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I. INTRODUCTION

instream Flow Relationships Report

The primary purpose of the Instream Flow Relationships Report (IFRR),
presented here in draft form, is to present technical information
within a hierarchical structure that reflects the relative importance
of 1interactions among physical processes governing the seasonal
availability of fish habitats in the Talkeetna-to-Devil Canyon segment
of the Susitna River. The IFRR and its associated technical report
series should not be construed as an impact assessment document.
Rather, these reports describe a variety of natural and with-project
relationships among abiotic instream habitat conditions that are
necessary to evaluate alternative streamflow and stream temperature

regimes, conduct impact analyses, and prepare mitigation plans.

The IFRR is intended to inform a broad spectrum of readers having
widely differing educational backgrounds and degroes of familiarity
with the proposed project about_ potentially beneficial or adverse
influences the proposed project may have on fluvial processes in the
middle Susitna River that control the availability and quality of fish
habitat. By meeting this objective, the report will assist the Alaska
Power Authority and resource agencies to reach an agreement on an
instream flow regime (and associated mitigation plan) <that will
minimize impacts and possibly enhance existing middle Susitna River

fish resources,

The final draft of the IFRR will: (1) identify the most limiting life
history phases of fish populations indigenous to the middle Susitna
River; (2) identify and rank the most influential habitat variables
re,mlating these life phases; and (3) quantify the responses of these
habitat variables to project induced changes in streamflow, stream
temperature, 3suspended sediment and water quality. Other fluvial
characteristics such as channel structure, sediment transport, ice
processes, turbidity and water chemistry are elements of these three

driving variables.
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The influence of the project induced changes in stream temperature ¢ id
water quality will be discussed on a macrohabitat level by habitat
trype, season, and species.The influence of streamflow on fish habitar
will be evaluated on both a macrohabitat and microhabitat level. Site
specific habitat responses to instream hydraulics will be icentified
at the microhabitat level and summarized in the form of flow
relationship hydrographs at the macrohabitat level. These hydrographs
are intended to describe the composite response of individual study
sites by habitat type to changes in mainstem discharge for specific

species and life history phases of interest.

This draft is based upon information available in project documents
and the status of the IFRR technical report series as of October 1984,
Envirconmental factors that influence the seasonal distribution and
relative abundance of fish in the middle river are principally
discussed at the macrohabitat level by habitat type. The influence of
instream hydraulic conditions on the availability and quality of fish
habitat can only be discussed on a quantitative basis for a few side
sloughs and side channels. Subjective statements are required at this
time to extend these site specific habitat responses to other habitat
types within the middle Susitna River. As more technical informaticn
becomes available, undocumented discussion will be expanded to
encompass such important habitat variables as upwelling, intragravel
temperatures and primary production and their relationship to
anticipated with-project streamflow, temperature and turbidicy

regimes.

In this report the three principal freshwater 1life phases of the
Pacific salmon are ranked in their order of importance as determined
by existing habitat conditions in the middle river, and the relative
importance of several environmental factors in providing suitable
habitat for each of these life history phases is identified. To the
extent data and technical information are available the response of
seasonal habitat conditions to altered streamflow, stream temperature

and water quality conditions are also discussed.



Instream Flow Relationships Studies

The Alaska Power Authority submitted a license application to the
Federal Energy Regulatory Commission (FERC) for the proposed Susitna
dydroelectric Project on February 18, 1983. Follcwing submission of
supplemental information and vresponses to FERC comments, the
application was accepted on July 19, 1983 for review by the FERC. The
application was then sent by the FERC to resource agencies for review
and comment. This review is now complete, and the FERC is proceeding
with preparation of the final environmental impact statement (FEIS).
The decision to issue the license is tentatively scheduled to be made
by the FERC in 1987, assuming no substantial delays in the licensing
process prior to that date. Even though the license application has
been accepted by the FERC for review, and preparation of the FEIS has
begun, various aquatic or aquatic-related studies are still in

progress to assure that the licensing process proceeds on schedule.

In 1982, following two years of preliminary baseline studies, a multi-
disciplinary approach to quantif§ effects of the proposed Susitna
Hydroelectric Project on existing fish habitats and identify mitiga-
tion options was initiated. As part of this multi-disciplinary
effort, a technical report series was planned that would (1) describe
the existing fish resources of the Susitna River and identify the
seasonal habitat requirements of selected species, and (2) evaluate
the effects of alternmative project designs and operating scenarios on
those physical processes which most influence the seasonal
availability of fish habitats in the middle Susitna River. In
addition, a summary report, the Instream Flow Relationships Report,
would integrate the findings of the technical report series and
prioritize the physical processes evaluated in the technical report
series and pirovide quantitative relationships (where possible) and
discussions regarding the influences of incremental changes in
streamflow, stream temperature, and water quality on fish habitats in

the Talkeetna to Devil Canyon reach of the Susitna River on a seasonal

basis.



The IFRR technical report series consists of the following:

Technical Report No. 1. Fish Resources and Habitats of the Susitna

Basin. This report, being prepared by Woodward-Clyde Consultants,
will consolidate information obtained by ADF&G SuHydro on the fish
resources and habitats in the Talkeetna-to-Devil Canyon reach of the
Susitna River. A draft report utilizing data available through June

1984 was prepared by WCC in November 1984,

Technical Report No., 2. Physical Processes Report. This report,

being prepared by R&M Consultants, describes naturally occurring
physical processes within the Talkeetna-=to-=Devil Canvon river reach

pertinent to evaluating project effects on riverine fish habitat.

Technical Report No. 3. Water Qualitv/Limnology Report. This report,

being prepared by Harza-Ebasco, will consolidate existing information
on water quality for the Susitna River and provide technical level
discussicns of the potential for with-pro ect biocaccumulation of
mercury, adverse effects of nitrogen gas supersaturation, changes in
downstream nutrients, and changes 1in turbidity and suspended
sediments. A draft report based on literature reviews and project

data available through June 1984 was prepared in November 1984.

Technical Report No. 4. Reservoir and Instream Temperature. This

report, prepared by AEIDC, consists of three principal components:
(1) reservoir and instream temperature modeling; (2) development of
temperature criteria for Susitna River fish stocks by species and life
stage; and (3) evaluation of the influences of with-project stream
temperatures on existing fish habitats and natural ice processes. A
final vreport describing downstream temperatures associated with
various reservoir operating scenarios and an evaluation of these
stream temperatures on fish was prepared in October 1984. A draft
report addressing the influence of anticipated with-project stream

temperatures on natural ice processes was prepared in November 1984.



Technical Report No. 5. Aquatic Habitat Report. This report, being

prepared by E. Woody Trihey and Asscciates, will describe rhe
availability of various types of aquatic habitat in the Talkeetna-
to-Devil Canyon river reach as a function of mainstem discharge. A
preliminary draft of this report is scheduled for Marcih 1985 with a

draft final report prepared in FY86.



Project Setting

The Susitna River is located in Southcentral Alaska between the majovr
population centers of Anchorage and Fairbanks. The Susitna Valley is
a transportation corridor and contains both the Alaska Railroasd and
the Parks Highway. Yet even with these transportation facilities, the
basin remains largely undeveloped except for several small communities
located in the lower portion of the drainage. Talkeetna, the largest
of these communities, has an approximate population of 280 ars is

located on the east bank of the Susitna River at river mile (RM) 98.

The proposed Susitna Hydroelectric Project consists of two dams
scheduled for construction over a period of 15 years. Construction on
the first dam, Watana, is scheduled to begin when the FERC license is
issued, possibly in 1987, and would be completed in 1994 at a site
located approximately 184 river miles upstream from the mouth of the
Susitna River. The Watana development would include an 885 ft high
earth f1i1l dam, which would impound a 48-mile long, 38,%wu acre
reservolr with a total storage capacity of 8.6 million acre feet (maf)
and a usable storage capacity of 3.7 maf. Multiple level intakes and
cone valves would be installed in the dam to control downstream
temperatures and dissclved gas concentrations, which otherwise might
be harmful to fish resources. An underground powerhouse would contain
six generators with an installed capacity of 1020 megawatts (mw), and
an estimated average annual energy output of 3460 gigawatt hours
(gwh). Maximum possible outflow from the powerhouse at full pool is
21,000 cfs. The cone valves are designed to pass 24,000 cfs at full
pool (APA 1983).

The second phase of the proposed development is construction of the
645 foot high concrete arch Devil Canyon dam, which is scheduled for
completion by 2002. Devil Canyon dam would be constructed a. =» site
32 miles downstream of Watana dam and would impound a Z6-mile long
reservoir with 7,800 surface acres and a usable storage capacity of
0.36 maf. Installed generating capacity would be about 600 mw, - iin

an average annual energy output of 3450 gwh., A wultiple level intake

I-6



strucceure and cone valves would z2lso be installed in Dovil Canyen ¢ m.
The maxirum possible outflow from the four generators n  .he
powerhouse at full pool is 14,700 cfs. The cone wvalves at Devil
Canyon dam are designed to pass 38,500 cfs. When both dams are
operational, Watana Reservoir would be drawn down during the winter
when energy demand is high and filled during the summer when energy
requirements are lowest. Devil Canyon reservoilr would remain
relatively full during most of the year with a short period of
drawdown in the £all (APA 1983).

The Susitna River 1s an unregulated glacial rvriver., Middle Susitna
River turbidities are commonly between 400 and 500 nephelometric
turbidity units (NTUs) in summer and less than 10 NTU in winter.
Typical summer flows range from 16,000 to 30,000 cubic feet per second
(cfs) while typical winter flows range between 1,000 and 3,000 cfs. A
thick ice cover forms on the river during late November and December
that persists through mid-May. The drainage area of the Susitna River
is approximately 19,600 square miles, which is the sixth largest river
basin in Alaska. The Susitna Basin is bordered by the Alaska Range to
the north, the Chulitna and Talkeetna mountains to the west and south,
and the northern Talkeetna plateau and Gulkana uplands to the east.
Major tributaries to the Susitna include the Talkeetna, Chulitna, and
Yentna Rivers, all of which are glacial streams with characteristic
high turbid summer streamflows and ice covered clearwater winter
flows. The Yentna River is the largest tributary to the Susitna and
adjoins t at RM 28. The Chulitna River originates in the glaciers on
the south slope of Mount McKinley and flows south, entering the
Susitna River near Talkeetna (RM 99). The Talkeetna River headwaters
in the Talkeetna Mountains, flows west, and joins the Susitna near the
town of Talkeetna (RM 97). The junction of the Susitna, Chulitna and

Talkeetna rivers is often called the three rivers confluence.

The Susitna River originates in the Susitna Glacier in the Alaska
Range and follows a disjunct south and west course 320 miles to Cook

Inlet (Figure I-1). The Susitma River flows south from the glacier in



N
J/

3

4 10 Rivermite lncremants

Sceig- 1 16miles

{2

?‘@5
Y
(
'y

\\\g
SK
V.

%5/

\

k¢
3
!
o iy

238 ) Pl
(B ancnorace Fi

p TR S e .




a braided channel across a broad alluvial fan for approximatelv SO
miles, then west in a single channel for the next 75 miles through the
steep-walled Vee and Devil Canyons. The two proposed Watana
(RM 184.,4) and Devil Canyon (RM 151.6) dam sites are located in this
reach. Downstream of Devil Canyon, the river flows south again
through a well defined and relatively stable multiple channel until it
meets the Chulitna and Talkeetna Rivers (RM 99). Downstream of the
three rivers confluence, the Susitna River wvalley broadens into a
large coastal lowland. In this reach the down valley gradient of the
river decreases and it flows through a heavily braided segment for its

last 100 miles to the estuary.

Overview of Fish Resources and Project Related Concerns

The Susitna River basin supperts populations of both anadromous and
resident fish. Commercial or sport fisheries exist for five species
of Pacific salmon (chincok, sockeye, coho, chum, and pink), rainbow
trout, Arctic grayling, Dolly Varden, and burbot. The commercial
fishery intercepts returning sockeye, chum, coho and pink salmon in
Cock Inlet. Sport fishing is concentrated in clear water tributaries
to the Susitna River for chinook, coho, pink salmon, rainbow trout and

Arctic grayling.

Construction and operation of the proposed project will notably reduce
streamflows during the summer months and increase them during the
winter months, leading to a more unifcrm annual flow cycle. Stream
temperatures and turbidities will be similarly affected. The most
pronounced changes in stream temperature and turbidity will likely be
cbserved in mainstem and side channel areas with somewhat lesser
effectg occurring in p:ripheral areas. However, reduced summer and
increé;ed winter streamflows will have their greatest influence on
site-specific depth and velocity conditions in areas peripheral to the

mainstem.

The effects that anticipated changes in streamflow, stream temperature

and turbidity will have on fish populations inhabiting the Susitna

s My el



River depends wupon their seasonal habitat requirements ar. the
regulatorvy control which these habita components exert upon the
population. Some project induced changes in environmental conditions
mav have no appreciable effect on existing fish populations and their
associated Thabitats, whereas other changes may have dramatic
consequences. Thus, in order to understand the possible effects of
the proposed project on existing fish populations and didentify
mitigation opportunities or enhancement potential, it is important to
understand the relationships among the naturally occurring physical
processes which provide fish habitat in the middle river and how fish

populations respond to natural variations in habitat availability.



IT. AQUATIC HABITAT MODELING

Approach

The goal of the Alaska Power Authority (APA) in identifying an
environmentally acceptable flow regime 1is the maintainence or
enhancement of existing fish resources and levels of production (APA
1982). This goal is consistent with mitigation goals of the U.S. Fish
and Wildlife Service (USFWS) and the Alaska Department of Fish and
Game (ADF&G) (APA 1982, ADF&G 1982a, USFWS 1981. Although maintenance
of naturally occurring fish populations is the ultimate goal, the
focus of the Instream Flow Relationships Studies (IFRS) 1is on
describing the response of middle Susitna River fish habitats to
incremental changes in mainstem discharge, temperature and water

quality.

Fish populations of the Susitna River fluctuate markedly for many
reasons. Some of the factors affecting population levels exert their
influence outside the river basin. This is particularly true for
anadromous specles such as Pac.fic salmon, which spend portions of
their life cycles in freshwater estuarine and marine environments.
Ocean survival and commercial catches significantly affect the number
of s<lmon returning to spawn in the Susitna River and its tributaries.
Within the freshwater enviromment other factors such as late summer
and fall high flows, cold-dry winters, predation, and sport fishing
also affect fish populations. 1In addition, the long-term response of
adult fish populations to perturbations either within or outside their
freshwater enviromment is seldom immediately apparent. A time-lag
lasting up to several years may occur before an effect, whether
beneficial or detrimental, is reflected in an increase or decrease in

the reproductive potential of the population.

To avoid many of the wuncertainties associated with fluctuating
population levels, fish habitat is often used when making decisions
regarding hydroelectric development and instream flow releases

(Stalnaker and Armette 1976, Olsen 1979, Trihey 1979). When using
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fish habitat as the basis for decision making, the direction a
magnitude of change in habitat quality and availability are accepted
as indicators of population response. This relationship is not
necessarily linear, but is generally quantifiable (Wesche 1973, Binns
1879). Instream flow recommendations based on an analysis of fish
habitat rather than fish population levels requires exact knowledge of
the seasonal habitat requirements of the species and evaluating the
characteristic responses of individuals of those species to variations
in habitat conditions. In the middle Susitna River cthe abiotic
habitat components of most interest are groundwater upwellings,

channel structure, streamflow, temperature, and the water quality of

the Susitna River.



Framework for Analysis

Fiéh habitat 1is the integrated set of environmental conditions to
which a typical individual of a2 species responds both behaviorally and
physiologically. It is generally recognized that temperature, water
quality, wazer depth and velocity, cover or shelter, and streambed
material are the wmost i1mportant physical variables affecting the
amount or quality ot riverine fish habitat (Hynes 1972). Important
bioclogical factors include food availability, parasitism or disease,
and predation. The principal relationships (linkages) among
environmental factors which influence salmon populations within the
Talkeetna~-to-Devil Canyon segment of the Susitna River are diagrammed

in Figure I1-1.

Various approaches exist for evaluation of fluvial systems and their
associated fish habitats. The macrohabitat approach to describing
riverine ecology and fluvial processes examines a river from its
headwaters to its mouth (Burton and Odum 1945, Sheldon 1968, Mackin
1948). Watershed characteristics such as climate, hydrology, geology,
topography and vegetative cover (land wuse) are the principal
determinants of basin runoff and erosional processes which become
manifest as a river system. The macrohabitat approach focuses on the
longitudinal transition in channel morphology, water quality and the
biological community which results from the dinteraction of these
watershed characteristics. Based on the natural variability of the
system as well as the anticipated project impacts, the 320 mile length
of the Susitna River may be divided into four major discrete segments
described below. This report is focused specifically on the Middle

River, or Talkeetna=-to=-Devil Canyon, segment of the Susitna River.

1. Upper Basin (RM 320-232). This segment includes the headwater

reach of the Susitna River. and 1its associated glaciers and
tributary streams above the elevation of the propesed

impoundments.
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The Impoundment Zone (RM 150-232). This segment includes the

(=)

eighty-mile portion of the Susitna River which will be inundated
bv the Watana and Devil Canyon impoundments. This single channel
reach 1s characterized by steep gradient, and high velocity.
Intermittent islands are found in the reach with significant
rapids occurring in Vee Canyon and between Devil Creek and Devil

Canyon.

3. The Middle River (RM 99-150). This fifty-mile segment extends

from Devil Canyon downstream to the three rivers confluence. It
is a relatively stable multiple channel reach with insignificant
tributary inflow. Naturally occurring streamflow, stream
temperature, and suspended sediment regires are expected to be
significantly altered throughout this river segment by

construction and operation of the proposed projects.

4. The Lower River (RM 0-99)., This segment extends one hundred

miles from the three rivers confluence downstream to the estuary.
The river channel is very broad, heavily braided and unstable
within this segment. Seasonal changes in streamflow, stream
temperature and suspended sediment within this river segment will
be attentuated by the unaltered inflow of such major tributaries

as the Talkeetna, Chulitna, Deshka and Yentna rivers,

Another method frequently used in riverine ecology studies is to hold
macrohabitat conditions constant and examine the relationships between
environmental conditions and the distribution and abundance of key
species (Everest and Chapman 1977, Bovee 1984, Gore 1978). This
method attempts to describe the manner in which individuals of a
species respond to changes in site-specific habitat variables such as
surface and intragravel water temperatures, substrate composition,
depth, velocity, cover, food availability, and predation. Within the

structure of our analysis this method i: vreferred to as the



microhabitat apprcach and 1is reflected in the development of
species—specific habitat suitabilicy criteria and numerous

site-specific habitat models.

On the microhabitat level, two useful concepts for evaluating the
influence of streamflow variations on fish habitat are fixed and
variable boundary habitars. The usability of a location within a
stream as fish habitat is often disproportionately affected by one or
two dominant wmicrohabitat variables. Fixed ©boundary habitat
conditions prevail whenever the quality and location of the most
influential microhabitat variable(s) do not significantly respond to
changes in streamflow. DMicrohabitat variables mr -t often associated
with fixed boundary situations are upwelling, stbstrate composition,
and object cover. Streamflow variations primarily influence
availability of microhabitat within the fixed boundary habitats as
when depths become too shallow or velocities too fast for the
upwelling, substrate or object cover to be useful to fish. Variable
boundary situations prevail whenever the quality and distribution of
the most significant microhabitat variable(s) respond directly to
streamflow. Depth, velocity, turbidity, and surface water temperature
are microhabitat wvariables often associated with variable boundary
habitat conditions in the wmiddle Susitna River. In the case of
juvenile salmon, velocity and turbidity are the primary determinants
of rearing habitat and, therefore, the location of good rearing arers

responds directly to mainstem discharge.

Because of the notable variation and differences in microhabitat

conditions within the middle Susitna River, six major habitat types

are recognized: mainstem, side channel, side slough, upland slough,
tributary and tributary mouth. Habitat type refers to a major portion
of the wetted surface area of the river having comparatively similar
morohologic, hydrologic and hydraulic characteristics. At  some
locations, such as major side channels and triLutrsiy mouths, a desi-
gnated habitat type persists over a wide range of mainstem discharge
even though its surface area may change significantly. In other

instances the habitat classification of a specific area may change

I1-6




from one type to another in response to mainstem discharge (Klinger
and Trihey 1984). Such an example 1is the transformation of some
turbid water side channels that exist at typical mid-summer mainstem

discharge levels to clear water sloughs at lower mainstem flows.

Habitat categories are used to classify specific areas within the

river corridor according to the type of transformation they undergo as
mainstem discharge varies. This approach was chosen as the basic
framework for extrapolating site-specific habitat responses to the
remainder of the middle Susitna River because (1) a significant amount
of wetted surface area 1s expected to be transformed from one habitat
tvpe wo another as a result of project induced changes in streamflow
(Klinger and Trihev 1984); and (2) a large amount of circumstantial
evidence exists within the ADF&G Sulydro data base and elsewhere that
indicates turbid water <channels which transform inte clearwater
habitats may provide wmore valuable rearing conditions than those

channels that remain turbid.

The statement that clear water may provide better rearing conditions
than turbid water is supported by a number of studies comparing growth
rates of sockeye juveniles rearing in glacial and clear lakes on the
¥enai Peninsula (Koenings & Kyle 1982); naturally stunted chinook
salmon juveniles in the Kasilof River (Koenings, pers. comm.); and
growth rates ameng non-salmonid warm water species grown in clear vs.
turbid fish ponds elsewhere in the country (Buck 1956). Additional
evidence is provided by the Susitna River as well, where 0+ chinook
juveniles rearing in clearwater tributaries average approximately 15
percent more growth during the summer than 0+ chinocok rearing in
turbid side channels (Dana Schmidt, ADF&G, 1984, pers. comm.).

The hierarchical structure of our analysis, proceeding from micro-
habitat study sites through habitat categories, to habitat tvpes, and
finally macrchabitat level is diagrammed in Figure II-2, The
structure of our analysis is similar to the study site to repre-

sentative reach to river segment logic referenced in other instream
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I1-8



flow studies and training documents (Bove= and Milhous 1978, Wilsoa or

al. 1981, Bovee 1982).

The basic difference between ocur methodology and that applied in other
instream flow studies is that habitat types and habitat categories
have been substituted for river segments and representative reaches.
Additionally our methodology uses wetted surface area as the commeon
denominator for extrapolation rather than reach length. Given the
spatial diversity and temporal wvariation of —riverine habitat
conditions within the Talkeetna-to-Devil Canyon segment of the Susitna

River, the structure of our analysis appears more applicable.

I1-9



Relatcionships Model

The purpose of applving the habitat model is to evaluate the response
of fish habitat to various changes in physical prccesses which
influence its availlability and quality. Thus the primary output

functions of the model are habitat availability and quality indices.

Within the structure of our analysis wvisually discernable
characteristics of the riverine envircnment are used to categorize
areas of the river according to habitat type. The structure also
recognizes that variations in mainstem discharge affect both the
amount and classification of the wetted surface area which exists at
any location within the river corridor. Hence a fundamental
requirement of our habitat model is that it forecast the amount of
surface area which exists within each habitat type at various levels

of mainstem discharge.

The cotal surface area of each habitat type in the middle Susitna
River has been estimated at four mainstem discharges ranging from
9,000 to 23,000 cfs using digital measurements on 1 inch = 1000 feet
aerial photographs (Klinger and Trihey 1984). Hence the response of
specific areas within the middle Susitna River corridor to variations
in mainstem discharge can be modeled and their habitat tvpe and
surface area forecast for any middle Susitna River discharge between
9,000 and 23,000 c¢fs. Additional photography has been obtained cor is
planned that will expaud the limits of the surface area model to a

range of mainstem discharges from 5,000 cfs to over 30,000 cfs.

At the microhabitat level weighted usable area (WUA) is used as an
index to evaluate the influence of site-speciric vaiiations in stream
flow on the availability of potential fish habitat. WUA is defined as
the total surface are: of the study site expressed as an equivalent
surface area of optimal (preferred) habitat for the lifestage of the
particular species being evaluated (Bovee and Milhous 1978). Such
site-specific considerations as the presence or absence of upwelling,

or nighlv turbid versus clear water, as well as the depth of flow,




mean column velocity, substrate composition and a ailable object cover

are determinants of the WUA index in our analysis

The wvisual distinction between clear and turb:d water provides a
sufficient basis to locate and estimate the amou t of wetted surface
area within the middle Susitna River which is dire:tly influenced by tt
temperature and water quality of the mainstem. 7T e amount of surface
area affected is dependent wupon the wmagnitud: of the wmainstem
discharge and can be forecast by the HABAREA mod¢l. Seasonal stream
temperature and water quality regimes for th: mainstem can be
superimposed on these forecasts and the relative zffects of mainstem
discharge on the thermal and water quality charac eristics of various
locations ard habitat types evaluated. A scheme:ic diagram of the
functional and structural components of our hieras 'chical analysis is

diagrammed in Figure 1I-3.

Either directly or indirectly, mainstem discha ge influences the
spatial dimensions of each middle Susitna River heositat type, as well
as 1ts temperature, water quality and hydraul ¢ characteristics.
Hence mainstem discharge is the primary driving variable or input
function to the habitat model. The partitioning and utilization of
the middle Susitna River by fish indicate that different species and
life history phases have different habitat requi rements and exhibit
different microhabitat preferences. Therefore sp:rcies and lifestage
are the second input variable. Season of the y:ar ms~ alsoc be an
input variable, but it is implied by specifying t e species and life

stage.
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Application

Sufficient data have been obtained and analyzed to apply the aquatic
habitat model. Important analyses which have been completed include
the identification of seasonal habitat requirements and microhabitat
requirements of resident fish and adult and juvenile salmon indigenous
to the middle Susitna River. In zddition, physical process models
have been developed to evaluate stream temperature, ice cover, sediment
transport, and site-specific hydraulic conditions for a broad range of
streamflow and meteorologic conditions. The surface area response of
middle Susitna River habitat types to mainstem discharge has also been

estimated,

This information can be used to evaluate the response of fish habitat
to seasconal changes in mainstem streamflow, stream temperature and
water quality (Figure II-4). The model can thus describe the surface
area response of individual habitat types or specific areas to
mainstem discharge and forecast. the location and amount of area
influenced by mainstem temperature and water quality. The model is
also structured to evaluate the response of fish habitat to
site-~specific hydraulic and fixed boundary variables for each habitat
category. Hence, the model will provide forecasts of the amount of
wetted surface area influenced by streamflow alterations and
quantitative indices of habitat availability and quality which can be
subjectively arplied to estimate the effect of altered streamrlow
temperature and water quality on macrohabitat <fish production.
However, the data available at this time will only support limited

applications to side slough and side channel habitats.
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IIT. FISH RESOURCES AND HABITAT TYPES

Overview of Susitna River Fish Resources

Fish resources in the Susitna River comprise a major portion of the
Cook Inlet commercial salmon harvest and provide sport fishing for
residents of Anchorage and the surrounding area. Anadromous species
that form the base of commercial and sport fisheries include five
species of Pacific salmon: chinook, coho, chum, sockeve, and pink.
Important resident species found in the Susitna River basin include
Arctic grayling, rainbow trout, lake trout, burbot, Dolly Varden, and
round whitefish. Scientific and common names of all fish species

which inhabit the Susitna River are presented in Table III-I.

Adult Salmon Contribution to Commercial Fishery

With the exception of sockeye and chinook salmon, the majority of the
upper Cook Inlet salmon commercial catch originates in the Susitna
Basin (ADF&G 1984a). The 1long-term average annual catch of 3.1
million fish 1is worth approximately $17.9 million to the commercial
fishery (K. Florey, ADF&G, pers. comm. 1984), In recent vyears
commercial fishermen have landed record numbers of salmon in the upper

Cook Inlet fishery with over 6.2 million salmon caught in 1982 and

over 6.7 million fish landed in 1983 (Table III-2).

The most important species tc the upper Cook Inlet commercial fisherv
is sockeye salmon. In 1984, the sockeye harvest of 2.1 million fish
in upper Cook Inlet was valued at $13.5 million (K. Florev, ADF&G,
pers. comm. L[984). The estimated contribution of Susitna River
sockeye to the commercial fishery is from 10 to 30 percent (ALFLG
1984a). Thus, in 1984 the Susitna River contributed between 210,000
and 630,000 sockeye salmon to the upper Cook Inlet fishery, which

represents a worth of between S1.4 million and $4.1 million.

Chum and coho salmon are the second most valuable commercial species.

In 1984, the chum salmon salmon harvest of 684,000 fish was valued atr



Table 1I11~1, Common and scientific names

from the Susitna Rasin.

of fish species recorded

Sclentific Name

Common Name

Petromyzontidae
Lampetra japonica

Salmonidae
Coregonus laurettae
Coregonus pidschian
Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus nerka
Oncorhynchus tshawytscha
Prosopium cvlindraceum
Salmc gairdneri
Salvelinus malma
Salvelinus namaycush
Thymallus arcticus

Osmeridae
Thaleichthys pacificus

Esocidae
Esox lucius

Catostomidae
Catostomus catostomus

Gadidae
l.ota lota

Gasterosteidae
Gasterosteus aculeatus
Pungitius pungitius

Cottidae
Cottus spp.

Arctic lamprey

Bering cisco
humpback whitefish
pink salmon
chum salmon
coho salmon
sockeye salmon
chinook salmon
round whitefish
rainbow trout
Dolly Varden
lake trout
Arctic grayling

eulachon

northern pike

longnose sucker

burbot

threespine stickleback

ninespine stickleback

sculpin

Sourne: ADF&G SuHydro, Anchorage, Alaska.
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Table I1T-2. Commercial catch of upper Cook Inlet salmon in numbers of fish by
species, 1954 - 1984,

Year Chinook Sockeye Coho Pink Chum Total
1954 63,780 1,207,046 321,525 2,189,307 510,068 4,291,726
1955 45,926 1,027,528 170,777 101,680 248,343 1,594,254
1956 646,977 1,258,789 198,189 1,595,375 782,051 3,899,381
1957 42,158 643,712 125,434 21,228 1,001,470 1,834,022
1958 22,727 477,392 239,765 1,648,548 471,697 2,860,129
1959 32,651 612,676 106,312 12,527 300,319 1,064,485
1960 27,512 923,314 311,461 1,411,605 659,997 3,333,889
1961 19,210 1,162,303 117,778 34,017 349,628 1,683,463
1962 20,210 1,147,573 350,324 2,711,689 970,582 5,200,378
1963 17,536 942,980 197,140 30,436 387,027 1,575,119
1964 4,531 970,055 452,654 3,231,961 1,079,084 5,738,285
1965 9,741 1,417,350 153,619 23,963 316,444 1,916,117
1966 9,541 1,851,990 289,690 2,006,580 531,825 4,689,626
1967 7,859 1,380,062 177,729 32,229 296,037 1,894,716
1968 4,536 1,104,904 470,450 2,278,197 1,119,114 4,977,201
1969 12,398 692,254 100,952 33,422 269,855 1,108,881
1970 8,348 731,214 275,296 813,895 775,167 2,603,920
1971 19,765 636,303 100,636 35,624 327,029 1,119,357
1972 16,086 879,824 80,933 628,580 630,148 2,235,571
1973 5,194 670,025 104,420 326,184 667,573 1,773,396
1974 6,596 497,185 200,125 483,730 396,840 1,584,476
1975 4,780 684,818 227,372 336,359 951,796 2,202,135
1976 10,867 1,664,150 208,710 1,256,744 469,807 3,610,278
1977 14,792 2,054,020 192,975 544,184 1,233,733 1,049,704
1978 17,303 2,622,487 219,234 1,687,092 571,925 5,118,041
1579 13,738 924,415 265,166 72,982 650,357 1,926,658
1980 12,497 1,584,392 283,623 1,871,058 387,078 4,138,648
1981 11,548 1,443,294 494,073 127,857 842,849 2,919,621
1982 20,636 3,237,376 777,132 788,972 1,428,621 6,252,737
1983(1) 20,396 5,003,070 520,831 73,555 1,124,421 6,742,273
1984 8,800 2,103,000 443,000 623,000 684,000 3,861,800
average 19,247 1,340,339 263,785 Sven=1,576,646 659,190 3,058,170

odd - 120,416

(1) ADF&G Preliminary Data, Commercial Fish Division, Anchorage, Alaska



©2.0 million, while the coho salmon harvest of 443,000 fish was woruh
51.8 million (K. Florey, ADF&G, pers. comm. 1984). The estimated
contribution of Susitna River chum to the upper Cook Inlet commercial
fishery is estimated <to be 85 percent, while the estimated
contribution of Susitna River coho to the fishery is approximatelv 50

percent (ADF&G 1984a},

Pink salmon is the least valued of the commercial species in upper
Cook Inlet., In 1984, the pink salmon harvest of 623,000 fish was
worth an estimated $0.5 million (K. Florey, ADF&G, pers. comm. 1984),
of which Susitna River pink salmon contributed about 85 percent (ADF&G

1984a}.

Since 1964 the upper Cook Inlet commercial salmon fishery has opened
in late June to avoid capturing chinook salmon. Thus, mos: chinook
salmon have entered their natal streams when the commercial fishing
season opens and their harvest is incidental to the commercial catch.
In 1984, the 8,800 chinook harvested in wupper Cook Inlet had a
commercial value of $0. million (K. Florey, ADF&G, pers. comm. 1984).
It is estimated that the Susitna River contribution of chinook salmon

was about 10 percent (ADF&G 1984a).

In the last four years (1981-1984) sockeye, chum and coho salmon
harvests, which account for cver 95 percent of the commercial value in
the fishery, have exceeded the long-term average catches for those
species (Table III-2). Record catches for coho and chum were recorded

in 1982 and for sockeve in 1983.

Sport Fishing

The Susitna River, along with many of its triburaries, provides a
multi-species sport fishery easily accessible from Anchorage and other
Cook Inlet communities. Since 1978, the Susitna River and its
tributaries have accounted for an annual average of 127,100 angler
days of sport fishing effort (Malls 1979, 1980, 1981, 1982, 1983,

1984). This represents approximately 13 percent of the 1977-1983

I1I=-4



annual average of 1.0 million total angler davs for the Southcentra.
regicn. Most of the sport fishing in the Susitna Basin occurs in the
lower Susitna River from the Deshka River (RM 40.5) upstream to the

Purks Highway (RM 84).

Most sport fishing activity occurs in tributaries and at triputary
mouths, while the mainstem receives less fishing pressure. Coho and
chinook salmon are most preferred by sport anglers in the Susitna
River. In addition wmany pink salmon are taken during even-year runs.
The annual sport harvest of c¢oho salmon in the Susitna River is
significant when compared to the estimated total coho escapement. In
1983, almost one of every five coho salmon entering the Susitna River
was caught bv sport anglers (Table III-3). The annual harvest of
chinock salmen in the Susitna River has increased from 2,850 fish in
1978 to 12,420 fish in 1983 (Table I1I-4). During this period, the
contribution of the Susitna River chinook sport harvest to the
Southcentral Alaska chinook sport harvest has increased from 11 to 22

per.ent.

Rainbow trout and Arctic grayling sport fishing occurs primarily near
the mouths and in the lower reaches of Fourth of July Creek, Indian
River and Portage Creek. River boat service out of Talkeetna provides
access for some anglers to the salmon, trout and grayling fishing

areas in the middle reach of the Susitna River.

Subsistence Fishing

Subsistence harvests within the Susitna Basin are unquantified even
though salmon provide an important resource for Susitna Basin
residents. The village of Tyonek, approximately 30 miles (50 km)
southwest of the Susitna River wmouth, is supported primarily by
subsistence fishing on Susitna River chinook stocks. The annual
Tvonek subsistence harvest has averaged !,000 chinocok, 250 sockeve and

80 coho per year frem 1980 through 1983 (ADF&G 1984b).
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Table 111~-3, Summary of commercial and sport harvest on Susitna River basin adult salmon returns.

Commercial Harvest

Sport b

Vst

Susitna

Upper Lstimated Fstimated Estimated Basin
Cook Ir'et Estimated Susitna Susitna 3 Toral Sport Percent of
Species Harvest Percent Susitna Harvest scapement Hun Harvest Escapement
Sockeye Mean Range
81 1,443,000 20 (10-30) 288,600 287,000 575,600 1,283 0.4
82 3,237,000 20 (10-30) 647,400 279,000 926,400 2,205 0.8
83 5,003,000 10 (10-30) 500,300 185,000 685,300 5,537 3.0
Fink
g1 128,000 85 108,800 127,000 235,800 8,660 6.8
82 789,000 85 670,650 1,318,000 1,988,650 16,822 1.3
83 74,000 85 62,900 150,000 212,900 4,656 3.1
Chum
81 843,000 85 716,550 297,000 1,013,550 4,207 1.4
82 1,429,000 85 1,214,650 481,000 1,695,650 6,843 1.4
83 1,124,000 85 955,400 290,000 1,245,400 5,233 1.8
Coho
81 494,000 50 247,000 68,000 315,000 9,391 13.8
82 777,000 50 388,500 148,000 536,500 16,664 Pi.3
83 521,000 50 260,500 45,000 305,500 8,425 18,7
Chianook
81 11,500 i0 1,150 - - 7.576 e
82 20,600 10 2,060 - —— 10,521 e
83 20,400 10 2,040 e - 12,4620 —
i Source: ADF&C Commercial Fisheries Division
~ B. Barrett, ADF&GC Su Hydro, February 15, 1984 Workshop Presentation 5
" Yentna Station + Sunshine Station estimated escapement + 5% for scikgye"
+ 487 for pink,
+ 5% for chum.
+ 857 for coho

1983, 1984




Table 111-4, Sport fish harvest for Southcentral Alaska and Susitne Basin in numbers of fish by soecies, 1978-18983,

Arctic Grayling Rainbow Trout Pink Salmon Cohu Salmon Chinook Salimon Chum Salmon Sockeye Salmon

South-  Susitna South~  Susitna South-  Susitna South-  Susitna South-  Susitna South~-  Susitna South-  Susitna
Year central Basin central Basin central Basin central Basin central Basin central Basin central Basin
1978 47,866 13,832 107,253 14,925 143,483 55,418 81,990 15,072 6,415 2,843 22,755 15,667 118,299 845
1979 70,316 13,342 129,815 138,354 63,366 12,516 93,234 12,893 34,009 6,910 8,126 4,072 77,655 1,585
1280 69,462 22,083 126,686 15,488 153,79 56,621 127,958 16,499 24,155 7,389 8,680 4,759 105,914 1,304
1981 63,695 21,216 189,460 13,757 64,163 8,660 95,376 9,39 35,822 7,576 7,810 &,207 76,533 1,283
1982 60,972 18,860 142,579 16,979 105,961 16,822 136;153 16,664 46,266 10,521 13,497 6,843 126,015 2,205
1982 56,6836 20,235 141,663 16,500 47,264 4,656 87,935 8,425 57,094 12,420 11,043 5,233 170,799 5,537
Average 61,535 18,211 132,908 16,000 134,413 42,954 103,774 13,157 37,294 7,943 12,149 6,797 112,669 7,174

{even) {even)
58,264 8,611
{odd) {odd}

Source: Mills (1979-1984)




Relative Abundance of Adult Salmon by Sub-Basin

Major salmon-producing tributaries to the Susitna River include the
Yentna River 'rainage (RM 28), the Chulitna River drainage (RM 98.6)
and the Talkeetna River drainage (RM 97.1). DNumerous other smaller
tributaries also contribute to the salmon production of the Susitna
River. Salmon escapements can be estimated for four major sub-basins

of the Susitna River (Figure III=-1):

0 the lower Susitna River sub-basing

o the Yentna River sub-basin;

0 the Talkeetna-Chulitna sub~basin; and
0 the Talkeetna-Devil Canyon sub-basin.

Lower Susitna River Sub-basin

The lower Susitna River sub-basin includes the Susitna River and all
of its adjoining tributary drainages within the eighty-mile reach from
Cook Inlet to Sunshine Station with the exception of the Yentna River
drainage (RM 28). Escapement estimates for the lower Susitna
sub-basin are inferred by subtracting the ADF&G escapements for Yentna
Station [Tributary Mile (TRM) 04] and Sunshine Station (RM 80) from
the total Susitna River escapements estimated by ADF&G (1984a).
Because total escapement estimates are based in part on professional
judgment, the description of escapements to the lower Susitna River

sub-basin provided in Table I1I-5 should be viewed as approximations.

During even numbered vyears, when pink salmon runs are large,
approximately 500,000 salmon spawn in the lower Susitna sub-basin.
This represents about 24 percent of the estimated 2.1 million salmon

in the Susitna River basin during even numbered years.

The lower Susitna River sub-basin alsc provides important habitat for
coho salmon. About 46 percent of the annual coho escapement spawn in

this sub=-basin. The annual sockeye and chum escapements to this

sub-basin account for approximately 5 percent of the total annual

Y T80
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Table ITT-5. Susitna River average annual salmon escapement by sub~basin and species

Sockeyel Chum2 Cohaz Pink3 Chinoaké Sub-basin Tota
% of % of % of % of % of % of

Sub-basin Number Total Number Total Number Total Number Total Number Total Number Total
Lower Susitna’ Even 427,400 32 Fven 496,200 24
(RM 0 to 80) 11,900 5 17,000 5 39,900 46  0dd 44,800 33 —e-- === 0Odd 113,600 i2
Yentn36 Fven 447,300 34 fven 606,000 29
(RM 28) 19,200 48 19,500 5 20,000 23 0dd 48,400 35 === —==  0dd 207,100 23
Talkeetng-
Chulitna Even 338,400 30 Even 886,700 43
(RM 80 to 98.6) 116,000 46 295,600 83 24,700 28 0dd 40,600 29 62,000 --- 0dd 538,900 60
Talkeetna-
Devil Canyon Even 54,800 4 Even 93,400 4
("M 98.6 to 152) 2,800 I 24,100 7 2,200 3 0dd 4,400 3 9,500 =---  0dd 43,000 4
Total Susitna ' Even 1,267,900 Even 2,082,300 100¢

249,900 100 356,200 106 86,800 100 odd 138,200 100 e e 0dd 43,000 100
; 198i-83 average of ADF&G second-run sockeye escapements (ADF&C 1984a)
3 1981-83 average of ADF&G escapement estimates (ADF&G 1984a)
;. Even year 1982 only; odd year 1981 and 1983 average (ADF&G 1984a)
; 1982-83 average of ADF&G escapement estimates (ADF&C 1984a)
6 Lower Susitna sub-basin equals total Susitna basin escapement minus Yentna and Sunshine escapements
7 Yentna sub-basin escapement equals Yentna Station (TRM 04) escapement (ADF&C 19843)

Talkeetna-Chulitna sub-basin escapement equals Sunshine Station (RM 80) escapement minus Talkeetna-Devil
Canyon sub-basin escapement '

8 Talkeetna-Devil Canyon sub-basin escapement equals Talkeetna Station (RM 103) escapement minus
milling fish that return downstream. Milling rates: sockeye 307, chum 407, pink 25%, chinook 25%, coho 407
g {(ADF&G 1984a)

Total Susitna basin escapement equals Yentna Stration (TRM 04) escapement plus Sunshine Station (RM 80)
escapement plus: 57 for sockeye, 487 for pink, 5% for chum, 857 for ccho (ADF&G 1984a)




sockeye and chum escapements 1in the Susitna River basin. The
estimated annual chinook escapement to this sub~basin is unknown but
several major chinook=-prod:2ing tributaries, dincluding the Deshka
River, Alexander Creek, Montana Creek, and Willow Creek, occur in this

reach.

Yentna River Sub-basin

The Yentna River sub-basin includes the entire length of the Yentna
River (RM 28) and all of 4its tributary drainages. Escapement
estimates for this sub-basin are based on ADF&G apportioned somnar

counts at Yentna Station (TRM 04),

The Yentna sub-basin provides important pink salmon spawning habitat
with approximately 600,000 salmon entering the sub-basin during even
years. This comprises about 29 percent of the estimated 2.1 million

aven-year salmon escapement for the Susitna Basin.

The annual sockeye escapement into the Yentna sub-basin is also
significant, accounting for 48 percent of the estimated annual Susitna
Basin sockeye escapement of 250,000 fish. About 23 percent of the
annual coho escapement enter this sub-basin., The annual escapement of
chum salmon into the Yentna sub-basin is about 5 percent of the total

egscapement to the Susitna Basin.

Talkeetna-Chulitna Sub-basin

The Talkeetna-Chulitna sub-basin includes both the Talkeetna and
Chulitna River drainages, and that portion of the Susitna River and
its tributaries upstream from Sunshine Station (RM 80) to the thiee
rivers confluence. - Escapement estimates for this sub-basin are
derived by subtracting the estimated escapements for the
Talkeetna-Devil Canyon sub-basin from ADF&G escapements at Sunshine

Station.

ITI-10



The Talkeetna-Chulitna sub-basin has an estimated 886,700 salvon
entering the sub-basin during even years, which comprises about 43
percent of the estimated even-year Susitna Basin escapement of 2.1
million salmon. The odd-year salmon escapement to this sub-basin
accounts for 60 percent of the odd-year salmon escapement to the
Susitna Basin. Thus, the Talkeetna-Chulitna sub-basin is the most

important salmon-producing sub-basin in the Susitna River.

The Talkeetaa-Chulitna sub-basin provides significant spawning habitat
for two important commerclal species: sockeye and chum salmon.
Approximately 83 percent of the estimated annual Susitna Basin chum
escapement and 46 percent of the total annual Susitna River sockeve
escapement enter the Talkeetna-~Chulitna sub-=basin. About 29 percent
of the even-year pink escapement and 28 percent of the annual coho
escapement enter this sub=basin. The estimated annual chinook

escapement to this sub-basin is 62,000 fish.

Talkeetna-Devil Canyon Sub-basin

The Talkeetna-Devil Canyon sub-basin consists of the fifty mile
segment of the Susitna River between the three rivers confluence and
Devil Canyon including all tributary drainages. Escapement estimates
for this sub-basin are based on ADF&G population estimates at
Talkeetna Station (RM 103), which have been reduced to account for
milling fish that return downstream to spawn below Talkeetna Station.
tiilling vrates estimated by ADF&G (1984a) are: 30 percent for
sockeye, 40 percent for chum, 40 percent for cocho, 25 percent for pink
and 25 percent for chinook. These statistics are based on the total

numbers of fish counted at Talkeetna Station.

Approximately 93,400 salmon enter the Talkeetna-Devil Canyon sub=basin
during even years. This 1is approximately 4 percent of the estimated

2.1 million salmon entering the Susitna Basin in even vears.

Excluding even-~year pink salmon, chum and chinook are the most

abundant salmon species in this sub-basin. The annual chum escapement

I11=11



to the Talkeetna-Devil Canvon sub-basin accounts for about 7 percent
of the estimated annual Susitna Basin chuwm escapement of 356,200 fish.
The estimated annual chinook escapement to this sub=basin is 9,500
fish, however, the contribution to the Susitna Basin chinoock
escapement cannot be estimated because the total Susitna River chinook
escapement 1is unknown. The annual sockeye, coho and pink salmon
escapements to this sub-basin account for less than five percent of

the total escapements for each species to the Susitna Basin.

T11=12



Relative Abundance and Timing of Juvenile Salmon and Resident Species

Juvenile Salmon

The relative abundance of juvenile salmon in sub-basins of the Susitna

River can only be approximated because:

0 population estimates of outmigrating juvenile salmon have
been dome only for chum and sockeye salmon in the

Talkeetna-Devil Canyon sub-basin;

o catch per unit effort data are available from smolt traps in
the Talkeetna-Dev: . Canyon sub-basin, but comparable data

are unavailable from other sub-basins: and

o the downstream redistribution of rearing chinook, sockeve

and coho juveniles results in movement between sub~basins.

Therefore, the following discussion *; based pri ily on inference

and professional judgment.

Chum salmon rear in the middle Susitna River for one to three months,
while pink salmon spend little c¢ime in this reach (ADF&G 1984c).
Because of this short freshwater residence tire, it is expected that
after emergence the relative abundance of juve ‘e chum and pink would
reflect the sub-basin adult spawner relative ovundance. This assumes
that fecundities and egg-to-emergent fry survival rates are not
significantly different between sub-basins. Thus, it is expected that
most juvenile chum would rear in the Talkeetna-Chulitna s.b-basin,
whereas juveﬁile pink relative abundance would be eveﬁly divided among
the Lower Susitna, the Yentna and the Talkeetna-Chulitna sub-basins.
This is based on the relative abundance of adult chum and pink salmon
presented in Table III-S. As chum and pink smolts begin to
cutmigrate, the relative abundance in the lower Susitna River would

increase in comparison to the relative abundance in other sub-basins



























































































































































































































































































































































































































































































































