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A NOTATIONAL SYSTEM HAS BEEN USED
TO DENOTE DIFFERENCES BETWEEN THIS AMENDED LICENSE APPLICATION
AND
THE LICENSE APPLICATION AS ACCEPTED FOR FILING BY FERC
ON JULY 29, 1983

This system consists of placing one of the following notatioms
beside each text heading:
(o) No change was made in this section, it remains the same as

was presented in the July 29, 1983 License Application

(*) Only minor changes, largely of an editorial nature, have been
made

(*#*) Major changes have been made in this section

(***) This is an entirely new sectiom which did not appear in the
July 29, 1983 License Application
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EXHIBIT E ~ CHAPTER 3
FISH, WILDLIFE, AND BOTANICAL RESOURCES

1 - INTRODUCTION {o)

This report discusses the fish, vegetation, and wildlife resources of
the area that will be affected by the proposed Susitna Hydroelectric
Project. Each of the major subsections (2 - Fish, 3 - Botanical
Resources, and 4 — Wildlife) provides a baseline description of species
and populations of the project area; an assessment of potential project
impacts on this biota (assuming no mitigation); and a mitigation plan
that explains how preliminary engineering design and construction plan-
ning have incorporated measures to avoid, minimize, or rectify poten-
tially adverse effects of the project on the biological environment.

In appropriate cases, resource management options to reduce or
compensate for adverse impacts that cannot otherwise be mitigated are
discussed.

1.1 - Baseline Descriptions (o)

These sections describe the distributions and characteristics of bio-
logical populations and communities within the project area. The
discussions are based on a thorough review of the scientific literature
and emphasize documented studies conducted in preparation for the
Susitna Hydroelectric Project by the Alaska Department of Fish and Game

-and professional consultants. They provide the most current available

information through March 1985 on fish, vegetation, and wildlife of the
project area.

Discussions of animals focus on vertebrate species: resident and anad-
romous fish, big game, furbearers, birds, and non-game (small) mammals.
The plant descriptions deal with species aggregatioms that occur in
recognizable patterns, such as vegetation communities and successional
stages.

The baseline descriptions emphasize functional relationships among
habitat components and animal communities. Factors that regulate
species distribution and abundance receive particular attentionm,
because knowledge of these regulating mechanisms can suggest where
populations are most sensitive to potential disturbance. For example,
water temperature and stream regimes are discussed as regulators of
fish populations, and the role of plant communities in regulating wild-
life populations is examined.

1.2 - Impact Assessments (%)

It is expected that the distribution and abundance of fish, plant, and
wildlife species in and around the area of the Susitna Hydroelectric

851022 E-3-1-1



Project will change as a result of project construction and operation.

. The impact assessments presented in this report are based, in part, on
the project description presented in Exhibit A, project operatiomns
described in Exhibit B, the proposed construction schedule shown in
Exhibit C, the impacts on water use and quality presented in Exhibit E
Chapter 2 and an analysis of similar activities associated with large
construction and hydroelectric projects in similar habitats. In
addition, the Recreation Plan presented in Exhibit E, Chapter 7, has
been reviewed as a proposed project action to determine its potential
impacts on fish, vegetation, and wildlife. The impact assessments link
predicted physical changes with habitat utilization to provide a
qualitative statement of impacts likely to result from the Susitna
Hydroelectric Project. Quantitative assessments are presented where
justified by current knowledge and research techniques. Changes
potentially resulting from the project are discussed with respect to
specific project features and activities, assuming standard engineering
design and construction practice without the incorporation of
mitigation measures.

Although some project impacts, if not mitigated, will be adverse, other
impacts will be innocuous and some will enhance fish or wildlife
productivity. Therefore, potentially benmeficial impacts are given
balanced treatment with those to be mitigated. Each potential effect,
together with the action responsible for it, is called an impact

issue.

The identification and prioritization of impact issues have followed
the procedures established by the Susitna Hydroelectric Project Fish
and Wildlife Mitigation Policy (Appendix E1.3). This policy was
prepared by the Applicant through extensive consultation with
representatives of the following resource agencies:

Alaska Department of Fish and Game (ADF&G);

Alaska Department of Natural Resources (ADNR);

Alaska Department of Environmental Conservation (ADEC);
National Marine Fisheries Service (NMFS);

U.S. Bureau of Land Management (USBLM);

U.S. Envirommental Protection Agency (USEPA); aud

U.S. Fish and Wildlife Service (USFWS).

[+ =T « T o N = e B o ]

Criteria for assessing the relative importance of biological impact
issues have been provided by; (1) mitigation policies of the Alaska
Department of Fish and Game (ADF&G 1982a), the U.S. Fish and Wildlife
Service (USFWS 198lc), and the Applicant (Appendix El.3); (2) letters
and testimony by local, state, and federal agencies; and (3) discus—
sions of impact issues in workshops and numerous other technical
meetings involving Susitna project personnel and resource agency
representatives.

All three mitigation policies from APA, USFWS, and ADF&G imply that
project impacts on the habitats of certain sensitive fish and wildlife

851022 E-3-1-2
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species will be of greater concern than changes in distribution and
abundance of less sensitive species. Sensitivity can be related to
high human use value as well as susceptibility to change because of
project impacts. The policies and comments also indicate that, for the
Susitna Project area, vegetation is considered more important as a
component of wildlife habitat than as a botanical resource in itself.
Statewide policies and management approaches of resource agincies
suggest that concern for fish and wildlife species with commercial,
subsistence, and other consumptive uses is greater than for species
without such value. These species are often large, sometimes numerous,
and utilize a wide range of habitats, as well as having high human use
value. Such characteristics often result in these species being
selected for careful evaluation when their habitats are subjected to
alternative uses, By avoiding or minimizing alterations to habitats
utilized by these evaluation species the impacts to other less
sensitive species that utilize similar habitats can also be avoided or
reduced.

The mitigation policies all agree that resource vulnerability is an
important criterion for impact prioritization. Resources judged most
vulnerable to potential project impacts have therefore been given
highest priority in impact assessment and mitigation planning. Simi-
larly, impact issues have been considered with regard to probability of
occurrence. Where there is a high degree of confidence that an impact
will actually occur, it has been ranked above impacts that are
predicted to be less likely to occur. Also, the mitigation policies .
and agency comments indicate that impacts on animal productivity and
population size through changes in habitat availability are of high
concern. Behavioral responses that have the potential for producing
population-level effects are also important. Adverse impacts that are
longer lasting or irreversible have priority over short-term impacts.

1.3 - Mitigation Plans (%)

Mitigation plans have been developed for identified impact issues in
accordance with the sequence of steps defimed by 40 CFR 1508.20,
pursuant to the National Envirommental Policy Act (42 USC 4321 et
seq. ).

The mitigation planning sequence includes, in priority order of imple-
mentation, the following steps:

o Avoiding the impact through project design and operation, or by
not taking a certain action;

0 Minimizing the impact by reducing the degree or magnitude of the
action, or by changing its location;

o Rectifying the impact by repairing, rehabilitating, or restoring
the affected portion of the enviromment;

851022 E-3-1-3



0 Reducing or eliminating the impact over time by preservation,
monitoring, and maintenance operations during the life .of the
action; and

0 Compensating for the impact by providing replacement or
substitute resources that would not otherwise be available,

This sequential strategy for mitigation option analysis and implementa-
tion is shared by all three mitigation policies applied to the project
(the Applicant - see Appendix E1.3, ADF&G 1982a, USFWS 198lc). The
relationships of steps within the sequence are shown in Figure

E.3.1.1 and further compared in Table E.3.1.1.

The process by which mitigation will be implemented and continually
refined throughout the life of the project is shown schematically in
Figure E.3,1.2. The process involves the following steps:

0 Impact issue evaluation:

Identification of the nature and extent of impacts:
Populations
Subpopulations
Habitat types
Geographical areas

Prioritization of impacts:
Ecological value of affected resource
Consumptive value of affected resource
- Resource vulnerability
Confidence of impact prediction
Long-term vs. short-term impacts

o Option analysis procedure:

Identification of practicable mitigation options:
Type of mitigation option
Sequence of implementation

Evaluation of mitigation options:
Effectiveness of option
Conflicts with project objectives
Residual impacts

Documentation of option analysis:
Impact issues
Mitigation options
Conflicts (if any) with project objectives

851022 E-3-1-4
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o Negotiation of acceptable plan
o Mitigation plan implementation:

Engineering design and construction planning:
Participate in design development
Participate in preconstruction field surveys and site
evaluations
Review designs, schedules, permit applications

Construction and operation monitoring:
Review work accomplished
Evaluate degree of impact
Evaluate effectiveness of mitigation
Identify modifications to the mitigation plan
Submit regularly scheduled reports

Mitigation plan modifications:
Propose modifications
Submit modifications for review
Implement and monitor approved modifications

Data from the baseline, impact, and monitoring studies will be used
throughout the life of the project to plan and continually refine the
mitigation process in a flexible, adaptive fashion.

Mitigation measures proposed for operation of the Susitna Hydroelectric
Project may be classified within two broad categories:

o Modifications to design, construction, or operation of the
project; and

0 Mitigation for impacts that cannot be mitigated through
modifications to design or operation of the project.

The first type of mitigation measure is project-specific and emphasizes
the avoidance, minimization, rectification, or reduction of adverse
impacts, as prioritized by the Fish and Wildlife Mitigation Policy
established by the Applicant (Appendix E1.3) and coordinating agencies
(ADF&G 1982a, USFWS 198lc). As shown in Figure E.3.1.1, these measures
must first be implemented to keep adverse impacts to the minimum
consistent with project requirements. They involve adjusting or adding
project features during design and planning so that mitigation becomes
a built-in component of project actions.

Mitigation of construction impacts will be achieved primarily by
incorporating envirommental criteria into preconstruction planning and
design, and by good construction practices. Incorporation of
environmental criteria into design activities and construction of the
Susitna dams and related facilities such as transmission lines and
access roads will avoid, minimize or rectify impacts to fish and
wildlife habitats.

851022 E-3-1-5



The Applicant has prepared five Best Management Practices (BMP) Manuals
(APA 1985a,b,c,d,e) to be.used in the design, comstruction and
maintenance of the Applicant’s projects. These manuals are entitled:

1, Fuel and Hazardous Materials

2, 0il Spill Contingency Planning

3. Water Supply

4, Liquid and Solid Waste Management
5. Erosion and Sedimentation Control

A report entitled "Drainage Structure and Waterway Design Guidelines"
was also prepared (Harza-Ebasco 1985b) to establish the proper
procedure for the design of drainage structures and waterways.

These manuals are the result of a coordinated effort involving federal,
state, and local govermment agencies, and special interest groups. The
manuals will be provided to the design engineer, who will utilize them
in the preparation of both design and construction documents. The
Applicant intends that applicable guidelines contained in these manuals
will be incorporated where appropriate into the contractual documents
for the Project.

When impacts cannot be fully avoided or rectified, reduction or compen—
sation measures are justified. This type of mitigation can involve
management of the resource itself, rather than adjustments to the
project, and will require concurrence of resource management boards or
agencies with jurisdiction over lands or resources within and around
the project area,.

Mitigation planning for operation of the Susitna Hydroelectric Project
has emphasized both approaches. The prioritized sequence of options
from avoidance through compensation has been applied to each impact
issue. If full mitigation can be achieved at a high priority option,
lower options may not be considered. 1In the resulting mitigatiom
plans, measures to avoid, minimize, or rectify potential impacts are
treated in greatest detail.

Monitoring and maintenance of mitigation features to reduce impacts
over time are recognized as an integral part of the mitigation process.
To assure that the mitigation plans achieve their intended goals,
monitoring plans for agquatic and terrestrial resources have been
develped and are described in this license application.
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TABLE E.3.1.1: MITIGATION OPTIONS ANALYSIS STRUCTURE RECOMMENDED BY SUSITNA HYDROELECTRIC PROJECT,
ALASKA DEPARTMENT OF FISH AND GAME (ADF&G) AND THE U.S, FISH AND WILDLIFE SERVICE
(USFWS). DESIRABILITY OF OPTIONS DECREASES FROM TOP TO BOTTOM. EXPLANATIONS OR
EXAMPLES OF EACH OPTION AS DESCRIBED BY AGENCIES ARE SHOWN

ALASKA DEPARTMENT OF FISH AND GAME U,S. FISH & WILDLIFE SERVICE
OPTION DEF INITION
Avoid Impact by Not Taking a Certain Action Modify Project Design to Avoid Impact
l_ AVOIDANCE |
- Keep as much existing natural habitat as possible. - No-project alternative is one mode.
- Maintain fish and game populations and critical ~ Design modifications in action type, magnitude, timing
habitats. and locations are options.
Minimize Impacts by Limiting Magnitude of Action Modify Project Design to Minimize Impacts
MINIMIZATION I
- Maintain habitat diversity and the capacity of each - Design modifications in action type, magnitude, timing
system to restore itsslf naturally. . and locaticn are options,
Rectify Impacts by Rehabilitating Environment Restore Damaged Environments
[ RECTIFICATION I
- Repair, rehabilitate or restore abused aguatic or - Reclaim disturbed sites by seeding, etc.
terrestrial systems. - Restock lost fish and wildlife,

l RESTRICTION

[ﬁCUMPENSATIDN

- Restore the same functions or structure of habitats.

Reduce (or Eliminate) Impact Over Time by Maintenance Maintain Mitiqation Effort to Reduce Impact
- Dperate and maintain mitigation measures to reduce - Monitor and maintain mitigation measures.
impacts over time. - Train mitigation personnel.
Compensate for Impact by Substitute Resources Restore Lost Resources by Management or Replacement
- Create or restore fish, wildlife and habitat values, - Intensify production through management.
and resource use opportunities that were unavoidably - Initiate hatcheries; restocking programs,
lost, -~ Lease or buy new lands for enhanced management.

- Compensation by providing substitute resources or
environments is least desirable; the preferred mode
is onsite mitigation.
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2.1.1 = Description of the Study Area for Fish Resources (#¥%)

The study area for the Susitna Hydroelectric Project fish studies
includes the Susitna River mainstem, side channels, side
sloughs, upland sloughs and tributaries (Figure E.3.2.1). From
the terminus of Susitna Glacier in the Alaska Mountain Range to
its mouth in Cook Inlet, the Susitna River flows approximately
318 miles (530 km) and drains 19,600 square miles (50,900 square
kilometers). The mainstem and major tributaries of the Susitna
River, including the Maclaren, Chulitna, Talkeetna and Yentna
Rivers, originate in glaciers and carry a heavy load of glacial
flour during the ice~free months. There are many smaller, clear
water tributaries that are perennially silt-free, except during
floodflows, including Tyone River, Oshetna River, Portage Creek,
Indian River, Kroto Creek (Deshka River) and Alexander Creek
(Figures E.3.2.2 to E.3.2.4).

Streamflow is characterized by moderate to high flows between May
and September and low flows from October to April. High summer
discharges result from snowmelt, rainfall and glacial melt. -
Winter flows are almost entirely ground water inflow (see Exhibit
E, Chapter 2, Section 2.2.3). Freezeup begins -in the higher =
regions in early October, and most of the river is ice free by
late May.

Three study reaches have been defined for baséline data gathering
and impact analysis based upon stream morphology, flow regime and
anticipated impacts., These study reaches are: the impoundment
from the Oshetna River (River Mile RM 236) to Devil Canyon (RM
152); Devil Canyon to Talkeetna (RM 98); and Talkeetna to Cook
Inlet (RM 0). These are commonly referred to as the impoundment
zone and the middle and lower river reaches, respectively.

The Susitna River upstream of the Watana Reservoir will not be
affected by the project and, therefore, is not included in the
study area. In the impoundment zones (Watana and Devil Canyon
Reservoirs), the existing flowing water habitats will become
lake-like habitats in the reservoirs. Although fish resources
will continue to exist in the reservoirs, it is expected that the
productivity will be relatively low because the reservoirs will
remain quite turbid throughout the year. Downstream from the
reservoirs, the flow regime, temperature regime, water quality
characteristics and ice processes are expected to be altered by
the project and therefore will affect fish resources. The most
affected reach downstream from the dams is the middle Susitna
River from the Devil Canyon Dam Site to Talkeetna at the
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confluence with the Chulitna River, These changes are discussed
in detail in Exhibit E Chapter 2 Section 4 and the effects to
fish resources are discussed in detail in Section 2,3. Measures
to mitigate for the expected adverse effects are described in
Section 2.4. Effects to fish resources in the lower river
(between Talkeetna and Cook Inlet) are not expected to be as
great as those expected in the middle river. Basically, the
effects expected in the lower river are less because the changes
induced by the project will be masked by the flow, temperature
and water quality regimes contributed by the Chulitna and
Talkeetna Rivers as well as numerous other tributaries flowing
into the lower river,

2.1.2 - Data Collection and Analysis Methods (#%%)

(a) Anadromous Adult Investigations (¥%)

Methods utilized from 1981 through 1985 to enumerate adult
salmon within the Susitna River drainage included
side—~scan sonar monitoring, fishwheel monitoring, tag and
recapture estimates and ground/aerial spawning surveys.

Side scan sonars and fishwheels were used to determine the
upstream migration timing of sockeye, pink, chum, and coho
salmon in the Susitna River from July through early to
mid-September 1981 and 1982. . Sampling locations included
Susitna Station (RM 26), and Yentna Station (Yentna RM 04),
Sunshine Station (RM 80) located in the lower river, and °
Talkeetna Statiom (RM 103) located in the middle river
(ADF&G 1985a) as shown in Figures E.3.2.2 and E.3.2.3.
Fishwheels were used from 1981 through 1984 at these
stations, but sonars were only used for 1983 and 1984 at the
Susitna and Yentna Stations., Fishwheels were also operated
at Curry Station (RM 120) in the middle river from 1981
through 1984 and at Flathorn Station (BM 20) in the lower
river during the 1984 season, but without associated sonar
counters. When fishwheels were used in conjunction with the
sonar, the data from the nearby fishwheel was used to
apportion side scan sonar counts. Fishwheels at all
stations have been used to sample adult chinook salmon, but
sampling for this species has been somewhat difficult
because they migrate upriver either at or soon after ice
breakup when the maintenance of sampling gear in the river
is impractical.

The side scan sonar counts recorded at Susitna Station were
not used for defining Susitna River salmon escapements be-
cause of suspected inaccuracy of counts caused by counter
siting problems. Details of these problems are discussed in
ADF&G (1983a). Yentna Station (RM 04) sconar counts were

E-3-2-2
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considered suitable for reporting 1981 and 1982 Yentna River
salmon escapements (ADF&G 1985b).

A tag/recapture program was conducted from 1981 through 1984
to estimate numbers of the five salmon species passing
upstream of Sunshine, Talkeetna and Curry Stations (ADF&G
1985b)., 1In addition, fish were tagged at Flathornm Station
in 1984. Salmon captured at all fishwheel sampling sites
were measured, scales were removed for age determination,
and then, the fish were fitted with tags, color-coded for
each site, and released. Personnel -surveyed all known and
suspected salmon spawning tributaries (a total number of 15)
and sloughs (34) in the middle river from the confluence of

- the Chulitna and Talkeetna rivers at RM 10l.4 to the lower

end of Devil Canyon at RM 148.8 of the Susitna River at
weekly intervals from late July through early October.
Salmon abundance within the entirety of sloughs and selected
tributary index reaches was determined by the above surveys
from 1981 through 1984. The tributary index reaches were
within 0.5 mile (0.8 km) of the confluence with the Susitna
River. 1In 1984, lower river tributaries were also surveyed
from their confluence with the Susitna River to one-third
mile upstream., All tagged and untagged salmon were counted.
Species population estimates were then calculated from
survey and fishwheel catch data at each statiom.

The entire lengths of selected tributaries were surveyed for
spawning chinook salmon from helicopters. This was done
from 1981 through 1984 in the Indian River (RM 128.6) and
Portage Creek (RM 148.8). Cheechako Creek (RM 152.5) and an
unnamed creek (RM 156.8) were also surveyed, starting in
1982. Other Susitna, Chulitna, and Talkeetna River drainage
chinook salmon spawning areas were surveyed as part of an
ongoing project since 1975. The purpose of these surveys
was to determine chinook salmon escapement trends in the
Cook Inlet drainage (ADF&G 1985b). The suitability of
helicopter surveys as a census method for chinook salmon is
discussed in Neilson and Geen (1981).

Sockeye, chum, pink and coho salmon spawning activity in
mainstem, side—channel, and tributary confluence locations
of the lower and middle Susitna River was evaluated by a
variety of techniques during 1981 through 1984 including:
observation, electroshocking, and drift gill netting (ADF&G
1985b). Sampling of salmon spawning nests or redds was
performed by egg pumping. This was done after fish spawning
activity terminated.

Adult chinook, chum, and coho salmon were fitted with inter-
nal radio transmitters at Talkeetna and Curry in 1981 and

E-3-2-3
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(b)

1982. These fish were followed to evaluate directional
movements, upstream migration rates, upstream migration
extent, and spawning locations.

Stationary gill nets were operated near Devil Canyon at

RM 150.2 at five-day intervals from late July to mid-
September 1981 and 1982 to detect adult sockeye, chum, pink,
and coho salmon,

The migration timing, upstream migration extent, and pro-
bable spawning areas of eulachon in the Sustina River were
evaluated from mid-May through mid-Junme in 1982 and 1983 by
a variety of techniques. Upstream migratiom timing was
assessed by stationary gill nets placed at selected Susitna
River estuary locatioms. .The extent of upstream migration
was determined by dip net and electrofishing. Eulachon
spawning habitat was determined directly by searching for
eggs in substrate samples and indirectly by evaluating the
spawning condition of female smelt collected by dip net and
electrofishing at suspected spawning sites,

During 1981 and 1982, the migration timing, upstream
migration extent, and spawning habitat selection of Bering
cisco in the Susitna River were investigated. Electro-
fishing was used to assess the upstream migration extent and
spawning habitat selection by cisco, as evidenced by
spawning condition of captured fish. A fishwheel, used for
salmon investigation, was maintained through late September
1981 and 1982 to intercept cisco.

Resident and Juvenile Anadromous Fish Investigations (#%)

Fish investigations assessed the seasonal distribution and
relative abundance of resident fish in the impoundment

area (including tributaries and adjacent lakes) and the
middle and lower river. Because few anadromous fish (less
than 60 adult Chinook salmon were observed by ADF&G in 1984)
are able to migrate upstream through Devil Canyon, juvenile
anadromous fish were only studied in areas downstream of the
impoundment zone. Methods for sampling both resident and
juvenile anadromous fish included baited minnow traps, trot
(i.e., set) lines, hook and line, electrofishing, stationary
and drift gill unets, and beach seines. Studies commenced in
November, 1980 and have continued through spring 1985.
Selected tributaries and tributary confluences, sloughs,
side—channel and mainstem locations from RM 10.1 to 148.8 of
the Susitna River were sampled during the winter (November
to April) and the open—water season (May to October). Fewer
sites were sampled during the winter than during the
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open—water season because of sampling constraints, including
the short length of daylight, and ice conditions. -

During the summer field season of 1984, fisheries resources
and aquatic habitat were evaluated within the proposed
access corridor (Plan 18, also referred to as Denali-North)
and that portion of the proposed transmission corridor from
the Watana Dam site to its intersection with the
Anchorage—Fairbanks Intertie (referred to as the Gold
Creek-Watana transmission corridor) (ADF&G 1984a). Forty-
two proposed stream crossing sites and ten lake habitats
were inventoried for fish species. General water quality
(dissolved oxygen, pH, conductivity, and water temperature)
discharge, and substrate data were collected ar stream
crossing study sites.

Streams in the corridor were sampled using a backpack
electroshocker. Lakes were sampled using either gill nets,
minnow traps, trot— lines, or hook and line. Otolith or
scale samples were taken at both stream and lake sites for
age/length determinations.

Extensive studies have been performed on the relationships
between habitat and fish in the middle and lower river
(Trihey 1982a; ADF&G 1983k; ADF&G 1984b; ADF&G 1984c; ADF&G
1985¢). These studies have focused on examining presence of
spawning activity; access for adult salmon to slough and
tributary spawning sites; and development of relationships
between mainstem flow and fish habitat for spawning,
incubation, and rearing. Methods used have included
instream flow incremental methodology, habitat indices
{ADF&G 1985c) and aerial photographic techniques (R&M
Consultants and EWTA 1985a,b). Habitat characteristics
measured included presence of groundwater upwelling, water
temperature, dissolved oxygen, conductivity, turbidity,
water depth, veloeity, substrate and instream cover, In
addition to the above studies, laboratory investigations
were conducted with eggs from Susitna chum and sockeye
salmon to provide a better understanding of the relationship
between temperature and egg incubation (Wangaard and Burger
1983).

Electrofishing was conducted in the lower and middle river
during the 1982-1984 open-water seasons to tag resident fish
and evaluate their seasonal distributiomn, relative
abundance, and movements within the Susitna River. As part
of this study, individ- ually identifiable radio
transmitters of three~to-six months longevity were
surgically implanted in adult rainbow trout and burbot
during the open water seasons of 1981 through 1984 (ADF&G
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1985¢) at various locations along the Susitma River
downstream from Devil Canyon (RM 152). These tags were used
to evaluate autumn and winter movements and overwintering
locations., Conventional winter fish sampling technigues,
under—ice submerged gill net sets and baited tip-ups, were
used to detect non-radio-tagged burbot and rainbow trout.

Juvenile salmonids outmigrating from the middle river have
been sampled at Talkeetna Statiom during the open water
seasons from 1982 through 1984. These studies have been
designed to evaluate species and age compositien,
distribution, timing of migratiom, and catch-per-unit
effort. To provide additional informaitom on populatiomn
numbers, outmigrant travel times, response to changing
habitat conditions, and survival, a mark recapture program
for post-emergent chum and sockeye fry was performed in 1983
and 1984 using half-length coded-wire tags (ADF&G 1985¢).
Fish were tagged in various areas upstream of Talkeetna
Station and then recaptured at Talkeetna Station. To
supplement this informaitom, mark-recapture by cold branding
juvenile chinook and coho salmon was undertaken in the Devil
Canyon to Talkeetna reach. During 1984, outmigrant traps
were used to sample downstream migrants at Flathorn Station
(RM 20). 1In addition, intermittent trapping was performed
on the Deshka and Talkeetna Rivers to examine outmigrants.

Studies were conducted upstream from Devil Canyon (RM 152)
to evaluate the seasonal distribution and abundance of
Arctic grayling (ADF&G 1983b). Eight major clear-water
tributaries, located between RM 173.9 and 226.9, were
sampled monthly from June to September during 1981 and 1982.
Arctic grayling exceeding 8 inches (200 mm) in fork length
were tagged with individually numbered tags. Seasconal
movements and population estimates were derived from fish
recapture data. Segmeunts of the lower one mile of the above
streams were sampled for Arctic grayling -during 1981, )
whereas the entire reaches of six of the eight streams that
would be inundated by the Watana impoundment were sampled
during 1982. Fish were sampled by baited minnow traps, trot
lines and seine to detect the presence of other resident
fishes. Selected physical/chemical lotic habitat data were
collected along these tributaries during 1981 and 1982,

2.1.3 - Threatened and Endangered Species (¥%¥)

No threatened or endangered species of fish have been identified
in Alaska. The USFWS (1982e) does not list any fish species in
Alaska as being threatened or endangered. The State of Alaska
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Endangered Species Act also does not list any fish species as
endangered. ’

2.1.4 - Overview of Important Species (*%)

Fishery resources in the Susitna River comprise a major portion
of the Cook Inlet commercial salmon harvest and provide fishing
opportunities for sport anglers. Anadromous species that form
the base of commercial and non- commercial fisheries include five
species of Pacific salmon: chinook, coho, chum, sockeye, and
pink.

Important resident species found in the Susitna River drainage
include Arctic grayling, rainbow trout, lake trout, burbot and
Dolly Varden. Scientific and common names for.all fish species
identified from the Susitna drainage are listed in Table
E.3.2.1.

Both eulachon (anadromous) and round whitefish {freshwater) are
present iu significant numbers. However, both species receive
little or mo interest for either commercial, subsistence, or
sport fisheries.

Salmon utilize the mainstem river environments for migrationm,
rearing, overwintering, and, to a much lesser exteant, spawning.
The majority of the escapement of chinook, sockeye, pink, chum,
and coho salmon in the Susitna drainage spawn in tributaries of
the Susitna River and do not utilize the mainstem habitats
extensively.

The most important changes due to the project are expected to
occur in the middle river (Talkeetna to Devil Camyon). The
relative importance of middle river mainstem habitats as a travel
corridor to returning salmon adults is indicated by population
estimates made at the ADF&G fishwheel stations at Talkeetna aund
Flathorn (Figure E.3.2.5), ADF&G, 1985b). 1In 1984, approximately
6 percent of all coho, 12 perceunt of all chum, 2 percent of all
sockeye, 10 percent of all chinooks, and 5 percent of all pink
salmon spawning in the entire Susitna drainage basin traveled
through the mainstem middle river to reach their natal grounds.
The remainder of the population spawns in tributaries of the
Susitna River, principally in the Yentna, Talkeetna and Chulitna
River drainages. Adult migration timing varies by species, but
generally the peak inmigration to the middle reach of the Susitna
occurs from late Jume through September.

Of those salmon that do spawn in the middle river, most spawn in
tributary streams, Based on escapement counts for 1984, 34
middle river sloughs, collectively, provided spawning habitat for

851021 E-3-2-7
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only approximately 5.5 percent of all salmon migrating above the
Talkeetna fishwheel station (ADF&G 1985b). Coho and chinook in
this reach apparently spawn only in tributary streams, pink
salmon primarily in tributary streams (with a small number
utilizing slough habitats), chum salmon in both tributary and
slough environments, and sockeye almost exclusively in sloughs
(ADF&G 1985b). Despite their relative importance to the
maintenance of both chum and sockeye salmon in the middle river,
slough spawning habitats are not central to the maintenance of
the total Susitna River stocks of either species., Only about 2
percent of all chum and less than 0.5 percent of all sockeye
spawning in the Susitna River in 1984 utilized sloughs. Spawning
habitat quality apparently varies greatly between sloughs as, in
the last four years, the majority (>88 percent) of the chum
salmon that spawn in slough were found in 10 of the 34 sloughs.
Three of these 10 (84, 11, 21) have added significance in that
they also supported over 90 percent of all sockeye spawning in
the middle river.

Relatively few salmon spawn in mainstem non-slough habitatss. Of
those which do, chum salmon predominate. Generally, spawning
habitats within the mainstem proper are small in area and widely
distributed. In 1984, ADF&G made a concerted effort to identify
mainstem middle river spawning habitats, identifying. 36 spawning
sites. Numbers of fish counted at each of these sites varied
from one to 131 with an average of 35 (ADF&G 1985b).

Four of the five salmon species present use middle river waters
for rearing purposes (ADF&G 1984c). From May to September
juvenile chinook salmon rear in tributary and side chanmel
environments, coho mostly rear in tributary and upland sloughs,
and sockeye move from natal side sloughs to upland sloughs for
rearing. From May to July rearing chum salmon are distributed
throughout side slough and tributary stream environments (ADF&G
1984¢c).

Rainbow trout and Dolly Varden were recorded at mouths of tribu-
tary streams. Rainbow trout do not occur upstream from Devil
Canyon. Arctic grayling are the dominant species upstream from
Devil Canyon.

2.1.5 - Contribution to Commercial and Non-Commercial Fishery (¥¥)

(a) Commercial (*%)

Figure E.3.2.6 shows the ADF&G upper Cook Inlet salmon
management areas. With the exception of sockeye and
chinook salmon, the majority of the upper Cook Inlet
commercial catch of salmon originates in the Susitna Basin
(ADF&G 1984h). The upper Cook Inlet area is that portion of
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Cook Inlet north of Anchor Point and Chinitna Bay (Figure
E.3.2.6)., The long-term average annual catch of 3.0 million
fish is worth approximately $18.0 million in 1984 dollars to
the commercial fishery (ADF&G 1984p). 1In recent years
commercial fishermen have landed record numbers of salmon in -
the upper Cook Inlet fishery with over 6.7 million salmon
caught in 1983 and over 6.2 million fish in 1984. The
quantitative contribution of the Susitna River to the
commercial fishery can only be approximated because of:

o the higher number of intra-drainage spawning and
rearing areas;

o the lack of data on other known and suspected
salmon-producing systems -in upper Cook Inlet;

o the lack of stock separation programs (except for
gsockeye salmon); and

o overlap in the migration timing of mixed stocks and .«
species in the Cook Inlet harvest areas.

Therefore, the estimates of contributions of Susitna River
salmon to the upper Cook Inlet fishery should be viewed as
approximations.

(i) Sockeye Salmon (*%)

The most important species in the upper Cook Inlet
commercial fishery is sockeye salmon. 1In 1984, the
total sockeye harvest of 2.1 million fish was valued
at $13.5 million (ADF&G, 1984p). The commercial
sockeye harvest has averaged 1.34 million fish
annually in upper Cook Inlet for the last 30 years
(Table E.3.2.2), The estimated contribution of
Susitna River sockeye to the commercial fishery is
between 10 to 30 percent (ADF&G 1985b). This
represents an estimated annual commercial harvest of
between 134,000 to 402,000 Susitna River sockeye over
the last 30 years. In 1983, Susitna River sockeye
contributed approximately 500,000 fish to the total
catch of 5 million (Table E.3.2.3). The 1983
commercial sockeye catch was the highest in 30 years
of record (Table E.3.2,2).

(ii) Chum Salmon (*%)

Chum salmon and cohc salmon are about equal in
importance in the upper Cook Inlet commercial
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(iii)

(iv)

fishery and rank second and third in value after
sockeye, The upper Cook Inlet chum salmon -catch has
averaged 659,000 fish annually since 1954 (Table
E.3.2.2). The contribution of Susitna River chum to
" the upper Cook Inlet fishery is about 85 percent
(ADF&G 1985b). This contribution represents an
estimated annual chum harvest of 560,000 Susitna
River fish in the commercial harvest over the last 30
years. In 1982, the Susitna River contributed
approximately 1,21 million fish of the record harvest
of 1.43 million chum salmon taken in the upper Cook
Inlet fishery (Table E.3.2.2). 1In 1984, the total
chum salmon harvest of 684,000 fish in the commercial
fishery was valued at $2.0 million (ADF&G 1984p).

Coho Salmon (#%)

Since 1954, the upper Cook Inlet coho salmon
commercial catch has averaged 264,000 fish annually
(Table E.3.2.2). Approximately 50 percent of the
commercial coho harvest in upper Cook Inlet is from
the Susitna River (ADF&G 1985b). This contribution
represents an average annual Susitna River coho
harvest of 132,000 fish in the commercial fishery
over the last 30 years, 1In 1982, the Susitna River
contributed an estimated 388,500 fish (Table
E.3.2.3) to a record harvest of 777,000 coho taken by
the upper Cook Inlet fishery. In 1984, the total
coho salmon harvest of 443,000 fish in upper Cook
Inlet had a worth of $1.8 million (ADF&G 1984p).

Pink Salmon (%%)

Pink salmon is the least valued of the commercial
species in upper Cook Imlet, The upper Cook Inlet
average annual odd-year harvest of pink salmon since
1954 is about 120,000 fish, with a range of 12,500 to
544,000 fish. The average annual even-year harvest
is approximately 1.58 million pink salmon with a
range of 0.48 to 3.23 million fish (Table

E.3.2,2). The estimated contribution of Susitna
River pink salmon to the upper Cook Inlet pink
fishery is 85 percent (ADF&G 1984h). This

represents an average annual Susitna River
contribution of 0.10 million odd-year -and 1.34
million even-year pink salmon to the upper Cook Inlet
fishery over the last 30 years. In 1984, the total
pink salmon harvest of 623,000 fish in upper Cook
Inlet was worth an estimated $0.5 million (ADF&G
1984p).
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3

] C3J C4o ¢33

J

o

oo O O oo Moo

3

851021

(b)

(v) Chinook Salmon (*%)

The commercial chinook harvest has averaged 19,200
fish annually in the upper Cook Inlet fishery over
the last 30 years (Table E.3.2.2). Since 1964, the
opening date of the commercial fishery has been June
25. The Susitna River chinook rum begins in late May
and peaks in mid-June. Thus, by June 25 the majority
of chinook have already passed through the area
subject to commercial fishing. Catches of chinook
salmon have averaged 11,600 fish annually for the 20
year period of 1964-~1983. Approximately, 10 percent
of the total chinook harvest in upper Cook Inlet are
Susitna River fish (ADF&G 1985b). This represents an
average annual contribution of 1,960 chinook to the
upper Cook Inlet fishery for the last 30 years, or
1,160 fish for 1964-1983., 1In 1984, the 8,800 chinook
caught in the upper Cook Inlet fishery were valued at
$0.3 million (ADF&G 1984p).

Sport Fishing (#%)

Increases in population and tourism in Alaska have resulted
in a growing demand for recreational fishing.

Recreational fishing is now considered a significant factor
in total fisheries management, particularly in Cook Inlet
where commercial dnd non-commercial user conflicts have
developed (Mills 1980)., The Susitna River and its major
salmon and resident fish-producing tributary streams provide
a multi-species sport fishery. BEstimates of the sport fish
harvest are available for the Susitna River Basin as a whole
and cannot be divided into specific areas which will or will
not be affected by the Project. Since 1978, the drainage
has accounted for an annual average of 127,100 angler days
of sport fishing effort, which is approximately 9 percent of
the 1977-1983 average of 14 million total angler days for
Alaska and 13 percent of the 1977-1983 average of 1.0
million total angler days for Southcentral Alaska (Mills
1979, 1980, 1981, 1982, 1983, 1984),.

The sport fish harvests for 1978 through 1983 from the
Susitna Basin, based on mail surveys to a sample of license
holders, are shown in Table E.3.2.4 (Mills 1979, 1980,
1981,1982, 1983 and 1984). These are summarized in Table
E.3.2.5.

(i) Arctic Grayling (*%)

The annual Arctic grayling sport harvest for the
entire Susitna Basin has averaged 18,200 fish and
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(ii)

(iii)

(iv)

61,500 fish in Southcentral Alaska over the last six
years (Table E.3.2.5). The largest sport harvest of
Arctic grayling on record in the Susitna Basin
occurred in 1980 when an estimated 22,100 fish were
caught. This represents about 32 percent of the
total 1980 harvest of Arctie grayling in Southcentral
Alaska (Mills 1981). Due to the rugged terrain and
the remoteness of the impoundment area, it is
believed that few grayling are harvested from this
area, Instead, most grayling are harvested from
areas more accessible by vehicles, boats or airplanes
(e.g. streams along the Parks or Denali Highways).

Rainbow Trout (#*)

The Susitna Basin and Southcentral Alaska annual
rainbow trout sport harvests have averaged 16,000

and 132,900 fish respectively since 1978 (Table
E.3.2.5). Between 1978 and 1983, an average of about
16,000 rainbow trout were harvested by anglers in the
Susitna Basin, which represented approximately 12
percent of the Southcentral Alaska rainbow trout
sport catch (Mills 1980).

Pink Salmon (%)

The annual even-year pink salmon harvest has averaged
42,950 fish in the Susitna Basin and 134,400 fish

in Southcentral Alaska since 1978. The annual
odd-year pink salmon sport catch has averaged 8,600
fish in the Susitna Basin and 58,300 fish im
Southcentral Alaska since 1979 (Table E.3.2.5). The

" largest sport harvest of pink salmon on record in the

Susitna Basin occurred in 1980 when an estimated
56,600 fish were caught (Mills 1981).

Coho Salmon (*)

Since 1978, the Susitna Basin and Southcentral
Alaska annual coho salmon sport harvests have
averaged 13,200 and 103,800 fish respectively (Table
E.3.2.5). '

In 1982, about 16,664 coho were landed by anglers in
the Susitna Basin (Mills 1983), which is the largest
annual catch-on record. 1Imn 1983, almost one of every
five coho entering the basin was caught by sport
anglers (Table E.3.2.3).
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(c)

(v) cChinook Salmon (¥)

The annual chinook salmon sport harvest has averaged
37,300 fish in Southcentral Alaska and 7,950 fish

in the Susitna Basin since 1978 (Table E.3.2.5).

This represents an annual Susitna Basin contribution
of 21 percent to the Southcentral chinook sport
harvest over the six year period. The largest
Susitna Basin sport harvest of chinook salmon on
record occurred in 1983, when 12,420 fish were caught
by fishermen (Mills 1984).

(vi) Chum Salmon (%)

The Susitna Basin and Southcentral Alaska annual chum
salmon sport harvests have averaged 6,800 and

12,150 fish respectively since 1978 (Table

E.3.2.5). The largest sport catch of chum salmon on
record in the Susitna Basin occurred in 1978 when
15,700 fish were landed (Mills 1979). For the years
1981 to 1983, chum salmon sport harvests have
averaged between 1.4 and 1.8 percent of the estimated
Susitna Basin chum salmon escapement (Table

E.3.2.5).

(vii) Sockeye Salmon (*)

The annual sockeye salmon sport harvest has averaged
112,900 fish in Southcentral Alaska and 2,100 fish
in the Susitna Basin for the years 1978 through 1983
(Table E.3.2.5). 1In 1983 over 5,500 sockeye salmon
were caught by fishermen in the Susitna Basin, which
is the largest annual sport catch on record (Mills
1984). The sport catch of sockeye from 1981 through
1983 has averaged 3 percent or less of the estimated
Susitna Basin sockeye escapement (Table E.3.2.3).

Subsistence Fishing (%)

The only subsistence fishery on Susitna River fish stocks
that is officially recognized and monitored by the Alaska
Department of Fish and Game is near the village of Tyonek,
approximately 30 miles (50 km) southwest of the Susitna
River mouth., The Tyonek subsistence fishery was reopened in
1980 after being closed for sixteen years., From 1980
through 1983, the annual Tyonek subsistence harvest averaged
2,000 chinook, 250 sockeye and 80 coho salmon (ADF&G 1984e),
Although the Tyonek fishery occurs in Cook Inlet, it is
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suspected that it intercepts fish bound mainly for the
Susitna River. -

2.2 - Species Biology and Habitat Utilization in the Susitna River
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Drainage (%)

2.2.1 - Species Biology (%)

(a)

Salmon (%)

The biology of the five species of Pacific¢ salmon inhabiting
the Susitna River is described in terms of their

freshwater life stages. Specifically, the following
discussion focuses on the upstream migration of the
returning adults, population estimates of the spawning
adults, spawning locations and utilization of spawning
habitats, incubation and emergence of the juveniles, and
juvenile behavior after emergence from the natal areas.

Chinook Salmon (*)

- Upstream Migration of Returning Adults (*)

Chinook salmon enter the Susitna River in late May
and early June soon after the river becomes ice
free. 1In general, 90 percent or more of the
chinook escapement moves past the Susitna Station
(RM 26) and the Flathorn Station (RM 8) prior to

July 1 each year (ADF&G 1983a, 1984h, 1985b). Once

the adults move into the river, they begin to
disperse into various tributaries to spawn.
Movement of chinook past the Sunshine Station (RM
80) begins in early June, peaks in mid to late June
and and is essentially complete (more than 90
percent) by early July (ADF&G 1983a, 1984h,

1985b).

Movement of adult chinook into the middle reach of
the Susitna River begins in early June, peaks near
the end of June and continues to mid-July with 90
percent of the migration past Curry Station
completed by late July (ADF&G 1983a, 1984h, 1985b,
WCC 1985). The duration of adult chinook
occurrence in the middle Susitna River is depicted
in Figure E.3.2.7.

Adult chinook that reach Sunshine Station enter one
of the three major upper subbasins of the Susitna
River Drainage: The Chulitna River, the Middle
Susitna River, or the Talkeetna River. Over 90
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percent of the tagged adults observed in the
Chulitna River were caught and tagged on the west
bank at Sunshine Station. Similarly, over 90
percent of the tagged adults observed in the
Talkeetna River were caught and tagged on the east
bank at Sunshine Station. Tagged adults observed
in the middle river (Talkeetna to Devil Canyon)
were caught and tagged on both the east and west
banks in approximately equal proportions (ADF&G
1985b).

Although adult chinook initially move into one of
the three major subbasins initially, there is
apparently some re-distribution prior to spawning.
It is estimated that up to 45 percent of the adults
moving past the Talkeetna Station (RM 103) and up
to 10 percent moving past the Curry Station (RM
120) return downstream and spawn in either the
Chulitna or Talkeetna Rivers or other tributaries
downstream of RM»100 (ADF&G 1985b).

The rate of movement of adult chinook from the Sun-
shine Station upstream into the middle Susitna
River i5.1.8 to 3.3 miles per day (mpd) from
Sunshine to Talkeetna Station and 2.2 to 4.3 mpd
between the Talkeetna and Curry Stations (ADF&G
1983a, 1984h, 1985b). )

Population Estimates (¥)

An accurate estimate of the total Susitna River
chinook escapement is not available because the

run in the lower river begins either before or
during break-up of the ice cover and it has not
been possible to sample the entire run. The only
monitoring of chinook salmon in the lower river was
conducted at the Sunshine Station where escapements
have been quantified since 1982. Drainage-wide
index counts from tributaries undertaken since 1981
established that most chinook escapement to the
Susitna River occurs to tributaries entering the
Susitna River downstream from the Sunshine Station.

A summary of the estimated escapements upstream of
the Sunshine, Talkeetna and Curry Stations in 1982,
1983, and 1984 is presented in Table E.3.2.6.
Escapement estimates at Sunshine Station have
ranged from 52,900 to 121,700, at Talkeetna from
10,900 to 24,800, and at Curry from 9,700 to 18,000
between 1981 and 1984,
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Assuming that approximately 10 percent of the
chinook estimated to pass the Curry Station return
downstream to spawn (ADF&G 1985b), the escapement
of adult chinook into the middle river ranges from
8,000 to 15,000 fish annually. )

- Age Composition (*)

In general, adult chinook salmon return to the
Susitna River to spawn as age 5 and 6 fish with
with considerable variation age composition between
years (ADF&G 1984h, 1985b). Each year, some age 3
and 7 fish are also present in the population and
occasionally may constitute a significant portion
of the spawning population (ADF&G 1984h). A
summary of the age composition of fish observed in
1981-1984 at each of the sampling stations is
presented in Table E.3.2.7.

Based on scale analyses of these fishg.it is
estimated that more than 95 percent of the adult
chinook salmon outmigrated from the Susitna River
as Age l+ juveniles (ADF&G 1985b).

Spawning Locations and Utilization of Spawning

Habitats (*%) -

Chinook salmon spawn exclusively in clearwater

‘tributaries of the Susitna River (ADF&G

1983a, 1984h, 1985b, WCC 1985). Index counts of
chinook in tributaries throughout the Susitna basin
have been collected since 1976. A summary of these
counts is presented in Table E.3.2.8 and provides a
general description of the distribution of spawning
areas and their relative importance for chinook
spawning activity.

Indian River (located at RM 138.5) and Portage
Creek (at RM 140) provide spawning habitat for
nearly all of the chinook salmon migrating into the
middle Susitna Rivers. A summary of peak index
counts for all tributaries of the middle Susitna
River since 1981 is provided in Table E.3.2.9 and
is depicted graphically in Figures E.3.2.8 through
E.3.2.13. These tributary habitats will not be
affected by the changed flow regime attributable to
the proposed project.

A few chinook, approximately 20 to 45 individuals,
were observed in small tributaries located upstream
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of the rapids in Devil Canyon (ADF&G 1983a, 1984h,
1985b). Prior to these observations, velocity
barriers in the rapids were thought to prevent
salmon migration into the upper reaches of the
Susitna. No other species is known to migrate
upstream, through Devil Canyon.

Incubation and Emergence (¥*%)

Approximately 4,000 to 8,000 pairs of chinook
salmon spawn in tributaries of the middle river.
Spawning occurs in July and early August. Average
fecundity of female chinook has not been estimated
for Susitna River stocks, but Morrow (1980) reports
average fecundities range from 4,200 to 13,600 eggs
per female in Alaska. Incubation begins with egg
deposition in July and ends with emergence of the
fry from the spawning gravels in March or April
(ADF&G 1983m). The incubation period for chinook
salmon is depicted on Figure E.3.2.7. . i

Juvenile Behavior (%)

Chinook emerge from the spawning gravels in
late-March to mid-April. The fry remain near

their natal areas:in tributaries for one to two
months before initiating a downstream movement intd
rearing and overwintering areas (ADF&G 1983m,
1984¢c). The initial downstream movement may result
from territorial behavior by the juveniles. Some
age 0+ juveniles move into the mainstem of the
Susitna and have been collected throughout the
drainage basin during the summer. The remainder of
the age 0+ juveniles apparently remain in the natal
tributaries for initial rearing and overwintering
(ADF&G 1983m, 1984c). 1In general approximately 40
percent of the juvenile chinook (all ages) in the
middle river are found in mainstem—associated
habitats from May through November. Approximately
60 percent are found in tributary habitats during
the same period.

The age 0+ juveniles that move into the mainstem of
the middle river generally become associated with
areas with moderate water velocity (K1.5 ft/sec),

" shallow depths (<2 £t) and high structural

diversity for cover (ADF&G 1983m, 1984c). Where
structural diversity is lacking, the juveniles
apparently use turbid water for cover (ADF&G 1984c,
1985c, EWT&A and WCC, 1985). In the lower Susitna
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River (i.e. downstream of Talkeetna), highest
densities of Age 0+ juveniles were collected in
tributary mouth areas characterized by deep, low
velocity, clear water (ADF&G 1985c).

During the initial rearing period, juvenile chinook
feed extensively on chironomid larvae (Imsecta:
Diptera) (ADF&G 1983m, 1985j). Terrestrial adult
insects obtained from the water surface also
provided a significant portion of the juvenile
chinook diet (ADF&G 1983m, 1985j). Growth of age
0+ juveniles during the summer months was estimated
from length measurements in 1982 and 1984 (ADF&G
1983m, 1985¢). In May, age O+ fish average between
40 and 45 mm in length. By OQOctober, average
lengths of age 0+ fish range from 60 to 80 mm
(ADF&G 1983m, 1985c¢). Growth rates of juveniles in
tributaries tend to be greater than those in the
mainstem (Table E.3.2.10).

Estimates of the total number of juvenile chinook
have not been obtained for the middle Susitna
River. However, it was estimated that in 1983,
approximately 10,635,000 eggs were deposited by
adult females in Indian River which provided a
total production of approximately 3,21%L,000 chinook
fry in 1984. Hence, survival from egg to fry was
approximately 30 percent (ADF&G 1985c). Survival
from the fry stage to outmigrationm as Age 0+ or 1+
fish has not been estimated for chinook.

From September through November, age 0+ fish move
into clear water areas such as tributaries,
tributary mouths and side sloughs (WCC 1985, ADF&G
1983m, 1984c) where they overwinter. The juveniles
apparently grow during the winter and spring since
Age 1+ juveniles average between 85 to 95 mm in
length in late May (ADF&G 1983m). Average lengths
of outmigrating Age 1+ fish are between 100 and 120
mm at the end of July and early August,

Qutmigration patterns of juvenile salmon from the
middle Susitna differ between Age O+ and 1+ fish.
Age 0+ juvenile outmigration, as determined from
outmigrant trapping rates at Talkeetna, occur at a
relatively constant rate throughout the summer with
two peak outmigration periods recorded in 1982 in
late June and early July and mid-August (ADF&G
1984¢). 1In 1983, several peak outmigration events
were observed (ADF&G 1985c). A similar, relatively
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constant rate of outmigration was observed at the
Flathorn Station in the lower river. Age 1+
juveniles begin to outmigrate from the middle

river in early May. Outmigration of Age 1+ fish
from the middle Susitna River is essentially
complete by mid-July (ADF&G 1984b, 1985¢c).
Outmigration from the lower river peaks in mid-June
and is completed by early August (ADF&G 1985c¢).

It is not clear as to whether the Age O+ outmigrant
juveniles survive once they enter the salt water
enviromment. Although a large portion of the out-.
migrating juveniles are Age 0+ fish, scale analysis
of returning adults indicates that fish outmi-
grating as Age O+ juveniles comprise less than

5 percent of the total escapement (ADF&G 1985b).

The period in which juvenile chinook salmon inhabit
the middle river is depicted in Figure E.3.2.7. 1In
general, juvenile chinook inhabit the middle river
throughout the year. A single age cohort moves
iato the river habitat from the tributaries in June
or July. Some of these migrate downstream to the
lower river while the remainder spend one winter in
clearwater habitats associated with the mainstem.
The following spring, these juveniles outmigrate to
the lower river and on to Cook Inlet. Outmigratiom
of this age group from the Devil Canyom to
Talkeetna reach peaks prior to early Jume and
terminates by the end of July throughout the
drainage.

Sockeye Salmon (#%)

- Upstream Migration of Returning Adults (F*)

Sockeye salmon enter the Susitna River system in
two distinct runs (ADF&G 1984h, 1985b). The

first run enters the river in late May and early
June. The run passes the Sunshine Statiom
beginning in early June and is complete by the end
of June (ADF&G 1985b). Although a few first run
fish initially enter the middle Susitna River, all
first run sockeye migrate into the Talkeetna River
and spawn in the inlet to Papa Bear Lake which is
outside the area to be affected by the project.

Second run sockeye enter the Susitna River during

the last half of June. Migration of second run
fish past the Sunshine Station occurs during the
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last half of July and the first half of August
(ADF&G 1984h, 1985b). Second run sockeye enter the
middle Susitna River in late July and are present
through August each year. The occurrence of second
run adult sockeye in the middle Susitna is depicted
in Figure E.3.2.7. The escapement to the Flathorn
Station in 1984 was approximately 605,800 fish. Of
these only 3,500 fish were estimated to spawn in
the middle river. This indicates that nearly all
second~run sockeye spawn in tributaries entering
the Susitna at or downstream of the Chulitna River
confluence.

As was the case for chinook salmon, a significant
proportion of the sockeye that initially move into
the middle Susitna return downstream and spawn in
stream-lake systems in the Chulitna and Talkeetna
River subbasins.. In 1984, approximately 35 percent
of the sockeye that reached the Curry Station were
fish that returned downstream to spawn in other
tributary systems.

Because there are no stream-lake systems associated
with the middle Susitna River, the viability of the
sockeye spawners in the middle Susitna River has
been questioned. Spawning sockeye in the middle
river may be strays from the Talkeetna or Chulitna
Rivers (ADF&G 1983a). Comparison of scales
collected from fish in the respective subbasins did
not provide conclusive evidence that the middle
Susitna population is viable (ADF&G 1983a).
However, the collection of overwintering juveniles
and Age l+ juveniles can be interpreted as evidence
that the spawners in the middle river do constitute
a viable population (ADF&G 1984c). 1In addition,
the fact that the number of sockeye using the
middle river for spawning is relatively constant
and that they tend to use the same areas each year
may also be interpreted as support for the
conclusion that the population is viable. These
trends are discussed in more detail below.

The rate of movement of tagged second run sockeye
into the middle river is more rapid than for
chinook. Adults, tagged at Sunshine Station, move
between 2.4 and 5.8 mpd, from the Sunshine to the
Talkeetna Stations. The average rate of travel
from the Talkeetna Station to the Curry Station
ranged from 2.4 to 8.5 mpd from 1981 through 1984.

(ADF&G 1981a, 1983a, 1984h, and 1985b). Measure—
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ments of rates of movement were not obtained for
the first run. :

Population Estimates (%)

Estimates of the mumber of first run sockeye
escaping upstream of the Sunshine Station into
the Talkeetna River were approximately 5,800 fish
in 1982, 3,300 fish in 1983 and 4,800 fish in
1984,

Minimum escapements of second run sockeye into the
Susitna Basin range from 175,900 in 1983 to 605,800
in 1984 with an average of 248,400 fish (ADF&G
1981a, 1983a, 1984h, 1985b, WCC 1985). 1In 1984,
approximately 25 percent of the second run sockeye
in the Susitmna Basin migrate into the Yentna
subbasin to spawn. BEstimates of the numbers of
second-run sockeye that migrate upstream of the
Sunshine, Talkeetna and Curry Stations are
summarized for the period 1981-1984 in Table
E.3.2.6. In 1984, the second-run sockeye
escapement for these stations were 130,000
(Sunshine Station), 13,050 (Talkeetna) and 3,593
(Curry).

Estimates of the total number of sockeye spawning
in the middle river were obtained from periodic
spawning area counts and estimates of stream life
(ADF&G 1984h, 1985b). Based upon this analysis, a
total of 2,200 fish spawned in the middle river in
1981, 1,500 in 1982, 1,600 in 1983 and 2,200 fish
in 1984, Similar comparison with the estimated
escapement past the Talkeetna Station indicates
that up to 95 perceant return downstream to spawn.

Age Composition (*¥)

The age structure of the second run sockeye
population is dominated by Age &4 and Age 5 fish.
First run sockeye are predominately Age 5 fish
whereas second run fish are predominately a mix of
Ages 4 and 5. 1Imn 1981 and 1982, 71 and 73 percent
of the second run fish at Sunshine Station were Age
5 while in 1983 and 1984, 64 and 63 percent were
Age 4 (ADF&G 1985b). Some Age 3 and Age 6 adults
are also present but do not represent a significant
portion of the population.
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Based upon scale analysis of these fish, it is
estimated that over 90 percent of returning adults
spent at least one winter in freshwater prior to
outmigrating to salt water (ADF&G 1983a, 1984h,
1985b). A summary of the age composition of the i
sockeye population is presented in Table E.3.2.11,

=y,

~7

- Spawning Locations and Utilization of Spawning (**)
Habitat

e

Nearly all of the sockeye salmon that spawn in the
middle river utilize slough habitats (WCC 1985, ~
EWT&A & WCC 1985, HE 1984b, HE 1985a). Estimates .
of the number of sockeye spawning in particular '
sloughs were obtained for 1981-1984 (ADF&G 1984h, L
1985b). Twenty-three sloughs were utilized to

varying degrees. Estimates of the total unumber of 1
sockeye in each slough and proportions of the total L
escapements into the middle Susitna for each year

are .summarized in Table E.3.2.12, The locations =
and relative abundance in terms of peak index :

counts are presented in Figures E.3.2.8 through -
E.3.2.13. Sloughs 84 and 11 provided spawning -
habitat for over 80 percent of the slough spawning ;

sockeye in the middle river in 1984 (1,812 of 2,227 &
sockeye spawning in sloughs).

Up to 33 sockeye were observed spawning in side g

channels and mainstem areas. Also, as many as 13
individuals were observed in tributaries. (WCC o~
1985, ADF&G 1985b). Specific characteristics of

the habitats utilized by the spawning sockeye are

discussed in Section 2.2.2. ~
- Incubation and Emergence -

Sockeye salmon spawn between the end of August and {‘

the end of September (ADF&G 1983a, 1984h, 1985b). |

Based on the estimated escapement of sockeye to the
middle Susitna River, between 500 and 1,000 pairs .-
of sockeye spawn. The average fecundity of female
sockeye is approximately 3350 eggs per female
(ADF&G 1984h). Therefore, between 1,500,000 and -
3,500,000 eggs are deposited each year. Emergence ,
of sockeye fry from the spawning gravels occurs in .
March (ADF&G 1983e, 1983m). The incubation peried
is depicted in Figure E.3.2.7.
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-~ Juvenile Behavior (¥%)

Juvenile sockeye generally rear in lake habitats
and outmigrate as Age 1+ or Age 2+ fish,

However, in the middle Susitna, suitable lakes are
not available for rearing sockeye. Therefore,
juvenile sockeye either rear in clearwater areas of
the middle river or they migrate to the lower
Susitna River during their first year (ADF&G

1983a, 1984c)., Based upon results obtained from
outmigrant traps at the Talkeetna Statiom, a major
portion of Age 0+ sockeye evidently move to the
lower river (ADF&G 1984c, 1985¢). A portion of the
juveniles, however, remain in the middle reach
where they rear and overwinter in side slough and
upland slough areas (ADF&G 1983e, 1983m, 1984¢,
1985c, WcC 1985).

Juvenile sockeye salmon feed predominately on
chironomid larvae, pupae and adults (ADF&G

1983m, 1985j). The juvenile sockeye in the middle
Susitna River grow from an average length of 30 mm
in May to 56 mm at the end of August (ADF&G

1985¢).

In the lower river, Age 0+ juveniles grow from an
average of 36 mm in early June to an average of 60
mm in October (ADF&G 1985c). Age 1+ fish grow from
an average length of 71 mm in May to an average
length of 92 mm in July. A summary of lengths of
Age 0+ and Age 1+ juveniles in provided in Table

E.3.2.13.

It is possible that Age 0+ fish that move out of
the middle reach move into side channel, side
slough or tributary mouth areas in the lower
Susitna River where they overwinter. However,
results of outmigrant collections at the Flathorm
Station in 1984 indicate that significant movement
of Age 0+ juveniles to the estuary also occurs.
(ADF&G 1985¢). Based upon the results of adult
scale analysis, it is likely that most of these
fish do not survive (ADF&G 1985b) (See Table
E.3.2.11).

Outmigration of Age 1+ juveniles beglns and peaks
in mid May immediately after the river becomes ice
free., Outmigration rates of Age 1+ fish then
decrease and the migration is essentially complete
by mid to late June (ADF&G 1985c). The duration of
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juvenile sockeye occurrence in the middle Susitna
is depicted in Figure E.3.2.7. .

Coho Salmon (%%)

- Upstream Migration of Returning Adults (¥¥)

Coho salmon enter the Susitna River begining in
mid-July., The movement of coho past the Susitna
Station peaks in early August and is essentially
complete by late August (ADF&G 1983a, 1984h,
1985b, WCC .1985). Coho migrate past the Sunshine
Station begining in mid July with over 90 perceunt
of the migration past Sunshine by mid to late
August. Coho adults are abundant from the first of
August to early September in the middle river
(ADF&G 1983a, 1984h, 1985b). The duration of coho
movement into the middle river is depicted in
Figure E.3.2.7.

Although coho initially move into the middle river,
a majority (75 percent of those migrating past the
Talkeetna Station) return downstream to spawn in
areas below the Talkeetna Station (ADF&G 1984h,
1985b). Up to 45 percent of the coho migrating
past the Curry Station return downstream to spawn
(ADF&G 1985b).

The rate of movement of adult coho from Sunshine
Station upstream into the middle Susitna River
varies from year to year. The rate of migration
from Sunshine Station to Curry Station averaged 4.0
mpd in 1981, 5.3 mpd in 1982, 1.4 mpd in 1983 and
2.9 mpd in 1984. Movement rates from the
Talkeetna Station to Curry Station averaged 11.3
mpd in 1981, 10.0 mpd in 1982, 5.7 mpd in 1983 and
2.8 mpd in 1984 (ADF&G 198la, 1983a, 1984b,

1985b).

Population Estimates (#*%)

The total estimated escapement of coho into the
Susitna River ranged from 25,000 to 190,000 fish
annually from 1981-1984 (ADF&G 1981b, 1983a, 1984h,
1985b)., Estimates for 1981, 1982 and 1983 minimum
escapements are derived from the sum of the fish
estimated to escape into the Yentna River and to
Sunshine Station (ADF&G 1984h, WCC 1985). The
estimates do not include numbers of coho that spawn
in tributaries entering the Susitna River between
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the Yentna River and Sunshine Station. A summary
of the estimated escapements for 1981-1984 past the
Sunshine, Talkeetna and Curry Stations is provided
as Table E.3.2.6.

Assumming that approximately 75 percent of the
estimated number of coho migrating past the
Talkeetna Station return downstream to spawn, the
total number of coho estimated to spawn in the
middle reach ranges from 500 to 3,000 fish annually
(ADF&G 1984h, 1985b). 1In 1984, the total middle
river escapement accounted for approximately 0.3
percent of the total Susitna basin escapement-.
These fish spawn almost exclusively in tributaries
which will not be affected by flow or temperature
changes associated with the project.

— Age Composition (¥%)

The age composition of adult .cohonindicates two
predominant life histories in the population

that spawns in the Susitna River. The majority of
the spawning population consists of Age 4 fish
which outmigrated from the freshwater enviromment
during the third year of life (Age 2+ juveniles).
The remainder of the adults return to spawn as Age
3 fish which outmigated from the freshwater
environment during their secoand year of life (Age
1+ fish), A few coho adults return to the river as
Age 2 or Age 5 adults (ADF&G 1983a, 1984h, 1985b).
A summary of the age composition of fish observed
in 1981-1984 at each of the sampling locations is
presented in Table E.3.2.14.

There are two distinct patterns of juvenile rearing
and outmigration. It is evident that the majority
of the juvenile coho rear for two complete years
prior to outmigrating as Age 2+ fish. However, a
significant number of the juvenile coho rear for
only one year and outmigrate as Age 1+ fish.

Spawning Locations and Utilzation of Spawning

Habitat (#*%)

Coho salmon spawn almost exclusively in tributaries
in the middle Susitina River. A few coho have

been observed in mainstem and slough areas.
However, these individuals were not observed to
spawn (ADF&G 1983a, 1984h, 1985b). 1Index counts of
coho in tributaries of the middle reach were made
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to determine the relative importance of each
tributary for coho spawning. Of 25 streams
surveyed for utilization by spawning coho, only 10
to 12 streams are used to any extent. Coho spawn
primarily in Indian River (RM 138.5) and Whiskers
Creek (RM 101). A summary of the relative
importance of each tributary for coho spawning for
1981-1984 is provided in Table E.3.2.15. Peak
jndex counts of coho are depicted graphically in
Figures E.3.2.8 through E.3.2.,13. These habitats
will not be affected by changes in mainstem
discharge or temperature regimes associated with
the project., Spawning activity occurs between the
first week in September and the first week of
October (Figure E.3.2.7). .

Incubation and Emergence (¥%)

Incubation of coho embryos begins in mid September.
Between 250 and 1,500 pairs of coho spawn ,
annually. Average fecundity is approximately 2,800
eggs per female (ADF&G 1983a, 1984h, 1985b) .
Therefore, between 700,000 and 4,200,000 eggs are
deposited each year. ‘

Emergence of fry from the spawning gravels occurs
between late April and early May (ADF&G

1984c). The incubation period is depicted in
Figure E.3.2.7.

No estimate of juvenile population size has been
made, therefore, egg-to-fry survival cannot be
estimated,

Juvenile Behavior (%)

After emergence from the spawning gravels, juvenile
coho initiate a general downstream movement

within the tributaries. Some of the Age 0+
juveniles move out of their natal tributaries into
the mainstem. The remainder apparently remain in
the tributaries for rearing and overwintering. At
Age 1+, more coho juveniles move out of the
tributaries into the mainstem, Age 1+ juveniles
also-remain in the tributaries, overwinter for a
second year and outmigrate as Age 2+ fish. (ADF&G
1983n 1984c, 1985¢, 1983n).

Juvenile coho that move into the mainstem of the
middle reach generally move into clearwater areas
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including tributaries, tributary mouths, upland and
side sloughs (ADF&G 1983m, 1984c, 1985c).” Juvenile
coho prefer low-velocity clearwater areas with high
structural habitat diversity. During the fall,
juvenile coho move into upland and side sloughs to
overwinter,

The average size of Age 0+ juvenile coho in the
middle river increased from approximately 40mm in
length to approximately 70mm in length from May
through September (ADF&G 1985c) as measured at the
Talkeetna Station outmigrant trap. In the lower
river, the average length of Age 0+ juveniles
increased from approximately 40 mm in June to
approximately 90 mm in late September and early
October (ADF&G 1985¢). Age 1+ juveniles (1982
Brood year) in the middle river grew from an
average length of approximately 70 mm in June to
over 115 mm in October. 1In the lower river, the
average length of Age 1+ juveniles increased from
approximately 90 mm in May to approximately 110.mm
in October. (ADF&G 1985c). ‘

Only a few Age 2+ juvenile coho (1981 brood year)
were collected in each sampling period throughout
the 1984 open water season.- Consequently, ao
significant increase in length through the summer
was evident (ADF&G 1985¢). Incremental increases
in average sizes of juvenile coho during the 1984
summer collecting season are summarized in Table
E.3.2.16.

Stomach contents of juvenile coho were examined in
1982 and 1984 (ADF&G 1983m, 1985¢). Chironomid
larvae were found to numerically dominate the food
items in both studies.

In 1983, outmigration of Age 0+, 1+ and 2+
juveniles from the middle reach was relatively
constant through the summer. A major peak of
outmigrating Age 0+ juveniles in August coincides
with the redistribution of the fish to
overwintering habitats in the lower river (ADF&G
1984c). 1In 1984, Age 0+ juveniles outmigrated in
early August and Age 1+ and 2+ fish outmigrated
primarily in June (ADF&G 1985c).

Qutmigration of Age 0+ juveniles from the lower

river peaked in late August and again in early
October in 1984 {ADF&G 1985¢). Peak outmigration
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of Age 1+ and 2+ fish occurred in early September
(ADF&G 1985c). ’

Based upon scale analysis of returning adult coho,
it is likely that the outmigrating Age 0+ juveniles
do not survive once they move into salt water.
Juveniles that outmigrate as Age 1+ or Age 2+ fish
are the largest contributors to the adult
population.

The duration of occurrence of juvenile coho in the
middle Susitna River is depicted in Figure
E.3.2.7

(iv) Chum Salmon (¥*%%)

~ Upstream Migration of Returning Adults (**)

Adult chum salmon enter the Susitna River basin
beginning in mid July. Adult chum are abundant

in the lower river until the end of August with 90
percent of the escapement passing the Susitna
Station or Flathorn Station during the last two
weeks of August (ADF&G 198la, 1983a, 1984h, 1985b).
Over 90 percent of the chum which enter the Susitna
River migrate past the Sunshine Station to spawn in
one of the three major subbasins of the Susitna
Drainage: the Chulitna River, the middle Susitna
River or the Talkeetna River (See below).

Migration of chum salmon past the Sunshine Station
generally begins in early July and is essentially
complete by the end of August each year. Peak
movement of chum past the Sunshine Station
generally occurs in the last week of July or the
first week of August (ADF&G 1981b, 1983a, 1984h,
and 1985b).

Initial migration into the middle Susitna (i.e.
past the Talkeetna and Curry Stations) begins
during the last half of July, peaks in early
August and is basically complete by the end of
August (ADF&G 1981b, 1983a, 1985b).

Rates of movement of chum salmon are greater than
rates estimated for chinook, sockeye and coho. The
average rates of movement upstream from Sunshine to
Talkeetna ranged from 3.3 mpd in 1981 to 5.8 mpd in
1984, From Talkeetna to Curry, average movement
rates ranged from 4.2 mpd in 1981 and 1982 to 8.5
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mpd in 1982 and 1984 (ADF&G 1981b, 1983a, 1984h,
and 1985b). ’

Population Estimates (¥#%*)

Minimum escapement of chum salmon into the Susitna
River in 1981, 1982 and 1983 were 280,000,

460,000 and 275,000 fish, respectively (ADF&G
1981b, 1983a, 1984h). 1In 1984, the estimated
escapement of chum salmou to the Susitna River was
813,000 fish based on results obtained from the
Flathorn Station (ADF&G 1985b).

Apparently, more than 90 percent of the chum
escapement migrates past the Sunshine Statiom.

This is evidenced by the 1984 estimate of 765,000
fish moving upstream of Sunshine compared with the
estimated 813,000 fish migrating past the Flathorn.
Station (ADF&G 1985b). A summary of the estimated
escapement of chum past the Sunshine, Talkeetna and
Curry Stations for 1981-1984 is presented in Table
E.3.2.6. Annual averages for these stations are
431,025 (Sunshine), 54,625 (Talkeetna) and 28,225
(Curry).

Based upon estimated escapements to spawning areas
in the mainstem, side sloughs and tributaries de-

- scribed below, 75 percent of the escapement past

the Talkeetna Station and 45 percent of the
escapement past the Curry Station returned
downstream to spawn (ADF&G 1985b). Therefore, it
is estimated that less than 2 percent of the entire
Susitna River chum escapement spawn in habitats
associated with the middle river.

- Age Composition (¥%)

The majority of the returning adults were Age &
fish, followed by Ages 3 or 5. (ADF&G

1981b, 1983a, 1984h, and 1985b)., 1In 1983, Age 5
fish were most abundant, A few return at Age 6. A
summary of the age composition of chums observed in
1981-1984 at each of the sampling stations is
presented in Table E.3.2.17.

All of the chum salmon returning to spawn in the

Susitna River, outmigrated as Age 0+ juveniles
(ADF&G 198la, 1983a, 1984h, 1985b).
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—~ Spawning Locations and Spawning Habitat

Utilization (%)

Adult chum salmon utilize the widest range of
habitats for spawning of any of the Pacific

salmon using the middle reach. Based on estimated
escapements past each of the sampling stations,
over 95 percent of the total chum salmon escapement
into the Susitna River spawn in areas upstream of
the Sunshine Station at RM 80 (ADF&G 1985c).

Chum utilize tributary, side slough, side channel
and mainstem areas for spawning within the middle
reach.

Tributaries commonly used by spawning chum salmon
include Indian River, Portage Creek and 4th of July
Creek. Several other streams are used, but to a
lesser extent. A summary of peak escapement
estimates in tributaries of. thewmiddle Susitna
River is provided in,Table E.3.2.18 and the peak
escapements are depicted in Figures E.3.2.8 through
E.3.2.13. Based upon the peak counts, the total
escapement of chum salmon to tributaries was
estimated to be 3,400 fish in 1981, 3,500 fish in
1982 (ADF&G 1983a), 2,800 fish in 1983 (ADF&G
1984h), and 7,600 fish id 1984 (ADF&G 1985b).

These mumbers represent 16.3, 7.0, 5.5 and 7.7
percent of the estimated escapements past the
Talkeetna Station in each of the respective years
(not accounting for return of adults dowanstream).
Similarly, these represent 26.7, 11.9, 13.3 and
15,4 percent of the estimated escapements past the
Curry Station in each of the respective years,

Chum salmon spawned in nearly every slough within
the middle Susitna during the 1981-1984 summers,
Peak escapements to each slough are depicted in
Figures E.3.2.8 through E.3.2.13. In 1983 and 1984
stream life surveys indicated that the average time
chum salmon inhabit the spawning areas in sloughs
was 6.9 days (ADF&G 1984h, 1985b)., Using the
average stream life and the total number of
fish~days for chum in each slough, estimates of the
total number of chum spawning in the sloughs were .
calculated (ADF&G 1984h, 1985b). Total slough
egcapements are summarized for each slough in Table
E.3.2.19, The total numbers of chum salmon using
slough habitats were 4,500 fish in 1981, 5,000 fish
in 1982, 2,900 fish in 1983, and 14,600 fish in
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1984 (ADF&G 1984h, 1985b). These estimates
represent 21.6, 10.2, 5.7 and 14.9 percent of the
escapements past the Talkeetna Station in each of
the sampling years, respectively. Similarly, these
represent 34,3, 17.3, 13.8 and 29.3 percent of the
estimated escapement past the Curry Station each of
the sampling years. Sloughs 84, 9, 11 and 21
support more than 50 percent of middle river slough
spawning chum salmon.

Chum salmon have also been observed to spawn in
side channel and mainstem habitats. In the middle
reach, nine chum spawning areas were identified to
have spawning in 1982 (ADF&G 1983a), and no
estimate of the total number spawning in those
areas was obtained. In 1983, six sites were
identified to support chum salmon spawning (ADF&G
1984h). Less than 1,000 fish were estimated to
utilize these habitats., 1In 1984, 36 sites were
identified as supporting adult chum .spawning. An
estimated total of 3,000 fish used these sites.
The increases in identified use of mainstem sites
for spawning in 1984 was due principally to a more
intensive survey and to the increased escapement to
the middle reach over previous years. 1In 1984,
mainstem and side channel sites provided spawning
areas for less than 4 percent. of the escapement
past Talkeetna and less than 8 percent of the
escapement past Curry (ADF&G 1985b).

Based on these estimated numbers of chum salmon
observed to spawn in the middle reach, approxi-
mately 75 percent of the escapement past Talkeetna
and 45 percent of the escapement past Curry return
downstream to spawn in areas below RM 98 where the

Chulitna River merges with the Susitmna River (ADF&G
1985b).

Chum salmon spawn almost exclusively in areas
having groundwater upwelling (ADF&G 1983k,

1984b). Although groundwater upwelling is the
pPrincipal factor associated with spawning
locations, chum salmon spawning habitat is also
characterized by water depths greater than 0.8 ft.,
water velocities between 0 and 2 ft. per second,
and substrate ranging in size from large gravel to
cobble (ADF&G 1984b). The sizes of substrate used
by chum salmon are large in comparison with
substrate sizes utilized elsewhere in Alaska (Hale
1981b, Wilson et al, 1981). This is probably due
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to the dependence of chums on upwelling areas and
overestimation of the predominant substrate sizes
by the investigators (ADF&G 1984b).

Spawning by adult chum occurs between the middle of
August and the end of September in all areas (ADF&G
1983a, 1984h, 1985b), This period is depicted in
Figure E.3.2.7.

Incubation and Emergence (¥%)

Incubation of the chum embryos begin with
deposition of the eggs in mid August to late
September (Figure E.3.2.7).

Emergence of the fry from the spawning substrate
occurs in February and March (ADF&G 1983m, 1984c,
1985¢c).

Bagsed upon the estimated number of spawning chum
salmon in the middle reach, between 3,000 and.
13,000 pairs of chum salmon spawn in areas
associated within the middle reach. The fecundity
of chum salmon is approximately 3,200 eggs per
female. Therefore, between 9,600,000 and
41,600,000 eggs are deposited each year. Egg to
fry survival is estimated to be 12.to ‘14 percent
(ADF&G 1984c,).

Juvenile Behavior (#%)

After emerging from the spawning gravels, juvenile
chum salmon remain near the natal areas until

early to mid-May. They then begin a general
downstream movement out of the middle Susitna
River. All juvenile chum ocutmigrate from the
middle river by the end of July (ADF&G 1983m,
1984c, 1985¢). In the intervening period, the
juveniles increase in average size from a length of
40 mm in May to 48 mm in July (ADF&G 1985c).

Qutmigration from the lower Susitna River into Cook
Inlet similarly occurs between late May and mid-
July {(ADF&G 1985c). Peak outmigration of juvenile
chum occurs in mid-June for both the middle and
lower reaches (ADF&G 1985¢c).

No additional growth increment was observed for
chum salmon between the Talkeetna Station
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outmigrant trap and the Flathorn outmigrant trap in
1984 (ADF&G 1985¢). .

The outmigration period for chum salmon is depicted
in Figure E.3.2.7.

Pink (*%)

- Upstream Migration of Returning Aduits (#*)

Pink salmon enter the Susitna River in late June to
early July. Movement of the adults upstream is
rapid with the movement of fish past the Sunshine
Station beginning in early July and ending in mid
August (ADF&G 1983a, 1984h, 1985b). Movement of
pink salmon into the middle reach begins in
mid-July and is complete by mid-August, as
determined from the movement past the Talkeetna
Station. Essentially all of these fish spawn in
tributaries upstream from the influence of mainstem
discharges and will not be affected by the proposed
project.

As with the other salmon species, the movement of
pink salmon into the middle river does not indicate
where they will spawn. Up to 85 percent of the
pink that migrate past the Talkeetna Station and up
to 80 percent migrating past the Curry Statlon
return downstream to spawn elsewhere in the river
system (ADF&G 1985b).

The rates of upstream movement of pink salmon
ranged from 2.6 to 7.7 mpd from the Sunshine
Station to the Talkeetna Station and from 5.7 to
17.0 mpd from Talkeetna to Curry (ADF&G 1985b).
The migation period is depicted inm Figure
E.3.2.7.

Age Composition (#%)

Two distinet stocks of pink salmon use the Susitna
River to spawn. All pink salmon follow a two

year life history and return to spawn as Age 2
fish. The two stocks are dlstlngulshed as
even—-year fish (those which spawn in even-numbered
years) and odd—year fish. As discussed below, the
even-year stock is numerically dominant in the
Susitna River.
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- Population Estimates (¥*%)

The numerical dominance of the even-year pink stock
is evidenced by the estimated escapement to the
Susitna River. Minimum escapement of adult pink
salmon in 1982, based on the sum of the Sunshine
Station and Yentna escapements was 890,500 fish
(ADF&G 1983a). 1In 1984, the escapement past the
Flathorn Station was estimated to be 3,629,900 fish
(ADF&G 1985b). Estimates of the minimum
escapements in 1981 and 1983 were 85,600 and
101,200 fish, respectively (sum of Sunshine and
Yentna Station escapements) (ADF&G 198la, 1984h).

Estimated escapement of pink salmon upstream of the
Talkeetna Station was 73,000 and 177,900 in 1982
and 1984, respectively., 1In 1981 and 1983, the
estimated escapements past Talkeetna Station were
2,300 and 9,500 fish, respectively. Escapement
estimates for all sampling stations are summarized
in Table E.3.2.6, Based on 1984 results, less than
one percent of the total Susitna Basin pink salmon
escapement spawned in habitats associated with the
middle river.

Spawning Locations and Utilization of Spawning
Habitats (¥¥)

More than 90 percent of the pink salmon in the
middle reach spawn in tributaries that are not
affected by mainstem discharges and, therefore,
will not be affected by the project. A summary of
peak index counts of pink salmon in the tributaries
is presented as Table E.3.2.20 for the four year
sampling period. The distribution of spawning
locations is depicted on Figures E.3.2.8 through
E.3.2.13.

A small portion of the pink salmon spawn in slough
habitats. Even—-year pink salmon tend to spawn in
sloughs more than odd-year pink salmon, Whether
this difference is due to stock differences or
density differences is not known. Peak counts in
slough areas are depicted in Figures E.3.2.8
through E.3.2.13,

Spawning activity occurs during August and

occasionally during the first week of September
(See Figure E.3.2.7).
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- Incubation and Emergence (*%)

Incubation of pink salmon embryos begins with
deposition of the eggs in August. Emergence of
the fry probably occurs in March and April.

In odd years, 100 to 600 pairs of pink salmon spawn
in the middle reach based upon the estimated
escapement and the estimated return downstream
(ADF&G 1985b). In even years between 5,000 and
12,000 pair of pink salmon spawn in the middle
reach. The estimated fecundity of pink salmon is
1,500 eggs per female (ADF&G 1984h). Therefore, in
odd years between 150,000 and 900,000 eggs are
deposited. 1In even years, between 7,500,000 and
18,000,000 eggs are deposited. No estimate of egg
to fry survival of pink salmon in the Susitna River
is available. .

- Juvenile Behavior (#*%)

After emergence from the spawning gravels, juvenile
pink salmon move out of the tributaries and the
middle reach almost immediately with no increase in
size, Peak outmigration of pink juveniles occurs
by mid June (ADF&G 1985c), and is complete by mid

- July,

{b) Other Anadromous Species (o)

(i)

Bering Cisco (o)

The Bering cisco is a coregonid (whitefish) that
occurs from the Beaufort Sea to Cook Inlet.

Although Bering cisco have been collected from upper
Cook Inlet and the Knik Arm, the species was not
known to inhabit the Susitna River drainage prior to
1980~-1981 ADF&G studies. Interior and western
Alaskan populations appear to contain both anadromous
and freshwater resident forms. Susitna River Bering
¢isco appear to be anadromous (ADF&G 198la).

Bering cisco were collected in the lower Susitna
River between RM 70 and RM 98.5 in 1981 and 1982
(ADF&G 1983a). 1In 1981, the migration began in
August at Susitna Station (RM 26) and on September 8
at Sunshine Station (RM 80). The 1981 fishwheel
catches peaked on September 21 at Sunshine. In 1982,
the migration began on August 7 at Susitna Station
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and on September 4 at Sunshine Station. The 1982
fishwheel catches peaked on September 27.

During 1981, spawning concentrations were identified
at RM 78-79, 76-77.5 and 75. In 1982, spawning was
confirmed at RM 76.8-77.6 and 81.2 (ADF&G

1983a). 1t is suspected that spawning may occur
throughout the reach between RM 30 and RM 100 (ADF&G
1981le). Spawning substrates were composed primarily
of 1- to 3-inch (2.5- to 7.5-cm) gravel. Peak
spawning occurred during the second week of October
in both 1981 and 1982 (ADF&G 1983). Susitna River
Bering cisco appear to occupy their spawning grounds
15 to 20 days. After spawning, these fish migrate
downstream to sea (ADF&G 1981a)., No spawning areas
for the Bering Cisco are known to exist in the middle
river. -

Eulachon (o)

The eulachon is an anadromous member of the smelt
family that spends most of its life in the marine
enviromment. Adults are believed to live at moderate
ocean depths in the vicinity of the echo-scattering
layer and in close proximity to shore. In the north-
ern portion of its range, eulachon spawn in May and
June.

During 1982, the spawning migration appeared to be
composed of two segments: an early run that started
prior to May 16 and ended about May 31, -and a late
run that started about June 1 and ended about June 10
(ADF&G 1983a). The second run was approximately 4.5
times larger in numbers than the first run. Eulachon
are known to utilize the Susitna River system at
least as far upstream as RM 58 in 1981 and EM 48 in
1982 (ADF&G 1983a).

In 1982, eulachon spawned in riffle areas and off-
shore of cut banks on unconsolidated sands and gra-—
vels., Spawning occurred at water temperatures be-
tween 37.4 to 49.1°F (3.0 to 9.5°C) (ADF&G 1983a).

Resident Species (##*)

(i)

Dolly Varden Char (**%)

Dolly Varden are found in lakes, streams, and
rivers throughout Alaska., Three forms of Dolly
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Varden have been identified: an anadromous form that
generally inhabits coastal streams, a resident
variety that inhabits rivers and lakes, and a dwarf
resident form that occupies stream and lake habitats
generally north of the Alaska Mountain Range (Morrow
1980).

Within the Susitma River drainge, Dolly Varden are
known to inhabit various areas from the Oshetna River
(RM 233.4) to Cook Inlet (ADF&G 1981f, 198le, 1983m,
1983b, 1984c, 1985c). Throughout the drainage,
populations are relatively low with insufficient
numbers of fish caught to determine population size
estimates. 1In the lower river (downstream from the
Chulitna River confluence at RM 98.6) Dolly Varden
were most commonly caught at the mouth of the
Kashwitna River (ADF&G 1983m, 1985¢). Within the
middle Susitna River, Dolly Varden were captured most
frequently at the mouths of Indian River (RM 138.6),
Lane Creek (RM 113.6) and Portage Creek (RM 148.8).

Based on the data available for Dolly Varden
populations in the middle and lower Susitna River
(downstream from RM 150) it is presumed that Dolly
Varden move into the tributaries during the summer
months to rear and feed, In the fall, the Dolly
Varden move into the mainstem in November and
December to overwinter (ADF&G 1983m). Apparently,
juvenile Dolly Varden move into the tributaries in
the spring for rearing. Sexual maturity is attained
at approximately Age 4. (ADF&G 1983m, 1984c).

Between the Oshetna River and Devil Canyon (i.e., in
the impoundment zone) Dolly Varden populations are
apparently small but are widely distributed (ADF&G
1983b). Populations have been found in Cheechako,
Devil, Watana, Jay and upper Deadman Creeks (ADF&G
1983b). Total lengths of the fish collected in the
upper Susitna River ranged from 120 to 205 mm, Thus,
these stocks appear to be representative of the
stunted or dwarf variety noted by Morrow (1980).

This occurrence appears to be incomsistent with the
distribution of the dwarf variety described by Morrow
(1980). However, Morrow's description is based on
the limited information available prior to the
present studies and these could represent a more
refined definition of the range of the dwarf variety
and is therefore, not unexpected,.
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(ii)

Seasonal movements of the population in the
impoundment zones appear similar to those described
for the middle and lower reaches of the Susitna
River.

Populations of Dolly Varden were identified in
numerous streams and lakes within the access and
transmission line corridors (ADF&G 1984a).

Summaries of the occurrence of Dolly Varden in the
streams and lakes are presented in Tables

E.3.2.2] and E.3.2.22, respectively. The locations
of the streams and lakes are depicted in Figures
E.3.2.8 through E.3.2.13 and Figures E.3.2.14 through
E.3.2.17.

Rainbow Trout (#*%)

Rainbow trout inhabiting the Susitna River comnstitute
one of the northernmost populations of this species
(Morrow 1980). Within the Susitna River, rainbow
trout populations are found up to and including
Portage Creek at RM 148.8 (ADF&G 1983m). No
populations have been identified upstream of Devil
Canyon in the impoundment zone.

During the spring and summer monfhs, rainbow trout
are distributed in clear water areas associated with
tributaries and tributary mouths (ADF&G 1984c).
Highest councentrations of rainbow trout have been
observed associated with the Deshka River in the

lower Susitna River (ADF&G 1985c¢) and Whiskers Creek, .

Chase Creek, and Fourth of July Creek in the middle
Susitna River (ADF&G 1984c¢). Rainbow trout often
follow salmon to their spawning areas in tributaries
and side sloughs where they presumably feed on eggs
dislodged from the salmon redds, During the summer
period, highest densities of rainbow trout are
observed upstream in the tributaries. By
mid-September, rainbow trout move to tributary mouth
areas and presumbly move into the mainstem to
overwinter.

Spawning activity probably occurs in late May to
early June in upper reaches of tributaries. This is
based upon the inability to capture juvenile rainbow
trout at locations associated with the mainstem in
early to mid summer, Juveniles are collected more
frequently in the lower portions of tributaries as
winter approaches (ADF&G 1984c, 1985c). Fourth of
July Creek appears to support a significant spawning
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population. The ADF&G (1985c) believes that rainbow
trout are produced in lakes in the Fourth of "July
Creek drainage. These move out into the river and
rear. Growth of juvenile rainbow trout is similar to
other northern populations (ADF&G 1983n, 198le,
1983m).

Juvenile and adult populations in the middle Susitna
River are relatively small., Estimates of the
population range from 2,500 to 5,000 fish (ADF&G
1984¢). The major contributor to the low population
levels is attributed to the lack of suitable spawning
areas (ADF&G 1984c). 1In addition, survival rates are
relatively low. High mortality rates are attributed
to poor spawning habitat, and low survival of
juveniles and adults during winter months. In
addition, fishing pressure during the fall, when this
species is particularly vulnerable to capture at
tributary mouth locations, contributes to the low
population levels, Winter montality is due
principally to dessication and freezing (ADF&G 1984c,
1983e, 1985a). Several instances of dead
radio-tagged fish have been recorded under the ice
(ADF&G 1983e, 1985a).

- Habitats sultable for rainbow trout include clear

water areas with velocities less than 0.5 ft per
second and depths greater than 2 ft., Rainbow trout
are also associated with areas containing

cover in the form of undercut banks, debris and
substrate greater than 3 inches diameter (preferrably
boulders) (ADF&G 1984c),

Movement of rainbow trout during summer and winter
months has been documented through tracking of
radio-tagged fish. Based on the results of the
tracking, rainbow trout apparently move freely from
tributary to tributary during the summer and
throughout the mainstem areas during the winter
(ADF&G 198le, 1983m, 1983e, 1984c, 1985a). In the
summer, the mainstem areas apparently serve
principally as a migratory pathway; whereas, in the
winter, the mainstem serves as holding areas (ADF&G
1985¢c, 1983m).

A population of rainbow trout was also identified in
High Lake, near High Lake Lodge. High Lake is within
the access and transmission line corridor between the
Watana and Devil Canyon Dam sites. No estimate of
the population size was made. (ADF&G 1984a).
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(iii)

Arctic Grayling (*)

The Arctic grayling is also one of the most important
sport fish of Alaska and northern Canada and
contributes substantially to the sport fishery of the
Susitna River and its tributaries. Grayling are
generally rvesidents of clear, cold streams and lakes
(Scott and Crossman 1973).

Silt-laden glacial systems, such as the Susitna
River, are believed to support relatively few gray-
ling; however, such systems may provide essential
migratory channels and over-wintering habitat (ADF&G
1981f). The Arctic grayling is characterized by Reed
(1964) as a migratory species., During spring breakup
from April to June, adults migrate from ice-covered
lakes and large rivers into clear, gravel bottomed
tributaries to spawn (Morrow 1980). 1In Alaska,
Arctic grayling reach sexual maturity at age 2 to 7
years and are capable of spawning several times .-
during their lifetime. After spawning, the adults
move from the spawning areas to spend the rest of the
summer feeding on aquatic and terrestrial insects
taken from the aquatic drift (Vascotto 1970). A
downstream migration to overwintering areas in large
rivers and deep lakes ocecurs in late August to

" mid-September (Pearse 1974).

During 1980-81, grayling were captured between
Alexander Creek (RM 10.1) and the upper reaches of
the impoundment area, GCatches were low throughout
winter, but increased sharply in May, both below and
above the impoundment area, Below the impoundment
area, catches increased during the period May 1-15
and then declined at all habitat locations throughout
the summer until catches again increased at tributary
mouths in September. Primary tributaries of the
middle river which support grayling populations are
Indian River and Portage Creek (ADF&G 1983m). Within
the impoundment area, catches were highest in June
and July and declined toward the end of summer and
early fall (Table E.3.2.23).

Changes in distribution and catch of grayling are
associated with migrational movements to spawning
grounds and overwintering areas that may have been
initiated in response to surface water temperature
(ADF&G 1981f, 1983b). Below the impoundment area,
high catches in May are associated with migration
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from the mainstem Susitna into nonglacial tributary
spawning grounds immediately after ice leaves the
tributaries (ADF&G 1983b). High catches in September
are probably associated with migrational movements
back to over wintering areas in the mainstem

Susitna.

Within the impoundment area in May and June, grayling
appeared to move upstream into pool-type habitat in
tributaries where they spawn. The movement may be
triggered by increasing water temperatures (ADF&G
1981f, 1983b). As surface water temperatures began
to decrease in late summer and early fall, lower
numbers of fish were observed in these upper stream
reaches and tagged fish were observed migrating
downstream. Small-scale distribution. patterns and
abundance within upper stream reaches are determined
primarily by streamflow and channel morphology.

Observed preferred grayling habitat is characterized
by high pool/riffle ratios, large, deep pools, and
moderate velocities (ADF&G 1983m,-1983b, 1984c).

Additional distribution patterns in the impoundment
reach were documented by catching, tagging and re-
leasing 2,511 grayling during- 1981 (ADF&G 1981f).
Many tributary fish moved into the Susitna mainstem
for overwintering. Analysis indicates that there is
a wide range of intertributary migration as well as
movement within individual tributaries. '

Grayling population estimates were calculated for the
reaches of major tributaries to be inundated by the
Devil Canyon and Watana impoundments (Table
E.3.2.24). The 1982 estimates were based on
tag/recapture data during July and August 1982, while
the 1981 estimates were based on results from the
entire summer period. There were insufficient tag
returns from Watana Creek in 1981 and from Tsusena
and Fog creeks in 1982 to derive estimates. The 1982
population estimate was calculated for age groups
(Table E.3.2.25). The total grayling population in
the impoundment zone was estimated to be at least
16,000 in 1982, while the population of grayling over
8 inches (20 cm) was estimated to be 9,375, excluding
Watana Creek in 1981 (ADF&G 1981f, 1983b). In 1982,
summer density estimates ranged from 323 grayling per
mile (1.6 km) in Watana Creek to 1,835 grayling per
mile (1.6 km) in Deadman Creek for the reaches to be
inundated (Table E.3.2.24).
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There was no evidence of grayling spawning at any
sampling locations between Devil Canyon and Cook
Inlet, It is thought that adult grayling from the
mainstem Susitna below Devil Canyon migrate into
nonglacial tributaries to spawn in late April or May.
In the impoundment reach, grayling fry were captured
at the Watana Creek study area in 1981 indicating
spawning in the immediate vicinity.

Spawning apparently occurs from late April through
early May under ice or during mid-May spring floods
in the lower reaches of all eight tributaries sampled
within the impoundment zone (ADF&G 1983b). Suitable
spawning habitat, i.e., proper spawning gravel in
pool regions, was observed in all streams studied
(ADF&G 1983b). Assuming favorable spawning
conditions exist, it is not likely that spawning
habitat significantly limits grayling in the
impoundment area (ADF&G 1983b).

In addition to the tributary population, Arctic
grayling populations were identified in Sally Lake,
Deadman Lake and an unnamed lake on the south bank of
the Susitna River near the mouth of Watana Creek. The
population identified in Deadman Creek is associated
with upper Deadman Creek. The lake apparently
provides overwintering habitat for the population in
the creek (ADF&G 1984a). The population fdund in
Sally Lake appears to be stunted with adult grayling
remaining much smaller than the adults associated
with tributaries of the Susitna River (ADF&G

1983b).

Arctic grayling populations were also identified in
seven streams that will be crossed by either the
access road or the transmission line between the dam
sites and Gold Creek (ADF&G 1984a). A summary of the
streams containing Arctic grayling populations is
presented as Table E.3.2.21. Maps depicting the
access road and transmission line corridors and
enumerating the streams to be crossed are presented
as Figure E.3.2.8 through E.3.2.13. Two lakes within
the access road and transmission line corridor
contain Arctic grayling populations. These are
Deadman Lake (described above) and Beaver Lake. The
locations of all lakes within the corridors are
depicted in Figures E.3.2.14 through E.3.2.17. The
occurrence of grayling in these lakes is summarized
in Table E.3.2.22,
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(iv)

(v)

Lake Trout (#*%%)

Near the Watana impoundment area, lake trout were
collected in Sally Lake in the impoundment zone and
Deadman Lake. Both lakes support a limited sport
fishery., The population inhabiting Sally Lake is
small, estimated at approximately 1,000 fish (ADF&G
1983b). The population of lake trout in Deadman Lake
is somewhat larger, Numerous lake trout were
observed in Deadman Lake in relatively shallow water
near the inlet stream (ADF&G 1984a).

In both Sally Lake and Deadman Lake, lake trout were
located in relatively shallow water in June., Later
in the summer, the fish were in deeper water, up to
75 ft deep, just below the thermocline (ADF&G
1984a), 1In October and November, the lake trout
again moved to shallow water along the shorelines,
apparently to spawn.

Ages of four lake trout in Deadman Lake ranged from
15 to 26 years (ADF&G 1984a).

Burbot (*%*)

In Alaska, burbot are distributed in the Susitna .
and Copper Rivers, Bristol Bay drainages, :
throughout the interior, and in the Arctic (McLean
and Delaney 1978), Burbot mature between ages 3 and
6 in Alaska and may live a total of 15 to 20 years.

Burbot are widely distributed throughout the
mainstem Susitna River, Adults are found at
tributary and slough mouths and in turbid mainstem
areas. Burbot are typically sedentary but may move
congiderable distances during the fall prior to
spawning in the winter (ADF&G 1983b).

Burbot appear to be more abundant in the lower river
from the Chulitna River confluence to Cook Inlet
(ADF&G 1985c). In the middle river, population
densites were estimated to be 15 fish per mile (ADF&G
1984¢c).

In the Susitna River, spawning occurs from November
to February (ADF&G 198le, 1983m). Although no
spawning activity was observed, the increase in
density of adult fish at the mouth of the Deshka
River and the migration of radio-tagged adult fish to
the mouth of the Deshka River indicated a high
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(vi)

probability that spawning occurs in the area (ADF&G
1985b). :

Adult burbot apparently prefer areas with low Light
conditions (Morrow 1980), thus, the turbid mainstem
areas provide the most suitable habitat, Burbot have
been as characterized is being omnivorous carnivores
(Morrow 1980) and are believed to be a major fish
predator on other Susitna River fish species (ADF&G
1984¢).

In addition to the burbot populations identified in
the mainstem of the Susitna River; Beaver Lake,
located along the access corridor, contains a
population of burbot (ADF&G 1984a) (Figure
E.3.2.15).

Round Whitefish (&%) .

Round whitefish are distributed across all of Arctic
and interior Alaska, They are normally abundant

in clearwater streams with gravel-cobble substrate
but are also in large glacial rivers and lakes.
Round whitefish mature between ages 4 to 7, and
spawning occurs in late September through October
over gravel substrate in the shallows of rivers and
inshore areas of lakes {Morrow 1980). TUpstream
migrations are often associated with spawning.

The densities of round whitefish tend to be greatest
in the middle river between Devil Canyon and
Talkeetna (ADF&G 1983m). Adult round whitefish move
into clearwater tributaries in June to rear. In
September, round whitefish move inte the mainstem
where they spawn and overwinter. Spawning adults
have been collected from the mouths of Lane Creek,
Indian River, and Portage Creek in October (ADF&G
1985¢).

Round whitefish appear to be the most abundant
resident fish species downstream from Devil

Canyon; in the impoundment zone, round whitefish are
relatively uncommon (ADF&G 1983b).

Round whitefish are also reported to inhabit Deadman
Lake where they apparently serve as a forage fish for
Arctic grayling (ADF&G 1984a). During the summer
months, the fish occurred in small schools of 10 to
25 fish. 1In the fall, schools of 50 to 100 fish were
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{vii)

(viii)

observed to spawn in 1-5 ft of wateéer over sand and
gravel substrate (ADF&G 1984a).

Humpback Whitefish (%)

In Alaska, there is a complex of three closely
related species of whitefish: humpback whitefish,
Alaska whitefish, and lake whitefish. Because of
similar appearance and overlapping distributioms, the
data collected on the three species have been
reported under the general heading of humpback white-
fish.

Alaska whitefish are largely stream inhabitants and
undertake lengthy up- and downstream migrations to
and from spawning grounds. Spawning occurs in
September and Qctober, Lake whitefish reside pri-
marily in lakes but spawn in rivers or creeks between

. October and December., Humpback whitefish is appar-

ently the only species of whitefish that is
considered anadromous, although migration habits vary
widely in different systems. Spawning migrations
begin in June with spawning in October and November
{Morrow 1980).

Humpback whitefish are most abundant in the Talkeetna

to Cook Inlet reach. Fish collected ranged from ages
2 to 7; Age 4 was the préedominant age group (ADF&G
1981f, 1983m).

No evidence of humpback whitefish spawning was
collected at any sampling location between Devil
Canyon and Cook Inlet in 1981 or in 1983 (ADF&G
198ie, 1984c). '

In 1983, humpback whitefish were collected from
Deadman Lake (ADF&G 1984a). No estimate of the
population was obtained. The youngest fish analyzed
was 8 years old and all fish longer than 345 mm were
10 years old or more {ADF&G 1984a).

Longnose Sucker (#*)

The longnose sucker, the only representative of the
sucker family found in Alaska, is ubiquitous and
occurs in most of the mainland drainages. Spawning
usually occurs in spring after ice out. Spawning
runs (i.e., movement from lakes into inlet streams or
from deep pools into shalleower, gravel-bottomed
stream areas) are initiated when water temperatures
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exceed 5°C (41° F). Lougnose sucker feed almost
exclusively on benthic invertebrates but will
occasionally ingest live or dead fish eggs (Scott and
Crossman 1973).

Longnose suckers were collected throughout the study
area from Cook Inlet to the upper reaches of the
impoundment areas. Adult suckers were captured in
the impoundment zone from May to September, generally
near the confluence of mainstem river and the
tributary streams (ADF&G 1981f, 1983b).

Downstream of Devil Canyon, longnose suckers are
considerably more abundant than upstream from Devil
Canyon (ADF&G 1983m). Spawning occurs in late May
and early June. During this period, adults
congregate in spawning areas. During the remainder
of the year, adults are more dispersed throughout the
mainstem (ADF&G 1983b, 1985c). Juveniles appear to
utilize clearwater sloughs and tributary mouth
habitats to a greater extent than adults (ADF&G
1983b).

Threespine Stickleback (*%)

Threespine stickleback have been observed and
captured at several locatioms throughout the Devil
Canyon to Cook Inlet reach of the Susitna River.

They are found most often in shallow, slack-water
areas with soft sand-to-mud substrate and emergent or
submerged, rooted vegetation (ADF&G 1984c, 1985¢).
These areas are essentially limited to side—slough,
upland slough, tributary mouth and tributary
habitats. :

Two forms of the threespine stickleback,
distinguished by behavioral aund morphological
characteristics, are known to occur in the Susitna
basin. One form, trachurus, is anadromous.
Trachurus usually enters coastal rivers in the early
summer where it reproduces and then dies. The
juveniles rear for a short time in freshwater
habitats and then return to the marine environment in
late summer {Morrow 1980, ADF&G 1983m). The second
form, leiurus, spends its entire life in freshwater.
A third form, semiarmatus is presumed to be present
although none have been identified from project
sampling. Semiarmatus is a hybrid of trachurus and
leiurus (Woottom 1976).
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The distribution of trachurus within the Susitna’
drainage is limited to habitats with open access to
the marine enviromment. They have been observed in
mainstem, side sloughs, side channel and tributary
habitats. They have also been collected from lakes
with open access to the mainstem Susitna. Leiurus
are also found in these habitats as well as small
lakes and ponds with isolated drainages. No
populations of threespine sticklebacks have been
found in the Susitna drainage upstream of Devil
Canyon.

Inter—-population variation for several morphological
traits has been identified in the Pacific Northwest
(eg., Hagen and Gilbertson 1972; Hagen and McPhail
1970; Moodie and Reimchen 1973). This extensive
variation indicates that the species is capable of
pronounced adaptation to local envirommental
conditions. In studies conducted in Southcentral
Alaska within the Susitna River, Bell et al., (1985)
identified.several populations in small, isolated
lakes that contained a high proportion of individuals
with reduced or missing pelvic spines and associated
anatomical structures. The importance of these
findings is uncertain at this time and all
populations are located outside the area which could
be affected by -the project. It is highly unlikely
that populations with such morphological variation
occur in habitats closely associated with the Susitna
River (that would be potentially exposed to effects
of project operation) since a high degree of
isolation seems to be necessary for the evolution and
maintenance of these adaptations (Bell et al.

1985).

Cottids (#%%)

All sculpin species captured in the Susitna River
have been grouped under the general heading of
cottids. The slimy sculpin is the most common cottid
found in the Susitna, although there is a possibility
that three other species may be present below the
impoundment area.

Slimy sculpin are present in nearly all clearwater
habitats in the Susitna Basin. Adults and juveniles
occupy these areas and exhibit little movement
between habitats. Low densities of the sculpin are
also present in mainstem habitats (ADF&G 1983m,
1983b).
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Presumably, slimy sculpins represent a major predator
on salmon embryos and newly emergent salmon fry.

Lamprey (o)

The Arctic lamprey, one of four lamprey species that
occurs in Alaska, was observed in the Susitma River
during 1981 (ADF&G 198le). The Pacific lamprey, an
anadromous species that has been reported to range
into the lower Susitna River (Morrow 1980), was not
observed during 1981 investigations.

Some populations of Arctic lamprey are composed of
both anadromous and freshwater forms., It was
speculated that a portion (30 percent) of the Susitna
poulation is anadromous, based on analysis of length
frequencies (ADF&G 198le). The anadromous form is
parasitic; hosts include adult salmon, trout, white-
fish, ciscoes, sucker, burbot, and threespine
stickleback (Heard 1966). The freshwater~forms have
been reported to be both parasitic and nonparasitic.

Arctic lamprey spawn during spring in streams with
low-to-moderate flow. Embryos develop into a larval
stage, which spend one to four years burrowed into
soft substrate, :After an indefinite period, adults
migrate upstream to spawn, -

Arctic lamprey were captured at 14 sampling sites,

between RM 10 and RM 101, that were surveyed from

. November 1980 through September 1981, During the

winter surveys, the only habitat site to produce
Arctic lamprey was Rustic Wilderness where one
lamprey was captured. This area is in the lower
river at RM 57. All other lamprey were collected
during the summer. Lamprey were not collected in the
impoundment area (ADF&G 198le).

The highest catch frequency was recorded during the
September 1 to 15 sampling period. All lamprey taken
during this period were collected at tributary sites
downstream from RM 50.5. The lowest incidence of
capture for this species during the summer was
observed in the July 16-31, 1981 sampling period
(ADF&G 198le).
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2.2.2 - Habitat Utilization (#*¥%)

Every river system provides a complex array of hydraulic and
physical conditions within which fish and other aquatic
organisms must exist. Through the process of natural selectiom,
each species has evolved to utilize specific sets of habitat
conditions from the array of conditions available in the system.
The suitability, availability and subsequent utilization by the
fish of specific areas within a river system are determined by
the physical conditions within and adjacent to the areas or

habitats.

On an instantaneous basis (i.e. at a given discharge in the river
at a specific time), the suitability, availability and
utilization of a particular area can be described by a relatively
few principle hydraulic and morphologic parameters. The
suitability of a particular area is dependent uponr water depth,
water velocity, substrate composition and structural attributes
contributing to cover for the fish. This assumes that chemical
characteristics and temperature are within the tolerance limits
of the fish. It also assumes that there is sufficient food
available to support the fish. The availability of suitable
conditions is determined first by the presence of the particular
set of conditions suitable for a particular species and secondly
by the continuity of the specific area with the rest of the water
body such that the fish may gain-access to the area. -

On a continuous basis, the suitability and availability of a
particular area is dependent upon discharge in the river and
season of the year. Also, the utilization of specific areas
within the river system is dependent upon the season of the year,
behavior and the habitat requirements of the species and life
stages present.

Within the Susitna River basin, specific areas have been
categorized into one of seven basic habitat types based upon
their instantaneous hydraulic and morphologic characteristics.
These seven habitat types are:

o Mainstem

o Side Channel

o Tributary Mouth

o Side Slough

o Upland Slough

o Tributary

851021 E-3-2-49



o Lakes and Ponds

Characteristics of these habitat types are described in Exhibit
E, Chapter 2 Section 2.l.

Each of these habitat types responds, to some degree, to changes
in mainstem discharge. Changes in mainstem discharge may change
water surface area and water quality, depth and velocity within a
specific habitat type. Aside from the basic changes in habitat
conditions associated with changes in flow, a particular site may
be categorized differently at different malnstem discharge levels
(EWT&A 1985b). For example, at a given discharge in the
mainstem, an overflow channel may convey mainstem water and would
be considered a side channel. At a lesser mainstem discharge,

the channel may no longer convey mainstem water but-will convey
local surface runoff, tributary flow, groundwater, or a ¢combina-
tion of these and would be considered a side slough. -

In addition to the respouse of habitat conditions to seasonal
changes in mainstem discharge, seasonal changes in water .
temperature and suspended sediment concentrations influence the
suitability of a particular habitats site for habitation by fish.
As discussed in Exhibit E, Chapter 2, dramatic seasonal changes
in discharge levels occur within the river. Summer discharge is
often 10 to 20 times the winter discharge. Also, the Susitna
River carries a considerable suspended sediment load during the
summer, whereas, during the winter, the suspended sediment load
is low (Exhibit E, Chapter 2, ADF&G 1983k, 1983e).

The seven habitat types identified above can be ranked according
to the sensitivity of habitat conditions within the sites to
changes in mainstem discharge (HE 1984b, 1985a). This
sensitivity to mainstem discharge is descrlbed below with respect
to the proportion of time or the frequency with which mainstem
dlscharge directly affects habitat conditions and is summarized
in Table E.3.2.26.

Mainstem areas are by definition most sensitive to changes in
mainstem discharge since habitat conditions in terms of surface
area, depth and velocity vary continuously with discharge.

Side channels are less sensitive but are directly affected by
mainstem discharge sufficiently great to breach the upstream ends
of the channels, In general, side channels convey mainstem water
more than 50 percent of the time during the summer, open water
season (See Exhibit E, Chapter 2 for discussion of discharge
regimes during summer vs winter months).

Tributary mouth habitats occur at the confluence of the
tributaries with the mainstem. The aerial extent of this habitat
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type is dependent not only upon mainstem discharge but also on
tributary discharge. To some extent both mainstem and tributary
discharge will affect the specific locatiom of this habitat type.

side sloughs are less responsive to mainstem discharge changes in
that mainstem discharges sufficiently great to breach the
upstream ends occur less than 50 percent of the time during the
open water season. However, at lower discharge levels, the
mainstem discharge may affect slough habitat conditioms,
particularly at the mouths, through backwater effects (ADF&G
1983k, 1984r, 19851). Mainstem discharge less than that
sufficient to breach the upstream end may also affect habitat
conditions through the influence on groundwater upwelling (See
Exhibit E, Chapter 2 Section 2.4; R&M 1985b, APA 1984g).

Upland sloughs are relatively insensitive to mainstem discharge.
The major effects on upland sloughs by changes in mainstem
discharge are changes in surface area, velocity and depth due to
backwater effects. Changes in mainstem discharge generally will
not affect discharge or water quality parameters in the upland
slough.

Tributaries, although coatinuous with the mainstem, are not
affected by changes in mainstem discharge. Habitat conditions in
tributaries are dependent only upon tributary discharge.
Similarly, habitat conditions in lakes and streams within the
basin are unaffected by changes in mainstem discharge. In some
cases, the lakes or ponds are completely independent of the
mainstem with no intercomnnecting body of water. In other cases,
outlet streams from the lakes or ponds do provide a surface water
connection with the mainstem. . .

In describing existing conditions, and ultimately in evaluating
the effects of the Susitna Hydroelectric Project, it 1s necessary
to identify the utilization of the habitat types by the fish
species. The utilization of each habitat type is described below
in terms of the species present in the habitats; when they occur
in the habitats; the relative abundance of each species in the
habitats; and the significance of the habitat type to the
appropriate life stage of the species. As a matter of
convenience, the discussion is divided into three major reaches
of the Susitna River: 1) The Oshetna River to Devil Canyon (RM
233 to RM 152) representing the impoundment zone, 2) Devil Canyon
to Talkeetna (RM 152 - RM 100) referred to as the middle river,

— and 3) Talkeetna to Cook Inlet (RM 100 - RM Q) referred to as the
lower river.
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Oshetna River to Devil Canyon (*%)

The impoundment zone reach of the Susitna River flows
through a steeply cut channel that is in the process of
degrading the existing riverbed. From Oshetna River (RM
233) to Devil Creek, the river is wide and often splits into
two or more channels with an average gradient of
approximately 13 ft/mile (2.4 m/km). From Devil Creek (RM
162) to the downstream end of Devil Canyon (RM 150), the
river forms one channel that lies in a2 deep valley with an
average gradient of 31 ft/mile (5.9 m/km). Substrates
throughout the impoundment reach and mouths of tributaries
consist of rubble, cobble, and boulders, often embedded in
sand; gravels are present in some locations (ADF&G

1981f). '

Utilization of the mainstem, tributaries and lakes within
this reach are described below. Only a few isolated side
sloughs, side channels and upland sloughs exist in this
reach and, therefore, are not considered an important
habitat component of the impoundment zone. Tributary mouth
habitats are discussed in conjunction with the descriptionms
of the tributary habitats. Detailed data collected in this
reach are presented in ADF&G reports (ADF&G 1981f, 1983b).

(i} Mainstem Habitat Near the Confluence of Major
Tributaries (**%)

~ Species Occurrence and Relative Abundance (#*#*%)

O0f the five species of Pacific¢ Salmon, only chinook
salmon have been observed upstream of the Devil
Canyon Dam site at RM 150 (ADF&G 1983a, 1984h,
1985b). The lack of other salmon upstream of RM
152 is due principally to the hydraulic velocity
present in the rapids within Devil Canyon. Adult
chinook were observed in the mouths of Cheechako
Creek, Chinook Creek, Devil Creek and Fog Creek
(ADF&G 1985b). Peak index counts at these
locations ranging from ! to 35 fish, indicate that
the relative abundance of chinook at these creeks
is quite low.

Seven resident species (Arctic grayling, longnose
sucker, humpback whitefish, round whitefish, Dolly
Varden, burbot and slimy sculpin (Cottid) also
occur in the mainstem and tributary mouth habitats.
None of these species is present in high numbers at
the tributary mouths or in the mainstem., Arctic
grayling and Dolly Varden are more abundant in the
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mainstem during the winter (ADF&G 1983b). Burbot
are present in the mainstem throughout the year
(ADF&G 1983b).

Significance of Habitat (F¥%)

The mainstem Susitna River provides overwintering
habitats for all species of resident fish occurring
in the impoundment zone (ADF&G 1981f, 1983b). 1In
addition, mainstem and tributary mouth habitats
provide habitat for burbot, juvenile Dolly Varden,
round whitefish and humpback whitefish during the
summer.

Tributaries (¥#%%)

Eleven named and numercus unnamed tributaries flow
into the Susitna River within the impoundment zone.
The locations of the confluences of the tributaries
with the mainstem are given in Table E.3.2.27.

- Species Occurrence and Relative Abundance (¥#%%)

Arctic grayling, Dolly Varden, longnose suckers.
and cottids occur in tributary reaches within the
impoundment zone (ADF&G 1983b), Utilization of
tributaries 1s seasonal, with the major occurrence
during the summer. In tributaries upstream of the
Watana Dam Site, Arctic grayling are the
predominant species. The total population of
Arctic grayling greater than 200 mm within the
impoundment zone is estimated to be about 19,000
fish (ADF&G 1983b).

Between the Devil Canyon and Watana Dam sites,
Delly Varden tend to be the more abundant species
present in the tributaries. (ADF&G 1983b).
Chinook salmon spawning adults, embryos and fry
also may occur in the lower reaches of Chinook and
Cheechako Creeks within the Devil Canyon
impoundment zone since spawning activity has been
observed in these streams (ADF&G 1983a, 1984h,
1985b).

~-Significance of Habitat (#%%)

Tributary habitats in the impoundment zone provide
summer spawning and rearing habitat for Arctic
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grayling. Because Arctic grayling require clear
water for spawning and rearing, the tributaries
provide significant habitat for the species.

The utilization of tributary habitat within the
impoundment zone by chinook salmon is insignificant
relative to the tributaries of the Middle River.
This is due principally to the low numbers of
chinook using these habitats (see Table

E.3.2.8).

Lakes and Ponds (%#%)

Thirty-one lakes and ponds occur within the
impoundment zone. WNearly all of the lakes and

ponds are small and shallow, ranging in size from one
to 55 acres., Only four of the lakes are sufficiently
deep to contain free water under the ice in winter.
The largest lake within the impoundment zone is Sally
Lake loaated near the confluence of Watana Creek with
the Susitna River.

~ Species Occurrence and Relative Abundance (*%)

Lake trout and Arctic grayling occur in Sally Lake.
The only other lake known to be inhabited by

- Arctic grayling is on the south side of the Susitna
River near the Watana Creek confluence.

The lake trout population in Sally Lake is
estimated to be less than 1,000 fish (ADF&G
1983b). Arctic grayling in Sally Lake are more
abundant (approximately 5,000 fish). These fish
are apparently stunted since all fish collected
from the lake are relatively small (mean length of
42 fish = 263 mm; range = 220-325mm; (ADF&G
1983d). No estimate of the abundance of grayling
in the unnamed lake is available.

- S8ignificance of Habitat (%#%)

The only occurrence of lake trout within the
impoundment zone is in Sally Lake. This
population is not comnsidered important in the
context of the broad distribution of lake trout in
the Susitna Basin, e.g. in Deadman Lake.

The small number and size of Arctic grayling in
Sally Lake compared to other lakes in the basin
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(e.g., Deadman Lake) indicates that this lake is
not a significant habitat for grayling.

Devil Canyon to Talkeetna (¥%)

In the reach of the Susitna River from Devil Canyon to
Talkeetna, the river chanmel is relatively stable and
straight with some meandering and minimal braiding.
Numerous islands, gravel bars, and sloughs are present.
Flow alternates between a single and split channels
configuration throughout the reach. Between Curry (RM 120)
and Talkeetna, the approximate gradient is 8.1 ft/mile (1.5
m/km). Typical substrate between Curry and Talkeetna is
gravel, rubble, and cobble with small amounts of sand and
silt. Above Curry the substrate varies from silt to
bedrock. The majority of mainstem shoreline substrate is
rubble and cobble whereas silt and gravel are the most
common substrate in sloughs and slow water areas. Below
Curry, streambank vegetation is dense spruce/hardwood
forest. In addition-to numerous smaller streams draining
the surrounding hillsides, the principal tributaries to the
Susitna River in the Devil Canyon to Talkeetna reach include
Portage Creek, Indian River, Gold Creek, Fourth of July
Creek, Lane Creek, and Whiskers Creek.

All of the seven habitat types identified above are
represented within this reach and are subject of effects of
altered discharge, temperature, ice processes and water
chemistry attributable to impoundment of the river by the
Susitna Hydroelectric Project.

Within this reach, habitats are utilized by the five Pacific
salmon species and all of the known resident species of fish
inhabiting the Susitna River basin with the exception of
lake trout.

The morphology, discharge regime, temperature and ice
regimes, water quality conditions and substrate composition
under existing conditions are described in detail im Exhibit
E, Chapter 2. The occurrences and relative abundances of
the fish species inhabiting the habitat types in the middle
river are described below. Also, the importance of each
habitat type for the respective life stages of each species
is also discussed.

(i) Mainstem Habitat (¥%)

The Susitna River from Devil Canyon to Talkeetna has
both single and split channel configurations
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(Figures E.3.2.18 through E.3.2.35). Single channel
reaches are generally stable with banks of bedrock or
a layer of gravel and cobbles. The channel is either
straight or meandering. In straight channel reaches,
the thalweg often meanders across the channel.
Occasional fragmentary deposits can be found in the
floodplain., Split channel configurations are
characterized by moderately stable channels with a
gravel/cobble substrate. There are usually no more
than two channels in a given reach. Channels are
separated by well established vegetated islands.

- Specles Occurrence and Relative Abundance (%)

. Salmon (*%)

Five species of Pacific salmon utilize mainstem
areas primarily as a migration corridor. Life
stages of the salmon that occur in the middle
river are in migrating adults;ispawning adults,
incubating embryos,. rearing juveniles and
outmigrating juveniles.

Adult chinook salmon utilize the mainstem
primarilty as a migratiomal corridor to the
.gpawning areas in tributaries (ADF&G 198la,
1983a, 1984h, 1985b). Estimates of the number of
chinook adults using the mainstem habitats in the
middle reach for 1981-1984 are summarized in
Table E.3.2.6 and depicted in Figure E.3.2.5.

The timing of the occurrences of chinook adults
in the middle reach is depicted in Figure
E.3.2.7. Since chinook salmon do not use
mainstem areas for spawning, incubating embryos
are not present. As described in Section

2.2.1, juvenile chinook move into the mainstem as
part of their downstream migration to rearing
habitats in the middle river, to the lower river,
or to Cook Inlet. Hence, mainstem habitats serve
as a migrational corridor for juvenile chinook
salmon as well as for adult chinook.

Adult sockeye similarly utilize the mainstem as a
migrational corridor. Estimates of the number of
sockeye migrating through the mainstem are
summarized in Table E.3.2.6 and depicted in
Figure E.3.2.5. The timing of adult sockeye in
the middle river is depicted in Figure

E.3.2.7. Nearly all sockeye adults spawn in

side slough habitat. However, a few adults have

E-3-2-56

M

-

I

[N

| -



-

—

C—

e T

]

r

L3

3 O

{

I Co O

~

-

851021

been observed to spawn in mainstem areas (ADF&G
1985b). The use of mainstem habitat for spawning
of adult sockeye is uncommon and, therefore, few
incubating embryos are in the mainstem. Juvenile
sockeye use the mainstem primarily as a
migrational corridor to other habitats for
rearing, overwintering and outmigration (ADF&G
1981d, 1983m, 1984c, 1985c).

The utilization of mainstem habitats by the
various life stages of coho salmon is essentially
the same as for sockeye salmon. The estimates of
the number of coho adults present in the mainstem
for 1981-1984 are summarized in Table E.3.2.6

and depicted in Figure E.3.,2.5. The timing of
adult coho in the mainstem of the middle river is
depicted in Figure E.3.2.7. A few coho salmon
have been observed to spawn in mainstem areas
(ADF&G 1983a). Juvenile coho, like sockeye and
chinoock, use the mainstem as a.migrational
corridor to rearing and overwintering habitats
and for outmigration to the lower river (ADF&G
1983m, 1984c, 1985¢).

Adult chum salmon utilize the mainstem primarily
as a migrational corridor to spawning areas.
Estimates of the number of chum present in the
mainstem in 1981-1984 are summarized on Table
£.3.2.6 and are depicted in Figure E.3.2.5. The
timing of adult chum in the mainstem of the
middle reach is depicted in Figure E.3.2.7. In
the period 1981-1984, up to 4 percent of the
escapement of chum into the middle river (i.e.,
past the Talkeetna Station) and approximately 8
percent of the escapement past the Curry Station
spawned in mainstem areas (ADF&G 1985b). Hence,
incubating embryos do occur in mainstem habitats,
probably in areas of groundwater upwelling (ADF&G
1985a, 1983k, EWT&A and WCC 1985; WCC 1985).
Juvenile chum salmon use the mainstem as a
migration corridor during their outmigration
from the middle river (ADF&G 1981d, 1983m, 1984c,
1985¢c).

Pink salmon use the mainstem only for
in-migration to spawning areas in tributaries and
for outmigratiom to Cook Inlet, The timing of
the adult and juvenile pink salmon in the
mainstem is depicted in Figure E.3.2.7.

Estimates of the number of pink salmon occurring
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in the middle river in 1981-1984 are summarized
in Table E.3.2.6 and depicted in Figure E.3.2.5.

A summary of the utilization of the mainstem by
the various life stages of the salmon species is
presented in Table E.3.2.28.

. Resident Species (¥¥)

The mainstem habitat is used by all species of
resident fish known to occur in the middie

river (Table E.3.2.28). However, only burbot and
longnose sucker inhabit mainstem areas throughout
the year. The other species are present in the
mainstem only in the late fall, winter and early
spring.

- Significance of the Habitat Type {(#%%)

The principle use of mainstem habitats by salmon
and resident species i1s as a migration corridor

and as an overwintering area. To.a lesser degree,
the mainstem provides spawning habitat for chum
salmon, burbot, longnose suckers, and a few sockeye
salmon. The mainstem is utilized throughout the
year by burbot and longnose sucker,

Side Channel Habitat (%¥%)

_ Side channel habitats are generally located in

peripheral areas of the mainstem corridor. Side
channels have a diverse morphology with some having
broad channels while others are narrow and deep.
Side channel habitats are highly influenced by
mainstem discharge and water quality. In general, a
side channel habitat comveys less than 10 percent of
the total discharge in the river, but couveys
mainstem discharge more than 50 percent of the time
during the summer high flow months (EWT&A 1984,
1985b)., Side channel habitats normally breach, i.e.,
convey mainstem water, at mainstem discharges less
than 20,000 cfs (EWT&A and AEIDC, 1985).

Side channel habitats have relatively low velocity
(less than 3-4 ft/sec), shallow depths, and comvey
turbid water during the summer., When mainstem
discharge decreases in the late fall and winter, side
channels may become completely dewatered or may
convey water derived from local runoff, tributaries
or upwelling groundwater., The distribution of side
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channels is depicted in Figure E.3.2.18 through
E.3.2.35). The utilization of side channel habitats
by the various life stages of salmon and resident
species is summarized in Table E.3.2.28.

- Species Occurrence and Relative Abundance (%)

. Salmon (*%*)

The only life stages of salmon species observed
to use side channel habitats extensively are
juvenile chinook salmon, spawning chum salmon,
and incubating chum embryos (ADF&G 1983a, 1983m,
1983k, 1984h, 1984c, 1984b, 1985b). A few
sockeye salmon adults have been observed spawning
in side channel habitats (ADF&G 1985b).

Side chammels provide rearing habitat for the
largest proportion of juvenile chinook salmon
outside of the tributaries. Approximately 23
percent of the catch per unit effort for juvenile
chinook is from side channel habitats- (Figure
E.3.2.31 (ADF&G 1984c). The mean catch per
sampling cell for junvenile chinook increased
from the end of May and remained relatively high
through the summer until mid .October as depicted
in Figure E.3.2.37 (ADF&G 1984c). The high
densities of juvenile chinook in side channels
are probably due to the low velocity, shallow
depth and relatively high turbidity present in
gide channels. Turbidity is apparently used by
juvenile chinook as a form of cover (ADF&G
1983a, 1984c, 1985¢). The density of juvenile
chinook in side channels is comsiderably reduced
in late October and through the winter months.
Therefore, it appears that they do not use side
channels to overwinter (ADF&G 1983e, 1985a).
Juvenile sockeye, coho and chum salmon utilize
side channel habitats to a limited extent. The
occurrence of these species in the side channels
is probably transitory and correspouds to the
out-migration of the juveniles from the Middle
River. The relative abundances of these
juveniles in side channels in terms of the
proportion of the catch per unit effort, are
presented in Figures E.3.2.38, E.3.2.39, and
E.3.2.40, respectively. The seasonal occurrences
of the species is presented in Figures

E.3.2.41, E.3.2.42 and E.3.2.43, respectively, as
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(iii) -

the mean catch per unit effort in each sampling
period, .

Some adult chum salmon use side channel habitats
for spawning (ADF&G 1983a, 1984h, 1985b).
Selection of side channels by chum salmon for
spawning is highly dependent upon the presence of
upwelling (see Section 2.2.3).

. Resident Species (%¥)

The only resident species known to utilize side
channel habitats is burbot. Adult and juvenile
burbot have been collected occasionally in side
channels when mainstem discharge is well above
that required to breach the upstream ends (ADF&G
1984¢). :

-~ Significance of Habitat (¥%)

Side channels provide rearing habitat for

juvenile chinook salmon. Although a larger
portion of the catch per unit effort is observed
for tributary habitats, the sensitivity of the side
channels to mainstem discharge and the relatively
high proportion of chinook juveniles in side
channels elevates the importance of this habitat
type in evaluating the effects of changes in
discharge and water quality attributable to the
Susitna Hydroelectric Project.

Tributary Mouth Habitat (#%)

The size and the lateral location of the available
tributary mouth habitat varies with mainstem
discharge and discharge from the tributary itself.
At high mainstem discharge, the habitat tends to be
near the bank vegetation at the mouth of the
tributary, whereas at low mainstem discharge, the
habitat is further away from the bank vegetation.
Tributary mouth habitat is more obviously defined in
summer than in winter because tributary water can be
distinguished from mainstem water by the extreme
differences in their respective turbidities.
Tributary mouth habitat extends from upstream in the
tributary, at the point where backwater effects from
the mainstem are observed, into the mainstem where
mainstem water mixes with the tributary water. This
is obvious during the summer when the mainstem water
is turbid and the tributary water is clear. At times
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the tributary mouth habitat can extend downstream as
much as one mile (ADF&G 1983k, 1984s, EWT&A 1985b).
The utilization of tributary mouth habitat by various
life stages of salmon and resident species is
summarized in Table E.3.2.28.

- Species Occurrence and Relative Abundance (#%)

. Salmon (*%)

The utilization of tributary mouth habitat by
salmon is limited. Adult salmon that use
tributary habitat for spawning (chinook, coho,
chum and pink) have been observed to hold at
tributary mouths prior to entering the
tributaries to spawn (ADF&G 1983a, 1984h, 1984s,
1985b). A few chum have been observed to spawn
in tributary mouth habitats, particularly at the
mouths of 4th of July Creek and Indian River
(ADF&G 1983a, 1984h, 1984s). For the most part,
however, adult salmon use tributary mouth habitat
as a migration corridor between the mainstem and

tributary spawning areas.

Incubation of chum salmon embryos deposited in
tributary mouth habitats is likely to be limited
and relatively unsuccessful because of the
movement of the tributary mouth habitat away from
the deposition sites as mainstem and tributary
discharges decreases in the fall. Chum redds
become dewatered and are subject to freezing

(ADF&G 1984s).

Juvenile salmon utilize tributary mouth habitat
primarily as a migration corridor from the natal
tributaries into the mainstem. Chinook and coho
juveniles will remain in the habitat in the
summer and can be collected from the mouths in
August and September (ADF&G 1983m,.1984c).
Presumably, the juveniles inhabit these areas to
feed on drifting aquatic invertebrates from the
tributaries (ADF&G 1983m, 1985j) or salmon eggs
dislodged from the spawning areas (ADF&G

1983m). No overwintering juvenile salmon have
been observed at tributary mouth habitats.

Resident Species (*%)

All of the resident species present in the middle
river become associated to a greater or lesser
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(iv)

degree with tributary mouth habitats at some time
during the year. Rainbow trout move through
tributary mouth habitats into tributaries for
spawning and rearing (ADF&G 1983m)., In early
fall, adult and juvenile rainbow congregate at
tributary mouth habitats to feed on dislodged
salmon eggs and to overwinter. Arctic grayling,
Dolly Varden, and other resident species use
tributary mouths in a similar fashion. Burbot
are not generally present in tributary mouths
(ADF&G 1983m, 1983b, 1984c). The longnose
sucker is the only species that appears to be
associated with tributary mouth habitats
throughout the year (ADF&G 1983m 1984c).

- Significance of Habitat (*¥%)

The major use of tributary mouth habitat by salmon
is as a migrational corridor. Use of tributary
mouth habitat for spawning, incubation and rearing
is limited, Resident species use tributary mouth
habitat for migration into and from tributaries
and, to a seasonally limited extent, for rearing.

Side Slough Habitat (¥%)

Side slough habitats are morphologically similar to
side channel habitats and distinctions between side
slough and side channels are somewhat arbitrary
(EWT&A 1985b). Side sloughs are distinguished from
gside channels in that mainstem discharges greater
than approximately 20,000 cfs are required to breach
the upstream ends. Hence, side sloughs convey
mainstem water less than approximately 50 percent of
the time during the summer high flow months.

At mainstem discharges less than that required to
breach the upstream ends, the side sloughs convey
clear water. The clear water is derived from local
surface runoff, small tributary outflow and upwelling
groundwater (R&M, WCC & HE 1985; R&M 1985b; APA
1984g; ADF&G 1983k; 1984v; 1984r; 19851; wWCC
1984a,b). The total clearwater discharge in the

side sloughs is dependent upon storm events and rates
of groundwater upwelling (R&M 1985b; APA 1984g).

Habitat conditions within the mouth of side sloughs

at mainstem discharges less than breaching are also

affected by backwater effects of mainstem stage. The
stage in the mainstem controls the water surface
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elevation of the lower portion of the sloughs by
forming a backwater that extends some distance
upstream into the slough (ADF&G 1983k, 1983n,

1984r, 19851). This backwater is divided into two
parts - clear water and turbid water. The mainstem
water creates a turbid plug at the mouth that backs
up clear water in the slough. As the stage in the
mainstem drops, the size and character of the
backwater changes. When mainstem discharge is
between approximately 8,000 to 10,000 cfs at Gold
Creek (RM 136.8), the backwaters are minimal at most
side sloughs (ADF&G 1983k). A consequence of low
mainstem discharge is that the depth of water at the
entrance to the sloughs is reduced (ADF&G 1984r,
19851). A more detailed description of the
hydrologic and water quality characteristics of side
sloughs is presented in Exhibit E, Chapter 2. The
utilization of side slough habitats by salmon and
resident species is summarized in Table E.3.2.28.

-~ Species Occurrence and Relative Abundance (**%)

. Salmon (*%*)

Various life stages of all five salmon species
utilize side slough habitat during the year.

Although chinook salmon do not spawn in side
sloughs, juvenile chinook move into these
habitats in September to overwinter (ADF&G
1983e, 1983m, 1983n). The increased number of
juvenile chinook in side sloughs is depicted in
Figure E.3.2.37. Side sloughs also provide
rearing habitat for juvenile chinook throughout
the summer, but the proportiom of the catch per
unit effort in side sloughs is less than 10
percent (Figure E.3.2.36).

All but a few adult sockeye salmon spawn in side
slough habitats (ADF&G 1983a, 1984h, 1985b).

Peak escapement counts are depicted in Figures
E.3.2.8 through E.3.2,13. Estimates of the total
number of sockeye salmon spawning in each slough
from 1981-1984 are summarized in Table

E.3.2.12. Incubating sockeye embryos are present
in the side sloughs throughout the winter months.
Once the fry emerge from the gravels, Age 0+
juvenile sockeye remain in side sloughs for a
short time before out-migrating in July and
August (ADF&G 1983m, 1984c) as indicated in
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Figure E.3.2.41 by the reduced mean catch per
cell. 1In 1983, 44 percent of the catch per unit
effort of sockeye juveniles was from side slough
habitats as depicted in Figure E.3.2.38. Some
sockeye juveniles overwinter in side sloughs but
their occurrence is limited (ADF&G 1981d, 1983e,
1985a).

A few adult coho salmon have been observed in
side sloughs (ADF&G 1983a, 1984h), Some juvenile
coho move into side sloughs to rear but the
proportion is relatively small, less thaa 10
percent of the total coho catch per unit effort,
(ADF&G 1984c) as indicated in Figure E.3.2.39,
The densities of coho juveniles appear greatest
in July (Figure E.3.2.24 probably coinciding with
redistribition of the juveniles from natal areas
to rearing areas (ADF&G 1984c).

Up to 30 percent or more of the chum salmon
spawning in the middle river occurs in side
slough habitats (ADF&G 198la, 1983a, 1984h,
1985b). Peak escapements to each of the sloughs
is depicted in Figures E.3.2.8 through E.3.2.13
and estimates of the number of chum salmon
spawning in each slough each year from 1981-1984
are presented in Table E.3.2.19. ‘Incubating chum
embryos are present in the side sloughs through
the winter.

Juvenile chum remain in side sloughs prior to
out-migrating from the middle river. The
relative proportion of juvenile chum catch per

.unit effort collected from side sloughs in 1983

is depicted in Figure E.3.2.40. Juvenile chum
leave the side slough habitats by the end of
June (Figure E.3.2.43, ADF&G 1983m, 1984c).

A few pink salmon utilize side sloughs for
spawning as indicated in Figures E.3.2.8 through
E.3.2.13., The total number of pink salmon found
in side sloughs each year is dependent on the
size of the escapement. During even years, use
of side sloughs for spawning is higher than

_during odd years (see Section 2.2.l.a.v).
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(v)

. Regident Species (¥%)

All resident species reported in this reach of
the Susitna River have been observed in slough
habitat.

Available data indicate that most resident
species are present in sloughs as well as the
mainstem throughout winter (ADF&G 198le,
1983e, 1985a). During summer, most adult
residents are not abundant in sloughs (ADF&G
1983m, 1984c). Those that were relatively
abundant in slough mouth habitat during summer
included burbot, longnose sucker, and rainbow
trout. Previous studies indicated that juvenile
whitefish, grayling, and rainbow trout were
abundant in slough habitat during late summer
(Friese 1975).

- Significance of Habitat (#%)

A summary of the occurrence of the various life
stages of salmon and resident species which use
side sloughs 1s presented in Table E.3.2.28. The
most important use of side sloughs is by chum and
sockeye salmon for spawning and incubation of =
embryos, by juvenile chum, sockeye and coho for
rearing and by sockeye, coho and chinook juveniles
for overwintering.

Upland Sloughs (%%)

Upland sloughs are analogous to small tributaries
(EWT&A 1984, ADF&G 1983n). Discharge in upland
sloughs is derived from local runcff, small
tributaries and groundwater upwelling. Many of the
upland sloughs are inhabited by beavers. The
upstream ends of upland sloughs are often separated
from the mainstem by vegetated areas indicating that
breaching of the upstream end occur only at extremely
high mainstem discharge. Upland sloughs are depicted
in Figures E.3.2.18 through E.3.2.35. The principle
influence of mainstem discharge on upland sloughs is
through the backwater effect of mainstem stage (EWT&A
1984, ADF&G 1983k). The utilization of upland
sloughs by salmon and resident species is summarized
in Table E.3.2,28.
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~ Species QOccurrence and Relative Abundance (*%)
. Salmon (*¥)

The principle use of upland sloughs by salmon is
as rearing habitat for juvenile coho and
sockeye. The relative importance of upland
sloughs to sockeye and coho is evidenced by the
large proportion of catch per unit effort
represented by upland sloughs depicted in Figures
E.3.2,38 and E.3.2.39., Upland sloughs are also
used by sockeye, coho and chinook juveniles for
overwintering (ADF&G 1983e, 1985a). Generally,
the juveniles become abundant in upland sloughs
in mid to late June and remain at higher _
densities through September and October as shown
on Figures E.3.2.41 and E.3.2.42, respectively
(ADF&G 1983m). <

. Resident Species (**)

The only resident species to be collected from
upland sloughs in any abundance is rainbow
trout, although individuals of all species have
been collected in upland sloughs (ADF&G 198le,
1983m, 1984c).

- Significance of Habitat (**)

The primary use of this habitat type is for rearing
and ovérwintering by juvenile sockeye and coho
salmon as shown in Table E.3.2.28.

Tributary Habitats (¥*¥)

Tributaries that flow into the middle Susitna River
all convey clear water into the river, The two
major tributaries of the Middle River are Indian
River and Portage Creek, each of which have an annual
average discharge of approximately 500 cfs. Numerous
other tributaries that flow into the middle river are
identified in Figures E.3.2.8 through E.3.2.13. The
utilization of tributary habitat by salmon and
resident species is summarized in Table E.3.2,28,
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—~ Species Occurrence and Relative Abundance (¥%)
. Salmon (*%)

All 1life stages of chinook, coho, chum and pink
salmon occurring in the middle reach utilize
tributary habitat as depicted on Table E.3.2.28.
The relative abundances of these species in
tributaries are discussed partially in Section
2.2.1.a and are summarized below,

The relative abundance, as evidenced by peak
escapement counts of adult chinook salmon in
middle reach tributaries, is summarized in Table
E.3.2.9. 1Indian River and Portage Creek provide
spawning habitat for the majority of the chinook
using the middle river. Juvenile chinook remain
into the tributaries at relatively high densities
for approximately two months before some begin to-
move downstream into the mainstem. Approximately
61 percent of the catch per unit effort of
chinook was from tributaries as depicted in
Figure E.3.2.36. Chinook juveniles tend to
remain in the tributaries throughout the

summer (Figure E.3.2.37) and some juvenile chinook
remain in the tributaries throughout the winter
and out-migrate to the mainstem in June and July
the following year (ADF&G 1983m, 1984c).

The relative abundance of coho salmon using
tributaries of the middle reach as indicated by
peak index counts are summarized in Table
E.3.2.15 and are depicted in Figures E.3.2.8
through E.3.2.13. Whiskers Creek, Indian River
and Gash Creek provide spawning habitat for the
majority of coho in most years. As with chinook
salmon, incubating embryos occur in the
tributaries in direct proportion to the number of
adults spawning in the tributaries., Following
emergence of the juveniles, many remain in the
tributaries with over 50 percent to the catch per
unit effort obtained from tributary habitat
(Figure E.3.2.39) (ADF&G 1984c). Juvenile coho
tend to remain in .tributary habitats at high
densities throughout the summer as indicated by
the high catch per unit effort through the summer
months (Figure E.3.2.42). Some reduction in the
densities occurs as juveniles move out of the
tributaries into side sloughs and upland sloughs
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(ADF&G 1983m, 1984c). Tributaries also provide
overwintering habitat for coho juveniles,

Approximately 50 percent or more of the chum
salmon spawning in the middle river spawn in
tributary habitats. Peak index counts are
summarized in Table E.3.2.18 and are depicted in
Figures E.3.2.8 through E.3.2.13. Chum embryos
are present in direct proportion t¢ the number of
adults spawning in the tributaries., Juvenile
chum remain in the tributaries until early July
(Figure E.3.2.43) when they out-migrate from the
system. Approximately 34 percent of the catch
per unit effort of chum juveniles was from
tributary habitat (Figure E.3.2.40).

Pink salmon utilize a number of tributaries for
spawning, particularly some of the smaller
streams, as summarized in Table E.3.2.20 and
depicted in Figures E.3.2.8 through E.3.2,13,
Juvenile pinks out-migrate from the tributaries
upon emergence almost immediately after the river
becomes ice free in the spring. Hence, no
rearing of juvenile pink occurs in tributary
habitat,

Resident Species (*%)

All resident species present in the middle river,
with the exception of burbot and round

whitefish sculpins, utilize tributary habitats
for spawning and rearing during summer (ADF&G
1983m, 1984c). During winter, resident species
tend to move out of tributaries to overwinter in
the mainstem,

- Significance of Habitat (*¥%)

Tributaries provide important habitat for nearly
all species of salmon and resident species
occurring in the middle river., Tributary habitat
conditions provide the base for the majority of
fish production occuring within this reach.

Cook Inlet to Talkeetna (*%)

The lower Susitna River is moderately to extensively braided
throughout most of the reach. From Cook Inlet to Bell
Island (BRM 1Q0), the river is separated into two braided
channels; from Bell Island to the Yentna River (RM 27), a
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single meandering channel is formed, From the Yentnma River
to Sheep Creek (RM 70), the river is moderately to
extensively braided, with forested islands and nonforested
bars between the channels of the river. The river is
reduced to a single channel near the Parks Highway Bridge
(RM 84), and braiding is moderate from this point upstream
to Talkeetna, (R&M Consultants and EWT&A 1985b). Gradients
vary considerably in this reach. From Cook Inlet to RM 50,
the gradient is 1 ft/mile (0.2 m/km); from RM 50 to 83, it
is 5.9 ft/mile (1.1 m/km); and from RM 83 to Talkeetna, the
gradient is 6.9 ft/mile (1.3 m/km). Typical substrate in
the reach is silt and sand with some gravel and rubble,
Major tributaries include: Alexander Creek, Yentna River,
Kroto Creek (Deshka River), Chulitna River, and the
Talkeetna River. Flows in these tributaries are .
considerable. The Chulitna and Talkeetna Rivers contribute
about 57 percent of the total flow below the confluence near
Talkeetna (APA 1983b).

A more complete description of the morphological character
of the lower river is presented in Exhibit E, Chapter 2 aand
complete aerial photographic coverage is presented in R&M
Consultants and EWT&A (1985b). The lower river channel is
relatively unstable in that the main channel changes through
time, These changes can occur relatively rapidly, primarily
as a result of floods with some influence by ice processes
(Exhibit E, Chapter 2, Section 2.3.2). Changes in channels
over the recent past are described in R&M Consultants and
EWT&A (1985b) .

All seven habitat types described for the middle river are
present in the lower river. However, upland sloughs and
lakes comprise a relatively small proportion of the total
area of the reach and, therefore, are not discussed below.
Because of the extensively braided character of the lower
river, distinction between side sloughs and side channels is
not as easily defined as for the middle river. Also, side
channels and side sloughs are intricately intermixed into
complex channel configurations, Therefore, side channels
and side sloughes are treated together as side channel
complexes,

(i) Mainstem Habitat (*%)

Braided river reaches such as the lower Susitna are
characterized by two or more interconnecting

channels separated by unvegetated or sparsely
vegetated gravel bars. The active floodplain is wide
and contains numerous high water channels and
occasional vegetated islands. Active channels are
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typically wide and shallow and carry large quantities
of sediment at high flows. Bars separating -the
channels are usually low, gravel-surfaced, and easily
erodible, The lateral movement of channels within
the active floodplain of a braided river that carries
large quantities of bedload is expected to be high.
The channels shift either by bank erosion or by
channel diversion into what was previously a
high-water channel. Gravel deposits may partially or
fully block channels, thereby forcing flow to develop
a new channel,

Because braided river channels are wide and shallow,
they are more sensitive to flow reductions than the
deeper channels of a split channel system, i.e., a
drop in stage could result in a substantial reduction
in the width of the river and loss of large wetted
areas along the margins of the channel.

-~ Species Occurrence and Relativedbundance (¥*¥)

. Salmon (#*%*)

Adult salmon pass through this reach of the
mainstem during their spawning migration.
Generally, the migration extends from late May
into September (specific dates are reported in
Section 2.2.1.a). The relative abundance of
adult salmon in this reach is high because the
euntire salmon run must pass through the lower
sections of the river in order to arrive at
spawning grounds, Population estimates of the
number of salmon that pass various escapement
monitoring stations are given in Table E.3.2.6
and Figure E.3.2.5.

Spawning of adult salmon and rearing of juvenile
salmon have not been documented in mainstem
areas. Juvenile chinook and sockeye salmon are
abundant in some mainstem areas during winter
(ADF&G 1983e). Some juvenile coho are also
present in the mainstem but are more often
associated with tributary mouth habitats during
the winter (ADF&G 1983e). The mainstem also
provides a migration corridor for out migrating
juveniles.

E-3-2-70

I

-



2

(SN R St S D R St S SO R S

I

J

=

3

E0 [ S R S R SO B SN R St I

5

™

-

851021

. Other Anadromous and Resident Species (¥*)

Other anadromous species observed in this reach
include Bering cisco and eulachon. Although
spawning activity by Bering cisco may occur
throughout the reach between RM 30 and RM 100,
three spawning areas were identified in mainstem
areas (ADF&G 1983a). Eulachon were observed in
the lower 58 miles of the lower river in 1981
(ADF&G 1981a), in the lower 48 miles in 1982
(ADF&G 1983a), and in 1983, eulachon were
observed below RM 50 (ADF&G 1984h). A complete
description of eulachon migration and spawning is
presented in ADF&G (1984h). Habitat use of
eulachon for spawning is described by ADF&G
(19844q).

Burbot and longnose sucker are present throughout
the year and utilize the mainstem for over-
wintering, spawning, and juvenile rearing.
Habitat utilization within the mainstem is
probably similar to that previously discussed for
the middle river,

Apparently, burbot spawn at the mouths of the
Deshka River and Alexander River in December and
January (ADF&G 1985¢c). Juvenile and adult burbot
inhabit the lower river throughout the year.
Densities of habitat in the lower river are
higher than in the middle river or impoundment
zone.

Arctic grayling, rainbow trout, Dolly Varden, and
round whitefish are resident fish that use the
mainstem as a migratory channel to tributary
spawning habitat and as overwintering habitat.
Movement from tributaries to the mainstem for
overwintering is inferred from radio-tracking
studies of rainbow trout in the lower river
(ADF&G 1983m).

— Significance of Habitat (¥¥)

The primary use of lower river mainstem habitat by
salmon is as a migration corridor for both adults
and juveniles. The mainstem is also used to some
extent for juvenile rearing and overwintering. The
wmainstem is also important for spawning of Bering
cisco and eulachon. Burbot and longnose sucker are
year-round inhabitants of mainstem habitat., These
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habitats provide a migration corridor for rainbow
trout, Arctic grayling, Dolly Varden, and- round
whitefish as well as overwintering habitat for all
of these species.

(1i) Sside Channel Complexes (#*%)

Side channel complexes consist of numerous inter-
connecting channels that are sensitive to changes in
total discharge in the river.

- Species Occurrence and Relative Abundance

. Salmon (*%)

Juvenile chinook salmon, chum, and sockeye
utilize side channels for rearing. Highest
catches of juvenile chinook were from moderately
turbid (less than 200 NTU) areas of side channel
complexes, Juvenile chum and sockeye, on the
other hand, were collected in greater number in
the clearwater, slough areas within the side
channel complexes (ADF&G 1985c).

Some chum, sockeye and pink salmon spawn in side
channel side slough complexes (ADF&G 1981la,
1985b). It is evident, however, that side
channel complexes provide spawning habitat for
small fractions of the total populations of these
species (ADF&G 1981a, 1985b).

. Resident Fish (¥%)

The occurrence and relative abundance of resident
spec1es occupying side channel side slough
complexes are similar to that described for
middle river side channels and side sloughs.
Burbot, longnose sucker and rainbow trout are the
more abundant resident species occupying this
habitat type (ADF&G 198le, 1985c).

- Significance of Habitat (¥%)

As with the side channels and side sloughs present
in the middle river, side channel complexes of

the lower river provide important spawning habitat
for chum salmon, and overwintering habitat for
chinook and sockeye juveniles.
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Tributary Mouth Habitat (*%)

Tributary mouth habitat in the lower river is similar
to that described for tributary mouths of the

middle river. The major difference is that four of
the tributaries, Yentna, Kashwitna, Talkeetna and
Chulitna, are of glacial origin and, therefore, do
not have clearwater plumes  that extend into the
mainstem,

- Species Occurrence and Relative Abundance (¥%)

. Salmon (*¥%)

Utilization of tributary mouth habitat by salmon
species is similar to that described for the
middle reach. Upstream migrating adult salmon
tend to congregate in clear tributary mouths to
rest prior to resuming their upstream migration.

The major difference in the use of lower river
tributary mouths by salmon is that these habitats
provide the major rearing and overwintering
habitat for juvenile chinook, sockeye and coho
(ADF&G 198le, 1983m, 1985¢c). Within the
tributary mouth habitats, juveniles use deep, low
velocity clearwater areas with overhanging and
emergent vegetation or undercut banks (ADF&G
1985¢). In 1981 and 1982, 95 percent of all
chinook juveniles collected in the lower reach
were captured in tributary mouth habitats,

. Resident Species (*¥)

The occurrence and relative abundance of resident
species in tributary mouths is similar to that
described for the middle river.

~ Significance of Habitat (*%*)

Tributary mouth habitat provides important rearing
-areas for juvenile chinook, sockeye and coho
salmon. They also provide resting areas for
upstream migrating adults of all salmon species.
Tributary mouths also provide substantial rearing
and overwintering areas for all resident species.
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(iv) Tributary Habitat (¥%¥)

‘Tributaries in the lower river constitute & major
portion of the total habitat available for fish and
also contribute nearly 80 percent of the total
discharge from the drainage basin. The Yentna River
contributes approximately 40 percent of the total
discharge, the Talkeetna River approximately 10
percent and the Chulitna River approximately 20
percent whereas the middle Susitna River contributes
approximately 20 percent of the total discharge from
the basin (USGS 1983). The remaining 10 percent of
the discharge is contributed by intervening, mostly
clearwater, tributaries. The Kashwitna River is of
glacial origin and is turbid during the summer.

- Species Occurrence and Relative Abundance (*%)

. Salmon (¥*¥)

Tributaries of the lower river serve as spawning
habitat for more than 90 percent of all salmon
utilizing the Susitna River (Table E.3.2.6). As
such, the tributaries provide significant
incubation and rearing habitat for salmon as well
as migration corridors.

. Resident Species (*%)

The occurrence and relative abundance of resident
species in the tributaries of the lower river

is similar to that described for the tributaries
of the middle river.

- Significance of Habitat (#*%)

Tributary habitats, both clearwater and turbid,
provide the primary habitat for salmon and

resident species within the Susitna Basin. Because
each of the tributaries is independent of effects
of mainstem Susitna River discharge, no effects,
attributable to the Susitna Hydroelectric Project
are expected.

2.2.3 - Habitat Response to Flow Changes (¥#%¥)

A particular set of physical habitat characteristics can be
readily defined under steady state or instantaneous conditiouns.
However, habitats, particularly in riverine systems, tend to
¢hange continuously through time and, therefore, are dynamic
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habitats. As flow or discharge in a river changes, basic habitat
characteristics such as water depth, water velocity and total
habitat area at a given site will also change. In order to fully
understand the relationship between the occurrence and abundance
of fish populations in a particular system, it is necessary to
describe how a specific habitat area responds to flow changes.

An appropriate method to evaluate the habitat response to flow
change is to define the physical habitat at several -instantaneous
discharges, simulate the conditions using a mathematical model,
and interpolate the conditions for intervening flows,

The process for describing habitat response to changing discharge
in the Susitmna River is described below. Briefly, the first

.step of the analysis is to describe how the total wetted surface

851021

area of the river changes with flow. . Since the total wetted
surface area includes a diverse array of habitat types, the

second step 1s to subdivide the ‘total surface area into rela-
tively discrete categories. The third step of the process is to
select habitat/lifestage combinations most sensitive to mainstem
discharge (HE 1984b, 1985a). Once the species to be analyzed v
have been selected, the fourth step is to determine the par-
ticular responses of suitable physical habitat conditions for
those species to discharge changes.

Since the wetted surface area does not necessarily describe the
habitat conditioms present under the surface, it i1s necessary to
define what proportion of the surface area in a site contains
suitable physical habitat characteristics such as depth,
velocity, substrate or cover, The rfelationship between the total
surface area and proportion containing suitable habitat is then
calculated through a range of site or mainstem flows. By
comparing depth, velocity, and substrate or other habitat
characteristics present in the area with the ranges of these
characteristiecs which are suitable for fish, an estimate of the
usable area in the habitat sites through a range of flows can be
made. These estimates of the habitat areas at given flows in
turn can be used to gquantify the response of the habitat area to
flow, A description of the response of habitats to flow through
time is then possible by comparing the flows in a given increment
of time with the habitat response curves.

The focus of the analysis presented below is for the middle

river since the flows in this reach will be most directly
affected by the Project. Downstream from Talkeetna, discharge in
the Susitna River is highly influenced by discharge from the
Chulitna and Talkeetna Rivers and, therefore, respounse of
habitats to changes in flow attributable to the project are
attenuated. Data are available, however, to perform the analysis
as described below for the middle river. (ADF&G 1985b; HE
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Surface Area Response to Flow Changes (&¥x)

The total wetted surface area of the middle river was
measured from aerial photographs representing seven
mainstem discharges measured at the USGS Gold Creek Gaging
Station (EWT&A 1985b). The discharges were 5,100 cfs, 7,500
cfs, 10,600 cfs, 12,500 cfs, 16,000 cfs, 18,000 cfs and
23,000 cfs. The surface areas for each discharge area were
measured with a digital planimeter from the aerial
photographs printed at a scale of 1 inch to 1,000 ft, as
described by EWT&A (1985b)., Examples of the aerial
photographs used for measuring total surface at 23,000 and
12,500 cfs areas are presented in Figures E.3.2.18 through

E.3.2.35.

In the process of measuring the total surface areas, dis-—
crete habitat type areas were delineated. The same habitat
type delineations were retained on each set of aerial photo-
graphs so that the surface areas of the sites at each flow
could be compared. The delineation of the sites at each of
the flows is exemplified in comparisom of the upper (23,000
cfs) and lower (12,500 cfs) panels in each of the Figures
E.3.2.18 through E.3.2.35 (EWT&A 1984).

The ipitial classification of the total wetted surface areas
was based upon the seven habitat types described in Section
7.2.2. Two of the seven habitat types, lakes and tributar-
ies, were not included in the analysis since the surface
areas do unot change with mainstem discharge changes. Hence,
the total wetted surface areas were initially categorized
into mainstem, side channel, side slough, upland slough and
tributary mouth habitat types. In some cases, the inclusion
of a particular site in the areas of side channels or side
sloughs did not remain the same for all discharges. At a
given flow, if the particular site was conveying turbid
mainstem water, the surface area of that site was included
as a side channel. 1If at a lower mainstem discharge, the
site was conveying clear water, the surface area was
classified as a side slough (EWT&A 1985b).

The surface areas of the respective habitat classes at each
of the seven mainstem discharges are summarized in Table
£.3.2.29 and are depicted in Figure E.3.2.44, The total
surface area of the mainstem increases as mainstem discharge
increases. Similarly, the total wetted surface of side
channel habitats increases with increasing mainstem
discharge however, the rate of increase is somewhat
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(b)

different than in the mainstem due in part to differences in
the channel morphology. Most of this surface area increase
is due simply to the fact that more water in the river
results in more surface area. However, part of the increase
is due to the transformation of side slough into side
channel habitats (EWT&A 1984). Also at higher discharges
(e.g. greater than 16,000 cfs) some side channels transform

to mainstem areas and as a result, the relative increase in -

side channel surface area is not as great as at somewhat
lower discharges.

The decrease in the surface area of side sloughs at
progressively higher discharges is due primarily to the
transformation of clearwater side sloughs to turbid water
side channels. (Table E.3.2.29, and Figure E.3.2.44).

Upland slough areas remain relatively constant-at all
mainstem discharges greater than approximately 7,500 cfs.
This is indicative of the relative independence of these
areas from mainstem discharge. (See Table E.3.2.29 and
Figure E.3.2.44).

Surface areas of tributary mouth habitat show mno consistent
changes with respect to mainstem discharge. As discussed
previously, this is because the total area of tributary

mouth habitats varies with both mainstem .and tributary - -

discharge. For purposes of the following discussion, the
response of tributary mouth habitat to changes in mainstem
discharge is not considered further because of this evident
inconsistent relationship. A more detailed discussion of
the relationship is presented in ADF&G (1984s).

Development of Representative Groups of Habitat

Sites {¥%%¥)

Although the classification of habitat areas into one of the
five habitat types outlined above gives a first level
picture of how habitat areas respond to flow change; inspec-
tion of the aerial photographs and data from specific habi-
tat study sites (ADF&G 1983k, 1984b, 1984i; EWT&A 1984,
1985b; EWT&A and AEIDC 1985) indicates that a more refined
level of classification is necessary to adequately analyze
habitat response to flow with respect to specific habitat/-—
species combinations. The classification of sites into
representative groups was accomplished by first delineating
167 specific sites within the middle river. The apparent
flow conditions in each of the sites was evaluated on the
seven sets of aerial photographs to determine the basic
response of the habitat to change in mainstem discharge. In
order to ideutify the basic respounse of the site a flow
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chart was developed to track and characterize the respounse
of each site to decreases in mainstem discharge. This flow
chart is presented as Figure E.3.2.45. The response of a
particular habitat site or specific area was based on
comparison of the habitat type at that site at 23,000 cfs
with the habitat type at that site at a lower discharge..
Thus, if at 23,000 cfs the site was a turbid side channel,
and atr 16,000 cfs the site was a clear side channel with
apparent upwelling groundwater; the site was put into
Response Category 2 (see Figure E,3,2,45). If at 23,000
cfs, another site was considered to be a turbid side
channel, and at 16,000 cfs it has remained a turbid side
channel; the site was put into Response Category 4 (see
Figure E.3.2.45). A complete description of this process
and the results of the analysis is presented in EWT&A and
AEIDC (1985).

In addition to determining the response behavior of specific
habitat areas, certain other characteristics of the sites
were used to place the sites in relatively homogenous
representative groups. A primary factor counsidered in the
evaluation of the sites was the mainstem discharge required
to breach the upstream ends of defined channels. For
example, defined channels which only convey mainstem water
at discharges greater than 20,000 cfs and are breached at
discharges less than 35,000 cfs were put into one group.
Those channels for which the upstream ends become breached
between 5,100 and 20,000 cfs were placed in another group
and those which convey mainstem discharge and are considered
to be side channels at less than 5,100 cfs were placed in
another group. Other considerations used for placement into
a particular group included presence or absence of groundwa-
ter upwelling, length to width ratiocs, cross sectional
shape, mean channel water velocity, substrate composition
and pool-to-riffle ratios (EWT&A and AEIDC 1985).

Based on these considerations, ten groups of sites were
identified, with all sites within a group having similar
responses to changes in flow and channel characteristics.
The ten groups are presented in Tables E.3.2.30 through
E.3.2.39. Brief descriptions of the groups and the specific
sites included in the groups are presented with the tables.
The sites are identified by river mile and their occurrence
on the left or right side of the mainstem looking upstream.
A complete description of the development of the
representative groups is presented in EWT&A and AEIDC
(1985). :
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(¢) Principal Habitat/Species Combinations (#%¥)

Although all salmon species and resident species inhabit the
Middle River during some period during the year, only a

few species utilize areas which are sensitive to changes

in mainstem flow. Discussion of both the sensitivity of the
habitat areas to mainstem flow change and the occurrence and
distribution of the fish species have been presented
previously in Sections 2.2.1 and 2.2.2 and Tables

E.3.2.26 and E.3.2.28, respectively and are summarized in
Table E.3.2.40,

Several observations can be drawn from the habitat uses
summarized in Table E.3.2.28. First, tributary habitat is
the habitat type used most commonly by the species
inhabiting the middle river. Sockeye salmon and burbot are
the only species that do not use tributaries extemnsively for
important life history phases. Secondly, the resident
species make little use of side channel, side slough or

‘upland slough habitats; whereas the anadromous salmon

frequently use these habitats. The most common use of the
mainstem habitat type is for migration and movement although
resident species also overwinter in the mainstem (HE

1985a).

Habitat requirements associated with migration and movement
are less critical and restrictive than for the other life
history categories (ADF&G 1984h, 1984c, 1985b, 1985c).
Suitable depths and velocities exist over a broad range of
mainstem flows., Flow requirements to satisfy the more
critical needs of rearing and spawning/incubation will also
satisfy the habitat needs for migration. Therefore, habitat
requirements for rearing and spawning/incubation were
emphasized for the remainder of the analysis.

The four sensitive habitat types from Table E.3.2.28
(MS=mainstem, SC=side channel, TM=tributary mouth and
SS=side slough) were selected for comparison based on their
use for rearing and spawning/incubation (See Table
E.3.2.40).

Mainstem habitat (MS) is used mostly for rearing, especially
overwintering (ADF&G 1984c, 1985c). Use of the mainstem by
chum juveniles is transient and short-term during their
downstream movement to Cook Inlet (ADF&G 1984c, 1985¢). The
major use of mainstem habitat by Arctic grayling, rainbow
trout and Dolly Varden is for overwintering, although the
populations of all the resident species in the Middle River,
including burbot, are characterized as low density (ADF&G
1983m, 1984c).
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Arctic grayling and rainbow trout use tributary mouth
habitat (TM) for rearing during the ice~free seasons. Use

by rainbow is transient, occurring mostly in the late summer

and fall (ADF&G 1983m, 1984c).

Side channel habitat (SC) is used by chinook salmon for

rearing and by chum salmon for spawning (ADF&G 1983a, 1983m,
1984h, 1984c, 1985b). The chum salmon spawning is limited
to sites with sufficient upwelling and accounts for
approximately five percent of the total chum spawning in the
middle river basin (ADF&G 1983b, k, n, 1984h).

Chinook juveniles rear in side channels through most of the
summer and early fall (ADF&G 1984c). The use of this
habitat appears to be important to chinook produciton in the
Middle River. Therefore, chinook rearing in side channels
was selected as one of the critical uses of a sensitive
habitat for primary consideration in developing enviroumen-
tal flow requirements (HE-1985a). Side channels are
generally represented in Representative Groups 3, 4, and 6.
(EWT&A and AEIDC 1985).

Side Slough habitats (SS) are used by salmon for both
rearing and spawning/incubation. The chinook salmon rearing
in side sloughs during the ice—~free season is a lesser
component of the total population than those rearing in side
channels. Flow requirements to maintain side channel
habitat would also serve chincok rearing in side sloughs.
Environmental flow cases designed to protect chinook rearing
in side channels should also provide for overwintering in
side sloughs since, for the most part, the same fish use
both habitats (ADF&G 1985a).

Chum and sockeye salmon use side sloughs for both spawning
and rearing. Sockeye use of this habitat is so similar to
chum, in time and location, that their habitat needs can be
provided by concentrating on the more abundant chum salmon.
Both species use side sloughs for short term, initial rear-
ing prior to outmigration to Cook Inlet or movement to
another habitat type. Chum salmon utilize side sloughs
extensively for spawning. This is the most intensive use of
a sensitive habitat in the middle river for spawning.
Therefore, chum salmon spawning in side sloughs was selected
as another critical use of a sensitive habitat for develop-
ment of envirommental flow cases (HE 1985a). Side slough
habitats are generally represented in Representative Group 2
(EWT&A and AEIDC 1985).

In conclusion, two principal species/habitat combinations
were selected to evaluate the response of habitat to changes
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(d)

in flow and the subsequent effects on fish., These species/-
habitat combinations are juvenile chinook salmon rearing in
side channel habitats during the summer, and adult chum
salmon spawning in side slough habitat during the summer and
chum embryo incubation during early winter months. Juvenile
chinook overwintering in side sloughs will also be discussed
to a greater extent than other species habitat combinations.
These two species/habitat combinations form the focus of the
flow selection and mitigation planning process {see Exhibit
B and Exhibit E, Chapter 2, Section 3). Effects of an
altered flow regime on other species will also be

discussed,

Quantification of Habitat Response to Flow Changes (¥%%)

The fourth step is describing the response of habitat to
discharge delineated in the introduction to this section is
to quantify the response of habitat, This is accomplished
in three steps. First, the range of physical habitat
conditions that are suitablke for each fish species must be
described. Second, the range of habitat conditions preseat
in a defined area at various flows must be described,
Third, the proportiom of the total wetted surface area
within a defined area containing suitable habitat conditions
for each species through a range of mainstem flows must be
calculated, :

(i) Development of Suitability Criteria (*¥%)

Two basic methods may be employed to describe the
particular ranges of habitat conditions that are
used by fish, These are determination of preference
criteria or determination of suitability criteria.
Preference criteria is developed by comparing the
range of available habitat conditions with the ranges
utilized by the particular species. Suitabilility
criteria are developed principally by defining the
range of habitat conditions utilized by the species
of interest. For juvenile chinook and spawning chum
salmon, suitability criteria for principal habitat
characteristics were developed (ADF&G 1983m,

1983k, 1983n, 1984c, 1984b).

Juvenile chinook suitability criteria were developed
for depth, velocity and object cover by measuring
these characteristics in areas where juvenile chinook
were present (ADF&G 1983m, 1984c¢). During the
investigations it was noted that there was some
distinction between the ranges of water depths,
velocities and object cover used in clearwater
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and those used in turbid water. Hence, two sets of
suitability criteria were developed for juvenile
chinook rearing (ADF&G 1984c; EWTA and WCC 1985).
These c¢riteria are presented in tabular and graphical
form in Figures E.3.2.45 and E.3.2.46, respectively,
Cover suitability criteria are depicted graphically
in Figure E.3.2.47 and in tabular form in Table
E.3.2.41. Detailed descriptions of the development
of these criteria are presented in ADF&G (1984c¢) and
EWT&A and WCC (1985).

A similar set of suitability criteria were developed
for chum salmon spawning habitat. The prime
consideration in this development was the presence or
absence of groundwater upwelling. Throughout the
field program, chum salmon were observed to spawn
only in areas where groundwater upwelling was present
(ADF&G 1983k, 1983n, 1984b)., Due to the difficulty
in determining the areal extent and the rate of
groundwateruupwelling as it influenced the selection
of spawning sites by chum, a simple binary criterion
was developed (ADF&G 1983n, 1984b). The suitability
index for the presence of groundwater is 1 and for
the absence of groundwater is 0, In areas where
groundwater upwelling is present, suitability
¢riteria in terms of water depth, water velocity aand
substrate composition were developed. No difference
in the ranges of those characteristics was observed
betwaen clearwater and turbid water conditions.
Therefore only a single set of criteria was developed
artd are presented in Figures E.3.2.49, E.3.2.50 and
E.3.2.51, respectively (ADF&G 1984b).

The ranges of depth, velocity and substrate
composition determined to be suitable for chum salmon
spawning in mainstem affected areas of the Middle
River {(i.e. exclusive of tributaries) are presented
in graphical and tabular form. The presence of
groundwater upwelling is incorporated in the
substrate suitability criterion (ADF&G 1983k, 1983n,
1984b; EWT&A and WCC 1985).

Determination of the Range of Habitat Conditions

Available (%%%)

For the middle Susitna River, two variations of the
Instream Flow Group (IFG) hydraulic models, the
IFG-4 hydraulic model and the IFG-~2 hydraulic model
{(Bovee and Milhous 1978, Bovee 1982) were used to
determine the ranges of conditions available within
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(iii)

the sites for use by juvenile chinook salmon and
spawning chum salmon, Fifteen sites were salected to
describe the available ranges of habitat conditionms
within the sites using the IFG models. (ADF&G 1983n,
1984b; EWT&A 1985c). Sites for which IFG hydraulic
models were developed are identified on the list of
sites within the 10 representative groups (Tables
E.3.2.30 through E.3.2.39).

Two additional types of models were developed for
other sites within the Middle River. The habitat
simulation model developed by ADF&G (1983m, 1983nm,
1984¢c), referred to as the RJHAB Model, uses field
data directly in evaluating the available habitat for
juvenile salmon rearing. A direct input variation of
the IFG Model (DIHAB) which also uses field
hydraulic data directly was developed by EWT&A
(1985c). Neither of these models simulates hydraulic
habitat conditions between the discharges at which
the data were collected. The habitat conditions at
set intervening flows are interpolated linearly. A
total of 6 sites were modelled using the RJHAB Model
and a total of 12 sites were modelled using the DIHAB
variation of the IFG Model. Sites for which RJHARB
and DIHAB Models were developed are identified in
Tables E.3.2.30 through E.3.2.39,

Each of the IFG models was calibrated using physical
habitat data collected. at the model sites at 3 to 5
different site flows, OQutputs of the hydraulic
models include water surface area of the sites, and
distributions of water depths, water velocities and
substrate composition throughout the modelled sites
at each calibration site flow and specified
intervening site flows (ADF&G 1984b; EWT&A

1985c). The physical habitat characteristics versus
site flows were then translated to physical habitat
characteristics versus mainstem flows from
concurrent measurements of site flow and mainstem
discharge at the USGS Gold Creek Gaging Statiom,
Mainstem versus site flow relationships are presented
in (ADF&G 1983k, 1984i). Specific procedures used
for hydraulic model calibrations and verification are
presented in ADF&G (1984b),

Habitat Response Curves (#¥%)

The evaluation of the response of habitat for
juvenile chinook rearing and chum spawning is
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accomplished by determining the proportions of the
total water surface of the areas within the ‘modeled
sites which have suitable physical habitat
characteristics, The apportiomment of the total
surface area which contains suitable habitat is
accomplished by multiplying the wetted surface areas
of individual cells within the model site by the
suitabilities with respect to depth, velocity and
cover as substrate. This apportiomment is generally
accomplished for the IFG Model site through the
HABTAT Model developed by the Instream Flow Group-
(Boves 1982). The .surface areas of the cells are
miltiplied by the suitabilities of the depth velocity
and cover or substrate present in the cells. The
output from this model is presented in terms of
Weighted Useable Area (WUA) per 1,000 ft of stream
for a range of flows appropriate to the ‘analysis.
Also, output from the model includes the gross water
surface area per 1,000 ft of stream.

Usually, the WUA per 1,000 ft is used directly for
the evaluation of habitat response to flow. However,
because the modelled sites in the Susitna River
represent a variety of habitat types (i.e. 10
Representative Groups), an index or proportion of the

. total surface area which contains suitable
_conditions was estimated. This proportion is

determined by dividing the WUA/1,000 ft by the total
wetted surface area/1,000 ft, These ratios are
multiplied by 1,000 sq. ft. to give a number that is
more easily intérpreted as the WUA per 1,000 sq. ft.
of water surface area.

Habitat response curves for juvenile chinook rearing
were developed for 14 of the IFG Model sites (ADF&G
1984c, EWT&A 1985¢c). Six additional sites were
modelled using the RJHAB Model developed by ADF&G
(1984c). The RJHAB Model is a direct input type
model in which the surface areas for individual cells
within the model site are multiplied by the suitabi-
lity factors and the cells WUA's summed. As with the
IFG Model, the RJHAB Models provide WUA's and total
surface areas. However, these are presented in terms
of the total length of the model site and must be
standardized to 1,000 ft of length or the proportions
can be calculated directly from the ouput. One of
the six RJHAB Modeling sites was also modeled with
the IFG Model for comparison. Habitat Response
curves for juvenile chinook salmon rearing for 20
sites are presented in tabular form in Table E.3.2.42
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and are depicted graphically in Figure E.3.2.52.
Sites for which IFG and RJHAB Models were developed
are identified in Tables E.3.2.30 through E.3.2.39.

Habitat respomnse curves for chum salmon spawning
areas were taken directly from the IFG and DIHAB
model results without standardization to 1,000 ft of
stream length or to WUA per 1,000 sq. ft. of surface
area, 8Six IFG models and 12 DIHAB models were
developed at sites used by chum salmon for spawning.
Results of these models, in terms of the total WUA
for chum spawning at the sites, are presented in
Table E.3.2.43 and are depicted graphically in Figure
E.3.2.53.

The sites used by chum salmon for spawning are
located throughout the middle river and each can be
placed in one of the Representative Groups, which are
identified in the table.  In addition to the use of
all modelled sites for evaluating chum spawning
habitat response to flow, standardization of the
model results to WUA/1,000 sq. ft., as described
above for juvenile chinook rearing habitat, was dome
for the IFG model and DIHAB sites included in
Representative groups 2, 3 and 4. These standardized
results are presented in Table E.3.2.44 _and are
depicted in Figures E.3.2.54.

Habitat Response Curves for Non-Modeled Sites (##%)

A general characteristic of these curves response for
modeled sites is that the WUA relationship is at its
maximum at discharges above those required to breach the
upstream ends of the sites, At discharges less than
breaching flows, WUA remains relatively constant at all
mainstem flows since flow in the side is relatively
constant. At extremely high mainstem discharges (in excess
of approximately 30,000 cfs) both chinook rearing habitat
and chum spawning habitat decreases rapidly due mostly to
increases in water velocity. Another general characteristic
is that the shapes of the curves are affected by the
particular morphological or structural .characteristics of
the sites. Because of generally uniform characteristics of
the curves, it is possible to adjust the habitat response
curves for the modeled sites to represent the respomnse
curves expected in the non-modeled sites (EWT&A and AEIDC
1985, EWT&A 1985a).

Adjustment of the habitat response curves of modeled sites
for representing non-modeled sites in the representative
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group is accomplished in two steps. First, the respounse
curve of the modeled site is shifted to higher or lower
mainstem discharges according to the breaching discharges
for the modeled and non-modeled site, For example, if the
breaching flow for a modeled site is 12,000 cfs and the
breaching flow for a non-modeled site is 14,000 cfs; 2,000
cfs is added to the flow coordinates for the modeled sites
to give the flow coordinates for the non-modeled site. This
shifting of the curve is demonstrated in Figure

E.3.2.55.

Although the general structural and morphological .
characteristics are similar for all sites within a
representative group, differences between the sites will
result in some difference between the habitat values of
modeled and non-modeled sites for each mainstem discharge.
The second adjustment to the habitat response curves for
modeled sites to represent nomn-modeled sites is to multiply
the habitat values of modeled sites by a ratio of an index
of the the structural characteristics for the non-modeled
sites to an index of the structural characteristics of the.
modeled sites. To accomplish this, a Structural Habitat
Index (SHI) for each site was developed (EWTA and AEIDC
1985). The SHI is based on channel characteristics such as:
dominant cover -type/percent cover, channel geometry,
substrate size/substrate embeddedness and streamside
vegetation. The development of the SHI for each site is
described in EWTA and AEIDC (1985). The SHI's for all sites
are presented in Tables E.3.2.30 through E.3.2.39. 1In some
cases, more than one modeled site is included in a
representative group. Within the group, the range of SHI's
is such that non-modeled and modeled sites can be accumula-
ted into sub-groups with similar SHI's. The ratio of the
SHIs for the non-modeled sites to the SHI for the modeled
sites are then calculated and the habitat coordinates of the
habitat response curves for the modeled sites are multiplied
by the ratios to produce the habitat values for the
non-modeled site. This process is depicted in Figure
E.3.2.55. A detailed discussion of the adjustments of
modeled site habitat response curves for non-modeled sites
is presented in EWTA (1985a).

Once habitat response curves (in terms of WUA/1000 sq ft vs
flow) are developed for each specific area, the total WUA
for each site is obtained by multiplying the WUA/L000 sq ft
at each flow by the total wetted surface area at each flow.
This is accomplished by first dividing the WUA/1000 sq ft by
1000 sq ft and then multiplying by the wetted surface areas.
The WUA's at each flow are then added to obtain total WUA's
for each group.
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The chinook rearing habitat response curves for nine
representative groups are presented in Table E.3.2.45 and
Figure E.3.2.56. By adding these curves together a total
habitat response curve for middle river chinook rearing is
generated, The total habitat response curve is presented in
tabular form in Table E.3.2.46 and is depicted in Figure
E.3.2.57. Perusal of the habitat response curves for each
of the representative groups indicates that some of the
groups are more sensitive to discharge than others. The
most sensitive groups appear to be Representative Groups 2,
3 and 4, Sites included in Representatives Group 2 appear
relatively sensitive to discharge, with peak values of WUA
at mainstem discharges greater than 20,000 c¢fs. This
corresponds to the fact that all of these sites breach at
mainstem discharges between 20,000 cfs and 35,000 cfs (see
Table E.3.2,31), These sites are generally considered to be
side sloughs., Juvenile chinock are generally not found in
these sites when mainstem discharge is less than that
required for breaching (ADF&G 1984 Rpt 2). However,
juveniles are found in the sites when the upper eands are
breached., Sites included in Representative Group 3
generally breach at mainstem flows between 5,000 and 20,000
cfs. These sites have been observed to be utilized by
juvenile chinook for rearing more extemsively than any other
group of sites affected by mainstem discharge. Sites
included in Representative Group 4 are generally large side
channels which breach at mainstem discharges less than 5,100
c¢fs. Juvenile chinook have been observed in these sites to
some extent. It is expected that these sites will provide
significant rearing habitat under project conditions because
peak habitat values are associated with discharges between
8,000 and 12,000 cfs which are approximately in the range of
discharges expected during project operation (see Section
E.3.3 below)., Taken as a subset of the total habitat
available for juvenile chinook rearing, Representative
Groups 2, 3 and 4 are used in the analysis to depict the
effects of replacement of habitat in ome group with habitat
in other groups. The sub total habitat areas in these three
representative groups vs flow are presented in Table
E.3.2.46 and are depicted graphically in Figure E.3.2.58,

A total habitat response curve for chum salmon spawning was
developed simply by adding the WUA's obtained for each of
the IFG and DIHAB models presented in Table E.3.2.43.
Extrapolation to non-modeled sites was not considered
necessary for chum spawning habitat because the modeled
gites include the spawning area for approximately 90 percent
of the chum salmon estimated to spawn in habitat areas
affected by mainstem discharge under existing conditiomns. A
principal characteristic of chum spawning area is the
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presence of groundwater upwelling in the site (ADF&G 1983k,
1983n, 1984b). Since the presence or areal extent- of
groundwater upwelling is primarily dependent upon
characteristics of the alluvium, upwelling areas are not
expected to change significantly with changes in discharge.
Therefore, changes in mainstem discharge which are
attributable to project operation will directly affect the
habitat availability for chum spawning and any lost area is
not expected to be replaced with suitable habitat at other
locations without mitigation measures, The total habitat
area response curve for chum salmon spawning is presented in
tabular form in Table E.3.2.47 and is depicted graphically
in Figure E.3.2.59.

However, in order to be consistent with the analysis
performed for the response of juvenile chinook rearing
habitat to discharge, the chum spawning habitat area
response to mainstem discharge was also developed for all of
the modeled and non-modeled sites included in Representative
Groups 2, 3, and 4. Although the extrapolation of the
modeled sites to non-modeled sites for chum spawning is not
necessary as explained above, the extrapolation process was
conducted for these three groups of sites since each group
is characterized as having groundwater upwelling present in
the site and demonstrate a relatively high degree of
sensitivity to mainstem discharge.

In this analysis, it must be assumed that the groundwater

- upwelling within the non-modeled sites is proportionally

similar to the modeled sites with respect to both the areal
extent and the distribution of the upwelling. Extrapolation
of the IFG amd DIHAB modeled sites to the respective
non-modeled sites was performed in the manner described for
the chinook rearing habitat area., The habitat area regponse
curves for the Representative Groups are presented in Table
E.3.2.48 and are depicted graphically in Figures E.3.2.60
through E.3.2.62. The total habitat area response curve,
including all of the IFG modeled and non-modeled sites in
the three groups, is also presented in Table E.3.2.48 and is
depicted graphically in Figure E.3.2.63.

Habitat Response to Natural Flow Regime ##%%

As indicated in the habitat area response curves
presented-in the previous section, the availability of
chinook rearing habitat and chum spawning habitat varies
with mainstem discharges. The total habitat areas tend to
remain relatively high over a relatively broad range of
mainstem discharges. Because the fish are able to select
suitable habitats from the array of habitats in the river,
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it is appropriate to evaluate the total habitat availability
through time using the total habitat area response -curves
for chinook rearing (Table E.3.2.46) and chum spawning
(Table E.3.2.47 and E.3.2.49).

The availability of total habitat area through time may be
evalvated by translating the average weekly discharges at
Gold Creek into total average weekly habitat areas. Hence,
for every average weekly discharge in the 34 years of
historic discharge record, equivalent habitat areas are
derived from the habitat area response curves. Based upon
these translations for chinook rearing and chum spawning,
time series and frequency analyses may be performed. Time
series analysis consists of plotting the average weekly
habitat areas sequentially through the 34. years of record.
The frequency analysis consists of determining the habitat
values which are equalled or exceeded 90, 50 and 10 percent
of the time using the weekly habitat values derived from the
average weekly flows under the natural flow regime. Results
of these analysesafor chinook rearing and chum spawning
habitats are presented in the following sectioms.

(1) Chinook Salmon Juvenile Rearing Habitats (¥¥%)

The evaluation of the response of juvenile chinook
rearing habitats to the natural flow regime consists
of determining the total area available in the
Representative Groups that have suitable depth,
velocity and cover characteristiecs. The habitat
response curves presented in Section E.3.2.2.3 for
juvenile chinook rearing were developed for the
open—water season. These curves are not valid for
winter conditions, since the juveniles redistribute
themselves into side slough—type habitats that
generally have warmer water derived from groundwater
upwelling sources. Instream hydraulics during winter
months are greatly modified by ice processes.
Therefore, hydraulic models developed for open water
channels are invalidated with the formation of an ice
cover. In additiom, the behavior of the fish and
their ability to maintain position is dependent on
the temperature of the water. Thus, the suitability
criteria are not valid for water temperatures less
than approximately 4°C. As a consequence, the time
series and frequency amalyses presented below are
conducted for the period June through September.
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Frequency Analysis and Discussion (%)

Using the 34 years of recorded weekly average dis-—
charge at Gold Creek and the habitat area response
curve for juvenile chinook rearing, the median

(50 percent exceedance value) total chincok
rearing habitat area in the nine representative
groups of sites ranges from approximately
5,000,000 to approximately 7,000,000 sq. ft.
through the summer months. Habitat areas
generally decrease near the end of the summer as
discharge in the river decreases. Because
discharge in the river can vary substantially
through the summer period, the total habitat area
also varies considerably., The median (50 percent)
habitat areas for each week through the summer
together with the habitat areas which are equalled
or exceeded 90 percent and 10 percent of the time
are presented in Table E.3.2.49 and are depicted

graphically in Figure E.3.2.64. The lower habitat

values, i.e. the 90 percent exceedance values,
are associated with both extremely low mainstem
discharge and with relatively high mainstem
discharge as shown in Figure E.3.2,64, The 10
percent exceedance value is closely associated
with the optimum flow providing the maximum
habitat values. The 10 percent exceedance values
of habitat area tend to be associated with those
flows corresponding to the peak habitat values
presented in Figure E.3.2.64. Hence, the 90 and
10 percent exceedance habitat values do not
correspond to the 90 and 10 percent exceedance
flow values. Because the natural flow regime is
not regulated either at the high or low
discharges, the range of habitat area available
through time tends to be large. Hence, chinook
rearing habitat during the summer under the
natural flow regime is characterized by high
variation from week to week and from year to
year.

A similar relationship is observed for the subset
of the total chinook rearing habitat response
curves including only Representative Groups 2, 3
and 4 (Table E.3.2.46 and Figure E.3.2.58). Total
habitat area for juvenile chinook in the three
representative groups generally ranges from
approximately 2,000,000 sq ft to approximately
5,000,000 sq ft through the summer months. The
range of habitat values in these group through the
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(ii)

summer weeks represented by the 90, 50 and 10
percent exceedance values for the 34 year of
record are presented in Table E.3.2.50 and are
depicted graphically in Figure E.3.2.65.

Unlike the habitat values using the response curve
for all sités, the median chinook rearing habitat
areas gradually increase through the summer with
the most noticeable increase observed in August
and September (weeks 32-39) which is assoclated
with the gradual decrease in discharge near the
end of the summer. the increase in habitat area
is associated with the replacement of habitat area
in Representative Groups 2 and 3 by the habitat
areas in Representative Group 3 and 4. This is
indicated by habitat response curves for the
respective groups presented in Figure E.3.2.56.
During the middle of the summer, chinook rearing
habitat in Representative Groups 2, 3 and 4
remains relatively stable from year to year.
Considerably more variation is apparent in Jume,
August and September as indicated by the

di fference between the 90 and 10 percent
exceedance values in Figure E.3.2.65.

Chum Salmon Spawning and Iucubation Habitats (¥*)

The evaluation of the response of chum salmon
spawning and incubation habitats to changes in
discharge in the mainstem consists of three
principal elements: First, flow must be sufficient
for the adult salmon to gain access to the spawning
areas. Second, flow in the spawning habitats must be
sufficient to provide suitable conditions for
spawning activities as described in Section
2.2.3.d.1, that is, the habitats must have suitable
water depth, water velocity, and substrates aund
groundwater upwelling must be present. Third, the
sites must retain suitable depth, velocity and
upwelling through the winter so that salmon embryos
can survive and develop to the juvenile stage.

Access Conditions vs. Flow (%)

The evaluation of conditions necessary for chum
salmon to gain access to spawning areas is a key
step in the overall evaluation of the effects of the
proposed project on existing populations and their
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habitats. Approximately 15-25 percent of the chum
salmon (approximately 5,000 to 10,000 fish) which
enter the Devil Canyon to Talkeetna reach of the
Susitna River spawn in side sloughs and side
channels (ADF&G 1984h, 1985b).

Side sloughs and side channels are overflow channels
of the mainstem which convey turbid mainstem water
when mainstem discharge and, therefore, stage is
sufficiently great to breach the upstream ends of the
channels. Discharges of sufficient magnitude to
breach the channels generally occur during the
summer, open water months. When mainstem discharge
is lower, the upstream ends of the channels are not
breached and the channels are similar to small
tributaries which convey clear water derived from
local surface runoff, small tributaries and upwelling
groundwater. During periods when mainstem discharge
is not sufficient to breach the channels, side slough
(EWT&A 1984) discharges range from about 1-2 cfs to
more than 10 cfs. The actual slough dischage at any
given time is dependent upon whether or not small
tributaries enter the slough, the amount of local
precipitation, and the amount of groundwater
upwelling. When the upstream ends of the sloughs are
overtopped, slough discharges range upward of several
hundred cubic feet per second (ADF&G 1983k, 19841,
R&M 1985b).

The ability of chum salmon to gain access to spawning
areas within specific sites is dependent upon the
depth of water in the channels. In general, the
shallower the water, the more difficult the passage
conditions are for movement of salmon through the
reach (ADF&G 19851).

Reaches of a slough in which the water depths are
occasionally sufficiently shallow to restrict
movement of fish are termed passage reaches.
Generally, passage reaches are located in riffle
areas within the sloughs when slough discharge is
relatively low (i.e. the sloughs are not breached).
For most passage reaches within sloughs, the depth of
water is depeundent upon the slough discharge derived
from local surface runoff or groundwater upwelling.

For passage reaches located near the downstream ends
of the sloughs, water depth is influenced not only by
slough discharge, but also by mainstem backwater,

The backwater effect on the depth of water in a given
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passage reach is evident when the water surface
elevation of the mainstem near the slough mouth is
greater than the water surface elevation in the
passage reach. Hence, suitable access conditions in
passage reaches are primarily dependent upon the
local slough discharge, However, at certain
locations, the passage reach can be influenced by
mainstem discharge and associated water surface
elevation. When the sloughs are breached, discharge
in the channel is greatly increased and provides
access. :

To compare conditions at a passage reach at various
mainstem discharges, ADF&G established three passage
condition categories representing degrees of
difficulty for salmon gaining access upstream of the
passage reach., These three conditions are termed:
unsuccessful, successful with difficulty and
successful (ADF&G 19851). These conditions
correspond to the terms acute, restricted and
unrestricted, respectively (ADF&G 1983k, 1983n) and:
described in the original License Application (APA
1983b). The three passage conditions are
distinguished by threshold depths in the passage
reach and their corresponding mainstem, local
discharges or combinations of mainstem and local
discharges. Early analyses of passage depths which
distinguish the passage conditions resulted in the
definition of threshold passage depths which are
greater for longer reaches (Trihey 1982d, ADF&G
1983k, 1983n, 1984r). However, further refinement of
the analysis and the incorporation of observational
data indicate that chum salmon passage criteria are
most sensitive to depth (ADF&G 19851). The depth
criteria which distinguishes unsuccessful passage
conditions from successful-with-difficulty and
successful -with-difficulty from successful are
presented in Figure E.3.2.66., The threshold depth
criteria derived by ADF&G are similar to those
derived by Thompson (1972).

Detailed analyses of passage reaches in most sloughs
in the middle reach of the Susitna River have been
conducted to determine mainstem and/or local
discharges needed to meet the threshold depths
described in Figure E.3.2.66. Local flow required to
provide successful-with-difficulty and successful
access conditions through the various reaches are
provided in Table E.3.2.51. Mainstem discharges
required to meet the threshold depths in the passage
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reaches located near the mouth of the sloughs are
also presented in Table E.3.2.51. .

Perusal of the mainstem discharges required to
provide suitable asccess conditions at some passage
reaches presented in Table E.3.2.51 indicate that the
required mainstem discharges are comnsiderably greater
than the median discharges observed in the river
during the chum spawning period (August-September).
(Exhibit E Chapter 2). There are two possible
explanations for the apparent high mainstem discharge
needs .

The first consideration is that the results for local
flow and mainstem discharge needs presented in Table
E.3.2.51 were derived indepeundently of each other,
That is, the local discharge which provides suitable
access conditions at passage reaches were derived
without considering the backwater effect of the
mainstem, Similarly, the mainstem discharge which
has sufficient backwater to provide suitable depths
through the passage reaches were derived without
considering the coutribution of local flow.

Local flow is derived from both local surface runoff
and from groundwater upwelling: Local surface runoff
tends to be episodical in nature since it is closely
associated with the precipitation patterns in the
local area (R&M 1985b). Groundwater upwelling

on the other hand tends to be more constant through
time with some fluctuation in response to mainstem
stage (Exhibit E, chapter 2 Sections 2.4.4, and 4.1.2
(f)ii). Because groundwater upwelling rates can be
directly related to mainstem' discharge, at least for
some sloughs, it is likely that sufficient discharge
is available in the sloughs to provide sufficient
depth through many of the passage reaches at
discharges considerably less than that necessary to
breach the upstream ends or that necessary to provide
sufficient depth due to backwater effects only (HE
19844d).

A second consideration which must be accounted for in
the determination of mainstem discharge necessary to
provide suitable access conditions into the sloughs
is observations of adult chum salmon in sloughs
relative to the average daily discharges in the
river. Average daily discharge in the middle Susitna
River in 1982 ranged between 13,000 cfs and 18,000
cfs from August 1 until September 15 (USGS 1983).
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Periodic counts of adult chum salmon in the various
sloughs during this period indicate that chum salmon
did gain access to sloughs when mainstem discharges
were considerably lower than many of the threshold
values presented in Table E.3.2.51 (ADF&G 1983a).
The coneclusion drawn from this, then, is that the
threshold discharges presented in Table

E.3.2.51 error in favor of the fish resource.
However, they do provide a worst case for analyses of
impacts resulting from the altered flow regime on
access conditions for chum salmon into slough
spawning habitats.

Frequency Analysis of Chum Spawning Habitat Area (%)

The second analytical step in the evaluation of chum
spawning habitat is the estimation of the total
amount of spawning habitat area given the range of
mainstem discharges that occur during the spawning
period. As stated in Section 2.2.l.a,iv, chum salmon
spawn in the period August through September each
year. Using the 34 years of record of average weekly
discharges during this period and the chum spawning
habitat area response curve presented in Table
E.3.2.47 and Figure E.3.2.59, the range of habitat
area during each week of the spawning period was
determined.

Given the 34 years of record, the median habitat area
available in the sites used extensively by chum and
included in the modelled sites for each week in the
spawning period ranges from approximately 74,000 sq.
ft, at the beginning of August to approximately
76,000 sq. ft. in the middle of September. The
decline in available habitat area at the end of
September corresponds to the general decline in
mainstem discharge through the period (See Exhibit E,
Chapter 2, Section 2.2). The total habitat area
available in each week ranges from less than 26,000
sq. ft. to more than 86,000 sq. ft. The median (50
percent) habitat area available for each week in the
34 years of discharge record as well as the habitat
areas equalled or exceeded 90 and 10 percent of the
time are presented in Table E.3.2.52 and are depicted
graphically in Figure E.3.2.67.

As shown in the table and figure for chum spawning
habitat areas, the range of habitat area can vary
considerably from week to week and from year to year.
A general characteristic, however, is that the total
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habitat area available for spawning peaks during the
last week of August and the second week of September
which corresponds to during the peak of the chum
spawning period.

Evaluation of the chum spawning habitat area under
the natural flow regime was also conducted using the
spawning habitat area response curve obtained from
modeled and non-modeled sites in Representative
Groups 2, 3 and 4 (Table E.3.2.48 and Figure
E.3.2.63). A frequency analysis using the
Representative Groups total habitat area response
curve was performed. Based on this analysis, the
median total habitat area is relatively constant
through the spawning period at approximately 840,000
sq. ft. of usable area. The results of this analysis
are presented in tabular form in Table E;3.2.53 and
graphically in Figure E.3.2.63. The decline in the
estimated total habitat area corresponds to the
gradual decline in mainstem discharge during this
period under natural conditions. As discussed with
respect to the estimated spawning habitat areas for
the modeled sites, the total habitat areas in
Representative Groups 2, 3 and & vary considerably
from week to week and from year to year. The large
difference in total habitat areas between the values
presented in Table E.3.2.52 and those presented in
Table E.3.2.53 is due to the fact that the Repsenta-
tive Groups include many more sites and, therefore,
much more surface area, than that contained only in
the modeled sites. By indicating the potential
spawning areas in the non-modeled {(and presently
non-utilized sites), the peak habitat area
availability, observed for the utilized sites during
the first two weeks of September, is not evident.

Frequency Analysis of Habitat Area Available for

Incubation of Chum Embryos (*)

The third analytical step in the evaluation of chum
salmon habitats affected by mainstem discharge is

the determination of suitable conditions for
incubation of the embryos. Incubation begins with
the deposition of the eggs during the spawning
period. In the evaluation, it can be assumed that if
suitable conditions for spawning are maintained into
the incubation period, embryos will be able to
survive, This is not completely valid since embryo
development can occur when water depths and
velocities are less than those required for spawning.
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(g)

However, analysis of the total area which remains
suitable for spawning, in lieu of ice processes
effects, provides a minimum estimate of the
incubation habitat availability.

Estimates of habitat area available for incubation
(in this case synonymous with spawning habitat area)
were derived for the period October through November,
discounting the effacts of ice processes (see below).
Median habitat areas available in the modeled sites
under the natural flow regime for incubation for each
week in the October-November period are presented in
Table E.3.2.54 and are depicted graphically in Figure
E.3.2.68. Also presented in the table and figure are
the 90 percent probability of exceedance and the 10
percent probability of exceedance habitat areas.

As indicated in the table and figure, habitat area in
the incubation areas declines as discharge decreases
in the fall period prior to freeze—up the river. The
loss of habitat during this period, combined with the
potential for freezing of substrates (ADF&G 1983m,
1985a) leads to the conclusion that the embryo
populations are subject to high mortality rates due
to freezing and dessication of the spawning/
incubation areas. It is estimated that under the
natural flow regime, mortality of chum embryos is

. approximately 80 to 85 percent in the middle river
(ADF&G 1984¢c, 1985c).

A similar trend is observed for sites included in
Representative Groups 2, 3 and 4, Results of the
anlysis using the habitat area response curve for all
sites in the three respresentative groups (Figure
E.3.2.63) are presented in Table E.3.2.55 and Figure
E.3.2.70,.

Natural Ice Processes Effects on Fish Populations and Their

Habitats (¥#%%)

The analysis of the response of chinook rearing habitat area
and chum spawning/incubation habitat areas presented in

the previous sections are applicable only during the summer,
open—-water season. In the Susitna River, habitat for the
fish is influenced by winter conditions for nearly seven
months of the year. During the winter months, the Susitna
River becomes covered with ice which changes many of the
hydraulic and hydrologic relationships present in the river
during the open-water season. In order to evaluate the
effects of the project throughout the entire year, it 1is
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then necessary to describe how ice processes affect the
mainstem and mainstem associated habitats under natural
conditions so that the effects of project operation during
winter months may be identified,

Natural ice processes in the middle reach of the Susitna
River consist of ice cover formation, maintenance of the ice
cover through the winter months and deterioration of the ice
cover in the spring, The formation of the ice cover in the
middle reach generally begins between early November to
mid-December and is complete between mid-December and
mid-January each year (R&M 1984, 1985a2). The ice cover is
maintained through the winter months with open water leads
developing along the margins and in peripheral areas of the
river. The process of ice cover deterioratiom begins in
mid- to late-March with increasing solar radiation and is
generally completed by mid-May (APA 1984f, HE 1984a,

1985a, 1985f, 1985i; R&M 1984, 1985). A more detailed
description of natural ice processes is presented in Exhibit
E, Chapter 2, Section 2.3.2.

During the winter, resident fish and juvenile salmon move
into areas of the river that reduce their exposure to the
physical hazards of cold water and freezing. Resident fish,
including rainbow trout and Arctic grayling, move from
tributary habitats into the mainstem of the river and move
to the mouths of tributaries, side channels and side sloughs
(ADF&G 1983e, 1983m, 1984c). Burbot maintain their posi-
tions in the mainstem and do not move extensively during the
winter months (ADF&G 1983e, 1983m, 1984c). Coho salmonm,
sockeye salmon and chinook salmon juveniles remain in
freshwater for at least one winter after emerging from the
spawning gravels, The juveniles move into areas protected
from freezing and dessication. Coho salmon generally remain
in deep pools of tributary streams or move into upland
slough habitats (ADF&G 1983m). Sockeye salmon are found
most often in side sloughs during the winter months (ADF&G
1983m). Chinook salmon overwinter in either tributary or

side slough habitats (ADF&G 1983¢). Of these three species, -

chinook salmon tend to be the most abundant species in main-
stem-affected areas (ADF&G 1983m, 1983n, 1984c).

Salmon spawn in several habitats during the late summer,
Selection of sites for deposition of eggs by adult females
is based upon specific habitat conditions that, over the
course of evolutionary history, have led to the highest
probabilities of the embryos surviving through the winter
incubation period. The majority of salmon (approximately
60,000 fish) spawning in habitats associated with the middle
reach of the Susitna River utilize tributary habitats which
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are unaffected by the ice processes in the mainstem (ADF&G
1981b, 1983a, 1984h). Approximately 30 percent (5000 fish)
of the chum salmon spawning in the Middle River utilize side
channels and side sloughs (ADF&G 1983a, 1984h). All of the
sockeye salmon (approximately 1500 fish) and less than 5
percent of the pink salmon (approximately 1500 fish)
spawning in the Middle River utilize side channels and side
sloughs (ADF&G 1983a, 1984h). Since all three species
utilize similar habitat conditions for spawning (ADF&G
1983k, 1983n, 1984h), chum salmon are used as the focal
point for evaluating the effects of ice processes on egg
incubation because they are numerically dominant.

(i) Effects of Natural Ice Processes on
Resident Fish (##%¥)

In general, ice processes in the Susitna River
adversely effect the survival of resident species
through the winter months, Rainbow trout, Arctic
grayling and burbot remain relatively inactive during
the winter (ADF&C 1983e).

Burbot spawn during the winter (ADF&G 1983m, Morrow
1980). However, they tend to utilize areas with low
water velocities, protected from ice processes (ADF&G
1983e).

(ii) Effects of Natural Ice Processes on
Salmon Juveniles (#**%¥)

Juvenile chinook and sockeye salmon utilize areas
that are occasionally affected by mainstem flow and
ice processes., 1In side channels and side sloughs,
areas over and downstream from groundwater upwelling
have water temperatures which are greater than 0°C
and may attain temperatures approaching 4°C (ADF&G
1983e). Mainstem water temperature, by contrast, is
near 0°C from prior to ice cover formation until
breakup (R&M 1984, ADF&G 1983e}. The behavior of the
fish during the winter indicates that the juveniles
overwinter in or near the substrates and remain
relatively inactive in areas receiving groundwater
upwelling (ADF&G 1983e, 1983m, 1984c; AEIDC 1984a,
1984b, 1984c).

The survival of juvenile salmon in sloughs and side
channels is affected by the formation of border and
anchor ice, overtopping of the side sloughs and side
channels resulting from mainstem staging and
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increased rates of groundwater upwelling due to
mainstem staging. -

When border ice and anchor ice forms where juveniles
are located, they may freeze if they are trapped in
areas that later freeze. The potential for this is
unpredictable and highly dependent upon air tempera-
ture, depth of water in the pools and strength of
upwelling that may occur in the pool.

Overtopping of the upstream end of the sloughs or
side channels can cause water to be diverted through
the channels displacing juvenile salmon into mainstem
areas. At 0°C, metabolic processes of the fish may
be sufficiently low to prevent them from maintaining
positions in even low water velocity areas.

Increased rates of upwelling associated with the
increased stage of the mainstem due to ice cover
formation probably contributes to the survival of
juvenile salmon in winter (ADF&G 1983e, 1985a; APA
1984g; AEIDC 1984c, 1984b). The groundwater
upwelling provides 2-4°C water temperatures in the
sloughs and side channels (ADF&G 1983e, 1985a). The
upwelling also inhibits the formation of a complete
ice cover (R&M 1984, ADF&G 1984c). 1It.1is assumed
that increased upwelling increases juvenile survival
by providing warmer water temperature and greater
habitat availability.

Effects of Natural Ice Processes on Incubation of
Salmon Embryos (#¥#%)

Mortality of salmon embryos in sloughs and side
channels of the Susitrna River during the winter has
been estimated in both field and laboratory
conditions (ADF&G 1984c, 1985¢, Wangaard and Burger
1983). Survival of chum salmon embryos from egg

" deposition to outmigration is estimated to be 12-15

percent (ADF&G 1984c, 1985a, 1985¢). This estimate
is based upon the estimated survival of the entire
population including those eggs deposited in
tributaries. By contrast, sockeye survival is
estimated to be approximately 40 percent (ADF&G
1984c, 1985c¢). Since sockeye salmon in the middle
reach spawn almost exclusively in side sloughs and
side channels, it may be inferred that survival of
chum salmon embryos in these habitats is considerably
higher (30 to 40 percent) than the survival of the
chum embryos in tributary habitats (ADF&G 1984c).
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Mortality rates of Susitna River chum and sockeye
were estimated as part of a laboratory study of the
effects of temperature on embryo developmental rates
(Wangaard and Burger 1983). Chum and sockeye embryos
were incubated in the laboratory under four different
temperature regimes ranging from averages of 2°C to
4°C, similar to the regimes encountered in the

field. Because of the controlled conditions, the
observed mortality rates of 2-5 percent are
attributable either to temperature itself or to some
other biological factor not associated with the
physical environment (i.e. disease, lack of
fertilization, or genetic¢ disorders). It is assumed
that approximately 5 percent mortality of salmon
embryos in the field could be attributable to similar
caugses. Because of the nature of envirommental
conditions, it is assumed that much of the remaining
mortality of salmon embryos is attributable to
physical processes in the habitat.

Two principal physical factors that could account for
a significant portion of the estimated mortality are
associated with mainstem flow influences on the
slough habitats. These in turn are influenced by ice
processes, The two factors are 1) dessication and
freezing of the embryos due to the reduction of
mainstem flow prior to ice cover formation and 2)
reduced temperature resulting from overtopping of the
upstream end of the slough {(ADF&G 1985a).

Dessication of embryos occurs when the areas in which
the eggs were deposited (redd sites) become dewa-
tered, Spawning occurs during a period (August and
September) when mainstem flow averages approximately
15,000 cfs (ADF&G 1984r). Subsequent to the spawning
period, mainstem flow decreases to approximately
8,000 cfs in October and 2,000 cfs in December and
January. With this decrease in mainstem flow, the
wetted surface area in the individual sloughs and
side channels decreases (ADF&G 1983k, 1983n,

1984r; EWT&A 1984). This is due to reduced flow in
the side sloughs (ADF&G 1983m, 1984r, R&M 1985b) and
reduced areas of backwater influence at the mouths of
the sloughs and side channels (ADF&G 1983a). It is
likely that, as the water surface recedes, redds
located along the margins of the sloughs become
dewatered causing dessication or freezing of the
embryos,
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As the ice front progresses upstream these areas
could become watered again due to staging and
increased groundwater upwelling. For sloughs and
side channels in the downstream portions of the
reach, the ice formation process could be early
enough in the winter (mid-November to early December)
to prevent dessication or freezing of the embryos.
However, in the upper portions of the reach, ice
front progression reaches the sloughs and side
channels much later (December-January). Hence, it is
likely that mortality of embryos due to dessicatiom
increases from the lower end of the Middle River to
Devil's Canyon.

As the ice front progresses upstream, staging of the
mainstem is sometimes sufficient to overtop the
upstream ends of sloughs. A result is that 0°C
mainstem water is diverted through the sloughs and
may overwhelm groundwater sources by downwelling of
the 0°C surface water. Depending upon the
developmental stage of the embryos at the time of the
overtopping event, the 0°C water may cause death of
the embryos or may cause developmental abnormali-
ties (Wangaard and Burger 1983).

Laboratory studies of salmon developmental rates vs.
temperature indicate that sockeye embryos are
especially sensitive to thermal {(cold) stress early
in the developmental process (Velson 1980, Bams 1967,
Combs 1965). The potential for increased mortality
and developmental abnormality rates due to over
topping was corroborated in the middle river by
observation of large numbers of dead chum embryos,
reduced fry size and higher frequency of
abnormalities in Slough 8A (site 126.0R) following an
overtopping event in 1982 (ADF&G 1983e). Embryos in
other sloughs that were not overtopped did not
exhibit the large number of dead embryos or abunormal
fry.

In contrast to the three factors discussed above, a
fourth factor, the effects of staging on groundwater
upwelling rates, contributes to the survival of sal-
mon embrycs. Upwelling groundwater benefits embryo
development by providing higher temperatures
(2°C-4.3°C)}, more constant dissolved oxygen concen—
trations, and removal of fine sediments that may have
a detrimental effect on embryo survival, Upwelling
rates are at least partially dependent upon mainstem
water surface elevation (Exhibit E, Chapter 2
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Sections 2.4.4 and 4.1.2(f)ii), and staging caused by
the ice formation processes. Groundwater upwelling
rates increase with greater mainstem stage and may
contribute to the survival of the embryos.

In summary, several factors associated with winter
flow and ice processes in the mainstem of the Susitna
River affect the survival of salmon embryos during
the incubation period. Factors that tend to decrease
survival are:

o Reduced mainstem flow resulting in dessication
or freezing of the salmon embryos; and

0 Overtopping of the upstream ends of sloughs and
side channels diverting the 0°C water in to the
sloughs and side channels causing thermal
(cold) stress to the embryos. -

A factor which tends to increase survival of embryos
is increased groundwater upwelling.

2.2.4 - 8treams of Access Road Corridor (#*%)

(a)

Stream Crossings (%%)

The access reoad to the Watana and Devil Canyon damsites will
depart from the Denali Highway and proceed south to Watana
(see Plate F-32, Exhibit F). From there, the road will tra-
verse the north side of the Susitna River to the Devil
Canyon damsite. A railroad spur from Gold Creek will con-
nect to Devil Canyon. The access road corridor, including
that portion of the Denali Highway to be upgraded as part of
the project, contains at least 45 streams and rivers in both
the Nenana and Susitna River drainages (Tables

E.3.2.21 and E.3.2.56).

The portion of the Denali Highway between Cantwell and the
Watana Access Road crosses 10 streams in the Jack River and
Nenana River drainages (Table E.3.2.56)}. Fish species
present in Jack River or Nemana River include grayling,
northern pike, burbot, whitefish and sculpin. Of these, the
tributary streams probably contain at least grayling and
sculpin,

From the Denali Highway to Watana, the road will cross Lily
Creek, Seattle Creek, Brushkana Creek, and Deadman Creek as
well as numerous unnamed streams. These streams are tribu-
taries of the Nenana River or Susitna River, and contain
Dolly Varden, grayling and sculpin (Table E.3.2.21).
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Between the Watana and Devil Canyon damsites, the access
road will cross Tsusena and Devil Creeks (Table E.3.2.21).
The streams contain Dolly Varden and slimy sculpin.

The road will cross the Susitna River approximately 2 miles
(3 km) below the Devil Canyon damsite. Salmon and probably
grayling, whitefish, cottids and longnose sucker occur in
the vicinity of the crossing. The habitat in this reach of
the Susitna is considered relatively poor when compared to
reaches farther downstream.

The railroad between Devil Canyon and Gold Creek will cross
Gold Creek, three tributaries of Jack Long Creek and a trib-
utary of Slough 21 that contains chinook and sculpins (Table
E.3.2.21). The lower reaches of Jack Lomg Creek contain
small numbers of pink, coho, chinook, and chum salmon. Gold
Creek has been documented to contain chinook, coho, and pink
salmon,

(b) Streams Adjacent to Access Corridors (#**)

In addition to crossing streams, the Watana access road will
parallel some streams, particularly Deadman Creek. The
fisheries resources are described in Section 2.3.1(a) above.
Devil Creek will also be paralleled by the access road while
the railroad between Devil Canyon and Gold Creek will paral-
lel a portion of Jack Long Creek.

2.2.5 ~ Streams of the Transmission Corridor (**)

Transmission lines will be built from Watana and Devil Canyon to
Gold Creek and from there to Anchorage and Fairbanks. From Wa-
tanaz to Gold Creek, the transmission line route is within 1 mile
(1.6 km) of the Devil Canyon access road except near the Watana
Dam. At Gold Creek the transmission lines will use the same
right-of-way as the Anchorage-Fairbanks Intertie, which extends
from Willow to Healy.

Resources of the Intertie are described in Commonwealth et al,
(1982). At least 27 major salmon streams, including Willow
Creek, Kashwitna River, Talkeetna River, Chulitna River, and
Indian River will be crossed by the Intertie and, presumably, by
the additional lines to be built in the right-of-way in conjunc-
tion with the Susitna Hydroelectric Project. The streams contain
grayling, rainbow trout, Dolly Vardem, and sculpins in addition
to salmon.

South of Willow, the transmission line will be routed between the

Susitna River and the Parks Highway for much of its length. It
will cross Fish Creek and the Little Susitna River as well as
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many unnamed streams (Table E.3.2.57). The Little Susitna River
contains coho, pink, chinook, chum, and sockeye salmon, as well
as rainbow trout, Dolly Varden, and grayling. TFish Creek is
known to support chinook, sockeye, pink and coho salmon, and
rainbow trout. The unnamed tributaries to the Susitna River may
also provide salmon habitat.

An underwater cable will be used to cross the Knik Arm. The
transmission line will then proceed east and south to the Univer-
sity power substation., Knik Arm serves as a migration corridor
for five species of Pacific salmon as well as other anadromous
species such as Dolly Varden, Bering cisco, eulachon, and lamp-
rey. The transmission line will skirt Otter Lake, which is
stocked with rainbow trout, and will cross Fossil and Ship
Creeks. Fossil Creek is not considered a fish stream. Ship
Creek supports populations of pink, chum, coho, sockeye, and
chinook salmon as well as Dolly Varden and rainbow trout, but
because of the heavy development along its reaches, it is not
considered prime f£ish habitat.

North of Healy, the transmisson line will cross at least 50
creeks and rivers including the Nenana and Tanana Rivers

(Table E.3.2.58), These are two of Alaska's major rivers and
provide habitat for salmon, grayling, whitefish, suckers, burbot,
sculpins, northern pike, and inconnu. Panguinge Creek

has been documented to contain coho salmon, Dolly Varden and -
grayling (Tarbox et al. 1978). The streams in the Little
Goldstream vicinity are not considered to be important fisheries
habitat because of their steep gradients. While many of the
streams go dry in the summer, some do support grayling
populations near their mouths,

2.3 - Anticipated Impacts To Aquatic Habitat (#%)

Construction and operation of the proposed Susitna Hydroelectric
Project would result in both beneficial and detrimental impacts on the
aquatic habitat and associated fishery resources in the Susitna

basin. Many of the potential adverse impacts can be avoided or
minimized through design and/or operation of the project, as described
in Exhibit E, Chapter 2, Sections 3 and 6, and Exhibit E, Chapter 3,
Section 2.4. This section examines the anticipated effects of the
project as proposed in Exhibit A and addresses the impacts likely to be
sustained as a result of project construction, reservoir filling, and
operation of Watanma and Devil Canyon dams. Since the project will be
constructed in three stages, impacts to the aquatic habitat are
presented by project stage, and river segment. The discussions focus
on the principal evaluation species/habitat combinations. Discussion
of the impacts to other evaluation species is also presented.
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In this sectiomn, the term '"impact™ refers to a change affected on a
fish population or on its capability to utilize aquatic habitats
resulting from project-induced changes in the physical characteristics
of the environment. Impacts refer to changes or effects that are both
beneficial and detrimental to fish populations. The project may alter
physical characteristics of the aquatic enviromment that do not affect
fishery resources, and therefore, these changes are not considered to
be impacts to the resources. The basic project-induced changes to the
physical euviromment considered in this evaluation includes changes to
the flow regime, temperature/ice regime, and suspended sediment., The
effects of changes in other habitat factors, such as sediment
aggradation, degradation, dissolved gas concentrations, heavy metals,
nutrients, etc. are also discussed for each stage of project
development,

The description of impacts presented below is based on all available
data and analyses through spring 1985. The types of impacts that have
occurred’ atssimilar projects have also been considered when describing
the probable impacts this project will have on the fishery resources.
The discussion presents to the extent possible, quantitative estimates
of the physical processes, habitat relationships, and likely response
of fishery resources.

The majority of the anticipated impacts resulting from the construction
and operation of the two dam development will occur during the first
stage of the development of the Watana Dam, Additiomal impacts, but of
a significantly lesser magnitude, would be sustained as a result of the
addition of the Devil.Canyon Dam in Stage II of the development and the
raising of Watana Dam in Stage III. The Stage I Watama Dam will alter
the character of the aquatic enviromment downstream from RM 224, the
uppermost extent of the Stage I reservoir. The magnitude of change in
aquatic habitats below the damsites decreases as the distance from the
damsites increases. Alteration of the character of existing aquatic
environment would be most notable within the impoundment zones and the
53-mile (88.3 km) reach between the Devil Canyon damsite (RM 152) and
Talkeetna (RM 99). Lesser changes are anticipated in the 99-mile
(165-km) reach from Talkeetna to Cook Inlet (RM 0). Most of the
potential impacts to aquatic habitat that arise from dam construction
will be avoided through careful design and siting, and by employing
best construction management practices.
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2.3.1 - Anticipated Impacts to Aquatic Habitat Associated with
Stage I Watana Dam (%%%) :
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(a)

Construction of Stage I Watana Dam and Related

Facilities (#¥%)

Potential impacts to aquatic habitat associated with the
construction of Stage I Watana Dam and related facilities
can be divided into three categories:

o

(i)

Effects of permanent or temporary alterations to water
bodies (i.e., dewatering, alteration of flow regime,
or alteration of channels);

Effects on water quality (i.e., changes in tempera-
ture, turbidity, nutrients, and other water chemistry
parameters); and -

Effects, both direct and indirect, on fish
populations.

Stage T Watana Dam (¥¥%)

The period of construction considered for the
proposed Stage I Watana Dam consists of those
activities occurring from initial site preparation to
the start of reservoir filling. The proposed dam will
consist of a fill structure constructed between

RM 184 and RM 185 of the Susitna River. The fill
will be approximately 0.5 mile (520 m) wide, 0.6

(950 m) mile long and 700 feet (267 m) high. Over
32.1 million cubic yards (24.5x106m3) of material
will be used to construct the dam.

Prior to comstruction of the Stage I structure,
access will be completed; the diversion tumnnels and
cofferdams will be completed and the river diverted
through the tunnels; and site-clearing activities
begun. Heavy equipment will be brought to the site,
and construction material will be stockpiled in the
project area.

Two cofferdams will surround the area of the main dam
construction (see Plate F 5 in Exhibit F). The
upstream cofferdam will be approximately 800 feet
(242 m) long and 450 feet (136 m) wide; the
downstream cofferdam will be 400 feet (121 m) long
and 200 feet (60 m) wide. Water blocked by the
upstream cofferdam will be diverted into two 36~foot
(11,0-m) diameter conc¢rete—lined tunnels '
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approximately 3300 and 4000 feet long. The
cofferdams and cutoff walls will be constructed
during a two-year period and will remain in use until
reservoir filling begins.

Construction of the main dam will have a number of
effects on the river and its biota. Some effects
will be the direct result of construction activities,
while other effects will result from alteration of
the river environment during coanstruction. Impacts
will vary in duration and overall extent, some being
temporary or localized while others will be permanent
or more widespread,

- Alteration of Water Bodies (#*#*%)

The greatest alteration of aquatic habitat during
construction of Stage I Watana Dam will occur at
the damsite and at the mouth of Tsusena Creek
where Borrow Area E is located. At the
construction site, the Susitna River flows through
a confined valley with a surface width of
approximately 400 feet (121 m). The river bottom
is sand, gravel and boulders. The tributaries
closest to the damsite are Deadman Creek at RM 187
and Tsusena Creek at RM 182. Burbot, sculpins,
round and humpback whitefish, and longnose sucker
occupy the damsite all year and grayling probably
overwinter there (ADF&G 1983b).

The first major phase of dam construction involves
placement of the two cofferdams, thereby permanent-
ly dewatering 0.75 mile (1.3 km) of riverbed at the
damsite., It is anticipated that fish normally
using this stretch will move into adjacent habitats
and that the effects on population size will be
minimal. The dewatered area will eventually be
covered by the Stage I Watana dam; thus, the effect
will be a permanent but relatively minor loss of
aquatic habitat and a permanent blockage of fish
movements through this reach.

Gravel mining will be an important activity
associated with construction of the dam and related
facilities. A large portion of the material for
the Stage I dam will be excavated from Borrow Site
E at the confluence of Tsusena Creek between RM 180
and RM 182, 1In the construction zone, Tsusena
Creek is considered more seunsitive habitat than the
mainstem of the Susitna River. Anticipated impacts
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from gravel removal operations include increased
turbidity caused by erosion and minor instream
activities, introduction of small amounts of
hydrocarbons from equipment operating in streams
and the possibility of accidental hydrocarbon
spills, These impacts will be temporary and are
not expected to last beyond site operation., A
long-term impact to aquatic habitat is expected at
the mouth of Tsusena Creek. The volume of material
to be removed will result in a pit that will become
filled with water. This pit will create lentic
habitat in exchange for lost riparian and upland
habitat. Guidelines and techniques detailed in the
BMP annual entitled "Erosion and Sedimentation
Control" (APA 1985a) will be incorporated into
contractual documents prior to construction in
order to minimize impacts to aquatic habitat from
borrow activities.

Completion of the diversion facilities in the v
spring of 1994 will allow the closure of the
upstream cofferdam., Flow will be diverted through
both diversion tunnels during the summer, although
the lower tunnel will pass the greater portion.
The upper tunnel begins to pass flow at 8000 cfs.
Tunnel velocities for the average summer flow
(approximately 23,000 cfs) will range between 20
and 30 ft/sec. During the mean annual flood
(43,500 cfs), the river stage upstream of the
project will be raised for a distance of about 2
miles, Immediately upstream of the project this
increase will be approximately 20 feet. Some
ponding will also occur during the average summer
flow.

During the winter, flow will be diverted through
the lower diversion tunnel, which has sufficient
capacity to pass normal winter flows without
significant change to the river stage upstream of
the project. Water velocities in the tunnel will
range from 15 to 20 ft/sec. River ice conditions
are expected to be unchanged from natural
conditions upstream and downstream of the project.

Experiments with fish transport indicate that fish
are adversely affected when water velocities exceed
9 ft/sec (Taft et al. 1975). Relatively few
resident fish occcupy the mainstem area immediately
upstream of the tunnels during summer; however,
grayling and other resident species utilize the
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mainstem to overwinter. Fish that become entrained
in the tunnel flow may be injured or killed by the
high velocities, by rocks or other material
transported by the river through the tunnels, or by
impacting the tunnel walls.

High discharge velocities at the downstream end of
the tunnels will scour gravels, sands and silts
from the immediate area of the tunnel outlet. The
velocities will also deter fish from using the area
immediately downstream from the tunnel (Bates and
Vanderwalker 1964; Stone and Webster 1976b), and
will act as a barrier to upstream fish passage (see
Section 2.4.3).

Changes in Water Quality (##%)

The primary change in water quality that is
expected as a result of Stage I Watana Dam
construction is increased turbidity.predominately
caused by increased concentrations of very fine
sized suspended particulates., Increases in
turbidity will vary with the type and duration of
construction activity and may be.of significant
local consequence, but are not expected to produce
a widespread detrimental effect upon aquatic
habitat in the Susitna River system. Some of the
first construction activities to take place will
include clearing areas, construction of access
roads, stockpiling of comstruction materials and
fuel, movement of heavy equipment, and construction
of support facilities. The construction of support
facilities and the access roads are discussed
below.

Removal of cover vegetation may result in a number
of effects. The removal of cover can increase the
local run-off, causing erosion, increased
turbidity, and increased dissolved solids (Likens
et al. 1970; Bormann et al. 1970; Pierce et al.
1970). The removal of bank cover may also increase
the exposure of fish to predators, and lead to a
decrease in fish populations (Joyce et al. 1980b).
Temperatures in local areas may also increase.

The movement of fill materials and the actual pro-
cess of construction of the fill dam will contri-
bute to turbidity and siltation. During the trans-
port, storage, and placement of the fill material
used in constructing the dam, a small percentage
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will be introduced to adjacent water bodies,
including the mainstem Susitna River through spills
and erosion. Although the impact on the mainstem
may not be severe, the impact on local clear-water
streams could be significant.

- Operation of heavy equipment in streams also in-

creases siltation and turbidity. The extent of the
impact of siltation and turbidity is dependent upon
the exteant of machinery operation in the stream
beds and the substrate of the streams affected.
Finer substrates tend to be most affected (Burnas
1970}, but effects are also dependent upon stream-
flows in the local area. If velocities are suffi-
ciently high, deposition of suspended silts stirred
up by the machinery will not occur locally and the
effects would be minor (Shaw and Maga  1943). Since
velocities can be expected to vary seasonally, the
potential for impacts will vary seasonally as well.
Impacts caused by machinery-induced siltation and
turbidity are expected to be temporary in nature.

Increased turbidity generally reduces visibility
and decreases the ability of sight-feeding fish to
obtain food (Hynes 1966). Most fish species will
avoid highly turbid areas and many salmonids awoid
spawning in turbid waters. Temporary increases in
turbidity from activities such as clearing and
gravel removal may occur,

Siltation (sedimentation) is also associated with
these activities. There is a considerable amount
of literature dealing with siltation effects on
fish (Iwamoto et al. 1978), particularly the effect
on spawning and incubation. A general conclusion
reached by a review of the literature (Dehoney and
Mancini 1982) is that the greatest adverse impact
of siltation is on immobile eggs and relatively
immobile larval fish. In general, siltation can
cause significant losses of incubating eggs and fry
in redds, particularly by interfering with oxygen
exchange. Areas of upwelling ground water are
affected to a lesser extent than other areas
because silt is prevented from settling. Only
resident fish in the vicinity of Watana Dam,
including Dolly Varden and Arctic grayling, may be
affected by siltation., Entrainment of suspended
materials may also affect other water quality
parameters, such as trace metals and pH, but this
is not expected to have a significant effect upon
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aquatic habitat in the Susitna system. The
measures planned to minimize impacts of
construction on suspended sediment and turbidity
are discussed in Exhibit E Chapter 2 Sections
4.1.1(e)iid.

The production of concrete for tunnel lining, spill
way and powerhouse construction, and grouting will
generate concrete batching wastewater. Peters
(1979) points out that the discharge of this
wastewater, if untreated, can lead to detrimental
effects on fish populatlons and habitat., A
particular problem with concrete wastewater is the
need to adjust its pH (10+) prior to discharge.

The measures planned to minimize contamination by
waste concrete are discussed in Exh1b1t E Chapter 2
Section 4.1.1(c)vi.

Waterbodies can be contaminated during construction
activities by petroleum products that enter from a
variety of sources. Fuels can enter streams, lakes
and wetlands from leaks in storage tanks and- pipes
and from vehicle accidents during transportation,
Poor maintenance of vehicles can also allow small
quantities of petroleum products to enter water
bodies..

Diesel fuel will be used and will have to be stored
onsite in large quantities. WNew and used
lubricating oils will also be in use. There is a
great deal of literature (USEPA 1976b; AFS 1979)
describing deleterious effects caused by oil
spills. Aromatics in diesel fuel and gasoline are
particularly toxic until evaporated. Heavier oils
can coat streambeds and aquatic vegetation and
interfere with production of food organisms
consumed by fish (Kolpak et al. 1973). In a river
as large as the Susitna, small spills are expected
to dilute quickly and not cause measurable impacts.,
Spills into smaller tributaries, especially while
incubating embryos are present, could have a
significant impact on resident populations. In the
winter, it is difficult to recover petroleum

spills that flow under ice in rivers. Substantial
mortality could result if toxic substances reach
overwintering fish and other organisms. The BMP
manual entitled "0il Spill Contingency Planning"
(APA 1985b) identifies the major elements of an oil
spill contingency plan and also details techniques
for minimizing impacts.
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Waste oils containing trace metals require handling
as a hazardous waste under 40 CFR 261-265. Sol-
vents, while probably present in much smaller
quantities than petroleum products, are usually
considerably more toxic to aquatic life. Other
chemicals of concern would include antifreeze,
hydraulic oil, grease, and paints. Factors that
will affect the severity of impacts of a spill

are:

The substance spilled;

The quantity spilled;

Frequency of spills in that area;
The biota present;

The life stages present;

The season; and

Mitigation and cleanup plans and
preparedness.

00O 00006 0

Other Effects on Fish Populations (%)

Other effects that instream construction activities
may have on fish populations include avoidance of
the area, injury, and mortality caused by

instream use of heavy equipment. Heavy equipment
crossings can also damage incubating eggs and
preemergent fry if the crossing location passes’
through a spawning area. :

Water will be needed for production of concrete,
processing of gravel, and dust control during con-
struction. Impacts can result from entrainment and
impingement of juvenile fish as water is withdrawn
from local water bodies. The use of low volume
pumps equipped with proper intake screens will
minimize the number of fish affected. Removal of
water from local water bodies is not expected to
have a significant effect on fish habitat.

Current construction plans do not require instream
blasting. Blasting is planned for areas 500 feet
(150 m) or more from streams, A review of the
effects of blasting on aquatic life (Joyce et al.
1980a, Appendix G) indicates that effects from such
blasting would probably not be lethal (at least
with charges of less than 200 kg of TNT). The
transmitted shock waves from the blasting may dis-
turb fish and perhaps temporarily displace them
from areas near blasting activity. This type of
behavior is weéll-documented for 3 variety of noise
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sources (Vanderwalker 1967 and Latvaitis et al.
1977). Secondary effects of blasting include
increased turbidity and siltation caused by
loosened soils and dust (see effects described
above), The extent of such effects would be
dependent upon the location and amount of
blasting.

Construction and Operation of Stage I Watana Camp,

Village and Airstrips (%)

During peak construction activity for the Stage I
Watana Dam, facilities to house approximately 3,300
people are anticipated (see Exhibit A, Section 1.13).
The facilities must be located adjacent to the
construction site to simplify transportation to and
from the camps. One campsite is proposed: the
construction camp and village will be located near
Deadman Creek about 3 miles from the dam. This
development will occupy approximately 250 acres

(10! ha). The construction camp and village are to
be two communities with separate roads and
facilities. The two communities will be separated by
natural features, lakes, and fences., After the dam
is completed, a permanent townsite will be developed
either at the construction camp or village site or at
a site to be determined later.

The construction camp will contain the management
offices, hospital, recreation hall, warehouses, com-
munications center, bachelor dormitories, and other
facilities. It is anticipated that the camp will be
dismantled at the end of the Stage I Watana dam
construction. The construction village will be made
up of 310 temporary housing units and an additiomal
240 lots with utilities furnished. These

temporary housing units will be used primarily for
workers who are accompanied by families and will also
be removed when construction of Watana is complete.
The permanent town will be built to house the
families of employees who will form the operation and
maintenance team for Watana. The town will contain a
hospital, a school, gas station, fire station, store,
recreation center, and offices, as well as
residences. Construction of the town will not begin
until the mid-1990s, since it will not be needed
until Watana is operational.

A 2500-foot (758-m) temporary airfield will be built

‘approximately 1 mile (1.6 km) from the construction
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camp/village site at approximately elevation 2500
feet (760-m), The temporary airfield will be
expanded and upgraded to a 6500 foot permanent
airfield.

~ Alteration of Waterbodies (*%)

Alteration of waterbodies resulting from the
construction of camps and related facilities will
be confined to the immediate area of the
development. Few adverse impacts are anticipated.
Gravel or other material required for facilities
construction will be mined from local sources or
Borrow Sites D or F, following the guidelines found
in the BMP manual entitled "Erosion and
Sedimentation Control'" (APA 1985a). Project
facilities will be located away from waterbodies to
minimize the potential of increased sediment input. ..
Overburden will be stored in areas where it will
not affect waterbodies,

Operation of the camps and airstrips is not expec-
ted to result in appreciable alteration of water-
bodies,

Water will be withdrawn from Deadman Creek _
approximately 7 miles (10 km) upstream from its
confluence with the Susitna River for domestlc use
in the camp and counstruction village.
Approx1mately 0.5 cfs will be needed to meet peak
demands in both the construction camp and
construction village. This represents less than
orie percent reduction in flow during the open-water
season and less than 7 percent during the winter
season. Little impact is expected to result from
decreases of this magnitude,

- Water Quality Changes (#¥)

Changes resulting from camp construction are expec-
ted to be similar to those experienced during dam
construction but impacts would be much reduced in
magnitude because of the relatively great distance
of the camp from waterbodies inhabited by fisgh.
Turbidity and suspended sediment levels will
increase in areas where erosion enters water bodies
from activities such as installation of the water
intake system, but such effects will be temporary.
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The most significant impacts on water quality
during camp operations will result from discharge
of treated wastewater into Deadman Creek, oily and
silty runoff from the camps, water used for dust
control, and accidental fuel spills.

Current plans call for pumping water from Deadman
Creek or a series of wells to supply the camps and
town during operations. Treated sewage during dam
construction will be discharged into Deadman Creek.
This sewage system will serve both the construction
camp and village and may be used for the permanent
town after the temporary camp and village are
removed. The solid waste landfill shall be
situated adjacent to the village and camp, Fuel
will be stored within the village and the
construction camp. Details of fuel storage and
handling will be in accordance with contractual
documents that include the information contained in
the BMP Manual entitled "Fuel and Hazardous
Material™ (APA 1985d).

The sewage treatment plant will provide secondary
treatment (Chapter 2, Section 4.1.1.g). A lagoon
system will be used to store waste during the year
prior to completion of the treatment plant. The
stored waste will be treated before its release to
the receiving stream. Secondary treatment will

" avoid many of the problems associated with primary

treatment, such as decreased dissolved oxygen and
increased BOD, increased metals, and bacterial
counts (Warren 1971), although it will introduce
increased levels of phosphorus and nitrogen into
Deadman Creek. Also, if the discharge is treated
with chemicals such as chlorine, residual levels
may have detrimental effects upon aquatic
organisms. Rainbow trout in the Sheep River in
Canada were reported to avoid areas where
chlorinated sewage effluents were discharged, and
some fish mortality resulted (Osborne et al. 1981).
Grayling, the

primary species in Deadman Creek, are considered to
be sensitive to alterations in water quality
(McLeay et al, 1983; 1984)., The effects of
treated discharge into Deadman Creek and thence
into the reservoir will depend upon: (1) the water
chemistry of the creek and reservoir; (2) the
composition of the treated sewage discharge; and
(3) the dilution of the discharge within the
stream.
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(b)

Storm drainage and oily water runoff are expected
to occur at both the camp and the village, -but will
be more of a concern at the camp, since this is
where the vehicle maintenance areas, shops, and
related facilities will be located. By providing
proper drainage facilities, ponding areas, and if
necessary, pump stations to pump contaminated water
to the treatment facility, oily and silty water
will not reach Deadman Creek. The small ponds
within the town limits will be more susceptible
than the creeks to intrusions of oily water, storm
drainage, and fuel spills.

Adverse effects may also result from oily runoff
from dust control on construction roads and
airstrips and from accidents involving vehicles
transporting fuels. The possible frequency and
severity of such cccurrences cannot be predicted at
this time. Runoff from the solid waste landfill is
not expected to adversely impact any aquatic
habitat.

Qther Effects on Fish Populations (#*%%)

Disruption of fish populations during camp and vil-
lage constructiaen is expected to be limited due

to the distance between the camp :and aquatic
habitats.

Operation of the camps will result in increased
access to an area previously exposed to minimal
fishing pressure. The areas. expected to sustain
the heaviest harvest pressure would be those
stretches of Deadman and Tsusena Creeks and the
Susitna River that are easily accessible from the
camps and the damsite. The resident fish popula-
tions are thought to be at their maximum level,
(ADF&G 1981f, 1984a). Studies to date have
indicated a relatively high percentage of "older"
age group fish (up to 9 years). Sportfishing will
inflict heaviest impacts upon larger, older fish
and would likely result in a change in the age
distribution of the population (ADF&G 1984a).

Filling Stage I Watana Reservoir (#¥%)

Filling of the Stage I Watana reservoir will impact aquatic
habitats both upstream and downstream from the dam. During
the filling process, fish populations and habitats will be
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affected by changes in flow, temperature, and suspended
sediment regimes and changes in other physical and chemical
habitat factors such as dissolved gas concentrations,
nutrients, and other water chemistry parameters and
coustituents. The filling period for Stage I Watana
Reservoir, is expected to be approximately 6 months.
Beginning in May 1998, it is expected that the reservoir
will be filled to between el. 1,900 and el, 1,970 the first
of October depending upon the Susitna River discharge
upstream of Watana damsite during the summer months.

Discharge from the Stage I Watana Reservoir during the
filling process will be constrained by the Case E-VI flow
requirements defined at Gold Creek (See Exhibit E Chapter 2,
Section 3) from May through October. The Case E-VI flow
constraints are presented here as Table E.3.2.59, Estimated
average monthly flows at Gold Creek during the filling of
Watana Reservoir are provided in Table E.3,2.60. The
average monthly flows are presented for Susitna flow
conditions corresponding to years with average, low (dry
years) and high runoff (wet years). It is anticipated that
the first generating unit will become operational in October
of 1998. Although the project will become operational at
that time, the available volume in the reservoir for
generation and the available capacity for generation will be
relatively small. Therefore, during the first winter of
operation, flows in the Susitna River will approximate
natural flows, i.e. they will approach the minimum
operational constraints of Case E-VI.

During the summer filling process, downstream releases will
be made through the low level outlet works located in one of
the diversion tunnels. The low-level discharge structure
has limited capacity to control downstream temperatures.

The effects of filling on river temperatures are discussed
in Exhibit E Chapter 2 Section 4.1.3(c)i.

Once the first generating unit becomes operational or the
water level exceeds the minimum operating level for the
outlet works (cone valves), all downstream flows will be
released through the powerhouse and outlet works. Water
will be withdrawn from the upper part of the intake
structure., Therefore, it is anticipated that winter
discharge temperatures and ice processes will be similar to
natural conditions. -

Impacts to the aquatic resources are described below for the

impoundment zone, the Watana Dam to Talkeetna Reach (middle
river) and the Talkeetna to Cook Inlet Reach (lower river),
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(1)

Watana Reservoir Inundatiom (#*#%%)

Filling the Watana reservoir will inundate
approximately 20,000 acres (8,100 ha). The reservoir
will flood 44 miles (71 km) of Susitna River
mainstem habitat and 15 miles (24 km) of tributary
habitats that would be converted from lotic to lentic
systems with accompanying changes in hydraulic
characteristics, substrate, turbidity, temperature,
and nutrient levels. These habitat alterations will
result in changes to all trophic levels of the
aquatic community presently functioning in the area.
Figure E.3.2.71 shows the area to be inundated by the
Watana reservoir. ’

Reservoir filling will begin in May 1998 with the
spring runoff flows. During May, the water surface
elevation of the reservoir will rise an average of

7 feet (2.1 m) per day reaching a depth of
approximately 220 feet (67 m) by the end of the month
(to el. 1,670 feet, or 510 m). Increases in water
surface elevation of 5 feet (1.5 m) or more-per day
are predicted in June, 3 ft/day (0.9m)} in July, and 1
ft/day (0.3m) in August and September. It is
expected that the reservoir will be filled to an
operational level of between el. 1,900 and el. 1,970
by the end of October, 1998, depending upon the
magnitude of the river discharge during this period.
The first generating unit in the Watana Powerhouse is
expected to begin generating in October, 1998,
Therefore, filling of the Stage I Watana Reservoir
will be completed in 6 months (See Exhibit C). This
is a significant reduction in the estimated filling
time for the Watana Reservoir configuration presented
in the original License Application (APA 1983b)

- Mainstem Habitats (¥#%¥)

Impoundment filling will affect mainstem habitats
and fish populations in the impoundment zone,

Since filling of the Stage I Watana Reservoir

will occur in approximately 6 months, discussion of
the anticipated effects to fish population in the
mainstem is more appropriately discussed under
reservoir operations (Section 2.3.l.c.i)

- Tributary Habitats (##%%)

Impoundment filling will affect fish populations
and habitats in tributaries to the mainstem
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within the impoundment zone. Since filling of the
Stage 1 Watana Reservoir will be essentially
complete by the end of October 1998 after beginning
in May 1998, the effects on tributary habitats
during the summer will be similar to those which
will occur during reservoir operation. Therefore,
the effects are discussed, more appropriately and
completely in Section 2.3.l.c.i.

Lake Habitats (%%)

The filling of the Stage I Watana Reservoir will
also effect 11 lakes and ponds in the impoundment
zone, Because of the short duration of the

filling process, the effects of the reservoir
filling on these habitats is more approximately and
completely discussed in.Section 2.3.l.c.i.

{(ii) Watana Dam to Talkeetna (%)

- Effects of Altered Flow Regime (¥)

The filling of the Watana Reservoir during Stage I
will reduce natural flows at Gold Creek for a
period of approximately 6 months beginning in May.

Estimates of the discharge at Gold Creek during the

6 month filling period are estimated for three flow
conditions: dry, average and wet conditioms.

These were selected to represent the range of
possible discharge conditions which could occur
during the filling process.

The simulation of filling of Watana Stage I is
discussed in Exhibit E Chapter 2 Sectiom 4.1.2(b).

. As stated previously, the rate of discharge release

from the Watana Dam during filling will be
constrained by the Case E-VI flow requirements.
Although the Case E-VI flow constraints define
minimum discharge at Gold Creek on a weekly basis,
average monthly minimum flow constraints were
derived for evaluation of Gold Creek discharge
during the filling process based on the E-VI
constraints, The average monthly minimum discharge
constraints, at Gold Creek; monthly average natural
discharges during the dry, average and wet
conditions; and estimates of the average moanthly
discharges during the filling period in dry,
average and wet discharge conditions are presented
in Table E.3.2.60. The anticipated effects of
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these representative discharges on fish habitats
and populations are presented below. ’

. Effects on Principal Evaluation Species/Habitat

Conditions (#%%)

.. Juvenile Chinook Rearing Habitats (¥¥%¥)

Closure of the Stage I Watana Dam and imitial
filling of the reservoir will result in the
first major alteration of the flow regime.in the
middle river following start of construction.
The changes to chinook rearing habitat
availability during the Stage I filling period
are estimated by translating the estimated
monthly average discharges to.estimates of the
total chinook rearing habitat areas at those
discharges for all Representative Groups and for
the subset of the habitat areas in Repre-
sentative Groups 2, 3 and 4. The translation is
based upon the Habitat Area Respounse Curves
preseuted in Table E.3.2.46 and Figures E.3.2.57

and E.3.2.58.

Habitat values for May discharges were not cal-
culated since, under natural conditions, May
constitutes a transition month from winter to
summer., During this period, juvenile chinook
generally move from overwintering areas to
summer rearing areas and outmigrate from the
system. Age O+ juveniles are still in natal
tributary habitats and have not begun to
redistribute into mainstem affected areas (ADF&G

1983m, 1984c).

Considering the habitat area in all
representative groups combined, the changes in
discharge attributable to filling of the
reservoir will cause a reduction in the habitat
area available for chinook rearing by, at the
most, 15 percent from the habitat available
under natural flows during dry average and wet
discharge years. The habitat areas under
natural and filling discharges and the percent
changes expected in each month are presented in
Table E.3.2.61 for dry, average and wet years.
"This loss of habitat area is expected since the
optimum habitat values are present at discharges
greater than 20,000 cfs (Table E.3.2.46 and
Figure E.3.2.57). For the most part, however,
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the estimated reduction in the total rearing
habitat is expected to be less than 10 percent.
The reduction in habitat area is not expected to
adversely affect the juvenile chinook population
since the reduction will be of a short duration.
Also, it is emphasized that the habitat area
values presented are only indicative of the
equivalent habitat area which is available
throughout the middle river system and does not
indicate whether or not all of the area will be
used by chinook juveniles. Because of these
factors, the apparent reductions in habitat area
will probably not affect the populations
appreciably.

Considering only the habitat area present at
given flows in Representative Groups 2, 3 and 4,
discharge at Gold Creek during much of the
summer of filling will result in an increase in
chinook rearing habitat under any of the flow
conditions analyzed. The total habitat areas
under natural and filling discharge regimes and
the percent change for each month in dry,
average and wet years are presented in Table
E.3.2.62. The apparent loss of habitat area in
August and September is mnot considered to be
significant since the maximum reduction is
approximately 10 percent.

The evaluation of habitat loss and gain
presented here are based on monthly average
flows. As a result, habitat gains and losses
due to daily and weekly variations of flow are
not accounted for in this evaluatiom. Uunder
the natural discharge regime, daily, weekly and
monthly flow variation is expected to be
considerably greater than during the actual
filling period. Hence, during the filling
period habitat areas are expected to be more
constant through time than under the natural
discharge regime.

The apparent increases in habitat area in
Representative Groups 2, 3 and 4 during the
filling period result from the replacement of
lost suitable habitat area present under natural
flows in some sites (Representative Groups 2 and
3) with suitable habitat area in other sites
(Representative Group 4). Thus, loss of habitat
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in some sites is replaced by suitable habitat in
other sites with a net gain in total habitat
area suitable for juvenile chinook rearing.

Adult Chum Salmon Spawning Habitat (#*%)

During the filling of Stage I Watana

Reservoir, discharges from the dam as

estimated at Gold Creek will affect the ability
of chum salmon adults to gain access to spawning
habitats presently used in side channels and
side sloughs.

Based upon the average monthly discharges at
Gold Creek presented in Table E,3.2.59 and
comparison of the threshold mainstem discharges
presented in-Table E.3.2.49, it is apparent that
there will be some reduction in the suitability
of access to specific habitat areas. A summary
of the suitability of the flows for access is
presented in Table E.3.2,63. Based upon the
threshold discharges for the twenty four passage
reaches analyzed, eleven of 24 reaches will be
more difficult for adult chum to pass during
filling those under natural flows in August
whereas only 4 reaches will be more difficult in
September in dry years., In average discharge
year, twelve of 24 reaches will be more
difficult during filling than under natural
flows in August whereas nine will be more
difficult in September. In wet years, twelve
reaches will be more difficult for passage in
August and eleven reaches will be more difficult
in September during filling than under natural
flow conditioms. This analysis is based omn
average monthly flows and access into the
habitats is attained by chum salmon during a
shorter time period. Short, high-flow events
could occur which would allow access to the
habitat. These high-flow events are not
apparent in the average monthly flows. Also,
this analysis does not account for the influence
of local flow on the suitability of access
conditions (see Section 2.2.3.f.ii).

Although the analysis is conservative, there is
an indication that access conditions for
spawning chum salmon will be adversely impacted
and could require mitigative action. However,
since the effects of filling of Stage I Watama
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Reservoir on chum access will occur oanly during
one summer, the need for mitigative actiom is
most dependent upon discharge conditions during
operation of Stage I and subsequent development
of the project.

Effects of the discharge regime during the
filling period on chum spawning habitat are
evaluated by translating the estimated mounthly
average flows for August and September in dry,
average and wet years presented in Table
E.3.2.60 to total habitat areas in the modeled
chum salmon spawning sites. These translations
are based on the modeled habitat area response
curve presented in Table E.3.2.47 and Figure
E.3.2.59. The average available habitat areas
for dry, average and wet years in August aund
September during the filling period and under
the nmatural flow regime are presented in Table
E.3.2.64. Also presented in the table is the
percent difference between the habitat areas for
natural and filling discharges.

1f a low discharge year occurs during the
filling period, chum salmon spawning habitat
area in habitats currently used for spawning
(modeled sites) will be reduced in both August
and September by 40 to 60 percent. If normal.
(average) discharge is maintained during the
filling period, the lower discharge in August,
due to filling the reservoir, is expected to
increase the available chum spawning area by
about 20 percent. However, the continuation of.
filling in September and the consequent further
reduction in discharge will result in a loss of
approximately 55 percent of the habitat normally
available for spawning. A similar increase in
available spawning habitat area in August and
decrease in September is expected if discharge
in the Susitna River is higher than normal.
This pattern of expected gain of habitat area in
August and expected loss of habitat area in
September is due to the relatively narrow range
of flows (11,000-17,000 cfs) corresponding to
optimum habitat areas (more than 79,000 sq ft)
depicted in Figure E.3.2.59. Under natural
discharge regimes, discharges in the range of
11,000 to 17,000 cfs normally occur during the
first two weeks of September (see Exhibit E,
Chapter 2). Although the anticipated loss of
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spawning habitat during the filling period is
significant and probably requires mitigative
action, it must be recognized that the filling
will occur in only one year, short-term, and is
not expected to result in a long-term adverse
effect.

Effects of the discharge regime during the
filling period on chum spawning habitat in
Representative Groups 2, 3 and 4 are also
evaluated by translating the monthly average
flows for August and September presented in
Table E.3.2.60 to total habitat areas in the
groups. These translations are based on the
habitat area response curves presented in Table
E.3.2.48 and Figures E.3.2.60 through £.3.2.63.

Based on these curves spawning habitat available
in Representative Group 2 sites will be reduced
from the habitat available under the natural
discharge regime as a result of the flows
expected during the filling period in dry, wet
and average years. Chum spawning habitat in
Group 2 sites under natural and filling flows,
and the percent changes, are presented in Table
E.3.2.65. The loss of habitat is expected
because maximum habitat in these sites occurs at
mainstem discharges between 25,000 cfs and
35,000 cfs as indicated in Table E.3.2.48 and
Figure E.3.2.60.

Considerable loss of spawning habitat is also
expected in Representative Group 3 sites except
in August if wet conditioms prevail.

Comparisons of habitat areas present in Group 3
sites under natural and filling discharge
regimes during August and September and the
percent changes are presented in Table

E.3.2.66. Habitat values for Group 3 sites
reach a maximum in the range of flows between
15,000 cfs and 25,000 cfs (Table 3.2.48 and
Figure 3.2.61). The slight loss in habitat area
anticipated during August, given wet ¢conditions,
is not considered significant.

As indicated for chinook rearing habitat, chum
spawning habitat in Representative Group 4 sites
is expected to increase in August and to
decrease in September during the filling period
as compared with the habitat available under
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natural flow conditions. Spawning habitat in
Group 4 sites under natural and filling’
discharge regimes and percent changes are
presented in Table E.3.2.67. The gain in
spawning habitat area in these sites is due
primarily to the peak habitat values for chum
spawaing in the range of 8,000 cfs to 25,000 cfs
(Table E.3.2.48 and Figure E.3.2.62).

Summation of the total chum spawning habitat
under natural and filling flows in the three
representative groups and percent changes are
presented in Table E.3.2.68. Replacement
habitat from Representative Group 4 sites for
that lost in Representative Groups 2 and 3 is
likely. The expected overall loss of chum
spawning habitat is less than 5 percent im
August and approximately 15 percent in September
and is not considered significant. This
expected reduction may be overestimated since
chum salmon have been observed to gain access to
and spawn in these areas at discharges similar
to those expected during the filling period in
average and wet years (ADF&G 1983b, 1984a).

. Effects on Other Species/Habitat Conditions (F%)

During filling of Stage 1 Watama Reserveir,
discharge in the middle river will affect other
species/habitat conditions in various ways. It
is not likely that upstream migratiom of adult
salmon will be affected by the reduced discharges
in the river. Access at tributary mouths for
chinook, coho, chum and pink adults is not likely
to be adversely effected (Trihey 1983a). Adult
sockeye salmon adult access into spawning areas
in side sloughs (Representative Group 2) will be
affected during the filling period in a manner
similar to that described for the effects on
adult chum access.

Chinook, coho, chum and pink incubation habitats
in tributaries will not be affected by the
filling flow regime.

Effects on coho rearing habitats in upland
sloughs are not expected during the filling
period because of the relative independence of
these sites to mainstem discharge.
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No effects to outmigration of juvenile salmon are
expected during the filling period since-
sufficient discharge will be available in the
mainstem to allow downstream migration.

Rainbow trout, Dolly Varden and Arctic grayling
generally move into tributary habitats during the
summer moaths. Therefore, these species are uot
expected to be influenced by mainstem discharges
during the filling period until late August and
September,

In September all three species generally move out
of tributary habitats in order to find
overwintering habitats. Some rearing occurs in
tributary mouth habitats and at the mouths of
sloughs. Adult and juvenile rainbow trout move
ianto these areas to feed on salmon eggs dislodged
from the spawning areas. Habitats at the moukhs
of tributaries and sloughs are expected to be
similar to that observed under natural £
conditions, but possibly displaced to some

extent.

_Burbot are mnot expected to be affected by the
altered discharge during the-filling period.
Burbot are expected to occur in large quiescent
mainstem areas which should be more numerous at
the lower discharge expected during the filling
period.

~ Effects of Altered Temperature/Ice Regime (***)

Estimates of changes to the water temperature at
the outlet of the Watana Reservoir during filling
have been made using the DYRESM Reservoir
Temperature model described in Exhibit E, Chapter 2
of this Amendment. (APA 1984g). Estimated outflow
temperature is depicted for the first year of
filling and is presented in Figure E.3.2.72. As
described above, the Stage | Watana Reservoir will
begin filling in May 1998 and will become
operational in October 1998. During the filling
period, water temperatures at Watana Dam will be up
to 7°C cooler than normal during June, whereas,
during July and August outflow temperatures will be
similar to the reservoir inflow temperatures. This
is analogous to the temperatures simulated for the
first year of filling of Watana Reservolir described
in the original License Application (APA 1983b).
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Although the outflow temperatures may be less than
natural in May and June, the smaller volume
released from the reservoir will facilitate warming
of the water through Devil Canyou Reach.

Therefore, water temperatures within the middle
reach (Devil Canyon to Talkeetna) are expected to
be similar to natural conditions with short lags of
about two weeks, being slightly cooler in May and
June and slightly warmer in September. (See
Exhibit E Chapter 2 Section 4.1.2(e)i).

From October 1998 until May 1999, discharge from
Watana Reservoir is expected to approximate natural
flows. This is due to the combination of low
capacity for discharge from the dam through the
powerhouse (initially only one generating unit will
be operational, with the additional units becoming
operational in approximately three mouth
intervals). During the first winter of operation,
temperature of the water discharged from the dam
will range from 1-3°C depending upon which intake
port is used to withdraw water from the reservoir
and the air temperatures and will be cooler than
those shown on Figure E.3.2.72 as discussed in
Exhibit E, Chapter 2 Section 4.1.2(e)i).

During this period, instream water temperature is
expected to decrease rapidly from 2-4° C at the
Watana Dam to 0°C in Devil Canyon. The .rapid
decline in temperature is expected principally
because of the small volume of water to be
discharged. Therefore, ice formation processes in
the middle river are expected to be similar to
those described for natural ice processes (Exhibit
E, Chapter 2 and Sectiom 2.3.l.c.ii below). The
major difference between the expected ice processes
during the first winter of operation and natural
ice processes is that ice formation in the middle
reach will occur several weeks later tham it would
under natural conditions. River ice thicknesses
and ice—induced staging are expected. to be less
than for natural conditions.

. Principal Evaluation Species/Habitat
Combinations (¥%*)

During the initial filling of Stage I Watana
effects on juvenile chinook rearing habitats

and chum spawning habitats are not expected to be
impacted by altered water temperatures in the
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river., This is due principally to the
expectation that summer river temperaturés will
be similar to natural conditions.

Similarly, no project induced effect on juvenile
chinook overwintering habitats in the side
sloughs or chum incubating areas is expected
during the initial winter of project operation.
This is due to the expectation that water
temperatures and ice processes will be similar to
natural.

. Effects on Other Evaluatioun Species/Habitat

Combinations (¥%%)

Because little change from natural water
temperature is expected during the filling of
Stage 1 Watana and during the first year of
operatioun, mo effects attributable to altered
temperatures are expected to the other evaluation
species/habitat combinations in the middle

river,

- Effects of Altered Suspended Sediment Regime (#%)

Due to ponding of the influent river waters and
turbulence reductions in the impoundment a
substantial proportiom of the incoming suspended
sediments will precipitate and become permanently
stored within the new impoundment zone. Downstream
water released for power production, environmental,
or other purposes will be coustrained within the
E~-V1 flow regime, and will be released through the
low level outlet works located in one of the
diversion tunnels on the river's north bank, Since
waters released during the Stage I filling process
will be drawn from deep in the hypolimnion, near
the floor of the reservoir, the quality of the
released water will be less than optimum for the
downstream biotic community. Although a large
proportion of the larger suspended sediment
particles influent to the reservoir will be trapped
behind the dam, downstream releases through the
diversion tunnel will still coutain relatively high
suspended sediment concentrations (TSS) and
turbidity (NTU's). Stage I filling releases will
continue from spring 1998 to about October 1998.

Mainstem channels and any peripheral habitats
inundated with these turbid flows will contain less
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TSS and turbidity than that which occurs during the
normal open water season. Direct negative impacts
to rearing juvenile salmonids in the mainstem or
inundated peripheral habitats are expected to be
minimal as a consequence of suspended sediment and
turbidity changes resulting from Stage I filling
flows.

It is expected that habitats inundated by turbid
release waters during summer will experience
slightly increased euphotic zones compared to what
exists during much of the natural open water
season. The turbid release waters, especially the
particulate portion, will conmtain high concentra-
tions of nutrients capable of supporting demse
epilithic communities where supplied with adequate
light. Stable substrates immersed in less than 1
to 2 ft. of turbid release waters, with relatively
low velocities (less than 3 feet per second), will
be expected to support epilithic colonization
composed of periphyton (Table E.3.2.69), together
with assorted bacterial, fungal and actinomycetes
organisms.

The luxurient growth and large standing crops of
epilithon which naturally occur over much of the .
mainstem streambed in September, October and
November may be reduced in constantly turbid
habitats because of light limitation due to high
turbidity., The impacts to the biotic community's
secondary and higher trophic levels because of
changes in the naturally cyclic periphyton growth
and standing crop of epilithic organisms are
uncertain.

All of the formerly mentioned characteristics of

" the effects of Stage 1 filling flows on mainstem

habitats also apply to side channels, side sloughs
and other peripheral habitats inundated by turbid
release waters during Stage I filling. However,
since Stage 1 filling releases will follow the
minimum flow constraints, and will be more stable
than natural flows, the likelihood of breaching
many peripheral habitats for prolonged durations
will be less than under natural flow conditions.
Therefore, continuously wetted peripheral habitats
which are not inundated by turbid release waters
will likely remain as productive or more productive
at the lower trophic levels as they were before
flow regulation. Summertime rearing of juvenile
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chinook and other salmonids in clear peripheral
habitats is not expected to be negatively impacted,
when compared to the natural situation.

Tributary habitats, for the most part, will not be
affected by changes caused by Stage I filling
flows. Impacts which will occur include reductions
in clear hydraulically mediated, backwater zones at
tributary mouths, and also include increased areas
of the mainstem influenced by clearwater tributary
plumes extending downstream.

Stage 1 filling releases, since they will contain
substantially reduced TSS comcentratioms, will
result in less particulate deposition at the mouths
of inundated peripheral habitats compared to
natural deposition processes. The net effects of
reduced TSS concentrations, reduced-replacement of
perviously deposited fime sediments, and
scour/removal of fine sediments by periodic high
project discharges will produce a reduction in
accumulated fine sediments and removal of fine
sediments from many surficial mainstem areas and
peripheral habitat mouth areas. The impacts to the
riverine benthic communities will include: larger
and more stable streambed substrate; larger volumes
of and more heterogenous interstial voids among the
streambed substrate; more voids for orgamic
particulates to accumulate and be processed in;
increased intragravel water circulation in
surficial layers of the streambed substrate; and
potentially better habitat for detrital processing
microbes and some types of benthic invertebrate
organisms.

Minimal and/or reduced primary productivity and
perhaps productivty at all trophic levels is an
expected effect of the altered sediment and
turbidity regime in the reservoir and in

riverine habitats downstream which are chromnically
inundated by turbid discharges.

- Effects of Changes in Other Water Quality Habitat
Factors (%¥)

During the filling of Stage 1 release waters will
likely contain lower dissolved oxygen
concentrations than are normally found in the
middle river reach, because releases through the
diversion tunnel will be from water near the
reservoir bottom. However, the oxygen deficit of
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the water near the bottom of the reservoir in Stage
I is not expected to be high due to the small size
of the reservoir, the volume of freshwater inflow,
mixing effects caused by the low level outlet works
and wind and waves and the weaker stratification
during filling than during normal operation.
Additionally reoxygenation of this water, however,
will occur naturally as it passes downstream
through the turbulent upper reaches of Devils
Canyon rapids.

Stage I reservoir filling discharges will contain
substantial quantities of -organic detritus from the
newly inundated impoundment. Some of this organic
detritus may have substantial food value for
macroinvertebrate communities downstream. However,
such an enhancement in downstream drift of
allochthonous detritus from:the upstream reservoir
will be temporary and rather short-lived, perhaps
decreasing within 1-5 years.

Other water quality changes occurring in the open
water or ice covered seasons due to Stage I Watana
Reservoir filling are not expected to produce
biologically important impacts to fisheries
habitats downstream. It is anticipated that highly
turbid conditions will substantially restrict
reservoir and mainstem river euphotic zones thereby
minimizing any detrimental effects due to project
induced changes in nutrient concentrations. No
biologically important changes in oxygen
concentration are anticipated for surficial depths
of the reservoir(s) or riverine habitats
downstream. Detrimental biological effects are not
expected to occur in the project reservoir(s) or in
riverine habitats downstream due to project induced
changes in dissolved nitrogen or in total dissolved
gas concentrations, Basic ionic changes in water
quality which will be caused by the project are not
expected to be detrimental to the fisheries habitat
in the reservoir or in downstream riverine habitats
(see discussions of water quality in Exhibit E,
Chapter 2}.

(iii) Talkeetna to Cook Inlet (*)

- Effects of Altered Flow Regime (*)

Discharge in the lower river (Talkeetna to Cook
Inlet) during the initial filling will be reduced
by approximately 10,000 cfs to 20,000 cfs during
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May, June, July and August. The largest reduction
in flow will occur in June with a reduction of
approximately 15,000 cfs to 20,000 cfs.

Natural mean discharges in the lower river, as
measured at the USGS Sunshine gaging station during
the six month filling period are as follows:

May - 28,000 cfs, June - 63,000 cfs, July -
64,000 cfs, August — 56,000 cfs, September -
33,000 cfs, and October - 14,000 cfs.

During filling the mean discharge during these
months will be as follows: May - 19,000 cfs,

June - 44,000 cfs, July — 52,000 cfs, August -
47,000 cfs, September - 26,000 cfs, and October -
13,000 cfs. Similar reductioms in discharge at the
USGS Susitna Station will also result from the
filling Stage I Watana. However, the percent
reductions will be- less since mainstem discharge at
Susitna Station is greater than at Sunshine Station
(see Exhibit E, Chapter 2, Section 2).

. Effects on Principal Evaluation Species/Habitat
Combinations (¥¥)

.. Chinook Salmon Rearing Habitats (¥%)

As discussed for chinook rearing habitats in the
middle reach, the initial filling of the Stage

I Watana Reservoir will be the first major
effect of the project on fish species in the
lower river. Eighteen sites were evaluated

for chinook rearing habitat availability using
either the IFG-PHABSIM or the RJHAB models
described in Section 2.2.3.d (ADF&G 1985¢c).
These sites are located in side channel-side
slough complexes or at tributary mouths.

Results of these models are presented in ADF&G
(1985¢). The results are reprinted here as
Table E.3.2.70 and Figure E.3.2.73. The effects
of the flow reductious due to filling Stage I
Watana Reservoir can be estimated on a
qualitative basis by comparing the habitat
values for natural and filling flows at each
site. A summary of the expected changes induced
by the filling flows is presented in Table
E.3.2.71. - As shown in Table E.3.2.71, various
responses of chinook rearing habitats to the
altered flows in the lower river are expected
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during the filling process. Some habitats will
improve as a result of filling flows and other
habitats will deteriorate. Overall, it is
expected that the bemeficial and adverse

effects will be approximately equal with no net
loss of juvenile chinook rearing habitat through
the filling period.

Tributary mouth habitats, which are heavily used
by juvenile chinook in the lower river (ADF&G
1985¢), will likely be more seriously affected
by the reduced discharges during the filling
period. The principle cause for the adverse
effects will be the loss of backwater effects in
the tributary mouths which provide greater
depth. Apparently, juvenile chinook utilize
deep, clearwater areas with undercut banks or
overhanging vegetation more extensively in the

. lower river than in the middle river (ADF&G

1985¢c). Weighted Usable Area analyses for
tributary mouths increases markedly between
mainstem discharges of 45,000 cfs and 60,000
cfs. This effect will be partially compensated
for by tributary flows which will not be
affected by the project. Observations and data
from tributary mouths were collected at times
when both mainstem and tributary discharges were
low. Data were not collected under situations
of low mainstem discharge and high tributary
discharge. It is probable that under such
conditions the habitat availability for juvenile
chinook would be greater than is indicated from
the habitat vs. flow relationships depicted in
Figure E.3.2.73 for tributary mouth habitats.

Chum Salmon Spawning Habitats (**)

A relatively few chum salmon have been observed
to spawn in areas associated with the mainstem
in the lower river. In 1984, a total of 12
sites were identified that were used by chum for
spawning (ADF&G 1985b). The most significant of
these sites is located on the west side of the
river at RM 94.5 immediately upstream of the
mouth of Trapper Creek. An estimated total of
3,000 to 5,000 fish were observed to spawn in
mainstem or side channel habitats in the lower
river in 1984, This is less than 1 percent of
the total number of fish estimated to migrate
past the Sunshine Statiom.
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As discussed above for chum spawning areas in
the middle river, changes to the discharge
regime associated with filling the Stage I
Watana Reservoir are not expected to adversely
affect the spawning habitats utilized by chum
salmon.

. Effects on Other Evaluation Species/Habitat

Combinations (¥*%)

All five species of salmon entering the Susitna
River migrate through the lower river on their
way to spawning areas. Since salmon are able to
migrate under a wide range of flow conditions,
changes in discharge resulting from filling of
Stage I Watana Reservoir are not expected to
affect migratory behavior of the salmon.

Rearing habitat for juvenile sockeye, coho and
chum salmon in the lower river will be affected
by the changes in discharge as described for
juvenile chinook rearing habitats. The affects
to the habitats, however, are not expected to
significantly affect the respective populations
of juveniles. The majority of juvenile sockeye
rearing in the -Susitna Basin occurs in lake
habitats which have outlet streams which flow
into tributaries of the Susitna River. Principle
sockeye rearing habitats are located in the .
Chulitna, Talkeetna and Yentna River subbasins
which will not be affected by the project.
Juvenile coho generally utilize small clearwater
tributaries that will not be affected by changes
in mainstem discharge. Rearing of juvenile chum
salmon apparently does not occur in the lower
river to a large extent as evidenced by the lack
of increased size between juvenile collected at
the Talkeetna Station and those collected at the
Susitna Station (ADF&G 1985¢).

During the filling period, rainbow trout, Dolly
Varden, and Arctic grayling will be utilizing
tributary habitats and, therefore, will not be
affected.

Burbot inhabiting the lower river are not
expected to be adversely affected by the changes
in discharge resulting from the filling of Stage
I Watana Reservoir. The expected discharges
during the filling period will be within the
range of discharges occurring in the lower river
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under natural conditions, and sufficient deep,
quiescent areas will be available for the burbot
populations as described for the middle river.

- Effects of Altered Temperature/Ice Regime (#%%)

Because little to no change in water temperature is
expected during the filling of Stage I Watana and
the initial winter of operation, no effects on the
evaluation species are anticipated. Migration of
adult salmon to spawning areas, incubation of
salmon embryos, rearing of juvenile salmon in
mainstem affected areas (side channel complexes and
tributary mouths), overwintering of juvenile
salmon, and out-migration of juvenile salmon are
expected to remain the same as for natural
conditions. Similarly, rearing of rainbow trout,
Dolly Varden and burbot, spawning of adult burbot
and incubation of burbot embryos are expected to
remain the same as for natural conditions.

Effects of Altered Suspended Sediment Regime (#%%)

Below Talkeetna, water from the middle reach of the
Susitna will mix with other tributary flows.

Little difference from natural conditions will be
demonstratable in lower river suspended sediment
concentrations or turbidity during June, July and
August during Stage I Filling. -

Late August, September and October flows, under
natural conditions, would begin to clear
dramatically. Stage I Filling flows will continue
to be relatively turbid compared to natural flows.
High turbidity is expected to minimize primary
productivity in constantly turbid aquatic
habitats. '

No biologically important effects due to an altered
suspended sediment regime are expected to occur in
the lower river, during Stage I Filling, with
respect to fish because of continuing effects from
other tributartes.

Effects of Changes in Other Habitat Factors (¥¥%)

Other important water quality changes in the lower
river during Stage I Filliug are not anticipated
because of dilution effects from other tributaries.
Therefore, no effects on aquatic organisms are
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(c)

anticipated which could be attributable to such
changes. - :

(iv) Estuary at Cdok Inlet (#*#%%)

- Effects of Changes in Suspended Sediment
Regime (#%%)

Demonstrable changes in suspended sediment regime
are not expected at the Susitna River estuary due
to Stage I filling until September and/or October.
Beginning during the fall of 1996, slight to
moderate suspended sediment and turbidity increases
may be expected because of continuously turbid
discharges from the low Watana reservoir, These
increases will be minimal because of substantial
dilution by major upstream tributaries. - Effects on
the estuary are expected to be mostly confined to
mild fertilization due to the nutrients associated
with particulates.

~ Effects of Altered Water Quality Due to Stage I
- Filling (%%%)

Because of substantial dilution by the Chulitna,
Talkeetna, Kashwitna, Deshka, Yentna and other+ =
tributaries, no biologically important water
quality changes are expected in the Susitna River
estuary during Watana Stage I Filling.

Operation of Stage I Watana Dam (*%)

Operation of the Stage I Watana Dam will substantially alter
the existing habitat conditions upstream and downstream

from the dam. The changes attributable to Stage I will
result from operation of the reservoir and from releases
from the dam to meet energy demand requirements throughout
the year. The impacts associated with the operation of
Watana Dam are described below by river reach: impoundment
zone, middle river and lower river.

(i) Effects of Stage I Watana Reservoir Operation (%%)

When Stage I Watana Reservoir is filled and becomes
operational, the reservoir will have a surface area
of approximately 20,000 acres (8,100 ha) at its
normal maximum water surface elevation of El. 2000
ft. At the normal maximum water surface elevation,
the reservoir will inundate approximately 40 miles of
mainstem habitat, approximately 15 miles of tributary
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habitat and 11 lakes and ponds ranging in size from
less than one acre to approximately 5 acres.

Seascnal variations in the surface area of the
reservoir will occur as a result of project
operation. The reservoir will be filled to the
normal maximum operating water surface elevation of
2000 ft. MSL by the end of the summer (approximately
by September 1), During the winter months (beginning
approximately October 1), the reservoir will be drawn
down because power release flows will be in excess of
inflow to the reservoir. Drawdown will continue
until approximately May 1, when the summer refill
period will begin. The maximum drawdown of the
reservoir by the end of April will be 150 ft. below
el. 2000 or to el. 1850 ft. At el. 1850 ft., the
reservoir will have a surface area of approximately
12,000 acres. During the winter months, the average
rate of drawdown of the water surface elevation will
be approximately 0.7 ft. per day. Refilling of the
reservoir will begin at the onset of the open water
period, approximately May 1. If refilling is
complete by the end of August, the average rate of
rise in water surface elevation will be approximately
1.3 ft. per day. A schematic of the drawdown-refill
cycle for the Stage I Watana Reservoir is. presented
as Figure E.3.2.74.

- Effects to Mainstem Habitat (#%)

Impoundment of the Susitna River by Watana Dam will
alter the physical characteristics of mainstem
habitats and consequently affect the associated
fishery resources. Burbot, longnose sucker, and
whitefish generally occupy mainstem habitats
year-round. Arctic grayling use mainstem habitats
for overwintering (ADF&G 1981f, 1983b).

Mainstem habitats would be eliminated by the
impoundment and replaced by a reservoir
enviromment., The expected physical characteristics
of the reservoir are presented in Exhibit E,
Chapter 2, Section 4.1.1

Water quality conditions expected in the reservoir
are discussed in Exhibit E, Chapter 2, Section
4.1.3,c and are not expected to preclude fish
utilization of the reservoir area.
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At present, mainstem habitats are utilized by bur-
bot during the open-water season. Longnose sucker
and whitefish generally occupy mainstem habitats
only in the vicinity of tributary mouths (ADF&G
1981f, 1983b). Burbot, longnose sucker, and
whitefish are found in glacial lake environments in -
south-central and southwestern Alaska (Bechtel
Civil and Minerals, Inc. 1981; Russell 1980).
Since these fish are associlated with habitats
similar to those that will be present in the
reservoir, conditions within the reservoir during
filling are not expected to adversely affect these
species., Thus, these species are expected to
utilize the reservoir habitats year-round after the
reservoir is filled,

Burbot are found throughout interior Alaska and
inhabit both rivers and lakes. They generally
prefer low light conditions and are often
associated with turbid water environmments. The
Watana Reservoir should offer suitable habitat for
burbot,. However, burbot spawn in relatively
shallow water (1-5 ft) over sand, gravel and stone
substrates, Eggs settle to the bottom where they
develop (Morrow 1980). Since spawning occurs in
January and February, it is likely that some burbot
will spawn in shallow areas of the reservoir at a
time when the reservoir is being drawn down. As
the reservoir is drawn down further, the eggs may
become dewatered and either dessicate or freeze.
This will result in a reduced recruitment rate to
the population. A few burbot may move into the
upper Susitna or QOshetna River to spawn (Morrow
1980); however, mark-recapture studies indicate
that burbot are rather sedentary (ADF&G 1983b,
Morrow 1980).

A burbot population is expected to remain in the
reservolr area, and could expand over existing
populations. However, the densities are expected
to remain low due to reduced recruitment and
reduced food supplies., Because this species is unot
highly sought by fishermen, any reduction in
population density is mot considered significant
and, therefore, does not warrant mitigative

action.

Burbot spawning areas may be located in mainstem
habitats near tributary mouths, These areas will
be inundated during the first year of filling,
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eliminating their present value as spawning areas.
Since the habitat in the vicinity of tributary
mouths would be changing rapidly, it is unlikely
that stable spawning areas (similar to those
presently existing) would develop during reservoir
filling., The loss of spawning habitat is expected
to adversely affect burbot production in the
proposed impoundment.

Water depth, water quality, and food availability
are critical factors associated with overwintering
habitat (Bustard and Narver 1975; Tripp and McCart
1974). The reservoir is expected to provide
adequate depth and water quality conditiomns for
overwintering fish. Species which currently
overwinter in mainstem habitats are Artic grayling
and Dolly Varden. Suspended sediment
coucentrations in the impoundment are expected to
be tolerable for fish, although considerably higher
than existing suspended sediment concentrations in
the mainstem Susitna River during the winter.
Particles less than 5 to 10 microns in diameter are
expected to remain in suspension (Exhibit E,
Chapter 2, Section 4.1.3(c)(iii)). Overwintering
fish in lake habitats with suspended glacial flour
lavels similar to those expected for the Watana
Reservoir are reported from other azreas (Russell
1980; deBrugn and McCart 1974). When filled, the
reservoir will increase the amount of habitat
having suitable conditions for overwintering £ish,
The increase in overwintering habitat may have a
beneficial impact on fish resources of the upper
Susitna basin above the Watana Dam, if lack of
available overwintering habitat presently limits
fish populations in the area.

Winter reservoir water temperatures may increase
the quality of overwintering habitat in the upper
Susitna basin. Reservoir temperatures in the top
100 feet (30 m) are expected to be in the range of
0°C to 3°C (33.8 to 35.6°F) (Exhibit E, Chapter 2,
Section 4.1.3.c.i.). Present winter water
temperatures in mainstem habitats in the proposed
impoundment area are near 0°C (32°F). These warmer
water temperatures may benefit fish by increasing
overwinter survival. During the winters of
1981-1982, 1982-1983 and 1983-1984, fish inhabiting
the middle and lower river apparently sought out
water with warmer temperatures (ADF&G 1983e,
1985a). Other investigators have reported that:
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fish prefer warmer water areas in the winter (Umeda
et al. 1981).

Effects on Tributary Habitats (%%)

Stage 1 Watana Reservoir will inundate portions of
four named tributaries: Deadman, Watana, Kosina,
and Jay Creeks (Figure E.3.2.71.) At the maximum
surface elevation of 2000 ft. MSL, the reservoir
will extend into the tributaries various distances,

. depending upon the location of the tributary

confluence with the river or reservoir and the
gradients of the tributary streambeds. The
locations, lengths and gradients of tributaries
affected by the Stage I Watana Reservoir are
summarized in Table E,3.2.72. Because of the
annual drawdown-refill cycle, certain portiomns of
the inundated tributary reaches will altermately
exhibit tributary or reservoir characteristics,
Assuming a maximum reservoir drawdown of 150 fE,
the approximate lengths of tributaries within the
drawdown zone are generally less than 2 miles,
These are presented in Table E.3.2.72. Lengths of
tributary reaches which will be permanently
inundated, i.e. not within the drawdown zone, are
also presented in the Table.

All of the four named tributaries are inhabited by
Arctic grayling populations which will likely be
adversely impacted by the Reservoir. The initial
filling and annual refilling of the reservoir will
begin in May each year. This coincides with
grayling spawning activities in the lower portiouns
of the clear water tributaries, Arctic grayling
spawn during spring breakup, with embryo incubation
lasting 11 to 21 days (Morrow 1980). Spawning
areas in the lower portions of the tributaries will
be inundated in May and June during the initial
filling of the reservoir. During reservoir
operation, artic grayling will spawn in the
tributaries upstream of the reservoir surface
elevation in May and June, Siace the reservoir is
at its minimum level during this time and will
begin to rise as the summer high flows are stored,
some of the spawning sites will be inundated prior
to their hatching. Hence, only those spawning
areas sufficiently far upstream from the reservoir
that the embryos hatch before the area is inundated
will provide a source of recruitment for the
grayling population.
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Arctic grayling depend on tributary habitats for
summer rearing areas. Grayling are not expected to
occupy reservoir habitats during the summer as they
are not found in lake habitats with turbidity
levels similar to those projected to occur in the
reservoir (Russell 1980). (See Exhibit E, Chapter
2, Section 4.1.3(c)(iv) for projected impoundment
turbidity levels). Under existing conditioms,
grayling population densities in tributaries range
from 323-1835 fish per mile (Table E.3.2.24, ADF&G
1981£, 1983b). The total number of Arctic grayling
estimated to occur within the Stage I impoundment
area is approximately 11,000 fish. Grayling
occupying tributary habitats inundated by the
reservoir will likely be lost because of lost
rearing habitat. A small percentage of these
grayling are expected to remain in the reservoir
near tributary mouths,

Approximately 2 miles (3.2 km) of Deadman Creek
will be inundated by the reservoir at full pool.
Presently, a waterfall located about 1 mile

(1.6 km) upstream from the mouth prevents upstream
fish migration. The reservoir will inundate this
barrier and allow fish passage to the upper Deadman
Creek and Deadman Lake. Since the available
habitats in Deadman Creek are presently occupied by
grayling, the inundation of this barrier is not
expected to improve grayling production in upper
Deadman Creek,

Dolly Varden will be only slightly affected by the
inundation. Dolly Varden occupy a wide range of
habitat types in south—central Alaska including
glacial lakes with a wide range of water quality
(Russell 1980). 1In the project area, Dolly Varden
occupy tributary habitats during the open-water
season and, after spawning, return to the mainstem
to overwinter, It is anticipated that Dolly Varden
will occupy reservoir habitat year-round.

Dolly Varden spawn in the fall, the embryos
incubate through the winter, and the alevins emerge
in the late spring. Although the reservoir will be
drawn down during the spawning and incubation
period, any spawning areas available in the fall
would not be affected since the areas will be in
tributaries upstream of the reservoir.
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- Effects on Lake Habitats (¥%%)

Eleven lakes and ponds will be inundated by the
Stage I Watana Reservoir. The only pond known to
be inhabited by fish is located on the floodplain
along the left side of the Susitna River (looking
downstream) near the mouth of Watana Creek. The
pond is inhabited by a population of Dolly Varden.
However, no informatiom is available pertaining to
the size of the population. The Dolly Varden
present in this pond will probably respond to
inundation similar te the populations inhabiting
the tributaries.

Watana Dam to Talkeetna (#*%)

- Effects of Altered Flow Regime (#%%).

Operation of the Stage I Watana Dam is expected to
begin in Qctober of 1998 with the first commercial
operation of the first generating unit. The
project will become fully operational with the
commissioning of the fourth generating unit in

the summer of 1999, OQOnce the project becomes
operational, the discharge regime downstream from
the project will be altered from the filling regime
and the natural discharge regime. In general,
operation of the project will result in lower than
natural discharges in _the river during the period
May through September, and, higher than natural
discharges from October through April.

In additiom to changing the general discharge
regime through the year, a further change will be
the reduction of peak flood events., As described
in Exhibit E, Chapter 2, flood event peaks are not
expected to be as high but may be of longer
duration due to the storage capacity and operation
guidelines of the reservoir.

Discharge from the Watana Dam is constrained, on
the one hand, by the Case E~VI flow constraints
defined for discharge requirements at Gold Creek.
On the other hand, discharge and, thereby, energy
production from Watana Dam are counstrained by the
storage capacity of the reservoir, Within these
constraints, discharge from the dam and at Gold
Creek will be dependent upon the energy demand in
the system, the capacity of the units to generate
power, and the amount of water available. Although
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it is expected that as energy demand grows from
early years of Stage I operation, discharge should
also increase, particularly during the winter
months, and, consequently, summer discharges should
decrease commensurate with a larger drawdown of the
reservoir, However, because Stage I Watana
Reservoir has a limited storage capacity, the total
energy production capacity of the Stage I project
is limited. As discussed in Exhibit B, energy
demand in the system during Stage I operation is
expected to grow from approximately 4,520 gigawatt
hours (GWH) to approximately 4,760 GWH from 1999 to
2004, Energy production from the project, however,
will grow from approximately 2,280 GWH to
approximately 2,310 GNH. Therefore, the flow
regimes for Stage I operation may be represented by
those associated with an average demand of -
approximately 4,670 GWH and an average energy
production of approximately 2,300 GWH. The average
weekly discharges at Gold Creek for the 34 years of
record are presented in Exhibit E, Chapter 2,
Section 4.1.3. The mean, minimum, and maximum
average monthly flows at Gold Creek for the
observed 34 years of record for the natural and
Stage I flow regimes are presented in Table
E.3.2.73. The average monthly and mean average
monthly discharges were derived from the average
weekly discharges for natural conditions and Stage
I operation. Habitat analyses described below were
conducted using the weekly average discharges for
the 34 years of record.

To determine the effects of the altered flow regime
on aquatic resources, it is necessary to translate
the weekly average discharge values to
corresponding weekly average habitat area values,
This translation is based on the habitat area
response curves presented in Section 2.2.3.e.
Probability of occurrence curves (percent
exceedence curves) and time series (sequential)
analyses of the resulting habitat area values were
prepared and compared with the percent exceedence
and time series analyses results presented in
Section 2,2,3.f to determine the expected effects
of the altered flow regime. For the purposes of
this presentation, only the probabilities of
occurrence (percent exceedence) values are
presented with some reference to the time series
analysis,
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. Effects on Principal Evaluation

Species/Habitat (¥%)

.. Juvenile Chinook Rearing Habitats (%%)

As described in Section 2.2.l.a, juvenile
chinook salmon inhabit mainstem affected areas
in the middle river throughout the year.
Throughout the summer, open-water months, the
juveniles in the mainstem affected areas occupy
habitats which are commonly characterized as
having turbid water. Densities of juveniles

in turbid water areas are generally more than
twice those in clear water habitats (ADF&G
1984c). During the ice-covered period, juvenile
chinook are found in the greatest concentration
in areas influenced by groundwater upwelling.
Because of these differences in habitat
utilization between summer and winter months,
the analysis of the effects of the altered flows
associated with Stage I operation is separated
into the two periods. Focus for the open water
season will be for the period June through
September and focus for the ice-covered season
will be for the period November through April.
The months of May and October correspond to the
transition from winter to summer counditions and
from summer to winter conditions in both the
natural and Stage I operation flow regimes.

The probability of occurrence and frequency
analysis of the weekly average habitat areas is
based on the translation of weekly average
discharges in the 34 years of record to weekly
average total habitat areas. Total habitat

area values for each weekly average discharge
are derived from the total habitat area response
curve presented in Table E.3.2.46 and Figure
E.3.2.57. TIn addition, flows were translated to
habitat areas included in Representative Groups
2,3, and 4, The translations using this subset
of the representative groups were made because
these groups represent the types of habitats
which are currently most heavily utilized by
juvenile chinook (particularly Representative
Groups 2 and 3) and those expected to be most
similar, under project conditions, to those
currently utilized. The habitat response curve
for this subset of Representative Groups is
presented in Table E.3.2.46 and Figure E.3.2.58.
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Translations of the weekly average flews to
Translations of the weekly average flows to
habitat areas in each of the respective
Representative Groups were not made, Therefore,
the differences in habitat areas between natural
and with-project discharges incorporate the
replacement of habitat areas lost in one group
of sites by habitat areas gained in another
group of sites., Thus, the observed differences
presented below represent the net changes in
chinook rearing habitat areas attributable to
Stage I operation for the open water season,

During Stage I operatiom, the median total
habitat area for chinook rearing in the 34 year
simulation during the summer months is expected
to be nearly the same as the median total
habitat area available under the natural flow
regime., The median habitat area values (i.e,.
the 50 percent exceedance values) for the Stage
I flow regime and the natural flow regime for
each week are presented in Table E.3.2.74. Also
presented in the table are the 90 percent and _
10 percent exceedance values for the Stage I and
the natural flow regimes. These values are
dipicted graphically on Figure E.3.2.75.

Habitat areas expected to be equalled or
exceeded 10 percent of the time under the Stage
I flow regime during the first half of the
summer are somewhat less than the areas egualled
or exceeded 10 percent of the time under the
natural flow regime. However, by mid-summer,
i.e. by Calendar Week 30, the range of values
for available chinook rearing habitat area under
the Stage I flows is nearly the some as under
natural flows. Two points must be emphasized
with respect to the apparent reductiom in the
available habitat areas for the first part of
the summer. First, as indiecated in Figure
E.3.2,37, juvenile chinook generally do not
become prevalent in mainstem affected areas
until the first part of July. Thus, reductions
in available habitat area during the earlier
time period will not affect the populations.
Secondly, the results of this analysis indicate
only the total equivalent surface area which is
suitable for chinook rearing and does not
necessarily mean that juvenile chinook will use
all of the suitable habitat area available.

E-3-2-146

o

-



—J

5

s

r
A

S S e S i S e

e
J

(-

o

J

T
.

S R —

) T

M

S

851021

The reduction in the habitat area equalled or
exceeded 10 percent of the-time, evident during
the first weeks of the summer, is due primarily
to the Fact that Stage I discharges in the early
summer weeks are not sufficiently great to
achieve the peak habitat area values present in
Representative Groups 2, 5 and 8 (See Figure
E.3.2.56). With the exception of Representative
Group 2, groups which provide optimum habitat
area at discharges greater than approximately
25,000 cfs (e.g. Representative Groups 5 and 8)
are not known to be heavily utilized by juvenile
chinook for rearing under natural conditions.
Therefore, the apparent reduction of habitat
area in these groups, reflected in a total
habitat reduction, is not expected to affect the
juvenile chinook populations.

In contrast, by comnsidering only the habitat
areas included in Representative Groups 2, 3 and
4 (Figure E.3.2.58), it is evident that habitat
currently used extensively by juvenile chinook

~will iancrease as a result of the Stage I flow

regime. Habitat areas representing the 90, 50,
and 10 percent exceedance wvalues for the three
representative groups are presented in Table
E.3.2.75 and depicted in Figure E.3.2.76. the
values for the natural flow regime are presented
for comparison. The major cause for the
expected increase in habitat area is that
considerable habitat is present in sites
included in Representative Group 4 at lower
discharges, in the range of project flows, than
is present at higher discharges in the range of
natural flows. Although the habitat areas that
are used by juvenile chinook under natural
conditions (i.e. 1in Representative Groups 2 and
3) may be lost due to the lower discharges
associated with Stage I operation, habitat areas
in Representative Group 4 sites will be gained,
Hence, lost habitat areas used by chinook
juveniles under natural flows will be replaced
by suitable habitat areas in other sites.

A further characterization of the estimated
habitat areas under the Stage I flow regime is
that the range of variation in habitat area from
week to week and from year to year is relatively
narrow as shown in the figures. Comparison of
the range of habitat areas for natural
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conditions, also presented in Figure E.3.2.74,
with those expected during Stage I operation,
indicates that under the project flow regime,
even though the total chinook rearing habitat
areas will be less than under the natural flow
regime, the habitat areas will be more constant
through time. This is also true for the
Representative Groups 2,3, and 4, The range of
habitat areas included in all sites and included
in Representative Groups 2, 3, and 4 under the
natural flow regime are superimposed on the
respective ranges of habitats under the Stage I
flow regime in Figures E.3.2.75 and E.3.2.76 for
comparison, Based on this analysis, it is
evident that the primary goal of the Case E-VI
flow regime to maintain the chinook rearing
habitat is achieved. 1In fact, the chinook
rearing habitat expected to be available in the
three representative groups during Stage I
operation will be greater than that available
with the natural flow regime.

During the winter, juvenile chinook generally
move into areas influenced by groundwater upwel-
ling as described in Section 2.2.l.a2.i. Because
mainstem discharge during the winter months will
be greater during Stage I than under natural
conditions, the availability of clearwater area
in the areas which are currently used by juve-
nile chinook 1s expected to be greater during
Stage I. The increase in area used by chinook
for overwintering 1s expected even though the
mainstem is expected to be turbid. Turbid water
from the mainstem will not affect these over-
wintering areas (i.e. the side sloughs). Thus,
the clarity of mainstem water is not relevant.
The increase in clearwater area is expected both
as a result of the increased maiunstem discharge
causing increased backwater areas at the mouths
of clearwater channels, and as a result of
increased rates of groundwater upwelling (APA
1984¢g). Since clearwater overwintering habitats
are expected to be more extensive during Stage I
project operation, juvenile chinook surwvival is
also expected to be greater.

However, a factor which could offset this
expected increased survival is the effect of ice
processes associated with the Stage I discharge
and temperature regime. Given the Stage I
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discharge regime, formation of the ice cover is
expected to begin somewhat later than. under
natural conditions. The formation of an ice
cover will cause the water surface elevation to
increase significantly, This process is
discussed in more detail in Exhibit E, Chapter
2, Sectiom 4.1.3.c.ii, by HE (1984a), and by R&M
(1984, 1985b). Staging of the water surface
would be sufficient to cause diversion of
mainstem discharge into clearwater habitats used
by juvenile chinook during the winter months.
The diversion of 0°C mainstem water into these
habitats would increase the mortality of
juvenile chinook because 0°C water will reduce
the ability of the juveniles to maintain their
positions and the increased velocities
associated with the diversion of water into the
channels would tend to displace the juveniles
downstream, out of the sites. 1In additiom, it

-is expected that mainstem discharge will remain

turbid through the winter months. Hence,
diversion of turbid water into the overwintering
areas could cause reduced survival of the
juvenile chinook due to increased physiological
stress., However, this is not expected to be
significant. :

The ice front is expected to progress only part
of the way up the middle river, with some of the
reach remaining ice free, Chinook juveniles in
sites within the ice—free reach are expected to
exhibit higher survival rates than those in
sites within the ice covered reach. In the
absence of mitigation efforts designed to
protect peripheral habitats, overtopping of the
overwintering habitat sites in those areas
influenced by an ice cover could result in a
generally adverse effect om juvenile chinook.
However, in general, survival of overwintering
juvenile chinook is expected to increase under
the with-project flow regime.

Chum Spawning Habitats (%%)

As described in Section 2.2.1.a, chum salmon
spawn during August and September each year.
During Stage I operation, discharge at Gold
Creek will increase over the previous months
(June and July) because the Stage I Watana
Reservoir will be filled. Therefore, most of
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inflow to the reservoir will be discharged
downstream either through the turbines or
through the outlet works. As indicated in Table
E.3.2.73, mean discharge at Gold Creek will be
approximately 18,000 cfs in August and
approximately 14,000 cfs in September as
compared with mean flows of 22,000 cfs and
13,000 cfs, respectively, under the natural flow
regime. Because the Stage I operational
discharges in August and September will be
similar to those under the natural flow regime,
access to traditiomal spawning areas used by
chum salmon in the mainstem are not expected to
be adversely affected, A summary comparison of
natural and Stage I operation access conditions
at several chum spawning habitats is presented
in Table E.3.2.76. Based on the mean average
monthly discharge at Gold Creek, access
conditions through six of the 24 passage reaches
evaluated will be adversely affected by the
Stage 1 flow regime in August whereas only one
passage reach will be adversely affected in
September. 1In general, major adverse effects on
access to chum spawning areas, particularly

_ through those passage reaches directly affected

by mainstem backwater, are not anticipated.

Analysis of the effects to chum spawning
habitats was performed using the habitat area
response curve developed for the modeled sites
(Table E.3.2.47 and Figure E.3.2.59). Sites
included imn this curve provide spawning habitat
for over 70 percent of the adult chum which
spawn in non—tributary, mainstem-affected areas
in the middle river.

Translation of the simulated weekly average
discharges for the 34 years of record to weekly
average habitat areas using this curve was per-
formed and a frequency analysis conducted. The
analysis was conducted for simulated average
weekly discharges during August and September.
The habitat areas available in the modeled sites
expected to occur at least 90 percent, 50 per-
cent and 10 percent of the time are presented in
Table E.3.2.77 for the expected flows during
Stage I operation. Habitat areas in these sites
under natural flows are also presented for
comparison, These values are depicted
graphically in Figures E.3.2.77. Comparison of
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the median spawning habitat values obtained for
the Stage I operational flow regime with the
values obtained for the natural flow regime,
reveals several conclusions regarding the
effects of the Stage I operating regime under
the Case E-VI flow comstraints. Throughout
Stage I operations median habitat values will be
equal to or greater than the median values
present under natural flow conditioms. This is
most promounced for the last part of September
when natural discharge declines prior to the
beginning of winter. Discharge in the last part
of September with Stage I operating will be the
same as the optimum flows for chum spawning
habitat (approximately 14,000 cfs, Table
E.3.2.47).

Spawning habitat areas equalled or exceeded 90
percent of the time will also be greater during
Stage I operation due principally to the
reduction of high weekly average discharge
events which normally occur as a result of
storms. Discharge of the storm-related high
flow events through the reservoir will occcur
over a lomger period and will not reach the peak
levels observed in the unregulated river..
Similarly, naturally occurring-low flow events
near the end of September, which are associated
with low. habitat area values, will .be augmented
by the Stage I operation in response to the
minimum Case E-VI flow constraints and the need
to discharge water for power generation, The
overall effect of the Stage I operatiomnal flow
regime, then, is that more habitat area is
expected to be available for chum spawning and
the week to week and year to year variation in
the amount of spawning habitat area available
will be reduced.

A similar analysis of chum spawning habitat was
conducted during the aggregate habitat area
response curve for Representative Groups 2, 3
and 4 presented in Table E.3.,2.48 and Figure
E.3.2.63. Using this habitat response curve,
somewhat different results are obtained.

Total habitat areas during Stage I operation for
chum spawning during August and September are
expected to decline somewhat from those
available under the natural flow regime. Chum
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spawning habitat areas in the three
Representative Groups, expected to be available
fifty percent of the time during Stage I~
operation, are presented in Table E.3.2.78.
Habitat areas expected to be equalled or
exceeded 90 and 10 percent of the time in under
the Stage I flow regime are also presented in
the Table., Similar values for natural flows are
also presented in the table for comparison.
These values are depicted graphically in Figure
E.3.2.78., Comparison of these values indicates
that the range of variation in the availability
of suitable spawning habitat for chum during
Stage 1 operation is less than the variability
observed for the natural flow regime. This is
due primarily to the reduction in flow variatiom
from week to week and from year to year during
the spawning period. Hence, although it is
anticipated that the total habitat area for chum
spawning in mainstem affected areas may be
reduced in the three Representative Groups,
spawning habitat area 1s expected to remain
relatively counstant through the spawning period
and from year to year as was observed in the
analysis using only the modeled spawning sites.

As described in Section 2.2.1.a, chum embryos in
mainstem affected areas are subject to
dessication and freezing as a result of reduced
discharge in the river during the October and
November period prior to ice cover-formationm.
Under Stage I project operation, discharge in
the middle river would be maintained at a
considerably greater discharge than under
natural conditions as indicated inm Table
E.3.2.73. As a result, embryos deposited in the
spawning areas are not expected to be as subject
to dessication and freezing (ADF&G 1985b). In
fact, water depths and velocities in the
spawning areas will be maintained at higher than
natural levels., It can be assumed that the
total spawning habitat area, as calculated using
the models and habitat criteria described above
and in Section 2.2.3, is also indicative of the
suitability of the area for iacubation: If the
area is suitable for spawning, it is also
suitable for incubation of the embryos. Thus,
calculations of the spawning habitat areas for
discharges in October and November may be used
to evaluate the availability of the areas for

E-3-2-152



“

R

S

7

P

pmrrim iy ey

851021

incubating embryos. Using this assumption,
estimates of incubation habitat loss or
reduction will be overestimated and estimates of
habitat gain will be underestimated. However,
this approach is useful as an index of the
effects of the altered flow regime or the
incubating embryos. Also, the use of open water
models to discuss incubatiom habitat areas under
project conditions can be justified, at least in
October and November, since it is expected that
the formation of an ice cover in the middle
river during project operation will not occur
until late November or December as discussed in
Exhibit E, Chapter 2 and when ice does form, it
will not progress as far upstream as under
natural flow conditions.

Total habitat area in the modeled sites
available for incubation in October and November
for the Stage T flow regime is presented in
Table E.3.2.79 and is depicted graphically in
Figure E.3.2.79. Values associated with the
natural flows are also presented for comparison.
Comparison of the Stage I values with the .
natural flow regime values indicates that
suitable habitat areas for incubation will be
much higher under project operation than under
natural conditioms. Hence, it is anticipated
that chum embryo survival will be enhanced .in
mainstem affected areas as a result of project
operation.

Similar results are obtained using the spawning
habitat response curve developed for
Representative Groups 2, 3 and 4 (Table
E.3.2.48 and Figure E.3.2.63). Spawning habitat
areas expected to be equalled or exceeded 90
percent, 50 percent and 10 percent of the time
in the three Representative Groups during Stage
I operation are presented in Table E.3.2.80 and
Figure E.3.2,80. Results of the analysis of
spawning habitat areas in Representative

Groups 2, 3 and 4 for the natural flow regime
are also presented in the table. Again, the
total spawning habitat available for incubation
of chum embryos in these sites will be greater
with the Stage I operating flows than with the
natural flows.
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As discussed in Exhibit E, Chapter 2, Sectiom
4.,1.3, ice cover in the middle river is expected
to form later than under comparable natural
conditions, 1In addition, the ice cover will not
extend as far upstream. Thus, upstream of the
ice fromt, chum salmon incubation areas are not
expected to be affected by overtopping of the
upstream ends of the habitats as a result of
staging of mainstem water surface elevations
associated with the ice formation process.
However , downstream of the ice cover, staging
and, therefore, the probability that a site will
be overtopped by mainstem water will be greater
than under natural conditions (see Exhibit E,
Chapter 2 Sectiocus 2 and 4.1 for a complete
description of the ice processes). The
.overtopping of a particular chum spawning/
incubation site would adversely affect chum
embryo development (ADF&G 1983m, Wangaard and
Burger 1983). Hence, although there is some,
gain in the expected survival of chum embryos
due to the maintenance of higher than natural
discharge in the river during the winter months,
the anticipated probability that sites located
downstream of the ice front will be overtopped
could eliminate the .anticipated gains. Overall,
in the absence of mitigation measures,to protect
the peripheral habitats, survival of chum
embryos in mainstem affected areas would be less
than under natural conditiouns.

. Effects on Other Evaluation Species/Habitat

Combinations (%%)

Baseline conditioms in the reach of the Susitna
River within the Devil Canyon impoundment zone
will be altered as a result of the Watana
facilities. The principal physical changes will
be the alteration of the flow regime, reduction
in the total suspended sediment loads during May
through September, moderation of the temperature
regime, and increase in the turbidity and
suspended sediment concentrations during the
winter months., In general, all of these regimes
will be changed from exhibiting considerable
extremes in magnitude between summer and winter
conditions to remaining relatively constant
throughout the year.
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Adult salmon generally do not use this reach of
the Susitna River for spawning; however, a few
chinook salmon are able to negotiate the rapids
within Devil Canyon and up to 20 spawning pairs
‘have been observed in both Cheechako and Chinook
Creeks (ADF&G 1983e, 1984h). 1In addition, five
to 10 individuals have been observed in Devil's
Creek and one spawning pair has been observed as
far upstream as Fog Creek (ADF&G 1985b).

The absence of the other salmon species in the
Devil Canyon impoundment zone and upstream is
apparently due to veloeity barriers at the rapids
within Devil Canyon. This is supported by radio
telemetry tracking results of chinook and chum
salmon adults and gill net captures of coho, chum
and pink salmon adults in the lower portion of
Devil Canyon. Radio tagged chinook and chum
salmon were tracked into the Devil Canyon reach
(ADF&G 1983m). These individuals subsequently
returned downstream to spawn. Movement of coho,
chum and pink salmon into the Devil Canyon reach
was demonstrated by the capture of adults of each
species at R{ 150.2 and 150.4 (ADF&G

1983m). Presumably, these fish would have
returned downstream to spawn, since none has been
observed upstream of the lower rapids area at the
Devil Canyon dam site, It can be inferred from
these results that farther upstream movements of
adult coho, pink, and chum salmon are largely
blocked by the rapids.

Because of the somewhat lower flows in this reach
during Stage I operation, it is expected that the
number of chinook salmon able to negotiate the
rapids in Devil Canyon will increase. In
addition, it is possible that individuals of the
other species may be able to gain access to
spawning habitats in Devil Canyon, Hence, during
Stage I operation an expansion of the use of
habitats upstream of the Devil Canyon Dam site is
expected.

As discussed under the effects of Stage I filling
flows on other evaluation species/habitat
combinations, no adverse effects to the upstream
migration of adult salmon are expected as a
result of the altered flow regime,
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Chihook, coho, chum and pink salmon adults that
spawn in tributary habitats will not be affected
by project discharges in the middle river.

Sockeye spawning and incubation habitats will be
affected by project flows similar to the effects
to chum spawning and incubation described
previously.

Juvenile coho and sockeye move into upland slough

sites (Representative Group 1) which are not
affected to a large extent by mainstem
discharge.

Qutmigration of juveniles of all salmon species
will not be affected by the altered flow regime
since there will be sufficient discharge in the
river to accommodate outmigration,

Rainbow trout, Dolly Varden and Arctic grayling

generally move into tributary habitats during the

-summer months and, therefore, will not be
affected by the altered summer flow regime.
Since discharge in the river during the winter
months will be greater under project conditions
than under natural conditions, it is expected
that more habitat with suitable conditions for
overwintering will be available for these

resident species. Some loss of habitat may occur

in the reaches of the middle river that form an
ice cover. However, since the ice cover will

form later than under natural conditions and will

not extend as far upstream, it is expected that
rainbow trout, Dolly Varden and Arctic grayling

survival will be greater under project conditions

than under natural winter flows. Burbot
populations in the middle river are not expected
to be adversely affected by project operation
since they commonly inhabit deep, low velocity
areas which will be maintained and possibly
increased under project flows.

- Effects of Altered Temperature Regime (¥¥%%)

Effects of the altered temperature/ice regimes
attributable to Stage I Watana operation may be
divided into two seasons: the summer open water
period and the winter ice covered period. As with
the discussion of effects of the altered flow
regime, each of these seasons is discussed with
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respect to the average flow and temperature regime
expected during Stage I operation.

Water temperature during the summer months is a
function of discharge from the reservoir,
temperature of the water at the dam, climatic
conditions and distance downstream from the dam.
Estimates of water temperature at various locatioas
downstream were made using results of the
reservoir operations model for determination of
discharge; results of the DYRESM model for
temperature at the dam; and results of the SNTEMP
instream temperature model which integrates the
results of the other models with climatic
conditions to predict water temperatures at various
locations downstream from the reservoir (HE 1985a,
AEIDC 198%4a, b, and c). The sensitivity of river
temperatures to extreme hydrological and

me teorological conditions and various project
operations is discussed in Exhibit E, Chapter 2,
Section 4.1.3(e)i: The selection of cases for
simulation is also discussed in that sectionm,

Instream temperatures for the summer months were
estimated using 1981 and 1982 discharge and
climatic conditions. Summaries of the instream
temperatures at various locations for the period
May through October using 1981 and 1982 climatic
and flow conditions for the Stage I energy demand
are presented in Tables E.3.2.8]1 and E.3.2.82,
respectively. Tables E.3.2.83 and E.3.2.84

present comparable instream temperatures for
natural conditioms. These estimates were based
upon the assumption that outflow temperatures were
to match inflow temperatures as nearly as possible
given the counstraints for operating the temperature
contrel ports of the intake structure, The
assumptions for estimating instream temperature are
discussed in detail in Exhibit E, Chapter 2.

During the winter months, discharge from the Watana
Reservoir will be considerably greater under Stage
I of the project than under natural counditions
(Table E.3.2.73). At the dam, temperature of the
water will be between 1°C and 3°C depending upon
the water surface elevation in the reservoir
relative to which port in the intake structure is
being utilized at the time and the preceding
climatic conditions. As the water surface is drawn
down through the winter, discharge temperature will
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gradually decrease. However, when the water
surface elevation is low enough to require use of
the next lower intake port, the temperature of the
discharge water will increase by approximately 1°C
followed by another gradual decline. This pattern
is depicted in Figure E.3.2,8l1 for the period
November through April assuming the inflows and
climate for the 1981-1982 winter.

Once the water is released from the reservoir,
water temperature will decline to 0°C at various
rates depending upon the air temperatures., As
depicted in Figure E.3.2.82, the zero-degree
igsotherm will occur at various points within the
middle river depending upon the time of year and
the particular climatic conditions. The depicted
location of the zero-degree isotherm- assumes
climatic conditions observed during the 1981-1982
winter months and discharges from the reservoir
during Stage I operation. In general, during cold
periods, the zero—-degree isotherm is located
further upstream whereas during relatively warm
periods, the zero degree isotherm is located
further downstream. Once the river instream
temperature becomes 0°C, formation of ice occurs as
described in Chapter 2 of Exhibit E. The ice cover
will begin to form in the middle river in December
and will progress upstream to approximately RM 139
by the end of January. The ice cover will then
begin to recede through the remainder of the winter
as the amount of solar radiation increases during
the late winter and early spring months. 1t is
expected that the middle river will be ice free by
the end of April (as depicted in Figure E.3.2.82).

Effects on aquatic habitats will occur during this
period as a result of water surface elevation i
staging described in Exhibit E, Chapter 2. The
principle changes in the temperatures and ice
regimes associated with operation of Stage I of the
Susitna Hydroelectric Project are:

0 Summer river temperatures at the Watana Dam
will be up to 3°C cooler in May than under
natural conditions, nearly the same as
natural in June, July and August, and up to
7°C warmer in October,

0 Summer water temperatures at Portage Creek
(RM 149) will be approximately 2-3° cooler in
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May, approximately the same in June, July and
August and up to 4.5°C warmer in October.

¢ Summer water temperatures at the downstream
end of the middle river, i.e. near RM 99 will
follow the same basic pattern but the
differences from natural conditions will be
reduced (See Tables E.3.2.81 through
E.3.2.84).

o During winter months, from November through
April, water temperature at the Watana Dam
outlet will be 1-3°C warmer than under
natural conditions (Figures E.3.2.81) and
will remain above 0°C for some distance
downstream (Figure E.3.2.82).

0 An ice cover will begin forming in the middle
river in December, reach its furthest
upstream extentr in January and will likely
recede to somewhere downstream of the middle
river by mid to late April (Figure
E.3.2.82).

o0 Because water released from Watana Dam
throughout the winter will be between 1° and
3°C, water temperatures upstream of the ice
front will be 0-3°C warmer than under natural
conditions,

. Effects on Principal Species/Habitat

Combinations (**)

.. Juvenile Chinook Rearing/Overwintering

Habitats (#*)

As described in Section 2.2.l.a.i, juvenile
chinook begin to move into the mainstem as Age
0+ fish sometime in June and July each year.

Age 1+ fish, which overwintered in tributary
habitats also move into the mainstem., During
June and July, it is expected that water
temperatures in the mainstem will be nearly the
same as under natural conditioms. Therefore,
rearing of juvenile chinook in side channel
habitats in June and July is not likely to be
affected by project induced temperature changes.
However, because warmer water temperatures are
expected in the mainstem from August through the
end of Cctober, it is expected that the Age 0O+
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juveniles will remain in side channel habitats
and continue to grow for a longer period than
under natural conditiouns. Once water
temperatures begin to decline to below 4°C,
juvenile chinook are expected to move into and
slough habitats to overwinter. It is expected
that juvenile chinook in the upper portions of
the middle reach (RM 130-RM 150) will begin
moving to side sloughs somewhat later in the
fall than chinook juveniles in the reach

between RM 99 and RM 130. The difference in the
timing of the movement to overwintering habitats
is due to the differences in temperature between
the upper and lower portions of the middle reach
shown in Tables E.3.2.81 and E.3.2.82,

As a result of the extended warm water period in
the fall, it is expected that the juvenile
chinook will begin the wiater, ice covered
period at.sizes similar to those attained under
natural conditions. An estimate of the
incremental increase in size cannot be made
given the information which is available. It is
possible that the sizes of Age 0+ fish in the
mainstem affected areas (i.e. side channels and
side sloughs) may approximate those attained by
juvenile chinook in tributary habitats (Table
E.3.2.10).

During late fall, juvenile chinook move into
side channel and side slough areas that are
normally oaly indirectly affected by mainstem
discharge and temperature, In side sloughs,
particularly, certain areas have water
temperatures which are greater than 0°C and may
attain temperatures approaching 4°C (ADF&G
1983e, 1985a) due to the presence of groundwater
upwelling. Mainstem areas, by contrast, have
0°C water temperature from prior to ice
formation until breakup (R&M 1984, ADF&G
1983e). Circumstantial evidence pertaining to
the behavior of the fish during winter months
indicates that the juveniles overwinter in or
near the substrates in the upwelling areas
(ADF&G 1983e, 1983m, 1984c; ARIDC 1984a, b, c).

In the side sloughs, overwintering juvenile

chinook may be affected by water temperature and
ice in the mainstem indirectly through the
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groundwater or directly as a result of the
staging of the mainstem water surface.
sufficiently to overtop the upstream end of the
sloughs. Increased water elevation (less than
that sufficient to overtop the upstream end of
the slough) tends to increase the rate of
upwelling in the sloughs and thereby provides
greater amounts of warm water (Exhibit E,
Chapter 2, Section 4.1.2(£)(ii)). This, in
turn, increases the likelihood that juvenile
chinook will survive through the winter.

On the other hand, if staging of the mainstem
water surface is sufficient to overtop the
upstream berm, significant amounts of 0°C,
mainstem water could be diverted into the
slough., At 0°C, metabolic processes of the fish
may be sufficiently low to prevent the fish's
ability to maintain their positions in even
relatively low water velocity areas. Thus,.the
diversion of 0°C mainstem water could cause the
juvenile chinook to.be flushed out of the side
sloughs and, thus decrease their probability of
survival. Under natural conditions, mainstem
discharge is quite low during the winter
(1500-2500 cfs) and. staging due to ice formation
seldom attains sufficient elevations<to overtop -
the upstream ends of the sloughs. However, with
Stage I of the Project, mainstem discharge will
be considerably greater during the winter
(5,000-12,000 cfs between November and March).
Simulation of the ice formation process under
natural and Stage I conditions indicates that
more side slough and side channel sites will be
overtopped downstream of the ice front (Table
3.2.85) and overtopping will be of a greater
magnitude than under natural conditions.
However, upstream of the ice front, staging due
to ice cover formation will be less under Stage
I than under natural conditions because no ice
cover is expected to form under Stage I flow and
temperatures.

Hence, the survival of juvenile chinook in all
side slough habitats in the winter months is
expected to increase as a function of the
increased rates of groundwater upwelling in the
sloughs., However, without mitigative measures,
this gain is countered by potential loss of the
habitats resulting from more likely overtopping
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of the upstream ends of the sloughs and
diversion of 0°C mainstem water into sloughs
downstream of the ice front.

In summary, altered temperature and ice regimes
attributable to operation of Stage I of the
Susitna Hydroelectric Project are expected to
have the following effects on juvenile chinook
salmon:

0o Delay in the onset of the summer rearing
in the mainstem due to lower than natural
water temperature in May.

o Prolongation of the summer rearing period
in the fall due to the persistence of
warmer water temperatures into the fall.

0 Increased overwinter survival due to the

delay in the formation of an ice cover and

higher mainstem discharge which maintains

higher rates of warm groundwater upwelling

in the side sloughs.

o The greater likelihood of overtopping of
the upstream ends of side sloughs due to

ice formationm and cover will cause loss of

juvenile chinook salmon from the side

sloughs 1f no mitigation efforts are taken

to protect these habitats.

.. Chum Spawning/Incubation Habitats (#*%)

As described in Section 2.2.2.a.iv, chum
spawning occurs in August and September of

each year in side channels, side sloughs and to
some extent mainstem habitats. During this
period, mainstem temperature will be
approximately the same under Stage I of the
Project as under natural conditions. Thus, the
principle factor governing the availability of
spawning habitat is mainstem discharge as

discussed in the previous section and no affects

due to an altered summer temperature regime are
expected during Stage I operation.

Incubation of chum embryos in the various
habitats begins with deposition of the eggs and
continues through emergence of the fry from the
gravels in March and April each year. During
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this period changes in the winter temperature
and ice regimes will affect the survival rates
of the chum embryos.

Under natural conditions, winter mortality of
chum salmon embryos have been estimated in both
field and laboratory conditions (ADF&G 1984c,
1985¢; Wangaard and Burger 1983). Survival of
chum salmon embryos from egg deposition to
outmigration of the juveniles is estimated to be
12 to 14 percent (ADF&G 1984c). This estimated
mortality is based upon the total estimated
number of eggs deposited in tributary, side
channel, side sloughs and mainstem habitats and
the estimated total number of outmigrants from
the middle river,

The causes of chum embryo mortality may be
partitioned to some extent to account for
effects of temperature and ice processes on
survival in side sloughs and side channels.
Mortality rates of Susitna River chum embryos
were estimated as part of a laboratory study of
the effects of temperature on development
(Wangaard and Burger 1983). Chum embroys were
incubated under four different temperature .
regimes varying from averages of 2°C to 4°C,
similar to regimes encountered in the field.
Recause of -the controlled conditions, the
observed mortality rates of 2-5 percent are
attributable either to the temperature or to
some other biological factor not associated with
the physical enviromment (i.e. disease, lack of
fertilization, genetic disorder, ete.). It is,
therefore, safe to assume that an approximate 5
percent mortality of chum embryos in the field
gituation could be attributable to similar
causes, Because of the nature of environmental
conditions, it is safe to assume that much of
the remaining mortality of chum embryos is
attributable to physical processes in the
habitat.

Two principal physical factors which could
account for a significant portion of the
estimated mortality are associated with mainstem
flow influences on the spawning habitats which
are in turn affected by ice processes in the
river, The two factors are; 1) dessication and
freezing of the embryos due to the reduction of
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mainstem discharge pricor to ice cover formation
(ADF&G 1985a); and, 2) reduced temperature in
the spawning areas resulting from staging of the
mainstem water surface and overtopping of the
upstream ends of the sloughs. Mortality due to
dessication and freezing was discussed
previously under the effects of the altered flow
regime,

When the upstream ends of side channels and side
sloughs are overtopped as a result of ice
formation and water surface staging, 0°C water
is diverted into the channels and may cause
water temperatures in the substrates to decline
to near 0°C. Depending upon the developmental
stage of the embryos at the time of an
overtopping event, the 0°C water may cause death
of the embryos or may cause developmental
abnormalities to. occur {(Wangaard and Burger
1983). Laboratory studies of salmon
developmental rates vs. temperature indicate
that sockeye embryos are especially sensitive to
thermal (cold) stress early in the developmental
process (Velson 1980, Bams 1967, Combs 1965).
Although not documented for chum embryos, it is
likely that the embryos are also susceptable to
low water temperatures during the early
developmental period., The increased mortality
and developmental abnormality rates observed by
Wangaard and Burger (1983), were.corroborated in
the middle Susitna River by observation of large
numbers of dead embryos, reduced fry size and
higher frequency of abnormalities in Slough 8A
following an overtopping event in 1982 (ADF&G
1983m), Embryos in other sloughs which were not
overtopped did not exhibit the large number of
dead embryos or abnormal fry. )

In contrast to the three factors discussed
above, a fourth factor, the effects of staging
on groundwater upwelling rates, likely

‘contributes to the survival of chum salmon

embryos. Upwelling groundwater benefits embryo
development by providing higher water
temperatures (2°C-4°C) in the spawning gravels,
more constant dissolved oxygen concentratioms,
and removal of fine sediments which may have a
detrimental effect onrn embryo survival.

Upwelling rates are at least partially dependent
upon mainstem water surface elevation (Exhibit
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E, Chapter 2, Secitons 2.4.4 and 4.1.2(£)(ii))
and staging of mainstem water caused by the ice
formation processes results in increased
groundwater upwelling rates which in turn
contributes to the survival of the embryos.

In summary, several factors associated with
winter flow and ice processes in the mainstem of
the Susitna River under natural conditions

af fect the survivorship of salmon embryos during
the incubation period. Factors which tend to
decrease survival are:

0 Reduced mainstem flow resulting in
dessication or freezing of the salmon
embryos; and

o Overtopping of the upstream ends of
sloughs and side channels diverting the
0°C water in to the sloughs and side
channels causing thermal {cold) stress to
the embryos,

A factor which tends to increase survival of
embryos 1s increased groundwater upwelling and
maintenance of higher water temperatures in the
gravels.

The changes in water temperature during winter
months resulting from operation of Stage I of
the project will have several effects depending
upon the particular location of the
spawning/incubation areas. As discussed
previously under the effects of the altered flow
regime, increased mainstem discharge will
maintain groundwater upwelling rates in the
sloughs at a higher level than under natural
conditions. Therefore, the warm groundwater
temperatures will be maintained in the slough
spawning areas and will increase the survival of
chum embryos through the winter mounths.

An adverse impact of the higher discharges
during the winter is that in those areas in
which an ice cover will form, mainstem water
surface staging will likely be sufficient to
overtop the upstream ends of the sloughs,
thereby diverting 0°C water into the areas
having incubating chum salmon embryos. As
discussed with respect to juvenile chinook
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overwintering areas, the magnitude of
overtopping will be greater than under natural
conditions and may penetrate into the substrates
sufficiently to retard developmental rates.
Retardation of chum embryos development rates
due to lower temperatures has been demonstrated
both in the laboratory (Wangaard and Burger
1983) and in the field (ADF&G 1983e). The
influx of 0°C water could also increase the
mortality of chum embryos in the side slough
substrates. However, because the progression of
the ice front into the middle river will occur
2-4 weeks later than under natural conditions,
it is likely that chum embryos will have
developed sufficiently such that the influence
of 0°C water will not affect development or
mortality of chum embryos significantly. Also,
some portions of the middle river will not have
an ice cover or the duration of the ice cover
will be considerably reduced such that
overtopping events will either not occur or will
be relatively short in duration (see Figure
E.3.2.82 and Table E.3.2.85).

In summary, the major impacts to chum spawning
incubation due to temperature and ice process
changes associated with Stage I of the Project
are as follows:

o Chum spawning in side channels and side
sloughs will be unaffected by mainstem
water temperature,

o Chum embryo survival and development will
be benefitted by the extension of warmer
water conditions into the fall.

0 Maintenance of groundwater upwelling rates
through the winter will prevent freezing
of the chum embryos,

o Potential adverse effects to embryo
development and survival assoclated with
overtopping of the sloughs may be greater
than under natural conditions. However,
delay of ice formation in the middle reach
may alleviate potential adverse effects of
0°C water on embryo development and
survival,
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0 The dispersal of the ice cover earlier in
the spring and the influence of. somewhat
warmer mainstem temperatures in April may
enhance the survival of chum fry after
they emerge from the gravels.

. Other Evaluation Species/Habitat

Combinations (%%%)

The impact of the altered temperature and ice
regimes in the middle Susitna River resulting
from Stage I operation on other evaluatiom
species/habitat combinations are summarized
below.

Since chinook migration occurs during July in the
middle river and the estimated temperatures under
Stage I operation are nearly the same as under
natural coanditions, no effects are expected.

Chinook spawning/incubation occurs in tributary
habitats and therefore, will not be affected by
the mainstem temperature and ice regimes under
Stage I conditions,

Sockeye migration occurs in late July, August and
early September: The minor change in mainstem -
temperatures will not affect sockeye migration,

Sockeye spawning and incubation occurs almost
exclusively in side slough- habitats under nearly
identical habitat conditions used by chum salmon
(ADF&G 1983k, 1983n, 1984b, EWT&A and WCC 1985.)
Therefore, the impacts of temperaturé and ice
regime changes are the same as those described
for chum spawning and incubation. Sockeye
juvenile rearing and overwintering habitats
include side sloughs and upland sloughs. The
impacts on sockeye juveniles rearing and
overwintering in side sloughs are essentially the
same as those described for juvenile chinook in
side sloughs. Upland sloughs are generally

una ffected by water temperatures in the mainstem
during the summer and winter. Therefore, the
anticipated temperature and ice regime changes
under Stage I conditions are not expected to
affect juvenile sockeye in upland sloughs.
Qutmigration of juvenile sockeye from the middle
river gemerally occurs in June and July (ADF&G
1983m, 1984c). Since water temperature at this
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time would be similar to matural conditions, no
effect to outmigration is expected.

Upstream migration of adult coho salmon generally
occurs during August and September in the middle
river, Since water temperatures are expected to
be nearly the same as natural at this time, no
adverse effects are expected., Coho spawning and
incubation occurs in tributary habitats and,
therefore, will not be affected by altered
temperature and ice processes in the mainstem.
Most juvenile coho rearing occurs in tributary
habitats (ADF&G 1984c). Therefore, no effects
due to mainstem temperature changes are expected,
A few. juvenile coho move out of the tributaries
and in to upland sloughs for rearing and
overwintering., Again, these habitats are not
influenced by mainstem temperature and ice
processes and, therefore, no project-induced
temperature impacts on ccho juveniles are
anticipated.

Qutmigration of coho juveniles from the middle
river occurs in June and July when water
temperatures under Stage I operation of the
Project will be nearly the same as natural
conditions, Therefore, no impacts are
anticipated.

Upstream migration of adult chum and downstream
outmigration of juvenile chum occurs in July and
August; and June and July, respectively, when
mainstem temperatures are expected to be nearly
the same as natural conditioms. Therefore no
impacts are expected as a result of Stage I
project—induced changes in water Lemperature.

Upstream migration of pink salmon occurs in July
and August at a time when project induced changes
in water temperatures are similar to natural
temperatures. Most pink salmon spawn in
tributary habitats where incubation of the
embryos are not affected by mainstem temperatures
during the winter months. For the few pink
salmon which do spawn in side sloughs habitats,
the impacts on incubating embryos will be the
same as those described for chum embryos.

Qutmigration of pink juveniles normally occurs in
May and early June. Under Stage I operating
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conditions, mainstem temperatures will be up to
2-3°C less than under natural conditions. This
could result in a delay in the outmigration of
juvenile pink from the middle river. However,
since the outmigration of pinks appears to be
closely associated with breakup of the ice cover
under natural conditions, the cooler temperatures
may not affect the outmigration of the

juveniles.

Utilization of mainstem and mainstem affected
habitats by rainbow trout, Dolly Varden and
Arctie grayling generally occurs from late summer
through the winter months into early spring.
During these periods, mainstem water temperatures
are expected to be greater than natural
conditions except the reaches of the river
downstream from the 0°C isotherm in mid winter.
In this reach, water temperatures will be. the
same as under natural conditions. The
predominance of somewhat.warmer water
temperatures in the mainstem through the winter
months should enhance winter survival of these
populations and could result in increased winter
growth assuming an adequate food supply.

However , the enhancement may be offset by higher
than natural turbidity levels-as discussed in the
following section.

No major effects to burbot populations are
expected as a result of the anticipated changes
in temperature and ice regimes associated with
Stage I operating conditiouns.

— Effects of Changes in Suspended Sediment

Regime (%*%*)

Water released through the turbines at Watana Stage
I will be drawn from five, vertically spaced
intakes placed between elevations 1,800 and 1,980
ft MSL. 1In general, the uppermost and, therefore,
generally, the least turbid and highest quality
reservoir water will be used for power generation
and consequent discharge to downstream habitats.
Stage T operation flows will be increasingly larger
as power production increases and unew generatiomn
units come on line. Because of the relatively
smaller Stage I reservoir storage volume, summer
flows may be approximately 4,000 cfs greater, and
winter flows about 2,000 cfs less than those
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originally proposed for the two stage project.
Stage T operational flows will be maintained within
the Case E-VI flow constraints.

A major consequence of the altered suspended
sediment which will have potentially positive
biological effects in all riverine habitats
affected by mainstem flows will be flushing and
removal of the finer sediments in the streambed.
Removal of fine sediments (sand and silt) should
almost always be expected to improve streambed
habitat for aquatic organisms at all trophic
levels. Because of greatly reduced suspended
sediment loads in all project flows, re-deposition
on aud within streambed substrates will be
substantially reduced in most riverine habitats
downstream of the project. Estimated changes of
suspended sediment concentrations and turbidity
values during Stage I operations have been made
(Table E.3.2.86.)

Few other biologically important effects different
from the natural situatiom are expected to occur in
relatively deep (greater than 1 to 2 ft.) mainstem
habitats of the middle reach during the open water
seasons of Stage I operations. In peripheral
habitats, two potential.beneficial-effects of Stage
I Operations will be less flooding and greater than
natural flow stability. The former two effects may
result in greater than natural biomass productivity
at all trophic levels in predominantly clear water
habitats and in very shallow turbid habitats during
the open water seasons.

Incident illumination reaching stable streambed
substrates may increase during the open water
season, especially along the edges of the mainstem
and in shallow riverine habitats peripheral to the
mainstem. However, continuously high turbidity irn
relatively deep (greater than 1 to 2 ft.) mainstem
habitats may eliminate or substantially minimize
the spring and fall periphyton growth periods  and
the consequent fall and winter epilithon standing
crops which have been observed under natural
conditions,

In winter, incident light reaching stable mainstem

streambed substrates will be reduced when compared

to natural. An unquantifiable duratiomn and rate of
primary productivity and an unquantified
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epilithon standing crop which naturally occurs
during the clear water, winter season in.many
middle river mainstem habitats may be absent or
considerably reduced during the Stage I operational
phase. 1In fall, winter and spring the invertebrate
processing of epilithon and allochthonous organic
materials will be affected in unknown ways by fine
inorganic particulates released from the upstreanm
project. Resultant changes at the detritivore and
primary producer trophic levels will have unknown
effects on rearing invertebrates and the fish
utilizing these food sources, Some habitats may be
affected positively and others negatively with
respect to lower trophic level biomass production.
The net cumulative effects may remain similar to
the natural situation, but may require more than
one annual cycle to stabilize.: :

Light to moderate "dusting" of stable substrates
with fine glacial flour particulates may have a
fertilization effect, particularly where incident
sunlight will allow photosynthesis. Especially in
relatively warm, low velocity habitats,
gsedimentation of rock flour particulates may
stimulate profuse periphyton growth and epilithon
standing crops. Amalagous situations.have been
observed on another south central Alaskan river
which is chronically turbid (Kasilof River).

Turbid mainstem discharges caused Lo overtop
peripheral habitats containing incubating eggs and
larval fish, if the organisms are not protected by
relatively warm and clear, upwelling ground water,
may cause detrimental effects to the developing
organisms. Effects will depend, at least im part,
on the organism, its life stage and the amount of
rock flour deposition.

Ice related staging of cold, turbid winter dischar-
gas into peripheral habitats or any habitats used
by juvenile or rearing/overwintering fish is not
expected to cause direct, detrimental effects to
the fish, Particulate concentrations of Stage I
Operational discharges may be stressful, but are
not expected to be lethal to juvenile salmounids.

Altered suspended sediment regimes during Stage I
Operations are not expected to detrimentally alter
access to, or use of tributaries, Clear water
upwellings and clear water tributary plume habitats
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will likely become more important to rearing and
overwintering fish in the middle river.

Effects of Other Water Quality Changes (#*%)

Except for the changes in suspended sediments and
turbidity, anticipated water quality changes are
not expected to significantly alter habitats
affected by Stage I flows in mainstem riverine
habitats within the middle reach, with respect to
the biotic community. High chronic turbidity will
substantially restrict reservoir and mainstem
riverine habitat euphotic zones thereby minimizing
any detrimental effects due to project induced
changes in nutirent concentrations. No bilogically
detrimental oxygen concentrations are expected for
either the surficial depths of the reservoir or for
riverine habitats downstream. The project is not
expected to cause biologically detrimental
coucentrations of dissolved nitrogen in either
reservoir or riverine habitats downstream. Basic
changes in water chemistry which are expected to be
caused by the project are not expected Lo be
detrimental to fisheries in either the reservoir or
downstream aquatic habitats (see discussions of

water quality in Exhibit.E, Chapter 2).

Talkeetna to Cook Inlet (#**%)

~ Effects of Altered Flow Regime (*%%)

Discharges in the lower river will be affected in a
manner similar to that described for the middle
river. However, the proportional reduction in
discharge during the summer months will be less due
to the influence of major tributary contributions
to the lower river discharge from the Chulitna,
Talkeetna and Yentna Rivers, as well as other
smaller tributaries. Average monthly discharge
during Stage I operation at Sunshine and Susitna
Stations are presented in Exhibit E, Chapter 2,
Section 4.1.3.a. A summary of the maximum, minimum
and mean average monthly flows for natural and
Stage I operation in 1996 and 2001 is presented in
Table E.3.2.87 for the Sunshine Station and Table
E.3.2.89 for the Susitna Station.
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. Effects on Principal Evaluation SPECIES/Habltat

Combinations (%%%)

.+ Juvenile Chinook Rearing Habitat (**%)

The effects of the Stage T operating flow regime
on chinook rearing habitats are evaluated

based on the monthly average discharges at
Sunshine in comparison with the habitat response
curves for side channels complexes, and
tributary mouth habitats presented in Section
2.3.1.b.iii. The curves presented in that
section are aggregated into two curves
representing side chamnnel/side slough habitats
(Pigure E.3.2.83) and tributary mouth habitat
(Figure E.3.2.84). The method for aggregating
the individual curves is not the same as
described for..the middle river Representative.
Groups, since these curves represent the -
response of habitat quality in the sites and do
not represent total habitat area. However, the
curves may be used in a qualitative manner to
evaluate anticipated changes in lower river
chinook rearing habitat in side channel
complexes and tributary mouths resulting from
Stage T operation.

During the period June through September,
chinook rearing habitat in side channels and
side sloughs is expected to improve slightly
over matural conditions, This is indicated by
comparing the habitat quality values, estimated
from Figures E.3.2.83 and E.3.2.84, at the mean
average monthly flows in June, July, August and
September for Stage I operation demand years
(Table E.3.2.87) with the habitat quality wvalues
at the mean average monthly flows under natural
conditions. The estimated habitat index wvalues
for the mean monthly discharges at the Sunshine
Station are presented in Table E.3.2.89.

Habitat quality in tributary mouth habitats is
expected to decrease to some extent during Stage
I operation. Since considerable numbers of
chinook juveniles inhabit tributary mouth
habitats in the lower river, the expected
reduction could be considered to be significant.
However, a limitation of these curves is that
the habitat qualities are a function of both
mainstem and tributary discharges. Hence no
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values for the habitats are available when the
tributary discharge is high and mainstem
discharge is low. Hence, the apparent loss is
not expected to be as great as that indicated in
the available data. -

Juvenile chinook are expected to be less
susceptible to overwintering mortality because
of the greater mainstem discharges in the river.
The higher survival rates of overwintering
chinook juveniles is expected for the same
reasons described in Section 2.3.1.c.ii for
middle river habitat effects.

Chum Spawning Habitats (¥%)

As discussed in Section 2.3.1.b.iii, few chum
salmon spawning areas are known to exist in
lower river, mainstem-affected areas,
specifically in the side channel-side slough
complexes, Therefore, changes attributable to
Stage I operation are not expected to
significantly affect chum spawning activity in
habitats associated with the lower river.

. Effects of Other Evaluations Species/Habitat

Combinations (%%)

Altering of the lower river discharge regime as a
result of Stage I operation is not expected to
significantly affect other species/habitat
combinations.

Discharge in the lower river will be sufficient
to accommodate upstream migration of adult salmon
since they are able to migrate under a wide range
of flow conditions.

Since few salmon are known to spawn in lower
river mainstem associated habitats, incubation of
embryos will not be affected significantly. As
discussed for the middle river, increased
discharge in the lower river during the winter
wmonths is expected to increase the survival of
those embryos which do incubate in lower river
habitats.

Rearing of juvenile salmon in lower river

habitats is not extensive (ADF&G 1985c¢ and
Section 2.2.1.a). Hence, rearing habitats in the
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lower river are not expected to be significantly
affected by the altered flow regime.

As discussed in Section 2,3.1.b.iii, rainbow
trout, Dolly Varden, Arctic grayling and burbot
populations using lower river habitats are not
expected to be adversely affected by the altered
flow regime during Stage I operationm.

- Effects of Altered Temperature/Ice Regimes (#*¥%)

As discussed in Section 2.3.1.c.ii, water
temperature at. Talkeetna is expected to be
approximately the same under Stage I operating
conditions as under natural conditions. The only
difference anticipated is that progression of the
ice front upstream during the winter months may be
somewhat slower and reach Talkeetna 2-4 weeks later
than under natural conditions. Therefore, no
impacts, either beneficial or adverse, onm salmonm,
other anadromous species or resident species using
mainstem or mainstem associated habitats are
anticipated as a result of project induced changes
to the temperature and ice regimes in the lower
river.

Effects of Altered Suspended Sediment (%¥¥)

The effect of chromically turbid flows from Stage I
Watana Reservoir operations on lower river habi-
tats are expected to be similar to those effects
occurring in the middle river reach. 1In the lower
river reaches, however, dilution by additional
tributary influents is expected to lessen most
project induced effects (refer to previous
discussions of water quality changes in Exhibit E,
Chapter 2).

Below Talkeetna, waters from the middle river reach
will mix with other tributary flows from the
Chulitna, Talkeetna, Kashwitna, Yentna and other
tributaries. Because of these dilution effects,
project discharges will not demomstrably alter
suspended sediment concentrations, turbidities, or
riverine biology during the May through September
period of open water flows in lower river

habitats.

During the naturally clear water seasom, October
through April, turbid waters flowing beyond the
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(iv)

middle river reach will mix with c¢lear, non—turbid
water from major tributaries. The dilution from
clear tributary influents will help maintain
chronic winter suspended sediment concentratioas
within levels which may be stressful, but which are
not expected to be lethal, to overwintering fish,

The effects of chronically high suspended sediment
concentrations on lower trophic level biological
activities in mainstem and peripheral habitats in
the lower river will be similar to those described
for the middle river reach (See Section
2.3.1(b){(1ii)., Tributaries to the lower river reach
will not be impacted by Stage I operational flows.

- Effects of Other Water Quality Changes (#*%)

Other water quality changes resulting from Stage I
operations are not expected to cause biologically
important effects on mainstem, peripheral or
tributary habitats in the Talkeetnma to Cook Inlet
reach (see previous discussions for Stage I
construction and operation and discussions of water
quality in Exhibit E, Chapter 2).

Cook Inlet Estuary {(%%x)

Low suspended sediment concentrations and low
turbidity are expected to enter the Cock Inlet
estuary on a continuous basis due to Watana Stage I
operation, No important biological effects other
than mild fertilizatiom are anticipated. Because of
strong currents and high ion concentrations in the
inlet, riverine borne particulates will be relatively
rapidly dispersed, diluted and precipitated.

(d) Summary of Impacts Associated with Watana Dam (#*%)

(1)

Construction Impacts (#¥)

The primary long~term aquatic impact related to
coustruction of Stage I Watana Pam will be the
increase in harvest pressure resulting from the
increased access afforded by the project roads. 1In
the absence of stricter harvest regulations, the
increase in access near the impoundment could cause
substantial alterations im resident fish populatioun
structure, with the present population of large,
older grayling being replaced by younger
individuals,
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(ii)

There will be an alteration of aquatic habitat at
stream crossings but with proper construction
practices as discussed in Sectiom 2.4.3, this impact
is not expected to noticeably affect fish
populations. Construction activities and reservoir
clearing activities will cause temporary increases in
siltation and turbidity in some of the project area's
clear-water streams. These impacts are not expected
to extend beyond the construction period. Similarly,
alterations in water quality and disturbance to fish
populations are expected to impact fish only during
the construction period. There will be a continuous
possibility of fuel spills during the counstruction
period when numerous construction vehicles are
present in the project area. The possibility of
acute spills will be reduced under operation, but the
potential for spills will continue for the life of
the project. Acute spills could cause locally
significant impacts to fish populations, while
chronic spills will affect habitat quality,
particularly along roadways.

Borrow Site E, at the mouth of Tsusena Creek, will
convert riparian and upland habitat into aquatic
habitat. The newly-formed lake will have potential
as a productive feeding and overwintering area for
resident fish, but rehabilitation measures for this
borrow site will not be undertaken until Stage III is
comple ted.

Filling Impacts (#*¥)

The primary long-term impact associated with the
filling of the Watana reservoir is the loss of

clear water tributary habitat., The tributary habitat
that will be inundated by Stage I development
currently supports a substantial population of
grayling, estimated to be at least 9,140 (Table
E.3.2.24). Aquatic habitats within the reservoir are
not expected to support a significant grayling
population (Section 2.3.1,b.i).

Between Watana Dam and Talkeetna, the primary impacts
associated with filling will be a reduction in spring
and summer flows, reduction in sediments, and an
altered temperature regime. Mainstem and
side-channel habitats will contain less turbid water
and be subjected to less extreme fluctuation in water
levels and flow during the summer., These changes are
expected to provide more favorable fish habitat than
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(iii)

now exists in these areas., During filling, effects
on juvenile chinook rearing habitats and chum
spawning habitats are not expected to be impacted by
altered water temperatures, primarily because it is
expected that summer river temperatures will be
nearly the same as natural conditions. 8imilarly, no
project induced effects on juvenile chinook
overwintering habitats in the side sloughs or chum
incubating areas is expected during the first winter.
This is due to the expectation that water temperature
and ice processes will be similar to natural
conditions.

Slough habitats between Watana Dam and Talkeetna are

. expected to be the habitat type most significantly

affected by filling flows. 1In the absence of
mitigation features, filling flows are expected to
cause access problems for returning adult chum and
sockeye salmon. For salmon that do gain access, the
spawning area within the sloughs may be reduced in
area because of the lower mainstem flows (see Section
2.3.1.b.11). 1If un-mitigated, these impacts would
reduce the number of spawning chum and sockeye salmon
in the sloughs above Talkeetna. However, with
proposed mitigation measures (see Section 2.4), it is
expected that these populations will be maintained.

Tributary habitats below Watana Dam and all habitats
below Talkeetna are not expected to be significantly
impacted during the filling of the Watana reservoir
(section 2.3.1.b.1i and iii).

Operation Impacts (#%)

Operation impacts, as with filling, are divided into
impacts due to the impoundment and downstream
impacts.

The habitat within the Watana reservoir is not
expected to support substantial fish populations
(section 2.3.1 c¢.i). The annual drawdown cycle will
limit spawning habitat of grayling, lake trout,
burbot, white fish and longnose sucker. Littoral
rearing habitat is also not expected to be productive
because of the drawdown cycle and summer turbidity
levels and suspended sediment concentrations,
Grayling are expected to reside at the mouths of the
tributaries. Lake trout and Dolly Varden are
expected to develop small resident reproducing
populations within the reservoir. However, the
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population is not expected to increase sufficiently

" to form a significant sport fishery. Other species

are expected to migrate into the reservoir from
upstream habitats, primarily to overwinter, and may
establish small resident populations.

Between Watana Dam and Talkeetna, the primary
operational impacts will be similar to those
discussed for filling: decreased summer flows,
decreased flow variability and decreased sediment
load. During winter, however, flows will increase
over pre-project conditions and will be accompanied
by increased temperature, turbidity, and suspended
sediment concentrations.

More stable summer flows and decreased sediment loads
and turbidity are expected to improve summer rearing
habitat in mainstem and side-channel habitats.
Eventually, mainstem and side-channel spawning
habitats are expected to become available as the
project flows remove accumulated sand and silt
deposits and maintain the upper level of the
substrate in clean condition (Section 2.3.1(e)(ii)}.

Case E-V1 flow constraints, implemented during Watana
Stage I filling, will be followed. These constraints
plus the mitigation measures already implemented -
during Watana - Stage I construction are expected to
maintain the number of chum and sockeye salmon
spawning in the sloughs upstream from Talkeetna. The
worst case scenario would be total loss of slough
spawning habitat in this reach, with a reduction in
the total rum size.

The increase in winter flow is expected to increase
overwintering habitat and will benefit resident and
rearing anadromous species, The reduction of flow
variability, peak flows, turbidity, and sediment load
in the maianstem during summer combined with increased
winter flow may lead to increases in the populations
of some resident species such as rainbow trout and
Dolly Varden; and rearing anadromous species such as
chinook and coho salmon. The amount of increase, if
any, will depend on the extent to which these physi-
cal factors presently limit the populatiouns.

The increased winter temperatures may increase embryo
development in mainstem and side—-channel spawning
habitats and lead to early emergence of alevins,
These early emerging fry may experience increased

E~-3-2-179



851021

mortality if they move downstream and encounter 0°C
(32°F) water below Talkeetna. This impact will likely
affect relatively few fish, primarily pink salmon,
since only a small portiomn of the salmon spawning
upstream from Talkeetna utilize mainstem and
side—-channel spawning habitats. Other salmon species
using these habitats exhibit behavior patterns that
reduce their vulnerability to these impacts (Section
2.3.1.c.ii). TImpacts are not expected in tributary
habitats upstream from Talkeetna.

Downstream from Talkeetna the main impact will be an
increase in overwintering habitat in the mdinstem and
side channels because of the increased winter flows
(Sectiom 2.3,1.c.iii). No significant adverse
impacts are expected.

2,3.2 - Anticipated Impacts to Aquatic Habitat Associated with
Stage IT Watana/Devil Canyon Dam (#*%%)

Stage IT of the Susitna Hydroelectric Project consists of .the
construction of the Devil Canyon Dam to supplement the power
generation capacity of the Stage I Watana Dam, In gemeral, the
cons truction and operation of the Devil Canyon Dam will be as
described in the original License Application (APA 1983b). The
principal differences between the Stage II configuration and the
original configuration will be that the Watana Reservoir will
have a maximum normal operatiomal water surface elevation of
2,000 feet MSL rather thanm 2,185 feet MSL, the live storage will
be reduced from 3.7 to 2.4 million acre—~feet, and the flow regime
during construction and operation of Stage IT will operate under
the Case E-VI flow counstraints rather than the Case C scemario
described in the original License Application. This section
addresses additional impacts on the aquatic resources
attributable to the development of the Devil Canyon Dam, assuming
the Stage I Watana Dam is operating.

(a) Construction of Devil Canyon Dam (Stage II) and Related
Facilities (%) :

(i) Devil Canyon Dam (Stage II) (%)

Devil Canyon Dam will be located at BM 152 of the
Susitna River, approximately 32 miles (53 km) down-
stream from the Watana damsite. A thin arch concrete
dam will be built near the downstream end of Devil
Canyon and an earth/rockfill saddle dam will be
constructed at the south end of the arch dam to
provide closure of a low area on the south abutment.
The reservoir behind Devil Canyon will cover 7,800
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acres (3,120 ha) and will be about 26 miles (42 km)
long (32 miles along the river before impounding) and
not more than 0.5 mile (0.8 km) wide.

The concrete dam and foundation will be 646 feet

{195 m) high and will have a crest length of 1,650
feet (503 m). An estimated 1.7 million cubic yards
(1,300,000 m3) of concrete will be needed to
construct the arch dam. The saddle dam will be 950
feet (287 m) across and 245 feet (75 m) high and will
require about 2 million cubic yards of material.

As with Watana, Devil Canyon Dam will have an under-
ground powerhouse, intake structure, outlet works,
and main spillway. A 38-foot (11.7-m) diameter
tailrace tunnel will convey the turbine discharge
approximately 1.3 miles (2.2 km) downstream from the
arch dam.

During construction of the dam, the river will be
blocked above and below the construction site by
cofferdams. The flow will be diverted into a
35.5-foot (10.8 m) diameter horseshoe tunnel, 1,490
feet (451 m) long, and discharged back into the river
channel. The upstream and downstream cofferdams will
be about 400 feet (120 m) long and 200 to.400 feet
(60 to 120 m) wide.

The adverse impacts upon aquatic habitat at the Devil
Canyon damsite are expected to be similar to those at
the Watana site but of lesser magnitude,

At the Devil Canyon damsite, the Susitna River is
confined to a canyon approximately 600 feet (180 m)
deep and 200 to 400 feet (60 to 120 m) wide at river
level. The river bottom is primarily composed of
cobbles, boulders, and blocks of rock; the water is
extremely turbulent. Few fish live in the area of
the damsite (ADF&G 1981f), Some chinook salmon
migrate upstream past the Devil Canyon damsite (ADF&G
1983a, 1984h, 1985b)

- Alteration of Waterbodies (%)

Impacts from Devil Canyon Dam construction will be
primarily restricted to the vicinity of the
damsite. A 1,100-foot (333-m) section of the
Susitna River between the cofferdams will be
dewatered for 7 years during comstruction.
Although a small population of Dolly Varden,
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sculpin, and other resident species inhabit that
stretch of river, it is not expected that
dewatering will have more than a minor impact upon
availability of suitable aquatic habitat. The dam
foundation will cover about 90 feet (27 m) of river
bottom, This is considered to be a minor impact,

During construction, water velocities within the
diversion tunnels will be sufficintly high to
prevent the upstream migration of chinook salmoen.

The Devil Canyon Dam will be a permanent, total
migration barrier upon its completion,

The greatest impacts during construction of the dam
are likely to be associated with gravel mining and
processing in Borrow Site G. Gravel for filter
material and for concrete aggregate will be removed
from the Susitna River and from Cheechako Creek
alluvial areas upstream from the damsite (Borrow
Site G). The effects of gravel mining on aquatic
systems have been discussed under Sectiomn 2.3.l.a.
Since the material removal sites will be inundated,
impacts at the sites will be transitory.

Changes in Water Quality (o)

Potential impacts to water quality would primarily
be caused by increases of turbidity due to erosion
and through discharge of effluent from the

concrete batching process, To minimize water
quality impacts, all processing waters will be
treated before being discharged to the Susitna
River. Turbidity increases in the Susitma River
are expected to be negligible. See Section 2.3.l.a
for discussion.

~ Disturbance of Fish Populations (o)

Instream activities during material extraction near
Cheechako Creek could disrupt fish movements,
spawning, and rearing in the creek, depending

upon location, type and duration of activities. It
is unlikely that the damsite itself is located in a
stretch of the Susitna regularly inhabited by fish;
therefore, the excavation and blasting required at
the damsite would not be disruptive to fish
populations.
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(ii)

Construction and Qperation of Devil Canycn Camp and
Village (%)

During construction of Devil Canyon Dam, housing will
be constructed for approximately 1,900 persous
(Exhibit A, Section 6.13). The construction camp and
construction village will be located between 1.7 and
3.4 miles (2.8 and 5.6 km) southwest of the damsite.
The c¢amp will include bachelor dormitories,
cafeteria, warehouses, offices, hospital, aund

recreational buildings. The village will contain
housing for 160 families and will include a school,
stores, and a recreation area.

The camp will be approximately 0.5 mile (0.8 km) from
the village, Both developments will be more than 700
feet (210 m) above the Susitna River and more than
4000 feet (1,200 m) from the edge of the canyon.
Water, sewage, and solid waste disposal facilities
will be shared by both developments. Water will be
withdrawn from the Susitna River and effluent from a
secondary treatment system discharged into the river
below the water intake. The upper reaches of Jack
Long Creek border the camp and the village to the
south, coming to within 200 feet (60 m) of the camp.
A small unnamed creek drains a series of lakes 3,000
feet (900 m) to the east of the camp and enters the
Susitna at RM 150. The creek is paralleled by the
sewage outfall line for 1,000 feet (300 m) or about
20 percent of its leagth.

Both the camps and the village are temporary develop-
ments to be removed when Devil Canyon construction is
completed, Permanent personnel respomnsible for
operations of the Devil Canyon dam will live at the
Watana permanent town. No airstrip will be built;
air access will be via the permanent rumway at
Watana,

The unnamed creek and 1lakes may support grayling,
Dolly Varden, or sculpin, while Jack Long Creek
contains pink, chinook, chum, and coho salmon.
Portage Creek contains chum, pink, chinook, and c¢oho
salmon, rainbow trout, round whitefish, and humpback
whitefish., Chinook salmon, grayling, and Dolly
Varden are found in the lower reaches of Cheechako
Creek (ADF&G 1983a, 1983b, 1984a, 1984b, 1985a).
Temporary impacts resulting from camp/village
operations are expected to be limited to the area
within a few miles of the damsite.
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Alteration of Waterbodies (%)

No water bodies are expected to be altered as a
result of Devil Canyon camp construction other than
those resulting from gravel mining within the
Susitna River floodplain at Borrow Site G, Since
this borrow site will eventually be inundated, no
permanent effects from gravel mining will occur.
Camp construction is not anticipated to affect Jack
Long Creek or the unnamed stream,

Changes in Water Quality (%)

Erosion into the Susitna River from gravel mining
at the mouth of Cheechako Creek is not expected to
result in adverse impacts to fish. Because of

its proximity to the developments, Jack Long Creek
could receive uncontrolled runcff from the camp
area; however, required drainage facilities and
retention ponds should prevent this impact and no
increase in sediment levels in Jack Long Creek are
expected.

Water for camp use will be withdrawn from the
Susitna River, and treated effluent will be
returned to the river. The treated effluent will
not affect the waste assimilative capacity of the
Susitna and is expected to have no significant
effect on the aquatic enviromment (Exhibit E,
Chapter 2, Section 4.2.1(g)(i)). Storm drainage
and oily water runoff from the comstruction camp
will be collected and treated as noted above.

The fuel storage area is located onm the south side
of the construction camp about 200 feet (60 m)
above Jack Long Creek, Accidental fuel spills are
not expected to reach the creek since storage
facilities will be designed to contain more than
the maximum storable volume. It is not expected
that runoff from the solid waste disposal site and
the construction village will adversely affect any
waterbodies since both will be collected and
treated the same as the runoff from the camp area.

Direct Construction Activity (%)

The camp and village at the Devil Canyon site will
house approximately 1,900 workers for several years
(Exhibit A, Section 6.13). As a result, streams

E-3-2-184

}



(.

3

-

[

- 3

.

-

)

=

f

-

—

(b)

851021

and lakes in the vicinity may be subjected to
increased fishing pressure. This area has mnot been
heavily utilized for sport fishing in the past.

The waterbodies most likely to be affected include
Cheechako Creek, unnamed creeks and lakes in the
vicinity, Jack Long Creek, and to a lesser extent,
the Susitna River and Portage Creek. With the
exception of Portage Creek, these waterbodies are
within walking distance of the camp/village and the
damsite. Portage Creek enters the Susitna River
from the morth about 2.5 miles (4.1 km) downstream
from the dam location.

Filling Devil Canyon Reservoir (%)

Filling Devil Canyon reservoir would inundate approximately
32 miles (52 km) of Susitna River mainstem habitat and 6.2
miles (10 km) of tributary habitats. These habitats would
be converted from lotic to lentig systems with accompanying
changes in hydraulic-characteristics, substrate, turbidity,
suspended- sediment concentrations, temperature, and nutrient
levels (Exhibit E, Chapter 2, Section 4.2.2).

The filling of the Devil Canyon reservoir will be done in
two stages. Upon completion of the dam to a height
sufficient to allow ponding above the low level outlet
facilities, the water level will be raised to an elevation
above 1,050 feet (315 m) but not exceeding. 1,135 feet (343
m)., This filling will be accomplished in approximately 4
weeks, As soon as the power facilities and main spillway
are completed (approximately two years), the reservoir will
be raised to 1,455 feet (440 m), the normal operatiom
elevation as explained in Exhibit E, Chapter 2, Sectiom
4.2.2.(b). During filling of Devil Canyon, discharge from
the project will be maintained within the Case E-VI flow
constraints defined in Table E.3,2.59.

(i) Effects in Impoundment Area (%)

Closure of the Devil Canyon Dam and filling of the
reservoir will result in the inundation of
approximately 32 miles of the Susitna River and a
total of approximately six miles of the lower reaches
of the five named tributaries (Figure E.3.2.85).

The lower reaches of several unnamed tributaries will
also be inundated, but the lengths of these
tributaries have not been determined. The oaly
presently existing lake to be affected by the Project
will be a shallow, five—acre pond at the damsite,
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(ii)

which will be filled by the saddle dam associated
with the main, concrete arch Devil Canyon Dam. The
reach of the Susitna River within the Devil Canyon
Reservolir presently supports small populations of
Arctic grayling, burbot, longnose sucker, whitefish
and Dolly Varden (ADF&G 1981f, 1983b). In addition,
a small population (25-75) of chinook salmon spawn in
tributaries within the impoundment zone, Impacts on
mainstem, tributary and lake habitats will be similar
to those described for Stage I Watana Reservoir. Due
to the short period of time necessary to fill Devil
Canyon Reservoir, the effects of the reservoir are
more appropriately and completely described in
Section 2.3.2.c.i.

Devil Canyon to Talkeenta Reach (¥#¥*)

- Effects of Altered Flow Regime (#*%%)

During the filling of Devil Canyon Reservoir,
discharge from the dam to the middle Susitna

River will be maintained within the Case E-VI flow
constraints. The effects of the altered

fiow regime during filling are discussed as part of
the initial Stage II operation . The effects on
middle river aquatic habitats, therefore, are
discussed in Section 2.3.2.c.ii. During the period
the water level is being held constant at el, 1,135
the effects will be the same as for Watana Stage I
operation (discussed in Section 2.3.1) since
discharge will be regulated only at Watama.

- Effects of Altered Temperature/Ice Regimes (#*%)

As with the discussion of the effects of the
altered flow regime during filling of Devil

Canyon Reservoir, discussion of the effects of the
anticipated altered temperature and ice regimes
during filling of the Devil Canyon Reservoir are
more appropriately discussed under Stage II
operation effects. Changes in temperature regimes
during filling will occur for 4-6 weeks in October
and November of the year 2004 and, hence, any
changes associated only with Devil Canyon filling
will be of a short duration and will occur at a
time when fish utilization of mainstem and mainstem
associated habitats is not likely to be extensively
affected. Also, since filling of Devil Canyon
Reservoir will occur prior to the onset of winter
conditions, filling of Devil Canyon will not affect
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ice processes in the river. Ice processes,
however, will be affected by operation of Stage II
as discussed in Section 2.3.2(c)(ii). During the
period when the water level is being held constant
at el, 1,135, the river temperature and ice
conditions are expected to be similar to those
discussed for Watama Stage I in Section 2.3.1,
since the storage volume in Devil Canyon will be
very small (see Section 4.2.2(d)).

Effects of Altered Sediment Regime (#*%)

Effects of filling will be relatively short lived
in relation to the projects life time and most
effacts are more appropriately discussed uader the
topic of Stage II Operations (Section 2.3.2.c¢c.ii).
In general, downstream water discharges during
Devil Canyon filling will have a higher TSS and
turbidity loads than that expected during Stage 1
operations. The altered sediment regime associated
with filling Devil Canyon Reservoir will be
detectable within the middle river reach, but the
levels of TSS and turbidity will likely be less
than or well within the ranges of values.for these
same parameters which have been observed under
natural conditions., Effects at the aquatic
biclogical community level are expected to be
minimal. During the period when the water level is
being held constant at el, 1,135, the suspended
sediment and turbidity are expected to be similar
to Watana Stage I operation, as discussed in
Secticn 2.3.1. '

Effects of Other Water Quality Changes (*%)

Effects of any additional water quality changes
resulting from filling will be relatively short
lived in relation to the project's life time, and
are more appropriately discussed under the topic of
Stage II Operations (Section 2.3.2.c.ii).
Dissolved and particulate organic materials of
allochthonous origin are expected to increase in
concentration during the short filling period, but
the long term effects associated with these
increased organics are expected to be minimal at
the level of the aquatic biological community.
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Talkeetna to Cook Inlet (%)

- Effects of Altered Flow Regime (#*%%)

As discussed in Section 2.3.2.b.ii, discharge from
the Devil Canyon Dam during filling of the
reservoir will be maintained within the Case E-VI
flow constraints and will be similar to operation
of the project given the energy demands at the time
filling occurs. Therefore, the effects of the
altered flow regime during filling of Devil Canyon
Reservoir on habitat in the lower river are more
appropriately discussed under project operation
(Section 2.3.2.c.iii). During the periods the
water level is being held constant at el. 1,135,

the effects on streamflow would be similar to Stage

I Watana operation discussed in Section 2.3.1.

Effects of Altered Temperature/Ice Regimes (#%%)

As with the discussion of the.impacts of the
altered flow regime during filling of Devil

Canyon Reservoir on aquatic habitats in the lower
river, the effects of altered temperature and ice
regimes are more appropriately discussed in Section
2.3.2,c.iii, During the period the water level is
being held constant at el. 1,135; the effect on
temperature and ice would be similar to Stage I
Watana operation discussed in Section 2.3.1.

Effects of Altered Suspended Sediment Regime (#*%%)

Effects of filling will be short lived and are more
appropriately discussed under the topic of Stage II
Operations (Sectiom 2.3.2.c¢.ii). During the

period the water level is being held comstant at
el, 1,135 the effects on suspended sediment would
be similar to Stage I Watana operation discussed in
Section 2.3.1.

In general, open water season levels of suspended
sediment and turbidity may be higher than those
expected during Stage I or Stage II Operations.
However, during the open water season, the
influence of Stage II filling on the suspended
sediment regime in the lower river is expected to
be negligable due to dilution by other tributaries
with high and naturally variable sediment regimes.
Effects at the aquatic biological community level
are expected to be negligible.
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(e)

- Effects of Changes in QOther Water Quality
Factors (#%%)

Effects of any additional water quality changes
resulting from Stage II filling are expected to

be both short lived, with respect to the project's
lifetime, and relatively negligible with regard to
the aquatic biological community.

Dissolved and particulate organic materials of
allochthonous origin are expected to increase
substantially in concentration during the short
filling period, both within and downstream of the
reservoir. Long term effects to the aquatic
biological community due to these increases in
dissolved and particulate organic materials are
expected to be negligibla,

(iv) Estuary at Cook Inlet (#*x#)

Effects of filling on the estuary are expected to be
temporary and are more appropriately discussed under
project operation (Section 2.3.2.c.iv).

Effects of Operation of Stage IT Watana/Devil Canyon

Dam (#%)

As stated previously, the Devil Canyon Reservoir will
inundate approximately 35 miles of mainstem habitat and
approximately 6 miles of the lower reaches of five named
tributaries.

The Devil Canyon Reservoir water surface elevation will
remain stable at near maximum operating levels most of the
time. WNo drawdown of the Devil Canyon Reservoir is
anticipated during wet years. A drawdown of approximately
20 feet may occur in median flow years during July, with
refilling occurring in August (Figure E.3.2.86). A drawdown
of approximately 50 ft is anticipated for dry years. During
Stage 11 operation, Watana Reservoir will be drawn down in a
mammer similar to that described for Stage T operation. The
expected drawdown cycle for Watana Reservoir during the
operation of Stage II is depicted in Figure E.3.2.87. The
lengths of tributaries to the Devil Canyon Reservoir within
the drawdown zone are provided in Table E.3.2.90.

Suspended sediments transported to the Devil Canyon
Reservoir generally consist of particles less than 5 to 10
microns in diameter (Exhibit E, Chapter 2, Section
4.2.3(c)(ii1)). Larger particles will be trapped in the
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Watana Reservoir. Sediments will also be introduced into
the flow from the tributaries during floods and erosiomn of
reservoir shorelines. Some of the particles will settle in
the Devil Canyon Reservoir, but the wmajority will pass
through, contributing to turbidity in the reservoir and in
waters released downstream, Small deltas will likely form
at the mouths of the tributaries. However, these are not
expected to significantly alter fish habitats.

Temperature regimes in Devil Canyon Reservoir will be highly
dependent upon the temperature of the water released from
Watana Reservoir. The Devil Canyon Reservoir will stratify
during June and July each year as warmer water from Watana
enters the reservoir and remains at the surface. Maximum
coutflow temperatures will range between 8 and 10°C (Exhibit
" E, Chapter 2, Section 4.2,3(c)(i)). 1In July and August in
most years, the outlet works in Devil Canyon Dam will be
operated to release water in excess of that required for
generation. This excess water will result because the
Watana and Devil Canyon Reservoirs will have reached full
storage capacity. Once the outlet works are operating, the
cold, turbid, deeper water (4°C) will be evacuated from the
reservoir and replaced by warmer Watana water (Exhibit R,
Chapter 2, Section 4.2.3(c)(i)). 1In some years the
reservoir will become uniformly mixed at about 8-10°C by
mid-August and will remain relatively warm through
September. The reservoir will then cool until it becomes
isothermal at 4°C in October. After that time, the- surface
water will cool to 0°C and an ice cover will form. In
general, the seasonal temperature regime in Devil Canyon
Reservoir will closely follow that of Watamna.

(i) Effects of Operating Devil Canyon Reservoir (¥*)

- Effects on Mainstem Habitats (#*%*)

The mainstem habitats within the Devil Canyon
Reservoir presently support small populations of
burbot and longnose suckers throughout the year.
Arctic grayling, whitefish and Dolly Varden
populations use the mainstem for overwintering
(ADF&G 1981f, 1983b).

The stable water level in Devil Canyon for most of
the year will help create more favorable spawning
conditions for most fish species. Arctic grayling,
lake trout, burbot, whitefish and longnose sucker
spawning is expected to be unaffected by the
drawdown cycle. Dolly Varden eggs that are
deposited in the draw down zone of reservoir
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tributaries during September and October may
experience a higher mortality than those -deposited
above the draw down zone. The impact to Dolly
Varden populations in the reservoir is expected to
be minor.

Productivity in the Devil Canyon reservoir is ex-
pected to be low because of the turbidity levels—--
the expected turbidity in Devil Canyon is described
in Exhibit E, Chapter 2, Sectiomn 4.2.3(c)}(iii)--but
should be greater than the productivity in the
Watana reservoir because of the less extreme
draw—down cycle., It is expected that the Devil
Canyon reservoir will develop limited resident
populations of Dolly Varden, burbot, whitefish and
other species., Arctic grayliag will occur in and
at the mouths of clear—water tributaries,

Effects on Tributary Habitats {(*%)

As with the. tributaries that flow into the Watana
impoundment, the lengths of the tributaries to be
affected by the Devil Canyon impoundment will
vary according to their gradients and location
within the impoundment. The locatiomns of the
tributaries, the stream gradients and lengths of
af fected reaches are summarized in Table E.3.2.91.

Effects on tributaries and associated fish are also
expected to be similar to those presented for the
Watana Reservoir. Most of the tributaries in the
Devil Canyon impoundment area are characterized by
steep slopes with occasional barriers, such as
waterfalls. Cheechako, Devil and Tsusena Creeks,
three tributaries entering the Devil Canyon
impoundment, all contain waterfalls. These falls
will not be inundated by the impoundment and would
still function as barriers to fish passage.
Species presently using tributary habitats include
Dolly Varden, Arctic grayling and whitefish,

The loss of clear-water tributary habitat im
Tsusena and Fog Creeks will eliminate habitat
utilized by approximately 1200 grayling longer than
8 inches (20 cm) (Table E.3.2.24). However,
because the water surface elevation in Devil Canyon
Reservolir will remain relatively constant during
the Arctic grayling spawning and incubation period,
the effects of reservoir filling and operation on
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Arctic grayling are expected to be less severe than
those anticipated in the Watana Reservoir,

As discussed in Section 2.3.l.c.ii, a small
population (25-75) of chinook salmon presently use
habitats near the mouths of four tributaries for
spawning. This utilization is expected to increase
to some extent during the period between initial
operation of Stage I and closure of the Devil
Canyon Dam. Diversion of the Susitna River for
construction of the Devil Canyon Dam will eliminate
salmon population use of the areas within the Devil
Canyon Impoundment Zone.

(1ii) Devil Canyon to Talkeetna (*%)

~ Effects of Altered Flow Regime (*%)

Operation of Stage II will begin after completion
of the Devil Canyon Dam and filling of the
reservoir, The completion of the Devil Canyon Dam
is scheduled for the year 2005 with initial
operation beginning in late 2005. Discharge from
the Devil Canyon Dam will be influenced by the
discharge from Watana Dam. The annual discharge
regime and changes to the discharge regime between
Stage I and Stage II are, therefore, limited by the
storage capacity in the Stage I - Watana
Reservoir.

During the Stage II operation period, the system
demand for energy is expected to grow from
approximately 4,800 GWH annually to approximately
5,500 GWH annually. Growth with corresponding
average aunuzl energy production from the Stage II
project is expected to be from approximately 4,200
GWH annually to 4,560 GWH annually. To represent
the Stage II flow regime, discharges at Gold Creek
associated with system energy demand of
approximately 5,270 GWH and an average annual
energy production of approximately 4,440 GWH were '
used for the habitat analysis. Average weekly
discharges at Gold Creek for the 34 years of record
to meet this energy demands and average energy
production are presented in Exhibit E, Chapter 2
Section 4.2,3,2a, Maximum, minimum and mean monthly
average discharges at Gold Creek associated with
this production are summarized in Table E.3.2.91
along with the same values for natural conditiomns.
Comparison of the mean monthly average flows at
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Gold Creek during Stage I operation (Table
E.3.2.73) with those during Stage II operation
(Table E.3.2.91) indicates that little difference
in the discharge regime is expected between the two
stages.

. Effects on Principal Evaluation Species/Habitat

Combinations (¥*%¥)

.. Chinook Rearing Habitats (*¥*)

Chinook rearing habitat areas associated with
Stage II operation flows were analyzed in the
manner described for the Stage I flow regimes.
Total chinook rearing habitat areas were derived
for the average weekly flows under Stage II
project operation and from the total chinook
rearing habitat area response curve presented in
Figure E.3.2.64 and Table E.3.2.46.
Probabilities of exceedance values were
calculated for the 90, 50, and 10 percent
exceedance levels and are presented in Table
£.3.2.93 and in Figure E.3.2.88 ., Also
presented are the habitat values [or the natural
flow regime. Comparisons of these values with
the probability of exceedance values for Stage I
(Figure E.3.2.75), which indicate that little
change in the rearing habitat area associated
with the Stage II discharge regime is expected.

Total chinook rearing habitat areas during the
early summer weeks under the Stage II flow
regime are expected to be slightly less than
under the natural flow regime (Table E.3.2.49).
By mid-summer (after Calendar Week 27), the
ranges of habitat areas available in each week
will be nearly the same as under the natural
flow regime as depicted in Figure E.3.2.88.
Under natural conditions, juvenile chinook
become prevalent in mainstem affected areas
after the early part of July, beginning in
Calendar Week 26, (See Figure E.3.2.37). The
apparent reduction im total suitable habitat
area available in June under the Stage II flows
occurs when few chinook juveniles are expected
to be present in the mainstem affected areas
and, the apparent loss of available habitat is
not expected to affect the juvenile populatious.
As observed for the Stage I flows, variation in
the amount of habitat available from week to
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week and year to year would be less during Stage
II operation than under the natural flow
regime.

The median chinook rearing habitat in
Representative Groups 2, 3, and 4, however, is
expected to be greater under the Stage II
operational flow regime than under the natural
regime. Median (50 percent), 90 and 10 percent
exceedance values of habitat area in the three
groups under Stage II flow conditions are
presented in Table E.3.2.93, together with the
habitat areas estimated for the natural flow
regime. These are depicted graphically in
Figure E.3.2.89. The range of available habitat
areas 1s somewhat less during the early part of
the summer, corresponding to the filling period
for Watana Reservoir. Later in the summer, once
the Watana Reservoir is filled, the median and
range of habitat area is nearly the same as
under natural conditions. =

During the winter months, the probability that
juvenile chinook survive through the winter is
expected to increase from the Stage I flow
regime. Although discharges during the winter
months in Stage II will be similar to those in
Stage I, the ice front is not expected to
progress as far upstream {see discussion of
Effects of Altered Temperature/Ice Regime
presented below). Thus, some additional habitat
sites which may be used by juvenile chinook for
overwintering will not be subjected to
overtopping due to staging of the water surface.
Hence, juveniles inhabiting the sites will not
be subjected to 0°C, high velocity water. Also,
staging in the ice-covered reach is expected to
be less than during Stage I operation with the
result that sites in the ice covered reach will
not be as likely to overtop or if they do
overtop, the volume of water diverted through
the site will be less. A more complete
discussion of the ice processes during Stage II
is presented in Exhibit E, Chapter 2, Section
4.2.3. The effects of ice processes on juvenile
chinook are discussed in more detail in Section
2.3.1l.c.ii, Effects of Altered Temperature/Ice
Regime.
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.» Chum Spawning Habitats (#*%)

Additional changes from those expected during
Stage I operation in factors affecting chum
spawning habitats are not expected to occur as a
regult of the transition from Stage I to Stage
IT operating flow regimes. As discussed )
previously, little change in the discharge
regime is expected in the transition from Stage
I to Stage II (Table E.3.2.91). Hence,
conditions for chum access into spawning
habitats will be similar to that described for
Stage I. A summary of access conditions at
passage reaches affected by mainstem discharge
during Stage II operation is presented in Table
E.3.2.94. Access conditioms at mnatural
discharges during August and September are also
presented in the table for comparison.

Total chum spawning habitat areas for average
weekly discharges in August and September were
calculated using the 34 years of average weekly
discharges anticipated under Stage II operation.
Translation to total spawning habitat areas were
based on the habitat area response curve for the
modeled chum spawning sites presented in Table.
E.3.2.47 and Figure E.3.2.59, Probable habitat
areas exceeded 90, 50 and 10 percent of the time
were calculated for each week in August and
September. These values are presented for the
Stage 11 flow regime in Table E.3.2.95 and are
depicted graphically in Figures E.3.2.90.
Comparison of these habitat areas with those
-presented for total chum spawning habitat areas
during Stage 1 (Figure E.3.2.77) demonstrates
that the total habitat areas available during
the spawning period in those sites traditionally
used by chum under the natural flow regime will
be somewhat less during Stage II than during
Stage I operation. The available spawning
habitat will be nearly the same as that observed
under matural flow conditions (preseunted in
Table E.3.2.95). 1In addition, the week to week
and year to year variation in chum spawning
habitat during Stage II will be nearly identical
to that observed for the natural flow regime.
This is due to the fact that the Watana
Reservoir is expected to be refilled by the
first part of August each year with subsequent
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average weekly discharges approaching natural
flows.

Analysis of the chum spawning habitat
availability in Representative Groups 2, 3 and &
during Stage II operation yields similar
results. Spawning habitat areas derived using
the aggregate Representative Group habitat
response curve presented in Table E.3.2.48 and
Figure E.3.2.63 are presented in Table

E.3.2.96 and are depicted in Figure E.3.2.91.
The median habitat areas expected to be
available in Representative Groups 2, 3 aund 4
during Stage II operation are nearly the same as
those expected during Stage I operation., As
with the previous analysis of chum spawning
habitat in modeled sites, the week to week and
year to year variation in the availability of
spawning habitat will be greater during Stage II
than during Stage I operation and will approach
that variation observed under the matural flow
regime,

Survival of chum salmon embryos during the
incubation period is expected to be similar to
that expected under Stage I. This is indicated
by the habitat area values for suitable spawning
habitat in the modeled chum spawning sites
during the October and November period presented
in Table E.3.2.97 in comparison with the values
for Stage T operation presented in Table
E.3.2.79, Habitat areas in the modeled sites
for the natural flow regime are-also presented
in Table E.3.2,97 for comparisom. Habitat areas
for the Stage II flow regime, presented in Table
E.3.2.97, are depicted graphically in Figure
E.3.2.92 . During Stage II operation,
essentially no variation is ewvident in the chum
spawning habitat area available for incubation
of the embryos during October and November.

This is due principally to the ability of the
Stage II operation to consistently meet the
energy needs of the system.

Similar results are obtained using the habitat
area response curve for chum spawning habitat
area in Representative Groups 2, 3 and &4 (Table
E.3.2,48). The 90, 50 and 10 percent equalled
or exceeded habitat areas included in the three
representative groups for the Stage II flow
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regime are presented in Table E.3.2.98 and are
depicted graphically in Figure E.3,2.93.

Some increase in the survival of chum embryos in
some sites is expected as a result of changes in
the ice processes associated with Stage II
operation compared with Stage I operation
(Exhibit E, Chapter 2 Section 4.2.3). Since the
ice cover is not expected to extend as far
upstream during Stage IT as expected during
Stage I, some spawning areas that were subject
to overtopping as a result of staging, will be
less likely to overtop under Stage II. Also,
sites located in the reach expected to become
ice covered will be less likely to overtop
because staging is expected to be less than
during Stage I.

. Effects on Other Evaluation Species/Habitat
Combinations (%#%%x)

Because the discharge regime during Stage II is
expected to be nearly the same as that

described for Stage I, no additiomal effects due
to altered flow regime to other evaluation
species/habitat combinations are expected.
Hence, the changes to habitats described for
Stage I will be maintained through Stage II. The
prolongation of habitat conditions associated
with Stage I is expected to benefit the various
species/habitat combinations by providing long
term habitat stability.

- Effects of Altered Temperature/Ice Regimes (#%¥)

Dif ferences between water temperatures under
natural conditions and under project operation
conditions are more pronounced during Stage I1
operation than under Stage I operation at all
locations within the middle Susitna River. These
differences are depicted in Figures

E.3.2.94, E,3,2,95 and E.3,2,96 for R 150, 130 and
100, respectively.

The regimes depicted in these figures represent the
expected temperatures assuming discharges expected
During Stage II operation. The estimated
temperatures also assume climate and flow
conditions recorded during 1981 and 1982, The
expected temperatures at other locations in the
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middle river through the summer using the same
climate, flow and demand assumptions are presented
in Tables E.3.2.99 and E.3.2,100 for 1981 and 1982
respectively. Because river temperatures expected
under Stage I operations are nearly the same as
natural conditions, the temperature changes induced
by Stage II operation represent the major project
induced changes in summer temperatures which could
affect the utilization of aquatic habitats by
various fish species, At RM 150, near the mouth of
Portage Creek, summer water temperatures are
expected to be 2° to 6° cooler than under matural
or Stage I operating conditions from May through
July. In August, with-project temperatures are
similar to matural. From September through mid-
November , water temperatures will decline but at a
much slower rate than under natural or Stage I
conditions. Thus, temperatures are expected to be
2°-6°C warmer. During the period November through
March, water temperatures are expected to be
between 1° and 2°C with no ice forming in the upper
end of the middle river.

At RM 130, cool water temperatures are maintained
from May through July. Differences between matural
and Stage II operation range from 2-4°C cooler.
After October, water temperatures are 2° to 4°
warmer. Through the winter, water temperatures are
expected to be less than 1°C most of the time with
occasional periods of -0°C water in the mainstem.
During Stage II operation, an ice cover may
occasionally form at BM 130 as depicted in the ice
simulation presented in Figure E,3.2,97.

At RM 100, near the confluence of the Chulitna
River with the Susitna River, water temperatures
are expected to be 2-3°C cooler during Stage II
than natural temperatures for the May-July. After
mid~September, water temperature is expected to be
2-5°C warmer until mid- to late November (See
Figure E.3.2.96). Ice cover is expected to form in
the lower portiouns of the middle river in late
December and will remain in the area until late
March, at which time the ice cover will melt out
(See Figure E.3.2.97). From the end of March until
the beginning of May, water temperatures are likely
to be 1-2°C warmer than under natural conditions.
As with the other locations in the middle reach and
as under Stage I conditions, the seasonal
temperature pattern is expected to be shifted about
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one month later in the season than under natural
conditions., This is due principally to the large
time required for Watana reservoir to gain and lose
heat relative to the natural stream, which is
shallower and better mixed than the large
reservoir.

Effects on Principal Evaluation Species/Habitat

Combinations (%*%%)

.. Juvenile Chinook Rearing Habitats (#%¥%%)

During operation of Stage II of the Susitna
Hydroelectriec Project, water temperatures

during May to July are expected to be 2-6°(C
cooler than under natural conditions. These
cooler temperatures could affect juvenile
chinook rearing by retarding the growth rates of
those fish occupying mainstem associated
habitats such as side channels. However, based
upon size data collected in tributary habitats,
juvenile chinook which remain in the tributaries
generally grow to somewhat larger sizes than
those occupying side channel and mainstem
habitats (See Table E.3.2.10). Water
temperatures in tributary habitats are generally
2-4°C cooler than mainstem temperatures between
May and July, similar or slightly cooler than
mainstem temperatures in August, and slightly
warmer than mainstem tempertures in September
and October (Exhibit E, Chapter 2, Section
2.3.1(c). Brett (1952) suggested that although
most rapid growth of juvenile sockeye fed to
satiation occurs at approximately 15°C, juvenile
growth efficiency (i.e. conversion of food
biomass to fish biomass) is probably greater at
some lower temperature. The observed difference
in growth between juveniles in tributary and
juveniles in mainstem habitats could be
accounted for through higher growth efficiency
or more food available. Water temperatures in
side channel rearing habitats are expected to be
more similar to tributary water temperatures
and, therefore, juvenile chinook incremental
growth could approach that observed for
juveniles in the tributaries. Specific growth
rate for a population is highly dependant upon
ration (food available), the temperature regime
to which they are exposed and inherent
physiological adaptations. Hence, statements
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regarding the effects of temperature on juvenile
chinook cannot be conclusive. Based on
temperature tolerance curves developed by AEIDC
(1984b), water temperatures are expected to be
within tolerance ranges through the summer
(Figure E.3.2.98).

During winter months, juvenile chinoock generally
move into side slough habitats to overwlinter.

In the upper reaches of the middle Susitna
mainstem and side channel habitats will remain
at 1-3°C throughout the winter, similar to water
temperatures in wmbreached side sloughs under
natural conditiomns. Therefore, the warmer water
released from the Devil Canyon Dam is expected
to increase the total habitat area with water
temperatures in a more amenable range for
survival through the winter months. Downstream
from the action of the ice front, side slough
habitats will be the only areas likely retaining
warter temperatures greater than 0°C. However,
because of the staging associated with ice cover
formation, many of the sloughs may be breached
as depicted in Table E.3.2.101. Survival of
juvenile chinook could be reduced in side
sloughs which are breached and convey 0°C
mainstem water.

Qutmigration of juvenile chinook fron
tributaries into mainstem areas and ultimately
out of the middle river would not be to
significantly impacted by the cooler
temperature. Some delay in outmigration from
the middle river due to the lower mainstem
temperature may occur (AEIDC 198%4a). However,
the delay is not expected to be sufficient to
lead to excessive mortality of juvenile chinook
in the lower river or in the marine
environment.

Effects on Chum Spawning/Incubation

Habitats (##%%)

Upstream migration of adult chum salmon into the
middle river gemerally occurs between late

July and late August. During this period, water
temperatures are generally expected to be within
the natural range of temperatures. During the
early part of the migration season, however,
somewhat cooler temperature may retard the rate
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of upstream migration to some extent. Because
chum salmon tend to remain in mainstem areas for

-some time prior to moving iunto spawning habitats,

this retardation is not expected to adversely
affect spawning activity. Once chum salmon move
into side slough habitats to spawn (i.e.
Representative Groups 2 and 3), water
temperatures are expected to be similar to
temperatures encountered prior to construction
and operation of the reservoirs. It is likely
that a key factor in chum salmon selection of
spawning sites is the temperature difference
between the surface water temperature and the
temperature of the water in upwelling areas,
Since groundwater upwelling temperatures average
from 2°C to 4°C, temperature differences will
still be detectable and, therefore, spawning
activities are not expected to be adversely
affected.

Incubation of chum embryos in side sloughs is
not expected to be adversely affected by
mainstem temperatures unless the spawning area
is breached as a result.of staging associated
with the ice cover, Breaching of spawning areas
due to ice cover formation is expected at most
sites downstream from the location of the-:ice
front. The maximum upstream location of the ice
front is at approximately BM 133 in an average
winter and may be a few miles downstream or
upstream in a warm or cold winter,

respectively,

Breaching of a site between RM 100 and RM-130,
if it occurs, will occur beginning in late
December and subside in mid-March at the lower
reaches in an average winter. The duration of
overtopping may be a few weeks more or less in a
warm or cold winter, respectively. Further
upstream, the breaching will occur somewhat
later and will subside somewhat earlier as de-
picted in Figure E.3.2.96 and Table E.3.2.101.
In the upper reach affected by ice cover forma-
tion, a particular site may be breached two or
more times in a single winter, e.g. Slough 8A,
located at RM 126.,0, may be overtopped twice
given the ice progression and recession depicted
in Figure E,3.2,96, If the chum embryos are
sufficiently developed prior to a breaching
event, no significant effects on development of
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the embryos or mortality is anticipated due to
altered temperatures as discussed in Section
2.3.1.c.ii.

If ice formation and subsequent breaching of the
site occurs early in the season, some excess
mortality and possible developmental
abnormalities may occur. However, the mortality
and abnormal development associated with such
events 1s not expected to be greater, overall,
than under natural conditions. This is due
principally to the fact that sites upstream of
BM 133 are not expected to be breached with zero
degree mainstem water and, hence, no mortality
due to zero degree water intrusion, freezing of
the substrates or dessication is expected under
project conditions,

. Effects On Qther Evaluation Spec1es/Hab1tat

Combinations (#*%%)

Upstream migration of adult chimook salmoan into
the middle reach occurs in late June and July.
During this period, temperatures due to Stage IT
operation are expected to be the most different
from natural water temperatures, Some delay in
the rate of upstream migration is expected,
However, the range of temperatures expected is
within the tolerance range for adult chinook
migration (Figure E.3.2.98) and, therefore, the
adults are expected to reach the tributary
spawning habitats within the normal time period,.

Upstream migration of adult spawning sockeye
salmon may be delayed slightly as a result of the
altered temperature regime due to Stage II
operation. However, the mainstem temperatures
expected during Stage II operation are within the
tolerance range for migration of Sockeye (Figure
E.3.2.99).

Spawning and incubation of sockeye adults aand
embryos occurs exclusively in side slough and
side channel habitats (Representative Groups 2
and 3)., Since spawning and incubation habitats
for sockeye are coincident with chum spawning and
incubation habitats, the effects of the altered
temperature and ice regimes on sockeye are
expected to be the same as those described for
chum.

E-3-2-202



3

4‘.ﬁ4—-W
[

- —

Juvenile sockeye remain in side sloughs, move to
upland sloughs or outmigrate to the lower river
after emerging from the natal areas. For those
juveniles which move out of the natal areas into
upland sloughs, water temperatures in the
mainstem may retard or iohibit the movement,
However , once into upland sloughs, water
temperatures are independent of mainstem
temperatures (ADF&G 1983k, 1984u) and, therefore,
no effects on rearing or overwintering are
expected, Effects on juvenile sockeye which move
out of the middle river are discussed in Section
2.3.2.c.iii. Mainstem temperatures throughout
the summer months are expected to be within the
tolerance range for juvenile sockeye (Figure
E.3.2.99). However, some delay in the
outmigration of Age 1+ sockeye could result~ from
the lower temperatures (AEIDC 1984b). However,
the delay is not expected to result in increased
mortality of juveniles in the salt water
environment.

The rate of upstream migration of coho adults may
be retarded to some extent as a result of the
reduced water temperatures attributable to Stage
IT operation. However, spawning of the_adult
coho in tributary habitats is expected to occur
within the time frame spawning occurs under
natural conditions.

Redistribution of juvenile coho from the
tributaries into upland sloughs may be delayed to
some extent because of the cooler mainstem water,
However , because mainstem temperatures are
expected to be approximately the same or slightly
warmer than tributary water temperature, no
adverse effects on the redistribution 1s
‘expected, The range of mainstem temperatures is
expected to be within the tolerance range of coho
juveniles (AEIDC 1984a; Figure E.3.2.100). Since
water temperature in the upland sloughs is
independent of mainstem water temperature (ADF&G
1983k, 1984u) changes to mainstem water
temperature due to Stage II operation are not
expected to affect coho rearing and
overwintering.

Qutmigration of juvenile chum salmon generally

occurs over a two month period in June and July.
Juvenile chum generally outmigrate relatively
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slowly and grow to some extent prior to leaving
the middle river (ADF&G 1983m, 1984c, 1985c).
The lower water temperatures resulting from
operation of Stage II may slow the rate of
outmigration to some extent and may reduce any
growth which may occur in the middle reach.
Expected temperatures in the middle river are
within the tolerance range for juvenile chum
(AEIDC 1984b) (Figure E,3.2,101), Because
juvenile chum do outmigrate relatively slowly
under natural conditions, a delay in outmigration
from the middle river of 1-2 weeks is not
expected to have significant adverse effects.
Also, since outmigrating chum salmon range in
size from newly emergent fry approximately 49 mm)
to approximately 65 mm total length, a reduction
in the growth rates in-the middle reach is not.
expected to adversely affect the population. If
additional growth is necessary to promote
survival of the juveniles in saltwater,
additional growth is likely in habitats
associated with the lower river (ADF&G 1985c).

As with the other salmon species, upstream
migration of pink salmon is expected to be
delayed somewhat as a result of:zthe lower
mainstem temperatures associated with Stage II
operation. During operation of Stage II, water
temperatures through the summer months are
expected to be within the tolerance range for

. pink salmon migration (AEIDC 1984b) (Figure

E.3.2.102), hence any delay in the upstream
migration due to temperature effects is not
expected to cause significant changes in the
spawning period of pink salmon. The majority
(more than 95 percent) of the pink salmon
spawning and incubation occurs in tributary
habitats which will not be affected by mainstem
temperatures. OQutmigration of pink juveniles
occurs in late May and early June immediately
after breakup of the ice cover under natural
conditions. Since the river is expected to be
ice free as early as late March, outmigration of
pink juveniles is not expected to be adversely
affected, Even though mainstem temperatures in
May and June are expected to be 2-6°C lower than
natural, it is expected that the mainstem
temperatures will still be higher than the
tributary temperatures. Hence, outmigration of
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juvenile pink is not expected to be adversely
impacted during Stage II operatiom.

Rainbow trout, Dolly Varden and Arctic grayling
generally move into tributary habitats to spawn
and rear during the summer months. Therefore,
the expected lower mainstem temperature will not
affect these species. During the winter months,
adults and juveniles of all these species move
into mainstem and mainstem associated habitats,
Since water temperature in much of the middle
river will be higher than under natural
conditions, temperature induced changes in
survival rates of rainbow trout, Dolly Varden and
Arctic grayling are not expected to be
detrimental when compared to natural conditions,
Project induced thermal changes may even enhance
survival of these fishes.

Little is known of the effects of temperature omn
burbot growth, spawning and incubation. Lower
summer temperatures could retard growth of
burbot. However, since burbot are found ian large
lakes within the area, where they would
e;perience lower water temperatures, the lower
temperatures are not expected to adversely affect
the population. Similarly, warmer temperatures
in the late fall and winter, particularly
upstream of approximately RM 130, are not
expected to adversely impact the populationm.

— Effects of Altered Suspended Sediment Regime (#*%%)

The effects of an altered suspended sediment regime
during Stage IT Operation conditions will be
similar to that described in Stage I Operations
(Section 2.3.1.c.ii). Estimated suspended sediment
concentrations and turbidity values expected in the
discharge from the Devil Canyon Reservoir during
Stage II operation are presented in Table
E.3.2.102., The major change is that Devil Canyon
Reservoir will trap additiomal portions of the
suspended sediment discharged frm the Watana
Reservoir, Average annual turbidities downstream
will be slightly less than during Stage I
Operations (Table E.3.2.86).

Also, concentrations of suspended sediment will be

slightly less during Stage II (Table E.3.2.102)
than during Stage T operations (Table E.3.2.86).
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The direct effects of the suspended sediment
concentrations on fish in mainstem and peripheral
habitats will still be stressful, but are not
expected to be lethal., Vertical illumination will
slightly increase due to slightly lower turbidity.
The reduction in suspended sediment concentration
and turbidity will allow more extensive periphyton
and epilithoun colonization along shallow riffles
and margins of the mainstem channel and in shallow
peripheral habitats chronically inundated with
turbid water.

In general, detrital, primary and secondary trophic
levels will be slightly enhanced in middle river
habitats over the production expected during Stage
I operation. Peripheral habitats not chronically
affected by turbid release waters are expected to
be as productive or more productive at most trophic
levels during Stage II operation compared to
productivity during Stage I operation. The major
reason for this is the net removal of increasing
amounts of fine particulates from the surficial
streambed substrates.

As previously described, tributary habitats will
not be affected by Stage II or any other
operational flows from the project.

Effects of Other Water Quality Changes (#*%)

No additional water quality changes due to Stage II
operations are anticipated to cause biologically
important habitat changes within the middle river
reach.

Dissolved and particulate organic materials of
allochthonous origin are expected to increase in
concentration during the filling and the early
operational years of Devil Canyon Reservoir., These
concentrations of organic materials will gradually
decline in waters released from Devil Canyon as
their rate of erosion and leaching from the newly
inundated impoundment zone decreases. Long term
effects associated with these increased organics
are expected to be negligible with respect to
aquatic biological communities located downstream,
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{(iii) Talkeetna to Cook Inlet (##*%)

~ Effects of Altered Flow Regime Stage IT (***)-

As discussed in Section 2,3,2.c.ii, little change
in the discharge regime in the lower river is
expected between Stage I and Stage II operationm,
The lack of difference in the discharge regime is
due primarily to the limited storage capacity in
Watana Reservoir. The discharge regime during
Stage II operation will, however, be different from
the natural discharge regime. Monthly average
discharges at the Sunshine and Susitna Statiomn
gages during Stage II operation are presented in
Chapter 2 Section 4.2.3.a, Maximum, minimum and
mean average monthly discharges are summarized here
in Table E.3.2.103 for the Sunshine Station and in
Table E.3.2.104 for the Susitna Station. The same
values for the natural flow regime are presented in
the tables for comparative purposes.

. Effects on Principle Evaluation Species/Habitat
Combinations (#*%%*)

Because the discharge regime in the lower river
during Stage II operation will be nearly the
same as during the Stage I operation, no-
additional effects, attributable to the altered
flow regime are expected. Changes to chinook
rearing habitats (Table E.3.2.89) and chum
spawning habitats in the lower river between
natural and Stage I flow regimes will be
maintained through Stage IT operationm.

. Effects on Other Evaluation Species/Habitat
Combinations (##*%)

As discussed above, no additional changes to the
other evaluation species/habitat combinations
are expected as a result of Stage II operational
flow regimes. Habitat conditions influenced by
mainstem discharge for other anadromous species
life stages and resident species are expected to
remain the same as during Stage 1 operation (See
Section 2.3.1.c.iii).

- Effects of Altered Temperature/Ice Regime (¥**%)

Water temperature differences between Stage II
and Stage I operation downstream from the

851021 E-3-2-207
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Chulitna River counfluence are expected to be
considerably reduced due to the influence of the
colder water in the Chulitna and Talkeetna Rivers.
Differences of up to 2°C during the summer are
expected and are within the natural variation
occurring in the reach (see Tables E.3.2.81 and
E.3.2.82 and E.3.2.99 and E.3.2.100). During the
fall, warmer than natural temperatures will prevail
until late October or early November, After that
time, water temperatures are expected to remain at
0°C through the winter with an ice cover forming
throughout the lower reach. Initial formation of
the ice bridges in the lower river is expected to
occur at approximately the same time as under
natural conditions., Progression of the ice front
upstream from the Yentna River to Talkeetna will
progress somewhat slower. The ice front is
expected to reach Talkeetna in late December,
Because temperature differences between Stage I and
Stage II operation are mot expected to be
significant, no impacts to salmon, other anadromous
fish or resident fish resulting from temperature
changes are expected. Principal habitats used by
various life stages of salmon are more likely to be
influenced by other factors such as tributary
temperature and slough temperatures which are
independent of mainstem water temperatures (ADF&G
19854, 1985g).

Effects of Altered Suspended Sediment Regime (##%)

Conditions in the lower river during Stage II
Operations are essentially like those described

for Stage I Operatioms (Sectiom 2.3.l.c.iil) except
that the suspended sediment concentrations and
turbidity values are expected to be lower.

Direct effects on fish will still be stressful, but
not lethal., Lower trophic levels are expected to
be more productive than natural conditions during
June through August, but less productive than
during natural conditions from September through
May. The indirect effects of changes in the
temporal regimes of the lower trophic level
activities on the fisheries populations is

unknown, The most detrimental effeacts envisioned
are potential reductions in annual primary and
secondary biomass production in relatively deep and
chronically turbid mainstem and large side channel
habitats.
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- Effects of Other