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INTRODUCTION

This report documents the assessment by the University of Alaska's
Arctic Environmental Information and Data Center (AEIDC) of aquatic impacts
of the Susitna hydroelectric project as pfoposed by the Alaska Power
Authority (APA). It is based on' existing information and analyzed data
regarding project-related changes in stream temperature, turbidity, and
discharge..- Results and discussion are limited to the ice-free months June
through September. Material in this report is intended to aid the U.S.
Federal Energy Regulatory Commission (FERC) in preparation of the draft and
final environmental impact statements which will fulfill project licensing
requirements and serve as a basis for continued mitigation and monitoring of
project effects.

Information from the license application submitted to FERC.
(APA 1983a,b,c,d) is restated here only for continuity or as. general
introductory material. This report focuses on analyses and provides steps
toward incorporation of instream flow, temperature, and water quality needs
into the final design of the project. Therefore, much detail is referenced to
APA (1983a,b,c,d} to avoid restatement.

Other agencies and organizations are responsible for specific steps in the
sequential process of aquatic impact analysis and mitigation. These

organizations and their respective project responsibilities are:

1. Alaska Department of Fish and Game (ADF&G)} Suhydro Study Team--to
gather and analyze baseline fishery data and to develop instream flow

analytic capabilities.



2. E. Woody Trihey and Associates [EWT)--to assist in study design and
field data collection and analysis.

3. Harza-Ebasco Susitna Joint Venture--to provide coordination and
engineering support for simulation models used in the instream flow
assessment,

4, AEIDC--to develop the necessary simulation modeling system and to
conduct the quantitative impact assessment.

5. Woodward—Clyde. Consultants--to assist in mitigation planning and study
design.

6. R&M Consultants--to assist all study team members in hydrologic and
meteorologic data collection and processing and to provide engineering

support,

Because studies to date have been largely limited to the Susitna River
upstream from Talkeetna, Alaska, a comprehensive evaluation of project
effects is not possible. Moreover, the current data base covers only those
months when the river is ice-free (June, July, August, and September).
Thus, this report addresses only those impacts for which completed
assessment data and relationships exist. It is limited in scope to the Susitna
River reach above Talkeetna, Alaska, during the months of June, July,
August, and September. Its purpose is more to detect potential resource

conflicts within the current data base than to fully assess project effects.

DESCRIPTION OF THE SUSITNA PROJECT
GEOGRAPHIC SETTING
The Susitna River watershed area is 19,600 sq mi, the sixth largest

river basin in Alaska. The Susitna flows 320 mi from its origin at Susitna
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Glacier to the Cook Inlet estuary. Its basin is bordered by the Alaska Range
to the north, the Chulitha and Talkeetna mountains to the west and south,
and the northern Talkeetna plateau and Gulkana uplands to the east. This
area is largely within the coastal trough of southcentral Ajaska, a belt of
lowlands extending the length of the Pacific mountain system and interrupted
by the Talkeetna, Clearwater, and Wrangell mountains (APA 1983c).

Major Susitna tributaries include the Talkeetna, Chulitna, and Yentna
rivers (Figure 1). The Yeﬁtna River enters the Susitha at river mile (RM)
28 (28 mi from the Susitna\confluence with the Cook Inlet estuary). The
Chulitna River rises in the giéciers on the south slope of Mount McKinley and
flows south, entering the Susitna near Talkeeina (RM 99). The Talkeetna
River rises in the Talkeetna Mountains, flows west, and joins the Susitna
near Talkeetna (Bredthauer and Drage 1982).

Tributaries in northern portions of the Susitna basin originate in the.
glaciers of the eastern Alaska Range. The east and west forks of the Susitna
and the McClaren rivers join the mainstem Susitna River above RM 260.
Below the glaciers the braided channel traverses a.high plateau and continues
south to the Oshetna River confluence near RM 233. There it takes a sharp
turn west and flows through a steeply cut canyon which contains the Watana
(RM 184.4) a’nd‘ Devil Canyon (RM 151.6) damsites. In this predominantly
single channel reach the gradient is quite steep, approximately 10 ft/mi
(APA 1983a). Below Gold Creek (RM 137) the river alternates between single
and multiple channels until the confluence with the Chulitna and Talkeetna
rivers (RM 97), below which the Susitna broadens into widely braided

channels for 97 miles to Cook Inlet.
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PROJECT DESCRIPTION

The proposed project consists of two dams to be constructed over a
period of about 10 years. The Watana dam woulid be completed in 1994 at a
site 3 mi upstream from Tsusena Creek (RM 183). This development would
include an underground powerhouse and 885-ft-high earthfill dam, which
would impound a reservoir 48 mi long with a surface area of 38,000 acres and
a usable storage capacity of 3.7 million acre feet {maf}. Thé dam would
house multiple leve! intakes and cone valves. Installed generating capacity

would be 1020 mégawatts (mw)}, with an estimated average annual energy

‘ output of 3460 gi’gawa'tt' hours. (gwh].

The concrete arch Devil Canyon dam would be completed by 2002 at a
site 32 mi downstream of the Watana damsite. It would be 645 ft high and
would impound a 26-mi-long reservoir with 7,800 surface acres and a storage
capacity of 0.36 maf (APA 1983). Installed generating capacity would be.
about 600 mw, with an average annual energy output of 3450 gwh. Both
reservoirs will be .drawn down during- the high energy demand winfer months

and filled during the summer months when energy requirements are lowest.

EXPECTED CHANGES IN SUSITNA RIVER DISCHARGE AND TEMPERATURE
PATTERNS

The Susitna license application is based on a power production scenario
determined by design and feasibility engineers to retain acceptable economics
vyhile providing adequate release discharge regimes for downstream aquatic
resources (APA 1983a). The term postproject applies to this operating
schedule, known as Case "‘C“ (APA 1983a). Case C provides for maximum
electrical output during midwinter months (November through April) by
storage of water during high-discharge, low-energy demand summer months

{June, July, August).
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Flow levels were desired that would allow passage of adult salmon into
certain spawning areas {in this case, sloughs) above Talkeetna. The license
application specified instream filow requirements of 12,000 cubic feet per
second (cfs) from August 1 to September 15, six weeks of 1,000 cfs/da
increase beginning July 15 and endingr August 31, and 1,000 cfs/da decrease
beginning September 15. July and September minimum flows were to be 6,000
cfs.

These power and streamflow requirements (as well as certain reservoir
drawdown éonstra<i:nts) were optinﬁzed by Acres American, lhc.t (ACRES),
using a simulation model which reflected the estimated project power demands
at that time. Other postproject streamflow conditions are expected during

the Watana dam filling period and when Watana is full but operating alone

 before Devil Canyon dam construction. In this report downstream discharges

expected during these periods are referred to as the "Watana filling" and
"Watana only" flow regimes (Figure 2).

Effects of the expected increases in winter discharge and decreases in

‘summer discharge are the primary concerns of the aquatic impact assessment.

‘Even if project specifications change, the general pattern of winter

augmentation and summer reduction will occur if the project is to meet
seasonal energy needs within the available water supply. Secondarily, the
temperature regime of the Susitna River downstream of the project is expected
to change due to release of water from wvarious temperature zones in the
reservoirs. With the project, summer stream temperatures will probably be

lower and winter temperatures higher than at present, and short-term

temperature variation would be expected to decrease {APA 1983a).

Changes in stream discharge and temperature would have direct effects

on aquatic life and indirect effects through changes in suspended sediment
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and turbidity, bedload sediment transport, ice processes, and the
geomorphological character of the river basin. Reliable impact assessment

must recognize these secondary changes as well as other long-term effects.

POTENTIALLY AFFECTED AQUATIC RESOURCES

'in this report the Susitna River is divided into three major study zones:
the Impoundment Zone--Oshetna River (RM 236) to the Devil Canyon damsite
(RM 1‘52>}, the Upper Susitna Zone--Devil Canyon damsite to the Chulitna
River confluence (RM 99), and the Lower Susitna Zone--Chulitha River
conf‘mence to Cook Inlet estuary. There are seven major habitat types in the
Upper Susitna Zone (ADF&G 1983a). These are main channel, side channel,
side slough, upland slough, tributary, tributary mouth, and lake {Figure 3).
Except for lakes and tributaries, each habitat could be affected by changes in
maihstem discharge and temperature.

Seven anadromous and 12 resident species have been formally reported in
the Susitna drainage (Appendix A). Of these 19 species, the license
application (APA 1983d) listed seven anadromous and six resident fish species
as important (Figure 4).

Upper Susitna study emphasis has been placed on salmon because of (1)
the relative importance of the Susitna River to salmon production in Upper
Cook Inlet (Appendix A) and (2] the likelihood of impacts on certain saimon
populations in the Upper Susitna. Expected project effects on habitats
normally utilized by certain saimon life stages illustrate current concerns for
Upper Susitna aquatic impacts (Figure 5}.

The most predictable changes are expected to be in side channel and

mainstem reaches nearest the dam(s). Similar changes are expected in side
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2)

3)

4)

5)

6)

7)

GENERAL HABITAT CATEGORIES OF THE SUSITNA RIVER

Mainstem Habitat consists of those portions of the Susitna River that nommally con-
vey streamflow thraughout the year, Both single and multiple channel reaches are
included in this habitat category. Groundwater and tributary inflow appear to be in-
consequential conlributors to the averall characteristics of mainstem habitat.
Mainstern habitat is typically characterized by high water velocities and well-
armored streambeds. Substrates generally consist of boulder and cobble size
materials with interstitial spaces filled with a grout-like mixture of small gravels and
glacial sands, Suspended sediment concenirations and turbidity are high during
summer due to the influence of glacial mel-waler, Streamflows recede in early fall
and the mainstem clears appreciably in October, An ice cover forms onthe riverin
late November or December,

Side Channel Habitat consists of those portions af the Susitna River that normally
convey streamflow during the open water season but become appreciably
dewatered during periods of low flow. Side channel habitat may exist either in well-
defined overflow channels, or in poorly defined water courses flowing through par-
tially submerged gravel bars and islands akong the margins of the mainstem river.
Side channel sireambed elevations are typically lower than the mean manthly
water surface elevations of the mainstem Susitna River observed during june, July,
and August. Side channet habitats are characterized by shallower depths, lower
velocities, and smaller streambed materials than the adjacent habitat of the
mainstem river. :

Side Slough Habitat is located in spting-fed overflow channels between the edge of
the floodplain and the mainstem and side channels of the Susitna River andis usual-
ly separated from the mainstem and side channels by well-vegetated bars. An ex-
posed alluvial berm often separates the head of the slough from mainsiem or side
channel flows. The controlling streambed/streambank elevations at the upstream
end of the side stoughs are slightly less than the water surface elevations of the
mean manthly flows of the mainstem Susitna River observed for June, july, and
August, At the intermediate and low-flow periods, the side sloughs convey clear
water from small tributaries and/or upwelling groundwater (ADFEG 1981¢, 1982b).

. These clear water inflows are essential contributors to the existence of this habitat

type. The water surface elevation of the Susitna River generally causes a backwater
1o extend well up into the slough from its lower end {ADF&G 1981¢, 1982b). Even.
though this subitantial backwater exists, the sloughs function hydraulically very
much like small stream systems and several hundred feet of the stough channel
often conveys water independent of mainstem backwater gffects. At high flows the:
water surface elevation of the mainstem river is sufficient 1o overtop the upper end
of the slough (ADFRG 1981c, 1982b), Surface waler temperatures in the side
sloughs during summer months are principally a function of air temperature, solar
radiation, and the temperature of the local runoff,

Upland Slough Habitat differs from the side slough habitat in that the upstream end
of the slough is not interconnected with the surface waters of the mainstem Susitna
River or its side channels, These sloughs are characterized by the presence of
beaver dams and an accumulation of silt covering the substrate resulting from the
absence of mainstem scouring flows,

Tributary Habitat consists of the full complement of hydraulic and morphologic
conditions that occur in the tributaries, Their seasonal streamflow, sediment, and
thermal regimes reflect the integration of the hydrology, geology, and climate of the
tributary drainage. The physical attributes of tributary habitat are not dependent on
mainstem conditions,

Tributary Mouth Habitat extends from the uppermost poini in the tributary in-
fluenced by mainsteam Susitna River or sluugh backwater effects to the
downstream extent of the tributary plume which extends into the mainstem Susitna
River or slough (ADF&G 1981c¢, 1982b),

Lake Habitat consists of various lentic environmenis that occur within the Susitna
River drainage, These habitats range from small, shallow, isolated lakes perched on
the tundra to larger, deeper lakes which connect to the mainstem Susitna River
through well-defined tributary systems, The lakes recelve their water from springs,
surface runoff, and/or tributaries.

Figure 3. General habitat types in the Upper Susitna River. (ADF&G 1983d) ,
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Figure 4. List of fish species

basin.

which occur in the Susitna River

Common Name

Scientific Name

Arctic lamprey
Eulachon (hooligan)*
Arctic grayling#*
Bering cisco¥*

Round whitefish*
Humpback whitefish
Rainbow trout#*

Lake trout¥*

Dolly Varden*

Pink C(humpback) salmon*
Sockeye (red) salmon¥*
Chinook (king) salmon*
Coho (silver) salmon*
Chum (dog) salmon*
Northern pike

Longnose sucker
Threespine stickleback
Burbot#*

S1imy sculpin

Lampetra japonica (Martens)
Thaleichthys pacificus (Richardson)
Thymallus arcticus (Pallas)
Coregonus laurettae  Bean
Prosopium cylindraceum (Pallas)
Coregonus pidschian (Gmelin)

Salmo gairdneri Richardson
Salvelinus namaycush (Walbaum)
Salvelinus malma (Walbaum)
Oncorhynchus gorbuscha (Walbaum)
Oncorhynchus nerka (Walbaum)
Oncorhynchus tshawytscha (Walbaum)
Oncorhynchus kisutch (Walbaum)
Oncorhynchus keta (Walbaum)

Esox lucius Linnaeus

Catostomus catostomus (Forster)
Gasterosteus aculeatus Linnaeus
Lota lota (Linnaeus)

Cottus cognatus Richardson

*Species considered important in FERC License Application (APA 1983d)
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Figure 5. Upper Susitna habitat types and associated

salmon life/stage utilization.

Habitat Type1 Salmon Species

Chinook Coho Sockeye Pink Chum
Side channel R,IM,O R,]:M,O R,IM,O IMQOQSQI’R S,R,I,IM,O
Mainstem R,IM,0 R,IM,0 'R, IM,O0 IM,0 S,R,I,IM,0
Tributary mouth s,I,IM,0 S,I,R,IM,0 1IM,O - §,1,IM,0 s,I1,IM,0
Side slough R,IM,0 S,I,R,IM,0 S,R,I,IM,0 S,R,I,IM,0 S,R,I,IM,O
Upland slaugh R,0 R,0

Tributary

5

R
»@,S5,R,T  IM,0,5,I,R 1IM,0 §,I,IM,0 5,1,IM,0

Source: ADF&G 1983a,b,c.

1. Listed in order of degree of expected project-related habitat change.
2. Assuming no restriction in tributary access.

I = Incubatiomn
IM = Tomigration
S = Spawning

R = Rearing

0 = Outmigration

R

[l
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sloughs because of their dependence on relatively high mainstem discharges to
either overtop their upper ends or to provide backwater effects which
increase the depth and subsequent ease of access into their lower ends.

Side channels and side sloughs are important for spawning chum and
sockeye salmon and for reariﬁg of all salmon species, most notably coho,
sockeye and chum. Mainstem habitats are primarily migration corridors, with
some importance as chum salmon spawning areas. Upland sloughs are
primarily juvenile fish rearing areas.

A large number of salmon, especially chinook, utilize two tributaries,
Portage Creek and Indian River, far more than other Upper Susitna
tributaries (Figure 6, Appendix A). Because of their great importance,
special emphasis has been placed on determining access restrictions which
might result from perching and scour of these tributary deltas due to reduced
postproject summer discharges. Assessment of perching and scour has been
addressed by Trihey (1983) and R&M (1982} and will not be further analyzed

in this report.
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Figure 6. Numbers of salmon by species at various
upper Susitna observation points, 1982,
; SPECIES
Location/Habitat Chinook Coho Pink Chum Sockeye
Talkeetna1 10,884 5,111 73,038 49,118 3,123
Station (RM 103)
Lane Creek2 47 5 640 11 0
(RM 113.6) o :
Curry Station1 11,307 2,438 58,835 29,413 1,261
(RM 120) '
Fourth of July2 56 4 702 191 0
Creek (RM 131)
Indian River’ 1,503 101 738 1,346 0
(RM 138.6)
Portage Creek’ 1,253 88 169 153 0
(RM 148.9)
Sloughs> 53 507 2,244 607

Source: ADF&G 1983b

1Tag/recapture population estimate

2Peak salmon survey counts which do not reflect the total number of
salmon but only a population density within index areas

3Total slough counts.
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EXPECTED UPPER SUSITNA PHYSICAL HABITAT CHANGES

Changes in the physical attributes of Upper Susitna will be assessed in
two categories: (1) hydraulic-related habitat, and (2) temperature and
turbidity. The hydraulic-related impact issues are: (1} access of spawners to
side sloughs and upiand sloughs, and (2} rearing in selected tributary
mouths, side sloughs, and upland sioughs. Temperature and turbidity impact
issues are: (1) temperature effects on migratio;'i, spawning, incubation, ‘and
rearing; and (2) turbidity effects on riverine fish production, behavior, and
protection from predation. These issues are discussed in greater detail in

the following section.

HYDRAULIC-RELATED HABITAT

Access and rearing impacts result from effects of main channel discharge -
changes on the hydraulic parameters (depth, velocity, substrate, and cover)
most likely to be affected in side sloughs, upland sloughs, or side channels.
Access to side sloughs might be impacted because backwater effect due to
main channel stage (water surface elevation) is a function of the discharge in
the main Susitna and influencés the depth at th:a mouths of certain sloughs.
At certain low discharges water depth at slough mouths is insufficient to
provide access into those sloughs by fish inmigrating .to spawn, J‘uvenile
salmon rearing might be impacted because the wetted surface area where
certain side sloughs, upland sloughs, and tributary mouths meet the mainstem
Susitna is a function of stage in the mainstem. Preferences of juvenile salmon
for various "zones" within these study sites known as Designated Fish Habitat
(DFH) sites, have been determined and related to the surface areas of the

zones at various mainstem Susitna discharges. DFH sites were selected for
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study by ADF&G to represent side and upland slough and tributary mouth
locations with documented utilization by juvenile salmon (ADF&G 1983a). DFH
rearing suitability changes represent quantifiable relationships between
Susitna discharge and juvenile salmon habitat, most notably for chinook and

coho.

OTHER PHYSICAL CHANGES--TEMPERATURE AND TURBIDITY
INSTREAM TEMPERATURE

Project-related decreases in June-September stream temperatures may
create temperature differentials at tributary confluences, and may change
seasonal temperature regimes within various habitat types. The former effect
may influence adult salmon inmigration by creating temperature barriers,
especially at major confluences. More importantly, juvenile salmon
outmigrating from tributaries might encounter colder spring and summer
mainstem temperatures, reducing outmigratory stimulus and possibly
disrupting timing.

The second temperature effect, expected in slough and possibly side
channel habitats, may cause changes in development or growth rates in eggs,
fry or juvenile salmon. Because relationships between main channel and
side-slough temperatures are poorly known it is not possible to discuss such
growth or physiologic effects at this time. With more reliable techniques to
relate mainstem and slough temperatures, growth rate changes will probably
be assessable using the Susitna-specific temperature-growth information in

Wangaard and Burger (1983).
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TURBIDITY

Reductions in Susitna River turbidity due to the trapping of sediment in
the impoundments may cause changes in riverine primary production due to
increased light penetration as well as changes in protective cover for fry and
juvenile salmon previousiy provided by turbid water. Important to completion
of this analysis are a determination of the actual Susitna food production
systems [allochthanous or autochthénous) and the degree to which rearing
salmon depend on. turbidity for protection from fish, bird and mammalian

predation.
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ASSESSMENT METHODS

This section documents methods used to resolve the physical habitat
impact issues described in the last section. Methods for assessment of
tributary access in the Upper Susitna are presented in Trihey (1983) and
ReM (1982].

As stated previously, physical habitat assessrﬁent capabilities are
currently confined to the Upper Susitna during the ice-free season. They
allow assessment of spawner access to side sloughs, rearing at DFH sites, and
the effects of project-related temperature and turbidity. Temperature and
turbidity effects will be assessed individually and predicted postproject
discharge patterné will be assessed against requirements for salmon access
and rearing to determine‘ potential conflicts between potential monthly
discharge requests for these two salmon activities and feasible project.

operations.

INSTREAM TEMPERATURE
Monthly stream temperature predictions are available for (1) the Watana
filling period during warm, normal, and cool meteorologic periods, and (2) the
Watana only and Watana plus Devil Canyon operations as predicted for
meteorology which occurred during 1981 (AEIDC 1983b). The assessment

method involves the determination of temperature preferences of various

~salmon life history stages (inmigration, spawning, incubation, rearing, and

outmigration) drawn from literature and from specific Susitna river studies.
These preferences are then compared by life stage to present and postproject
temperatures predicted for June, July, August, and September using the

SNTEMP instream temperature model {AEIDC 1983a). Two analyses were
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performed. First, we assessed the effects of the second year of the Watana
filling schedule with a release temperature of 4 °C. This temperature might
occur because of the necessity to release cold hypolimnetic water when
reservoir surface elevations were not at levels which would allow use of the
upper level reiease structures. In APA (1983a,d) it was suspected that such
cold water temperatures in the second summer might extend.far downstream
and cause a temperature ‘'barrier® at the confluence with warmer
Chulitna-Talkeetna river waters. It was proposed that the temperature
barrier might inhibit continuation of migration up the Susitna River by salmon
which milled at the zone of the major confluences.

The SNTEMP model (AEIDC 1983a) was used to simulate the downstream
temperature profile with an initial Watana release temperature of 4 °C under
meteorologic conditions from warm (1977), normal (1980), and cold (1970)
summer seasons. This provided three downstream temperature patterns:
expected to span the range of possible Watana-filling temperature effects.
Detailed description of the SNTEMP model is available in AEIDC (1983c), and
methods used to simulate the various temperature patterns are found in
AEIDC (1983a). At several fish habitat locations along the Susitna River, the
resulting predicted stream temperatures were assessed for suitability to
various salmon life stages. At the Susitna—ChuIitna-Talkeetna confluence, we
examined the differential between Susitna and confluence water to determine
the likelihood of a temperature barrier.

Analysis of actual Watana or Watana-Devil Canyon operation temperatures
was quite limited due to the lack of DYRESM reservoir temperature rﬁodel
results. Currently, DYRESM reservoir temperature profiles are available only
for meteorologic conditions measured in 1981. These reservoir temperature

profiles were used as initial condition temperatures in the SNTEMP model to
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simulate downstream temperature during Watana only and Watana-Devil Canyon

“June through September operations.

In summary, temperature simt.i|ations were of (1) summer
(June-Septembér) release temperatures of 4 °C to simulate conditions during
the second yéar of Watana filling and {2} monthly summer temperatures under
1981 meteorologic ‘conditions for both Watana only and Watana-Devil Canyon

operations.

TURBIDITY
As with temperature, effects of changes in turbidity were evaluated by
comparisons of fish turbidity preferences or tolerances (from literature
sources) with predicted postproject turbidity levels. Postproject turbidity
levels were drawn from Peratrovich, Nottingham, and Drage (1982), and

general literature sources were used to determine effects of certain turbidity

levels on production, predation, and distribution of Pacific salmon and related

species.

HYDRAULIC-RELATED HABITAT ANALYSIS
USING AN ITERATIVE ASSESSMENT PROCESS
The analysis of hydraulic habitat versus postproject flow regimes was to
identify potential conflicts between project operations and downstream
discharge requirements for (1)} salmon access into upper Susitna sloughs, and
(2) juvenile salmon rearing at the DFH sites described in ADFs§G (1983a). As
such, the analysis was of discharge effects only; the other physical habitat
effects (temperature, turbidity, and dissoived gas) were to be considered

separately.
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The objective was to examine a range of potential project operations
bounded either by the discharge requirements implied by ADF&G habitat
relationships, or by the range of pre- and postproject discharges. These
specified project operations were evaluated in terms of both long-term fishery
benefits and project economics.

To accomplish this objective only the reservoir operations model and the
access and DFH site habitat relationships described in ADF&G (1983a) were
required. Water balancing {accounting for downstream accretions of inflow)
was not used in the analysis because mean monthly discharges in the Upper
Susitna were not believed to be greatly affected by monthly tributary or
groundwater inflow, and because some discharge balancing between the Devil
Canyon dam and Gold Creek was done automatically by the reservoir operation

model.

RESERVOIR OPERATION MODEL

The current reservoir operation model simulates monthly discharge
patterns for a 32-year forecast pekiod under the assumption that future
inflows to the Susitna reservoirs will be the same as those which occurred
above Watana and Devil Canyon damsites during the past 32 years. Given
this historic water supply estimate, the reservoir operation model applies
operating criteria {monthly power generation requirement, monthly minimum
water elevations, maximum powerhouse release discharges, maximum drawdown
level and downstream fiow requirement) to predict average release discharge,
power production, and reservoir elevation for each month of the 32 years in
the water supply data base.

The mode! operating logic prioritizes downstream discharge demands to

the extent that within all other constraints, reservoir operations will meet
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these demands. This feature provides a link between downstream fishery
discharge demands and the power production requirements of the reservoirs.
Reservoir operation model ouput is in the form of 12-month x 32-year matrices
[Summarized for June, July, August, and September in Appendix B) for both
predicted mean monthly discharge and average monthly energy production (in
gwh), providing the bésis for 32-year comparisons between habitat and
energy production benefits. Such time-series analyses provide benefits in
assessing long-term changes in variation and recurrence of both low and high

discharge or habitat conditions (Trihey 1981; AEIDC 1983b).

HABITAT RELATIONSHIPS

ADFeG (1983a) access and rearing habitat relationships were used to
evaluate salmon access and rearing for the 12 x 32 discharge matrices from -
the reservoir operation model. The access relationship is essentially depth
related and it defines mainstem discharges at which certain depth criteria
(either 0.3 or 0.5 ft depending on the available data at a given slough) were
met in the studied side sloughs. The 0.5 ft depth criterion was applied to
sloughs with less quantitative data bases to provide conservative estimates of
discharge requirements. Stage (water surface elevation) versus discharge
models were used to determine stage at a given mainstem Susitna discharge.
This predicted stage was imposed on a profile of the deepest channel line
(thalweg) of the slough bed to determine access depth. If the 0.3 or 0.5 ft
depth criteria were met at a given discharge for a length of less than 100 ft,
access was assured "“without difficulty."® If the access depths existed for 100
ft or more, the condition was described as "acute." If the access depths
were not available, or if they persisted for a distance greater than 100 ft,

access was assumed to be blocked. We interpreted the ADF&G access criteria
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conservatively, assuming that no fish would pass at discharges below the
"acute" levels.

Calculation of Habitat Index (H1) is described in ADF&G (1983a)
Appendix/ E. Rearing HI relationships were proportions of variously
preferred hydraulic zones within the DFH sites at various mainstem
discharges. Basically, HI is the ratio between the catch-per-unit effort
(CPUE) of juvenile salmon in thé standing water zone (H1) within the DFH to
the CPUE in an adjacent moving water zone (H2). The H1:H2 CPUE ratio was
adjusted to range between zero and one and served as a fixed-value Zone
Quality Index (ZQl) for the DFH site. The ZQ! for a given DFH site was
multiplied by the surface areas of the respective (H1 or H2) zones at a given .
discharge to produce the H! or Habitat Index of the site with respect to the
zone (H1 or H2) in question. HI is suitable to evaluate rearing versus
discharge effects within a given DFH site, but is limited in ability to assess.
the suitability of a single discharge at several different DFH sites. Using the
Hl versus discharge relationship it was possiblé to evaluate each monthly
discharge in a pre- or postproject 12 x 32 discharge matrix to create a 12 x
32 HI matrix. The 12 x 32 H! matrix allowed quantification of rearing habitat
at various exceedence levels or recurrence intervals to quantify long-term
habitat effects associated with various downstream demands.

For both access and rearing it was necessary to determine the sites to
be assessed, the critical time period, and the range of discharges to be
evaluated.. Appropriate access and rearing sites were selected based on
numbers of salmon at the study site and degree of influence of main-channel
discharge on the habitat conditions at that slough.

Assessment time period was determined using published accounts of

salmon numbers during one-week periods throughout'the summer months. In
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the case of access, one month was selected as most important for use in the
monthly reservoir operation simulations. This month was determined by
noting the month with highest levels of fish inmigration activity. In contrast
to the access timing, which was well documented through frequent actual
observation, rearing timing was only broadly defined; therefore, rearing was
evaluated during the period correspending to the ADF&G rearing habitat
relationship study period (June through September). |

Upper Susitna access discharge requirements were examined using the
ADF&G access relationships (ADF&G 1983a, Appendix B), assuming that
discharges less than the "acute" access distharge allowed essentially no
passage into the slough, and that the discharge associated with the "no
difficulty" evaluation offered no passage restrictions.

Access conditions at various sloughs were evaluated at discharges only
up to 25,000 cfs because access requirements in all major sloughs appeared to -
be met at discharges of 20,000 cfs.

Because relative rearing utilization among all DFH sites was not
available, it was not known which DFH sites were most important. Because of
this, and because H! values were probably not comparable among sites, no
attempt was made to conduct a site-by-site evaluation of discharge. On the
assumption that larger HI values implied greater potential rearing utilization,
a composite rearing relationship was compiled using the sum of the upper
Susitna H! wvalues. It ‘must be stressed that this summation is simply a
method of obtaining one habitat value for each of an incremental series of
discharges; the actual rearing analysis should be based on completed rearing
relationships which account for all species in all habitat types used for

rearing.
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Because calculated HIl values were for a narrower range of discharges
(12,500-27,500 cfs) than either pre- or postproject regimes, they were
extrapolated to an HIl of 0 at 6,000 cfs; Hl values between 27,500 and 45,000
cfs were extrapolated using a linear regression of the HIl versus flow values
between 12,500 and 27,500 cfs. Those above 45,000 cfs were given the
45,000 cfs Hl value. This step was performed only to allow an evaluation of
all discharges expected to occur, and violates stated assumptions expressed in
ADFeG (1983c) regarding use of fhe Hl wvalues in actual analyses. The
resulting rearihg assessment is, therefore‘, demonstrational only and is
presented only to document how future analyses will be performed.

From examination of both access and rearing relationships a series of
potential monthly flow request cases was developed and input as downstream
demand in the monthly reservoir operation model. The model was run to
determine effects of these potential requests on energy production and to
produce the flow regimes which would resuit. The 12 x 32 discharge matrices
were then analyzed to determine (1) ability of the project to meet various
access requests, (2) long-term effects on composite rearing HI, and (3)
power production associated with each of the discharge request series.

ﬁ Long-term rearing effects‘ of the various operation schedules were
quantified by first converting predicted monthly discharges into HI values
using the rearing HI versus discharge relationship. This resulted in a
12 x 32 discharge matrix, of which the 32 predicted Hi's for the
June through September period were analyzed. A computer program was used
to order lists of the 32-predicted discharges and the 32 HI values calculated
for these discharges from the composite rearing HI relationship. For
demonstration purposes, the 20th, 50th, and 80th percentile exceedence HI
values were evaluated to assess effects upon low, medium, and high HI

values, respectively.
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RESULTS AND DISCUSSION

INSTREAM TEMPERATURE

PACIFIC SALMON TEMPERATURE PREFERENCES

Pacific salmon are cold-adapted fish which have specific temperature
range requirements for each of their life history phases. Water temperature
influences salmon migration, reproduction, incubation, growth, survival,
swimming ability, and the ability to withstand disease (Reiser and Bjornn
1979). Saimon body temperature changes with change in water temperature as
do the rates of various physiological processes of fish (Warren 1971).
However, poikilotherms adapted to low temperatures can maintain body
function at lower temperatures than can warm-adapted fish (Warren 1971).
Through adaptation fish can keep body functions at a fairly constant level
independent of environmental temperature within the range of tolerances:

{(Precht 1958). It is this tolerance range that we will identify in this section

based on a review of selected literature and an evaluation of Susitna-specific

data.

A review of literature dealing with the temperature tolerances of Pacific
salmon was cdnductéd, and the relevant information was then organized by
life phase for each of the five salmon species (Figure 7). This review
indicated that (1) tolerances vary greétly by species, life stage, and
geographic setting, and (2) comparatively little is known about the specific
temperature tolerances of salmon in freshwater systems above 60° N latitude.

Since these published data are not specific to the Susitna drainage, they
must be interpreted in order to arrive at preliminary temperature tolerance

ranges. These ranges should not be considered as final evaluation criteria
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Figure 7.

Observed temperature ranges for various life stages of Pacific salmon.

SPECIES
OF FISH

LIFE
STAGE

SOURCE

TEMPERATURE RANGE °C

MIGRATTON

SPAWNING INCUBATION REARING

Chum

Coho

Adult

Juvenile

Egg/Alevin

Adult

Juvenile

Egg/Alevin

Bell 1973

Bell 1983

ADF&G 1980

Mattson & Hobart
1962

McNeil & Bailey
1975

Wilson 1981

Neave 1966

Trasky 1974

Sanc 1966

Bell 1973

McNeil & Bailey
1975

Wilson 1979

Bell 1973

McNeil 1966

Merritt & Raymond
1982

Sano 1966

McNeil & Bailey
1975

Kogl 1965

Francisco 1977

Bell 1973

Bell 1983

McNeil & Bailey
1975

Cederholm & Scarlet
1982

Bustard & Narver
1975

Bell 1973

McNeil & Bailey
1975

Bell 1973

8.3-15.6
1.5
5.0-12.8

4.4-19.4

5.0- 7.0
6.0-10.0
6.7-13.3

5.0-7.0

7.2-15.6
&

7.2-12.8

7.0-13.0
6.5-12.5
4.0-16.0

11.2-15.7

4.4-15.7

4,4-13.3

0 -15.0

0.2-10.0
4

4.4
0.5-4.5
0.4-6,7

4.4- 9.5

7.0-13.0

11.8-14.6

4.4-15.7

4.4-13.3

Note:

Single temperature values are lower observed thresholds.
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Figure 7.

(Cont'd) Observed temperature ranges for various life stages of Pacific salmon.

SPECIES
OF FISH

LIFE
STAGE

SOURCE

TEMPERATURE RANGE °C

MIGRATION

SPAWNING

INCUBATION

REARING

Pink

Sockeye

Chinook

Adult

Juvenile

Egg/Alevin

Adult

Juvenile

Egg/Alevin

Adult

Juvenile

Egg/Alevin

Bell 1973

Bell 1983

McNeil & Bailey
1975

Sheridan 1962

Bell 1973

McNeil & Bailey
1975

Wilson 1979

Bell 1973

Bailey & Evans
1971

Combs 1965

Bell 1973

Bell 1983

McNeil & Bailey
1975 :

McCart 1967

Raleigh 1971

Bell 1973

McNeil .& Bailey
1975

Fried & Laner 1981

Bucher 1981

Bell 1973

Bell 1973

Bell 1983

McNeil & Bailey
1975

Raymond 1979

Bell 1973

McNeil & Bailey
1975

Bell 1973

7.2-15.6
5

5.0-7.0

7.2-15.6
2.5

5.0-17.0
4.5

4.0- 7.0
4.4-17.8

3.3-13.9
H3

7.2-12.8

7.0-13
7.2-18.4

10.6-12.2

7.0-13.0

5.6-13.9

7.0-13.0

4.4-13.3

4.5
0.5- 5.5

4.,4-13.3
