, eight miles of spring-run adult holding habitat are surveyed during July. 

Mill Creek 

In the recent past, adult spring-run salmon have been counted utilizing a count ing stat ion at the 
Cloug h Dam fish ladder. Clough Dam was partially destroyed in early 1997, eliminating the use 
of this method. During 1997, the adult count was based upon observations of redds . In 
add ition, juven ile life-histo ry monitoring is being conducted beginn ing in December in the 
spawn ing and rearing areas of Mill Creek above the valley floor. Relative growth rate and size 
are monito red th rough September. Concurrent with the growth studies, non-intrusive tissue 
samples are taken for DNA analysis. Yearling outmigration is monitored through the use of a 
rota ry screw trap at the Upper Diversion Darn during the period October through December. 

Deer Creek 

Ad ult counts in Deer Creek have used three methods since 1986, including ladder counts, 
estimates from an indicator reach, and snorke l surveys of the entire aoult holding area. 
Currently, a snorke l survey of the entire holding area is the preferred method. Juvenile 
evaluations in Deer Creek are similar to those being conducted in Mill Creek. 

Big Chico Creek 

Sporad ic surveys of adu lt holding areas have been conducted since 1!:86. Starting in 1992, 
annual snorkel surveys were made of the adult holding area from Iron Canyon to Higgins Hole. 
Juvenile outmigration is monitored from Decembe r throug h June through the use of fyke nets 
placed in the creek nearthe Five Mile Recreation Area . 

Butte Creek 

Snorkel surveys are performed by Department personnel at least twice each year, between the 
Quartz Pool and the Parrott-Phelan Diversion Dam. Holding adult saln:on are counted in late 
August, then in late September the survey is repeated and live salmon , carcasses, and redds 
are counted . In Aug ust-Se ptember 1998, at leas t three complete surveys will be conducted to 
recover CWTs from 1995 BY adult spring-run salmon carcasses. 

A study began in 1995 to monitor downstream migrating juvenile spring-run Chinook salmon in 
Butte Creek. Specifically, critical information obtained includes time of emergence, in stream 
rearing and emigration pattems, size at emigration , duration of emigratbn, and a measure of 
relative abundance. The purpose of the study is also to cwr as many spring-run juveni le 
salmon as possib le so that growth and timing can be monitored as the juveniles move 
downstream. Recovery of tagged fish in the m.; instem Sacramento River, Sacramento-San 
Joaqu in Delta, and the SWP and CVP is key to understand ing the emigration and rearing 
patterns of spring-ru n chinook salmon from Butte Creek. 

Ocean Harvest 

The Departmen t's Ocean Salmon Project (OSP) is responsible for sampling the recreational 
and commercia l ocean salmon fisheries at all Californ ia ports where significant numbers of 
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salmon are landed. The OSP typically samples at least 20% of the landings to ensure that the 
CWT recovery data from California's ocea n fisheries is comparable to the CWT data from other 
Pacific Coast states and Canada that provide data to the Regional Mark Informat ion System. In 
1997, the OSP began :ollecti ng fin-clip data in the course of Its usual port sampling for eventual 
DNA microsatellite analysis. Specifically , these data were collec:ed from all CWT fish that were 
recovered; a signific ant number of sa lmon less than 24 inches TL were sampled in the 
recreational fishery in the Gulf of the Farallones, during July through September 1, where 
anglers were required lo keep the first two salmon caught (except coho} regardless of size; and 
during the late April co:nmercial fis hery south of Lopez Point. 
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IX. SUGGESTIONS FOR FUTURE MANAGEMENT 

Disease 

Unimpeded passa9e for adults at fish ladders (like RBDD) and within stream channels is critica l 
in order to minimize the likelihood of physical injury, stress, and subsequent infec tion. Ensuring 
adequate flows for adults and juveniles is necessary to ensure adequate passage, as well as · 
adequate water temperatu res in order to minimize stress and disease proliferation during adult 
migration, adult holding, egg incubation (fungus problems), and juveni le rearing and emigration . 

Minimizing handling of adults at weirs and establishing a maximum water temperatu re criteria, 
after which handling is orohibited (temperature criteria~ 59°F), should also be emplo yed. 

For handling of juveniles during monitoring and tagging programs, the following protoco ls should 
be employed: (1) use of a buffered anesthetic solution; (2) water-water transfers, since exposure 
to air induces maximal stress response; (3) use oi smooth "soft" s~rfaces for examining fish; and 
(4) a maximum holding lime of one hour. 

Harvest 

Inland Sport Fishing Regulat ions 

Sport fishing regulations for spring-run chinook salmon within the Central Valley are summarized 
in Appendix C. Specific prote<.tions for spring-run chinook salmon In Mill , Deer, Big Chico , and 
Butte creeks were added to the regulations in 1994. In addition, existing regulations and 
changes which were incorpora ted for the protection of winter-run chinook salmon provide some 
level of protect ion for spring-run chinook salmon. The following additional changes, listed by 
tr ibutary, should be considered to provide complete coverage within the Central Valley . 

General : Currently, for '.he protection of winter-run chinook salmon, in the reach of the upper 
Sacramento River from the Deschutes Road Bridge to 650.feet be:ow Keswick Dam, where 
fishing is otherwise open for other species during a period when winter-run salmon are present , 
reg.ulations prohibit the removal from the water during the process of release , any salmon caught 
incidentally. This prohibition should be applied uniformly throughout the existing or potential 
range of spring-run chinook where existing regulations allow the possibility of incidenta l catch. 

Sacramento River. The Sacramento River is currently open to fishing from August 1 through 
January 14 in the reach from Deschutes Road Bridge to Bend Bridge, with a daily bag and 
possession limit-of two salmon. Spring-run salmon are present within this reach during the 
period August 1 to October 15. To eliminate any take of spring run, the regulation would need to 
be changed to a daily bag and possession limit of zero salmon, during that period. Additionally , 
the Sacramento River is open to fishing with a daily bag and possession limit of two sa lmon, in 
the reach from the Carqulnez Bridge upstream to Bend Bridge (approximately five miles 
upstream of Red Bluff} during the period July 16 through· January 14. Spring-run salmon , 
particularly in the reach from Hamilton City to Bend Bridge, are present during the period July 15 
throug h October 15. To prevent any harvest, the regulation would have to be changed to a daily 
bag and possession limit of zero salmon in the reach from Hamilton City to Bend Bridge during 
the period July 16 through October 15. 
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Feather River. The current regulations on the Feather River provide exposure for the take of 
Feather River spring-run salmon as follows: 

(1) in the reach from Table Mountain Bridge to the Highway 70 Bridge, open from 
January 1 through August 30, the bag and possessio n limit is two salmon; 

(2) in the reach from the Highway 70 Bridge to a point 100 yards upstream from the 
Thermalito Afterbay, open from January 1 through September 30, the bag and 
possession limit is two salmon; 

(3) in the reach from a point 100 yards upstream from Thermalito Afterbay outlet to 
the mouth of Honcut Creek, open from January 1 through October 15, the bag 
and possession limit is two salmon; 

(4) in the reach from Honcut Creek to the mout h of the Feather River at the 
Sacramento River, open all year, the bag and possession limit is two salmon. 

Given the issue oi FRH hybridization, the contribution of these fish to the sport fishery has no 
effect on maintenance of remnant wild spring-run populations . In the event that recommended 
future management of the Feather River includes re-estab lishment of true spring run, then 
regulatfons should be also by modified lo reduce exposure of-these fish to legal harvest. 

There is a potential for take of Yuba River spring run in the lower Feather River. Upon further 
examination of creel census information, the following regulation change could be considered: 

(1) from the mod h at the Sacramento Riverto the Highway 20 Bridge between 
Marysville and Yuba City would be open 2$ currently stated in the regulatiuns with 
the following exception 

(2) from March 1 through July 15, a gear restriction of artificial lures with barbless 
hooks and a daily bag and possession limit of zero salmon. 

Yuba River : The current regulations on the Yuba River provide for the potential take of spring
run salmon as follows: 

{1) the reach from the mouth at the Feather River to Daguerre Point Dam Is currently 
open to general fishing all year and closed to salmon fishing from October 16 
through December 31. However, from January 1 through October 15, the bag 
and possession limit fs two salmon; 

(2) the reach froM Daguerre Point Dam to the. Highway 20 Bridge, open from January 
1 th rough September 30, the bag and possess ion limit is two salmon. 

To prevent any take of adult spring-run salmon during upstream migration, the regulations would 
need to be changed as follows: 

( 1) the Yuba River from the mouth at the Feather'River to Daguerre Point Dam 
should rem air. open to general fishing all year, including the closure lo salmon 
fishing from October 16 through December 31. However, from March 1 through 
July 15, a gear restriction of artificial lures with barbless hooks, and a daily bag 
and possession limit of zero salmon shou ld be imposed; 
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(2) the Yuba River from Daguerre Point D<lrn to Englebrlght Darn shou ld be open to 
fishing from December 1 through September 1 with a gear restric tion of arti ficial 
lures with barbless hoo ks and a daily bag and possession limit of zer o salmon. 

Ocean Sport Fishing Reg ulat ions 

Based on the ocean recovery daia fo r FRH spring-run chinook, the current minimum size limi t of 
24 inches TL can be expected to nearly eliminate the take of age-2 fish, thereb y reduc ing the 
harvest of spring-run chinook by approx imate ly 26%. 

The tim ing of FRH spring-run chinook cwr recoverie s during the ocean recrea tional seaso n 
suggests that delay ing the opening of the recrea tion al ocean salmon seasons south of Point 
Arena could reduce the harvest of age-3 and age-4 FRH spring- run chlnook by at least 24% and 
27% , respective ly. In reality, the fishing morta lity may only be deferred to l::iter in the season if 
the fish do not leave the ocean to return to their natal tributaries. 

The Winter Chinook Ocean Harvest Model (CDFG 1989) shou ld be reviewed for possib le 
mod ification by including Crame r and Demko's cohort analysis parameters: it cou ld then be used 
to evaluate ih e effects of vario us ocean fish ery management measures such as seasons, size 
limits, fishing methods, etc . on spri ng-run Chinook spawn ing escapemen t. 

Sport and commercial o;ea n salmon fishing regul ations · for 1996-1998 can be fou nd in 
Append ix C. 

Habitat Restoration 

The two most recent restoratio n pl:cins within the Central V::illcy , Restoring Cen tral Valley 
Streams: A Plan for Action (Action Plan) (CDFG 1993), and the Revised Draft Restorat ion Plan 
for the Anadromous Fish Restoration Program, A Plan to Increase Natural Production of 
Anadromous Fish in the Central Valley of California (AF RP) (USF\VS 1997b), contai n both 
genera l and specific actions to benefit spring-run sa lmon. Many of the actions listed in both the 
Act ion Plan and AFRP have already been completed, and are summarized in this doc umen t in 
Seciion VIII. The following sect ions list continuing and yet to be completed actions , as identified 
in the Action Plan or the AF RP, wh ich will provide b_enefit to spring- run chinook salmo n. For 
additiona l details or actions, consult either the Action Plan or AFRP. 

Sacramento River 

In order to maintain or enha nce the potent ial for a sustaining population of spring run in the 
mainstem Sac ramento River , and to maxim ize the .migratory and juvenile rearing habit at for 
tributary popu lations, the follow ing actions should be implemen ted for the Sacrame nto River. 

(1) 
(2) 
(3) 

(4) 

(5) 
(6) 

Implement a river flow regulation plan. 
Implement a sched ule for flow changes. 
Continue lo maintain water temperatu res at or below 56°F from Kesw ick Dam to 
Bend Bridge to the exte nt co ntrollable . · 
Continue to ra ise the gates at the RBDD from Septembe r 15 through at least May 
14. 

Co ntinue to imp lemen t the Anadromous Fish Screen Program. 
Implement the current reco nstruct ion of the GCID fish screen and delivery 
channe l. · 
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(7) Contin ue to develop and implemeni the Senate Bill 1086 (SB 1086) plan to create 
a meander belt and protected riparian area from Keswick Dam to the mouth of 
the Feather River. 

(8) Continue with the operational and structura l changes at the ACID Dam. 
(9) Develop and implement a program to restore and replenish spawning gravel in 

the Sacramento River. 

In addition to the above mentioned action items, the gates-out operation at the RBDD should be 
extended from the present date.of May 14 to June 30, to provide maximum protection for spring 
run adults migrating into the upper Sacramento River and tributaries above Red Bluff. 

Clear Creek 

Current management plan:; include the establishment of a population of spring-run.salmon in 
Clear Creek which wiff require implementation of the following actions: 

(1) Provide flow releases from Whiskeytown Dam. 
(2) Remedy channel degradation from past gravel mining. 
(3) Reso lve passage at McCormick-Saeltzer Dam. 
(4) Develop erosion control/stream corridor protection program. 
(5) Replenish spawning gravel. 

Cottonwood Creek 

To continue to provide access for the few remaining spring run, which intermittently use 
Cottonwood and Beegum creeks, implement the following. action for Cottonwood Creek: 

(1) Restore stream channel to prevent the ACID Siphon from becoming a barrier. 

Battle Creek 

Existing restoratio'n plans recognize the excellent habitat potential for Battle Creek to support a 
sustaining population of spring-run salmon. Restoration of the full potential of Battle Creek 
requires the following actions: 

(1) Continue to allow adult spring-run chinook passage above Coleman weir. 
(2) Acquire wate r from willing sellers. 
(3) Construct fish screens on all PG&E diversions as needed. 

In addition to these actions , adult passage at Wildcat, Eagle Canyon, and North Fork Battle 
Creek Feeder dams on the l\orth Fork of Battle Creek, and Coleman and lnskip darns on the 
South Fork of Battle Creek need to be restored or improved. 

Antelope Creek 

To improve Antelope Creek's potential to support spring-run salmon, the·following action is 
needed: • 

(1) Supplement flows wtth water acquired from willing sellers. 

Fully restored access to Antelope Creek will also require evaluation of a more defined stream 
channel within the valley reach. 
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Mill Creek 

Mill Creek is recognized as supporting one of the three remaining self-sustaining spring-run 
salmon popu lations. The condition of spring-run salmon habitat within Mill Creek. is generally 
high quality. Actions intended to ensure the future sustainability of spring-run in Mill Creek are: 

( 1) Restore and maintain riparian habitat along lower reaches. 
(2) Develop a long-term solution for adult passage at Clough Dam. 
(3) Develop adequate instream flows in the valley reach of Mill Creek. 

Deer Creek 

Deer Creek, as with Mill Creek, is recognized as supporting one of the three remaining self
sustaining spring-run populations. As with Mill Creek, the condition of the spring-run salmon 
h;:ibitat is generally high quality. Act ions intended to ensure tflo, future sustainabil ity of spring-run 
salmon in Deer Creek are.: 

(1) Acquire water from willing sellers or through negofated agreements to 
supplement instream flows. 

(2) Restore and preserve riparian habitat along Deer Creek. 

Big Chico Creek 

Manageme nt actions to restore and maintain the potential for Big Chico Creek to maintain a self
sustaining population of spring-run chinook salmon require implementation of the following 
actions: 

(1) Maintain the Jron Canyon fish ladder. 
(2) Repair Lindo Channel weir and flshway. 
(3) Protect spring-run holding pools through easement or title. 
(4) Restore and protect riparian habitats along Big Chi:o Creek. 
(5) Screen a diversion just below Higgins Hole, the prime spring-run holding and 

spawning area. 

Butte Creek 

Butte Creek is recognized as support ing one of the three remaining self-sustaining spring-run 
salmon populations. Habitat conditions within Butte Creek are in relatively poor condition as the 
result of the numerous power generation and agricultural diversions. Significant restoration 
efforts, as discussed within this report, have already been implemented. To fully restore and 
protect the Butte Creek spring-run population the following actions should be implemented: 

(1) Maintain a minimum of 40 cfs instream flow below Centerville Diversion Dam. 
(2) Purchase existing water rights from willing sellers. 
(3) Install screens and a new ladder at Durham Mutual Dam. 
(4-5) Remove McPherrin and McGowan dams. 
(6) Adjudicate water rights and provide water master service for the enti re creek, 
(J-9) Install screen and ladder at Adams, Gorrill and Whtte Mallard dams . 
(10) Eliminate stranding at White Mallard Duck Club outfall. 
(11) Rebuild and maintain culvert and riser at Drumheller Slough. 
(12) Install screened portable pumps as an alternative to Little Ory Creek diversion. 
(13) Restore and maintain riparian buffer zone along creek. 
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(14-16) 

(17) 
(18) 
(19-21) 

(22) 

(23} 
(24-27) 

Feathe r Rive r 

Establish operational criteria for Sanborn Slough Bifu rcation, East and West 
channels of Sutter Bypass and Nelson Slough . 
Evaluate operationa l c.riteria and potential modification to Butte Slough Outfall. 
Evaluate alternatives or install a fish ladder at East-West Diversion Weir. 
Evaluate allemative.s and operational criteria at Sutte r Bypass weirs # 1, #2 , and 
#5. 

Evaluate passage alternatives , including a fish scree n, at Sanborn Slough 
Bifurcation structure. 

Evaluate fish passage , including fish ~creens, w ithin the Sutte r Bypass. 
Evaluate alternatives, including more efficient fish ladders, at Sutter Bypass weirs 
#1, #2, #3, and #5. 

There are two basic management needs which shou ld be addressed. The fi rst and most 
immedi ate need is to minimize and ultimately eliminate any neg ative effects of FRH spring run 
on natura l populations within the Central Valley. The planting protocol for FRH produced salmon 
should be structu red to minimize straying and introg ression wi th salmon in other waters . 
There is also a need to assess the potential for re-estab lishme nt of a discrete population of 
spring-run salmon in the Feather River. The prac tical constra ints of this action require that 
efforts be directed at the FRH population since it is not poss ible to separate t he races in the 
river. Efforts at the FRH to manage and select fish exhibit ing spring run characteristics should 
be implemented. Preliminary management tools should be based on segregation of early 
arriv ing fish . Only those fish with early egg maturity shou ld then be spawned . Evaluatio n of 
techniq ues and management options to segrega te the fall - and spring-run sa lmon and to best 
select for a spring -run phenotype should be Initiated imm ediate ly, with implementation as soon 
as possible. 

Yuba River 

Protection of the existing remnant numbers of spri ng-run and deve lopment oi the full potential of 
existing habitat in the Yuba River can be enhanced by implementing the follow ing act ions: 

(1) Supplement flows with water acqui red from wiffing sellers. 
(2} Reduce flow fluctuations. 
(3) Maintain adequate instream flows for temp erature contro l. 
(4) Screen all diversions to meet current Department and NMFS criteria. 
(5) Improve fish bypasses at water divers ions. 
(6) Improve adult and juvenile passage at Daguerre Point Dam. 
(7) Maintain and improve riparian hab itat. 
(8) Operat e reservoirs to provide adequa te water temperatures. 
(9} The feasib ility of removal of Eng lebright Dam to re-introduce spring run to 

their historic range should be evalua ted . 

Misce llaneous Tributa ries to the Sacramento River . 

The miscellaneous small tri butaries to the Sacramento River, as listed and discusse d elsewhere 
in this report, may be providing significant habitat for rearing juvenile spring-run sa lmon. Until 
the value of these nonnatal rearing areas is spec ifically defined, all efforts shou ld be made to 
eliminate any degradat ion of the existing habitat. In those instances where existing restoration 
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actions have been iden tified, such as the Action Plan or AFRP, such actions should be 
implemented. One such action is rep lacement of the barrier at GCID's main cana l cross ing on 
Stony Creek w ith a pema nenl siphon. GC I D has been selected to supply water to the 
Sacramento and Delevan Nationa l Wild life Refu ges and construc tion of a pennane nt sip hon at 
GC ID's main cana l crossing on Stony Creek Is a project feature. :lim inating the GCID barrier on 
Stony Creek would allow the nonnatal juve nile salmonids (includir .g spring run) to return to the 
Sacramento River as the flows in the creek gradually subside and temperatures rise . 

Bav-Delta Estuary 
Improvements to aquatic habitat in the Della are esse ntial to restcre the natura l production of 
anadromous fish in the Central Valley beca use hab itat in the Delta is highly degraded (USFWS 
1997b) . The follow ing are suggest ions for futu re ma nageme nt actions in the Delta for protecti ng 
sp ring- run chi nook salmon; 

(1) Increase delta inflows and outflows to improve in-De lta habitat quality and provide 
transport flows for rearing and migrat ing juve nile salmon . 

(2) Modify CVP and SW P divers ions to red uce the zone of Influence oi the pumping and 
to lessen the effects of entra inment. 

(3) Establish and enforce water qual ity and flow standards to protect native fish. 
reconsider the util ity of the QWEST criteria (ca lculated net flow for the lowe r San 
Joaquin) for managing flow-re lated habitat co nditions in the Delta for salmon. 

(4) Take act ions at CVP, SWP, and other public and private divers ion facilities to 
reduce salmon entrainment losses. 

(5) Develop addit ional habitat and vege tation zo nes w ithin the Delta. 
(6-8) Close the DCC gates when j uvenile salmon are present. 
(7) Increase the total allowable days , that the DCC can be closed during fa ll/winter 

months beycnd 45 days. 
(8) Allow closures to begin as early as October, if necessary , to protect spr ing run. 
(9) Red uce fish :noveme nt into Georgiana Slough. 
(10) Reduce the effects of dredging. 
(11) Reduce the effects of contam inants by red ucing input from agricultural, urban, and 

industria l point and non-poinl sou rces. 
(12) Delta salmon survival experime nts shou ld be further evaluated and new infon:nation 

developed in collaboration with the USFWS to assess juven ile salmon morta lity 
levels assoc iated w ith reve rse flows and "indirect losses• in the cent ral and so uthern 
Delta. 

Implementation of the f995 Bay/Delta Water Quality Control Plan: The SWRCB 
Environmental Report - Append ix 1 (ER) to the 1995 Bay-De lta Plan (SWRCB 1995) did not 
analyze poten tial impacts on juvenile sp ring-run ch inook salmon of implemen tation of the water 
quality standards during :he fa ll/winte r period. How eve r, the ER identified closure of the DCC 
gates for up to 45 days in November -January to protect spring- and possib ly winte r-run chinook 
salmon from being diverted off of the Sacramento Rive r. · 

The SWRCB Draft Environmental Impact Report (D EIR) for Implementation of the 1995 
Bay/De lta Wat er Quality :::ontrol Plan (SWRCB 1997a) does not discuss or ana lyze potential 
effect s to spring-run salmon. The SWRCB did analyze the potentia l impacts to spring run of 
seven alternat ives for approving the SWP and CVP pet ition for Joint Poini of Diversion (SWRCB 
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1997b). The SWRCB acknowledges this will result in increased exports and increased reverse 
flows from July-January and indicates increased fall and winter pumping may negative ly affect 
spring-run sa lmon because it co incides with smelt migration (Figures 56 and 57, Appendix E-6 
through E-8 and E-16 through E-18). 

The SWRCB has reques ted the Department's written find ing regarding the effects on listed 
species of the SWRCB 's proposed action for implementing the 1995 Bay-Delta Plan and 
approv ing the Joint Point of Diversion petition, and the Departme nt will include spring-run 
salmon in this finding. The Department will provide comments to the SWRCB on its 1997 DEIR, 
will test ify at water right hearings the SWRCB holds on the subject, and will provide a CESA 
biologica l opinion to the SWRCB. 

Implementation of -the CVPJA • Water Management and Delta Actions: The Centra l Valley 
Project Improvement Act Section 3406(b)(2) dedicated 800,000 acre-feet of CVP yie ld for use at 
the discretion of the USFWS, in coopera tion with the Department, for fish and wild life purposes. 
After five yea rs of deliberation and extensive public input, the USDOI issued a Final CVPIA 
Administrative Proposal for Management of Section 3406(b)(2) Water (800,000 acre-feet) 
(USDOI 1997) detailing the USDOI approach lo implementing this section of the Federal law for 
the next five years. It clarifies USDOl's intent to use all avai lable tools to minimize the impact of 
implementing the AFRP, inc.uding eight Delta Actions, to CVP water users. All but one. of these 
actions are aimed at improving Delta conditions for fish in the spring and summer. 

Seven AFRP Delta Act ions targeted for March-July will, in many years, result in reductions in 
CVP deliveries . The USSR will seek to offset water supp ly impacts by various means, most 
involving increasing exports at other times through use of the SWP pur:,pina capacity . The 
yearling spring-run migrants will likely be adversely affected by some o' these make-up 
operations. The priorities and benefrts of these actions shou ld be evaluated in relation to the 
likely adverse effects of water supply recovery actions on spring-run Chinook sa lmon. 

CALFED Bay-Delta Program; CALFED recently released a draft EIR/EIS for a Bay/Delta 
program to res tore the ecolo~ica l health and improve wate r management for benefic ial uses of 
the Bay-Delta sys tem. The B~y-Delta Program will address problems in four critica l resource 
categories: ecosystem quality, water quality, water supp ly reliability, and system integrity. As 
structured, the Bay-Delta Program consists of common programs for ecosystem restoration , 
water qual ity, water use efficiency , and levee system integrity which would be implemented in 
conjunction with one of several alternative water conveyanc e and storage packages. One 
element of the overall Bay-Delta Program 'is the Ecosystem Restoration Program (ERP) . It is a 
comprehensive effort to increase aquatic. and terrestrial habitats and improve ecologieal 
funct ions in the Bay-Delta to support sustainable populations of diverse and valuable plant and 
animal species. The ERP's approach is founded on the restoration of ecological processes 
associated with streamflow , stream channels, watersheds, and flood plains that create and 
mainta in habitats essential to species dependent on the Delta. Additionally, the ERP airns to 
reduce the effec ts of stressors that inhibit ecological processes , habitats, and species . 

To date, the Bay-Delta Program has Identified a technically superior alternative but has not 
identifi ed a preferred alternative. Thus, the effect of the Bay-Delta Program on spring-run 
salmon can't be assessed at this time. The ERP contains actions that would be genera lly 
beneficial for salmon, including spring-run. The extent to which adverse Delta hydrodynamic 
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cond itions and other deleterious factors in the Delta would be alle'liated by the Bay-Delta 
Program depends on which alternative is selected and imp lemented . 

CALFED Operations Group • "Operations Flexibility": The CALFED Operat ions Group 
deve loped and implemented a "monitor-and-response -approac h" for minimizing impacts to 
juvenile spring-run in the Delta during the 1996-97 and 1997-98 outmigration seasons . The 
Department belie.ves there are improvements needed to this type of approac h. 

The level oi impact to spring-run salmon that would initiate an operational response needs to be 
fully defined. The only clearly defined indicator of the need for a response is the loss of more 
than 1 % of any group of marked hatchery-reared late-fall run salmon at the SWP and CVP. 
Other general indicators rely on positive ident ifioation of j uveni le salmon as spring run at the 
SWP ::ind CVP , As described earlie r, the existing method for run identificat ion of j uveniles using 
size criteria has limitatio;is when applied to spring run. When faced with the question about 
whether a fish being lost at the SWP and CVP is a spring-run salrr.on , the Departmen t belleves 
the decision should be an inclusive one, rather than an exclus ive one, in order to provide a 
conservative estimate of the impact and the maximum protection .;chievable. 

The nature of the operational response that would be recommended to reduce observed spring
run impacts at the SWP and CVP in the fall or winter needs to be examined. The operations 
response has only been generally defined as a change in Delta flows, DCC operations, or SWP 
and CVP exports. When it is dry and the SWP and CVP are short on water stored south of the 
Delta, the option oi export reductions in the fall or winter to reduce spring-run salmon losses will 
be controversia l, since there will be no certa inty that water conditions will improve later. In four 
years, the projects have taken on some water supp ly risks to achieve desi~b le fishe ry 
outcomes . However, the dry year circumsta nce has not yet arisen . but it will and eventually it will 
happen In a series of consecutive years. 

Monitoring Programs and Studies 

Ocean Harvest 

It appears that some means of genetic stock ident ificat ion (GSI) is necessary to accurately 
eva luate the ocean fisheries' impacts on Sacramento River spring-run ·chinook salmon. The 
cost and logistics of tagging a sufficient number of wild fish , not to mention the sampling level 
requi red to produce reasonably precise estimates of the ocean har,est impacts on this run, 
make such a program questionable. Altho ugh, as discussed elsewhere in this report, even 
limited returns from either inland sampling or ocean harvest will prcvide valuable information 
relative to distribution and migration timing. The Department's OSP is responsib le for sampling 
the recreationa l and commercial ocean salmon fisheries at all California ports where significant 
numbers of salmon are landed. The OSP typically samples at least 20% of the landings to 
ensure that the CWT recovery data from California 's ocean fisheries is comparable to the CWT 
data from other Pacific Coast states and Canada that provide data to the Regional Mark 
Informat ion System. In 1997, the OSP began collecting fin-clip data in the course of its usual 
port sampling for eventual DNA microsatellite analys is. Specifically , these data were collected 
from all CWT fish ·that were recovered; a significant numbe r of sa lmon less than 24 inches TL, 
sampled in the recreational fishery in the Gu lf of the FaraUones , during July• September 1, 
where anglers were required to keep the· firs t two salmon caught (except coho) rega rdless of 
size ; and during the late April commerc ial fishery south of Lopez Point. 
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Fresh Water Ljfe History 

There -are vario us investigations involving spring-run salmon life-histcry in Central Valley 
streams which should be continued, coordi nated, or begun. 

Adult Existing adult population evaluations shou ld continue and be standardized where 
possible. In add ition to the more intensive efforts on Mill, Deer, and Butte creeks, standardized 
efforts and methodologies should be developed for the Yuba River, Battle, Ante lope, and Big 
Chico creeks. The potenti2I for tagging adults identified as spring run ascending the fish ladder 
at the RBDD shou ld be evaluated, and the benefit of this information Weighed against the risk of 
increasing adult mortality, This information could be incorporated with spring-run spaw ning 
surveys in the upper Sacramento River and Battle Creek. Similarly , tagging adults passing 
through barriers Within the Sutter Bypass, could provide valuable information relative to migr.ition 
routes, migration timing, and straying, 1f it were determined that the risk lo the population from 
tagging was sufficiently low. Limited carcass surveys should be instituted within each of the 
spawning tributaries to identify presence of marked fish. 

Juvenile: Investiga tions of emigration path an~ timing for juvenile spring-run chinook from Mill, 
Deer , and Butte creeks should continue and be expanded where necessary. Where sufficie nt 
numbers of j uveni les are available, generally in Butte Creek, tagging and downstream 
monitoring should also cont inue. C\/1/T fish from each stream of origin may be recove red at 
various sampling locations in the Sacramento River, Delta, and potentially in both the ocean and 
inland adull harvest sampling . Lengths of spring-run fish trapped in M'II, Deer, and Butte creeks 
at various time interva ls should be used to describe a frequency distribution for spring-run 
salmon. Such an analysis would serve to identrfy the distribution of lengths from the known 
tributary spring-run salmon in the overall dii::tribution of lengths from the various sampling 
stations outside the tributary streams. Sampling outs ide of the primary tributaries should 
continue to provide baseline compa rative length frequency distribution information. Suggested 
sites involve the ongoing programs at Red Bluff, GCID Fish Screen, Knights Landing, Sutte r 
Bypass, Sacramento River, and Chipps Island. 

Add itionally, juvenile emigration sampli ng should either be continued or inttiated on Battle Creek, 
Big Chico Creek , and the Yuba River. While the intensity of effort might be at a lesser level than 
the three primary tributaries, the investigations should be similar in scope. Long-term funding 
should be secu red. 

Run Discrimination: For Central Valley chinook sa lmon, the ability to detect, measure, and 
manage Impacts is confou nded by the diffic ulty in distingu ishing the runs from one another. The 
prim,iry method of assign ing a juvenile salmon to a particular run is based on a fish's size on a 
given day of the year. Substant ial deliberatio n about run classification ,:if juvenile salmon 
salvaged by the CVP and SWP has occurred each year. Size criteria are of limited use ·in 
identify ing spring-run chinoof< salmon because they spawn, incubate , and rear under the 
broadest range of env ironmental conditions of all of the Central Valley runs (very cold water 
streams at 5000+ feet elevation to lower elevation foothil l streams typically with warmer water 
temperatures , as desc ribed in this report 's section on habitat conditions in each spring-run 
tributary). Furthermore, the size criteri a also do not address the spring- run salmon with the 
yearling outmigration strategy. In the fall, these fish may be incorrect ly identified as either winter 
run or late-fall n.m based solely on the size criteria. 

Scd' 10n IX. ~ugc::ostions tu, Futu;e Management 
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Substantlal effort has been undertaken to develop a genetics-based method for the identificatio n 
of winter-run salmon. The research has found that some proportion of winter run have genetic 
markers that are either absent-or very uncommon in the other runs. This may one day enable 
probability-based estimates of the fraction of salmon in a sample that are-winter-run salmon or, if 
unique markers are found, a determination that an individual fish is a winter run. Salmon 
genetics research is continuing and has been expanded to include spring-run salmon. To date, 
exist ing research suggests that spring-run salmon appear to exhibit fewer distinguishing genet ic 
characteristics than in winter run. The work is still in the early stages and its potential to provide 
a practica l, affordable , and reliable method of run classification for Central Valley chinook 
salmon is still undetermined. 

Other research techniques which have the capability for discriminating between Central Valley 
chinook salmon runs, such as otoliths , should also be conducted. Such information ls necessary 
to improv.e the Department 's ability to manage harvest, develop run-specific escapement 
estimates , manage habitat, and regulate other facto rs that may be barriers to the management 
and restoration of each Centra l Valley salmon run. The Department is presently conducting a 
pilot study of Centra l Valley chinook salmon runs using otoliths for identify ing populations and 
tracking their surviva l based on known flow and temperature histO!ies through the Delta and 
ocea n fisheries througt adult escapement. This study should be continued on a fu ll-scale basis 
and should include all Central Valley spring-run chinook salmon populations. 

Age Composition for Cohort Reconstruction: The determination of the age composit ion for 
se lected popu lations of spring-run chinook should be initiated in 1998. 

Importance of Delta habitat for salmon : Decisions on water management and habitat 
restoration in the Delta need to be based on a clear, well-documented understandi ng of how 
salmon use the Delta. The Delta has been described by some as only a migration corridorfor 
salmon, connecting riverine spawning habitat to the ocean environment (Arthur et. al. 1996). 
Based on samp ling just upstream from and in the Delta, it has been well documented that 
juvenile salmon often enter the Delta before they are physiologically able to enter salt water, 
hence they must spend time, up to several months, in the Delta before migrating to the ocean 
(Snider and ntus 1996) . 

The relative importance of the Delta in providing essentia l rearing habitat for juvenile salmon 
needs to be bette r defined, including the extent to which these fish contribute_ to adult salmon 
populations. Category Ill funding has been allocated to the University of Washingto n, Seattle, 
and DWR fo r evaluations of newly created or restored shallow water habitat in the Delta which 
may yield some information on salmon use of the restored habitat. However, that research is not 
designed to address the population level consequences of Delta rearing by salmon using 
existing or restored habitat. IEP has funded the Department to begin a study of sa lmon growth 
and surviva l by examining otoliths. This work needs to be expanded to fully examine habitat 
availability and use to help determ ine the relative contrib ution of fish exhibiting different juvenile 
life-history patterns to subsequent adult salmon populations and th;, variat ion in thei r habitat use 
oi the Delta. This wou ld facilitate managing the Delta to accommodate the varied life-history 
strategies of juvenile Ce1tral Valley chinook salmon, including spring run. 
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Range Expansion/ Population Re-introductions 

There is a need to develop a policy relative to the issue of range expansion and population 
introduct ions for Central Valley salmon, particularly populations that are presently listed or 
proposed for lfsting under CESA or ESA. Within the existing or proposed spring-run 
management areas there are several issues to be addressed. Two recent evaluations have 
identified suitable habitat for spring-run salmon in upper Butte Creek in a reach above the 
apparent historic limit of travel (Hoftgrieve and Holtgrieve 1995, Johnson and Kier 1998). Given 
the significant reduction of available spring-run habitat as mentioned throughout this document, 
there is value in developing additional habitat. 

In those watersheds which may have historically contained a populat ion which has been 
extirpated, but which currently possess potential suitable habitat characteristics (such as Clear 
Creek) there is a need for a policy regarding a donor population source . Presen tly, management 
guidance ls given under the Salmon and Steelhead Stock Management Policy as presented in 
the section of this report Influence of Existing Management Efforts. While the Stock 
Management Policy provides general guidance, impacts to a potential donor source and issues 
of genetic integrity need to be more clearly defined and uniformly applied. 

Finally, the issue of physical separation of the various races Is relevant to spring-run salmon , 
particularly in those areas which consistently overlap with fall run. Each of the existing, and 
proposed spring-run populations has a possible overlap with early spawning fall-run salmon. 
The magnitude of returning hatchery produced fall run (particularly CNFH and FRH) in relation to 
the very small numbers of existing spring run, makes any hybridization from even minimal 
numbers of straying fall run a concern. In the three remaining sustain ing spring-run populations 
in Mill, Deer, and Butte creeks, physical separation of the two races is generally accomplished , 
as was the case historically , due to low flows and high water temperatures in t he valley reach of 
each of the creeks. There are, however, in some years as was seen in Butte Creek in 1997, 
large numbers of early arriving fall-run salmon overlapping the spring-run spawning area , both in 
lime and space. Currently , various barriers are either intentionally or coincidentally separating 
spring run and fall run. In the case of the CNFH Barrier for instance, the ladder over the barrier 
is intentionally regulated to limit large numbers of fall run from ascendir.g into spring-run habitat. 
In various other tributaries, including Butte Creek, in most years barrier5 and flow diversions fo r 
agricultural purposes limit iaU-run overlap with spring run. There are instance s where intentional 
blockage of spring run and fall run might be considered as a long-term management action, 
either to protect an existing population, or to re-establish or introduce a new population . 
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X. RECOVERY CONSIDERATIONS 

The Department's recovery objectives for Sacramento River spring -run chinook salmon are: 
( 1) the protection and enhancement of the existing natural popu lations; 
(2) the re-establis hment of addit ional , viab le native populations; and 
(3) the restoraiion and protection of nata l, rearing, and migrato ry streams within the 

Sacramento River basin. 

Natu ral populations and their essent ial habi tat must be sufficient ly abundant to ensure 
Sacramento River spring-run chinook salmon 's long-term survival. In order to achieve recovery , 
the remai ning natura l, rion-introgressed populations of spring run and any re-established nat ural 
pop ulations must be protected, monito red, and proven to be self-sustain ing to the satisfaction of 
the Department and the Commission. Recovery goals must ensure that the individua l 
pop ulations, as well as the collect ive metapop ulation , are sufficiently abundant to avoid genetic 
risks of small popu lation size. Thus, recovery goals need to address abundance levels (adu lt 
spawn ing escapements), population stability criteria, population distribution, and length of time 
for determining susta inability. 

The petition specifically recommended population recovery ·objectives within each tributary . The 
petition 's recomme ndations appear to have been based on population restora tion goals 
contained in the Department's 199.3 report titled Restoring Central Valley Streams: A Plan for 
Action . Those restora tion goals were establi.shed to satisfy the CVPIA anad romous fish 
doub ling goa l. They were not developed as, and shou ld not be equated to, recovery goals . 

The USFWS Recovery Plan for the Sacramento-San Joaquin Def ta Native Fishes ( 1995a} has 
recommended resto ration objectives and cr1ter1a for Sacramento River spnng-run chinook 
salmon based on the objective of establishing self -sustain ing populations which will persist 
indefin itely fo r each species addressed. Additionally , the plan's population goa ls for chinook 
salmon runs include extra adult production for allowing sustained limited harvests of each run. 
The plan states tha t restoration will be measured by three interacti ng criteria: 

(1) presence of self-sustaining spawning populations in Deer and Mill creeks; 
(2) total numoor of spawners in Deer, Mill, Antelope, Butte, Big Chico, 

Beegum , South Fork Cottonwood, and Clear creeks (if the Yuba River 
proves to stiil have a natural run of spring-run chinook, ihe population goal 
should be raised by whatever number of spawners the stream can 
support ) ; and 

(3) smelt sur, ival rates throug h the-Delta . 

In conclusion , the plan states that •resto ration goa ls can be achiaved only if the re is 
simultaneous improvement of conditions in spawning and rearing streams , in the Delta for 
passage of j uven iles and adults, and improved management of the fishery to allow for increased 
survivorsh ip of adu lts during periods of low population size ... • 

The Department will develop recovery goals and de listing criteria based on the best scientific 
information availab le , including conside ration of the information provided in the USFWS (1995a) 
Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes. The Department will also 
annually re-exam ine the status of Sacramento River spring-run chinook . Whe n, in the 
Department 's ju dgemen t, recovery goals and delisting criteria have been met , lt will make 
recommendatio ns to the Commission regard ing changing its legally designa ted status under 
CESA. 

Section X. Recovery Considerations 
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XI. ALTERNATIVES TO THE PETITIONED ACTION 

In the absence of listing, the Department would continue to monitor the species' status and 
oversee implementation of habitat restoration actions where possible. Sacramento River spring
run chinook salmon would receive an additional level of recognition compared to an unlisted 
species, since it has been designated a "Monitored Species" (CCR Title 14, Section 670.6) by 
the Commission. However, it is unlikely that protection for spring-run would receive the same 
level of priority if it was not listed. Without the benefits of listing, Sacramento River spring-run 
populations could decline further, until their population is no longer viable. Regardless of listing 
status, without the full cooperation of other agencies and the public in preservation, restoration, 
and recovery actions, spring run could still continue to decline. Eventually, extinction could 
occur. 

If the Commission finds that listing the Sacramento River spring-run chinook salmon is not 
warranted, this fish would be deprived of protection provided through recognition and formal 
consultation available to a listed species. When a species is listed as Threatened or 
Endangered, a higher degree of urgency is mandated, and its protection and recovery receives 
more attention from the Department, other agencies, and the public than non-listed species. 
The species would also receive protection from unauthorized take pursuant to CESA. 

In contrast to many other listed species, funding for restoration actions in the upper Sacramento 
River and tributaries has been forthcoming recently, as a result of State and Federal legislation 
aimed at habitat and fisheries restoration. It is unlikely, however, that listing would increase 
restoration funding specifically targeted at Sacramento River spring-run chinook salmon. 
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XII. PROTECTIONS RESULTING FROM LISTING 

If listed as Threatened, the Sacramento River spring-run chinook salmon would receive spec ial . 
con siderations and protection under CESA and CEQA that are not generally afforded unlisted 
species . If listed, spring run will be eligible for the allocation oi resources by government 
agencies to provide protection and recovery. 

If listed , spring run will also receive protection from ia king as provided for in CEQA and CESA. 
The status of listing provides a species with recognition by lead agencies and the public, and 
significan tly greate r consideration is given lo the Department's re,:ommendations resulting from 
project enviro nmental review. The CEQA review process is designed to provide for full 
disclosure of potential impacts resulting from proposed development projects. Whe n it is found 
that a proposed project may result in the loss of individuals or habitat for State-listed species, 
CEQA requires a mandatory finding ot significance and preparation of an EIR. For projects with 
a State lead agency , the lead agency is required to fomially consult with the Department to 
determ ine the nature of impacts to the State-listed species and develop mitigation measu res to 
reduce or eliminate such impacts. 
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APPENDIX A 
Section 2074.4 of the Fish and Game Code requires the Department of Fish and Game to notify 
affected and Interested parties and landowners and to solicit data and comments on petitions 
accepted by the Fish and Game Commiss ion. To fulfill this requirement, the Department sent 
Public Notices (Appendix A-1) to persons and organizations listed herein (Appendix A-2) . Legal 
Notices were placed in the newspapers indicated below (Appendix A-3) : A list of individuals , 
organizations, and government agencies that responded to the Public Notice is provided here in 
(Append ix A-4). Title 14, Section 670.1 CCR requires the Department solicit Peer Review of 
the draft Status Report . A list of Peer Reviewers is contained in Appendix A-5. A summary of 
Peer Review comments is contained in Appendix A-6. The Department's responses to Peer 
Review Comments Is contained in Appendix A-7. 
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STAlt Of CAUFOltNl"'--lME RESOURCES ACENCV 

DEPARTMENT OF FISH AND GAME 
1416 NlNTH STREET 
f>.O. BOX 94"209 
SACRAMENTO, CA 9~2U.1090 
(916)65~194 

TO WHOM IT MAY CONCERN: 

October 9, 1997 
PUBLIC NOTICE 

PETE WILSON. ~r 

Pursuant to Section 2074.4 of the California Fish and Game Code (FGC), NOTICE IS 
HEREBY GIVEN that on June 13, 1997 the California Fish and Game Commission (Commission) 
accepted a petition from the Department offish and Game {DFG) to amend the official State list of 
endangered and threaiened species (Sec. 670.2 and 67U.5, TiUe 14, California Code of Regulations) as 
follows: 

Species 
Sacramento River Spring-run Chinook Salmon 
(Oncorhynchus ishawytscha) 

Proposal 
Endangered 

NOTICE IS FUR1HER GIVEN that. effective June 27, 1997, the Sacramento River Spring-
run Chinook Salmon is a "candidate species" pursuant to Sec. 2074.2. FGC, and pursuant to Sec. 2085, 
FGC, may not be taken or possessed except as provided by Sec. 2081 and 2091 of the FGC, or other 
applicable statutes, or in accordance 11.tjth the terms of the Special Order Relating to Incidental Take of 
Sacramento River Spring-run Chinook Salmon During Candidacy Period (Special Order), adopted by 
the Commission on June 13, 1997. The Special Order was published in the California Regulatory Notice 
Register, Register 97, No. 26-Z, on June 27, 1997. A copy of the Special Order is available from the 
Commission, l416Ninth St., Sacramento, CA 95814, (916) 653-4899. 

The California Endangered Species act (Sec. 2050 et seq., Chp. 1.5 FGC) requires that DFG 
notify affected and interested parties that the Commission has accepted the petition for the purpose of 
receiving information and comments that will aid in evaluating the petition and detennining whether or 
not lhe above proposal should be adopted by the Commission. DFG will review the petition, evaluate 
the available information, and report back to the Commission whether Ole petitioned action is warranted 
(Sec. 2074.6, FGC). DFG's recommendation must be based on the best scientific information available 
to ihe Department. DFG must provide its recommendation to the Commission not later than 
June 26, 1998. Therefore, NOTICE IS FURTIIER GTVEN persons v,ith data or comments on the 
taxonomic starus, ecolo~. biology, life history, management recommendations, distribution, abundance, 
threats, habitat that may be essential for the species, or other factors related to the status of the above 
species, is hereby requested to provide such data or comments to: 

Inland Fisheries Division 
California Department of Fish and Game 
14 16 Ninth Street 
Sacramento, California 95814 

Copies of the petition may be requested from the above address. 
Responses receiYed by the November 21, 1997 will by included in DFG's final report to the 

Commission. If DFG concludes that the petitioned action is warranted, it v,ill recommend thai the 
Commission adopt the above proposal. lfDFG concludes that the petitioned action is not warranted, it 
will recommend that the Commis.sion not adopt the proposal. Following receipt of the DFG' s report. 
the Commission will allow a 45-day public comment period prior to taking any action on the DFG's . 
recommendation. 

., (}!;,-~ 1~ :., C 
Timothy C. Farley, Chie~ 
Inland Fisheries Division 
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DAN BACHER 
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RANDY BAILEY 
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LINCOLN CA •5648 

l.YNN SARAI$ 
BUTTE ENVIRONMENTAL COUNCI_ 
2830 HOUSE AVE. 
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RICHARD BAUMANN 
VI. SHASTA RC.O. 
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REDDING CA 98001 

CHUCK&JERJ BENEDICT 
8\JTTE CilEfX WATERSHED CONSERVANCY 
6093 TIMBER RIDGE 
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SIU. SERENS 
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RAY l ANS£ 81ANCHI 
PARTNERS IN EDUCATION 
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HAT BINGHAM 
PCFFA 
aDX 783 
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P.O BOX 121 
DURHAM CA 9S38 

UOYD ABSHI.ER 
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OONERMAN 
CENTER FOR WA1'ER & WllDLANO RESOURCES 
U.C.OAVIS 
DAVIS CA 95816 

l<ATliY FAASTER 
BA m..ECREEX MEADOWS RANCH INC. 
36605 STATE HIGHWAY 16 
WOOlllAND CA 05885 

SC01T FERRIS 
VICE PRESIDENT 
HOR CAl GUIDES & SPORTSMEI/ 
80X<t82063 
REDOr.NG CA 8604-4 

JOIIN FORNO 
SIERRA PACIFIC. IIIOUSTRIES 
P.O. BOX820 
SUSANVILLE CA 96130 

DANIEL FREE 
U.S. FOREST SERVICE 
2"411 HATCHERY RD. 
ANDERSON CA 9e007 

Bill GAINES 
CAI.IF. WATERFOWL ASSOC. 
,,.-6$) NORTHGATE BLVD, #150 
SACTO CA 951!34 

LES GERTON 
795 CAPRICE WAY 
CHICO CA 9S928 

V,<;NDELL GILGERT 
USOA-NRCS 
1321! NORTI-f ENRIGHT 
WlltOWS, CALIFORNIA 95988 

JIM GOODWIN 
120 INOEPENOENCE CIR 
STEG 
CHICO CA 9S973 

DAN & RICHARD GOVER 
GOV.R RA.NCH 
JT/6 GOVER RO. 
ANDERSON CA ~7 

DAN GROMER 
◄701 PEALE ORM 
SACRAMENTO CA 959◄2'2418 

M.M. HAGEN 
G.CJ,D. ANO NCWA 
22979TEHAMAAVENUE 
GERBER CA 96035 

JUODHANNA 
MCCCiRCLE S RANCH 
MIU CREEK CA 96061 

STEVE EVANS 
FRIENDS OF THE RIVER 
128 J ST. 2ND FLOOR 
OLD SACRAMENTO CA 05014 

RON FEHRINGER 
CH2M ijlLL 
P.O. BOX 492◄7B 
REDOING CA 96001 

BARRY FORD 
COWNS PINE COMPANY 
P.o. eox 195 
CHESTER CA 96020 

JAY FRANCIS 
COWNS PINE COMPANY 
P.O. BOX796 
CHESTER CA 96020 

GEOFF FRICKER 
11mCAS1LE ROCJ<CT. 
CHICO CA 95929 

JAY GAAR 
DUCKS UNLIMITED INC. 
16'0 E. CLAY ST. 
COLUSA CA 95'32 

BILL GEYER 
RES-OURCE LANDOWNERS COALffiON 
,020 I(_ STRi ET #33 
SACRAMENTO CA 95814 

ERIC GINNEY 
CALIFORNIA STATE UNrvE.RSITYCHICO 
81.JTrE CREEK WATERSHED PROJ, 
13' 19 Lit.A lN., . 
CHICO CA 9592a 

CAY GOUDE 
U.S. FISH ANO WILDLIFE SERVICE 
l310ELCAM INOAVE 
-SACAAME.NTO CA 95Slt~O 

ZEKE GRADER 
PCFF A 
POST OFACE BOX 29210 
S. F. CA 94129-0910 

UNOAGROSS 
P.O. SOX767 
CHESTER CA 96-020 

TODD HAMER 
AMERICORPS WATERSHED PROJECT 
9(l31 tfN'f99 E 
LOS MOUNOS CA. 96055 

STIJHANNA 
SUPERINTENDENT 
STANFORD-VINA IRRIG, DIST. 
P.O. BOX27A 
VINA CA96092 

BRUCE F,'.RRIS 
5'll WATHENS 
CLOVIS CA 93811 

STEVE FEl TE 
P,0,2-4-0ll 
PARADISE CA 115967 

PHIL FORD 
3574 EBBY LANE 
ANDERSON CA "6oo7 

STEPHEN FRANK 
DEER CREEi< IRRIGATION 
BOX28 
VINACAM09.2 

ROOFUG(TA 
EDF 
ROCJ<RJOGE MARKET HAll. 
5655 COLLEGE AllcNUE 
OAKLAND CA IM61~1S83 

JIM&OIAHE GAUMSR 
DEER CREEK WATERSHED CONSERVANCY 
580 PASEO COMPANEROS-
CHJCO CA 959 28 

·SUZANNE GIBBS 
BIG CHICO CREEi< WATERSHED ALLIANCE 
llt:12 t. n H STREET 
CHICO CA 95926 

KIRK GIUSTI 
926 E. HILLCREST AVE 
YUBACCTY CA·95991 

GEORGE GOUGH 
CALIFORNIA CA 1TLEMEN'SASSO(;lATION 
1221 H STREET 
SACRAM!:HTO CA 95814-

LEE GRISOM 
office OF PLANNING AND RESEARCH 
1400 1on-t STREET 
SACRAMENTO CA B:541" 

ALLEI/ GROV"'cS 
1S-28 HEALOSBURGAVE. 
HEALDSBURG CA 95'48 

BILL HAMILTON 
DES 
UC DAVIS 
OAVIS CA. R5&16 

BLAINE HANSON 
LANO ANO WATER RESOURCES EXT 
U.C. DAVIS 
DAVIS CA 95616 



CHUCK MANSON 
t\ANSON ENVIRONMENTAL INC 
132 COTTAGE LANE 
WAI.HUT CREEK CA 04595 

Ye/DY HEATON 
BATTLE CREEKMEADOWs RAHCtt 
:iall SANTA YNEZ WAY 
SACRAMENTO CA 95816 

LEHHEIST 
183SHW(, 20 
COLUSA CA 95932 

RALPH HINTON 
DEPARTMENT OF WATER RESOU'ICES 
2"40 MAIN ST. 
RED BLUFF CA 86080 

EUSE HOl.LAND 
THE BAY INSTTTUT'E 
625 GRANO AVE. SUITE 250 
SAN RAFAEL CA 94901 

JEANNE&BILL HUBBARD 
202SA .SPRUC E 
CHICOCA.959~ 

PETER HUJIK 
'TNC.DYE CREEK RANCH 
~1010 FOOTI-IILLRD. 
L03 MOLINOS CA ~!J!:a!> 

JEFF JARACZESKI 
NORTHERN CALIF. WATER ASSOC. 
•ss CAPITOL MALL SUITE 335 SACAAMENTO CA 
9581 ~ 

MARYKAEJ.1S 
BUTTE CREEK WATERSHED CONSERVANCY 
l51Z >'31'H ST. #2 
SACRAMENTO CA 95814 

JUUEKELLY 
SIERRA PACIFIC IND. 
POST Ot:FICE BOX 4960U 
REDOING, CAlJfORNIA 96069. 

OAVIO KENNEDY 
DIRECTOR 
OEFARTMENT OF WATER RESOURCES 
PO BOX 942836 
SACRAMENTO CA 942:lo,.,0001 

MARIANNE KIRKLAND 
US F $1 . AFT. 9 
DAVIS CA 95618 

lO UIC YJ,£ 1U 
P.O. SOX 845 
RED BWF'F CA 96080 

GEO HARMS 
P.O. BOX 132 
VINA CA 96092 

DON HEFFREN 
W!:STERN CANAL/GORRILL 
P.0.BOX.27 
DURHAM CA 95938 

LES fl ERINGER 
SAC. VAll.EY LAHDOWNERS·ASSDC. 
3964 CHICO RIVER RD. 
CHICOCA9$928 

STEVE HIRSCH 
METROPOUTAN WATER 04STRICT 
OF SO. CALIF. 
1121 L ST. SUITE 800 
$,6.CRAMeNTO CA &S~1"1 

RICH HOLMAN 
CALIFORNIA STATE UNIVERSITY CHlCO 
2299 8AR TRlA»GLE ST. 
CHICO CA °"928 

MARY HUGGINS 
3861 MARY ANH LANE 
LAKE ALMP.NOR CA 86137 

MJCHAEL JACKSON 
QUINCY UBRAAY GROUP 
POST OFFlCE eox ~, 
QUINCY CA 95971 

BILL JENNINGS 
DELTAKEEPER CSPA 
3538 RAINIER., 
STOCKTON CA 9520.« 

KAYLENE ICELI.ER 
PUBLIC SERVICE RESEARCH PROGRAM 
UC DAVIS 
DAVIS CA 85616 

?ATRJCKKELLY 
000 E. 1811-i ST . 

·CHICO CA 9592a 

GARY KERHOULAS 
BUTTE SINKWATERFO'M.ASSOC. 
1'561 "C" N. BUTTE RO. 
LNE OAK CA 95953 

MARTY KJELSON 
U.S. FISH AAO VALOLIFE SERVICE 
4001 N. W'JLSON WAY 
ST0CKTON CA 9S205: 

STEWART KNOX 
DEER CR. WAT'ERSHEO CONSERVANCY 
P.O. BOX 116 
VINA CA 96092 

ALLEN HAR'THORN 
BUTTE CREEK WATERSflED CONSERVANCY 
POSTOFFICE SOX 1811 
CHICO CA 95827-1611 

DENNIS HEIMAN 
C.V. REGIONAL WATER 
OlJALITYCOHTROL BOARO 
◄15 KNOLCREST OR. 
REDOING CA 96002 

ROBERT HERKERT 
CAlJFORNIA RICE INDUSTRY 
2S38 THIRD STREET 
COLUSA CAUFORNIA 95932 

OUINHOGAN 
1821 RIVER RO. 
CHlCO CA 9S928 

DON HOLTGRIEVE 
DEPT. GEOGf<APHY & PLANNING 
CAUFORNIA STATE UNIVERSITY CHICO 
CHICO CA ·SS929-CM2S 

LINDA HUGHES 
NRCS 
2 SUTTER ST. •D 
RED BLUFF CA 96080 

DIANA JACOBS 
STATE LANDS COW.USSION 
100 HOWE AVE;, !::iUITE 100 SOUTK 
SACRAMENTO CA 95825 

DICK JOHNSON 
BUREAU OFLANOMANAGE!AENT 
JSSHEMSTAODR, 
REOOING CA 96002 

JULIA KELLEY 
PRESIDENT 
DEER CREEK WATERSHED 
P.O. BOX 307 
VINA CA 96092 

RICHARD KELLY 
EXEC sec. SHARE 
1357A HAR'TNELLAVENUE 
~EOOING CA 96002 

BlllKJ ER 
IOER ASSOCIATES 
207 SECOND ST. STE. 6 
SAUSALITO CA 9<965 

DAVID KLASSON 
1544 MAGNOLIA AVE. 
REDOING CA 96001 

CYNTHIA KOEHLER 
W.ilJRAL HERITAGE INSTTTUTE 
11' SA.NSOME S1'E ,200 
SAN FRANClSCO CA$.4104 



MICKAEL KOSSOW 
FPW/MCA 
P,O.BOX225 
TAYlORSVlLLE CA.85983. 

ERIC LARSEN 
DEPT. OF CML & ENVlRON ENG 
U.C. DAVIS 
DAVIS CA 95615 

JIM LECKY 
NATIONAL MARINE ASHERIES SEMCE 
501 WEST OCEAN BL\/0 
SUITH200 
LONG BEACH CA 90801..C213 

MARTHA LENNIHAN 
lAWOFFICE 
'55 CAPITOL MAU SUITE 300 
SACAAMEh1'O CA 9SSt• 

STACY U 
AQUATIC SYSTEMS RESEARCH 
P.O. BOX 251 
LOOMIS CA 95650 

J!M LOWDEN 
LOS MOLINOS MUTUAL WATER CO. 
P.0 . SOX211 
LOS MOLINOS CA 96055 

YVONNE MABEE 
TOWER PARK MARINA 
14900W . liVI/Y. t2 
LOOI L:A.95242 

MARY M-"DISON 
INFO CENTER FOR THE ENVIRON 
UC DAVIS 
DAVIS CA 95$16 

ROGER MASUDA 
TURLOCK IFl:R!GATION DISTRICT 
517 E. OUVe ST 
l\JA.LOCK CA 95380 

MIKE MCCOY 
DEPT ENV. SCIQJCES 
UC !)AVIS 
DAVIS CA 9S51o 

MELANIE MCFARLAND 
LASSEN NATIONAL F0Re"S7 
-55 SOUTH SACRAM.E.NT9 ST 

PATTY MCKE!.VEY 
75$3 BRUNO WAY 
SACRAMENTO CA 95828 

GERAUl MERAL 
EXECUTIVE OiRECTOR 
Pt.ANNING ANO CONSERVATION l..EA3UE 
909 12™ ST SUITE 20~ 
SACRAMENTO CA 95814 

OAI.ElACKEY 
81911>.lN STREET 
FORTUNA CA 055'0 

DOUG I.AllMER 
MILL CRfEJ< CONSERVANCY 
817 VETERANS BLVD. '213 
REDWOOD CITY CA 8'1063 

ROY LEIDY 
El? ASS=TES 
1200 2nd ST STE2oo 
SACRAMENTO CA 9581' 

KENt.am 
US BUReAU OF RECLAMATION 
2800 COTTAGE WAY 
SACRAMENTO CA 95825 

Btu LIEBHARDT 
SAREP 
UC DAVIS 
OA\11$ CA S.5615 

JOH.N LO\'VRIE 
USDA.,NRCS 
2121-C SECOND ST STE 102 
DAVIS CA S5616 

DORENE MACCOY 
US GEOLOGICAL SURVEY 
WATER. R~URCE.S 0MC-ION 
28oo·co nA GE WAY RM. W2233 SACRAMElno 
CA9S625 

JERRY MAPES 
PO B0X ◄76 
MT SHASTA CA 96067 

ROGER MATHEWS 
CHICO CR. WATERSHED CONSERVANCY 
P.O. BOX 4342 
CHICO CA 95927 

JULIE MCDONALD 
SIE.'R:AA t;LUtl 1.1::GAt DEFENSE FlJNO 
t80 MONTGOMERY ST. 11,00 SAN FRANCISCO 
CA 9◄ 10< 

DOUGLAS MCGEOGHEGAN 
CiO GUNNERSFIELO ENTERPRISES INC 
POST OFFICE BOX 626 
MAXWELL CA 959-SS 

V.,LtJAM MCKINNEY 
1223" RIVER RD. 
CHICO CA 95973 

DEBRA MERLISS 
surre CREEK WATERSHED CONSERVANCY 
11791 RIDGE RIM ROAD 
CHICO CA 95928 

JUDrTH LAAOCCA 
13505HEUTOWNRD. 
CHICO CA 95928 

BJUlAWiORN 
BUREAU OF !ANO MANAGEMEliT 
355HEMSTED 
REDDINGCA96002 

CkRIS LEINJNGER 
DEER CK WATERSHED CONSERVANCY 
P.O. SOX307 
VINACA960$2 

RUSSEU LESKO 
LASSEN PARK 
P.O. BOX 100 
MTNERAt. CA oecno 

DAVE LINDSTROM 
5925 QUAIL HAVEN LANE 
MANTON CA 96059 

WILSON l YTHGoE 
5301 SHEPARD A\IE.NUE 
SACRAMEIITO CA 95819. 

PHIL MACKEY 
MT. !ASSEN TROUT HATCHERY 
2812S HWY, 36E 
RED BLUFF CA 96080 

PAUL MASLIN 
BIOLOGY DEPAAlMEIIT 
CALIFORNIA STATE UNIVERSITY CHICO 
1621 ARBUTlJS 
CHJC0 CA 95926 

HARRY MAYBIN 
CHILDS MEADOWS R£SORT 
P.O. SOX 7267 
Cl-f!CO CA 95927•7267 

BARl:lAAA MCDONNELL 
BAY-DELTA OVERSIGHT COUNCIL 
U1S STH ST. 
SACRAMENTO CA esa25 

MIKE MCGINNIS 
U,C. SANTA BARBRA MA.RINE SCIENCE 
INSTITUTE 
BUILDING us OCPC 
SANTA BARBARACAll3106 

KEU Y MEAGHER 
1781 HONEY RUH 
CHICO CA 95928 

JOHN MERZ 
SACRAMliITTO RIVER 
PRESERVATION TRUST 

P.O. BOX 5366 
CHICOCA9SQ27 

~ 



ROGERME'tER 
3455 IM-IITE OAK OR. , 
COTTONWOOD CA 9E022 

STEVE MITCHEi.SON 
I.ASSEN VOLCANIC NATL PARK 
s6x 100 
MINERAL CA 98063 

DICK MOS$ 
FRIAN1'WA TER USERS AUTHORITY 
M4 N. HARVARD 
LINDSAY CA 83247· 

SCOTT MURPHY 
IZAAKWAlTONUaAGUE 
P.O. BOX 3051 
CHJCO CA 95927 

DAJ.ENELSON 
DURHAM MU1\JA!. WATER CO, 
P.O. SOX 612 
OURJ{AM CA 95938 

ANniONY NICOSIA 
P.O. BOX A97S 
CHICO CA 95927-C9i'6 

DICK O'SULLIVAN 
RT, 3 BOX 90 
PAYNES CREEK CA 95075 

JOHN OMAHA 
RITUAL ELDER 
HUMAN/TY RISING 
P.o,soxs2a 
CHICO CA 95927-0528 

JEAN OSCAMOU 
PG&E 
1S449 HUMBUG RO. 
MAGAL.IA CA 9~954 

JOHN OST 
CHl~OA.REA.F'LY FISHERS 
1255 E, LINDO AVE. 
CHICO CA-95926 

TONI OURAONIK 
WATERSHED STEWARDS PROJECT 
INSTITUTE FOR FISHERIES RESOURCES 
P.O. BOX 29195 
·SAN FRANCISCO CA 94129 

E.RNST PASCHKE 
NA:CS-USDA 
1511-8 sum HOUS!Nto. 
YUBA Cm' CA 95993 

ROSEMARY PIERCE 
SCRCD 
1511-B sum HOUSE RO. 
YUBA CITY CA 95993 

BOB MILEY 
VICE PRESIOEIIT 
TEHAMAFLVFISHERS 
755 LAKESIDE DRIVE 
RED BLUFF CA i6080 

CHRIS MOBLEY 
NATIONAL iJARINE FISHERIES SERVICE 
m SONOMAAVe. RM 325 
SANTA ROSA. CA 9S<OA 

PETER MOYLE 
DEPT. IMLOUFE FISH & CONSERVATION 
BIOLOGY 
u~c. DAVIS 
DAVIS CA 95616 

CASsMUTTERS 
UC COOPERATIVE EXTENSION 
2:279 B DEL OROAVE. 
OROVIULE CA 95955 

LARRY NELSON 
LOS MOUN OS MUTUAl,. WATER CO. 
P.O. BOX211 
LOS MOUNOS CA 98055 

JENNIFER NI.El.SEN 
HOPKJNS MARINE STATION 
OEPT, OF BIOLOGY 
STANFORO UNM:RSFTY 
PAOIAC GROVE CA 93&50 

PAUL OUN 
MARINE ADVISOR 
UC COOP!!AATIVC ~NSION 
26o.4 VEHTURA.AVE. RM.10!iP 
SANtA. ROSA CA 95401 

BOB ORANGE 
PO BOX498 
CHESTER CA 98020 

ISAAC OSHIMA 
PUBLIC SERVlCE RESEARCH PROGRAM 
U.C. DAVIS 
DAVIS CA 9'61& 

STEVE OlTEMOELL,Ef:\ 
\~STLANDS W,A TER OISTRICT 
P.O. BOX-0056 
FRESNO CA 93703 

CANDACE OWENS 
13815 TRINITY AVE, 
RED BLUFF CA 96080 

JA.."ON PELTIER 
CVPWA; 
1S2t 1ST. 
SACRAMENTO CA 95814 

JOHN PITTER 
DEER CREEK IRRIGATION OIS'rRICT 
P.O. SOX322 
VlNA CA '>6092 

ICJRKMILLS 
7149 l.AVAL CT. 
CARMICHAEL CA 95608 

HARIMOOI 
NCPA 
180 CIRBY WAY 
ROSEVILLE CA 95678 

OONA!.O MURPliY 
OEPARlMENT OF PARKS ANO RECREATION 
PO BOX 9'2836 
SACRA.MENTO CA &4296-001 

LUISA NAVEJAS 
FOUR \'l,1NQS OF INOIAN EDUCATION 
P.o. sex .c1ao 
Ck!CO CA 9::i927 

TOM NELSON 
SIERRA PACIFlC INO, 
P.O. S.OX <496014 
R£00fNG CA 960ol9-601.c 

JESSE NOELL 
EPIC 
POST OFl'ICE BOX 357 
GARBERV1LLE CA 95542 

MlCf!AEL OLIVER 
8l1TTE CREEK WATERSHrn CO~SE.RVAJJCY 
13835 CSNTERVILI.E RO, 
CHICO CA 95928 

G.T. ORLOB 
OEPT. CML & ENVIRONMENTAL ENGINEERING 
U.C. DAVIS 
DAVIS CA 9551.6 

TIM.Oll-tY OSMER 
SALMONIO RESTORATION FEOERA TION 
P.O. BOX 340 
CAZAOERO CA 95421 

PJ OTTESli.N 
10S-4WEI..MV,JQ.QDAVENVE 
STOCKTON CA 9520< 

At.BERTO PAUER ONI 
ANIMAL COMMUNICA.TION LAB 
U,C. OAVIS 
OAVlS CA 95616 

0£.NNIS PENDLETON 
PUS.UC $$_VICE RESEARCH PROGRAM 
U,C. OAVlaS 
DAVIS CA e...~15 

RICK PO.NCIANO 
RANCHO ESQUON 
1800 AOMIS R.•NCH RO, 
DURHAM CA 95938 



BOB POTTER 
CHIEF OEP\ITY DIRECTOR 
0.:"PARTMENT OF WATER RESOURCES 
1◄18 NINTH ST. 
SACRAME-NTOCA 958f"4 

PATRICIA P\JlERBAUGH 
COHASSj,TWATERSHEDS 
1540 Vil.AS RD. 
CHICO CA 9592S 

JUOITI-I REDMOND 
CAF'F' 
P.0 . SOXO& 
DAVI$ CA 85517 

SIU. RICHARDSON 
UC CQPPERATIVE EXTENSION 
P.O.8OX370 
RED BLUFF CA 96080 

SALJ. Y ROGERS 
SOUTH POWER HOUSE RO. 
MANTON CA 96059 

JONA THAN ROSENFELD 
SlERRA CLUB LEGAL DEFENSE FUl'(O 
180 MONTGOMERY ST, tl.(00 $AN FRANCISCO 
CA9<11Cl4 

KEU RUTAN-.'ORGENSEN 
RURAL WATER l"PAC T NETWORK 
1755 LEHIGH OR. 
DAVIS CA 25615 

CHUCK SCHULTZ 
AREA MANAGER 
REOOINGR.A 
355HEMSTE.D 
REDOING CA ~02 

PAULSCRf 
ASSISTAITT DIR .• BODEGA MARINE LAB. 
P.O. BOX247 
BOOEGA BAY CA 94923 

JESS SMITJ-i 
SlMMONS RNtCM 
P.O. BOX ~373 
CHICOCA9Sm 

GARY SNYDER 
1,,.._.2 MACNAB CYPRESS RO. 
NEVADA CITY CA 959Ss 

JOHN STANLEY 
THE HABITAT RESTORATION GROUP 
P .0 . BOX .coos 
FELTON CA 95018 

GARY SiERh' 
NATIONAL W,RJNE FlS"ERI ES SERVICE 
m SONOMAAVE. RM~5 
SANT,_ ROSA. CA 95404 

ROS POTTER 
PG&E 
15449 HIJMSUG RO. 
MAGAI.JA CA ;59s, 

W. TT QUINN 
BllTTE CREEK WA TERSHEO PROJECT 
6)0 STADIUM WAY 
CHICO CA 95112'1 

MARC REISNER 
15' PINE STREET 
SAN ANSELMO CA 11<861> 

ERIC RITTER 
BLM 
355 HEMSTED DR. 
REDDINGCA96002 

HELEN ROI.ANO 
CALIF.RESEARCH BUREAU 
P.O. BOX 9.'2837 
SACRAMENTO CA 11<237-0001 

RAY ROSS 
6750 DREAM VAJ.lEY RO, 
RED BlUFF CA 96080 

GEOFF SC.HLAOOW 
DEPT OF CIVIL & ENVlR ENGINEERING 
U.C. DAVIS 
DA.VIS CA 95616 

TERRY SHORT 
USGS M$4 
70345 MIDOLEFfEL.O RD 
MENLO PARK CA 9<102$ 

JOHNSKRABO 
PO BOX 493758 
REDOING CA-96049 

JIMSMITII 
US FISH AND WILCUFE SERVlCE 
POST OFFICE BOX 667 
REDSLUFF CA 96080 

JEFF SOUZA 
WESTERN SHASTA R.C.O. 
3179 SECHEU.1 lN Slc 107 
REDOING CA 96002 

CAROLYN STSFFAH 
LOS MOUNDS SCHOOL DISTRICT 
P.O. BOX 609 
LOS MOl.lHOS CA 9S05S 

MICHEl.l.E STEVENS 
823 OESTE DRIVE 
DAVIS CA 95616 

HANK PRITCHARD 
BAntE CREEK WATERSHED CONSERVANCY 
"4624 FORWARD MIU. ROAD 
MANTON CA 861>59 

MARY RAMSEY 
P.O. BOX21S 
VINA CA 861>92 

BlU. RJCE 
11071'l/1.ARE DRIVE 
COSTA MESA CA 92625 

IVAROGERS 
2046 10TH STREET 
REDOING CA 96001 

WALLY RONEY 
RT. 4 80X507A 
CHICO CA 95926 

KEN ROWLEY 
62SSA.CRAMS"NTOAVE. 
RED SlUFF CA 861>80 

PHIL SCHOEFER 
VISRCD 
3949 ORO ST. 
REtlDING CA 96001 

CHE.R'ft SILVA 
12561 WILDER RO. 
P,O, BOX790 
RED BLUFF CA 96080 

TRYGVE SLETTE!ANO 
PACIFIC RIVERS COUNCIL 
PO BOX 10796 
EUGENE OR 974' 0 

JUDY SMITH 
11JR1'1.E MY PARK ANO MUSEUM 
800 AUDITORIUM OR. 
RE.DOING CA 96001 

MIKE SPENCER 
PO SOX96 
IGO CA 1160-<7 

CURTIS STE.TTZ 
PG&E 
3<00 CROW CANYON RD. 
SAN RAMON CA 94583 

FRANK STEWART 
COW NS PINE COMPANY 
P.O. BOX796 
CHESTER CA S6020 



USA SlRONG-AUFHAUSER 
330 DOGv.OOO WAY 
BOULDER CREl:K CA 95006 

CLAUS SWERJ<RDPP 
LARRY WAI.KER ASSOCIATES 
S09•TH ST. 
DAVIS CA Il616 

TERRY TERHMJ\ 
PACIFIC Rrv'ERS COUNCIL 
92SJ ST.'612 
SACRAMENTO CA Q581' 

GREG THOMAS 
NATURAi. HERrTAGE INS1TTUTE 
114 SA.NSOMEST. 11200 
sc.N FRANCtsCOCA.9'104 

JERRY TROYAN 
SACRAMENTO REGIONAL WASTEWATER 
TREATMENT PLANT 
8521 l.AGUNA STATION RD. 
ELK GROVE CA 95758 

DAAIN VICKNAIR 
t:J:62 CEmERV!UE" RO. 
CHICO CA 9S5'2a 

ROBERTA WAI.J\ER-FOREST 
?.O. BOX 63 
FOREST RANCH CA 959<2 

UNDAWEAVER 
LOS MOUNOS SCHOOL OISTRJCT 
3281 OFF TACKLE WAY 
COTTOHIIJOOD CA 96022 

REINA WEYRAUCH 
DISTRICT CONSERVATIONIST 
SOIL CONSERVATION DISTRICT 
P.0 . 80X6n 
GREE1MlLE CA 95947 

MA.RY INHITE 
TCRCO 
21592 GAl.LAGHER 
CORNING CA 96021-5754 

ART v-.lLCOX 
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APPENDIX A-3 
NEWSPAPERS WHICH PUBLISHED 

THE SACRAMENTO RIVER SPRING-RUN CHINOOK SALMON LEGAL NOTICE 

Publication 

The Sacramento Bee -

The Stockton Record -

The Sun (San Bernadine}• 

The San Diego Union -

The Fresno Bee -

The Oakland Tribune -

Daily News Los Ange res -

Dates Published 

published October 16 th rough 17, 1997. 

published October 16 through 17. 1997 . 

publ ished October 16 through 17 , 1997 . 

published October 16 through 17, 1997. 

published October 16 through 17, 1997. 

published October 18 through 19, 1997. 

published October 17 through 18, 1997. 
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APP ENDIX A-4 
LIST OF INDIVIDUALS AND AGENCIES THAT RESPONDED TO PUBLIC NOTICE 

Document 1: Edwards, W. James. Letter regarding commen:s to aid in evaluating the 
petition to list the Sacramento Spring-run chinook salmon as endangered 
and Its status as a distinct species or subspecies. Dated October 20, 
1997. To California Department of Fish and Game, Inland Fisheries 
Division. 

Document 2: Cheesman, Gail and Doug. Letter regarding need to protect spring-run 
chinook salmon. Dated October 21, 1997. To Jacqeline Schafer, Director, 
California Department of Fish and Game. 

Document 3: Baumann, Richard. Letter providing information and comments regarding 
the proposed listing of Sacramento spring-run chinook salmon. 
Representing Lower Clear Creek Coordinated Resource Management and 
Planning Group. Dated November 18, 1997. To California Department of 
Fish and Game, Inland Fisheries Division. 

Document 4: State Water Contractors. Report titled Comments of the State Water 
Contractors regarding the listing of spring-run chinook salmon as an 
endangered species. Dated November 20, 1997. To Robert R. Treanor, 
Executive Director, California Fish and Game Commission. 

Document 5: Northern California Water Association. Letter providing information that 
may help the Department determine whether the spring-run chi nook 
salmon should be listed as threatened or endangered pursuant to the 
California Endangered Species act. Dated November 18, 1997. To 
Timothy Farley, Chief, Inland Fisheries Division. California Department of 
Fish and Game. 

Document 6: Cole, Roger W. Letter providing comments regarding spring-run chinook 
salmon and habitat requirements. Representing Streamlnders-A Chapter 
of the Izaak Walton League. Dated November 21, 1997. To Deborah 
McKee, Inland Fisheries Division, California Department of Fish and 
Game. 

Document 7: Crothers, Cathy. Memorandum from Department of Water Resources 
replying to Public Notice requesting data and comments on the 
Sacramemo River spring-run chinook salmon. Dated November 21, 1997. 
To Tim Farley, Inland Fisheries Division, California Department of Fish 
and Game. 
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APPENDIX A-5 
LIST OF PEER REVIEWERS 

Name Title/Organizat ion 

David G. Hankin , Ph.D. Chairman and Professo r, Department of Flsheries 
Humboldt State University, Arcata, California 

Fred M_ Utter. Ph.D. Affiliate Professor, School of Flsheries 
University of Washington, Seattle. Washington 
Co-edttor. T ransaciions of thP. American Fis:horie& Society 

Michael C. Healey, Ph.D. Professor, Earth and Ocean Sciences .(Oceanography) / lnsUtute for Resources and 
Environment (Westwater Research Unit) / Fishery Centre 
The University of British Columbia , Vancouver, B.C. Canada 
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APPENDIX B 

History of Spring-run Chinook Salmon Population Estimat ion Methods by Drainage 

SACRAMENTO RIVER 

YEAR RUN METHODOLOGY/REFERENCE 
SIZE 

1940 11,000 Incomplete counts made at Anderson Cottonwood Irrigation District Dam al Redding ll')' U. S. Bureau of Reclamalion In 
1940-41 and bv the U. S. Fish and Wildlife Service in 1942, FN 11961). 

1941 15.000 Incomplete cou111s made at Anderson Cottonwood Irrigation Dlstrlcl Dam at Redding by U. S. Bureau of Reciamallon In 
1ll40-41 alld by the U. S. Fish and WIidiife Sorvlce In 1942. Fm 119611. 

1942 3,000 lncompfele counts made al Anderson Collon wood Irrigation District Dam at Redding by U. S. Bureau or Recla mation In 
1940-41 and by the u . S. Fish and WIidiife Service In 1942 Fiv I 19611. 

1943 8,000 Counl bv U.S. Fish and WIidiife Service al Keswick Dam F,v 11961). 

1944 12,000 lncomplela counls al Balls Ferry counling rac~ by lhe U.S. F.ish and WIidiife service . includes fish transferred from Balls 
Ferry lo Colema n Hatchery (10,000 adulls); Count by U. S. Fish and Wild life Service al Keswick Dam (2,000 adults), Fry 
119611. 

1945 4,000 Incomplete counls at Balls Ferry counling rack by the U.S. Fish and WIidiife service , includes fish transfe rred from Balls 
Ferry lo Coleman Hatchery (3,000 adulls) ; Count by U. S. Fish and WIidiife Service at Keswick Dam (1,000 adulls), Fry 
M~t L -

1946 27,000 Count by U. S. Fish and WIidiife Serv ice al Keswick Dam (1,000 adulls); Estimate by U. S. Fish and WIidiife Service based 
on soawnlna area surveys and/or aerial redd counts, Frv f1961l . 

1947 25.000 Estlmale bv U. S. Fish and WIidiife Service based on soawn lna area survevs and/or aerial redd counts, F~, 11961). 

1048 9,000 Estimate by U.S. Fish and Wildlife Service based on spawnina area survevs and/or aerie! redd counts. Frv 119611. 

1949 7,000 Estlmale by U. S, Fish end Wildlife Service based on spawni ng area surveys and/or aerial redd counts, Azevedo and 
Parkhurst 119581. F~ 11961\. 

1950 18,000 Estimate by U. S. Fish and Wildl ife Serv ice based on spawning area surveys end/or aerial redd counts, Azevedo and 
Parkhurs t 11958). ,:,v f1961\. 
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l SACRAMENTO RIVER I I YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

1951 5,000 Esllmale by U. S. Fish and WIidiife Service based on .spaw nlniJ area surveys and/or aerial redd counls , 
and Parkhurst (1958) . Frv (19611. 

1952 7,000 
Estimate by U. S. Flsh and WIidiife Service based on spawn ing area surveys and /or aerial rcdd coun1s, Azevedo and 
Pan<hursl (19581, F1v 11961). 

1953 8 ,000 
Esllmate by U. S. Fish and Wildlife Service based on spawning area surveys and/or serla l redd counis, Azevedo and 
Parkhurst (19561, Frv /19611. · 

1954 9,000 
Esllmalc by U. S. Fish and Wi ldlife Service based on spawni ng area surveys and/o r aerlal redd counls, Azevedo and 
Parkhursl 11958) , Frv /1961), 

1955 17,000 
Esllmale by U. S, Fish and Wi ldlife Service based on spawning area surveys and/or aanal redd coun ts, Azevedo and 
Parkhurst (19561. Frv /19611. 

1956 7,000 
Esllmale by U, S. Fish and Wi ldlife Service based on spawning area surveys end/or aerial redd counls, Alevedo and 
Parkhurst (19581. Frv /1961 ), 

1957- No eslimate 
Populalion estimates were made primarily for.fall-run fish due lo the overlap In spawnbg period, it was feli that lhere was no 1968 basis for a seoarale count of sprfnn run. 

1969 20,000 
Eslirnale is based upon periodic sampli ng al the U.S . Fish Wild life Service's fish 1rapplng faci lity at 1he Red Bluff Divers ion . 
Dam during the sorina of 1969, Menche n 11970). 

1970 3 ,652 
Eslirnate ls based upon counts through lhe fishway al Red Bluff Diversion Dam, Salmon were assigned lo a parlic utar run 
dependent upon the time o f year they passed lhe dam, plus external appearance, and exarnlnalion of the gonads of a 
subsample or the fish pass ing through tho ladder. Spring run wero observed pass ing Iha n am from Ap ril 1 o, through Ju ly 
10, 1970, Me11ell~n 11972). 

1971 5,830 
Esllmale Is based upon counls through the fishway al Red Bluff Diversion Dam, Salmon were assigned lo a particula r run 
dependent upon the time o f year they passed the dam, plus external appearance, and examlnalion ofl he gonads or a 
subsamp le or the fish passing lhrough the ladder. Spring run were observed passing lhe Darn from March 21, through 
Auaust 21, 1970, Tavlor 11973). 

1972 7,346 
Estimate is bas~d upon co unts throug h lhe fistway at Red Bluff Diversion Dam. Salmen were assig ned to a particular run 
dependent upon the lime or year lhey passed the dam, plus exlernal appearance of .1he fish passing through lho ladder. . 
Serino run were observed oasslnn the Dam from March 26 lhrounh Scntember 9 1972 Tavlor 1197 4a\ , 
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I SACRAMENTO RIVER I 
I YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

1973 7,762 
Esllmale Is based upon counts through lhe flshway al Red Bluff Diversion Dam. Salmon were assigned to a particular run 
dependent upon the lime or year !hey passed the dam, plus external appearance of the fish passing through the ladder. 
Spring run were observed passino Iha Dam from Aorll 1, lhroua h September 22, 1973 Tayf'or 11974bl. 

1974 3,800 
Eslimale is based upon counts lhrough the fishway al Red Bluff Diversion Dam. Salmon were asslgnetl to o particular run 
dependent.upon the un,~ or year they passed the dam, plus external appea rance of the fish passing through the ladder. 
Sorl~g run were observed passing lhe Dam from Aorll 14, to September 8 1974 Ta~lor (1976). 

1975 10,705 Estimate ls based upon counts through the fishway al Red Bluff Diversion Dam. Salmon were assigned lo a particular run 
dependent upon the lime or year they passed the dam, plus external appeara nce of Iha fish passing through the ladder. 
Sprlrg run ware observed passina lhe Dam from Ann i 6 , lhrouah September 27 1975, Hoooouah (1978). 

1976 25.983 Eslima1e is based upon counts lhrough the fishway al Red Bluff Diversion Dam. Salmon wero assigned to a parilcular run 
dependenl upon Iha lime or year !hey passed lhe dam, plus external appea rance ol lhe fish passing through lhe ladder. 
Spring run were observed passlna lhe Dam from Aoril 4, lhroua h October 10, 1976 Hoopauah 119.78). 

1977 13.730 Eslimala is based upon counls through the fishway al Red Bluff Diversion Dam. Salmon were assigned lo a particu lar run 
dependent upon the llma or year they passed the dam, plus external appeara nce of the fish passing through lhe ladder . 
Spring run were observed passing lho Dam from March 20, lhroug h Aug ust 27, 1977. This Iola ! Includes 1,908 fish lhat 
were tranned al Keswick and Red Bluff Diversion dams and lransoorted lo other slreems Hoooauah and Knutson 11979). 

1978 5,90~ Esl imala-ls based upon counts lhrough lhe fishway al Red Bluff Diversion Dam. Salmon were assigned lo a particular run 
dependenl upon lhe lime of year lhey passed lhe dam, plus external appearance of the fish passing lhrough Iha ladder . 
Sprinij run were observed passina the Dam from March 19 through Oclober 7 1978, Knulson 11980) 

1979 2,900 Esllmale Is based upon counts lhrough Iha fishway al Red Bluff Diversion Dam, Salmon were assigned to a particular run 
dependent upon lhe lime of year lhey passed lhe dam, plus exlemal appearanr.., of the fish passing lhrough the ladder. 
SpNnn run were observed passina lhe Dam from March 18, lhrough October 6 , 1979 Reavis (1981a). 

1980 9 ,969 
Estlmale Is based upon counls lhrou9h the fishway al Red Bluff Diversion Dam. Selmon were assigned lo a particular run 
deperdenl upon the limo or year lhoy passed Iha dam, plus e~lernal appearance o.f lh9 fish passing through lhe ladder . 
Spring run were obserVed passlno Iha Dam from March 30, lhro~gh October 4, 1980, Reavis 11981b). 

1981 21,025 
Esllmale is based upon counls through lhe fishway al Red Bluff Diversion Dam. Salmon were assigned lo a particular run 
dependent upon the limo or year lhey passed lhe dam, plus exlernal appeara nce of Iha fish passing through the ladder . 
Sprino run were observed passino lhe Dam from Anrll 12 throuah October 10 1981 Reavis 119831, 
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SACRAMENTO RIVER 
YEAR RUN 

METHODOLOGY/REFERENCE 
SIZE 

1982 23,438 
Estimate is based upon counts through lhe fishway al Red Bluff Diversion Dam. Salmon were assigned lo a pa~lcular run 
dependent upon the lime or year they passed the dam, plus extern al appea rance or the fish passing through the ladder . 
Sorlnn run were observed oasslna Iha Dam ftom Anril 4. throu~h October 9, 1982, Reavis (1986a), 

1983 5,647 
Estimate ls based upon counts lhrough lhe fi&hway at Red Bluff Diversion O::.m, Salmon were ac.efgncd to a part1cular run 
dependent upon the time or year they passed the dam. plus esternal appearance ol t~,e fish passing through the ladder . An 
estimated 3,854 spring run were observed pa.ssing tho Dam ftom April 10, through Odober 8, 1983. In addition , two aerial 
suiveys on August 25, and S,eplembe r 19, showed an estimated 1,793 spring run spawning In the main slem Sacrame nto 
River between Red Bh.lff Diversion Dam and Princeton Fer"' , Reavis /1986bl . 

1984 8,147 
Eslimata ,; based upon counts through the fishway el Red Bluff Diversion Dam. Salmon were assig.ned 10 a particular run 
dependent upon the time of year they passed lhe dam, plus oxtemal appeara nce of lhe fish passing through lhe ladder. 
Sorlna run were observed passlno the Dam from Aoril 1 through Seotember 22. 1984, Kano. et al. (19961. 

1985 13,460 
Estimate Is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned lo a part icular run 
dependent upon the tlme of year they passed !he dam, plus externa l appeara nce or tho fish passing through the ladder . An 
esllmated 10,747 spring run were observed passing the Dam from April 7, through October 12, 1985. In addition. an ae rial 
surv eys on September 16, showed an estimated 2,713 spring run spawni ng in lhe main slom Sacramento River 
downst ream of Red Bluff Diversion Dam Kano and Reavis 119961. 

1986 22.753 
Eslin1ale is based upon counls through ihe fishway al Red Bluff Diversion Dam . Salmon were assigned to a particular run 
dependent upon Iha tlme of year they passed lhe dam. plus ex terna l appeara nce or the fish passing through the ladde r. An 
eslim,led 16,691 spring run were observed passing the Darn from March 23. through September 27. 1986. In addit ion. an 
aeria l survey on Oclober 8, showed an estimated 6,062 spring run spawning in the main stem Sacramento River between 
Red B'uff Diversion Dam and Woodson Brld11e. Kano and Reavis 11997a). 

1987 12,844 
Estfmate is based upon counts throu.ah the fo:.hw:ay at Red Bluff Olvorclon Dem. Salrnou wure assigned 10 a particular ru11 
dependent upon tho lime of year they passed t;e dam, plus e,terna l appea rance of the fish passing through lhe ladder. An 
eslimated 11,205 spr ing run were observed passing the Dam from April 12, through Odobor 3 , 1987. In addition, an aeria l 
survey on October 5 , showed an estimated 1,639 spring run spawning In lhe ma in slem Sacramento River betwee n Red 
Bluff Diversion Dam and Woodson Brldoe . Kano and Reavis (1997bl. 

1988 9,781 
Estimate Is based upon counts through the fisnway al Red Bluff Diversion Dam. Salmon were assigned lo a particu lar run 
dependent upon lhe lime of year they passed the dam. plus external appearance of the fish 11asslng through the ladder from 
Feb 14 lhroun h Dec 3. An estimated 11 205 snrlnn run were observed nass lno the Dam Kano aQd Reavis 11A97al 
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I SACRAMENTO RIVER I 
I YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

1989 5,255 
Esllma le is based upon oounls through the fishway at Red Bluff Divers ion Dam. Salmon were ass igned to a pal11cular l'un 
dependent upon tho lime of yea, lhey passed the dam, plus external appearance of the fish passi ng lhrough the ladder from 
Aor.16 through Nov. 25. 

1990 3,922 
Estimate Is _based upon counts through Iha fishway at Red Bluff Diversio n Dam. Salmon we re assigned to a particu lar run 
dependent upon tho lime of year they P••••d the dam , pluo .,,<1ernal appearance of tho fish passing through the ladder from 
Apr. 8 through Dec. 1. 

1991 773 
Estimate Is based upon counls through tho fishway at Red Bluff Diversion Dam. Salmon were assigned lo a particu lar run 
dependent upon the time of year they passed Iha-dam , plus external appearance or the fish p_assing through the ladder from 
Mav 5 throuah Nov. 30. 

1992 431 
Estimate Is based upon counts lhr9ugh the fi,hway at Red Bluff Diversion Dam. Salmon were assigned to a particular run 
depe ndent upon the lime of year they passed U1e dam , plus external appeara.nce of t~.e fish passing through tho ladde r from 
Aor. 3 lhrough Oct. 31 .. 

1993 388 Eslimate Is based upon counts through the fist,way al Red Bluff Diversion Dam. Salmon were assigned Jo a particular run 
dependent upon the time or year they passed the dam, plus external appearance of the fish passing through the ladder from 
Mev 7 lhrough Oct. 16. 

1994 . 740 
Estimate is based upon counts through the fishway al Red Bluff Divers ion Dam. Salmon were assig ned to·a particula r run 
dependent upon the time of year they passed the dam, plus exlernal appearance o f Iha fish passing through the ladde r from 
Mav 21 lhrouQh Sep. 17. ' 

' 1995 395 
Estlmale Is based upon counls through the fishway al Rod Bluff Diversion Dam. Sahmn were assigned to a particu lar run 
deperden l upon lhe time of year they passed the dam, plus external appearance or Jhe fish passing Jhrough lhe ladder from 
Mav 14 thrOUQh Seo. 16. 

1996 292 
Estimate Is based upon counts through lhe fishway at Red Bluff Diversio n Dam. Salmon were assigned to a particular run 
dependent upon the time of year lhey passed lhe dam, plus external 11ppearance of the fish pass ing lhrough -lhe ladder from 
Mav 12 lhOUQh S8JJ. 14. 

1997 189 
Estimale Is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run 
dependent upon the lime of year they passed the dam , plus external appearance or lhs fish passing through the ladder from 
Mav 11 throuoh S'1J). 13. 
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CLEAR CREEK . 
YEAR RUN SIZE METHODOLOGY/REFERENCE 

1958 No eslim ale Sorino run were observed for lhe Hrs! lfmeslnce 1949, Azevedo and Parkhursl (1958). 

1957-1959 No survey No surveys were condu cted in the spring run habllat above Saeltzer Dam during lheso year, Hallock and Van Woert 
(19571, Mahoney (1958), CDFG 119591. 

1960 0 Aerial surveys and one survey on the ground were made upstream or Saell.l:er Dam wllh no salmon or evidence of 
spawning observed Mahon ev 11962). 

1961-'1963 No survey- No surveys were conducted In the sprJng run habitat above Saellie r Dam during these years, Elwell (1962) , Menchen 
(19631 Menchen (1964) . 

1964 No survey No surveys were conducted In lhe spring run hebilal above Saeltier Dam, howeve r a !rap was lnslalled In the upper end 
of lhe lunncl fishway which collected nine salmon between October 30 and November 4 , which were all Identified as fall 
run Menchen 11966}. 

1965-1976 No survey No suiveys were conducled In lhe spring run habitat above Saeltzer Dam during these years, Menchen (1966), (1967), 
(19681, 119691. (1910), (19721: Tavfor /1973) , (19740\ , f1974b), (19761: Hoooauoh (197n 119781. 

1977 158 Fish were hauled lo Crear Creek from Kesv.ick Dam, Hoooaugh and Knutson (19791. 

1978-1992 No survey No surveys were conducted In the spring run habllat above Saeltzer Dam during these years, Knulson (1980); Reavis 
_(1981al . (1981b) , (1983), (1986a), (198Gb); Kano, Reavis and Fisher (1996): Kano and Reavis (19961. (1997a bl. 

1993 No estimate Ona fish observed below Saeltze r Dam In lhe period April-June , as part or evaluat10,1 of Feathe r River Hatchery Juvenile 
(brood vear 1990\ lnl roducllons Harvev 11995b). 

1994 No estimate 
No fish observed below Saeltzer Dam In the period April -June. as part of evaluation of Fealher River Hatchery juvenile 
(brood vear 1990, 1991) lntroducllons, Harvey (1995b) . 

1895 No esllmare Two fish observed below Saeftzer Dam In tho period April-June , as part of evaluallon of Feather River Halchery juvenile 
(brood vear 1991, 1992_) inlroductions, Harv~J_1995bl. 

1996-1997 No estimate 
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I BATTLE CREEK I 
I YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

1943 -1945 >~500 Count bv U.S. Fish and Wildlife Seivice al Coleman Halch.erv Frv _11961). 

1946 >=2500 Count by U.S. Fish and Wildlife Service al Coleman Malchery of 500 fish or less, and 2,000 natural spawners based on 
stawnina area surveys and/or redd counts, Frv 11961). 

1947 1,000 Estimate bv U.S. Ffsh and Wlldllfe Seivlcebased on soawnlna arM survevs and/or ••rial rcdd count•, Fry (19611. 
1948 >=500 fallmale by U.S. Fish and Wi ldlife Seiv lce based on spawning area surveys and/or aerlal redd counts, Azevedo and 

Perkhurst (1958), Fry (19$1). 

200 Eslimal e by U.S. Fish and Wildlile Service based on spawning area surveys and/or aerial redd -counls, Azevedo and 1949 Parkhurst 11958) 

>•500 Esllmale was based upon rounded number from U.S. Fish and Wildlife Serv ice Frv (19611. 
1950 1,000 Estimate by U.S. Fish nnd WIidiife Serv ice based on spawning area surveys and/or aerial redd counts, Azevedo and 

Parkhurst 11958\ Fry (1961). • 

1,832 
Esllmale by U.S. Fish end Wildlile Servlc1> based on spawning area suiveys and/or aerial redd counts, Azevedo and 1951 Parkhurst 119581 

2000 Estimate was based upon rounded numberlrom U.S. Fish and Wildlife Serv ice, Fry (19611, 

1,700 Esllmale by U.S. Fish and Wildlife Service based on spawning aroa surveys and/or aeria l redd counls, Azevedo and 1952 Pa,khurst (1958) 

2,000 Estmale was based upon rounded number from U.S. Fish and Wi ldlife Service, Frv (1061). 
1,800 Estimate by U.S . Floh and Wildlife Ge.vice bast:U on spawning orea surveys and/oraer lal redd coun(s, Azevedo and 1953 Parkhursl (1958) 

2 000 Esl,male was based upon rounded number from U.S. Fish and Wildlife Serv ice, Fry (19611. 

1954 
1,700 

Eslimalo by U.S. Fish and Wildlife Service tased on spawning area surveys and/or aerial repd counts, Azevedo and 
Parkhurst (19561 

2 000 Estinate was based uoon rounded numbe r frnm U.S, Fish and Wi ldlifo Servlco Frv (1961). 
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I BATTLE CREEK I 
I YEAR 

I 
RUN 

I METHODOLOGY/REFERENCE 

I SIZE 

1955 2,200 Esllmale by U.S. Fish and Wildl ife Service based on spawning area surveys and/or aeria l redd counts, Azevedo and 
Parkhurst I 1958) 

2,000 Estimate was based upon rounded numbgr from U.S. Fish and Wi l_dlife Service, FIV (1961). 

1058 2,000 E•llmale by U.S. fish and Wlldlire Servic• based on spaw ning area surveys and/or aerial redd counts, Azevedo and 
Parkhurst {19581, Frv (1961 ). · 

1957-1993 No estimate Annual Oepar1menl spawning stock reports consislenlly mention spring run In Batile Creek. Spring run were observed In 
Nor1h Ballfe Creek, near lhe Mouth of Digger Creek during lhe spring and summer of 1970, Menchen (1972) . Several 
spring run ,vere seen near lhe Coleman fis h Hatchery barrie r In June 1971, Tay la (1973). Severa l spring run were seen 
near the Coleman Fish Hatchery barrier in June 1972, Tay lor (1974a). Several spring run were seen near tho Colema n 
Fish Halchery barrier in May and June 1973, Taylor (1974b) . Several spring run were seen near lhe Coleman Fish 
Hatchery barr ier In June 1974, Tay lor (1976). Several spring run (less than 10) were seon on upper Batlle Creek near 
Darrah S_11rlnos Hatcherv after a hlAh run-off period durl'!9_ June 1975. Hoooaua h 11977). 

1994 No estimate 

1995 66 Estimate is based upon U.S. Fish and Wi ldlife Seivice counts of fish pass ing the Coleman Hatchery barrier from Marc h 
lhro~gh Julv . Craci C1996l. 

1996 , 40 Eslimale is basec;I upon U.S. Fish and Wil dlife Service counts of fish passi ng the Coleman Halche,y barrier from March 
through July, Adult wore observed in the upper ~•clio ns of Battle Creek lhrot.Jgh lhe end of August, while lwo redds we re 
obse,ved In the North Fork between Wildcat Dam and Countv Road A-6 brlctge o.n Seotembor 17, Creel (1996) . 

1997 101 Eslimale Is based upon U.S . Fish and Wi ldlife Service counts of fish pass ing lhe Coleman Hatchery barr ier from March 
through July. Tissue samples of lhe firs! founeen fish were analyzed , with five ldenlifiP.cl RS wlnlqr run, and tho remai nder 
exnlbili'!ll. slanmcant unce r1aintv as lo race. Crocl lae rs. com.) 
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I . I ANTELOPE CREEK 

l YEAR I RUN I METHODOLOGY/REFERENCE I SIZE 

1953 127 Fish seined from below dam /removed aker 1960l, Unoublished Memo /Region 1, COFG) 

~53 Fish seined al dam on June 12, 1956, Hallock 11957). 
1956 

800 lizevcdo and Parkhursl / 19561, Frv /196 1). 

40 Fish observed at dam on Aorll 2 1. 1959. 'Ian Woert (1959) . 
1959 

50 Alevedo and Parkhursl 11958). 

1960•1982 No surveys 
Annual CDFG spawning stock repor1s consistenlly menllon lhal spring -run salmon are known lo enler Ante lope Creek, 
however no surveys were conducled durinn lhls □eriod. 

19B3 59 
U,S. Forest Service oersonnel esllmaled lhe nooulallon based uoon visual observation of 20 live fish Reavis (19B6al. 

1984 No estimele 
U.S. Fores! Service person nel obs erved 1 ca rcass and 3 redds. Annual CDFG spawning stock reports conslstenlly 
mention lhal spring-run salmon ara known ·10 enler Ante lope Cree.k, however no surveys were conducted during this 
period. 

1985 No esllmale 
Annua l CDFG spawning slock repor1s conslslenlly menUon lhel spring-run salmon are known to enler Antelope Creek, 
however no survevs were condUcled durlna lhis oeriod. 

1986 No esllmale CDFG snorkel survev found 1 adult sorlnqrun Harvey (1996cl . 

1987 Na esllmale CDFG snorkel found O adult sorina run, Horvev (1996cl 

1988 No estimale CDFG observed 4 sprlnA run al LMMWC Diversion Dam, Harvev 11996c). 
1AAA 2 

/I Snorke l •urvcy was co, ouucted ,on AUgus1 1 and 15 from McC lure Place lo 2 miles downstream of Paynes Place 
crossing, Harvev I1996c). 

1990 1 
A Snorkel survey was conducted on Augu,I 6 and 7 from South Fork Ante lope Creek Campg round to North end South 
Fork connuence, and from North and South Fork connence downst ream to Pavnes Place crosslno. Harvey (1996c). 

1991 0 
A snorkel survey was conducled on August 12 from Norlh and South Fork confluence downst ream to Paynes Place 
crossfnn, Harvey (1996c). 

1992 0 
A snorkel survey was conducted on August 13 from Nor1h and South Fork connuence downstream to Paynes Place 
crosslna. Harvev I1996cl . 

Appendix B - Page 10 



I ANTELOPE CREl:K I 

I YEAR I RUN I METHODOLOGY/REFERENCE 

I 
SIZE 

1993 3 A snorkel survey was conducJed on Augusl 9 and 13 from North and South Fork connuence to lwo miles downstream of 
Pavn'es Place crossinA . Harvey (1996c) . 

1994 D A snorkel survey was co nducled on Augusl 1 from Round Mounlaln Creek on South Fork downstream to North and 
S-Oulh Fork conOunnca, Anri from Norlh and Sol•lh Fork conflucncQ downstream to Payn~~ Piece crossing, Harvey 
(1996"1. 

1995 7 Snorkel surveys conducled on July 26. 28. 31. and Augusl 2, which Included reaches from McClure Place lo Soulh Fork 
connuence ; Soulh Fork arla lls below South Fork Campgro unds and lhe main -stem from the North and Soulh Fork 
confluence to 2 miles downslrearn of Pavnas Place crossina Harvey (1996c). 

1996 1 A snorkel survey was con ducted on July 31 from McClure Place to South Fork conffuence, South Forl< from Round 
Mouunlaln Creek lo North Fork co nnuence and mainstem from North and South Fork connuence lo lwo miles 
downsleam of Pavnes Place crosslnR, Harvey ( 1996b) . 

1997 0 Snorkel survey was conducled on July 30, in the reach from McClure Place to Soulh Forl< connuence; South Forl< from 
Rc,und Mountain Creek lo North Fork connuence, lhe main slam from North and Soulh Forl< conffuonce io 2 miles 
downslream of Paynes Creek crossina, Hevey (1997b). 
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I MILLCREEK I 
YEAR RUN METHODOLOGY/REFERENCE 

SIZE 

1947 3000 Estimate by U.S. Fish and Wi ldlife Service based on soawnlno area survevs and/or aerial redd counts. Fry (1961 l . 
1948 2,000 Estimate by U.S. Fish and Wildlife Service based on ,mawnl na area survevs end/or aeria l redd counts , Fry (19611. 
1949 1,200 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts. Azevedo and 

Parkhurst (19581 Frv 11961). 
. 1950 2,000 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and 

Parkhurst 119581, Frv 11961). 

1951 300 Estimate by U.S. Fish and Wildlife Service based on spawn lno area survevs and/or aerlel redd counts, Fry (19611. 
1952 2,100 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/o r aerial redd counts, Azevedo and 

Parkhurst (195fl). Frv 11961). 

1953 3,485 Estimate by U.S. Fish and Wi ldlife Service tiesed on spawning area surveys and/or aerial redd counts, Azevedo and 
Parkhurst (1958), Frv (1961). 

1954 1 789 Estimate was based uoon ladder counts al Clough Dam Azevedo and Parkhurst (1958), Frv 11961), Van Woert (1964 ). 

'1955 2 967 Estimate was based uoon ladder counts al Clouoh Dan, Azevedo and Parkhurst (1958), r:n, 11961!. Van Woert 119641. 

1956 2,233 
Estlmale was based uoon ladder coun ts al Clouan Dam, Azevedo and Parkhurst 11958), Fry 119611 Van Woert 11964). 

1957 1,203 
Estimate was base d upon ladder counts at Clough Dam, Azevedo and Parkhurst (1958), Fry (1961), Van Woert (1964) . 
COFG (1967). 

1958 2 ,212 Serina run were counted oasslng lhrouah the nsh ladder on Clouqh Dam, CDFG 11959), Van Woert {1964 ). 
1959 1 580 

Serino run were counted oess ina thtouah 1he fish ladder on Clouoh Dam, Mahonev (196QJ, Van Woert 11964). 

1960 2 ,368 
Sl)flrt!I run were counted passing throuah lhe fish ladder on Clough Dam, Mahoney (1962), Van Wo ert (1964). 

1961 1,245 Serina run were counted oasslng throuoh lhe fish ladder on Clouah Dem, Elwe ll 11002), Van Woert (1964) . 

1962 1 692 Sorin a run we re counted passl na throuah the fish ladder on CJouah Dam Menchen (1963), Van Woert 11964) .. 
10/SJ 1 315 Sn nna run were counted n• sslr10 lhrounh the fish ladder on Clouah Dam Menchen 119641. Van Woe rl 119641. 
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I MILLCREEK I 
I YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

19.64 1,628 Spring run were counted passing through the fish ladder on Clough Dam between February 25 and JuO'e 28 1964, 
Menchen {19651. 

1965 No estlmate Menchen (1966). 

1966 No esllmale Menchen. (1967) . 

1967 Noesllmate Menchen (1968). 

1968 No eslimate Menchen 11969). 

1969 No es tlmate Menchen (1970). 

1970 1,500 Three surv ey trips were made on upper Mi11 Creek on October 4. 11, and 17, 1970. The reach covered ran from 4.5 
mies above the Ponde rosa Way Bridge at Bfackr.ock to the mouth of Lillie Mill Creek, Sixty six carcasses and 162 live 
salmon were observed. No basts is given for the exoanslon, Menchen 11972). 

197 1 1,000 Eleven days were spent (September 27-29, October 4-7, 12-15) survey ing upper M Ii Cre~k from 3 miles above Black 
Rock downstream to the mouth of little MIii Creek. Recovery conditions were repo1ed to be good. The counts tota led 
110 live salmon . 4 dead salmon and 115 redds. Additional fish were observed Jusl upsl ream of the Highway 36 road 
crossing on Oclober 9 and Included 5 carcasses. 2 live, and 2 redds. Eslimat e was based only on the firs! survey wil h no 
basis Qlven for the expansion, Taylor (1972). . 

1972 500 Six days were spent (October 2-7) surveying upper Mill Creek from 3 miles above Black Rock lo Pape Place near lhe 
mc,ulh or LIiii e Mill Creek. Recovery condirons were repor1ed as good, wilh 12 carcasses and 8 live fish observed . No 
basis was aiven for the expansion, Taylo r (1974a). 

1973 1,700 
Sixteen days were spent between Seplember 10 and Oclober 3, survey ing upper MIii Creek between Biack Rock and the 
mouth of Lillie MIii Creek . Recovery conditions during lhree or !he !rips were described as excelle nl, while ·during lhe 
folli h visibility was poor. Thirty carcasses were recovered and 198 live sa.fmon were observed. No basis.was given for 
theexoanslo n, Tavlor (19741. 

19 74 1,500 
Thirteen days were spent between September 17 and October 16. 1974 surveying upper MIii Creek between Black Rock 
and the mouth of littl e Mill Creek. Recovery conditions were described as exc•ellent wilh 5 carcasses and 119 live 
salmon observed. No basis was a1ven for the exoansion Tavlo r (1976). 

1975 3,500 
Thirteen days were spent surveying upper Mill Creek between the uppe r end of Childs Meadows and the mouth of li ttle 
MIii Creek, between September 4. and October 21, 1975. Recovery condillons were descr ibed as excelienl with 12 
c,,rcasses and 330 live salmon observed. No basis was elven for lhe exoans lon Hoopauoh 11978). 

Appendix B - Page 13 



I MILLCREEK I 
I YEAR I RUN I METHODOLOGY/REFERENCE I SIZE 

1976 No esllrnate 
One suivey was conducted on September 29. 1976. with 87 live fish obseived. No esllmate was made. Hoopaugh 
(1978). 

1977 563 It was assumed lhat no spring run migrated Into MIii Creek during Hl77 due lo the drought cond itions, however. 563 
spring run were transported from the Kes"ick !rap into Mill Creek. Fifleen S1Jrvey ~ips wore conducted on upper Mill 
Creek between August 2. and October 10, 1977. during which 14 carcasses. 11 live sa lmon and 23 redds were noted , 
Hoooauah and Knutson (1979), 

1978 925 Elghl suiveys were made on upper MIii Creek from Highway 3ij. lo Blackrock, between Septembe r 13, and October 10, 
1078. P,. total of'37 carcasses and 76 redds were counted, Estimate is based upon a 4% recovery rote, with no 
discussion of how recovery rate was devckloed, Knutson 11960). 

1979 No estimate Nci suivev was conducted durlnA 1979. Reav.ls (1961aJ. 

1960 500 Three suivey trips were conducted In upper MIii Creek from Highway 36 lo Blackrock with eleven redds and two live 
s~mon observed. No basis was given for lhe expansion , Reavis (1981b). 

1981 No estimate 
One survey was conducte ·d from Highway 36 Co Blackrock with 15 llve salmon and Z redds obseived . No estimate was 
made, Reavis (19831. 

1982 700 
Seven suiveys were conducted from Highway 36 to 2 miles below Blackrock . Thirty-seven redds and 33 five salmon 
were observe d. No basis was ilven for the expansion , Reav is (1986a). 

1963 No estimate 
Four suiveys were conducced betwee n Highway 36 and 2 mlles ·below Bleckrock. with only 1 carcass observed. No 
populatlon estimate was made, Reav is 11986b). 

1984 191 Four survey lrips were made belween Hlgh'Nay 36 and 2 miles downstream of Rlac~rock from September 12-20 , 1984. 
wito t3 carcasses observed. No estimate was made, Kano, el al, (1996) . In addition ladder counts were conducted al 
Clouah Dam from Aoril 5, to July 6 . 1984, dJrlna which 191 adult spring run were counted, Fisher 11964). 

1965 121 
Eight suiveys were made between Highway 36 and 2 miles downstream or Blackrock from September 6. to October 23, 
1985, during which 59 llvo adults were obstrved . No popu lallon estlrriate was mad e, however U.S. Forest Service 
oersonriel conducled a snorkel suivev and estimated the population lo be 121 fish Kano and Reav is f1996) 

1986 291 U.S. Fish and Wild life Service based Che e'slim~le upon flsh passing through the fish ladder al Clough Darn, Kano and 
Reavis (1997aj_. No survevs were conducted bv COFG. 

1987 89 
Estimate was based upon counls made al !he Clough Darn fish ladder by U.S. Fish and Wild ll(e Seiv lca, Kano end 
Reavis (1997b). 
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I MILLCREEK I I YEAR I RUN I METHODOLOGY/REFERENCE 

I 
SIZE 

1988 572 
Eleclronlc counter was Installed In !he fish ladder on Clough Dam, and perlodicafly verified lhrough visual observalion, 
PainlerJ1988J . 

1989 561 
Eleclronic counler was lnslalled In !he fish ladder on Clough Dam. and periodically vorlflod through vlsuo l cbae:vntlon, 
Pointer l190ill, 

1990 844 
Electronic counte r was installed In lhe fish ladder on Clough Dam. and periodically verified lhrough visua l observation, 
Palnterj199Ql . 

1991 319 
Elactronlc counler was lnslal led In !he fish ladder on Clough Dam, and periodica lly verified through visua l observation, 
Pelnter (1991 ). 

1992 237 
Electronic counter was lnslalled In lhe fish ladder on Clough Dam. and periodically ,erlffed lhrough visua l observal ion. 
Pafnlerj199~ . 

1993 61 
Eleclron_lc counler was fnslalled In the fish ladder on Clough Dam, and periodically verified through visual observation. 
Harvey (199311)_. • 

1994 723 
Electronic counler was Installed In lhe fish ladder on Clough Dam. and period fcally verified lhrough visual observation. 
Harvev (1994f&. 

1995 • 320 
Eleclronl c counler was lnslalled in the fis.h ladder on Clough Dam. and periodica lly eeriRed through visual observallon • 
Havey and Fisher_l199fil . 

1996 252 
Electronic counler was lnslalled in Iha fish ladder on Clough Dam. and periodica lly serlfled lhrough visual observation. 
Ha,vev and Flsherj1997) , 

1997 200 
Est

1
mate based llj>on redd counl_(10D redd~ of entire S11awnlng habilal, HarveyJPe rsonal communication 189Zl. 
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. DEER CREEK 
YEAR RUN METHODOLOGY/RE FERENCE 

SIZE 

1940 288 Weir counls were conducted by U.S. Fish and Wildlife Service frorn April 12. through May 22, 1940, during which 268 
sprlna run adults were counted , Cramer and Hammack , (1952). 

1941 635 Weir counts were conducted by U.S. Fish and Wildlife Service from May 20, through July 6, 1941, during which 635 
(636) spnng run adults were counted, In additio n 836 fish were transported from K,mvlok Dam on the Sacramento River . 

Cramer and Hammack, (19521. 

1942 1,108 Weir counts were conducted by U.S. Fish and Wildlife Service from May 13, through July 2, 1942. 
durina which 1,108 spring run adults were counted. Cramer and Hammack . (19521. 

1943 812 Weir counts were condu cted bY, U.S. Fish and Wil dlife Serv ice from February 20, through June 16, 1943. during wh ich 
(3,972) 812 spring run adull s were coun\ed, In addilion 3,972 fish were transpo,ted from Keswick Dam on the Sacramen to 

River, Cramer and Hammack, 119521. 

1944 2,892 Weir counls were conduc1ed by U.S. Fish and Wi ldlife Serv ice from January 1, lhrough June 30, 1944, during which (8,804) 2,692 spring run adults were counted . In addition 6,604 fish were lransp orted from Keswick Dam on the Sacramcnlo 
River Cramer and Hammack 11952). 

1945 3.363 Weir counts were conducted by U.S. Fish and Wi ldlife Service from April 13, through June 23, 1945, during which 3,363 
(1,504) spring run adults were counted , In addition 1,504 fish were transported from Keswick Dam on Iha Sacramento River, 

Cramer and Hammack, (19521. 

1946 4,271 Weir counts were conducted by U.S. Fish and Wi ldlife Service from April 11, through June 19, 1948. during whic h 4,271 
(147) spring run adults were counled. In addllion 147 fish were transported from Keswick Dam on the Sacrame nto River, 

Cramer and Hammack (1952). 

1947 2,889 WeJ.r counts were conducted by U.S. Fish and Wildlife ServlcA rrnm April 11, through Moy 15, 10◄7, during whi~h 2,669 
sorin11 run adults were counted, Cramer an~ Hammack , (1952) . 

1948 2000 Es[ma te by U.S. Fish and Witdllfe Service tased on spawning area surveys and/or aerial redd counts, plus Incomplete 
weir count F.-v (1981L 

419 We·r counls were conducled by U.S. Fish and Wildlife Service from May 11, through June 30, 1948, during which 419 
sorin11 run adufls were counted, Cramer and Hammack, (1952). 

1949 1,200 Eslinale by U.S. Fish and Wi ldlife Serv ice based on spawni ng area surveys and/or aerial redd counls , Azevedo and 
Parkhurs t 119581 F~ 119611. 
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I DEER CREEK I 
YEAR RUN METHODOLOGY/REFERENCE 

SIZE 

1950 2 ,000 
Eslimale by U.S. Fish and Wlldllto Se,vico based on spawning area suivoys and/or aerial redd counts, Azevedo and 
Parkhurst (1958), Frv 11961). 

1951 2,300 Esllmale by U.S. Fish and Wildlire Service based on spaw ning area surveys and/or aerial redd counts, Azevedo and 
- - Parkhurst rHl~R) . Frv /1961) . 

1952 1.800 Estimate by U.S. Fish and Wi ldfire Service based on spawni ng area surveys and/or aerial redd counts , Azevedo and 
Parklwr st (1958). Frv 119611. 

1953 2.475 Eslirnale by U.S. Fish and Wi ldlife Service oased on spawning area surveys and/or aerial redd counts . Azevedo and 
Parkhurst /1956) . Frv (196 1 ). 

1954 2,500 Esllmate by U.S. Fish and Wi ldlife Service based on spawning area survily_s and /or aerial redd counts. Azevedo and 
Pa1khurst (1958) , Frv 1196 1). 

1955 2 ,900 
Esllmate by U.S. Fish and Wi ldlife Service based on spawni ng area surveys end/or eerlal redd counls. Azeve do and 
Pa 1khurs1 (1958) Fry (1961). 

1956 2,600 
EsWmate by U.S. Fish and Wildlife Seivl ce based on spawni ng area suiveys end/or •erial redd counts. Azevedo and 
Parkhurst (1958) Frv (1961). 

1957 No estimate No surveys wer,i conducted for sprino run durino 1951, Mahonev 11958). 

1958 No esllma le Survey was conducted In September In the reach between Highway 36 and lower Doer Creek Falls, wllh 3 live sa lmon 
and 2 redds observed. An a.llempl was rnac'e lo examine lower reaches of Deer Creek by a ir. however this technique 
was judged to be unsa llsfa ctory lar1he conditions. CDFG 11959). 

1959 No estimate No surveys were conducted for sprlno run durino 1959, Mahonev (rn60). 

1960 No esllm ale Na surveys were conduoted for sprln a run during 1960 Mahoney (1982). 

1961 No esllmate No survevs were conducted for sprlnll run durlno 1961,_ Elwe ll 11962). 

1962 Na estimate No suiveys were -conducted far sprina run durina 1962 Menchen (1963). 

1963 2,302 
Counting slalion was Installed al Stanford Vina Dam with 1,702 fish counted fish passing through the fish ladder between 
March 2(), and June 12, 1963. In addition it was estimated that 300 lo 500 salmon died below 1he dam due 10 low flows 
end hiah waler tomn eratures In June Menchen 11964) 
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I YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

1964 3, 188 Counling station was Installed at Stanlord Vina Dam and counted 2,878 fish passin~ through the fish ladder from 
February 19, through May 19, 1064. In addition 210 salmon were rescued in lower Deer Creek In May due to tow flows 
and high water lemperalwes , wilh 60 placed back ih Deer Creek and the remainde r released in lhe Sacramento River. 
An addlllo nal 100 fish were observed In Ille pool below the dam during June, Menchen (1965) . 

1965 Noo:Jtimate No •urvevs wu11, conductea !or sprlna run during 1965. Menchen (1966), 

1968 No est imate No surveys were conducted for S!)iinQ run durinQ 1968, Menchen (1967). 

1967 No estimate No surveys were conducted for sprlno run during 1967, Menchen (1968), 

1968 No estimate No surveys were con.dueled for sp,ino run during 1968 Menchen ( 1969). 

1969 No estimate No survevs were conducled for sorlna run durlna 1969, Menchen ( 1970), 

1970 2,000 Tw3 surveys were made during late September in the reach near lower Deer Creek Falls, during which 30 carcas ses and 
200 live fish were observed. No ba.sls for lt ,e e•pa nslon was presenlad , Menchen /1972) . 

1971 1,500 
Ten days (September 13•17, 20-24. 1971) were spent surveying Deer Creek from Ponderosa Way to Deer Creek 
Meadows. Survey conditions were rated as good with a total of 85 live salmon and 122 redds observed. It was note d 
lt1a1 salmon were rep.orted spawning below Ponderosa Way in lhe area nol surveyed. No basis was given for lhe 
e,ce nsion Tevlor (1973) . 

1972 400 Slxleen days from Seplember 310 26 Were spent surveying Door Creek from one mile balow the PG&E power lino 
crossing to upper Deer Creek Falls. Salmon were seen spawning as early as September 3, Pondarosa Way, and as late 
as September 27, al lhe A-line crossing . Survey conditio ns were rated es good with 2 carcasses , 9 live sa lmon and 6 
redds observed . No basis was Riven for the expans ion Tavlor IJ974e). 

1973 2,000 Nine days were spent from September 7 lo October 12, 1973, surveying Deer Creek from 1 mite below the PG&E power 
line crossing 10 upper Deer Creek falls. Salmon were noted spawning as eany as September 27 at Graham Crossing 
and as late as October 12 near upper Deer Creek Falls. Survey condilio ns were rated as good with 20 carcasses, 98 live 
salmon and 107 redds observed. No basis was Riven for the e,oansio n Tavlor /1974b} . 

1974 3,500 
Sevan days were spent batween September 18, a11d October 18, 1974, surveying Deer Creek from 1 mile be low the 
PG&E power line crossing to upper Deer Creek Falls. Survey conditio ns were rated as good with 212 live salmon and 
158 redds observed . No basis was n lven for the eKoanslon Tavlor 11976). 
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1975 8,500 Spring run salmon were observed Crom one mile below lhe PG&E power line crossng lo upper Deer Creek Falls. 
Recovery condilions were raled as excellenl wilh 268 carcasses and 936 live salmon observed . No basis was given tor 
the expansio n, Hoopauoh (1977). 

1076 No estimate No compMa survey was done, nowever on SepIember JO, the reach between A-Line Bridge and lower Deer Creek Fa lls 
was surveyed wilh 2 carcasses, 42 live samo n and 21 redds observed . No estimate was made , lfoo_Jl_auAh (1978). 

1977 (467) 11.,as ass umed that no spring run enle red Deer Creek In the spring of 1977 due lo droughl condlllons , however 467 
spring run adulls were lransported from lhe Red Bluff Diversion Dam lo Dear Creek. Subsequenl surveys belween 
Aogust 19 and Septembe r 30, 1977. In the reach Crom Ponderosa Way lo Upper Doer Creek Falls observed 3 carcasses, 
6 five salmon and 17 redds , Hoooaugh and Knulson 11979). 

I 
1,200 Five survey trips belw.een Seplember 15, and Oclober 5, 1978 were made In the reach from Ponderosa Way to Upper 1978 

De.er cre ek Falls. wilh 48 carcasses. and 155 redds observed. The populalion estimate was base'd upon an eslimated 
4% carcass recove ry rale Knutson (1980). 

1879 Noeslimate Two survey trips were made on Upper Deer Creek In the reach belween Ponderoso Way and Upper Deer Creek Falls . 
No esl frnate was made due lo lns ufficienl dala Reavis (1981a). 

1880 1,500 Seven survey trips were made In lhe reach Crom Ponderosa Way lo Upper Deer Creek Fells. wllh 89 llve salmon and 105 
redds observed . No basis was aiven for Iha expansio n, Reavis (1981 b). 

1981 No estima te Four survey lrips were made In the reach from Ponderosa Way to Uppe r Deer Cree'.< Falls , with a I0Iat oC9 redds 
observed. Based upon the limited observa lion no estlmale was made Reavis /1983). 

1982 1,500 l:lghl survey !tips were made In U1e reach from Ponderosa Way lo Upper Deer Creek Falls. wll h 129 llvA salmon ~nd 86 
1Utjds observed . No basis was aiven for the expansio n Reavis (1'986a). 

1883 500 Eleven survey lrips were made between Seplembor 12 and Oclober 11, 1983, in the reach from Ponderosa Way to 
Upper Deer Creek Falls w llh 16 live salmon and 90 redds observed . No basis was given for the expansio n, Reavis 
(1!l86b) . 

1984 Noes\ lmat.e Five survey lrips were made between Seplember 12, and October 11, 1984, In the reach Crom Ponderosa Way to Upper 
Deer Creek Falls , wllh 9 llve salmon and 22 redds observed . No estlmale was made ba.sed upon the llmiled 
observa lions Kano el al . If 9961. 
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I 
1985 301 A limited survey of Iha reach (/om Ponderosa Way lo Upper Deer Creek Falls was conducted wilh 103 live salmon ;ind 

26 redds observed. No esllmale was made based upon lhe llmlied observalions, h.owever based upon U.S. Foresl 
Service snorkel surveys lhe Ol!Eulallon eslimaled lo be aboul 301 salmon, Kano and Reavis (1996). 

1986 543 Surveys were made between September 12 and October 11, 1986, in selecled areas wilhin lhe reach from Ponderosa 
Way lo Upper Door Creek full•. wilh 107 l~e salmon observed. No populallon esllmale was made based upon the 
observations. however USFWS made counls al tho Stanford Vina Dam fish ladder and estimated lhe p_opulaUon at :;43 
fish Kano and Reavis 119978)_. 

1987 200 Eslimale was made based upon snorkel survey conducted by U.C. Davis staff and the rallo developed for the 1986 nm 
between fish seen In an Index slream reach and adulls lmmlnratlnq oast Stanrorcl \1na Dam Kano and Reavis <1997b). 

1988 371 U.S. Forest Service personnel survey developed estimate from snorkel survey and Iha 1988 Indicator reach populalion 
ratio value determined bv Ekman_{1987l. as reported by McFarland (1991). 

1~89 77 U.S. Forest Service p1>rsonnel survey devE{oped eslimale from snorkel survey andlhe 1988 lndlcalor reach population 
rallo value determined by Ekman (19871 as reported by McFarland (1991). 

1990 458 U.S. Fores! Service personnel survey developed estlmale from snorkel survey and the 1986 Indicator reach population 
rafio value determined bjl_ Ekman_{19871, as reoorted bjl_ McFarland 11991). 

1991 448 U.S. Fores! Service personnel survey developed estimete from snorkel survey and lhe 1986 lndlcatorreach population .. rallo value delermlned by Ekman (19871 as reported by McFarland (1992). 

1992 209 Estimate was base'cl uoon snorkel survey of entire holdl'!l!_ habitat, Harvey (19921, 
,, 

1993 259 Es!lmete was b_ased upon snorkel survey ol entire holding habitat, Harvey 11993a). 

1994 485 Eslimate was based upon snorkel survev of entire holding habltal Harvey (1994a). , 
1995 t 295 Esllmate was based upon snorkel survey ol entire hoidll)ll habl1at. Harvey 11995<:)_. 

1996 614 Eslmate was based upon snorkel surveY of enllre holding habitat Harvey (1996d). 

1997 466 Estima1e was based uoon snorkel survey of entire hold Ing habitat. Harvey (1997a). 
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1956 500 Esllmate based uoon observations of local warden Gene Merce r. 

1957 248 
Warden Gene Mercer observe-d 208 spring run move pasl One Mile Pool Oam by May 5. 1057. In addi tion, ho knew of 
◄O adulls lh•I died at One Mlle Pool and heard of al least 40 more bclno coached. Yoshioka (19911. 

1958 1,000 
Three hundred spring run were trapped below the Iron Canyon barrier and transported above the barrier . Two survey 
l~s were made In lhe fall r,om lhe below ton Canyon lo Higgins Hole. Eslimale Is based primarily upon counls of fish 
rescued wilh no basis given for exoansion CDFG 11958), Fry. 119611. 

1959 200 No basis for lhe esllmate Is given, Mahoney 11960!, Frv (19811. 

1960 Noestimale 
One survev was conducted wilh several sprino run adulls observed however no esllmale was made. Mahoney 11962). 

1961 No estimate No surveys were Mnducled for sorlna run durlna 1961. Elwell 118621. 

1962 200 
Two survey lrlps were conducted on Seplomber 19, and October 10. 1962, In lhe reach lrom Salman Hole lo Higgins 
Hole, with 3 carcasse s and 13 liva salmon observed. Estimate Is based upon an assumed 8% observation rate, with no 
basis ror how lhe rale was derive(!. Menchen 119631. 

1963 500 
Two survey trips were made In lhe reach l,om Salmon Hole lo Higgins Hole wilh the comment lhal mosl of lhe fish were 
seen near Higgins Hole, while 20 lfve salmon we,e seen In lhe Iron Canyon area. No basis was given for the expans ion, 
Menchen (1964). 

1964 100 
One survey was made with mosl fish seen h lh e area near Higgins Hole. however tho numbers of fish were not given. 
The esllmate Is based ucon lfve fish. Menchen 11965). 

1965 50 
One survey was made with most fish seen lo the area near Higgins Hole. however the numbers of fish were not given . 
The eslimale Is based ucon live fish, Menchen 11966). 

1966 50 
Ona survey was made In the reach between Ponderosa Way and Higgins Hole. with 7 live salmon and 2 redds observed . 
No·basls was alven for lhe exoanslon, Menchen 119671. 

1967 150 
One survey w~s conducted on Seplember 25. 1967, lrom Ponderosa way lo Higgins Hole , 22 live salmon observed. No 
basis was nfven lor lhe ei<cansion. Menche n (19681. 

1968 175 
One survey was made on September 27, lrom Just below Ponderosa Way lo Higgins Hole, with 35 llve salmon and 14 
redds observed . No basis was nfven for •he exnanslo n Menchen 119691. 
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1969 200 
One survey was made on Oclober 14 lrom just below Ponderosa Way lo Higgins Hole, wilh 13 carcasses , 13 live salmon 
and 6 redds observed , No basis was olven for lhe expansion , Menc,hen (1970). 

1970 No esllmale 
Surveys were conducfed on October 1 and 14, 1970, fn Iha reach from Ponderosa Way lo Higgins Hole, wilh no sa lmon 
observed . A few salmon were repor1edlv observed In Bidwell Park In Ille •!!rinQ. Monchen (1072! 

1971 0 Three surveys were conducted In selecl reaches on Oclober 19, October 26, and November 5, 1971, with no sa lmon or 
ol her sfons or previous spawnlng ·observed , Taylor (19731. 

1972 No estimate No survev was conducted durin11 1972, Taylor 11974a). 

1973 50 Twenty salmon were observed In Higgins Hole on September 18, while during a second survey on Ociobe r 10, no live 
samon or carcasses were observed . No basis was olven for lhe expansion, Tavlor 11974b). 

1974 100 Thiny-five salmon were observed in Hlgg)ns Hole on September 6, 1974, while no addlllonal surveys were conducted. 
No.basis was 11iven for lhe expans ion, Taylor (1976) . 

1975-76 No est imate No surveys were made Hoopauah 11977), Hoopauah (1978). 

1977 (332) 
Adult Sacramanto River spring run (332) were transported from Red Bluff Into Big Chico Creek . Substantia l mortalilles 
occurred during the summer and II was esttnaled lhal 100 fish survived 10 soawn Hoopaugh and Knutson (1979). 

1978-1982 No estimale Knutson 11980), Reavis 11981a), Reavis 11981bl Reavis 119831 Reavis 11986al. 

1983 No esllmale 
Llmlled surveys were conducted with on carcass seen by lhe local warden during !he summer , No salmon were 
observed dur]n!I a survey ol Hloolns Hole Reavis ( 1986b) . 

1984 0 Ong suivey w.as; conducted on October 2, 1904 from Ponderosa Way to Higgins Hole, w ith no salmon observed . It was 
concluded lhat no sPrlna run soaw ned In Bio Chico Creek lhls vear, Kano, el al. 11996). 

19.85 0 
Ono survey was co nducted on Ju ly 19, 1985, in the reach from Bidwell Park to Higgins Hole wilh no salmo n observed. fl 
was•fclt that low flows orevented sorlno run.salmon from enter ing lhe creek this year, Kano and Reavis 11996). 

1986-1988 No estimate Nosurvevs were made, Kano 11997), Kano and Reavis (1997a,b). 

1989 7 A snorkel survey was conducied, Faustini 11989). 

1990 0 A snorkel survev was conducted Yoshlnka 119901, 
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·1991 No esllmal .e Brown (1995) 

1992 0 A snorkel su,vey was conducted, Fisher {1992). 

1-993 38 A t.norkc l t5urvoy was conducleU, P. Wa rd (Pers. Com .), 

1994 2 A snorkel survev was conduc ted, Brown (1997). 

1995 200 co,pe ratlve helicopter rescue • 100 salmon were moved from Salmon Hole to Hlggli's Hole and 100 were visua lly 
observed upsl ream or Salmon Hole in an area In which lhey could not be caolured and moved P, Ward (Pers. Com,). 

1996 2 Su,v~ conduc ted bv Charlie Brown Brown (1996), 

1997 2 On9 snorkel survey was conducted on August 29, 1997. In the reach betwee n Higgins Hole and Salmon Hole, two 
salmon were seen• one adull remale and one male grilse, HIii (1997a). 
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1943-1952 No surveys 

1953 No estimate 

1954 830 

500 

2,000 

1955 400 

500 

300 

1956 3,000 

1957 2,192 

2,000 

1.400 

BUTTE CREEK 

METHODOLOGY/REFERENCE 

Prior to 1953 there are no reliable population surveys. Fry (1961) is apparently the reference for the estimate of 500 fish 
or less, an estimate often referenced apparently in error by other reviewers, Campbell and Moyle (1990), Gerstung, 

_11990). 

Previous estimate is based upon one carcass seen on November 23 between the Covered Bridge and Parrott-Phelan 
Dam which would therefore represent fall run rather than spring run. In addition no justification is given for the expansion 
factor (1 :500)_._ Meacham (1954) 

Warner (1954) documented 830 adult salmon passing the Parrott-Phelan Dam during a 21 day period from May 7, 
through May 27. Late rains and high flows delayed the counting effort with the likely result that many fish entered the 
system prior to May 7. 

No surveys were made during 1954. Fry (1961) is apparently the reference for the estimate of 500 fish or less. an 
estimate often referenced in error by other reviewers_._ Campbell and Moyle (1990), Gerstung (1990). 

Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977). 

Fry and Petrovich (1970). 

Fry (1961) is apparently the reference for the estimate of 500 fish or less, an estimate often referenced apparently In 
error by other reviewers_._ CampbeUarid Moyle (1990), Gerstung (1990). 

Estimate expanded from annual carcass, redd and live sall'Tlon co_unts, Flint and Meyer (1977) 

Hallock and Van Woert (1957), Fry (-1961), Fry and Petrovich (1970), Flint and Meyer (1977), Carcass count (608 
carcasses) was conducted between September 26, and October 8, which was estimated to represent 20% of the 
population, Warner (1957). 

Carcass counts (63 carcasses) were conducted from September 24, to October 8, between the Centerville Head Dam 
and the Centerville Powerhouse, while an additional count (194 carcasses) was conducted on September 25, from the 
Centerville Powerhouse to Parrott-Phelan Dam. Carcass numbers were expanded by a factor of 4 for Centerville Head 
Dam to Centerville Powerhouse and a factor of 1 O for Centerville Powerhouse to Parrott-Phelan Dam. No justification 
was given for expansion factors. Live fish and redds were observed but were not included in calculation of population 
estimate_._ Mahoney (1958), Gundy et al. (1957). 

Fry (19ffl_}, Fry and Petrovich (1970). 

Estimate expanded from annual carcass, redd and live salmon counts. Flint and Meyer (1977). 
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1958 1,100 One carcass count (104 carcasses) was conducted on October 1, between Centerville Powerhouse and Parrot-Phelan 
Dam, ·on October 2, from Centerville Head Dam to Centerville Powerhouse (1 carcass), and from Parrot-Phelan Dam to 
Highway 99 (6 carcasses). All carcasses were expanded by a factor of 10 with no justification given for the expansion 
factor. Live fish and redds were observed but were not included in calculation of the population estimate, CDFG (1959), 
Oates et al. (1958). 

1968 1,000 Fry (1961), Fry and Petrovich (1970). 

436 Estimate expanded from annual carcass, redd and live salmon counts , Flint and Meyer (1977) . 

1959 500 Carcass counts were conducted on September 22, and October 6, between the Centerville Bridge and the Covered 
Bridge (51 carcasses). on September 23, from the Covered Bridge to Parrott-Phelan Dam (2 carcasses), and on 
September 24 from the Helltown Road to Centerville Bridge (1 carcass). Carcass counts were expanded by a factor of 
10 without explanation. Live fish and redds were observed but were not included in the calculation of the population 
estimate , Mahonev (1960), While (1959), Fry (1961), Fry and Petrovich (1970). 

170 Estimate exoanded from annual carcass, redd and live salmon counts, Flint and Mever (1977). 

1960 8,700 Carcass counts were conducted on September 27 and 28, between Centerville Head Dam and Centerville Powerhouse 
(4 carcasses); on September 28,29,30, October 3, 11, and 12 between Centerville Powerhouse and the Covered Bridge 
(2,630 carcasses); on October 4 and 12, between the Covered Bridge and Parrott-Phelan Dam (606 carcasses); on 
October 4 and 13 between Parrott-Phelan Dam and the Skyway (76 carcasses). During the month of September 280 live 
adults were tagged, Hallock (1960) and 128 subsequently recovered during the carcass surveys. Carcass counts were 
expanded based upon the mark/recapture ratio to an estimated spawning population of 6,700 adults. In addition, it was 
estimated that 2,000 adults died from high water temperatures in the area between the Centerville Head Dam and the 
Centerville Powerhouse during the summer and prior to spawning. Live fish and redds were observed throughout but 
were not included in the computation of the population estimate, Mahonev (1962), Youna et al. (1960l. . 

6,700 CDFG (1990). 

7,000 Frv and Petrovich (1970). 

21 900 Estimate exoanded from annual carcass redd and live salmon counts Flint and Mever f1977l. 
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1961 3,100 Carcass counls were conducted. on September 21, and October 2, In the area between Centerville Head Dam and 
Centerv ille Powerhouse (259 carcasses): o, September 26, 27, and October 9, and 10, In the area from the Centerville 
Powerhouse to the Covered Bridge (802 carcasses); on September 28, and Octobe r 10, In the area from the Centerville 
Powerhouse lo the Covered Bridge (113 carcasses ); on September 29, and Oclobe • 11, rrom Parrott-Phelan Dam lo the 
Skyway, (23 care::J~o,;). On Soptomber ?, a , 3'12 odultG wcro ooplurcd ond tagged, I follock (1901) , with 127 lc:ty:; 
reoovered during the carcass survey . Carcass counts were expanded based upon the mark/recapture ratio to an 
estimated spawning population of 3,100 adulls. Live fish and redds were observed lhroughout but were not Included In 
the como ulallo n or the soawnlna oonulalion estimate, Elwe ll 119621 Elwell el el. (19611 CDFG 119901. 

3 000 F~ and Petrovich 119701. 

5,400 Es&mate exnanded from annual carcass , redd and live salmon counts: Flint and Mever 119771, 

1962 1,750 No carcass counts were conducted In the reach from the Centerville Head Dam to the Centerv ille Powerhouse. Carcass 
covnls were conducted on September 10, 17, 18, 25, 26, and October 1, 2, 8 , and 9, In the reach from the CenlervlUe 
Powerhouse to the Covered Bridge (339 carcasses) : on September 11, 18, 26, and October 2, 3, and 10, In the reach 
from the Covered Bridge to the Parrott Phelan Dam (83 carcasses): on October 3, In the reach from Parrott Phelan Dam 
to tso Skyway (2 carcasses) . During the month of August 302 adults were captured and lagged, Hallock (1962), with 89 
tags recove red during the carcass survey . . Carcass counts were -expanded based upon the mark/ recapture ratio to an 
est imated population of 1750 adults. Live fish and redds were observed throughout bul were nol'i ncluded In the 
computatio n of the spawning populallon esVmate. Menche n (1963) , M11nchen et al.(1962), Flint and Meyer {1977) , COFG 
119301. 

2,000 F~ and Petrovich 11970). 

1963 6,100 No carcass couots were conducted In tho reach between 1he Centerville Head Dam and the Centervilte PnwP.rhouse.. 
Carcass counts were conducted on August 28, September 24, 26, and October 2, and 3, In the reach between 
Centerville Powerhouse end tho Covered B~dge (1244 carcasses): on September 25 and October 3, In the reach 
between the Covered Bridge and Parrott-Phelan Dam (500 carcasses); on September 25, and October 4 , In the reach 
between Parrott-Phelan Dam and the Skyway (71 carcasses) . On August 20, 21, 480 adults were captured and tagged, 
Hallock (1963), with 196 lags recovered during the carcass survey. Carcass counts were expanded based upon the 
mark/recaptur e ratlo to an esllmated adult spawning population of 4,600 fish. There were an additio nal 1,500 fish 
estimated to have d ied from high water temperatures In the reach between the Centerville Head Dam and Iha Cenlervllle 
Powerhouse. Live fish and redds were observed throughout but were nol included In the computation of the estimated 
soawnlna oooulallon. Menchen (19641 Menchen el al (1963) . 

4 600 CDFG 119901. 
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I 
196'3 5.0 00 Frv and Petrovich (1970). 

5,333 
Estimate e"l!_andod from ;mnua l carcass, redctand live salmo n count~ Flint and M~erJ.1977) , 

1964 600 
No ca rca!.;1.; r.01.1nls we re conducted fn the reoch betwt::tm lhe Centervll!e Head Dam and lhe CenterviJI~ Powerhouse. 
Carcass counls were cond ucled on Septer,ber 28, 29, and October 13, In the reach between Centervl lfe Powe rhouse 
and the Covered Bridge, (67 carcasses) ; on September 29 .. and October 14, In the reach between the Covered Bridge 
and Parroll -Phelan Dam, (29 carcasses ); oo September 30, and Octobe r 14, In the reach botween Parroll-Phelan Dam 
and the Skyway, (2 ca rcasses). No mark.recapture was attempted, carcass numbers were expanded by a factor of 3, 
apparently based upon recovery raies established during 1961-1963, Live fish and redds were observed throughout but 
were not included In the computa tion ol the estimated spawning population, Menchen (1965), CDFG (1964) , Fry and 
Petrovlch_{1970), CDFG _(1990). 

422 
Esilmata expanded from annual carcass redd and live salmon co unts, Flint and Mf1lar_i1977). 

1965 1,000 
One aerial and one ground survey was conduc1ed with no recorded Information on numbers o f live fish/carcasses c;,r 
redds seen. Tho adult spawn ing populalio n was esl im'ated lo bo 1,000 adults wllh no explanation for the basi s of the 
estimate, Menchen (1965), Frv and Pelrovlch (1970J, Flint and M<1ter (197?) ,'CDFG (1990), 

1966 80 
No carcass survey was conducted In Iha reach from the Centeivllle Head Dam to lhe Centerville Powerhouse (barrfer). 
Carcass counts were made on Seplember 27, and October 12, in the reach belween the Centerville Powe rhouse and the 
Covered Bridge (13 carcasses); on Seplember 28, and October 13, in the reach between the Covered Bridge and 
Parrlllt -Phelan Dam (15 Carcasses) ; on September 28, and October 13, In lhe reach between lhe Parrott-Phelan Dam 
and the Skyway (0 carcasses ). The carcass count was expa nded by a factor or 3, apparently based upon the 
mark/reca..P_ture rate esta blished durlnA the .1:erlod 1961- 1963 MenchenJ.1967) A meld _(196fil, CDFG_(1990). 

100 rrv and Pehuvich c 1970). 

124 
Estimate expanded from annual carcass, redd and live salmon counls, Flint and Mever J1 97'7). 

1967 180 
Carcass surveys were c.onducted on Seplember 26, and Oclober 20 In the reach between the Centeivllle Head Dam and 
lha Cenlerville Power house with no carcasses obse rved; five fish and redds were seen on both surveys. Two carcass 
surveys, dates unknown, were cond ucted in lhe reaches below the Centervill e Powerhouse during which 50 carcasses 
were recovered . TheJJOJlUlalion estimate w~s however based l!J)0n live fish counts, Menchen {1968) CDFG (1990) . 

200 Fry and Pe1rovich_ (1970). 

21J 
Estimate e>manded from annual carcass red~ and live salmon couots Flint and Mever.119771. 
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1968 280 o,e carcass count was conducted on September 26, In the reach between the Centerville I-lead Dam and the Centerv ille 
Powerhouse with no observed carcasses; 180 live fish had been observed during a preliminary survey on August 13 and 
14. Carcass counts were conducted on September 25, and October 9, in lhe reach lrom the Centerville Powert,ouse lo 1 
lh• Covered Bridge (18 ca.rcasses); on September 26, and October 10; In lhe reach from Iha Covered Bridge lo lhe 
Parroll-P helan Dam (1 carcass); on September 26 and October 10, in lhe reach from lhe Parroll-P helan 0Am lo the 
st ,ywuy (1 carcass) . Live nsI1 and re<1<1s v.ere observed lhroughoul wilh popu lallon esllmale based upon a combinaUon 
carcass expansions and live fish counts, lrcludl ng tho 180 fish which apparently died In lhe upper section, Menchen 
(1969), Youno el al. 11968), CDFG 11990). 

300 Frt and Petrovich (1970) . 

80 E•tlmate expanded rrom annual carcass, redd and live salmon counts, Flint and Maver 11977). 

1969 830 The reach between Cenlenillle Head Dam and· Centerville Powerhouse was surveyed on August 13, 14, wllh 23 holding 
alillls observed. Carcass counts were conducted on October 1, 15, In lhe reach between the Centerville Powemouse 
and lhe Covered Br)dge (57 carcasses); on October 2, In the reach between lhe Covered Bridge and Iha Parroll -Phelan 
Dem (27 carcasses); on October 2, In lhe reach between lhe Parrott-Phela n Dam and Iha Skyway (6 carcasses). Live 
fish and redds were seen lhroughoul, however observations were hampered by turbid water. Tiie population estimate 
was based upon carcasse~. live fish and redds, MenchenJ:1970). Youna el al.J1969J, CDFG (1990) . 

800 Fry and Petrovich 11970). 

670 Es!lmale exoanded from annual carcass. redd and live salmon counts, flinl and M=er 11877). 

1870 285 No survey was conducted In the reach between Iha Centerville Head Dam and the Centerville Powemause. Surveys 
were conducted on September 29, 30, and Oclober 15. 16, In Iha reach from lhe Ceqlerv!lie Powerhouse to the Skyway 
(57 carcasses) . Spawning redds were observed lhrounhoul. The populallon P.sllmete wa• .b .. od upon corcooooo end 
reads observed. Menchen 119721, CDFG {1990). 

240 Eslmale exoanded from annual carcass redd and llvo salmon co.unts , Flinl and Maver (1977) . 

1971 470 No survey was made in the reach between Iha Centerville Head Dam and the Centerville Powerhouse . Su.rveys were 
corducled on September 30, October 1, 14, 15, 20, In lhe reach between lhe Centerville Powerhouse end Iha Skyway 
(72 carcasses, 2 skeletons , 106 single redds, 2ll mulliple re.dds, 15 llve fish), Taylor (1973), CDFG (1990). No 
lnformallon Is available regarding the basis 'or lhe popu lallon esllmale. 

227 Est,maJe e•nonded from annual carcass redcJ and !Ive salmon counts Flint end Me•er 11 R77). 

Append ix B - Page 28 



BUTTE CREEK 

YEAR RUN METHOOOLOGY/REFERENCE 
SIZE 

1972 150 One survey was co11ducled on September 29, in lhe reach betwee n Iha Centerville Head Dam and lhe Cenlervllle 
Powe;house (1 live fish, 1 redd), Two boat surveys were conducted on Ocl .ober 4. 5, and 17, 18, In the reach from the 
Centerville Powerhouse to lhe Covered Bridge (18 carcasses, 20 sing le redds, 10 multiple redds , 1 live fish), Taylar 
(19731, COFG ( 1990). No informallo n Is available reoardlno Iha basis for the oop ulallon e•tlmoto. 

62 Esilmale expanded from annual carcass, redd and live salmon counls , Flin! and Mover (19771. 

1973 300 No survey was conducled In lhe reach belvteen the Centerville Head Dam and lhe Cenlervllle Powerhouse. Three 
surveys were conductecj between October 2 and 12, in lhe reach from tho Cenlervllle Powerhouse to the Covered Bridge 
(164 carcasses. 32 mulllple redds, 57 single rodds , 173 live fish). Taylor (1974b). CDFG (1990). No Information Is 
available reoard lna lhe basis for the oooulailon esllmate. 

314 Esllmale expanded from annual carcass , redd and live salmon counts, Flint and Meyer (1977). 

1974 150 No survey was conducted In lhe reach betw,een Ille Centerville Head Dam and the Centervllfa Pov1erhouse. Surveys 
were conducted on October 1, 2, In lhe reach between the Centerville Powerhouse and the Skyway (16 carcasses, 35 
mulllple rodds. 19 single redds , 31 live fish) Taylor (1976), CDFG (1990). No lnfom,ation Is ava~ablo regardi ng the basis 
for lhe ooou latlon estrmate. · 

140 Estimate exoanded from annual ca rcass. redd and live sermon counts, Fllnt end Ml!Ier (1977!. 
1975 650 No survey was conducted In the reach betwaan lhe Centerville Head Dam and the Cente rville Powemouse. A survey 

was conducled on Soplember 29 and 30. In the reach between Iha Cenlorvllfe Powerhouse and the Skyway (73 
carcasses. 90 mulllp le redds . 31 single redds, 216 live fish), Hoopaug h (1978). Flint and Meyer (1977), CDFG (1990) . 
No Information is available reoardlno the basis for the oooulat!on est imale . 

1870 46 
No survey was conducted in the reach between Iha Cerilerviile Head Dam end lhe Contervillo Powerhouse . A survey 
was conducted on September 30. and October 1, In the reach between lho Centerville Powerhouse and lho Skyway ( 5 
carcasses. 7 mulllpf e redds, 4 single redds, 13 llvc fish). Note Is made that recovery cond itions were only fair and the 
pea, or spawning appeared lo have occurred prior lo the survey. Hoopaugh (1978), Flint and Meyer (1977 ). CDFG 
(1990). No lnformalion Is availab le reQatdlng lhe basis for the populalion esllmato . 

1977 100 
No surveys were conducted . Mention Is made or extrernety dry conditions. early diversions and dead and sll'!lncfed 
salmon In lower Bulle Creek. Fish were lrap~ed and transponed Into upper Butte Creek from the Sutter Refuge Weir (70 
fish) and Reef Bluff Diversion Dam (388 fish) , Hoopaugh (1979) , CDFG (1990) . No irlorrnallon Is availab le regard ing the 
basis for lhe populallon esllmale. allhough given the fact that no survey was conduct9d or that 458 fish were transported 
into I inner Butte Cmek lhe nonufation eslimafil.Js nrobablv aues_Uonabla, 
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1978 128 N, suniey was eondudod in lhe reach bewoen the Centen,ille Head Dam and lhe CenteMlle Powerhouse. One suniey 
was conducted on October J and 4, In the reach between the Centervllle Powerhouse and tho Skyway (11 carcasses. 49 
multiple redds, 4 alnglo redds , 14 liva fish). Weather and recovery condillons were described as being fair lo good , 
al hough the spawning peak was !hough! lo heve occurrad prior to the suniey, Knt.tson (1980), COFG (1990). No 
,nrormafion Is available rooardln11 the bAr-i~ rnr the copulatlon eotlmete. 

1979 10 No suniey was conducted In lho reach between U1e Centerville Head Dam and the Cenleniille Powomouse , Ona canoe 
survey was conducled on October 2 and 3 In lhe reach between the Centervill e Powerhouse and the Skyway. No dead 
or Uva salmon were seen, while 5 multiple redds were observed . Recovery conditions were described as being the best 
in ten vears Reavis I1981al. CDFG 119901. No Information Is avai lable reaardlna lhe basis for lhe oooulallon estimate . 

1980 226 No sun,ey was eondudod In tho reach between lhe Centerville Hud Dam and the Centenillle Powerhouse (barrier not 
lnslalled). Sun,eys were conducted by caooo on October 1 and 2 In the roach between the Centerville Powemouse and 
the Skyway (13 carcasses, 106 llve fish, 4J multiple and 3 slngto redds) Reavis, (1991b). Comment Is made that the 
minimum number or salmon accounted for was 119, with no lnlormalion available regarding the basis for lhe populalion 
esllmate. 

119 ctFG 119901. 

1981 250 The Centerville Borner was not Installed thl• year. CDFG conduc ted canoe surveys In the reach between the Cenlenillle 
Po.,omouse and the Covered Bridge on June 2, (2 five fish). in tho reach between the Covered Bridge and Durham 
Mutual Dam on October 1 (4 sing lo redds, 4 carcasses, 68 live ·fish) . Mention was made orthe PG&E survoys but no 
lndcatlon whether PG&E numbers were lnc'.uded In estimate . Reavis 119831, CDFG 119901. 

312 PGSE conducted a helicopt er survey of lhe reach from the Co nte,vllle Head Dom to Pa"ott Phelan Dam on October 2 
(25slngle redds, 6 mulllpte redds , 1 carcass, 50 live fish). Reavis (1983) . Based upoo the PG&E survey of the ,.,. ch 
between Iha Conrorvlllo H .. d Dam and tho Ccnlcrvllle Puwurho use, wnrch wa s not surveyed by CDFG, PG&E 
recommended addlna 62 oddill onol fish to the CDFG estlmato, Steitz / 1994al. 

1982 534 Centerville Barrier was nol Installed . COFG conducted o canoe survey on September 30, and October 1, In the reech 
betwoon tho Centerville Powerhouse and the Skyway (7 single redda, 124 mulllple redds, 20 carcasses, 141 live fish) . 
Reroverv coodttions wero described as nnnr Reavis 11986al CDFG 119901. 

589 Based upon the PG&E survey of the ,each between the Centerville Head Dam and the Centerville Powerhouse, which 
wasftft, surveved hu CDFG PG&E rec-end"" addlnn SS ndditlonal fi•h lo th• CDF/1 estimate '"eltz 11994al. 
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1983 50 Centerville Barrier was not Installed . CDFG cond ucted a survey (method unknown) In lhe reach between the Centerville 
Powerhouse and the Covered Bridge, and part of the reach between the Parrott-Phelan Dam and Skyway, on October 5 
(5 carc,1sses, 9 single redds , 3 multiple redds, 6 llve fish) , Recovery conditions were described as good, No Informatio n 
on how population esUmate was calcu lated, Reavis {1986bl CDFG 119901. 

51 Based upon lhe PG&E survey of the reach between the Centerville Head Dam and the Cente rvllle Powerhouse , whleh 
was not.surveyed bv CDFG, PG&E recomrnanded addlnQ 1 additional fish lo the CDFG esllmale, Steitz I1994a). 

1984 23 Centerville Barrier was not installed . CDFG conducted a canoe -survey In lhe reach .between the Centerville Powerhouse 
and the ParroU-Phelan Dam on October 1, (1 single redd, 5 multiple Iedds, 5 llve sa moo), and In the reach between the 
Palrolt -Phelan Dam and lhn Skyway 0!' October 2 , (no redds or salmo n), No lnformallon on how popu lation es.limate 
was ca lculate<!, Kano and Reavis ('19961 CDFG (1990), 

43 PG&E conducted a snorkel survey In lhe reach between the Centerville Head Dam and the Centerville Powerhouse 
during August, (5 llve salmon) , and an aerla1 survey on the same reach on Ootober 1 (1 mulllp le redd , 3 five salmon) , 
Kano and Reavis (1996) . Based upon Iha PG&E survey of the reach between tho Centerville Head Dam and the 
Centervlllo Powerho,uso, which was not surveyed by CDFG, PG&E recommended adding 20 addltlona l fish to the CDFG 
estinale. Steitz (1994al . 

1985 254 
Centerville Barrier was not installed. CDFG conducted a canoe survey of the reach between the C-Ontervllle Powerhouse 
and the Covered Bridge on October 1 (69 carcasses, 51 single redds, 1 mulllpl e redd, 116 live salmon}, and the reac h 
between the Parrott-Phelan Dam and lhe Skyway on Ootober 2 (1 redd , 6 ca rcasses, 4 11,e salmon) , No fnfonnatlon on 
how population esllmale was ca lcula ted Kano and Reavis 11996), CDFG (1990l . 

262 PG&E .snor1<el survey was conducted in Iha reach between the Centerville Head Dam and the Helltown Bridge on Ju ly 
17, 18 (8 live salmon), and an aerial survey or Iha reaoh hP,lween thq Centervnto Hoed Dam and 1110 Centerville 
Powerhouse on October 3, (11 single redds, 3 multiple redds ·, and 12 five salmon), Kano and Reavis (1996) . Based 
l1pon the PG&E survey ol lhe reach between Urn Cente rvill e Head Dam and the Centerville Powerhouse. which was not 
• un,eved bv CDFG PG&E recommende d addlno 8 additiona l Osh lo the CDFG est imate s,~11z I1994al. 
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1986 1,371 
Centervill e Barrier was not Installed. Aerial redd counts were conducted on October 1. In the reach between the 
Centerville Head Dam and lhe Centerville Powerhouse (71 redds) , ·Centerville Powerhouse to Covered bridge (109 
redds), Covered Bridge to Parrott-Phelan Darn (34 redds) . Parrott-Phelan Dam to Skyway (3 redds) , Canoe surveys 
were condu cted on October 2, 3. In lhe reach from the Centerville Powerhouse to lie Covered Bridge (318 redds); 
Covered Bridge to the Parrott-Phelan Dam (65 redds). Canoe survey counts were added to the two count• lrom re<>oho• 
survoyod onty by alr for a. lolal rcdd ~ limate of 457. Each redd was assumed lo represenl 3 adull salmon. resulling in 
overall estimate of 1,371, Kano and ReavlH1997a} . CDFG _{1990). 

1,846 
Based upon the PG&E survey of the reach between the Centeniille Head Dam and the Centerville Powerhouse. PG&E 
recommended adding 475 additional fish to the CDFG estimate, Steitz (1994a) . The CDFG estimate does however. 
aooear to include an estimate for the entire reach . 

1987 14 
Centerville Barrier was not Installed. Surveys (method unknown) were conducted on October 1, 2 , In the reach between 
the Centerville Powerho use and the Skyway Bridge (7 redds) . Not Information is available on how population estimate 
was made, Kano aod Reavis (1997b). 

1988 1,300 
Centerville Barrier was not installed and no sun,ey was conducted between the Centerville Head Dam and the Centerville 
Po'Nerhouse. A canoe survey was conduct•d In the reach between Cenlervl/Je Powerhouse and lhe Parrott-Phe lan Dam 
on October 3,4, (24 single redds, 367 mulliple redds, 540 live fish. 177 carcasses) . It Is staled that the usual estimation 
method would result In a population estimate of 1,834. however exce llent visibility and the fact many fish had already 
spswned caused the est jmale to be reduced lo 1,294. In addition, no estimate was Included for fish spawn ing above the 
Centervllle Powerhouse, Fllnl (1989)_, CDFG 11990J. 

1,440 
Based upon the PG&E sun,ey o f the reach between the Centerville Head Dam and the Centerville Powerhouse. PG&E 
recommended adding. 140 additional fish to lhe COFG estimate, Steitz (1994a). 

1989 1.300 
Centervllle Barrier was not Installed. Snork• I survey• were conducted on June 29-30, anel August 24-25 , resulting In a 
maximum estimate of 1 .010 adult .salmon, CDFG and PG&E jointly conducted spawning stock sun,eys on October 3 .5 In 
the reach from the Centerville Head Dam to lhe Centervi lle Powerhouse (275-300 redds. 270 carcasses , 230-240 live 
salmon); from the Centerville Powerhouse to the Covered Bridge (289 mulllple redds, 14 single redds, 79 ca rcasses, 267 
live salmon). The spawning population estimale was based primarily upon redd counts In the lower reach. resuttlng In an 
Initial estimate or 590 fisl!, Faustini_{! 99Ql, llo rationale was~ Ivan for the estimate for the remainder of the fish. 

2,384 
Based upon the PG&E survey of the reach between tho Centerville Head Dam and the Centerville Powerho use, PG&E 
recommended adding 1084 additional fish to the CDFG estimate, Ste itz (1994a). Existing documentallon brings Into 
ouesllon whether or not fish In lhe unner survev reach were lncludedjn the CDFG estimate. 
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1~90 10.0 
Centerville Barrier was not installed , CDFG conducted a canoe survey In the reach between the Centerville Powerhouse 
lo one mile below the Covered bfidge on Cctober 1, (64 multiple redds, 28 carcasses, 48 live salmon). Recovery 
conditions were ral ed as excellent The minimum count was staled as 76 fish . with tho spawning escapeme nt es timate 
stated as 250 fish, FJinlJ1990) , 

183 
Based upon the PG&E snorkel surv.eys or the reach between the Cenlervllle Head Dam and the Centerville Powerhouse 
on June 14, 15,(83 live salmon); on August 15 (60 live salmon, 2 carcasses) , PG&E recommended adding 83 additional 
fish to the COFG estimate, Sleitz119941!1 

1991 100 COFG snorkel survey, MIiis and Fisher J1994l . 

150 
Based upon the PG&E survey of the reach between the Centerville Head Dam and lhe Centerville Powerhouse, PG&E 
recommended adding 83 additiona l fish lo the CDFG estimate SlellZJ199411). 

1992 730 
PG&E snorkel survey on June 10, 1992, In the reach from Centerville head Dam lo Helllown Bridge (321 live adulls): 
Centervllle Powerhouse to steel bridge (91 live adults); steel bridge lo covered bridge (259 live adull~ Steitz (199~. 

1993 650 
Snorl<el surveys were conducted between ~eptember 16 and October 21, 1993. Total count of enllre reach from 
Centerville Head Dam lo Parrott-Phelan Dam was 358 redds 108 live fish and 44 carcasses Brown_ (199'1). 

1994 474 PG&e snorkel survey, Steilz 11994~ 

1995 7,500 
Snorkel Survey was conducted on July 24-26. 1995, In the reach from the cenlervllle Head Dam lo Chimney Rock (1270. 
2080 live oduils . 1 carcass); in reach from Chimney Rock lo Centerville Powerhouse (1760-1880 live adults): reach from 
Centerville Powemouse lo covered Bridge (2970-3520 live adulls, 1 carcass), Hill (1995). A second snorkel survey was 
conducted on Sept . 25, In the reach from the Centerville Henri Dam to Chimney Rock (1202 live •dulls, 208 carcasses, 
too many reacts to accurate ly dellnea!e); Sept, 27, in reach from Chimney Rock lo 1-felllown (725 live adults, 174 
carcasses, no estimate of redds): Oct. 11, In reach from Centerville Head Dam lo natural barrier (9 redds) : Oct, 12. In 
reach from Covered Bridge to Parroll ,Pheian Dam (5 live adults. 60 carcasses. 56 redds), Hill (1996a). Estimate was 
based l!Jlon maximum count of live adults during July survey. 

1996 1,413 
Snorkel survey was conducted from August 19-23, 1996; reach frorn cenlerville Head Dam lo Chimney Rock (551-681 
live adults): reach from Chimney Rock lo Cenlervifle Powe.rhouse .(385-455 live adulls): reach from Centerville 
Powerhouse lo Covered Bridge (242-275 llve adults} : reach from Covered Bridge to Parrott Phelan Dam (2 live adulls) ; 
reach from Parroll-Phelan Darn lo Highway 99 (0 aduils) . Estimate Is based upon maximum count of live adults, Hill /jQq\h l , 
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1997 635 
Snorkel survey was conducled from Augus l 18 • Seplember 5 , 1997; in reach from natural barrier pool lo Chimney Rock 
(280-328 llve adulls, 2 carcasses); reach from Chimney Rock to Cenlerville Powerhouse (147-154 live adulls); reach 
from cenlervllle Powerhouse to Covered Bridge (143-153 five adults); Covered Bridge to Parrott -Phefan Dam (0 adults). 
Esllmale Is based uoon maximum counl ol l!ve adulls , Hfll (1997b). 
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1946 2 .000 
Es!imate l!_r: U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counls, Fry /1961). 

1954 3,000 
Eslimale by Cafifornia Ocpartmenl of Fish and Game based on spawning area surveys and or/ aorial rodd counts, Fry 

J1961) , Frv and Pelrovlch_(1970J. 

1955 1,000 
Es!lmale by Caliromia Depar1ment or Fish and Game based on spawning area surveys and or/ aerial redd counls , Fry 

_ (1981) f:!y ahd Pelrovlch /197Ql. 

1966 2,000 
Esllmal e from CDFG redd counls and live fish counts lhal 1,000 lo 2 ,000 spring run spawned In Middle Fork , which was 
though! lo be only a por1ion or the aclua l total. In addllion, 7 carcasses and 46 live lsh wero observed in the North Fork 
which were identified as spril)ll. run, Warner (195~ . l:!Y (1961) . 

1957 500 
Estimale from CDFG aorial redd counls and live fish counls that 500 spring run spawned In Middle Fork, Mahoney 

_11958), Fry (1061). 

1958 3,200 
Eslimate ,vas based upon CDFG aerial redd counls of lho North Fork wilti 1,000 fall and spring run. and aerial redd 
counls and two ground surveys of the Middle Fork wllh 3 ,200 primarily spring run wlfl some fall run, CDFG (1959), Fry 
J1961). 

1959 4,000 
Esllmale rrom CDFG based upon llva counls wllh 50 spring run in Wesl Branch, based upon aerial redd counts 3,000 
spring and fall run In Midd le Fork, and aerial redd counls with 1,500 spring and fall run in NMh Fork, Mahoney (1960), 
6t.{1961J. 

1960 3,500 
COFG aerial survey lden llfred 2,000 fall and spring run in the North Fork. and 3,500 f:sh thought to be primarily spring run 
In lhe Midd le Fork , Mahoney_ (196~ . 

1961 No estima te 
CDFG aerial redd counls oflhA Mirldle Fork round 900 fish wflh mo5111,uught 10 be fall run, end an aerial survey ofthe 
Norlh Fork with 1 100 fish most thought to be fall run, Elwe ll_(196~ . 

1962 No estimate 
CDFG aerial redd counts or lhe Middle Fork found 330 fish w ith most Identified as fall run, and 800 fish In the North Fork , 
with most thought to be fall run, Menchen J1963J, 

1983 GOO 
Based on CDFG aerial redd counts Is was esllmated that 600 spring run spawned the Middle Fork , and that 4,500 fish, 
described as mosl!Y_ fall run ~awned In the main sle m below the North Fork. Menchen (1964)_. 

1964 2,908 
Featiter River Hatchery Barrie r Dam was put ,n operation and spring run were trapped and transported above Oroville 
Dam,, Menchen.J1965). 

1965 738 
~i!i!I run w111.e trao□ed at Feather River H,llch'!.!Y Barrier and lransported above Orovllle Dam Menchen /196fil . 
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1966 297 Sp ing run were traooed at Feather River Hatcherv Battier and transported above Oroville Oam, Menchen (19671. 
1967 H6 A total of 146 adults entered the Feather River Hatchery (FRH) between August 22 and September 1, 1967: Surviving 

fish were 81 females and 21 males. Annual Reporl Foalher River Salmon and Steelhead Hatchery. First Year of 
Onaratlon , 1967- 1968. Groh 11970),Menchen (19681. 

1988 208 Spring eslimate was based upon fish taken Into the Feather River Hatchery,wrth mention that a rew fish may have 
spawned In the river but no attemot was made to seoarate them from fall run Menchen_ (1969) . 

1969 348 Sp,tng estimate was based up.on fish taken info the Feather River Hatchery.with menlion lhal a few fish may have 
!lJJ•wned In lhe river bul no allempt was made lo seaarate lhem from ran run. Menchen (1970). 

1970 235 A Iola! or 235 adulls entered lhe Feather River Hatchery between August 13 and August 25, 1970: 153 females and 82 
ma'es. Annual Report Feather River Salmon and Steelhead Hatchery 1970-71, Schllctlng (1974). Menchen (1972) 
mentioned that a few fish mav have soawned in the river bui no attempt was made lo separate lhem from fall run 

1971 461 A tolal or 484 fish entered Fealhe r River Hatchery between Augusl 30 to August 31, 1971: 212 females and 272 males . 
Annual Report Fealher River Salmon and Steethead Hatchery Finh Year or Operation 1971-1972, Schlictlng (1973) . 
Spring estimale was based upon fish taken into the Feather River Hatchery . with mention that a few fish may have 
spawned in lhe river but no attempt was made lo separate them from fall run, althou,ah weekly survey trips were 
conducled durinQ July and AuQust, Taylor (19731. 

1972 ·256 A total of 256 fish entered FeaU,er River Hatchery between September 6 and Oclober 1, 1972: Surviving fish sexed on 
Ocl6 - 116 lemales and 128 males. Annual Report Feather River Salmon and Steehead Hatchery 1972-1973, 
ScHlcllng (1976). Spring estimala was based upon fish taken Into the Feather River Hatchery, with menllon that a few 
fish may have spawned In the river tiut no attempt was made to separate them from fall run, although nine week ly survey 
trips were conducted during July and August to evaluate the summer loss nf spring /an. Five c.,rcaooco were found 
durf.19 me summer surveys and 32 carcasses descr ibed as spring run were found on lhe first day of the fall run survey, 
T8}flor (1974a). 

1973 205 A Iota! or 205 fish entered Feather River Hatchery between Sept 1 to Sept 25, 1973: 101 lemales and 104 mates, 
Schlictlng (1978a). Spring estimate was based upon fish lakcn Into the Feal her River Hatchery, with mentio n that a few 
fish may have spawned in the river bul no attempt wes made lo separate thorn from fall run, althoug h eight weekly 
survey lrips were conducled during July and August to evaluate the summer loss or !prlng run. Four carcasses wore 
found durina the summer survevs Tavlor 11974b). 
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I FEATHER RIVER I 
I 

YEAR I RUN I METHODOLOGY/REFERENCE 

I SIZE 

1974 19"8 A lotal of 198 lish enlered Fealher River Halchery between Sept J lo Sept 5, 1974: Surviving nsh were sexed on Oct 4, 
1974: 69 retnales and BJ mates. Schlicling (1978b). Spring estimate was based upon fish take n into the 
Feather River Hatchery, with ment ion that a few fish may have spawned in the river but no attempt 
was made to separate them from f~tt run, although weekly swvey trip<> wore conducted during July 
and August to evaluate the summer loss of spring run. Eight carcasses were found during the 
summer surveys , Taylor (1976) , 

1975 691 A total of 691 fish entered Feathe r River Hatchery between Sept 2 to Sept 11, 1975: Surviving fish 
sexed on Oct 3 - 330 females and 283 males , Schllcting (1978c) . Spring estlma te was based solely 
upon fish taken Into the Feather River Hatchery , Hoopaugh (1977). 

1976 699 A total of 713 fish entered Feather River Hatchery between Sept 1 to Sept 15, 1976: 432 females 
and 281 males,• Annua l Report Feather River Hatchery 1976-77. Spring estimate was based upon 
fish taken into the Feather River Hatchery, although a survey trip was conducte d on September 22, 
1976, no carcasses were observed, Hoopaugh (1978). 

1977 185 A total of 121 fish entered Feather River Hatchery betwee n August 24 to August 30. The ladder 
was ope ned again Septembe r 16, 1977 and 73 fish entered that day. Total fish entering the 
hatchery was 194: 116 females and 78 males , Schlict ing (1982a) . Spring estimate was based 
upon fish taken into the Feather River Hatche_ry, Hoopaugh (1979). 

1978 202 A total of 202 fish entered Feather River I latchery between September 6 to October 10, 1978. 
The surviving fish were sexed on October 2, 1978: 112 females and 90 males. Only 32 fema les 
were successfully spawned from Oclober 2 through October 30, 1978, Schlicting (1982b). 
Surveys were conducted on October 9 and 23, with two carcasses recovered In the spawning 
channel on October 23, wilh the remainder of the fish identified as spring run having entered 
Feather River Hatchery , (Knutson 1980). 

1979 250 250 fish entered Feather River Hatchery Sept 4 to Sept 28, 1979: 167 fema les and 83 males , 
Schlicting (1982c), Spring estimate was based upon fish taken inlo t~e Feather River Hatchery, 
(Reavis 1981 al . 
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FEATHER RIVER 

YEAR RUN METHOOOLOGY/REFERENCE 
SIZE 

1980 669 The total run entering the Fealher River Hatchery was recorded as 269 fish with an estimated 400 
fish spawning in the river . Twenty six CWT spring run from FRH were recovered during the week ly 
sprlnQ run river surveys, (Reavis 1!l81b}. 

1981 1000 Spring run es11maIe was based upon fish taken into the Feather River Hatchery (469) and the 
assumplion that an equa l number spawned In the river, although no surveys were made of the river, 
(Reavis 1983). 

1982 1,910 Spring run were Identified as those Iha! entered the Feather River Hatchery between September 1, 
when the ladder was opened . and October 1. Coded wire tags taken from fish identified as spring 
run were shown to include some were marked as fail run. It was estimated that an additional 90 
spring run spawned in the river with no basis given for how the estimate was derived, (Reavis 
1966a). 

1983 1,702 Spring run estimate was based solely upon fish which entered Feather River Hatchery from 
September 1 to 30 1983, with no estimate for the river, (Reavis 1986b). 

1984 1,562 Spring run estimate was based solely upon fish Which entered Feather River Hatchery from 
Seotember 1 to 30, 1984, with no estimate for the river ,1Kano , et al. 1996). 

1985 1,632 Spring run estimate was based solely upon fish which entered Feather River Hatchery from 
September 1 to 30 , 1985, wilh no estimate for the river. Two salmon which were tagged (CWT) as 
spring run were recovered In the river durina the early fall run survevs, (Kano and Reavis 1996). 

1986 1,433 Spring run estimate was based sole ly upon fish which entered Feather River Hatchery from 
September 1 to 30, 1986, with no estimate for the river, (Kano and Reavis 1997a). 

1987 1,213 Spring run estimate was based sole ly upon fish which entered Feather River Hatchery from 
September 2 to 30, 1987, with no estimate for the river (Kano and Reavis 1997bl. 

1988 6,833 Spring run estimate was based solely upon fish which entered Feather River Hatchery from 
Seotember 7 to October 1 1988 with no estimate for the river-.1Schlictina 1991 ). 
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FEATHER RIVER 
YEAR RUN METHODOLOGY/REFERENCE 

SIZE 

1989 5,078 Spring run estimate was based solely upon fish which entered Fealher River Hatchery between 
September 7 and October 1, 1989, (Schllcting 1993a). 

1990 1.893 Sr>ring run estimate was based solely upon fish which entered Feather River Hatchery between 
September 7 and October 1. 1990, (Schlictino 1993b). 

1991 3.448 Spring run estimate was based solely upon fish which entered Feather River Hatchery betwee n 
September 7 and October 1, 1991, (Schlicting 1993c). 

1992 1,497 Spring run estima te was based on spring run enteri ng the Feather River Hatchery. The ladder was 
opened Sept 8 no closing date oiven, (Meye r 1993). 

1993 4,885 Spring run estimate was bas.ed on fish entering the Feather River Hatchery. The ladde r was 
opened on Sept 7 no closino date civen, (Mever 1991). 

199.4 3,489 Spring run estimate was based on fish entering the Feather River Hatchery . The ladder was 
opened on Sept 6 no closina date given , Mever (1995). 

1995 5,414 Spring run estimate was based on fish entering the Feather River Hatchery . The ladder was 
opened on September 11 and closed Sept 22 when the holding pond capacity was reached-Meyer 
(1996). 

1996 6,03~ Spring run estimate was ba~P.ci on f,sh entering the Feather River I latchery. The ladde r was 
opened Sept 9 no closing date given. Spring run estima te was based on fish entering the FRH. 
The ladder was ooened Sect 9 no closina date aiven Mever 11997). 

Appendix 8 - Page 39 



YUBA RIVER 

YEAR RUN METHODOLOGY/REFERENCE 
SIZE 

1961 No The Yuba is known to have had spring run but no estimate of its size has been made. This run has 
estimate virtually dlsaooeared , Frv (1961) 

1969 No CDFG states that "It is felt that run is ext inct, but there shou ld be a further examination of the river 
estimate svstem", Menchen (1970) . 

1972 No CDFG reports that residents observed a few spring -run salmon below Englebright Dam but no 
estimate estimate was made, Tavlor (1974a) . 

1980 200 CDFG survey found 14 coded wire tagged Feather River Hatchery spring run and eslimat~d that 
200 Feather River sprina run had spawned in the Yuba, Reavis (1981b). 

1981 200 CDFG made est imate with no suooortina surveys or other Information, Reav is (1986a). 

1982 No CDFG reports that spring run were observed negotiating the Daguerre Point Dam fish ladder in May 
estimate an:J June, however no surveys or estimates were made , Reav is (1984). 

1983 No U. S. Corps of Engineers personnel observed spring run negotiating the Daguerre Point Dam fish 
estimate ladder in May and June , however no surveys or estimates were made, Preston (1984), Reavis 

(1986al. 

1984 No Spring run were observed below Daguerre Point Dam in late April and early M<jy, Preston (1985) . 
estimate 

1985 No Survey was made of reach from mouth of Deer Creek to the Highway 20 bridge on October 9, 1985, 
estimate during which 4 dead salmon, 50 live salmon and 50 redds were observed. No estimate for spring 

was made because of uncertainty of distinauishi na sprina run from fail run. Kano and Reavis (1996) . 
1986 No Seven salmon were counted passing the dam during the spring run migration period, however no 

estimate other surveys or est imates made although comment was made th.at the run is believed to be 
maintainina itself at 100-200 adults , Preston 11987). Kano and Reavis (1997al. 
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YUBA RIVER 

YEAR RUN METHODOLOGY/REFERENCE 
SIZE 

1988 No Spring run were observed during the summer, but could not be separated from fall run during the 
estimate subsequent survey, Mever (1989). 

1989 No Survey was conducted on October 6, 1989 during which 140•160 multiple redds, and 150 live fish, 
estimate Faustini (1990) . 

1997 No COFG personnel observed fish at Daguerre Point Dam during April and May, and redds near the 
estimate Highway 20 bridge on September 24, 1997, Nelson (1997) . In addition, carcasses were observed 

near Englebright Dam, Hill (1997b) . 
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APPENDIX C 

OCEAN HARVEST REGULATIONS 

C-1 1996 California Ocean Salmon Sport Fishing Regulations 
C-2 1997 California Ocean Salmon Sport Fishing Regulations 
C-3 1998 California Ocean Salmon Sport Fishing Regulations 
C-41996 California Ocean Salmon Commercial Fishing Regulations 
C-5 1997 California Ocean Salmon Commercial Fishing Regulations 
C-6 1998 California Ocean Salmon Commercial Fishing Regulations 



APPENDIX C-1 

1996 CALIFORNIA OCEAN SALMON SPORT FISHING REGULATIONS 

27.80. Salmon. 
(a) Methods of take: 

(1) Genera l Provisions. Only by angling as defined in Section 1.05. No sinkers or 
weights exceed ing four pounds may be used, except that a fishing line may be attache.d to a 
sinker or we ight of any size if such sinker or weight is suspended by a separate line and the 
fishing line is released automatically by a mechanical device from the sinker or weight when any 
fish is hooked . See sections 1.74, 28.65 and 28.70. 

(2) Hook Restrictions. Only single point, single shank barbless hooks may be used to 
take salmon in the ocean north of Point Conception (34°27'00" N. lat.). When fi shing with bait in 
the ocean between Horse Mountain (40°05'00" N. lat.) and Point Conception after June 30, no 
more than two hooks may be used with any combination of weights measuring one pound or 
less. When using two hooks, the terminal (lower) hook must be no less than 3/4 inch when 
measured from the h_ook point to the shank and the upper hook no less than 5/8 inch when 
measured from the hook point to the shank; the distance between the two hooks must not 
exceed five Inches, and both hooks must be permanently tied in place (hard tied). When us ing a 
single hook, the hook size cannot be less than 3/4 inch when measured from the hook point to 
the shank. 

EXCEPTION : Hook size restrictions do not apply when artificial lures are used or when 
bait is attached to an artificial lure (a man-made lure designed to attract fish, not including 
scented or flavo red baits). 

(3) One Rod Restriction north of Point-Conception. Salmon may be taken by angling with 
no more than one rod in ocean waters north of Point Conception. See section 28.65. 

(b) Season: 

(1) South of Pigeon Point All waters of the ocean south of Pigeon Point (37° 11'00" N. 
lat.) are open to salmon fishing from the Saturday nearest March 1 through August 25 {Note : In 
1997, the season will oi:en on March 15). 

· (2) Between Point San Pedro and Pigeon Point. All waters of the ocean between Point 
San Pedro (37°35 '40" N. lat.) and Pigeon Point are open to fishing from the Saturday nearest 
March 1 through August 25 (Note: In 1997, the seaso n w ill open on the Saturday nearest Apri l 
1 ). 

(3) Between Point Arena and Point San Pedro. All waters of the ocean and San 
Francisco Bay Dist rict between Point Arena (38°57'30" N. lat.) and Point San Pedro are open to 
salmon fish ing from the Saturday nearest March 1 through October 14 {Note: In 1997, the 
season will open on the Saturday nearest April 1 ). 

( 4) Between Horse Mountain and Point Arena. All waters of the ocean between Horse 
Mounta in and Point Arena are open to salmon fishing from the Saturday nearest February 15 
through July 7 and August 1 through the Sunday nearest November 15. 

(5) North of Horse Mountain and Humboldt Bay. All waters of the ocean north of Horse 
Mountain and Humboldt Bay are open to salmon fishing ffom May 12 through July 7 and August 
18 through September 21. 

EXCEPTION: The ocean area surrounding the Klamath River mouth bounded on the 
north by 41 °38'48" N. lat (approximately 6 nautical miles north of the Klamath River mouth) , on 
the south by 41 °26'48" N. lat. (approximately 6 nautical miles south of the Klamath River mouth), 
and extending 3 nautical miles offshore is closed to salmon fishing. 
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(c) Limit: 
(1) North of Horse Mounta1n: One salmon per day, and no more than four fish in seven 

consecutive days (See subsection (c)(3) below). 
(2) South of Horse Mountain: Two salmon per day (See subsection (c)(3) below) . 
(3) Statewide Silver Salmon Restrictions: No silver salmon may be retained after Apri l 30, 

1996, except in those areas south of Point Arena from their respective openings of the 1997 
ocean salmon seasons through April 30, 1997 (Note: In early 1997, the Pacific Fishery 
Management Council will evaluate silver salmon abundance to determine if the take of silver 
salmon south of Point Arena Will be prohibited in 1997 through April 30. If the retent ion of silver 
salmon is proh ibited south of Point Arena , the Department shall notify the Commission and the 
public via available news media of any changes in the provisions of subsection (c)(3) above). 

(d) Minimum size: 
(1) North of Horse Mountain: Twenty inches total length. 
(2) Horse ~,lountain to Point Arena : Twenty-four inches total length. 
(3) South of Point Arena: Twenty -four inches total length through July 14 and twenty -six 

Inches tota l lengt h thereafter. 
NOTE 
Aut hority cited: Sections 200, 202, 205, 220, 240, 2084 and 7891, Fish and Game Code . 
Reference : Sectio ns 200, 202, 205 and 2084, Fish and Game Code. 
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APPENDIX C-2 

1997 CALIFORNIA OCEAN SALMON SPORT FISHING REGULATIONS 

27.80. Salmon. 
(a) Methods of take: 

(1) General Provisions. Only by angling as defined in Section 1.05. No sinkers or weights 
exceeding four pounds may be used, except that a fishing line may be attached to a sinker or 
weight of any size if such sinker or weight is suspended by a separate line and the fishing line is 
released automatically by a mechanical device from the sinker or weight when any fish is 
hooked. See sections 1.74, 28.65 and 28.70. 

(2) Barbless Hocks. Only single point, single shank barbless hooks may be used to take 
salmon in tha ocean north of Point Conception (34°27'00" N. lat.) . 

(3) Other Hook Restrictions. When fishing with bait in the ocean between Horse 
Mountain (40°05'00" N. lal. ) and Point Conceptlon after April 30, no more than two hooks may 
be used with any combination of weights measuring one pound or less. When using two hooks, 
the terminal (lower) hook must be no less than 3/4 inch when measured from the hook point to 
the shank and the upper hook no less than 5/8 Inch when measured from the hook point to the 
shank; the distance between the two hooks must not exceed five in,:hes when measured from 
the top of the eye of the top hook to the inner base of the curve oi the lower hook, and both 
hooks must be permanently tied in place (hard tied) . When using a single hook, it must be no 
less than 3/4 Inch when measured from the hook point to the shank. Beginning September 2, 
1997 and thereafter, no more than two hooks may be used per line; and all hooks must be 
barbless circle hooks which are defined as a hook with a generally circular shape, and a point 
which tums inward to the shank at approximately a so•· angle . 

EXGEPTION: Subsection (a)(3) does not apply in the ocean between Point Reyes 
(37°59'44" N. lat.) and Pigeon Point (37"11'00" N. lat) from July 1 through September 1, or when 
artificia l lures are used or when bait is attached to an artificial Jure. Artificia l lures include, but 
are not limited to, any lure constructed with a lead head, metal bars. or spoons designed to 
attract fish. Artificial lures do not include "J' hooks w ith only beads , yam, feathers, and bait 
attached, Including scented and flavo red baits. 

(4) One Rod Restriction north of Point Conception. Salmon may be taken by angling with 
no more than one rod in ocean waters north of Point Conception . See section 28.65. 

(b) Season: -

( 1) South of Pigeon Point. All waters of the ocean south of Pigeon Point are open to 
salmon fishing from March 15 through October 19 (Note: In 1998, the season will open on March 
14, the Saturday nearest March 15). 

(2) Between Point Arena and Pigeon Point. All waters of the ocean between Point Arena 
(38°57'30" N. lat.) and Pigeon Point are open to fishing from March 29, the Saturday nearest 
April 1, through November 2 (Note: In 1998, the season will open on March 28, the Saturday 
nearest April 1, except for the waters of the ocean inshore of a stra ight line drawn from Solinas 
Point (Marin County) south to Duxbury Buoy, then to Channel Buoy #1, then to Channel Buoy 
#2, then to Point San Pedro (San Mateo County), and including all of San Francisco and San 
Pablo bays between the Golden Gate Bridge ·and the Carquinez Bridge including the entrance 
area from the Golden Gate Bridge to Seal Rocks 16 Point Bonita which are closed to salmon 
fishing from March 28 through March 31 ). 

(3) Between Horse Mountain and Point Arena . -All waters of the ocean between Horse 
Mountain and Point Arena are open to salmon fishing from the Saturday nearest February 15 
through July 6 and August 1 through November 16, the Sunday neaiest November 15 (Note: In 
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1998, the.seaso n wi ll open on February 14, the Saturday nearest February 15). 
(4) North of Horse Mountain and Humboldt Bay . All waters of the ocea n nort h of Horse 

Mountain and Humboldt Bay are open to salmon fishing from May 24 throug h May 30, June 17 
through July 6, and August 12 through September 14. 

EXCEPTION: The ocean area surrounding the Klamath River mouth bounded on the 
north by 41 °38'48 '' N. lat. (approximately 6 nautical miles north of the Klamath River mout h) , on 
the south by 41 °26'46" N. lat. (approxi matel y 6 nautical miles south of the Klamath River mouth), 
and extending ·3 nautical miles offshore is closed to salmon fishing betwe en August 12 and 
August 31. 

(c) Limit: 

(1) North of Horse Mounta in: One salmon per day, and no more than four fish in seven 
consecutive days (See subsection (c)(3) below). 

(2) South of Horse Mounta in: Two salmon per day (See subsection (c)(3) below and 
sect ion 1. 17). From July 1 through September 1, between Point Reyes and Pigeon Point , the 
fimit is the firs t two fish taken (see EXCEPTION under subsectior. ( d)(2) below). 

NOTE 

(3) Statewi de Silver Salmon Restrictions: No silver sa lmon may be reta ined. 
{d} Minimum size: 

(1) North of Horse Mountai n: Twen ty inches tota l length. 
(2) South of Hcrse Mountai n: Twenty-four inches to ta l length. 
EXCEPTION: Between Point Reyes and Pigeon Point, from July 1 through September 1, 
there ls no minimum size. 

Authority cited: Sections 200, 202, 205 , 220 , 240, 2084 and 7891 , Fish and Game Code . 
Reference: Sections 200, 202, 205 and 2084, Fish and Game Code. 
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APPENDIX C-3 

1998 CALIFORNIA OCEAN SALMON SPORT FISHING REGULATIONS 

27.80. Salmon. 
(a) Methods of take: 

(1) General Provisions. Only by angling as defined in Section 1.05. No sinkers or 
weights exceeding four pounds may be used, except that a fishing line may be attached to a 
sinker or weight of any size if such sinker or weight is suspended by a separate line and the 
fishing line is released automatically by a mechanical device from the sinker or weight when any 
fish is hooked. See sections 1.74, 28.65 and 28.70. 

(2) Barbless Hooks. Only single point, single shank b.arbless hooks may be used to take 
salmon in the ocean north of Point Conception (34°27'00" N. lat.). 

(3) Other Hook Restrictions. When fishing with bait in the ocean between Horse 
Mountain (40°0 5'00" N. !at.) and Point Conception, if angling by any other means than trolling, 
then no more than two (2) single point, single shank, barbless circle hooks shall be used. The 
distance between the two hooks must not exceed five inches when measured from the top bf the 
eye of the top hook to the inner base of the curve of the lower hook, and both hooks must be 
permanently tied in place (hard ·tied). A circle hook is defined as a hook with a generally circular 
shape, and a point which turns inwards, pointing directly to the shank at a 90 degree angle·. 
Trolling Is defined as angling from a boat or floating device that is making way by means oi a 
source of power, other than drifting by means of the prevailing water current or weather 
conditions. See Section 28.65. 

(4) One Rod Restriction north of Point Conception. Salmon may be taken by 
angling with no more than one rod in ocean waters north of Point «;:onception. See Section 
28.65 . 

(b) Season: 

(1) South of Pigeon Point. All waters of the ocean south of Pigeon Point are open to 
salmon fishing from March 14 through September 7 (Note: In 1999, the season will open on 
March 13, the Saturday nearest March 15). 

(2) Bel\veen Point Arena and Pigeon Point. All waters of the ocean between Point Arena 
and Pigeon Point are open to fishing from March 28. the Saturday nearest Apri l 1, through 
November 1 (Note: In 1999, the season will open on March 27, the Saturday nearest April 1, 
except for the waters of the ocean inshore of a straight line drawn from Solinas Point (Marin 
County) south to Duxbury Buoy, then to Channel Buoy #1, then to Channel Buoy #2, then to 
Point San Pedro (San Mateo County), and including all of San Francisco and San Pablo bays 
between the Golden Gate Bridge and the Carquinez Bridge including the entrance area from the 
Golden Gate Bridge to Seal Rocks to Point Bonita which are closed to salmon fishing from 
March 27 through March 31 ). 

(3) Between Horse Mountain and Point Arena. All waters of the ocean between Horse 
Mountain and Point Arena are open to salmon fishing from February 14, the Saturday nearest 
February 15, through July 5 and August 1 through November 15, the Sunday nearest 
November 15 (Note: In 1999, the season will open on February 13, the Saturday nearest 
February 15). 

(4) North of Horse Mountain and Humboldt Bay. All waters of the ocean north of Horse 
Mountain and Humboldt Bay are open to salmon fishing from May 23 through June 1 O, June 21 
through July 5, and August 11 through September 13. 

EXCEPTION: The ocean area surrounding the Klamath River mouth bounded on the 
north by 41 °38'48" N. lat. (approximately 6 nautical miles north of the Klamath River mouth), on 
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the south by 41 °26'48" N. lat. (approximately 6 nautical miles south of the Klamath River mouth) , 
and extending 3 nautical miles offshore is closed to salmon fishing between August 11 and 
August 31. 

(c) Limit 
(1) North of Horse Mountain: One salmon per day, and no more than four fish in seven 

consecut ive days (See subsection (c}(3) below). 
(2) South of Horse Mounta in: Two salmon per day (See subsection (c)(3) below and 

Section 1.17). From July 1 through September 7, between Point Arena and Pigeon Point , the 
limit is the first two fish taken (see EXCEPTION under subsection (d}(2) below ). 

NOTE 

(3) Statewide Silver Salmon Restrictions: No silver salmon may be retained . 
(d) Minimum size: 
(1) North of Horse Mountain: Twenty inches total length. 
(2) South of Horse Mountain: Twenty-four inches total length. 
EXCEPTION: Between Point Arena and Pigeon Point, from July 1 through Septembe r 7, 

there is no minimum size. 

Autho rity cited: Sect ions 200, 202, 205, 220, 240, 2084 and 7891, Fish and Game Code. 
Reference : Sections 200, 202, 205 and 2084, Fish and Game Code, 
Section 28.65, Tit le 14, CCR, is amended lo read: 
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APPENDIXC-4 

1996 CALIFORNIA OCEAN SALMON COMMERCIAL FISHING REGULATIONS 

Section 182. Commercial Salmon Fishing. 

Under the authority of Section 7652 of the Fish and Game Code, Section 8210.2 and 
8215 of said Code are made inoperative for the period May 1, 1996 through April 30, 1997 and 
the following regulations are adopted, such regulations to be effective May 1, 1996 through April 
30, 1997 and at midnight on April 30, 1997 are repealed. Upon expiration of these regulations in 
any district or portion thereof, Section 8210.2 and 8215 of the Fish and Game Code shall 
become effective in such districts or portions of districts. 

(a) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, and except as modified in subsection (c), 
no king (Chinook) salmon may be possessed that is lesl; than 26 inches in length from May 1, 
1996 through June 30, 1996 and from April 15, 1997 through April 30, 1997, and that is less 
than 27 inches in length from July-1, 1996 through September 30, 1998, such length to be 
measured from the tip of the snout to the extreme tip of the tail without resorting to any force 
other than swinging or fanning the tan. Salmon may be taken only by hook and line. 

(b) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, only single bcrbless hooks may be used to 
take salmon. Single barbless hook means a hook with a single shank and point, with no 
secondary point or barb curving or proj.ecting in any other direction. Hooks manufactured with 
barbs can be made "baroless" by removing or completely closing the barb. 

(c) Frozen salmon may be possessed in a dressed, head-off condition, subject to the 
following minimum size limit: king salmon, 19-1 /2" in dressed, head-off length when salmon no 
less than 26 inches total length may be possessed and 20-1/4" In dressed, head-off length when 
salmon no less than 27 inches total length may be possessed. Dressed, head-off length is the 
dislance measured along the lateral lini:, b·etween the· mid-point of the clavicle arch and the fork 
of the tail. 

(d) In Districts 6, 7, 10, 11. 16, 17, 18, and 19, no more than six troll lines may be used 
on any commercial salmon fishing vessel. 

(e) In Districts 10. 11, 16.17 , 18, and 19, south of Poin!Reyes(37°59'44" N. lat.), under 
the authority of a commercial fishing license, all salmon other than silver salmon, may be taken 
from May 1 through June 30 and July 3 through September 15. 

(f) In Districts 10 and 11, between Bodega Head (38°17'58" N. lat.) and Point San Pedro, 
under the authority of a commercial fishing license, all salmon other than silver salmon, may be 
taken from September 16 through September 30. 

(g) In Districts 7, 10, and 11, between Point Arena (38°57'30" N. lat.) and Point Reyes, 
under the authority of a commercial fishing license, all salmon other than silver salmon, may be 
taken from June 1 through June 30 and August 1 through September 15. . 

(h) In District 7, between Point Arena and Horse Mountain (40°05'00" N. lat.), under the 
authority of a commercial fishing license, all salmon other than silver salmon, may be taken from 
August 1 through September 30. 

(i) In Districts 18 and 19, between Point Lopez (36°01'15'' N. tat.) And Point Mugu 
(34°05'12" N, lat.), under the authority of a commercial fishing license, all salmon other than 
silver salmon, may be taken from April 15 through April 2s; or the date the Regiona l Director of 
the NMFS determines that a total of 10,000 king salmon will be taken. 

O) In Districts 6 and 7, between the California/Oregon Border (42°00'00" N. lat.) And 
Humboldt South Jetty (40°45'53" N. Jal), under the au1hority of a commercial fishing license, all 
salmon other than silver salmon, may be taken from August 15 through August 31 or the date 
the Regional Director of the NMFS determines that a total of 2,500 king salmon will be taken, 
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and from September 1 through September 15 or the date the Regional Director of the NMFS 
detenmines that a total of 6,000 king salmon will be taken. A ll salmon taken in this area at this 
time must be landed within the area and no more than 30 salmon per day may be landed. 

(k} In Districts 6, 7, 10, 11, 16, 17, 18, and 19, it is unlawful for any person on a vessel 
with an ocean salmon penmtt from any state having salmon on board to have troll fishing gear in 
the water during those times that commercial salmon fishing is prohibited. 

(I) Troll fishing gear is defined as one or more lines that drag hooks with bait or lures 
behind a moving fishing vessel. 

(m} In District 6, no salmon may be taken for commercial purposes in State waters off the 
mouth of the Klamath River within an area bounded on the north by 41 °38'48" N. lat. 
(approximately 6 nautical miles north of the Klamath River mouth) and on the south by 41 °26'48" 
N. lat. (approximately 6 nautical miles south of the Klamath River mouth}. 

(n) It is unlawful for any person to take or take and retain any species of salmon in 
districts 6, 7, 10, 11, 16, 17, 18, and 19: I} during closed seasons or in closed areas, except that 
legally caught salmon may be landed in closed areas unless otherwise prohibited by these 
regulations; ii} while possessing on board any species of salmon not allowed to be taken in the 
area at the time; iii) by means other than hook and line. 

( o) All other provisions, exceptions and restrictions for commercial salmon fishing off 
California are described in Title 50-Code of Federal Regulations. Part 661 and apply to State 
waters as in effect May 1, 1996. 
NOTE 
Authority: Section 76:2 , Fish and Game Code. 
Reference: Sections 1700, 7600, 7650, 7652, 7652.1, 7652.2, 7652.3, 8210.2, and 8215, Fish 
and Game Cede: Trtle 50, Code of Federal Regulations, Part 661. 
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APPENDIX C-5 

1997 CALIFORNIA OCEAN SALMON COMMERCIAL FISHING REGULATIONS 

Section 182. Commercial Salmon Fishing. 
Under the authority of Section 7652 of the Fish and Game Code, Section 8210.2 and 

8215 of said Code are made inoperative for the period May 1, 1997 through April 30, 1998 and 
the following regulations are adopted, such regulations to be effective May 1, 1997 through April 
30, 1998 and at midnight on Apr il 30, 1998 are repealed. Upon expiration of these regulations in 
any district or portion thereof, Section 8210.2 and 8215 of the Fish an.d Game Code shall 
become effective in such districts or portions of districts. 

(a) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, and except as modified in subsection (c), 
no king (Chinook) salmo., may be possessed th:at is l&ss th3n 26 inches in length from Mc1y 1, 
1997 through September 30, 1997, such length to be measured from the tip of the snout to the 
extreme lip of the ta°il without resorting to any force other than swinging or fanning the tail. 
Salmon may be taken only by hook and line. 

(b) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, only single barb less hooks may be used to 
take salmon. Single barbless hook means a hook with a single shank and point, with no 
secondary point or barb curving or projecting in any other direction. Hooks manufactured with 
barbs can be made "barbless" by removing or completely closing the barb. 

(c) Frozen salmon may be possessed in a dressed, head-off condition, subject to the 
following minimum size limit: king salmon, 19-1/2" in dressed, head-off length when salmon no 
less than 26 inches total length may be possessed. Dressed, head-off length is the distance 
measured along the late:al line between the mid-point of the clavicle arch and the fork of the tail. 

(d) In Districts 6, 7, 10, 11, 16, 17, 18, and 19. no more than six troll lines may be used 
on any commercial salmon fishing vessel. 

(e) In Districts 10, 11, 16, 17, 18, and 19, south of Point San Pedro (37°35'40" N. lat.}, 
under the authority of a commercial fishing license, all salmon other than silver salmon, may be 
taken from May 1 through May 31 , June 23 through July 18, and September 1 through 
September 30. 

(f) In Districts 10 and 11, between Point Reyes (37°59'44" N. lat.) and Point San Pedro, 
under the authority of a commercial fishing license, all salmon other than silver salmon, may be 
taken from July 1 through September 30. 

ig) In Districts 10 and 11, between Point Arena (38 • 57'30" N. lat.) and Point Reyes, 
under the authority of a commercial fishing license, all salmon other than silver salmon, may be 
taken from July 1 through September 30. 

(h) In District 7, between Point Arena and Horse Mountain (40°05'00" N. lat.), under the 
authority of a commercial fishing license, all salmon other than silver salmon, may be taken from 
September 1 through September 30. 

(i) In Districts 18 and 19, between Point Lopez (36°01'15" N. lal) and Point Mugu 
(34°05'12" N. lat.), under the authority of a commercial fishing license, all salmon other than 
silver salmon, may be taken from April 15 through April 28, or the date the Regional Director of 
the NMFS detenmines that a total of 10,000 king salmon will be taken. 

(j) In Districts 6 and 7, between the California/Oregon Border (42°00'00" N. lat.) And 
Humboldt South Jetty (40°45'53" N. lat.), under the authority of a commercial fishing license, all 
salmon other than silver salmon, may be taken from September 1 through September 30 or the 
date the Regional Director of the NMFS detenmines that a total of 6,000 king salmon will be 
taken. All salmon taken 111 this area at this time must be landed within the area and no more 
than 30 salmon per day may be landed. 
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(k) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, it is unlawful for any person on a vessel 
with an ocean salmon permit from any state having salmon on board to have troll fishing gear in 
the water during those times that commercial salmon fishing is i:rohibited. 

CT) Troll fishing gear is defined as one or more lines that drag hooks with bait or lures 
behind a moving fishing vessel. 

(m) In District 6, no salmon may be taken for commercial purposes in State waters off the 
mouth of the Klamath River within an area bounded on the north by 41 "38'48" N. lat. 
(approximately 6 nautical miles north of the Klamath River mouth), on the west by 124"23'00" W. 
long. (approximately 12 nautical miles off shore), and on the south by 41 "26'48" N. lat. 
(approximately 6 nautical miles south of the Klamath River mouth). 

(n) It is unlawful for any person to take or take and retain any species of salmon in 
districts 6, 7, 10, 11, 16, 17, 18, and 19: I) during closed seasons or in closed areas, except that 
legally caught salmon may be landed in closed areas unless otherwise prohibited by these 
regulations; ii) while possessing on board any species of salmon not allowed to be taken in the 
area at the time; iii) by means other than hook and line. 

(o) All other provisions, exceptions and restrictions for commercial salmon fishing off 
California are described in Titre SO-Code of Federal Regulations, Part 661 and apply to State 
waters as in effect May 1, 1997. 
NOTE 
Authority: Section 7652, Fish and Game Code. 
Reference: Sections 1700, 7600, 7650, 7652, 7652.1, 7652.2, 7652.3, 8210.2, and 8215, Fish 
and Game Code; TIiie 50, Code of Federal Regulations, Part 661. 
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APPENDIX C-6 

1998 CALIFORNIA OCEAN SALMON COMMERCIAL FISHING REGULATIONS 

182. Commercial Salmon Fishing . 
Under the authority of Section 7652 of the Fish and Game Code, Section 8210.2 and 

8215 of said Code are made inoperative for the period May 1, 1998 through April 30, 1999 and 
the following regulations are adopted. such regulations to be effective May 1, 1998 through 
April 30, 1999 and at rridnight on April 30, 1999 are repealed. Upon expiration of these 
regulations in any district or portion thereof , Section 8210.2 and 8215 of the Fish and Game 
Code shall become effective in such districts or portions of districts. 

(a) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, and except 2s modified in subsection {c), 
no king {chinook) salm on may be possessed that is less than 26 inches in length from May 1, 
1998 through September 30, 1998, such length to be measured from the tip of the snout to the -
extreme tip of the tail wthout resorting to any force other than swingi ng or fann ing the tail. 
Salmon may be taken only by hook and line. 

(b) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, only single barbless hooks may be used 
to take salmon. Single barbless hook means a hook with a single shank and point, with no 
secondary point or barb curv ing or projecting in any other direction . Hooks manufactured with 
barbs can be made "barbless" by removing or completely closing the barb. 

(c) Frozen salmon may be possessed in a dressed , head-off condition , subject to the 
following minimum size limit: king salmon. 19-1/2" in dressed, head-off length when salmon no 
less than 26 inches tota l length may be possessed . Dressed , head-off length is the distance 
measured along the lateral line between the mid-point of the clavicle arch and the for!< of the 
tail. 

(d) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, no more than six troll lines may be used 
on any commercial salmon fishing vessel. 

(e) In Districts 18, and 19, south of Point Sur (38°18'00" N. tat.), under the authority of a 
commercial fishing license, all salmon other than silver salmon, may be taken from May 1 
through September 30. 

(ei) In Districts 10, 11, 16, 17, and 18 between Point San Pedro (37 °35'40" N. lat.) and 
Point Sur, under the autho rity of a commercial fishing license, all salmon other than silver 
salmon, may be taken from May 1 through May 31, June 16 through September 30. 

(g) In Districts 10 and 11, between Point Reyes (37°59'44" N. lat.) and Point San Pedro, 
under the authority of a commercial fishing license, all salmon other than silver salmon , may be 
taken from July 1 through September 30. 
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(h) In Districts 10, and 11, between Point Arena (38°57'30" N. lat.) and Point Reyes, 
under the authority of a commercial fishing license, all salmon other than silver salmon, may be 
taken from August 1 through September 30 with exception of a test fishery between Fort Ross 
(38°31'00" N. lat.) and Point Reyes for July 5 thru earlier of July 31 or an overall 3,000 chinook 
quota. Season to be opened as follows: July 5 thru earlier of July 11 or 1,000 chinook quota; 
July 12 thru earl ier of July 18 or 1,000 chinook quota; and July 19 thru ear lier of July 25 or the 
lesser of a 1.000 chinook quota or the remainder of the overall 3,000 chinook quota . If 
sufficient overall quota remains, the fishery will reopen on July 2€ thru the earlier of July 31 or 
achievement of the overall quota. Open only inside 6 nautical miles, Landing limit of no more 
than 30 fi sh per day. All fish caught in this area must be landed in Bodega Bay within 24 hours 
of each closure. Open only inside 6 nautical miles. Fish taken outside the test fishery may 
not be landed at Bodega Bay during the time authorized for t~st fishery landings. 

(i) In District 7, between Horse Mountain (40°05'00" N. lat.) and Point Arena, under the 
authority of a commercial fishing license, all salmon other than silver salmon. may be taken 
from September 1 through September 30. 

G) In Districts 6 and 7, between the Cal ifornia/Orego n Border (42°00'00" N. lat.)and 
Humboldt South Jetty (40°45'53" N. lat.), under th e authority of a commerc ial fishing license , all 
salmon other than silver salmon, may be taken from Septembe r 1 through September 30 or the 
date the Regional Director of the NMFS determines that a total of 6,000 king salmon will be 
taken . A ll salmon taken in this area at thi s time must be landed within the area and no more 
than 30 salmon per day may be landed. 

(k) In Districts 5, 7, 10, 11, 16, 17, 18, and 19, it is unlawful for any perso n on a vessel 
with an ocean salmon permit from any state having sa lmon on board to have tro ll fishing gear in 
the water during those times that commercial salmon fishing is prohibited . 

(I} Troll fishing gear is defined es one or more lines that drag hooks With bait or lures 
behind a moving fishing vessel. 

(m) In District 6, no salmon may be taken for commercial purposes in State wa ters off 
the mouth of the Klamath River within an area bounded on the north by 41 °38'48" N. lat. 
(approximately 6 nautical miles north of the Klamath River mouth), on the west by 124 °23'00" 
W. long. (approximately 12 nautical miles off shore) . and on the south by 4 1 °26'48" N. lat. 
(approximately 6 nautical miles south of the Klamath River mouth). 

(n) It is unlawful for any person to take or take and retain any species of salmon in 
Distr icts 6, 7, 10, 11, 16, 17, 18, and 19: i) during closed seasons or in closed areas , except 
that legally caught salmon may be landed in closed areas unless otherwise prohibited by these 
regulations; •ii) while possessing on board any species of salmon not allowed to be taken in the 
area at the time; iii) by means other than hook and line. 

( o) All other provisions , .exceptions and restrict ions for commerc ial salmon fishing off 
California are described in Trtle SO-Code of Federal Regulations, Part 661 and apply to State 
waters as in effect May 1, 1998. 
NOTE 
Authority: Section 7652. Fish and Game Code. 
Reference: Sections ' 700, 7600, 7650, 7652, 7652.1, 7652.2, 7652.3, 8210.2, and 8215, Fish 
and Game Code; TIiie 50, Code of Federal Regulations, Part 661 . 
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APPENDIX D 

Inland Sport Fishing Regulations 

The following general descript ion <lf inland sport fish ing regu·lations, which either afford 
protection for, or in some way affect Sacramento Valley stocks of spring-run chinook salmon is 
taken from the California Sport Fishing Regulations, effective March 1, 1998 through February 
28, 2000. 

Shasta and Tehama Counties; Wrthin Shasta and Tehama Counties there is a genera l 
restriction wh ich prevents the take of salmon at any time in any tributary of the Sacramento 
River which enters the Sacramento River below Keswick Dam in s ~asta and Tehama cou nties. 
This general restriction affects several spring-run salmon tributaries with existi ng or potentially 
restorable populations and include.s Clear Creek, Battle Creek; Cottonwood Creek. Antelope 
Creek, Mill Creek , and Deer Creek. Additiona lly, for the above mentioned tributaries , and wh ich 
are not c.overed under special restrictions as listed below, fish ing is permitted from the last 
Saturday in April through Novembe r 15, with the general restriction of no take of salmon at any 
time. 

Sacramento River: Special restrict ions in effect on the Sacramento River which provide 
protect ion for spring-run salmon are as follows: 

(1) The Sacramento River from Keswick Dam to 650 feet below Keswick Dam is closed 
to all fishing all year. 

(2) The Sacramento River from 650 feet below Keswick Dam to the Deschutes Road 
bridge is open a.I year with barbless hooks only, with a daily bag and possession limit of 
0 salmon. Additionally, during the period January 1 through August 15, any lure having 
a total length over 2.25 inches is prohibited, and no incidentally hooked salmon may be 
removed from the wate r. 

(3) The Sacramento River from the Deschutes Road Bridge to Bend Bridge 
(approximate ly 5 miles upstream from the town of Red Bluff) is open to fishing from 
August 1 through January 14, with a daily bag and possession limit of two sa lmon . 
From January 15 through July 31 the daily bag and possession limit is 0 sa lmon. 

(4) The Sacramento River from 500 feet upstream from Red Bluff Divers ion Dam to 
1,375 feet below the Dam is closed to all fishing all year. 

(5) The Sacramento River from Bend Bridge (approximately 5 miles upstream from the 
town of Red Bluff) to the Carquinez Bridge (includes Suisun Bay, Grizzly Bay and all 
tributary sloughs) is open from July 16, through January 14, with a daily bag and 
possession limit of 2 salmon . From January 15 through July 15, the daily bag and 
possession limit is 0 salmon. 
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Battle Creek: Battle Creek from the mouth at the Sacramento River to Coleman Fish Hatchery 
Weir is closed to all fishing all year , except when the Department determines that the total 
number of stee lhead passing Red Bluff Diversion Dam from July 1 through September 30 
exceeds 1200 . When the number of steelhead passing Red Bluff Diversion Dam exceeds the 
specified numl1,lr, Battle Creek is open to fishing from the mouth to the Coleman Hatchery Weir 
from October 5 from 250 Feet upstream from the Coleman National Fish Hatchery to the 
Co leman Powerhouse is open to fishing from the last Saturday in April through September 30, 
while the daily bag and possession limit is O salmon as imposed by the specia l restriction for 
Shasta and Tehama Counties. Battle Creek in the remainder of the existing and potent ial 
spring-run salmon habitat is open to fishing from the last Saturday in April to November 15, with 
a daily bag and possession limit of 0 salmon as imposed by the special restriction for Shasta 
and Tehama Counties . 

Antelope Creek: Antelope Creek from confluence with North Fork downstream to the U.S. 
Geological Survey gauging station cable crossing at the mouth of Antelope Creek Canyon is 
open to fishing from the last Saturday in April through Novembe r 15. Only artific ial lures with 
barb less hooks may be used while the dai ly bag and possession t:mit is 0 salmon. Antelope 
Creek from the U.S. Geological Survey gauging station cable crossing at the mouth of Antelope 
Creek Canyon downstream to the mouth of Ante lope Creek at the Sacramento River is open to 
fishing from June 16 throug h September 30, with no specia l gear restrictions, while-the daily 
bag and poss ession limit is 0 salmon. 

Mill Creek: Mill Creek from the Lassen Nat ional Park boundary d•Jwnstream to the U.S. 
Geological Survey gauging station cable crossing at the mouth of Mill Creek Canyon is open to 
fishi ng from the last S;;turday in Apnl through November 15. with a gear restriction of artificial 
lures and barbless hooks, and a daily bag and possessio n limit of D salmon . Mill Creek from 
the U.S. Geological Survey gauging station cable crossing at the nou th of Mill Creek Canyon 
downstream to the mouth of Mill Creek at the Sacramento River, is open to fish ing from June 
16 throug h September 30, with a daily bag and possession limit of 0 salmon. 

Deer Creek: Deer Creek from 250 feet below Upper Deer Creek Falls downstream to the U.S. 
Geological Survey gauging station cable crossing at the mouth of Deer Creek Canyon, is open 
to fishi ng from the last Saturday in April through November 15, with a gear restriction of artificial 
lures with barbless hooks only, and a daily bag and possession limit of 0 salmon. In addition, 
fishing within the area betwee n Upper Deer Creek Falls and 250 d:iwnstream of the ialls is 
closed to all fishing under the general regulation restricting fishing within 250 feet of any 
fishway . Deer Creek from the U.S. Geological Survey gauging station cable crossing at the 
mouth of Deer Creek Canyon downst ream to the mouth of Deer Creek at the Sacramento 
River , is open to fishing from June 16 through Septe.mber 30, with a daily bag and possession 
limit of 0 salmon. 

Big Chico Creek: Big Chico Creek from the mouth at t he Sacramento River to the upper end 
of Bidwell Park is open to fish ing from June 16 through the last day in February, with a gear 
restriction of artificia l lures with barbless hooks only and a daily bag and possess ion limit of 0 
salmon . Big Chico Creek from the upper end of Bidwell Park to Higgins Hole Falls, located 
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about one half mile upstream from Ponderosa Way is open to fishi .,g from October 1 through 
February 29, with a daily bag and possession limit of O salmon. 

Butte Creek: Butte Creek from the Oro-Chico Roaq Bridge crossing south of Chico to the 
DeSabla Powerhouse below the DeSabla Reservoir , is closed to all fishing all year. Butte 
Creek from the Oro-Chico Road Bridge crossing south of Chico to the points that Butte Creek 
enters the Sacramento River both via Butte Slough outfall gates at Moon's Bend and through 
Butte Slough, the East and West Canals of the Sutter Bypass, and Sacramento Slough to the 
Sacramento River, is closed to salmon fishing all year, but is open all year to fishing for other 
species. 

Feather River. Special restrictions on the Feather River which may affect spring-run salmon 
are as follows : 

(1) The Feather River from the fish barrier dam to the Table Mountain bicycle bridge in 
Oroville is closed to all fishing all year. 

(2) The Feather River from the Table Mountain bicycle bridge to the Highway 70 bridge 
Is open to fishing from January 1 through August 30, with a bag and possession limit of 
2 salmon. 

(3) The Feather River from the Highway 70 bridge to a poin1100 yards upstream from 
Thermalito Afterbay outlet is open to general fish ing all yeer , with a bag and possession 
limit of 2 salmon , however it is specifically closed to salmon fishing during the period 
October 1 through December 31. 

(4) The Feather River from a point 100 yards upstream from Thermalito Afterbay outlet 
to the mouth of Honcut Creek is open to genera l fishing all year, with a bag and 
possession limit of 2 salmon , however It is specifically closed to salmon fishing only 
during the period October 16 through December 31. 

(5) The Feathe r River from Honcut Creek to the mouth of the Feather River at the 
Sacramento River is open to fishing all year, with a daily bag and possession limit of 2 
salmon. 

Yuba River. Special restrictions on the Yuba River which may affect spring-run salmon are as 
follows: 

(1) The Yuba River from the mouth at the Feather River to Daguerre Point Dam is open 
to general fishing all year with a bag and possession limit of 2 salmon, however it is 
specifically closec to salmon fishing from October 16 through December 31. 

(2) The Yuba River from Daguerre Point Dam to the Highway 20 bridge is open to 
fishing from January 1 through September 30, with a bag and possession limit of 2 
salmon. 
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(3) The Yuba River from Daguerre Point Dam to the Highway 20 bridge is open to 
fishing from octobe r 1 through December 31, with a bag and possession limit of 0 
salmon. 

(4) The Yuba River from the Highway 20 Bridge to Englebright Dam is open to fishing 
from December 1 through September 30, with a gear restriction of artificia l lures with 
barbless hooks, and a daily bag and possession limit of 0 salmon. 
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Append ix E-1. Average Historic Monthly Della Inflow (els) by Water-year Type and Time Periods Represenllng Changes ln Water Flow 
management Within the Sacramento River system and Sacramento -San Joaquin Bay-Della Estuary, California . Data from Department of Water 
Resources DAYFLOW. 

HISTORIC DEL TA INFLOW (CFS) 

WATER• PERIOD WATER oc, HOV DEC JAN I MAY I JUN I JUL I AUG I SEP ,'tr,A PE y A 

AOOVE PRE-1045 1040 7,093 7,24B 11:950 68 ,382 101,.!81 136,120 124,02.0 ,t0,034 2◄.061 8, 127 4.285 7,476 NORMAL 

1945-1950 NO ABOVE NORMAL WATEft YEAR.S 

1951•1987 t9S I 11,37 1 89 1991 127.922 76,409 88, 115 53 .087 30,◄90 ilS1713 1'1,328 0,'412 10,305 11; 172 
S05'1 13 .036 18,5,71 16.971 32,?42 7UIH s~.eg·e 61,122 :n,301 13,189 fJ.QIO 10,437 12.232 
ID57 1◄ ,807 17,632 15,789 1 ◄,◄87 23 ,9$7 64,SOS 22,-'153 35.802 ~2,356 10,370 10,858 13",633 
AVG 13,011 JA,6!l8 5J,6fl0 41,04& 61,364 59 ,090 38,021 34,959 16,624 9,564 10,461 U,3-(8 

1968 ,1977 1973 18,231 26,341 30,864 100 ,-445 100.9)$ 75,981 27,115 20,603 18,313 10,844 17.622 19,3<!8 
1918 '4,749 7,151 12,528 70.B97 63,704 88,5,88 63 .7A2 46,246 20,-453 16 ,414 16.136 21,63'4 
AVG 1"1,490 1&,7◄6 11,695 8S,611 82,J( ,5 92,214 -45,,'28 33,◄25 ~ .383 16,529 17,830 20,505 

1&1'8· 1092 1978 ◄,7◄9 7,151 12 .526 70,897 63.7C◄ 88,588 83,742 A0,248 3) , .. 53 18,◄t◄ 1'1,138 21 ,60◄ 
1080 18,03 5 16. 161 24.317 120,991 12 5,717 103.28 1 34,672 27.508 24.577 21,8S2 17,250 20:218 
AVO 10,392 12,6611 18,◄"21 95,944 !t◄,741 95,93-5 49 ,207 36,916 22,515 19,13] 17,694 20,940 

1993-$00'1 1093 7,712 7,SD3 13,838 64,065 Of, 110 87 ,7 11 51.310 30,-192 -34,◄85 22.672 2◄ ,105 19,027 

1995. 1997 1090 2 0,682 15,739 28 ,432 39.G&S 1 :l9,614 0 1,ll04 47,712 s1.eso 2! ,829 24,332 24,318 20,345 
1997 16,027 tD,1162 87.256 201,155 120 .0:4 40 .385 20 , 125 17.A•:t U,..21S :n .012. ~1 ,SS$ l0,93f 
AVG t8,l55 17,351 51,844 150,460 124 ,8i9 6G.09S 33.919 34,747 2-1,022 24,001 22,9l7 18,GlD 
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Append ix E-1. (Continued). 

HISTORIC DEL TA INFLOW (CFS) 

re.moo WATI,;.R OCT NOV OEC JAN MAY JUH JUL AUG SEP 
PRE-HM5 193.S 5.396 13,996 12,8 14 ilJ,3 .85 01 ,552 38.592 8,005 4,403 6.CM1 

1938 8.039 8,537 1 t ,756 5-8,-501 I06P5j 85,648 62,44G •18,953 31,022 ' 8,388 ◄,383 e.~20 1937 1,125 8.228 10.628 13.412 5-9.IJS7 7-4, 157 71 ,863 ft\,275 33,:l12 7,8$0 :J,421 ~-~~ AVG 7,35) 10,sa ·1 11,73J 38,43"3 65,428 StJ55 80,Sf.4 sg;9:z7 34,◄75 8,0BJ 4,069 5,938 

190 ,1950 10◄5 7 , 15 1 17,644 23.GS0 20,973 79,100 39, 7 17 J8',<4G◄ 0, 120 28, 130 1 f ,273 8,1'16 10,:J37 l9 40 12,470 2,0,866 73 .831 80, 12J JUO:J 3'3,4311 ◄0,905 42,242 18,858 8,727 ~.342 10. 153 HMS 10,800 12,031. 10,659 24,047 12,711 20, 171 58.038 59.980 44,008 10,869 0,61 8 1 1,◄38 1950 a.:no 10.◄0·l 0,081 29,282 51,500 3-3,22.5 ,<M,73D 36,832 2J,9l0 8 .350 7,388 0,089 AVG 9 ,7 11 15,4 11 29,455 38,606 43,721 31,GJ8 .CS,79-4 45 ,548 28,747 9,808 8.531 10,4174 

1951-1967 1959 tl),034 16,968 15,806 30,80 1 s!i.ee~ J0,750 15, 163 12,398 8 ,833 10,918 12,40 5 11,821) 1062 7.529 6,898 \6,173 11,430 68.884 ◄8.-530 31,757 23.2 10 17,802 11.37-5 12.5 15 1'3;2 87 1968 18,692 25,888 30 , 118 'I J ,5-45 35,252 21 ,70 2 2"3,562 15,350 10,261 t2, 10~ U.011 11,810 AVG 14 ,085 17,245 20 ,928 28,594 5.l,3~7 JS ,663 23,494 16,986 12,252 U, 465 12,610 12,302 

1GG84 1017 1068 20;~28 18.5 12 21,087 24 ,918 51,525 ◄3,D21 16,778 14,B42 12,121 13,203 13.9 18 14,2-10 1972 19 .J10 17,833 25, 150 2J .649 25.8.i9 26,030 14,880 t3;87Q ' 4 .573 15,564 18,328 18 ,560 AVG 19,769 18,172 23, 118 24,38◄ JS ,692 l it,929 15,834 14,31 t 13,347 14 ,383 15,123 16,399 

1978 ,1$19-2 1979 1&,Gi o 18,414 tB.33 S 30 ,79 1 45 ,613 ◄ 1 .621 2 1.,Bt& ,:2,0:se 15.4 13 18,22◄ 17,623 16,952 

1993, IP94 NO B~LOW NORMAL WATER YEARS 

1095-1097 NO BELOW N'ORMA.L WATER YEARS 
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Appendix E-1. (Continued) . 

HISTORIC DELTA INFLOW (CFS) 

WATl:R • PERIOD WAlER OC T Nov MAY JUN JUL AUG SEP E y A 
CRITICAl. PRE·1945 1931 8.757 10,060 5,323 2,740 807 1,221 3,357 1933 5,902 6,792 9,!iGJ 16.8 18 2-5,791 24 ,875 22.22◄ 2 1.920 ◄.285 2,591 4,598 1934 6,510 8.692 18,056 33,1'10 28,412 2M18 18.380 8,340 ◄,453 2.0:l5 1 ,9◄ 1 :1,015 AVG 7,056 8,tit.C 11,902 20,867 20,3:40 13,687 17,◄05 11,91◄ 9,700 2',342 1,918 ,.,n 

194!5°1950 NO CRIT ICAL WATE_R)'EARS 

1051-1987 NOCRlflCAL WATER'IEJ\11S 

1988 -1977 1978 24 ,8"7 2.7,059 29,67◄ 18.815 15,001 18.618 14,200 11,987 11.782 t2,ll04 14,48 1 13,938 1977 9,◄05 9,059 8 ,707 1D,94Q 8,833 7,150 6, 199 8,029 7,007 8,◄09 7,628 7,030 AVG 17,028 18,059 19,220 14if81 11,~ 11,884 10,199 10,008 9,395 10,606 11,155 10,4H 

1978-1992 1988 11,025 9,815 17,202 28,789 13,733 13,880 19.370 12,991 12 .537 18,238 15.052 13.141 1990 15,802 18,5DJ 16,9<5 20,356 15.47<4 15,138 Hl.067 12,CIOO 11.901 14,7 12 15,074 f1, 105 1991 8,863 9,005 11,628 9,004 8.91'3 29,652 12,602 U95 9,810 10,332 10,253 10,751 
1902 1Q.3S◄ 8,387 10,305 11,G-"IO 30,•UB 22.091 11,JQ,3 7,609 9,280 0,000 9,423 10,600 AVG 11,61,4 10,943 14,089 17,6 70 17,119 20,390 15,060 10,374 10,811 12,m 12,◄5'> 11,399 

1993 ,1904 1094 17,190 14,~89 '22,.t55 18,317 22,903 18,108 10,IIBO 11,383 3.648 13.38-4 13,374 15,637 

1995- 10~7 NO CRITICAL WATER YEARS 
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Appendix E-1. (Conl.inued) . 

HISTORIC DEL TA INFLOW (CFS) 

P~RIOD WATEn OCT NOV MAY JUN JUL AUG SEP A 

PRE-Hl45 1930 6,9t6 7. 171 37.235 32 .3 11 3),<.119' St\.~48 35,971 2.-4,840 1-3, 104 ◄.558 3,93'5 6,008 
1932 <1,898 7,031 22.845 36,202 39,921 35,913 34.725 <18,9,33 36,795 10.no 3,697 4 .S29 
1939 11,783, 15 ,244 t8,700 17,4108 19,799 :W,7$8 21,430 10,391 4,20 4 2.,208 2,283 5,497 
19C◄ 10, 111 11,308 12,671 15,3GG 30)i l3 35.200 20,912 28,203 13,508 ◄,734 4,451 8.812 
AVG B,07 10,190 22,879 25,337 l0,816 ' JB,$89 28,275 28,08' 1s,go2 S,567 3,5U 5,951 

194S--19SO 1947 10,701 15.8◄3 21,750 1◄,684 28 ,438 JJ. 1as 25,0?7 12,600 0,160 s.,,1 5,989 8,125 
1949 12,008 12,618 14,538 14,129 10,551 5a.ss3 35,419 28.60◄ 12,718 8,8.f3 7,S10 9 ,J SS 
AVG 11,3S4 14,230 18,1-0 U,MJ8 21,4'4 -45,686 30,248 20,6'32 10,938 8,145 6,739 8.740 

Hl51-19G7 1055 11,690 17,01)3 27,0◄·1 28. 187 18,5'7 15,718 t S,;J~ 22,048 13,89Q 8,78D 9,960 10,475 
1960 8,636 8,428 B,◄31 12 ,690 ◄7,87-1 36,10 1 20.◄30 17,07-l) U,◄18 10,091 10,072 10,147 
19-01 0,450 12.,901 20,24◄ l◄ ,577 41.861 29,651 17.402 13J37f 11.197 1.0,680 11,636 10,080 
1t164 17,125 26,589 24,907 20,◄0G 23.218 15.6&4 13,811 15.1◄9 12,03 8 12.099 12,685 1•.2e2 
AVO 11,625 16,252 20,157 21,237 32.865 24,281 16,7« 17,210 12,138 10,a,5 11,088 11,248 

1968, 1977 NO ORYWAT EA VEARS 

197U.t992 Hist 15,060 1'1,723 19.917 23.286 2B,1eo 29,233 20,2·2i ,~,045 12,375 18,89.5 18.~61 14. 110 1(185 10,057 31,810 30.733 21.-38 1 12 ,683 18,008 15,83,~ 18,020 15,29 1 18,151 14,222 14.3.52 1987 20.058 1(1.2{14 17,408 15,985 20. 150 26.322 15, 1G8 12,5~5 12,◄28 17,133 1 8,◄38 13,492 IQ89 10,510 12,739 13,080 14,2JB 13,5 11 47 .203 23,898 18,138 15,067 20,223 19.66' 17,081 AVO 16,128 18,891 22;ns 18,722 2.1, 131 J0,214 18,780 15,201 1).190 1! ,200 17,t4S H,91G 

t993 ,Hl9'1 NO ORY WATER YEARS 

1995-1997 IIODRY WATER YEARS 

Appendix E Page 5 



Appendix E-1. (Continued). 

HISTORIC DELTA INFLOW (CFS) 

P~AIOD WA1ER OCT NOV MAY JUN JUL AUG SEP 
W1lT PRE-1945 1938 0.528 27 ,25'1 88,349 4&,30'1 170,950 173,159 IUl.733 8◄, 192 28,475 9,098 8,883 184 1 B,921 q ,309 62.650 117,83 1 '137,102 128,2 17 113,482 84.871 49,4◄2 18,700 7,039 7,2 13 1942 9,618 12.5 71 62,,989 89,792 155.S83 5,0,930 89 ,5 '11 75,362 60 ,353 1 8,1 ◄◄ a.,~o 8.073 1043 10,727 1B,013 32,599 00,704 80,792 112,56.S 70,784 ◄8,5.4-3 20,747 i',81◄ 4,871 8.8,o AVG 9,6911 17,788 61,647 85.930 ilR ,199 115 ,7 18 f0 0,2H tl1,0?7 5Cl,Ol-J n ,11JJ 6 ,794 1 ,744 

1045-1950 HO WET WATER YEARS 

1951 - 1007 1952 11,,.6 3 IG.Q.46 ◄8.7◄8 10 1,767 103, ·S14 83;56'3 10◄,874 106,'021 68.23$ 2.2, 113 12,277 13 ,001 1953 12,165 13,410 40 ,630 117,509 .3 9.202 28.01 3 31 .104 ◄1 ,41 1 38,096 t3.::n3 9,930 14,218 1050 8,710 U,tB4 122,'456 18◄,33:? 98,352 65 ,0111 ◄ 1,032 6f,506 ,o,◄23 10,304 13,822 15,932 19158 20,792 21.◄02 26.◄66 .◄2 ,081 178.~21 108,422 150,833 61, 15'l 64.955 19.291 18, 177 10-,764 1063 ◄◄,394 18,645 35.242 22. 111 98,8)3 20.703 101,789 57,39.3 z6.2g◄ t◄ , 189 12.ea9 17,940 1965 11,267 16,670 108 ,371 134.013 58.2l5 29.09 0 58..284 • 37,9·57 23,63 1 14,577 15.837 17,610 1967 10,378 20 ,398 59 ,083 59;6S3 84 ,613 56,66-S ~6.757 78.770 B0.015 30,913 1'7,00◄ 21 ,760 AVG 17,068 18,833 82 ,428 84,492 94,173 57,293 80,924 68,t'i01 45,593 18,till& 14,092 17. 121 

'1988· 1071 1069 13, 174 15.425 27,016 125.525 159',488 UB,730 73.287 69 ,928 !2_$116 20,746 21.:Z61 26 ,034 1970 22.274 22,001 48 ,101 188,895 112.7SO 58, 170 17,072 17. 178 14,824 14,836 18,J-41 20,308 197 1 17.224 25.409 84,076 66,332 37 ,7{12 30;1 05 42,384 31.52◄ 30.695 2'2,515 23,◄7◄ 20,192 1074 19,751 63.291 79.012 139,27◄ 04.7!6 83 , 123 113,459 35 , 1011 211,6'71 23.957 28,D42 28 .608 1875 24.398 28,812 30,72 1 23.540 00,2◄2 7 1,361 ◄ 1,◄73 38,812 30,7$4 20,585 21 ,746 23,839 A.VG 19,364 30,587 Sl ,397 108,713 87,00B 69,098 57 ,521 38,) 10 31,C78 20.s2, 21,773 2◄,808 

1970• 1892 1982 I f.441 39,338 $1,853 98 . 112 100.649 AO)'l!iO 140 ;3$8 OS,30◄ 3l , Q4'1 <,,0,1 25,'319 31 ,759 1983 28.817 42,7(11) 95 ,(i52 96.86 1 183.046 266 .621 '2 1,793 103,031 7il,785 53,418 35,!l-'12 . 37.5◄3 1984 36 , 150 71.675 IS!J,50 7 103,431 48,831 42 . t47 23,780 10,568 11,950 2◄,0fJf 21.565 21,3 07 108.8 12,012 1:1.001 19,091 2J ,316' 207,8W 1611,590 50,073 ,3 ,530 19. 1◄4 20,306 J8.87t 23,021 AVG 21,105 '41,615 9D,516 80,430 13A,5E2 140,929 IG,260 53,108 31,~3] 30,699 26,325 28,<42.3 
1993- 1994 NO WET WATER YEARS 

1095 -1997 1995 8,883 11,098 18,153 112,◄00 82, 10J 190,79◄ 95,3?.f 104,08-8 6i ,795 4 1,815 2◄, 125 20,765 
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Appendix E-2. Simulated Average Monthly Delta lnffow (els) by Water-year Type for Existing Operations 
to 1995 Bay-Delta Plan. W-Wet, B-Below Nonna!, D-Dry, C-Critlcal, A-Above Normal. 

' 
WATER WATER ocr NOV DEC 
Y-eA.R YEAR 

-ry oo 

I~ A 12,188 H.292 2a.ns 
1928 A 17.W 3-4,330 20,87◄ 
1940 A 1.C.,9'1 12.783 15,001 
1951 A t8.971 59,314 <16.287 
19,;4 ,, 23.4'5 28,.ioo 18 ,830 
1957 A 28.266 18,640 14.252 
1973 A 18.981 30617 31 ,852 
1978 A 8,5'6 10,37A 21,200 
1980 A 1' ,42:3 23,412 26.849 

AVG 17,.$18 25,796 29,IS?S 

19Zl B 2'4,729 2S.793 <7.758 
1935 B ·v22 115.&21 16,384 
1936 B 13.8'1 t3,7(7 15,641 
1937 B ~2.675 ,2.605 21 ,798 
19'S 8 16.4!.0 20,575 22.338 
19' 6 B 18,578 23,973 SS,176 , .. , 8 l7,14i ·S,10-4 15 .02$ 
1950 9 ~4.1S5 13,955 14,209 
1959 B 27,910 19,961 15,655 
1952 B t3 ,89S 15,t!"O 19,272 
I ~ a 19.TSS. ::l,798 22.715 
196, B 21.a1, li, 182 20,181 
1 972 8 21,656 fi ,590 29;.242 
1979 s 21,999 23.ffl 12,8'33 

AVG 1s;.s,3 19,553 25,592 

1924 C 14,029 14,-468 20,210 
1929 C 12,306 17,6.s& 20,866 
1931 C 10,8$4 11,9-45 12,245 
1933 C 10.632- 11.203 13,178 
193-< C 9.912 t.466 19,628 
1976 C 28,955 ZJ.760 18,314 
,an C 10/J16 li ,793 19,7$2 
1988 C ;2. 21& U.52 3 21,395 
,m C 11,277 U97 15.219 
i99 \ C 8.&<8 S,638 13,SOO 
195,i. C 10,0 12 S.056 13,945 

AVG 12.m 1:.ass 17,141 

1925 0 1&.174 1' .023 17,9-50 
,m 0 16,1 64 13.653 15.1-'0 
1930 0 H ,513 ,: .766" 18,566 
1932 0 11,'452 ti,050 24,701 
1939 D 28.~t 21.030 t S,717 

TOTAL DELTA INFLOW (CFS) 
• m :r '"A 
JAN 

2.C.-l89 

29.2<8 
as ,1a 1 
74 ,51-9 

37.224 
20,331 

IG ,25Q 

71,589 

122.0!n 

55,692 

40.676 . 

3',038 

37.227 

19,TTS 

17,999 

57,+<2 

17.7 50 

26.877 

44,019 

1.C,329 

35.759 

35,721 

~1.•1s 
3' .999 
31,28"8 

19,415 

15 ,937 

18,579 

21.232 

21.738 

14,762 

15.071 

30.«7 

20.603 

11,633 

14.304 

1a,s20 

13 .889 

21.23 7 
28,0 97 

2l,3t7 

18.6J.5-

FEB 

53,6<15 
33.621 

6' , 18S 

75.256 

u .on 
<5;95,.1 
103.6+4 

87.226 
1c1,~a 
72,7l6 

27.182 

t8.9l9 
80 ,411 

51,625 

60.49g 
30.551 

19..351 

40.~ 

63,520 

83,898 
333 '17 

13,825 

29.428 

53.892 

.U.261 

19.66a 
19,666 

15.730 

16.8!!1 

21,ZS. 

21,587 
15,285 

18,786 

19.339 

t&.911 
38.958 

20,A<)2 

SS,322. 
4) .931 

21.24' 

24,780 

18,761 

>I"\ J, 

MAR APR 

◄t .132 29,-'32t 
110,285 33,366 
1 1$.279 73.888 
37 ,313 21,520 

55.200 A! ,927 

suss 23.795 
G9,42~ .2'", 11' 
?Q,220 •9.2S2 
n ;.c73 24,769 

70,409 3"-555 

17.415 JZ,,$18 

33,013 47,744 
3!,79 cJ v .,1s 
57.908 2'l.-438 
36 .076 18,611 

27,059 18.8 14 

19,938 29,33.9 

25:966 23;915 

23,8 11 1A.24S 
30,2SS 15,539 
:\0 .277 1&..:ii,t 

42,518 17,012 

3.S.. 1S7 16,947 

39,732 23.695 
32,7 11 2l,825 

17.135 10.780 
16,2J.4 12,.C19 

13.13-5 12.967 

15.530 15,955 

19,229 16, 167 
17.9 18 13,048 
12,44$ 11.94S 

13.669 12,733 
13,'450 15.9!1 
3-5.211 f7 ,011 
23.922 15,958 
1&,080 1◄,097 

2J.E2'5 30,21, 

17,992 28.497 
3'1,537 16.329 
1-.S.998 18."4i 4 

17.350 15.5& 

Arp end ix E Page 7 

IIII J 4~ 

MAY 

55,738 

21.993 
23,95 1 

25,0:la 

27.'.39 
22.)62 
24,150 

26,t10 

21,"'4 

27,636 

20.578 

38,79,t 
20,135 

20,7!,8 

17,724 

19.5'~ 

37.023 
19,446 

14,S.:2 

19,036 

1 8, 8$0 

14,1!7 

1-4,(22 

22.005 

21,207 

11,1~ 

12,4(5 

10.3'1 

12.5<2 

11.ssa 
12.673 
10,40'2 

12.587 

12.Ste 
11,16' 

11,269 
11,687 

19.971 
18.781 

14.37, 

,e,sa1 
14.4S7 

JUN 

◄2-,352 

18,039 

18,04 2 

17.990 

18,028 

19,351 

22, .272 

19.5-47 

17,387 

21.-.S 

18,790 

20,66a 
18,974 

20,J SB 

21,37 5 

20 .080 
23,835 

20.0 1a 

16,929 

16,90S 

10,,-;o 

16,9:45 
i6 .94S 

23 .140 

19" 2.C 

12,◄55 

1·7.26,8 

12.427 

16,121 

16,n, 

16,927 
9,18l 

16.990 

16.5"2 

17.124 

1s,n9 
IS,338 

18,709 

15,783 

1s.m 
16,936 

16.04~ 

JUL AUG SEP 

15.881 13,060 12.308 
23 ,95,4 16,970 12,38 2 
2s.m 18,763 12,695 
2S,183 17,509 12.959 
25.28:< 17,682 13, 10~ 
25.292 20,561 12,828 
20 ,720 16,69,4 13 .229 
15,383 13.055 15,722 
15.887 13,455 18.073 
21,,428 16,..C19 13,689 

23.54 1 16.895 12,629 
23 ,320 11.,n 1 1,132' 
22,990 16,224 11,.460 
16,858 1 ◄,001 11,:?05 
17.701 15,14.l 11,885 " 
21.698 16.710 , z.249 
23.834 21,2&0 19 ,024 
23.632 21,290 13.269 
22.800 16.920 14.732 
23,62B 18,700 13.2~ 
2~.03-4 HJ,:ieo 1&.9!M 
22.405 16.016 13,031 
23,63G 19,759 13 .212 
11,no 14.203 11,708 
21,946 17,.C16 12,992 

16,785 11,437 8,880 
18,682 9.5'49 9,031 
i:z:aes 6 ,884 e.3~ 
12,328 7,585 8.865 
12.334 1,JS2 9,125 
14,249 10,?32 9 ,485 
10.28!3 1.soa 8 ,378 
l7 .1e.0 ll ,Gll 9.579 
17.193 1 1,671 8.5'2 
17,A.17 -0,402 0,718 
18 ,042 10,638 .9.SSS 
15,215 9 ,AST 9.,0(1 

21 .516 16,342 12,325 
2 1,761 18,225 12.274 
17,787 1 1,966 10,440 
12.600 10, 50 10,836 
21.e,a 15.224 l 1,82S 



Append ix E-2. (Continued). 

WATER 
YEAR 

,a.. 
18'7 

1849 

195.S 
1860 

196 1 

196< , .. , 
1985 

1967 .... 
1827 

1938 

11l41 

1942 

1943 

1~2 

l9~;) 

1956' 

1958 

1963 .... 
1961 

1969 

1970 

1971 

1974 

1fP5 
1982 

t9.83 

1984 

198C 

WAttR 
YEAR 
'ryp; 

D 

D 
0 
D 

D 
D 
D 

D 
0 
0 

0 
AVG 

w 
w 
VI 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

AVG 

OCT 

16.~14 
1.C.619 
18,417 

12,959 

35,324 
14,411 

21,398 

21 ,812 
23.29SI 
17,407 

8,835 

11.o.c, 

16,322 

12.984 
1,.3 18 

26,563 
27,790 
16,52$ 

27.312 

12.347 

22.819 
'4,029 
t:.S, 1/9 

14.973 

16,H4 

31,276 

16,142 

19,589 

iS.889 

15,8-49 

45,144 

◄6,344 

15.51S 

22.909 

~'OV 

18422 

1~96-< 
15,013 

21,632 

13,355 

,1m 
:Ja,138 

18,415 
"6,194 

113.052 

12.940 
19,lSl 

27.499 
38,t03 

15,-157 

25 ,!36 

29,778 

21.6tM 
21,£42 

15 . .caa 
21,427 

22.E-36 
19.$$! 

22.036 
17,838 

23.788 
31,911 

76,2!18 

l1.5l9 

"3,336 

59.21S 
93,0S1 

17,&l9 
31,759 

.... 
DEC 

20,347 

17,9211 
31,353 

20,313 
19,$75 

17,.sot 

21.061 
33,25< 

1◄ ,309 

1◄.967 

20,1)39 

19,$06 

8' ,535 

57,082 
n .... 
36 ,748 

58.647 
54,968 

91,268 

31 ,610 

32,0BS 
88,.209 

•8.678 
28.287 

662S7 

'79.-458 
78,695 

23,074 

101,337 

-99.64.1. 
166,iZl 

20.S06 
6',0$2 

TOTAL DEL TA INFLOW (CFS) 
_ ns::1 rA ""':1 .......... .-, 

WI FU MAR APR 

10,654 27,605 15,791 
18,501 24,888 25,412 17,◄61 
1.5, 169 17 ;J.fil S7.82l> 17.W 
27,550 22.109 13,678 14.220 
17.225 34,491 23 ,759 17.47 1 
18,729 35,663 22.580 15,685 
:12,653 18,449 15,:122 13,195 
:n.601 3-3,121 39,a87 19.336 
18.850 24,871 23 ,733 13,743 
16,574 2,.002 38,274 16,067 
14,75& 16,440 44,841 2$.712 
20.8-40 28,895 77,637 18,516 

36.225 129,SCS '49,164 56,537 
39,6.ct ,sun 172.332 7◄,806 
110,192 129,Q2◄ 106-,3◄6 90.507 
90,247 152.2'39 33,895 81.231 
8'9.~ 68,850 89.633 37 ,282 
100.ns 6.8,100 71,498 73.~75 

· 107,593 31,134 25,784 25.024 
157,264 101,255 42.IJE8 28,095 
... 534 169,110 134,753 J14 ,100 
21,126 79,437 3B,362 101,153 
125,689 39,892 25,705 56.590 
60,677 67.254 65.435 59,172 
131.◄01 143,949 65.313 56,392 
211.393 97,310 43,5-41 19,436 
57,751 32,602 57,062 25.109 

138,324 51,956 116,919 81,335 
18,6:21 76,521 95,630 31,308 
90,664 108,94$. 92,972 153,979 
11◄ .837 195,121 269 .908 119,833 
88.920 -55, 169 .. ,093 21,429 
2:l.60.S 233 ,086 t63, 1U '41,653 
89,010 10.C,951 85,920 63.259 
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111"1 ... ~ 

MAY 

1◄,445 

14,324 

18,7$ 

1.$,967 

13,735 

13.642 

14,◄51 

1A .1.t2 

17.083 

13,n l 

17,083 

1S,66l 

30 ,521 

71 ,277 

◄9.47,t 

◄5.812 
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31,304 

50.SSS 
51,187 

37.179 

31,70$ 

55,817 

59,657 
,s.3s5 
37.25-3 

31,812 

◄0,1Z5 

60,411 

92..228 

17.582 

20,7 67 

JUN 

19,188 

15,W 

17,700 

18,710 

16.044 

1$,902-

16,7'1 
1s .a1T 

,s;a:ie 
15,793 

15~804 

16.664 

1e,ns 
"'5,876 

2-4.189 
,2.179 

17.25S 
"47,150 

30,532 

28,60 1 

45,21J 

20.180 
18,057 

SZ.097 

•0,65.: 

18.081 

25,792 

25,573 
29,660 

32.502 

86,374 

19,0M' 

18,0S4 

"4,902 32.2,13 

JUL 

21,109 

22,96S 

,s.n, 
22,1170 

22.m 
23,016 

22. ... 

22,979 

22.956 

23,063 

21,329 

18,176 

17,~ 

15,572 

15,1515 

18,326 

20,9n 

19,520 

H ,893 

18,◄.14 

19)1/1 

23,581 
25.100 

19,100 

22.~ 

20.m 
19.603 

19,117 

21,112 

'4 ,353 

20 ,832 

17,163 

20,6$9 

AUG 

15,15'2 
18 ,698 

1◄,$21 

20..90 
20. 12S 
20,313 

20,637 

Ul.171 
17.088 

20,328 

17,03-9 

15,m 
13,753 

13,,495 

13,499 

15,014 

14,709 

1t ,393 

17,688 

16.213 

1s.n2 
16,546 

14,949 

14.137 

16,092 

H ,&53 

15,9"36 

f?,356 

17.205 
23, 193 

,s,aaa 
14,982 

15.9$4 

SEP 

11,759 

12.3-98 

12.623 
17,5.28 
12.820 

12.669 

13,&47 
H ,GQO 

12.6J9 

11,753 

13.759 

12,SS2 

11,401 

21,825 

17.403 

18,359 

11,342 

24.290 

16,822. 

20,024 

23 .356 
11,0:Jo 

12 . .«J.4 
23,337 

27. 144 

12,603 

18,474 

23,SCS 

20,39'3 

30.367 

36,929 

18,641 
1◄,540 

19,987 



Appendix E-3~ Simulated Average Monthly Delta Inflow (els} by Water-year Type for Future Operations to 
Interim South Delta Program M~ting Future Water Demands. W-Wet, 3-Below Normal, D-Dry, C
Critical. A-Above Norma. 

TOTAL DELTA INFLOW(CFS) 
1 unrn:- RU N 414 .. : -:n1 r ..1 n J:1 T '"" n.-u • .,n 

•EAR r,YATER- OCT I NOV oe-c JAN Fl,B MAR MAY JUN I JUL AUG SEP YEAR 
TVPE 

APR j 
-1922 A 12,072 12,946 21.619 22,010 49,585 39 ,427 29 ,192 55,94, 42,357 16,325 16,585 12,189 

1928 A 13,131 23,300 19,436 26,931 30,014 106,061 32,862 21,913 18,401 21.245 22,988 10,320 
1940 A 12,317 12,559 15,~ 18,519 24.259 17.758 15,421 
1951 A 15,412 ?;1,091 102,656 18,384 28,120 19,534 17,458 

30,564 51,587 110,085 73,367 23 ,982 
72.173 73,557 35,207 

1954 A 17,579 24,259 17,449 18.249 24.471 23,069 12.<07 
1957 A 24,2'2 10,G3S 13,392 19,596 28,902 19,420 17.609 

20,892 25,318 
33,675 67,983 53,780 48,249 27,191 
19.241 •~ .903 50,424 

1973 A 13,750 25,741 29,326 22.na 26,035 19,821 12.55ll 
1978 A 8,439 9,495 18,312 20,825 18,573 17,514 12,458 

22.980 20,495 
78,022 99,4n 68 ,068 24 ,209 23,384 
66,439 65 ,999 67,546 

1980 A 13,196 19,579 23.395 18,401 24,308 18,003 14,141 
AVG 14,460 22,834 29,003 21,945 23,582 19,411 13,840 

47,912 27,i61 
106,272 138,618 75,920 24,310 21,636 
so.sgz 68,969 67,391 

1923 
1935. 
1936 
1937 
1945 
1946 
1948 
1950 
1960 

1962 
1966 
1968 
1972 
1979 

1924 
1929 
1931 
1933 
1934 
1976 
1977 

1988 
1950 
199 1 

1992 

1925 
1926 
1930 
1932 
1939 

B 
8 
B 

B 
B 
B 
B 

8 
B 

B 

8 
B 

B 
B 

AVG 

C 
C 
C 
C 
C 
C 
0 

C 
C 
C 

C 
AVG 

D 
D 
0 
D 
D 

17,612 
8,830 
13,017 
12,203 
13,669 
13.832 
15,836 

12.529 
2U,295 

11,616 
16.813 
27,094 
18,312 
18,508 
16,155 

11,877 
11,958 
10,134 
10,606 
9,303 

24.910 
s,ns 
9,123 
10,753 
8.684 
8.700 
11,438 

13.604 
12.740 
13.897 
10.671 
28 .000 

24,798 43,858 
14,714 14,418 
14,091 1.5.037 
13,552 22.532 
18,855 20,166 
21,481 73,955 
14.209 14,744 
13,316 12.985 
19,796 15,1 l !i 
13,300 18,573 
31.044 20 .414 
20640 19,453 
18.367 22,792 
17,953 15.771 
18,295 23,560 

14.040 20.837 
15,724 18,117 
9.983 16,895 
9,226 11,079 
11.S23 16,944 
22.290 18,833 
1 1.~64 19 ,029 
12.)20 19.257 
9,<95 17,612 
10,051 q,359 
8,468 10.35,2 

11.962 16,575 

12.609 1<,989 
12.912 14.370 
11,t35 17.416 
10,606 18.459 
20.875 iS .58.9 

35,997 

39,312 31.584 16,585 29,798 
30,205 18,182 29,912 44.259 
34,702 72 ,348 36,722 26 .987 
17,758 46,735 52,183 29,108 
17,269 51,587 28,935 19,630 
55,735 30,285 24,617 18,670 
17,644 18,416 16,764 26,414 
23,62.3 39.159 24,145 23 ,451 
42,164 60,335 25,106 13,754 
13,457 56,584 28,64i 17,306 
33,545 32.071 27,695 18,300 
33,219 72,727 40,534 16,751 
20,609 28,860 35,158 15,875 
27,517 50,884 39,019 23,872 
29,054 43,554 30,430 23,155 

15,314 18,SOO- 15,249 10,303 
15.233 19,084 14,418 11,852 
15,624 14,430 12,023 12.643 
17.285 14,989 13,148 16,330 
19,013 16,071 19,306 15,8.92 
14,695 20,815 1s.n1 12,407 
9 ,661 14,809 12.333 11,717 

28.201 14,719 13,799 11,481 
19.616 17,370 12,333 15.421 
11,975 15,422 32 ,405 16.700 
13.050 34,794 21,44{) 15,40< 
16,333 18,274 16,566 13,650 

12.m 52,922 22,010 28.300 
18,573 38,709 18,980 25.n• 
25,138 19,210 31,672 15.640 
19,094 20.6~5 15.591 17,946 
17,970 17,929 15,331 16,263 
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27,570 

20,WO 19, 10S 22,141 18, 133 1s.n• 
40,306 21.229 21,163 17,400 13,350 
19,453 18,956 25,464 17,889 14,983 
20:&l9 24,091 19,110 16,325 11,397 
17,351 21,650 21,848 14,907 1q30 
18.931 20,455 20,365 18,345 11,044 
34A74- 23,266 29,488 20.642 16,886 
18,850 20,455 21.685 18,638 15.505 
14,321 17.306 24,145 20 .593 15,034 
18,996 17,357 23,949 21,245 11,886 
18,611 17,290 26,344 22.613 14.630 
14,011 17.273 24 ,959 20,088 15,909 
1•.a21 17,172 26,979 19,nB 16.869 
21,685 23,687 25,350 20,495 12,441 
20.an 19,949 23,785 19,078 14,074 

11, 1L4 12,525 13,066 8,113 7,795 
12.414 16,380 18,280 8,341 8.905 
9,40) 12,306 12.138 6,63 1 8,519 
11,9,·6 16,919 16,194 8,553 9.091 
11,;ro7 15,n4 13,783 7.641 8.670 
12.SS4 16,987 20,968 11. 144 8.704 
9,140 9,259 10.508 7 ,413 7,862 

11,013 15,657 19.062 8.798 8 .283 
10,166 16.734 20,121 8.732 8,45 1 
10,541 16,044 15,005 9,254 10,657 
11.307 16,633 15,412 8,537 8,721 
10,996 15,020 15,867 8,469 8,696 

18.214 19.040 19.453 14,158 11,700 
18,003 16,212 22 ,467 18,166 15,505 
14_2n 16.229 lo.227 11.486 10,067 
15,461 16,785 13.913 10,704 10,909 
14,011 16.212 23,509 20,251 13,401 



Appendix E•3. (ConUnued J. 

TOTAL DELTA INFLOW (CFS) 
• I I 

ATER • OCT JUL AUG SEP 
YEAR 
TYPE 

1944 D 13,799 17,121 21,668 18,687 33,351 25 ,155 13,502 13,702 19.310 21 ,538 20 ,153 12.441 
1947 D 12,985 14,916 19.013 18,719 23,611 23.216 17,2.55 14.125 15 .IM2 21,945 20,349 11.751 

1949 D 15,168 14,495 16,113 14,386 16,234 55,3 93 17,39 1 18,581 17,626 19,583 12,056 11.902 

1955 D 12,968 18,o.17 28,902 24.259 21.086 12,166 12.&45 14.50( 18.973 23 ,053 21,978 12,542 

1960 0 13,376 13.434 15,575 15,445 32,359 21,522 16,566 13,457 16,145 26,035 11,ns 15,438 

1961 D 12,040 15,,86 18,948 14,500 30,375 21,245 15,505 13,522 16.248 20,398 19.5a3 10.n• 
1964 0 20.039 33,754 17.595 27,729 18,525 14 ,761 12,1196 14.337 16,397 24,536 20,121 13,906 

1981 0 20,8 0~ 17 .626 19,013 2-4,50~ J0,429 34,441 17,~93 14,044 16 ,195 24.128 20,283 15,303 

1985 D 21,326 39,343 32,323 {7,498 20,491 16,.COS 14.327 17.041 16,044 26.214 17,742 16,633 

1987 D 16,439 12,727 19,811 18,573 21,338 30.808 16,549 13,767 16,145 21,685 12,822 10,101 

1989 0 8,244 11,397 12,903 14.288 15.133 42.734 25.825 17,188 16,128 21,180 17,&!7 11,902 

AVG 15,3112 17,312 19,105 1Ul3 u; ,n 1 25,091 17,761 15,265 16 ,846 21,616 17,214 12,767 

1927 w 12,610 25,303 18.719 32,193 128,342 4 9,153 55.673 30.205 18,923 25.106 19,567 11,566 
1938 w 12 ,887 33,788 69 ,192 34,506 139,791 169,990 74,613 71,733 47.222 17,090 17,351 19. 141 
1941 w 12,284 14,966 48.664 107,625 125.938 104,448 88,670 48.925 24,6'6 18,475 18,133 15,842 

1942 w 20,756 22,896 71,668 86.624 150,253 31,818 59,882 45,047 31,616 17,188 18,345 16,734 

1943 w 22.955 24.7U 35,745 85,2n 66,SKl1 87,357 36,734 26.442 18.401 2,.sas 19,648 13,3&4 
1952 w 12,496 18,4'8 52.444 92,392 87,103 69,176 72,458 71,848 47,391 20.414 14,467 23,535 

1953 w 26,703 20.~9 51,515 106,289 31,061 24 .878 24,495 30,922 29,IMS 24,471 20,365 16,549 

1956 w 12,382 14,8t5 81,997 164.457 100.sn 42,375 26,818 49,m 28.081 19,143 18,719 1a.n 1 

1958 w 10,na 20,370 29 .450 4'1.204 1~ ,439 1J1,688 114.276 51,254 45,152 17,726 17,921 20,842 

1963 w 37,537 22 .... 1 30.922 18,801 80,105 36.250 sa.an 36,494 20,640 23 ,379 ,a.aso 13,485 

1965 w 11,893 17,4!a 82,388 124,82$ 39,466 23,835 ~.4.48 31,541 18,451 24,324 19.029 12,475 

1967 w 12.691 18,058 45,064 50,929 64,141 63,392 59,074 56.435 51 .414 24.487 14,435 22.542 

1969 w 13,311 15,421 25,676 118,442 139,755 84,679 56.229 69.583 37,896 18,S57 1S,591 24,461 

1970 w 28,869 23.215 84,109 205,S9B 96,501 42.294 19,394 15,314 18,300 27,045 21.652 16.380 

1971 w 13,131 26,145 69!R7 54,659 33,189 53,601 24,731 36,347 25,387 25,073 19,713 18,805 
1974 w 15,738 66,650 76,735 137,634 52,363 115 .054 80,337 31,346 24,966 22,988 18,752 20.253 
1975 w 21.375 21,162 22.385 18,475 75,325 92,864 30.690 39,655 29.3n 20,104 1a,ao, 20,000 
1982 w 12,659 35.017 95,503 66,347 106,367 89,296 152,47S 60,150 32.071 20,6S8 17,025 28,249 

1983 w 43 ,6 14 56.229 97,817 110 ,186 190,981 264,5 16 118,670 92,033 85.892 43,825 22,955 35.707 

1984 w 45 ,699 90,505 163.213 a&.759 54,095 43,320 21,195 17,269 19,529 28,413 18,850 18,Bn 

1986 w 11,893 14,103 19,42 0 21,717 221,374 160 ,492 41,044 20.544 18.434 25,138 17,742 14.226 

AVG 20,060 2B.681 59,629 85,143 101,932 '3,832 62,513 44,420 32,078 23,247 18,472 19,134 
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Appendix E-4. Simulated Average Monthly Delta Inflow (cfs) by Water-year Type for Future Operations to 
State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below Normal, D-Dry, C-
Critical, A-Above Normal. 

TOTAL DELTA INFLOW (CFS} 

w.rt.r Jan Feb Mar Ap, Sept y r 

l92l 21,717 4&,069 39.785 31.128 15,135 1~• A 201316 29,472 33,821 106,191 35,0-40 2s.m 16,295 23,651 19,-469 12,9'6 1940 A 11.-470 10,219 9,681 30,629 82,818 113,425 76,751 2S:I06 20,539 23.es, 19.241 13,165 1851 A 14,695 01,1$15 105,784 81.020. 78,574 40,046 21,549 2S,72S 21.246 23,851 19,09-1 14.781 1954 A 19,64! 22.llf& 16,846 35,IM2 67 ,022 55,572 47,037 JC,190 17,256 23,851 19,306 14,682. 1957 A 25.46-< 17,S.S9 f&,341 20.935 37,708 52,8:1; 26,397 22,QS 22,795 23,835 18 ,996 12.559 ,m A 14.695 25,7◄1 20.m 82..(37 10?,Sft:\ 71.2 12- :27,071 =.:-ss 2:3,013 %3..Cl~f 19,~S 1◄ ,l'Rl-0 1976 A ..... 8,586 1•.m 64,01 t 67,509 1&,sn 57.424 32J 10 24,343 16.993 15,184 16,599 1980 A 16;455 18,535 24,471 114,549 1.S.&46, 89 ,127 27.963 23.£72 24,815 18,100 14,0GO 16 ,68,4 1993 A 10,606 9,158 16,781 61,030 59,332 63,131 ◄1.1n 35.239 :15,08-4 19,909 15,298 13,40 1 AVG 13,965 1',1'6 25,033 ..,,2.40 u .1aa 62,536 36,19' 'n,l51 u,m 19,175 15.919 13,167 

um a 19,22.S 20.6' 0 -43,57.C 39,752 28,357 20 ,039 32,104 20.9:13 21,801 22.3S3 18,475 10,980 19.35 a 10,S81 11, 178 10,606 U.672 16,ffl 32,079 "49,899 35.1•s 22, 1,1 22,353 15,054 12.071 19~ a 15,217 11,836 U,942 :!,6,478 -93,538 40,779 29,665 21,153 22.778 2l.3S3 18,.C7S 10.960 1937 a 15,SiS 13,7'3'7 14,940 19,143 52.3"7 53,014 33,51.9 25,937 21.SSJ 18,681 14,59.8 10.892' 1945 B 11,502 16,7e.8 18,6!.4 16:,585 56.372 J:8,351 19 ... 95 11,775 20,556 2:2,353 18,475 t2,441 1946 8 16".976 20,g;Q 79.223 59.900 30,993 2.9,9.45 19.091 t8,8S0 19,933 22,336 18,475 14,444 194$ 8 11,665 11,987 11,43i 16,276 17,905 11.815 28.Sls 31,75,3 2S,7.ti1 22',355 18,475 14,798 1950 8 15.:153 : 3.148 12,72• 23,.93 38,610 25.758 24,731 19,518 23.266 2~.uo 13-,759 14.360 1959 B 25.~7 '•8 ,687 17.025 38,759 59,87◄ 26,9'7 l4,0d0 13.252 .10.572 22.353 18,475 12.u, 19&2 a 13,519 '3 ,064 18,605 18,662. 57,o.40 33,741 20:589 19.322 1.9.s, .c 22.316 18,<176 t◄,848 , ... a 17,335 30,657 22,858 34.869 3' .513 33,8.55 21,4'8 18,117 17.S:!16 22.211 18,◄91 1◄ .832 t968 6 26.245 '8 ,519 19,273 l4,75t 68.755 -43,&46 20, 152 13.06S 20,118 22,353 17,905 12.744 1972 8 20.300 17.273 23.08,5 22..,so 28,520 36,005 1e.a1e 1',.l.i3 19,478 22,336 18~459 S2.391 1979 8 20,088 16,768 16.064 33.-6'-3 55,289 ...... 24,562 19,◄10 ZJ.030 22,304 16.◄87 11,:3~ AVG 17,211 16,809 22,880 30,474 45,610 :W,31S 25,350 2O,G.S6 2:1,3-41 22.013 17,437 12.825 

1'.924 C 14,.4167 12.iMO 151956 16,732 20.301 1◄,32\ 10.589 11,1U. 12,508 10,83-4 7.999 9,613 1929 C 15,803 14,8-4.S 15,771 16.~ 20 ,'87 t6;373 11 .$68' U.3'.9 12.~ 10,476 8,.211 9,613 1931 C 11,sa.c 11;39i 10,785 H,027 13,123 10,606 11,700 !2.4'7 15,051 11,-404 8,065 9,646 193l c · 1.2.7◄0 11,29e 10.!C59 15.331 15,704 12.805 16,111 10,6&5 12.660 9,449 8,130 9,697 193-< C 9,ns t. 646 U,955 19.22S 16,119 16.504 15,438 11,.li2 16,077 fS,331 10.215 9.630 1.976 C 26 ,755 21,5E6 19 ,07! 18.719 22,816 20 ,m 11,902 l2,3t8 21.255 18,735 12.626 9.512 19n C 11,485 J0,690 10.036 9,361! 13,845 9.22 1 1 1,as-g 9,791 11,380 8,749 8;618 9,343 1988 C 12,382 10,303 18,312. 28,576 19,783 12,6.tl 10,960 11,975 16,4'55 12.854 7.950 9,697 19\iO C 14,451 13,081 16,048 23,183 19,2'96 16,520 15,168 10,0CG 21.347 17,351 9.400 10 .(21 H)!>f C '11,17 & 9,◄9.3 10,182 a.u~, 11,89S 34,2◄6 18,081 11,013 12.523 12,G4D 9,808 9 ,579 1-992 C t0,248 t.192 9,107 13,8.48 37,728 23.57◄ 1~522 11.lt.~ 1s.n• 13,946 7 .788 9.529 199( C 17,57& 25,4'38 20,283 19,339 31 ,931 17,856 12.6n 10,7.iO 21.616 19,860 17 • .COO 10,623 AVG 14,036 13.325 1,C,249 16.950 20.253 1?,1.20 13,4&5 11.269 15,783 1l.A19 9,684 9,7,Q 

1925 0 10,231 a.990 13,9SZ 12. 185 62.21• 35.?45 27.256 16,6.S'.) 16."8 1 19,110 13,604 10,051 
1926 D 11.557 12,sos 14.11◄ 20 ,381 42.2112 18,671 25,1S2 18,52,( 17. 169. 18,622 9,498 11]8S 1930 D 10,867 8,e.r, 16,194 2, .s26 18,394 34.181 10,on 14,435 19.!99 20,321 15,6'0 9 ,6-<$ 
1932 D s .210 S,7◄7 19,-860 22,255 26,733 15,~9 18,215 16.4.22 :2:2,104 20,0~9 12.72.c 10,0$4 
1939 0 31,704 22,340 2Ul 11J 21,717 ~.556 20,2 18 15,960 12.oee 21,162 .20,837 17,498 10,051 
1944 0 16,•SS U,734 15,390 20.~ 37,n& 30,987 14,798 12.m 21,027 Z0.837 1'7,970 11,.Ct-4 
1947 D 15,93.c 13,818 21 ,750 17,775 :!A,892 25,692 18 ,114 ,i .0$ 20.n, 20,621 17,954 12,071 

' 19,49 0 15,49' H.09-4 18,019 17,172 18.718 ◄9,560 18 .165 18.425 !9,3$4 20,789 14,484 1 l.212 
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AppenaDc E-4. (Continued). 

TOTAL DELTA INFLOW (CFS) 
d .,.,, Feb 

Sept 

26,623 19,039 
10.101 1060 0 18,129 1aou, 11,926 16,357 ...... 25,106 16,.801 13.587 20,185 11.828 10,219 1961 0 1◄,093 15,168, • 19,045 18,390 J.C,296 22,858 TS,219 11,013 21,SS] 17,628 9,5'S 1 ... 0 10,192 32.:W0 17,387 29,711 22,1135 18.-501 12.357 1),653 20,051 20.821 17,905 1.4,781 m1 0 21. 196 15522 18,2◄7 a2.9S1 33,700 37,◄88 21,431 12.252 20,572 20,113? 17.970 11 ,◄98 1985 0 18,9'3\ S7.i97 26,442 18,768, 23,SBS 25,823 15,892 16,357 18,704 20,837 17,070 14,◄95 198? 0 17,335 13,434 15,868. 18,752 2S,02S 3;J,02◄ 1◄ ,832 10.n~ 22,155 20,821 17,0SO 8,815 1989 0 9,7◄3 10,1&5 10,720 13,44 1 13,502 46,139 26,?3◄ 16,781 18,754 20.837 11.877 12,-593 A.VG 15,$92 11,005 11,191 20.532, 21,458 29,843 18,1'7 ,.., .. 20.0C:9 ..,,.., 15,.421) 11.Z.10 

11127 w U ,272 23,923 18.5" 34,050 1'2,563 50,9_29 57,862 33.$-cS 23,889 23.851 1'7,660 1:,,.535 1934 w 15,G73 27,155 73,135 -11,365 1$3 ,39,4 180,168 81,n? 86,33 ) SV -95 19,436 15,705 23,064 '"" w 15,515 15,976 50,815 109,8-4-0 133,.231 103.829 87.07 1 53,796 31, ,as 17,95' 15,200 21,on 1042 w 21.2?3 20,976 73,019 90,730 152,""" 38,319 58,300 .C&,62B 35,42f 19 ,681 16.12.9 18,(W7 1 .. , w 26,8"9 26.24$ 34,457 93,6'12 69,910 H,159 ◄o.n• 28,904 zz.,ss 19,550 15,526 14,057 1952 w 15,233 18.923 51,743 98.&48 89,,uts 7&,34a 78,047 79,ffl 50,993 21.717 17.856 2.c,495 1953 w ZS,244 1$',242 48,925 107,087 38,4◄◄ 29.831 21,6 16 32.,sc 29,71'4 23,85 1 18,736 15.659 1956 w 1.C,744 12,.559 88.156 181 ,21.S 100,7.40 ◄7,898 28,687 48 .892 32.~0 23,688 17,709 19,815' 1958 w 23,803 21,10.S 25,93? 39,378 160.~23 1:Ja,855 112.323 61,730 47,3.CO 20,886 11i1,,85 26,717 H163 w 34.995 22,' 89 29,668 20,381 83,3!M 38,23? 98,603 37;"'4 24.660 23,as, 18,85~ 1s,000 1965 w 12.235 1s.m B0.025 129.39 1 44 .278 27, 142 58,077 33.024 23,788 22.353 18.292 14.747 196? w I.S.428 17,290 40,◄6~ 53,535 6S.144 68,91 5 65,70 ? 6.J, 18S 56,616 ~.387 17,302 25,337 , ... w 15,754 15,£75 27,191 130. 173 150.61• n.381 11,an 76,865 "S,253, Z0,007 16,06,4 :i,l,956 1970 w 28.476 20,724 '-' ,964 211,ng 99,385 48,892 23.013 18,964 19,478 23.851 19.3:l!l 12,MS 11i17l w 1 4 ,744 2~.:!20 ... 003 56,863 32,61? sa.m 27,222 35,288 27,576 23,851 18,7J6 20;158 t9741 w 17.20,t 67,!93 n.11s 139,394 53,SS& 120,414 78 ,519 35,174. 27.273 23,57<1 :8 ,736 25,-421 197'5" w 24,&94 20,007 20,sn 21,310 10.n& U,?62 35,337 36,9-50 33..249 23,no 18,345 '21;195 1982 w 1•.2aa 3? ,071 96 ,090 88.025 112,635 96.2!)4 150.589 57,967 36.616 21,815 H .302 27,07 1 1983 w 38,5'? 53,C&I 91.701 112,&52 119,332 252,590 109,;!gJ 83 ,610 97 ,626 39,◄75 23,672 3S,96Q 1984 w 31,993 88,013 161,030 81,052 5 1,191 44,8154 24,5 12 20,153 22,189 23.85 1 18,752 12.895 1988 w 12,333 11,919 18,622 24,715 2'6 ,065 162.447 33,300 23,412 22.929 17,954 15.331 15,067 A.VG 21,40& 2?,&;< 58:,957 U,826 105,'31 88~0 64,07" ◄7,553 36,.JS,C 22.969 17,749 20,56li 
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Appendix E-5. Average Historic Monthly QWEST Flows (c(s) by Waler -year Type and Time Periods Represenling Major Changes In Water Flow 
Management Within the Sacramento River sys tem and Sacramento -Sari Joaquin Bay-Delta Estuary, California. Data from Department of Water 
Resources DAYFLOW . 

WATER- PERIOD WATER OCT NOV or,c JAN FEB MAR APR M/\V J UN JUL AUG SEP YEAR TYPE VEAR 

ABOVE PRE-1945 1940 
NORMAL 

247JI 2530 3 179 17265 1l008 29429 30520 2088 1 12507 110< ◄Sa 2083 

19'15•1'150 NO ABOVE NOAIML WATER Y·EAAS 

1951-1007 1 95f 3 199 22505 ◄5544 2470◄ 245S4 10581 7708 12310 36 76 .. 411 ,7J8 111 · 1115-4 2759 65 10 80'36 12690 2011'4 21337 21a ·23 13424 . ·1140 ·3361 ·2 474 -326 1957 3262. 47·92 4507 ,,eo 0619 12699 71 00 8532 4045 .579 2 10 3379 AVG 3073 11269 11]G% 14331 17109 17531) 12◄ f0 11◄22 2491 ·1457 · 1001 12S1 

1008-1077 197 3 2507 7428 6462 18739 25'131 20000 8905 2◄13 .-, 115 .3973 ·20~ 1696 1078 1850 tS◄O fo1a 78 14 107&3 19682 26734 2•0<10 3519 ·2$311 - t954 2037 AVG 2127 .... .coco 13276 18107 19875 178f9 un, 1202 -32.50 •1994 1866 

1978-1'192 '978 16SO 1540 1818 781 4 10783 19662 26734 240'40 3519 -2639 0 1854 2037 1980 1179 3559 4015 ·26208 29612 J.11148 10839 0281 •&◄4 20◄9 ·2899 1673 AVG 1418 2551) 2916 1705 8 202;0 26916 18787 18660 •oa1 -245 -2,428 1855 

1993-Hl94 199l 2238 2028 3772 6001 5'402 8202 55-41 5588 460 2 -917 -2ooe ·28 00 

1095-1997 1990 4126 2 144 6000 12'?0 24597 25-508 10697 1 1◄57 •'177 -1004 -1984 •2093 1997 -19,25 .,2073 21 476 8731'1 47612 ,,,.,n 290) -1-121 •270 •207'1 · 169:J ..:,:ioo AVG 1t01 38 13738 29267 361(g 18961 6000 7939 ,22a . ;z:~39 ·1839 -2700 
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Appendix E-5. (Continued). 

" " ~'" - • .Y~ ~r►nD....l.I. ~ 

WATE'!{· ;I PE~IOD I V:/ATER l OCT l NOV OEC JMI I FEB MAR APR MAY JUN l JUL I AUG I SEP YEAR lYPE YEAR 

BEi.OW PRE -1.9-4S T93S 1738 ◄624 .Clil 1f537 0756 12SS9 28822 2$05,4 19543 2117 410 1029 tlOAM/\1,. 

10:)8 3812 3800 4789 13573 J.J5Z7 23203 23918 23 1$8 1◄836 2◄88 525 '700 1937 2827 3130 545'3 7825 25000 27529 2◄85f 28029 18152 2533 362 1585 AVG 2792 3184 C851 1097!) 224-18 2U30 258S4 25413 17611 2~78 432 1670 

1s•cHe,o H'4!i 2398 75t8 8705 7250 28759 17608 14-t()G 19484 13851 3275 1392 2480 1$46 51◄9 7258 181--00 Hl994 11615 10525 12860 18728 080 1 69'3 718 1900 1948 3250 389◄ 3198 ◄899 3,4-17 0152 12239 ,,is.co t◄5Sis 832 377 1701 lfJSO 2'105 3335 3458 ~188 13528 8577 13220 10670 '7568 - tt3 ,37 18◄8 AVG 3249 SS01 8389 1038,J 13852 107 16 13181 15910 10708 1172 813 1947 

1951-1967 1059 6758 81◄4 71D3 8602 13950 6890 4094 2154 •&57 ·1295 135 <t297 1002 1978 449 0 702 1 5124 216~ 150S? 9955 6952 4465 •851 -725 1◄07 1966 7928 11911 11185 12103 I 1645 8449 4911 2597 -946 •1428 -437 2 136 AVG 55.55 8182 8430 88l0 15816 948 (1 Gl20 39 01 85◄ .. 11-91 -342 2.013 

1908, 1977 19$B 7986 837 1 10373 8048 12212 6970 2048 184 -988 - 1810 •522 •2.87 1012 52 18 41)7◄ 0324 001 0 833S H96 697 -104 1 -2802 -809 ~1520 10'15 AVG 650 1 &673 9848 8559 10213 4233 1372 .. ,. -1794 ·12 09 ·1021 379 

1978•1992 1979 3541 4131 2055 10885 18122 13058 293◄ 3805 19 -2919 ..(207 -2237 

1093•1' 194 NO BELOW NORMAL WATER YEARS 

1995,1897 ND BELOWNORMAL WATER YEARS 
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Append ix E-5. (Continued) . 

WAT ER- PERIOD WATER OCT NOV DEC JAN F,8 t,Vi.R APR MAY JUN JUL AUG SEP YEAR TYPE YEAR 

C"ITICAL PRE-HMS 10.31 3 234 355 1 2035 5702 ·~5 409◄ "1525 1361 ,300 ·1 194 -<117 1"19 1933 232D 2809 ◄328 6717 6522 6719 48 1 t SOOS 074.1 215 -•• 1292 10,l,t 250 1 -3345 6604 9060 .9102 6211 noo 1504' 07 -6SS -!'150 78 5 AVG J688 3235 4&U 7160 699) 5875 3181 2650 2151 -$11 ◄22 132 
1945-1050 NO CRITICAL WATER YEARS 

1951-19-87 NO CRmCAL WATER YEARS 

1968-19'77 1970 548'2 '4662 ◄668 J05'1 • 40 •.264 ~042 .7,t5 -C20 .593 -17,U -2411 1077 395 607 1447 -630 1200 603 1595 tD82 602 010 •• 3 880 AVG 2939 28] 5 3018 208 827 169 1819 169 283 168 -$2$ -166 

1978-1992 1088 - 10~8 382 .... -251◄ -32.SS • 1104 1359 • 1201 -1369 -2021 -3593 ·2834 1090 .2995 •272.11 -3893 .3437 -1560 -2ars -2332: 2.600 7SB -1916 -184 5 -1599 1991 767 1320 869 27 2069 1401 •1973 866 37• 239 •715 •232 Hl92 -287 149$ 2089 615 <623 -cooo -433 035 2◄5 600 142 -524 AVG ·900 120 JO · 1312 61' -1663 ..... 800 2 •950 -1501 -1297 

1993-1994 1~g4 -2359 3t8 · 124 •• 2401 155 1929 1886 1259 -903 -1780 -1 835 

H19S-IQ97 NO CfllT ICAL WATER YEARS 
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Appendix E-5. (Gontfnued) . 

WATER• PERICO WATER OCT NOV DEC JAN FED MAA APR MAY JUN JUL AUG SEP YEAR TTPE YEAR 

ORY PRE- 1945 1930 2031 2223 61'1,t 88S1 1asg 117-47 8002 6203 371,4 100 288 Hl:22 193~ 1028 2◄ 13 7800 8515 20581 1083,3 9798 (B131S 18980 5333 •u·e 117 8 1939 4797 0387 870:l 7730 89111 766-4 64411 3180 316 ..... ·237 150t 1944 3190 384'1 4855 6590 10IJ'J3 11.CSO 63()3 7539 3810 92 20• 1378 AVG 2812 3717 6419 8114 12011 10J7,4 7388 8767 6709 1293 ,., 1410 

1045-195-0 UM7 2893 0202 7196 6613 17(!8 13499 5081 305t 170 .fJ71 · 181 1317 Hl'-49 3297 3297 4065 -4437 51fl 157f9 7878 7300 2721 -485 ., l217 AVG 3095 ◄780 5940 4975 64!0 12109 6.tl&2 6176 1793 -571 ·•• 1247 
1051-1987 1055 1399 6903 12470 15762 9710 371 1 2091 217◄ ·H1'3Q ·3"317 -29-41 -77◄ 1000 2820 :J516 ◄3&0 7839 ·11613 705 1 56.09 37·77 -467 •Hil.5 -770 1662 1961 23 12 8923 5402 8000 7518 .. .,, 3707 2 1410 ,8◄7 •.2183 -120 166-"2 1Ei84 70◄6 102 15 8 100 842'1 8712 5112. 2951 ~720 509 ·1◄55 ,$ 27 2988 AVG 3394 8889 7081 1000 $ 8903 65 19 3B12 2704 -536 -2120 •1.?'40 138,C 

19:68-1977 NO ORY WI.TER YEARS 

1978-JSD.2 1091 I J43 .,.,, 2-997 3JOJ 190 5011 ,835 1595 30< -1920 -39"7 -13SO 1985 ,(817 3267 2607 1493 238 268 720 052 -1"482 -2790 0 37GB -2471 JG87 1180 1424 1502 -178 1601 4585 308 , .. -203 -3308 ·-3976 .3437 !9BG •75(1 ·~· 3<3 ·3256 -46:t IMO -3086 · 138 ,5:,5 -341 f -5023 -2827 AVO 1748 1266 18fl2 341 J69 294$ .fJ6D 439 .. 72 02857 ~1711 ~2s21 
I OOJ . f9(M flO DAY WATER YEA.RS 

1995-11197 NO ORV WATER YEARS 
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Appendix E-5. (Conl inued). 

I I I I d' - A\ 

" .Y.Ja ~- (t'AR..llJ ,-. ,., 
WAlER , ii PEnlOD J W,\,EA I OCT NOV 0£C JAN FW MAil APA MAY JUN I JUL I AUG I SEP YEAR TYPE: VF.AR 

V,lET PAE-1945 1938 316!) 8841) 1'19 10 1258 1 43323 54321 37467 ◄ 1837 4◄023 1S2◄3 31 13 2902 \9 41 2992 3840 11269 19135 281l::Z 3-3492 29932 32215 283◄3 9093 1823 1977 1942 3828 <004 13839 ~3172 21s·12 17059 26947 28404 28235 8081 1146 ~34"4 1943 3&98 7512 1041 1 19748 259 18 42780 29878 2 ,1393 1ll28J f809 800 U>IO AVCl 3471 672G 1'2C07 10B00 31218 :IGS IO 3 10S6 30987 - 21J.21& 8507 1687 2285 

1{M5- l950 NO WET WATER 'YEARS 

185M.807 19S2 3283 5139 13115 27968 2CJ2lO 290.87 354ll(l ◄2230 3-0897 .... 517 2f13 10!i3 2763 4843 11040 18.-970 9100 7097 10234 1271 f 13001 -1275 -1980 1320 1956 519 2812 30~45 52 7 11 l08'9 16050 12850 22852 163~0 30) -1058 2352 1958 ◄63◄ '1698 7 132 11225 26354 30003 53:J40 .'.32695, 21<77 5153 2513 5990 1963 72◄0 713◄ 8243 8092 2se,11 10430 23945 10331 89i5 627 317 -486◄ 19GS :1030 6240 21085 33380 15297 11S98 ~0185 6358 8200 000 1!>11 4948 1907 2t19S 75.$0 1345$ 15020 154<!9 16025 2895 1 2t1767 ?◄B-40, 13808 2$80 0368 AVG 3568 5774 1586t 2380& 21016 17,01 26.CU 235-6-C 1752.ll 3(1)8 633 lS9S 
1008-1977 196!) · 185 3320 eoos 29◄45 50953 .C0470 3005,C 30U2 312815 8627 2853 8193 1970 U)021 10305 1.09.69 33002 21702 IG3l4 31.CS 3561 1202 ... I 751 4468 ,Q11 5 125 7523 18630 i-3086 B9PI (147◄ 4358 5032 49'1◄ 420 518 5387 197,t 41241 9080 1~1155 22073 861 · 13001 f53 10 6992 29◄7 ·3009 ·14U 621◄ 1975 6821 10815 ~205 6005 120(10 1◄259 8820 10055 9112 1788 ·10-46 1009 AVG 5205 8227 11785 20902 20461 181 f9 t2ll1 11110 1898 1051 332 423.4 

19'18· 1992 1982 ◄09 5328 8935 1~~2 140ll 1073!:J ;)7!;02 12017 lfUtJ 7688 22◄8 1058 1 1983 '1655 13931 26777 28707 .. 6544 87378 (8~20 42J{H 3l127 20037 102◄8 16804 1984 19719 27141 30325 36069 12819 7538 1312 2000 !(M ·1◄50 ·1811 3'890 ,ose · 1◄60. 600 • l ldJ 200 29831 ◄5184 2J440 71◄9 42.89 -9&3 -2169 .545 AVG 7.581 11752 1!2J4 20635 26031 34960 21108 1852, una 5595 2178 7108 

1903-109' NO WIT YEARS 

1995-19{>7 Hl95 -107 208 -769 10951 8202 34773 20762 31608 15035 ◄298 f116 613-4 
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Appendix E-6: Simulated Average Monthly QWEST Flows (cfs) by Water-year Type for Existing 
Operations to 1995 Bay-Delta Plan. DWRSIM Model-run 420 Using 71-year Period of Record. W-Wet, B
Below Nonnal. D-Dry, C-Critical, A-Above Normal. 

WA lERJ WATER 
YEAR YEAR 

= • 
1922 

1928 
1940 

1851 

19$,< 

1057 
f073 
1978 

1980 

1923 
193$ 
1936 

1937 
1!M5 

1946 

1948 
1950 
1959 

1962· 

1866 
1968 

1972 
1979 

192.tl 

1929 
1931 

1933 
193,4 

1976 
1977 
1988 

1990 

199! 
19~2 

A 

A 
A 
A 
A 

A 

A 

A 

A 
AVG 

B 
8 

B 
8 

8 
B 

8 
B 
a 
6 
B 
a 
8 
B 

AVG 

C 
C 

C 

C 

C 

C 

C 
C 

C 
C 

C 
AVG 

OCT 
NOV J DEC 1 JAN 

~Q.4 •1427 --259' ·1692 

-1727 
755 

IMS2 

·2219 
-3698 

"-

-2252 
•1636 

·= 
·1804 

!"66 
o'660 

SC3 
·1041 

•1111 

•1359 
500 

·1246' 
-916 

•2 142 

-1928 

·2080 
-1 sa,, 
151.( 

-1480 
·2058 
2661 

·2081 

- 1068 

·9'8 

-1349 

-522 

699 

605 
168 
75 

•231 

-561 

389 

890 
684 

76 

-3859 
.,m 
4108 

-2233 
~11 

-1448 

n 
-2485 

·14'9 

-21·1 

•1867 

-tm 
·1"6 

-32!8 
•2718 

•2213 
·169; 

-950 
·1614 

•2716 
-738 .... , 
-3915 
.224< 

-2000 
-238:? 
... 2 
-787 

273 
.2795 

•1061 

·1275 
347 
•240 

·• 
•966 

-3&<8 
-~53 
138,C0 

-4207 
-2041 -... 38 
.. 2913 

·1462 

31$l 
•24-1!i 

-2048 
◄103 

•2975 

5172 
.;6S, 

· 1828 
-1952 
-4304 

.,,s.e 
238 

-2287 

.14.sa 
-1425 

..t3"73 

.. 23J 

·136 7 

•1231 

-3102 
◄OW 

-m, 
... s2 
-2796 

•1606 
-1869 

.J0.82 

""' 15731 
3162 

458A 
-2735 
.17,45 
-2511 

•211-47 
-<52 ..... 

-2003 
2312 
-2036 

·2313 
3927 

-2587 -.993 

...aa 
-2851 
--315S 
--"70 
4505 
-3092 
-2896 
..4705 
-45'7 

-1718 
•2293 
-3336 

QWEST(CFSJ .... ,., -·-· --· 
FEB MAR APR 

0786 . '526 2341 
-371 10792 1"63 
397' 57'5 <045 
6418 2,so 1815 
3'43 2513 3024 
-65 2875 11n 

10<7? 83'3 1806 
10073 9490 78 97 
27751 23860 3001 
7609 7823 2969 

5753 -12 2629 
· -765 -641 5387 
1156!1 •1896 21 16 
5603 10066 2337 
$<17 2212 1813 

900 •j76 1893 
-1"'8 -640 2009 
-1809 -2001 16'15 
83i7. •718 839 
3298 -308' 1092 
-•223 , 1014 117:) 

8Ra7 2384 1062 
-2534 ·2066 1183 
8824 3829 i886 
m7 <03 1919 

-3027 -1067 Z.8 
-2656 -1n 538 
· 1113 .:591 138 
-~2 -649 942 
675 -2•11 130 

..t838 •2129 333 
-2'30 "'' 372 
•2497 ·1 "42 62' 
-174-C •116"1 279 
-2855 -359'1 397 
•1555 -1835 483 
-2212 -ma -
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ei.•• 
MAY 

5863 

1552 

2059 
2439 
1'58 

226' 
2251 

3814 

2475 

2679 

2274 
1'50 

2309 

2619 

1812 

1795 

915 
179 , 

728 
tt83 
1000 

053 

901 

2426 
1~ 

334 

823 
m 
1267 
,aa ,... 
883 
783 
12$< .,. 
56< 
743 

JUN 

21 

·123 
103 

163 
-78 
•10 

-179 

2118 
20<5 

451 

247 
964 
"45 
2527 
60 ,. 

363 
•129 
•158 
-300 .,.., 
•150 

-103 
.,,s 
2.51 

165 
313 

28 1 

626 

29 
-39 

2<56 
151 

-'S ,., 
53 

397 

JUL 

2024 

·2793 

-'3234 
-32 .. 
"'3358 

-3359 
-1691 

2 181 
22$8 

-1251 

-3nB 
-35?1 

-3444 
-178 

-739 

-2976 
-3797 
-3818 

..,514 

-3828 
-3907 

-3399 

-3986 
.997 

-299t 

-1810 

-2386 
·28a 
303 
122 

-1167 

us, 
-1919 

-20~9 
.:,or, 

•2213 
-1098 

AUG 1 SEP 

1001 ·729 
-1714 -1110 

•2047 -1017 
-1767 -1273 
-2057 -1374 
""3191 •1252 
-1512 -1295 
769 ·172• 
496 •1937 

·111.C ·1302 

-259.5 -1031 

·1888 .... , 
-153< -756 
"'31 .. 55 

-1125 -809 
•1825 .957 

-3889 -3817 
.0075 ·1392 

-1859 -1122 
-27◄6 •1"12 
-29!iS -1352 

-1 670 ·1320 
-3609 -1123 

-833 .. 3$ 

·2217 -1273 

-869 .. , 
668 32< 

2559 916 
2325 570 
2223 .,70 

23-4 92 
206' 10,, 
-7:38 • 
-820 703 
80.S ... 
-'2 61 
797 <122 



Appendix E-6. (Continued). 

WATER WATER OCT I NOV 
YEA/I YEAA. 

TYF< 
·1925 0 -1672 •1536 
1926 D -2137 •'438 
1830 D - 14S2 -1791 
1932 D .S29 -262 
11"9 0 8TT ..... 
11>« 0 -2152 ~169 
19' 7 0 ·1564 -193& 
1849 D -33S8 ·2529 

"'" D •110-9 ..... 
1960 - 0 -1&75 ·2042 
1961 0 -1681 •2578 
196< 0 -2758 '3210 
1981 D -<56 ~123 
1!18$ 0 - J270 .S85 
1987 0 -193 .2296 
1969 0 832 ,1058 

AVG- -129< ,22$3 

1'127 w .2<,;7 .(121~ 

1938 w -763 -3695 
1"41 w -1,so ->650 
1S42 w - 101 -2897 
1943 w 1S03 4475 
1952 w -2196 .1nn 
1953 w 159 9 .7'5 
1956 w ... , -2,135 

19S8 w •Zll-2 ,oJ7-4S 
1963 w -4387 .. 061 
1965 w -843 4895 
1967 w -1807 -'292 
1969 w -2191 ·2637 
1970 w • 912 1088 

1971 w -2040 -11oa 
197~ w -25S-9 1870 
197S w •818 -3205 
1982 w ·1735 ---l255 
1993 ,., 6S2t 10930 
198.t w 1• 89S 22535 
1985 w •1700 •2249 

AVG .. -631 

QWE.ST(CES) 
nun, ' I U ••---• -••• . -<16e..t D. --·-

DEC 

0 2$10 

•1920 
-3C52 

-282< 
-488 

-1785 
-3837 

-2llB3 
◄,,o 

-5110 
-492:l 

"'"' · 1530 

-1247 

· 10ll 

-19:37 
-27 14 

-5061 

1025 

-1567 
7096 

18 
1892 

3137 

:w.90 
.. 629 
-4!,So 

3353 

•51! 

•2701 
SH6 

5039 
3723 

·= 
3514 

284'2 
389 70 

.3970 

lTT1 

=1 FEB 

-1300 

◄ 192 

-2421 ~·· 115 1 

-3700 

..W31 

•2515 

◄89 

·2040. 
-2506 
-3566 

828 

75 9 

•2913 

.2966 

-215' 

..... 
-1 83 1 

5713 

13190 

1365 1 
12920 

11503-

23987 

•11 18 

-3S93 

1265-0 
3675 

l.4284 

3204 9 

.S7S 

6634 

-832 

1m1 

38695 

31768 

-2512 
10338 

1388 .,..,. 
.U6 

3151 
1630 

-881 

"'818 
-2053 

44!1 1 
-l578 

◄S02 
•1752 

153 

-1789 
--3789 
-3078 
.,w 

76<1 

30396 

110.SS 

16386 

12690 .... 
3281 

8357 

11701 

67.39 

-178.!! 
1137 

27<25 
13897 

•1599 

195' 

116i6 
1201 1 

58485 
15830 
34679 
1'3705 

MAR 

- 1630 

-1248 
-35oS 
1804 

.S21 

-2032 

•178,4 

127S 
.. 26 

·1 832 
-2.457 _,,oa 
= .597 

-2670 

-2418 

-1119 

2564 
344<3 
13333 

14-83 
20922 

""" ..... 
-1315 
18606 

.. oo 
-1472 

7566 

10934 

'515 
-587 

12617 

12«3 
229 12' 

12956 

80e4 
37062 
136U 

APR 

225 1 

2382 

582 

1Z3"1 

585 

1080 

121 

1246 
1218 ... 
185 

781 

879 
10., 

257 

391 

953 

5693 
9792 

12333 

7047 

2738 
1 0088 
1( 07 

2022 
23527 

11006 

57 10 

106<6 
10599 

1533 

1325 .... 
2379 

38733 

◄0015 

2163 

13505 
103<6 
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WAY I J UN 

= 1:?76 
628 
2316 
.. 2 
1516 

811 

14 f1 

1339 
?13 

6<0 
91 1 

93 1 

1025 

488 

6'll 
11<5 

23-19 
141SS 

3Uli 
34'2 
37~8 .. ,. 
-37 

◄015 
•632 
15' 1 

2532 
67"2 

22301 
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Appendix E-7. Simulated Average Monthly QWEST Flows (cfs) by Warer-year Type for Future Operations 
to Interim South Delta Program Meeting Future Water Demands. W-We~ B-Below Normal, D-Dry, C
Critical, A-Aflove Normal. 

"= 

1922 

1928 
1840 

1951 

1554 

1957 
1973 
1978 

1980 

1923 

1935 

1936 

1937 
19,45 

1946 

19'8 

lll50 

19S9 

1962 , ... 
1968 
1972 

1979 

1924 
1929 

1931 

1933 ··~ 1975 

1977 
1988 
1990 , .. , 
1992 

QWEST (CFS) 
OWRSIM MODEL RUN 414 • INTERIM SOLJ H DELTA PROGRAM AT FUTURE DEMAND 

l~t OCT NOV l DEC 

A -538 •1◄14 -4<97 
A -1238 -5118 -4871 
A ~ ., .. ..., -2916 
A -2216 87-3 12833 
A ·2933 -651S -3T.l1 
A ..SHl3 ..-29 -17◄3 
A -16&4 ◄731 -7836 
A 880 -152 -A •1173 -3906 -Stitt 

AVG ., ... -3018 -:we 

B -2623 -5404 1092 
B 458 ·19t7 -2.f76 
8 -1369 -21~1 -25-12 
a -880 ·18e9 -<1272 
s -1◄99 -3m -4448 
B -896 -525; 1597 
B -2183 -2088 ,2786 
8 -83> -188; -1841 
8 -2753 -5017 -2493 
B •130 -17-51 ... ,, 
• -1825 -Si<l .... , 
B -2134 -1751 -1"4S0 
8 ~112 .. 3 .. -.S-979 

. B •2J62 ....., -2933 
AVG -11581 .)320 ·277J 

C -tu -1-970 -5279 
C •261 ·2◄24 ◄008 
C 733 ,es -3389 
C ... 572 -717 
C ,,. 152 -3307 
C -4220 -5892 •1564 
C ·•• -109< -5002 
C 1303 ·1128 -C790 
C s, -101 ◄220 
C .... -530 --,~9 
C 652 &C .717 

AVG -22 -1105 -3175 

JAH l FEB MAR APA J '-1-AY JUN 1 JUL AUG I SEP 

--3698 10660 5132 
-4092 -tJJS 11180 1566 
-1271 866 3SS2 3030 
12543 92.71 1822 1987 
-7188 2417 2118 168-1 
-31143 271 1690 1:i1~ ...., 

1◄809 9726 2121 
3780 WM 7034 6465 
1212, 272111 23297 2492 ,.,_. 

M22 7415 259' 

41$1 2201 -078 2997 
-265" -776 -SS◄ 3822. 
-4040 10299 -1955 227J 
-2590 4906 ,·,a2a i.soa 
-2835 .... 1890 1953 
1◄-83 1010 -668 210◄ 
-4790 -1866 -733 2222 
..C578 -3662 -180S 1835 
•228 7558 -130$ 808 

-1955 1407 -2916 151S 
·2183 72 -1988 1397 
2°"5 1359 >564 1263 
-4383 •1623 -,~ 1178 
-1955 4708 3S43 2054 
-1748 Z709 330 1995 

.2949 -32'7 .... 2 """ -2819 -27◄2 342 791 
·2916 ·1pe2 -619 337 
-3047 -1966 -652 673 
-<859 1221 -2493 152 
-255tl -3662 -182S 556 
-<352 •2615 -t124 303 

-7836 sos ., ..... 774 
.5735 - 16.SS -1059 505 
·187 1 .,,,.. ..... 47' 
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-339& .Z002 -1320 514 
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Appendix E-7. (Continue<!). 

QWEST (CFS) 
DWRSIM MODEL RUN 414 - INTERIM SOUTH DELTA PROGRAM AT FUTURE DEMAND 

11'cAR rw~fj ocr NOV DEC j JAN FEB 
MAA j APR MAY JUN j JUL AUG SEP 

1825 D •1254 - 151S ~2476 •123• -1,479 ·13&9 22!!0 22'1 -S4 •24'1 -1-401 •928 1926 0 · 10<3 -1414 -21'02 ◄151 -C113 -2248 2560 110.S -288 -37::31 -3095 -2222 1030 D -128 7 -1380 -38211 -50l!i1 -- -3421 640 782 -219 0 1434 33 .s54 
1932 0 -521 ·26ll -m1 .. 334 3'27 1~ 12$6 = '125 212 929 -556 t939 D 0 1010 -5488 ·2281 196 162 -635 741 88) -S4 .. ~1 .. 122 0 1498 
1 ... D -1303 -3519 -5979 .3975 -3483 -1890 2508 15t0 -202 -'!258 .-008 -1061 
IIM7 0 ·1092 4003 -'l!M3 -4855 .J715 -16'5 859 8$) ·101 -3454 -4187 ·860 
1949 D ·2 13' .2340 -'!128 ·2033 -2128 -1597 1448 14C1 17 . 2,,, .... ... 
195S 0 -1043 ... ~ .7527 -'l2S8 -3535 .. 56 1364 14~ .:,a.,. ~057 -5002 ·1229 $9'50 D -1254 •2071 .,,,.. -3210 -8025 -2102 605 717 •17 -5930 -29 16 •2222 1961 D .... -2626 - -2542 -7089 •2S25 .,, 7M -219 ·2867 -'lBsa -rn 
1964 D -<171 -6970 -37A7 -2493 -1876 -1"50 643 1010 SI .. 888 -C138 •1867 1981 0 .2900 -2896 .3943 -3829 -1m 1173 112a 896 -23& -46SS .. 106 -212 ) 1985 D -4>17 -4259 0 782 179 4912 521 122!! 1013 -152 -5081 ·2802 ·= 1987 0 -733 -825 -'l812 .. 936 .... s -3210 387 ◄81 -236 -3519 ·912 -'!20 1989 0 1189 -976 -1857 -3<lfl3 -2976 -5837 438 ... •185 -3389 .2933 •1162 AVG •1457 ·2"3 -35:24 ...,11, -2515 -1564 118;8 111, 117 .,. .. -2668 •128S 

1927 w .1173 -619.5 -5099 .5794 12753 2118 4495 2.411 57 -3079 -2053 -7-58 19'38 w -645 .nv -'!4$4 -1531 31006 34SSS 8570 13352 4680 2411 .929 -2374 
HM1 w .. 535 -2660 44 15 3943 9740 16439 1122ll 17T. U45 310 .f 3')3 -1i,1e 1942 w -371.5 -6734 2379 12496 1S02S 33 6313 16U -3838 1271 ·1271 •1751 1943 w -3519 4522 •1369 11942 113$2 19583 = 2S!I! 84 -2900 ·2118 -119S -isn w -1140 ~a.:,:; •1352 10..a 649« 1076S 9209 MU -152 -17i 505 ... 1. 1953 w -3210 -3855 2721 94$2 1407 - t874 1867 175 -5741 -31~8 -257-4 ,2825 1955 w .749 --2593 798 23444 11382 11.40 2205 213' 201 ; •196 -1694 .:s,9-9-19-58- w ··'1-36 ~· -7592 98 13167 20~ 253; 5 3910 236 79$ ·1336 475'1 196J w -8276 -7508 .J307 375 m• 102$ .... 749 875 .2590 ·7020 - t532 

· 1965 w -782 -l.552 24.< 12 170 902 .... 486$ 255t 135 -28G2 •1922 ·104' 1967 w .7,49 -3990 -'!488 831 2832 7152 115-49 .,,.. = 1124 326 -'209 1969 w •1401 ..Z'75 -5702 11535 2&18il 10671 9495 2060) 7576 Z75J -S21 -4983 1970 w U7 -1902 4513 31313 12284 3438 1717 136;" .135 -417 1 --3144 ·2542 1971 w • 125-<I .... , 1320 -2232 ·936 1236 1650 0 .253 .3291 -223, 4502 1974 w -179'2 •1987 1352 t0S41 24>3 12757 402.C me ... -2493 -1890 -3990 1975 w 4611 -~017 -195.5 -1059 12807 1·2561 2576 1059 n• -1206 •1922 -3653 1982 w -1271 -1'172 •130 9873 15584 23623 38788 17955 4216 1401 -6S2 -1734 1963 w 2S67 1,)SZ2 29065 360\la 5615:!. 72581 ~9360 31134 28"38 16585 -244 0973 1984 w 13050 21145 37260 29879 13~? 66'7 2357 1825 3 .. -9a24 4 1645 ·2879 \98$ w ., .. .1768 -'1'4°2 -4953 :12:m1 39,3:.tt 1◄3.~ 408 ~ '2189 -29! 1 •1303 -1111 
AVG -1116 •1516 1n3 9493 14256 1396t 10127 ... , 2201 -Sao -1428 ""2103 
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Appendix E-a. Simulated Average Monthly QWEST Flows (els) by Water-year Type for Future Operations 
to State Water Resources Control Board Water Rights Ntemative 5. W-We~ S.Below Normal, 0- Dry, C-
Critical, A-Above Normal. 

QWEST (CFS) 

Jan 

•2559 8293 s:m 2658 6'305 1550 &7 ·2104 •2719 t92'a· -2726 -"<83 -4128 1331 12560 25-40 -115& .. 90 - .. 3' • • 2039 1940 A 7• 6' M 1188 8506 12082 5570 2342 1129 -3209 -36-17 -1530 1951 A ·2275 7<047 18421 137-44 1005?" 5813 2004 13113 -0, -0:,96 . """45 •2879 HIS.C A -2629 -'1052 -500 1 -3'33 5093 3&17 3246 -290 ·209 -3SSC ... 7. -3234 19S7 A 109< ~ .... 8 .. 347 2079 4f03" 1207 1308 -130 -3551 .. 129 •161 1 1973 A -2340 .ua. ...... ·-16;!<16 1;2121 '"°' '"" .. s, -3702 -4190 .2903 1971! A 2347 10 -sa.. 5155 9240 mes 156 13 5497 2647 1596 •1783 -m1 1980 A •2314 -3923 .2790 21214 ,0704 17680 3736 2154 2$97 2239 -219 -2610 1993 A 1893 -216 -mo 8407 6'1$1 5e32 3621 • 1897 -2770 .595 •1785 •16'«l AVG -414 -1002 ·1025 3174 9840 8610 3828 1966 317 •1659 -2737 • .?224 

• 1923 9 •1172 -2&12 3076 3'1◄ ◄MS -37! 3513 1190 ... 8 -36<9 -3940 -183 1935 8 1595 -17&2 ·1009 -2191 1399 - 165! · &483 <380 693 .. 255 -2086 -1238 19?6 B -17Sl .. 11◄3 ·1581 ·1502 211124 727 2880 18 19 12• -3919 -4132 -139 1937 8 •2365 -2.C3a ~07 -3◄75 15666 18519 5130 4037 ·10 -13S.a - 1◄02 -33 t.945 8 17 -3548 -3845 ... ,. 11-439 81.42 2327 1085 159 -3531 -3609 -"93 1946 8 -1693 .2639 6884 1451 390tl 1785 2063 82() 40 -3702 -3907 -2436 19'8 8 ·231 -1295 •1463 -5107 -1519 -1761 2279 58' -728 ... 84 -4546 -3250 1950 e ·2876 ·= -2433 -2707 •1148 -2055 1857 655 -713 ·3488 .937 -2793 1959 e 1619 -3727 ~066 3989 8905 1372 706 -67 -973 ◄229 -<500 ·2050 1962 9 •1893 -2373 .S:154 -5337 7SS. 185$ 115$ •94 .... -"!124 -4744 -3'S0 1968 • •1581 ·2785 ,911 1237 ... 8 680 809 ◄00 -96<: -C557 41593 ..... 1968 8 13<5 •235: -189 3642 8501 28'7 992 109. -883 42◄5 -4291 -1856 1$72 • -2437 .... ,2 .2947 ◄163 ~., -310 892 -39' -1114 .... 2 .... 7 ·7063 1979 B -1061 -">!IS -411ll3 1518 15323 9488 2188 1539 -238 -376◄ ·2592 -353 AVG -878 -2684 -1631 -976 7003 2M7 237$ 100() -39< -3890 -3609 -1721 

192, C -1132 -1908 -<SS- .. 1156 -3754 560 157 e.<7 21i4 938 1530 07 1929 C •2970 -333' -<m ~9'25 ·2840 ·222 256 -556 939 103a 1269 26 1931 C -479 - 1016 -1033 -S-20 -1027 -53<! 117 -324 17' 552 3063 26 t.933 C 62 -784 -6S1 ~·· -232C ' 33' 600 2401 1819 3076 25 t11~ C 19 1715 -3.941 ◄571 329 100 140 .... 9 .sso -2232 .. 0 38 1976 C 13'8 -317$ ""4Gn ,s1n -6&9 -1~ 227 -"90 - 1356 ◄-598 · 196& 56 ,en C 1182 -765 .. 56 -682 1290 509 22, 1509 2850 2351 1063 17 1988 C -.781 -30 -4502 ..a70 -2425 -<115 ... -3a. -858 .-S2 2004 2S 1990 C •2M6 ·229' ~190 -24'.2 -2762 -1836 1:\2 315 , 1350 ..... ... .. ,, 11,1 C 284 -470 -~ 22, 27~ ·= 187 -3'2 '913 23 160 23 1992 C 2245 ·29◄ -<157 -31111 2661 -1467 746 -511 -363 · 1100 1$33 29 199' C -1s22 ·192 8 .. 264 .. 553 1814 ·2125 281 •15 •1152 -5176 -C913 .. 92 AVG -3~ -1107 ,2935 -3-189 .SS9 -8211 271 ... 319 -880 .,, ... 
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Appendix E-8. (Continued). 

I QWEST (CFS) : f 'f~tar.!!aF.!-j~J ~ e:~atia .:.-r-~ri~1211 !'~~ 
1925 D 2l2S 1J -3103 •1359 3818 262 3119 1523 1628 -3601 -1668 36 1926 D -52 ·164-a -3739 ◄585 .. 67 •12114 :ms •2<> .. 1J -3$78 11•1 -1J.C1 1930 D 2058 18 ◄'91 -3417 · 1336 1291 755 ..,. •1319 -5198 -=t 53 1932. D " 1S99 · 1350 •2552' 5550 3123 1091 178 -766 ◄301 -1068 62 1939 D 5996 ·2626 •2555 3181 2151 -217 63& 12<> -8<1 --453; -4138 74 1 .... D -2160 -427.0 ◄<10 -3Hn ~ 1591 1708, ... -501 .... 1. -4405 -Im 1947 D -mo -3586 -3192 ◄791 -2593 30< ... .193 •1122 ·5026 ◄832 -1510 , ... D •2663 -4373 --'914 -51M -3247 ,. .. 1071 .,,. .... -4923 ·2306 

_,... 
1955 D -3096 ,31.C6 "'8)8 .... .2532 ,2065 1215 _,. 

·1075 -5015 -2851 -258 1960 D -= ·2170 -1919 ...., 
-338 1 -658 551 -603 ·11.92 ... 979 •571 -296 1961 D -19,(3 .3179 -5002 ..t107 - -2858 291 -502 ·1459 ..5016 ..,,. 57 I !l64 D ·2286 -3555 --4985 ... B< -2028 ·2110 532 -320 -8<0 -510, ◄873 -3531 """ D .,. -3395 ◄557 3aS1 2110 :ma 956 114 ~ ◄SSO ◄547 -'139-·1955 D ·2911 '2372 ·22<• ◄749 291 -17-4 802 -388 ..... -4~~ -48 18 -32..'S 1987 D •2171 -2018 -f5~ •!95 1 1397 1413 80 -oDo ·1459 -50 18 .. 282 5' 1989 D 1355 ·1138 •117.$ -3795 1127 •153 1 ◄ •7# . 111s -5059 .. 58 •2204 AVG -•7'3 ·221"1 -3588 -2605 113 II 991 .11)3 - -4719 -2962 .903 

1927 w -2111 -1955 ... 78S -3110 1◄035 3909 sn9 107( . 880 -3511 -ma .11,,:;o 1938 w ·2080 ·19:30 20a6 1980 '42 1◄1 4629'1 21451 25703 80<8 139S -17 1.4 · 1109 1941 w -2522 -4048 •705 6501 17974 t ... 76 9'789 820( • 112 1247 -893 -2291 1942 w ms -29?s 3662 mso 21618 «10 7687 5243 -1464 305 -18!3 -2987 1943 w 300: •SJ •2341 20017. 16907 32457 r,.-,99 2S-<7 107.S -<O -430 ·2050 1952 w -2624 -'689 1813 15034 10201 UM81 16 106 17911 3642 .722 -3120 •922 19$3 w •65 6 .J391 2909 12"5 5375 835 1605 8 t -5278 -342·1 ... 25 -3379. 1956 w ·2205 -'753 16614 34211 175&0 5/146 2401 ◄886 3ns -2&03 -3235 -2523 1958 w ·1084 -'542 .3009 - 1465 14879 2◄081 24900 1184-0 '4180 -824 .3383 ..,c90, 1963 w 22' .,. .. -5298 -357J S315 -1219 11219 2697 59' ·-,.,os -281!0 1965 w -'l2• -S7!S 5853 17287 2140 105' 6566 27◄6 1085 -1991 ·1 447 - 2.616 1967 w •~l ~ -964 •1651 , .. o 3219 · 12089 13044 16981 a ... 3"'59 -7J58 •207 1959 w -29,40 -!997 -2312 23797 46297 2<000 23824 7JOO! 1'4976 1314 -20 10 585 1970 w 4707 ·'790 395.~- 313-JS 1S40 1 8118 1582 1166 -70 -3556 -3926 -1550 1971 w -2119 -t240 :,sa. •SIG 754 4797 U5 2 888 ◄71 ... 12 ... 010 -7J34 t97.C w ·2218 1163 4178 11~1 4546 17684 5981 1910 795 -'1032 -3706 ·998 1975 w 148 -" 07 ..J781 -2733 12139 188;S 3.°'9 2316 252 1 -3029 -364 2 ·22 14 1982 w ·2015 -3523 2938 1S711 26671 2607 1 39805 12525 652.S. .. 20 -2696 1466 1983 w 544< 1as.o 2331' 3a922 57283 66812 28280 2<1167 36003 10567 .1755 ◄OD 198◄ w 114$8 2'!253 38156 21'1!$ .13339 5735 1782 1266 -o2 -3222 -3020 -1 1111/i 1004 w •.!199 ., ... ~:,111 ·2161 «987 35634 6557 2867 .11123 1077 -100 -2551 AVG 187 -!01 3839 1W8 18704 17580 11628 8215 4457 ..S9·1 ·2"25 -1527 
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Appendix E-9. Average Historic Monthly Della Exportllnfiow Rallo (%) by Water-year Type and Time Periods Representing Major Changes in 
Water Flow Management Within the Sacramento River system and Sacramento-San Joaquin Bay-Della Estuary, California, Data rrom Department 
or Water Resources DAYFLOW. 

-
WATER- PEIUOO WAlE R DEC JAN FEB MAR APR AUG SEP VEAR TYPE YE!\R 

ABOVE PRE-1946 
NORMAl 

UJ40 O¾ 0% 0% 0% 0 ',I 0% 0% 0% o•,4 0% 0% ()',<, 

19<S•1950 NO AOOVE NORMAL IVATER YEARS 

1051 •1887 1951 1% 0% 0% o;s O¾ 0% 0% 0% 1% 8% 12%. 9.% 195◄ 4% 0% 0% ,~~ '2~0 2% ◄% 5% 24% 37% 29\~ 18~/. 1957 o•t. t¾ I¼ 1•1. 8!, 4% 11% 9% 19'/4 :35~,. 30% 15,-;. AVO 3•,4 O¼ 0% 0% 3'!. 2% 15"/4 6% 15¾ 28% 231/. 13% 

1968•1977 1073 35% 15% 12'1, ◄¼ , ... 2¼ ,,w. 32% 41% <8% 44% 30% 1978 16% 36¼ ◄4% 2◄¾ 2 1¼ 9% s•1, 8~'. 39% ◄9% ◄6¾ 34•1. AVG 15% 25¾ 28% 14¾ 11'4 6¼ 10¼ 20•1, .co•,. ◄8% 46% 32% 

1878-1992 1978 10% 36¼ '<% 2◄¾ 21% 9'1-~ S% 8% 39% 49% •&¾ 34% 19'10 ◄9% 33% 29'/4 8% 10~ 5% 16¼ 17% 2◄'/4 31% 5◄ ¼ 38%, AVG :Sl¼ 35% 36% 16¼ 16% 1% U¼ 12".4 32¼ 40% ~0% 36"-' 
t893-1904 1993 2:3% 32¼ 35•h, 23% ··~ 12% 12% 1:r;. 14'Y, 09% ,uw. 58% 
1995-1997 1998 38 1.4 36¼ 19¼ 33'1. 6% 5% 9Y. 0% 05% ◄4¼ ◄5% 62% 1997 021/o -55% 153/s l '/4 2•1, 20% 23% 18% s.er. ◄2¼ <12% 81% 1'VG 50¾ 46¼ 17'/4 11% ••1. 13'/., 16¼ 14% 37"/, <3¼ .... ,4 61'/, 
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Appendix E-9. (Conlinued). 

WATER, PERIOD WATER OCT 
YE.Atl TYPE YEAR 

NOV Di;C JAN FEB MAR APR MAY I JUN I JUL I AUG I SEP 

BELOW PRE ·1945 1935 
llORIML 

0% 0% 0% O"I. ov. 0¼ 0% 0% D¼ 0•1, o~~ 0~ 

1936 0% 011 0% 0% O¼ 0% 0% 0% 0% 0% 0% 0% 1937 o~~ 0% o.~·• 0% D¼ Ol\ O¼ 0% 0% 0% O¾ O~\ AVG O¾ 0% 0% 0% O'o/. 0% 0•1. 0•1. .., 0% 0% . .,, 
UMS,1050 1945 0% 0% O¾ 0% ... 0% 0% 0'1, O"/. o•;. 0% 0% 1948 O¾ 0% O¾ 0% ·~ 0'/• O"I. 0% O¾ O¾ o~~ 0% 1948 0% 0% 0% 0% 0'/o 0% O',\ Oo/. 0% O¾ O~\ 03/, 1950 0% 0% 0% 0% 0~ 0¼ 03/, 0% 0% 1¾ 1% 1% AVG o•;. O¼ o·!. ··~ 0% 0% 0% 0% O¾ 0% O¾ o¾ 
1951-1967 1959 8% 3¾ S¾ 1% 2% 7% 21¾ 22% •'1% an, 28% 17¾ 1902 19% 8% 2~~ 4'/4 1% 2¼ O'Y. 1'3~ 22'" 37¼ 30" 163/t 1966 10% 3"1. 0% 0•1, 31, 9Y, 15% 23'1. 10•1. 38% 03% 20% AVG 12•1. 5¼ 1% 2"/4 21\ 6% 15¼ 19'!. 34% 37¾ 30¼ 18'/, 

1oaa.1gn 1000 9¾ e•1o 3% -5% 41\ 123/, ·35o/. 39% 39½ 30% 35% 39% 1972 20% 17% 10, ~ 1% 15~ 27% •◄% ◄7¼ 38o/o 33% 43¾ :)83/• AVO U¾ 12% 7% 5¾ 10':, 20% J9¼ 13% 39•/4 36% 39¼ 39% 

1918,1992 1970 ~2% 34~~ 37•1. 11•;., 10"' 12% 31% 29% ◄1% 51% 59~~ 5S'}~ 

1993 -19114 NO BELOW NORMAL WATER YEARS 

1995-1997 NO BEtOW NORMAL WATER YEARS 
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Appendix E-9. (Contrnued). 

DFI fA ~ 1111/ D• ••01.~.~ .. . "' ' BY .v,:;a, TYPE • .. .. 
WATER· ::I remoo ( WATER QCT NOV DEC JAN I FEB MAR APR MAY I JUN JUl I AUG I SEP YEAR TYPE YEAR 

CRITICAL PRE-10115 1931 0% 0•1. o,. D¾ O¼ D¾ 0% Do/, o~~ 0% Do/, D¾ 1033 ,0% 0% 0% O¾ oy. 0% 0% 0% o•;. 0% 0% o•& 1034 0% cw. 0% 0% O¼ 0•1. 0% 0% O¾· 0% 0% 0% AYO 0% 0% 0% 0% O¼ O¼ 0•1. ··~ 0% 0% 0% 0% 

194$.1950 NO CRITICAl WATER YEARS 

UISM007 NO CRITICAl WATER YEARS 

106!1-1977 1978 31¥. ao·•1. 27°/4 116% S2¼ 52¾ 3_7~~ 46o/. 3$,~ 32% •7% 00% 1977 ◄8¾ 47¾• 32¾ 64¾ 48)1. 53% 2 1 o/, 37% 11•/4. 10¾ 20¾ 20¼ AVG 39% ll!.~~ 2!1¼. M¼ 50¼ 53~~ 29% 41% 23% 21% 33¼ 43% 

1973-1902 11i188 54% 58% 
1 
sev. ◄ 1% 76~ 02% 45¼ .41ao;., 47% 50¾ •9% 82% 1990 89% 63% 62¾ 5B¾ 70\ .. 713/. 58'/4 30Y, 31~ 43% 45°/4 5$% 1991 ◄ 1¾ ◄·3% ◄~% 49¼, .<10!1, 37o/. 0 1•/, 31¼ 20% 25% 38~1,, 40¼ 1092 52% Je•-4 30'/, 5"◄o/. IIJ¼ 49% i.61/o 2.4~~ 21% 17% 28% 43•1. II.VO a.~/4 50¾ 48¾ .. ¾ 53% 55¼ .tJ-.4 33•,4 30% 34¼ ,u¼ 60% 

1003 -1994 180< 84% ◄93/, ◄8% 36% 27~ 27% 18% 1Q¼ 20% 3J¼ 45% ◄.6% 
1995•1097 NO CRITIC/IL WATER YEAf\$ 

Appendix E Page 26 

, 
:1 



Appendl~ E-9. (Continued). 

,...m,, TA ~-0/.,.\ • :.._ I I 
111 .Y RY I .. Vl=4S: 1 Y ... a-..L . , • 

WATER· :I PER.JOO I WATE;R OCT NOV OEC I JAfl I FE3 MAR APR MAY JUN JUL I AUG I SEP YEI\R lYPE VEAR 

ORV PRE·19◄S 1930 0% O¼ O¾ 0% 01\ 0•1. o~t. 0% O¼ O'¾ O¼ 0% 1932 O¾ 0% 0% 0% 0'/4 0% O¼ O¼ O¼ 0% O~I. O¼ 1939 0'/4 0~ D¼ O\~ O¾ 0% O~-♦ 0% 0% O¼ I)'/, 0% 1944 0% o,~ 0~ 0% 011 O¼ Oo/, O¼ Oo/, 011 0% o-~, AVG OY. 0% O¼ 0% 0¼ 01/• O¼ O¼ 0% O¼ 0% 0% 

19◄5• 1050 1947 0.'%, O',♦ O¾ Oo/, 011 0% O¼ O¼ Oo/, 0% O¼ 0% t0411 o•a 0% 0 .. O¼ O¼ ()¼ M~ 0'/4 0 '/4 Do/, o•/4 0% 
.. 

AVG 0'/4 D% OY. D'/4 cw. 0~1. 0•1. ov. O¼ 0% o•t. O¼ 

1tlSH967 10.55 8'/4 2o/, 0% O¼ 2•1., 11¾ HI% 11o/, 25~ 331/, 31¾ 18¼ (960 1◄¾ . .,,. 3% 2¼ 2% 7¼ 15% 16¾ 35% 38-'Y. 35% 20% 1901 19¼ 5¾ 0% 2% 2¼ 7'/4 20¼ 21% 36% 44•.4, 3-4¼ 22¼ 1964 123/, 2¼ 1% 2¾ 7% 14% 24'/4 22'/4 33¾ 3811 34'A 17% AVG 13*/. 4'Y. '1•;. 2¼ , •1. 10% 19% 11•1~ u•1. 3.8% 3)% 19•/4. 

196B•t077 NO ORY WATE~ YEARS 

1078-199.2 198 1 42% ◄4% 35~/4 ◄5% 28¼ 20o/, 47¾ 29o/, l3¼ 42.¼ 58\~ ◄8'/• 1086 '31¾ 30¼ 22% 24% 35¼ -19¾ ◄7¼ 30¼, <13% 5 1¾ 62% 81°/4 10.87 38 ¼ 4:!o/t -42¾ 401/. 37•1. 25¾ ◄ev. 42¼ ~2% 52'~ 80~ . 07% IUB9 52o/o $0°/4 52'/4 74% 61¾ 25% 47¾ 37'~ S8% ••¾ $9% 62% AVO 41% 41% l8% 47¼ 40¼ 30•1. 47'/4 31•.4 a% ◄8·/4 60•1. 59•1.. 

190)..1004 NO ORV WATER VEARS 

J995,1897 NO DRY WATER YEARS 
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Appendix E-9. (Conl inued). 

I llFITA 

WATER-El PERIOO j WATER 
YEAR TYPE YEAR 

OCT NOV 

WET PRE. 1945 19311 OY, Do/, 
1 94 1 D¾ D¾ 
1942 O¼ 0'/4 
19<13 DY, 0..,{, 
AVG D¼ o•t. 

10-45-1050 NOVVETWATERYEARS 

195 1-196'7 1952 ◄% 0% 
19 $3 4o/, 1% 
1956 14% 4% 
1958 8% 2111. 
1963 &~\ 4•1. 
106-S 20.% 5¼ 
1967 16¼ 8¼ 
AVG 11•1. J'I. 

1968 -1977 1989 48% 3-3% 
1970 9% sr-
1971 15% 8% 
1974 30% 13.Y. 
1975 f9% 7% 
AVG 24¼ 13¼ 

1978• 1992 1982 -52% 24~';, 
t9A:l . , ... 16¼ 

198◄ 1•,1 3% 
Hl86 64¾ 58¼ 
AVG 311•/4 26"/. 

UU>-3·199-4 N() WET YEl'RS 

19QS•19:97 1995 53% 55V, 

.. 
OEC 

0% 

DY, 
'0% 

..... 
DY, 

0'/4 
0% 
1% 
1•1 .. 
0•1. 

0% 1~• 
11/. 

IS~\ 

2¼ 

2% ... , 
10o/, 

1% 

1% 

""' 2% 
57% 

19'!. 

44•1. 

...., 

JAN 

O¼ 
0 0,\ 

O~{ 

01/, 

o•t. 

0% 
ti¾ 
O¼ 
0% 

3% 
0',{, 

3% ,.,,. 

9% 
1¼ , ... 
2% 

243/, 
a•;, 

6¼ 
,5,~ 
2% 

43~'. 
11•1. 

19¾ 

I 
0/_\_l-\ 

FEB 

0'/4 
DY, 

OY. 
O¼ 
O¼ 

0'4 
I¼ 
o·~ 
O¾ 

'" 3~ 
2~ 
1•~ 

3% 
2% 
10¼ 
.9~, 

13% 

7'/4 

13•~ .. , 
f3'}; 

,~~ 

10'Ji, 

12% 

MAR 

0% 
O',~ 

0% 
01/. 
O¼ 

0% 
2•1. 
1~~ 

o,~ 
8% 

6% 
50,{ 

3¾ 

4•1. 

5% 
16•/4 ,w. 
u •t.· ,.,,, 

121/o 
2'¼ 

17% 

2o/, 

!¼ 

'"' 
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1,, .. _, 11Y ,;:v&..:A I 

/IP R MAY JUN 

0¾ 0% 0% 
0% o~-. Oo/, 

O'I. 0% ov. 
0" .. O¼ 0',{, 

0% 0% 0% 

0% O¼ O'/, . 
5'/4 5% 0 0,{, 

2v. l'/4 ◄¼ 
0% 1% 2% 
1% 5% 15Y, 
2% • 80,', 16% 
2% 2% 3~~ 
2% 3'/4 7'/4 

.. .,~ 5% 5% 
28% 24¼ 3-4% 
1t ¾ 1't% 18% 
5% i t¾ 32% 
16¼ 15¼ 16% 
13•.4 16% 2Pt. 

1,\ So/, 11¼ 
3¾ 3¼ 6o/. 

350/t 3,♦;,. 34'/.. 
12'¼ 27¾ 33% 
1-4% 14% 21% 

◄% sr. 13% 

l 

IYPE 

JUl 

0% 
D¾ 
D¾ 
o.r. 
0% 

◄'t. 
24% 

21o/~ 

IG¾ 

30¼ 
30,). 

11% 

tl"A 

17¼ 
35"/4 

28¼ 

◄So/, 

25% 
30% 

17% 
11% 

39¾ 
-12,, 
27¼ 

26"/4 

1 AUG 

01/• 
~I. 

D'" 
0% 

O¼ 

8~{ 

2S% 
22¾ 
20'/4 

3t•4 
,25'/4 
24'1\ 
22% 

24% 

281/. 
29% 
37•1. 
42¾ 

32% 

32% 
20~,. 

◄4¼ 
53% 

37'.4 

,e,.., 

I SEP 

DY, 
O',♦ 

O}♦ 

O¼ 
0% 

• ·% 
6% 
11% 
10•1. 

12•1. 
12¾ 

120,{ 

10% 

10% 
1.S¾ 
Hi¾ 

18o/. 
3,3% 

18,% 

17% 
111/. 

26~'. 
47% 

253/. 

2◄,Y, 

• I ] 



Appendix E 10. Simulated Average Monthly Della Export/Inflow Ratio by Water-year Type for Existing 
Operations to 1995 Bay-Delta Plan. DWRSIM Model-run 420 Using 71-year Period of Record. W-Wet, El
Below Normal, D-Dry, C-Cri!ical, A-Ahave Normal. 

f'VATER-fW'Al'ER-
YEAR YEAR 

1922 
1928 

19'0 

1951 

195' 

1957 
1973 
1978· 

19! 0 

t923 

19J.5 

1936 

193 7 

1$45 

19'6 
1946 

i95 0 

1959 

196"2 
, ... 
1958 

1972 

1979 

Hl'24 

1929 

1931 

1933 
1934 

1976 

Hin 
1988 

1990 
1qq, 

1992 

TYPE 

A 

A 

A 
A 
A 
A 

A 
A 
A 

AVG 

e 
B 

e 
B 

B 
s 
s 
B 

B 
s 
• 
8 
e 
8 

AVG 

C 
C 

C 

C 

C 
C 

C 
C 

C 
C 

C 

AVG 

OCT 

55¾ 

59% 
57¼ 

60% 
.CJ.% 

40% 
&0% 

◄&Y. 

60¾ 

Sol% 

46% 

'9% 

57% 
55% 

57% 
63% 

60% 

58% 
40% 

57% 
e.ev .. 
34¾ ., .. 
50% 
5341. 

59 % 

54% 
4'1¾ 

47'/4 

Sl"/4 
41% 

~•/4 

54% .... 
<IIV. 

52'/4 
s1•1. 

-J 

NOV J 

50',< 

20% 
-«l¾ 

56% 
.. 2"'/2 

43¾ 

WA 
Cl% 

46¾ 

14'/4 

~If 

i1'.4 
S~i .... 
'4% 

S3% 
◄0% 

s.t•(e 
36¾ 

38% 

18% 
~~/4 

OD¾ 

-!4% 
'7% 

50'/4 -44% .... 
'9% 
51% 
:ia•,, 
'"" .,.,. 
.CM,f 

DELTA EXPORT/INFLOW RATIO(%) 
11"14:2 • 100• BAY.I !=I.TA Pl .61>J 

DEC 

2811 

51% 

14% 

53% 

52¾ 

JAN 

56% 
42'/4 

40% 
18% 

21% 

61% 
14% 

13% 
11% 

J1•,4 

25% 

38% 

65 % 

65¾ 

21% 

63% 
50'/4 

56¾ 

36% 
13% 

.51¼ 
35,~ 
.C1~ 

65% 
&<•.r. 
6.1¾ 
65% 

56% 

S8% 
58% -60'/4 
G-4•,1, 

59'/, 
59% 

FEB 

15.V: 
-as¾ 
17% 
m. 
zw. 
25¾ 
35V. 
30¾ 

10~-. 

41•1, 

MAR 

24% 

8'/4 

10% 
23% 

16% 

15¾ 
14% 

7% .... 
1C% 

35% 

351/, 
31% 

23¾ 

26% 
3S % 

35% 
35% 

27'¼ 
35% 
26% 

16o/t 

2S% 
21% 

29¼ 

~ .. 
29% 

35 % 

35% 
35% 
·35¾ 

31%. 
3S¾, 

35% 
35% 

35% 

34% 

APR 

28% 

23¾ 
11% -15% 

26% 
28% 
13% ,,.~ 
22¾ 

26% 
18% 

27% 
2e,~ 

· 32% 

32% 

2◄% 
25% 
27¾ 
27¼ 

.28% 

ZS% 

28% 
29% 
27'1, 

26¾, 

25% 

ZS% 
~¾ 
23'1. 
25% 

25% 
26¾ 

23% 
z3y., 

23% 
24% 
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M/>.Y 

16~ 

27¾ ,.,. 
= 
Zoll 
27,:; 
29' .. 
2-,~ 

32% 

ZT'• 
,,,.. 
22¾ 
31% 

32'.I ,.., 
28¾ 

22¾ 
28% 
27% 

28% 
26% 
28% 
zr~ 
30% 
28'.4 

27% 

2&1• 
28% 

29¾ 

27% 
26% 
27',1 

:2e¾ 
22% 

27o/, 
2:7V, 

27% 

JUN 

27'1, 
35% 

35¾ 

3S% 
35% 
3M 4 

35% 

34% 
33¼ 
34% 

35% 

3S•h 

35% 
24% 

35% 
35~{ 
35¾ 

35~'• 
35% 

35~
ssv. 
!! 'A 
J..S-/4 
3.5% 
34'/4 

35% 

35% 

35% 

32% 

35% 

35% 

12% 
35% 

35% 

3.S-/4 
35% 
33•,4 

JUL 

21'¼. 
43% 

(53/c 

-44'Y, 
45% 

◄S¾ .... 
18'½ 

21% 
36',1, 

48¾ 

48% .,.,, 
35% 

S8% 

◄6¾ 

48% 

48% 

47%. 

◄6% 
48½ 

46ff. 
48% 

38% 
'5'/4 

41% 

44¾ 

34 % 

31% 

31% 

38,~ 
18% 

◄:2'/4. 
'41% 
◄1% 

.C3% 

Jr/4 

AUG 

34% 
•44% 

◄8o/, 

.C.6¾ 

45% 
◄CW .. 

'5% 
34% 

36% 
,r.4 

51¾ 

◄9% 
◄8¾ 

43¾ 
,;¼ 
46% 

.&3¼ 
53 % 

46% 
W,'9, 

◄9,~ 

47¾ 

51% 
'4 % 

W/4 

42¾ 

31~~ 
4% 

13¾ 

11% 

:la¾ 
121\ 
43% 

◄3¾ 
28% 

38% 
27% 

SE? 

53¾ 
51% 
53¼' 

51¾ 

51¾ 
62¥,, 

52'/4 
53¾ 
ss;. 
$3~~ 

53% 
53% 

$3¼ 

53o/, 
53o/, 
53% 

58% 
·52% 

55% 

"'"' 51%. 

51¾ 

55% 

SZ¼· 
U¾ 

◄2% 

43~~ 
36%, 

◄2'~ 
◄3¾ 

45c-,4 

38¾ 
46% 

◄O'J. 
,1,-. 
46% 

43% 



Appendix E-10 . (Co ntinued) . 

DELTA EXPORT/lNFLOW RATIO(¾) 

OCT NOV JUL AUG SEJ> 

1925 0 58¼ 5;"1, 60¾ 57% mo 3S¼ 24% 29% 35% 47% (8 % 51% 1926 0 S7% S<% 55% 61% 31)% 35% 2<% 27% 35% <7% 48¾ 51% 1930 0 55% 50'/, S5% .,.,. 35% 35% 23% 25% 35% 42°1. 39'1, S1% 1932 0 55% 5114 61% 57% 35% 20'1, 28% 27% I<% 25% 31% 49% 1939 D 39¾ 52% 43% ... ,. 30% 35% 2S% 28'1, 35% 46% 47% 50'1. 1 ... D 58'/4 58¼ 54•;. 65% 32% 34% 28% 2ll% 35% 46% ◄7.% 52% 1947 0 57V, SB¼ 60% 65% ◄5% 3-S'I, 25% 28% 35¼ 49%' 52'~ 51% 1049 D 6 1% S<¼ S7% 62% <5¼ 21¾ m, 2$% 35'/4 41% <17% S1¼ 105S 0 C,ji .00 ,. 40'.< . .,.,, 45% 35% 28¾ 21•1. 35% <II¾ SS% 56¾ 1960 0 68% 50% S8¼ ...... 37% 3S¼ 23% 25% 35% <9% $4•1) 51% 1961 0 58% 56% 58% 65% 33% 35.~t. 23'1, 25% SSY, <9% S<% 53% 1 ... 0 54% 30% !a<., 38% 35% 35% 28¾ 27'A 35% ◄9-0h 55% 52% ,.., 0 .S1% 60 .. . .,. .. 25% 24% 20% 27% 28% 35% 48% (7 % ... ,. 1985 D 50o/, 26 .. 35% <2% • 38¼ SS¾ 27% 2$¼ 35% 411% 53% 53% 1987 0 53% 57',; 58% 61% 45•.4• 30% 2<% 25¾ 35% 49% 49¾ 51% 198l 0 48% - S3~i 5901, 45¾ 27% 21% 24% 35 % 49% 54¾ 56% AVG WJ. 51% 53¾ 53•1, 3S'/, 31% WI, zr1, 34% "'" '9% 52f,~ 

1927 w S-8¾ 461; 59'/4 33i'/, 10¾ 17% 15% 28¾ 35%. 31% 43% 53% 1935 w 56'-' 30'4 14% -33% 7¾ 4% 9% 11% 22% 28% 34~4 52% 1041 w 59% 54% 23% 12% 10'/, 11•,4 9% 1"6o/, 35% 20'/, J3% 58¾ 1942 w ◄3,~ .C6'J 11% 8% 5% 22% 15% 19% 3.5•/4 20% 33% ssv. 1'43 w 40% 40% 24% 9% 12% 8% 24¼ 25% 32'/4 32'/4 '40¾ 53% 1952 w 58% ~ .. i1'Y. 13 ';,i 1-4o/; 12% 10'/4 12% 21'}~ . .,.,. 39% 46% 19Sl w 37"/. 39'/4 TS% 5% 1s,~ 26% 25¾ 24*/4 35% 36% 3Ttt. 53% 1956 w 54% 54% 14% 8% 12% 25% 29% 18f..~ 35% 30% ◄5~• 5a"/2 19SS w 51~~ 52% 39% 29'¾ 7o/, 8% 8% 17% 24 % 32% <4¾ 48% 1983 w 28% 48% 37% 62°'/4 11% 30% 8% 2Jo/, 35% 38% ...... 54% r-, .. , w 56% 58% 1J% 10¾ 30¾ 35% 16% 27% 35¾ ~% 46'% 53¼ 1957 w 58¾ 60% 2s•1. 22% 18'¼ 10% 14% 15% 211'/4 4l¼ 40% ,a~ 10$; w 57% S7% 41'/2 10% 9% 10~ 12% 11% 2<4'/4 34% 36% 4~~ 1970 w 3So/t 34¼ 12'/4 2% 5% 15% 3f% 31¾ 35¾ 42% 44¾ 52% 1971 w 58%, 41% 15% 20¼ 28% 20% 25% 21% 35% 40% 4$% 56% \974 l,•J 61% 15~A ,~~ 9% 16¾ 8% 11% 27% 35¼ 36'/4 43¾ 47% 1,975" w 44% 52¾ 53'!.~ 43% 8% 8% 2n~ 22% G.5% 34% 46~1> 55% 1.9$2 w 58% 28'/4 11•4 14% 12% 10% 6% 16% 35¾ 41% •n• 39% 111!3 w 251/a- 1s•.4 8% 8% Z-/4 2% 6% 1% 9% 18% 41% 23,~ ,.., w 15% 6% 3% 4% 6% 1S% 30% 29% 35% - <3% 57% 1986 \'I 58% 58% 611'/4 53% 6% ... 24% :.::.~ 3'% 2n ~. 411'/4 58% AVG 46% •2% 25% 19% 12'.4 1c•,4 17% 21•,4 31% ~% 41% S1'% 
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Appendix E-11. Simulateo Average Monthly Delta ExporVJnnow Ra,tio (¾) by Water-year Type for Future 
Operations to Interim South Delta Program Meeting Future Water Demands, W-Wet, B-Below Normal, D-
Dry, C-Critica l, A-Above Normal. 

DELTA EXPORTnNFLOW RATIO(%) 
DWRSIM MODEL RUN 414 INTERIM SOUTH DELTA PROGRAM AT FUTURE DEMAND 

YEAR WATER-OCT NOV DEC JAN FEB 
YEAR 

MAR APR MAY JUN JUL AUG SEP 
TYPE 

1922 A S4% 55"4 65% 65% 18% 23% 26% 16~ 35% 23% "5¼ 55% 1928 A 5-9"4 = 65% S4% 31% 8% 22% m. 2.5% 41% 50% 50% HMO A 56% SO% 53% .. .,. 28% 12% 11% 29'4 2.5,% 43% 47% 55¾ 
t951 A 61¾ 26% 1'4¾ 12°/o 11% 2'1' , 30% 28% 15% .,.,. .. .,. !56% 
195' A 60% 60'/o 58% 433/. 13% 16% 15% 2514 35% .. .,. 52' .. 51% 
1957 A 61~{, S9% 52-h 62¾ '!i'4 11¾ ''"' 27% 36V. .. ,. .,,. -1973 A 60% 57% 500,4 15% 9% 12% 26% 29'4 35% 45¾ ◄3% S2"/t 
1978 .. cs•A ◄'l'/4 62% 20% 8% 10% 17% :m~ JS% 31% 45% 52',; 
1980 A 60% 61% 62% !<% 8¾ 10'/: 30'/4 31'< 35% "'4% 47% 59-"A> 

AVG 57% 52'.4 53'% 37'.4 17',4 15% 23% m JS-.; 41% "" 54',4 

1923 e 60% BO¾ 3◄% 26¾ 26% 35% 26% 30~ 55'% ,W/4 50% ~t 
1935 e .,g-;. 56% 59% .... 35% ::.5% 16% 21~ 35% 47% '"" 52% 1930 a 58% "2% 57% ◄2°/4 20¾ 32% 27% ,,r. J,5% •9'/4 49% 55% 
1937 a 55¾ 52'/4 65¾ 65% 31% 22~~ 26% 3~ 35% '1% •S¼ 53% 
1945 a S?o/. 53% 65¼ 65% 'IO% 29% 31% 29':, 35% ◄6•,4 ,.,., 54% 
1946 e 63% ?2¾ 194,~ 1n~ 25¾ 35% 32% 28~ 05'/4 44•/4 50'/, 50% 
1948 9 60¼ ;4% 53'/4 53•/4 3Sl\ 35% 2◄% 22'. 35% SI% 52¾ 55% 
1950 B 55¼ 53•/4 53% 62% 35¾ .35~~ 25% 26', 35% 45% 49% 55% 1959 e 56~{ $1% ss•4 24¾ 11% -- 27% :zr. 35~{ ◄8•k 52% 58% 
1962 e S1¼ JS¾ 57% 56% 26¾ 3S~'i 29% "'" 35% ""''• .... 5~¾ 
1956 B 68% 47'/4 65% ,..,. 28% 30% 28% 2e,; 35¼ SO% 5'% 53•/4 
1968 8 51•/4 43¼ ◄S¼ 19f,~ 9% 18% 28% m, 35~~ 49 % .... 54',~ 
19-"7'2: e 61~~ 59'/4 64% 5~/4 .,,.,. 25% 27% m; 35¾ 51% 50% 56% 1979 a 60 9i~ 613/1 SS¾ 53Y .. 26¾ 23% 26% 30~ >!% SO% 52% 53% 

AVG 57% .... 53•.4 451';~ 26% 30'/, 27% :zr. ,... .a•,. 51',4 54% 

f924 C 53% '4 % 60¾ 53•..;. 4$% 26% 21•r. 27,, 35% 36o/, 20¾ 37% 
tS29 C 52% 18% 62% 64% 45¼ 26¾ 25% 26% 35% «¾ 21% 413',~ 
1931 C ,i'"fl <15% S4% 65% i S% 35¾ 25% 28¾ 35% 31% 1% ◄0'/, ',. 
11nl C 46¾ 39% 45c4 65% 45'.4 35% 26% 2911 3:CYa 42% 22'1/, 43% 
1934 C 53¾ .C3% 59% 65% 35¼ 35% 23% 27'> 31-¾ 38"/4 13% ◄2% 
1976 C 59¾ 63~-I. '6% .. .,. 39% 35% 25'/4 26% 3S¾ 47% - <◄% 19n C 54% SO'/, S7"/4 53% 41% 3$¼ 26% 28% 12"/4 19¾ 11% 38'½ 
1988 C 41% 52% s:2·'!.. 52"/4 19% 35% 26% 20V, l1% 45% 25¾ •0% 
19,90- C 51% ,2.,. .. 55¾- 65% 35% 35% 23% 2B~~ 35% '"" 251/ .. 40% 
19$1 C ◄IS¼ .LS% 50¾ 55% 44% 35% 231/. 2~ 35% 39% 29¾ 50% 1992 C !,~~ S9~ ~7% 60'¾ 42% 35% 22¾ ml l!¾ 40% 23¼ 41% AVG s1•1. "3% 65% 60% <O¼ '3% 2511. 27'1, l?'~ 39% 21% 42'.C 
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Appendix E-fl, · (Continued). 

DELTA EXPORT/INFLOW RATIO(%) 
DWRSIM MODEL RUN 414 INTERIM SOUTH DELTA PROGRAM AT FUTURE DEMAND 

YEAR WATER• OCT NOV DEC JAN FEB 
YEAR 

MAR APR MAY JUN JUL AUG SEP 

TYPE 
1925 0 60¼ 53% 62% 57% 27% 35% 24% 28¾ 34% ... ¼ -W¼ 51% 
1925 0 56% '4% 56¾ 65¼ 38¾ 3,;e/4 24¼ 25¾ 35¾ 47• ... St¼ 54¾ 
11>3() 0 56¾ 50'f, 57¾ 58% 35% 35% 23% 25% 35% AO% 3$Y, 48~ 
1932 0 56% 61% 65¼ 65'/4 35% 21¾ 28% 23¾ 11% 31% 32o/, 50% 
1939 0 52% = 53¼ ◄6¾ 39% 35¾ 26% 21'/4 35¼ 50'/4 54¾ 5.2-/4 
1944 D 59% !6% - 65¾ .. .,. 35% 21% 29'/, 35% "7".4 54% 52% 
19'7 0 57% !11% 61¾ 6$% AS% 35¼ 2S~ =· 35¼ A8¾ SC¼ 52% 
18'9 0 59% 53¾ S8¼ 63% 4S¾ 25¾ 26% "'" 33% .... ¾ .... ...... 
1955 0 58% S8¾ 50'/4 "°"' 45¼ 33¾ 28% 27% 35¾ 48% 55% =-1960 0 57¼ 50% SA% 65¾ AS¼ 35%. 23% 25¾ 3S% 53% 5~- 54 ¾ 
1951 0 S3~~ 57';. 58¾ 85¾ 45% 35% 23¼ 25¾ 35'J. 45% 52% = 1 .... 0 62% 43'/4 59% <e% 35¼ 34¾ 28¾ 27% 35'4 50% 52% 52'/4 
1981 0 83¾ ED% 81¼ 56¼ 29% 23¼ 27% 27% 35•1,, 51o/, SA¼ 55% 
1985 0 65% S'¾ 33o/. ◄7% 43% :t.5',4 27% 25% 'l5 % 54¾ 50'f, 56% 
1957 0 65¼ 55% 60¼ 65% 45% 35•1. 23% 25% 35% 47% Al¾ 4'9% 
1989 0 "4% f9% 54•;. 60% 4S¼ 3-<¾ 21¼ 24% 35 ¾ ◄5% SO¾ 57% AVG ... ,4 53% 56'/, 59% .w. 33% 28'1, 26'.4 33% ,1•,4 48% 62¾ 

19:21 w 58% 5!¾ 80¾ 42¼ 6% 18¼ IS¾ 26°/4 35% 46¾ .l8% 53-t;. 
193e, w 57"/4 -4-3% 21% 34¼ &•1. 5% t1% 14'% 28% 26 % .. ,. 61~-
19'1 w 55% ..... 30% 13¼ 11% 8¾ 11¾ 18% 35% 38 ¾ 415% S1Y, 
19,42 w 63% 6'¾ 1&¼ 10% 6¾ 27¾ 14¾ 19'"/, 3S¾ 37•.4 41% GO~ 
19'3 w 6:(~{ 61% 30'/4 10% 13% 10¾ 23% 29% 35'/4 -43% 47% 53% 
1952 w 51% iw.~ 28'A 15% 14¾ 11¼ 12'/4 l3'¼ 28% 38% "37'/. 63% 
1953 w 55% 54% 17¾ 7¾ 21~~ 32¼ 2"',\ 24% 35¾ U¾ 48% 55'/4 
1956 w s.sv. 5' % 18% 9¾ 9% 1!r..~ 29¾ 17'/, 35 % 4-0% 46 % ss•/2· 
1956 w 63',\ 61¾ 49¾ 27% 6'1, 7% 9% 17'/, 31¾ 29'/4 45% 6~/4 
1963 w 39'(= 6'% 32¾ 41% 10¾ 25% 8% 23% 35% ◄SY, 47% 53 % 
1965 w 56¾ SI'/, 17% 12¾ 21~i 33•A 15% 21% 35% 45% ◄8% 53 %. 
1967 w 55¾ 60% JZ~ 26¾ 15¼ 11¾ 14% 15% 27% '48% 37% 62% 
19G9 w 57% SI¾ 51" 12¾ s•t. 11•/4 15% 14¾ 3 1o/c 32% 42~/4 81°/4 .. 
1970 w 51% •7¼ 13% 3% 7% 18% 31% = 35% -· 49 % 553/s 
1971 w 58% 56¾ 2,.,. 24% 26,. 17% 25% 21% 35 % 45¾ 471/,. 57% 
1974 w 61% 22% 1~• 8% ,,.. .. 8% 1f% Z7¾ 35 ¾ "'I ¾ 46% 58% 
1975 w 6'¾ 6'% 44'1. .u•,. 9¾ !% 27',\ 22% 35% 40% 47% 59% 
1982 w 58% 42¾ 15% 15¾ 8% 10¼ 8% 17¾ 35¾ 39% 47¾ 53~-
1953 w 34% 1:'% 9% .... 3% 2¾ 7% 9% 1Z% 23% 54% 30¾ 
1984 w 19~ 8% 4% 6% 11% , .... 30',< 29¾ 35% -'8'/4 46'.4 59¾ .... w .. ,. ..,,. ..,.,. 

I):, ~ 6% 5% 22% 35% 35 % 45¾ .,.. .. s~.-. 
AVG M¾ 51% 28',1 21¼ 11¾ 14% ml 21% 3r,4 ,c()',4 ... ,. "'" 

Appendix E Page 32 



Appendix E-12. Simulated Average Monthly Della Exporvtnfiow Ratio(%) by Water-year Type for Future 
Operations to State Wat.er Resources Control Board Water Rights Alternative 5. W-Wet, 8-Below 
Normal, D-Dry, C-Critical, A-Af/pve Normal. 

DELTA EXPORTnNFLOW RATIO 

Water Apr May Year Juno July Aug Sept 

11,22 A BO% 27% 1~% 25V, 35% 55% 65¼ 1928 A 63¼ A9't. 56¾ 21% 21¾ 25% 35% <7'.4 57'/4 60¾ 1040 A 53% <5% ~ % ... ,. 20% 10¥. 11o/. 2<'t. 3S'.4 41"~ 58% 61% 1951 A 65% 18% 11% 16% 15% 20¼ 30% 28'1. 35% 47% 58'h 65% 195' A 57'-' '8% 65% 30',; 10"h 14% 16% 2<4% 35% ,n,. 56¾ es•/4 ·,957 A «¾ 63'1. 65% 65% 16% 14% '"'"' - 26',. "" •1'¾ {-9 ~ 00% 1973 A 65% ~3¾ 39% 14% 10¾ 11% 28¾ 29% 35% '7¾ 59% 6SYo 1978 A 26% 49% 65% It'!. 13% 8% 13% 25¼ 3S'J. 28% 49% 65% 19'10 A 65¼ $9'1. ,.,, 
1~ 3% 7% 25¾ ~ 35% 32'/4 453/~ es~, 1991 A 37'1. SO¼ 65¾ 21% 15% 12¼ , .. ,. 2S¼ 32¾ 371/, 52% 61"/4 AVG 49% .. % .... :zrt. 1,% 11% 19% 23% 31% 37'/4 50'1. 57% 

19~::. B 58"4 53¾ 26% 25¾ 18¾ 35% 25¾, .... JS% 513/t 61% 55¾ 1,m 8 38o/, 61'/4 62¼ 38% 28 '.< 35!\ 17¾ 15½ 3-4% 51% 52% S1% 1936 8 65% 53% 55% 32"/, 14% 29% 28% 30¼ 35% -51% 60¾ S4% 1937 a .S % 59¼ 55 % 62¾ 18% 1r,~ 24% 26¼ 35% -'1% so•., 52%, 1045 B 54% 653/t 60% 65% 16%. 1~~ 32% 29% 35% 51¾ 61•/2 58% , ... e 85% 52'¾ 15¾ 21¾ 22% 26¾ 31% 28~ 35% 51% 61% 64 % 1946 8 56¾ 54¾ SI¾ 65¼ 33% SS¼ 2<¾ 24ll 3So/t S1% 60'/4 6S~'i 195<> 8 64 % 58% -5;% '19¾. 31% 35% 25% 28'!. 35% <9¾ ( 7% 55•4 1-959 a 41% 59% 60¼ 13% 1~/4 23% 27% 28%- 35¾ s1•J. 61~ c,~~~ 

"'"' • 59% SQ¾ GO'h 65¾ 18% 23¾ 2i'/, 28% 35% 51% 60% GS',~ 1966 e .... 36¾ 51¾ 27% 19'.4 23% 26% 25,; . 35% 51% 60% 65¾ 1968 8 42¾ S1% 37% 14% 9% 16'/4 26~~ 28% 35% 51•/4 62'/2 59% 1972 a 55¾ 6<!\ 48~i St ¾ 37¼ 21% 28% 21'h 35% 51% 61¾ 61% 1979 a 55 ¾ 5.51/t 65¾ JO¾ 10% 16~1, 28% 31¾ 35% 51% 56% 5'% AVG se•1. 56% 51•.4 40¾ 20'1. 25% 26% 27% 35% 5'1'/4· 515¾ 60'/4 

1924 C 62% 57% 65¾ 85% .... 23r, 26% 12% 12% 21% 2S% (6% 1929 C 64% ~ .. ~ 65% 6S¾ 40% m• 26¾ 25•1, 25% 19% 25½ 46¾ 1931 C 5<% S2% -'8r. 65% <0% 33•1. 25VD 2s•.1 2So/. 25% 4% ~% 1933 C 56% 5'1'h 48% 65% '15% 35¾ 26 ¾ 24% 13•/2 10'/4 4% 47% 19:14 C SS-% 27¾ SS¾ 59'.4 38% 24 ~ 23% 21'h 33 % .. ~. 39% 47% 191.6 C 42',i 51¾ 5~ 61t~ 28% 31% 25% 25% asr. 54% 54•1, ◄4% 1977 C 47% 56% •s~ 51~', 15% 23% 25% 8% 4% 3% 28% 48% 19.SS C .. ,. 0'% 61% -. 3S% 30% 28% 26% 35% 3,4% 16% -t7% 1~90 C e3 y; '6¾ c;:;-a "" 40% >!>% 23% 27¾ 35o/t 51% 54 ¼ 50¾ 1991 C 45,♦ !t''A- 48¼ '12~ 4% 33¾ 24% 2714 26t,.~ 29'/4 38 .% '8 % 1992 C 34% S0'/4 ~-. 65 ¼ 22.,~ 35% 2<% 27¾ 32% 39"1. 21% ~¼ 199' C 63% .,3% 55% 59'4 20¾ 35 ¼ 25'/4 ml 3.5% 57% 64% s1 •1a 4VG 5:1¼ S1% So% 56'.4 31% Jt'/4 25'.4 23,,4 2s•1. 32'.4 W/4 41'/4 
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Appendix E·12. (Continued). 

OTATI' RESOl 
Water Water• 0d New 
Year Year 

r-
1925 0 31!% 50~ 
1925 0 = 56~ 
1900 0 33% ~ % 
1932 0 51~~ 29% 
1939 0 35-% 49")) 
19L4 0 65% 65':~ 
11147 0 SS¼ &511 
11149 0 6SY. 85% 
1055 fJ .... •II¾ 
1960 0 65¼ 57% 
1961 0 60'/4 &5% , ... D Sl'/4 34% 
1981 0 52'/4 .... ,. .. 0 58% 29% 
1987 D 53~1• 58% 
1989 0 W,\ 57% 

AVG 5'% 62'-' 

1927 w 63% 46% 
1938 w &.5~l ◄0% 
1941 w GS',~ 6S% 
1942 w 41'/4 52% 
1943 w 4t•A •2'/4 
10s:: w es% .. % 
1953 w 38½ 57% 
1956 w or,~ 56% 
1958 w .a~'i, 52% 
196."J w 32% SO% 
1965 w 57¼ &5% 
1967 w 63~♦ .... 
1959 w 65¼ GS% 
1970 w '911 53% 
1971 w 43',~ '3% 
1974- w .. ¾ 16% 
t97S w ,s~i 551/. 
l9S2 w 64¼ 30% 
1983 w 29\~ 2 1% 

1984 w 15% 6% 
19U w s.s,~ -56% 

AVG 51% '7"-' 

~""'"' 
Dec 

65¾, 

•~/4 
BS% 
58% 

47% 

&5% 

52% 
62% 
38% 
53% 
58'1. 

65% 
82% 

42% 
155•.4 
531/o 

S'T'~ 

""'" 16% 

13¾ 
43% 

37% 

1•% 
28% 

41% 
13% 
17% 

15% 

55% 
12% 

13% 

•% 

'°"' 26% 

DELTA EXPORTnNFLOW RATIO . 
Al Tl= "' "'' 4

""' 5 ·-• 
Jan 

Feb l Mar Af,r May 

S5'1. 18% 24% 
58% 28'/4 35% 2•% 27% 
'48,% 37% 2:1" 24% 25% 
5'% 38% 23% 30% 29% 
22% 24% 33% 2$'/4 29'/4 
5:r/4 14% 23'• Zl'.4 2S'I. 
65% 39% 26% 27% 20% 
115'1. 45% 23% 28% 26% 
43% .. ,,.. 35% 28% 28% 
65% 35% 27% 24% 25'.4 
65% 33% 35¾ 23% 26% 
39% 35% 35% 28% 28% 
16'".4 17% , .. ,. 25% 29% 
61% 283/. 30% 28% 29'/4 .... 21¾ ' 20% 24% 27% 
65% l0"'/4 2'% 21% 23% 
51'.4 30'1. :zr.- 2&% ;n-,. 
34% 7% 15% 14% 25% 
28% 3% 3'/2 9'4 11% 
11% 10'/2 8% 11% 19% 
8% •% 19¾ tS•/4 19'/2 
9% 9% 6~♦ 22% 27% 
13% 11% IW, 10% 12% 
5% 17% 24¼ 261', 24% 
7% 6% 1'1¼ 26% 16% 

29% -4% 6% 8% ,.,.,. 
56% 15% 30'A 8% 22'A 
10% 29¾ 28% 15~ 24% 
22% 14'¼ 9% 13% 14% 
10% 3% 7% 11% 1.2'/4 
2% _5% 16% 29¾ 31'/2 
2°" 22% 14•~ 2'4% 22'/4 ..,. IS¾ 7% 12% 25% 
◄7% 9% 8% 25% 2' % 
14% 1•1. 8% 6% '"" 5% 2% 2% 6% 9% 
5% 10'/4 16Ys 28% 30% 

.c1v. ... ,,.,,, 23¾ 35½ 
19% 10% ,,.,. 16% 21% 
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, nnct 

June July 

2◄% 
35% •9'% 

35% 54% 
35% 52% 
$$% 54% 
35% 54% 
35% S4% 
35% 54% 
35% 54% 
35% 54% 
35% 54% 
35% 54% 
35% 5-4'/4 
35% 54% 
35'.- 54% 
35'/2 ..... 
34% 53'/4 

35'/4 ◄1"/4 
21%. 35% 
35% 30% 

32% 38'/4 
35'/, 35% 
22% .. ,.,. 
35% -47'/o 
35% ◄7% 

24% • O¾ 
35¾ 47% 
35'4 ... ,. 
20% .. ,.,. 
2S¼ 373/. 
35% 47% 
JS.,. •7% · 
35'/4 48% 
34% 48% 
~1% 4~/4 
11% 26-% 
35% •7% 
3-)•t. 30:-.4 
30'-' •1•;. 

LJN ~•4 

Aug 

21% 

57% 
47% 

61 % 

62% 
82% 

5:3% 
55% 

43% 
82% 

• 62o/l 
62% 

62% 
60% 
.00% 

54% 

S.% 
S4% 

•9% 
54% 
45% 
59% 
60'.4 

56'/4 
57% 
59% 
sn~ 
58¼ 
55¥, 

S8¾ 
60% 
E<l¼ 
61% 

58% 
47% 

56% 
47% 

55'.4 

Sept 

•9% 
56% 

•7% 
-415% 

49% 

54% 

57% . .,, 
50'.-
49',S 

47'/4 
65¾ 
W/4 

65'/4 

47% 
6S¾ 
54% 

~9% 
60% 

54% 
.. % 

SJ¼ 
41% 
311/, 

50'/s 
65%. 
53% 



Appendix E-13. Historic Monthly Total Combined Water Exports (acre -feet) From CVP, SWP, CCWD, and NB!\. Data from Department of Water 
Resources DAYF LOW, W-Wet. B-Be)ow Normal, D-Dry, C-Critlcal, A-Ab,ve Normal. 

W11le1 Wale, OCT NOV DEC APR IMY JUN JUL AUG SEP Yea, Vet.tr 

0 1030 0 • 0 0 0 0 0 D 0 0 0 0 C 1931 0 c, 0 0 0 0 0 0 ' 0 0 0 D 1032 0 ( 0 0 0 0 0 0 ' 0 0 0 C 1~3l 0 C 0 0 0 0 0 0 ' .o 0 0 C 1934 0 C 0 0 0 0 D 0 0 0 0 0 B 1935 0 • 0 0 0 0 0 0 0 0 0 0 a 19'30 0 0 0 0 0 0 0 0 ' 0 0 0 8 1037 0 0 0 0 0 0 0 0 ' 0 0 0 w 1938 0 0 D 0 0 0 0 0 0 0 0 0 D 1939 0 0 0 0 0 0 0 0 0 0 0 0 A HMO 0 0 0 0 0 0 0 0 0 0 0 0 w 11M1 0 0 0 0 0 0 0 0 ~ 0 0 0 w 19'12 0 0 0 0 0 0 0 0 ' 0 0 0 w HJ.U 0 0 0 0 0 0 0 0 C 0 0 0 0 19-44 0 0 0 0 0 0 0 0 C 0 0 0 B 1045 0 0 0 0 0 0 0 0 • 0 0 0 8 ID•IO 0 0 0 0 0 0 0 0 0 0 0 0 0 1~47 0 0 0 0 0 0 0 0 0 0 (i 0 0 1948 0 0 0 0 0 0 0 0 0 0 0 0 0 1949 0 0 0 0 0 0 0 0 0 0 0 0 8 1950 0 0 0 0 067 1,588 1,402 2,566 3.3:34 3.875 4, 106 3,509 A 105 1 3, 101 2,007 1,203 I, 107 ••• l,097 2,200 1,980 10,!171 37 .246 73,632 58,016 w 1952 25,0◄1 2.740 4,43 1 2,327 1,501 1,598 7 ,750 5,982 10,.1139 35 ,232 63.497 35,7(10 w 1(153 ~7,795 .e,,c:? Z,012 t,946 TO,O◄tl .:,0, 149 $4,•◄J 129 ,490 137,315 178,271 153,848 50,498 A 1954 21.et1 3.B15 3,283 7 ,035 52,J00 71 ,326 12t,89S 84,t7A t78;!2< 202,087 180,212 112.0'10 0 1955 57.622 15.796 2.879 2,A:&S 22,36"1 98.703 qS,622 fS0,175 189,ria 1M ,1,t7 190,159 113,975 w 195 8 72,585 23,0!8 10,973 2,368 11.101 27.,B"3 41,823 25.963 10,Ql5 109,375 184.540 90.502 A 1957 <14,7H o.532, 6,315 4,801 S8,335 110,34 1 139,75:1 13-4,H!B 194,62,J 220,◄JO 104,880 117,992 VI 1958 07 ,855 29,3t0 8,611 J,389 4 ,955 F ,70:l 9.007 38,798 4S,8!J3 179,878 19t;l92 111,895 8 1959 76.02.C -3.l,811O 9 ,732 18,506 'l◄ ,037 17.4. 154 163,743 163,32~ 2 11,t97 245.825 2 10,845 115,069 D 1900 79.0!itl ◄0.360 15,848 15,638 36 . 187 139,976 15-4,719 164,965 221, 180 25 1.318 218,24, 118,702 D ~961 90.s ·22 35,324 3,307 18,8~3 ◄S,096 l26 .2.t3 172,286 174, u;-,. 237 , 106 285,799 240,8 15 •~.SPO B 1962 89,408 40,6 11 15,5~7 24,796 14,269 -55,SSJ 183,098 181,846 225,E30 2.59,540 228,45.2 127,101 w 1963 07,806 ◄7,7!.9 J ,515 JI, 129 '15,f98 111.8/0 73 ,100 170~265" 210.'17tl 267,882 237,248 127,688 
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l\ppendlx 13. (Continued). 

W,.tter Water OCT I NOV I OEC I JAN I FE6 I MAR I APR I MAY I JUN I JUL I AUG I SEP Ynnr Yoar 

0 1 96◄ 127,724 .32,345 10,053 35,~27 91,201 133 ,320 182,086 200 ,180 22~410 283,S0B 280,350 14◄ ,572 w 1985 139,280 ◄4,lW 3,745 13,16 1 00,533 138, 118 71,500 195,905 219.f42 287 .8S8 239 ,631 123.067 
6 1968 110,66 1 39, U 3 3,53 1 7,087 50,65-d 152,497 18◄,62~ 201.s33 242,038 2:82,17◄ 262 .724 137,-498 w 1987 I 10;,8-45 60,94.◄ 30,725 50.072 42..304 122 ;89 1 71,704 1 17,93 1 126,4 11 18$,572 263.4"31 1~.◄0◄ u 1960 110,157 07,:◄3 ◄ 1,•102 71,700 10-4,979 21s,m 319 ,567 J44,410 270,684 3t7, 109 208.80G 332,701 w 186-9 383 ,535 499,533 23 1, 107 352.8 31 200 .929 208.flfll IOD,R1t; 200,717 1 ◄" t:12 .!07,503 J.12,012 1~-2.0S$ w 1070 123. 150 83,683 50,308 88,502 l08.085 '139, 033 270;367 246,2'31 296,838 320.858 282,4112 183,503 
VJ 11)71 158,8J6 120.!>15 117,52!1 110,008 114.00 288,592 263 ,175 279,224 342.82& 39Sl,52"4 411,282 232 ,075 
6 1972 234,002 180,937 1'19,08 $9, 138 214,220 -410,127 377.682 398,880 3171510 31 1,44◄ 428 .778 ◄ 18,417 
A 1973 393,S.58 21.0.713 211,857 181,816 85.J OO 7-8,0SS 199,092 399,02◄ ◄36807 ◄72,220 ◄77.159 342,812 w 1974 363,767 291,?44 204,tll 1 121,194 302,418 305, 158 248 ,628 -137,032 5"230$ 856,194 58 1,4.88 30 0,289 w 19'15 282,020 115,755 172,738 335.869 372.385 373 , 110 37◄,◄-38 342,859 268.49-4 318 .2-22 5S1,685 ◄63,252 C 1076 464,08 5 475,10◄ 470.987 508,975 ◄◄7.493 512,584 299,221 330.628 240,599 252.228 419,611 49-4;834 
C 1077 282.722 252,064 110,B58 432,2◄ 1 2401328 2~.038 76 ,9-41 183,327 ◄3,012 51,866 03,842 110 ,259 A 1978 ◄6.828 157,431 382,897 604 ,291 571,539 383 .285 t9•~.319 187,680 ◄52,680 ◄90,416 tH7 ,139 44-4,74 8 
B 1979 314,409 330,999 371,◄13 25 t ,89B 102,025 266 .852 3,49 ,JS J 383 ,335 370,.o◄ 1 573,242 838,022 •550 , 144 A 198 0 474,47◄ 347,191 31J8,619 39 1.437 355 ,150 268,430 3 17,387 '28,4,210 35-4,087 •21,62"4 58S.4 11 456 ,358 
0 1981 4 10 ,653 383,S08 4 15.1'9 507,258 401.335 298,7 13 41'0,515 27◄,0SB 239.51G 432.463 S71.782 403,7◄3 w 1982 364,000 280,103 317 ,110 317,667 524.02 1 839 ,-408 570,425 367,901 233)57 247,405 490.905 313.856 w 1093 324,385 300,71"4 517,320 618 ,990 S66,015 320,07.5 220,567 202,156 297,&22 319 ,5.91 441,338 249 ,680 w 1984 1$3,222 104. 160 131,487 105.570 331, 159 424 .{ilB •56,◄74 383,GCM 366 ,208 580,472 584 ,035 326,570 0 1985 :i◄ .C ,053 ◄74.963 1519.5,37 358 .184 42.2,1◄3 S28,0,t5 43&, 110 381 ,408 '387,981 6110,901 620,tl11 $17 ,93 1 w 1980 472,8 15 ◄35,330 eos .0 !)11 558,724 338 ,738 190;3S6 270,0◄8 384 ,232 300.,e-3 528,305 0 10:11.J 623 . 112 0 S907 ◄64,396 ~07,t69 4i5 .B05 383,702 37~.•196 3-43,72,0 ◄ 17.074 326 . 117 307.J90 5'<19.◄84 801,515 5.38,743 C 1988 362.62◄ 324 ,.;<2 I 55 .1,SSS 83!>,542 575,SJ4 518 , 119 509 , 135 384 .597 352:)3 1 ◄tl~,858 542, 873 465.770 0 1989 ~8.875 383 ,118 442,6'18 627 .699 •S0,140 63 1.200 822,217 38-4.845 :un .. 111 5-98,483 C00,780 o, _1,701 C 1990 64 7,6 81 817,£06 842,331 653,523 608,30l 64 9,659 578,63 1 210,712 210.,,0 387 , UO <413,61'1 355,319 C 1991 22 1.145 232,173 J22,028 303,880 253,029 601,938 4117,968 187,609 117,'8-4 161,59 8 231 ,303 25-4.969 C 1902 328.022 189.1100 190. 19 1 394 .711<1 35 1,589 0-t:l,JM 184,-•199 110,233 11e.m 95 , 187 108,5 17' 289,359 A 1993 118,019 147,034 251,368 710 .320 5t7,313 370 ,533 340,603 20,8,252 252,!45 538,051 6:88,873 653 ,726 

C 199◄ 071 ;515 <17,233 0◄9,1 49 362 ,794 328,140 266,045 1 19,710 tZ1,094 117,iSO 274,4 15 378,779 441,012 
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Appendix E-14. Simulated Future Combined Total Waler Exports in the Sacramento-San Joaquin .Bay-Delta Estuary at SWP, CVP, CCWD , and 
NBA Aecording to 1995 Bay-Della Plan, DWRSIM Model Run TP6. Model Assumes Hydrologlc Sequence for Past 71 Years Repeated. W-Wet , 
B-Below Norma l, D-Dry, C-Crillcal, A-Above Normal. 

1995 BA Y-OEL TA PLAN 
COMBINED TOlAL EXPORTS IACRE -FEET) AT SWP, CVI', ccwo, and NBA, AT EXISTING VARIABLE WATER DEMAND 

YEAR oc 
UN 1922 420,514 427;680 116,560 

691,297 407 ,603 1923 6~5.3 13 GGS,577 129, 194 403,8.19 409,207' 399 ,5,84 1924 513,382 480,469 687,947 721,276 454,553 l88S90 180,◄57 201,265 277 ,398 234 ,214 1925 540,574 409,682 557,821 459,1B4 663 ,340 498,344 409,860 337,529 410,03! 540,5.74 380,754 1926 581,330 427,442 <81,526 715 ,691 660,900 393,569 370,121 332,802 348,55& 512,523 374,933 1927 564,389 664,805 698,81 I 706,607 638,392 498,897 492,545 512,953 405,041 -175,941 380,802 384 ,558 1926 594,64~ 665 ,577 709,860 733,552 469,909 536.523 449,658 377,303 396,37& 715,614 488 ,892 395,545 1929 439,113 530,739 653.636 606.005 477,948 263,934 194,891 215,444 356,638 608,844 189,603 214 ,6i2 1930 460,360 366,617 f:71,448 714,831 378,822 698 ,995 223,700 234,901 347,906 636,818 231 ,096 328,601 1931 331,759 283,991 361,958 626,628 361,801 276,701 202,257 tB1,930 270,86< 332,6 18 51.375 225,423 1932 394,489 334,481 102,494 714,586 430.991 209,674 318,562 272,282 165,90l 234,103 232,446 340,600 1933 332,250 317,552 383,625 710,719 415,966 31D,460 237,422 232,692 342.2oz 289,959 71,017 226,195 1934 290,266 232,670 557,637 717,287 365,350 414,929 23 1,422 202,1~6 354,61a 273,016 59 ,600 230 ,353 1935 28 1,427 461,657 508,226 732,818 361,912 656,.705 492,545 532,103 451,024 715,8 14 576,174 371,191 1936 467,531 421,9 18 431,403 739,015 719,6 11 720,642 438,.253 39 1,911 407,068 715,614 45 1,327 376,121 1937 430 ,642 397,980 621,473 692,244 7 19,611 749,388 488,506 434,018 367,211 440 ,B93 338 ,609 380,101 1938 450 ,591 , 665,577 709,123 768 ,969 47,6,839 452. 125 413,424 51B, 109 8:i0,709 324,393 315,002 689 ,218 1939 695,313 653,935 437,112 417 ,138 292,50 1 341,580 259,697 2ss,9g9 355,034 715,814 485,639 339 ,768 1940 526.625 390,852 464,831 729,379 681,967 730,238 492,545 438,683 396,376 715,8 14 652,776 392 ,337 1941 513,873 453,578 715,384 775,045 719,611 653,145 489,456 498 ,099 523 ,255 210,288 299,228 597 ,089 1942 695,313 665 ,577 485,884 460 ,043 439,808 450,488 519,572 556,655 890.466 212,6R'- 200,473 65◄,00!i f043 695 ,313 605 , 571 ,31, 121 46ts,!>75 453,810 452,432 519,572 433.834 380,279 437,578 334,689 377,665 1944 614 ,537 633,382 464.647 712,008 695,606 523,940 2?0 ,549 263,136 414,909 715,814 439 ,849 382,180 1945 568,993 1;65,577 713,358 703,660 6,14,442 533 ,638 361, 152 n9.549 465,043 581 ,330 385,773 399 ,109 1948 666,587 685,577 719,558 745,460 414,028 56·3,898 36 1,271 347,963 438,768 715,814 460,411 403,920 1947 523,328 513,89 1 7G6,238 682,055 588,385 514 ,704 269,438 258,348 344,104 715,814 717,471 400 ,356 1948 812,695 490,822 489,199. 680,397 365,183 380,0)4 394.416 492,329 512,444 715,814 717,471 662,072 1949 695,3 13 561,865 539,653 544,072 399,002 718,023 304,663 3 15,984 388,773 639,273 378,899 409,147 
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Append ix E-14. (Contin ued). 

1995 BAY-DELJ'A PLAN 
COMBINED TOTAL EXPORTS (ACRE•FEET) AT SWP, CVP, CCWO, and NBA AT EXISTING VARIABLE WATER DEMAND 

I ,espuMES HXD'OI iGIG ~f?LJENGE FPj ea;r w Xff BS RE Pf,Q) 
I I I V 

JUb 61.!!z :if.;P 
Os!, JAN EB M~R P MAY ,!lll:j 

1950 580,287 435,224 418,673 720,1 10 660,290 541,126 363,884 350,298 437;362 715,8 14 717.471 398,338 1951 695,313 665,577 739,936 792,170 597,144 541,556 382,655 447,276 395,307 715,814 581,453 413,959 1952 576,297 665,.577 706,238 792,170 698,988 471,460 442,827 628,789 806,652 541,924 382,950 689,218 1953 629,084 484,169 ~84,288 308,593 276,147 412.105 365,072 478,948 648.173 494,293 384,607 544,163 1954 695,313 665,577 (68, 183 539,776 460,097 525,290 449,658 434.264 392,693 716,8f4 613,063 420.552 1955 500.247 665,577 703.108 725,082 ti:l'-.335 20B,t7Q 221 ,691 260,920 ◄ 10,513 7 15,814 717,471 473,658 1956 509,147 477,279 706.054 792. 170 711,351 528,666 462,488 556,655 616.097 543;213 409,773 689,2 16 1957 695,313 655,895 469,803 709.062 468,523 481,281 355,450 362,694 421,918 715,814 7 17.471 439,441 l958 695,313 665,577 710,412 735,762 621.815 504,912 537,986 556,6,55 661,122 384,668 ◄65,076 680,218 1959 695,313 489,575 490,733 450,284 326,652 404M 1 235,343 260,313 373,329 715,814 512,093 434.689 1960 570,634 419,661 li97,031 585,627 662,563 498,a35 237,362 227,78 1 355,153 715,814 668, 121 410,038 1951 554,446 501,098 679,599 566,722 656,631 458.570 223.8 19 228,395 352,183 715,814 614,782 413.483 1962 537,873 423,997 648,787 474,467 688,232 638,020 200.647 320,956 3'73,21D 715,814 474,774 428.749 1963 695,313 665,577 703,906 714,463 519,972 542,906 492.782 532,103 439,382 640,562 396,699 508,226 1964 695.313 665.577 642.833 701.942 365,738 321,154 226,967 260.3 13 354,796 7 15,752 717,348 461 ,360 1965 460,350 631,006 706,422 792,109 672,155 531,◄28 519.631 551,622 396,97G 716,814 453,844 408,494 1966 695,313 665,577 721,706 751,905 478,28 1 489,506 313,038 317,519 372,735 715,814 677,021 4 15,384 1967 553,588 649,598 719,865 742,21/8 606,680 400,382 465,815 518,109 630.709 684,387 388,474 689.218 1968 591,887 469,557 434.448 271,054 276,867 408,238 288,922 256,753 373,329 715,814 487,357 418,41 4 1969 575,438 • 523,373 702,862 770,319 653,693 418,<89 4 11,345 491,224 591.683 426,775 353,672 689 ,218 1970 695,3 13 484, 169 468,268 299,350 276,147 412.105 367,567 308,066 393,763 715,814 412,842 ~09. 028 1971 574,210 665,577 712,806 723,977 509,327 635,$58 375.052 492,083 557,707 715.814 432,238 619,007 1972 695,313 665,577 703,783 679,354 478.558 528,727 283,694 260,067 370.121 715,814 717,471 454,848 1973 639,211 665,577 702,924 721,215 695.273 M 11.410 414,0 18 "IH,575 40l ,9·32 704 ,949 '100.566 429,224 1974 685.246 665,577 709,185 688,315 470,020 531,735 519,63 1 553,279 547,965 518,047 448,995 689.2 18 1975 695,313 665,577 6 19,631 479,807 342.453 479,685 502,762 556,655 641,520 6 16,562 407,747 689,218 1976 695,313 685,577 662,167 530,262 478,28 1 386,878 197,921 2.i0,661 369,468 491,347 238.032 282,013 1977 353,365 398, 158 652,798 309,294 348,219 272.096 180.992 164.314 80,428 132,090 75,252 23 1,898 1978 268.363 211.583 875,917 646,270 312,628 334.sn 386.753 430,212 414,256 197,275 299,228 509,593 
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Append ix E-14. (Continued) . 

1995 8AY,OELTA PLAN 
COMBINED TOTAL EXPORTS {ACI\E,FEET)A T SWP, CVP, CCWD, aod NBA AT EXISTING VARIABLE WATER DEMAND 

I I I gg1, ,11:ir11t~~~C,QI ~ ~~f llli~~ ~Q~ ell~~ ~lira:i !;;~llf Cl "!.!~ I I I 
YEAR OCT NOV 

J!ib e,!,li;, :,F.e 1979 695,313 665 ,577 400,996 668,060 443 ,243 50!.533 40 •1,039 418,919 502,SfJ 567,090 343.053 384,734 1980 49.8,958 665 ,577 707,957 ?65,5d 1 456,826 384,668 383.724 -434.877 358,8SS 221,390 323,780 641,817 1981 695,313 665 ,577 574 ,940 460,043 439 ,806 454,626 310,306 256,998 350 ,163 715,1114 488 ,155 378,081 1982 532,963 665 ,577 700,898 748,345 650,849 547,080 523 ,017 617,176 691 ,297 550,210 523,265 689,218 1983 695 ,313 508,583 499,510 385 ,712 265.391 314.204 403,445 A04,249 477,618 501,530 649,339 519,6~1 1984 451 ,941 330 ,442 334,153 208,385 238,558 399,707 384,199 332,495 417 ,285 667 ,814 384 ,116 629 ,818 1985 695,313 665,577 731,036 489,628 453,887 465,199 231,304 290,389 346 ,955 7"15,814 654,311 403,861 1986' 554,077 465 ,654 107,220 711 ,210 719,611 639,457 507 ,573 470 ,600 300,970 418,734 334,705 501 ,039 1987 695 ,313 546 ,480 ◄90,242 575,499 549,796 675 ,732 237,481 231,341 350, 161 715,6 14 562 ,057 378 ,972 1986 422,785 378,853 698,320 702,801 36 1,968 299473 186 ,516 208,8 15 362,5 1,J 470 ,785 322,859 227 ,680 1989 301,069 335 ,432 '36 ,596 520,380 386,916 709 860 335,788 267,064 347 ,371 715 ,016 716,673 406 ,631 1990 353,549 248,351 193, 188 701,205 345,l25 289,038 228,631 189,910 361 ,746 470,969 326,173 246,767 1991 304,077 243,243 123,964 389,272 364,518 698,811 238,847 194,329 341 ,015 329 ,488 277,622 289 ,753 1992 315 ,739 186,813 399,707 487 ,603 666,389 4791307 226 ,6 11 202,677 360,558 561,568 278,174 223,879 
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Appendix E-15. Average Histor ic Monlh ly Comb ined Exports (crs) al CVP and SWP Della Water Export Fac illlles by Water -year Type and by Time 
Periods. The Time Periods Represent Major Changes In Waler Flow Management Within lhe Sacramento River system and the Sacramento-San 
Joaqui n Bay-De lla Estuary , California. Data from Department of Water Resources DAYFLOW. 

IS ORIC EXPORTS CFS AVERAGE MONT LYBYWA ER- E 
WATER- PERIOO WAlER OCT NOV OEC JNI FEO APR MAY JUtl JUL AUG SEP VEARlYPE YEAR 

ABOVE PRE-1945 1040 0 0 0 0 
NORMAL 

0 0 0 0 0 0 0 D 

IO<S-1950 NOAOOV E NORMAL WATER YEARS 

10St•19B7 1951 0 0 0 0 0 0 • 0 113 ... 1, 124 ••• 1 95◄ ... 2-1 •• •• GOS 1,123 2.ooa 1.3 1 1 2,915 3,108 2,8-43 1,809 
1057 657 GO 58 JI 1,tO◄ 1,756 2.268 2, 122 3,174 3,471 3.QSO 1,875 
AVG ... ,0 2) 38 6!6 IGO 1,432 1,145 2,0G1 2,.0..C 2 ,Jl9 1,53 2 

19'00-!{177 1973 6,300 3,◄72 3,384 2..899 1, 11◄ 1,218 3,2es 8 ,311 7, 181 7,401 7.557 5.601 IQ7tl 828 2,52.7 S.802 0,79• 10,t 73 5.883 l.200 2 ,868 7,48◄ 7,1595 8,.247 7,384 
AVG 3,◄64 l,000 4,593 6,347 fJ,684 3,5'9 l.238 4 ,639 f,J2l 7,tf! 7,902 a,,112 

• 
1978,1992 1978 018 1.527 5.80 2 t,7(1-4 10,273 6 .883 3,209 2.008 7.484 7,895 8,247 7.38< 

1900 7.578 5,'145 5,894 6,318 O. lll 4,286 5,?139 ◄,◄94 5,790 6,695 9,015 7.502 
AVG ... 103 ,1,136 51848 8.056 8.2)2 5,08,( 4,239 3,731 8.G<O 7,2 95 9,631 7 ,433 

1993-199'1 , ... 1,70" 2.321 3 .960 1U i70 9,B1 5,045 fi.804 3,19i 4,011 8,51)3 10,562 10,7◄8 

199S.t997 UUMI 7 .2◄9 5,458 4,388 9,979 6 ,563 3,47◄ ◄, 179 Al,G15 9,◄S1 10.""' 10,529 10,099 
1997 9,703 9,978 7,674 2,658 2.287 G,86.9 ◄,◄12 lJ.023 7 ,038 0 ,637 8,83'1 10.077 AVG 8,,178 1,711 G.030 B,JHI 4,415 5,181 4 ,326 ).8t9 8,2J5 10,039 9,6!12 10,088 
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Appendix E-15 . (Continued). 

AVERAGE MON E 
WI\TER- PERIOD WATER OCT tmv DEC J/IN fEO /AAA JUN JUL I\UG SEP YEAR TYPE VEAi\ 
BELOW PRE-194.S 1935 

NORMAt 
0 0 0 0 0 0 0 0 0 0 0 0 

1936 0 0 0 0 0 0 0 0 0 0 0 0 
1937 0 0 0 0 0 0 0 0 0 0 0 0 
A.VG 0 0 0 0 0 0 0 0 0 0 0 0 

i1M5~1QSO 1945 0 0 0 0 0 0 0 0 0 0 0 0 
i9•◄6 0 0 0 0 0 0 0 0 0 0 0 0 
1(148 0 0 0 0 0 0 0 0 0 0 0 0 
1950 0 0 0 0 0 0 0 0 0 0 0 0 AVG 0 0 0 0 0 0 0 0 0 0 0 0 

1951-1867 1959 1 .1-49 480 07 250 644 1,962 2 .667 2.6'e 3,◄18 3 ,842 3,289 1,8·33 
1062 1,320 58 1 ,o, 343 ~ -1 857 2.887 2,874 3,688 4,08 1 3,56 1 2.008 
Hl68 1,700 ... 0 80 057 2,410 3,006 3,24◄ 3,894 ◄,398 4,083 2.158 AVG 1,390 554 , 96 218 547 1,7.C6 2.,787 2,888 3,660 ,C,107 l,64. .. 1,998 

Hl61M977 1908 1,693 1,040 595 1,077 1.'68 .. ,4·35 S.2.50 5,◄-52 4 ,◄84 4.9◄4 4,87,1 5,'117 
1972 3,6tM 2,962 , 2,344 1,S49 3.601 8,588 0. 196 8 .202 5 ,12.1 , .893 0,771 8,817 AVG 2,694 2,001 1,470 1,313 2,11◄ 15,S11 5,723 6,867 4,803 ,C,918 5,722 6 ,117 

1978-1!)92 1079 5,023 5,◄8'1 5 ,963 .. ,038 2;81f5 4 ,280 5,79◄ 6,088 6,1'13 0,118 J0, 153 9,000 

1993-1004 NO netOWNORMAl WATER YEAR$ 

1995, 1997 NO BELOW NOHMAl. WATER YEAftS 
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Appendix E-16. (Conllnued) . 

STORIC EXPO VERAGEMONT E 
WATER-

YEAR lYPE 
PERIOD WATER 

YEAR 
OCT NOV JAN FEB JUN JUL AUG SEP 

CRfnCAL PRE- 10◄5 UtJ1 0 0 0 0 0 0 0 D 0 0 D D 
1933 • 0 0 D 0 0 0 D 0 0 D ci 1034 0 0 0 0 0 0 0 0 0 0 • 0 
AVG 0 0 • 0 0 a 0 0 0 0 0 0 

1945-1950 NO CRmCAt WAT~R YEARS 

1051-1007 NO CRITICAL WATER YEARS 

1968- 1977 1970 7,474 7,9-49 7.778 8,156 7.628 8,207 4 ,865 5,280 3,930 3 .876 e.024 9, 140 
1977 4,◄71 4 ,08"2 2 ,059 6,927 4, 175 S,668 1. 176 2,877 557 701 1,,389 1.73,t 
AVG S,973 6,015 5,210 7 ,S◄J 5,S01 5,947 , .020 4,079 2,244 2,28111 4,006 4,937 

l978,199 2 1908 5,728 5,307 8,MI t0,281> 0.[95 0 ,250 8,384 8,069 5,81>1 7,720 . 8,539 7,698 
1000 10,351 10,224 10,297 10.-194 10,405 10,◄05 9,405 '3,175 3,278 0,007 6,.C-'10 5,092 
Ul91 3.-3-64 3 ,709 5,057 '1,766 4.W◄ 9,6S2 7,390 2._555 1,770 2 ,40 1 3,8-50 4 ,074 
1902 5,153 3 ,04.S 3,0 4 5 0.28◄ 6,$93 10,362 2 ,905 1,538 1,753 t ,316 2.400 .f,320 
AVO 41,149 5,571 6,8 15 7,956 7,669 •. ,69 7,033 3,33-4 l,122 4.3&1 5,276 5,.498 

1993-199'1 1894 10,739 0,835 10,432 5.772 S,782 ◄. 172 1,810 1,760 1,0811 4,188 5,880 7 , 172 

1995,1S97 NO CRfTICAL WATER \'EARS 
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Appendix E-15. (Continued) , 

HISTORIC EXPORTS CFS . AVERAGE MON PE WATER• PERIOD WI\TEA OCT NOV DEC JAN fE9 MAY JUN JUL AUG SEP YEAR TYPE YEAR 
DAY PRE•1045 1930 D D 0 0 D D 0 0 0 0 0 0 maa 0 0 0 0 0 0 0 0 0 0 0 0 1939 0 0 0 0 Q 0 0 0 0 0 0 0 10'14 Q 0 0 0 0 Q 0 0 0 0 0 0 AVG 0 Q 0 D • 0 0 0 • 0 0 0 

l {l ◄ :io• 1 !:l!IO 19"7 D 0 Q 0 D 0 0 0 • 0 0 0 1849 0 0 0 0 0 0 0 0 0 0 0 0 AVG 0 D 0 0 ' 0 0 D 0 0 0 0 

1&51-1907 1955 e90 227 8 Q 3as 1,569 2 ,208 2 ,J76 3,088 3, 101 2,997 1,821 19-80 1,W3 ~ .. 115 185 .,. 
?,20 6 2.532' 2.590 3,685 3,926 3,39S t,673 1961 1 .◄4g 503 0 2,s 760 2.oos 2,81~ 2,712 3,834 ~.466 3,762 2 .025 190◄ 1,095 ◄83 1D9 524 l,{•26 2,100 2,047 3,091 3.838 ◄,434 .«,oeo 2,283 AVG 1,385 ◄52 73 241 807 1,970 2,626 2,69.2 3,556 3,Q82 3,553 2,000 

l008 ,t ft77 NO ORY WATER YEARS 

1978-1992 1981 6,528 6,3311 8,687 8,178 7, 152 4,755 7.983 4,267 3,793 8 ,600 0.112 6,825 1985 5,456 1,693 8,407 s·,1s0 7,517 8.◄87 7,194 5;997 6,300 9,209 9,88-1 8,545 1087 7,432 6,712 7 , 112 B. 13 0 e,m 5.-46.8 '6,837 5,075 ◄.940 8,701 9,560 8,845 1(199 6,435 5,9.36 7,037 10,057 O,MS 10 . IJD 10,302 6.0t4 5,0H 9,252 11,057 f0,53• AVO 6,211 6 ,720 7,311 7,630 7,3ro 7,211 8,079 5,338 S,019 8,49◄ 9,1103 8,637 
1993. 1094 NO Of'\Y WATER Yl:ARS 

1995~109'7 NO ORY WATER YEA RS 
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Appendix E-15. (Cont inued) . 

IC EXPORTS C S AVERAGE PE WATER· PERIOD WATER OCT NOV DEC JAN 
JUN JUL AUG SEP ~EAR TYPE YEAR 

WET PRE-1945 10 30 • 0 • 0 0 0 0 • 0 0 0 0 190 0 0 0. • 0 0 0 0 • 0 0 0 1942 0 0 0 0 0 0 0 0 0 0 0 0 1843 0 0 0 .0 0 0 • 0 0 0 0 0 AVG 0 0 0 0 0 0 0 0 0 0 0 0 

1945-l 950 NO WET WATER YEARS 

10S1-HJ87 1052 368 12 41 0 0 0 100 58 128 517 075 539 19SJ 418 31 0 0 115 555 1.379 2,068 2 ;24i 2,837 2,◄38 7&1 1956 f, 123 350 138 8 ,so 413 850 J82 1;083 3,169 2,014 ,., .. 1058 1,035 4'0 88 15 !5 251 104 531 ••• 2,832 3,061 1,779 1003 1,3◄8 748 0 455 763 1.709 l , 172 2.700 3 ,420 A,055 3,698 2,014 1905. 2.1 ◄5 855 0 170 1,500 2.150 1, 136 3,090 3,578 4,220 3,725 1,943 1967 1,776 9?.4 ,,. 735 615 1.938 1, 147 1,828 2,055 2,560 ◄. I SB 2,SOB AVG 1,173 451 101 197 475 1,1;111 412 1,520 1,887 2,8B5 2,998 1.590. 
(900 - 1077 1009 6.0911 , ,rn& :l,677 5 .608 4.647 3 ,340 3 .139 3,182 2.381 3.22t ◄,92t 2,◄21 1970 1.902 904 121 1,067 l ,E!f)G 2. 193 ◄.52◄ 3,845 4,800 5,0 10 4,394 2.928 f071 2,,169 1.952 1,852 1,841 3,074 4,63 1 ◄.3.51 4.452 5.627 6 ,344 8.620 3,719 1074 5.822 4,819 3.28J 1.911' 5,397 6 ,209 '4. 125 1.016 s .0,2 10,◄93 9,28t 4,940 1075 ◄-, 498 1,876 2,7 55 5,◄0S 6 .6.]4 6,005 6.207 5,◄71 4,353 5.010 8.817 7,6 1n A\/0 '4,158 2,!114 2 ,459 3,103 ,r.JlJ . ,478 •.•st 4,789 5 ,211 6,0 19 1!1,787 4,3◄$ 

1978-1092 1982 5,787 ◄,032 5,12 7 5,127 9 ,402 10,369 9,550 5,859 3,705 3.660 7 ,0 13 5,167 1083 5,202 0.004 8,307 JO.IMS 10,155 15.2~1 J .755 3. 1(18 ◄,841 S,035 7 ,018 ◄,050 1984 2,4 15 1.088 2.0-88 1.R74 5,700 0 ,8S6 1,G◄2 0,73& ~ .950 9,204 9,205 S.312 1980 7 ,518 7.202 9.761 8.926 6,01)2 3, 1-11 4,612 8.080 5,954 8,378 9 ,727 10.296 AVG l ,2J1 4,881 S,333 6,44 ] 7,8'4 6 ,397 6,iGS 5 ,219 6,121 6,619 e.◄80 6,20-6 
1 993 , lQO◄ NOWETYEAAS 

1995-1997 Hl95 5,220 0,07,f 7,434 tf,6'16 e,no 2·,305 3.439 4, 19,9 7,01 10.363 9\ 133 7,209 
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Appendix E-16. Simulated Average Monthly Combined Exports (cfs) by Water-year Type at the CVP and 
SWP Delta Water Expo,t FaciOties. Projected Exis~ng Operations to 1995 Bay-Delta Plan. W-Wet, B
Below No11T1al, 0-Dry, C-Critical, A-Above No11T1al. 

WATER WATER 
YEAR YEAR =· A 
,oz. A 
1940 . A 
'1951 A ·~ A 
1957 A 
1973 A 
1978 A 

198.> A 

AVG 

1923 8 
19'35 B 
19Z5 8 
1937 8 
1945 B 
1946 8 
11'48 8 
1950 8 
1959 8 
1962 8 , ... a 
130$ • 
1972 8 
197!, 8 

AVG 

1924 C 
19~ C 
19:31 C 
1933 C 
1934 C 
1976 C ,m C .... C 
1990 C 
1991 C 
199? C 

AVG 

AVERAGE MONTHLY COMBINED EXPORTS AT CVP & SWP (CFS) • ... - I Mnnl::1 < IIJ 42( .1QQ~ IAV.QE I TA Pl IPJ 
OCT 

6,573 

9.590 
8,19a 

10.SlO 

11,027 

11,027 

10,113 
3,9 15 

7.827 

8,155 

11,027 

4.254 
7,319 

6,7 14 

8.967 

10,550 

9,17 1 

8,12a 

11.027 

7,971 
11,02.7 

8,.)4'3 

11~027 

11,027 

9 .111 

8.063 
6,65< 

4.762 

5,012 

4,801 

tl.027 
S,442 

6 .311 

•.m 
<,OSS 
4,3'70 

5,955 

NOV 

6.936 

10.~1 

8.311 
10,$41 

10,84, 

10.na 
10,9,41 

3,778 

10,941 

9,1q 

~0.94\ 

7,730 

6,-831 

5,424 

10.S.O 

10,941 

:',766 

6,942 

1,978 

6.856 

10,S41 
i, 5'1 

1 ),94.1 

1l.94t 
t,M4 

7,558 

6,057 

S.◄82 

5,338 
3,683 

10.941 

5,◄66 

G.1241 
3 ,;381 

4.fJTT 
,-11 , 
5-!35 

DEC 

11,472 

11,364 

7,421 

11:es, 
10.685 

7.~52 

11.2S1 
10,857 

11,332 

10,( 10 

11,678 

s.12a 
7,6-CO 

11,3.50 

11.420 

11.521 

7.604 

6 .607 

7,793 

10,385, 

11.557 
6,875 

H ,264 

6,323 

9,2SS 

11,327 

11,303 

6,075 

6.029 
-~.270 
10,s.ao 
10.733 

11,175 

7,66' 

&.052 
6,33, 

8,178 

JAN 

12,147 

1t ,TT4 

11,706 

12,729 

9,663 

11,393 

11.573 
8,178 

12 ,729 

11,321 

9 ,532 

11,763 

11.863 

11, 101 

11,287 

\1,968 

10,897 

11,567 

7, 159 

7,528 
12.208 
4,23-8 
10,520 

l0,6 .35 

10,162 

11,574 

9.690 
10,0,47 

11,380 

11,508 

fl,4'6 

8.21~ 
11.273 

11.255 

5 ,161 
1,798 

9.759 

FEB 

12,821 

8,790 

12.142 

~0.91-4 

8, 140 

10.03! 
12~400 
5,319 

8.$42 

9,912 

<.079 
6,332 

12.821 

12,821 

12.2&3 
7,317 

6,4l3 

11,762 

5 ,133 

12.255 

10.126 
4.835 
9,646 

7,91.i 

8,ll81 

8.CM1 

8,-161 

6,382 
7.285 

s.2Js 
9.183 

5,900 
6,37\ 

6,08'3 

6.371 
1 1,(IZ7 

7.A'7 

MAR 

9.62, 

8,572 

11.726 
6 ,131 

8,3"2 

7,670 

'9",341 

5.279 

6,482 

8,3$2 

6,096 

10.528 

H ,7OO 

12,064 

S.S23 
-9,0 18 

6,Ct2t 

8,1'4< 
6 ,378 

10.191 

7.731 
6 .481 

9,175 

8,117 

8 ,619 

, .734 
4,346 

◄,256 

4.809 

6~719 
6,038 

l,45-4 

C,729" 

4.,69 

11,142 
7.~'/ 1 

5,-£6:2 

APR 

8,002 
7,372 

S.095 
6,243 

7,372 
S,804 

e.n, 
6,3 13 

6,337 

6,923 

7 ,713 

$ ,095 

7.18 1 

8,027 

5,8-81 
5,88' 

6.573 

5,929 

3,765 
'4,190 

5,072 

4.673 
4,606 

6,604 

6 ,01• 

2.791 

3,o.t9 

3.172 

3,&&S 
3,665 

3,081 

2.862. 

2.96S 
3,62S. 

3,?91 
3,577 

3 ,~8 
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WAY 

8,!55 

5,144 
6,136 

6,t75 

6,771 

•.587 
f.,f'29 

6,'96 

6,772 

'·™ 
6,235 

8,$6 

6,011 

G,n3 

S,055 
S,3;s 

7.70ll 
5,395 

3.930 
, ,917 

, .a&3 
3.8i2 

3.9~8 
o,s12 
5,~8 

2.977 
3.215 
2.6«i 
), 492 

2,959 

3.265. 
2,395 

3,11) 

Z.805 
2..57l 
J.007 

2,ffl 

JUN 

11..2n 
6,317 

6,320 

6 ,302 

6,256 

6,75' 
1.acn 
6.622 

5,6!2 

7,037 

6,53< 
7,237 

6,48S 

4,945 

7,.S73 
7,031 

a.266 

7,004 

s.m 
S.92' 
5.924 
s.m 
s,ua 
e,100 

6 ,619 

<.363 
"5,713 

◄,261 

5,183 

5,830 

5,879 

1,078 

S,7$! 

5,79◄ 

5,582 
S.787. 

5,022 

JUL 

3.357 
10,3"6 
11,287 

11.206 
11..27'1 

11,280 

a.1oe 
2,839 

3.233 
8,113 

11,282 

1 1,118 

10,857 

-5,828 
6 ,674 

9.918 
11,287 

11.287 

10,658 · 

11.~87 
1 1.27& 
10,382 

H,2a7 

6,710 

9,949 

6,828 

8,1!$'7 

•.375 
3.826 
3,8-3' 

S,372 

1.606 

7, 150 

7,093 

7,185 
7.681 
5.756 

I AUG 

4.4TT 
7,492 

8,975 

7,985 

7.972 

10,076 
7.~o 
4,473 

, ,873 

7,098 

9,604 
8,392 

7.73$ 

&.os2 
7,081 

7.9n 
11,287 

11,287 

7,25' 

9,378 ._,.. 
7. 157 
10,007 

6 ,2 55 

a.,,10 

, ,842 

2,95-0-
297 

991 

797 

3 ,501 

932 

4.958 

-5,1-18 

2,55' 
4.().(1 

2.820 

SEP 

6,S02 

6,307 
6 ,636 

6.600 

8,708 

e,548 

O,CJJ 

8,219 

10AA5 
7,,200 

6,446 

5,875 

S ,$85 

6,039 

6.340 
6,442 

10,!?95 

6 .717 

6,953 

6,860 

6 ,62$ 

6,663 

S.986 

6,111 

6,788 

3.699 

3,e◄i 

3.187 
3 ,686 

3,644 

C,045 

2.965 

4.4 15 

3,370 

4,5« 
4,356 

3,&14 



Appendix E-16. · (continued). 

AVERAGE MONTHLY COMBINED EXPORTS AT C)IP & SWP (CFS) -
4 

WATER WATER OCT 
JUL AUG SEP YEAR YEAR 

1925 D 8,5 10 6,622 8,873 7,305 11,7&2 7.9-48 6.701 5,185 S.S3S 10,130 7,Blr' 6,280 1926 D 9,187 6,921 7.5E"6 11,,a:J 11,762 S.268 6,038 S,130 5,$27 10,311 7,795 6,234 1t30 0 1,g,37 6.371 9,135 11,4.67 B.635 11.234 3,591 3.53~ S,52.S 7,-cs:? -4,628. S.195 1932 D 0,189 5,W3 11,2.35 11,466 7.583 3;095 5.100 4,298 2;298 3 ,103 3,292 5.382 1939 0 11,017 10JA7 7,734 6,620 .S,116 5.393 4,175 3.S7S 5,621 10A10 7, 1:13 S,897 1944 D 9,711 10,39,8 7,36< 11.423 12.388 9,175 ◄,().(0 3,W 5,634 9,806 7, 116 6,078 19'7 D 8,235 8,386 11,229 11,&45 10 ,-461 8 ,217 4,339 3;896 S,'2B 11,W 9,676 6,323 19'9 0 10.821 7,~7• .8,533 B.696 7 , 125 11,638 4,945 <1.858 6,202 8,205 6 ,933 6,µ2 1955 0 7,340 10,9-41 11.25!1 11,~ 9,45 1 4,.S2.c 3.5:is 3,931" 6.SS3 11.287 11.287 Q,7;o 100<> D &,92.5 5,735 11,131 9,362 11,792 7.9:J7 3,799 3,40 1 5,623 11,287 10,831 6,570 1961 0 8,316 •.177 10,8?5 9.0SS 11,685 7,300 3,560 3.411 5,.563 11.287 11 .003 6,617 , ... 0 11,027 10,1141 10,097 11,602 6 .~ 1 5,072 3.627 3,033 5,618 11,287 11.27J 7 ,084 198 1 0 11,027 10,$41 9,167 7,318 ;,n1. 7.239 S,032 3.876 · 5,541 10.4-45 7.132 ·e.011 198S 0 11 ,027 10,i41 11,06,I 7 ,680 8,930 7.407 3,896 ◄,421 5,4-83 11,29? 10.0"73 6,505 1~ 7 0 11,027 9,146 7,78-S 9, 191 9,75-a 10,839 3,787 3,455 5,53 1 11.280 8,425 6,039 1989 0 .C,HS 5.517 8,84< 8,335: 6.832 11,402 5,467 4,05 1 5.499 11,287 10,989 6,506 AVG 9,030 8,.SU 9,373 9 ,644 9,~ 7,788 ',A&S .. 078 5,574 10,010 8,A67 6,437 

1927 w 8,914 10,S:41 lt, 194 U. 346 12.231 8,367 8,095 8,045 6,448 5,652 6,751 6 ,034 193! w 7,039 10,$41 11.l5 1 12.352 9,510 7,11!6 6.762 8,129 10,258 , .e,o .f,730 lt,243 1941 w 8,093 8,050 11,.cS3 12,450 12,821 11,372 8,043 7.802 8,44 9 3,047 4,◄13 9,693 1942 w 11,027 10,9'1 7,719 7,,318 1.m 7,169 8,550 8,755 11,2$3 3,Di!O •.<77 10,665 19'3 w 11,027 10,0..1 8,◄55- 1,◄51 8,023 7.201 '8.549 6,332 5 ,500 5 .804 5,,m 5,997 1952 w s.on 10,941 11,3~ 12.729 t 2,S99 1 .529 7,2$0 8 ,302 9,853 8,4-Sd S,688 11.243 11;1$3 w 10.ooe 7,867 r.eee .4;8ll5 .4,Bi1 6.SU 5,9'-6 7,'90 10.551 6,996 5.355 B,S40 1955 w 6,633 1.ns 11,301 12.729 12..4(7 l0 ,S49 7,588 8,755 10,on 5 ,369 7,883 11.243 1959 w 11,027 10,941 11,372 ' 11.811 10,909 9,851 8,860 8,756 10,no 5.69~ 7,175 11,243 1963 w 11.0Z'I 10 ,8.U 11,266 11,◄&3 8.639 10,6$4 8,098 8.356 7,055 7,046 7,433· 8.516 1965 w 6,6?2 10,336 11,308 12,'n9 11,916 8,6M IS,549- 8.680 6,328 10.2 11 '7.4 1 1 6,599 1007 w 8 .732 10.9'c1 11,526 11,916 12, 157 6,J67 7.644 B.1~ 10,2!8 10.ns 5,927 l 1.243 , ... w 9.063 9.057 l l, 249 12.373 12,-187 6.648 6 .727 7.690 9,601 6,576 S,115 11.243 l!170 w 11.027 7,887 7,427 4,946 ..C.821 6 ,$44 S.995 4,706 6,275 9,362 7,0.CO 6,51;!. 197 1 w 9,053 10 ,8'1 11,'1 l 11,618 9,063 11.342 6 ,116 7,704 9 ,027 it.253 7,997 10.304 um: w 11,027 10,9(1 11,352 12.044 8,47-4 8.649 8.549 8,701 8,86' 6,933 6.&, , 11,243 1975 w 11,027 10,9'1 11,013 7,640 6,017 7,644 8.267 a.1ss 10,"40 6,S4S 7.'™' 11,2,a' 198 2 w 8.384 10,9'1 n.21 1 12.,015 12.62.1 8.837 8,615 9,TT9 11..:zn 8,5$a 8.123 11,243 1983 w 11.027 8,293 7,937 S,107 .«,628 .c.9-i1 S,684 6.273 7,ru!O 7,796 10,178 5,380 1984 w 7 ,062 s,m 5,2◄ 1 3,218 4,143 6,.342 6,270 5,104 6 .673 8.300 8.850 10,689 1936 w 8,737 8,560 n. 320 1 l,4 10 12.821 10,248 9 ,68" 7,194 6.321 4,&40 5,96 1 8,071 AVG 9,323 s.n s 10,195 11)..OJl .... , ..... 7;180 7.7t3 8,710 ..... li,&.n 9.500 
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Appendix E-17, Simulated Average Monthly Combined Exports (cfs) at the CVP and S\/1/P by Water-year 
Type for Furure Operations to Interim South Delta Program With Furure Water Demands. W-Wet, 8-
Below Normal, 0 -Dry, C-Critical. A-Above Normal. 

EAR WATER- OCT 
YEAR 
TYPE 

1822 A 6.566 
1928 A '7,700 
11l<0 A 6,6.59 
195 \ A 9,319 
1854 A 10.476 
1957 A 14,695 
1!173 A B,227 
197! A 3,861 
U180 A 7.93A. 

AVG •..-os 

1923 B 10,◄27 
1935 B 4.311 
1936 B 7,44S 
1937 8 s.ess 
1845 B 1,n1 
1846 8 6,100 
1948 8 9,411 
1950 8 6.908 
1959 B 14,69!, 
1%2 B 5,9i9 

•= • 10,06! 
1!166 B 13,s.46 

1972' B 11,127 
1979 B 11,062 

AVG 9,183 

192.( C e2n 
1929 C 6,V2 
1931 C o!,725 
1933 C ◄ ,904 

l-934 C 4,888 
1&76' C 14,69.S 
191"/ C 5.246 
1988 C 3.7SQ 
1990 C 5,425 ,.,., C 4,171 

1~2 C ,4,513 
AVG $,8!19 

1925 D 7,999 
192{:i 0 7, t20 
1-930 0 i, 739 
1932 D S.9g 
1939 D t 4,69S 

194-< D a.016 

EXPORTS (CFS) 
DWRSfM MODEL RUN 414 - INTERIM SOUTH DEL TA PROGRAM 

~T - .... ~LJ i( 11=1.i:: 

NOV DEC 

7,071 U ,04-< 

l~,596 12.810 
6,1&5 B,162 

1.C.,596 14,S.9 

141,596 10,oas 
'0,842 7,022 
t.C,$96 14,581 • 
4,428 11,253 

11,918 1◄ ,581 

10,982 11.m 

t4,S96 U ,581 
8,165 ·-7.◄58 8,48B 

7.003 14,$8 1 

11,866 13,115 

U.266 14,581 
1,643 7,820 

i .07t s,m 
12,003 8.309 
7.290 10,GZ2 
14,595 13,2$2 

E,788 8,716 
1(),,808 14,581 
10.875 8 .6.$1 

10,103 10,896 

7,508 12.677 

~040 11.176 

~78 9.107 
3,559 5,458 
385S 9,873 
1,,3,43 8,684 

5673 10.932 
6195 11.958 
3.990 9.6tZ 
.C.•HIS G,0 1:; 

3,333 4.8&9 
6,°"4 9,171 

6fJG7 9.ZO,S 

SM2 7:950 
5.875 9.873 
S.4-38 12.00? 
13.013 10.020 
9,579 13.408 

JAN FEB 

U ,30,( 9,073 

14,549 9.470 
14,$49 14.502 
8,700 8,22.5 
14,SC9 !1.325 
11,942 9.993 
12.007 6,5ea 

13,099 5,.C83 
14,500 10,480 
13,133 !l,'58 

10,4:l? 6,405 

1◄ .549 M•9 
14,S49 1◄.53a 

l1.S3S 14,64'6 

11,22.S 10.6&8 
9,954 . 7.341 
11.062 6.◄57 

14,5-49 13.709 
10.13-4 6.&72 
7.543 14,628 
12.072 8.892 
6,◄3-5 6.584 
12,300 8.132.0 

14,5'19 13,546 
11,492 10,104 

9,580 S.33'3 
9,726 8,51!6 

10, tSO 6,.CS.C 

11,225 6,7.C8 
12.366 5.628 
8,032 8.225 
5,099' 6.-133 
1<4.,5-49 2,88,$ 

12,7◄0 s,0;1 
e.5's 5,7-'0 

7.788 1.C,59'2 

9..800 7.315 

1.m 14.555 
12,072 1-',62& 
14 .54 9 6,710 
t2.-'1-' 7.215 
e,JQa- 1.01, 
12.154 1◄,6"5 

.. 
MAR I APR MAY 

9,t4 0 

6,U< 
13,669 

8,602 
8,928 

a.~s 
8,423 

7.120 

7,◄94 
8,91T 

S,816 

t0.(76 

11.65& 
11,258 
8 ,341 

8,618 
S,885 

8;'39 

7,168 

10,0'36 

8.37◄ 

7,413 
B,830 

9 .140 

8,674 

3,694 

M9B 
, .220 
C,594 

6,761 
s,501 
◄,3 1? 

4,839 
.C,317 
11,339 

7.511 

S,$CS 

7,641 

6.647 
11,079 
3,258 
S,376 

a.7es 

8,081 10.E90 
7.492 5,816 
8,327 8,825 
6.263 7,011 
8,990 6,m 
5.1Ut2-- S,Si'!! 

6.801 a.1·1O 
11.333 8,651 
7.200 s.m 
7,601 7,Z10 

7.727 6,175 
9,832 9.791 
1m 6.0l5 
8,08 1 6!615 
6,061 5,019 
5,892 S,311 
6.46S S,097 
5,96<> 4.833 
3,737 3,571 
, .949 4,SSa 
S,118 ◄ .822 
◄,714 3,845 
◄.276 3.89< 
6,768 6,◄ it 

6,204 S,681 

2.781 2.9B: 
l, 013 3.226 
3,131 2.672 
4.17S 3,47( 
3.670 3,014 
3,098 3,25E 
3,013 2.52~ 
2.,946 22"1! 
3,603 2.802 
3,805 2.867 
3.468" 3.,01'1 
l,J35 2,91& 

6.768 5,t4tl 
$.162 ◄,562 

>.620 3,5S2 
S,101 3,519 
4,158 3,'45 
2.626 3,&10 
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JUN JUL 

1◄ .158 3,519 
&,431 ·-~ 6.481 10,378 
6,448 13,311 
6,:110 10,622 
1.,869 13,970 

7.980 11,714 
7290 5,767 
6,448 10.818 
7,SO. 9,860 

..... 10,166 

7;44'1 9,303 
8,85<> 12.496 
8 ,434 7,983 

7,593 10.085 
7,1SS 8,993" 
IJ.148 14,923 

7. 112 9,857 
6,051 11,616 

6 .on 11 . ~18 

6,061 13,392 ., ... .,2..252 
6,010 13.832 
8,300 12.577 
6,98a 11,357 

4,3TT • . 676 
s.1,, 7,950 

4,310 3,763 
5,92a o,m 
4.885 5,181 
5,943 9,889 

1.162 1.971 
4,899' 8 • .CS6 
5,65-9 9, 107 
5,623 5.767 
5,825 6,093 
.. 957 6,330 

a.m 8,◄39 

5,630 10,622: 

S,690 6,403 
t ,852 4,350 

5.673 11,698 
6.76-.S 10,085 

AUG SEP 

7.266 6,599 

11,$02 5, 152 
8,276 8,488 

9,319 9,76' 
11.ne 6.330 
8, )60 S.983 

9,580 6,4$8 
1.n, 6,431 
8.4.56 8,283 

9,23' 7,601 

8 ,02& 8,788 
6,325 a.~ 
6,798 8.165 
1.8io &,094 
8,808 6,051 
9 ,09 1 5,791 

10,753 9,3.43 

9.189 8.401 

10,639 8,620 

11.~" l s.oe1 
12.252 7,684 
10,769 8,603 

9,954 9.764 
·10,655 6.""96 
, ,673 7.626 

1,613 2.8◄5 
1,ns . 3 ,805 

65 3,384 
1.939 3,939 

1.026 $,635 
5.051 3.80.S 
831 3,013-

2.216 3,300 

2, 151 S,'434 
2.704 5.269 
1,922 3 ,585 
1,936 3.638 

8,403, S.9-43 
9.221 e,33~ 
•.138 4,815 
3,421 5,4.38 

10;997 6,953 
10,850 6.431 



Appendix E-17. (Continued). 

EXPORTS (CFS) 
OWRSIM MODEL RUN 414 - INTERIM SOUTH DELTA PROGRAM 

_.AT • • 

~EAR [""ATER-
YEAR 
TYPE 

D 
1949 D 
1955 D 
1060 D 
11161 D 
196< 0 
198t 0 
,.ass D 
lt81' C, 

1 .. 9 D 

AVG 

1921 w 
1038 w 
19◄ 1 w 
19◄ 2 w 
1843 w 
1952 w 
1953 w 
1958 w 
1958 w 
1963 w 
,oos w 
1067 w 
19'!9 w 
1970 w 
1971 w 
197-t w 
1975 w 
191!2 w 
19a.l w , ... w 
1986 w 

AVG 

OCT 

7,33 1 

8,798 

7.250 

7.808 

6.338 
12.349 

13,115 

13,86' 
10,bls:e 

3,&49 

U05 

7.283 
7,l3 1 

6,1,s 

13.099 

1' ,695 

1.01, 

1◄ .69S 

6,7◄5 
12.300 

1(,69-5 

6-8◄7 
6,009 

7.511 
14,695 

7.S21 
9,5.5'6 

f3,71'! 

i . .)80 
1<,SSS 
8 ,798 

0:154 ,...,, 

NOV 

8.n, 
7,.a< 
10,'55 

• 6.7.l< • ..... 
14,.596 

10,522 

l◄ ,596 

6 ,970 

S,539 
B,8i1 

14,Si& 

14.~ 
a.CM7 
U ,596 

14 ,5~ 

10,943 

11,178 

s.m 
12.◄58 

, • •. 3:(3 

10.ot◄ 

10,e!l 

8,831 

10,9Sl 

1~,59S 

14,695 

13,418 

14.S!l6 

9,'""4 

7,491 
8.2.Ct 

11,7◄Z 

DEC 

11,.567 

S,25◄ 

1.C,681 

U09 
10,931 

10.297 

11,'186 
10,769 

11,842 

8.906 
10,$32 

1 t,176 

14 ,58 1 

14.581 

12.675 

10,166 

1◄,581 

8 .716 

14,SBJ 

1◄ ,581 

9.689 

1•.581 
1-4,581 

1 ◄.581 

8,456 

14,581 

14,56 1 

10,476 

14,565 

8,5J7 

7,217 

12.2S2 

12.37ll 

JAN 

t2.170 

t,026 
14,484 

10,03$ 

9:.417 
12,908 

13,995 

8,182 

12,089 

8,504 

11,103 

13,506 

11,79.S 

1◄.SC9 

8,24:( 

a.2« 
14,500 

6,940 

1◄,402 

11,095 

7,755 

1•.◄3.S 

1~.4&' 

14,451 

6,289 

12.936 

11,030 

8.:509 

,i.985 

7.1)38 

S,13': 

14,"125 
11,059 

FU 
FEB 

10,62◄ 

7.2tn 
9 ,488 

1◄,S56 

13.672 

8,◄94 

8,892 

8,7◄8 

9,5$6 

6,78◄ 

10 ,0SS 

7,937 

e.~o 
1.C.2a& 

8,820 

8,820 

11,995 
6,.sa,l 

9,524 

&,82'0 

8,189 

9.253 
10.065 
11 .147 

8.58◄ 
IU50 
8,712 

7,071 

8 ,351 

5 ,141 

6,Q43 

1◄ ,358 

8,988 

:JRF~ 

MAR 

8.113 

1◄,663 

4,040 
7,527 

7,◄29 

5,165 

8,065 

5,751 
10 ,7&5 

14,695 

1,065 

•--
8.048 

8,553 

8.635 
8,635 

7,838 

7.983 
7 .999 

8.68◄ 
8,993 

'·""' 7,18.$ 

7,0$4 

7,690 

9,335 

9,172 

7.n, 
8.$28 

5.930 

7,690 

8.635 

a.in 

... 
APR 

4,3 10 

'4,983 

J,603 
·:i.n, 
3,803 

S:603 
.4,848 

3,836 

3,855 

5,522 

4,398 

9,613 

8,◄6$ 
9.680 

9.832 
9,310 

8,38◄ 

G.12"6 
7,877 

9,747 

9.613 

8,832 
9.040 

8,38◄ 

13.027 
6.162. 

9,832 · 

8,316 

8,923 

7,980 

6,330 

6,973 

8,A88 
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MAY 

3,845 

◄.BOO 
3.Q-10 
3,405 

3,tl21 ..... 
3,8◄ 5 

◄,383 
3.◄54 

◄,073 

3,573 

7.950 

9.889 

9,8159 
10.590 

7,657 

9,889 

7,429 

10,590 

10,37'8 

9,091 

8,S!Ul 
9:.88.9 

9,6CS 

4,$43 

8,◄23 

8 .537 

10,052 

10,3 13 

8,358 

4 ,985 

7.201 
8,7'1 

JUN 

s.ssa 
6,9011 
8,850 
5,657 

5,690 

6,7◄1 
5,673 

5 .623 
5.673 

5,457 

5,633 

6,633 

12.07f 

8,820 

11.061 
·s,448 

12.07\ 

10.455 

9,832 

12.071 

7.222 

6."65 
12.07 1 
11,818 

6.414 

8.889 
8 ,754 

10.285 

11.229 

10.03< 
6,835 

8."65 
9,321 

JUL 

8.687 

11,307 

13 ,734 

0,091 

12,810 

12.219 
14.060 

10,134 

9,◄oo 

10,205 

11,144 

4,484 

S.833 
,.562 
10,769 

7,788 

10.65.S 

6,533 

5,118 

9,905 

10.ees 
11,861 

5.&47 

12.512 

11,127 

9.857 

7,592 

8,032 

10,150 . 

13,555 

11.290 

9,018 

·AUG SEP 

10,981 5,976 

◄,7◄1 G,n, 
12.235 6 ,431 

8;895 8,,300 

10.215 5,724 
10.aso 1.m 
,o.~ .1,333 
8,«7A 9.203 

S.474 ◄,966 
8,81, 6 .700 
a,w 6,689 . .,.. 6,11"1 
7.&41 11-,532 
8,280 8,9$<1 

8.2<!0 9,916 
9,319 7,071 

5,376 14,798 

9.759 9,057 
8,504 11,027 

8.032 12,391 
8,651 7,0S◄ 

9.1Z! &.618 
5.327 13,85.S 
6,◄34 1"1,933 
f0.671 9,00 7 

9,286 10,690 
8,651 11,734 
U30 1 t.66 7 

7,!134 14,933 

12..317 10.6-40 
8 ,961 n ,195 

8.2$0 8,367 

8.521 10,550 



Appendix E-18. Simulated /iverage Monthly Combined Exports (cfs) by Water-year Type for Future 
Operations to State Water Resources Control Board Water Rights Alternative 5. W-We~ B-Below Normal, 
0-Dry, C-Critical, A-Ab0'1e Normal. 

Water 
Year 

,m 
1928 

19'0 

19-.Sf 

195-1 
11f.)/ 

1&7J 

1978 
1980 
1993 

1823 
1935 

1936 " 

1937 

IS4S 

1946 

1948 

19S0 
, t>.5!> 

1$62 

1966 

198$ 

1972 

1979 

1914 
,m 
1931 

193"3 

19:14 

1976 

19n 
1988 

~990 

"'" 1992 

1994 

1925 
1926 

1930 

Watt!r• 
Ye.a, 
Tvoe 

A. 
A 

A 

A 

A 
A 

A. 

A 
A 
A 

AVG 

e 
6 
e 
B 
B 

e 
6 
a 
8 
8 
B 

5 

8 
6 

AVG 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
AVG 

0 

0 
0 

Oct 

·B,423 

11,385 

6,240 

9,824' 

11.388 
11,383 

9.824 

2.e39 
f0.98t 
◄,187 

7,844 

11,38B 

4,399 

10,182 

10,411 

6.435 

11,323 

6.843 
10,035 

11.381l 

8,1<&-S 
11,339 

11,385 

11.388 

11,388 

9,722 

9.221 
10.459 

6.500 
7.315 

5.653 
n,Ja.a-
5,735 

7.~17 
9 ,449 

s,iss 
3,747 

11,388 

7,781 

3,959 

6.25" 

3.945 

EXPORTS (CFS) AT CVP & SWP 
STATE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5 

DWRSIM MODEL RUN 524 

Nov Ceo 

t ,057 11,$02 

1'.246 11.502 
v,1 •.2S2 
11, 19S 12,007 
11.:129 11,14-1 
11.229 10,818 
1 1,19$ n,323 
<.360 9.873 
11.229 11.404 

"-164 t1,111 

uos 9,5'0 

11,229 l1 ,730 
7,071 6,826 

6.S-82 6.712 
8,316 9.9<>6 
11.145 11,388 

1'.229 12,023 

USO 6 .028 

7.511 7,413 
11.229 10,459 

7.~29 11,290 

11212 11.893 
9.640 7.299 
11.229 11,355 
1U45 10,639 
9,<&1 9.640 

7,f75 10.m 
9,747 10,459 
&J)O< 5,327 

s.s~ 5,.213 
2,.$U 9.922 
11.U9 11,4~ 
6,:i63 5,002 
$.Ci1 tt,ZOO 

7.et I 10.622 

s.c .. 5,116 

4 ,81S 4'.T74' 
11,245 11,355 
6.971 8,A22 

-<,714 9 .270 

7',2JS 9.286 
4.24.2 10,720 

Jan Feb 

11,975 11.643 

11,84-' 
12,366 

12.903 

10.954 
11,632 

11.844 

11.355 
11,812 
tZ.887 
10,871 

9,922 

12,0o!O 

11,8\2 

11,958 

10,948 

12.903 
10,720 

11,SlS 
5 ,099 

11,095 

10,26,4 

5,083 

11,S3-5 

10 . 134 
10,361 

11,013 

11. 160 
9.2~ 

10,117 

11,470 

11.,600 

4,953 
11,42 1 

'9.694 

3,552 
9,155 

11.535 
s,rn 

6',875 

11 • .;s~ 
1 1 ,◄70 

7,184 

12.883 
12.076 

6.787 
7.022 

10.560 
9.097 
4,856 

9,3!6 

8,318 

4,711 

4 ,819 

12.924 

9,639 

9.27S 
7.0:2:2-

s.oaJ 
11,931 

6.047 
,o. 181 

5 ,588 

6.209 

10,7~ 

S.632. 
7,983 

9,152 

a .•1 2 

5.36 1 

7,235 
S,975 

B.•80 
2.3 10 

7, 0:l!i 

7,852 

686 
3, 303 

6.53' 
6,280 

11. 101 

11.895 
7,004 

Mar Apr 

7.136 . 8,569 
1,722. 7,559 
11,991 8,4-85 
8,130 6,5-i9 

8.032 7.559 
7.739 •6:S99 
8,097 7.843 
S,175 7,710 
5,327 7,071 
r .100 8,737 

7,096 6,953 

7, 168 8,266 
11,355, '8,838 
11.991 8.◄85 

6.745 8,182 
7.511 6,«a 
8.032 s.,,s 
7,7S5 8.953 
9. 156 6,:147 
15.289 3.879 
7.085 5.808 

8,032. 5.808 
7.2$9 S,42 J 
7,788 4,865 
7,348 7.031 
8,16S 6,&13 

3,SOJ 2..997 
s.002 J. 165 
3,747 3,165 
4,6S2 4,327 
~.220 3 ,7e8 

6.582 3,2:32 
2.~87 3 ,182 
J,':flO 2,980 
6 ,012 "3,754 
t1,518 '·"" 8,-4S5 3 .939 

•.soo 3.384 
5,537 3,530 

8.081 6.711 
6 .&80. 6.229 
7 .29? -4,014 
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May 

8.993 
6,6t0 

0,5E6 

7.4'9 
1,7Zl 

6.256 
6.810 

8.504 
1.n1 
8,993 

6,884 

5.566 

5,718 

6,615 

1.01· 

5 .. 376 

s.sn 
7~88S 
5,65:'.; 
3;97~ 

5,637 

s.im 
3 ,9-43 
4,17 1 

6,289 

5,,m 

1,613 

3.372 
3 ... ,o 
2.786 
3.291 

3,438 

m 
J. 307 

3.030 
3e210 

3,275 
3, 193 

2,915 

5,116 

5.3"<1 
J ,8 12 

Jti ne 

,,.m 
6.0,., 

7,5<2 
7,7PS 
s,.n.o 
8,316-

8.4'01 

8.872 
9,040 

11.6-50 

7.7U 

7,980 

7t9'2 
8,315 

8 ,030 

7.!>42 
7,323 
9 ,350 

8 .485 

7,542 

7,189 

6,6 16 

7.391 

7,155 

8,418-

1'.,804 

1,768 

3,.C.01 

4'.478 

1,869 

5.522 
7,74-4 

6$0 

5.044 
7,7-61 

3,569 

5.320 
7,879 

,.uo 

4',242 

6,347 

1.2go 

July 

7.266 
11.66 1 

U,681 

1 f,681 
11,681 

11,665 

l'-681 

4,822 

Q.14'2 

7,739 

a,731 

11. 681 

11,Mt 

11,681 

8,032 

11.E·Bi 

11.ss -1 

11.681 

10.761f 

11,681 

11.681 

U, 681 

11,681 

11,66.S 

11,681 

11,35,4 

2,672 
2.330 
3,242 

1.281 
7,168 

10,573 

5&7 
4.C-92 
9,189 

l.877 
S.78-4 

11,695 

5.258 

9.4r....S 
9,466 

11,65$ 

Aug 

9 ,18!1 

11,584 

11,5a4 

11,584 

11,:i84 

11,567 
11,584 

7,869 
6,712 

8,407 

9,.242 

11.58,C 

8,162 

1' ,584 
7,706 

H,584 

11,584 

11,-584 

6,008 

11,584 

1i .s94 
11,584 

11,5.!W 

11.567 

9 ,596 

10,585 

2,102 

2..330 

570 

552 
4,3-34 

7.168 
2,737 
1.662 

3.503 
3,875 

1.890 
11,516 

3,537 

7.217 

2.346 
9,270 

Sept 

10,168 

8.06C 

8,387 

9,933 

10,000 

7,811 

8.882 
H ,128 

11, 178 
8,519 

8,641 

6,3-47 

7.222 

6.2 12 . 

5.027 
7,559 

9.579 
S,966 

~.6"30 

6.~lll 

9.983 ..... 
i ,SS2 
7,845 

6.498 
8,08-0 

4,731 

◄,714 

4,7◄7 

4,8 15 

• .832 
.t.882 

4,747 
◄ .798 

5,572 
4,680 

4.630 
5.791 
•,912 

$,152 

6.-902 
-4,798 



Appendix E-18. (Continued), 

EXPORTS (CFS) AT CVP & SWP 
STATE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5 

DWRSIM MODEL RUN 524 

water Water• 
Year Year 

0a Nov Dec Jan Feb Mar Apr May June July Aug Sept 
T•-

1932 D 6.002 3,0l-1 11,6 16 12,219 10~36 1 3,SC3 S.606 S,132 8.047 10.1183 6,33a S.135 19->9 D ·t1,388 11.m 10.3-45 5,002 5,704 6,859 •. 327 3.763 7,?44 1 1,681 11,095 5,168 1a.. D 10.981 11.1~ 10,850 10,834 5,fu'a 7,188 4,◄28 -<,040 7,710 11,681 11.58,, 6,532 1947 D 10,539 11, 1'2 11,:.67 11,693 9,892 6,729 5.118< ),74 7 7,609 11,665 11,55 1 7,205 11M9 D 10.362 10 ,707 11,323 11,307 8.556 11,486 5.2S> 5.03,l 7,121 11,665 8,113 6 ,384 195S D 10.769 11.m 11.339 11,567 8,213 7.299 3,838 <,040 7,559 11,649 8,700 5,354 1960 D 10,769 7.603 6,566 t 0,769 11,$79 6 ,843 ◄.19l 3,633 7,391 11,,;,;5 5,◄-12 $,3$,4 , .. , D 8,7'49 10 ,ot.4 , 1 .'J07 10,802 11,336 8,130 3,704 3,177 8,030 11,665 11,27◄ 4,731 196◄ D 11,388 11~9 1 1,.«).t 11,714 8,087 6,973 3,68.) ◄,057 7,37◄ 11,6a1 11.58-4 9,933 198 1 0 11,339 10,118 11.◄~ 5,195 6,011 7.199 .S.640 3 ,796 7,542 11,68 1 11,S&c 6,768 1985 D 11,355 11.229 11,388 11,600 6.9 13 7 .869 4-,276 , ,545 6,902 11,681 11,SM 9.7 -47 1987 0 11 . .290 &,013 10.525 8,'72 5,668 5,6◄1 3,670 3, 112 8.08 1 11,6SS 10.688 -4.882 1989 0 3,780 5,96 0 5 ,849 8 ,879 2,888 11.307 5.8◄2 -'1.220 6,919 11.681 5.556 8,519 AVG US? 8,68◄ 10,301 9,99'7 8, 180 7,538 •,ns 4,161 1,244 11,376 8.995 6,A09 
1977 w 9.286 11,11J 11,404 11.649 10,Dtl! 1.n, 8.283 8.618 8,10( 1 1,681 9.373 8.6SJ 193:! w 10,476 11,W 1 t ,95$ 11,812 S,325 5 ,191 7.912 5.726 11.633 7.266 8,814 11,515 194 1 w 10.,1 1 10,840 11,763 12,545 12,976 8,96, 9,SM9 10.459 11,265 S.78< 7.820 11.515 1942 w 11,372 11,229 11,844 1 ,315 S.7$4 7.608 9 .108 8,993 U, 633 7,511 9,107 11,515 19◄3 w 11,3n U ,2211 11,698 8,244 6, 173 6,04◄ 9,3"27 7,983 a .OS! 7,360 7,331 9,175 1!152 w 10,199 11,W 11,53.S 12.903 10,379 7,315 8,030 9,531 11,633 9,563 10,964 11,515 1953 w ll ,372 11.229 8.2,4; 5,067 ·a.w 7,.«s S,M2 7.983 10,7-41 11.681 11 ,51\.4 10,&40 1956 w .& • .t33 7 .2SG ll ,991 12 ,!il(Q 8,105 6,940 8. 1&5 9,091 11,633 U,518 10,769 11,532 1958 w 11,339 11,2 12 11.au 11.632 7.3$5 7.690 9.680 10,932 11,633 8,716 1 1,584 11,532 1963 w 11,38$ 11.24'6 11.323, 11,432 12,744 11,649 8,283 6,618 8,990 11,681 11, 58C 10,084 , .. , w 7.33 1 10,◄2, 11,779 12,W 12..942 1,n1 8,721 8 ,081 8,6.$3 10,215 B,71 6 9,B:65 1967 w 10 .0SS 11.22$ 1 \.551 12..012 9. 134 6,663 8,670 9.726 11,633 i , .681 10.411 11,515 1069 w 10.525 10 ,556 11,388 12,.659 4,747 5,474 7,69-4 9,303 11,633 7.a..~ 9. 172 11,515 1970 w 1 1,388 11,229 8, 179 • .871 S,<115 1.364 6.785 6,201 7, 172 11,68 1 11 ,56,c 9.013 1971 w 905-47 11.212 11.•10 11,746 7,At9 8,309 6.7S1 7,983 10.000 11,681 ,,.s~ 11.s1-s 19'74 w 11,388 11,246 11,567 12.903 a.1s9 8,048 9.51~ 8.~ .] 9.899 11,681 11.584 11,515 197$ w 11,338 11,22.9 11.,c37 10,297 6 ,<162 !1,309 8,9Sll •.m 11.633 11,681 11 ,584 11,$32 19"82 w 9 .384 11.212 11..,437 12,.903 7,978 7,739 i ,141 11,013 ~1.633 9 ,645 10.411 11,532 1983 w 11,.saa 11.229 12.023 S-.71!1 ◄,350 4.822 7.155 7,836 '0 ,840 11 ,5.16 11,584 11,515 1984· w 6.354 5 .623 6 .305 4,l99 5,505 7 ,4,29 7,0;Ji' 5 • .C3S 8.1 , .. 11,681 10,8.SO SJ).47 1986 w 7, 152 6,919 11,372 11,698 12,906 10.4 27 7,7( 0 8,423 9,384 5.800 7.559 10,118 AVG 10,122 10,4SG 11,029 10,37' 8,101 7,618 8.22◄ &,806 10.25$ 9.!199 10.213 10,G&< 
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Appendix E-19. Average Historic Monthly Delta OulOow (cfs) by Water-year Type and by Time Periods. The Time Periods Represent Major 
Changes iri Water Flow Management Within the Sacramento River system and the Sacramento-San Joaquin Bay-Delta Estuary, California. Data 
from Department or Water Resources DAYFLOW. 

HISTORIC DEL TA OUTFLOW (CFS) 
BY WATER-YEAR TYPE 

WATER- PERIOD WATER OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP VEAR 1YPE YEAR 
ABOVE PRE-1945 194() 5,854 5,1>63 10,687 73,107 104,857 1.C0.077 125,370 ◄6,570 :ZT.209 2,377 1,02.J 5,237 NORMAL 

10◄.S-1950 t~O AOOVE NO~MAL WA.YER YEAHS 

1951, 1901 1951 10.600 72,39B 129,2!59 77Jil7 08;602 5),51◄ 29,012 34;390 10,4◄0 ... ◄95 5.352 7 .~88 1954 10,022 15,453 15,69:Z 32,308 ' 7 1.866 Ci9,06J 58,6'/0 30,233 6,865 t,3 14 3.767 7 .743 1957 12,7 01 10 , 191 ll ,925 15,7 10 24,49Q 63,622 20,480 32 ,73 2. 15 ,501 2,427 :J,701 0,073 AVG 11,.40& 34 ,GIIO 53,025 ◄1,84-8 61,639 59,033 -lG,054 32, 454 10,962 2 ,745 4,270 0,134 

1~8 •t977 1973 11,919 25,943 27,133 101 ,885 10116S 78,907 22, 191 11,899 7.211 4,588 5.G.63 11.153 1978 2,075 4,004 8,480 66,17f 58,159 85,5 44 0 1,276 40,8 '74 p,oea -3;97◄ S,027 11,193 AVG S,997 14,974 17,810 8J,9l6 79,162 91,225 41 ,714 28,28G 8,148 4,287 5,9-4.5 11,473 

J078,199:l 1078 2,075 4,004 8,4ea 66,171 50, 159 85,S44 Gl,178 40 ,814 0,088 3,97◄ 5,927 11.793 u1ao 7,82 1 12 ,176 19.029 118,2 12 121,653 99,171 28,680 20Jll2. 14J)70 11,191 4,253 9,002 AVG 4,948 9,090 13,'159 92,191 98,906 92.357 44,983 -)0,89 ,l 11,978 7,5!13 5,090 10,!47 
1993-1 904 181>3 4,37<1 4, 127 11,8(13 57,886 5S,C•22 SJ ,989 ◄4,319 25.292 27, 181 .o.sss 9,515 5.30:0 
1995,1997 1096 11,◄04 8,384 27,709 32,145 128,')15 1}$,140 -'12.050 •UJ':,098 15,373 0,2◄9 9,897 7,3S9 1097 ◄.&25 9.625 8~ .007 259,538 117,070 -33,157 13,5-0-0 12,038 8, 143 0 ,352. 81023 3,958 AVG IS,015 8,605 54,858 145,841 121.193 61,153 27 .808 ,~.()1;8 11,70 ~.,01 ! , t&o. 6,tiH 
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Appendix E-19. (Continued) . 

HISTORIC DELTA OUTFLOW (CFS) 
·YEAR TYPE 

WATI,R. PER IOD WATER 
YEARTY E YEAR 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

DEi.OW PRE-1045 10315 <1,158 1.4.477 12,947 44,7 92 30 .241) '40,290 tOIJ,101 65.$86 lS .435 ◄.~o 1,2 14 3,82◄ NORMJ\l. 

1&35 8.30.S 8.471 11,307 60 ,978 11Z,56~ 64,9◄9 62.358 47,◄◄3 29,179 ◄,718 i, 191 41,350 
1937 6,152 6.770 10,972 15.760 6J ,891 78,348 70.6"67 6 1,309 :io,1ss ◄,202 227 3,233 Avo a,232 0,906 11,74:l 40,509 H,901 U,198 80,442 158,143 31,590 •.•20 811 3,1502 

1845 ,195 0 1945 5,680 19,323 24.◄91 20,271 81,01(1 ◄ l ,883 30,834 ◄ 1,03(1 24 .872 7,256 5,281 7,908 
1946 12,◄84 20,8◄7 75.723 79,810 32.343 33,B.41 39,976 40,009 15,:WO ot,687 4,? 88 7,682 19<18 10,434 12,22tJ 9 ,418 23.120 12,613 21,IH S 60.0(7 58,798 ◄ 1.,2 .. 6,8 ,)6 5,936 8,8}8 
19S:O 6,738 8,468 0.975 31,526 52fi22 3:J,3'10 .f3.3J9 3◄,497 20.17(1 3.976 3,567 7 .807 /IVG 8,834 15,466 2.9,652 38,684 44,81◄ 32 ,741 44,7◄9 43,823 25,3$4 8,t l9 .t,898 8,0&-9 

1951 -1987 1059 13,051 l◄.7 16 14, ,437 32.890 58.130 27,692 lt .607 7,303 1.322 2,561 5,194 9,958 
1062 · ◄.260 8,251 16,14 0 1 1,132 74 ,786 ◄7 ,503 2 7,38S 18, 173 10,3'17 2.785 fi,028 8,515 18<1<1 t5 ,0G1 27 ,3S0 30,136 43,464 36. 116 2◄,328 18,9◄8 9,835 2,4130 3. 15S ◄,8-46 6,905 AVG 10,801 16,773 20,238 29,16? 56,li07 33,174 19;313 11.770 4,700 2 ,837 6,0 .22 8,459 

1068-1977 1968 18,749 16,202 20,498 24,257 92,06 1 ◄0,314 9,032 6,737 3.666 3.684 5.26-4 a.oo-t 1072 13.957 13,7◄3 u .. , 21,339 21.106 10,078 7,542 5,140 2,891 6,211 6.470 10,4178 AVG 1$,353 14,972 22 ,233 22 ,798 37,014 29,196 8,737 &,938 J,276 <t.947 5,887 8,240 

1976 -19'02 1979 9,033 10,-928 8 ,779 30.522 48,341 36,086 14,485 -u.◄35 6 ,376 5,38il 3,475 5,058 

1093-199< NO oeLOWNORMA L WATen V"EA.RS 

18 95 , Hl97 NO RFI OW tJ O flMAL V\'ATER YEARS 
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Appendix E-19. (Continued). 

HISTOR IC DEL TA OUTFLOW (CFS) 
AVERAGE MONTH 

WATER· PERIOD WATER OCT NOV OEC JAN 
YEAn 'r(PE YEAR 

f.ED MAR APR MAY JUN JUL AUG SEP 

CRIT ICAL PR E-1045 1931 1,995 9 ,52:8 0,3:lO 17.'140 18 880 17, t81 7 ,◄94 4,362. (218► (2,971) (1,970) l. 136 
l033 ◄,331 5,378 9.'190 16.3.dS 16928 26,04f 23.402 21,09'7 18,780 BJ5 {500) 2,38 0 
1934 5,203 7,996 17,()56 :)4,0S4 3027<1 27,223 16,8ij1 6,618 t .447 (1,634) (1,251) 1,960 
AVG tl,844 7,6]4 t 1,728 21,$13 2f 361 23,.482 15,919 10,M2 6,670 (1,323) 11,213) 1,826 

1045-1950 NO CRITICAL WA'r&R YEARS 

1051•185'7 HO CRITICAL WATERYEAf\S 

10(18,19,17 )978 16 .900 17,921 19,953 9,3A8 7,~95 7,858 ... ,, ◄,068 3,o,s 4,:U3 4,509 3 ,670 
1077 3,023 3.844 .c.i1a 4,365 ◄,924 3,070 3.083 3 ,999 2,621 3.212 2.51'4 2,791 
AVG 10,262 10,732 12,00l G,855 6,!10 5,484 5,958 4,0]2 3,218 l ,n1 3,512 - 3,231 

1978-1902 1988 3,789 4,291 9,454 19,591 3,04S 4,542 11,498 4,745 3,170 3.881 2,◄lO 2,33l 
191>-D ◄.&02 5,47~ ◄.400 9,888 6.19'3 3,.880 8 ,000 7,796 4,9'12 4,053 4.550 2,$30 
1991 3,444 4,AOB 0,384 3,97 4 7,377 2◄,5tl:2 J ,744 3,9S2 ◄, 111 3,◄20 2 ,64 7 3,827 
1992 3,930 3 ,910 7,823 6.~, .. 20,166 13,281 8,317 l .:100 3,570 3 .09B 2.025 3,433 
AVG '1,018 ....... 6.965 9 ,968 11,495 11,572 6,890 4,968 3 ,949 3,1101!1 3,13-5 3,030 

1993, 1994 1094 5.1-15 7,381 12.36f 10,7-08 ~0.557 10,612 .fl,232: 8,011 3,919 ◄.541 3,4l7 5.570 

1995-11}97 NO CRITICAL WATER ,..EARS 

Appendix E Page 53 



Appendix E-19. ('Continued). 

HISTORIC DELTA OUTFLOW (CFS) 
AV ONTHL BY PE 

WAfER- PERIOD WATER OCT NOV FEB MAY JUN JUL AUG SEP 
\'_EAR TYPE YEAR 

DRY PRE-1045 1930 -5;150 5.768 37 ,193 35.034 34,42.t 67.08 2 35,113 22,908 9,881 8 14 780 4,800 1932 3.S:67 7,130 25,902 38,872 42,102 35,18 ·1 33,39t 47,289 33,698 7, 139 507 2,311 1939 11,074 14,508 t8,230 UJ,1◄4 21335 27,733 19,998 8,740 1,009 {1,508) (9681 3,63' 1944 8,630 10,280 IZ,134 16,540 3'4,451 Js,s·o2 20,740 28,482 10,279 831 1,0SS 4,◄80 AVG 7,IU -9.,11 23,385 26",6--18 ll,092 38,969 27,311 281353 13,717 1,UO 3« 3,808 
t94S. t850 1947 8,950 18.655 21,224 14,370 27POI 33,829 23,485 10;'135 8,005 1,288 2,351 5,600 1'049 10,989 11,35◄ 14,820 13,971 17.184 61,567 33,573 26,◄04 9,038 2,578 3,8.Cl 8 ,942 AVG Sl,974 U,004 111,026 14,170 22,138 .U,698 28,529 18,419 7,621 1,933 3,088 6,215 
!951- 1967 1055 a,soe 17,246 27.833 30,3lit, 16,157 IJ,584 13,343 19, 158 8,999 2,280 3,118 15.983 1060 5.68-l 6,0 16 8,938 14,231 49 ,310 '3,J ,273 18,878 12,407 3.80 2,24C 2,731 5,500 196 1 5,013 13,5◄3 10,090 15,580 41,9fil7 20.425 13.39i 8.~BO 3.541 1,872 4 ,007 5,049 1964 1◄,970 27,945 22,825 29 ,970 20,915 13,073 f), 187 9, 784 5,302 3,185 4 ,704 9,442 AVG l!l,64.5 18,188 19; 111 22,54! 31,121 22,089 13,201 12,482 ... 923 2,l.c5 3,640 a,su 
1068~1977 NOOR'fWATERVEARS 

1076~1992 19111 7,308 8,870 12,◄88 18 .3ZO 21,174 2e,,01 lt ,853 9, 14!1 4 .599 5,296 3, 181 4,000 1985 11,918 25,95:S 31,067 Ui, 120 15,590 10,◄32 6,913 7,37S S.215 4 ,034 2 ,325 3,2 11 19a1 f'0.6?8 7,732 ' S,987 10,819 18,859 n :e1e 6.291 '4,952 3,◄00 3.U9 2,851 1,700 19B9 J ,177 8,824 7,23 1 J,60◄ 8,379 38 ,029 11,760 7.484 O'.281 8.2~ 4,568 0,605 AVG 8,172 11,745 1-,94) 11,967 15.001 24,6!8 9, '59 7,239 418~2 5,088 3,228 4,049 
1893-1994 NOO~YWATEAYEARS 

1995,1997 NO DRY WATER YEARS 
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Appendix E-19. (Continued). 

HISTORIC DELTA OUTFLOW (CFS) 
AVE E WATER· PERIOD WATER OCT NOV DEC MAY JUN JUL AUG SEP 

YEAR TYPE YEAR 
WET PRE-tO◄S 1938 8,084 21.49◄ 90.348 175,832' 120.413 113.87< 81,028 22 ,801 5.900 0,825 1941 1.ao2 12,11 5 65,021 120,0SS 13t ,992 128.238 H4,900 82 ,9 9V ◄e, 11e 1 ◄.909 3,742 .c.9:21 HM2 .8,849 12,035 64,789 93-,793 1511.866 5 1,Gro 91 ,077 74,70 1 57,058 1.il,317 2,8'0 S,797 1943 8,l <8 20,070 32,670 92.780 82,8 70 1 1◄.020 78.502 ◄0',805 20,◄◄8 3.947 1,507 ◄,487 AVG 8 ,520 17,929 ti l .◄21 88,]01 13f ,9lJ' -117,0llt 100,'7◄$ Ti,SSS 51,578 13,994 3,497 G,507 

1945°1950 NOWP.TWATER YEARS 

105 1-1967 1952 10,◄42 16, H J. ..ce.eos 105,640 (0'\196 84,aee 104 ,40 1 10S ,fJ10 8◄.397 17,2◄8 7,5,?9 10,◄20 IOSl 0,BBS _13,05 0 ◄2,6ll0 I UJ,340, la,i55 · 28,987 31,143 37.83f 33,078 8,109 3,889 10,773 1050 5,801 10,31J t2t ,i68 188,3 11 96,145 63 ,542 40 ,217 59.667 J S,4~8 8,795 7,030 12,056 1958 t9,507 10,732 20,82,G 4◄,482 1842-21 111.5n 153,782 18,6$9 50.62~ 12,009 9,224 1'1,303 1963 42,900 16,-35 1 3S.013 20,91)5 IOJ. 173 20, 180 10 2,776 63.12◄ 10,180 5,639 5.038 13 .48 0 f90S a., ,e 17,2◄3 108,,447 IJ!i,6 10 56 .i4t 27,860 M,Bt2 32,370 18,100 $,88-5 8,487 12,017 11167 8,(110 21,505 60,◄S.6 82,522 e•.142 56.325 ,77.085 741,S-50 6 1,20$ .23,864 9,827 16,556 AVG 14 ,749 16,330 64 ,2941 96 ,559 95,-caa 57,19 4 110,997 . 13,1 ... ◄-0,019 11,381 7,258 12.,942 
IOOll-1977 1809 5,453 1 1, 120 25 ,69? 1231 1◄0 159,J-46· 93 ,500 69,375 El-4,564 48.598 13,1◄3 12,-450 20 , 188 1970 19,484 19 ,964 ◄5, 190 19J, 121 111,320 55,986 l f,027 10,78 1 8,2 14 5,259 7,8◄7 1◄,587 1071 13,◄23 26, 117 8S,3B9 64. 162 34., 11 32,069 .36.983 20,◄08 2.1.210 11,05,t 12,988 10,65 1) 1074 t 4,071 59,94S 7G',◄08 1'38.899 59, 178 77,575 109.547 25.54◄ 18,943 9,305 12,7(13 20 ,981 1975, 1tl.5:29 23 .991 28,017 17.489 57.330 60,83'4 3,t.519 28,706 2'2,508 ·11. 129 0,523 13 ,◄19 AVG 14,192 28 ,227 U ,l l l 107,3:1;0 84.2 18 6$, f9◄ $2,290 Jf, 2 14 U,696 10, 109 11,1"◄0 17,78 7 
1978-1992 li~62 5 ,210 36,971 66,579 97.706 92.UO 110,080 1 ◄ 2,!!:03 $7,070 28,5 1S 16,134G 13,4 38 25,926 198J 22,966 3 9, f52 88,937 60,755 175JS7 266,688 110, 109 08,70 7 71,038 43,860 24.587 31 ,50 1 198-4 32;293 74, 138 155,◄56 100,t!OB 41,515 34,929 14.732 1 1,204 3,03 8 10,252 8,272 13,650 1tl ~(l 3.378 0 ,891 9.'!31 15,209 205,llt.◄ 169.'148 '16,572 15,911 9!322 7,38◄ 5, 135 10,778 AVG 15,969 39,038 85,1 01 75,89◄ 128,(!64 137,788 80,4 04 -45,9.2-4 29,2 28 19,588 12,153 20,◄G~ 

1093•1994 NOWETYEAflS 

19115•1897 1995 11,098 5,357 9,633 10 7,480 72,620 200,(145 90,871 98,112 .4'3,819 26,865 10 ,052 19,604 
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AppencflX E-20. Simulated Average Monthly Delta Outflow (Cfs) by Water-year Type at the CVP and SWP 
Delta Water Export Facilities. Projected Existing Operations to 1995 Bay-Delta Plan. W-We~ B-Beiow 
Normal, D-Dry, C-Critical, A-Above Normal 

WAT£R j WATER 
YEM VEAR 

..ill< 
1922 

11128 A 
1940 A 
1951 A 
195' A 
1951 A 
1973 A 
1878 A 
1980 A 

AVG 

19il 8 
1935 8 
1938 B 
1937 s 
1945 B 
19'16 B 
-19,4a 8 
1950 8 
1959 8 
1952 B 

19'!6 8 
1968 • 
1972 8 
1979 B 

AVG 

1924 C ,.,. C 
1931 C 
1933 C 
1934 C 
1976 C 

••n C 
1988 C 
1990 C 
1991 C 
1992 C 

AVG 

AVERAGE MONTHLY ca TA OUTFLOW (CFS) • 
,.., ,n~114 I n n i::, ~ t 11\f 4.'J(. 1ao i:;. 4.V . QE I Tb.. DJ/). 

OCT 1 NOV 

<COOi 
Sl70 

4751 
5836 

10735 

15C84 

5737 
2t&Z 

<COOi 
6,512 

11579 

2992 

.C28S 
'4.001 

5328 

5124 
5169 
4396 
15199 

"307 

8493 
1677:! 

88'5 
935< 

1,42S 

4168 
•001 

4001 

4001 

299Z 

14959 

2992 
4001 
,oo, 
299Z 

2992 

··-

4976' 
20<5A 

522• 
..... 9 

1546< 
son 
15513 .... 
10258 
14,199 

122$ 1 

56,4-

522< 
5010 

8044 
108!7 
5553 

15175 
107t2 
510) 

188~$ 
1163 1 

8890 
6861 
1,2.91 

Sia, 

ss .. 
450l 

450l 

364! 
11491 

•rn ..... 
4S04 

,2 .... 

◄ 152 

5.235 

DEC 

.... 
7194 

565A 
01991 

8382 -19017 .... 
12128 
11,011 

32004 
SSIO 
SJa1 

6831 

1"423 

70086 
5783 
5240 

6131 

69'~ 

8403 
1113.$ 

14100 

4993 

1J.,697 

6989 
6710 

◄879 

4761 

$440 

6355 

7111 -6391 

5J88 
s.c;.,~ 
6,131 

JAR 

1U49 
16809 

20320 
61340 
25856 
7215 

730S6 

62011 
108118 
'2.942 

30707 

2t010 

2334> 
6955 

6290 

◄5089 
.. ,o 
127..C5 
34129 
6001 

221118 
28910 

10327 

21520 
19,t-39 

6319 
5712 
5029 

7217 

943& 
5493 
5757 

17833 
7887 

5025 

S37S 

7.515 

FEB 

2S48o 
60441 
62043 
S9048 
30138 

ata.z 
60480 
131764 
61,152 

22061 

• 11400 

65832 
37080 
45311 
21940 
11.COO 
mos-
55 124 

48&32 

21825 
67390 

18542 
4.4378 

35,65'9 

961' 

10111 
7800 .... 
,ms 
10669 

7852 

11◄00 

11400 

8027 
:nev1 
11,076 

MAA 

29791 
""281 

101381 

27433 
... 589 

41722 

57893 

~o 
69 112 

60,099 

10287 

202<5 

25425 

◄3607 

2S3.97 

16236 

10952 
1ssn 

18221 
18376 
21415 
339,47 

2.C:722 

29638 

22.289 

10430 
10012 
7068 

!555 

11◄01 

9758 
678S 

7800 

730$ 

21264 
140$7 

10,407 

AAA MAY 

10274 44198 
23782 1349'4 
63761 14'6l> 
13145 15230 
39037 17S83 
15457 13161 
156S3 - 14830 
-40511 

16217 

21,424 

21"30 
38593 

18028 
19518 
11053 

10967 

19888 
15810 

S,16 

957 1 

11151 
10325 

9941 
15027 

15,551 

5837 

7300 

78 19 
103.99 

103$9 
7512 

6897 

730-J 
1025 1 

11258 
10;,n 

8,670 

17638 

12001 

14,044 

11n1 

28043 
11,G? 
11475 

9818 

11259 
25892 

11368 

7579 

11401 
1112, 
7579 

7579 

12903 

12.,780 

5221 .... 
4505 

8038 

5577 
6367 
4505 .... 
5911 
5364 
0700 
5,647 

Appe ndix E Page 56 

JUN 

26900 
7579 

7578 

7579 

7579 

8873 

10310 
8766 

7573 

10,253 

80'7 

9270 

8262 

1125! 
9725 

8869 

11m 

8843 
es,o 
6840 

6840 
6840 

6840 
IO<Q 

8.639 

4000 
7 107 

◄000 

8830 

6857 
6897 

4000 

6897 

6897 

7037 
67C.) 
6 ,121 

JUL 

8002 

9086 
1"'68 
a.ss 
0501 

9491 

S002 
8002 
8002 

s.n, 

ma 
7860 

75~ 
6505 
8505 

7256 

7833 

7828 
7520 

7838 

n6a 
7502 

7827 
8505 

7,,UO 

5'58 

6013 

400> 
4001 

4001 

"370 
4001 

5546 
'5610 

5724 

$860 

4,562 

AUG 

5302 

6187 

8527 

15243 
6413 

72<)5 

5853 

5302 

SJ<l2 
6,1)30 

6011 

550< 
S207 

4886 

4781 
Sl53 

6701 

6728 

6385 

6061 

6183 
524-3 
64?1 
4668 

5.647 

3<15 

34 1& 

3<15 

3<15 
3< 1.5 

3415 

MIS 
3<31 

3551 
3<15 

l-115 
3,429 

SEJ> 

3014 

:1882 
3732 . 

-4150 

420 1 

3987 
-4170 

5227 

Sl3S 

4.2$7 

3772 

3085 

3182 

3074 

3352 

3515 

5827 
423 0 

4"59 

4228 
-4179 
4175 

3765 

3405 
3,873 

2008 

3008 
3008 
3008 

3008 
3008 
3008 

3008 
3008 

3008 
3008 

3,1)08 

J 
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Appendix E-20. (Continued) . 

WATER I WATER ocr I NOV YEAR YEAR 
TY<>c 

1925 D 5057 
1825 D sm •m 
1'3<) D ,; 10 5271 
1932 0 3'77 ◄221 
193.9 0 15745 8743 
19'-4 D s.22 53§3 
18<7 D ffl5 5356 
1$49 0 5562 572• 
1955 D 4001 TIMI , ... D ◄700 .... 
1961 D .. 7, 5Ba3 
1964 0 8069 ~4o90 
1981 0 013' -253 
1985 0 g"/92 ~1119 
1987 0 "746 5535 
19a9 D 2992 <l>3a 

A.VG 6,131 l,593 

1927 w 5108 12345 
1936 w ◄001 2;oo1 , .. , IV 4216 999 
19'2 w 13381 11016 
19◄3 w 14819 1551S 
1952 w 5251 7576 
1953 w 15 595 HU O 
1956 w •001 5$5' 
1958 w 9328 911'4 
19$3 IV 28326 10620 
196$ w 4001 ~55 
1967 w 4622 6130 , ... w 5281 !.179 
1970 w 17934 14092 
1971 IV 5178 moo 
197~ w 585< Gm<; 
1975 w 12707 9'111 
1982 w 4935 28283 
1983 w 31392 46187 
1984 w 37420 mo, 
1986 w ◄817 5!,01 

AVG 11,342 1'~5! 

AVERAGE MONTHLY DELTA OUTFLOW (CFS} • 
•• • "'" '" , "" •~' •..1995 , AV.nc !:Ao, , 

DEC 

sm .. ,. -9032 

9099 
5182 
6639 
5811 
16633 
/174 

7026 

515' 

IM,Sll 
20638 
m, 
s,,o 
8,150 

ass 
69580 

4054a 
65389 

2570. 

439" ..... 
74937 
1710& 
18762 
73814 
3'841 

1384! 

55147 
659g1 
65 124 

9062 
8S016 
&9S76 

169165 4 

70S8 

50.!St 

JA>I 

·8001 

7883 
1.con 
0460 
10<75 

639'1 
8370 

5472 
14729 
571( 

6073 

19◄26 

22558 
107'49 
6775 

5795 

9.8 11 

23983 

2&138 
97:207 

81907 
80S87 

87413 

•=• 
154181 

3064, 

8571 11= 
48144 
117615 

20492' 

45799 
125762 
f0:l16 
77"38 

107962 

115443 
11204 
78 ,14,0 

FEB 

,:mo 
15'539 

11919 

27563 

121126 

8845 
If◄® 

20540 

= 11◄00 

24088 
1◄610 ,,_ 
417.S 

18,Oa2 

'1$721 
141095 

115701 
143045 

59424 

74251 

2"722 
87517 
156,4,.~ 

69245 

26976 
sues 
130059 

91231 

22695 
42495 
6766 1 

94724 

169091 
4'9714 

218610 

9'.077 

MAR APR 

10658 111833 
21213 105'-< 
11-401 11m 
9508 10399 
17051 9233 

1508:l 11259 

◄3592 10575 
7600 798<; 
1"1:27 11400 
13284 10210 
&190 7579 

29668 12223 
1, 122 81&S 

25028 1039a 
31153 115388 

17,900 11,826 

390-33 45857 
162964 659◄7 

92BJS 79543 
24849 4952S 
8026 1 26501 
60732 63667 
17525 163' 0 
31285 17586 

122731 102118 
25569 89955 
15353 45171 
58637 ◄8500 
S6981 47432 
35249 1151'9 
437◄3 16812 
10S87O 703HI 
85521 20860 
819$3 142610 

282790 T103-46 
3815<> 1309-S 
150595 29906 
71.0U '3 t0'42 
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MW JUN 

11427 6322 

11:C10 e-111 
8268 -6117 
$426 105'11 
7579 6269 
7579 8378 
7579 6131 
11124 7389 

82:!2 8060 
7579 6291 
7579 6182 
7579 670(1 

7579 6 117 
10012 6117 
1m 6117 

102f7 5117 

a.1a1 6,935 

10941 8052 
60515 J2476 
39001 11632 
3428! 168.S.8 
16.225 7579 
60710. 33 104 
21021 15704 
3888$ 14515 

39711 3033,t 
25201 9016 
20516 7579 

◄-S2.r. l7462 

™" 25877 
7958 7579 

_28<8!- 12689 
20Ss, 1-2454 
28861 15245 
48204 ,em 
43'14 7-4552 
9191 8231 
10987 757~ 
:i.c111e 18,360 4 

I 
JUL AUG SEP 

6885 S18.9 
595<) 5170 38&6 
5828 <066 3<lOa .... - 3297 

6046 4811 38&9 
8762 4755 3'88 
7157 5759 ~ 
6060 •121 '10◄ 
7165 6 1.2$ S40i 
7187 6026 -4010 
7226 6032 37 ... 
7163 6062 4379 
8952 4792 3'87 
7170 S8t 1 3S22 
7168 6397 5538 
7276 6031 3821 
6,807 5,301 l,851 

8002 5741 3114 
8002 5741 8322 
&002 5741 5:St8 
8002 5741 548~ 
8002 57<1 3152 
&002 574'1 10855 
8002 5741 $690 

ao02 65:ZS 8320 
8002 5741 9897 

8002 6059 5237 
8833 ' 5741 3695 
8802 5741 9901 
8002 5741 13858 
8560 5771 3879 
8002 6375 5961 
8002 574 1 1~ 09 
8002 6171 6958 
8002 5801 16124 

32035 9718 26028 
8002 5741 5760 
8002 5741 4042 
9,298 6,1)38 8,103 



Appendix E-21. Simulotcd Average Monthly Della Outflow (cts) at the CVP and SWP by Water-year Type 
for future Operations to Interim South Delta Program Wrth Future Water Demands. W-Wet, 8-Below 
Nonna!, D-Dry, C-Critical, A-AfJove Normal. 

DELTA OUTFLOW (CFS)DWRSIM Mooa RUN 414 • 

YEAR W .... TI;R. OCT NOV MAR JUN JUL ,.UG SEP YEAR 
TY 

1922 A •.ooa ◄,9-33 7.ffl 0,25' 43,1<46 29,700 19.630 -42.978 2J,n1 8.016 5,865 3,401 ma A 4,236 12,t11 6,<88 12.936 20,418 98.583 24,057 13,!53 7,593 8,016 8,162 3,01~ 10<0 A •.ooa 5,2oZ 6.22-4 18,9,48 41,522 97,31~ 62,879 14.728 7,593 9,12:l 6,142 4,832 1951 A 4.881 38,125 89,738 65.262 65,657 26,067 13,350 15,050 7.593 10,199 6,881 5,522 105' ,. 
5,◄25 8.80! 6,256 1Sl..241 56.550 4',673 38,114 17,MO 7,593 0,238 1.m ·-1957 A 8,t13 6,468 5.213 7,348 :M,199 ◄1,2.51 15,976 13.29' 8,670 10.297 6,92◄ 5,556 1973 A ◄,401 11,532 1-4-,793 7 t ,163 93,649 59.726 15,.892 14,:S70 10,370 9,?10 6,891 3,-UO u~,a " ..... 4 , 1~ fl,.81U• :i8~0 62.121 u.oag :16,m 16,6SO 9.276 8,016 6.22< 3,737 198') A 4,008 6.519 8,716 94,31◄ 131,5$-4 68,003 15.825 12,463 7,593 9,091 6,207 3,$53 AVG 4,1111 11,057 16,alS 35,&33 '1,227 68,600 27,183 17,992 10,006 9,078 6,812 ,,168 

11123 a S,?'35 9 ,394 31., 21 30,384 22,709 9,677 21,816 1l,600 8,114 7.364 S,78-< 5,08< 193S 8 2.996 S.721 5 ,556 17,709 11.◄18 20,104 3-C,596 28,087 9,360 7,071 5.556 -4.091 19U B "· 171 S,522 6,670 21,52l 81. 905 24.4.22 18,53.S 11,209 8,266 8,179 5,735 4,7U 1937 8 4,008 5,354 7,299 7.266 :M,722 43,760 19,764 11.,4(M 11.279 6,517 S,197. 3,098 19'5 e 4.545 6,212 6,808 8.22A 42.226 21,062 12.054 9.922 9.714' 7, 152 <1,678 3.098 10<6 8 •.ooa 7,205 60,08S <I.S,976 22,619 15,4'.S 11,162 11.274 6,906 6,70< 5;930 3,09$ 1948 8 5,279 5 ,4$3 5,833 6,452 11.-418 10,70< 19,343 21,519 11,on .9,971 6,582 5,38i ,.50 8 A,008 5.202 5,262 10.215 2S,703 1S, 163 1&,077 11,◄21 8 ,85 .5 7.217 6,1◄2 5.087 19'59 8 9,906 6,616 5,702 32,-437 s..sn 16,960 8,434 7,592 6,852 7,916 6,631 5,118 1962 8 4,008 s,202. 6,973 6,012 -cs.~ 18,035 10.n, 11,421 6.852 1,885 ~.653 3 ,636 196& 8 s,.os; 15.741 7,201 22.418 23.268 18,32.a 11,566 11, 1"'4 6,852 8,456 7,022 • .731 1968 • 11,<486 10,174 ..... 27,0te 00 .2 88 JZ.925 10,589 7,592 6,852 8,1t3 6,5'9& 5,10 1 1972 8 5,523 6,46 ~ 7,6SO 8,.37.C 19,697 25,073 10,0$4 7.592 8,852 8.553 6,.C&C 5,219 1979 8 5,556 &,14s 5,9t7 15,08$ 39.610 29 • .C$6, 1-5,859 12.740 10.9'3 8.211 6 ,500 3 ,737 AVG S,448 1.2n 12.2-32 18,.412 3','35 21,.510 15.,7.(1 12,$80 8.627 7,814 6,1(17 (,J70 

192~ C , .ooa 5,AO< 7,18$ 5,7157 9,97$ 10,443 .S.8-4.2 5.2711 -4,007 .C,00{1 3 . .C:2-1 3,013 1929 C 4,008 S,84~· 6,598 5,702 10.245" 10.036 7,323 6.◄52 7.121 S.881 3~421 3,013 1-931 C 4,008 4,512 6,663 5, 175 7,937 6,957 7,828 4,513 ... 007 4,008 3,421 3,013 1$33 C ◄.008 4,612 •. 89'2 7.217 7.792 8.179. 10,421 6,093 6,835 4,SSS 3,421 3 .013 193' C 2.99a 3,869 6.51i 6,891 11,670 11.421 10,421 5,621 6 .902 ... 040 3,<121 3,013' 1976 C 9,091 6,768 8,993 6 ,435 1-2.013 8,781 7,795 G,_:166 6,9<n 6,663 3,421 3,013 um C 2.998 -<.714 7,136 4.513 7.95-5 6.973 6,902 4,513 <l,007 4.00! 3,421 3,013 1ssa C 4 ,008. 5,017 US / 15,054 11 ,◄18 7.957 7,306 6 ,500· 6,902 6.22◄ 3,421 3.ll13 1990 C 4,008 4,512 6,808 7.250 11,418 7,005 10,269 S.941 6,902 6.533 3,421 3,013 1991 C 2.998 ..... 5.718 S.230 8,135 21.701 11,279 5,360 7,054 .C.692 3,421 3.232 19.92 C 2,998 ._..,, 
4:448 .5,3'7 22.330 ,,.002 10.~22. 5,718 6 ,7t!,) 4 ,757 3.421 3,013 AVG 4,103 ,,an 6,529 6,869 10,590 10,311 8,719 5,671 6, 12! s.oo, l,.UI 3,033 
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Appendix E-21. (Continued). 

DEL TA OUTFLOW (CFS)OWRSIM MODEL RUN 414 -
I II ••r-,,...,. rrHDF TAP ,T c:t.rr o c: - - ..... , ... 

YEAR WATER- OCT Nov I Dec JAJI FEB MAR APR MAY JUN JUL AUG SEP YEAR ~-
1925 0 4.827 S,000 5!7ol 6,012 ◄0,$3$1 13,783 Zt.044 1U 18 8,318 6,240 ... ~a 3.536 1026 0 4.000 4,966 6,425 6.9S7 26,too 11.307 19,680 11,079 6 .128 7,071 S,637 5,017 1930 0 ◄,65" l,$4$1 6,781 11,748 13,113 20,707 10,707 s.zro 8,123' 5,051 4,073 3,013 Ul32 0 3,1-03 <.226 8,341 7,576 1◄.953 11,421 11.27.9 9.466 10,SS& 5,002 4,073 3,033 1939 0 11,893 5,71! 7.49' Iii.TIS 10,6-42 9.M 1 10,421 7,532 6,296 723< 8,012 4 ,360 1944 D 4,138 8,4 1.( 7,256 G,810 21).527 15,510 9,781 7.512 8,~1 6,859 5,995 . 3,138 1947 0 '·°"" 5.3'!7 6,663 6,"84 13,00S 14,891 11.m 7,5$2 6,1'5 8,973 6,061 3,638 194S 0 ◄,888 5,157 6 ,175 M18 8.820 -41,349 10,808 11, 14' 7,357 6,370 4 .073 3,W 1955 0 ◄,008 8,650 13,930 11,-404 11,418 7.299 8,434 8,358 8.030 7, 188 8.452 ◄,07,i 1960 0 A,(173 ,,.., . .,.., :;,930 10,633 1::S,327 11.4 14 7.5'2 6,330 7,543 S,572 4.983 1961 0 4.00ll $,976 7,034 6.338 16,378 13,522 10,539 7,5'2 6, 195 6,712 6.109 3 ,013 196< D 6,370 1!5,3o7 6,224 ,s.m U ,418 &.618 7,593 7,512 6,734 7,348 6,012 4.478 198 1 0 S,979 5,926 6,Sl3 11.2◄1 21.11M 26,572 11,:,30 1.s,2 6,128 7,299 8.012 4,St6 1985 0 &,191 2-4.s.ce 2 1.261 9,580 11,724 10.997 9,024 10,0la 6.128 7,543 5,539 5,206 19Si D 4.040 ◄.562 .6.794 0..8< 12,175 20.1&9 11,128 7,592 8.128 6,im, •.073 3,013 1949 0 2.998 .C,933 S.230 5.849 15,189 28,022 18,5$ 10,362 6,128 s,e57 5,sn 3,905 AVG 4,~ 1,506 1,w; 8,341) 16,f83 1&.697 12,065 S,01f 6,945 6,771 S,357 •,oo, 

1927 w 4,008 10,30J 6,517 19,632 123,&46 39.492 45,370 19,8;'1 B.~a 9,335 6 .940 3.249 1938 w •.oos 11,263 64.659 23.786 136,706. 163,6&9 &S.034 59.3'8 Jo.n, 8,016 6,35.4 51"'38 1&41 w 4.ooa S,80!! 35,649 96,.51'1 11◄.-448 . 96.188 79,091 36,9t1 U,734 6.016 6.533 4,697 1942 w 6,240 7.239 59 .058 81.362 142,027 22,82.5 so,m 32;-421 J6,.263, 8,016 &,7•S ..... 1943 w 6.696 9276 25,041 79:,619 58 .315 79,277 26 • .c!U 16,325 7,593 9,189 6 .973 <!.125 1952 w ◄.008 6582 38 ,970 82.421 iS,000 62.040 63.232 59,◄$8 30,976 8.016 5,751 6,549 1953 w 10,280 8434 43 .s~, 100,412 la,86-4 10,04♦ 17,;)7<$ :.:1, 147 15.~87 9.009 1.m 5,269 1956 w 4,008 s.n, 70,2\S 1SC,317 90,813 33,317 18,215 36.901 13,939 8,016 6,859 5,842 1955 w &,191 G,71? 14, 109 32,55 1 1S2,3S1 124,829 105,269 38 .807 28.82<1 8.016 6.596 6,296 ... , w 22,141 7,003 20.528 12,757 72.926 27.713 89,781 25,187 9.104 8.879 G,843 4,327 1965 w 4,008 6,481 68,67 1 112,089 ii.no 15,119' ◄5,943 20,431) 7,5.tJ 9,075 6,761 3,65:3 1967 w 4.008 6,>84 30,922 ◄1 ,577 53,589 SG.m S0.219 44.135 3S,3S4 8,016 S.751 6,481 1969 w 4,220 S,573 10,622 108,S.SJ 131,999 56.989 48,633 57.380 21,65,4 8,01& 5,751 7.374 1970 w 12.822 11,128 SS.47.t 20<.89Z 89,899 33,887 11,801 7 .950 7.S9,l 9,938 7,657 5~85 1971 w 4,07-3 1H81 56,582 ◄'2,131 2◄,080 43,695 17,1&9 2s,15a 12,.18~ 9.335 7,07t 5,926 1974 w ◄.936 St768 62.968 127,941 ◄3:146 \OS. 191 69,747 20.316 12.""3 8,781 6.745 6,330 1975 w 6 .224 8,615 11.013 10.1so 69.$71 "66,136 21.229 '11,or. 14,714 8,016 6,810 6 ,128 1982 w 4,024 20,084 81,248 n,sso 98,539 83.089 , . 3.4 18 4-7,39~ 16.515 8,016 S.751 11,785 1983 w 27,745 47,t.07 89.883 107,511 189,105 262,958 110,1306 at37£ 71.515 29 ,049 7.331 23.215 1984 w 35 .305 112.771 157,755 83 ,643 47,998 :W•,86S 13.~01 9.563 8,316 10.248 e:S&& 5,-<U 1986 w ◄,001!- S,i68 6,875 8,912 212.825 153,291 30,926 10,93, 1.sn 9,270 6,142• 3 ..... AVG 8,712 16,223 47,623 76,580 94.327 7S.114 14.3.91 ",271 ...... ..... 6,6,;JQ .....,, 
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•Appendix E-22.-SimulatedAvernge Monthly Delta Outflow (cfs) by Water-year Type tor Future Operations 
to State Water Resources Control Board Water Rights Alternative 5. W-Wel B-Below Normal, D-Dry, C-
Critical, A-Above Normal. 

DELTA OlJTFLOW (CFS) 

Oct - Dec .1311 Feb 
Sept 

A <,008 ◄,!12 u,o 11.,2 1 " 39.22• 
3 ,114 1m A s,3a, 10,188 6,610 18.301 26,733 09,365 26,8'18 18.2•3 6,431 e,01s 3,013 1$<0 A -4,089 <,'57; 4,562 21,180 S4,!i13 102,5'14 67.155 17,139 9,192 8 ,016 -4.n• 3,013 1951 A .C,008 4i,781 95,503 70,121 66,98a: .31,558 13,771 16.292 8,697 8,016 4.859 3,013 195< A 6.957 10.'26 <.822 25.155 60.2a:9 47.524 38,384 20.a~ 7,172 8.016 ◄.855 3,013 1957 A 13,00t 5,,(21 -4,59;4 9,51'1 31,065 "4.705 18.70.. 15.200 10,950 8,016 ◄,S.C5 3,013 1973 A 4 ,138 15,084 17,6i3 75 ,688 es.on 63,376 17,997 13,066 10 .791 8 ,018 -4,594 ;),013 19'76 A S,<2S 3,519 ◄,SU 57,641 60,109 72.206 ◄9.209 22.255 11.650 11,016 ◄,4:u 3,087 1980 A 4,SlM 6 ,566 13,099 105,409 1<7;38; 63,555 19,714 13,816 11,987 8 .016 •.<1&1 3.636 -1993 A 5,409 3,502 6 ,109 5<,8◄3 53,538 55,8<9- 37,222 2.C.588 20,286 8 ,016 4,008 3,013 AVG 6,18< 10,39& 15,430 40.MS 157,m ss.m 21.ll)O II~ 11,622 7~7 4,123 2,167 

1923 B 6,761 8 ,11$5 l,4,3.~ 31,525 23,375 11,97$ 23,350 12.105 10.084 6.517 4,008 3,013 1935 B 5-360 3,502 3,503 21 ,7119 11.426 21,$54 41,347 '17,908 10.370 6,.517 ◄,008 3,013 .... 8 ,.im -1,5.!2 4,513 26.132 8◄.856 21.315 20 ,236 12,5 .. 11,010 6,517 4.008 3,013 19'7 a ◄,008 ◄,5"12 4,513 8,341 ◄5.481 <9.23< 24 .141 16,589 10,152 6,5f7 4,008 3,013 1945 8 ◄.,024 5,DE,7 ; ,21 7 6,012 48,502 31,◄76 11,cS82 10.264 9.209 6,517 , ,oos 31013 1""6 B ◄,871 8,5E'6 68 .019 •7 .361 23,809 21,538 11,380 11,225 8,788 6,517 •.ooe J,0 13 1948 B 4,008 4,512 4,513 5.621 U ,426 13,962 20,993 =s 12,929 6.517 4,008 3,013 1950 8 •.ooa .C.$12 ◄,513 13.1-48 27.076 162~ 17.071 11,58-4 10,960 6,517 '4,008 3 ,013 t&.59 8 1◄,23~ u,. 5,670 34,197 55.14' 19,870 8,535 6,729 B.192 6,517 , ,ooa 3,030 1962 8 4 ,008 4,512 6,517 6,012 so:19' 25.448 13,286 11,290 8,519 6,517 4,008 3,013 196& s 4.659 18,9?'3 t1, 160· 27,729 28, 19.S 25,024 1◄,07.< 10,'704 7,475 6..517 .C,0,4 3.0f3 , ... • l:l, 53 .!i •·= 11.,so 30 ,594 &2,870 36,~ll 13.300 6,826 8,906 8,517 <.008 3 ,013 1972 8 7,82> 5,2012 11,3SS 11.160 17.653 27.1<2 10,-155 7 ,657 8.603 6,517 , .oos 3,013 1979 8 7,346 '4,V,,U <4,513 25 .692 52,076 38,9$6 16.330 10,916 10,808 6 ,517 <.006 3,013 AVG 5,319 &,61:i 12.568 21,102 l;B,1°" 211,076 17,576 12.759 9,716 &,517 4,009 3,015 

1924 C ◄.008 •.s,2 .f,513 s,,, • 11,083 10,117 5 ,875 6,906 6,902 <,008 2,998 3,047 1929 C •.008 ◄.512 ' 5,116 6,175 11,9.86 10.916 8,569 6,48< 6,04< 4,008 2,998 3 .030 1931 C , .ooa ◄,512 '4,513 5,539 7,688 622< 6,835 7,008 6,902 ◄.008 ◄.611 3,030 1933 C 4,013 <.51 2 "1,513 6,488 8,231 7,9SO 10,101 5.78,c. e ,987 4,008 4,611 3,o:,o 1934 C 3.030 5,90< <,Ml 8,130 11,498 11,421 10,034 5 ,686 6,902 •.ooa 2.998 3,047 1976 C 14,581 9,421 6,729 1,oa1 15,921 12.968 7,172 6,19 1 9,76' <.006 2,998 3,06< ,en C •.562 3.581 4,171 ◄.513 11,029 e:.on 7,020 e;,90e 6,002 •.008 2.998 3 ,030 1988 C ,.ooa 4,51 2 6,761 18,&36 12.431 7.885 8,768 e,647 6,902 •.008 3,-1.21 3,030 1$90 C 4,008 •.s12 ◄.513 13,978 11.715 9,743 9,848 5 .78< 9,966 4,008 2,998 3,013 11191 C 4.&27 3.51~ <.236 4,513 10,$30 23,509 12.189 5.767 5,960 ◄,008 2;998 3 ,030 11192 C !i.F.37 3,50 ~ 3,£03 ··-, 1.eoe 1$ ,363 10,370 5 ,7fi7 6,717 4.008 2,998 3 ,030 1994 C 5,002 13.519 8,211 8,390 26,53< 10,492 7,96"$ 5,995 9,983 4.008 2.998 3.01'3 AVG 5,12'9· 5,54< 5,118 7,853 14,230 11.0SS &,'20 8,2.CA 7,<9' 4,0DS 3,302 3,033 
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Appendix E-22. (Continued). 
-•:ir• '! \ 

DELTA OUTFLOW (CFS) .... ~ i-\ -· 
Wates Jan Feb Mat Ap, Sept ... 

,. 
1915' D S,316 3,535 • • 757 8 ,012 53,574 27,256 20,152 10.231 8,754 S,002 3,503 3,047 '• 1926 0 4,008 0 12 ~.513 0 ,498 ·32.509 11,160 18,973 • ,, .111 7,003 5,002 4,285 :--. 3,013 
1930 D 5,702 3,5'9 4.757 13.21M 12.22P 27, 142 10,&12:-··s.-isg 8,7118 5,002 3,503 • 3,084 -- • 
1"'2 D 3,.01.t 5,Q,S 10,182 11,095 18;10S 11.421 11,212 9,09j 10,236 5,002 3,503.r: 3,084, , ... D 10.257 10,253 10,3&4 18,993 17,788 13,180 9,966 5,1195 - g,570 5,002 3,503 3,081 1044 0 4 ,203 ,,1 t1 .t,7.41 10,117 34,079 23,151 9,293 IS,810 9,731 5,002 3,503 3,013 1947 D 4 ,008 5,004• 9,583 15,191 15,181 18,931 ,11,41 .. 5,898 0 .582 5,002 d 3,503 3,013 1949 D 4,008 ◄.512 8,158 8,240 10,253 38,807 11,313 11,013 8,451 5,002 3,503 3,013 1855 D ◄,008 10,539 17;4'9 16,716 11,426 . 12,512 e.n1 7,739 9,3SO 5,002 3,503 3,~~3 1960 0 4,008 -i,512 4,S13 8,207 22,762, . t7 ,742 11.2-46 -':": 7,755 8,990 5,002 3,503 . 3,013 1e61 D • .008 ..... G,SMO 8,9-40 22,700. 1◄ .581 10, U58 . -15,S&s 10,135 ' 5 ,002 3 ,503 3,084 106-I 0 6,843 20.5 39 5,099 19,062 14,1$2 11,11◄ 7,003 7,038 8,293 S.002 3.503, 3~013 1sa1 D 8,521 .C,51'2 &,012 28 ,527 27,527 SO,SIS • • 14,◄28 · 6,142 9,102 5,002 3.503 : 3,013 19SS 0 6,663 27,017' 14,972 7,608 17,094 18,459 • • 10-,202 9,"66 B,098 5,002 3,503 3,013 19"7 D ◄,708 C,512 4,51.$ 10,.C.59 20.921 ·:-26,621 9,596 5,148: 10,253 5,002 3,503 $.064 , ... 0 4,tlS9 3,502 4,22!> 4.757 10,578 34,946 19,327 10,085 e.081 5.002 3,503 ·3.081 AVG S.812 7,611 1,424 11,23Z Z1,l10 21,u, 12,116 7,912, 9,094 S.002 3,552 3,1)37, 

1927 w ... 008 12,s:s 5,533 23.-in 135,632 42.783 48.958 22.aos 11.582 1.016 4,904 3,013 1938 w 4,009 I S.2t6 61,339 30,792 153;53!1 175,"72 18,n1 74 ,'438 37,357 8.016 4,006 9,784_. 1941 w 4,008 4,512 ,o,561 100.912 123.213 95.308 77,239 ◄1,512 16.195 8.015 ◄.497 7.89" 1942 w 14,8,C2 8,i73 SZ,138 86,543 147,942 30.515 ◄9,529 3$,891 20,067 8,016 4,138 4',61n' 1943 w 14,772 14,4:S 22,369 118.139 M ,134 92,!32 30 ,539 18,785 10.253 8,016 S,295 3,015 !9S2 w .t,008 7,071 41,398 90,453 79.206 7-1,896 ••= 68,198 35.572 8,016 ◄,008 11.11, 1953 w 16,520 7,306 ◄1,512 103,324 ?9.eo1 21,733 14,832 22,353 15,.w,t 8 ,01-6 4 ,30 1 3,350 , ... w 4,008 4,,512 78.083 1n.111 92.617 -tO, Ha 10,630 37,&Gi 17.%13 0.016 4,0 /3 6.751 1958 w 11,567 9.091 13.99S 30,173 158,051 128.087 103.38◄ 4!1,0.l' 9 32,0S,4 8,016 5,083 13,384 1963 w 23.183 10.,-,a 18.003 10,573 71,805 27.1 9 1 90,8,42. 27,338 11,9-Sa 8,016 4 ,383 3,16S 11165 w 4,00 8 4,579 69,209 118,36 1 ll1,047 18,&ot 46,71 7 22,727 ,1 .-313 8 ,016 ..... 3,01:! 1967 w 4,008 5,724: 29,SZ, 4'6.758 55,722 <Z,<ea 57.222 55,360 41.515 11,551 ◄.009 11,970 , ... w 4,008 -4,683 15,-445 122.206 149,440 71.457 62,222 65,298 29,798 8.016 4'.008 15,640 1970 w 16,113 8,88j 52.m 211.339 9-4,115 •1.~72 1◄,731 10,313 e.sse e .. o,e '4,871 3,013 1971 w '4,008 1-4.19? 58,309 45,503 24,819 S0,098 19, 12.S 25.4.32 13,83! 8,015 ◄,268 7 ,39 1 1974 w .c.ess so,m 66,585 127,990 .C!i. 108 112,838 68,SOO 23 ,993 13,70,c 6.016 ,.2as 12,037 1975 w 12,447 1,99i 8,456 11,160 asi7s.a 91,642 25,286 25.725 17.811 8,016 4.057 7,705 1982 w , .ooa 25,7rJI 85, 109 79,◄72 105,343 91,251 141,330 44,803 21.246 8,016. ◄.00.'I 1'4,377 , .. ~ w 26,328 '42.60i 81,◄60 11t 795 ta&,430 252.281 102,071 73,770 83,199 23 ,803 9,254 22.,912 1984 w 30,'401 82 .29) 15;6,663 78,849 45,&48 36;901 16,061 11,323 10,269 11.016 5,018 3,013 1985 w 4,008 4,51~ 7,cr;J 14.W 219,097 153,649- 24,4!,5 12.871 10,74 1 19,016 '4,888 3,333 
AVG 10,22$ 16,11T 44,◄.8 81,095 tt ,079 81,3'6 55,292 36,659 22,368 a,m 4,679 8,114 
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