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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 interactions 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 techmical report
series should not be construed as an impaet assessment dbcument.
Rather, these reports describe a variety of natural and with-project
relationships among abiotie instream habitat conditions that are
necessary to evaluéte 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 degrees of familiarity
with the proposed project about. potentially beneficial or adverse
influences the prbposed 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
regulating these life phases; and (3) quantify the responses of these
habitat wvariables to project induced changes in streamflow, stream
temperature, suspended sediment and water quality., Other fluvial
chafacteristics 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 and
water quality will be discussed on-a macrohabitat level by habitat
type, season, and species.The influence of streamflow on fish habitat
will be evaluated on both a macrohabitat and microhabitat level. Site
specific habitat responses to instream hydraulics will be identified
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.
Environmental 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. Tﬁe influence of
instream hydraulic conditions on the availability and -quality of £ish
habitat can only be discussed on a quantitative basis for a few side
sloughs and side channels. Subjeétive 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 information
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 turbidity

regimes,

In this report the three principal freshwater life 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
imﬁortance 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.
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Instream Flow Rélationships Studies

The Alaska Power Authority submitted a license application to the
Federal Energy Regulatory Commission (FERC) for the proposed Susitna
Hydroelectric Project on February 18, 1983. Following submission of
éupplemental information and <responses to FERC comments, the
applicatioﬁ'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 iﬁpact 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, wvarious 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
seasoﬁal habitat requirements of selected species, and (2) evaluate
the effects of alternative 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 sefies and
prioritize the physical processes evaluated in the technicai report
series and provide 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.

T=1
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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 Comsultants,
will comsolidate information obtained by ADF&G SuHydro on the fish
resources and habitats in thé 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 Canyon river reach

pertinent to evaluating project effects on riverine fish habitat.

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

being prepared by Harza-Ebasco, will consolidate existing information
on water qﬁality for the Susitna River and providé technical level
discussions of the potential for with-project bioaccumulation of
mercury, adverse effects of nitrégen gas supersaturation, changes in
downstfeam nutrients, and changes in 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 report 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.
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Technical Reﬁort No. 5. Aquatic Habitat Report. This report, being

prepared by E. Woody -Trihey and Associates, will describe the
availability of wvarious types of aquatic habitat in the Talkeetna-
to-Devil Canyon river reach as a function of mainstem discharge. A
preliminary draft of this repért is scheduled for March 1985 with a
draft final report prepared in FY86.
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Project Setting

The Susitma River is located in Southcentral Alaéka between the major
population centers of Anchorage and Fairbanks, The Susitna Valley is
a transportation corridor and contains both the Alaska Railroad 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 and is

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

The proposed Susitna Hydroeleetric 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 fil1l dam, which would impound a 48-mile long, 38,000 acre
reservoir with a total storage capacity of 8.6 million acre feat (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 dissolved gas concentrations, which otherwise might
be harmful to fish resources. An uﬁderground powerhouse would contain
six generators with an installed capacity of 1020 megawatts (mw), and
an estimated average amnual energy output of 3460 gigawatt hours
(gwh). Maximum possible outflow from the powerhouse at full pool is
21,000 efs. The cone valves are designed to pass 24,000 cfs at full
pool (APA 1983).

The second phase of the proposed development is constructi-n of the
645 foot high concrete arch Devil Canyon dam, which is scheduled for
completion by 2002, Devil Canyon dam would be constructed at a site
32 miles downstream of Watana dam and would impound a 26-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, with

an average annual energy output of 3450 gwh, A multiple level intake
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structure and cone valves would also be installed in Devil Canyon dam.
The maximum possible: outflow from the Ffour generators in the
powerhouse .at full pool is 14,700 cfs. The cone valves at Devil
Canyon dam are designed to pass 38,500 c¢fs. When both dams are
operational, Watana Reservoir would be drawn down during the winter
when energy demand is high and filled during the sﬁmmer when energy
requirements are lowest, Devil Canyon reservoir would remain
relatively full during most of the year with a short period of
drawdown in the fall (APA 1983).

The Susitna River is an unregulated glacial river. 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 forirs 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 it at RM 28, The Chulitna River originates in the glaciers on
the soufh slope of Mount McKinley and flows south, entering the
Susitna River near Talkeetna (RM 99). The Talkeetna River headwaters
in the Talkeetna Mountalns, 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 Susitna River flows south from the glacier in
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a braided channel across a broad alluvial fan for approximately 50
miles, tﬁen west in a single channel for the next 75 miles through the
steep-wallaed 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 Canyen, 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
threer rivers confluence, the Susitna River valley 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 supports populations of both anadromous and
resident fish. Commercial or sport fisheries exist for five species
of Pacific salmon (chinook,~soékeye, coho, chum, and pink), rainbow
trout, Arctic grayling, Dolly Varden, and bﬁrbot. The commercial
fishery intercepts returning sockeye, chum, coho and pink salmon in
Cook Inlet. Sport fishing is concentrated in clear water tributaries
to the Susitna River for chino@k, coho, pink salmon, rainbow trout and

Aretic grayling.

Construction and operation of the proposed project will notably reduce
streamflows during the summer ﬁonths and increase them during the
winter months, leading to a more uniform annual flow cycle. Stream
temperatures and turbidities will be similarly affected. The most
pronounced changes in stream temperature and turbidity will likely be
observed in mainstem and side channel areas with somewhat lesser
effects occurring in peripheral areas. However, reduced summer and
increased 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
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River depends upon their seasonal habitat requirements and the
regulatory control which these habitat components exert upon the
population. Some project induced changes in enviroumental conditions
may have no appreciable effect on existing fish populations and their
associated habitats, whereas other changes may have dramatic
consequences. Thus, in order to understand the possible effects of
the proposed project on existing fish populations and identify
mitigation opportunities or enhancement potentizl, it is important to
understand the relationships among the naturally occurring physical
prﬁcesses which provide fish habitat in the middle river and how fish
populations respond to na&ural variations in habitat availability.
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II. 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, US?WS 1981, Although maintenance
of naturally occurring fish populations is the ultimate goal, the
focus of the Instream Flow Relationships Studies (IFRS) is on
describing the response of ﬁiddle Susitna River fish habitats to
incremental changes in mainstem discharge, temperature and water

quality.

Fish populations of the Susitna River fluctuate markedly for wmany
reasons. Some of the factors affecting population levels exert their
influence outside the river ‘bésin. This is particularly true for
anadromous species such‘as Pacific salmon, which spend portionms of
their life cycles in freshwater estuarine and marine environments.
Ocean survival and commercial catches gignificantly affeqt the number
of salmon returning to spawn in the Susitna River and its tributaries.
Within the freshwater enviromnment other factors such as late summer
and fall high flows; cold-dry winters, predation, and sport fishing
also affeet fish populations. In addition, the long-term response of
adult fish populations to perturbations either within or outside their
freshwater environment is seldom immédiately apparent. A time-lag
lasting up to several years may occur before an effect, whether
bonefiecial 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 Arnette 1976, Olsen 1979, Trihey 1979). When using
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fish habitat as the basis for decision making, the direction and
magnitude of change in habitat quality and availability are accepted
as 1indicators of population respomse. This relationship is not
necessarily linear, but is generally quantifiable (Wesche 1973, Binns

1979). 1Instream 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 variatioms
in habitat conditions. In the middle Susitna River the abiotic
habitat components of most interest are groundwater upwellings,
channel structure, streamflow, temperature, and the water quality of

the Susitna River.
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Framework for Analysis

Fiéh habitat is the integrated set of environmental conditioms to
which a typical individual of a species responds both behaviorally and
physiologically. It is generally recognized that temperature, water
quality, water depth and velocity, cover or shelter, and streambed
material are the most important physical 'yariableé affecting the
amount or quality of riverine fish habitat éHynes 1972). Important
biolbgical factors include food availability, parésitism 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 diagrgmmed

in Figure II-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 use) 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 wmorphology, water quality and the
biological community which results from the interaction 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.

l. TUpper Basin (RM 320-232). This segment includes the headwater

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

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

eighty-mile portion of the Susitna River which will be inundated
by the Watana and Devil Canyon impoundments. This single channel
reach is characterized by steep gradient, and high wvelocity.
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 (EM 99-=150). This fifty-milé segment extends

from Devil Canyon downstream to the three rivers confluence. It
is a relatively stable multiple channel re;ch with insignificant
tributary inflow. Naturally occurring streamflow, stream
temperature, and suspended sediment regimes 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 siie-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 1is referred to as the
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microhabitat approcach and is reflected in the development of
species-specific habitat suitability criteria and numerous

site-specific habitat models,

On the microhabitat level, two useful concepté for evaluating the
influence of streamflow variations on fish habitat are fixed and
variable boundary habitats. The wusability of a location within a
stream as fish habitat is often disproportionately affected by ome or
two dominant microhabitat vardiables. Fiﬁed boundary Thabitat
conditions prevail whenever the quality and location of the mo;:-;t
influential microhabitat variable(s) do not significantly respond to
changes in streamflow. Microhabitat variables most often associated
with fixed boundary situations are upwelling, substrate composition,
and object cover, Streamflow variations primarily influence
availability of mdcrohabitaf 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, veloeity, turbidity, and surface water temperature
are microhabitat variables often associated with wvariable 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 areas

responds directly to mainstem discharge.

Because of the notable wvariation 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
morphologic, hydrologic and hydraulic characteristics. At some
locations, such as major side channels and tributary mouths, a desi-
griated habitat type persists over a wide range of mainstem discharge
even though its surface area may change significantly. 1In other

instances the habitat classification of a specific area may change
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from ome type to another in response to mainstem discharge (Klinger
and Trihey 1984). Such -an example is 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 is expected to be transformed from one habitat
type to another as a result of project induced changes in streamflow
(Klinger and Trihey 1984); and (2) a large amount of circumstantial
evidence exists within the ADF&G SuHydro data base and elsewhere that
indicates turbid water channels which transform into clearwater
habitats may provide more valuable rearing conditions than those
channels that remain turbid,

The statement that clear water may provide better réaring 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
Kenai Peninsula (Koenings & Kyle 1982); naturally stunted chinook
salmon juveniles in the Kasilof River (Koenings, pers. comm.); and
growth rates among 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 studf sites through habitat categories, to habitat types, and
finally macrohabitat 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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flow studiés and training documents (Bovee and Milhous 1978, Wilson et
al. 1981, Bovee 1982).

The basic difference between our methodology and that épplied in other
instream flow studies .is that habitat types and habitat categories
have been substituted for river segments and representative reaclhies.
Additionally our methodology uses wetted surface area as the common
denominator for extrapoclation rather than reach length. Given the
spatial diversity and temporal wvariation of 7riverine habitat
conditions within the Talkeetna-to-Devil Canyon segment of the Susitna

River, the structure of ocur analysis appears more applicable.
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Relationships Model

The purpose’ of applying the habitat model is to evaluate the response
of fish habitat to wvarious changes 1in physical processes which
influence its availability and quality. Thus the primary output
functions of the model are habitat availability and quality indices.

Within the structure of our analysis visually discernable
characteristics of the riverine enviromnment 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 total 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 cfé_using digital measurements on 1 inch = 1000 feet
aerial photographs (Rlinger and Trihey 1984). Hence the response of
specific areas within the middle Susitna River corridor to variatious
in mainsgtem discﬁarge can be modeled and their habitat type and
surface area forecast for any middle Susitna River discharge between
9,000 and 23,000 cfs. Additional photography has been obtained or is
planned that will expand 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-specific variations i. stream

flow on the availability of potential fish habitat. WUA is defined as

the total surface area 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 highly turbid versus clear water, as well as the depth of flow,
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mean column velocity, substrate composition and available object cover

are determinants of the WUA index im our analysis.

The wvisual distinction between clear and- turbid water provides a
sufficient basis to locate and estimate the amount of wetted surface

area within the middle Susitna River which is directly influenced by the

' temperature and water quality of the mainstem. The amount of surface

area affected 1s dependent upon the magnitude of the mainstem
discharge and can be forecast by the HABAREA model, Seasonal stream
temperature and water quality regimes for the mainstem can be
superimposed on these forecasts and the relative effects of mainstem
discharge on the thermal and water quality characteristics of various
locations and habitat types evaluated. A schematic diagram of the
functional and structural components of our hierarchical analysis is

diagrammed in Figure II-3.

Either directly or indirectly, mainstem discharge influences the
spatial dimensions of each middle.Susitna River habitat type, as well
as 1its temperature, water quality and hydraulic 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 requirements and exhibit
different microhabitat preferences. Therefore species and lifestage
are the second input variable. Season of the year may also be an
input variable, but it is implied by specifying the species and life

stage.
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Agélication

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
reqﬁirements of resident fish and adult and juvenile salmon indigenous
to the middle Susitna River. In addition, 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 £ish habitat
to seasonal changes in mainstem streamflow, stream temperature and
water quality (Figure II-4). The model can thus describe the surface
area response of Individual habitat fypes or specific areas to
mainstem discharge and forecast. the location and amount of aréa
influenced by mainstem temperature and water quality. The model is
also structured to evaluate the fesponse 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 applied to estimate the effect of altered streamflow
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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III. 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 tﬁe base of commercial and sport fisheries include five
species of Pacific salmon: chinook, coho, chum, sockeye, 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-1,

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 long-term average annual catch of 3.1
million fish is worth approximately $17.9 million to the commercial
fishery (XK. Florey, ADF&G, pers. comm. 1984), In recent years
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 to the upper Cook Inlet commercial fishery
is sockeye salmon. In 1984, the sockeye harvest of 2.1 million fish
in upper Cook Inlet was valued at $13,5 million (K. Florey, ADF&G,
pers. comm. 1984)., The estimated contribution of Susitna River
sockeye to the commercial fishery is from 10 to 30 percent (ADF&G'
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 $1.4 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 at
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Table III-1.

from the Susitna Basin.

Common and scientific names of fish species recorded

Scientific Name

Commen Name

Petromyzontidae
Lampetra japonica

Salmonidae

: Coregonus laurettae
Coregonus pidschian
Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus nerka
Oncorhynchus tshawytscha
Proscopium cylindraceum
Salmo gairdneri
Salvelinus malma
Salvelinus namaycush
Thymallus arcticus

Osmeridae
Thaleichthys pacificus

Esocidae
Esox lueius

Catostomidae
Catostomus catostomus -

Gadidae
Lota lota

Gasterosteidae
GasterosteLs aculeatus
Pungitius pungitius

Cottidae
Cottus spp.

Arctic lamprey M
Bering cisco r
humpback whitefish .
pink salmon =
chum salmon -
coho salmon §
sockeye salmon o
chinocok salmon
round whitefish M
rainbow trout L
Dolly Varden
lake trout ]
Arctic grayling L]
eulachon ?
L
northern pike’ f
longnose sucker .
L_
burbot M
, i
threespine stickleback e
ninespine stickleback L
sculpin a
it

Source: ADF&G SuHydro, Anchorage, Alaska.
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Table III-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 64,977 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  1,079,08% 5,738,285
1965 9,741 1,412,350 153,619 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 2,205,135
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
1979 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, 20,3% 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 °ven—1,376,646 659,190 3,058,170

odd -

120,416

(1) ADF&G Preliminary Data, Commercial Fish Division, Anchorage, Alaska
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52.0 million, while the coho salmon harvest of 443,000 fish was worth
$1.8 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 cohe to the fishery is approximately 50
percent (ADF&G 1984a).

Pink salmon is the least valued of the commercial species in upper

Cook Imnlet. 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 Jume to avﬁid capturing chinook salmon. Thus, most 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 chincok harvested iIn upper Cook Inlet had a
commercial value of $0.3 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 c¢oho salmon
harvests, which account for over 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 sockeye in 1983,

Sport Fishing

The Susitna River, along with many of its tributaries, provides a
multi-species sport fishery easily accessible from Anchorage and other
Cook TInlet communities, Since 1978, the Susitna River and its
tributaries have accounted for an annual average of 127,100 angler
days of sport fishing effort (Mills 1979, 1980, 1981, 1982, 1983,
1984). This represents approximately 13 percent of the 1977-1983

|
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annual average of 1.0 milliom total angler days for the Southcentfal
region. - 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
Parks Highway (RM 84).

Most sport fishing activity occurs in tributaries and at tributary
mouths, while the mainstem receives less fishing pressure. Coho and
chinook salmon are most preferred by sport anglers in the Susitna
River. In addition many pink salmon are taken during even-year runs.
The annual sport harvest of coho 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 by sport anglers (Table III-3). The annual harvest of
chinook salmon in the Susitna River has increased from 2,850 fish in
1978 to-i2,420 fish in 1983 (Table III-4). During this period, the
contribution of the Susitna River chinook sport harvest to the
Southecentral Alaska chinook sport harvest has increased from 11 to 22

percent. .

Rainbow trout and Arctic grayling sport fishing oeccurs 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 mouth, is supported primarily by -
subsistence fishing on Susitna River chinook stocks. The annual
Tyonek subsistence harvest has averaged 2,000 chinook, 250 sockeye and
80 coho per year from 1980 through 1983 (ADF&G 1984b).
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Table II1-3, Summary of commercial and sport harvest on Susitna River basin adult salmon returns.

vest

Commercial Har Sport Harvest
Susitna
Upper Estimated Estimated Estimated Basin
Cook Inlet Estimated Susitna Susitna Total Sport Percent of
Species Harvest Percent Susitna Harvest Escapement Run - 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
Pink
81 128,000 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 11.3
83 521,000 50 260,500 45,000 305,500 8,425 i8.7
Chinook
81 11,500 10 1,150 _— —— 7,576 -
82 20,600 10 2,060 ——— — 10,521 -
83 20,400 10 2,040 —— —— 12,420 e
; ‘Source: ADF&C Commercial Fisheries Division
3 B. Barrett, ADF&G Su Hydro, February 15, 1984 Workshop Presentation
Yentna Station + Sunshine Station estimated escapement + 5% for sockgye
+ 48% for pink
+ 5% for chum -
+ 85% for coho Eiz
b Mills 1982, 1983, 1984 i
. —
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Table |11-4, Sport fish harvest for Southcentral Alaska and Susitna Basin in numbers of fish by species, 1978-1983.
Arctic Grayling Rainbow Trout Pink Salmon Coho Salmon Chinook Salmon 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 13,532 107,243 14,925 143,483 55,418 81,990 15,072 26,415 2,843 23,755 15,667 118,299 B4S
1979 70,316 13,342 124,815 18,354 63,366 12,516 93,234 12,893 34,009 6,910 8,126 4,072 77,655 1,586
1980 69,462 22,083 126,686 15,488 153,794 56,621 127,958 16,499 24,155 7,389 8,660 4,759 105,914 1,304
1981 63,695 21,216 149,460 13,757 64,163 8,660 95,376 9,391 35,822 7,576 7,810 4,207 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 6,843 128,115 2,205
1983 56,896 20,235 141,663 16,500 47,264 4,656 87,935 8,425 57,09 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 6,797 112,869 2,128
{even) {even)
58,264 8,611
{odd) {odd)

Source: Mills (1979-1984)
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Relative Abundance of Adult Salmon by Sub-Basin

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

of the Susitna River (Figure III-L):

o the lower Susitna River sub-basin;

o the Yentna River sub-basinj

o the Talkeetna-Chulitna sub-basin: and
o the Talkeetna-Devil Canyon sub-basin.

-

Lower Susitna Riwver Sub-~basin

The iower 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 éstimates ara based In part on professional
judgment, the description of escapements to the lower Susitna River

sub-basin provided in Table III-5 should be viewed as approximatioms.

During even numbered <years, when pink salmon runs are large,
approximately 500,000 salmon spawn in the lower Susitna sub-basin.
This represents about 24 percent of the astimated 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
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Table III-5. Susitna River average annual salmon escapement by sub-basin and species

Sockeye1 Chum2 Coho2 Pink_3 Chinook4 Sub-basin Total
% of % of - Z of % of % of ' % of
Sub-basin Number Total Number Total Number Total Number Total Number Total Number Total
Lower Susitna5 Even 427,400 32 Even 496,200 24
(RM 0 to 80) 11,900 5 17,000 5 39,900 46 0dd 44,800 33 —== =—== 0dd 113,600 12
Yentna6 . Even 447,300 34 Even 606,000 29
(RM 28) 119,200 48 19,500 5 20,000 23 0dd 48,400 35 —=—= ——= 0dd 207,100 23
Talkeetnﬁ- ‘ : ,
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
(RM 98.6 to 152) 2,800 1 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
249,900 100 356,200 100 86,800 100 0dd 138,200 100 = ——— —— 0dd 43,000 100
; 1981-83 average of ADF&G second-run sockeye escapements (ADF&G 1984a)
3 198183 average of ADF&G escapement estimates (ADF&G 1984a)
4 Even year 1982 only; odd year 1981 and 1983 average (ADF&G 1984a)
5 1982-83 average of ADF&G escapement estimates (ADF&G 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&G 1984a)
Talkeetna-Chulitna sub-basin escapement equals Sunshine Station (RM 80) escapement minus Talkeetna-Devil
8 Cantyon sub-basin escapement
Talkeetna-Devil Canyon sub-basin escapement equals Talkeetna Station (RM 103) escapement minus
milling fish that return downstream. Milling rates: sockeye 30%, chum 40%, pink 25%, chinook 25%, coho 40%
9 (ADF&G 1984a)

Total Susitna basin escapement equals Yentna Station (TRM 04) escapement plus Sunshine Station (RM 80)
escapement plus: 5% for sockeye, 48% for pink, 5% for chum, 85% for coho (ADF&G 1984a)
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sockeye and chum escapements din the Susitna River basin. The
estimated annual chinook escapement to this sub-basin is unknown but
several major chinocok-producing tributaries, including 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 its tributary drainages. [Escapement
estimates for this sub-basin are based on ADF&G apportioned sonar

counts at Yentna Statiom (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

even—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

escapement 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 “~hree
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.

TTT 1N
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The Talkeetna-Chulitna sub~basin has an estimated 886,700 salmon
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 Talkeetna-Chulitna sub-basin provides significant spawning habitat
for two imporfant commercial 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 sockeye
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 thisg 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.
Milling rates estimated by ADF&G (1984a) are: 30 percent for
sockeye, 40 percent for chum, 40 percent for coho, 25 percent for pinmk
and. 25 percent for chinook. These statistics are based on the total

numbers of fish counted at Talkeetna Station.

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

2.1 million salmon entering the Susitna Basin in even years.

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

abundant salmon species in this sub-basin. The annual chum escapement
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to the Talkeetna-Devil Canyon sub-basin accounts for about 7 percent

~of the estimated annual Susitna Basin chum 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 chinook
escapement cannot be estimated because the total Susitna River chinook
escapement 1is unknown. The annual sockeye, coho and pink salmon
eséapementé_to this sub-basin account for less than five percent of

the total escapements for each species to the Susitna Basin.
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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:

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

Talkeetna-Devil Canyon sub-basinj

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

are unavailable from other sub-basins; and

v} the downstream redistribution of rearing chinook, sockeye
and coho juveniles results in movement between sub-basins.
Therefore, the following discussion is based primarily on inference

and professional judgment.

Chum salmon rear in the middle Susitna River for ome to three months,
while pink salmon . spend 1little time in this reach (ADF&G 1984c).
Because of this short freshwater residence time, it is expected that
after emergence the relative abundance of juvenile chum and pink would
reflect the sub-basin adult spawner relative abundance. This assumes
that fecundities and egg-to—emergent fry survival rates are not
significantly different between sub-basins. Thﬁs, it is expected that
most juvenile chum would rear in the Talkeetna~Chulitna sub-basin,
whereas juvenile pink relative abundance would be eveﬂly 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-5. As chum and piﬁk smolts begin to
outmigrate, the relative abundance in the lower Susitna River would

increase in comparison to the relative abundance in other sub-basins
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until outmigration is completed. The outmigration of juvenile chum
from the middle Susitna River extends from May through July, whereas
most juvenile pink salmon leave this reach of river by June (ADF&G
1984c). Outmigration timing of pink and chum juveniles is positively

- correlated with mainstem discharges (ADF&G 1984c).

Chinook, sockeye and coho salmon rear from one to three years in the
Susitna River (ADF&G 1984c). Because of the longef freshwater
residence time, the downstream redistribution of juvenile chinook,
sockeye and cocho from the Talkeetna-Devil Canyon sub-basin and
possible redistribution of juvenile salmon in other sub-basins, it is
less 1likely that the relative abundance of outmigrating chinook,
sockeye and coho smolts from sub-basins reflects the relative
abundance of adult spawners. In the Talkeetna-Devil Canyon sub-basin,
it is expected that the sockeye smolt abundance relative to adult
spawners would be less than sub-basins where rearing conditions are
more favorable.

Age 0O+ juveniles of chinook, coho and sockeye salmon move downstream
out of the middle Susitna River throughout the summer with peak
movements occurring in June, July and August (ADF&G 1984c). Chinook,
coho and sockeye juveniles that remain in the middle Susitna River
utilize rearing habitats until September and October when they move to
overwintering hahitats. Age i+ chinook, coho and sockeye and age 2+
coho outmigrate from the middle Susitna River primarily in June
(ADF&G 1984c).

Resident species such as rainbow trout and Arctic grayling primarily
use aquatic habitats within the middle Susitna River during all phases
of their 1life cycle. However, wovements between sub-basins may be
significant for. some resident species such as Dolly Varden, round
‘whitefish, and humpback whitefish (ADF&G 1984c).
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Identification and Utilization of Habitat Types

Fish habitat i1s the integrated set of environmental conditions to
which a particular species/life phase responds both behaviorally and
physiologically. Temperature, water quality, streamflow, and channel
structure are among the most important abiotic envirommental factors
affecting the amount and quality of lotic (riverine) fish habitat.
Important biological factors include food availabilitf, parasitism or

disease, and predation.

The complex of primary, secondary and overflow channels that exists

- within the Talkeetna-to-Devil Canyon segment of the Susitna River

provides a great diversity of habitat conditions.

Six major aquatic habitat types, having comparatively similar
morphologic, hydrologic and hydraulic characteristies, have been
identified within the Talkeetna-to-Devil Canyon reach of the Susitna
River: mainstem, side channel, side slough, upland slough, tributary,
and tributary mouth (Figure IITI-2) (ADF&G 1983c). Within these
aquatic habitat types, varying amounts and qualities of fish habitat
may exist within the same habitat type depending upon site-specific
thermal, water quality, channel structure and hydraulic conditionms.
Differentiation of aquatic habitat types is useful for evaluating the
seasonal utilization patterns and habitat preferences of the fish
species/life stages which inhabit the middle Susitna River as well as
determining the influence of seasonal variations in streamflow on the
availability of potential aquatic habitat. The seasonal utilization
of the middle Susitna River habitat types by fish is primarily
dependent upon the abiotic conditions they offer the species and life
stage under consideration. Abiotic habitﬁt conditions are primarily
influenced by streamflow, stream temperature and water quality which
in the middle Susitnaz River vary markedly among habitat types and also
change with the season of the year (ADF&G 1983c).
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Mainstem Habitat

Side Channel Habitat
Side Slough Habitat
Upiand Slogh Habitat
Tributary Habitat
Tributary Mouth Habitat

Note: A more detailed description of these habitat types
can be found in Section IT=D of this report.

FigureIIT- I. General habitat types of the Susitna River.
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Mainstem Habitat

Mainsteﬁ habitat is defined as those portions of the Susitna River
which normally convey the largest amount of streamflow throughout the
year. Both single and multiple channel reaches, as well as poorly
defined water courses flowing through partially vegetated gravel bars

or islands, are included in this aquatic habitat category.

Mainstem habitats are thought to be predominantly used as migrationmal
corridors by adult and juveniie salmon during summer, Isolated
observations of chum salmon spawning at upwelling" sites along
shoreline margins have been reported (ADF&G 1982a). Also, mainstem
habitats are utilized by several resident species; most notably Arctic
grayling, burbot, longnose sucker, rainbow trout and whitefish.

e

Turbid, high-velocity, sediment-laden summer streamflows and low,

. cold, ice=covered, clearwater winter flows are characteristic of this

habitat type. Channels are relatively stable, high gradient and well
armored with cobbles and boulders. Interstitial spaces between these
large streambed particles are generally filled with a grout-like
mixture of small gravels and glacial sands. Isolated deposits of

small cobbles and gravels exist, however they are usually unstable.

Groundwater upwellings and clearwater tributary inflow appear to be
inconsequential determinants of the overall characteristiecs of
mainstem habitat except during winter when they dominate mainstem

water quality conditions.

Side Channel Habitats

Side channel habitat is found in those portions of the river which
normally convey streamflow during the summer, but become appreciably
dewatered during periods of low flow. For convenience of
classification and analysis, side channels are defined as counveying

less than 10 percent of the total flow passing a given location in the
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river. Side channel habitat may exist in well-defined channels, or in
poorly defined water courses flowing through submerged gravel islands

or along shoreline or mid-channel margins of mainstem habitat.

Juvenile chinook appear to make the most extensive use of side channel
habitats, particularly during July and Auvugust (ADF&G 1984¢). A
limited amount of chum salmon spawning also occurs in side channel
habitats where upwelling is lpresent and velocities and substrate
composition are suitable (ADF&G 1984d). Resident species, such as
burbot and whitefish, also utilize side channel habitats.

In general, the turbidity, suspended sediment and thermal
characteristics of side channel habitats reflect mainstem conditioms.,
The exception 1is i1in quiescent areas, where suspended sediment
concentrations are less. Side channel habitats are characterized by
shallower depths, lower velocities and smaller streambed materials
than mainstem habitats. However, side channel velocities and
substrate composition often provide suboptimal habitat conditions for
both adult and juvenile fish.

The presence or absence of clearwater inflow, such as groundwater
upwellings or tributaries, is not considered a critical component in
the designation of side channel habitat. However, a strong positive
correlation exists between the location of such clearwater inflows and
the location of chum salmon spawning sites that exist within side
channel  Thabitats (ADF&G 1984d). In addition, tributary and
groundwater inflow prevents some side channel habitat from becoming
completely dewatered when mainstem flows recede in September and
October. These clearwater areas are suspected of being important for

prima.y production prior to the formation of a winter ice cover.

Side Slough Habitats
With the exception of the clearwater tributaries, side slough habitats

are probably the most productive of all the middle Susitna River

aquatic habitat types. Side slough habitats typically exist in
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overflow channels, which originaté from riverine physical processes
such as flood events or ice gouging, Clearwater inflows from local
runoff and/or upwelling are components of this aquatic habitat type.
Periodic overtopping by high mainstem discharge events is the most

distinguishing characteristic of side slough habitat (ADF&G 1983c).

A non-vegetated alluvial berm connects the head of the slough to the
mainstem or a side channel. A well vegetated gravel bar or island
parallels the slough separating it from the mainstem (or side
channel). During intermediate and low-flow periods, mainstem water
surface elevatioﬁs are insufficient to overtop the alluvial berm at
the upstream end (head) of the slough. However, the mainstem stage is
often sufficient at the downstream end (mouth) of the slough to cause
a backwater effect to extend a few hundred feet upstream into the
slough (Trihey 1982).

Approximately 80 percent of -all middle Susitna River chum salmon
spawning in non-tributary habitats and essentially all sockeye salmon
spawning occurs in side slough habitat (ADF&G 1981, 1982a, 1984a). In
early spring, large numbers of juvenile chum and sockeye salmon can be
found in side sloughs. During summer, moderate numbers of juvenile
cocho and chinook make use of side-sleough habitats, with chinook
densities increasing during the fall-winter transition (ADF&G 1984b).
Small numbers of resident species are also present throughout the

year.

Counsiderable variation in water chemistry has been documented among
side sloughs and is principally a function of local runoff patterns
and basin characteristics when the side sloughs are not overtopped.
Once  overtopped, side 3loughs display the  water quality
characteristics of the mainstem (ADF&G 1982h). PresumablyA side
sloughs provide better habitat for aquatic organisms than mainstem or
side channel areas largely because side sloughs convey turbid water
less frequently than other channels and contain warmer water year

)3
round.
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During periods of high ﬁainstem_discharge, the water surface elevation
of the mainstem is often sufficient to overtop the alluvial berms at
the heads of some sloughs. When this occurs, discharge through the
side slough increases markedly as water in the slough is replaced with
turbid mainstem flow. Such overtopping events affect the thermal,
water quality and hydraulic conditions of side slough habitat (ADF&G
1982b). Depending uﬁon their severity, overtopping events may flush
organic material and fine sediments from the side slough, or totally

rework the channel geometry and substrate composition.

Streambed materials in side slough habitats tend to be a hetérogeneous
mixture of coarse sands, gravels and cobbles often overlain by fine
glacial sands in quiescent areas. Perhaps because of the upwelling or
the less frequent conveyance of mainstem water, streambed materials in
side slough habitats do not appear to be as cemented or grouted as

similar size particles would be in side channel habitats.

When side sloughs are not overtopped, surface water temperatures
respond independently of mainstem temperatures (ADF&G 1982b). Surface
water temperatures in .side sloughs are strongly influenced by
upwelling groundwater. In many instances during winter, the thermal
effect of the upwelling water is sufficient to maintain relatively ice
free conditions in the side sloughs throughout winter (Trihey 1982,
ADF&G 1983a).

Upland Slough Habitats

Upland slough habitats are clearwater systems whicﬁ exist in relic
side channels or overflow channels. They differ from side slough
habitats in several ways. The most apparent reason for many of these
differences 1s because the elevation of the upstream berm, which
separates these habitats from adjaceﬁt mainstem or side chanﬂels, is
sufficient to prevent overtopping in all buf the most extreme flood or
ice jam events. Upland sloughs typically possess well végetated
streambanks which are often quite steep, near zero flow velocities,
and sand or silt streambeds. Active or abandomed beaver dams and food

caches are commonly observed in upland slough habitats.
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Upwelling is often present inm upland sloughs, however, little spawning
occurs in these habitats (ADF&G 1984a). The most extensive use is by

juvenile sockeye and coho salmon (ADF&G 1984&).

The primary influence of the mainstem or side channel flow adjacent.to
the upland slough is to regulate its depth by backwater effects. The
water surface elevation of the adjacent mainstem or side channel often
controls the water surface elevation at the mouth of the upland
slough. Depending upon the rate at which the mainstem water surface
elevation responds to storm events relative to the response of local
runoff into the upland slough, turbid mainstem water may or may not
enter the slough. The rapid increase in mainstem water surface
elevations and suspended sediment concentrations in association with
peak flow events is suspected of being a primary transéort mechanism
of fine sediments into the backwater areas of upland sloughs. Local
surface water inflow and bank erosion may be major contributérs of

sediments in reaches upstream of backwater areas and beaver dams.

Tributary Habitat

Tributary i habitats reflect the dintegration of dits watershed
characteristics and are independent of mainstem flow, temperature and
sediment regimes, Middle Susitna River tributary streams convey clear
water throughout the year which originates from snowmelt, rainfall

runoff or groundwater base flow,

Tributdries to the middle Susitna River provide the only reported
spawning of chinook salmon, and nearly all the coho and pink salmon
spawning that occurs in this <river segment (ADF&G 1984a).
Approximately half the chum salmon escapement to the middle Susitna
River also spawn 1in tributary habitat. Pink salmon juveniles
outmigrate shortly after emergence and juvenile chum leave within one
to two months, but a large percentage of emergent chinook and coho
remain in tributary streams for several months following emergence

(ADF&G 1984c). Resident species such as Arctic grayling and rainbow
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trout also greatly depend on tributary streams for spawning and

rearing habitat.

Tributary Mouth Habitat

Tributary mouth habitat refers to that portion of the trifutary which
adjoins the Susitna River. The areal extent of this habitat responds
to changes in mainstem discharge. By definition, this habitat extends
from the uppermost point in the tributary influenced by mainstenm

backwater effects to the downstream extent of its clearwater plume.

This habitat type is an important feeding station for juvenile chinook
and resident fish (ADF&G 1982a). Tributary mouth habitat associated
with the larger tributaries within the middle Susitna River also
provides significant spawning habitat for pink and chum salmon (ADF&G
1984a).
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Selection of Evaluation Species

Selection of evaluation species followed the guidelines and policies
of the Alaska Power Authority, Alaska Department of Fish and Game and
U.S. Fish and Wildlife Service which dimply that species with
commercial, subsistence and recreational uses are given high priority.
The habitats of those species that are likely to be significantly
influenced by the project are of the greatest. concern. The primary
species and life stages selected for evaluation were chum salmon
spawning adults and incubating embryos, and chinook salmon rearing
juveniles (Woodward-Clyde Consultants 1584). These species/life
stages depend on side slough and side channel habitats, which are
expected .to be significantly affected by project operation. The
following discussion provides a synopsis of the baseline data used in

the selection of evaluation species.

Surveys of spawning adult salmon conducted during 1981-83 by the
Alaska Department of Fish and .Game (ADF&G 1984a) indicate that
tributaries‘and side sloughs are the primary spawning areas for the
five species of Pacific salmon that occur in the middle reach of the
Susitna River (Figure III-2). Comparatively small numbers of £ish
spawn in mainstem, side channel, up_land slough and tributary mouth

habitats.

Chum and sockeye are the most abundant of the four species that spawn
in non-tributary habitats in the Talkeetna-to-Devil Canyon reach of
the Susitna River (ADF&G 1984a). The estimated number of chum salmon
spawning in-non—tfibutary habitats within the middle Susitna River
averaged 4,200 fish per year for the 1981-83 pefiod of record (ADF&G
1984a). Approximately 1,600 sockeye per vear spawned e:clusively in
slough habitat during the same period. A few pink salmon utilize side
channels and side sloughs for spawning during even-numbered years
(ADF&G 1984a). "Similarly, only a few c¢oho salmon spawn in
non-tributary habitats of the Susitna River (ADF&G 1984a).
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Approximately 80 percent of all chum salmon spawning in non-tributary
habitats within the middle Susitna River occurs in side slough
habitats, with Sloughs 21, 11, 9, 9A and 8A accounting for 75 percent
of the annual slough spawning (ADF&G 1981, 1982, 1984a). Extensive
surveys of side channel and mainstem areas have documented compara-
tively few spawning areas (ADF&G 1981, 1982, 1984a); however, these
habitats are often characterized by highly turbid water in which
spawning fish or their re&ds are difficult to detect, possibly causing

an underestimation of their value as spawning habitat.

Within the Talkeetna~to-Devil Canyon reach, spawning sockeye salmon
are distributed among eleven sloughs, with Sloughs 11, 8A, and 21
accounting for more than 95 percent of the spawning o a yearly basis
(ADF&G 1984a). 1In 1983, 11 sockeye salmon were observed spawning
alongside 56 chum salmon in the mainstem approximately 0.5 miles
upstream of the mouth of the Indian River (ADF&G 1984a). This is the
only recorded occurrence of sockeye salmon 3pawn1ng in middle Susitna

River areas other than slough habitats.

Chum and sockeye salmon spawning areas commonly overlap at all of the
locations where sockeye spawning has been observed (ADF&G 1984a).
This overlap is 1likely a result of similar timing and habitat
requirements (ADF&G 1984a and d). Because chum salmon appear to be
more constrained by passage restrictions and low water depth during
spawning than sockeye salmon, the initial evaluation and analysis of
flow relationships on existing salmon spawning in the middle Susitna
River is on chum salmon with the assumption that sockeye salmon will

respond similarly.

Depending upon the season of the year, rearing habitat for juvenile
salmon is provided in varying degrees by all aquatic habitat types
found within the middle Susitna River. Among the non-tributary
habitats, juvenile salmon densities are highest in side and upland
sloughs and side channel areas (Figure III-3). Extensive sampling for
juveniles has not been conducted in mainstem habitats, largely due to

sampling gear inefficiency in typically deep, fast, turbid waters.
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Little utilization of these habitats is expected except in the lateral

margins that have low velocities.

Coho salmon juveniles are most abundant in tributary and upland slough
habitats. 1In general, these'habitats do not respond significantly to
variations in mainstem discharge (Klinger and Trihey 1984). Sockeye
juveniles, although relatively few in number, make extensive use of
upland slough and- side slough habitats within the middle Susitna
River. In contrast, juvenile chum and chinook salmon are quite
abundant in the middle Susitna River and are most numerous in side
slough and side channel habitats (ADF&C 1984c). These habitats
respond markedly to variations in mainstem discharge (Klinger and
Trihey 1984). For this reason, these two species, chinook and chum,
have been selected for evaluating rearing conditions for juvenile

salmon within the middle Susitna River.

Based on. the information available from resident fish étudies,
resident fish have not been selected for evaluation in the middle
Susitna River. Project-induced changes to middle Susitna River
habitats are not expected to significantly affect important resident
fish populations including rainbow trout, Arctic grayling and burbot.
These populations are low and appear to be limited by féctors other

than those associated with mainstem discharge.

With the exception of burbot, important resident species on the middle
Susitna River are mainly associated with tributéry habitats. Both
rainbow trout and Arctic grayling are important sport species in the
basin. The spawning and rearing for these two species occur almost
exclusively in tributary and tributary mouth habitats. Some

individuals of both species use mainstem habitats for overwintering.

The availability of spawning and rearing habitats appears to limit the
present population of rainbow trout (ADF&G 1984c). Few rearing fish
have been captured in habitat types other than tributaries associated

with lakes. Since the proposed project will have little effect on
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tributary habitat, ne change 1is predicted for rainbow trout

populations,

Arctic grayling are also closely associated with tributary habitats. i
The major limiting factor for these fish is probably rearing habitat =
(ADF&G 1984c). Some small Arctic grayling are found in mainstem f
habitats, but these fish are probably excluded from better quality i
rearing areas in the tributaries by territorial displacement by larger —
juveniles, ' L]
=
Few burbot are found in the middle reach of the Susitna River (ADF&G
1984c). Burbot are found almost exclusively in mainstem and side -
channel habitats, as they appear to prefer turbid habitats. Although ]
turbidity levels will be reduced under project conditions, low numbers -
of burbot are still expected to occupy mainstem habitats. Mainstem f
turbidities are ‘expected to be greater than 30 NIUs under project _ -
ﬁonditions. This level will still cause light extinction quickly, M
allowing burbot to occupy depths greater than 3 ft (estimated euphotic =
zone, see Section IV)., Burbot populations are likely limited by food 1
supply (ADF&G 1984c). The production of other resident species is |
important to maintaining burbot populations in the middle Susitna .
River. Since significant changes to these populations are not ;
expected, burbot population levels are not 1likely to change
significantly, i
As the habitat relationships analysis continues, additional fish may T
be included in the evaluation species list. Overwintering rainbow -
trout and rearing juvenile grayling'méy be appropriate candidates. ]
Other species whose populations may be influenced by project -
conditions will also be considered for evaluation species status. .
Species/life stages such as chum, chinook and pink salmon spawning §
will be evaluated in side channel and mainstem habitats, All of these -
specles currently spawn primarily in habitats other than the mainstem ._
and side channels of ~the middle Susitna River. The physical _
characteristies of mainstem and side channel habitats in this reach L
are expected to approach those in other Alaskan river systems utilized
by these species under possible with-project streamflow, water f

temperature and water quality regimes.
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IV. WATERSHED CHARACTERISTICS AND PHYSICAL PROCESSES
INFLUENCING MIDDLE RIVER HABITATS

Watershed Characteristics

Basin Overview

Tributarieé in the upper portions of the Susitna River drainage basin
originate in tﬁg glaciers of the Alaska Range, which is dominated by
Mount Deborah (12,339 feet), Mount Hayes (13,823 feet), and Mount
Moffitt (13,020 feet). Other peaks average 7,000 to 9,000 feet in
altitude. Tributaries in the eastern portion of the basin originate
in the Copper River lowland and in the Talkeetna Mountains, with
elevations averaging 6,000 to 7,000 feet and decreasing northward and
westward., To the northwest, the mountains form a broad, rolling
glacially—scdured upland dissected by deep gléciated valleys. Between
these ranges and Cook Inlet is the Susitna lowlands, a broad basin
inecreasing in elevation from sea level to 500 feet, with local relief
of 50 to 250 feet (Figure IV-1).

The drainage basin lies in a zone of discontinuous permafrost. In the
mountainous areas, discontinuous permafrost is generally present. In
the lowlands and upland areas below 3,000 feet, there are isolated
masses of permafrost in areas with fine-grained deposits. The basin
geology consists largely of extensive unconsolidated deposits derived.
from glaciers. Glacial moraines and gravels fill U-shaped valleys in
the upland areas. Gravelly till and outwash in the lowlands and on
upland slopes are overlain by shallow to moderately deep silty soils.
Windblown silt covers upland aféas. Steep upper slopes have shallow,
gravelly and loamy deposits with many bedrock exposures. On the south
flank of the Alaska Range and south-facing slopes of the Talkeetna
Mountains, soils are well-drained, dark, and gravelly to loamy.
Poorly drained, gravelly and stony loams with permafrost are present
on northfacing slopes of foothills, moraines, and valley bottoms.

Water erosion is moderate on low slopes and severe on steep slopes,



oF E c«\“t“
S, - W
oL, § 0""“"
= WATANA DA
(80 . Vep
Trong
s 2
Fd 7,
- [
(5] (\4
)

w
hTalkpaina Siglion E
‘ \ 100
‘ 3 \‘
A\ ¥ ."Q W) TALKEETHA % 0
N * ) l\é .
\% J .;."
2 g (§ &
i ) 1
1' % ) L ]
[

} 1Q Rivermile Increments

Scole: "= IGmiles

Figure I¥-1. Stream network within the Susitna River Basin.

J (2 L-L.3J -] -] - -0 g -0 - - 4Jd g -/ g




]

[

B

L]

]

]

-

Ir-“ - —]

[

DRAFT

Vegetation above the tree line in steep, rocky soils is predominantly
alpine tundra. Well-drained upland soils support white_sprﬁce and

grasses, whereas poorly drained valley bottom soils support muskeg.

The upper drainage basin is in the continental climatic zone, and the
lower drainage basin is in the transitional climatic zome. Due to the
maritime influence and the lower elevations, temperatures are moré
moderate and precipitation is less in the lower basin than that in the.
upper basin. Storms which affect the area generally cross the Chugach
Range from the Gulf of Alaska or come from the North Pacific or
southern Bering Sea across the Alaska Range which is west of the upper
Susitna Basin. The heaviest precipitation generally falls on the
windward side of these mountains leaving the upper basin in somewhat
of a precipitation shadow except for the higher peaks of the Talkeetna
Mountains and the southern slopes of the Alaska Range. Therefore,
precipitation is much hegvier in the higher elevations than in the

valleys.

Basin Hydrology

The Susitna River is tyﬁical of unregulated northern glacial rivers,
with relatively high turbid streamflow during summer and low
clearwater flow during winter. Sources of water influent to the
Susitna River can be classified as: glacial melt, tributary inflow,
non-point surface runoff, and groundwater inflow, The relative
importance of each of these contributions to the mainstem discharge at
Gold Creek varies seasonally (Figure IV-2). Snowmelt runoff and
spring rainfall cause a rapid rise in streamflows during late May and

early June. Over half of the annual floods occur during this period.
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Figure IV-2, Estimated percent contribution to flow at Gold Creek.
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The glaciated portions of the upper Susitna Basin play a significant

role in shaping the annual hydrograph for the Susitna River at Gold -
Creek (USGS stream gage station 15292000). Located on the southern ﬁ
slopes of the Alaska Range, these glaciated regions receive the >
greatest amount of precipitation that falls in the basin. The 7
glaciers, covering about 290 square miles, act as reservoirs L]
maintaining moderately high streamflows throughout the summer. Valley 1
walls in those portions of the upper basin not covered by glaciers, i
consit® of steep bedrock exposures or shallow soil systems. Rapid -
runoff originates from the glaciers and upper basin whenever Q

rainstorms occur, typically in Jlate summer and early fall. Many
annual peak flow events have occurred during August. Approximately 87
percent of the total annual flow of the middle Susitna River occurs
from May through September; over 60 percent occurs during June, July

and August (Table IV-1). R&M Consultants and Harrison (1981) state
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that "roughly 38 percent of the streamflow at Gold Creek originates
above the gaging stations on the MaclLaren River near Paxson and on the

"

Susitna River near Denali... Thus less than 38 percent of the annual

middle Susitna River can be attributed to glacial melt,

Table IV-1l. Summary of monthly streamflow statistics for the Susitna
River at Gold Creek (Scully et al. 1978).

Monthly Flow (cfs)

Month Maximum - Mean Minimum
January 2,452 1,463 _ 724
February 2,028 1,243 723
March 1,900 1,123 713
April 2,650 1,377 745
May 21,890 13,277 3,745
-June 50,580 27,658 15,500
July . 34,400 124,383 16,100
August 38,538 21,996 8,879
.September 21,240 13,175 5,093
QOctober 8,212 5,757 3,124
November 4,192 2,568 1,215
December . 3,264 1,793 866
Average 16,445 9,651 4;785

As ailr temperatures drop during fall, glacial melt subsides and
streamflows decrease. By November, streamflows have decreased to
approximately one tenth of midsummer values. An ice cover, which
generally persists until mid~-May, forms on the middle Susitna River
during November and December, During winter, flow in the Susitna
River is maintained by the Tyone 'River which drains Lake Louise,
Susitna Lake and Tyone Lake, and by groundwater inflow to several
smaller tributaries and to the Susitna River d1tself. Although
groundwater inflow is thought to remain fairly constant throughout the
year,-its relative importance increases during winter as inflows from

glacial melt and non-point runoff cease.



Streamflow Variability

Peak flows for the Susitna River normally ocecur during June in
association with the snowmelt flood. Rainstorms.may also cause floods
during late summer. Most annual peak flows occur during June or
August (Table IV-2). Snowmelt floods are generally 3 to 5 days in
duration, whereas late summer flood peaks are often single day events

with higher peak flows than June peaks.

Table IV-2 Percent distribution and duration of annual peak flow
events for the Susitna River at Gold Creek 1950-1982
(R&M Consultants 1981).

Month ‘ Percent
May 9
June 55
July 9
Augist 24
September 3

Little‘difference exlists among monthly ratios'for the 1-, 3-, and
7-day low flows to their Trespective monthly flows during
June-September (R&M Consultants 1981). Flow is relatively stable
during the summer, with occasional sudden increases as the basin
responds to the highly variable, and sometimes erratic, precipitation
patterns. Susitna River streamflows show the most variation early in
May and late in October, periods commonly associated with spring
breakup and the onset of freeze up. From November through April, low
air temperatures cause surface water in the basin to freeze, and
stable but gradually declining groundwater inflow and baseflow from

headwater lakes maintain mainstem streamflow.

The natural flow regime of the middle Susitna River streamflows will
be significantly altered by project operation (Figure IV-3). With-
project streamflows will generally be less than existing streamflows
from May through August as water is being stored in. the reservoirs for
release during the winter. Variability in the middle Susitna River
will be caused primarily by tributary inflow and releases from the

reservoirs. Floods will also be reduced in freqﬁency and magnitude
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generally occurring in late summer when the reservoirs are full and

water must occasionally be released.

With-project streamflow during September 1is expected to be less
variable but similar to the long term average monthly natural flow.
Flows from October through April will be greater in magnitude and more
variable than natural streamflows. Daily fluctuations in streamflow
‘are expected to occur throughout winter as the project respoﬁds to
meet changes in the daily and weekly load. However, these
fluctuations are not expected to exceed +10 percent the base discharge

for the day (W. Dyok, Harza-Ebasco, 1984, pers. comm.).

Influence of Streamflow on Habitat

Mainstem and Side Channel Habitat. The large amount of water that is

conveyed during the summer in steep mainstem and side channel water
courses results in inhospitable conditions for fish. Mainstem and
side channel gradients within the middle Susitna River are on.the
order of 8-14 ft/mile (R&M Consultants 1982a). Although flood peaks
seldom exceed twice the long term average monthly flow for the month
in which they occur (R&M Consultants 1981), the average monthly flows
for June, July, and August are nearly 2.5 times the average annual
discharge of 9700 cfs/day (Scully et al. 1978). As a result of the
steep channel gradient, mid-channel velocities are often in the range
of seven to nine feet per second (fps) for normal mid-summer
streamflow conditions. Velocities of 14 to 15 fps have been measured
by the USGS at the Gold Creek stream gage station in association with
62,000 to 65,000 cfs flood flows (L. Leveene, USGS, 1984, pers.

comm. ).

As a result of being subjected to persistently high velocities,
streambed materials in mainstem and side channel habitats typically
range in size from cobbles (5 inches) to boulders (10 inches or
larger) (R&M Consultants 1982a). Isolated deposits of smaller

streambed materials, including sand, also exist within the mainstem
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and side channels, but only at protected locations. These smaller
streambed materials are generally unstable and transient (R&M

Consultants 1982),

High summer streamflows characteristic of the Middle Susitna River are
not considered to be beneficial to salmon production in mainstem or
side channel habitats, As stated abové, high streamflows during
summer tend to transport spéﬁning gravels out of these habitats. 1In
those locations where salmdn have spawned, high streamflows may wash
out the redds or deposit sediments over them. Juvenile salmon in
middle Susitna River habitats are also displaced downstream by high
flows (ADF&G 1984c).

Low seasonal streamflows can also be undesirable, During spawning,

. low streamflows may restrict fish access to spawning areas or result

in shallow depths at potential spawning locatioms. Thus, the
available spawning habiltat may be réeduced. Low streamflows during
incubation may cause dewatering of redds, low dissolved oxygen levels,
high temperatures, or, during the winter, freezing of embryos (Hale
1981). Low seasonal streamflows may also adversely influence juvenile
salmon rearing by restricting £ish access to streambank cover or

dewatering rearing habitats.

Side Slough Habitat. Side sloughs are overflow channels along the

floodplain margin that convey clear water originating from small
tributaries and/or upwelling groundwater. A non-vegetated alluvial
berm connects the head of the slough to the mainstem or a side

channel., A well-vegetated gravel bar or island parallels the slough,

. separating 1t from the mainstem (or side channel). During

intermediate and low-flow periods, mainstem water surfaze elevations
are insufficient to overtop the alluvial berm at the upstream end
(head) of the slough. Howevef, mainstem stage is often sufficient at
the downstream end (mouth) of the slough to cause a backwater to

extend a few hundred feet upsfream into the slough,
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During high mainstem discharges, the water surface elevation of the
mainstem is often sufficient to overtop the alluvial berm at the head
of many of the sloughs, depending on the stage achieved by the high
flow and the elevation of the berm. When this occurs, discharge

through the side slough increases markedly as water in the slough is

. replaced with turbid mainstem .flow. Such overtopping affects the

thermal, water quality and hydraulic properties within the clear water

slough. Overtopping during late August and early September provides °

unrestricted passage by adult salmon to spawning areas within the
sloughs. Overtopping during early summer flushes organic material and
fine sediments from the side sloughs, but in some instances transports
large amounts of sand into the slough. The turbidity associated with

the overtopping flows provides cover for juvenile chinocok salmon and

allows them to utilize habitat that was previously unavailable (ADF&G

1984¢).

The influence of overtopping on various physical conditions will be
discussed in subsequent sections -of this report, However, prior to
those discussions, it is important to recognize the dominant influence
of streamfl&wvvariability in determining the timing, frequency and

duration of overtopping events (Table IV-3).
Upwelling

Water whiéh rises from the streambed has been recognized as strongly
influencing the spawning behavior of chum and sockeye salmon in Alaska
(Kogl 1965, Wilson et al. 1981, Koski 1975, ADF&G 1984d). This water
is commonly referred to as "upwelling" by fisheries biologists because

of its characteristic flow direction into the streém channel,

Downwelling and inteigravel flow are two other types of subsurface
flow which occur in stream channels that are important to maintaining
aquatic life in streémbed materials (Figure IV~4). However these two
types of flow differ from upwelling in both their flow direction and
origin. As the term implies, downwelling flows from the stream into

the streambed and is generally thought to be in a near vertical
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Table IV-3. Number of times breached for duration indicated based
on analysis of Gold Creek record 1950-1984.

'Breaching 4=5 5-10 Total
Flow (cfs) 1 day 2 days 3 days days days >10 days days
June 3 through June 16
12,000 0 0 0 ¥ 0 33 459
16,000 1 2 2 2 3 27 412
19,000 3 2 2 0 4 23 357
23,000 5 4 3 1l 12 13 300
25,000 0 4 3 3 13 10 263
27,000 3 6 2 3 11 8 218
33,000 3 3 5 3 6 3 118
35,000 1 5 4 - 3 6 1 94
40,000 0 3 2 2 3 1 55
42,000 2 0 "1 3 2 1 46
August 12 through September 8
12,000 2 1 2 0 1 35 826
16,000 4 3 6 5 7 25 628
19,000 2 4 6 9 13 15 431
23,000 7 6 8 4 7 6 224
25,000 3 7 3 3 6 3 141
27,000 3 3 2 3 3 3 99
33,000 1 0 1 2 3 1 46
35,000 0 0 1 3 2 1 42
40,000 1 2 1 1 3 0 31
42,000 0 1 1 2 2 0 26
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direction. Intergravel flow is generally considered to be flow in

streambed gravels parallel to the down valley gradient of the channel.

Because the water flowing in the stream channel provides both the
source and driving mechanism for downwelling and intergravel flow
these two types of subsurface flow generally have temperatures and
water chemistry wvery similar to the .surface water. Upwelling,
however, generally has temperature .and chemical ‘composition
characteristics differing from the water flowing above the streambed.
As this groundwater flows through the soil from its source to its
upwelling location, its thermal and water chemistry properties become

defined by the soil properties.

Broadly defined, groundwater .is the hydrologic term for water
occurring beneath the land surface. Groundwater exists in saturated
and unsaturated soil zones. The interface between these two zones is
called the water table. The plan shape and slope of the water table
is determined by the subsurface geologie structure and type of soil
material present. The elevation of the water table at any point is

primarily a function of water supply.

Water supply for groundwater consists of precipitation and adjacent
surface water bodies. Precipitation infiltrates into the soil, flows
ﬁhrough the unsaturated zone as "interflow", and reaches the saturated
zone. Because of this increased water "supply, the groundwater table
rises in elevation. Sometimes excess water appears along streambanks,

rock outcrops, or steep hillsides as bank seepage.

During periods of drought caused by lack of precipitation or cold air
temperatures freezing precipitation (snow) and shallow subsurface
interflow, the elevation of the water table declines because of a

shortage of available water supply.

In river valleys like that of the middle Susitna River, where the
underlying materials are alluvial deposits of glacial outwash (R&M

Consultants 1982d), the groundwater flow patterns may be quite
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complex. The general slope of the water table is similar to the
valley slope, The mountains or hills which parallel the river form
the boundary of the alluvial deposits of the larger, original glacial
river which also flowed down valley in approximately the same
direction. Hence, in the middle Susitna River, regional groundwater
is generally thought to be flowing down valley and slightly to the
east (R&M Consultants 1982d). Wherever the water table intersects the
streambed, upwelling ié likely to exist.

The groundwater table elevation, as determined by the structural
geology and the corresponding relationship between the sources of
groundwater flow, will control upwelling., Downwelling flows will
occur if the surface water level in the channel is higher than the
groundwater table elevation. Upwelling flows will occur when the
elevation of the groundwater table exceeds the water surface elevation
in the channel. Upwelling may also occur in a manner similar to pipe
flow. A lense of coarse sediments permiﬁting groundwater flow may be
flanked by deposits of finer sediments that prohibit groundwater flow.
Flow may thus become concentrated in the flow-conducting lense. When
_ the lense intersects a channel, the flow is released from between the
flanking deposits a?d upwelling may résult. Piped groundwater flow
may occur under the berms at the heads of side sloughs and elsewhere
as long as the required geologic conditions are present and a source,

such as the mainstem, exists for the quantities of water transported.

In addition to the influence of subsurface alluvial deposits on the
location and rate of upwelling water, water supply is also important.
In the river valley the most persistent water supply is the river
itself. Through downwelling, the river supplies water to the
groundwater, At some down valley location, the groundwater will yield
this water as upwelling. In the middle Susitna River, much of this
upwelling appears to be along the east bank. -

Because the water table rises and falls seasonally and across years in
response to water supply, upwellings can be both persistent and
intermittent. They also may have rather stable or variable flow rates

depending upon fluctuations in the local groundwater table.
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The groundwater system can be divided into two components: a regional
component driven by the down valley gradient and a temporal component
influenced by changes in mainstem stage and precipitation infiltration.
The regional groundwater component is constant throughout the year and
corresponds to the minimum groundwater levels observed under natural
conditions. These minimum groundwater conditions appear to occur
during the late fall period of low mainstem discharge and reduced
precipitation infiltration due to freezing conditions. The temporal
groundwater component augments the regional groundwater component.
When.the‘mainstem stage is high, the mainstem may supply downwelling
flows which increase the groundwater table elevation. Precipitation
infiltrating the soil may also serve as a source for the groundwater.
The raised elevation of the groundwater table due to the temporal
component results in increased areal extents and rates of upwelling
flows.. Thus, the fluctuations of the groundwater table due to the
temporal component variations, which are induced by changes in river
stage and precipitation, will have a pronounced effect on upwelling.
The groundwater table appears to reach 2 minimum elevation in the late
October to early November period; uﬁwélling flows will correspondingly
reach a minimum rate and areal extent. The temporal groundwater
component will be reduced as the mainstem stage lowers and infiltrationm
of precipitation-ceases due to freezing temperatures. The remaining
upwelling flows will be supplied by the regional groundwater
component. At sites where upwelling is continuously provided by the
regional groundwater component, viable habitat will be maintained;
high mortality is suspected at sites where upwelling is reduced to the
reduétion in temporal upwelling. As ice formation increases the
mainstem stage, the temporal groundwater componént will again augment
the regionél groundwater component and increase upwelling rates and

areal extents.

Under with-project conditions, upwelling flows may not be reduced to
the extent of upwelling flows experienced under natural conditions
during the late fall period, The mainstem stage is anticipated to be

maintained at a higher elevation during project operation than under
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natural conditions in the late fall, The temporal groundwater
components will therefore continue to augment the regional component
in the late October to early November period. Habitat dewatered or
frozen as the temporal groundwater component'is reduced under natural
conditions may become viable throughout the year as the temporal
groundwater component is maintained by higher with-project mainstem
stages. The magnitude .of the increase in viable habitat is
unquantified aﬁd is likely to remain so until determined through a

monitoring program.

Biological Importance of Upwelling. Upwelling is one of the most

important habitat variables influencing the selection of spawning
sites by chum and sockeye salmon in the middle Susitna River (ADF&G
1984d). In addition, upwelling flows contribute to local flow in

sloughs and side channels and facilitate fish passage.

Incubation appears to be the life stage most critically affected by
upwelling in the middle Susitma River. Chum and sockeye salmon
embryos, and embryos of other species sp#wued in the area of upwelling
flows, benefit from the upwelling flows. During incubation, upwelling
provides for successful development of embryos, principally because of
its thermal characteristics. It also ensures the oxygenation of
embryos and alevins and inhibits the clogging of streambed material by

fine particulates,

Upwelling flows appear to reach a minimum immediately prior to ice
staging when mainstem discharges range from 3,000 to 5,000 cfs.

During this period upwelling flows are considered to originate

exclusively from the regional groundwater component of upwelling.

These low mainstem discharges and mninimum upwelling'flows probably
limit the incubation success of embryos that were spawned under higher
mainstem and upwelling flows., Many embryos are likely dewatered and
frozen. Therefore, the viable incubation habitat is probably that
which 1s effective during this transition period of low upwelling

flows.
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Mainstem discharges that are higher than the 3,000 to 5,000 ¢fs would
likely increase tﬁe upwelling flows in sloughs above natural
conditions. Thus, a stable flow regime throughout the spawning and
incubation period would probably increase the ﬁiable incubation
habitat because embryos would develop under upwelling flows similar to

those at spawning.

Groundwater:_upwellingA also appears to be an important factor
influencing ﬁhe'winter'distribution of juvenile salmon and resident
fish. Upwelling flows may comprise the predominant source of water in
sloughs when runoff from precipitation ceases due to freezing. A
constant water flow 1in sloughs and side channels provideé
overwintering habitat for juveﬁile sockeye, chinook, and coho salmon
and resident species. The water temperature of sloughs and side
channels is usually higher than mainstem waters because of upwelling
waters. Warmer temperatures apparently attract overwintering fish and

may reduce their winter mortality (ADF&G 1984c).
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Sediment Transport Processes

In this section, sediment transport is used generically to include all
the physical processes which result in the movement of bed and
suspended load. Bed load is defined as that portion of the solid mass
being transported within 0.3 £t of the channel bottom. Suspended load
refers to that portion of the solid mass present in the water column

above 0.3 ft from the channel bottoﬁ.

It 1is well documented that the results of sediment transport
processes, such as streambed stability and composition, are important
descriptors of aquatic habitat. McNeil (1964) has observed that
streambed stability can influence the success of salmonid egg
incubation. Several researchers have shown that substrate composition
influences the survival of eggs to fry in salmonid populations (McNeil
and Ahnell 1964, McNeil 1965, Cooper 1965, Phillips et al, 1975). The
éuitability of aquatic habitat for rearing is also influenced by

substrate composition. -

On a.macrohabitat level, the channels of the middle Susitna River are
quite stable given the range of streamflows and ice conditions to
which they are subjected. Review of aerial photography taken over an
approximate 35 year peried (from 1949-51 to 1977-80) indicates the
plan form of the middle Susitna River has changed 1little (AEIDC
1984a), Alﬁhough many non-vegetated gravel bars have appeared, and
some peripheral areas have changed, a preponderance of chamnels and

habitats appear unchanged over this period.

Channel Stability of Habitat Types

Six habitat types have been identified in the middle Susitna River:
mainstem, side channel, side slough, tributary, tributary mouth, and
upland slough. Each habitat type can be characterized by the relative
influence that specific sediment transport processes have on their

formation and maintenance (Table IV-4).
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maintenance of habitat.

R B A

Sediment transport processes and components and their relative importance in the formation and

Sediment Load Components

Sediment Transport Processes

Ice Jams Mechanical

High Flow During Scour by Anchor Ice  Shore Ice
Habitat Type Suspended Bed Events Breakup Tce Blocks  Processes Processes
Mainstem and Large
Side Channels Secondary Primary Primary Secondary Secondary Minor Minor
Side Channels and
Side Sloughs Primary Secondary Primary " Primary Secondary - Minor Minor
Tributary and
Tributary Mouth Minor Primary Primary Minor Minor Minor Minor
Upland Slough Secondary Minor Secondaty Minor Minor Minor Minor

LIVdd
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Mainstem and Large Side Channels. The plan form of the middle Susitna

River appears to be shaped by ice processes, whereas the size of its
channels are a result of hydrologic processes.. Hydrologic events, or
more specifically floods, are probably the dominant channel forming
process whereas normal summer streamflows represent the primary
sediment transport process. Channel forming discharges are usually
those which occur only once every several years. rHigh discharges
cause high velocities with the capacit?- toc erode and transport
significant quantities of substrate from the bed and banks of the
channel. These high discharges would change the shape of the channel,
but likely occur only once in 20 years or more. Discharges occurring
more frequently, such as the mean annual flood or bankfull discharge,
would reshape the channel to reflect the hydraulic conditions
associated with this lower, but more frequent, discharge. Some local
changes in bed geometry would likely occur, but these persistent lower

floods are unlikely to reform the channel to its original conditiom.

Streambed material in the mainstem and large side channels is of
sufficient size to resist erosion or transport by flood flows less
than 35,000 c¢fs. The cobbles and boulders constitute an armor layer
which has developed as a result of previous flood events transporting
smaller substrate sizes downstream. The cobbles and boulders remain
as a well graded protective layer for the more heterogeneous
underlying materials, High discharges would have the capacity to
erode the armor layer and transport underlying streambed materials
downstream, but a new armor layer would likely develop as the flood
recedes and cobbles and boulders eroded from upstream locations are
redeposited. The entire bed elevation of the middle Susitna River may
decrease during theseievents since the sands and gravels eroded from
the materials underlyiﬁg the armor coat would likely not redeposit.
‘Evidence of such long-term channel degradation has been documented

through analysis of aerial photography (AEIDC 1984a).

Resistance of large substrate in the middle Susitna River to erosion
is increased by the cementing characteristics of the fine sands and

silts which f£ill interstitial spaces between them., Although the flow
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is relatively clear in the winter, high.concentrations of fine glacial
sand and silt are transported through the middle Susitna River
throughout the summer. Some of these fine materials are deposited or
washed into the armor layer. The stability of the streambed allows
these fine silts to accumulate and completely fill the voids between
the armor layer. This prevents water from flowing through voids
surrounding larger streambed materials, greatly strengthening the
armor layer to erosion. If water could flow through the voids, the

erodibility of sediment particles would increase.

Several different ice processes also influence the shape and character
of mainstem and large side channel habitats: 1) mechanical scour by
block ice, 2) scour caused by ice jams during breakup, 3) sediment
transport by uprooted anchor ice, and 4) scour and sediment transport
by shore ice. In comparison to sedimen; transport processes
associated with high streamflows, ice scour by either of the first two
processes is of secondary importance. The last two are only of minor

importance. ' -

Mechanical scour by block ice 1is primarily a spring breakup
phenomenon. As large ice floes are moved downstream, tremendous
potential exists for direct interaction between block ice and
streambanks or channel bottoms. Suspended sediment samples collected
in late May or early June following breakup typically contain large
percentages of sand, which may indicate stream channel or bank scour
{Knott and Lipscomb 1983). Bank erosion by ice-block abrasion may be
severe (Knott and Lipscomb 1983).

Ice jams during breakup cause local staging and flow constrictioms
which increase flow velocities and scour potential. High velocity
flow directed towards a channel bottom or bank can result in severe
local scour. The sudden release of an ice jam can also cause
significant scour potential in the form of a flood wave conveying

large blocks of ice.

Anchor ice also contributes to sediment transport. During anchor ijce

formation, suspended sediments are filtered by ice crystals and
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incorporated into the ice structure (see Ice section). Bed materials
are also encased in ice, serving to aqghor the ice mass to the channel
bottom. In the fall during anchor ice formation, the bonding of
anchor ice masses to the channel bottom is sensitive to increases in
temperature and direct solar radiation. If the bond is partially
reduced by melting, flow momentum and/or buoyant forces may be
sufficient to uproot the ice mass. This results in the downstream
transport of sediments and streambed particles frozen into the ice
mass. Scour of anchor ice during freezeup by changes in local flow
velocities or contact with floating ice blocks may also contribute to

this process.

Shore ice contributes to sediment transport by directly scouring
channel margins and also by encasing and uprooting bed materials and
the shoreline vegetation. The denudation of shoreline vegetation
indirectly serves to increase sediment transport by increasing the
susceptibility of the shoreline to scour by high flow events.
Although the relative contribution of sediment transport by shore ice
is thought to be minor, the process can significantly influenée the
character of fish habitats along the channel margin.

Side Channels and Side Sloughs. Of the sediment transport processes

described in the previous section, two have dominant roles in the
formation and maintenance of side sloughs and side channels, These
are: 1) high flow events, and 2) ice jams during breakup. Mechanical
scour by block ice, anchor ice processes, and shore ice processes are

less active in these habitats.

Side sloughs and side channels are generally stable channels. Their
gize and shape imply that they were formed by high flows. The
frequency of high flows through side sloughs and side channels is
generally low, but it varies significantly between sites. This
process may be important in maintaining and flushing fine sediments
from these habitats. Some sites have formed as a result of ice jams.

An ice jam can raise the upstream water level causing flow to divert
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around the main channel, thereby develbping a new channel. Slough 11
apparently formed when an ice jam developed at the railroad bridge at
Gold Creek in 1976. '

Sediment transported inté-side sloughs and side channels is primarily:
from three sourées: 1) mainstem, 2) tributary, and 3) overland flow;
0f these sources, the mainstem probably dominates. The sediment
transported into these "habitats is characteristically fine.
Overtopping flows from the mainstem, which spill over the gravel berm
at the upstream end of these sites, originate in the upper part of the
water column and thus typically contain fine particle sizes only.
These ﬁaterials deposit in pools within the channel or in the

backwater that is often present at the mouth of the channel.

Tributary and Tributary Mouths. Of the sediment transport processes

described in the previous sections, high flow events have the dominant
role in shaping tributary mouths. Most tributaries in the middle
Susitna River are steep gradient systems with a capacity to transport

large quantities of sediment during flood events.

When a rainstorm causing a flood is widespread, the Susitna River
would likely have a high discharge concurrent with, or soon after, the
high discharge in the tributary. Most sediments carried by the
tributary will be transported downstream by the Susitna River,
However, during localized storms, a tributary may £flood while the

Susitna River remains relatively low. In such cases, the delta at the

" mouth of a tributary may build up with large deposits of gravels and

cobbles, The delta may extend well out into the Susitna River
mainstem. Subsequent high discharges in the Susitna River will erode

the delta away.

Upland Sloughs. Upland slough habitats are largely isolated £from

mainstem sediment transport processes. The exception is in the
vicinity of the slough mouths, where mainstem flow may intrude as a
backwater during periods of high mainstem discharge. Suspended
sediments may settle out in these backwater areas and contribute to

slough sedimentation.



With-Project Sediment Transport and Channel Stability

Sediment transport processes would change. with project operation
(Table IV-5). The operation of a reservoir will alter the natural
hydrologic regime of the middle Susitna River. High erosive
discharges will occur less frequently and with reduced magnitudes.

This will result in less frequent breaching of side sloughs and side

channels., Sediment transport by hydrologic processes will be reduced

throughout the middle Susitna River system. Channel stability will be
increased. Sedimentation and encroachment of streambank vegetation

will be more likely to occur in side channels and side sloughs.

Less frequent and lower flood events in the Susitna River would allow
tributary deltas to enlarge over their natural sizé. However,
tributary  ‘mouths are best analyzed individually. Local
characteristics, such as orientation to mainstem flow and tributary
gradient,'gréatly influence delta formation processes. The above is a
generalized scenario which may be characteristic of many tributaries
in the middle Susitna River.

Reduced fldod peaks and frequency associated with project operation
would reduce sediment transport into upland slough mouths via
backwater intrusion. Ice processes do not significantly influence

sediment transport in upland sloughs.

Both Watana and Devil Canyon reservoirs will trap nearly all sediments
sand size and larger. Project discharges will also carry lower
concentrations of fine silts, but the concentration will be more
uniform throughout the year. Such low concentrations may not cause
cementing of the armor layer, but the lower flood regime may not be
sufficient to disturb streambed materials and remove the fine
sediments which presently £ill interstitial spaces between coarse

sands and fine gravels,

. The assessment of with-project ice processes resulting in sediment

transport is dependent on project design and operation. For this
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Table IV-5. With-project influence on sediment transfer processes and sediment loading.
Sediment Load Components Sediment Transport Processes
) Ice Jams Mechanical :
High Flow During Scour by Anchor Ice Shore Ice
Habitat Type Suspended Bed Events Breakup Ice Blocks Processes  Processes
Mainstem and Lafge Reduced Reduced Reduced Milder, Less1 Reduced1 Minimal1 Increased
Side Channels Magnitude Frequent
and Freq-— 9 2 ‘o 9
uency Reduced Reduced Reduced Reduced
Side Channels and Reduced Reduced Reduced Milder, Less1 Increased Increased1 Increased
Side Sloughs ‘ Magnitude ‘Frequent
and Freq- 2 2 9 2
uency Reduced Reduced Reduced Reduced
Tributary and Reduced Reduced Reduced Minimal1 Reduced1 None1 None1 ~
Tributary Mouth Magnitude 9 _ 5 9 5
and Freq- Reduced ‘Reduced Reduced Reduced
uency
Upland Slough Reduced Reduced Reduced Milder, Lessl Reduced1 Increased1 Reduced1
Magnitude Frequent
and Freq- 9 2 5 9
uency Reduced Reduced Reduced Reduced

! Project thermal operating regime is reservoir inflow temperature matching.

Project thermal operating regime is warm-water release throughout winter.

LIVEd
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reason, this assessment will proceed based on two possible project
thermal operating regimes: 1) reservoir inflow temperature matching,

and 2) winter-long warm-water releases.

Reservoir Inflow Temperature Matching, Ice jams may still occur in

the mainstem but will be reduced in frequency and magnitude. There
will be a gfeater tendency for the ice cover to melt in place because
of warmer than natural stream temperatures during April and increased
project flow stability. This will result in less mainstem and side
channel scour and iess frequent diversions of mainstem flow through
side slough habitats. The sediment transport capacity due to ice jams
will be reduced. The channel stability of mainstem, side chamnel, and

side slough habitats will be increased.

Mechanical scour by block ice will élso be less severe than natural
levels in most habitats. This process occurs primarily during
breakup. Reduced project discharges will provide less energy to drive
ice blocks forcefully into channel banks and bottoms. In some side
sloughs with low overtopping discharges, mechanical scour by block ice
may be increased. Project flows will be higher during the winter and

the breachiﬁg of some side sloughs may result.

Project influence on anchor ice sediment transport processes is
expected to be minimal. The principal influence will be to delay
anchor ice formation by one to two months. There may be some increase
in sediment transport- in those side sloughs and side channels that
will be breached by project discharge levels during periods of ice

cover.

Sediment transport by shore ice processes will probably e increased
from natural Ilevels. The increased elevation forecast for a
with-project ice cover would result in a substantial amount of
vegetated shoreliﬁe being £frozemn into the with-project ice cover.
However, lower and more stable project discharges during summer would

likely minimize streambank scour along channel margins.
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Warm-water Releases. If a warm-water release throughout winter could

prevent. a solid ice cover forming on the mainstem, the sediment
transport capacity would be reduced for .all ice processes. -Mainstem,
side channel, and side slough habitats will become extremely stable.
Sensitive side slough habitats with low overtopping discharges will
not be subjécted to increased sediment transport by anchor ice, shore
ice, or mechanical scour by block ice, as with reservoir inflow

temperature matching.

Tributary mouth and wpland slough habitats will have the same
with=-project channel stability as for reservoir inflow temperature

matching.
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Instream Water Quality and Limnology

Baseline Condition

Water quality encompasses numerous physical and chemical
characte;istics, including the temperature, density, conductivity, and
clarity of the water, as well as the composition and concentration of
all the dissolved and pa:&iculate matter it contains, Water quality
greatly influences £ish habitat quality by virtue of its direct
effects on fish physiology and behavior and because it largely governs
the type and amount of aquatic food organisms available to support

fish growth.

Each of the aquatic habitat types associated with the middle Susitna
River differs not only in terms of its morphology and hydraulics, but
also in the basic pattern of its water quality regime. Therefore, the
relative importance of a habitat type to fish may change in response
to seasonal change in either streamflow or water quality. In the
middle Susitna River, turbidity 1is an dinfluential and visually
detectable water quality parameter that may be used to classify the
six aquatic habitat types into two distinct groups during the open
water season: clear water or turbid water. Thus, it is useful to 1)
examine the water quality characteristics of both c¢lear and turbid
water aquatic habitats; 2) identify how the water quality of these
aquatic habitat types changes on a seasonal basis; and 3) determine
how these seasonal changes in turn influence the quality of the

aquatic habitat types.

Highly turbid water accounts for the greatest amount of wetted surface
area in the middle Susitna River from Jure to September (Klinger and
Trihey 1984). During this period, when surface runoff and glacial
melting are greatest, total dissolved solids, conductivity,
alkalinity, hardness, pH, and the concentrations of the dominant
anions and most cations tend to be at their lowest levels of the year,
while stream temperature, turbidity, true color, chemical oxygen

demand, total suspended solids, total phosphorus, and the total

Ti7=2R
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concentrations of a variety of trace metals are at their highest
values for the vyear (Table IV-6). Average nitrate-nitrogen
concentrations remain -relatively constant throughout the year with

greater variation during the summer as discharge fluctuates.

The basic water chemistry of the clear water flow of the middle
Susitna River in winter, and of certain groundwater fed habitat types
throughout the year can be generalized from an evaluation of the water
quality record for the Susitna River at Gold Creek during winter.
Surface water flow throughout the basin is low and the concentration
of suspended sediment and the trace metals, and phosphorous associated
with it, is also low or below detection limits. During winter months,
middle Susitna River discharge is compriséd almosﬁ entirely of outflow
from the Tyone River System (lakes Louise, Susitna, and Tyome) and
groundwater inflow to tributaries and the mainstem itself.
Groundwater spends a greater amount of time in contact with the soil
and underlying rocks of the watEréhed than surface runoff or glacial

meltwater and thus contains more dissolved substances.

The specific water quality characteristics of clear or turbid water
flowing through a given chanﬁel may differ from the general
descriptions provided above, depending on local variations in the
amount of local surface runoff or the composition and distribution of
rocks, soils, and vegetation. Nonetheless, a generalized seasonal
water quality regime unique to each habitat type seems to prevail, and
having knowledge of it provides useful insight into the direct and
indirect role water quality plays as a component of fish habitat

within the Talkeetna to Devil Canyon segment of the Susitna River.

Mainstem and Side Channel Habitats

A comparison of the summer and winter water quality record for the -
Susitna River at Gold Creek (Table IV-~6) reveals a seasonal contrast
in the water quality conditions of the mainstem and its asseociated

side channels. During winter almost all the flowing water is covered



Table IV-6. Mean baseline water quality characteristics for middle Susitna

River at Gold Creek under (a) turbid summer (June-August)
conditions and (b) clear, winter (November-April) conditions.

Parameter Turbid Clear
(Symbol or- Abbreviation) (summer) (Winter)
Total Suspended Solids (TSS) 1,000 mg 17} 5
Turbidity 450 NTU <1
Total Dissolved Solids (TDS) 90 mg 1~ 1 150
Conductivity 145 (umhos cm ~, 25°C) 240
pH 7.3 pH units 7.5
Alkalinity 50 mg 1_; as CaCO 73
Hardness 2 62 mg 1-1 as CaCO3 96
Sulfate (S0, ) 14 mg 1 -1 20
Chloride (ch) v 5.6 mg 17 22
Dissolved Calcium (Ca 2 19 mg 1 1 29
Dissolved Magnesium Mg ) ‘3.0 mg 1_1 5.5
Sodium (Na ) . 4.2 mg 1_1 11.5
Dissolved Potassium (K )~ 2.2 mg 1 1 2.2
Dissolved Oxygen (DO) 11.5 mg 1 13.9
DO (% Saturation) 102% 98%
Chemical Oxygen Demand (COD) 11 mg 1~ 1 9
Total Organic Carbon (TOC) 2.5 mg 1 2.2
True Color 15 pcu -1 5
Total Phosphorous 120 pg 1 “1 30

" Nitrate-nitrogen as N (NO,-N) 0.15 mg ;l .15
Total Recoverable Cadmium™ [Cd{t)] 2.0 ug ll -
Total Recoverable Copper [Cu(t)] 70 ug 1 -1 <5
Total Recoverable Iron [Fe(t)] 14,000 g 1 <100
Total Recoverable Lead [Pb(t)] 55 ug 1 -1 <10
Total Recoverable Mercury [Hg(t)] 0.30 ug_} 0.10
Total Recoverable Nickel [Ni(t)] 30 ug l-l 2
Total Recoverable Zinc [Za(t)] 70 pg 1 10

Source: R&M Consultants 1981
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with ice and snow, however high velocity areas and small isolated
areas of warm (3-4°C) groundwater upwelling maintain a few scattered

open leads.

A winter-spring transition algal bloom probably occurs at open leads
along the méinstem and side channel margins or at mid-channel shoals
and riffle areas (Hynes 1970). The amount of surface area potentially
involved in this process suggests that this mainstem contribution to

autochthonous production may be substantial.

During spring break-up, stream flow rapidly increases during Hay from
approximately 5,000 cfs to 20,000 cfs, while suspended sediment
concentrations fluctuate considerably (9 - 1,670 mg 1-1), but average
approximately 360 mg l'"1 (Peratrovich et al. 1982). Most of the ben-
thic production that occurred during the winter-spring transition is
likely dislodged and swept downstream. A portion of this material may
follow the natural flow path along the mainstem margin and into
peripheral overflow channels and sloughs. Thus high spring flows may
redistribute fish food organisms and retain some of the winter-spring
transition organic production. At prevalling springtime turbidities
(50 to 100 NTU), the mainstem margin and side channels apparently
continue to support a low to moderate level of primary production
wherever veloeity 1s not limiting. The euphotic zone af this time is
estimated to extend to an average depth between 1.2 and 3.5 ft (Van

Nieuwenhuyse 1984).

In summer, mainstem flows are at their highest levels. The total
surface area available for primary production is limited by high
turbidities that reduce the depth of useful light penetration to less
thar 0.5 ft (Van Nieuwenhuyse 1984), Many of the insect species are
in the egg stage or in early instar phases at this time (T. Hansen,
Harza-Ebasco, 1984, pers. comm.). Juvenile fish migrating out of
their natal tributaries move to low velocity rearing habitaté, which
seem to be concentrated in peripheral areas of the mainstem and side
channels, and side slough, and upland slough aquatic habitats (ADF&G
1984c).
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Largely because of its water quality {especially its high suspended
_sediment poncentration), the principal function of mainstem habitat
during the summer months is to provide a transportation corridor for
inmigrating spawning salmon and outmigrating smolts. Mainstem water
quality also has a significant influence on the seasonal water quality
regime of side slough habitats, when overtopping of side slough

occurs.

Field observations made in 1984 by EWT&A suggested that during a
typical autumn transition period, a second pulse of primary production
often occurs in the mainstem, dominated this time by green filamentous
algae rather than diatoms. This second bloom, induced in part by
moderating stream flows, but mostly by a notable reduction in tur-
bidity levels to less than 20 NTU, probably exceeds the winter-spring
transition bloom in terms of biomass produced and surface area
-affected. The depth of the euphotic zone at turbidities of 20 NTU
approximates 5 ft (Van Nieuwenhuyse 1984). This fall-winter period of
abundance stops at freezeup. Some of this production is dislodged

and swept away or frozen in place.

Side Slough Habitat

Side sloughs present a unique seasonal pattern of streamflow and water
quality that is important to many fish species inhabiting the middle
Susitna River. Side slough habitat consists of clear water maintained
by groundwater upweiling or local surface runoff in overflow channels.
One distinguishing characteristic of side slough habitat is the
periodic overtopping of the upstream end of the slough by high
mainstem discharge levels that temporarily transforms the side slough

to side channel habitat.

In winter, side sloughs contain numerous open leads maintained by
upwelling groundwater (ADF&G 1983a). Thus they provide intragravel
habitat for incubating embryos and overwintering . opportunities for

resident and juvenile anadromous fish.
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During the winter-spring transition period, surface water temperatures
exceed intragravel water temperatures during the day (Trihey 1982,
ADF&G 1983a). Chum, sockeye and pink fry emerge from natal areas
within the sloughs during this transition and primary production rates

probably increase at this time.

Because side sloughs are located along the lateral pdrtions of the

flood plain, spring breakup in the sloughs is generally less spec-
tacular than it is in either the tributaries or mainstem and side

channel habitats. The most significant changes in side slough water

-quality occur during the summer. Side sloughs are connected at their

upstream end to the mainstem or side channels by head berms of various
elevations. As mainstem discharge increases side sloughs are
inundated with turbid mainstem water, The lower the elevation of this
upstream berm the more drastic and frequent are these overtoppings.
During each overtopping, the side slough water quality and temperature

are dominated by the characteristics of the mainstem.

Sloughs are also subject to turbid backwater effects at their
downstream juncture with the- mainstem or a side channel (mouths),.
Much of the suspended sediment load carried in by the mainstem water
settles in the backwater and thus presents a substrate different from

that found farther upstream in the sloughs.

Field observations Ey EWT&A suggest that some of the sediment carried
through sloughs seems to become part of an organic matrix of unknown
composition (probably involving bacteria, fungi, and other microbes)
which in turn is usually covered by a layer of pemnate diatoms. This
benthic community, which covers most streambed material greater than 2
to 3 inches in diamster, can be observed throughout the system in
mainstem and side channel habitats as well. It is possible that the
phosphorus associated with the sedimert plays some role in making this
possible and studies (Stanford, Univ. of Montana, pers. comm. 1984)
elsewhere indicate that as much as 6 percent or more of this

sediment~-bound total phosphorus can become biologically available —
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perhaps to the diatoms. This might help explain how primary producers
can still maintain a viable présence even under highly turbid

conditions.

During late September and early October, 1984 fall-winter transitional
algal blooms were observed by EWI&A in most side sloughs and thus
probably occur every year. ‘The 1984. bloom was characterized by dense
mats of filamentous green algae growing on gravel substrate of one

inch in diameter up to the largest cobble.

Upland Slough Habitat

Upland slough habitat is distinguished from side slough habitat by the
lack of overtopping of the upstream slough end by high mainstem
discharges. Thus, groundwater upwelling and local runoff dominate the
water quality characteristics of upland slough habitats except at the
. slough mouths, which are influenced by turbid backwater effects from

the mainstem.

Tributary and Tributary Mouth Habitats

As for all other aquatic habitat types, the seasonal water quality
pattern displayed by the tributaries is closely linked to their annual
flow regimes., This pattern is of considerable inferest since it is in
the tributaries--most notably Portage Creek, Indian River, and Fourth
of July Creek--where most of the fish production originates (ADF&G
1981, 1982, 1984a). These streams provide spawning, rearing, and
overwintering habitat that either does not exist, or only exists in
limited amounts in other habitat types. Tributaries, in effect, may
represent the most productive of the aquatic habitats in the middle
Susitna River. The ionic composition of tribdtary water likély
conforms to the hydrologic principle that the soils of a stream basin
generally govern the quantity and the quality of the solids contained
in the water flowing from it. The moderate concentrations of
macronutrients (phosphorus and nitrogen) that prevail in these streams
probably represent only that which leaks from the internal cycling

taking place in the soils of the local watershed.
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In winter, tributary flow is minimal and is comprised of groundwater
rising up through the deeper portions of the ice~constricted stream
channel, Since much of thé winter mainstem flow is comprised of
contributions made by groundwater and tributary sources, tributary
water chemistry is probably similar to the winter water chemistry
characteristics of the mainstem (Table IV-6). Thus, the water quality
characteristics of tributaries during winter reflect a well-buffered,
well-oxygenated "environment for embryo incubation and adult and

Juvenile oven'»arintering .

During the four to six week transition between winter and the onset of
the spring freshet, portions of the ice and snow cover on the

tributary melt away. Water temperatures may increase slightly and a

- pulse of primary production probably occurs in response to a

lengthening photoperiod (Hynes 1970). The ability of light to reach
the algal community is assisted by absence of leaf cover on stream’
bank vegetation and .presence of candle ice that effectively transmits
light (Jacqueline LaPerriere, pers. comm. 1984). The emergence of
some fish species and many insects is apparently timed to occur during
this brief early-spring interlude of plentiful food and relatively

tranquil stream flows.

Typically, by mid-May air temperatures have increased to 8°C and the
spring freshet has filled the tributary channel with runoff from
melting snow., Ice redistributes much of the cobble substrate and
flushes out organic and inorganic debris as well as much of the

benthic community (Hynes 1970). This erosion causes an increase in

~ suspended sediment concentration and turbidity. Likewise, color,

total organic! carbon, and chemical oxygen demand, increase
substantially, while, as in the ma’'nstem, the inflow of surface runoff
dilutes winter concentrations of dissolved solids. It is likely that
the spri‘ﬁg freshet- serves as a functional reset mechanism for the
system, - in effect, cleansing it in preparation for the ecological

events to follow.
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Typical water quality in tributaries during the summer (June to
mid-September) probably approximates the winter condition except for
lesser concentrations of dissolved solids (Hymes 1970). Summer stream
temperatures are warmer and fluctuate diurnally. This background

condition is frequently punctuated by storm runoff events.

Summer 1s the season whén juvenile fish are most active. Rearing is
supported'primarily‘by'the‘growth and recruitment taking place within
the aquatic insect community (especially chironomids). The carrying
capacity of tributaries, however, does not appear adequate to support
the large numbers of rearing juveniles, so many juveniles outmigrate

at this time to continue their development elsewhere (ADF&G 1984c).

During late September and early October a second transition period
occurs as streamflow, photoperiod, and temperature gradually decline.
Algal biomass and productivity are probably at their annual peak asg is
the standing crop of benthic macroinvertebrates (Hynes 1970). The
algal mat is not only a food source for a variety of insect larvae and
nymphs, but serves as microhabitat for many aquatic organisms
including juvenile fiéh; The leaves shed from riparian vegetation may

provide further microhabitat and insect food substrate.

By  late October, surface water temperatures are 0°C and an ice cover
begins to form. Unstable border ice and anchor ice probably dislodge
a substantial portion of the benthic community causing it to be swept
downstream. Much of what remains of this community may be frozen in
place as the ice cover formation continues. Freezeup is usually
complete by late November or early December when the winter phase of

the annual cycle begins once'again; ) ‘ i

With-Project Relationships

Temperature and suspended sediment seasonally influence aquatic
habitat types in the middle Susitna River and therefore are important
in the distribution and production of fish. It is also evident that

these water quality parameters will be directly affected by

—
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construction and operation of the proposed project (AEIDC 1984b,
Peratrovich et al. 1982). Stream temperature is discussed in Section
IV D of this report, hence the following discussion focuses on.

suspended sediment and turbidity.

The downstream water quality regime will change as a result of project
operation. The reservoir(s) is expected to trap approximately 70 to
95 percent of the totél volume of sediments that: aré annually
transported through the middle Susitna River (R&M Consultants 1982,
Harza~-Ebasco 1984a). The sediment remaining in suspension and
released downstream year round will consist predominantly of fine
particles (<5uy in diameter) (APA 1983), which create a turbidity far
greater in proportion to their mass than larger particles. Estimates
for the expected concentration of total suspended solids released from
the reservoir(s) year round range from 0 to 345 mg 1—1, with the
expected average between 30 and 200 mg ZL_1 (Peratrovich et al. 1982),
Concentrations of this magnitude will 1likely result in vyear round
turbidities ranging between 60 amd 600 NTU (Peratrovich et al. 1982)
with corresponding euphotic zome depths of approximately 3 and 0.4 ft
{(Van Nieuwenhuyse 1984). '

A reduction in suspended sediment levels in the middle reach of the
Susitna River would likely result in existing sediments and find sands
in streambed materials to be transported downstream (Harza-Ebasco
1984a). Additionally, if short term peak flow events disturbed
streambed materials and cleared the interstitial spaces of fine
sediments, the hydraulic connection between surface and subsurface

flow would probably improve. These conditions, in turn, would be

~expected to increase the success rate for mainstem and side channel

spawning by salmon and the colonization rates of periphyton and

benthic invertebrates during the summer.

Primary‘production in the middle reach of the Susitna River presently

appears to be concentrated in the spring and fall periods of low
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turbidities. Constant, year~round turbidity levels in the range of 60
to 600 NTU would likely reduce the level of primary production during

these tramnsition periods.
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Instream Temperature and Ice Processes

Instream Temperature Criteria

Within the range of temperatures encountered in northern river
systems, increases in stream temperature generally cause an increase
in the rate of chemical reactions, primary productioﬁ, and cycling of
allochthonous food sources. The fish inhabitants of the river system
adjust their body temperatures to match the temperature of the water.
As temperatures increase, rates of digestion, circulation and
respiration increase. Thus, there is an overall increase in the rate
of energy input, nutrient cycling and energy use as the river system

warms.

Each species of fish is physiologically adapted to survive within a
tolerance range of stream temperature. Within this tolerance range
there is a narrower range of "preferred" temperatures at which
metabolism and growth rates of individuals are most efficient.
Qutside the tolerance range are upper and lower incipient lethal

limits.

The preferred temperature range for adult salmon in the middle Susitna
River ranges from 6 to 12°C (AEIDC 1984b). Juvenile salmon prefer
slightly warmer temperatures for rearing, generally ranging from 7 to
14°C (Table 1V-7). These temperatures are ‘consistent with the
preferred temperature range of i to 13°C reported by McNeil and Bailey
(1975) for Pacific salmon. The preferred temperature range for
incubation is generally between 4 and 10°C although chum salmon

embryos successfully incubate in temperatures between 2 and 8°C.

The time required for embryo incubation is directly related to stream
temperature. Development rates increase with rising stream
temperature up to approximately 14°C, Above this, further temperature
increases are considered detrimental,. Salmoen embryos are also

vulnerable to cold temperatures wuntil. they have accumulated
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Table IV-7. Preliminary stream temperature criteria for Pacific salmon
developed from literature sources for application to the Susitna
River.
Temperature Range (°C)

Species Life Phase Tolerance Preferred

Chum - Adult Migration 1.5-18.0 6.0-13.0

Spawning 1.0~14.0 6.0~-13.0

Incubation 0-12.0 2.0-8.0

Rearing 1.5-16.0 5.0-15.0

Smolt Migratiom 3.0-13.0 5.0-12.0

Sockeye Adult Migration 2.5-16.0 6.0-12.0
Spawning 4.0-14.0 6.0-12.0 .

Incubation 0-14.0 4.5-8.0

Rearing 2.0-16.0 7.0-14.0

Smolt Migration 4.0-18.0 5.0-12.0

Pink Adult Migration 5.0-18.0 7.0-13,0

Spawning 7.0-18.0 8.0-13.0

Incubation 0-13.0 4.0-10.0

Smolt Migration 4,0-13.0 5.0-12.0

Chinook Adult Migration 2.0-16.0 7.0-13.0

Spawning 1 5.0-14.0 7.0-12.0

Incubation 0-16.0 4.0-12.0

Rearing 2.0-16.0 7.0-14.0

Smolt Migration 4,0-16.0 7.0-14.,0

Coho Adult Migration 2.0-18.0 6.0-11.0

Spawning 1 2.0-17.0 6.0-13.0

Incubation 0-14.,0 4,0-10,0

2.0-16.0 6.0-12.0

Smolt Migration

Embryo incubation or development rate increases as temperature rises.
Accumulated temperature units or days to emergence should be determined for

each species for incubatiom.

Source: AEIDC 1984b

TYY F A

See Figure IV-D-1
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approximately 140 centigrade temperature units (CTU'S)l. After this
initial period of sensitivity to cold temperatures has passed,

incubating embryos can tolerate temperatures near G°C.

Table IV-8 provides . a comparison between the number of CIU's that
resulted in 50 percent hatching and 50 percent emergence of chum
salmonr alevins under both field and laboratory enviromnments. The
number of temperature units that resulted in 50 percent hatching and
50 percent emergence of chum and sockeye alevins at selected middle
Susitna River sloughs appear similar to that required by Alaskan
stocks of these species under controlled conditions. Collectively
these data indicate that 400 to 500 CIU's can be used as an index for

50 percent hatching of chum and sockeye eggs.

A simplified way of forecasting emergence time using the information
provided in Table IV-8 and other pertinent data from the literature
was developed by AEIDC (1984b). The felationship between mean
incubation temperature and development rate for chum and sockeye

embryos is presented in the form of a nomograph (Figure IV-5).

This nomograph can be used to forecast the date of 50 percent
emergence given the spawning date and the mean daily intragravel water
temperature for the incubation period. A straight line projected from
the spawning date on the left axis through the mean incubation
temperature on the middle axis identifies the date of emergence on the

right axis.

lA centigrade temperature unit is the index used to measure the
influences of temperature on embryonic development and is defined as
one 24 hour period 1°C above freezing