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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
. EXECUTIVE SUMMARY
Background

This status report was prepared in response to a petition to list Sacramento River spring-run
chinook salmon (Oncorhiynchus tshawytscha) as an endangered species pursuant to the
California Endangered Species Act (Fish and Game Code Sections 2050 et seq.). The Fish
and Game Commission (Commission) received the petition on Qctober 16, 1995, from 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, 1998, meeting the Commission rejected the petition to list the Sacramento River
spring-run chinook salmen. 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 3 ‘candidate” species. On June 13, 1997,
the Commission took formal action to void and set aside its May 6, 1998, rejection of the
petition. The twelve-month candidacy period became effective June 27, 1997.

Pursuant to Section 2074.8 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 Valley, the Department has evaluatad whether or not the petitioned action is warranted.
Information and comments 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 review and analysis.
Findings

Life-history characteristics that separate spring run from the other Central Valley populations
have been observed since the last century. These characteristics, together with recently
developed genetic analyses, indicate spring run comprise a distinct interbreeding 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 commercial fish landings, the population of Central Valley 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 major decrease in spring-run chinook salmon abundance
occurred. It is attributable to the commercial gill-net fishery at the turn of the century, water
development and dams that prevented or interfered with access by adults to headwater areas,
and habitat degradation due to mining and reclamation activities. In the 1940's, the population
ranged from 18,000 to 222,000 fish per year. Inrecent decades, spring run have ranged from
500 to 13,000 fish per year.

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

There are other streams which may support Sacramento River spring run but documentation is
weak (Battle Creek), their populations are not persistent (Antelope, Cottonwood, and Big Chico
creeks), popuiations may be hybridized 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 unmaodified, 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 considered to
be a significant source of ongoing risk to Sacramento River spring-run chinook. Juvenile
rearing habitat and juvenile and adult migration 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 remaining habitat. Adult fish passage within the lower reaches of spawning
tributaries can be delayed or even blocked under lower flow conditions. Mortality of migratory
juveniles is considered a significant factor affecting spring-run abundance. Operations at the
State and Federal Delta water export facilities affect the level of juvenile spring run entrainment
to the central and southemn Deita.

Habitat restoration projects to benefit spring run are being addressed principally under two
major restoration plans: the Department's Restoring Central Vailey Streams: A Plan For Action
and the Federal Central Valley Project Improvement Act. Recently implemented restoration
actions upstream of the Delta have resulted in improvements to spring-run fish passage through
increased streamflows and barrier removal and modifications. The expected benefits to spring-
run populations from other recently implemented restoration projects will take time to realize
because of the variable nature of the populations and their predominantly three-year life-cycle.
Adaptive management for spring 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 Streams: A Plan For Action and the Central Valley Project
Improvement Act's Anadromous Fish Restoration Program. These actions primarily target
areas upstream of the Delta. Full implementation of these actions should provide adequate
pratections for spring run upstream of the Bay-Delta.
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The CALFED Bay-Delta Program, which began in June 1995, is charged with developing a
long-term solution for restoring the ecosystem health and improving water management for
beneficial uses of the Bay-Delta system. The CALFED Bay-Delta Program released s draft
Environmental Impact Statement / Environmental Impact Report in April 1998. Following the
close of the comment period (July 1, 1898) CALFED will be preparing a Revised Draft
Programmatic Environmental Impact Statement / Environmental Impact Report for release by
the end of the year; it will identify a draft preferred alternative. One element of the CALFED
Bay-Deita Program, the Ecosystem Restoration Program, contains actions that would be
generally beneficial for salmon, including spring run,

There are several projects, such as the Interim South Delta Program, the Implementation of the
1995 Bay/Delta Water Quality Control Plan, and others funded by the Central Valley Project
Improvement Act, which are currently proposed that could alter the magnitude and timing of
water diverted at the State and Federal export facilities in the Delta. These projects are in
various stages of environmental review, some of which have yet to define a preferred
alternative.

Conclusions

The petition requested listing as endangered. Based on the best scientific information available
to the Department and existing and future proposed actions affecting Sacramento River spring-
run chinook salmon, the Department concludes that this species is threatened.

Recommendations
The Department recommends the following:

1. The Commission find that the Sacramento River spring-run chinook salmon are
threatensd.

2. The Cammission publish notice of its intent to amend Title 14, California Code of
Reguiations, Section €70.5 to add Sacramento River spring-run chinook salmon
(Oncorhynchus tshawyvischa) to the list of threatened species.

3. Continue currant protective actions. Design and implement new ones in cooperation
with the public and government agencies, including State and Federal water project
operators, to secure Sacramento River spring run and its habitat.

4. Develop a restoration plan for Sacramento River spring-run chinook salmon that will:
(a) protect the existing populations and habitat of the species; (b) restore the habitat and
populations of the speciss; and (c) monitor the populations 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

Il. INTRODUCTION
Petition History

The Fish and Game Commission (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 under 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 petition to the Department of Fish and Game (Department)
on October 18, 1995, for evaluation. The Department had until January 17, 1986, (90 days from
the date of referral from the 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 information contained in the petition, there is sufficient
information 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 contained in its
files to interpret the petition’s information. The Department recommended acceptance of the
petition to the Commission. At its April 4, 1996, meeting the Commission rejected the petition.
The Commission adopted findings outlining reasens for the rejection of the petition at its May 8,
1886, 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 petition does not provide sufficient information in the category of degree of
threat and lacks a discussion on taxonomy that would establish 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
infarmation 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 Commissicn’s actions of April 4 and May 6, 1996.
On March 6 and April 3, 1897, Commission meetings were held. An appeal of the court order
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was considered during executive sessions. On April 4, 1997, a news release was issued
relating the Commission's decision to not appeal the Superior Court ruling.

On June 13, 1997, a Commission meeting was held in Bridgeport. The Commission took formal
action to set aside its actions of April 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 Special
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, including the Special Order to the Office of Administrative Law. On June
27, 1997, the notice was published in the California Regulatory Notice Register and the twelve-
month candidacy period became effective. A “"candidate species” means a native species or
subspecies of a bird, mammal, fish, amphibian, reptile, or plant that the Commission has
formally noticed as being under review by the Department for addition to either the list of
endangered species or the list of threatened species, or a species for which the Commission
has published a notice of proposed regulation to add the species to either list (FGC Section
2088).

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 measures. It also contains the Department's recommendation about
whether the petitioned action is warranted. Further, it identifies habitat that may be essential to
the continued existence of the species and suggests prudent management activities and other
restoration actions.

The Department has contacted affected and interested parties, invited comment on the petition,
and requested any additional scientific information that may be available, as required under FGC
Section 2074.4. Appendix A contains a list of parties contacted, a copy of the Department's
Public Notice which was transmitted to all parties, a list of newspapers which published the
Public Notice, and a list of individuals, organizations, and agencies that responded.

Federal Status Review and Recovery Planning

The National Marine Fisheries Service (NMFS) is the Federal resource agency responsible for
administering the Federal Endangered Species Act (ESA) for anadromous fish. On March 14,
1994, NMFS was petitioned by the Professional Resources Qrganization-Salmon (PRO-Salmon)
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 recsived petitions to list additional populations
of other Pacific salmon species in the Puget Sound area. Asa result, NMFS announced an
September 12, 1994 that it would initiate status reviews pursuant to the ESA for all species of
anadromous salmonids in Washington, Oregon, California, and |daho.

The status of Sacramento River spring-run chinook salmon is presently under evaluation as part
of the NMFS status review of all West Coast chinook salmon populations (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 Biological Review
Team (NMFS-BRT), completed preparation of a draft status review report in November 19986
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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 issued in February 1998 (Myers et al. 1998).

NMFS concluded that, based upon its life-history traits, ecological data, and supported by recent
genetic 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 chinook salmon are in danger of extinction.

Within 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) prepared and releasad a multi-species Recovery
Plan for Sacramento-San Joaquin Delta Native Fishes in November 1996 (USFWS 1985a). 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 Deita for a
significant segment of their life history and threatened by: (1) loss of habitat due to increased
freshwater exports; (2) loss of shallow-water habitat; (3) introduced aquatic species; (4)
entrainment in State, Federal, and private water diversions; and (5) changes in pattern and
timing of flows through the Delta. The plan also determined that spring-, late-fall-, and San
Joaquin fall-run chinock 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 recovery plan.

Public Responses

Appendix 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.
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lll. LIFE-HISTORY

Species ldentification

Chinook salmon are physically distinguished from other species of salmon by their 1ar_ge size (to
99 pounds), the presence of small black spots on both lobes of the caudal fin, black pigment
along the base of the teeth, and a large number of pyloric caeca (McPhail and Lindsey 1970,
Hart 1973). Juvenile fish are identified by large parr marks that extend well_betuw the lateral
ine. The adipose fin is unpigmented except for a black edge. Tf:l& a_mai ﬂ!'l is usually only
slightly falcate, and the leading rays do not reach past the posterior insertion of the fin when
folded against the body. The anal fin has a white ieadlng! edge that is not outlined by a dark
pigment line (as in the coho salmen). Juvenile characteristics are highly vana{:le; reh:.abie
identification is often dependent on meristic and pyloric caeca counts, The chingnk. like all
salmon species within the genus Oncorhynchus, is anadromous. Adults spawn in freshwater
and juveniles emigrate to the ocean where they grow to adulthood. Upon their return to
freshwater, adults spawn and then die.

On the North American Coast, spawning populations of chinook salmon are known to be
distributed from Kotzebue Sound, Alaska to Central California (Healey 1991). The southernmost
populations of chinook salmon occur in the Sacramento-San Joaquin basins of California.

There are two distinct spring-run chinocok salmon populations in California: the North Coast
Klamath-Trinity population and the Central Valley Sacramento-San Joaquin population. NMFS
has recently completed an examination of genetic study results for West Coast chinook salmon
populations and determined that the Klamath-Trinity River population is genetically distinct from
the Sacramento-San Joaquin population (Myers et al. 1938).

Taxonomy

Taxonomy is the discipline of classifying and naming distinct groups of organisms. The
classification system consists 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 taxon. A taxonomic
‘species” is a basic unit in the classification system, consisting of a group of individuals having
many characteristics 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 Family
Salmonidae (salmon, trout, and char), in the Class Osteichthyes (bony fishes). Chinook are
most closely related to the coho saimon, Oncorfiynchus kisutch (Walbaum). Chinook salmon is
the accepted common name for this species as adopted by the American Fisheries Society and
Federal and State natural resource agencies, but they are also known as king salmon and tyee.

Chinocok salmon, like all Pacific salmon, exhibit a2 wide range of characteristics that are not
accounted for in classic hierarchical taxonomy. In order to distinguish each group sharing
several to many characteristics, data regarding body structure, physiology, embryology, genetics
behavior, and other features, must be included (Storer et al. 1968). Riddell (1993) provides a
more detailed description of the hierarchical organization of Pacific salmon that accounts for
their biological diversity. Lower levels within the organizational hierarchy have less temporal and
spatial variability. Avers (1889) defined subspecies as: “...populations that share most of their
characteristics but differ in a few traits, inhabit different geographical or ecological subdivisions
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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 from 2 variety of genetic
processes (for example natural selection, genetic drift, and mutation) which occur at the level of
the individual (Freeman 1998), which is a basic unit of diversity.

In California there are four runs of chinook salmon that are differentiated by the timing of aduilt
spawning migration: fall-, late-fall-, winter-, and spring-run chinook salmon. These four runs,
including spring-run chinook, are often called “races” in the sense of Merrell (1981): subdivisions
of a populiation that are somewhat geographically separated and exhibit reduced gene flow. In
this report, Sacramento River spring-run chinook salmon as a group will be referred to as a run.
Units within 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 population 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 differentiated from the other chinook salmon runs (fall-, late-fall-, and winter-run
chinook) in the Sacramento River by the time of their spawning migrations, the degree of
maturity of adult fish entering freshwater, their spawning areas, and emigration timing of
juveniles. Spring run maintain their genetic integrity by being temporally and/or spatially isolated
from other runs in the Sacramento River system. Spring run are temporally isolated from winter
run. Temporal isolation with fall run is not complete; however spring run were naturally spatially
isolated from fall run. Based on their recognized distinctness, State and Federal resource
management and conservation agencies have historically managed spring run separately from
the other runs of Sacramento River chinook salmon.

As explained in a recent publication by Nehisen et al. (1991), the greatest challenge in
preserving the genetic diversity of salmonid fishes concerns the protection of nontaxa (below the
biological species level). Behnke (1993) also voiced this opinion, stating, *Obviously, 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 species as
a whole and increase its probability of extinction. Therefore, protection of population segments
is biologically appropriate (Ecological Society of America 1996). Wood (1985), in describing 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 adapted 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 literature as a
distinet run or stock since 1875 when Livingston Stone first described the different runs in the
mainstem Sacramento River (Stone 1875). The Commission has defined the State’s policy
regarding salmon population management and at what level management should be directed,
Section |Il. Life-History
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stating: "It is the policy of the Fish and Game Commission that salmon shall be managed to
protect, restore, and maintain the populations and genetic integrity of all identifiable stocks. *
(FGC, Salmon Palicy). This management focus is consistent with current literature on the
protection of the genetic diversity of species.

Genetics

Recent genetic research has provided evidence that supports the distinctiveness of spring-run
chinook salmon and complements known spring-run chinook life-history. Several researchers
have investigated, or are currently investigating, genetic variation in Central Valley chinook
salmon runs using a variety of data: protein (i.e., allozyme) electrophoresis, variability in
mitochondrial DNA (mtDNA), and highly polymorphic segments of nuclear DNA (NDNA) called
microsatellites. Not all tributary spawning populations of spring run have been analyzed.
Therefore, the genetic relationships between various Spring-run spawning populations 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
chinack 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 discemed,
with the most distinct cluster containing samples from the Sacramento-San Joaquin basins.
However, although allozyme data have been successfully used to discriminate chincok salmon
populations on a large scale, they cannot discriminate temporal runs within a system.

Geneticists at the University of California, Davis, Bodega Marine Laboratory (BML) are analyzing
highly repetitive, highly palymorphic elements of nDNA for genetic differences 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 cannot. To date, more than 50 microsatellites have been isolated at BML. Five of these
show strong potential for discrimination of salmon runs: Ofs-2, Ots-3, Ots-9, Ots-10, and One-
13. The four Ots microsatellites were isolated from Central Valley chinook by BML; One-13 was
isclated 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
microsatellites 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 frequency differences between spring-run and fall- or late-fall run chinook were
demonstrable at seven of ten statistical comparisons. Winter-run chinook were most distant
from the other three runs, showing significant allele frequency differences at 13 of 15 statistical
comparisons. The average proportion of genetic variation due to differences between
populations over the five loci (F,; = 0.084) represents 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 run chinook. In addition, using these same data, well defined
differences between several spring run samples are discernable. Spring run from Mill and Deer
creeks appear to be homogeneous, whereas Butte Craek spring run is a distinct population.
=ectian |||, Life-History
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Baseline samples for spring run chinook were collected from 1993 to 1997. Within any one
collection year sample size for the spring run baseline is low (Table 1). Also, many baseline
samples are from juveniles that are very likely spring run, but may confuse analysis because of
relatedness. These features highlight the preliminary nature of the analyses based on these
baszlines.

Table 1. ‘Bodega Marine Laboratory’s Spring-run Baseline Sources.

Sample Year Fish Life-stage of Number of
Location Sampled Samples Samples
Mill Creek as adults 15
g6 juveniles 64
Deer Creek 93 adults 10
a4 adults p]
94 juveniles 64
95 adults 29
96 adults 20
g6 juveniles 223
97 adults 48
Big Chico Creek
95 adults 5
Butte Creek o4 adults 69
95 adults 5
G4 juveniles 35
96 adults 50
g5 juveniles g9
a7 adults 48

The work being done at BML focuses on identification of winter-run chinook, and the available
data suggest that winter-run chinook can be identified to some level of reliability. However, BML
has characterized all four runs of Central Valley chinook to some degree using these five loci.
On this basis, although winter run show the best promise for discrimination, spring run are also
demonstrably different and can usually be separated based an microsatellite allele frequencies.
Geneticists at BML believe that this technigue will be useful in separating 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 populations, and comparisons to
other chinock 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 frequency differences were also found between

the spring-run sample and each of the fall- and late-fall-run samples, and between the two fall-

run samples.

Nielsen (1995) also analyzed microsatellite nDNA to evaluate genetic variation in Central Valley
chinook salmon. Comparisons betwesn spring-run chinook samples from Deer Creek (1993)
and Butte Creek (1994) showed significant differences, suggesting to Nielson possible
introgression of spring- and fall-run chinook salmon in Butte Creek. However, as stated in
Section [l Life-Histary
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Nielsen's report, the Department had cautioned that the juvenile samples collected from Butte
Creek in 1894 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-run fish to fall-run chinook is
more likely explained by collection of a mixed sample of the two runs than by introgression
among runs in Butte Creek.

Nielsen (1987) 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 juveniles) and Butte Creek (1993 juveniles
collected in 1984 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 found in the same
population in the 1994 sample. Some fish collected in Desr Creek in 1994 as "spring-run”
chinook were genetically most similar to the Coleman National Fish Hatchery (CNFH) fall-run
chinook. Also, a mtDNA haplotype associated with fall-run chinook appeared in 24% of the
individuals in the 1984 Deer Creek sample, This haplotype had not been observed in Deer
Creek spring run in previous years (1992-93). Nielsen stated that these results were
inconclusive, but that they suggested fall-run influence in the 1994 Deer Creek sample. Nielsen
further stated that the source of this influence is unclear.

To date Nielsen (pers. com.) has analyzed 138 spring-run chinook from Butte Creek (1293-96),
Deer Creek (1994 and 1996), and Mill Creek (1995-96) for seven microsatellite loci. Nielsen has
also analyzed 177 fall- and 18 winter-run chinook for comparison. Using these limited
preliminary data Nielsen (pers. com.) found that the allelic size distribution for fall-run chinook
encompasses the allelic size range for all other races at all seven |oci examined. No diagnostic
alleles have yet been found that would allow unambiguous race discrimination. Analysis of
allelic frequency independence shows significant population genetic structural differences
separating fall-, winter-, and spring-run chinook. Initial preliminary analysis of Butte, Deer, and
Mill creeks show significant population differences in allelic frequencies by stream and year-
class that suggest that populations in these streams are not identical and that significant year-to-
year variation exists in these spawning populations.

Nielsen et al. (1994) presented the first published support for significant genetic separation
among spring-, fall- and winter-run chinook salmon in the Central Valley. Differentiation among
chinook spawning populations was possible based on haplotype frequency (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 miDNA haplotype frequency analyses in Nielsen
(1997) similarly support significant genetic separation among the four chinook spawning runs.

Additional mtDNA research by Nielsen (1 985) found no significant year-class structure in
haplotype frequencies of any chinook temporal runs in a diverse collection of chinook
populations in the Sacramento-San Joaquin basin. Eight mtDNA haplotypes were identified.
The consistency of haplotype frequencies over three years shows genetic stability in the four
temporal chinook runs in the Sacramento-San Joaquin basin. This stability supports a unigue
evolutionary history for each chincok run. In these analyses, mtDNA haplotype frequencies for
Deer Creek spring-run chinook were significantly different from all winter- and fall-run
populations. [n this study the proportion of genetic variation due to genetic differences between
runs (G,) was 15.3%. This value is relatively high, but comparable to estimates of

Section I, Life-History
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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.
However, this is not supported by available, although preliminary, genetics data. Preliminary
microsatielite data (M. Banks pers. com.) separates FRH chinook salmon from all other runs
including Butte, Mill, and Deer creek spring-run chinook. Nei's (1 978) 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 are likely introgressed fall-
and spring-run chinook. The suggestion that Butte Cresk 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, unambiguous genetic evidence of introgression
as its cause is lacking.

In summary, while current genetics information is not abundant, and often it is preliminary, the
information supports the finding that spring-run chinook salmen comprise a distinct interbreeding
population segment of Central Valley chinook salmon. Although the definition of the genetic
constitution of spring-run chinook may depend on location and year of collection (J. Nielsen
pers. com.), spring-run chinook show consistent moderate genetic differences from other runs of
Central Valley chincok. 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 populations 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 of differences in allele and
haplotype frequencies. No alleles or haplotypes unique to spring run have yet been found.

Work is currently underway to more fully characterize spring-run chinook genetics.

There is only a small amount of information with which ta evaluate the relationship of relict
spring-run populations 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, conclusions based on the genetic relationships of these populations are not possible.
Current work may shed light on these relationships.

Unigue Species Characteristics

Adult Upstream Migration and Spawnin

It is estimated that adult Sacramento River spring-run chinook salmon leave the ocean to begin
their upstream migration in late January to early February based on time of entry to natal
tributaries. Spring-run chinook are sexually immature when they enter freshwater, their gonads
maturing over the summer holding period (Marcotte 1 984). Adult chinook salmon do not feed
upen entering freshwater. Stored body fat reserves are used for maintenance and for gonadal
development.

Aduits enter their natal tributaries from mid-February through July with upstream migration
peaking in May. The most thorough historic records of timing of spring-run migration and
spawning are contained in Livingston Stone's reports to the U.S. Fish Commissioners of
aperations at Baird Hatchery on the McCloud River (Stone 1893, 1895, 18963, 1896bh, 1856¢,

Seczon Il Life-Histary
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1898, Williams 1893, 1894, Lambson 1899, 1800, 1801, 1902, 1804). 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 early June (Figure 1). Baird Hatchery intercepted returning
spring-run adults and spawned them from mid-August through late September (Table 2). Peak
spawning occurred in the first half of September. The peaks of spawning for spring- and fall-run
salmon were almost two months apart.

Table 2. Dates of Spring-run and Fall-run Chinook Salmon Spawning at Baird Hatchery on

the McCloud River.

Year Spring run Fall run Reference
1888 Aug 15 - Sep 24 Oct 29 - Dec 15 (Stone, 1893)
1889 Aug 27 - Sep 26 no egg take (Williams, 1893)
1890 Aug 27 - Sep 23 Nov & - Nov 25 (Williams, 1893)
1891 Aug 31 -Sep 19 Oct 30 - Nov 10 (Williams, 1894)
18892 Aug 13 - Sep 12 Oct 20 - Nov 26 (Stone, 1895)
1893 Aug 22 - Sep 15 Oct 21 - Nov 28 (Stone, 1896)
1894 Aug 24 - Sep 30 Oct 22 - Nov 23 (Stone, 1896)
1895 Aug 26 - Sep 30 Oct 18 - Nov 14 (Stone, 1896)
1896 Aug 22 - Sep 20 no egg take (Stone, 1898)
1897 Aug 14 - Sep 20 Oct 08 - Dec 08 (Lambson, 1897)
1838 Aug 15 - Sep 17 Nov 05 - Dec 27 (Lambson, 1900)
1858 Aug 21 - Sep 27 Oct 18 - Nov 09 (Lambson, 1901)
1800 Aug 18 - Sep 22 no egg take (Lambson, 1902)
1901 Aug 16 - Sep 25 Oct 25 - Nov 25 (Lambson, 1904)

Currently, timing of adult spawning is from mid to late August through October. Peak spawning
is in late September. It has been observed that within Deer Creek, spawning begins first at
higher elevations, which are the coolest reaches. Spawning occurs progressively later at the
lower elevations (Harvey 1995a, 1996a, 1997¢).

Fry Emergence and Juvenile Emigration

After hatching, larval salmon 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 water temperature.
Emergence generally occurs after the yolk-sac is absorbed.

The strong influence of water temperature greatly influences the variations observed in eqg
incubation and time of emergence between different drainages. Water temperatures are
warmer in Butte and Big Chico creeks than Mill and Deer creeks. Within Butte and Big Chico
creeks, juvenile salmon first appear in late November, some three months after the onset of
spawning, 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
spawning.

Timing of emigration is highly variable. For Mill and Deer creeks, egas incubate over the winter
months and juveniles typically begin to emerge in early March, over six months after the first
spawning. The majority of juvenile production continues to rear in the tributaries over the
summer months and emigrates the following fall as yearlings, defined in this report as
approximately one year old from time of egg deposition. Emigration of yeariings occurs from
October through March, with peak movement during November and December. Yearlings
Section |1l Life-History
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appear to be in a smolting condition (i.e., a slimmer fish as indicated by a decreasing condition
factor and fading of parr marks). In some years, under certain flow and/or water temperature
conditions, juveniles in Mill and Deer creeks may outmigrate as fry and fingerling beginning scon
after emergence.

The bulk of the production in Butte and Big Chico creeks emigrate from their natal tributaries as
fry in December and January. Some rear in the stream and emigrate as fingerlings from
February through May. A few juveniles rear in these two creeks through the summer months
(Brown 1985), with yearling emigration starting in October, peaking in November-December, and
generally ending in February.

Delta and Ocean Entry of Juveniles

Depending on flow conditions in their natal streams and within the Sacramento River, yearlings
can enter the Delta as early as October and as late as March or April based on emigration
patterns from natal tributaries (CDFG monitoring data for Mill, Deer, Butte, and Big Chico creeks
from 1884-98). Fry and fingeriing can enter the Deltz as early as January and as late as June.
Their length of residency within the Dslta is unknown but probably lessens as the season
progresses into the late spring months.

Ocean Distribution

Sacramento River spring-run chinook salmon are reported to be distributed primarily between
Point Arena and Morro Bay along the coast of California (Figure 2), where they feed, grow, and
mingle with other chinook salmon populations that include Central Valley fall-run and winter-run
chinook salmon.

Sex and Age Structure of the Population
Fisher (1924) reported that 87% of spring-run adults are three-years-old based on observations

of adult chinook salmon trapped and examined at Red Bluff Diversion Dam (RBDD) between
1985-1991. Categorization of adults as spring run was based on coloring and degree of sexual
maturity, which is an imperfect methed for differentiating winter run from spring run early in the
seéason and spring run from fall run late in the season. Further, the data may include 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 fecundity for wild spring run was developed by using a geometric mean (GM) regression
(Ricker 1973) by regressing fecundity on length for all Sacramenta River chinook runs (Figure
3). Data to develop the function came from McGregor (1923), Hanson (1940), Warner (1940),
Tehama Colusa Fish Facility, and CNFH winter-run reports. The resultant GM functional
equation of fecundity for an adult female at 3 given fork length is:

number of eggs = -6800.73 + 153.7804 x FL (cm), (P =.70).
A fecundity for each female was calculated using the derived equation for fork lengths from 172

female carcasses from Mill and Deer creeks. The number of eggs-per-adult-female spring-run
chinook in Mill and Deer creeks, derived with the above formula, ranged from 1,350 eggs to

Section |II. Life-Histary
Section lll, - Page g
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7,153 eggs, with a weighted average of 4,161 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 fecundity of
spring-run salmon taken at Baird Hatchery on the McCloud River using the number of females
spawned and total egg take. Eggs-per-adult-female ranged from 3,400 to 5,000 and averaged
4,200 eggs (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 1956.

Fork Length Frequency of Calculated
{cm) Observance Fecundity

53 1 1350
54 0 0

55 1 1857
56 1 1811
57 0 0

58 1 2119
59 0 0

80 1 2426
61 B 2580
62 1 2734
63 5 2887
B4 4 3041
65 4 3195
66 11 3348
67 10 3503
68 g 3656
69 10 3810
70 27 3964
71 8 4118
72 5 4271
73 7 4425
74 8 4579
75 5 4733
76 13 4887
77 8 5040
78 5 5194
79 3 5348
80 5 5502
81 2 5655
82 0 0

83 2 5983
84 3 6117
85 4 6271
86 ] 0

87 2 6578
88 0 0

ag 0 0

80 0 0

91 1 7183
92 0 0

83 0 0

94 0 0

85 0 0

Calculated by the Equation: Fecundity = -6800.73 + 153.78 x fork length;
minimum eggs/female = 1,350; maximum eggs/female = 7,193, weighted average
egasfiemale = 4,161,
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Table 4. Spring-run Chinook Salmon Egg Records at Baird Hatchery

6,008,500 4,115
12,246,000 3,402
6,889,859 4,253
7,396,800 3,450
7,270,000 4,205
3,991,150 3,995
940,750 3,278
1,105,000 4,385
3,026,000 4,463
834,000 3,791
3,294,300 4,037
7,678,700 5,129
5,196,700 4,889
7,000,000 4,502
13,445,810 4,672
6,228,340 4,896
2,021,000 3,887
7.375.520 3.507
Total 101,948,429 24,693 74,856
4,159
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IV. HABITAT 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 their
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

Adult Holding

Habitat reguirements for holding adults include: (1) pools sufficiently deep to allow aduits to
over-summer; (2) adequate cover, such as bubble curtains created by flowing water; (3)
proximity to quality spawning gravel (USFWS 1985a); and (4) adequate water temperatures and
dissolved oxygen.

Immature adult spring run reach their spawning habitat, then stage for several months before
Spawning. Adults require cold-water refuges such as deep pools to conserve energy for gamete
production, redd construction, spawning, and redd guarding. The upper limit of the optimal
temperature range for adults holding while €0gs are maturing is 53°F to 60°F (Hinz 1959).
Sustained water temperatures above 80.6°F are lethal to adults (Cramer and Hammack 1 952).

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 adult 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 (Ekman 1887). The pools where adults over-summer are at
least three to ten feet deep (G. Sato unpublished data, Marcotte 1884).

Adult Spawning

Spawning occurs in gravel beds that are often located at tails of holding pools (USFWS 1995a).
Spring-run adults have been observed spawning 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 gravel 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 four
inches with less than 5% fines, which are less than or equal to 0.3 inches in diameter (Platts et
al. 1879, Reiser and Bjornn 1979). The upper preferred water temperature for spawning adult
chinook salmon is 55°F (Chambers 1956) to 57°F (Reiser and Bjornn 1979).

Egg and Larvae Incubation

Length of time required for the egg to develop and hatch is dependant on water temperature.
The optimum temperature range for chinook salmon €0g incubation is 44°F to 54°F (Rich 1997).
Incubating eggs show reduced egg viability and increased mortality at temperatures greater than
58°F and show 100% mortality for temperatures greater than 63°F (Velson 1987). Velson
(1987) and Beacham and Murray (1990) found that developing chinook salmon embryos
exposed to water temperatures of 35°F or less before the eyed stage experienced 100%
martality. '

From the time of egg fertilization a cumulative total of 1550 temperature units (the sum of the
average daily temperatures minus 32) are required for an egg to hatch and fry to emerge (Armor
1991). Salmen eggs hatch in 50 days when incubated at 50°,F but require over 110 days at
40°F. After hatching, larval salmon remain in the gravel, living on yolk sac reserves.

Section IV, Habitat Necessary for Survival
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The length of residency as yolk sac fry is also influenced by water temperature. Emergence and
subsequent free living generally occurs after the yolk sac is absorbed.

Fry Emergence

The strong influence of water temperature greatly increases the variations observed in juvenile
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 through late
Fehmal}y (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
thicn creeks, juvenile salmon first appear in late November, some three months after the onset
of spawning.

Table 5. Actual Emergence of Fry in Deer Creek with the Calculated Emergence
from First Observed Spawning Based on Tem perature Units.
Brood Year
1993 1994 1985 19986

Actual Early March Mid March Early January no fish
Emergence observed
Calculated Mid-February Mid-February Early January Late January
Emergence

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 than 0.9 fest, and gravel substrate for rearing (Bovee 1978). Optimal
temperature conditions 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
tnbutaries soon after emergence while some remain throughout the summer and exit the
following fall as “yeariings™ 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 tributaries
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 juvenile rearing must provide adequate space, caver, and food supply. Fry use low
velocity areas at the stream margin and where substrate irregularities and other instream habitat
features create velocity breaks. As juveniles grow, they move away from the shoreline into

higher velocity areas, especially for feeding. Optimal temperatures for fingerlings range
between 55°F and 60°F. Dissolved oxygen levels greater than 7 mgfl are required (Rich 1897).

Suitable habitat includes abundant instream and overhead cover (e.q. undercut banks,
submergent and emergent vegetation, logs, roots, other woody debris, and dense overhead
vegetation) that provides refuge from predators. A sustained abundant supply of invertebrate
forage production is required.

Section IV, Habitat Necessary for Survival
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Emigration of juvenile saimon alternates between active movement, resting, and feeding. Thus,
quality freshwater and brackish resting and feeding habitat is essential for migrating juveniles.
Juvenile salmon may rear for up to several months within the Delta before acean entry (Kjelson
et al. 1981).

Juvenile rearing within the Sacramento-San Joaquin Bay-Delta Estuary occurs mostly in
freshwater habitat. Juveniles typically do not move into brackish water until they have
undergone smoltification (Kjelson et al. 1981, 1982). Sasaki ( 1866) found that chironomid larvae
were important food items for juveniles in the upstream areas of the Delta, whereas Neomysis
and Corophium were important in the lower Delta. Kjelson et, al. (1982) instead found
Cladocera, Copepoda, and Diptera to be the most important food items for juveniles in both the
upper and lower estuary, -

Juveniles undergo physiological transformations {smnftiﬁcaticnj that prepare them for the
transition to saline water (Hoar 1978). These transformations include 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, Foimar and Dickhoff
1980, Smith 1982). In general, smoltification is timed to be completed as fish are near the fresh

cause the fish to miss the "biological window" of optimal physiological condition for the transition
(Walters et al. 1978). The optimal thermal range during smoltification and seaward migration is
S0°F to 55°F (Rich 1997).

Section IV, Habilat Nacassary for Survival
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V. RANGE AND DISTRIBUTION

The following is a summary of information on historic and current range and distribution of
spring-run chinook salmon in the Sacramento River system. For further information, Stone
(1874), Clark (1929), and Yoshiyama et al. (1996) provide more detailed descripticns of the
historic range and distribution of spring-run chinook salmon. These and numerous other
accounts provide a detailed history of habitat destruction and medification throughout
California’s Central Valley which accounts for the present-day limits of the spring-run chinook
salmon's remnant range and distribution.

Historic Range and Distribution

Spring-run chinook salmon populations once occupied the headwaters of all major river systems
in California’s Central Valley where natural barriers were absent (Figure 4) (Clark 1929,
Yoshiyama et al. 1998),

headwater habitat. 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 (1828) did not give details about his calculation. Whether Clark’s or
Yoshiyama's calculation is used, little remains today of the former spring-run habitat.

Sacramento River and Tributaries a ove Sha Da

Spring-run chinook salmon once ascended the Sacramento River to its headwaters and
tributaries (the Pit, McCloud, and Little Sacramentn.rfﬁ.rers} where chinook salmon habitat
conditions were characterized as “ideal” by Clark (1929). Spring-run salmon spawning habitat
was spatially isolated from fall-run chinoak, although there was some overiap in spawning time.
Isolation from winter run was due to different spawning times (Hallock and Fisher 1885).

Upper (Little) Sacramento River Stone (1874) observed 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).

MeCloud River: Spring run could have ascended the McCloud River as far as Lower Falls, but
probably stopped at Big Springs (Wales 1839), 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.
1998),

Pit River. Spring run were able to ascend Pit River Falls and migrate to the Fall River
(Yoshiyama et al. 1998). Spring run used Hat Creek and Kosk Creek and one mile of Burnay
Cresk.

Sacramento River and Tributaries Below Shasta Dam

Historically spring-run chinook salmon did not use the mainstem Sacramento River below the
site of Shasta Dam, except as a migratory route to and from headwater streams.

Section V. Range and Distrbution
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Clear Creek: Spring-run chinock could have historically migrated to the uppermost reaches of
Clear Creek above the town of French Guich (Figure 5) (Yoshiyama et al. 1986). 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 (1858)
saw spring run in Clear Creek for the first time since 1848, Passage to the upper watershed was
severely impaired by the construction of McCormick-Saeltzer Dam around the turn of the
century, then permanently blocked by the construction of Whiskeytown Dam in 1964.

Cottonwood Creek: Spring run are known to have migrated to the headwaters of the Middle
Fork and into Beegum Creek and South Fork above Maple Guich (Figure 86). Yoshiyama et al,
(1996) and Hanson et al. (1 940) did not mention salmon using the North Fork. Even in the
1840s, 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 Battle Creek. Clark (1928) indicated that some of the ladders at these facilities were
inoperable at low flows and that sections of the 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 this. 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
19686).

Mill Creek: The historic range and distribution of spring-run chinook salmon in Mill Creek is the
same as it is today (Figure 8). Adults migrate upstream and hold in a 20-mile reach from
approximately 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 it is today (Figure 10). Fish held in a 16-mile reach from Dillan Cove upstream to
Lower Deer Creek Falls. In 1943, a fish ladder was consiructed around the falls, providing
access to an additional six miles of adult holding and spawning habitat.

Stony Creek: Historically, spawning runs of fall- and spring-run chinook salmon occurred in the
Stony Creek watershed above the present dams and the reservoirs to the confluence of Stony
Creek and Little Stony Creek, approximately five miles below the town of Stenyford (Clark 1928,
Yoshiyama et al. 19986).

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 is the
primary aduit holding area. Under certain water flows, fish were able to ascend Higgins Hole
falls and proceed upstream approximately 1.5-2 miles until encountering an impassable barrier
(White 1958).

Butte Creek: Clark (1929) provides the only known early record of the range of spring run in

Butte Creek, although he probably incorrectly refers to them as fall run. Various sources
Section V, Range and Distribution
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Big Chico Creek
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suggest that salmon and steelhead may have reached Butte Meadows (Figure 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 Quariz
Bowl, a large pool about one-half mile above Chimney Rock, which had a 15-foot high barrier
that was the upper limit of distribution. The barrier was dynamited sometime in the 1230s, which
allowed passage to the Centerville Head Dam. The field survey by Holtgrieve and Holtgrieve
(1995) found additional impassable natural barriers just upstream of the Centerville Head Dam,
further substantiating the conclusion that spring-run salmon probably did not exist in the reach
above the Head Dam, and certainly did not migrate as far as Butte Meadows.

Feather River: Spring-run salmon were reported {o have ascended to the very highest streams
and headwaters of the Feather River watershed (Figure 13) prior to the construction of the
various hydropower dams and diversions (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 Almanor into various tributaries, 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 Faork, spring-run salmon were reported to have occurred as far as the
natural barrier falls at Bald Rock, and potentially to Feather Falls located on Fall River, a
tributary to 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 wers
described as primarily 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 restricted to areas which were also within the range of fall-run chinook salmon,
particularly the North Fork and the Middle Fork. Comments included in the Department's annual
chinook salmon spawning stock surveys as early as 1958 (CDFG 1959), prior to construction of
Croville Dam, indicated that fall- and spring-run spawners were often not separated, even in tha
Middle Ferk.

Yuba River. Spring run histarically occurred in the Yuba River, which is the largest tributary to
the Feather River (Figure 14). In the North Fork, salmon were caught by PGAE workers in the
Bullards Bar area in 1898-1911 (Coleman 1952: as cited in Yoshiyama et al. 1998). There are
no barriers above the Bullards Bar area, and salmon were presumably able to ascend 3
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 Downieville
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 likely able to ascend this reach of
the river (Yoshiyama et al. 1998). Except for a 10-foot falls in the lower reach of the Middle Fork
Yuba River, there are no significant natural barriers and salmon would 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 unpublished data).
Little is known of the original distribution of salmen in the South Fork.

Salmon were observed within one to two miles upstream of the mouth of the South Fork (CDFG
unpublished 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 Holbek 1984:
Sechion V. Range and Distribution
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as cited in Yoshiyama et al. 1996). Steeslhead were known to have ascended above this area
and as far up the South Fork as Poorman Creek near the town of Washington (CDFG
unpublished data). Salmon have ascended 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 ladders were destroyed in the floods of 1927-28 and were not rebuilt 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 spawning habitat.

American River: Spring run ascended the North Fork at least to Mumford Bar (Beals 1933: as
cited in Yoshiyama et al. 1996). Spring run were able to ascend the Middle Fork to its
confluence with the Rubicon River and the South Fork to Eagle Rock about 12 miles
downstream the from village of Strawberry. Following years of problems with ineffective or
absent fish ladders at the historic Folsom Dam, upstream access was completely blocked when
the new, present-day Folsom and Nimbus dams were constructed. 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 site of the Electra Powerhouse (Yoshiyama et al. 1998). Spring run no
longer exist in the Mokelumne River,

Stanisiaus River: An account by Yoshiyama et al. (1996) places spring run in the Stanislaus
River historically. Spring run may have ascended the Norih Fork to the confluence of Griswold
Creek. Salmon were thought to ascend the Middle Fork to the site of Beardsley Reservoir.
Salmon were not thought to inhabit the South Fork. Spring run no longer exist in the Stanislaus
River,

Tuolumne River: Spring run were thought to ascend the Tuolumne River to Preston Falls near
the Yosemite National Park boundary, appreximately 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 containad salmeon
(Ford: as cited in Yoshiyama et al. 1996). Spring run no longer exist in the Tuolumne River.

Merced River: Spring run may have ascended the Merced River near El Portal (Yoshiyama et
al. 1996). Yoshiyama et al. (1998) give an account that spring run probably never reached
Yosemite Valley. 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. 1986). 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 saimon (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 may 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 up Fine Gold Creek 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 Joaguin River,

Section V, Range and Distribution
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Kings River: There is strong evidence that spring-run chinock 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 River, The
following is from Yoshiyama et al. (1996). Maost 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 approximately 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 (Bartholomew: 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 the San Joaquin 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 tributaries occasionally have spring run present or
have recently supported small numbers of them. These tributaries include Big Chico, Antelope,
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 station, operated on Battle Creek in 1985,
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 REBDD 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 between 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 18). The physical environment below Keswick Dam is adequate for spring run; however
in some years high water temperature would prevent egg and embryo survival (USFWS 1890) .
Even though there is physical habitat available to Spring run, spring run depend on spatial
isolation to prevent competition and hybridization with fall run. The onset of fall-run spawning
oceurs simultaneously with the termination of spring-run spawning. This overlap in spawning
pericds may be evidence of introgression already occurring between the two runs. Also, since
fall run use the same spawning 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 spring-run salmon
historically spawned (Table 6). The spring run that was observed by Moffett (1947) and to some
extent Slater (1963) is, for the mast part, no longer found. '

Clear Creek: There are no spring run currently in Clear Creek (Figure 5). Habitat in Clear
Creek has the potential to support spring run if passage problems at McCormick-Saeltzer Dam
are corrected so that adults can ascend to habitat below Whiskeytown Dam, Operation of
Whiskeytown Dam can produce suitable cold-water habitat downstream to Placer Road Bridge,
depending on the flow releases. -
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SPRING-RUN CHINOOK SALMON IN THE CENTRAL VALLEY OF CALIFORNIA
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Cottonwood Creek: The Cottonwood Creek drainage still supports a few spring run (Figure 6).
However, in recent years salmon have been observed only in Beegum Creek. In 1995, eight
spring-run salmon were observed and in 1996 six salmon were observed. No fish were
observed in the South Fork.

Battle Creek: Currently the maost suitable spring run holding and spawning habitat is restricted
to the North Fork between Wildcat Diversion upstream to Eagle Canyon Dam, a distance of
approximately three miles. Holding adult spring run have been observed in the mainstem of
Battle Creek below the confluence of the North Fork (Figure 7) (Croci 1998) . The CNFH Fish
Barrier Dam has a functioning fish ladder that is left open April through June, the principal
spring-run migration period. In addition, the barrier dam becomes partially passable when flows
exceed approximately 350 cubic-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. However,
hybridization is minimized by keeping the hatchery barrier dam closed during the fall-run
migration period (July to December).

Antelope Creek: Spring run are thought to ascend the North and South forks to the vicinity of
the Ponderosa Road crossings, as they did historically (Figure 8). Habitat surveys and water
temperature monitoring have identified 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 confluenca to two miles
below Payne Place. During the years 1988-97, adult population counts have been made during
the month of July in the adult 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 Creek is the
same as it was historically (Figure 9). Adults migrate upstream and hold in a 20-mile reach from
the Lassen National Park boundary downstream to the confluence of Little Mill Creek.

Deer Creek: The prasent range of spring run has been extended 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 salmon holding and spawning habitat.
The present habitat is a 22-mile reach of stream extending from Dilion 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 steelhead passage around the falls, but not spring-run chinook
salmon passage. This is because the habitat lacks large holding pools and would not sustain a
large population 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 Dam.

Big Chico Creek: The present range of spring-run chinook salmon in Big Chico Creek does not
differ substantially from its historic range, although access to this habitat is currently provided
under most flow conditions by a fish ladder located in Iron Canyon east of Chico (Figure 11).
Blockage of the historic habitat above Iron Canyon was believed to 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 approximately
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1.5-2 miles until encountering an impassable barrier (White 1958), although there is no recent
observation of any fish ascending above Higgins Hole.

Butte Creek: The present range of spring-run chinook salmon in Butte Creek does not differ
substantially 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) (Holtgrisve and
Holtgrieve 1885},

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 ERH
(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 1893). Coded-wire-tagging (CWTing) of spring- 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 report’s discussion of competition
and hybridization.

Table 7. The Dispesition 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 Aduits Originally Spawned as Spring-run
were Subsequently Spawned as Fall-run.

Number of Number of Percent of Percant of
progeny progeny progeny progeny
subsequently subsequently subsequently subsequently
spawned as spawned as spawned as spawned as
Year fall-run spring-run Total spring-run
1987 213
1988 116
1982 414 .
1880 2 92%
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Table 8. The Disposition of Chinook Salmeon Spawned, Tagged, and Released as Fall-run
Chinook Salmon from Feather River Fish Hatchery. Shaded Cells Indicate Years
When =20% of Returning Progeny from Adults Originally Spawned as Fall-run
were Subsequently Spawned as Spring-run.

Number of Number of Percent of Percent of
progeny progeny progeny progeny
subsequently  subsequently subsequently subsequently
spawned as spawned as spawned as  spawned as
Year fall-run spring-run Total fall-run spring-run

1987 432 17 449 96% 4%
e

1988 337 96 133 78% %ﬁ%ﬁi@@ﬁ%

1989 424 113 537 79% %ﬁ%@s}a%ﬁ

1990 481 1 592 81% 19%

1991 390 32 422 92% 8%

1992 355 68 423 84%

1993 264 223 487 549%

1994 343 197 540 64%

Yuba River: Historic spring-run chinook salmon 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 Englebright Dam. However, following the termination of access to their historic holding
and rearing habitat, spring run now occupy the same area as fall-run salmon and introgressive
hybridization has likely occurrad.

Miscellaneous Tributaries to the Sacramento River: Rearing juvenile spring run use various
nonnatal tributaries to the Sacramento River, including the lower reaches of small, intermittent
streams. After exiting their natal stream, some juveniles ascend nonnatal tributaries and
continue rearing (Maslin et al. 1997), a behavior which has been observed in other river systems
as well (Murray and Rosenau 1989, Scrivener et al. 1894, and Williams 1 987: as cited in Maslin
et al. 1997). In tributaries of the Sacramento River that do not support an adult population of
spring-run chinook salmon, nonnatal rearing has been observed in Sulphur, Olney, Chumn,
Stillwater, 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). Additionally, other tributaries which have not been documented as harboring nonnatal
rearing juveniles, but which are believed to provide acceptable conditions, include Jewett,
Dibble, Blue Tent, Sevenmile, Paynes, Spring, Frazier, Anderson, Ash, Cow, Clover, and Middle
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 rearing (Maslin et al. 1997). Juveniles migrate upstream in these tributaries as far
as five miles and can remain until rearing habitat conditions deteriorate (diminishing spring flows
and increasing water temperatures).
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Sacramento-San Joaquin Delta: The Delta serves as juvenile spring-run rearing habitat and an
adult and juvenile migration corridor, connecting inland habitat to the ocean. One of the more
significant habitat alterations which has affected the range and distribution of Sacramento River
spring run within the Delta occurred in 1951 when the Federa| 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, California.
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VI. ABUNDANCE AND POPULATION TRENDS
Historic and Present Population Estimates

Spring-run chinook salmon was once the second most abundant race of salmon in Califomnia’s
Central Valley (Fisher 1994), with fall run the most abundant, as it remains today. The Central
Valley drainage as a whole 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, established around 1850 (Clark 1929), operated in the Sacramento-San Joaquin Delta.
Initially, the fishery targsted spring- and winter-run chinook salmon due to their fresh
appearance and excellent meat quality compared to that of fall run, which are in a more
advanced spawning condition upon return to freshwater (Stone 1874). Early gill-net landings
were reported in excess of 300,000 spring run (CFC 1882). Before the construction of Friant
Dam, nearly 50,000 adults were counted in the San Joaquin River (Table 10, Figure 19) (Fry
1961). This population of spring-run chinook salmen was extirpated after 1949 as a result of the
closure of Friant Dam.

Sacramento River and Tributaries above Shasta Dam

There 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) Sacramento River: Stone (1874) reported that in July 1871 *hundreds of
salmon, averaging 15 pounds apiece” were caught near Upper Soda Springs Just downstream of
the town of Dunsmuir. In addition, native Wintu people were said to have fished for salmon 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,

McCloud 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 “thousands more” were
blocked after it was installed. Stone (1880) spawned 3,600 female salmon. Clark (1929)
reported that by 1928, the run was greatly depleted.

Pit River: There are no population estimates of spring run that ascended the Pit River.
Yoshiyama 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 = large run of spring-run salmon.

Shasta Dam completely blocked access of spring run to the Upper Sacramento, McCloud, and
Pit rivers and their tributaries. :

Sacramento River and Tributaries below Shasta Dam

Sacramento River: Histerically the Sacramento 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 1942, Moffatt (1947) estimated that 25,000 spring run spawned in the
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Table 10. Counts and Estimates of the San Joaquin River Spring-run Population.

[ e e | vew [ eomoe |
1940 No survey 1851 0
1941 No survey 1952 0
1942 No survey 1953 0
1943 35,000 1954 0
1844 5,000 1955 0
1945 56,000 1956 0
1946 30,000 1857 0
1947 6,000 1958 o
1948 2,000 1959 0
1849 No survey 1860 Extirpated
1850 No survey
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Sacramento 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 section of river
before Shasta Dam. Adult spring-run abundance was estimated until 1956 based on redd
counts. Estimates ranged from 27,000 to 4,000 (Appendix B). 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 spawners were competing with spring
run for nest sites. He also indicates that fall run may have hybridized with spring run. No
estimates were made from 1957 through 1968. Starting in 1969 counts were made at RBDD.,
RBDD also included fish that were destined for Battle and Cottonwood creeks. Estimates of
adult spring-run escapements are also separately generated for each drainage, resulting in
“double counting” of these fish. No analysis has been performed to adjust the RBDD estimates
to account strictly for the spawners to the mainstem river.

Clear Creek: There is no record of the population size in Clear Creek. Azevedo and Parkhurst
(1858) mentioned seeing spring run in 1956 for the first time since 1949, but gave no estimate.
Today, there are no spring-run chincok salmon in Clear Creek (Appendix B).

Cottonwood Creek: There are no good estimates of what the population size of spring run was
historically in Cottonwood Creek. CDFG (1993) simply states there was a historical population
of 500 salmon, but does not cite a source. Now Cottonwood Creek has a remnant population of
a few fish. In 1995, eight spring-run salmon were observed in Beegum Creek and six fish were
observed in 1996. No spring run were detected during a survey in 1883 of the South Fork of
Cottonwood Creek.

Battle Creek: Battle Creek historically supported a spring-run population, but no reliable
records exist that document the magnitude (Figure 20). Systemic counts were not made during
spring months when adult spring 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 fo estimate 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 B). These partial estimates
indicate Battle Creek presently has a run of 50 to 100 adult spring run (Baracco 1996, 1997).

Antelope Creek: Historically, Antelope Creek supported "a few hundred" adult fish (Hallock
1956, Van Woert 1959 ). Hayes and Lingquist (19686) estimated the run to be about 500 fish
annually. Today, there are few fish in Antelope Creek. Since 1988, surveys conducted by the
Department have counted salmon in holding areas. Counts ranged from 2 low of zero in 1891,
1982, and 1994 to a high of seven fish in 1995 (Figure 21, Appendix B).

Mill Creek: There are no early records of population size for Mill Creek. Counts of spring run
were initiated in 1840 by the USFWS (Appendix B). Though some of these 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 Mill Creek
(Figure 22).

Section V1. Abundance and Popuiztion Trends
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Deer Creek: There are no early recards of population size for Deer Creek. Salmon were
abundant enough for the Yahi people to use them as a food source (Yoshiyama et al. 1996).
Counts of spring-run chinook salmon in Deer Creek were initiated in 1240 by the USFWS
(Appendix B). Although some of these 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, 466 spring run
were counted (Figure 23).

Stony Creek: There are no records of the numbers of spring-run salmon in Stony Creek. Clark
(1929) states that Stony Creek was a very good salmon stream prior o the placement of
irrigation dams. Spring-run chinook salmon were blocked by Stony Gorge Dam (Hanson et al.
1840). As a result, spring-run chinook salmon are no longer able to access habitat in the upper
watershed necessary for adult holding and spawning, leading to their extirpation.

Big Chico Creek: No historical records exist, but the number of spring run in the 1850s 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: There 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 implication, therefore,
that spring run had been extirpated. It appears that Clark based his conclusion upon
observations of the valley reach of Butte Creek, which during the summer was described "...as
the water is very low and warm ..." He made similar observations for Mill and Deer creeks, and
apparently did not recognize 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 described as "reported to have been a very fine salmon
stream in the past, but mining and hydroelectric power developments in the upper and middie
portions, and irrigation diversions in the lower sections have =o altered the stream that it is no
longer suitable for salmon” (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 ( Appendix B). During a 21-day period (May
1 to 27), 830 fish were observed (Warmner 1954). Warner further commented that the first
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.
Various census techniques have been employed to evaluate the spring-run populations in Butte
Creek since 1854, The population has fluctuated significantly, from a high of 8,700 adults in
1860, to a low of ten fish in 1979. The fluctuation may, in part, be explained by the various
survey techniques which have varied in rigor and comparability. However, the general trend
nas been a decline since the 1940s (Campbell and Moyle 1980). In 1995, 7,500 spring run
returned to Butte Creek and in 1997, 635 returned (Figure 25).

Feather River: Historically the population in the Feather River was substantial. Letters written
by CDFG (as cited in Yoshiyama et al. 1996) indicated that thousands of spring run entered the
North Fork. In 1946, the spring-run population in the Feather River was estimated at 2,000

Section VI, Abundance and Population Trends
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adults (Fry 1961). Prior to complete blockage resulting from Oroville Dam, the population
estimate varied from a low of 500 fish in 1957 (Mahoney 1958), to 4,000 in 1959 (Mahoney
1960) (Appendix B, Figure 26).

Following construction 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 adults) based on numbers of fish returning to the fish hatchery (Schlicting 1991).
Estimates for spring run since the construction of Oroville Dam are counts of salmon entering
the FRH. These fish, referred to as spring run for the last two decades, are probably
introgressed hybrids of spring and fall run (Brown and Greene 1983). Tables 7 and 8§ illustrate
how much hybridization has been occurring between fall and spring run at the FRH. A more
detailed discussion can be found in this report's section titled Faciors Affecting the Ability to
Survive and Reproduce - Competition and Hybridization.

Yuba River. There are no early accounts of the population size in the Yuba River, but it is
thought to have been large. When Bullards Bar Dam was constructed, there were so many
spring run congregating below the dam and dying that they had to be bumed (Yoshiyama et al.
1898).

A small population of spring-run chinook saimon may exist today in the Yuba River, but the
status of its magnitude or introgressive hybridization with fall-run chinook salmon is unknown.
Chinook salmon exhibiting spring-run characteristics, early ascending (April, May, and Jung)
and early spawning (September-early October), have been observed in the Yuba River.
Observations of fish exhibiting spring-run characteristics have been documented since 1980,
Best professional judgement by Department personnel has estimated spring-run populations
during the 1980s to number several hundred fish (Appendix B). Surveys since 1992 have been
direct observations (aerial in 1992 and snorkeling in 1993-84) in the reach where spring run are
considered to hold and spawn, from Englebright Dam downstream to Parks Bar. Snorkel and
aerial surveys were generally conducted in September to determine the presence of adults and
redds. Spring run were not observed during the snorkel or aerial surveys conducted between
1992 and 1994. Surveys were not conducted in 1995 and 1896. Spring-run chinook salmon
were observed to be present in 1997, although an estimate of abundance was not made (J.
Nelson, pers. abserv.).

American River and Tributaries South

Spring run no longer inhabit the American River, Mokelumne River and any tributaries of the San
Joaquin River. All of these rivers have had impassible dams built low in the drainage which
blocked spring run from reaching their former habitat. There are no early records of the
magnitude of spring run in the American River. From the size of their former habitat as
described in Yoshiyama et al. (1996) it could have been large. Stone (1874) indicated the
American River was once a prolific salmon river, but mining had made it so muddy that salmon
no longer ascended it. Fry (1961) noted a small spring run.

There are no historical records of the size of the spring run in the Mokelumne River. There are
no early counts of spring run in the Stanislaus River but it was probably quite large. Historically,
the Stanislaus River was primarily a spring-run stream (Yoshiyama et al. 1996). Today there are
no spring run in the Stanislaus River. There are no early counts of spring run in the Tuoclumne

Section VI. Abundancs and Population Trends
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River. Clark (1928) noted that spring run were inconsequential 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
summer and fall." The San Joaguin River once had a tremendous spring run of salmon. Clark
(1929) indicates that in the late 1800s “salmon were very numerous and came in great hordes.”
Fry (1961) estimated 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 enough and was
large enough for native people to use salmon as a food staple and hold a ritual praying to
salmon for a plentiful supply (Yoshiyama et al. 19986). Ferguson (1914: as cited in Yoshiyama et
al. 1996) reported a "very considerable run” occurred in 1912 and 1914 after a channel was
dredged between the San Joaquin 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 8, Figure 18). The population initially underwent a significant
decline mainly due to loss of upstream habitat caused by barriers and hydropower dams,
difficulty in adult and juvenile passage caused by water diversion facilities and lack of instream
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 declined as a result of placer mining in the tributaries, which dewatered and
destroyed spawning gravels (Marcotte 1984). Spring-run populations continued to decline
drastically in the early 1900s when hydropower and irigation dams were constructed on nearly
every major Central Valley tributary. Although the populations were significantly depleted
compared to pre-disturbance conditions, they were not threatened with extinction. Completion
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 precipitous 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 extirpated or reduced to nearly zero. By 1997, wild spring-run
populations have declined to less that 0.3% of their historic run sizes (Appendix B).

One way to evaluate 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 recent data are generally most consistent and robust. Individual BY data are
lacking altogether on rates of grilse retums, age structure, and sex ratio of returning adults. If
one can assume all spawning adults retum as 3-year-olds, there is a 1:1 male to female sex
ratio, and there is no variation in these factors between BYs one can calculate a cohort
replacement rate (CRR). This calculation cansists of dividing the number of returning adults in
a given BY by the number of returning adults three years prior. A CRR of 1.0 or greater
represents a population that would be self-sustaining in a conistant environment. A value of 1.0
means the cohort has simply replaced itself. Values greater than 1.0 means the cohort
abundance is increasing and values less than 1.0 means the cohort abundance is decreasing.

For Mill Creek (Table 11, Figure 27), all three cohoris (BY lineages) have failed to replace
themselves at least 50% of the time. Cohort 1 has exhibited the greatest volatility in CRR
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Table 11. Mill Creek Spring-run Chinook Salmon Cohort Replacement Rate

Cohort Broodyear Cohort
Replacement
Rate
1 1957 1203 +1788= 0.7
2 1958 2212 + 2967 = 0.7
3 1959 15680 + 2233 = 0.7
1 1960 2368+1203= 2.0
2 1961 1245 +2212= 0.6
3 1962 1692 + 1580= 1.1
1 1963 13156+ 2368= 0.6
2 1964 1628 ~1245= 1.3
3 1880 844 +89= 95
1 1891 318 +572= 0.6
2 1992 237 +563= 04
3 1993 61+844= 01
1 1994 723+319= 23
2 1995 320 +237= 14
3 1958 252 +61= 4.1
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between BY's. In 1990, the CRR was 9.5, dropping to 0.1 in 1993, and then rebounding to 4.1
In 1896. Cohort 2 is weak with replacement rates between 0.6 and 1.3 in the late 1950s
through early 19680s. The CRR has shown little improvement until 1994 then the BY appeared
somewnat stronger with a CRR of 2.3. Cohort 3 has consistently failed to replace itself every
other BY cycle. The CRR for 1995 was 1.4

For Deer Creek (Table 12, Figure 28), the CRR for Cohort 1 (1980 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 itself with 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 1892, the replacement raie
further increased in 1995 with a CRR of 6.2.

CRR for Butte Creek are the most volatile of the three populations analyzed. Two of the three
cohorts in Butte Creek are declining and have exhibited large variation in CRR between BY’s
(Table 13, Figure 29). The third cohort (BY lineage 1995) exhibited as strong CRR of 10.3. In
1868, 7500 aduits returned to spawn. The fate of the 1995 BY will be assessed this year.

For all three populations, there has been a large variability in CRR from generation to
generation. This pattern of high variability between BYs has baen observed for spring-run
chinook salmon in the Klamath-Trinity basin and for fall-run chinook salmon in the San Joaquin
River system. In the latter case, the population historically exhibited extreme inter-annual
variability in population size with no obvious trend. The population then plummeted.

Degree and Immediacy of Threats

The continuing population decline, overall low Population abundance, fluctuating CRR, and
resiricted range place Sacramento River spring-run chinook salmaon at risk of becoming
endangered in the foresesable future absent special protection 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 actions are expected to
benefit Sacramento River spring run (see this report's section on existing and future
management efforts). For 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 significant impact occurs, whether positive or negative, before a population
response can be assessed. It will take several generations before 2 change in population trend
can be determined.

Demographic and genetic risks due to the Sacramento River spring run's small population sizes
are considered to be high. Given the low population size over many generations and relatively
isolated nature of sub-populations from one another, Sacramento River spring-run chinook
salmon may have already experienced detrimental genetic effects, such as increased
inbreeding and the consequent lowered immediate fitness and loss of genetic variation that may
result in a lower long-term fitness and reduced adaptive potential (Hedrick et al. 1994). The
total annual abundance of adult Sacramento River spring run (Mill, Deer, Butte, Big Chico,
Antelope, and Battle creeks combined) since 1988 has ranged from 867 to 2,282 fish, with the
exception of adult returns in 1995 when 7,500 adults returned to Butte Creek alone. A
minimum spawning population of 400 to 1,000 fish is considered necessary to maintain genetic
diversity in the winter-run chinook salmon population (52 Federal Register 6041), which consist

Secton V1. Abundance and Population Trends
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Table 12. Deer Creek Chinook Salmon Cohort Replacement Rate.

i

Cohort

Broodyear

1 1990 458 +200 = 2.3

Cohort
Replacement

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 1285 +208= 6.2
1 1986 614 =259 = 2.4
2 1997 466 +485= 1.0
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Broodyear

Cohort
Replacement

1 1963 6100+ 8700= 0.7
2 1988 254 +534= 05
1 1893 650+100= 6.5
2 1994 474 =100= 4.7
3 1985 7500 =730 =10.3
1 1996 1413 +6580= 2.2
2 1897 635 +474= 1.3
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of a single breeding population in the upper Sacramento River. Hedrick et al. (1994) noted that
a recent re-evaluation of minimum effective population size suggests a population of 5,000
adults may be more appropriate in order to maintain adequate potential adaptive variation.

Section V1. Abundance and Populafion Trends
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VIl. FACTORS AFFECTING ABILITY TO SURVIVE AND REPRODUCE

Spring-run populations have continued to decline, long after the historic loss of upstream
spawning habifat occurred. The Department has concluded that the continuing decline in recent
decades is due to a combination of physical, biological, and management conditions 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 analysis
indicates 11 multi-year droughts in the Central Valley from the mid-16" century through the end
of the 19" century (Roos 1982: as cited in NMFS 1897). Since 1906, when continuous collection
of data on streamflow, runoff, and precipitation for Central Valley streams began, droughts have
occurred from 1918-20, 1929-34, 1976-77, and 1985-84. The most 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 degraded 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 water being diverted by water projects.
Increasing the proportion of water diverted degrades physical 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 water within the Sacramento River and
Delta was a primary factor precipitating 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 spawning and stranded adults as they moved upstream to helding
areas. Reduced flows also impacted adults, eqgs, and juveniles through elevated water
temperatures.

Climate fluctuations affect ocean habitat conditions as well. During the period from 1989-92,
there were indications of poor ocean conditions off California for salmon. Fall-run chinook
salmon spawning escapements throughout California in 1992 were among the lowest on record.
In contrast, the 1992-93 ocean conditions were very favorable for saimon, especially south of
San Francisco. California’s recreational ocean salman 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 weather phenomenon of El Nifio 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

T
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susceptibility to disease and infection: or, most likely, a combination of these and other factors.
Also, California’s salmon runs could emigrate to cooler water temperatures, north of the
Oregon/California Border.

In addition to droughts and El Nifio events, the Central Valley periodically experiences major
flood events such as occurred in 1997. The catastrophic flooding and scouring flows of January
1987 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 late Novemnber. 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 summary, while healthy, abundant runs of chinook salmon have the capacity to rebound
successfully from unfavorable climatic and oceanic events, severely diminished runs lack the
resiliency to tolerate catastrophic population reductions and rebound from such events.

Competition and Hybridization

Historically, 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 early June (Table 2).
Spawning started in mid-August and ceased in late September, peaking in early September. The
peak of spawning between spring- and fall-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 fall-run chinook as well as
temporally isolated during spawning from winter run. It was this spawning isolation, in time and
space, aithough not absolute, that maintained the integrity of spring-run populations.

After the completion of Shasta Dam, spring run were no longer able to ascend headwater
streams. Fish were stopped at Keswick Dam and spawned in the same area that fall run v
historically spawned. Immediately after Shasta Dam was completed, a distinct spring run and a

distinct fall run was evident (Moffett 1847). Moffett (1847) writes:

‘These salmon began spawning late in August but only scattered females occupied the
beds until early September when the peak of egg deposition occurred. 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 races, appears to have held down the spring run, perhaps

even to have eliminated it as a distinct race in the mainstem Sacramento River.

Such hybridizing could not readily be detected through routine field observation,

Section VII. Factors Affecting the Ability to Survive and Reproduce
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for the hybrids would continue to enter the river in both spring and fall and to
spawn throughout the overlapping spawning periods. The status of the spring run
in the mainstem is thus speculative. Suffice it to state that spring-run chinook
salmon have not been 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 salmon.
They marked spring- and fall-run salmon at CNFH and subsequently recovered these fish in the
gill-net fishery in the Delta. Of the 179 recovered 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 “spring-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 contrast, there is still a pronounced 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, aerial
redd flights of the spawning habitat in the mainstem have found little or no spawning in the river
in August or September when spring-run salmon historically spawned. Under present-day
conditions, few salmon migrating to and remaining in the Sacramento River above RBDD are
characteristic of the spring-run salmon observed by Moffett (1947) and Slater (1863). 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 intermixing 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 Commission in 1896. Records (U.S.
Fish Commissicn 1896-1908) 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 until January. In 1901 hatchery records indicate:

" A large run of fish came into the seining-pool 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 this
run at the Battle Creek Station.”

After CNFH was built in 1944 and replaced the Battle Creek Station, another attempt was made
to propagate spring-run salmon eggs. From 1943-51, adult salmon were collected sither in
Battle Creek or transferred from Balls Ferry and Keswick Fish Trap on the Sacramenio River.
Dates of collection were September and October. In 1850 CNFH stopped collecting “spring-run”
eggs due to the excessive mortality of the adults 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, 1867 and is

Section V. Factors Affecting the Ability to Survive and Rf,-prnduue
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Table 14. Migration Timing of Spring-run and Fall-run Chinook Saimon. Historic Distribution for Spring-run
Based on Composite of Data from Mill and Deer Creeks, Feather River, and the Upper Sacramento River
Prior to Shasta Dam. Present Distributions for Spring-run and Fall-run Migrating Past REDD Using a
Composite of Data for Years 1970-1988,

Percent of Adults Migrating
I I Spring run | Spring run Fall run
| ___Historic |zt RADD |
March 13 0.1% 0.1%
[ March 26 0.3% 0.0%
April 2 0.6% 0.3%
April § 1.0% 0.6%
{tApril 16 1.4% 0.9%
April 23 1.6% 1.3%
April 30 1.6% 2.8%
May 7 1.7% 6.7%
May 14 2.2% - 13.1%
May 21 2.6% 9.4%
May 28 2.9% 15.1%
June 4 2.6% 14.0%
June 11 2.9% 13.3%
June 18 3.5% 8.3%
June 25 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% 04% |
July 23 3.2% 0.9% 0.6%
July 30 4.1% 0.7% 0.8%
August 8 7.0% 0.1% 1.5%
August 13 B.1% 0.1% 2.3%
August 20 B.8% 0.1% 2.7%
August 27 5.7% 3.3%
Sept. 3 7.2% 4.4%
Sept. 10 B.7% 5.6%
Sept. 17 5.2% B.3%
Sept. 24 3.7% 9.3%
October 1 1.2% 10.4%
|| October 8 0.7% 11.0%
October 15 8.6%
October 22 - 7.2%
October 29 . 7.1%
|l Nov. 4 5.2%
MNov, 12 3.0%
MNov. 18 26% |
MNov. 25 1.8%
Dec. 3 1.0%
Dec. 10 0.8%
Dec. 17 0.6%
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operated by the Department. During the five-year period prior to the opening of the hatchery
(1962-66) all adult salmon were trapped and transported above the site of Oroville Dam. During
1968 and 1968 spring-run salmon were aliowed to enter the hatchery as soon as they arrived in
the river, as early as April and May. The result was significant mortality, due to the inability to
hold adults for several months until they were ready for spawning, with greater than 50% losses.
As a result, 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 resulted in the inability to clearly identify spring-run chinook based on their
adult upstream migration timing, which historically 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 introgression with fall run in the Feather River actually
occurred prior to Oroville Dam, due to early hydropower and agricultural diversions blocking
access to spring-run spawning habitat in the upper watershed. Since the hatchery program's
inception, practices have fostered this intermixing of fall run and spring run in the Feather River
and within the hatchery (Brown and Greene 1993), which has been substantiated by CWT
retums (Tables 7 and 8). The pronounced spring-run population increase in 1982 is largely
believed to be the result of extending, perhaps arbitrarily, the cutoff date for spring run entering
the hatchery (D. Schlicting, pers. com.).

Brown and Greene (1993) reported that approximately 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
subsequently identified and spawned as fall-run adults. Subsequent evaluation of fall- and
spring-run chinook salmon retumns for the entire period 1987-84, further substantiates the
magnitude of the overlap (Tables 7 and 8), During 1987, 74% of the adults which had previously
been tagged and released as spring run, retumed and were identified and spawned as fall run.

During 1994, to assess the current numbers of spring-run chinook which exhibited spring-run
adult migration timing, the fish ladder remained open until April 15, was closed and recpened 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 the hatchery and the ladder was closed (F. Fisher,
pers. com.). The implication is that few fish exhibiting the "typical" spring-run salmon adult
migration timing existed in 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 salmon were observed at RBDD and subsequently identified from FRH CWT as fall run
from the 1980 BY. Now it is common place to intercept fish tagged as fall run at RBDD during
the spring-run migration (mid-March through the end of July). This intermixed life history pattem
was evident when FRH fish were used in an attempt to re-establish spring run in Clear Creek.
More than 523,000 FRH spring-run fry were planted at the base of Whiskeytown Dam during the
three-year period 1991-93 (Table 15). A portion of the fish were marked. Since 1883,
snorkeling surveys have been performed during the adult spring-run holding period to determine
if the plants were successful, Thres unmarked salmon were observed during the spring-run
adult holding period in 1993 and two in 1995. However, 23 CWT adults returned between 1993
and 1995 during the adult fall-run spawning migration.

Based on the conclusion that hatchery practicas have resulted in the hybridization of fall- and
spring-rur chinook salmon in the Feather River and in the FRH, it is recommended that both
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populations of spring run be considered introgressed. However, it is important to note that fish
still exhibiting spring-run characteristics (e.q. 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
Sacramento River, though the extent of hybridization has not been determined. The estimates
of adults returning as “spring-run” at RBDD contain these introgressed FRH fish.

Questions regarding the viability 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 introduced water, including West Branch Feather River water, mainstem Feather
River water, and Sacramento River water. Given the interconnectivity, it is conceivable that
some spring-run salmen in Butte Creek could be strays from the Feather River. Examination of
the relative numbers of adult spring run entering Butte Creek and FRH, for the period 1864-91,
however, does not show a strong relationship and would suggest that they are generally
independent,

FRH spring-run fry and juveniles have been released over the years in various locations within
tne Central Valley (Table 15). Fry and juveniles were released into Butte Creak 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 o Mill, Deer, and Butte
creeks. No appreciable effect was seen in the subsequent year class (1980) on Butte and Mill
creeks, however there was an apparent single year (1980) increase in the Deer Creek
population. The Yuba River was planted with surplus FRH spring run in 1280 (15,925), 1983
(106,800}, and 1985 (96,800). In 1980, fish were planted as fingerlings, weighing 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 retumns cannot be determined since escapement
surveys were not conducted. The extremely small size of the fish planted in 1983 and 1985
significantly decreased their ability to survive, whereas conclusions cannot be drawn regarding
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 parsistent population of spring run in Antelope Creek, thus the effect of
hatchery supplementation in this drainage is now irrelevant.

Disease

Few studies have specifically investigated disease problems in wild adult or juvenile spring-run
chinook salmon 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 (W. Cox, pers. com.). For the Sacramento River basin, pathogens which are known to
be endemic and have caused serious health problems in Central Valley hatcheries include
Infectious Hematopoietic Necrosis Virus (IHNV), Renibacterium salmoninarum (bacterial kidney
disease), Yersinia ruckeri (enteric redmaouth disease), Flexibacter columnaris (columnaris
disease), Ceratomyxa shasta (ceratomyxosis), Bacterium salmonicida (furnunculosis), and
Ichthyopthirius multifiliis (Cox 1993). Adults entering in spring months must reside in freshwater
for several months prior to spawning. Health problems, such as external fungal infections,
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protozoan, viral, and various gram-negative bacterial infections, encountered while holding
winter-run chinook adults for two to five months at CNFH, may be similar to those facing spring-
run adults due to their overlap in spawning migration time and extended holding behavior.
Warm water can exacerbate a number of salmonid diseases (columnaris, furnunculosis,
lehthyopthirius infection, external fungal infections, enteric redmouth disease, and others) and
can seriously reduce adult pre-spawning survival (Becker and Fujihara 1978, Inglis et al. 1992).

Ceratomyxosis
Adult spring-run chinook salmon entering the Sacramenta 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, Mokelumne, and Feather rivers, as well as Butte Creek (Hendrickson et al. 1989).
Warmer water temperatures will accelerate the progress of ceratomyxosis (Udey et al. 1975)
and through stress mechanisms reduce the immune defenses of the fish (Maule et al. 1989).
Winter-run chinook adults captured in spring and early summer from both the upper Sacramento
River and Battle Creek have been observed to have a 27% to 50% incidence of Ceratomyxa
shasta infection (USFWS, 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 adult sampled at the 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 shasia was not observed in histological
samples taken from juvenile fall-run out migrants collected at Knight's Landing (primarily CNFH
fish) and Chipps Island (unidentified origin) in April of 1996 and 1957.

Bacterial Kidney Disease (BKD)

Renibacteruim salmoninarum is the causative agent of BKD, which affects salmonid fishes
worldwide. Infections tend to be chronic and often are lethal for Pacific salmon. This pathogen
has been associated with mortality in both wild and hatchery chinook juveniles in the Columbia
River basin (Elliott and Pascho 1992). Severe infections have been diagnosed in wild winter-run
adults used as broodstock at CNFH. There was a 10% to 40% incidence of infection for the
period from 1983-95. Of the eight presumptive spring-run adults tested by the CA-NV Fish
Health Center for the R. salmoninarum antigen, only one fish had antigen concentrations
indicative of an active infection.

Funagal agents
External fungal (Saprolegnia sp.) infections are the most serious cause of spring-run chinook

salmon pre-spawning loss in Pacific Northwest hatcheries and probably affect wild spring-run
chinook in California waters. Immunosuppression associated with senescence is a major factor
in external fungal infections (Nash 1877). Rough handling of fish at weirs for tagging or other
purposes, or in hatchery programs, could predispose these fish to fungus and place them at high
risk for prespawning mortality.

Rosette Agent
A systemic protist called the “rosette agent™ was detected in captive winter-run chinook salmon

at the BML in 1883. These fish had been transferred from CNFH in 1992, It appears that the
infectious stage of the rosette agent is associated with the Battle 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 individuals 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-origin late-fall-run chinook (20% to 30% incidence of infection). The
parasite has been detected in only one fall-run adult and not in any of the 13 winter-run returns
examined in 1997. It is likely that there is a late spring through summer seasonality to the
presence of the infectious stage which would influence which runs are exposed to the parasite.
The chronic nature of the infection is such that detection of the rosette agent has only occurred
in CNFH chinook 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 salmon) is
unknown.

Infectious Hematopoietic Necrosis Virus (IHNV)

It is unknown to what degree IHNV is a problem for wild spring-run chinook salmon. All runs of
Sacramento River salmon are considered to have a high incidence of the disease (W. Wingfield,
Pers. com.). The virus has been detected by the USFWS in unmarked salmon adults 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 creek have shown that
while carcasses shed the virus, no virus was detected in the fry. The USFWS also examined
naturally-spawned fall-run outmigrants in 1992 and 1997 for signs of infection. None was
detected. It also does not appear to be a significant problem in naturally spawned salmon fry
within the Battle Creek watershed. Overall, it may be that IHNV is less common in naturally-
spawned salmon juveniles within the Sacramento River system than previously suspected.
IHNV infection is principally a problem in hatchery production where high density conditions
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 treatment 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 infected 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 Delta. In such a case, infected hatchery production could transfer the
disease to naturally-spawned outmigrating juveniles of all runs in the system. Transmission 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 saimon. Predation occurs
throughout the migratory pathway of spring-run chinook salmon, both the river and ocean
phases of its life cycle. Predation is a natural phenomenon and wouid not normally be
considered a significant 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
(USER 1983). Native fish predators include squawfish, prickly sculpin, and steelhead. 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 predators include harbor seals, sea lions, and killer whales (NMFS 1887).
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There are specific locations where predation has become a significant problem. Predatory fish
are known to congregate around structures placed in the water, where they maximize their
foraging efficiency by using shadows, turbulence, and boundary edges (Cooper and Crowder
1879: as cited in Kano 1987). These structures include dams, bridges, diversions, piers, and
wharfs (Stevens 1981, Vogel et al. 1988, Garcia 1988, Decoto 1978). On the Sacramento River,
losses to predation occur at RBDD and the Glenn-Colusa Imgation District (GCID) diversian
facility, 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,

Overall mortality on spring run due to predation at RBDD is probably low. Predation of juvenile
chinook salmon at REDD occurs primarily 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, or go under the gates. The gates are lowered betwesn May 15 and September 15
each year at the latter part of the juvenile emigration period. It takes a while for the predators to
congregate and most juvenile spring run are likely not affected. Juvenile spring run that migrate
downstream in winter and early spring encounter RBDD when the gates are still raised and
experience near normal river conditions.

The GCID diversion near Hamilton City is one of the largest irmigation diversions on the
Sacramento River. Predation at this diversion is likely to be more intense in the spring when
squawfish 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
several improvements have been made recently (P. Ward pers. com., Viogel and Marine 1995),
Predation also occurs in the bypass system (P. Ward pers. com.)

On the Yuba River, juvenile salmonids which pass over Daguerre Point Dam can become
disoriented by the hydraulic conditions created by the spillway, increasing their vulnerability to
predators. The pool directly below the dam attracts and concentrates predatars, which results in
increased predation. Juveniles entering the Hallwood-Cordua Diversion encounter predators
concentrated in the channel between the dam and fish screen. Sacramento squawfish
examined during predator control evaluations at the Hallwood-Cordua fish screen contained
remains of salmonids (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 gabions, with insufficient sweeping flow to return fish to the river.

The USFWS found that more piscivorous predators, such as squawfish and prickly sculpin, were
found at rock revetment bank protection sites betwaen 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 riprapped sites. Chinook
salmon prefer habitat with cover, both overhead and submerged, because it provides a refuge
from predators and it provides a major food source (terrestrial insects). Loss of this habitat to
rock revetment bank protection may enhance predation.

The ecology of the Delta and the Sacramento River system has been significantly altered by the
introduction of exotic fish and invertebrate species. The effects of these introductions on spring-
run chinook salmon abundance and distribution have not been guantified. Based on the
available information, striped bass, American shad, and white catfish are the principal predators
within the Delta on juvenile saimon. Striped bass were introduced into the Sacramento-San
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Joaquin estuary in 1879. Both striped bass and chinook salmon were at high levels in the late
1860s and early 1870s. In recent years both species have experienced a decline in abundance.
However, naturally produced chinook salmon has had a greater decline.

Between QOctober 1976 and November 1993, the Department conducted ten mark/recapture
experiments at the SWP's Clifton Court Forebay (CCF) designed to estimate pre-screen loss
(which includes predation) of fishes entrained to the forebay (Gingras 1997). 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 salmon 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 predator-sized
striped bass suggest that they are abundant in CCF (CDFG in prep). However, recent telemetry
studies of striped bass emigration from CCF indicate that the forebay is an open system in which
many adult and sub-adult striped bass move through the radial gates over short periods
(Gingras and McGee 1997). Such movement violates the assumption of negligible immigration
and emigration. Therefore, the abundance estimates based on mark/recapture methods are not
valid.

Predation studies have also been conducted at the release sites for fish salvaged from the SWP
and CVP Delta pumping facilities (Orsi 1967, Pickard et al. 1982 ). Striped bass and squawfish
were {he primary predators in the Delta. They were more abundant and had more fish remains
in their gut at release sites than at the nearby control sites.

The Department conducted predator sampling at the Suisun Marsh Salinity Control Structure
from 1987-83 and found that the striped bass population had increased dramatically (DWR
1987). The increased predator population at the salinity control structure implies a 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
1984 (DWR 1897) did not carroborate this, but the study design may have precluded abtaining
clear rasults.

The Department is implementing the State's Striped Bass Management Program, with the goals
of stabilizing and restoring the striped bass fishery, and restoring and improving habitat 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
operate the program with an incidental take permit from NMFS and USFWS pursuant to Section
10(a)(1)(B) of the ESA, as amended. The permit will authorize take of winter-run chinook
salmon, steelhead trout, Delta smelt, and Sacramento splittail. The Department has submitted a
Conservation Plan (CP) that estimates the level of incidental take expected to occur during
proposed activities, and specifies how the impacts of the taking will be minimized, mitigated, and
monitored. The Department has also drafted an Environmental Assessment (EA) for use by the
Federal agencies that analyzes environmental impacts associated with the issuance of an
incidental take permit and implementation of a CP. The EA addresses the listed species as well
as candidate or proposed species for Federal or State-listing, including spring-run chinook
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 pericd prior to release, as well as
striped bass cultured and reared in hatcheries. The goal is to subsequently stabilize the striped
bass population at the 1994 level. Through successful implementation of the CP, the
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Department estimates that 0.5% to 1.0% of the juvenile spring-run chinook salmon may be
incidentally taken annually due to predation by stocked striped bass (CDFG 1997).

Ocean predation by marine mammals is a natural phenomenon; however, the extent and impact
of this type of predation is unknown. Hart (1987) cites several studies that have found increased
abundance of harbor seals in estuaries coincident with seasonal anadromous fish runs. In
addition, studies have found that harbor seals are more proficient at capturing salmon confined
in estuaries and river systems. Some research on predation rates is available from the Klamath
River estuary and the Russian River estuary. During seining and tagging operations for adult
salmon by the Depariment on the lower Klamath River, Stanley and Shaffer (19895) found that
the feeding activity of harbor seals was significantly higher on days that seining occurred than on
days when no seining occurred. Over five years of study (1978-82) the estimated percentage of
seined fish taken by seals was relatively constant, ranging from 3.1% to 5.5%. Similarly, Hart
(1987) reported predation rates of 3.6% and 7.9% on the tagged adult salmon migrating
upstream in 1981 and 1982, respectively, from harbor seals on the lower Klamath River. The
predation by harbor seals during these seining and tagging activities may be explained by the
opportunistic feeding strategy of harbor seals. The noise of seining activity, the splashing of
entrapped fish, and the acute hearing of seals may enable them to focus in on large
concentrations of fish (Hart 1987). Upon release the tagged fish are still in a stressed state and
may be more vulnerable to predation.

Harvest

Ocean fishery management and evaluation
Central Valley chinook salmon, primarily Sacramento River fall run, comprise the majority of the

salmon harvested in the ocean fisheries off California. The Central Valley Index (CVI1) has been
used to evaluate Central Valley chincok salmon abundance since 1970. 1t is the sum of all
chinook landings in the ocean fisheries south of Point Arena and the Central Valley adult
chinook spawning escapement for the same year. The CVI has ranged from a low of 323,100 in
1982 to a high of 1,312,000 in 1985 (PFMC 1998). Harvest is evaluated by the Central Valley
Ocean Harvest Index, which 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-run chinook, which comprise approximately 90% of the Central Valley
chinook salman spawning escapement, is one of the principle salmon populations by which
ocean salmon fisheries south of Cape Falcon (in northern Oregon) are managed under the
salmon Fisheries Management Plan (FMP) as authorized by the Federal Magnuson-Stevens
Fishery Conservation and Management Act. Based on the FMP, each year the ocean salmon
fisheries off Oregon and California must be managed to ensure that 122,000 to 180,000 aduit
fall-run chinook salmon return te spawn in the Sacramento River and its tributaries. Other
chinook salmon stocks on which California’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 southern Oregon, and the endangered
Snake River fall-run chinook from the Columbia River basin. Management measures include
time and area closures, seasonal quotas, minimum sizes, specific fishing gear restrictions, and
maximum allowable take (e.g. daily bag and possession limits). California’s recreational and
commercial ocean salmon fishing regulations for the years 1995-1998 are in Appendix C.
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Coded-wire tags (CWTs) have been used to mark Pacific salman since the mid-1970s.
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 Commission'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 recoverad through a statistically appropriate, randomized sampling program, an estimate
can be made of the total occurrences of that particular release group in all of the fish caught.
The composition of Central Valley runs in the ocean landings cannot be extrapolated 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 number of tagged fish released to estimate the rate of recovery by individual tag code.
Recovery rates provide a means of relative comparison between age-classes and between runs.

The anly ocean CWT recoveries for Sacramento River spring-run chinook salmon are from
releases of fish produced at FRH, which are designated as “spring-run chinocok.” Because of
evidence of intermixing of fall run and spring run in the hatchery (as discussed eisewhers in this
report), there is a question as to whether FRH spring run are an appropriate surrogate for
evaluation 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
1884, These releases ranged in number from about 40,000 fish to more than 200,000 fish
(Table 18 and Figure 32). Recent (1995 BY) tagged releases includad approximately 14,450
wild fish from Butte Creek, and 160 and 780 wild fish from Mill and Deer creeks, respectively.
None of these 1995 releases has been recovered in the ocean fisheries as of the end of the
1987 sport and commercial seasons.

All tagged salmon, identified by the missing adipose fin, observed in the sport and commercial
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 recoverad in California’s ocean fisheries
from 1978 through 1997, average total length (TL) by month for February through November for
ages 2-4 fish are shown in Figure 33 with comparable data for Cenral Valley fall-run chinook
ocean recoveries. FRH age-2 fish range in size from 20.7 inches to 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 chinook. The average monthly TL of age-3 FRH
recoveries are between 24,5 and 29.6 inches, and tend to be somewhat less than age-3 fall
chinook, especially in the early spring and fall months. The average monthly TL of age4 FRH
fish recovered in the ocean fisheries range from a low of about 25 inches to a high of nearly 34
inches TL during June and July, and like age-3 recoveries, tend to be somewhat smaller than
similar aged Central Valley fall-run chinook during the spring and fall months. Ocean tag
recoveries of FRH spring run for the 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). Although FRH spring-
run tags were occasionally recovered from ocean landings as far north as British Columbia, the
vast majority were recovered in California. Almost 78% of the total recoveries were from
landings at ports from Bodega Bay to Monterey (Figure 34). Hatchery tag recoveries are not
complete and there are no in river monitoring programs for angler catch and spawning areas.
Therefore, comprehensive analysis of harvest impacts is difficult.

Using a subset of the available CWT recovery data for the FRH spring-run chinook, Cramer and
Demko (1987) were able to construct a cohart analysis to estimate, by age, such population
parameters as survival rates, harvest rates, and maturity rates. They limited their data to the six

Sectian VIl. Factors Affscting the Abflity 12 Survive and Reproducs

Section VII. - Page 23



£t gal §09096 F0S096 MAFUD JLINE (@i o400 L] upo pdg g SoZiga
EE ZEL BZFD96 BOFOSE H3340 3ung [amw  =adao Gi3 uug pdg g pozIog
i ] A0KOBE  ZZEDDE H33Yo 31N\ {fouwd  o2d4a0 ] uyo pdg g £0Z188
IO5')  Z6R'S OLEDDE  SZ1049G MAIHD 3N @i od4a0 Gh ujyn pdg z ZoZloa
BEE'L B52'9 SZI09E  vOLOGS ¥33L0 ALng {aum o400 G uyo pds g LOZ19E
{B8'E  EBE'EE  TOEDLE  COEDLE HYH3IHLYId  ‘Hy HIHLY3I4 9409 gg uyg pds g 500158
6EL'E  LES'ZOL EOE0LE  EOECDLE HIFHI ODIHO 218 'HY Y3HLvad  ©4an o uyo pdg g Sooiga
961’y  BG9'0D0L L)EDDS  LLEODE ATNOMD  HHHIHLYIY 9409 e Uy pdg A ro0LES
FER'L  bEO'BE  LLEDOE  LLEDOD AJIHI 0DIHO DI 'HY HAHLYad 9400 1] ulyy pdg e £00Leg
bLE'S  BOB'.LF  LOFDSE  LOPOSH MIIHI OOHO 28 HY HIHLY3d  24a0 ¥e uyg pdg g Zo0i98
209°t  pIO'8F LOPOSE LOPOSE  AWIHOLYH H ¥IHLVIA ‘HY H3HLYIS 9400 b uyo pds g 1poLag
SLO'Z FZE'ZZ GEZPOSE  SZbOSE AWV LIHYIN JTYD CH Y "3HLWYad o400 ) U pdg ] GHRS90
GSE'G EBL'GE  £EPOSE  EZVOSE  1WOe HOMIW AZMIINOW ‘HY HIHLY3d 9400 L] uyD pdg i) FERGH0
LRE'S EES'6L  E2POGH EEZKDSE  LWOC HONIW ATHILNOW ‘HY "3aHLY3ad =9dao ¥a upD pds a ESR580
grP'e  ESg'OF ZZSOME  ZEZSOKE OYIY LIHYIN VD HY Y3HLY34 9409 e iy dsg i} grason
LS6'E  EGS'ZF [ZSOER  IZSOER 00V LMY 411vD HY H3HLvad 8400 ze ujyg idg il 9ERZOD
VB 8LL°0F L1S0ZR LS00 OVOY LIHYIN HvD HY H3IHLYad 9409 (£} ujyg pdsg o G2E590
VELE  OP'E oPO'0S OZL06L  S7LOGL ATTOHD  HYMIHIVIY 9400 L ugo pds o ZIEGE0
FIO'E  DOL'WS  922'LBL VZZLRL ALID YENA ‘HY HaHLlvad @400 £ upyg pds (1] 1 LESA0
€96'Z  SOL'LL  108. Zhis HY HIHLYAS HHYHaHLyad ©400 s Uy pdg a BOAGEN
146'S  GRL'DG ZZE0EG  EZEDES HIFUWO WVETD "HYYadHlyad 9400 6 Uy D pdsg £ FOLOZN LOB0
0%4'0  BlE'BF ZZLOEE ZZEDCE HIAFHO HYATD  HHHIHLY3L 9400 26 uyn uds E EOLOZLIOSD
LOB'BY 696 929'05 ODZE0Z6 DZEOZG AFATHI HYITD HYYIHIYEL 2400 L6 uyapds g Z0LOZ 1 L090
REG'GF 996 929'Z5 OZEDZE DZE0Z6 HIAFHI Wva1D CHH HIHLY3d 2400 LG yopdg g LOLDZ L LD90
151 6LL1GG  ZOS096 (MOYS |IL) ¥o T (07w  od4ao [={;] ujpp ds £ BOPORD 090
28 S0ZLBE  [OSDOS MIAYD ¥3a3g (o adan 56 uyo pdg £ B0kORO1050
¥5E'F §2A'06 ZLoL zhad ‘HYH3HLYAd  'HYY3HLYAd 9400 Gl Uy pdg o 01030
T 4sl Aup pabfie]  oscejpy esemay [T GIA
paiElLn  dig-py @ 1587 18114 BUIEY B)|5-0ceEaY frayey ‘|ey Ay Pe oadg-uny Bey apog bey
(8661 DWNdd) sesesjoy pabbe | aliM-papod uoljeg yooulyy uni-Bupdg As|lep jenuas jo isi7 gl s|gelL

Section VII. - Page 24



'G6-G.6L 'saseajal |\ uoLujes yooulyo uni-Buuds 1aay ojuswieloes ze ainbiy

680k L:3:1: 48 2Lal

] S : ] : =8
tH e L F F a i
il iH L ) i ik
. i i d W
s i i
[ey i HH ik .
SO = - |-
LK ] I | — m < De0can
s 1
4 i 1 |
: i
g I al | ! il
S— A = - - LY R 5 N | S | —]- '
; il ) oo o0k o
£
o
k H a
i =t -1
5 =2
S g B [ =
sl [—aEt—) s — - —_— ooo‘o9tL
s, Tl e
1] S
And
e M.,_..
i
i

L — i oo0'onE

- o0O0'09E

Section VII. - Page 25



"(Ajuo ejuiojeD)

Ltiuow Aq *£6-8261 10J SeUBYSY [|0J} [EI0IBLUILIOD LUBSIO Ul UOW|ES YOOUIUD ASjje/ [e1jua)) Jo azis ebeiony ‘¢g ainbi

v oby |jey
t eby Bupdg . .

g aby jjeq
£ @by Bujadg

BAE R RRRAA AR

z 9By ey
z oby Bupdg

yuow
AON 120 jdasg Bny Anp gunp Kew ady el qed
| | 1 | *
| | 1 1 — 00
.1........
....... — =
-I-I.._.ll-ll-._l.l- ---------- T o ¥ i [ A A
= - 0¥
nnks
| RTTLLLLELL ..»m... -..___._.,_f___a___nJ
h L]
= 2 : i :
“, -
* ] -
\_fs .__,—___,..n- - o
‘\5&': = i ..-.#.—l.—-. _p— - * 08 ﬁ..,_
i —— - ..-_..-_-_._-: .___._.r_r.-_u e SR . ~ -1~ .”
L B S ._-__-___-u:::-:nn- = \_\ N =1
B " :_...:-:..:.....E..r-_.r.l; A . =]
o — - e —— T - - M 00E T
e e . =
- ot o
S - o =
i = ~-— ——— SR et 0'ZE ®
!f.’l .-i._--l ...lll.._.ll LII..-..
- - - " S
_III..II ..h.._..l...._l.l.___
- o — — — - —rr LS - - - ——]- O°FE
__.\_.._. ..|._..|l.___l.l...l.+__|l. ot
_—___i-l____
- a™
SO L_aal — — |- 0¥8g
= 0°8E
- 00

Section VII. - Page 26



] I G ;_
ZreE'B | 6BS'L | 86'98 | /9'6L | 640'L | bEOL srz'gozyl || PIB AN Z6E'9 \Wwe'e | €9 SEO'L | saresi't 2101
655 6SZ 286'9 | geL'e | 9L1 erk'L | soouest || S 6l L0F 182 ag 502'66 Z661
(0] B A PBL'Z | 589 zE oLe izg'ses’s || £ o L ol Ll ZGYE0) 1661
_mm 02 eCL'L | BEB'L | 2L 699 EELLEE'} = EL (5] £Eg goL 0e 96 £26'00Z _ DEG|
p A_ I
0zL'L | /B2 LS'EE | 8vL'Z | £LC L18L°C | ssg'oret | 0B LG zEB 8. 0l 6 EEL'86) 5661
| l &
G w
8E6 BL EE'0L | LLO'C | €6 092’} | ses'ser't : 051 9l gLg LGl z ot} BSG' LG T n@
o8 oFL €€9'6 | 995'2z | vEL £95'L Z00'08E' £l g G568 GEL g LLL Z55'8Y CO6L |__
__qu (0] ¥82'E | GEB oL BBE oes'eee’l || €F r4 N8 oL 14 £65'Zh 2861 W
: 5
049'L | ooF alg'y | LE¥'L | DZ voe ziz'esz’t || BE £l v8e 9 Gl aLLDp EE._ ,m,
0
C
_ b5 | oe ee'tt |zes'r | w8t | 109t | ssrese || 69 g ser  |ozz | o1 81 diivty 151
CBE £ PGE'E | gZ¥'L LG TEL'SLE cal cE Leb'L B6E’L 2 ¥l o GOL'LL 9461
bib b9 gse'v | 949 199°p06 €91 0z 20w 6ee 528'06 5261 ||
f To¥L | tMods | Towr | 1vods | vowr | tuods gsyanay || T0ML | 1uods | oML | i¥ods | TIOML | 1¥0dS | Soooou
a3IoovL . 0399vL S
GEP-3OV -39V 2 A9y G390V £-39Vv ¢-39v _ Fitckfont
T1v4 ONIHAS

'sse|Q aby pue Jea\ pooig Aq '26-8/6] 10} SBLBYSI UBSD(Q S,EILIONED Ul Yooulyn uny-jie4 Asjep |enuan
pue yooulyd uny-Bundg Atayojen 1anry 1ayea toj (Buldwes 1oy papuedxs) sallenooay Be| aupp-papoD jo Jaquinp ‘6L 91qeL



o ‘Aisysy pue
uni ‘(ejulofijed uj pod Jofew) eele £q pauiquios 16-9.6| 'Sslianodal UBS00 UOLW|ES Yoouyo As|jep (esjuas e ainbi

yodg fupdg I et Bupds [ ueds ned [ nostLnes

seely fAloeAaone)

Hn3a D2HOD HOD YvAA NYD

I __E_m..w " LHININE R3o0; E «W —— oo
B e oz'0

o

o

=4

=

=

[=]

=

- oro =

]

L2

Lx]

L=

-

™

=

m

iy
. - . - ———| o090
- 0RO

Section VII. - Page 28



CWT groups released at or near the hatchery, although a total of 16 CWT groups was released
from the 1975-91 broods. To use these data in a cohort analysis, they had to assume that the
hatchery and in-river recoveries were complete for those cohorts. Given the absence of an
alternative marked spring-run population to evaluate, FRH spring run is considered a surrogate
for evaluation of ocean fisheries’ impacts on wild Sacramento River spring-run chinook salmon
based cn the catch timing in the recreational fishery and the availability of Cramer and Demko's
cohart analysis.

Spring-run adults are known to enter their spawning tributaries within the Sacramento River
system as early as mid-February. In contrast, Central Valley fall-run adults do not enter the river
until August. Therefore, a larger proportion of the total annual landings of mature (zage-3 fish)
spring run would be expected to occur during the early spring months, compared to fall run.
Table 20 and Figure 35 show that 68% of the total annual harvest of age-3 FRH spring run
occurred during the months of February through April, compared to 41% for the fall run.
Approximately 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 period (Figure 36).

The timing of FRH spring-run chinook CWT recoveries during the season appears substantially
different from that of Central Valley fall run. Although a similar analysis by Cramer and Demko
(using recoveries from the 1975-86 broods) indicates that the majority of FRH spring-run
landings occur after April, their data include both recreational and commercial landings. The
data used for the present analysis were limited to those CWT recoveries from California's ocean
salmon sport fishery because it opens in late February/early March and better represents the
timing of FRH spring-run chinook landings across the fishing season. With the exceptions of
1983 and 1997, California's commercial ocean salmon fishery has not opened south of Paint
Arena prior to May 1 since 1979; therefore, it cannot provide catch data for months prior to May
(PFMC 1938).

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). Although commercial landings have shown a general
declining trend since the 1960s, 1988 had the highest landings on recerd (Figure 37). The
commercial harvest comprises the majority of California’s total 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 commercial fishery is considerably greater than age-4
fish. This is expected because a high fraction of the population matures at age-3. If spring- and
fall-run CWT recovery rates are compared for the period, FRH spring-run rates often exceeded
fall-run 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 substantially less than those of
Central Valley fall run for those years when recoveries for both runs are available (Table 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, respectively, from the 1992 BY
release. The FRH age-3 recovery rates in the commercial fishery are based on 6,392 fish: age-
4 FRH recovery raies are based on 814 fish (Table 19). Size of fish harvested in the commercial
fishery is affected by the fishery's 26-inch TL minimum size limit.
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Table 20. Proportion of Total Landings for Coded-wire Tag Recoveries from Feather River
Hatchery Spring-run Chinook and Central Valley Fall Chinock in California's
Ocean Fisheries for 1978-97, by Age-class and Month.
- —— R —— __-_——_—___
AGE-2 AGE-3 AGE-4
MONTH
SPRING FALL SPRING FALL SPRING FALL
FEB 0.13 0.05 012 0.06
MAR 0.01 <0.005 0.30 0.17 0.24 0.09
AFR 0.01 0.25 0.19 0.23 0.12
MAY 0.05 0.03 0.06 0.11 0.11 0.12
JUN 0.08 0.11 0.12 0.18 0.23 0.23
JUL 0.24 0.35 0.10 0.21 0.06 0.29
AUG 0.18 0.26 0.02 0.07 0.07
SEP 0.05 0.13 0.01 0.02 0.01
oCcT 0.27 0.09 0.02 0.01 0.01 0.01
NOV 0.12 | 0.02 0.01 <0.005
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Ocean Sport Harvest

Both age-3 and age<4 FRH spring-run recovery rates in California’s recreational ocean salmon
fishery exceeded comparable Central Valley fall-run chinook salmon recovery rates during some
of the years prior to 1990. In subsequent years, when recoveries for both runs are available,
recovery rates are similar (Figures 40 and 41). Expanded recoveries for age-2, age-3, and age-
4 FRH fish in the recreational fishery total 1,035, 2,741, and 174 fish, respectively (Table 19). In
contrast with the commercial fishery, where age-2 fish comprise less than one percent of the
FRH spring chinook recoveries (primarily 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 commercial
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 1995 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 ocean harvest 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 in the ocean. Therefore, it appears that the ocean fisheries may have a
significant impact on Sacramento River spring-run chinook. The absence of CWT recoveries in
the 1996 and 1957 seasons from any of the Sacramento River spring-run releases, either
hatchery or wild, when management measures for Sacramento winter-run chinook were
implemented (which may be expected to reduce harvest impacts on spring-run chinook to some
degree) is problematical.

Inland Sport Harvest

Sportfishing regulations (Appendix D) for the mainstem Sacramento River were instituted to
protect the State and federally listed Sacramento River winter-run chinook salmon. Existing
regulations protect a portion of the spring-run adults from legal exploitation in the Sacramento
River. However, due to the different adult migration timing for the two runs, existing regulations
may allow some spring run to be harvested. The Sacramento 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 daily 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
winter-run adults are no longer present. The Sacramento River from Bend Bridge o the
Carquinez Bridge (includes Suisun Bay, Grizzly Bay, and-all tributary sloughs) is open from July
18, through January 14, with a daily bag and possession limit of two salmon. From January 15
through July 15, the daily bag and possassion limit is zero salmon. Spring-run salmen 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 salman incidentally caught from the water in the reach of the upper Sacramento
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River from the Deschutes Bridge to 650 feet below Keswick Dam during the season closure,
This is because fishing in this reach is open for species other than salmon, and winter-run
saimon could potentially be exposed to incidental catch. There is currently no similar restriction
in place for incidentally caught spring-run salmon in tributary streams .

Salmon may not be taken at any time in any tributary of the Sacramento River below Keswick
Dam in Shasta and Tehama counties, unless specifically authorized in the special fishing
regulations (CCR, Title 14, Section 7.50). However, all tributaries to the Sacramento River
downstream of Tehama County that fall under the general Valley District regulations are open all
year to fishing with a daily bag and possession limit of two salman. Spring run that may
occasionally use or occur in those waters would be subject to harvest. Department experience
indicates that anglers take advantage of angling opportunities when fish, especially salmon, are
discovered in unlikely waters.

Within Mill and Deer creeks, the lowermost reaches (from the U.S. Geological Service [USGS]
Gage Stations to their confluences with the Sacramento River) are presently open to fishing from
June 16 through September 30 with a zero bag and possession limit for salmon. The majority of
adult spring run returning 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 all fishing all year, which protects holding and spawning spring-run salmon. The area
downstream of the Oro-Chico Road is closed to salmon fishing all year, but open to fishing for all
other species. This regulation is considerad adequate to protect migrating adult spring-run
salmon.

Angling regulations on Big Chico Creek are considered adequate for protecting spring-run
salman. The reach of Big Chico Creek where adult spring-run holding and spawning oceur is
closed to fishing from March 1 through September 30, the time adults are present. During the
remainder of the year, the reach is open with 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 requlations for the Yuba River allow the take of spring run in the reach below the
Highway 20 bridge and allow a take of two fish per 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 regarding angling
activity for spring run in the Yuba River. Angling surveys conducted by the Department in 1993-
©4 indicate that spring run are harvested. There were 27 chinook salmon harvested in June
1893 with anglers expending 108 hours (Wixom et al. 1995). In 1994, there was no fishing
activity during the majority of the spawning migration period (March through July). However, 38
chinook salmon were caught and released in September during initiation of the spring-run
spawning season.

Existing regulations for the Feather River allow the take (two fish per day) of spring run in the
reach below the Table Mountain Bicycle Bridge. Spring-run salmon in this reach would be
vuinerable to take from mid-February through August 30. This area is primarily a migration
corrider to the holding area above the bridge. Limited information exists regarding angling
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activity for spring-run salmon in the Feather River. Angling surveys conducted by the
Department from 1991-94 indicate that anglers are targeting 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 September, with the catch of
salmon generally increasing each month from May through September (Wixom et al. 1985). The
majority of fish caught were not released. It would seem reasonable that Feather River spring
run or other spring-run salmon are the sole run caught 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 outlet is open to general fishing all year, with a bag limit 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 take from mid-February to
Octaber 1.

The Feather River from a paint 100 yards upstream from the Thermalito Afterbay outlet to the
mouth of Honcut Creek is open to general fishing all year, with a bag limit of two salman.
However, it is specifically 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 October 15.

The Feather River from Honcut Creek to the confluence of the Feather and the Sacramento
rivers 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.

leaal Inland Harvest

Poaching of spring-run salmon undoubtedly occurs at fish ladders and other areas where adult
salmon are concentrated, such as pools below dams or other obstructions. Mill, Deer, and Butte
creeks as well as other tributary spring-run adult populations, are also vulnerable to poaching
during the summer holding months because of the long pericd in which adults occupy relatively
confined areas. The significance of 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 within the Central Valley and the degradation of mainstem

Sacramento River habitat is the basis for numerous government reports, books, and legislation.
More information on the habitat conditions and recommendead restoration actions is contained in:
Restoring Ceniral 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 Winter-
run Chinook Salmon (NMFS 1897). Some of this information is discussed in the Influence of
Existing Management Actions section of this report.

Caonditions in the Sacramento River affecting spring-run chinook salmon include: Anderson-
Cottenwood Irrigation District'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 approximately one million acre-feet of water per year
through fish screens with less than optimum efficiency: hundrads of small unscreened
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diversions; bank protection projects: discharges of chemical waste from industrial, municipal,
agricultural, and mining sources; and chronic contamination from numerous, but widespread
sources. [n addition, excessive flow fluctuation and elevated water temperatures below Keswick
Dam near Redding result in less than optimum survival of salmon (CDFG 1893). Recent,
current and planned actions to address these problems are also discussed in the Influence of
Existing Management Actions section of this report.

The Sacramento River yields 35% of the State's water supply. Most of the Sacramento River
flow is controlled by Shasta Dam, which stores up to 4.5 million acre-feet of water. 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-Trinity Division of the CVP. This division includes Shasta, Keswick, Trinity, Lewiston,
Whiskeytown, and the Spring-Creek Debris dams. RBDD, and the Tehama-Colusa and Corning
canals.

All of the spring-run adult holding and spawning habitat in the mainstam 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 critical months for spring-run spawning and egg incubation. Presently there is a complete
overlap of physical spawning 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 hybridization occurring between the two runs.

REBDD 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 tributaries (Hallock et al. 1982, Vogel and Smith 1886, Vogel et al. 1988). To help protect
the Sacramento River winter-run chinook salmon, the dam gates have been raised for varying
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-run 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 negotiate the
inefficient ladders. Adults that are obstructed from passing the dam are forced to either spawn
downstream, where temperatures are typically lethal for incubating eggs, or to ascend lower
tributaries in search of suitable spawning habitat (Hallock 1987).

When the gates are closed at RBDD (bstween May 15 and September 14), any outmigrating
saimon juveniles pass under the gates and into turbulent waters below the dam where they are
neavily 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 migration for juvenile spring run.

Clear Creek .

Potential spring-run habitat accurs below Whiskeytown Dam to Placer Bridge. There is an adult
upstream migration barrier at McCormick-Saeltzer Dam, which preciudes use of the area below
Whiskeytown Dam. Currently, there are inadequate flows, spawning aravels, and water
temperatures below Whiskeytown Dam and accelerated erosion in portions of the watershed
(USFWS . 1894).

Section VI, Facters Affecting the Ability to Survive and Reproduce
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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. Currently, the population 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 is suitable for maintaining a self-
sustaining population of spring-run chinook salmon. Habitat conditions in Battle Cresk are
considered drought resistant due to the geologic and hydrolegic characteristics 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 cfs 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 Energy Regulatory Commission
Project Number 1211) consisting of two storage reservoirs, 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
agricultural diversions in the mainstem of Battle Creek, only one of which is screened.

A primary factor that limits 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 of 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
watershed. An instream flow study indicated a need to increase the minimum required flow
below the dam by a factor of five to ten in most reaches (Payne 1891). Additionally, 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 unscresned
diversions and limited instream flow releases, the fish ladders ars closed on PG&E's two lower
diversions (Eagle Canyon Dam on the North Fork and Coleman Diversion on the South Fark).
This prevents fish from ascending into the area above the hatchery water supply and to
dewatered and unscreened reaches of the creek. Closure of 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 abave CNFH is
presently restricted to 17 miles out of a potential 42 miles of habitat. There is evidence that
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. Adult passage is a limiting
factor across the valley floor during the majority of the adult upstream migration 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 Molinos
Mutual Water Company with a water right to 70 efs. Flow in Antelope Creek is typically diverted
April 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 diversions
are operating. Adult spring run are unable to enter the stream during the irrigation and diversion
s2ason.
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Mill and Deer creeks
The habitat in Mill and Deer creeks is similar, as is the life-history of spring-run chinook salmon

in these two tributaries. Elevations above 2,000 feet in both creeks (like many other eastside
tributaries at similar elevations) usually have water temperatures which meet or axceed the
minimum requirements for adult spring-run salmon to hold throughout the summer (Figure 42).

Spring-run spawning habitat in Mill Creek ranges from two miles upstream of the State Highway
36 Bridge downstream to Less Camp, a distance of 24 miles. The range in elevation is 880 feet
to 5,300 feet. In Deer Creek, spawning occurs at Upper Deer Creek Falls downstream to Deer
Creek Crossing, a distance of 23 miles. The range in elevation is 1,280 feet to 3,600 fest. (Kano
and Reavis 1937a, 1997hb).

All diversions on Mill Creek are screened. All fish screens on Mill Creek diversions are installed
and operated during the immigation season, typically April through October, by the Department's
Red Bluff Fish Habitat Shop. The primary problem in Mill Creek affecting spring-run abundance
in recent years is the withdrawal of water at agricultural diversions, affecting adult and juveniie
migration due to low flows.

Lower Mill Creek has three water diversions: Ward (Lower Diversion), the Clough Diversion, and
the Upper Diversion. The State \Water Resources Control Board (SWRCB) fully adjudicated Mill
Creek in the 1920s. Decree 3811, issued by the Superior Court of Tehama County, apportioned
a total of 203 cfs of the natural flows of Mill Creek. This decree authorized diversion amounts
and provision for screening of all diversions. Los Molinos Mutual Water Company is the Water
Master for Mill Creek and manages the Upper and Lower diversions. Clough Diversion is a
private diversion. There are no major dams or water diversions upstream of the Upper Diversion
on Mill Creek.

Ward Diversion (Lower Diversion) is located approximately 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 adul
salmon to swim up and over the dam at moderate to high flows. The Ward Diversion fish ladder
s 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 screenad by an inclined-diagenal, perforated flat-plate
screen with an optional trap or direct fish bypass.

Clough Diversion is located approximately five miles upstream of the confluence with the
Sacramento River and is autharized to divert 20 cfs of flow. Flood waters in 1997 breached the
diversion dam so that it no longer diverts flow and fish can swim upstream using the natural
stream channel. Alternate water delivery solutions are being considered for the Clough
Diversion, which may allow for the permanent removal of the dam and any diversions from this
site,

Upper Diversion Dam on Mill Creek is located approximately six miles upstream from the
confluence with the Sacramento River, and is authorized a maximum diversion of 123 cfs. The
dam at Upper Diversion 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 poal and weir type
ladder. The Upper Mill Creek Diversion is screened by a vertical, perforated flat-plate fish
screen.
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Deer Creek has four water diversions, all of which have been screened since the early 1820s.
All fish screens on Deer Creek diversions are installed and operated during the irrigation
season, typically April through October. The Department's Red BIuff Fish Habitat Shop
maintains all fish ladders and fish screens on Deer Creek.

In 1923, the Tehama County Superior Court adjudicated 100% of the water in Deer Creek. The
three water diversions on the lower creek are: the Stanford-Vina Ranch Irrigation Company
(SVIC) Diversion Dam, the Cone-Kimball Diversion Dam, and the Deer Creek Irrigation
Company Dam (DCID). The SVIC Diversion Dam is located approximately three miles from the
confluence 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 diversion. Each is
screened with an inclined diagonal, perforated flat-plate screen. The north diversion has a2 direct
fish bypass. There is a concrete pool and weir-type fish ladder on each end of the diversion
dam.

The Cone-Kimball Diversion is located six miles from the confluence with the Sacramento River,
The amount of flow diverted is included in the amount adjudicated to SVIC. This diversion is
screened with a sloping 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 approximately eight miles upstream of the confluence with the Sacramento
River and is the uppermost irrigation dam on Deer Creek. This diversion is adjudicated 33.3% of
the natural flow in Deer Creek. This diversion is screened 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, therefore, a fish ladder is not necessary.

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

In low water-years, the diversions on Mill and Desr creeks can reduce or eliminate natural flows
downstream of the lower diversions to the Sacramento River during the peak of adult spring-run
salmon migration (late May through June), thus truncating the adult salmon migration. Through
the conservancies on Mill and Deer creeks, the diveriers have worked cooperatively to provide
flows for migrating adults. On Mill Creek, the Water Exchange Agreement was created to
provide 23 cfs of flows for adult and juvenile fall- and spring-run salmon during peak migration
and spawning periods. A similar water exchange program is being negotiated for Deer Creek.
The Department monitors critical fish passage areas on the lower three 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 adult
migration period in both Mill and Deer creeks.

There is no evidence that degradation of riparian habitat, due to cattle grazing and farm
practices in spawning areas, has adversely affected spring-run abundance in recent years. The
terrain (i.e., bedrock cliffs, canyons, and steep gradient boulder cascades) is not conducive for
livestock grazing. In Deer Creek, cattle grazing occurs in Deer Creek meadows, which is
upstream of Upper Deer Creek Falls (a barrier to upstream migration). In the early 1990s, the
Depariment assisted in fencing Deer Cresk meadows to exclude cattle from the riparian areas in
Deer Creek. Fence condition and repair is monitored and maintained by the Department.

Section VII. Factors Affecting the Ability to Survive 2ng Repraduce

Section VII. - Page 46



Big Chico Creek ,
The best summer holding habitat in Big Chico Creek is Higgin's Hole, which is the upstream limit

of spring-run salmon habitat. Temperature data from the pools at Higgin's Hole show daily
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. com.).
During the summer months, flows in Big Chico Creek average 30 cfs, while flows during the
winter averages over 300 cfs (CH2M Hill 1883). These low flows and correspondingly high
water temperatures during the critical summer holding months are less than optimum for adult
spring-run salmon. However, other habitat parameters such as riparian vegetation and isolation
from human activity are good in Big Chico Cresk.

Butte Creek

Existing habitat conditions have been significantly degraded over those that existed historically.
As was stated by Clark in 1929, "...the creek was formerly one of 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-causad effects.

Centerville Head Dam to Centerville Powerhouse: Habitat conditions within Butte Greek vary
by reach. PG&E virtually dewatered the upper reach between the Centerville Head Dam and the
Centerville Powerhouse prior to 1980. The reach, which is about five miles in length, remains
one of the prime summer holding and spawning areas for spring-run chinook salmon. PG&E, as
part of a Federal Energy Regulatory Commission (FERC) relicense process now provides a
minimum of 40 cfs from June 1 to September 15. |n dry years, PG&E is reqguired to provide only
10 cfs, with no commitment after September 15. Some additional damage has been caused by
miners in this reach, although with existing regulations the situation has been stahilized. The
deeply incised canyon, its relative remoteness from human intrusion, and deep spring-fed pools
provide the best summer adult holding potential of the entire creek.

Centerville Powerhouse to Parrott-Phelan Dam: The reach from the Centerville Powerhouse
down to the Parrott-Phelan Dam near the valley floor, has undergone and continues to undergo
significant residential development. This reach contains the remainder of the summer adult
holding habitat and the majority of the potential spawning habitat for spring run. Human access
is provided by a county road which traverses the entire reach and is heavily utilized by summer
recreationalists. 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 gravel, provide instream cover and forage, and provide summer holding pools. Itis
important that future development and channel modification carefully consider impacts to stream
habitat,

At the lower end of this stream reach is the Parrott-Phelan Diversion. At key times, it diverts a
significant portion of Butte Craek flows, previously entraining large numbers of juveniles 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
site. In addition, as discussed elsewhere in this repor, a recent agreement (1996) with the
diverters, M&T Ranch and Parrott Investment Company, has provided 40 cfs of instream flows
during the period of October through June. Prior to this agreement, a Superior Court
adjudication (Butte County 1842) and previous appropriative water rights frequently resulted in
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dewatered portions of the creek in the reach below the Parrott-Phelan diversion 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-Phelan Diversion to the
Butte Sink has been heavily affected by agriculture. This was recognized by Clark as early as
1928 when he stated: "The dams are unimportant except for the fact that they divert so much
water that fish cannot ascend the stream.” As within the Upper reaches, development has
occurred and continues to occur within this reach. The Superior Court water rights adjudication,
which was settled in 1942, under many conditions provided diverters the legal right to dewater
stream sections between the Parrott-Phelan 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 adult and juvenile spring-run salmon. Within this reach, the
Western Canal Water District, and its predecessors, have conveyed Feather River water into
and across Butte Creek since about 1908,

Prior to recent and scheduled structural changes, there were seven seasonal diversion dams
operated by agricultural interests. Each of the diversions had the potential to detrimentally 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 River flows under Butte Creek.
Additionally, two downstream dams, McGowan and McPherrin, will be removed during 1998,
The three remaining structuras (Durham-Mutual, Adams, and Gorrill) are scheduled for
installation of fish screens and improved fish ladders during either 1998 or 1999,

Various levee projects have been implemented, extending from approximately Highway 89, near
Chico to Highway 162, As with the upper reach above Parrott-Phelan Dam, levee installation,
maintenance, and repair have altered the natural stream process and within this reach has
affected riparian vegetation. In addition, agricultural development has occurred within the
levees, which has further limited channel function and riparian vegetation. Below Highway 162,
agnicultural drainage flows return into Butte Cresk. which may detrimentally affect migration,
water temperature, and water quality.

Butte Sink to Butte Slough 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 this reach, Butte Creek historically overflowed into a
large basin, without a well defined stream channel. although maps from the mid-1800s show a
channel along the northwest boundary of the Butte Sink. Within the Butte Sink, even as early
as 1928, duck clubs were diverting and rerouting flows (Clark 1929). Impacts from duck clubs
and agricultural diversions continue to this day. Potential impact sites include the Sanbom
Slough Bifurcation, White Mallard Weir, Drumheller Slough Outfall, Butte Slough Outfall gates
and a host of lesser diversions. Lack of fish screens, fish ladders, and operational agresments
for 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 detrimentally affect migration'and rearing of spring-run salmon.

Sutter Bypass: Prior to the various levees associated with the present Sutter Bypass, Butte
Creek alternately flowed into the area now within the Sutter Bypass levees and the Sacramento
River near the present site of the Butte Slough Qutfall gates (DWR 1976, USGS 1912). Butte
Creek is currently regulated by gates placed at or near the site of the historic entry into the
Sacramento River, approximately five miles south of Colusa. Flows are regulated through the
gates to accommodate beth flood control and agricultural needs. During much of the year most
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of Butte Creek flow is directed through the Sutter Bypass East and West channels for
agricultural purposes, to rejoin the Sacramento River via Sacramento Slough near Verona. In
addition, 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, Calusa Weir, or
Moulton Weir. The net effect is to present changing migrational routes for both juvenile and
adult spring-run salmon.

Throughout the Sutter Bypass, there are various flow contral structures which directly impact
both migrating adults and migrating and rearing juvenile spring run. There are five major
structures that divert or regulate water which are unscreened and either do not have fish
ladders, or have ineffective 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 implemented to address many of the identified passage problems within the Butte Sink
and Sutter Bypass. A limited evaluation by the Department has identified rearing potential for
juvenile spring run within the Sutter Bypass (Curtis 1998).

Yuba River

Migration of spring run to historic holding and spawning habitat 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 further downstream, particularly in
the large deep pool immediately below the Narrows. This reach provides summer refugia with
deep pools and cool water. However, this is historic fall-run spawning habitat. There may be
hybridization occurring between the two races.

Adult spring-run chinook salmon encounter Daguerre Point Dam during their upstream spawning
migrations. Factors which can inhibit or prevent upstream passage include poor ladder design
and operation, sheet flow across the dam spillway confusing fish and hindering atiraction 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 entrances 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 optimum for adult spawning, juvenile rearing, and juvenile
cutmigration. The cumulative water diversion rates in the lower Yuba River can exceed 95% of
the entire river flow.

Fish health and spawning 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 reaching the cold water holding pools
above the dam. ' -

Losses of juvenile salmon occur at the Hallwood-Cordua and South Yuba-Brophy diversions.
The Hallwood-Cordua fish screen is operated by the Department and is operated only during the
estimated peak period for downstream migration of juvenile fall-run chinook salmon (typically
April through June). Periods occur when water is diverted but the screen is not operated, and
juvenile spring-run salmeon which migrate during those times and enter the diversion are lost.
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The South Yuba-Brophy Diversion consists of a gabion weir which cannot meet current
screening criteria and is ineffective at excluding juvenile salmonids. Studies indicate that
juvenile salmonid losses of the fish that enter the South Yuba-Brophy Diversion ranged from
40%-60% (Konnoff 1988). Losses were associated with the entire diversion facility, which
included losses to predation, impingement, and entrainment.

Sacramento-San Joaquin Delta

The Delta provides habitat for spring-run salmon in three ways: (1) it is a migration corridor to the
upper Sacramento River and its tributaries for adults retuming to freshwater to spawn; (2) it is a
migration corridor to the ocean for juveniles: (3) and it provides rearing habitat for juvenile
salmon that move into the Delta weeks or months before they are able to enter salt water,

Historical Perspective on Habitat Conditions in the Delta: Major changes occurred in the
Delta in the 1800s when thousands of acres of tidal marshes were reclaimed through the
\construction of levees, changing the character of the landscape permanently. Sedimentation
from gold mining also had a substantial impact. More gradual and subtle changes have
occurred since the late 1800s affecting the suitability of the Delta as habitat for salmon and other
native fishes (ABAG 1992).

Eighty percent of the estuary’s fresh water is provided by the Sacramento River basin, Water
storage and diversions within the basin affect the seasonal flow of fresh water into the estuary
and the volume of water entering San Francisco Bay. Beginning in the late 1850s, fload contral
projects as well as storage and diversions for agriculture and power generation began to alter
the timing and volume of the estuary's inflows. Within the 20® century, major human alterations
to flow timing, volume, and destination have occurred during several major time periods (Arthur
et al. 1996):

Prior to 1945

No major State or Federal dams on the Sacramento River

1845-1950 - Shasta and Friant dams in operation but no significant Federal
water exports from the Deita:

1851-1967 - Federal water exports from the Delta:

1968-1977 - State and Federal water exports from Delta. Compliance to
SWRCB D-1379 water guality standards:

1978-1992 - Compliance to SWRCB D-1485 water quality standards:

1993-7954 - Operations of CVP and SWP modified to comply with Biological

Opinions for Sacramento River winter-run chinook salmaon and
Delta Smelt: and

1995-1997 - Operations to SWRCB Water Quality Control Plan for the
San Francisco Bay/Sacramento-San Joaquin Delta Estuary
(1993 Bay-Delta Plan.)

A review of historic DAYFLOW 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 shifted the time 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, Appendix E-1). The percent of total inflow that is diverted annually by the SWP and
CVP continually increased over the last 50 years (Figures 44a and 44b, Appendix E-8). Ona
seasonal basis, the maximum export to inflow (E:l) ratio once occurred in the summer months,
but gradually shifted towards the fall through early spring months (Figure 45). The E:l ratio in the
fall, winter, and spring months increased from less than 10% in the 1830-50 period to an excess
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Figure 44a. Change in historic percent of total Delta inflow (cfs) exported at the CVP and SWP for October through March months.
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Figure 44b. Change in historic percent of total Delta inflow (cfs) exported at the CVP and SWP for April through June months.
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of 30% to 60% diverted in the 1978-92 period. In the last five years, there has been a general
reduction in the E:l ratio during the late spring months, but 3 continued increase during the
Cctober 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 from the San Joaquin River. As a result, the rest of the water exported by
the SWP and CVP comes from the Sacramento River and eastside Delta tributaries, resulting in
net upstream water movement (reverse flow) in the lower San Joaquin River and through the
central and southern Delta (Figure 46). Before major water projects began operations in the mid-
1940s, lower San Joaquin River flows remained positive except in the driest years (1931, 1934,
1938) and flow reversals only occurred during late summer and ezrly fall months (Figure 47,
E-5). As exports increased over the last 50 years, reverse flows in the lower San Joaguin 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 yearling and sub-yearling spring-run
outmigration), especially in dry and critical water-years (Figures 48 and 49).

The recent (1985-94) series of mostly dry years, including the 1987-82 drought, produced
severely degraded habitat conditions within-the Sacramento River basin and the Delta. At the
same time, menthly export volumes continued to increase until 1891 (Figure 50, Appendix E-13).
The peak monthly 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
imigation, construction of San Luis Reservoir and other water storage facilities south of the Delta
has accommodated shifting peak exports into late fall, winter, and early spring months (Figures
21 through 53; Appendix E-15), the key period for juvenile spring run rearing and yearling out
migration within the Delta.

As a consequence, exports have increased over the last half cantury and Delta outflows have
been reduced commensurately (Figure 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-18 through E-18). Both the frequency and severity of reverse flows increase
throughout the year (Figure 48, Appendix E-6 through E-8). Reduced export levels in spring
months will improve conditions for rearing and migrating sub-yeariing spring run within the Delta.
The 1895 Bay-Delta Plan allows for closure of the DCC more often to protect salmon from
entrainment 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 DCC closures.

Changes in Delta Ecosystem and Their Effect on Spring Run: Changes in estuarine
hydrodynamics have adversely affected a variety of organisms at all trophic levels, from
phytoplankton and zooplankton to the young life stages of many fish species (e.g., Delta smelt,
striped bass) (Arthur et al. 1996). The ecological processes 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 suitability of the Delta as juvenile 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 Delta has occurred. The
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The Sacramento/San Joaquin Bay-Delta Estuary: Reverse Flow
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Figure 48. The Sacramente/San Joaquin Bay-Delta water ways and reverse flows.
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Recovery Plan for the Sacramento / San Joaquin Delta Native Fishes (USFWS 1 995a)
considers poor survival of outmigrating juvenile spring run, “especially in the Delta” as one of the
key factors in the species’ continued population decline in recent decades.

Historically, a significant proportion of juvenile Sacramento River salmon was observed to
naturally migrate into the central Delta via Georgiana Slough in direct proportion to the volume of
water transporting them, estimated to be approximately 20% in March 1948, prior to the
construction of the CVP DCC (Figure 17) (Erkkila et al. 1830). 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 Delta, whereas only 20%-30% is drawn in with the DCC closed (USFWS
1987). If juvenile salmon are entrained to the central Delta in direct proportion to the volume of
water transporting them, significantly greater numbers of juvenile spring-run chinook salmon can
be transported into the Delta an their outmigration journey. When diverted into the central and
hence the southern Delta, juveniles are exposed to a highly altered system with manipulated
flow conditions, resulting in direct and indirect impacts which reduce survival compared to
salmon that remain in the Sacramento River. Within the central and southern Delta, juveniles
are exposed to reverse flows, entrainment in small unscreened agricultural diversions,
entrainment in the SWP and CVP water export facilities, predation, reduced shallow water
habitat for fry, reduced water quality conditions (including higher water temperatures), and
reduced river inflows during spring menths which decreases available habitat, nutrients, and
transport flows for migration (USFWS 18852, NMFS 1897). The adverse changes in Delta
hydrodynamics, particularly the increase in cross-Delta flows (flows from the northern and
central Delta to the southern Delta) have dramatically increased since 1968. Those increases
have been the most pronounced in the late fall through the early spring months, key periods for
outmigrating juvenile and yearling spring run.

The USFWS, within the Interagency Ecological Program (IEP), conducted studies during the
1980s to assess the relative difference in survival of fall-run chinook salmon smolts emigrating
down the Sacramento River which were not exposed fo entrainment at the DCC and Georgiana
Slough (Ryde releases) versus smolts subject to entrainment to both channels leading to the
central Delta, as well as smalts which were only subject to entrainment through Georgiana
Slough (Table 22) (USFWS 1892). Salmon smolts survived about 3.4 times greater to Chipps
Island (western Delta) when they were not exposed to entrainment at Georgiana Slough and an
open DCC. When the DCC was closed, the relative difference in survival was reduced by nearly
half. However, survival was still 1.6 times greater for those smolts which were not exposed to
entrainment at Georgiana Slough.

From 1992-84, the USFWS conducted survival studies where they released one marked group
of hatchery-reared juvenile fall-run salmon directly into Georgiana Slough and a second group
into the Sacramento River at Ryde (downstream of the DCC and Georgiana Slough). Marked
fish recoveries indicated survival for salmon released at Ryde was 1.5 to 8.4 times higher than
for saimon released simultaneously in Georgiana Slough (the subsequent migration route for
these fish is assumed to be through Georgiana Slough to the central Delta) with a larger
difference observed at higher water temperature (Table 23) (USFWS unpublished data).

Since 1993, the USFWS has annually conducted additional studies designed to evaluate the
differential survival of larger juvenile winter-run chinook salmen which emigrate through and rear
in the Delta during cooler winter and early spring months (Table 24). These studies used
juvenile late-fall-run salmon as a surrogate for the State and federally-listed endangered winter
run. The resuits are relevant to survival of yearling spring-run salmon which zlso migrate in the
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fall and early winter. It was hypothesized that larger juvenile salmon may be less affacted than
the smaller fall-run juveniles by adverse habitat conditions in the interior Delta, due to their larger
size and assumed shorter residency time within the Delta, Also, during winter months water
temperatures are lower and less stressful to juvenile salmon, there is a lower risk of entrainment
losses for juveniles because local diversions for irrigation are minimal, and mortality due to
resident fish predation is expected to be lass (due to lower predator metabolic rates and activity
levels compared to April 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 juveniles would be better able to avoid
predators and entrainment at the State and Federal water export facilities than smaller juvenile
fall-run salmon in spring months when a lower (35%) export limit was chosen (statement of
Charles Hanson, Ph.D.; representing the SWP contractors; October 1987, Commissian meeting
in San Diega).

Resdults from the USFWS December and January tests during the last six years do not support
the hypothesis of higher interior Delta survival of larger juvenile salmon relative to survival in the
Sacramento River during cooler fall and winter months. Late-fall-run salmon released in the
Sacramento River below the DCC and Georgiana Slough 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 survival studies indicate [ow relative survival levels
through the Delta, similar to the earlier studies with fall run in April and May (USFWS 1997a,
unpublished data).

The above salmon survival experimental results, including those using larger salman during
winter months in the past few years, demonstrate that larger juvenile salmon are not necessarily
affected less by deleterious factors encountered in the central Delta. The results also suggest:

(1) from the list of potential causes of mortality, those factors known or suspected to be less
harmiul in the winter than the spring (i.e., water temperature, entrainment in local
diversions, predation) may be relatively less important in both seasons than previously
thought; and

(2) deleterious factors usually present in both seasons (i.e., altered or reverse flow patterns
due to exports, increased residence time) may act to increase mortality due to other
factors and thus, have relatively greater consequences for salmon survival than the
factors listed in item 1.

The following is a summary of the various potential causes of the mortality assessed in the
salmon survival experiments and which affect spring-run salmon in the Delta as yeariing
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 of the water projects to rearing and migrating juvenile chinook salmon are both
direct (based on observations of salvaged fish at the 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 entrainment (direct loss) of juvenile salmon at the facilities, by
itself, does not provide a complete measure of water project impact to juvenile salmon. Instead,
low recovery rates at the fish facilities can be due to: (1) relatively low numbers of juvenile
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Table 25. Factors Potentially Affecting Spring-run Chinook Salmon Survival in the Bay-Delta Estuary.

r_l-_?'—__—_m-—'—_—_—'__—__——r__—.___—_____________

LIFE STAGE
SUB- SUB- YEARLING SOURCE OF
FACTOR YEARLING YEARLING MIGRATION | INFORMATION
REARING MIGRATION
QOutmigration Timing | (Dec.- April) (March-May) (Oct.-Feb.) CDFG studies
Hydrodynamics Yes Yes Yes USFWS studies
Inflow Yes Yes Yes USFWS studies
Cross Channel Yes Yes Yes USFWS studies
Georgiana Sl
Reverse flow Probable Probable Probable USFWS studies
QOutflow Probable Probable Probable USFWS studies
Entrainment to Probable Probable Probable DWR sampling
Local In-Delta
diversions
Entrainment to Yes Yes Yes Salvage records
CVP/SWP (Including DFG studies
predation)
Water Temperature Probable Probable No USFWS studies
(late spring) (late spring)
Predation Probable Potential Potential Food habits
Il studies
Contaminants Potential Unlikely Unlikely
Habitat Condition Potential Potential Potential
(cover/food, etfc.) | e .

Yes:
Probable:
Potential:
Unlikely:

effect documented:
mechanism identified, evidence inconclusive;

mechanism suggested, evidence lacking;

no mechanism known or factor not relevant to time period.
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salmon in the system; (2) a high loss rate of juveniles before they reach the Delta; (3) a high
indirect loss rate of juvenile salmon, attributable to water project operation, in the central and
southern Delta; or (4) a combination of the above.

Studies have been conducted by the USFWS to assess juvenile salmon survival through the
Delta relative to survival for juveniles which remain in the Sacramento River. The USFWS has
measured the differences in recoveries at the SWP and CVP Delta fish salvage facilities of the
marked late-fall run salmon released into Georgiana Slough versus the Sacramento River (Ryde
and Iselton) releases. While the recoveries at the fish salvage facilities of Georgiana Slough
releases have not exceeded 3%, no more than 0.6% of any group of salmon released in the
Sacramento River (Ryde/lselton) has been recovered at the fish facilities. A consistently higher
proportion (between 5 and 60 times more) of the Georgiana Slough release groups have been
recovered at the SWP and CVF Detta fish facilities since 1993. This would indicate that the
relative effects of export on Delta salmon survival 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 central Delta compared to those remaining in the Sacramento River, at least as far
downstream as Three Mile Slough near Rio Vista.

Length of Migration Route/Residence Time in the Delta: To reach Chipps Island from the
respective release locations, test salmon have a longer migration route via Georgiana Slough
(about 37 miles) than in the Sacramento River from Ryde (27 miles). Increased residence time
increases the duration of exposure to hazards during migration and reduces the likelihood for
survival to Chipps Island. If the mortality rate per mile was the same on both routes and saimon
traveled at a fixed rate directly on each pathway, mortality would be approximately 37% higher
for the Georgiana Slough relzase group.

Altered Flow Patterns in Delta Channels - Reverse Flows: The role of net flow direction
within the interior Delta in guiding migrating salman is a critical issue. Higher entrainment losses
demonstrate salmon using the Georgiana Slough migration route are more susceptible to the
effects of export pumping. Juvenile salmon that migrate downstream through the interior Delta
are subjected to a longer and 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 southem
Delta from the central Delta, so-called reverse flows). For salmon which are cueing on flows as
they migrate through the Delta towards the ocean, substantial confusion and straying into
channels leading to the southern Delta could take place.

Increasing salinity westward through the estuary may provide one of many guidance cues to
Jjuvenile salmen moving through the estuary. But use of the salinity gradient 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 River influence than
the central and southern Delta which is influenced more by the poorer water quality of the San
Joaguin River. :

Predation Losses: The most comprehensive information on the distribution of piscivorous fish
in the Delta is from the Department's resident fish survey begun in the late 1970s. Centrarchid
species were substantially less abundant in northern and western Delta areas than elsewhere in
the Delta and less abundant in rivers and open sloughs than in other channel types.

Largemouth bass wers generally less abundant in river habitats than either open-ended or dead-
ended sloughs. Largemouth bass are less abundant as salinity increases in the western reach

Section VII. Factors Affecting the Ability ta Survive 2nd Reproduca

Section VII. - Page 72



of both migration routes, however other predators such as striped 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 exposure o predation (a2 more detailed
discussion of predation is contained in the report section titled Factors Affecting the Ability to
Survive and Reproduce - Predation).

Water Temperature-Related Mortality: \Water temperatures during the fall/winter experiments
were cool and no temperature-related impact on survival was expected in either the Sacramento
River or in Georgiana Slough and the rest of the Delta migration route. Temperature would not
adversely affect spring-run yearlings in the November-January period or sub-yearlings until
about May in most years.

Contaminants: The role of potential contaminant-related effects on spring-run salmon survival
in the Delta is unknown. 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
concentrations were different for either of the paired test groups during any of the USFWS
survival experiments nor any evidence that acute contaminant-relaied 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 salmon growth and
survival. The U.S. Environmental Protection Agency (USEPA) is pursuing reductions 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 adequately
protect the Bay's beneficial uses. Municipal wastewater treatment plants release heavy metals, .
thermal pollution, pathogens, suspended solids, and other constituents. Improved treatment has
reduced pollutant loadings, however heavy metals and organic pollutants remain a concern
(ABAG 1892). Non-point sources include runoff from urban areas, agricultural lands,
construction and logging sites, and mined land. Eievated levels of polychlorinated biphenyls and
chlorinated pesticides have been found in the stomach contents of juvenile salmon from the Bay,
the Delta, and from hatcheries. Non-point sources are suspected as the origin of these
materials in the Delta and Bay environment. Agricultural drainage is another source of
contaminants (pesticides and herbicides) that may be affecting lower level food web organisms
and bioaccumulating in higher trophic level organisms. This may be detrimental to salmaon,
particularly during smoltification (NMFS 1997). Dredging may be harmful to juvenile salmon due
to re-suspension of contaminant in sediments as well as increased turbidity, increased oxygen
demand, and reduced dissolved oxXygen concentration.

Food Supply Limitations: 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 decline in the abundance of estuarine-
dependent species such as Delta smelt and striped bass (ABAG 1992). However, there is no
direct evidence of food limitation for salmon in the Delta ar lower estuary.
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VIIl. INFLUENCE OF EXISTING MANAGEMENT EFFORTS

There are a significant number of monitoring and restoration activities being performed on
Sacramento River spring-run; some of which have recently 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 Commission on the Stafus of Actions to Restore Spring-run
Chinook Salmon on the Central Valley (Baracco 1998).

Disease

Disease control efforts include prohibiting the transportation of Infected, diseased, or parasitized
fish between drainages (FGC, Section 6307) and the importation of fish into California from
areas.known to have infected, diseased, or parasitized fish and other organisms (FGC, Section
2270). When fish are found to be infected, diseased, or parasitized, the Department requires
them to be destroyed (FGC, Section 8302).

Both State and Federal hatchery programs within California’s Central Valley employ various
protacols to control infection. Regular health monitoring of production fish is performed to
quickly respond to problems. Chemotherapeutics are used for control of most external parasite
problems while many bacterial infections can be treated with antibiotics. Avoidance of
infectious agents and stressful conditions is the best management practice,

Harvest

Federal Ocean Fisheries Management and Rest ation Plan

California’s ocean salmon fisheries, as well as those fisheries off Oregon and Washington, are
managed by the Pacific Fishery Management Council (PFMC) under the authority of the
Federal Magnuson-Stevens Fishery Conservation and Management Act. The states are
required to conform their fishing regulations for their State ocean waters (zero to three miles
offshore) to those implemented for Federal ocean waters (three to 200 miles offshore), or risk
pre-emption of their management authority by the NMFS. Sacramento fall-run chinook is one
of the key chinook stocks on which ocean saimon fisheries south of Cape Falcon in Oregon are
managed. The salmon Fishery Management Plan (FMP) provides the basis on which the
PFMC manages California's ocean salmon fisheries.

Among the management goals of the FMP is the requirement that the 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 hatcheries and natural areas. On March 8, 1996, NMFS
issued a Biological Opinion for the endangered Sacramento River winter-run chinook, under
authority of the ESA, that required harvest impacts on Sacramento River winter-run chinook in
California’s sport and commercial ocean salmon fisheries to be reduced 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 spawner escapement
data for 1988, NMFS re-evaluated the level of increased Spawner escapement required for the
restoration of this run; therefore, California's ocean salmon fisheries in 1887 and 1998 were
managed for an increase in spawner escapement of 31%. Itis expecied that management
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measures enacted to reduce ocean harvest impacts on Sacramento River winter-run chinook
are providing some protection for Sacramento River spring-run chinook.

Existing Ocean Harvest Requlations

To achieve the 50% level of impact reduction for the 1996 season, the PFMC recommendad
increasing the minimum size limit of chinook salmon caught in the recreational ocean salmon
fishery between Point Conception and Horse Mountain from 20 inches TL to 24 inches TL from
May 1 through mid-July, then further increased it to 26 inches TL thereafter (Appendix C). Prior
to the PFMC action, the Commission increased the minimum size limit to 24 inches TL 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 1998 recreational fishing seasons south of
Point Arena were shortened by two weeks to two months. depending on area. The opening
dates for the 1987 recreational ocean salmon seasons below Point Arena were delayed by two
to four weeks, again depending on the area. Because of the slight easing 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 inchesTL and 26 inches TL, respectively, for
California's sport (south of Horse Mountain) and commercial fisheries. :

Two fisheries in 1997 could have had potential impacts on spring chinock: a 10,000 chinook
quota commercial fishery during the last half of April between Lopez Paint and Point Mugu; and
a recreational fishery in the Gulf of the Farallones (between Point Reyes and Pigeon Paint)
from July 1 through September 1, which required anglers to keep the first two salmon, except
coho, regardless of size. The former fishery could provide some risk to spring-run chinook
because of its timing, since CWT data have shown that the majority of FRH spring-run chinook
recoveries occur prior to May 1: the latter fishery could impact spring-run chinook because of its
location and lack of a minimum size limit. Opening dates for the 1998 recreational ocean
salmon seasons south of Point Arena are essentially the same as in 1997. South of Pidgeon
Point (San Mateo County) the season ended October 19 in 1997. In 1998, further restriction in
season length was initiated, with a season ending date of September 7.

Inland Sport Fishing Regulations

California's inland sport fishing regulations are set under the authority of the Commission (FGC,
Division 1, Chapter 2, Article 1). Inland sport fishing regulations are reviewed and revised as
necessary every two years during even-numbered years. In every ocdd-numbered year, the
Commission devotes its |ate August, October, November, and December meetings to
recommendations for changes in the sport fishing regulations.

Inland sport fishing regulations within several of the primary spring-run tributaries were changed
in 1984 to provide specific protection for spring-run chinook salmon. In addition, present
regulations covering the remaining inland spring-run adult habitat provide varying degrees of
pretection (Appendix D).

Enfarcement

Enhanced enforcement activities continue to be implemented throughout the spring-run range,
with particular attention to the tributaries and adult holding areas. Additional funding for wardan
overtime is being provided through the Four Pumps Agreement and has resulted in additional
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hours of enforcement, while the Delta Bay Enhanced Enforcement Program (DBEEP) warden
position continues to focus specific enforcement during the spring migration and summer
holding perieds. Initial reports from the wardens involved indicate that violations have declined
significantly, which in part is attributable to the increased enforcement and in part to the
increased public awareness and involvement through the emerging watershed conservancy
efforts. The DBEEP, in addition to the focused attention in the spring-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 spring-run chinook salmon related to the effects of SWP and CVP operations
in the Delta are: (1) upstream or “reverse” flows in the westemn, central, and southemn Delta; (2)
entrainment of rearing juveniles to the Southem Delta, where it is more difficult for juveniles to
find their way to the ocean: (3) poor environmental conditions in the central and southern Delta:
(4) entrainment of juvenile salmon at the SWP and CVP Delta diversions: and (5) food web
production and other potential ecological consequences of altered Delta hydrodynamics.

Recent Bay-Delta Requlatory Setting and CALFED

The late 1980s and early 1990s were characterized by State-Federal disputes regarding water
quality protection, continued decline of numerous estuarine-dependent species leading to listing
of two species of fish (Sacramento River winter-run chinook salmon and Delta smelt), and
increased uncertainty of water supplies derived from the Delta. Growing frustration as to how
to meet the diverse human and wildlife needs related to the estuary culminated in the series of
events described below.

In June 1984, the California Water Paolicy Council and the Federal Ecosystem Directorate
(CIUbFED) signed the Framewark Agreement intended to provide for increased coordination
and communication with respect to: (1) substantive and procedural aspects of Bay-Delta water
quality standard setting; (2) improved coordination of water supply operations with endangered
Species protection and water quality standard compliance: and (3) development of a long-term
solution to fish and wildlife, water supply reliability, flood control, and water quality problems in
the Bay-Delta Estuary. The collaboration is known as “CALFED," recognizing the State-Federal
partnership.

On December 15, 1994, the Principles for Agreement on Bay-Delta Standards Between the
State of California and the Federal Government (Principles Agreement, commonly referred to
as the "Bay-Delta Accord”) was signed by State and Federal agencies and urban, agricultural,
and environmental interest representatives. The Principles Agreement articulated the basic
tenants on how to accomplish the goals of the Framework Agreement. Initially a three year
agreement, the Principles Agreement has been extended though December 31, 1998,

The CALFED Principles Agreement, in conjunction with other Federal and State efforts such as
the Central Valley Project Improvement Act (CVFIA), was intended to provide habitat protection
sufficient for currently listed threatened and endangered species and to create conditions in the
Bay-Delta Estuary that would avoid the need for any additional listings for three years. The
Principles Agreement included an understanding that if additional listings were required due to
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unforeseen circumstances in the Estuary or to factors not addressed in the Bay-Delta Plan, that
protections of these species would result in no additional water cost relative to the Bay-Delta
protections embadied in the Bay-Delta Plan.

The Principles Agreement also states that additional water needs (to protect species) will ba
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 te, future biological cpinions, incidental take statements, recovery plans, listing
decisions, 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. The
proposed Vernalis Adaptive Management Program (VAMP) focusing on San Joaquin basin
salmon depends on water purchases, potentially involving some State money. Unless Federal
money would be spent on water for spring run, Delta export curtailments to reduce impacts to
spring-run salmon may depend on State funding and the existence of willing sellers of water to
offset water supply costs if increased pumping at another time is not possible.

In May 1995, the SWRCB adopted the 1995 Bay-Delta Plan which identifies municipal,
industrial, agricultural, and fish and wildlife beneficial uses of water and specific objectives to
ensure reasonable protection of beneficial uses. It includes numeric objectives for flow and
water quality constituents (dissolved oxygen and salinity), SWP and CVP operations, and
narrative objectives for the protection of salmon and brackish tidal marshes in Suisun Marsh.
Objectives for SWP and CVP export limits are included in the 1995 Bay-Delta Plan to protect
the habitat 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 inflow 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 to 35% of Deita inflow may be diverted,
except if January is relatively dry, when up to 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 and CVP) to protect
Delta smelt limit SWP and CVP exparts to 1500 cfs or the flow in the San Joaguin River at
Vemnalis, whichever is greater, from mid-April through mid-May. SWP and CVP operations at
times are controlled by one of the other Bay-Deita Plan objectives (outflow, salinity, etc.) and as
a result, exports often are lower than the applicable diversion percentage would allow. Figure
44 shows the average monthly diversion percentage during past years compared to the limits in
the 1895 Bay-Delta Plan.

The SWRCB issued interim Water Right Order WR 95-8, which amended portions of Water
Right Decision 1485 to conform SWP and CVP water rights permits and licenses with the 1995
Bay-Delta Plan. WR 95-6 expires on December 31,1998. The SWP and CVP agreed to
operate to the objectives in the 1985 Bay-Delta Plan until this date or until the SWRCB adopts a
water right decision to reallocate shares of this res ponsibility to other parties. The USFWS and
NMFS modified their biological opinions for protection of Delta smelt and winter-run chinook
salmon 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 respsct 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-Delta Pian
(SWRCB 1985b) which described the life-history patterns of the four runs of chinook salmon,
including spring run. It acknowledged that although upstream effects are responsible for the
significant initial decline in spring run, conditions in the estuary may contribute to their
continuing decline. The ER did not analyze the effacts of the 1905 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 smeit, yet avoid additional loss of annual water supply using operational flexibility
achieved through adjustment of export limits. Decisions to exercise flexibility may increase or
decrease water supplies in any month and must be based on best available data to ensure
biclogical protection, as well as being consistent with the ESA and CESA. Any agreement on
variations are effective immediately and remain in effect if the SWRCB Executive Director does
not object to the variations within ten days.

Operations Group deliberations 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 existing requirements, the issue is decided by the CALFED Policy Group
(agency/department directors or represantatives). If the CALFED Policy Group cannot reach
agreement, and if the issue involves protected spacies, a final decision is up to the appropriate
regulatory or resources management agency. While the Sacramento River spring-run chinook
salmon is a candidate species for listing under CESA, both the Commission and the
Department have authority to regulate the incidental take of spring run. If spring-run salmon is
listed by the Commission, the Department becomes the responsible entity for the management,
incidental fake authorization, and restoration of spring run.

The Operations Group has a relatively brief history during which operations flexibility has been
used. Since 1895, the fishery-related actions it has undertaken in the Deita primarily 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 imprave rearing and
transport conditions for Delta smelf. Exports have been curtailed temporarily in late-May and
June (1997) to reduce SWP and CVP entrainment of Delta smelt when loss rates were high.
Exports have been reduced (two weeks in January 1998) for a USFWS salmon survival
experiment designed to determine the role of export pumping on salmon in the Delta in the
falliwinter. These actions, targeted at other species or for studies, have benefitted juvenile
spring-run salmon to some degres.

Operations to recover the SWP and CVP export water supply that could have been exported
absent the fishery-related actions have occurred primarily in the fall. Water costs of spring
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1998 fishery actions were recovered through additional export pumping beginning in October
1896. The increment of export pumping associated with the make-up operation was completed
in Decemnber just as monitaring indicated spring run and other salmon were entering the Dalta,
thus avoiding any impact of make up pumping operation on salmon. Because the focus was
only on incremental effects of the make up pumping operation and not the baseline project
operation, no judgements were made regarding the pumping effects on spring-run salmon after
the make-up operation ended.

Spring 1897 fishery actions water costs were to be recoverad through a combination of Delta
outflow relaxation, reservoir release/pumping adjustments, and a short-term relaxation of the
33% export limit in June 1997. Reductions in Shasta and Oroville reservoir releases in
November 1997 through January 1998 were to recover upstream storage. 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 control capacity began in January 1998.

In summary, the Principles Agreement, and the Bay-Delta Plan promote the use of operational
flexibility of the CVP and SWP to provide protection for anadromous and other Delta-dependent
fish while, at the same time, not causing additional loss of water supply annually. The
Operations Group has the responsibility to use the operational flexibility of the SWP and the
CVP in such ways that species using the estuary receive more protection than they would have
received by strict adherence to Bay-Delta Plan standards. Supplemental actions that require
water will be limited by the water available through management of dedicated water and
acquisition of water from willing sellers pursuant to the CVPIA.

1987-88 Spring-run Chinook Salmon Protection Plan

In @ 1897 Special Order and later in emergency regulations (CCR Title 14, Section 749), the
Commission authorized take of Sacramento River spring-run salmon during its one-year
candidacy period that would occur incidental 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 protection and measures to achieve them
to the CALFED Operations Group, the Department collaborated with the CALFED agencies and
other Operations Group participants to develop a Spring-run Chinook Salmon Protection Plan
(Spring-run Plan) which established monitering of both salmon and environmental parameters,
set criteria for environmental 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 following
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-run Plan responses) pursuant to guidelines 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 the Delta was a concemn
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 when Sacramento River flows
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exceed about 25,000 cfs (to reduce interior Delta flood risk). The NMFS biclogical opinion for
winter-run salmon requires that the DCC gates be closed continuously from February 1-May 20.
Clesing the DCC gates when salmon are approaching the Delta prevents them from entering
the Mokelumne River portion of the Delta. USFWS studies indicate survival is increased by
about 50% by closing the DCC gates (USFWS 1992, unpublished data). Under certain
hydrological conditions (low flows in drier years) the adverse effect of gate closure on the ability
to control Delta salinity may prevent closing them to reduce salmon impacts in the fall and early
winter, especially for all of November-January as recommended by the petitioners and by the
USFWS Revised Draft Restoration Plan for the Anadromous Fish Restaration Frogram, 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 proportion of
Sacramento River juvenile salmon still enter the central Delta through Georgiana Slough. At
high export pumping rates (with no limits on reverse flows such as the former QWEST
requirement) closing the DCC gates increases reverse flows in the western, central and
southern Deita, contributing to lower survival for juvenile salmon in these parts of the Delta and
partially offsetting the benefits of DCC gate closure.

In mid-January 1888, 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 in 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 the inflow to the Delta to increase substantially (from approximately
30,000 cfs to greater than 150,000 cfs). No action was recommended in reaction to the
increase in salmaon 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, implementation of the Spring-run Plan in 1997-98 has been relatively simple and not
particularly instructive for several 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 unusual season to be implementing such a
monitoring/response approach in the Delta. Record high flows in the spring-run tributaries in
January 1987 appear to have destroyed a large portion of BY 1995 incubating eggs and pre-
emergent fry and displaced most of the remaining emergent fry downstream. Almost no
juvenile spring-run were observed in the tributary rearing habitat through the spring and
summer of 1997, and monitoring gear did not detect yearling spring run leaving the tributaries in
the fall 1897 when storms produced creek flows that normally trigger such downstream
movement of yearlings. Thus, because no yearfing spring run were seen leaving the tributaries,
it was assumed that individual salmon seen at the fish salvage facilities in December were from
one of the other chinook salmon runs. In future years when it appears spring-run salmon are
being entrained by the SWP and CVP, the certainty that they are spring-run and the
significance of the losses to the spring-run salmon population will be undoubtedly be
questioned. With the information and methods available today, neither 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 deal with endangered fish
protection issues as envisioned in the Principles Agreement and the Bay-Delta Plan. However,
the specific hydrological conditions of the past three years (moderately to extremely wet) have
not presented many serious challenges, particularly with respect to addressing the needs of
yearling spring-run salmon. In 1997-98 there was an uncomman absence of yearlings in the fall
manths. There were favorable Delta fishery and water supply conditions due to continuous
storms. At the same time, a salmon experiment 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 juvenile salmon at export
facilities during this period would have been higher as well. In such a case, it might have been
necessary to recommend 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 future drier years, a consensus decision to reduce exports may be more difficult given the
“no net water supply impact” principle and the inevitability that making up foregone water supply
later will invelve risk to winter-run salmon, Delta smelt, or perhaps spring-run juveniles from
another BY. It may be very difficult for the Operations Group to find enough flexibility, given the
water supply/demand, to accommeodate export reductions to reduce spring-run losses,

Use of the flexibility provided 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 [ife stages of a single species. |t
should be recognized that there is a real limit on how much flexibility can be found in project
operations with current facilities. Furthermore, the drier the water-year, the less flexibility there
will tend to be.

Habitat Restoration and Management

Habitat restoration projects to benefit Central Valley spring-run salmon are being addressed
under two major restoration plans. The Departments Restoring Central Valley Streams: A Plan
For Action (Action Plan) was initiated in November 1993 (CDFG 1893). The specific goal of
the Action Plan is to restore and protect California’s aquatic ecosystems that support fish and
wildlife and to protect threatened and endangered species. The USFWS AFRP was initiated in
1885. The AFRP is a component of the CVPIA which directs the Secretary of the Interior to
develop and implement a program that makes all reasonable efforts to double natural
production of anadromous fish in Central Valley streams. The AFRP incorporates many of the
actions recommended in the Action Plan. Implementation of the Action Plan and AFRP will
provide significant benefit to Central Valley spring-run salmon, particularly upstream of the
Delta. The following sections, arranged by watershed, discuss actions which have besen
implemented.
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Sacramento River

Habitat restoration actions in the mainstem Sacramento River impact each of the tributary
populations of spring-run salmon as well as any remnant population remaining in the river.
Protection and restaration of riparian and flood plain habitat in the river reach from the mouth of
the Feather River to Keswick Dam will improve 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 management entity were completed
during 1997. Funds from the CALFED Category Il process were provided in the fall of 1997 for
acquisition, restoration, and management of lands acquired under this plan.

Water quality conditions in the upper Sacramento River have been improved with the
completion of the Shasta Dam Temperature Control Device and partial completion of the device
te 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. Adult 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 adults which must pass the dam after May 15 when the dam gates are reinstalled.
This could be in the form of fish ladder improvements or extending the dam gate removal period
under the guidance of an interagency technical team. Construction of a new fish screen and
gradient restoration structure at the GCID diversion will be initiated during 1898. During the
construction period, GCID will continue to operate the “interim” flat-plate fish screen installed in
1893. Four major Sacramento River diverters, (Reclamation District 1004, Reclamation District
108, Provident Irrigation District, and Princeton-Codora-Glenn Irrigation District) have initiated
construction or engineering analysis and design and have been funded for fish screen
construction. ACID has modified the operation of their Sacramento River dam near Redding,
which will reduce flow fluctuations assaciated with dam operations. In addition, an engineering
analysis of options to improve adult passage and juvenile fish screen performance has been
initiated. Predictive models for hydrology, temperature, fish populations, harvest, water
development, and wetlands are currently under development by the Ecological/Water Systems
Operations Models Project, CVPIA Section 3408(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. 1897, Moore 1997).

Battle Creek

The restoration program in Battle Creek is addressing 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 drainage by a factor of ten
(Payne 1981). Presently, the flows have been increased to the recommended level below three
of the hydroelectric dams that control the flow in 17 miles of stream above CNFH. This is an
interim action under an agresment with PG&E. Spring run are now confined to this lower reach
to prevent exposure to unscreened diversions and inadequate flows. Negotiations are currently
underway to consummate a long-term agreement that would restare flow and ecological
function to the entire Battle 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 development of restoration actions in the watershed is being
developed with the assistance of a Technical Advisory Committee, consisting of representatives
af the responsible agencies and interested parties. In addition, a watershed planning process is
also being conducted with input from the community through a Watershed Conservancy.

The operation of CNFH is being integrated with restoration of the watershed through various
planning processes being conducted by the USFWS. DWR Northern District engineers, under
a contract funded by the Tracy Mitigation Agreement, completed a draft evaluation of fish
passage alternatives at the Eagle Canyon Diversion. Additionally, during late 1997, DWR was
awarded a CALFED Category Il and USFWS grant to develop an overall fish passage and flow
management program for the remaining Battle Creek diversions, including Wildcat and Battle
Creek Feeder diversions on the North Fork, and Coleman, Inskip and South diversions 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 18986).
The Watershed Analysis was prepared in cooperation with various agencies and local
stakeholder groups. The Watershed Analysis developed six majar restoration actions focusad
upon doubling the long-term production of saimon and steelhead in Clear Creek, including
facilitating re-introduction of spring-run chinook salmon.

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

Mill Creek

On December 19, 1994, a Memorandum of Understanding (MOU) was created under the
auspices of the Mill Creek Watershed Conservancy (Mill Creek Watershed Conservancy 1824).
The MOU is a non-binding agreement, signed by the Conservancy, the Department, and many
ather affected agencies and interested parties. One of the major purposes of the MOU was o
publicly recognize the commitment of the signatories to restoring and 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 Protection Act was passed (AB 1413),
which provides State protection against the construction of new dams or diversions 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 Naticnal Forest grazing allotments have been reduced from a high 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 Allotment. The number of cattle that are
currently being grazed on the upper watershed has been established by range management
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techniques that the landowner and the USFS use to achieve 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 could be
reduced if warranted by environmental factors, 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 1887).

During 1997, Department screen shop personnel modified the apron and rebuilt the fish ladder
at the Ward Dam on lower Mill Creek. In addition, a supplemental water exchange agreement
was finalized which provides (at the Department's option) a total of 25 cfs of additional flows
during key migration periods. Telemetry for two real-time flow monitoring stations in the valley
reach of Mill Creek was installed during 1997. The new telemetry provides the ability to monitor
flows included in the water exchange agreement and also provides the potential to develop and
identify juvenile migration cues. One additional gage, and additional telemetry including
turbidity and temperature, is scheduled to be installed in the upper watershed during 1998. An
evaluation of “critical riffle” passage flows was completed during 1996, which recommended
minimum migration flows be between 34 tfs and 157 cfs, dependent upon water-year 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
completed during 1997 (Meadowbrook Conservation Associates 1997).

Deer Creek

During January 1985, an MOU was created under the auspices of the Deer Creek Watershed
Conservancy (Deer Creek Water Conservancy 1885). The MOU is a non-binding agreement,
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 commitment of
the signatories to restoring and preserving spring-run chinook salmon in Deer Creek. In 1985,
under the auspices of the Deer Creek and Mill Creek Watershed Conservancies, the Deer and
Mill Creek Protection Act was passed (AB 1413), which provides State protection against
construction 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 provided in the Lassen Land and
Resource Plan (USFS 1892).

Livestock exclusion fencing was installed along both upper and lower Deer Creek. Limited
removal of the exotic giant reed was conducted where it was blocking adult and juvenile
migration. Water exchange agreements with the SVIC and DCID continue to be developed.
Upon implementation, the agreements will provide (at the Department's option), up to 50 cfs of
flow during key migration periods. Additionally, telemetry for two real-time flow monitoring
stations in the valley reach of Deer Creek was installed during 1887. The new telemetry
provides the ability to monitor flows included in the water 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.

Big Chico Cresk
Current and recently completed projects to recover spring-run chinook salmon populations in
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Big Chico Creek include improvements for adult and juvenile passage, water quality, and
reduction in entrainment of juveniles at water diversions.

Modification of One-Mile Pool to decrease downstream siltation and turbidity has been
completed. The One-Mile Pool modification involved installing @ bypass pipe around the pool to
allow removal of bedload deposits. Previous cleaning methods resuited in high turbidity and silt
deposition in the reach of the creek immediately below the pool, which 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. Additionally, the new diversion intake was
screened. There are multiple benefits of the pump relocation as they relate 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 juvenile spring-run salmon from both Big
Chico Creek and those migrating from up-river, including Mill 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 protection of riparian habitat. During May 19986,
the Butte Cresk 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 cooperative 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 restoration and protection of spring-
run chinook salmon. The conservancy has received funding and is in the process of acquiring
approximately 300 acres of riparian land located in the lower reaches of the spring run holding
and spawning habitat.

As a result of the M&T pump relocation on Big Chico Creek, a component of the project was an
agreement to modify diversions from Butte Creek during certain 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 (approximately 22,000 acre fest per year) that could be diverted at the Parroti-Phelan
Dam will be left in Butte Creek from October 1 through June 30 of each year. The additional
flows are dedicated under the provisions of California Water Code Seciion 1707, which
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authorizes the use of water to preserve or enhance wetland habitat and wildlife resources.
Dedication under Section 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. Telemetry 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
water agreement and also provides the potential to develop and identify juvenile migration cues.
Two additional gages and additional telemetry, including turbidity and temperature, are
scheduled to be installed 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 fish screen, a new and
improved fish ladder was constructed during 1985. 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 of Butte Creek, south of Chico.
Two of the four dams belonging to the Western Canal Water District were removed during

1887, 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 1897, DWR's Northemn District engineering staff, under
contract to the Department, completed preliminary engineering and environmental analysis for
structural modifications to three additional 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 diversion, with completion
scheduled for the summer of 1998. Final engineering and funding are nearing completion 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 recesived
a grant partially funded and administered by the Department, to work with local landowners
along the lower reaches of Butte Creek and the Sutter Bypass fo initiate a program to improve
fish passage through the Butte Sink and Sutter Bypass. This will include evaluation of each of
the 12 water diversion structures located in the study area, including water management
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 alternative
on waterfowl and other water dependent species. The study is currently in progress and is
anticipated to be completed by mid-1998.

Yuba River

Projects and preliminary project evaluations are in progress that will improve habitat and
survival of salmon in the Yuba River. Browns Valley Irrigation District (BVID) is procesding to
screen their diversion. Screening should be completed by the summer of 1998. PG&E, as a
requirement of their FERC license, is required to implement fishery improvements on the Yuba
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 juvenile 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 1894).
The Department believes that this is a prudent alternative for fishery restoration in the lower
Yuba River.

In 1981 the Department presented testimony before the SWRCB to improve instream flows and
temperatures for salmonids. However, the SWRCB has not rendered a decision and it does not
appear that a decision will be forthcoming in the near future.

Screening of BVID and improvements at Daguerre Point Dam will result in increased salmonid
production. However, the lack of adequate flows and temperatures and the lack of adeguate
screens on the South Yuba-Brophy and Hallwood-Cordua diversions will continue to preclude
the significant improvements in salmonid 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 diversions pose
a risk of take of anadromous fish, including Sacramento River spring-run chinook salmon,

To ameliorate the problems posed by unscreened diversions, the Department has funded and
staffed a California Water Diversion and Fish Passage Program. The following are the key
elements of the State's program:

{1) Inventory Water Diversions and Fish Passage Problems. The purpose of the
inventory is to locate and identify all screened and unscreened diversions. This
information will be entered into the Inland Fisheries Division Geographic
Information System (GIS). Information will be verified by site visits. The site
visits allow the Department to locate the diversion site, and gather information on
the size and number of diversions at each site. The presence and condition of
existing fish protective facilities are noted.

(2) Evaluate and Set Priorities for Fish Screening and Fish Passage Problems.
Based on the results of the inventory activities, the Department conducts field
evaluations when necessary, and then evaluates and sets priorities for identified
problems for funding and resolution.

(3) 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 salution is implemented. First priority is
to be given to those sites owned or operated by the Department. Next in priority
are to be sites which serve Depariment owned lands. This would be most critical
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 Instaliations. The Department
evaluates existing facilities and newly installed facilities to provide feedback for
the program. This feedback allows the Department to document the
effectiveness 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 Literature. The Department maintains
an active program of reviewing the literature on fish screening and fish passage
research and site evaluations to ensure that the Department is current with
recent developments in these fields. The Department closely monitors research
and evaluation activities in California, including the activities of the Fish Facilities

Technical Committee of the IEP for the Sacramento-San Joaquin Estuary and
the Red Bluff Research Pumping Facility.

In addition to Department efforts to implement corrective actions at unscreened and poorly
screened diversions in the Central Valley, the CVPIA 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 diversions on the
Sacramento and San Joaquin rivers, their tributaries, the Sacramento-San Joaguin Delta, and
the Suisun Marsh. Such measures shall include, but shall not be limited to, construction of
screens on unscreened diversions, rehabilitation of existing screens, replacement of existing
non-functioning 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. [n addition to efforts by the Department, DWR has an ongoing unscreenead
diversion assessment program in the Delta. The NMFS regularly participates in discussions,
project development, 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 USBR, using drought funds, has
implemented a Fish Screening Demonstration Project for CVP contractors along the
Sacramento River.

All diversions are to be dealt with uniformly on a statewide basis, as outlined in the
Department's Fish Screening Policy. The sequence and manner in which diversions are to be
addressed is a function of location, diversion rate, diversion timing, compliance with existing fish
screening statutes, the National Environmental Policy Act (NEPA), the California Environmental
Quality Act (CEQA), the ESA, CESA, and court decisions.

The USFWS has also developed a process and proposed evaluation criteria to be used to
identify reasonable restoration actions, which will greatly influence funding priorities for fish
passage correction and diversion screening projects. The process and criteria are described in
their 1995 Draft Anadromous Fisheries 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 March 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 sterilized with ozone to remove fish pathogens originating from upstream
aquaculture facilities, resident fish, and wild-spawning anadromous fish (USFWS 1997b).

eather River te Fish Hatch
Currently, the fish ladder at FRH is opened on or about September 8. Retuming adults are
allowed free access to the hatchery after that date, consistent with physical 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 classified as fall run. Current
production goals include the take of 7,000,000 spring-run €ggs, and release of 5,000,000
juveniles at an average size of 60 fish per pound. Once the egg production goal is met, all
remaining adults classified as spring run are returned to the Feather River. All juvenile spring
run are transported to various release sites in the Carquinez Straits/San Pablo Bay area.

Salmon and Steelhead Stock Management Policy

Itis the policy of the Department to maintain the genetic integrity of all identifiable stocks of
salmon and steelhead in California (Reynolds et al. 1980). To protect the genetic integrity of
California salmon and steelhead stocks, each salmon or steelhead stream shall be evaluated
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 policies relating to artificial production must also ba compatible 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 California. This
classification may be applied to drainages, individual streams, or segments of streams as
necessary to protect discrete stocks of salmon or steelhead. Only designated appropriate
stocks may be placed or artificially produced in any stream within the guidelines specified under
this classification system. Exceptions to these management constraints may be allowed only
under emergency conditions that 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 recommendations for approval or denial to the Deputy Director of Fisheries
who will approve or deny the request. '

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

The Spring-run Salmon Project Work Team (Team) 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 Central Valley Salmon Work Team. The Team is also tasked with
providing an avenue for discussing issues such as habitat restoration priorities, measursment of
the overall health of the spring-run resource, new monitoring actions that are needed and the
success of those that are ongoing. Last year, pursuant to Section 670.6 of Title 14, CCR, the
Spring-run Salmon Project Work Team produced a report for the Commission entitled The
Status of the Sacramento River Spring-run Chinook Salmon (Baracco 1987).

Watershed Management Planning

An essential component of salmon management and restoration is strong public support to
ensure program success. Successful implementation of any measures, particularly on privately
owned land to protect, restore, and enhance habitats for spring-run salmon is facilitated by
close coordination and communication with the newly established and forming watershed
conservancies in the Central Valley. The following organizations are instrumental in the
successful implementation of management activities to restore and protect spring-run salmon in
the Central Valley. The following narrative sections have been provided by the respective
organizations.

Lower Clear Creek Coordinated Resource Management Plan (CRMP

The Lower Clear Creek CRMP was formed in 1994 and received funding from CVPIA
(administered by USBR) and Natural Resources Conservation Service in September 1996, The
CRMP's geal related to fisheries is to “protect and enhance the long-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-Sasltzer Dam as soon as
possible.” Private landowners, stakeholders, concemed citizens, Federal, State, and local
government agencies make up the CRMP.

The preferred solution to the fish passage problem at McCormick-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, their focus has been on habitat improvements. Work performed includes:

(1) introducing spawning gravel both up and down stream of McCormick-Saeltzer Dam; (2)
completing an erosion inventory for the watershed and several demonstration projects; (3)
completing a fuels inventory for the watershed and working on shaded fuel breaks and
controlled burns; (4) designing channel reconstruction projects for the gravel-mined area
downstream of McCormick-Saeltzer Dam; (5) negotiating increased flows from Whiskeytown
Reservoir during the October to April period (for fall-run chinook); and (8) menitoring 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 Conservation Districts. Property owners with ecanomic interests and concerns for
the environmental 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 of the finest remaining habitat for spring-run chinook salmon, community
members 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 (50%). In
addition to the work being initiated by the community conservancy, a technical planning effort
has been funded with Category Ill monies. The Battle Creek Working Group meets regulariy to
review and discuss the technical issues applicable to restoring wild salmonids while maintaining
the CNFH mitigation responsibility of the CVP.

Mill Creek Conservancy

The Mill Creek Conservancy is a non-profit conservation group that is devoted to resource
protection and enhancement through cooperative efforts of landowners, agencies, and other
groups dedicated to a healthy ecosystem. The Conservancy's mission is to sustain the
historical pristine condition, appropriate land uses, and the biological integrity of the Mill Cresk
watershed. The Conservancy believes that the landowners have been, and will continue to be,
the best stewards of the land, and that community stewardship is desirable for long-term
resource protection.

During 1997, the Mill Creek Conservancy: (1) participated in storm assessment; (2) submitted a
grant proposal for revegestation projects; (3) continued support of the Los Molinos student
projects; (4) sponsored an annual Watershed Advisory Committee meeting which was attended
by mare than 50 concemned citizens: (5) supported Department fish surveys; (6) provided input
regarding listing and incidental take regulation for spring-run chinook salmon; (7) submitted
comments regarding 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 Management Strategy.

Deer Creek Watershed Conserva

The Deer Creek Watershed Conservancy (DCWC) was formed in March 1994 by the
landowners within the watershed and people who divert water from Deer Creek. The DCWC
embraces the following goals: (1) protection of the unique ecological, social, and cultural values
of Deer Creek; (2) the preservation of private property rights; (3) the premotion of responsible
land stewardship that has preserved the extraordinary resource values and economic uses
resulting in watershed stability for generations: (4) a mechanism by which agencies responsible
for the management of public trust resources in the watershed can tailor their programs to local
conditions; and (5) the education of the community and the general public about Deer Cresk.
Since its formation, DCWC has committed its efforts toward the enhancement of fish habitat in
Deer Creek. Animmediate goal of DCWC is to prevent any degradation of an already
diminished spring-run salmon population. Eariy commitment to this goal was demonstrated by
DCWC's initiation of State Assembly Bill 1413, which prohibits the construction of new dams,
diversions, or water impoundments.

The DCWC has joined with Federal, State, and local resource managers, conservation groups,
universities, local schoals, and other interested individuals to develop a collaborative process
for watershed management planning. DCWC has created, during its Phase | time-frame, a
Watershed Action Committee (WAC) comprised of representatives from the above-mentiocned
entities that met for the first time in May 1996. The WAC has held eight meetings and has
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successiully completed the following tasks: (1) drafted goals for watershed management and
protection; (2) assembled existing information concerning the watershed in an Existing
Caonditions Report; (3) collected 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) designed and implemented a comprehensive on going monitoring program for
Deer Creek. A Watershed Management Strategy Report is in preparation.

Phase Il of the planning process will commence upon completion of the Watershed
Management Strategy, which is currently being developed. Phase Il will focus an implementing
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. This Plan will be 3 living document 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 stewardship 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 stewardship and commitment toward maintaining and enhancing the
condition of 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, concemed citizens formed a Task Force in 1991 and began meeting on a
monthly basis. The Task Force began a process intended to ensure the creek's vitality, and
preserve and restore native salmon and steelhead populations. The City of Chico, M&T Chico
Ranch, the Department, DWR, Regional Water Quality Contral Board, Streaminders,
Sacramento River Preservation Trust, Chico Fly Fishers, and local citizens set goals,
objectives, and a timeline for implementation of specific 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 employing a
strategy of adaptive management.

The Alliance has worked cooperatively to accomplish many of the projects which have been
developed to meet the goals and objectives. A major accomplishment was the relocation of the
M&T Pumps to the Sacramento River, allowing salmonids and other native fish unrestrained
access fo the creeks. The initial GIS mapping of the Big Chico Creek upper watershed has
been completed. Funding has been sought to map the entire watershed, which includes
important nonnatal rearing habitat for salmonids in Rock, Mud, and Sycamore creeks and Lindo
Channal.

With the completion of the GIS, the Alliance will start a process to create a comprehensive,
holistic management, restoration, and implementation plan for the watershed. The Alliance has
completed a MOU that will help build partnerships with landowners, State and Federal
agencies, city and county govemment, conservation groups, and watershed stakeholders.
Additionally, the Alliance has applied for funding for a gravel management plan, riparian
restoration projects, a coordinated 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 Conservanc

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, State, and Federal agencies. The mission statement of the
Conservancy is: "The Butte Cresk Watershed Conservancy was established to protect, restare
and enhance the cultural, economic, and ecological heritage of the Butte Creek Watershed
through cooperative landowner action." The Conservancy has circulated a MQOU, which was
signed by many of the agencies and groups involved with Butte Cresk projects, to develop a
watershed management strategy (WMS). The USFWS, CALFED and the National Fish and
Wildlife Foundation have funded the initial elements of the WMS through the Department 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
USEPA 319(h) funds and a grant for a full-time watershed coordinator from For the Sake of the
Salman, 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 important 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
promete 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 members are committed to
the restoration and preservation of salmon and steslhead populations in the Butte Creek
watershed.

Spring-run Workgroup
The Spring-run Workgroup (Workgroup) 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 chinook 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 salmon.

The Warkgroup, which operates by consensus, is facilitated by the University of California at
Davis Sea Grant Extension Program, under a grant funded by the Commercial Salmon Stamp
Account and administered by the Department. The Workgroup meets on a monthly basis, and
has involved over 300 individuals representing private landowners, agencies, agriculture, cities
counties, environmental groups, the timber industry, and commercial and sport fishing 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 helping to facilitate protection and
restoration of spring-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 implementation of many restoration actions needed to protect and restore spring-
run chinook salmon. The CVPIA requires the Secretary of the Interior to implement a wide
variety of operation modifications and structural repairs in the Central Valley for the benefit of
the anadromous fish resources. 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 preduction of anadromous fish in Central Valley streams. Sections 3406(b)(1) through
(21) of the CVPIA authorize and direct the Secretary, in consultation with ather State and
Federal agencies, Native American tribes, and affected interests to take the following actions,
all of which will ultimately assist in protecting and restoring Sacramento River spring-run
chinook salmon:

3406(b)(1)(A) - Modify CVP operations to protect and restore natural channel and
riparian values.

3408(b)(1)(B) - Modify CVP operation based on recommendations of USFWS
after consultation with the Department.

3408(b)(2) - Manage 800,000 acre-feet of CVP vield for fish, wildlife, and

habitat restoration purposes after consultation with USER and
DWR and in cooperation with the Department.

3406(b)(3) - Acquire water to supplement the quantity of water dedicated for
fish and wildlife water needs under (b)(2), including modifications
of CVP operations; water banking; conservation; transfers;
conjunctive use; and temporary and permanent land fallowing,
including purchase, lease, and option of water, water rights, and
associated agricultural land.

3406(h)(4) - Mitigate for Tracy Pumping Plant Operations.

3406(b)(5) - Mitigate for Contra Costa Pumping Plant operations.

3406(b)(6) - Install temperature control device at Shasta Dam.

3406(b)(7) - Meet flow standards that apply to CVP.

3406(b)(8) - Use pulse flows to increase migratory fish survival.

3406(b)(9) - Eliminate fish losses due to flow fluctuations of the CVP.

3406(b)(10) - Minimize fish passage problems at RBDD.

3406(b)(11) - Implement Coleman National Fish Hatchery Plan and modify
Keswick Dam Fish Trap.

3408(b)(12) - Provide increased flows and improve fish passage and restore
habitat in Clear Cresk.

3406(b)(13) - Replenish spawning gravel and restore riparian habitat below
Shasta Reservoir.

3406(b)(14) - Install new control structures at the DCC and Georgiana Slough.

3408(b)(15) - Construct, in cooperation with the State and in consultation with
local interests, a seasonally operated barrier at the head of Old
River.

3406(b)(16) - In cooperation with independent entities and the State, monitor

fish and wildlife resources in the Central Valley.
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3406(b)(17) - Resolve fish passage and stranding problems at ACID Diversion

Dam.

3406(b)(19) - Reevaluate carryover storage criteria for reservoirs an the
Sacramento and Trinity rivers.

3406(b)(20) - 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.
3408(b)(21) - 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 3408(e) (1) through (6) directs the
Secretary to investigate and provide recommendations on the feasibility, cost, and desirability of
implementing the actions listed 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) - Measures to maintain suitable temperatures for anadromous fish
survival by controlling or relocating the discharge of irrigation
return flows and sewage effluent, and by restoring riparian forests.

3406(e)(2) - 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 supplement or
to re-establish natural production while aveoiding adverse effects
on remaining wild stocks.

3408(e)(3) - Measures to eliminate barriers to upstream and downstream
migration of salmonids.

3406(e)(4) - Installation and operation of temperature control devices at Trinity
Dam and Reservaoir.

3406(e)(5) - Measures to assist in the successful migration of anadromous fish
at the DCC and Georgiana Slough.

3406(e)(B) - Other measures to protect, restore, and enhance natural

production of salmon and steelhead in tributary streams of the
Sacramento River.

Section 3408(g) of the CVPIA directs the Secretary to develop models and data to evaluate the
ecological and hydrologic effects of existing and alternate operations of public and private water
facilities and systems to improve scientific understanding and enable the Secretary to fulfill
requirements of the CVPIA.

Finally, habitat restoration actions nat 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 2406(b)(1) of the CVPIA directs the Secretary to develop and
implement a program which makes all reasonable efforts to ensure that, by the year 2002,
natural production of anadrorous fish in Central Valley rivers and streams will be sustainable,
on 2 long-term basis, at levels not less than twice the average levels attained during the period
of 1967-81. The AFRP released its revised draft restoration plan in May 1997, and, similar to
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the Department's Central Valley Restoration Plan released in 1993, the USFWS plan contains a
listing of actions deemed necessary to protect and restore anadromous fish, including
Sacramento River spring-run chinook salmon, in the Sacramento Valley.

Section 3407 of the CVPIA established in the Treasury of the United States the “Central Valley
Project Restoration Fund®. Funds up to $50,000,000 per year are authorized fo be appropriated
to the Secretary to carry out program, projects, plans, and habitat restoration, improvement,
and acquisition. The funds are derived by payments from CVP water and power users,

Agreement Between the De ent of Wat esources and the Depa ent of Fish and
Game to Offset Direct Fish Losses in Relation to the Harvey O. Banks Delta Pum ping
Plant

The agreement, also known as the Four-Pumps Agreement, between DWR and the
Department has proven to be a mutually beneficial program to protect and restore habitat for
anadromous fish, particularly for chinook salmon. The agencies, through the Four-Pumps
Agreement, have successfully designed and implemented several projects to benefit
Sacramento River spring-run chinook salmon on Mill and Deer creeks. Funding is available
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
generally funded.

Adgreement 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
provides a mechanism to identify, develop, and implement habitat restoration measures for
anadromous fish in a manner similar to the Four-Pumps Agresment. Its funding was used to
develop environmental documentation and permitting for the Western Canal Siphon Project on
Butte Creek, and additionally was used to develop preliminary engineering and environmental
documentation at six other sites on key spring-run tributaries.

Category il
The *Principles for Agreement on Bay-Delta Standards Between the State of California and

Federal Government” called for the development of a program of so-called "Category 11"
measures. Category | and |l measures address water quantity and water operations while
Category Il measures address non-flow related habitat issues. The ‘Principles” provide for
funding of Category IIl activities estimated to be $60,000,000 annually (for three years), to be
secured through a combination of Federal and State appropriations, user fees, and other
sources. [t was further agreed that urban and agricultural water suppliers will work with State
and Federal agencies and environmental interests in an open process to determine project
priorities and financial commitments for the implementation of Category Il measures.

Safe. Clean, Reliable 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 providing the
funding to implement restoration actions needed to protect and restore spring-run chinook
salmon. The Act, in part, provides the State and local cost share for projects funded under the
CVPIA and CALFED Bay-Delta Program, both of which have components that will significantly
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-run 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 wildlife restoration measures
required by Section 3406 of the CVPIA (P.l. 102-575). Preference is given to projects
for the purpose of installing fish screens at diversions identified in the CVPIA, far which
deadlines have been established by State or Federal 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 Quality Control Plan for the Bay-Delta. Those projects
are known as “Category III" activities called for in the “Principles for Agreement 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 restoration of spring-run chinook salmon.

Chapter 4, Article 4. - Deita Levee Rehabilitation Program: Creates the Delta Levee
Subaccount ($25,000,000) for the purpose of providing local assistance under the delta
levee maintenance subventions program and for special flood protection projects.
Funds expended under this article must demonstrate consistency and a net long-term
habitat improvement program and have a net benefit for aquatic species in the Delta as
evidenced by a written determination 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 environmental enhancement 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 several
subaccounts for the purpose of providing 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 benefit to
spring-run restoration efforts as they relate to projects implemented within the Detta.

Chapter 5, Article 5. Delta Tributary Watershed Program: Creates the Delta
Tributary Watershed Program Subaccount ($15,000,000) for the purpose of
Implementing projects in tributaries which drain into the Delta for the following purposes:
(1) reduction in the presence of contaminants: (2) increase yield of water by various
means including restoration of upland meadaws, and repair to stream channels; (3)
improvement, restoration, or enhancement of fisheries habitat; and (4) improvement of
overall forest health.

Section VIl Influence of Existing Managament Effarts )
Section VIII. - Page 26



Chapter 6, Articles 2-6. Water Supply Reliability: Creates the Water Supply
Reliability Supply Account ($117,000,000) with several subaccounts containing
provisions potentially beneficial to spring-run chinook salmon, primarily through the
development of increased flows in key spring-run tributaries. Additionally, Articles 5 and
6 provide for general habitat acquisition and water management for the acquisition and
restoration of riparian habitat, riverine aquatic habitat, and other lands in close proximity
to rivers and 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 improve and
increase aquatic and terrestrial habitats and ecological functions in the Bay-Delta
ecosystem. For the purposes of this chapter, the Bay-Delta ecosystem means the Bay-
Delta and its tributary watersheds. Eligible projects may include, but are not limited 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
wetland protection programs; ( 4) acquisition of water for instream flow improvements;
(3) improved habitat management; and (8) protection and management.

Section 78691 authorizes the issuance of bonds in the total amount of $5895,000,000 for
the express purpose of implementing the various provisions of the Act. Funds are
derived from the sale of general obligation bonds supported primarily from personal and
corporate income taxes and sales 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 general summary of existing efforts. Additionally, specific
details of the various programs may be referenced in several publications which include Status
of Actions to Restore Central Valley Spring-run Chinook Salmon (Mills and Ward 1996), The
Status of the Sacramento River Spring-run Chinook Salmon (Baracco 1998), Central Valley
Spring-run Chinook Salmon, A Status Report to the Fish and Game Commission January-June,
1997 (CDFG 1997), and the Comprehensive Assessment and Monitoring Program (CAMF)
Implementation Plan (USFWS 1997c).

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

Sacramento River

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

Battle Creek

The USFWS uses a video monitor to count adult salmon passing upstream through the ladder
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at the CNFH Barrier Dam during the period April through Jurne. Addifjcrnaﬂy, surveys of the
adult holding areas above the CNFH Barrier Dam are conducted during the summer, as well as
limited surveys of spawning activity during September and October.

Antelope Creek

Currently, 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 counting station at the
Clough Dam fish ladder. Clough Dam was partially destroyed in early 1997, eliminating the use
of this method. During 1997, the aduit count was based upon observations of redds. In
addition, juvenile life-history monitoring is being conducted beginning in December in the
spawning and rearing areas of Mill Creek above the valley fioor. Relative growth rate and size
are monitored through September. Concurrent with the growth studies, non-intrusive tissue
samples are taken for DNA analysis. Yearling outmigration is monitored through the use of a
rotary screw trap at the Upper Diversion Dam during the period October through December.

Deer Creek

Adult counts in Deer Creek have used three methods since 1886, including ladder counts,
estimates from an indicator reach, and snorkel surveys of the entire adult holding area.
Currently, a snorkel 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

Sporadic surveys of adult holding areas have been conducted since 1986. Starting in 1992,
annual snorkel surveys were made of the adult holding area from Iron Canyon to Higgins Hole.
Juvenile outmigration is monitored from December through June through the use of fyke nets
placed in the creek near the 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. Halding adult salmon are counted in late
August, then in late September the survey is repeated and live salmon, carcasses, and redds
are counted. In August-September 1998, at least three complete surveys will be conducted to
recover CWTs from 1995 BY aduit 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, instream
rearing and emigration patterns, size at emigration, duration of emigration, and a measure of
relative abundance. The purpose of the study is also to CWT as many spring-run juvenile
salmon as possible so that growth and timing can be monitored as the Juveniles move
downstream. Recovery of tagged fish in the mainstem Sacramento River, Sacramento-San
Joaquin Delta, and the SWP and CVP is key to understanding the emigration and rearing
patterns of spring-run chinook saimon from Butte Creek.

Ocean Harvest
The Department's Ocean Salmon Project (OSP) is responsible for sampling the recreational
and commercial ocean salmon fisheries at all California ports where significant numbers of
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salmen 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 Information System. In
1997, the OSP began collecting fin-clip data in the course of its usual port sampling for eventual
DNA microsatellite analysis. Specifically, these data were collected from all CWT fish that were
recovered; a significant number of salmon 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 to keep the first two salmon caught (except coho) regardless of size: and
during the late April commercial fishery south of Lopez Point.
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X. SUGGESTIONS FOR FUTURE MANAGEMENT
Disease

Unimpeded passage for adults at fish ladders (like RBDD) and within stream channels is critical
in order to minimize the likelihood of physical injury, stress, and subsequent infection. Ensuring
adequate flows for adults and juveniles is necessary to ensure adequate passage, as well as
adequate water temperatures in order to minimize stress and disease praoliferation during adult
migration, adult holding, egg incubation (fungus problems), and juvenile rearing and emigration.

Minimizing handling of adults at weirs and establishing a maximum water temperature criteria,
after which handling is prohibited (temperature criteria < S8°F), should also be employed.

For handling of juveniles during monitoring and tagging programs, the following protocols should
be employed: (1) use of a buffered anesthetic solution; (2) water-water transfers, since exposure
to air induces maximal stress response:; (3) use of smooth “soft” surfaces for examining fish: and
(4) a maximum holding time of one hour.

Harvest

Inland Sport Fishing Regulations

Sport fishing regulations for spring-run chinook salmon within the Central Valley are summarized
in Appendix C. Specific protections 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 incorporated for the protection of winter-run chincok salmon provide some
level of protection for spring-run chinock salmon. The following additional changes, listed by
tributary, should be considered to provide complete coverage within the Central Valley.

General: Currently, for the protection of winter-run chinook salmon, in the reach of the upper
Sacramento River from the Deschutes Road Bridge to 650 fest below Keswick Dam, where
fishing is otherwise open for other species during a period when winter-run salmon are present,
regulations 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 incidental 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 salman, during that period. Additionally,
the Sacramento River is open to fishing with a daily bag and possession limit of two salmon, in
the reach from the Carquinez 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
through October 15. To prevent any harvest, the regulation would have fo 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 requlations 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 possession 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 mouth of the Festher River at the
Sacramento River, open all year, the bag and possession [imit is two salmon.

Given the issue of 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-establishment of true spring run, then
regulations should be also by modified to 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 mouth at the Sacramento River to the Highway 20 Bridge between
Marysville and Yuba City would be open as currently stated in the regulations 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 is two salmon:

(2) the reach from Daguerre Point Dam to the Highway 20 Bridge, open from January
1 through September 30, the bag and possession 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 remain open to general fishing all year, including the closure to 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 should be imposed;
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(2)  the Yuba River from Daguerre Point Dam to Englebright Dam should be open to
fishing from December 1 through September 1 with a gear restriction of artificial
lures with barbless hooks and a daily bag and possession limit of zero salmon.

cean Sport Fishing Requiations
Based on the ocean recovery data for FRH spring-run chinook, the current minimum size limit of
24 inches TL can be expected to nearly eliminate the take of age-2 fish, thereby reducing the
harvest of spring-run chinook by approximately 26%.

The timing of FRH spring-run chinook CWT recoveries during the ocean recreational season
suggests that delaying the opening of the recreational ocean salmon seasons south of Point
Arena could reduce the harvest of age-3 and age-4 FRH spring-run chinook by at least 24% and
27%, respectively. In reality, the fishing mortality may only be deferred to later 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) should be reviewed for possible
modification by including Cramer and Demko's cohort analysis parameters: it could then be used
to evaluate the effects of various ocean fishery management measures such as seasons, size
limits, fishing methods, etc. on spring-run chinook spawning escapement,

Sport and commercial ocean salmon fishing regulations for 1995-1998 can be found in
Appendix C.

Habitat Restoration

The two most recent restoration plans within the Central Valley, Restoring Central Valley
Streams: A Plan for Action (Action Plan) (CDFG 1993), and the Revised Draft Resforation Plan
for the Anadromous Fish Restoration Program, A Plan to Increase Natural Production of
Anadromous Fish in the Centra! Valley of California (AFRP) (USFWS 1887b), contain both
general and specific actions to benefit spring-run salmon. Many of the actions listed in both the
Action Plan and AFRP have already been completed, and are summarized in this document in
Section VIII. The following sections list continuing and yet to be completed actions, as identified
in the Action Plan or the AFRP, which will provide benefit to spring-run chinook salmon. For
additional details or actions, consult either the Action Plan or AFRP.

Sacramento River

In order to maintain or enhance the potential for a sustaining population of spring run in the
mainstem Sacramento River, and to maximize the migratory and juvenile rearing habitat for
tributary populations, the following actions should be implemented for the Sacramento River:

(1) Implement a river flow regulation plan.
{2} Implement a schedule for flow changes.
) Continue to maintain water temperatures at or below 56°F from Keswick Dam to
Bend Bridge to the extent controllable.
(4) Continue to raise the gates at the RBDD from September 15 through at least May

14,

(5) Continue to implement the Anadromous Fish Screen Program.

(B) Implement the current reconstruction of the GCID fish screen and delivery
channel.
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(7) Continue to develop and implement the Senate Bill 1088 (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 structural 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 abnﬁe 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 Biuff.

Clear Creek
Current management plans include the establishment of a population of spring-run salmon in
Clear Creek which will require implementation of the following actions:

(1) Provide flow releases from Whiskeytown Dam.

(2) Remedy channel degradation from past gravel mining.

(3) Resolve passage at McCormick-Saeltzer Dam,

(4) Develop erosion control/stream corridor protection program.
(S} 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 Crasak:

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

Battle Creek

Existing restoration 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 water from willing sellers.
(3) Construct fish screens on all PG&E diversions as needad.

In addition to these actions, adult passage at Wildeat, Eagle Canyon, and North Fork Battle
Creek Feeder dams on the North Fork of Battle Creek, and Coleman and Inskip dams 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

neesded:
(1) Supplement flows with 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 populations. 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
habitat is generally high quality. Actions intended to ensure the future sustainability of spring-run
salmon in Deer Cresk are;

(1) Acquire water from willing sellers or through negotiated agreements to
supplement instream flows.
(2) Restore and preserve riparian habitat along Deer Creek.

Big Chico Creek

Management 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 Iron Canyon fish ladder,

(2) Repair Lindo Channel weir and fishway.

(3) Pratect spring-run holding pools through easement or title.

(4) Restore and protect riparian habitats along Big Chico Creek.

(5) Screen a diversion just below Higgins Hole, the prime spring-run holding and
spawning area.

Butte Creek

Butte Creek is recognized as supporting 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:

(n 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 entire creek,
(7-9) Install screen and ladder at Adams, Gorrill and White 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 Dry Creek diversion.
(13) Restore and maintain riparian buffer zone along creek.
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(14-16) Establish operational criteria for Sanborn Slough Bifurcation, East and West
channels of Sutter Bypass and Nelson Slough.

(17) Evaluate operational criteria and potential modification to Butte Slough Outfall.

(18) Evaluate altemnatives or install a fish ladder at East-West Diversion Weir.

(19-21) Evaluate alternatives and operational criteria at Sutter Bypass weirs # 1, #2. and
#5.

(22) Evaluate passage alternatives, including a fish screen, at Sanborn Slough
Bifurcation structure.

(23) Evaluate fish passage, including fish screens, within the Sutter Bypass.

(24-27) Evaluate alternatives, including more efficient fish ladders, at Sutter Bypass weirs
#1, #2, #3, and #5.

Feather River

There are two basic management needs which should be addressed. The first and most
immediate need is to minimize and ultimately eliminate any negative effects of FRH spring run
on natural populations within the Central Valley. The planting protocol for FRH produced salmon
should be structurad to minimize straying and introgression with salmon in other waters.
There is also a need to assess the potential for re-establishment of a discrete population of
spring-run salmon in the Feather River. The practical constraints of this action require that
efforts be directed at the FRH population since it is not possible to separate the races in the
river. Efforts at the FRH to manage and select fish exhibiting spring run characteristics should
be implemented. Preliminary management tools should be based on segregation of early
ammving fish. Only those fish with early eag maturity should then be spawned. Evaluation of
techniques and management options to segregate the fall- and spring-run salmon and to best
select for a spring-run phenotype should be initiated immediately, with implementation as scon
as possible.

Yuba River
Protection of the existing remnant numbers of spring-run and development of the full potential of
existing habitat in the Yuba River can be enhanced by implementing the following actions:

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

(2) Reduce flow fluctuations.

(3) Maintain adequate instream flows for temperature control.

(4) Screen all diversions to meet current Department and NMFS criteria.

{(5) Improve fish bypasses at water diversions. .

(6) Improve adult and juvenile passage at Daguerre Point Dam.

(") Maintain and improve riparian habitat.

(8) Operate reservoirs to provide adequate water temperatures.

(9) The feasibility of removal of Engleb right Dam to re-introduce spring run to

their historic range should be evaluated.

Miscellaneous Tributaries to the Sacrament River

The miscellaneous small tributaries to the Sacram ento River, as listed and discussed elsewhere
in this report, may be providing significant habitat for rearing juvenile spring-run salmon. Until
the value of these nonnatal rearing areas is specifically defined, all efforts should be made to
eliminate any degradation of the existing habitat. In those instances whers existing restoration
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actions have been identified, such as the Action Plan or AFRP, such actions should be
implemented. One such action is replacement of the barrier at GCID's main canal crossing on
Stony Creek with a permanent siphon. GCID has been selected to supply water to the
Sacramento and Delevan National Wildlife Refuges and construction of a permanent siphon at
GCID's main canal crossing on Stony Creek is a project feature. Eliminating the GCID barrier on
Stony Creek would allow the nonnatal juvenile salmonids (including spring run) to return to the
Sacramento River as the flows in the creek gradually subside and temperatures rise.

Bay-Delta Estuary

Improvements to aquatic habitat in the Deita are essential to restore the natural production of
anadromous fish in the Central Valley because habitat in the Delta is highly degraded (USFWS
1887b). The following are suggestions for future management actions in the Delta for protecting
spring-run chinock salmon:

(1) Increase delta inflows and outflows to improve in-Delta habitat quality and provide
transport flows for rearing and migrating juvenile salmon.

(2) Medify CVP and SWP diversions to reduce the zone of influence of the pumping and
to lessen the effects of entrainment.

(3) Establish and enforce water quality and flow standards to protect native fish.

reconsider the utility of the QWEST criteria (calculated net flow for the lower San
Joaquin) for managing flow-related habitat conditions in the Delta for salmon.

(4) Take actions at CVP, SWP, and other public and private diversion facilities to
reduce salmon entrainment losses.

(5) Develop additional habitat and vegetation zones within the Delta.

(6-8)  Close the DCC gates when juvenile salmon are present,

{7} Increase the total allowable days that the DCC can be closed during fall/winter
months beyond 45 days.

(8) Allow closures to begin as early as October, if necessary, to protect spring run.

(9) Reduce fish movement into Georgiana Slough.

(10} Reduce the effects of dredging.

{11) Reduce the effects of contaminants by reducing input from agricultural, urban, and

industrial point and non-point sources.

(12) Delta salmon survival experiments should be further evaluated and new information
developed in collaboration with the USFWS to assess juvenile saiman mortality
levels associated with reverse flows and “indirect losses” in the central and southem
Delta.

Implementation of the 1995 Bay/Delta Water Quality Control Plan: The SWRCE
Environmental Report - Appendix 1 (ER) to the 1995 Bay-Delta Plan (SWRCB 1995) did not
analyze potential impacts on juvenile spring-run chinook salmon of implementation of the water
quality standards during the fall/winter period. However, the ER identified closure of the DCC
gates for up to 45 days in November-January to protect spring- and possibly winter-run chinook
salman from being diverted off of the Sacramento River. -

The SWRCB Draft Environmental Impact Report (DEIR) for Implementation of the 1995
Bay/Delta Water Quality Control Plan (SWRCB 1997a) does not discuss or analyze potential
effects to spring-run salmon. The SWRCB did analyze the potential impacts to spring run of
seven alternatives for approving the SWP and CVP petition for Joint Point of Diversion (SWRCB
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1897b). The SWRCB acknowledges this will result in increased exports and increased reverse
flows from July-January and indicates increased fall and winter pumping may negatively affect
spring-run salmon because it coincides with smolt migration (Figures 56 and 57, Appendix E-6
through E-8 and E-16 through E-18).

The SWRCB has requested the Department's written finding regarding the effects on listed
species of the SWRCB's proposed action for implementing the 1995 Bay-Delta Plan and
approving the Joint Point of Diversion petition, and the Department will include spring-run
salmon in this finding. The Department will provide comments to the SWRCE on its 1997 DEIR,
will testify at water right hearings the SWRCB holds on the subject, and will provide a CESA
biological opinion to the SWRCB.

Implementation of the CVPIA - Water Management and Delta Actions: The Central Valley
Project Improvement Act Section 3406(b)(2) dedicated 800,000 acre-fest of CVP yield for use at
the discretion of the USFWS, in cooperation with the Department, for fish and wildlife purposes,
After five years of deliberation and extensive public input, the USDOI issued a Final CVPIA
Administrative Proposal for Management of Section 3408(b)(2) Water (800,000 acre-fest)
(USDOI 1897) detailing the USDOI approach to implementing this section of the Federal law for
the next five years. It clarifies USDOI's intent to use all available tools to minimize the impact of
implementing the AFRP, including 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 Actions targeted for March-July will, in many years, result in reductions in
CVP deliveries. The USBR will seek to offset water supply impacts by various means, most
involving increasing exports at other times through use of the SWP pumping capacity. The
yearling spring-run migrants will likely be adversely affected by some of these make-up
operations. The priorities and benefits of these actions should be evaluated in relation to the
likely adverse effects of water supply recovery actions on spring-run chinook salmon.

CALFED Bay-Delta Program: CALFED recently released a draft EIR/EIS for a Bay/Delta
program 1o restore the ecological health and improve water management for beneficial uses of
the Bay-Delta system. The Bay-Delta Program will address problems in four critical resource
categories: ecosystem quality, water quality, water supply reliability, and system integrity. As
structured, the Bay-Delta Program consists of common programs for ecosystem restoration,
water quality, water use efficiency, and levee system integrity which would be implementad in
conjunction with one of several alternative water conveyance and storage packages. One
element of the overall Bay-Delta Program is the Ecosystem Restoration Program (ERP). Itis a
comprehensive effort to increase aquatic and terrestrial habitats and improve ecological
functions 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
maintain habitats essential to species dependent on the Delta. Additionally, the ERP aims to
reduce the effects of stressors that inhibit ecological processes, habitats, and species.

To date, the Bay-Delta Program has identified a technically superior alternative but has not
identified a preferred alternative. Thus, the effect of the Bay-Deita Program on spring-run
salmon can't be assessed at this time. The ERP contains actions that would be generally
beneficial for salmon, including spring-run. The extent to which adverse Delta hydrodynamic
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conditions and other deleterious factors in the Delta would be alleviated by the Bay-Delta
Program depends on which alternative is selected and implemented.

CALFED Operations Group - “Operations Flexibility": The CALFED Operations Group
developed and implemented a “monitor-and-response-approach” for minimizing impacts to
juvenile spring-run in the Delta during the 1996-97 and 1997-98 outmigration seasons. The
Department believes there are improvements needed to this type of approach.

The level of 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 identification of juvenile salmon as spring run at the
SWP and CVP. As described earlier, the existing method for run identification of juveniles using
size criteria has limitations 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 salmon, the Department believes
the decision should be an inclusive one, rather than an exclusive one, in order to provide a
conservative estimate of the impact and the maximum protection achievable.,

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 of export reductions in the fall or winter to reduce spring-run salmon losses will
be controversial, since there will be no certainty that water conditions will improve later. In four
years, the projects have taken on some water supply risks to achieve desirable fishery
outcomes. However, the dry year circumstance 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 identification (GSI) is necessary to accurately
evaluate 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
required to produce reasonably precise estimates of the ocean harvest impacts on this run,
make such a program guestionable. Although, as discussed elsewhere in this report, even
limited returns from either inland sampling or ocean harvest will provide valuable information
relative to distribution and migration timing. The Department's OSP is responsible for sampling
the recreational and commercial ocean salmon fisheries at all California ports where significant
numbers of salmon are landed. The OSP typically samples at [east 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
Information System. In 1997, the OSP began collecting fin-clip data in the course of its usual
port sampling for eventual DNA microsatellite analysis. Specifically, these data were collected
from all CWT fish that were recovered; a significant number of salmon less than 24 inches TL,
sampled in the recreational fishery in the Gulf of the Farallones, during July - September 1,
where anglers were required to keep the first two salmon caught (except coho) regardless of
size; and during the late April commercial fishery south of Lopez Point.
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Fresh Water Life History

There are various investigations involving spring-run salmon life-history in Central Valley
streams which should be continued, coordinated, or begun.

Adult. Existing adult population evaluations should continue and be standardized where
possible. In addition to the more intensive efforts on Mill, Deer, and Butte creeks, standardized
efforts and methodologies should be developed for the Yuba River, Battle, Antelope, and Big
Chico creeks. The potential for tagging adults identified as spring run ascending the fish ladder
at the RBDD should be evaluated, and the benefit of this information weighed against the risk of
increasing adult mortality. This information could be incorporated with spring-run spawning
surveys in the upper Sacramento River and Battle Creek. Similariy, tagging adults passing
through barriers within the Sutter Bypass, could provide valuable information relative to migration
routes, migration timing, and straying, if it were determined that the risk o 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: Investigations of emigration path and timing for juvenile spring-run chinook from Mill,
Deer, and Butte creeks should continue and be expanded where necessary. Where sufficient
numpbers of juveniles are available, generally in Butte Creek, tagging and downstream
monitoring should also continue. CWT fish from each stream of origin may be recovered at
various sampling locations in the Sacramento River, Deita, and potentially in both the ocean and
inland adult harvest sampling. Lengths of spring-run fish trapped in Mill, Deer, and Butte creeks
at various time intervals should be used to describe frequency distribution for spring-run
salmon. Such an analysis would serve to identify the distribution of lengths from the known
tributary spring-run salmon in the overall distribution of lengths from the various sampling
stations outside the tributary streams, Sampling outside of the primary tributaries should
continue to provide baseline comparative length frequency distribution information. Suggested
sites invelve the ongoing programs at Red Bluff, GCID Fish Screen, Knights Landing, Sutter
Bypass, Sacramento River, and Chipps Island.

Additionally, juvenile emigration sampling should either be continued or initiated on Battle Cresk,
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 secured.

Run Discrimination: For Central Valley chinook salman, the ability to detect, measure, and
manage impacts is confounded by the difficulty in distinguishing the runs from one another, The
primary method of assigning a juvenile salmon to a particular run is based on a fish's size on a
given day of the year. Substantial deliberation about run classification of juvenile salmon
salvaged by the CVP and SWP has occurred each year. Size criteria are of limited use in
identifying spring-run chinook salmon because they spawn, incubate, and rear under the
broadest range of environmental conditions of all of the Central Valley runs (very cold water
streams at 5000+ feet elevation to lower elevation foothil streams typically with warmer water
temperatures, as described in this report's section on habitat conditions in each spring-run
tributary). Furthermore, the size criteria also do not address the spring-run salmon with the
yearling outmigration strategy. In the fall, these fish may be incorrectly identified as either winter
run or late-fall run based solely on the size criteria,
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Substantial effort has been undertaken to develop a genetics-based method for the identification
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 salman 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,
existing research suggests that spring-run salmon appear to exhibit fewer distinguishing genetic
characteristics than in winter run. The work is stil] in the early stages and its potential to provide
a practical, 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 is necessary
to improve the Department's ability to manage harvest, develop run-specific escapement
estimates, manage habitat, and regulate other factors that may be barriers to the management
and restoration of each Central Valley salmon run. The Department is presenily conducting a
pilot study of Central Valley chinook salmon runs using otoliths for identifying populations and
tracking their survival based on known flow and temperature histories through the Delta and
acean fisheries through adult escapement. This study should be continued on a full-scale basis
and should include all Central Valley spring-run chinook salmon populations.

Age Composition for Cohort Reconstruction: The determination of the age composition for
selected populations 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 understanding of how
salmon use the Delta. The Delta has been describad by some as only a migration corridor for
salmon, connecting riverine spawning habitat to the ocean environment (Arthur et. al. 19986).
Based on sampling just upstream from and in the Delta, it has been well documentad that
juvenile salmon often enter the Delta befare 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 Titus 1998).

The relative importance of the Delta in providing essential rearing habitat for juvenile salmon
needs to be better defined, including the extent to which these fish contribute to adult salmon
populations. Category I1l funding has been allocated to the University of Washington, Seattle,
and DWR for 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. |EP has funded the Depariment to begin a study of salmon growth
and survival by examining otoliths. This work needs to be expanded to fully examine habitat
availability and use to help determine the relative contribution of fish exhibiting different juvenile
life-history patterns to subsequent adult salmon populations and the variation in their habitat use
of the Delta. This would facilitate managing the Delta to accommodate the varied life-history
strategies of juvenile Central 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
introductions for Central Valley salmon, particularly populations that are presently listed or
proposed for listing 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 (Holtgrieve 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 population 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. Presently, management
guidance is 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 mare 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 overiap 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 concem. In the three remaining sustaining 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 the 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
time 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 aver the barrier
is intentionally regulated to limit large numbers of fall run from ascending into spring-run habitat.
In various other tributaries. including Butte Creek, in most vears barriers and flow diversions for
agricultural purposes limit fall-run overlap with spring run. There are instances 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.

Secticn X. Suggestions far Future Management
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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 populations:
(2) the re-establishment of additional, viable native populations: and
(3) the restoration and protection of natal, rearing, and migratory streams within the
Sacramento River basin.

Natural populations and their essential habitat must be sufficiently abundant to ensure
Sacramento River spring-run chinook salmon'’s long-term survival. In order to achieve recovery,
the remaining natural, non-introgressed populations of spring run and any re-established natural
populations must be protected, monitored, and proven to be self-sustaining to the satisfaction of
the Depariment and the Commission. Recovery goals must ensure that the individual
populations, as well as the collective metapopulation, are sufficiently abundant to avoid genetic
risks of small population size. Thus, recovery goals need to address abundance levels (adult
spawning escapements), population stability criteria, population distribution, and length of time
for determining sustainability.

The petition specifically recommended population recovery objectives within each tributary. The
petition’s recommendations appear to have been based on population restoration goals
contained in the Department's 1893 report titled Restoring Central Valley Streams: A Plan for
Action. Those restoration goals were established to satisfy the CVPIA anadromous fish
doubling goal. They were not developed as, and should not be equated to, recovery goals.

The USFWS Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes (1985a) has
recommended restoration cbiectives and criteria for Sacramento River spring-run chinook
salmon based on the objective of establishing self-sustaining populations which will persist
indefinitely for each species addressed. Additionally, the plan's population goals for chinook
salmon runs include extra aduit production for allowing sustained limited harvests of each run.
The plan states that restoration will be measured by three interacting criteria:
(1) presence of self-sustaining spawning populations in Deer and Mill cresks;
(2) total number of spawners in Deer, Mill, Antelope, Butte, Big Chico,
Beegum, South Fork Cottonwood, and Clear creeks (if the Yuba River
proves to still have a natural run of spring-run chinook, the population goal
should be raised by whatever number of spawners the stream can
support); and
{3) smolt survival rates through the Delta.

In conclusion, the plan states that "restoration goals can be achieved only if there is
simultaneous improvement of conditions in spawning and rearing streams, in the Delta for
passage of juveniles and adults, and improved management of the fishery to allow for increased
survivorship of adults during periods of low population size..."

The Department will develop recovery goals and delisting criteria based on the best scientific
information available, including consideration of the information provided in the USFWS (1995a)
Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes. The Department will also
annually re-examine the status of Sacramento River spring-run chinook. When, in the
Department’s judgement, recovery goals and delisting criteria have been met, it will make
recommendations to the Commission regarding changing its legally designated status under
CESA.

Section X. Recavery 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.

Section XI. Alternatives to the Petitioned Action
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Xil. PROTECTIONS RESULTING FROM LISTING

If listed as Threatened, the Sacramento River spring-run chinook salmon would receive special
considerations and protection under CESA and CEQA that are not generally afforded unlisted
species. [f listed, spring run will be eligible for the allocation of resources by government
agencies to provide protection and recovery,

It listed, spring run will also receive protection from taking as provided for in CEQA and CESA.
The status of listing provides a species with recognition by lead agencies and the public, and
significantly greater consideration is given to the Department's recommendations resulting from
project environmental review. The CEQA review process is designed to provide for full
disclosure of potential impacts resulting from propased development projects. When it is found
that a proposed praject may result in the loss of individuals or habitat for State-listed species,
CEQA requires a mandatory finding of significance and preparation of an EIR. For projects with
a State lead agency, the lead agency is required to formally consult with the Department to
determine the nature of impacts to the State-listed species and develop mitigation measures to
reduce or eliminate such impacts.

Section X1l Protections Resulting Fram Listing
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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 Commission. 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 govemment agencies that responded to the Public Notice is provided herein
(Appendix 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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EATE OF CALIFORMIA—THE RESOURCES AGEMCY

DEPARTMENT OF FISH AND GAME
1418 NINTH STREET

P.O. BOX 944209

SACRAMENTO, CA 942442090

(515) 653-6194

October 9, 1997
PUBLIC NOTICE

TO WHOM IT MAY CONCERN:

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 of Fish and Game (DFG) to amend the official State list of
endangered and threatened species (Sec. 670.2 and 670.5, Title 14, California Cade of Regulations) as

follows:
Species Proposal
Sacramento River Spring-run Chinook Salmon : Endangered

(Oncorhynchus ishawytscha)

NOTICE IS FURTHER 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 with 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
Commussion, 1416 Ninth 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 determining whether or
not the above proposal should be adopted by the Commission. DFG will review the petition, evaluate
the available information, and report back to the Commission whether the petitioned action is warranted
(Sec. 2074.6, FGC). DFG’s recommendation must be based on the best scientific information available
to the Department. DFG must provide its recommendation to the Commission not later than
June 26, 1298. Therefore, NOTICE IS FURTHER GIVEN persons with data or comments on the
taxonomuc status, ecology, 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 Fishenes Division

California Department of Fish and Game
1416 Ninth Strest

Sacramento, California 95814

Copies of the petition may be requested from the above address.

Responses received by the November 21, 1997 will by included in DFG'’s final report to the
Commmussion. If DFG concludes that the petitioned action is warranted, it will recommend that the
Commission adopt the above proposal. If DFG concludes that the petitioned action is not warranted, it
will recommend that the Commussion not adopt the proposal. Following receipt of the DFG’s report,
the Commussion will allow a 45-day public comment period prior to taking any action on the DFG’s.

recommendation.
I,f’w_f?ﬁ (- gﬂﬂf‘z
Timothy i‘.':.f‘J Farley, Chief:

Infand Fisheries Division
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FAIRFIELD CA 84533

YOLO COUNTY

BOARD OF SUPERVISORS
B25 COURT STREET
WODDLAND CA 55865

ROBERT CRANE
CRANE MILLS

P.0. BOX 318
CORNING Ca, 58021

SYLVLA DAVIDSON
1384 HONEY RUN RD
CHICD Ca 35328

CHUCK DEJOURNETTE
TEHAMA, FLY FISHERS

11705 PAREY AVE. #27
RED BLUFF CA 550ED

ALAN DENNISTON

LASSEM VOLCANIC NATIONAL PARK
BOX 100

MINERAL CA 85053

KEEVIN DEVINE
SHASTA LIVESTOCK AUCTION
COTTOMWOOD CA BB022

CHESTER EASTLICK
PO BOX 532
ETHA CA s8027

WALTER COOK
42 NORTHWOOD COMMONS
CHICO CA §5873-7214

BUTTE COUNTY

BOARD OF SUPERVISORS
25 COUNTY CENTER DRIVE
OROVILLE CA 95985

LASSEM COUNTY

BOARD OF SUPERVISORS
220 SOUTH LASSEN 5T
SUSANVILLE CA 88130

HEVADA COUNTY

EDARD OF SUPERVISORS
250 MAIDU AVE

HEVADA CITY CA §5855

SACRAMENTO COUNTY
BOARD OF SUPERVISORS
700 H STREET RM 2450
SACRAMENTO CA §5814-1280

SUTTER COUNTY

BOARD OF SUPERVISORS
1160 CAIC CENTER BLVD
YUBA CITY CA 95553

YUBA COUNTY

BOARD OF SUPERVISORS
215 FIFTH STREET
MARYSVILLE CA 8580

COLLEEN CROW
32915 RAK CREEK AD.
MANTOM Ca 86050

LEON DAVIES

UC DAVIS SEA GRANT EXT. FROG.
ONE SHIELDS AVE

DAVIS CA 85618

HARRY DELANTY
3357 HARLAN DR,
REDDING CA 86003

JIM DESTASO

BUREAL OF RECLAMATION
16348 SHASTA DAM BLVD.
SHASTA LAKE CA 58018

PETER DOUGLAS

CALIFORNLA COASTAL COMMISSION
45 FREMONT 5T STE 2000

SAN FRANCISCO CA 84105

Jikt EDWARDS
13038 HWY, 93E
RED BLUFF CA 95080



DON ERMAN

CENTER FOR WATER & WILDLAND RESOURCES

UL.C. DAVIS
DAVIS CA BSE16

KATHY FARSTER

BATTLECREEK MEADOWS RANCH INC.
35505 STATE HIGHWAY 18

WCODLAND CA 85685

SCOTT FERRIS

VICE PRESIDENT

NOR CAL GUIDES & SPORTSMEN
BOX 492063

REDDING CA 95044

JOHN FORND

SIERRA FACIFIC, INDUSTRIES
P.0. BOX, 820

SUSANVILLE CA 88120

DAMIEL FREE

1.5, FOREST SERVICE
24411 HATCHERY RD,
ANDERSOM CA 85007

BILL GAINES

CALIF, WATERFOWL ASS0C.
4830 NORTHEATE BLVD, #2150
SACTO CA BSE34

LES GERTON
785 CAPRICE WaY
CHICO CA 85328

WENDELL GILGERT
USDA-NRCS

1328 NORTH ENRIGHT
WILLOWS, CALIFORNIA 55888

JIM GOODWAN

120 INDEPENDEMCE CIR
STEG

CHICO CA 85973

DAN & RICHARD GOVER
GOVER RANCH

3778 GOVER RD.
ANDERSOM CA #5007

DAN GROMER
4701 PEALE DRIVE
SACRAMENTO CA 85842.2418

MM HAGEN

G.C1.0, AND NCWa,
2297% TEHAMA AVENUE
GERBER CA 85035

JUDD HANMA,
MGC CIRCLE 5 RANCH
MILL CREEK CA 56061

STEVE EVANS

FRIENDS OF THE RIVER

128 J 5T. 2ND FLOOR

OLD SACRAMENTD CA 85814

ROMN FEHRINGER
CH2M HILL

P.0. BOX 462478
REDDING CA 88001

BARRY FORD

COLLINS PINE COMPANY
P.O. BOX 798

CHESTER CA 85020

JAY FRANCIS

COLLINS PINE COMPANY
P.O. BOX 756

CHESTER CA 86020

GEOFF FRICKER
11822 CASTLE ROCK CT.
CHICO CA B5a28

JAY GARR

DUCKS UNLIMITED INC.
1840 E CLAY ST,
COLUSA CA §5532

BILL GEYER
RESOURCE LANDOWNERS CDALITION
1028 K STREET #33

SACRAMENTD CA 85814

ERIC GINKEY

CALIFORMNIA STATE UNIVERSITY CHICD
BUTTE CREEK WATERSHED FROU.
13419 LILA LN,

CHICO Ca 95828

CAY GQUDE

LL5. FISH AND WILDLIFE SERVICE
3310 EL CAMING AVE
SACRAMENTOD CA 85821-5240

ZEKE GRADER

PCFFA

POST OFFICE BOX 29910
5. F. CA S4123-0810

LINDA GROSS
P.0. BOX 78T
CHESTER CA 85020

TODD HAMER

AMERICORPS WATERSHED PROJECT <

9031 HWY §8E
LOS MOLINGS CA 98055

STU HANNS
SUPERINTENDENT
STANFORD-VINA [RRIG, DIST.
P.D. BOX 273

VIMA CA 85082

BRUCE FARRIS
S40WATHENS
CLOWVIS CA BaB11

STEVE FELTE
P.Q, 2409
PARADISE CA 65857

PHIL FORD
3574 EBBY LANE
ANDERSON CA 95007

STEPHEN FRANK

DEER CREEK IRRIGATION
BOX 28

VINA CA 850532

ROD FUGITA

EDF

ROCKRIDGE MARKET HALL
5855 COLLEGE AVENUE
OAKLAND CA D4618-1583

JIMEDIANE GALUMER

DEER CREEK WATERSHED CONSERVANCY
580 PASEQ COMPANEROS

CHICO Ca 55828

SUZANNE GIBBS

BIG CHICO CREEK WATERSHED ALLIANCE
1162 E 7TH STREET

CHICO CA 85928

KIRK GIUSTI
826 E. HILLCREST AVE
YUBA CITY CA 55991

GEORGE GOUGH

CALIFORNIA CATTLEMEN'S ASSOCIATION
1221 H 5TREET

SACRAMENTO CA 55814

LEE GRISOM
OFFICE OF PLANNING AND RESEARCH
1400 10TH STREET

SACRAMENTO CA 85814

ALLEN GROVES
1528 HEALDEBURG AVE.
HEALDSBURG CA 05448

BILL HAMILTON
DES

U Davis
DAVIS CA 85616

BLAINE HANSON

LAND AND WATER RESOURCES EXT
W.C. DAVIS

DaVIS CA 95818



CHUCK HANSON

HANSON ENVIRONMENTAL INC
132 COTTAGE LANE

VWALNUT CREEK CA 84505

WENDY HEATON

BATTLE CREEK MEADOWS RANCH
358 SANTA YNEZ WAY
SACRAMENTO CA 05818

LEN HEIST
1835 HWY, 20
COLUSA CA 95832

RALPH HINTON

DEPARTMENT OF WATER RESOURCES
2440 MAIN 5T,

RED BLUFF C4 98080

ELISE HOLLAND

THE BAY INSTITUTE

€25 GRAND AVE. SUITE 250
SAN RAFAEL CA 84501

JEANNEERBILL HUBEARD
2025 A SPRUCE
CHICD CA #5925

FETER HUJIK

THC-DYE CREEK RAMCH
11010 FOOTHILL RD,
LOS MOLINGS CA 98055

JEFF JARACZESKI
NORTHERN CALIF, WATER ASSOC,

435 CAPITOL MALL SUITE 335 SACRAMENTD CA

85314

MARY KAEMS

BUTTE CREEK WATERSHED CONSERVANCY
1512 13TH 5T, #2

SACRAMENTO CA 85814

JULIE KELLY

SIERRA PACIFIC IND.

POST OFFICE BOX 486014
REDDING, CALIFORMLA 26085

DAVID KENNEDY

DIRECTCR

DEPARTMENT OF WATER RESOURCES
PO BOX 842835

SACRAMENTO CA 94235-0004

MARIANNE HIRKLAND
T45F 5T. APT. 5
DAVIS CA 85518

LOUIE KLEIN
P.O. BOX 845
RED BLUFF CA 25080

GEQ HARMS
P.O. BOX 132
VINA CA 68052

DON HEFFREN

WESTERN CAMALIGORRILL
P.O. BOX 427

DURHAM CA 85538

LES HERINGER

SALC. VALLEY L ANDOWNERS AS50C.
3264 CHICO RIVER RD.

CHICO CA B5528

ETEVE HIRSCH

METROPOLITAN WATER DISTRICT
OF 50. CALIF,

1121 L 5T, SUITE 800
SACRAMENTO CA 85314

RICH HOLMAN

CALIFORNLA STATE UNIVERSITY CHICO
289 BAR TRIANGLE 5T,

CHICO CA 85328

MARY HUGGINS
3861 MARY ANN LANE
LAKE ALMANOR CA 86137

MICHAEL JACKSON
QUINCY LIBRARY GROUP
POST OFFICE BOX 207
QUINCY CA 55871

BILL JENHNINGS
DELTAKEEFER CSRA
3538 RAINIER
STOCKTON CA 85204

KAYLENE KELLER

PUBLIC SERVICE RESEARCH PROGRAM
UC DAVIS

DAVIS CA 85616

PATRICK KELLY
00 E 18TH ST,

-CHICO CA 25924

GARY KERHOULAS

BUTTE SINK WATERFOWL ASSOC,
14551 "C" N. BUTTE RO,

LIVE DAk CA o5a53

MARTY KJELSOM

LS. FISH AND WILDLIFE SERVICE
4001 N WILSOMN Wy

STOCKTOM CA 65205

STEWART KNOX

DEER CR. WATERSHED CONSERVANDY
P.O.BOX 116

VINA CA 58082

ALLEN HARTHORN

BUTTE CREEK WATERSHED CONSERVANCY
POST OFFICE BOX 1811

CHICD CA 85827-1811

DENNIS HEIMAN

C.V. REGIONAL WATER
QUALITY CONTROL BOARD
415 KNOLCREST DR
REDDING CA 56002

ROBERT HERKERT
CALIFORMLA RICE INDUSTRY
2538 THIRD STHEET
COLUSA CALIFORNLA 85832

QUIN HOGAN
1621 RIVER RD.
CHICD CA 85928

DON HOLTGRIEVE

DEPT. GEOGRAPHY & PLANNING
CALIFORNIA STATE UNIVERSITY GHICD
CHICD CA 85528-0425

LINDA HUGHES
NRCS

2 BUTTER ST, #D
RED BLUFF CA 95080

DLANA JACOBS

STATE LANDS COMMISSION

100 HOWE AVE. SUITE 100 SOUTH
SACRAMENTO CA 85825

DICK JOHMSON

BUREALU OF LAND MANAGEMENT
355 HEMSTAD DR,

REDDNNG CA 96002

JULLA KELLEY

PRESIDENT

OEER CREEK WATERSHED
P.C. BOX 307

VIMS CA 85052

RICHARD KELLY

EXEC SEC, SHARE

1357A HARTHELL AVENUE
REDDING Ca 86002

BILL KIER

KIER ASSOCIATES

207 SECOMD ST. STE B
SAUSALITO Ca, 84855

DAVID KLASSON
1644 MAGNOLLA AVE.
REDDING CA B5001

CYNTHIA KOEHLER

NATURAL HERITAGE INSTITUTE
114 SANSOME STE 1200

SAN FRANCISCO CA 84104



MICHAEL KOSS0W
FPW I MCA

P.0. BOX 228 :
TAYLORSVILLE CA gs5g83

ERIC LARSEN

DEPT. OF CIVIL & ENVIRON ENG
U.C. DAVIS

DAVIS CA 85516

JIM LECKY

MATIOMAL MARINE FISHERIES SERVICE
501 WEST OCEAN BLVD

SUITE 4200

LONG BEACH CA pOBDZ4213

MARTHA LENHIHAN

LAW OFFICE

455 CAPITOL MALL SUITE 300
SACRAMENTO CA 95814

STACY U

AQUATIC SYSTEMS RESEARCH
P.O. BOX 251

LOOMIS CA 35850

JIM LOWDEN

LOS MOLINGS MUTLIAL WATER CO.
P.O. BOX 211

LOS MOLINDS CA 98055

TWONNE MABEE
TOWER PARK MARINA
14800 W Hwy. 12
LODI CA 95242

MARY MADISON

INFQ CENTER FOR THE ENVIRON
Uc DaVIS

DaVIS CA 85516

ROGER MASUDA

TURLOCK IRRIGATION DISTRICT
517 E. OLIVE 5T

TURLOCK CA 55380

MIKE MCCOY

DEPT. ENV. SCIENCES
UC DAVIS

DAVIS CA 85516

MELANIE MCFARLAND
LASSEN NATIOMAL FOREST
55 SOUTH SACRAMENTO 5T

PATTY MCKELVEY
7533 BRUND WaY
SACRAMENTO CA 95828

GERALD MERAL

EXECUTIVE DIRECTOR

PLANNING AND CONSERVATION LEAGUE
808 12TH 5T SUITE 203

SACRAMENTO CA 85814

DALE LACKEY
818 MAIN STREET
FORTUMNA CA 65540

DOUG LATIMER

MILL CREEK CONSERVANCY
817 VETERANS BLVD, #213
REDWOOD CITY CA p4083

ROY LEIDY

EIP ASSOCIATES

1200 2nd ST STE200
SACRAMENTO CA 95814

KEM LENTZ

US BUREAU OF RECLAMATION
2800 COTTAGE WAY
SACRAMENTO CA BS5azs

BILL LIEBHARDT
SAREP

Uc bawvis
DAVIS CA 95615

JOHN LOWRIE

USDA, NRCS

2121-C SECOND ST STE 102
OAMIS CA 95816

DORENE MACCOY

US GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

2800 COTTAGE WAY RM W23z SACRAMENTD
CA 95825

JERRY MAPES
PO BOX 478
MT SHASTA CA 28057

ROGER MATHEWS

CHICO CH. WATERSHED CONSERVANCY
P.O. BOX 4342

CHICO CA 95837

JULIE MCDONALD

SIERRA CLUE LEGAL DEFENSE FUND

180 MONTGOMERY 5T, #1400 SaN FRANCISCO
CA G404

DOUGLAS MCGEOGHEGAN

Ci0 GUNNERSFIELD ENTERPRISES INC
POST QFFICE BOX 826

MAXWELL CA 95355

WILLIAM MCKINNEY
12234 RIVER RD,
CHICO Ca 85873

DEBRA MERLISS

BUTTE CREEK WATERSHED CONSERVANCY
11791 RIDGE RIM ROAD

CHICO CA asazs

JUDITH LAROCCA
13503 HELLTOWM RD.
CHICO CA 85828

BILL LAWHORN

BUREAL OF LAND MANAGEMENT
335 HEMSTED

REDDING CA 8002

CHRIS LEININGER

DEER CK. WATERSHED CONSERVANCY
P.Q. BOX 207

VINA CA pa052

RUSSELL LESKD
LASSEN PARK
P.O.BOX 100
MINERAL CA 95020

DAVE LINDSTROM
5325 QUAIL HAVEN LANE
MANTON CA 2058

WILEON LYTHGOE
5307 SHEPARD AVENUE
SACRAMENTO CA 95818

PHIL MACKEY

MT. LASSEN TROUT HATCHERY
28125 HWY, 38E

RED BLUFF CA 86080

PAUL MASLIN

BIOLOGY DEPARTMENT

CALIFORNIA STATE UNIVERSTY CGHICO
1627 ARBUTUS

CHICD CA 85825

HARRY MAYEIN

CHILDS MEADOWS RESORT
P.O. BOX 7287

CHICOD CA 95527.7287

BARBARA MCOONNELL
BAY-DELTA OVERSIGHT COUNGCIL
1416 8TH 5T.

SACRAMENTO CA 55825

MIKE MCGINMIS
U.C. SANTA BARBRA MARINE SCIENCE
INSTITUTE

BUILDING 445 OCPC

SANTA BAREARA CA 53106

KELLY MEAGHER
1781 HONEY RUMN
CHICO CA 5828

JOHN MERZ
SACRAMENTO RIVER
FRESERVATION TRUST
P.O. BOX, 5388

CHICO CA gsg27



ROGER MEYER
455 WHITE OAK DAL
COTTONWOOD CA 86022

STEVE MITCHELSON

LASSEN VOLCANIC NATL, PARK
BOX 100

MINERAL CA BBOE3

DICK MOss

FRIANT WATER USERS AUTHORITY
B34 N, HARVARD

LINDSAY A 93247

SCOTT MURPHY

LZAAK WALTOM LEAGUE
P.O. BOX 3051

CHICO CA a8sz7

DALE NELSON

DURHAM MUTLAL WATER CO,
P.0. BOX B12

DURHAM CA s5838

ANTHONY NICOSLA
P.O. BOX 4875
CHICO CA 859274578

DICK O'SULLIVAN
RT. ¥ BOX 90
FAYNES CREEK CA 95075

JOHH CaHs

RIMTUAL ELDER
HUMANITY RISING
P.O. BOX 528

CHICO CA 95827-0523

JEAN DECaMOU
PGAE

15448 HUMBUG RO,
MAGALLA CA 95854

JOHN Q5T

CHICO AREA FLY FISHERS
1255 E, LINDD AVE.

CHICOD Ca 85326

TOKI GURADNIEK

WATERSHED STEWARDS PROJECT
INSTITUTE FOR FISHERIES RESOURCES
P.O, BOX 25186

SAN FRANCISCO CA B4129

ERNST PASCHKE
HNRCS-USDA

1511-B BUTTE HOUSE RO,
YUBA CITY CA 85833

ROSEMARY PIERCE
SCRCD

1311-B BUTTE HOUSE RO,
TURA CITY CA 85953

BOB MILEY

VICE PRESIDENT
TEHAMA FLY FISHERS
755 LAKESIDE DRIVE
RED BLUFF CA 95080

CHRIS MOBLEY

NATIONAL MARINE FISHERIES SERVICE
TT7 SONOMA AVe, RM 325

SANTA ROSA, CA 95404

PETER MOYLE

DEPT. WILDLIFE FISH & CONSERVATION
BIOLOGY

U.C. DAWIS

DAVIS CA 85616

CASS MUTTERS

UC COOPERATIVE EXTENSION
2278 B DEL ORO AVE.
OROVILLE CA 85885

LARRY MELSON

LOS MOLINOS MUTUAL WATER CO.
P.D. BOX 211

LOS MOLINDS Ca 86055

JENNIFER NIELSEN
HOPKINS MARINE STATION
OEFT. OF BIOLOGY
STANFORD UNIVERSITY
PACIFIC GROVE CA 52850

PALIL OLIN

MARINE ADVISOR

UC COOPERATIVE EXTENSION
2604 VENTURA AVE. RM. 100P
SANTA ROSA CA 85401

808 ORANGE
PO BOX 458
CHESTER CA 96020

ISAALC OSHIMS

PUBLIC SERVICE RESEARCH PROGRAM
U.C. Davis

DAVIS CA 85518

STEVE OTTEMOELLER
WESTLANDS WATER DISTRICT
P.0. BOX 5055

FRESND CA 63703

CANDACE OWENS
13815 TRINITY AVE,
RED BLUFF Ca gs0a0

JASON PELTIER
CyvPwa

1521 15T,
SACRAMENTO CA 58814

JOHM PITTER

DEER CREEK IRRIGATION DISTRICT
P.O. BOX 322

VINA CA8 55037

KIRK MILLS
7148 LAVAL CT,
CARMICHAEL CA 85808

HAR| MODI

HCPA

180 CIRBY WaY
ROSEVILLE CA 95675

DONALD MURPHY

DEFARTMENT OF PARKS AND RECREATION
PO BOX 942835

SACRAMENTO CA 54255-001

LUISA NAVEIAS

FOUR WINDS OF INDIAN EDUCATION
P.0. BOX £130

CHICD CA p5g27

TOM NELSON

SIERRA PACIFIC IND,
P.O, BOX 495014
REDDING CA 950438014

JESEE HOELL

EPIC

POST OFFICE BOX 357
GARBERVILLE CA 85542

MICHAEL OLIVER

BUTTE CREEK WATERSHED CONSERVANCY
13E35 CENTERVILLE RD,

CHICO CA 95828

GT. ORLGE

DEPT. CIVIL & ENVIRONMENTAL ENGINEERING
UC Davis

DAVIS CA 55616

TIMOTHY DSMER

SALMONID RESTORATION FEDERATION
P.O. BOX 340

CAZADERO CA 85421

PJOTTESEN
1054 W ELMWOOD AVENUE
STOCKTOMN CA 85204

ALBERTO PALLERON)

ANIMAL COMMUNICATION LA
U.C. DAVIS

DAVIS CA 95616

DENMIE PENDLETON

PUBLIC SERVICE RESEARCH PROGRAM
U.C. Dawvis

DAVIS CA 83815

RICK PONCIAND
RANCHO ESQUON

1809 ADAMS RANCH RD
DURHAM CA p5338



BOB POTTER

CHIEF DEPUTY DIRECTOR
DEPARTMENT OF WATER RESOURCES
1418 MINTH 5T.

SACRAMENTO CA 85814

PATRICLA PUTERBALGH
COHASSET WATERSHEDS
180VILAS AD.

CHICO CA 95928

JUDITH REDMOND
CAFF

P.O. BOX, 383
DAVIS CA 95817

BELL RICHARDSOM

UC COOPERATIVE EXTENSION
P.O. BOX 370

RED BLUFF CA 85080

SALLY ROGERS
SOUTH POWER HOUSE RD,
MANTON CA 82055

JONATHAN RDSENFELD

SIERAA CLUB LEGAL DEFENSE FUND

1ED0 MONTGOMERY 5T, #1400 SAN FRANCISCD
CAB4104

KELI RUTAN-JORGENSEN

RURAL WATER IMPACT NETWORK
1755 LEHIGH DR,

OAVIS CA B5816

CHUCK SCHULTZ
AREA MANAGER
REDDING RLA

255 HEMSTED
REDDING CA 5002

PALIL SIRI

ASSISTANT DIR. , BODEGA MARINE LAS,
P.O. BOX 247

BODEGA BAY CA 34523

JEES SMITH
SIMMONS RANCH
P.O. BOX 4373
CHICO CA 85827

GARY SNYDER
18442 MACHAS CYPRESS RD,
HEVADA CITY CA 85359

JOHN STAMLEY

THE HABITAT RESTORATION GROUP
P.O. BOX 4006

FELTON CA 85018

GARY STERN

HATIONAL MARINE FISHERIES SERVICE
777 SONCMA AVE, RM 325

SANTA ROSA, CA 25404

ROB POTTER
PGAE

15448 HUMBUG RD.
MAGALLS CA 85654

MATT QUINN

BUTTE CREEK WATERSHED PROJECT
630 STADIUM WAY

CHICO CA 855258

MARC REISNER
154 PINE STREET
SAN ANSELMO CA s4pe0

ERIC RITTER

BLM

355 HEMSTED DR

REDDNNG CA 85002 =

HELEN ROLAND

CALIF. RESEARCH BUREAU
P.O. BOX s42337
SACRAMENTO CA B4237-0004

RAY ROSS
E750 DREAM VALLEY RD,
RED BLUFF CA 6080

GECQFF SCHLADDW

DEPT OF CIVIL & ENVIR ENGINEERING
U.C. DAVIS

DAVIS CA B5616

TERRY SHORT

USGS M54

70345 MIDDLEFIELD RD
MENLD PARK Ch 84025

JOHN SKRAED
PO BOX 453758
REDDING CA 58045

JIM SMITH

US FISH AND WILDLIFE SERVICE
POST OFFICE BOX 667

RED BLUFF CA 26080

JEFF BOUZA

WESTERN SHASTA RLC.D.
3178 BECHELLILN STE 107
REDDING Ca 25002

CAROLYN STEFFAM

LOS MOLINOS SCHOOL DISTRICT
P.0. BOX 609

LOS MOLINGS CA 85055

MICHELLE STEVENS
823 OESTE DRIVE
DAVIS CA 85516

HANK PRITCHARD

BATTLE CREEK WATERSHED CONSERVANCY
H524 FORWARD MILL ROAD

MANTON CA 86058

MARY RAMSEY
P.O. BOX 218
VINA CA 85092

BILL RICE
1107 TULARE DRIVE
COSTA MESA CA 52628

V& ROGERS

2045 10TH STREET
REDDING CA 85001

WALLY RONEY
RT. 4 BOX 507A
CHICO CA 25026

KEN ROWLEY
625 SACRAMENTO AVE.
RED BLUFF CA 86080

PHIL ECHOEFER
WSRCD

3848 DRO 5T.
REDDING CA 85001

CHERYL SILVA

12561 WILDER RD.
P.O. BOX 730

RED BLUFF CA 96080

TRYGVE SLETTELAND
PACIFIC RIVERS COUNCIL
PO BOX 10788

EUGENE OR 57440

JUDY SMITH

TURTLE BAY PARK AND MUSEUM
800 AUDITORIUM DR,

REDDING CA 85001

MIKE SPENCER
PO BOX 85
G0 CA BE04T

CURTIS STEITZ

PGAE

3400 CROW CANYOM RD
SAN RAMON CA 94583

FRANK STEWART
COLLINS PINE COMPANY
P.O. BOX 735

CHESTER CA #5020



LISA STRONG-AUFHAUSER
330 DOGWOOD Way
BOULDER CREEK 4 85006

CLAUS SIWNERKROFP

LARRY WALKER ASSOCIATES
506 4TH 5T.

DAMIS CA 55518

TERRY TERHAAR

PACIFIC RIVERS COUNCIL
B2E J ST#512
SACRAMENTOD CA 85814

GREG THOMAS

MATURAL HERITAGE INSTITUTE
114 BANSOME 5T. #1200

SAN FRANCISCO CA B4104

JERRY TROYAM

SACRAMENTO REGIONAL WASTEWATER
TREATMENT PLANT

B521 LAGUNA STATION RD.

ELK GROVE CA 55758

OARIN VICKMAIR
13352 CENTERVILLE RD.
CHICD CA 25523

ROBERTA WALKER-FOREST
P.O. BOX 63
FOREST RANCH CA 95042

LINDA WEAVER

LOS MOLINOE SCHOOL DISTRICT
3281 OFF TACKLE wWaY
COTTONWOOD CA 86022

REINA WEYRALCH

DISTRICT CONSERVATIONIST
S0IL CONSERVATION DISTRICT
PO, BOX 67T

GREENVILLE CA 95047

MARY WHITE

TCRCD

21352 GALLAGHER
CORNING CA #5021-5754

ART WILCOX
2547 DANUBE DRIVE
SACRAMENTO CaA 95821

WILLARD WILLLAM
320 FANKIE 5T
RED ELUFF C& 85080

RON WILSON
532 CARSON
MODESTO Ca pEas7

PHILIP SUNSER]
753 E. 6TH 5T,
CHICD CA gsa28

GAYLAND TAYLOR

DEPARTMENT OF FISH AND GAME
683 BILLE ROAD

FARADISE CA 95355

ROB THAYER
2328 GOLDBERRY LANE
DAVIS CA 85618

ROGER THOMAS

GOLDEM GATE FISHERMAN'S ASS0CIATION
POST OFFICE BOX 40

BAUSALITO CA B4Bse

CHRIS UNKEL

THE MATURE CONSERVANCY
1330 2157 5T. SUITE 103
SACRAMENTO CA 95814

DAVE VOGEL

NATURAL RESOURCE SCIENTIST INC
21600 WILCOX ROAD

RED BLUFF CaA 26080

ZACHARY WaLTON
POST OFFICE BOX 1028
RIWERSIDE CA s2502

STEVEN WEINBALM
POMOLOGY DEPT
u.C. DAVIS

DAVIS CA 55518

JUDY WHEATLEY

WATER EDUCATION FOUNDATION
71T K 5T. STE 517

SACRAMENTOD CA 55814

WAYNE WHITE

ULE. FISH AND WILDLIFE SERVICE
3310 EL CAMINDG AVE
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GREG WILKINSON

STATE WATER CONTRACTORS
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JOHN WILLIAMS
FISHERIES CONSULTANT
ETS5 LINDEN LANE
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DARRELL WOOD
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WILL TRAWVIS
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REN WAKEFIELD
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ETAN WANGEERG
WESTERN CAMAL WATER DISTRICT
RICHVALE CA

RICHARD WELDON
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WEED CA 54084

ERNEST WHITE
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R.J. WHITLOCK
P.O. BOX 424
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CHARLES WILLARD
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RED BLUFF Ca 86080

RON WiILLLANS
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CORNING CA 85021

ROBERT WOODS
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P.0. BOX 748

FOREST RAMCH CA 55842



MICHAEL YOST
P.O. BOX 225
TAYLORSVILLE C4 p5883

ASSEMBLYWOMAN BARBARA ALBY
4811 CHIPPENDALE DR STE 504
SACARAMENTO Ca 85841

ASSEMELYMAN JOE BACA
201 HORTH E 5T SUITE 102
SAN BERNARDING Ca B2401

ASSEMBLYMAN LARRY BOWLER
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SACRAMENTO CA 05827

ASSEMBLYMAN CRUZ BUSTAMAMNTE
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ASSEMBLYMAN MIKE MACHADD
31 E. CHANNEL 5T 5TE 3D&
STOCKTON CA 85202
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ASSEMBLYWOMAN VALERIE BROWN
50D 5T SUITE 2
SANTA ROSA CA 85404
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ASSEMELYMAN WALLY KNOX
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ASSEMELYMAN KEVIN SHELLEY
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ASSEMBLYWOMAN VIRGINIA STROM-MARTIN
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DR. C. DAVID VANICER,
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SACRAMENTO Ca 85819
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ASSEMBLYMAN MICHAFL SWEENEY
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ASSEMELYMAN TOM TORLAKSON
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ASSEMBLYMAN TOM WOODS
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SENATOR MAURICE K JOHANNESSEN
STATE CAPITOL ROOM 5051
SACRAMENTO CA b5B14

CENTER FOR CONSERVATION BIOLOGY
STANFORD UNIVERSITY
STANFORD CA 93405
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RANDALL BROWH

DEPT OF WATER RESOURCES -
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LL5. ARMY CORPS OF ENGINEERS
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1325 J STREET
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THE HONORAELE THOMAS M, DAVIS
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ASSEMBLYMAN DON PERATA
288 THIRD 5T SUITE 100
DAKLAND CA, s4807

ASSEMBLYMAN BERNIE RICHTER
450 W EAST AVE SUITE 120
CHICO Ca 55825

CATHY KLINE STEKER

SAC, RIVER DISCOVERY CENTER
P.0. BOX 1288

RED BLUFF CA 968080

SENATOR MIKE THOMPSOM
STATE CAPITOL ROOM 3056
SACRAMENTO CA 95814

DOUGLAS P WHEELER
RESOURCE AGENCY

1416 5TH STREET ROOM 1311
SACRAMENTC CA 85814

ASSEMELYMAN RODERICK WRIGHT
700 STATE DR SUITE 103
LOS ANGELES CA 50037

ASSOCIATION OF WATER AGENCIES
510 K STREET SUITE 250
SACRAMENTD CA 55814-3577

CONTRA COSTA WATER DISTRICT
PO BOX H20
CONCORD CA 4524

THE HONORABLE WALLY HERGER
2413 RAYBURMN HOB
WASH. DC 20815-0502

THE HONORABLE GEORGE MILLER
Z205 RAYEURN HOB
WASHINGTON. DG 20515.0507

CALIFORNLA ACADEMY OF SCIENCES
GOLDEN GATE PARK
SAN FRANCISCO, CA 54118

SAVE SAN FRANCISCO BAY ASSH.
PO BOX 825
BERKELEY CA g4701

THE HONGRABLE RONALD V. DELLUMS
2108 RAYBURN HOB
WASHINGTON, DC 205150505



EAST BAY MUNICIPAL UTILITY DISTRICT
2130 ADELINE ST
DAKLAND CA 84807

U.S. ARMY CORPS OF ENGINEERS
SAN FRANCISCO DISTRICT

333 MARKET STREET

SAN FRANCISCO CA 84105

U5, DEPARTMENT OF THE MAVY
WEESTERN DIMISION

MATURAL RESOURCES BRANCH

NAVAL FACILITIES ENGINEER COMMAND
CODE 243, PO BOX 727

SAN BRUMND CA 84065

THE HONORABLE FORTNEY PETE STARK
235 CANNON HOB
WASHINGTOM, DC 20515-0513

THE HONORABLE CALVIN M. DOOLEY
1201 LONGWORTH HO8
WASHINGTON, DC 20515-0520

THE HONORABLE ANNA G ESHOOD
208 CANNDN HOB .
WASHINGTON, DC 205150514

THE HONORASLE RICHARD W. POMEO
1518 LONGWORTH HOB
WASHINGTON, D 205158511

THE HONDRABLE ELLEN O, TAUSCHER
1440 LONGWORTH HOB
WASHINGTON, DC 205150510

THE HONORABLE JOHN T. DOOLITTLE
1528 LONGWORTH HOB
WASHINGTON, DC 20515-0504

THE HONORABLE ROBERT T, MATSLI
2308 RAYBURN HO8
WASHINGTON, DC 20515-0505

THE HONORABLE GEORGE P. RADANOVICH
213 CANNON HOB
WASHINGTON, DC 20515-0510

THE HONORABLE LYNN C. WOOLSEY
438 CANNON HOB
WASHINGTON, DC 20515-0508



APPENDIX A-3
NEWSPAPERS WHICH PUBLISHED
THE SACRAMENTO RIVER SPRING-RUN CHINOOK SALMON LEGAL NOTICE

Publication Dates Published
%

The Sacramento Bee - published October 16 through 17, 1997.
The Stockton Record - published October 16 through 17, 1997.
The Sun (San Bemnadino) - published October 16 through 17, 1997,
The San Diego Union - published October 16 through 17, 1997.
The Fresno Bee - published October 16 through 17, 1997.
The Oakland Tribune - published October 18 through 19, 1897,
Daily News Los Angeles - published October 17 through 18, 1997,
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APPENDIX A-4

LIST OF INDIVIDUALS AND AGENCIES THAT RESPONDED TO PUBLIC NOTICE

Document 1:

Document 2:

Document 3:

Document 4:

. Document &:

Document 6:

Document 7:

Edwards, W. James. Letter regarding comments 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,
1987, To Califonia Department of Fish and Game, Inland Fisheries
Division.

Cheesman, Gail and Doug. Letter regarding need to protect spring-run
chinook salmon. Dated October 21, 1997, To Jacgeline Schafer, Director,
California Department of Fish and Game.

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, 1897. To California Department of
Fish and Game, Inland Fisheries Division.

State Water Contractors. Report titted 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.

Northern California Water Association. Letter providing information that
may help the Department determine whether the spring-run chinook
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.

Cole, Roger W. Letter providing comments regarding spring-run chinook
salmon and habitat requirements. Representing Streaminders-A Chapter
of the Izaak Walton League. Dated November 21, 1997. To Deborah
McKee, Inland Fisheries Division, California Department of Fish and
Game.

Crothers, Cathy. Memorandum from Depariment of Water Resources
replying to Public Notice requesting data and comments on the
Sacramento 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/Organization

David G. Hankin, Ph.D. Chairman and Professar, Department of Fisheries
Humbgldt State University, Arcata, California

Fred M. Utter, Ph.D. Affiliate Professor, School of Fisheries
University of Washington, Seattle, Washington
Co-editor, Transactions of the American Fisheries Society

Michael C. Healey, Ph.D.  Professor, Earth and Ocean Sciences (Oceanography) / Institute for Resources and
Environment (Westwater Research Unit) / Fishery Centre
The University of British Columbia, Vancouver, B.C, Canada
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BUTTE CREEK

RUN
~ SIZE

1,100

METHODOLOGY/REFERENCE

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 98 (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, Mahoney (1960), White (1959), Fry (1961), Fry and Petrovich (1970).

170

|_Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (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, Mahoney (1962), Young et al. (1960).

6,700

CDFG (1990).

7,000

Fry and Petrovich (1970).

21,900

Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).
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APPENDIX C

OCEAN HARVEST REGULATIONS

C-1 1986 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-4 1996 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) 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) 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 fishing 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 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 inches, and both hooks must be permanently tied in place (hard tied). When using 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 flavored baits).

(3) One Rod Restriction north of Point-Conception. Salmon may be taken by angiing 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 open on March 15).

(2) Between Point San Pedro and Pigeon Point. All waters of the ocean between Point
San Pedro (37°3540" N, lat.) and Pigeon Paint are open to fishing from the Saturday nearest
March 1 through August 25 (Note: In 1987, the season will open on the Saturday nearest April
1).

(3) Between Point Arena and Point San Pedro. All waters of the ocean and San
Francisco Bay District between Paint Arena (38°57'30" N. Iat.) and Point San Pedro are open to
salmon fishing 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
Mountain 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 from 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. |at. (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 Mountain: 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 Saimon Restrictions: No silver salmon may be retained after April 30,
1886, 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 1897 through April 30. If the retention of silver
salmon is prohibited 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 Mountain 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 total length thereafter.
NOTE
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-2
1357 CALIFORNIA OCEAN SALMON SPORT FISHING REGULATIONS

27.80. Salman.

(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 barbless hooks may be used to take
salmon in the ocean north of Paint Conception (34°27'00" N. lat.).

(3) Other Hook Restrictions. When fishing with bait in the ocean between Horse
Mountain (40°05'00" N. lat.) and Point Conception 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 inches when measured from
the top of 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 tie ). 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,
1987 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 turns inward to the shank at approximately a 90° angle.

EXCEPTION: 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
artificial lures are used or when bait is attached to an artificial lure. Artificial 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 with only beads, yarn, feathers, and bait
attached, including scented and flavored baits.

(4) One Red Restriction narth 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 Paint are open to
salmon fishing from March 15 through October 19 (Note: In 1928, 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 straight line drawn from Bolinas
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 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 nearest November 15 (Note: In
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1988, the season will open on February 14, 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 24 through 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
norih by 41°38'48" N. Iat. (approximately 6 nautical miles north of the Klamath River mouth), on
the south by 41°26'48" N. |at. (approximately 6 nautical miles south of the Klamath River mouth)
and extending 3 nautical miles offshore is closed to salmon fishing between August 12 and
August 31,

(c) Limit:

(1) North of Horse Mountain: 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 and
section 1.17). From July 1 through September 1, between Point Reyes and Pigeon Paint, the
limit is the first two fish taken (see EXCEPTION under subsection (d)(2) below).

(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 Reyes and Pigeon Paint, from July 1 through September 1

there is no minimum size.

NOTE
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, 2B.65 and 28.70.

(2) Barbless Hooks. 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.),

(3) Other Hook Restrictions. When fishing with bait in the ocean between Horse
Maountain (40°05'00" N. lat.) and Point Conception, if angling by any other means than trolling,

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 tumns 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 of a
source of power, ather 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 ene 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 14 through September 7 (Note: In 1998, the season will open on
March 13, the Saturday nearest March 15).

(2) Between 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 April 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 Bolinas 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 Carguinez 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 betwesn 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 Movember 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 10, 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 & 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
consecutive days (See subsection (c)(3) below).

(2) South of Horse Mountain: 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).

(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 September T,

there is no minimum size.

NOTE

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.

Section 28.65, Title 14, CCR, is amended to read:
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APPENDIX C-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, 18, 17, 18, and 19, and except as modified in subsection (c),
no king (chinook) salmon may be possessed that is less than 26 inches in length from May 1,
1896 through June 30, 1996 and from April 15, 1897 through April 30, 1997, and that is [ess
than 27 inches in length from July 1, 1996 through September 30, 19986, 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 tail. Salman 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 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 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
distance measured along the lateral 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 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.

() 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.

(@) In Districts 7, 10, and 11, between Point Arena (3B°57'30" N. lat.) and Point Reyes,
under the autharity 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 Paint Lopez (36°01'15" N. lat.) And Paint Mugu
(34°05'12" N. lat.), under the authaority 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 determines that a total of 10,000 king salmon will be taken.

(1) 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 August 15 through August 31 or the date
the Regional Director of the NMFS dstermines 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
determines that a total of 6,000 king salmon will be taken. All saimon 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 8, 7, 10, 11, 186, 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 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 saimon 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. |at.
(approximately 6 nautical miles north of the Klamath River mouth) and on the south by 41°26'48"
N. lat. (approximately & 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, 18, 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; i) 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 651 and apply to State
waters as in effect May 1, 1996,

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; Title 50, Code of Federal Regulations, Part 661.

Appendix C Page 9



PP C-5

1987 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, 1897 through April 30, 1998 and
the following regulations are adopted, such regulations to be effective May 1, 1887 through April
30, 1998 and at midnight on April 30, 1998 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 less than 26 inches in length from May 1,
1997 through September 30, 1997, 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 tail.
Salmon may be taken only by hook and line.

(b) In Districts 8, 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 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 lateral 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 Paint Reyes (37°55'44" 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.

{(g) 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 siiver 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.

() In Districts 18 and 19, between Point Lopez (36°01'15" N. lat.) and Point Mugu
(34°05'12" N. Iat.), under the authority of a commercial fishing license, all saimon other than
silver salmon, may be taken from April 15 through April 28, or the date the Regional Director of
the NMFS determines 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 determines that a total of 6,000 king salmon will be
taken. All 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.
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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 prohibited.

() 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. |at.
(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) Itis unlawful for any person to take or take and retain any species of salmen 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 uniess otherwise prohibited by these
regulations; i) while possessing on board any species of saimon 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, 1997, :

NOTE

Authority: Section 7652, Fish and Game Code.

Reference: Sections 1700, 7600, 7650, 7652, 7852.1, 7652.2, 7652.3, 8210.2, and 8215, Fish
and Game Code; Title 50, Code of Federal Regulations, Part 651.
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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, 1899 and at midnight 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 as modified in subsection {c),
no king (chinook) salmon may be possessed that is less than 26 inches in length from May 1,
1988 through September 30, 1898, 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 tail.
Salmon may be taken only by hook and line.

(b) In Districts 6, 7, 10, 11, 18, 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 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 ina dressed, head-off condition, subject to the
following minimum size limit: king salmon, 18-1/2" 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 lateral 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 18, no more than six troll lines may be used
on any commercial salmon fishing vessel.

(e) In Districts 18, and 18, south of Point Sur (38°18'00" N. lat.), under the authority of a
commercial fishing license, all salmon other than silver salmon, may be taken from May 1
through September 30.

(ef) In Districts 10, 11, 16, 1 7, and 18 between Point San Pedro (37°35'40" N. lat.) and
Foint Sur, under the authority 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 1 1, between Point Reyes (37°59'44" N. lat.) and Point San Pedro,
under the authority of a commercial fishing license, all saimon 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. Iat.) and Point Reyes,
under the authority of a commercial fishing license, all salmeon other than silver salman, may be
taken from August 1 through September 30 with exception of a test fishery between Fort Ross
(38°31'00" N. lat.) and Peint 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 guota;
July 12 thru earlier of July 18 or 1,000 chinook quota; and July 18 thru earlier 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 26 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 fish 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 test 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 saimon other than silver salmon, may be taken
from September 1 through September 30.

(i) 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 determines that a total of 6,000 king salmon will be
taken. All 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 &, 7, 10, 11, 16, 17, 18, and 19, it is uniawful 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 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), on the west by 124°23'00"
W. long. (approximately 12 nautical miles off shore), and on the south by 41°26'48" N. |at.
(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.

(0) 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, 1998.

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; Title 50, Code of Federal Regulations, Part 661.
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P XD
Inland Sport Fishing Regulations

The following general description of inland sport fishing regulations, 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: Within Shasta and Tehama Counties there is a general
restriction which prevents the take of salmon at any time in any tributary of the Sacramento
River which enters the Sacramento River below Keswick Dam in Shasta and Tehama counties.
This general restriction affects several spring-run salmon tributaries with existing or potentially
restorable populations and includes Clear Creek, Battle Creek, Cottonwood Creek, Antelope
Creek, Mill Creek, and Deer Creek. Additionally, for the above mentioned tributaries, and which
are not covered under special restrictions as listed below, fishing is permitted from the last
Saturday in April through November 15, with the general restriction of no take of salmon at any
time.

Sacramento River: Special restrictions in effect on the Sacramento River which provide
protection 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 all 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 saimon may be
removed from the water.

(3) The Sacramento River from the Deschutes Road Bridge to Bend Bridge
(approximately 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 salmon.
From January 15 through July 31 the daily bag and possession limit is 0 salmon.

(4) The Sacramento River from 500 feet upstream from Red Bluff Diversion 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 steelhead 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 number, Battle Creek is open to fishing from the mouth to the Coleman Hatchery Weir
from October § from 250 Feet upstream from the Coleman National Fish Hatchery to the
Coleman Powerhouse is open to fishing from the last Saturday in April through September 30,
while the daily bag and possession limit is 0 salmon as imposed by the special restriction for
Shasta and Tehama Counties. Battle Creek in the remainder of the existing and potential
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 November 15. Only artificial lures with
barbless hooks may be used while the daily bag and possession limit 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 Antelope Creek at the Sacramento River is open fo
fishing from June 16 through September 30, with no special gear restrictions, while the daily
bag and possession limit is 0 saimon.

Mill Creek. Mill Creek from the Lassen National Park boundary downstream to the U.S.
Geological Survey gauging station cable crossing at the mouth of Mill Creek Canyon is open to
fishing from the last Saturday in April through November 15, with a gear restriction of artificial
lures and barbless hooks, and a daily bag and possession limit of 0 salmon. Mill Creek from
the U.S. Geological Survey gauging station cable crossing at the mouth of Mill Creek Canyon
downstream to the mouth of Mill Creek at the Sacramento River, is open to fishing from June
16 through September 30, with a daily bag and possession limit of 0 salmon.

Deer Creek: Deer Cresk 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 fishing 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 between Upper Deer Creek Falls and 250 downstream of the falls 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 downstream to the mouth of Deer Creek at the Sacramento
River, is open to fishing from June 16 through September 30. with a daily bag and possession
limit of 0 saimon.

Big Chico Creek: Big Chico Creek from the mouth at the Sacramento River to the upper end
of Bidwell Park is open to fishing from June 16 through the last day in February, with a gear
restriction of artificial lures with barbless hooks only and a daily bag and possession limit of 0
salmon. Big Chico Creek from the upper end of Bidwell Park to Higgins Hole Falls, located

Appendix D Page 3



about one half mile upstream from Ponderosa Way is open to fishing from Qctober 1 through
February 28, with a daily bag and possession limit of 0 salmon.

Butte Creek: Butte Creek from the Oro-Chico Road 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 saimon.

(3) The Feather River from the Highway 70 bridge to a point 100 yards upstream from
Thermalito Afterbay outlet is open to general fishing all year, 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 general 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 Feather 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 closed 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 October 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 artificial lures with
barbless hooks, and a daily bag and possession limit of 0 salmon.
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Appendix E-2. Simulated Average Manthly Delta Inflow (cfs) by Water-year Type for Existing Operations
to 1885 Bay-Delta Plan. W-Wet, B-Below Normal, D-Dry, C-Critical, A-Above Normal.

TOTAL DELTA INFLOW (CFS)

=
WATER | WATER | OCT KOV

TYPE
1822 A 12188 14282 23728 24189 S3gBaEs 41,132 29324 E5738 42357 15,881 13,060 12,308
1828 A TTEES 4330 20874 29948 33639 110,285 33388 21993 18,038 Z3pgs4 16,870 12,382
1840 A 14,841 12.783 15,001 35,781 B4.985 115279 73EEE 23051 18,042 25777 18,783 12,595
1851 A 18571 39314 95287 74518 75256 37013 21520 25038 17,880 25183 17,608 12,858
1954 A 23445 ZBL00  1BB30 37204 ELOTT 55200 4BE2T 27133 180268 25794 17,882 13,102
18357 A 2B2356 18,540 14252 20,331 45,564 5138 23785 22362 19351 25,282 20,561 12,824
18973 A 18831 20817 31,852 86250 103644 GE424 24119 24250 pooTy 20,720 16,604 13,2249
1978 A, B.585 10374 21,208  71.58% ET228 TEz20 49292 \/HD 19547 15383 13,058 15722
1880 A 14423 23412 265843 122,002 141888 77473 24760 21444 17,387 15,887 13,455 18.073 ~
AVG 17518 25786 20675 E5692 TITIE 70409 6555 I7EIE 29445 21,428 16,419 13,689
1823 B 24728 26753 47758 40876 27,182 17415 32518 20578 1E780 23541 18,885 12829
1835 B 8122 18621 18384 34038 18919 33043 47744 3ZETEM 20886 2330 17477 11,132
1936 E 13,8414 13,747 15547 37227 mOEnN 38793 27475 204138 1BoF4 2880 16,224 11,460
1837 B FZETE  12B05 21,7RE  1877E 51835 S7.008 20438 20788 20308 16,855 14001 11,205
1945 B 16.4E0 20575 22338 17099 B0493 35076 18611 T4 375 1TTm 15,142 11,885
1948 B 18,57 234973 B5176 57442 30551 27088 1B814 10549 20,080 21608 18710 12.248
19448 B T84T 15104 15.025 17,750 19,351 19835 28333 ITo2E  23mas 23,834 21,260 19.024
195G B 185 13855 14,208 26HTT 406 ZEE66 23915 19446 20018 733D 21,280 13289
1858 B Irain 1988 15855 44019 63520 23811 14,245 14,347 16,928 22.B00 15,920 14,732
1852 g8 13825 15150 195272 14329 E1g08 30255 155389 1803 16805 23sE 18700 13,263
1966 B 19188 33,784 22715 35759 3T sy 16,254 1B.BBE 16840 23534 18,560 12,954
1968 B 27818 21.1m2 20,181 35T TIEIE 42518 1701z 14,187 16845 22405 16,018 13,031
1972 E 21636 13590 2842 21415 29478 A5.157 16547 14427 15045 23,635 18,759 13.212
15748 B 21,958 20888 12883 34995 E3.802 39,732  21E95 22005 23140 w770 14,203 11,708
AVG 18593 19,553 25,582  31,2BB 45261 2T 1e5 31,207 19,424 21,946 17,416 12,9592
TH24 c 14029 14488 20,210 19415 19858 17135 10,780 11,133 12,455 16,785 11,437 B,BE0
1925 c 12306 17658 20888 15837 18866  15.2%4 12479 12405 172868 1EEED 9.54% 8,031
1631 c 10854 11,845 12245 18,579 18.730 13,138 12867 10321 12427 12,888 B.EB4 B238
1933 c 10632 11,203 13478 21232 18,881 1550 159395 12,542 16121 12,325 T.5BE B.BES
1934 c 2912 5488 18,628 21,738 2208 18279 16,167 11,558 16,921 12,334 7332 8,125
1976 [ o 28,855 23760 18,314 14762 1687 17918 13048 12673 18,827 14,248 10,332 B, 485
1577 c 1036 1o 18,752 15,071 15,285 12445 11845 10,407 8,184 10,288 7.508 8,378
18EE g TZITE 13523 21,395 3047 1B,786 13868 12733 12587 16,880 17,180 11,633 8575
1950 [+ 127 B.aarT 15,219 20,603 18338 13450 15587 12503 16572 17,183 11.671 B.542
1951 G B.B48 9638 13500 11,633 16811 35211 7011 11164 17124 17407 8202 €,718
1992 c 10,02 9.085 13,845 14304 38958 21970 15,958 11,289 16,728 18.042 10,638 8,355
AVG 12675 12,858 17141 18,520 20402  18,0B0 14,097 11,687 15338 15,215 8457 9,047
1o25 3] 16,174 14,023 17,950 13,889 56,322 23ENE 30274 18878 18708 2516 16,342 12,325
1526 o 16,184 13,883 15,140 21237 43853 17882 8407 18,781 15,783 21,761 18,225 12.274
1830 O 14513 12,765 18,566 28,087 21244 24 537 16,328 14,374 18777 17.787 11,966 10,440
1832 o 17432 12050 24,701 21317 V80 15908 18,414 1€ 581 16,835 12,600 10,543 10,836
1933 D 2B8s:  Z1p30 18,737 18838 18,761 17,360 15588 14457 16.049 21,878 15224 11,825
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Appendix E-2. (Continued).

TOTAL DELTA INFLOW (CFS)

WATER | WATER | OCT NOV JUN JuL ALG SEP

YEAR | YEAR

TYPE
16y D 18.914 18422 14822 19654 42830 Z7E0S 15751 14445 15,188 21908 15152 11,759
1847 D 14613 16864 2047 18,501 24888 25412 17461 14324 15838 22965 18GEA 12968
1848 o 18417 15073 17820 15168 17,257 STEI 17257 18758 17700 18,774 14921 12823
1255 D 12858 21832 31358 TS50 22109 13578 14230 14967 18710 22570 20690 17,528
1860 o 15324 133855 20313 1725 34491 23750 17471 13738 WE.044 22865 20125 12820
1851 o 14411 I0TTT 12575 16720 35863 22580 15885 13g4z 15902 2JME 20313 128688
1864 s 21385 38438 17500 32653 18448 15322 13185 14451 16741 I2064 20637 13647
1881 o 21812 1BA15 21081 32601 38121 39,387 19338 14942 15817 21,820 15205 11,808
1885 D 23289 46784 33254 1BBS0 24871 23733 13743 17.088 1582 22975 18171 12630
1867 D 17407 18052 14308 16574 24862 38274 18057 13773 15783 22856 17088 11753
1889 o B.835 12840 14867 14756 16440 44841 25792 17,083 15.804 3053 20328 13750

AVE 17041 19333 20039 20840 28895 7637 18,515 15862 16664 21325 17,033 42.5m2
1837 W 16322 27498 19508 36225 120845 49164 56537 0527 18TTE ABATE ISTTZ 11404
1638 W 12884 38803 B4S3E 39648 152277 172332 74808 71277 46,676 17433 13752 21,825
1841 W M318 15457 57082 110182 129824 106345 O0507 49474 24188 15572 13485 17403
1842 W 26583 25138 77084 90247 152230 31856 61231 45812 32178 15615 13450 4g23sg
1943 W 27780 29778 35748 E8e07  6B8S0 89633 37262 25083 17255 18326 15014 11347
1952 W 1BS2E 21804 SBEB4T 100775 BEIO0  T1498  TI4TS 71510 47150 209877 14709 24290
1953 W 27312 21842 54968 - 107,553 31134 25784 25026 31304 30,532 19520 14383 16812
1855 W 12347 15488 51268 167,264 101255 42868 28065 SD.556 28601 17893  17E8E 20004
1858 W E2B18 1427 31510 44534 163010 134753 114100 51187 45213 18414 15213 23388
1863 W 44020 2283 32088 21126 7RA37 38362 101953 37478 20.4ED 18571 16772 16030
1885 W 13378 10638 88209 125689 30897 25705 S6550 31705 180T 238581 16548 12484
1957 W 14873 22088 48878 B0ETT 67254 65435 59172 55817 52097 25400 14845 23337
1969 W 16174 17838 28287 131401 143848 65313 55300 BS.BE7 40654 19400 14137 27144
1970 W 31278 23788 66257 211388 67,310 43541 19438 15385 18081 22444 16092 12503
1971 W 18142 31911 79456 57757 32602 57052 25108 37353 25752 WTTT 17851 18474
16974 W 18588 76298 78635 138324 5185 11881¢ 81,335 31812 25578 19603 15335 23045
1975 W 25888 21509 23074 18621 76521 95630 31308 40125 29860 18,197 173356 20353
1882 W 15848 43336 101,337 20664 10B94E 02672 153979 60,411 32502 FA12 17205 30367
1983 W 45144 50305 95Bad 114837 185121 269908 119833 92378 BE3T4 44351 73153 36529
1584 W 46344 93051 166723 BBS20 55168 44,083 21429 17.582 19057 20832 15885 18841
1888 W 15515 17859 20806 23605 233,086 163114 41653 20767 18058 17,183 14882  14.540

AVG 1190% 31,758 B4052 89010 104,954 85920 63,259 44802 3224 20635 15564 198987
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Appendix E-3. Simulated Average Monthly Deita Inflow (cfs) by Water-year Type for Future Operations to
Interim South Delta Program Meeting Future Water Demands. W-Wet, B-Below Normal, D-Dry, C-
Critical, A-Above Normal,

TOTAL DELTA
DLIT

EAR  MATER- JuL | AuG | sep
YEAR
TYPE
1822 A 12072 12846 21519 2Z.0M0 49,585 38,427 29192 55047 42,357 16325 16,585 12,189
1928 A 13131 28300 19436 26531 30014 106,061 32862 21913 18401 21245 22,988 10,220
1840 A 12,317 12558 15,445 30,584 51,587 110,085 73,367 23982 18519 24288 11T.758 15421
1951 A 15412 54091 102656 72173 73557 35207 20892 25318 18384 28120 15534 17,458
1954 A 17579 24259 17440 33675 67,983 53780 48,249 27,181 18248 24471 23,089 12,407
1857 A 24242 18,535 13,382 19241 43,803 50424 22880 20495 18596 28902 19420 17.609
1973 A 13,750 25741 293258 78,022 89477 68,068 24,209 23,884 22778 25035 18,827 12,558
1978 A B439 9405 18312 66430 65999 67,545 47,912 27781 20825 18573 17,514 12,458
980 A 13196 18579 23355 106272 138618 75920 24310 2163 18401 2408 18,003 14,141
AVG 14460 22834 29003 50562 68,969 67,391 35397 27,570 21,945 23582 19,411 13,840
1923 B 17612 24798 43,858 38312 31,584 16585 289,788 20,300 19,108 22141 18133 15,774
1935 B BBI0 14714 14,418 30,205 18,182 29912 44,259 403058 21,229 21163 17400 13,350
198 B 13017 14001 15037 34702 72348 36722 26987 19,453 18,955 25484 17,889 14,983
1537 E 12,203 13552 22532 17,758 46,735 52183 29,108 200608 24,091 18110 16,325 11,397
45 B 13869 18855 20185 17,269 51,567 28,935 19630 17,351 21650 21848 14,907 11,330
1846 B 13,832 21481 73855 55,735 30,285 24,617 18670 18831 20455 20365 18,345 11,044
1948 B 15836 14209 14744 17544 18416 16,764 26414 34474 23,266 20488 20,842 16,886
1850 B 12,528 13316 12,985 23623 38,159 24145 23451 18850 20,485 21685 18,638 15,505
99 B 26295 19795 15119 42184 60335 25106 13754 14321 17308 24145 20,583 15,034
%2 B 11616 13300 18573 13457 56,584 28541 17,306 1899 17457 23,845 21,245 11,886
1866 B 16,813 31,044 20414 33,545 32071 27656 18300 18671 17.290 26344 22613 14530
1888 B 27,084 20640 18,453 33,219 V2,727 40534 18,751 14011 17273 24853 20088 15,909
!972 B 18312 18367 22792 200608 28860 35158 15875 14321 17472 28979 19.778 16.868
1879 B 18.508 17,883 15771 27817 50.884 38,015 23E72 21,685 23,687 25350 20,495 12449
AVG 16,185 18,285 23,550 29,054 43,554 30,430 23,155 20,877 18,843 23,785 15,078 14,074
1824 c 1,877 12,40 20,837 15314 18,506 15249 10,203 11,144 12,525 13088 8113 7785
1923 € 11858 15724 18117 15233 19084 14418 11.852 12414 16380 18280 8,341 8306
1831 Cc 10124 9983 16895 15624 14430 12,023 12643 940D 12306 12,138 6631 8519
1933 C 10806 8225 11079 17285 14989 13,148 16330 11926 16919 15434 8,553 9,081
193 € 8303 82 16844 19013 16071 18306 15892 11307 15774 13783 7.641 8670
1576 C 24910 22280 1B,E13 14835 20,815 15771 12407 12,534 16987 20,968 11,944 8,704
WrTC 9775 11364 13028 9661 14809 12333 M7 9140 9255 10508 7.413 7,862
1988 c 8121 12020 19.257 28201 14718 13,759 11481 11013 15657 19082 8798 8283
1950 c 10,753 9,485 17.612 19616 17.370 12333 15421 10186 16734 20121 B.732 8,451
1991 C 8684 10051 13389 11975 15422 32405 16700 10541 16044 15005 8254 10,857
'92  C  B700 B4S8 10352 13050 34784 21,440 15404 11,307 16633 15412 B537 8.721
AVG 11,438 11,962 46,575 16,333 18,274 16,566 13,650 10,296 15020 15,857 B,469 8,696
1823 D 13804 12608 14888 12773 52022 22010 28300 18214 19040 19453 14158 11,700
1926 D 12740 12812 14370 18573 38709 18980 25774 18.003 16212 22467 18165 1508
1930 D 13897 11835 17416 25138 18210 31672 15640 14272 16228 16227 11485 10057
1932 D 10671 10,606 18,452 19,004 20,635 15591 17845 15451 16785 13,913 10,704 10,908
9D 28006 20875 18588 17.970 17,920 15331 16283 14011 16212 23509 20251 13401
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TOTAL DELTA INFLOW (CFS)

DEC

1844
1847
1840
1855
1860
1961
1564
1981
19835
1987
1885

1927
1538
1841
1842
1342
1952
1853
1856
1958
1863
1855
1967
1562
1570
1871
1974
1975
1982
1983
1984
1284

13,799
12,985
15,168
12,968
13,376
12,040
20,038
20,805
21326
16,439
8,244

15,382

Do0O0OoooDooooo

z
o

12,610
12,887
12,284
20,756
22,955
12,496
26,703
12,382
19,778
37,537
11,883
12,651
13,311
28,869
13,131
15,738
21,375
12,858
43,614
45,699
11,893
AVG 20,080

PR SIS ESEg s sz sss:

17121
14,916
14,485
18,047
13,434
15,285
33,754
17,626
28,343
12,727
11,397
17,212

25,303
33,788
14,866
22,896
24714
18,418
20,589
14,815
20,370
22 441
17,458
18,098
15,421
23,215
26,145
66,650
21,162
aB5.07
86,229
80,505
14,108
28,681

21658 18687 33351 25155 13507 13,702 18,310 21,538 20,153 {2441
189013 18718 23611 23216 17,255 14125 15842 21,845 20,349 11,751
16,113 14385 18234 551353 17391 18,589 17,626 19,583 12088 11,802
28,902 24259 21,085 12185 12,845 14500 18973 23053 21878 12,542
15575 15445 32359 21522 16565 13457 16145 26035 17775 1543g
18,948 14,500 30,375 21,245 15505 13522 16246 20398 19583 10,774
17,585 27,729 18525 14761 12896 14337 18,397 24,538 20,124 13,806
18013 24503 30429 34441 17503 14044 16185 24,128 20283 15303
32323 17498 20491 16406 14377 17,041 16,044 26214 17742 16633
19817 18573 21,338 30,808 16,540 13767 16145 21685 12822 10101
12,803 14288 15133 42734 25835 17188 16,128 21,180 17,807 1 1,902
18,105 18,883 25771 25,081 17.761 15,265 16,846 21,616 17,214 12,767

18,719 32,193 128,842 49,153 55673 30205 18,823 25106 19,557 11,566
B9,192 34,506 135791 180,990 74813 71733 47222 17,080 17351 18,141
48,6684 107,525 125,938 104,448 88,570 48925 24645 18475 18133 1584z
71,688 B6624 150253 31,818 s0.ma7 45047 31616 17188 18,345 16,734
35745 85272 66501 BT.357 35734 26442 18401 24585 15648 13384
52444 92392 B7103 69,176 72458 79 B4B - 47381 20414 14457 23535
51,515 106,289 31,081 24,878 24495 30822 29848 24471 20385 15549
B1.997 184457 100,577 42,375 26818 48723 28,081 18143 18715 18774
29456 41,284 155435 131,688 114.275 51.254 45152 17,726 17,821 20842
30,522 18,801 80,105 36,250 98ET? 35484 20640 23,379 18850 13485
82388 124829 30465 23835 SBA48 31541 18451 24324 190z 12,475
45,064 50,929 54141 B3 347 58074 56,435 51414 24487 14,435 22 542
25576 118,442 139,755 64,679 55779 BS.583 37,895 18557 15591 24.451
84,109 205558 96501 42,284 19304 15314 18,300 27,045 21,652 16380
63,567 54650 33,189 53601 24731 36,347 25387 25073 19,713 18,805
76735 137,634 52,383 115054 80,337 31,346 24,966 22988 18,752 20.253
22,385 18475 75325 92,884 30690 39855 28377 20104 18801 20.000
85503 85347 106,357 89,295 152475 80,150 32,071 20658 17.025 28,249
97.817 110165 190,981 284,516 118,570 82,033 B5832 43825 22855 35707
163,213 BETED 54,085 43320 21195 17,269 19,529 28413 18850 1BET2
18,420 21717 221,374 160492 41,044 20544 18434 235138 17,742 14,228
58,620 85143 101,932 83,832 62513 44420 32,078 23,247 18472 18134
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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 Nomal, D-Dry, C-
Critical, A-Above Normal,

TOTAL DELTA INFLOW (CFS)

STATE WA EESOURCES CONTROL BOARD ALTE RMATIVES-D SIM MODEL RN 524
Water | Water- Oct Mov Dec Jan Feb Mar Apr May dune Juty Aug Sept
Year

18922 A 13,620 14310 21489 21717 4B 065 39785 31,128 55533 45118 10436 16,080 15,135
1928 A 17,579 22357 20316 29472 AT 106164 35840 25073 16298 23851 18469 12846
1840 Y 11,470 10,219 8,881 30828 62816 113425 TET51 25806 20539 23,851 18.241 13,165
1851 A 14885 81,195 105784 81020 7BS574 40,048 21,549 25725 21245 23,851 18,084 14,781
1854 A 19648 I7E46 16846 35842 BTOZE 55577 47037 30850 17255 23851 19,206 14882
1857 A 25464 17,580 16,341  ZDS35 37708 52835 26397 B2 zaTAs  Tiaas 18686 12,558
1973 A 14685 25741 28772 82437 W22 N2 7om 2255 #\/mMI 73E5 16,045 14,880
1878 A #,384 8,588 14807 B4011  BT509  TBETZ 57474 I2810 24343 16893 15184 16590
1980 A 16455 18535 24471 114,548 T48 8468 89127 27863  MET2 24815 18100 14,060 16,684
1883 A 10,806 9,158 16,781 61,030 59332 E3131 47172 35238 25084 18902 15288 13,401

AVG 13,985 19,146 25033 49240 54,128 62536 6134  ITAST T 18,775 15,8979 13,167
1923 B 19225 20640 43874 39752 26357 20038 20«4 20803 21801 22353 1B4TS 10,280
1935 B 10,581 11978 10606 21,672 16425 32078 40830 35745 2121 22353 15,054 12,071
1935 B 15,217 11,835 19,842 35478 83538 407780 28865 21183 2778 22,353 18,475 10,850
1937 B 15,575 13737 14840 19143 52247 £3014 33519 25937 21,853 18,687 14,598 10,882
1845 B 11,502 16,7848 18,654 18,885 58372 38,351 15485 17775 2055 22353 18,475 12,441
1945 B 16,8976 20850 T9.22E 59,005 30,883 28845 13081 18.B50 19533 22338 18,475 14 444
18948 B 11,885 11,987 11437 16276 17806 21815 28,535 31753 2574 23,353 18,475 14,788
1950 B 15,353 12048 12724 23493 2gs10 25758 24781 19518 23286 21440 13,799 14,360
1958 B 25547 1BEBT 17025 36,750 EEETA  2ER4T 14040 12262 20572 22351 1B4TS 12441
1852 B 13539 13064 18605 18882 ET.M0 33741 20589 15322 19528 22336  1B4TS 14848
1266 B 17,335 30657 X2BSE  35EES 34513 33855 21448 18117 frBE8s 22274 18,481 14,832
18968 E 28 246 1851% 1928731 34751 BB.755 43B4E 20,152 13.055 20118 22353 17,805 12744
1972 B 20.300 17273 Z30B8 22450 28,520 38005 16818 14353 19478 22335 18,458 12391
1878 B 20,088 16768 16084 33843 55280 44444 4EE2 1947 23030 X304 16,487 11,364

AVG 17211 16800 I2880 30474 45610 34315 25350 20656 2,341 22043 47437 12,825
1524 c 14 45T 12846 15586 16722 20,307 4.3 10,589 11,744 12508 10,834 T.895 8,613
1929 |+ 15803 14848 15TT1 15950 20487 16373 11.565 12340 12650 10476 B.211 9613
1921 G 11,584 11,357 10785 14027 13123 10606 1 1700 12447 15081 11,404 B,085 9,645
1833 c 12,740 11,258 10458 1521 15,704 12805 1611 10688 12,580 9,445 B.130 9,697
1934 c 8TTE BE46 14858 19225 16118 16504 15,438 11,372 16,077 15,331 10,215 9.630
1678 (= 26,735 21586 19,078 18719 22816 20772 11,802 12398 21263 18,736 12,626 89,512
1877 G 11,486 10650  10.038 5,368 13,845 92N 11,885 .7 11,380 B.748 B.618 8,343
1988 (=4 12,382 10,303 18,112 28,575 18,783 12543 10960 11,975 T84E5 12.854 T7.850 8,687
1880 c 14,451 13,081 16048 23183 15,286 1650 15168 10,003 21347 17,351 0,400 10421
1931 c 11,378 6,495 10,182 8,097 11,835 34245 12,081 103 12.583 12040 B,BO8 8,578
1952 c 10,248 5152 8,107 12848 ITT2E 23574 15522 13T 15774 13,345 7.788 8,520
1024 c 17,57 25438 20283 15330 31,831 17,856 IZETT 0720 21616 18850 17400 10673

AVE 14036 13325 14,248 16850 20251 17,120 13465 11268 45783 11419 9,684 5,742
1925 D 10,231 8980 13.852 12188 62274 35745 { 27256 1BES0 16481 18,110 13,804 10,051
1926 D T1.567 12508 14,694 20381 42282 18.6T% 25152 184524 1TABR. 18802 5,488 11,785
1930 D 10,867 B.EET 16,184 23528 18354 24181 18077 14,435 19855 20871 15,640 9648
1832 D 8.270 5747 18,860 2255 267331 15099 1E2M5 1E47 22104 20038 12724 10,084
1839 ju} 31,704 22340 29813 21747 23556 20218 15,960 12088 21182 20837 17,408 10,051
1h4d o 16455 18734 16350 20,560 ITTIE  3J0GAT  t475E 12773 21027 20837 17970 11414
1847 D 15,934 16,818 21,750 47,775 24892 25697 18114 12085 20774 20821 17,854 12071
1348 D 15,484 160534 18.018 17172 18718 48,560 18.!65' 18428 15384 20.78m 14,484 11.212
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Appendix E-4. (Continued).

TOTAL DELTA INFLOW (CFS)
STATE WATER RESQURCES CONTRO RNATIVE 5 D QDEL RUN 524
water | Water- | 0a Hewv Dec Jan Fah Mar Ape May | June | Juy Aug Sept
T

1855 2] 18128 22482 29032 26,523 10,638 20,485 13.350 13,734 20673 20,821 15 086 1010
1860 D 18,128 13030 11,825 16,357 33484 25108 16,801 13,587 20185 20821 11,6828 10,218
1861 (n] 14083 15168 - 19,045 16380 M358 22mss 15218 11,013 21,887 20821 17,628 B.545
1964 D 18,192 32340 17.367 28T 2 835 18,501 12,357 13,853 20,051 20,821 17,805 14,781
1881 ] 21,188 15522 18,247 1280 33,700 37 488 21,431 12252 20,572 20,837 17.870 11,488
1885 D 18,831 37897 28447 18788 23,883 25,823 15,892 16,357 18,704 20,837 1T 87T0 14,485
18687 D 17,335 13434 15858 18,752 25028 33024 14,832 10,720 22155 20,821 17,0850 8815
1985 D 6,743 10,185 10,720 13,441 13.502 45138 26734 16,781 16,754 20,837 11,877 12,583

AVG 15,892 17,005 18,1M 20,532 . 26858 26843 18,947 _ 14342 20,065 20,531 15420 11,210
1827 W 1272 ZIEI 1858 34,050 142,583 508289 57.BE2 33545 23,889 23851  17ES0 13,535
1938 W 15,673 27185 T3135 47,365 153394 180158 &7 727 B, 331 S2.TRs5 19,436 15,705 3,064
1841 w 15,578 15876 50,815 109840 133231 103,828 &v.o71 23,786 31.185 17,854 15200 24077
1842 W rer | 20,978 73,618 BO.730 152850 38319 58,300 45,628 A5421 19,681 16.129 18,047
1643 w 26,848 28245 34457  g3gE2 69,910 §8,158 40,774 28,802 22,155 18,550 15,528 14,057
1852 W 15213 18923 51743 93,848 BOD 4GRS TE348 78047 78,885 50.953 2177 1T858 24405
1953 W 25,244 15,242 48,825 107,087 38444 29,811 21,618 32454 28,714 3,851 18,736 15,855
1858 W 14,744 12,556 BA158 181,215 100,740 47808 2B687 48852 32,880 23,688 17.709 19,815
1858 w 23803 21,185 25,8937 38,3768 160,523 133855 12323 61,730 47,340 20,686 18,485 26717
1863 W 34585 22189 2086 20,381 83334 38237 98603 AT B46 24680 23851 18850 15000
1965 W 12235 15,657 BO.025 120391 4477H 27,142 568,077 33,024 23, 7TBB 22353 18,292 14747
1967 W 15428 17280 40459 53,535  B5144 GB915 @5 7o7T B7,188 56616 27387 17207 25337
1865 W 15,754 15875 Z7191 1304173 150,614 77387 71,077 76,865 45,253 20,007 16,064 28,956
1970 w 2BATE 20,724 B09B4 211779 59338 48892 23013 18,964 18478 23851 19,338 12,845
157 W 4744 25320  B3003 56681 32817 58,781 222 35288 27575 23ES1 18738 20758
1874 W 17.204 67,503 TIA7S 135,384 53555 120414 78,518 35174 27273 23574 18,738 25 421
1875 w 24884 20087 20577 21310 T0.77E 98,782 358,337 38,250 33,245 23,770 18,345 21,185
1882 w 14,288 37.071 85,080 B.025 112635 85204 150,569 57,987 35,816 1S 17,302 Z7.aT
1983 W 38,547 53,084 32701 112852 189,232 252,550 108,283 B3 610 a7 625 A8475 23672 35,880
1884 w IT.083 BE.OI3 161,030 81,057 51,191 44 B 24 512 20,153 2,185 23,851 18,752 12,658
1986 w 12,333 11,818 18,622 24715 X6 065 162447 33,300 23,412 22 829 17,854 15,3 15,067

AVG 21408 27666 B5RSST  BO.E2E 105,631 88,380 64079 4TSS 36,354 22889  17.Tds 20,588
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Appendix E-5. Simulated Average Monthly QWEST Flows (cfs)
Operations to 1995 Bay-Delta Plan, DWRSIM Madel-run 420 U

Below Normal, D-Dry, C-Critical, A-Above Normal,

by Water-year Type for Existing
sing 71-year Period of Record. W-Wet, B-

QWEST (CFS)

WATER | WaTER | ocT ‘ NOV | DEC | JAN | FEB | MaR | APR | maY | Jun | JuL | AuG | sep
YEAR YEAR

TYPE
1822 A -584 ~1427 =2954 -1682 BTBG 4525 231 EEE3 21 2024 1009 T29
1828 A 2252 -3659 3846 -i72T =371 10782 1483 1552 =123 -2TED “AT14 =1110
1840 A =1636 -1T37 -2453 755 gTe 5745 4045 2055 103 -3 2047 =107
1851 A 2862 4108 13840 BME2 G418 2450 1845 =d3s 163 3284 ATET 133
1054 A -804 2PE3 4207 2O 3443 2513 ano4 1458 78 3358 2057 1374
1857 A 1458 4311 -2041 ~3558 -5 2675 172 2204 =10 =3358 3181 -1252
1973 A =2E50 1448 =450 E0ED 14TV BAaE3 1806 2251 -178 -1681 -1512 -1285
1878 A B43 T3 rLE] TrB4 10073 8480 TEET 3814 2118 2182 TEg -A728
1880 - -1041 -2485 2813 15731 FEFLT 23860 3081 2475 2045 2268 495 -1837

AVG 1171 1450 A4 362 7609 TR 2963 2679 451 1251 1114 1302
1923 B ~1355 2111 3162 4584 ETE3 -2 228 2274 247 3728 -2538 =103
‘1835 8 500 1867 2415 -2735 -.7E% 841 5387 1450 B4 5T .1BBE 47
1936 B 1245 173 -2048 =1745 11885 ~1B56 2116 2ang 445 At 1534 -T56
1837 B 816 -1448 4103 2511 B&O3 10668 2337 2618 2527 178 =431 55
1845 z] =2142 =32B88 2875 -JB4T ST 2212 1813 1812 60 =739 =-1125 -B0G
1846 B 1828 =IT18 B 452 200 =875 1893 1785 14 Sra: Tl ={B25 =857
1848 B -2080 -T213 2654 4EE4 -1838 -840 2004 B15 363 -3787 -3B88D -3817
1850 B -1584 -1B65 -1826 =2003 =18039 -2001 1645 1788 =128 =3818 4075 -1392
1858 B 1514 -850 -1852 2312 B387 =718 639 Tam =158 1514 =1858 -1722
1562 a =-1480 -1674 =304 -2035 3243 -3084 1082 1183 -300 -3829 2748 1412
1965 B 2058 ~ITiE ~2454 -2313 1223 -1044 1173 1008 =125 -3807 -2855 -1352
1858 B 2667 738 238 aga7 BEET 2384 1062 853 -150 <3393 167D 1320
1572 a =2081 T -2287 -2587 -2534 -2066 1183 =5} | -103 -JoBS -3608 -1123
1879 B -1058 3915 =-1458 =538 Baz4 dazg 1BBE 2428 =145 ~397 B33 =835

AVG -848 ~2244 1425 =883 1:&77 403 1918 1581 251 2592 2217 =1273
1824 G -1348 -2000 43713 ALR0 =3027 -10687 228 334 183 =1810 -GBS 481
1823 c -522 -F382 4333 -2851 ~PEEE =172 338 B3 313 -2388 G668 324
1531 c 638 582 -13567 -3155 -1113 -581 138 T3 28 -ZEB5 2583 816
1633 e BOS «TET 123 ~3470 -229_2 =843 B42 1267 828 303 2325 570
1834 G 168 T3 -3p2 3505 B7S =2411 130 488 25 122 2223 470
1976 C 75 -2785 4065 3082 4838 2129 333 344 -39 1187 234 a2
1877 [ 231 =101 =571 -2898 -2430 347 7z B&3 2458 1181 2064 1044
1BEB C -567 1275 =4457 ~AT0S ~2457 1447 B24 783 151 -1819 ~738 B
1950 = 333 M7 -2788 4547 1744 =1181 279 1254 =48 -2018 =820 T3
1991 c B0 240 -1G0E -AT1B -2855 -3554 387 §7s 382 -207T 865 -85
1892 c EE4 -8 -1688 2293 «1558 -~1B35 463 564 53 =2213 =432 B1

AVG 76 866 3082 336 22 418 404 743 387 A0se  7ar 422
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Appendix E-5. (Continued).

CWEST [CFS5)
[n] =
WATER |WATER | 0CT HOW DEC JAN FEB MAaR MAY Jum JUL ALG SEF
YEAR | YEAR
TYPE
1825 D -1672 1535 2510 -1300 13@8 -1630 2251 2223 118 =3289 -2240 -1088
1828 o -2137 =1435 =-1820 4152 =1308 -1248 2382 1376 =40 ~H4a7 2218 -1088
1830 o S48 ATEY 452 -24: ETE 3508 532 &28 40 1810 309 453
1932 o] 523 282 2824 3259 3151 1604 1231 2375~ 3851 1095 1005 535
1935 D arr 3458 480 1151 1630 £21 585 go2 42 8469 1786 -8as
1944 ] -2152 4168 1785 3700 BE1 2032 1080 1518 25 3068 1748 504
1847 o -1564 1935 3837 443 3818 T4 721 281 104 4025 3352 1143
1848 i <3358 -2528  -2BB3  .2515  -2043 1275 1245 1411 72 2163 1888 -11E0
1855 ] -1105 4088 4500 480 <3457 325 1218 1388 -108 -8 4450 3152
190 _ D 1875 2042 5110 2040 2 -357R 1832 435 713 -28 4130 4150 1283
1961 +] -1881 <2578 40823 25DE 4502 -245T 185 &80 A7 4ZB0 4285 .1148
1954 B -27E8 3210 3574 3586 1752 -1doE TB1 71 247 -2 4473 1588
1581 o 455 23 4530 B28 153 el &7 31 -24 3516 1768 604
1885 1] 1270 £B5 1247 750 ~1788 -587 1044 1025 £3 4023 383 1058
1987 ] -183 2206 1034 .2913 37RO 287D 257 485 =2 4203 e F1E
1868 ] B3z 10568 L1837 2886 3078 2418 a9 625 B2 4438 4181  _10BG
AVGE 1284 2283 714 214 4524 o119 953 1145 267 3298 -2807 1157
1527 W 2017 0216 SDET 3456 TB41 2584 5653 345 264 432 521 T
1838 W -7B3 3695 1025 <1E31 30395 34443 gFE? 14185 SB50 2037 815 4377
1841 W -1450 -2850 1567 573 11055 13333 12333 3882 1251 22 1138 -Z0598
1842 W -1 ~ZBET 056 13180 16388 T4E3 JouaT 3492 -3885 2307 1101 2024
1943 W 1503 1475 16 13651 12880 20927 2 Z7ae 7R 743 266 138 T3
1852 W -2186 -3730 1652 12925 £B38 26841 10088 2519 176E 4637 258 =725
1953 w 1533 T4s 37 11502 3281 458 1407 37 -5738 709 87 -2405
1056 w -561 -2435 3880  ZLET  B3ET 1315 i) 4015 2123 02 -1360 3183
1856 W 2312 =3745 BB 1118 11701 18605 23527 4532 1274 218 1014 -1801
15982 W 4387 4pgy 4855 3583 6728 -E00 11008 1541 1032 855 AT zmas
1665 W 43 -agas 3353 12850 TR 1472 5710 2532 22 <2583 -1023 1085
1987 W 4807 4202 -51E 3575 137 7568 10545 g752 4088 2304 ~118 4385
1569 w 8T 2B3T 2701 14284 27425 10834 10589 27307 12383 2oms 432 513
1870 W 4312 1098 5146 32049 138687 4575 1533 1378 154 -2353 1182 115D
1871 W 2040 1108 E039 E7E -1559 -587 1325 &1 A7 1870 -18GE 3239
1974 W 2530 1670 372 BE34 1654 12577 4999 2718 €93 548 B&1 2488
1975 W =818 -3208 -Edas -832 11676 12443 238 2418 E02 - 1400 =3185
g8z W ATIS L3755 354 10337 12T ZPE12 36TAR 18523 4457 B85 15 272
1683 w BE2Y 10830 38442 3BESS  SBAES  T2056 40015 23060 31831 19147 1B5T 11480
1984 w 14BEE Z2E38 28g70 21768 15630 BOGS 2163 1771 816 -1382 407 -2501
1986 w ~A700 -2249 3970 2512 34670 3ITOBZ 13505 3581 2275 1344 185 537
AVG 86 £31 m 10338 13705 13613 10345 6835 2548 1085 285 857
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Appendix E-7. Simulated Average Monthly QWEST Flows (cfs) by Water-year Type for Future Operations
to Interim South Delta Program Meeting Future Water Demands. W-Wet, B-Below Normal, D-Dry, C-
Critical, A-Above Normal.

QWEST (CFS)
DWRSIM MODEL RUN 41& - INTERIM SO
WATER- | OCT NOV DEC

YEAR

TYPE
1822 A -538 <1414 4457
1928 A -1238 -5118 A8T4
1840 A -850 -1667 -2816 -1271 BGE 552 3030 2036 -152 =2802 -1662 1887
1851 A 2216 B2 12E38 12643 4271 1e22 1887 2475 34 -10003 2525 -3081
1854 A -2833 £515 731 =T1ER 2417 2118 1684 1450 -253 2981 4258 1162
1857 A -3193 4423 -1743 ~3e43 n 1820 1313 iR -16E -10557  -2823 -3215
1873 A -1584 4T3 ~TB36 4480 14800 725 21 233 285 3885 -2807 1182
1978 A BED -152 =434 3780 11544 T34 B4E5 3258 2785 16 -1401 1010
1880 A 1173 3008 -5914 12724 Ir2 2297 2452 2621 1565 -2753 1727 543

AVG 1443 3028 ~255E 1428 B4 T415 2534 2453 21 ~3653 -2408 1545
1823 B 2623 -Ba0d 1092 4154 2m =878 2ga7 2330 34 -3083 -224E -2323
1835 B 458 -1987 -247TE -2855 -T78 -554 gz 212 o7 2807 1835 1185
1936 B -1258 2121 -2542 =4040 10299 1855 273 2378 20z 4562 -2151 -1888
1837 B -H80 -1859 -£272 -2580 48045 11E28 2508 2655 17 A1 -1515 -£00
1845 B -1458 3737 e ~2B35 B439 1880 1853 1857 -135 -2HE1 -1026 580
1245 B -B06 -5253 1587 1483 1010 EER 2104 1857 -185 -2478 -2483 -B57
1848 B -2183 2080 -2TEE 4790 @66 33 =222 407 168 11388  -3588 2778
1850 B 831 -1884 =1841 -4578 -3662 -1806 1835 1531 -3a7 -2998 -2770 -Z340
1859 B -2753 -5017 -24E3 -228 7558 -1303 BO8 733 -354 4106 3877 -2650
1862 B =130 1751 4431 -1855 1407 2B 1515 1173 <535 -3055 -3910 -1027
1986 B -1825 -5943 -3881 -2183 72 1888 1387 1010 -3 -5181 ~453E =1853
1966 i -2134 1751 1450 2088 Tasg 1564 1263 o] -320 -4539 -3T8D -2407
1872 =} 3112 4384 -EgTE 4383 1623 -1654 1178 ges -ZBE 5530 -3552 -2677
1979 B 2352 -3485 -2833 1855 4708 343 2054 2478 -38T 4E43 =3431 -1010

AVG 1584 -3320 iy {748 bry ] 330 1835 1452 127 4257 -2842 4734
1824 c -114 -1%70 -5279 ~2545 3247 ~342 438 w 1356 440 1678 1178
1929 c -281 2424 ~4008 -2818 -7T42 42 ™ 602 288 2232 1548 404
1831 c 733 185 -318g 2316 -1082 £18 aar 733 236 244 2770 i
1533 c BER 572 -T7 3047 -1866 £52 673 12ar 101 =1531 1662 404
15234 c 114 152 -3307 4855 1227 2493 152 433 &80 -820 2089 [z
1876 u- 4220 5882 -1584 -2558 -3662 -1825 555 358 -1 ~3438 -733 28E
1977 c -8E -foad -5pa2 -B52 -2615 -1124 303 T4g 340 1043 2134 1027
1864 C 1303 -1128 -4780 -TH3G 505 ~1584 T4 1450 758 -247TE 1254 903
1820 [ g1 -1 4220 5735 -1658 1054 505 1254 -118 3128 1287 BOS
1881 c B8 -539 1838 -1871 -3055 3485 471 BAT 303 -1385 883 -522
1982 [+ BS2 B4 TIT 2216 =376 ~1624 B&T vy ] ~1468 1450 BO&

AVG -22 -1105 -3175 «3386 2002 -1320 514 T7e 21 1426 1453 552
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Appendix E-7. (Continuad).

QWEST (CFS)

DWRSIM MODEL RUN 414 - | SOUTH DELTA PROGRAM AT FUTURE

YEAR  |WATER- JAN FEB | MAR | APR | Mmay | Jun SEP
YEAR
TYPE
1825 D 1254 -1515 2478 -1238 1475 .138E 2290 2281 £4 2411 -1401 -528
1826 D 1043 ~1414 2102 4757 4113 .za48 2660 1104 -288 3731 -3085 -2222
1930 D -1287 ~1380 325 5087 855 3421 G40 T82 =218 1434 33 354
1832 u} 521 -269 -2aa1 4334 3427 1455 1285 2085 4125 212 =l -555
1938 o 1010 -5458 224 185 182 -635 741 880 B4 4301 4122 ~1498
19u4 D -1303 3518 -B8TE <3875 3463 ~1830 2508 1580 -202 3258 -4008 -1081
1947 3] -1ogz -2003 3843 4855 -3716  -1645 85§ BED -101 -3454 4187 -850
1849 [a] 2134 -2340 3128 -2638  -2928 1597 1448 1401 17 2411 -326 -Bg3
1855 D 1043 -388% -T527 3258 -3535 455 1354 1434 303 4057 =5002 1228
1850 D ~1254 2071 3062 =3210 5025 2102 808 77 A7 -5830 -2916 22
1951 D =440 -2826 4535 -2542  -7o8s .2525 471 765 -218 -2BET 3658 -T24
1954 o 4171 5570 -3747 -2453 ABT6 -1480 843 1010 51 ~48EE 4138 -186T
1881 o -2800 -2085 -3843 -3828 209 1173 1128 BEs -738 4655 4105 2121
1BBS o 4317 4255 782 178 1912 521 1229 ia -152 -5881 -2802 -2609
1087 ] -733 825 3812 4835 3445 3210 aar 488 -236 3518 812 =320
1589 [u] 1188 =876 -1857 3083 2478 -5837 433 615 185 -33e8 -2533 -1182
AVG 1457 -2EED -3524 3114 2615 1564 1188 1176 117 ST L] -2663 =1285
1827 W -1172 £135 -50gag 5784 12753 2118 4485 2411 &7 3075 -2053 <758
1538 W -845 27 3454 -1531 006 34588 BETD 13382 4880 241 -325 -2374
1541 W =538 ~2660 4415 3943 740 18438 11228 1rar 1145 3o -1303 -1818
18942 W ~AT15 5734 2aTe 12485 15025 33 5313 1813 -3E38 12mM 1271 -1751
1943 W -A519 5522 1365 11842 11382 19583 2356 2688 B4 -2800 2118 -11585
1852 W -1140 -3355 =1352 10948 740 10785 9203 8618 -152 -178 505 2478
15953 w -3210 -3855 T B4EF 1407 -1874 1BET 175 5741 -3128 2574 2625
1955 W -748 -2593 788 23444 11382 1140 2205 Fak 2071 -186 -1684 ~3188
1858 w -£138 -5455 -THa2 g8 13167 20202 25875 3810 238 7aa -1336 3754
18963 w -BI7E <7508 -3307 37s T4 1026 G855 748 ETS ~2550 -7020 -1532
<1845 W -782 -3552 244 12170 go2 -853 48585 2588 135 -2802 1822 -1044
1967 W 745 -3850 ~3485 BN 2832 7152 11548 6044 2357 1124 325 4205
1958 w 1401 -2475 -5r0z 11535 28983 10871 9405 20808 7576 2753 -821 4983
1570 W 147 -1802 4513 333 12284 3438 17 1362 -135 41T 3144 -25a7
1871 W =1254 4545 1320 2232 -B38 1238 1650 4] -253 =3291 2B =350z
1974 W 782 ~1287 1352 10541 2453 12757 4024 iy E80 =2453 ~1880 -3580
1875 W 4811 5017 -1855 -1056 12807 12581 2576 1059 74 -1206 ~1922 -36853
1882 W -12M 172 =130 BET3 15584 2323 3ETER 17865 4276 1401 £52 -1734
1883 w 2867 10522 29065 36033 SBES3 TISEY 33E0 31134 28B3R 1B5ES 244 8873
1064 w 13050 21145 37280 29873 13997 BB4T 2357 1825 354 B84 -1645 -2878
1585 W -244 -1768 ~1567 -4853  IMT8  303F0 14354 4089 2188 2581 41303 1111
AVE 4116 -2518 1773 9493 14255 13951 10127 B4 palif] -580 1428 -2103
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Appendix E-B. Simulated Average Monthly QWEST Flows (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.

S)

QWEST (CF
‘ &

=1414 -2808 -2543 2558 fivati] 57 2658 805 1550 &7 2104 =27 18

A
A -1187 -ZT26 -8 4128 13 12560 2540 -168 480 4044 4348 -2038
A T4 B4 80 1168 B3DE 12082 5570 342 1128 -3209 -2647 -1530
A -2275 Ta47 18827 13744 10057 5813 2008 1383 =54 -3386 -3845 2879
A -2628 3062 3051 433 5093 3647 32486 -280 -203 3854 4078 ~3234
1857 A 1084 -4336 -4688 4387 2078 4103 1207 1308 -120 -3581 -4128 ~1811
A -2340 1468 -4BER 5308 16248 12177 1509 201 451 -3702 4150 -2803
A 2347 10 -35da 5155 5240 15785 15813 5487 2687 1588 -1783 =323
A =2314 =303 2780 21214 40704 17580 738 2154 2897 239 -218 2570
A 1883 -216 -ZrTo B407 6891 5832 3621 1857 -Z770 ~585 -1785 ~1846
VG B14 -1002 -1029 ITT4 5840 E&10 3g28 1865 3T ~1659 -2737 -2224

1823 B =172 2642 075 X4 4845 -7 3513 1180 =18 3545 =3540 -1B3
1938 B 1585 -1TE2 1809 2181 13859 ~1658 6483 4380 B33 ~42E5 -2088 -1238
1838 B -1783 =1143 -1581 -1502 21924 27 2860 1818 124 3818 4132 -133
13T B -2365 -2428 -3607 ~MT5 15668 18518 5130 4037 -10 -1358 =1402 233
1845 B 17 -3648 =3B45 4434 11439 B142 azr 1085 159 3531 =380 883
1946 B 1883 2639 EBB4 145 3806 1785 2083 820 40 -3702 -3807 -2435
1848 B =21 -1285 -1463 -5107 -1518 1781 2279 584 ~TZ8 =4384 4545 -3250
1850 B -287E 2178 2433 ~ZT07 1148 2055 1857 &85 -T13 -3B8 -Bar -2783
1858 B 1618 -ar27 = DEE Jga3 2305 1372 To& &7 =873 =4 220 =4505 -2050
1952 B ~1853 -2373 5264 -5537 7586 1855 1158 35 854 4524 4744 -3450
19486 B -1581 =ZTBS =811 1237 458 680 EBD9 =400 964 4557 4653 -3445
1268 B 1345 ~F354 =185 547 8501 2847 o992 108 -BB3 -A245 4281 -1B56
1572 B -2437 =4452 2547 -4183 2247 =310 Bg2 =354 =1114 4852 =547 -2053
1978 B =101 <4085 4883 1518 15323 B4EE 2188 1538 -238 -3764 -2552 =353
AVG BTE -2686 1631 576 TOO3 2647 2376 1099 =354 ~3850 =3509 “ATIT
182 c -1132 -1808 4554 ~4BE5 “3T54 550 157 B47 2174 G3g 1530 T
1829 c 2970 3333 4233 -4925 -2840 222 256 558 g28 1038 1268 26
18 c 478 -1018 -1033 =320 1027 -538 117 -324 174 552 ana: 28
1833 c B2 -TB4 551 -3280 <2324 4 134 680 240 1818 3078 25
18934 c 19 715 3041 -4571 320 100 140 =458 =580 2232 ] 28
1976 { e 1348 3175 =4E72 =5177 H89 =180 =27 -BB0 -1358 4508 -1868 56
1877 (%= 1182 -TBS 455 BE2 1280 504 224 1605 2850 2351 1063 17
188ER c ~TB1 -30 4502 - 4370 -2425 H15 4458 -388 -B58 =482 2004 26
1950 c ~2648 -2294 -5180 -2442 -2782 -1838 132 315 =1350 ~3595 540 473
181 c 284 £70 944 224 2743 2333 187 =342 213 23 160 23
1992 c 2245 -394 557 =3E11 2661 ~14E7 745 511 -363 -1100 1533 29
1984 c =1522 =1928 4784 -4553 1614 -2125 281 =15 -1182 -5178 4813 482
AVE -366 -1207 -2535 ~3483 <585 20 Foal -4 ki L] -380 612 55
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Appendix E-8. (Continued).

1825 o 2125 i ~3103 =1359 3ars 52 2118 1523 1628 -3601 -1B&8
1526 u} -52 -1848  -373s -4585 457 -1204 23p8 20 -B27 -3578 1741 -1341
1930 ] 2058 18 4591 417 -1336 1291 7ES 474 -1318 -5168 3385 5
1832 D 14 1588 -1360 -ZE5E 5555 b s 1081 178 -TBE -4301 -1068 B2
1838 o 5096 2626 -PE55 BT 21581 =217 E36 120 -B41 4537 4138 T4
1044 i} 2160 4270 4410 3181 5545 1581 1708 545 =501 4476 ~4405 £73
1847 ] 2770 3588 182 4781 2583 a4 645 -188 -1122 -5026 4832 1510
1548 D 2863 373 4014 5154 3247 1184 1071 -353 855 4873 -2306 -T83
1855 D ~306E8 3148 4838 -B55 2833 -2065 1215 -14 -1075 -5015 ~2851 -258
1960 o -3223 2170 s 4e47 -3381 556 £51 -503 -11§2 -4578 571 -205
1861 D 1943 -3779 5032 <4107 4GB -2B5A 25T -502 -1458 -5ME 4738 T
1654 D 2286 1555 4985 3454 -2028 -2110 532 =320 -840 -5104 T -3531
1881 o 432 <3385 4557 sy 2110 2638 as6 114 -§53 4580 4547 535
1985 o 2911 2372 2am -4748 20 174 8oz 388 - -4835 -4818 3238
1887 D 2171 =218 4584 ~1861 1387 1413 B0 605 -1455 -5016 4282 54
1983 o 1358 -1128 1178 3795 127 -1531 4 “T4B -1118 -5058 -£58 2204
AVG T43 2T -3EAR -2605 113 B 984 103 EFL 4718 -2962 803
1837 W 2111 -1865 4786 3110 14038 3809 8728 1078 880 -3511 2888 1740
1938 w -20B0 1830 20496 1880 42141 4E291 21451 25703 Bo4s 1305 -1744 -1108
1841 W S22 4048 705 6501 17974 14475 a7as 6200 4112 1247 832 -2
1947 W 1778 -2973 3662 17780 21818 4410 TEET 5243 -1484 305 -85 -2987
1843 W 1] 453 2341 20017 16807 32457 5300 2647 1075 -40 430 -2050
1852 W -2624  -38ES 1813 15034 10201 18481 18108 17EN1 3842 J22 3120 -822
1853 w 4656 -Hagt 2808 12445 5375 B35 1805 3] -5278 -3 21 4025 3378
18568 W 2285 1753 18674 34211 17560 5646 2401 4885 ave -2803 -3 2523
1858 W -1084 38547 -3068 -4E5 487D 24081 24800 11840 4180 -H24 -3383 480
1853 w 224 ~3458 -5298 -3573 5315 -1218 11218 2507 554 -348E -4105 -2BBD
1865 w 824 -3788 5853 17287 2140 1054 6565 2746 1085 -1831 1447 -2516
1967 W <2893 3984 ~1851 4040 3215 - 12089 18044 18981 8544 3055 -Z758 -207
1859 W 2840 -3gmar N2 ZITOT 46297 24000  73ZI4 27008 14876 1314 2010 585
1870 w 4707 -2730 855 IM3s 15 B118 1582 868 10 -3555 -3926 1880
1871 W 2118 1240 1584 516 754 4797 1452 BG83 471 -3412 =010 2734
1674 w -221E 1163 4178 11051 4546 17684 5981 1910 785 -3032 3706 -998
1875 W 148 =407 =3781 -2733 12139 16823 Inea 2315 25 -3029 -3642 2214
1982 W -2015 <3523 2538 13T 26T 26071 38805 12625 B528 420 -2638 1485
15683 W S444 TS0 W4 BEI2 5728 BES12  2BIE0 24867 38003 10567 1755 400
1884 w gasl ZX253 38166 2148% {3330 5735 1782 1266 -2 -3222 -3020 1285
1888 w 533 -1066  4mE 2161 44987 35834 B55T 2H5T 4123 1077 -700 -2551

AVG 187 <801 3838 12478 10704 17580 11628 215 4457 531 -Z625 1527
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Appendix E-10. Simulated Average Monthly Delta Export/inflow Ratio b
Operations to 1995 Bay-Delta Plan. DWRSIM Model-run 420 Using 71

Below Normal, D-Dry, C-Critical, A-Above Normal,

y Water-year Type for Existing
-year Period of Recard. W-Wet, B-

DELTA EXPORT/INFLOW RATIO(%)

ATER-WATER-| OCT | NOV | DEC JuW | JuL | auc | sEP
YEAR | YEAR
TYPE
1822 A 55% 545 ET 5% 25% 24% 5% 16% 27% 21% 24% 53%
1528 A et 4% 0% 4% 275 B 23% 275 A5% 43% i 51%
1840 A 7% 50%: 3% 405 21% 10% 1% 28% A5% E5% 48% 53%
1851 A a0 20% 13% 18% 15% 23% 0% 2% =L Fris AE%: 51%
1854 A 4T5% 40% B84 % 12% 16% 15% 25% 35% A5% A58, 51%
1857 A 40% 5B 23%% B1% 23% 15% 6% ey a5 45% 45% 52%
1873 A B0 4% are 14% 12% 145 28% T 5% 40% A5 2%
1878 A 485 A3% BO% 13% B% Fi 13% 25% 4% 18% 4% 53%
18ED A BO% 45% 48% 1% % % 2% b b1 33% 21% 8% 5E%%
AVG B4 3% 49% % 1% 14% % IT% 24% A8% A% %
1523 B 484 46% 2B% 255 15% 5% 25% s a5t 48%: 51% 53%
1935 B 48% B4t & IB% 3584 5% 18% 22% 5% 48% 45% 53
1836 B aT% S2% 55% 3% 17% 31% bk L b A58 47% 48% 530
1837 B CLT A 1% 80% 5% b 3% 28% 2% 24% 5% 43% 3%
1045 E 5% 624 % B5% 2% 26% 32% Za% 5% 38% 475 53%
1846 B Bl 485 14% 21% 2556 5% 2% 28% 358 45% 48% 53%
1848 8 6% 4% 53% E3% 5% 5% 4% 22% 35%% 48% 3% 58%
1850 a8 58% B3% XL 50% 0% 358 25% ZB% 5% AB%, 53% 2%
1858 B 40%% 40% E2% 1% 10%% 27% 27% % 5% 47% #5% 85%
1962 B 5T 4% 5% 565 21% 5% I 268% A% 48%; 5% E2%
18G5 B BB A% S8%%: 36% 2% 26% 28% 26% 5% 48% £3% 1%
1068 B 4% 8% 3B 13% T 168% 28% 2B% L A46% AT 51%
1872 B 515 8% 43% 51% k* 19 26% 28%: T 35%% 4B% 51% 555
1878 B 50% £8% E1% 5% 18% 21% 28% 3% 5% s 445 57%
AVG s B50% a3ty 41% i Y 29% I 28% 4% A5% 45% 53%
‘:'led c 5954 B45%; 58% B5% 4555 29% 26% 2% 35% 41% 42% 42%
19322 c 545 5% &1% 4% £5% 20% 25% 5% L 4% 3% 43%
1831 c AT fitin 50°%% B5%; A5 5% 25% 28% 5% 4% A% 8%
1513 [ a4 499 1% B5% HEY, A% 3% 29% 3% I 13% 42%
1834 [» 5rn 4% 5% 56% A5% asy 2% 27% 5% % 1% £3%
1978 G 1% 4655 S9% SB%S 4585 =L 25% 26% 5% 38% S8% 455
1977 c &8¢ 48%, 5% SB% 41% 3% 25% 2% 12% 18% 1282 3B%
1988 i 34% 51% B0 A0 45% 35% 26% 28% 5% 42% 43% AB%
1950 c 485 3% 5% 60 a5% 5% 2a% 288 35% . 41% 435 40
1891 c 48% 43% A5% S4%: 435 358 23% % 3% 41% 28% 47%
1992 c E2% £0% 434, S8% 35 35% 23% % 5% 435 8% 48%
AVE 5% 7% 5% 9% 41% % 24% I 1% k] T 43%
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Appendix E-10. (Continued).

DELTA EXPORT/INFLOW RATIO(%)

—— =

ATER-WATER-| 0OCT | Nov JAN | FEB | MaR
YEAR | YEAR

TYPE
1825 o 58% 579 60% 7% 2% 5% 24% 26% 5% 7% 8% 51%
628 o 5% 54% 554 B1% 0% a5y 24% 7% 35% 4T% 4E% 51%
1830 o 55 50% s5% % asw; a5y 2% 25% 5% 42% k1 51%
1832 o 55% 51% 615 57% 5% 20% 28% e 14% 25% 1% 45%
1829 [+] % 52% 43% W% 0% 35% 25% 5% 5% 45% 7% S04,
1644 D 55% s S4%, BS% 2% 34% 28% 29% 35% 6% AT 52%
1847 D 5% S B0% B5% 455 5% 25% 26% 5% A5 52% 51%
1843 o 81% S 7% a2t 45% 2% 2% 6% 35% % 4T% 51%
1855 3] 57% 55% a0% 7% 4585 25% 28% i ase; g 55t sa%
1960 o 58% 0% 58% 4% i B% 23% 5% "% 4% 54% 5%
1661 D s8% s, 588 85% i, 5% 23y 255 a5 48% 71 53%
1964 o 548 30% S8t g% a5y 5% 2a% 7% 355 4% 553 5%
1881 D 51% 80% A% 25% 24% 20% by 2B 358 48% 7% 524
1985 D 50% 26% 5% 42% . 3% 35% % 26% 5% 4% 53% 53%
1887 o Ba% 574 S84, E1% 45% 0% 24 25 ase; 5% 5% 518
1985 D 48% 45% 53% 5%, 458 7y 21% 24% 35% 49% a3 5%

AVG 55% 51% 53% £3% 6% M% 25 % Y 45% 45% %
1927 w 588 485 5% 3% 10% 17% 15% 28% 258, pLY 43% 538
1838 w 5&% 0% 14% 33% T% 4% B% 1% =% 2% % 5%
1841 W 50% s4%, 3% 12% 10% 11% o% 16% 35% 20% 3 58%
1942 w 43% 48% 1% % 5% 2% 158 184 354 20% 33% 58%
1843 W an% 40% 24% % 12% B 4% 258 ar ar a0%, 53%
1852 w 58% 55% 1% 13% 14% 12% 0% 1% 21% 40% 39% 45%
1952 W 7% 39% 15% 5% 18% 28% 25% 4% 5% 38, ar 3%
1258 W 54% 54% 14% 13 12% 25% 28, 18% a5 0% 458, a4
1858 W 51% 52 g% 2o% % B a% 7% 24% A aa%, 48%
1863 w 28% 48% s 62% 1% % B 2% 35% 3% £40 4%
1865 W 5585 5a%; 13% 10% o a5 16% 279, 35t 438 455 3%
1967 w 58% 60% 25% 2% 18% 10% 145, 158 20% 43% 40% 48%
1086 w 5T% 7Y 4% 10% g% 10% 12% 1% 24% 4% 8%, a2
1970 w 35% 347 12% % 584 15% H% % 35% a2% 4%, 52%
1871 W 8% 41% 15% 20% 28% 20% 25%, 2% 5% 0% £5% 565
1874 W B18; 154 158, g, 16% B% 1% Y a5y 28 438 7%
1875 W a4 5% 53% £3% a% % T 2% a5 4% I g5t
1882 w 5% 2E% 1% 14% 12% 108 B 16% 5% a1% 7% %
1883 w 25% 15% B% 8% % % &% ™ g% 18% 4% 23%
1984 W 158 &% 3% 4% BY% 15% 30% 26 asy, 40% 438 57T%
1888 W 58% 58% B0% 53% % &% 24% a5 ELL b1 40% 5B

AVE 48% 47% 25% 19% 12% 14% 1% 2% % % 1% %
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Appendix E-11. Simulated Average Monthly Delta Export/infiow Ratio (%) by Water-year Type for Future
Operations to Interim South Delta Program Meeting Future Water Demands. W-Wet, B-Below Normal, D-
Dry, C-Critical, A-Above Normal.

DELTA EXPORT/INFLOW RATIO(%)
DWRSIM MODEL RUN 414 INTERIM SOUTH DELTA PROGRAM AT FUTURE DEMAND
YEAR WATER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

YEAR
TYPE

1922 A 54% 55% B5% B5% 18% 23% 8% 16% % 2% 45% 5%
1828 A % 52% 85% 54% % 8% 2% i % 41% 50% 50%
1840 A 56% 50% 5% 4B% 26% 12% 11% % 5% 43% 47% 55%
1851 A B1% 26% 4% 12% 1% 24% 0% 28% &% AT% A48% 568%
1954 A B0% 60% 58% 43% 13% 16% 15% 25% 5% 449 5% 51%
1857 A 51% 59% 52% B2% 25% 17% % I Kt 48% AT 57%
1873 A B0 5% 50% 15% o% 12% B% 28% 5% 45% 48% 5%
1878 A 48% AT B2% 20% % 0% 17% % 5% 3% 45% 5%
18E0 A B0% B1% 62% 14% B% 10% 0% 1% 5% 445 AT% 58%

AVG 5% % 5% s % 15% % i 5% 41% 48% 54%
1823 B B0% B0% 3% 6% 26% 5% 26% 0% 5% 45% 50% 56%
1835 B 43% 56% 5% 4B% 5% 5% 18% ik 5% 4T% 48% 52%
1936 B 58% 52% 5% 42% 0% 3% 27% 3% 5% A5% 45% 55%
1837 B 555 57% 65% B3% I 2% 28% 2% 5% A1% 48% 3%
1845 B 5T% B3 B5% 5% 0% 28% % 28% 35% 48% 46% 4%
1848 B B3% 62% 18% 1% 25% 5% 2% 28% 5% 448 50% 53%
1948 B 60% 54% 53% B3% 5% 5% 4% 2% EL 51% 52% 5%
1850 B 5% 53% B3% B2% 5% iTh 25% 28% 35% 45% 48% 55%
1858 B 56% B1% 55% 24% 11% 8% % % 5% 48% 5% 58%
1862 B 51% 55% 5 5&6% 25% 5% 28% 8% 5% 48% 53% 52%
1968 B B2 47% 5% 3E5% 2B% 0% 28% 26% 35k 50% 545 53%
1988 B 51% 43% 45% 18% 8% 18% 8% ZT% o 49% 54% 4%
1872 B B1% 58% Bd% 9% % 25% % Frg 5% 51% 50% 5%
1973 B 0% 61% 55% 53% 8% 23% 28% 0% 35% s0% 52% 53%

ANG ks BE% 53% 45%, 5% % e iTh 35% 48% 51% 4%
1824 c 5% B454 B0% BI% 45% 26% e % £} 3% 20% 3T
1929 c 2% 58% 62% B4% 45% 6% 25% 28% 35% 445 2% 43%
1831 c 47% 45% 548 B5% 45% 33% 25% 28% IER 3% 1% 40%
1933 Cc 48% 30% 48% B5% 45% a5% 26% 9% 35% 42% Z% 43%
1534 [H 53% 43% 58% B5% 5% % 3% 2% H% IR 13% 42%
1978 Cc 59% B3% 485 S4% % 35% 5% E% 5% AT% 40% a4
1977 c 54% 50% 7% 53% 41% 35% 26% 2% 12% 18% 1% 38%
1588 c 415 2% B2% 5% 18% 5% 26% 2% H% 45% 25% 40%
1990 c 51% 42% 55% B5% 5% 5% 23% 28% 5% 48% 25% 40%
1931 C 4B8% 45% E0% 55% A44% 5% 2% ™% 5% 8% 28% 0%
1882 c 56 39% 47% BO0% 42% % 2% i 5% 40% 23% 41%

AVG 51% 48% B5% E0% 40% 3% 5% T % 8% 21% 42%
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Appendix E-11. (Continued).

DELTA EXPORT/INFLOW RATIO(%)
DWRSIM MODEL RUN 414 INTERIM SO/ DELTA PROGRAM AT FUTURE DEMAND

YEAR WATER- OCT MOV DEC JAN FEB MAR  APR MAY JUN JUL AUG SEP

YEAR

TYpE
1825 o B0 53% B2% 57% % 5% 24% 28% 34% &d% 45% 1%
1826 o 5% 54% 56% B5% 8% 5% 24% 5% 5% 4T% 51% 54%
1530 o 58% S0% 57% 5B 5% 5% s 25% 3I5% anse 38% ARS
1832 o] 56% 51% B5% BE% 35% 21% 8% 23% 11% 3% I2% 50%
1839 ¥ 5% B2% 5% 45% % 5% 20% 2% A5 50% 54t 5%
1544 o] 5% 568% B2% 65% 4435 A58 21% 2% 5% AT% 54% 5%
1847 [a] 5% 8% B1% B5% A5% 35% 25% 2% 5% 48% 5% 52%
1849 D 52% B3% 58% &% 45% 8% 2% 25% 33% 445 5% 5%
1955 D 56% 58% S0 50% 45% 331% % g L3 48% 55% 5% .
1960 D 5% 50% 5% B5% 455 % 23% 25% 5% 5a% 50% 545
1851 D 5% 5T% 58% B5% 45% 35% 21% 25% A5% 45% 52% 53%
1064 3] E2% 43% 59% 5% 5% H 26% % 5% S50% 5% 52%
1981 i) B3% 60% B1% 56% 29% % I % 35% 51% 54t B5%
1885 o B5% I% A% AT% 43% 5% 2% 2% 35% B4 50% 56%
1587 D B5% 558 &0 BE% 45% L 23% 25% 358 475 43% AT
1689 D day, AFS =% 60% 45% 3 211% 24%: 5% 45% 50% 5%

AVG 58% 5% 5% 9% s 3% 25% 26% 3% £T% A% 2%
1927 W s8% 58% B0% A% B% 18% 18% 25% 5% A5% 48% 53%
19338 W LT A43% 21% % B 5% 1% 4% 28% 26% 445 B1%
1941 w 5hag B4% 30% 1% 1% B 1% 18% A5 6% 455 57%
1842 W B3% [ 1] 18% 109 6% T 14% 189% 35% e d7%% 505
1843 w Bat B1% 30 10%% 12% 10% 23% 28% 35% 43% aT% 53%
1852 w T 6066 28% 16% 4% 1M1% 12% 13% 26% 38% IT% 53%
1853 W 55% 54% 17% T 21% 3% 2% 24% A% ad 4B% 55%
1558 W 55% 54% 18% % B 19% 5% 5% 5% 405 46% 55%
1858 W B3% B1% 4595 b B% ™% 8% 1% % 29% 458 B60%
1863 W Ag8L E4% 3 A1% 10% 5% B% 23% 5% A5% 4785 53%
1965 W 55%% S8% 1% 2% 21% 33% 15% 2% 5% 45% AR 5%
1867 W 55% B0 vy ok 15% 11% 14% 15% b 48% Erg B2%:
1969 W 5T% 585 5% 12% 8% 11% 18%: 4% 3% 2% 42% B1%
1870 W 51% 4T 13% I ™ 18% 2% 0% a5% 48% 49% E5%
187 w 5B% 56% 21% 24% Faiid 17% 25% 21% 35% LT 4T% 575
1574 W B1% e 1% B% 1% % 1% b 358L A3 A6% 58%
1875 W B4% 45 445 44% % 8% e 2% 5% 40 47% 59%
1982 W 5a%; 4T 15% 15% B% 0% B% 175% 25% 5% 47% %
1863 W 4% 1T% 2% % 3% % % 2% 12% 2% 54% 0%
1864 w 18% B% 4% % 11% 16% e 28% I5% AR 485 58%%
1588 W 5% 55 63% B5% &% 5% 2% 5% A5% 45% AT 58%

ANVG 5% 51% % 21% 11% 14% 1% 21% 3% A0% A45% 56%
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Appendix E-12. Simulated Average Monthly Delta Export/Inflow Ratio (%) by Water-year Type for Future
Operations to State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Eelow
Normal, D-Dry, C-Critical, A-Above Normal.

Water | Water-
Year Year
Tvpe
1522 A BO% &7% 3% 4% 24% 18% b A 15% 25% 35% 55% 65%
1828 A B3 4% 56% 40% 21% ™% 21% 25% 5% 4T% 5 B0%
1840 A 53% 45% 43% 405 2% 10% 11% 24% 5% 4T% 58% B1%
1851 A B65% 18% 11% 18% 15% 0% e 28% 35 47% 58% BE%
1854 A 57% 48% B5% 308 10% 14% 16% 24% 35% 47% 5B BE%
1957 A 445 =L 65% 55% 18% 14% 24% — ;% 35% 4T% 50t B0%
1873 A 65% 43% 0% 14% 10% 1% 28% 25% 35% 4T% 58% B5%
1578 A 28% 48% B5% 18% 13% 8% 13% 25% 5% 5% 45% B5%
1580 A BE% 58% 4B 10% 3% T% 255 3% 35% a2% 45% EBE%
1883 A s 54 E5% 21% 15% 12% 168% 25% 2% 3% 52% B1%
AVG 49 4% 46% i 4% 1% 16% 2% 3% s 50% 5T
1823 B 58% 5% 6% 25% 18% 5% 25% 0% 5% 51% B1% 55%
1935 B 8% B1% 2% 3g% 28% 35k 1% 15% 3a% E1% 2% 5T%h
1936 B 655 538 55% 2% 145 2% 2E% 3ot 35% 1% BO% 4%
1937 B BE% 58% 65% 24 1B% 12% 24% 26% 35% 41% 500 2%
1845 B 54% 65% B0% 65% 168% 19% 2% 20% 5% 1% 8i% SB%
1845 B 65% 2% 15% 21% % 26% 3% 28% 5% 51% 1% B4%
1048 ] 58% 54% 515 B5% 3% 35% 24% 24% 3% 51% B0% 65%
1950 B B4 58% 57% 48% 3% =10 25% 28% 35% 49% 47 65%
1553 B 41% ER% BO% 13% 10% 23% 2% 28% 8% 518 E1% 855,
1862 B 594 5irt BN B5% 18% 3% 27 28% 35% e B0% B5%
1866 B8 64% 36% 513 7% 19% 23% 2B8% 26% 35% 51% BO%G B5%
1886 B 42% 1% IR 14% % 16% 268% 8% A5% 51% B2% 58%
1972 B 555 B4 4B% 51% 37 1% 28% % 35% 519 B1% 1%
1875 B 55% B5% B5%% I 10% 18% 8% 3% 5% 5% 5E% 54%
AVG B5% 56% 51% 4% Fiiy 25% 26% s 35% 50% 5B% 0%
1524 c G2% 7% 6% B5% 44 2% 2E% 12% 12% 21% 3% 46%
1924 c B4s B4 65% G5% 40% 20% 28% 25% 255, 19% 25% 48%
1831 4 548 2% £B% 65% 40% 3% 25%, 26% 28 25% 4% 46%
1933 c B6% S0 4B B5% 45% 35% 26% 245 13% 1008 s 4T%
1524 c 55% e BE% 59% 38% 24% 23% bk 3 3% 4% il 4T%
1875 G 42% 51% Bet% B1% 28% 3% 25% 25% 5% 5405 54%, 485
1977 & 47% 56% 48% 51% 15% 3% 25% B% 4% % 8% 48%
1584 c = 4T B1% 5% 5% 0% 25% 26% 5% 3% 165 AT%
1890 c B3% SB% 65% 41% 40 5% 23% 2% 35% 51% 35 50%
18981 c 45% 5% 4B%: 42% 4% 33% 24 2% 26% 28% gy 455
1887 g 3a% 500 50% 655 2% = 4 24%, I 2% 39% 21% 45%,
1854 c 63% 43% 55% 5% 20% 5% 25% i 35% ET% B4ns 519%
AVG 53% 1% 5E% 56% % Mm% 25% 2% 28% axy 25 47
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Appendix E-12. (Continued).

1061

1981
1885
1887
1888

1827
1938
1847

1843
1932
1853
1856
1858
1963
1965
1867

1970
1971
1974
1875
1EE2
1262
1584
1588
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51%
5%
B5%
B5%

B35
BO%

8%
B3k

5%

83%
B5Y
B5%
498
415
855
L
B2%
45%
32%
574
B3%%
BEi
5%
85
5455
455,
B4%%
255
6%
8%
51%

B5%
52%
4%
58%
5T%

50%
S5
B4%
B5%
53%
43%
16%
B55
30%
21%
&%
56%

4T%

65%

B5%
53%

60%
18%
23%
18%
3%

18%
13%
435
3%
14%

41%
12%
7%
15%
55%
12%
13%
A%

505

5%
58%
4B8%
S4%

E5%

43%
65%
B5%

16%
B1%
A4

51%

34%
2B%
1%

13%

7%

29%
56%
0%

REegl

4T%
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Appendix E-16. Simulated Average Monthly Combined Ex
SWP Delta Water Export Facilities. P
Below Nommal, D-Dry, C-Critical, A

-Above Narmal,

ports (cfs) by Water-year Type at the CVP and
rojected Existing Operations to 1985 Bay-Deita Plan.

W-Wet, B-

AVERAGE MONTHLY COMBINED EXPORTS AT CVP & SWP (CFS) -
420 - -

-

= —
WATER | WATER | oCT NOW JUL AUG SEP
YEAR | YEAR
TYFE
1827 A B.5T3 BA3E 11472 12747 12821 9634 B0z E7SS NI 3357 4477 6502
1928 A 5,580 10841 1138 11,774 a,7e0 B.572 7.ar2 5.Bad €317 10,346 T.482 8,307
1840 A 8,188 8317 7421 1706 12142 11728 B.095 6,838 6,320 11,287 8,875 6,638
1859 A 10,530 10,841 11,853 12728 10014 8131 B.243 B.875 g.302 11,206 T.BES a8.600
1854 A 11,027 10.841 10,685 9,663 8140 8,342 T.ar2 6,771 6,256 11,271 T.8572 6,708
1857 A 1,027 10,774 7452 11,383 10,038 7870 5,804 5587 6,754 11,280 10,078 8548
1973 A 10,113 10,841 11,28 T.573 - 12400 341 8,772 6,375 7.803 B.198 T.560 6,833
1578 A 3ms 3,778 10,857 8,178 .08 5.278 8,313 EB38 6622 2838 4,473 8219
1680 A T.H27 10,841 11,332 12,720 8642 G482 6,337 8772 5,882 3,233 4873 10,425
AVG 8,755 2,168 10410 11,321 9912 8352 6,923 6,785 T.037 8113 T.088 T.200
TRI3 B .07 10,841 11,678 8.532 4.078 B.086 173 6,265 653 11,282 5,60« 6,445
1935 B 4254 7.7130 2128 11,763 6,332 10.528 8,095 8,458 T.237 11,118 8,332 5875
1836 B T35 5,831 7640 11862  12.8BM 11,700 .11 6,071 B 4R5 10,857 7738 5,585
1837 B 6,714 G424 11350 11,11 12,821 12,064 B.OZT 703 4 B45 5,828 052 6.0ac
1945 B 8,857 10849 1420 11,287 12283 B.523 580 5,055 472 6674 7.081 6,240
18458 B 10,550 10,841 11.521 11,868 T.317 8018 E B84 5358 7,031 2818 78T 6442
1848 B 817 T.766 7.80= 10,897 6,433 6,021 6573 T.708 8,268 11,287 11,287 10,885
1850 B B.128 5842 6,607 11,567 11,7862 8544 5828 5385 7,004 11,287 11,287 B.T17
1938 a8 11,027 7578 T.783 T.159 8733 B.378 3,765 3.830 5822 10,558 T.254 6,853
1952 B 7.871 E,B5E 10,385 T.528 12,255 10,191 4,130 4817 5324 11,287 9,378 6,860
1966 B 11,027 10,841 11.557 12208 10128 T3 5072 4,883 5024 11,276 =088 6,623
19688 B 8,343 T.641 E.878 4.8 4 B35 6481 4673 872 5525 10,382 76T 6,663
1872 B 11.027 10,841 11,264 10,520 5,646 9175 4 608 31828 £.878 11,287 10,007 6.8986
1578 B 11027 10,941 6,321 10,635 7814 B,117 6,604 6.512 B, 100 6710 6,255 611
AVG ERER B.Bd4 9,296 10,152 8,831 AL ] E.012 5,638 B.E158 9,985 8,470 6,788
1824 c B.063 7,558 33T 11,574 8.041 4734 2T 2877 4,383 6,528 4 B4z 36838
1838 c 8,654 B.BET 11,303 9650 8,451 4,148 3,049 s &T13 8187 2,550 3,B48
151 c 4,762 5482 6,075 10047 5382 4,268 s 2683 4281 4375 297 3,187
1833 & 5.012 5338 025 11,380 T.285 4 808 JE55 3,482 518 828 ag1 3,688
1934 [ae & 801 3,683 8270 11,508 Ej:!ﬂ 68,718 3,665 2,850 5,830 3,834 =i 3,844
1976 c M.027 10,941 10,588 5448 9,183 6,038 3,081 3,268 E£.879 5,372 3,501 4,045
1677 C 5442 5485 10,723 5,214 5,200 3,454 2862 2,396 1,078 1,806 932 2.985
1483 c 8.311 6,124 MATE 11,372 6371 4725 2.oag 3113 5,788 7150 4,958 4415
1990 [+ ER-rrd 3,381 7 664 11,255 8,083 4463 3,625 2,805 5,784 7.083 5,148 3,370
1981 C 4 088 4077 5052 6181 6371 11,142 i 2873 5582 7185 2,584 4,544
1982 c 4,370 3471 B335 7793 11,827 TET1 T 3007 sTe7 7.881 4041 4,356
AVG 5955 5,835 B.TTE 9,755 THET 5,662 3,258 382 502 5758 2820 31814
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Appendix E-18. "{Continued).
AVERAGE MONTHLY COMBINED EXPORTS AT CVP & SWP (CFS) -

ocT NOov DEC JAN FEB MAR APR SEP
YEAR | YEAR :

TYFE
1825 D 8,510 6,622 8873 7,305 11,782 7.ba4s 6,701 5,185 6.535 10,130 T B84 6,280
1826 n] 9187 6,821 7.566 11483 11762 6286 6,038 5,130 5527 10,311 7,705 6,224
18320 o 7037 6.a71 B133 11467 BE3I5 11234 15, 3,535 5528 7482 4,628 5,196
16832 ] §,189 5302 11,235 11488 7583 3,085 5,100 4,298 2288 3,103 3282 5,252
1833 D 11.027 10,747 7734 6,620 5118 5303 4175 3,878 5621 10410 7133 5,897
1844 D 8,711 10358 7384 11423 12388 9175 4,040 3803 6,634 5,806 T.118 8078
1847 D 8235 8385 1MZx 11645 10482 87 4,338 3,885 5428 112657 BETE 6,323
1849 ] 10,84 T.878 8,588 8,686 7125 11,538 4545 4 ES8 6,202 B.205 6,833 8,522
1855 D M0 0841 11254 11836 9,451 4,524 3,535 3038 6,553 112867 11287 9780
1860 D B.g2s5 6736 1a: gamr TeR 75T 3,788 34l 5623 11287 10,83 6,570
1861 o 68,316 BATT 10,875 8,055 11,685 7,200 3,580 1411 5583 11,287 11,003 5617
1984 D MOIT 0841 10097 11602 G441 5,072 3627 83 5618 11287 112 7,084
1881 D 11,027 10,541 0,187 T8 T.IT4 7233 5032 3876 5541 10445 7132 B.011
1985 D 11,027 10,841 11,064 7.680 B.830 7.407 3686 4421 5483 11,287 10,073 5,508
1887 D 11,097 9,148 7.785 8,181 8758 10838 37T 3458 5531 11.280 8425 6,038
1883 i} 4175 5517 6,844 B335 6832 11402 5467 4,051 2483 11287 10880 6506

AVG 5,030 B504 9373 5,644 5,054 7.788 4 465 4,078 5574 10010 8457 6,437
1827 W B.814 10,841 11,184 11,345 12,231 B357 8,055 8,045 G448 £,652 B, 751 6,034
1838 W 7038 10341 11351 42352 9,510 7188 6,762 8129 10288 4810 4730 11,243
1841 W B.083 B,050 1433 12450 12821 11,372 BOd3 T.B02 B.a4p 3,047 4,473 5,693
1542 w 11.027 10,841 7718 7318 T.774 7,169 B550 B755 11283 3p40 4. 477 10,585
1843 W 11,027 10,641 B.455 7457 8,023 7am 8 548 6,332 5,500 5,604 5,092 5,807
1852 W 8077 10841 11,304 12729 12800 85239 7.258 8.302 8,853 B454 5688 11,243
1853 W 10,088 7,867 7.688 4818 4,821 B.54d 5948 TABD 10551 6,938 5,358 B,540
1958 w E,633 TTIE 11301 12729 12447 10,549 7,588 B735 10,011 5,350 7,883 11,243
1858 w N7 10841 11372 11811 10508 a5 8,BE0 B7SE 10770 5899 7475 11,243
1863 W 02T 10841 11,285 11482  Bg3m 10,854  B,08E B,A56 7,055 7,048 7433 8,516
1885 W 8,672 10,336 11,308 12729 11,916 8658 B 543 B.580 6,329 10211 TA411 6,398
1987 W 8732 10841 11526 11816 12157 6357 7.544 BI22 10288 10776 5027 11,243
1862 W 9,063 2.057 11,248 12373 12487 6648 E727 7,840 9,601 6,576 5115 11,243
1970 w 11,027 T.BEBT TA42T 4,545 4,821 6,544 5,995 4705 8275 9,362 T.040 £.514
1871 w 9,083 10841 11411 11818 BOS3 11347 116 T.704 4,027 8,253 7997 10304
1674 W MOIT 0841 11352 12044 BaT4 B545 8,549 B.701 8,664 6933 £914 11,243
1575 W 1027 10847 11013 7840 8017 7544 B.267 B755 10440 B .545 7.780 11,243
1882 W 8,384 10841 11297 12015 12821 BE3T 8,815 8778 11277 B53E 8,123 11.242
1283 W 11,027 8,288 T.aar §107 4,628 4,847 6,684 6273 7,840 776 10478 8388
1584 w 7082 5,265 5241 e 4,142 6342 6,270 5,104 B.E73 8,308 8,850 10,685
1886 W 8737 8560 11320 11410 1ZE21 10248 96R4 T84 8,3 4,540 5,061 8,071

AVG 831 8730 10,185 10023 5482 8288 T.660 TTE3 BT10 6868 6,632 5,600
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Appendix E-17, Simulated Average Monthly Combined Exports
Type for Future Operations to interim South Delta Pro

Below Normal, D-Dry, C-Critical, A-Above Normal.

(cfs) at the CVP and SWP by Water-year
gram With Future Water Demands. W-Wet, B-

DWRSIM MODEL RUN 414 - INTERIM SOUTH DELTA PROGRAM

EXPORTS (CFS)

YEAR WATER-| 0CT NOV DEC JAN JUL AUG SEP
YEAR
TYPE
1822 A 6,566 707 14,044 14,304 8,073 9,140 5,081 10,580 14,158 3518 7.285 6,588
1828 A 7708 14588 12610 145458 9470 B,244 7452 5,818 6,431 B.635 11,502 5,152
1840 A 5,858 8,185 8182 14,542 14502 13gEs  g§azT 8828 G481 10378 8,278 8,488
1851 A B39 14588 14548  B70D 8,225 8,602 5,263 7071 6,448 13,311 8,318 5,764
1854 A 10478 14,886 10,085 14,540 gaog B.528 5,530 877 6,380 10622 11778 6330
1957 A 14685 10842 TO22 11842 g BBas 5882~ 5572 &858 13878 8,156 9,883
1573 & BZI7 14508 14,581 . 12007 8588 8423 6,801 6,810 7.880 11,714 9580 6,498
1878 A 3,881 4428 11258 13099 5483 7.120 8333 8,851 7280 5767 T 6431
1830 A TEM 1118 14,581 14500 10480 T84 7280 BITT B44E 10,818 @458 8,283
AVG BAD5 10982  11.ETT 13,113 5458 8917 T.E08 7,210 7,608 8,860 9234 7.501
1823 B 10427 14556 14581 10427  Ba0S 5816 I 8475 6,684 10,186 B0 B.7BA
1925 B 4317 B,155 BASE 14540 E34F 10478 9832 73 7441 8,303 B,325 6,835
1838 B T.445 7458 8488 14540 14533 11885 7273 5028 6850 12486 8 78a 8,185
1837 B 6,598 7003 145B1 11,535 4,846 11258 8081 6,615 8,434 7.883 7.820 6,004
1845 B 7™ MBEE 1315 11235 10650 §.341 8,081 5018 7.583 10,085  B508 6,081
1846 B ETO00 12288 14,581 9,954 7341 8518 5892 5311 7,155 8,943 9,091 5701
1848 B ST 7,643 TBX 11062 65457 5885 6485 E.097 B148 149323 10,757 9347
1850 B 8.508 7.071 6777 14540 13708 B439 5860 4.B3g T.A72 0.B57 9,188 8401
1858 B 14,685 12003 8305 10,134 6,872 7,168 3rar 3E7T 6,051 11.616 10633  g&20
1952 B 5873 7290 1DEZZ 7,543 14628 10035  484p 4,888 6077 11,518 11,241 6.061
1885 8 10,068 14,506 12262 12072 g.832 8,374 5118 4,822 6,051 13,382 12252 TEO4
18958 B 13848 5,788 B.715 6,438 6,584 7411 4,714 3,845 6,044 12252 w0763  EEO3
1972 B AT 10808 14581 12300 5EID E830 4278 3,E84 8010 13,832 9954 9,784
1878 B 11.062 10875 8651 14,545 13545 9140 8,768 6415 8,300 12577 106855  B4ss
AVG 5,183 10,103 10,856 11,492 10,104 B6T4 6,204 5887 ES88 11357 9672 7,625
1924 C 5272 TE0R 12577 9530 g.am 3804 2781 2881 4,977 4 676 1,612 2845
1828 [+ E272 5040 1176 8728 8585 3898 3,03 3z 5741 7.850 1.776 3,805
1831 G 4728 4,478 207 100150 6494 4,220 113 2672 4,310 3763 65 3,384
1833 14 4,804 3,569 5458 14,225 6748 4,584 4175 3470 5928 6777 1.538 3,538
1534 c 4,838 3,855 9,873 123858 5628 B,761 3870 1014 4,885 518 1.028 3835
1576 c 14885 14,343 B6Ba B032 8,225 5,507 3,088 3258 5,542 9,883 5,051 3,805
1677 c 5246 5673 10,932 =] £.133 4317 3m3 2525 1.162 1,871 B3 3,013
1268 c 3780 &,195 11,858 14,54F 2888 4,839 2,048 2,248 4,800 8,456 228 3,300
1530 Cc 5425 3,850 8612 12740 BO5T7 4,317 3803 280 5855 8,107 215 3,434
1491 [ 4171 4455 8,615 6.548 745 11339  amos 2 867 563 5767 2704 5250
1862 c 4,513 3,333 4,888 TTBE 14582  TS511 3458 3,04 5825 6,083 1,822 3,585
AVG £ 885 AT 8171 5,800 7215 5545 3335 2,916 4,857 £330 1,836 3,638
1525 D 7,555 6,867 8,205 7289 14855  7.849 8,768 5,148 BE313 8,438 8,403 5843
1928 o 7,120 §.902 7.950 12072 1462E  BE4T B.162 4,552 5690 10622 a9z 8,233
1938 D T.738 5875 B.B73 14,545 E.710 11.079 3,620 3,552 5600 6,403 4,138 4,815
1832 D 5914 5438 12007 12416 73S 3258 5101 3519 1,852 4,350 3421 5438
1839 o 14885 12043 10,020 E30% 7.07 5376 4,158 3845 5673 1,688 10,997 5852
TR D B.0ME BSTE 13408 12154 14646 5708 2626 3510 6,768 10085 {DB50 5431
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Appendix E-17. (Continued).

EXPORTS (CFS)
DWRSIM MODEL RUN 414 - INTERIM SOUTH DELTA PROGRAM

ATER-| OCT | NOV | DEC

YEAR
TYPE

1847 o 7.1 8,721 11,567 12170 10,824 8112 4,310 3,845 5558 10384 1098 5876
1849 B E758 7594 0254 §,026 7287 14883 4,883 4,805 5,908 8,687 4,741 E111
1855 o 7250 10455 14681 14484 @488 4,040 3,803 3o G850 11307 12235 64T
1880 b 7808 BT 8308 10038 14,556 7537 am 3,405 5657 1373 gEss 8,300
1881 o £,338 8835 10832 41T 13672 Tdo 3,802 3421 5600 8,081 10215 57
1584 o 1248 458 10287 12868 B40d 5,165 3,603 3,884 5,741 12810 10850 7273
1851 b 13115 10522 11488 13995 B892 B,0G5 4848 3845 5673 1218 1004 B33
1885 D 13.B54 14536 10788 182 8,748 5751 3,834 4,383 5623 14060 8878 9283
1HET (5] 10,888 6,970 11,842 12,088 2.556 10.785 3,855 3,454 5673 10,134 5474 4 958
1885 D 31548 5538 8,508 8,504 6764 14685 5522 4,073 5857 § 466 8,814 6,700

AVG 8,505 B.ET1 10,532 11,103 10,055  B,065 4338 3573 5833 10205  g8.56T 5,589
1927 w 7.283 14586 11176 13,506 7,837 9,005 8,613 7.850 6,633 11,7144 5238 8111
1838 w T.am 14568 14581 11,755 G480 8,048 BABE 0,888 12071 4484 TE41 11,532
1841 W B.745 B.047 14581 14545 14286 8,553 8680 9,883 8,620 5,833 8280 B85S
1842 w 13,0898 14595 12675 B244 8,820 8,835 9832 10580 11,081 4,562 B.2E0 8916
1843 w 14885 14588 10,186  go44 8,820 8635 #310 T.857 6,448 10,768 B31s 7.071
1852 w 7.071 10843 14581 14500 11,885  7.835 8,384 BB8% 12071 7.7EE 5378 14,798
1853 W T4.B85 11478 BTIE 6,540 6,584 7883 6128 T.dz8 10455 10655 a7sc g.087
1858 W 6,745 8030 14,581 14402 9524 7,858 787 10580  g.B32 6,533 B,504 11.027
1858 W 12300 12458 14,581 11,085 88X 8,684 8,747 10378 12.0M1 5116 8032 123,
1983 w 14885 14343  og8g 7.7585 8,189 8,993 9612 8,081 7222 §,808 8,551 7054
1885 w G647 10084 14581 14435 o253 7,867 8,83z 8,588 6465 10888 B8R 6.616
1867 W 6.E8Z 10832 14581 14484 10085 7985 8,040 9.808 12077 11881 53F7  13Ess
1989 W 7.511 8,838 14581 14451 11,147 7054 8,384 8645 11818 5p4T G484 14833
1670 W 14685 10883  B.455 5288 6,584 7,690 6.027 4,843 G414 12,512 10671 goo7
1871 w T.EIT 14588 14581 12836 B850 B335 6,162 8423 8.883 11,127 82868 10,680
1574 W 9555 1458 4581 100 872 8,172 8,832 8,537 8,754 8,857 8,651 11,734
1875 W 13718 13418 10476 B308 7071 T 8318 oes2  J0285 7.se2 B.B30 11887
1582 W T80 14595 14585 12,885 8,351 8828 8823 10313 11,223 8,032 T84 14,833
1883 W 14,855  Bdda 8,537 7038 5141 5.030 7.080 8,358 1003 0150 12397 10,840
1984 w 8,788 7492 7.7 5132 6,043 T.580 6,330 4,885 6,835 13,555 8,951 11,195
1886 W 5354 8248 12352 14125 14358 gE3S E973 7201 6485 11280 8280 B357

=
3

2832 11,742 12373 11,089 8985 8178 8488 B, 761 5an 5,018 B.521 10,550
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Appendix E-18. Simulated Average Monthly Combined Exports (cfs) by Water-year Type for Future
Operations to State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below Mormal,
D-Dry, C-Critical, A-Above Normal.

EXPORTS (CFS) AT CVP & SWP
STATE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5
DWRSIM MODEL RUN 524

— = e =
Water | Water- | Oot MNey Dec Jan l Feb Mar Apr May June Juby Aug Sept
[Yuar Year

Typa
1822 A B471 BOST 11502  11.875 11843 T.138 B389 8893 11833 788 9185 10,168
1828 A M3BE 1L246 11502 17,844 7184 7T 7.558 8,880 G044 11581 11,584 8054
1840 A B.240 4,747 4252 12386 1zE88 11889 B4BS 5,565 7542 nB81 11584 8387
1951 A 6,824 11,985 12,007 12803 12076 B.130 6,549 7429 7785 11881 11584 @@
1954 A 1386 11,229 11144 10084 6.TET B032 T.558 T 6,380 11,681 11,584 10,000
1857 A 38 128 10818 11632 7022 7738 6,558 5256 B316 118685 11567  7.811
1573 A BB24 11,195 91,323 11,844 10560 8,097 7643 6,810 8401 11681 11,584 ppg?
1978 A 2838 4 380 8873 11355 9097 6,175 7710 B,504 B.872 4,822 7863 11128
188D A 10881 11229 11404 11,812 4,85 5327 7071 T 8040 6,942 6712 11178
1983 A 4,187 4784 11,111 12887 0,388 7.708 8737 B.893 1180 T73s B.407 B,518
AVGE 7044 B.2ps 9,540 108TY 8318 7,096 5,953 8B4 7788 8,731 5,242 8,541
1823 B 11.388 11233 11,730 sgzo 4711 7.168 B,265 £.568 7EED  11.BB1 11584 5347
1525 B 4,359 7.071 5,826 12040 4813 11,355 gp3s 5718 7912 11881 B,182 7222
1036 B 10,182  B.582 8712 1812 12524 11991 B.48% &.615 B3 11881 11,584 E217
1537 B 10411 8316 8806 11,858 9530 5,745 B.182 7.om B.020 B.oa2 7708 5027
1545 H 6435 11145 11,388 10,848 0,278 7.511 Ga48 5376 7542 118BY 11,584 7559
1945 B 323 12z 12023 1z2E03 .02 B.032 6,145 5572 7323 1881 11584 957
1848 B 5,843 5,650 6,028 10,720 5.083 7,755 6,953 7.835 360 11.681 11,584 8,066
1850 B 003 7an TA13 11835 41831 3155 5,347 5,653 84B5 10786 6,008 0,630
1858 B 11,388 11228 D453 5000 6,047 6,289 3873 3,575 TE4Z 11881 11584 g4
1962 B B,185 TH28 11280 11095 10181 T7.BES 5,808 5837 7188 11881 11584 9883
1968 B 11,338 11,212 11883 10264 G588 8032 5,808 5,002 6616 11681 11,584 ooes
1988 B 11,388 9,680 T.288 5.083 6209 7.259 5421 3,843 7.381 11,6E1 11,584 T.852
1972 =] 11388 11228 1,355 11535 O70¢ T7BE 4 BEE 4,17 7155 116685 11567 T.B45
1978 B 11,388 11145 10638 10134 532 7248 7.037 6,260 B418 11881 2,538 6,488
AVGE 8,722 9461 9,640 10,361 7.583 8,168 6,613 5877 T.B04 11,354 10,585 B, 08D
1524 H] 8,221 TETE 10573 11013 §452 35023 2897 1813 1,768 2872 2102 473
15925 [ 10459 0747 10459 11,180 B412 5,002 3.165 332 3401 230 2330 4,714
1831 c &.500 8,004 5327 8254 5,361 3,747 3,165 3470 4478 3242 570 4,747
1833 c 7315 5209 5213 10117 7238 4,692 4377 2788 1,858 1,287 852 4,815
1824 c 5,653 2811 9822 11470 5875 4220 3,788 3o 5522 7.168 4,334 4,832
1975 [+ TL388 11220 11404 11600 G480 E,582 3232 3,438 7744 10573 7188 4 BB2
1977 c 5735 B,263 5.002 4,853 2310 2287 3,182 534 850 - =@y 2737 4747
1985 c 727 S.0ET 11,280 11421 7.058 3910 2,980 3,307 8,044 4892 1,652 4,758
1880 [+ G449 7811 10622  ©9E94 7,852 6,012 3,754 3,030 7.761 g,183 3,503 &.572
1591 [ = 5285 5,084 5116 3,852 EBE 11.518 4 444 31210 3,588 AETT 3875 4,6ED
1982 E av4ar 4815 4774 8,155 8,303 B.455 3.9339 ams 5320 5,784 1.830 4,830
1564 G 11,388 11,248 11,355 11,535 G534 5,500 3,384 3,183 T.BTT 11,688 11518 579
AVG 7,784 L5 | B.a22 4577 E,280 5537 3530 2,815 4,670 5258 3537 45912
1525 ] 3,959 4714 2,270 6,875 11,101 B.oed 6,717 5118 4242 8933 7217 5152
1928 o 6,256 7.205 82856 11453 11,855 G880 6,229 5324 5347 5,466 2,348 6,802
1830 D 3,825 4242 10720 NM4T0 T.004 7.292 4,074 3.812 7280 11885 o370 4,708
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Appendix E-18. (Continued),

EXPORTS (CFS) AT CVP & s\WP
STATE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5
DWRSIM MODEL RUN 524
==
Water- Dec Jan Feb Mar

Year

Type
1832 (] 5 002 3,081 11,616 12,218 10,361 3,843 5,608 5,132 8047 10,853 6,118 5135
1838 o 11.388 11,226 10,345 5,002 5,704 6,858 4027 ATE3 T a4 11,681 11,085 5,168
1844 ] 10881 11,128 10850 10834 5578 T.iEs 4428 4040 7T 11881 11884 6,532
1847 D 10,638 11,1ﬁé 11,567 11,658 B892 6,729 5,084 2,747 T.609 11,885 11,551 7,205
1848 D 1382 10707 11373 11,307 B.655 11,488 5251 5,034 i 11,665 8,113 5,384
16855 D 10,768 11,229 11,338 11,587 8,213 T.295 3,834 4,040 7.559 11,648 B.700 5,254
1860 o 10,789 T.608 6,588 nTEs 11,678 6,843 4182 1,633 7.3 11,6865 5442 5354
1961 D B.748 10,084 11,307 10802 11,335 B,130 3,704 3977 B,030 11,685 11,274 4731
1864 D 11,388 11,228 11,404 11,714 B.047 6873 3,687 4,057 T.a74 11,881 11.584 8833
1881 D 11,338 10,918 11,453 5285 6,011 T.29% 5,640 3,786 T.E42 11,881 11,584 G6.TEE
1985 (] 11,355 11.225 11,388 11,600 6813 7.888 4276 4 545 6,902 11,681 11,584 8,747
1RET D 11,280 8,013 10,525 8472 5658 5647 1670 3,112 8,081 11,665 10683 4 8B2
1988 D 3,780 5,860 5,649 8,878 2,888 11.307 5.842 4,220 6818 11,681 5,556 8,519

AVG B.86T B,6B4 10,301 8,997 8,180 T.538 A, TRS 4161 T, 244 11376 B985 E.403
1927 W 9,285 11,178 11,404 11,645 10,018 T 8,283 BE18 B, 704 11,681 9873 8653
1938 w 10,478 11,229 11,858 11,812 5,325 6,191 7912 8728 11,633 7266 B84 11,515
1841 w 10411 10,840 11,763 12,545 12,978 B.86% 5,943 10,458 11,263 5,784 7.820 11,515
1842 W 11,372 11,229 11,844 7.315 5794 T.EDA 3.108 8.893 11,632 T.511 8107 11,515
1543 w 11,372 11,228 11,688 8,244 8173 5, Dutt 8,227 7083 2058 T.380 T.an 81758
1952 w 10,488 11.22% 11535 12803 10378 TA15 B0 851 11,633 G553 10884 11515
1853 w 11,372 11,228 8244 5,087 C6237 T445 5,842 7983 10,741 11,661 11,584 10,E40
1856 w 5433 T.256 11,591 12,903 8,105 5,840 8,165 g.099 11833 11518 10789 11,532
1858 W 11,338 11,212 11,338 11632 7.3E5 TERD 5,680 10,832 11,623 B.T16 11,584 11,532
1863 w 11,388 11,246 11,323 1832 12744 11,648 B.283 B.518 B.880 11,681 11,584 10,084
1265 w TIM W41 1778 12857 1242 7.7 8721 ap0m BE5) 10215 BTI6  oBES
1967 w 10088 11228 11551 12072 543 g863 BETD 873 11633 11881 10414 11.515
1BES w 10,528 10,556 11,388 12,658 4747 5474 7,694 9,303 11,633 T.B38 172 11,515
1570 W 11,388 11.229 8,178 4,871 5415 7364 E,785 8207 T2 11,681 11,584 8,013
1571 WY 9547 11212 11,470 11,746 7A18 8,308 6,751 T.883 10,000 11,681 11,584 11.515
1574 W 11,388 11,246 11,567 12,903 8,159 B.04B 9.512 B.553 9,899 11,681 11,584 11,515
1875 W 11,388 1M.2% 11437 10287 Gadgd B30z B.958 E552 11,633 11,681 11,584 11,532
1862 w 8,364 11.212 11.437 12,802 7878 7,739 5141 11,013 11.633 3645 10411 11.532
1883 W 11,388 11,229 12,023 5718 4,350 4822 7.158 T.B36 10840 11,518 11584 11,515
19E4 W 8354 5.623 6305  s300 £.505 T.420 T.037 6435 3114 11,681 10,850 8,047
1985 wW 7,152 6,818 11,372 " 11698 12906 10427 T.7i0 B 423 8,384 5,800 7,584 10,118

AVG 10,122 10,465 11,029 10,374 81 7618 8.4 8,808 10,255 9,893 10,213 10,684
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Appendix E-20. Simulated Average Menthly Deita Outflow (cfs) by Water-year Type at the CVP and SWP
Defta Water Export Facilities. Projected Existing Operations to 1995 Bay-Deita Plan, W-Wet, B-Below
Normal, D-Dry, C-Critical, A-Above Normal,

AVERAGE MONTHLY DELTA OUTFLOW (CFS) -

WATER | WATER | OCT DEC JAK FEB MAY JUN JuL AUG SEP

YEAR | YEAR
PG

1522 A 4001 4978 B4 11145 30225 26701 18274 44198 28800 ooz 5302 3514
1928 A S470 20454 7984 18209 2MB3 09281 237EZ  1Me4  TSTB poss 6187  aaED
1840 A 4751 SIE 5854 20320 50441 101381 G3ITEY 14460  TSTS  pass E527  AaTaz
1951 F SE36 44349 B1591  B1M0  E2843 433 13145 15230 757% 455 B243 4150
1854 s 10735 15484 G382 25856 SO0MB  &45E5 30037  17EE3 7579 501 B413 4201
1857 A 15084 BG1  SMs 725 3338 41728 15457 13181 BETI pags 7205 3sa7
1973 A ST3T 15513 10017 73856 88842 57BS3 15653 - 14633 10310 8002 6853 4170
1878 A 2882 4044 BB40 BIOM11  BOMBD  BATTO 40511 17838 B7Es 8002 530z S2v
1880 A 4001 10258 12128 108178 13784 89112 16217 12001 7878 8002 5307 5438

AVG  BS12 14109 17011 42882 61452 60009 ITA2e 18084 10,283 BTTS 6038 4267
1923 B TIST8 1261 32804 30707 22081 10287 21430 W77 Eo4r Tras 6011 3T
1835 8 2982 5634 SN0 21010 11400 20245 38553 28043 @20 7esn 5504 3085
1935 8 4285 5224 B30 23349 BSB3Z 25425 18020 11167  E3S? TSpa 5207 318z
1937 B 4001 S010 8831 6055 3080 43607 18516 11475 11258 gsos 4868 3074
1945 8 5328 e0ds  B4ZZ EZS0 46311 25357 11053 emis 9725 BSOS 4781 3352
1348 B S124 10887 70085 45062 21840 16235 10067 11288 sgss 7258 5453 3615
1943 8 183 5553 781 A410 11400 10852  1eE8E 25832 11s5 TEID ETm 5827
1850 8 4398 5175 5240 12745 27308 15577 15810 11388 madn TE28  BTZE 4z
1858 B 19195 10782 131 34128 SS5124 16221 B41E T57S emds TEZ0  83gs  43sg
1962 B 4307 5103 8808 60O 48632 18376 9571 f1401 esdo TEIE  GOBY 4228
1945 B B483  1BBSS  M03  m@1a 21825 20495 11151 1124 ssdp TIEE 6183 4179
1988 8 16772 11631 11135 28915 67300 33547 10325 7579 eadp 7502 5243 4175
1872 B BB4S  BBOO 14100 10327 18542 4TZ2 gadq TET8  EB4D TEZ? g4y 3785
1575 8 8354 6852 4891 21520 4437B 29838 15027 12003 1o8m2 6505 4668 3405

AVG 7425 8281 13837 13739 35859 22289 15,559 12783 639 7430 5847 3873
1824 c 4168 S402  BSER  BITE  GEM4 10430 s@ay 1 4000 5458 M5 3008
1929 c 4001 5585 6710 &T12 10111 10012 738 sa3z  7ig7 6013 3415 3008
1831 c 4001 4504 4879 6029 7BO0 7068 7B19 4505 4000 4;gs 3415 3008
1833 c 4001 4504 4781 TZIT  B4BR BSS5 10389 6036 BEI0 4001 15 3008
1834 c 2882 3645 Be40 W36 12775 141 10359 5577 emsy 4001 3415 3008
1575 c 14338 11497 6355 5803 1DEED TSR 7E22 6367 6897 437D 3415 3008
1977 v 2892 4678 TN 577 YES2 67BE GBS 4505 4000 4003 2415 3008
1988 c 4001 4944 6804 TSI 1MOD  TE0O 700 6496 6BIT ES48 34m 3008
1880 o 4001 4504 8391 TEET 1400 709 102S1 sgqq 6857  SB10 35 3008
1891 c 2892 4244 5388 5025 BOZT 21264 11258 E3nd TO37 5724 3415 3008
1802 C 2802 4162 5812 SIE 23697 14087 10377 5700 G785 smEg M15 3008

AVE 4845 5235 6AM THI5 11076 10407  BETO sedy B121 4562 3429 3008
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Appendix E-20. (Continued).

AVERAGE MONTHLY DELTA OUTFLOW (CF8) -

WATER |WATER| oCT | Nov | DEC | J4aN | FEB | WMaR
YEAR | YEAR

TYBE
1825 o S057 5089 578 6001 44581 14229 20771 11477 832 gams 5183 3473
1826 o 283 4980 5333 7EBl 29882 10856 8B 11210 €117 @S0 s a8eR
1830 D 40 527 B8 4077 12870 21213 10544 B288  B117  sa% 4056 3008
1832 D MTT 421 0032 B0 15838 11401 11285 @426 10841 xoms 4085 3707
1838 D 15745 8743 0SB 10475 11818 9S8 10383 7579 easg BI46 4811 3mEp
1844 o 5422 B83 5192 836 27563 17051 @23 757 gave BTBZ 4755 3488
1847 D 4635 586 6838 B0 12826 15083 11259 75T mi3t 7ysy 5758 3mag
1949 D 5562 5728 SeM B4T2 BAM5 43582 10575 11124 7388 BO60 4721 41
1955 D 400 TR41 18833 14720 11400 7E00 7886 B2 moss 7ess 8126 5435
1860 D 4TED SMBZ  TIT4 STU4 20840 14127 11400 7578 6291 71g7 825 4070
1861 D M7 883 TM26 EOT3 22827 1324 10210 7SS Bign TIE eoiz aTod
1964 o S0G8 24850 6134 18428 11400 8490 7ST9  TSIY  e703 74e3 B0GZ 4373
1981 D 9134 6283 @80 22588 24088 20668 12223 7575 6117 mgms 4782 3487
1985 D 9782 31116 20838 10749 14610 14122 B185 10012 117 770 sa17 38z
1987 o 4746 5635 4588 STTS 12344 25028 10388 757D B117 7ees 5397 3536
1580 D 2802 4835 SN0 5785 @175 31153 1B38R  1o2e7 B TETE  E031 3

AVE 6131 8883 a150 9811 18082 17,900 11826 8787 6935 6807 5301 3851
1927 w 5108 12345 8855 ZIMEI MISTZT 39033 45857 14 ansz BOG2 5741 3174
1538 W 4001 25081  6BEE0 26438 141095 162054 65847 GosTs 12478 BO02 5741 Ea
1941 W 426 5783 40B48 97207 115701 62835 Tes43  3a0ot 11832 Bon2  S7e1 s
1942 W 13381 12016 85383 81007 143045 24845 49535 14zms 16858 AO0Z 5741 Sdes
1843 w 14815 15515 25708 BocaT 58424 BO251 2850 18226 7578 BO02 574 3152
1852 W BB TSIE 474 BTA13 T4261  BO732 63867  Ea7is 3310 BDD2Z 5741 10BSS
853 wW 15585 11338 4254 103 2573 17525 16340 21023 15704 BOO2 5741 BEB0
1956 W AD0T 5884 74337 154181 67517 31285 17585  ammEs 14505 BOGZ 8525 E3m0
1958 W 8328 814 TR 30844 156404 122731 102018 28711 apan BODZ 5741 sasy
1863 W. 28326 10620 1B7E2 85T 69245 25568 EewEs 2s7o 8016 8002  B0S8  sza7
1985 w 9001 6855 TOBM4 112333 26676 15363 45171 20518 7578 mass 5741 3885
1967 W 4822 B30 MBAY 48144 54145 56637 4B508  4som 37462 EEOZ 5741 sag
1860 W 5281 S8 13B43 7815 130059  S6sS1 47432 ssatp BEET?  BDO2 5741 13sse
1570 WooTSM - uDE2 SSMT 204824 91231 35248 11578 Tase 7s7s BSE0 5771 am7o
1971 W 5178 15800 85991 45709 22695 43743 1g812 26488 12685 @002 GaTS  sEet
1974 W BB B1288 G514 125762 42485 105670 oot 20852 s BOOZ 5741 10509
18758 W 12707 B011 5062 10318 BTEE1 85511 J0BED 28881 15245 8002 8171 GESE
1982 W %S 28283 BEOW6  T7838 G724 81983 142610 4eand 1ggss BOOZ  SED1 18124
1983 W 3132 457ET 89578 107862 188081 262790 110345 8314 Tass: 3035 o7 ze0ze
1984 W 37420 B3001  1SG1B5 BS443  49TM4 38150 13095 o7e1 goay BOOZ 5741 s7ED
1886 W o 4BIT 5501 7083 11204 218810 150895 20806 10867  7s7n BODZ  E5T41 do4p

2
i

N342 18385 S0ES1 7B 44D 4077 TSESS  E3.042 34186 15,358 © 8298 6,038 8103
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Appendix E-21. Simulated Average Month

for Future Operations to Interim South Delta P

Normal, D-Dry, C-Critical, A-Above Normal.

ly Delta Outfiow

(cfs) at the CVP and SWP by Water-year Type
rogram With Future Water Demands. W-Wet B-Below

DELTA OUTFLOW (CFS)DWRSIM MODEL RUN 414 -

]

YEAR |WATER-| ocT JuL I Aus"' SEP
YEAR
TYRE
192 A 4008 4BE3 7209 8254 43745 20700 toEip 42978 23771 BODIE 5865 340
1828 A 4238 12811 6488 12838 20418 085B3 24057 13853 TERI  EDIE B1E2 3013
140 A 4008 5202 6234  1BB4E 41522 7312 E2E7S 14778 7583 8123 6142 4832
1951 A 4838 30125 8738 65282 65857 26067 13350 15550 7583 10189 6881 5530
1854 A 5425 BEO3 825 19241 58550 44673 38114 17840 7593 8238 7089 a3g0s
1957 A B112 BdEe 5213 7348 189 41251 15978 13384 BETD 10207 6824 5555
1873 A 4448 11532 4783 71183 93B4R 59726 158m2 14370 10370 80 ggs1 3mms
1878 A 2,898 4.158 6810 58260 62121 E2080 3891 16850 8,276 BD0E &7 737
1WED A 4008 6589 BTIE 84314 131584 e8p0 T5B25 12483 7883 9081 €207 ass:
AVE 4831 11,057 16835 39638 61227 58600 A 17952 10006 9078 6812 4188
1823 8 5735 83m4 M4 30384 22709 9677 21816 TE00 B4 7364 5784 5084
1|5 g 2898 5724 555 17709 141E 20104 34506 28087 8360 7O 5558 4001
1938 B 411 5B BET0 21522 61805 244z 1msEas 208 B26E BITE 5715 4744
1937 B 4008 5354 7208 7288 34722 43760 19784 11404 11278 BSIT 5187 3088
145 g 4345 8212 8808 6224 4222 21082 1208 g5 9714 752 4676 3088
16 B 4008 7205 600BS 45575 Z2H19 15445 11482 274 8806 BTR4 5830 3058
WE B 5479 5488 5833 6452 11418 10704 18343 4518 11077 981 esaz s
1950 B 4008 5202 5262 10215 25703 15168 18077 4 1421 BASS 72T 6142 so67
1955 @ 9805 6616 5702 32437 54672 18960 5434 7502 BESZ  TEBIE GEM  sq18
1282 B 4008 5202 8873 6012 45833 18035 10774 1143 GE52  TEES  gEE3 3636
1868 B 5051 15741 7201 22418 23268 18328 11886 1 1944 6852 B4SE  TO2T 47
1858 B 11,488 10,774 B.684 Z7 685 65 28R 32 926 10,588 7.592 B.B52 B 113 B,538 513
1972 B 5823 B4B5 7690 B3T4 19687 25073 10084 7542 BB52 8552  g4m4 5218
16878 B & 558 6,145 8947 15,088 8.6 28 458 15,858 12.740 10543 8211 8,500 3.73r
AVE 548 7217 12237 18412 34435 21500 15747 12880 BETT TR BT 4370
1824 ¢ 4008 5404 7185 5787 6675 10443 5Bz s5z7n 4007 4008 3421 303
w5 C 4008 5842 6508 5702 10245 10036 7323 g4s2 7a21 5B 3431 3013
1631 C 4008 4512 8883 BITS T8I 68T TEm 4513 4007  400E 342t 3o
1933 ¢ 4008 4512 482 72T 7792 BATE 10421 6nm BB3S 4855  34m1 3013
1| 2938 3BB9 G517 6881 11670 11421 1043 5821 6802 4040 34m1 3piz
1976 © 2091 &768  B8S) 6435 12013 87EY 7785 game 6802 6683 3421 3013
17 C 2998 4714 TH38 4513 7855 973 6@z 4513 4007 400 3471 3013
1988 © 4008 5017 6957 15054 11418 75T 7306 6500 BS02 62 3421 3013
1980 ¢ 400B 4512 5908 7250 1418 7006 10285 547 6802 6533 3421 3013
1|91 C 2898 4444 STI8 5230 BIIS 101 1z s3e0 TOE4 4692 34m1 a3z
92 ¢ 2898 4040 4448 5327 22330 13862 1052 578 6785 4757 3421 3013
AVG 4100 487E 6529 6869 10850 10314 BI1E  5ETT 6129 5061 3411 3om
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Appendix E-21. (Continued).

JUN

1925 D 4877 5,000 57&T 6012 40839 13783 21,044 11,518 g318 6,240 4 448 3,586
1828 D 4,008 4,968 5425 6857 26100 11,307 19,680 more 8128 T.071 5637 5047
1830 o 4,658 4,549 6,781 1,748 13113 20707 10707 8276 8,728 5.051 4,073 3ma
1932 8] 3183 4,226 B34 TATE 14853 11421 11279 8456 1055 5002 4,073 3333
1838 D 11,883 B.T17 TAS4 B.T7s 10642 §.681 10,421 7.532 6,205 T2 8,012 4,360
1544 D 4,138 8414 T.258 6810 08537 15510 8781 T.8m2 B401 6,858 58B5 3838
1847 o 4,008 5,387 6853 6,484 13,005 BT 11778 7552 6,145 6873 6,061 3,635
1848 D 4888 5,857 BT 5,588 BE2D 41,348 10,808 11,944 7357 6,370 4,073 3,837
1855 D 4,008 B,E50 12830 11404 11418 7200 B.434 8,358 5,030 7168 B.452 4,074
1880 [} 4,072 552 6,240 S8 18533 13327 11414 7882 £330 7,543 5572 4,583
1861 o 4,008 5876 V.03 6338 16378 13sS22 10538 TS5 B.185 6712 5109 3.m3
1864 D 6,370 18,357 6224 15673 11,418 B8 T.583 T.582 6,734 7348 6012 4478
1981 D 2878 5,826 6,533 11241 21984 2572 11330 7.582 G128 7,289 6012 48918
1885 D B8 24848 21281 8580 11724 10997 5024 10036 8128 7,543 5,533 5.285
1987 D 4,040 4,552 5,784 G484 12175 200185 11128 7582 6,128 B.873 4,073 3,013
1688 (] 2898 4,833 5230 5848 B,189 28022 18586 10362 E128 6,857 5572 3,808

AVG 4,843 7.506 7545 8340 16,181 16,657 12,065 Ba11 6,545 6,771 5357 4,005
1927 w 4,008 10,303 6517 12632 123848 30452 45370 18,827 8,098 8,335 6,840 3,248
1838 W 4,008 18283 54658 23786 135705 163,668 65034 55358 30774 8,016 6,354 5,488
1841 W 4,008 5,808 35,540 BES14 114448 DHAEE 78081 36801 19734 6,018 B.533 4 687
1842 W 6240 T.238 5,058 81367 142027 22825 SD3ET 32421 mE2E3 EDiG 6,745 4,548
1843 w BEBE 8276 25041 TEE1S 88315 oIy 48481 18328 753 8188 6.973 4,125
1852 w 4,008 6,582 JBIT0 B2421  TSO00 52040 63,232 59408 30578 B.01E 575 6,545
1853 w 10,280 B434 431532 100472 23864 15048 17,374 21147 15387 8,003 7,299 5,269
1956 W 4,008 5774 TO218 154317 90873 33317 18215 3681 13935 EBO016 5,853 5,842
1858 w E.181 8717 14108 32,551 152381 124828 105,268 38807 28838 8.8 5,588 B.206
1863 W 22141 7003 20528 12757 TGN &3 BOTEY 25187 oage B.ETS 5843 4,327
1865 W #,008 6,481 SBBETT 112089 25726 15118 45843 20430 7593 5075 6,761 3,653
1867 W 4,008 6,584 081 #1577 53580 EETTT 50249 44135 35354 8,018 5751 6,481
1963 w 4220 5673 10,622 108,552 131,099 5989 46633 57380 21584 8.018 5,751 7274
1870 W 12822 11,128 55474 204,882 B9 883 33887 11,801 7.950 T.5603 8,938 7657 5,185
1871 W 4073 11,481 55582 42131 24080 43685 17189 25758 12.1EB 5335 7.071 5.928
1574 w 4,938 31,768 B2968 127841 4345 106,161 69,747 20316 12003 8,781 6,745 5,330
1978 w 5224 8,616 1013 10150 BR.ST1 B513E 21228 ITOTT 14714 B.018 8810 6,128
1882 W 4,024 20,084  B1,248 Y7550 OB539 83,085 143418 47353 18515 8,018 5751 11,785
1983 L) 27745 4T 40T EQEAEY 107511 1BS05 262958 110606 B TR TiS1s 29048 7am 23215
1884 w 35305 B2TVE 187,755 83643 47.098 34885 13401 8,563 8318 10248 B586 5488
1888 W 4,008 5,168 6,875 8¢z zi2@25 1532 30028 10832 7,583 8270 6,142 3,838

AVG ar2 16223 472 TESED 84,377 TEA14 53397  33IT1 18456 9,632 6,830 B475
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‘Appendix E-22. Simulated Average Monthly Delta Outfiow (cfs) by Water-year Type for Future Operations
to State Water Resources Control Board Water Rights Altemnative 5. W-Wet, B-Below Normal, D-Dry, C-
Critical, A-Above Normal.

A 4008 4512 9840 11421 392M 3RS 2120 45485 29880 BOIE 4008 3414
B A 5383 10488 6613 18381 26733 e8385 2epm 16243 6431  BDIE 5018 3,013
1840 A 4083 4578 4582 21180 S4513 102574 67155 17130 8182  BOE 4774 3012
1951 A 400 49781 5500 70121 668BE 31558 13711 15292 ey BOE 4858 3pia
1854 A SE57 10826 4822 25155 60289 47524 383IW 20888 TAT2 8016 &BS5 3013
1857 A 13001 5431 4584 9514 31085 44705 18704 15200 10850 806 4545 3013
1972 A 4138 15084 17663 75888 5072 63376 17867 13,086 10791  BOIB 4584 3013
W A 5425 3519 4888 57841 GD1BD  TR206 48208 22255 11650 BO016 4437 3887
1980 A 4554 6,568 13,085 105409 147,383 63555 18714 13816 11,987 B.016 4 454 3638 .
1953 4 5403 3502 8108 54643 53538 S5B49 372z 245am 20285 BO16 4008 3013
AVG 5184 1038F 15430 40848 5TTT 85T 28200 18628 11622 7287 4123 2867
1822 B ET81  BB38 433 NS5 JATS 1675 23350 12108 10084 8517 4008 3013
S @35 B S350 3502 3503 21783 11426 2554 4137 2708 10370 6517 4008 3013
1835 B 4008 4512 451 20122 BasSe 28315 20236 12584 11,010 6517 4008 3013
1937 8 4003 4512 4513 BM1 45487 4824 24741 18569 10,152 6517 4008 3013
1845 8 4024 5087 7217 6012 48502 M4TE 11582 10264 9208 B51T 4008 3013
1846 B 4B71 8856 BRO1S 47361 23800 21,538 11380 11238 BT8R 6517 4008 3,013
1848 B 4008 4512 4513 5811 142 ez 20893 22255 12828 6517 4008 3013
1850 B 4008 4512 4513 1348 27076 1825 70T 11584 10.850 6517 4008 3013
158 B W2 BSOS 5610 197 55144 19875 8535 6728 8192  E51T  4D08 2030
12 8 4008 4512 6517 6012 5074 25448 13286 11200 BEis 6517 4008 3013
16 B 4850 18T 11960 T2 28195 25024 14074 10.704 TATS  BS1T 4024 3013
18 B 13538 BO30 11980 30634 62870 36208 13300 6825 EBI5 8517 4008 3p13
1972 B 7E23 5202 11385 11480 17653 27042 10455 T.887 B6OZ 6517 4008 apia
1wWs 8 TA4E 4840 4513 25682 62076 38966 1E330 10916 10808 6517 4008 301
AVG B33 6516 12568 21402 35764 28076 17.57s 12755 STEE  B51T 4005 3,015
194 C 400B - 4512 4513 SE4 11083 10097 5875 8808 seoe 4008 2808 3047
w8 C 400B 4512 516 BITS 1885 10916 6869 Gam4 6044 4008 2888 3030
131 ¢ 4008 4512 4513 5539 TEBB 6224 6835 7.008 6502 4008 4811 3030
19 ¢ 4073 4512 4513 64BE 8231 780 10401 s78e 6887 4008 4611 3030
1934 ¢ 3030 5808 4843 B130 11488 19421 1003 5685 6002 4008 2998 3,047
188 © 14581 9428 672 7087 15821 1298  TAT2 6.8 9764 4008 2888 3084
W7 C 4582 3SBE 4071 4513 11029 607 7020 680 G802 4008 2898 3030
1888 C 4008 4512 E7E1 18638 12437 7885 6763 medT 6502 4008 3421 3030
1980 © ABO8 4512 4513 13978 1S 9743 om48 5784 sess 4008 2888 3013
w1 4827 3518 4238 4513 10830 2509 12480 5767 sse0 4008 2808 300
1992 € 5837 3502 2502 4888 310 15383 10370 5767 6717 4008 2568 3,030
1984 C 5002 13519 8211 B39 26534 10482 7963 spes B8B83 4008 2ose 3013
AVG B2 sS4 EMB 7255 14230 11055 8420 6244 TAS4  400B 3302 30m
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Appendix E-22. (Continued).

1830

1835
a4
1847
1848
1855
1860
1861
16054
1881
1585
1867
1888

1827
1938
841

1843
1952
19331
1856
1858
1863
18EE
1867
1869
1870
1871
1974
16875
1862

1584
1988

gUDDEUL‘IEDUDUUUEDL’l.

sEsssssssssssssssssss3s 2

3

6.843
8,521

4,708
4,858
5812

4,008
4,008
4,008
14,842
14,272
4008
16,520
4,008
11,567
23,183
4,008
4,008
4,008
18,113
4,008
4,845
12,447
4.008
26,328
20,404
4,008
10,236

4512
10,589
4512
4,595
20,539
4512
Frfis
4512
3502
7,617

12,528
15,288
4512
B3T3
14,428
7.071
7.306
4512
9,091
10,118
4579
ETa4
4,863
B.BET
14,182
56,279
7,097
25,707
42,600

4.512
16,717

6,533
651,338
40,567
62,138

41,393
41,512
78,883
13,985
18,003
BB.208
28,51
15,445
52T
58,308
B6.585
B.456
B5,109
B1,450
156,662
7.087

10,458
4757
"oz

23477
30,792
100,812
85,543
88,135
90,453
103,324
17271
0,173
10,573
118,381
46,758
122206
11,339
45,503
127,890
11,160
TRAT2
111,785
TE. 848
14,457
81,095

W (CFS)
T2 152 1020
11,160 18,873 ~ 11,111
Tz 10842 THaae
1421 122 . gom
13180 65966 5885
23151 8283 8810
18,831 11,414  5.p8c8
/BT 11,312 11,012
12512 8y 7T
17,742 11,246 — 7755
14581 10188 . 5588
1,714 7003 7.0%8
30515 . 14428 6,142
18458 10202 paES
28521 . 5586 5148
M6 19377 10,085
24134 12116 TeT2
42783 48858 22.B09
175672 TBIT1 74438
85308 77,230 41,512
30,515 49,529 35891
82837 30538 18785
TI88 69278 66,108
21,733 14832 22383
40143 18630 37.852
128,087 103384 49,038
7AW SOm4? 2738
18,801 48717 22797
62268 57222  £5 380
71457 62227 &5298
4,072 4T3 1033
50098 18,125 25432
112,838 88,300 23803
91642 25288 25725
01251 141,330 44,803
252281 102071 T3 TT0
3IEN 16061 11,323
153,648 24485 12871
81386 55262 36,559
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B,754
7.003
8,782
10,236
8578
73
9582
B.451
8,350
B850
10,135
8293
g,182
B,0g8
10,253
8081
9,084

11.582
arasr
16,185
20,067
10,2353
35,572
15,404
17273
32,054
11,953
1113
41,515
28,788
8,588
13,838
13,704
17,811
21,246
B3,180
10,266
10,741
22,358

5016
8,018
B.018
8,016
8,015
8018
8,015
B.016
B.OTE
8,016
LT
11,551
8018
8015
8,015
6,018
B8
8018
73,803
B.01E
B.016
B 536

4285

3,508 -
3502,
3,503
3503
3,503
3,503
2,503
as0s,
3,502
3.503.
3,503 .
3,503
3,503
2,503
3552

4,904
4,008
4497
4138
5,205
4,008
430
4073
5,083
4,363
4,904
4,008
4,008
4,871
4,268
4,285
4,057
4,008

5,018
4,888
4678









