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I. INTRODUCTION

Instream Flow Relationships Report

The goal of the Alaska Power Authority in identifying environmentally
acceptable flow regimes for the proposed Susitna Hydroelectric Project
is the maintenance of existing fish resources and levels of produc-
tion. This goal is consistent with the preferred mitigation goal of
the U.S. Fish and Wildlife Service and the Alaska Department of Fish
and Game which encourages the maintenance of naturally occurring fish
habitats and populations.

In 198, following two years of baseline studies, a muiti-disciplinary
approach to quantify effects of the proposed Susitna Hydroelectric
Project on existing fish habitats and to identify mitigation oppor-
tunities associated with streamflow and/or stream temperature regqu-
lations was initiated by the Power Authority. The Instream Flow
Relationships (IFR) studies were initiated to identify the potential
beneficial and adverse effects the proposed Susitna Hydroelectric
Project might have on fluvial processes and fish habitat in the
Talkeetna-to-Devil Canyon segment of the Susitna River {middle Susitna
River). The IFR studies focus on quantifying the response of fish
habitats in the middle Susitna River to incremental changes in
mainstem discharge, temperature, and water quality. As part of this
multi-disciplinary effort, a technical report series was planned that
would (1) describe the existing fish resources of the Susitna River
and identify the seasonal habitat requirements of selected species,
and (2) evaluate the effects of alternative project designs and
operating scemarios on physical processes which most influence the
seaso.al availability of fish habitat.

In addition, a summary report, the Instream Flow Relationships Repart
{IFRR), would (1) identify the biologic significance of the physical
processes evaluated in the technical report series, {2) integrate the
findings of the technical report se-‘es, and (3) provide quantitative
relationships and discussions regarding the influences of incremental
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the i3 resources and habitats in the middle Susitna River ana

summarizes the relative abundance and seasonal utilization patterns

observed in middle Susitna River habitats from 1981 through January
1985,

Technical Report No. 2. Physical Processes of the Middle Susitna
River. This report, prepared by Harza-Ebasco and R&M Consultants,
describes such naturally occurring physical processes within the
middle river segment as: sediment transport, channel stability, ice
cover formation and upwelling.

Technical Report No. 3. A Limnological Perspective of Potential Water
Quality Changes. This report, prepared by Harza-Ebasco, caomsolidates
existing information on the water quality for the Susitna River and
provides technical level discussions of the potential for with-project
bioaccumuiation of mercury, nitrogen gas supersaturation and changes
in downstream nutrients. ParticuTar attention is given to project
induced charges in turbidity and suspended sediments concentrations.

Technical Report No. 4. Instream Temperature. This report, prepared
ey the University of Alaska Arctic Environmental and Data Center,
consists of three principal components: (1) instream temperature
modeling; (2) development of temperature criteria for Susitna River
fish stocks by species and life stage; and (3) a preliminary eval-
uvation of the influences of anticipated with-project stream tempera-
tures on fish habitats and ice procnsses.

The IFR report and its associated technical report series should not
be viewed as an impact assessment. These reports only describe a
variety of natural and with-project conditions that govern, or may
govern, fluvial processes and the seasgnal availability and quality of
fish habitat in the middle Susitna River. The [FR studies provide the
quantitative basis for others to evaluate alternative streamflow and
stream temperature regimes, conduct dimpact analyses, and prepare
mitigatior plans. Brief descriptions of anticipated with-project
conditions are provided in Section V. of this report. However, these
descriptions only serve to establish a basis for understanding the
relative importance of anticipated with-project habitat conditions
with regard to the life history raquirements of the evaluaticn
species. Quantitative descriptions or discussions of project effects
on fish habitat, as expected in an impact assessment, are not provided
by this report.
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Proiect Setting

The proposed Susitna Hydroelectric project consists of two dams
scheduled for construction over a period of 21 years. The three-stage
project would be initiated by construction of Watana Dam toc a crest
elevation of 2,025 feet with a maximum reservoir elevation of 2,000
feet. Construction on Watana Dam would begin when tlie FERC license is
jssued, possibly in 1987, and would occur at a site located approxi-
mately 184 miles upstream from the mouth of the Susitna River. The
first stage of the Watana development would be completed in 1996 and
would include a 705-foot-high earth fill dam, which would impound an
approximately ?21,000-surface-acre reservoir with 2.37 million acre
feet {maf) of usable storage. Cone valves and multipie level intake
structures would be installed in the dam to control downstream dis-
solved gas concentrations and temperature. The powerhouse would
contain four generators with an installed capacity of 520 megawatts
(M) and would be designed to discharge a 50-year flood before flow
would be discharged over the spillway.

The second stage of the proposed development is construction of the
646-foot-high concrete arch Devil Canyon Oam, which is scheduled for
completion by 2002. Devil Canyon Dam would be constructed at a site
32 miles downstream of Watana Oam and would impound a 26-mile-long
reservoir with 7,800 surface acres and a usable storage capacity of
0.35 maf. Installed generating capacity would be about 600 MW, with
an average annual energy output of 3450 gigawatt hours (GWH). Cone
valves and multiple level intake structures would also be installed in
Devil Canyon Dam. The maximum possible outflow from the four genera-
tors in the powerhouse at full pool is 15,000 cubic feet per second
(cfs). The cone valves at Devil Canyon Dam would be designed to pass
38,500 cfs. Prior to construction of Devil Canyon Dam, Watana Reser-
voir would be filled with summer streamflows when energy demand is
lowest and would be drawn down tiu meet high power demands during the
winter when streamflows are lowest. When Devil Canyon Dam became
operational, Hatana Reservoir would oprrate in a similar manner,
however, the level of winter drawdowns may not be as low. Devil
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The Yentna River, the largest tributary to the Susitna River
originates at the Dall and Yentna glaciers in the Alaska Range
approximately 130 miles northwest of Anchorage and adjoins the Susitna
River at RM 28. The Chulitna River originates in the glaciers on the
south slope of Mount McKinley and flows south, eatering the Susitna
Riv :r near Talkeetna at RM 99. The Talkeetna River originates in the
Talkeetna Mountains, flows west, and joins the Susitna near the town
of Talkeetna (RM 97). The junction of the Susitna, Chulitna and
Talkeetna Rivers is commonly referred to as the Three Rivers
confluence,

The Susitna River originates as a number of small tributaries draining
the East Fork, Susitna, West Fork and MacLaren Glaciers, and follows a
disjunct soutn and west course 320 miles to Cook Inlet (Fig. I-1).
The river flrws south from these glaciers in a braided channel across
a broad alluvial fan for approximately 50 miles, then west in a single
channel for the next 75 miles through the steep-walled Vee and Devil
Canyons. The two proposed dam sites (Watana at RM 184.4 and Devil
Canyon at RM 151.6) are located in this reach. Downstream of De.il
Canyon, the river flows south again through a well-defined and rela-
tively stable multiple channel until it meets the Chulitna and
Talkeetna Rivers {RM 99). Downstream of the Three 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 the last 100 miles to the
estuary.

Overview of Fish Resources and Project-Related Concerns

The Susitpa River basin supports populations of both apadromous and
resident fish, Commercial or sport fisheries exist for five species
of Pacific salmon (chinook, sockeye, coho, chum, and pink), rainbow
trout, lake trout, Arctic grayling, Dolly Varden, and burbot. The
commercial fishery intercepts returning sockeye, chum, ccho and pink
salmon in Cook Inlet. A subsistence fishery at Tyonek relies princi-
pally on chinook salmon. Sport tishing is concentrated in clearwater
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tributaries to the Susitna River for chinook, coho, and pink salmon;
rainbow trout; and Arctic grayling. These fish resources are
described further in Section IIl of this report.

Construction and operation of the proposed project will reduce varia-
tion in the annualt ¥low cyc.e by decreasing streamflows during the
summer months and increasing them during the winter months. Stream
temperatures and turbidities will be similarly affected. The most
pronounced changes in stream temperature and turbidity will likely
occur in mainstem and side channel areas with somewhat lesser effects
accurring in peripheral habitats. Changes in depth and velocity
attributable to elteration of natural streamflow patterns will be most
pronounced and of greatest concern in peripheral areas; particularly
if extensive or untimely dewatering or flooding of fish habitat might
occur.

The effects that anticipated changes in streamflow, stream tempera-
ture, and turbidity will have on fish populations dinhabiting the
middle Susitna River depend upon their seasonal habitat rejuirements
and the importance of the reguirements to the overall population., Some
project-induced changes 1in environmental conditions may have no
apprec.able effect on existing fish populations and their associated
habitats, whereas other changes may have dramatic conseguences. Thus,
in order to understand the possibla effects of the proposed project on
existing fish populations and to identify mitigation opportunities or
enhancement potential, it is important to understand 1} the relation-
ships among the naturally occurring physical processes which provide
fish habitat, and 2) how fish populations respond to natural variations
in habitat availability.
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Framework for Extirapolation:
River Segmentation, Habitat Types, and Microhabitat Variables

Various approaches exist for evaluating fish habitats asscciated with
fluvial systems, Weighted Usable Area (WUA) is often used at the
microhabitat level as an index to evaluate the influence of streamflow
variations on the site-specific availability of potential fish habi-
tat. Weighted Usable Area is defined as the total wetted surface area
of a study site expressed as an equivalent surface area of optimal
(preferred) fish habitat for the life species and stage being evalu-
ated (Stalnaker 1978). This index is most commonly computed using
microhabitat variables such as depth, velocity, and substrate composi-
tion for spawning fish, and depth, velocity, and cover for rearing
fish, 0Occasionaly stream temperature is also included. WUA forecasts
for habitats in the middle Susitna River are enhanced by considering
such other microhabitat variables as upwelling groundwater and
turbidity.

The microhabitat approach can effectively evaluate habitat suitability
in terms of physical conditions occurring at specific locations
{areas) within a river system. However, in order to evaluate aquatic
habitat responses to physical processes on a larger scale, some method
must be established for extrapolating site specific relationships to
the remainder of the river.

The representative reach concept {Bovee and Milhous 1978} is often
used by instream flow investigators as a basis for extrapolating.
This concept is based on the theory of longitudinal succession which
describes riverine ecology and fluvial processes from the headwaters
to the mouth of a river (Burton and Odum 1945; Mackin 1948; Sheldon
1968). Watershed characteristics such as climate, hydrology, geology,
topography, and vegetative cover {land use) are the principal determi-
nants of basin runoff and erosional processes which control longitudi-
nal succession. Sy applying the longitudinal succession apprecach to
the existing river system and by considering differences project






Extracolation of microhabitat responses in fish habitat to non-modeled
portions of the river using the traditional concepts of longitudinal
succession is accomplished by dividing the river into segments of
similar channel morphology, water quality or species composition,
Likewise, the segments are further subdivided into subsegments of
similar hydraulic, hydrologic, and morphologic characteristics.
Subsegments are then defined according to havitat type by measurements
obtained in representative reaches. Systemwide habitat evaluation is
accompiished by extrapolating habitat relationships for representative
reaches to the subsegments and segments in which they are located on
the basis of proportional length,

The longitudinal succession approach is most applicable to single-
thread river systems in which subsegments containing relatively
homogeneous habitat types can be identified. In multi-thread systems,
such as the Susitna River, the longitudinal succession approach is
difficult to apply because the locations of homogeneous habitat types
are highly variable, both longitudinally and laterally within the
river corridor. Although the Susitna River can be divided into the
four discrete segments previously described, subdividing the middle
Susitna River segment into subsegments by application of the
representative reach concept {Bovee and Milhous 1978) does not provide
a practical method of extrapolating site specific relationships to the
remainder of the river. Hence, a different method fur extrapolating
aquatic habitat responses to streamflow is required at this level in
the hierarchy of the IFR analysis.

Because of the notable variation and differences in habitat conditions
within the middle Susitna River segment, six major habitat types have
been defined: mainstem, side channel, side slough, uptand slough,
tribvtary, and tributary mouth (ADF&G, Su Hydro 1983a; Klinger &
Trihey 1984)}. Habitat type refers to a major portion of the wettied

surface area of the river possessing similar morphologic, hydrologic,
and hydraulic characteristics. At some locations, such as major side
channels and tributary mouths, a designated habitat type persists over
a wide range of mainstem discharge even though the wetted surface area
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River (RM 40.5), and Prairie Creek in the Talkeetna River drainage (kM
97.1) {Barrett et al. 1984, [505). Most sockeye salmon spawn in the
Yentna, Chulitna (RM 98.6) and Talkeetna drainages (Barrett et al.
1984, 1985). The Yentna River is also an important pink salmon
spawning area {Barrett et al, 1984}, The primary area of chum salmon
spawning is the Talkeetna River {[Barrett et al, 1984, 1985). Cono
salmon spawn mainly in tributaries below RM 80 ({Barrett et al. 1985).

In the middle reach of the Susitna River, chum and chinook are the
most abundant salmon, excluding even-year pink salmon {Barrett et al.
1984, 1985). In this river reach, salmon escapements have been
monitored at Talkeetna (RM 103) and Curry {RM 120) Stations since 1981
(ADF&G, Su Hydro 1981, 1982b; Barrett et al. 1984, 1985).

The contribution of the middie Susitna River salmon escapements to the
Susitna River salmon runs can be estimated for 1981 through 1983 by
dividing the Talkeetna Station escapements into the minimum Susitna
River escapements. Based on the average escapements presented in
Table III-5, the average percent contribution in 1981 through 1984 for
the middle Susitna River is: 2.5 percent for sockeye, 12.1 percent
for chum, 9.0 percent for coho, 6.3 percent for odd-year pink, and
11.0 percent for even-year pink salmon. These estimates should be
considered maximum values because (1) the minimum Susitna River
escapements, as previously discussed, do not include escapements below
RM 80 (except the Yentna River); and (2) the Talkeetna Station escape-
ments overestimate the number of spawning salmon in the middle reach,
This overestimation is apparently due to milling fish that return
downstream of Talkeetna Station to spawn.

The number of fish that reach Talkeetna Station and later move
downstream to spawn is significant. In 1984, 83 percent of the
sockeye, 75 percent of the chum, 75 percent of the coho, 85 percent of
the pink, and 45 percent of the chinook salmon escapements at
Talkeetna Station were milling fish that returned downstream of
Talkeetna Station to spawn (Barrett et al. 1985), If the escapement
to Talkeetna Station is reduced to account for the milling factor, the
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contribution of middle Susitra River escapement to the minimum basin
escapement in 1984 becomes: 0.8 percent for sockeye, 3.1 percent for
chum, 2.6 percent for coho, and 1.9 percent for pink saimen. Chinook
salmon were not included in this analysis because of the lack of
minimum Susitna River escapements, as previously discussed.
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Identification and Utilization of Habitat Types

The varijety of primary, secondary and overflow channels that exist
within the Talkeetna-to-Devil Canyon segment of the Susitna River
provides a great diversity in aquatic habitat conditions. Six major
aquatic habitat types, based on similar morphalogic, hydrclogic, and
hydraulic characteristics, have been identified within this river
segment: mainstem, side channei, side slough, upland slough,
tributary, and, tributary mouth (Fig. III-1). Within these aquatic
habitat types, fish habitat of varying quantities and quality may
exist depending upon site-specific thermal, water quality, channel
structure, and hydraulic conditions. Differentiation of aquatic
habitat types is useful for evaluating seasonal movement and utili-
zation patterns if fusg and for identifying microhabitat preferences
of the fish species/1ife stages which inhabit the middle 3Susitna
River.

Mainstem Habitat

Mainstem habitat is defined as those portions aof the Susitna River
which normally convey the Targest amount of streamflow throughout the
year. Included in this aquatic habitat category are both single and
muiltiple channel reaches, as well as poorly defined water courses
flowing through partially vegetated gravel bars or islands.

Mainstem habitats are thought to be used predominantly as migrational
corridors by adult and juvenile salmon during summer. However,
isolated observations of chum salmon spawning at upwelling sites along
shoreline margins have been reported (ADF&G, Su Hydro 1982b).
Mainstem habitats are also used by several resident species, most
notably Arctic grayling, burbot, longnose sucker, rainbow trout, and
whitefish (Sundet and Wenger 1984).
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Turbid, high-velocity, sediment-laden summer streamflows and low,
cold, ice-covered, clearwater winter flows are characteristic of
mainstem habitat type. Channels are relatively stable, high gradient
and normally 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 with
isolated deposits of small cobbles and gravels. However, the latter
are usually unstable.

Groundwater upwellings and clearwater :ributary inflow appear to be
inconsequential determinants of the overall characteristics of main-
stem habitat except during winter when they dominate water quality
conditions of the mainstem.

Side Channel Habijtats

Side channel habitats are sections of the river whicn normaily convey
streamflow during the open water season, but become appreciably
dewatered during periods of low flow. For convenience of classifi-
cation and analysis, side channels are defined as conveying less than
10 percent of the total flow passing a given location in the river.
Side channel habitat may exist in well-defined channels, or in poorly-
defined water courses flowing through partially submerged gravel
islands located in mid-channel or along shoreline margins of mainstem
habitat.

Rearing juvenile chinook appear to use side channel habitats most
extensively, particularly during July and August (Dugan et al. 1984).
A limited amount of chum salmon spawning also occurs in side channel
habitats whee upwelling and suitable velocities and substrate are
present (Estes and Vincent-Lang 1984d). Resident species, such as
grayling, rainbow trout, burbot, and whitefish, also use these
habitats.
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the upstream end (head) of the slough. However, the mainstem stage at
these flows 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).

In the middle Susitna River approximately 80 percent of all
non-tributary spawning by chum salmon and essentially all sockeye
salmon spawning occurs in unbreached side slough habitat (AOF&G, Su
Hydro 1981, 1982b; Barrett et al. 1984). In early spring, large
numbers of juvenile chum and sockeye saimon can be found in unbreached
side slcughs. During summer, moderate numbers of juvenile coho and
chinook make use of side-slough habitats, with chinook densities
increasing during the fall-winter transition (Dugan et al. 1984).
Small numbers of resident species, such as rainbow trout, Arctic
grayling, burbot, round whitefish, cottids, and longnose suckers, are
also found in side slough habitats,

Considerable variation in water chemistry has been documented among
side sloughs, This is principally a function of local runoff pat-
terns, basin characteristics, and groundwater upwelling when the side
sloughs are not overtopped. Once overtopped, side sloughs display the
water quality characteristics of the mainstem (AOF2G, Su Hydro 1982a).

Ouring periods of high mainstem 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. Generally from less than 5 c¢fs to
100 ¢fs or greater. 5uch overtopping events affect the thermal, water
quality, and hydraulic conditions of side slough habitat (ADF&G, Su
Hydro 1982a). Depending upon its severity and frequency, overtopping
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 heterogeneous
mixture of coarse sands, gravels and cobbles, often overlain by fine
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Selection of Evaluation Species

Selection of evaluation species for use in the IFRS is consistent with
the guidelines and policies of the Alaska Power Authority, Alaska
Department of Fish and Game, and U.S. Fish and Wildlife Service (USFWS
1981; ADF&G 1982; APA 1982). These guidelines imply that species with
commercial, subsistence, and recreational wuses are given high
priority. The species of greatest concern are those wutilizing
habitats that will be most altered by the project. The following
discussion provides a synopsis of the baseline data used in the
selection of primary and secondary evaluation species.

Side slough and side channel habitats are expected to be affected most
significantly by project operation. Consequently, the species and
life stages considered for evaluation were those which use these two
habitats most extensively. Chum salmon spawners and fincubating
embryos, and juvenile chinoock salmon were selected, for the reasons
discussed below, as primary evaluation species and Jife stages.
Secondary evaluation species and life stages that may be considered in
subsequent analyses of flow effects on aquatic habitats include: chum
salmon juveniles and returning adults, chinook salmon returning
adults, all freshwater life phases of sockeye and pink salmon, rearing
and overwintering rainbow trout, coho salmon juveniles and returning
adults, rearing and overwintering Arctic grayling, and all life phases
of burbot.

Salmon spawning surveys conducted during 1981-83 by the Alaska
Department of Fish and Game {Barrett et al. 1984} indicate that tribu-
taries 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 I11I1-2). Comparatively smail numbers of salmon
spawn in mainstem, side channel, upland slough, and tributary mouth
habitats. Chum and sockeye are the most abundant salmon species that
spawn in non-tributary habitats in the Talkeetna-to-Devil Canyon reach
of the Susitna River (Barrett et al. 1984). The estimated number of
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chum salmon spawning in non-tributary habitats within the middle
Susitne River averaged 4,200 fish per year for the 12€1-83 period of
record (Barrett et al. 1984). This represents about two-thirds of the
peak survey counts in all habitats during 1981-1983 (Barrett et al.
1984). Approximately 1,600 sockeye per year (99 percent of peak
survey counts) spawned in slough habitat during the same period.
Limited numbers of pink salmon utilize side channels and side sloughs
for spawning during even-numbered years (Barrett et al. 1984).
Similarly, only a few ¢coho salmon spawn in non-tributary habitats of
the Susitna River {Barrett et al., 1984},

Approximately 10,000 chum salmon have returned annually to the middle
Susitna River to spawn during the 1981-1983 period of record, of which
nearly half spawned in tributaries. Approximately B0 percent of those
non-tributary spawners spawned in side slough habitats. Sloughs 21,
11, 9, 9A and BA generally account for the majority of slough spawning
(ADF&G, Su Hydro 1981, 1982b; Barrett et al. 1984). Extensive surveys
of side channel and mainstem areas have documented comparatively low
numbers of spawners and spawning areas in side channel and mainstem
habitats (ADF&G, Su Hydro 1981, 1982b; Barrett et al. 1984).

Within the Talkeetna-to-Devil Canyon reach, spawning sockeye salmon
are distributed among eleven sloughs. Sloughs 11, 8A, and 21
accounted for more than 95 percent of the sockeye spawning in the
middle Susitna River during 1981-1983 (Barrett et al. 1984). In 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 (Barrett et al. 1984). This is the only recorded
occurrence of sockeye salmon spawning in middle Susitna River areas
other than slough habitats.

Chum salmon spawn at all of the locations where sockeye spawning has
been observed (Barrett et al. 1984). This overlap is likely a result
of similar timing and habitat requirements {Barrett et al. 1984; Estes
and Vincent-Lang 1984d). Chum salmon are more numerous in 3lough
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freezing, glacial melt subsides, and mainstem streamflows clear, By
November below freezing air temperatures occur throughout the basin
(refer Fig, IV-2) and streamflows have decreased to approximately one
tenth their midsummer values. Streamflow at the Gold Creek gage 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 itself,
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Figure IV-3. Estimated percent contributions to middle Susitna River
streamfiow.
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Influence of Streamflow on Habitats

Mainstem and Side Channel Habitats

Mainstem and side channel gradients within the middlie Susitna River
are on the order of 8 to 14 ft/mile (Bredthauer and Drage 1982). As a
result of this steep channel gradient, mid-channel velocities are
often in the range of seven to nine feet per second (fps) during
normal mid-summer streamflow conditions. Mainstem velocities of 14 to
15 fps have been measured by the USGS at the Gold Creek stream gage in
association with 62,000 to 65,000 cfs flood flows (L. Leveen, HSGS,
1984, pers. comm.), For most species of fish and benthic
invertebrates high velocity streamflows are considered undesirable.
The upper limit for velocity preferred by most juvenile salmonids is
generally less than one fps and that for adults seldom exceeds 4 fps
{Estes and Vincent-Lang 1934d; Suchanek et al. 1984).

Analysis of hydraulic conditions in the mainstem and large side
channels indicates that mid-channel velocities are generally
unsuitable for fish over a wide range of mainstem discharge {Williams
1985). Suitable habitat for juvenile fish is usually restricted to a
narrow zone associated with the shoreline margin. As mainstem
discharge changes, the width (surface area) of this habitat zone
remains relatively constant but moves laterally in response to water
surface elevation. Because the shoreline margins are almost void of
cover objects, habitat quality responds Tlittle to changes in the
location of the shoreline habitat zone.

Side Slough Habitats

Side sloughs are overflow chamnels, located along the floodplain
margins, which contain {important spawning and rearing habitat for
salmon. Side slough streambed elevations are higher than those of
adjacent side channels or the mainstem. Hence side sloughs only
convey water from the mainstem during periods of high streamflow.
When mainstem discharge is insufficient to overtop the upstream end of
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consideration has been given to mainstem stage-discharge relationships
and breaching flows by the study team (ADF&G, Su Hydro 1983a; Estes
and Vincent-Lang 1984a; Hilljard et al. 1985). Analysis of the
thirty-five year period of streamflow record for the middle Susitna
River indicates that overtopping events occur rather frequently during
the Auqust 12 through September 15 spawning period (Table IV-4). Side
sloughs with breaching flows of 23,000 cfs were overtopped for 19.1
percent of the evaluation period. During the thirty-five year period
of record, overtopping events were most frequently either 1-, 2- or
3-days in duration {25 events); however, 9 events longer than seven
consecutive days also occurred. Side sloughs or side channels with
breaching flows in the range of 16,000 to 18,000 cfs were overtopped
nearly half of the time with a large number of events (23) being
longer than seven consecutive days.

Field observations indicate adult salmon respond rapidly to improved
passage conditions and quickly enter side sloughs to spawn (Trihey
1982}. Therefore frequent, but short-duration, overtopping events as
occur naturally for sloughs with breaching flows as high as 25,000 cfs
provide adequate passage condition. In addition, the response of the
water surface elevation of the backwater zone at the slough mouth to
increased mainstem discharge and the response of slough flow to
rainfall often provide short-term improvement of passage conditions
when the mainstem discharge is Tess than the breaching flow.
Insufficient data are available at this time to describe the influence
of the natural vartability in slough flow on passage conditions.

Groundwater Upwelling and Intragravel Flow

Upwelling and intragravel flow have been recognized as strongly
influencing the spawning behavior of chum and sockeye salmon in Alaska
(Kogl 1965; Koski 1975; Wilson et al. 1981; Estes and Vincent-lang
1984d). Upwelling has also been credited with maintaining relatively
warm open water leads in some side channels and sloughs throughout
winter (Barrett 1975; Trihey 1982). These leads are important to the
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overwinter survival of incubating eggs and alevians {(Vining et al.
1985) and juvenile chinook (Stratton 1985).

In river valleys where the underlying materials originate from glacial
outwash, groundwater flow patterns are often complex. In the middie
Susitna River there appears to be three main sources of subsurface
flow (upwelling) into side channel and slough habitats.

1. Infiltration of surface flow from the mainstem through islands
and gravel bars which separate the sloughs and side channels from
the mainstem (intragravel flow},

2. Subsurface flow toward the river from upland sources (upland
groundwater component), and

3. Subsurface flow in the downstream direction within alluvial
materials comprising the flood plain of the middle Susitna River
(regional groundwater component).

The relative contribution of these three sources has been examined
. . . L ex 3 . ,
primary source of subsurface flow into side channel and slough
habitats along the middle Susitna River. In addition, the response of
slough flow to changes in mainstem discharge (when the upstream berms
are not overtnpped) is relatively rapid; often occurring in a matter
of hours,

The groundwater flow rate from upland cources is the least influential
of these three sources and it varies seasonally; being highest in the
summer and lowest in the winter. This is a direct result of the
spring snowmelt and summer rainfall which recharge aquifers and raise
the water table level, and depletion of the aquifers in the winter due
to lack of recharge. The regional groundwater component appears to be
the second most important source of subsurface flow which remains
relatively constant throughout the year because the down valiey
gradient of the flood plain is constant.
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sloughs and side channels which may occasionally facilitate fish
passage (Estes and Vincent-Lang 1984c).

Incubation appears to be the Tife stage most critically affected by
intragravel flow in the middle Susitna River. Chum and sockeye salmon
embryos spawned in areas of upwelling flows benefit if intragravel
flow concinues throughout the winter, The 2 to 4°C intragravel
temperature associated with upwellings in side sloughs maintains a
higher rate of survival for the incubation of embryos than do
intragravel temperatures in other habitats (Vining et al. 1985).
Intragravel flow is also thought to ensure the oxygenation of embryos
and alevins, transport metabolites out of the incubating environment,
and inhibit the clogging of streambed material by fine sediments.

Groundwater also appears to be an important factor influencing the
winter distribution of juvenile salmon and resident fish {Roth and
Stratton 1985; Sundet and Pechek 1985}. Upwelling flows may comprise
the predominant source of water in sloughs when overland runoff from
precipitation is inhibited due to freezing. This constant water flow
in sloughs and side channels provides over-winter habitat for juvenile
sockeye, chinook, and coho salmon and resident species. The warmer
temperatures of sloughs and side channels due to the inflow of upland
source and bank stored groundwater apparently attract overwintering
fish and may reduce their winter mortality {Dugan et al, 1984).

As previously stated, upwelling flows appear to reach theair annual
minimum during late October and November prior to an ice cover forming
on the mainstem. [ntragravel temperatures (upwelling rates) during
this period probably 1imit the incubation success of embryos that were
spawned when upwelling rates were higher. As a result of decreased
upwelling rates during the October-November period many embryos are
thought to be dewatered or frozen. The most viable incubation habitat
in the middle Susitna River is thought to exist where upwelling flow
persists during this fall transition period.
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Maintainirng higher than natural mainstem discharges during the fall
transition would Tikely increase upwelling rates above natural levels,
thereby increasing the incubation success in the effected spawning
habitats. Reducing mainstem discharge to below natural levels would
likely have an opposite effect on incubation success.
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material sizes are largest near Devil Canyon and generally decrease
with distance downstream (Bredthauer and Drage 1982).

Beneath this surface layer is a more heterogenous mixture of material
consisting of sands and gravels with some cobbles. Under normal flow
conditions the overlying leyer of cobbles protects the underlying
streambed material from ergsion. The ability of this pavement layer
to resist erosion is enhanced by the deposition of fine glacial sands
within the interstitial spaces between the rubble and cobble. This
results in a tightly packed matrix of sands, gravels and cobbles, The
fine sands which fill the interstitial spaces within the pavement
layer are a part of the suspended sediment load normally transported
by summer streamflows.

Except for isolated deposits of sands and gravels, streambed material
in the mainstem and large side channels appears sufficient to resist
erosion or transport by streamflows less than 35,000 cfs. Flood
events {50,000 cfs or greater) have the capacity to erode the pavement
layer and transpart underlying streambed mates1als downstream. As the
flood crest recedes the large bed elements in motion are redeposited,
thereby reforming the protective pavement layer while sands and
gravels are transported downstream. As a result the streambed
elevation decreases while retaining much of the basic plan form of the
river., Evidence of such 1long-term channel degradation has been
documented through analysis of aerial photography {Univ. of Alaska,
AEIDC 1985b; Klinger and Trihey 1984; Klinger-Kingsley 1985).

River ice influence the shape and character of mainstem and large side
channel habitats in several ways: 1) scour caused by ice jams during
breakup, 2) sediment transport by anchor ice and possibly by frazil
ice, and 3) scour and sediment transport by shore ice. In comparison
to sediment transport associated with high streamflows, scour by ice
Jams, is of secondary importance. The volumes of sediment transported
in the middle Susitna River by anchor ice and shore, are inconse-
quential. However, the influence of shore ice on streambank vege-
tation and cover cbjects for fish appec.s to be significant.
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Tributary and Tributary Mouth Habitats

High flow events are most important for shaping the channel geometry
and determining streambed composition of tributary mouths. Most
tributaries to the middle Susitna River are small, steep gradient
streams with a capacity to transport large quantities of bed load
during flood events.

When flood events are caused by regional rainstorms, the Susitna River
would have a high discharge concurrent with, or soon after, the high
discharge in the tributary. As a result, most sediments delivered to
the tributary mouth by the tributary are transported downstream by the
Susitna River, However, local storms may cause a tributary to flood
while the Susitna River remains reiatively low. In such cases, a
delta may build up at the mouth of the tributary due to the deposition
of the tributary bed load. The delta may extend intc the Susitna
River until subsequent streamflows in the river are sufficient to
erode it and transport the material downstream. This process has bfen
periodically observed at the mouths of Gold Creek and Sherman Creek.

Upland Slough Habitats

-

In general, upland slough habitats are isolated from mainstem sediment
transport processes. However, an exception exists in the vicinity of
the slough mouth, where sediment laden mainstem flow o7ten enters the
slough as backwater during periods of high mainstem discharge. The
suspended sediments contained in the mainstem flow settle out in these
low velocity backwater areas and contribute to the 1long term
sedimentation of the slough. If a backwater eddy occurs, as at the
mouth of Slough 10, sedimentation of the slough mouth and its
downstream approach can be caused by only two or three moderately high
flow events. In other instances such as Slough 6A where mainstem
water has some difficulty entering the slough mouth, sedimentation is
more subtle.
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Primary production in the middle reach of the Susitna River presently
appears to be concentrated 1in the spring and fall periods of low
turbidities, although no quantitative data are available tc document
this observation. Constant, year-round turbidity levels in the range
of 60 to 600 NTU would Tikely reduce the level of primary production
during these transition periods, although primary production may
increase during summer months. The net result of these opposing
processes has not been forecast at present.
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approximately 14C centigrade temperature units (CTU)I. after which
their sensitivity to cold temperatures has passed and the incubating
embryos can tolerate water temperatures near 0°C for extended periods
of time.

Table I¥-10 provides a comparison between the number of CTU that
resulted in 50 percent hatching and 50 percent emergence of chum
salmon alevins under both field and laboratory environments. 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 to be similar to that required by Alaskan
stocks of these species under controlled conditions (ADF&G, Su Hydro
1983c}. Collectively, these data indicate that 400 to 500 CTU can be
used as an index for 50 percent hatching of chum and sockeye eqgs.

The relationship betwcen mean incubation temperature and deve,opment
rate for chum embryos is presented in the form of a nomograph
(Fig. I¥-9). This nomograph can be used to estimate the date of 50
percent emergence given the spawning date and the mean dajly intra-
gravel 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 a.is identifies the date of
emergence on the right axis.

Instream Temperature Processes

Stream temperature in northern rivers responds primarily to the
seasonal variation of the local climate and hydrologic conditions.

lA centigrade temperature unit {CTU) 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 (0°C). Hence stream tempera-
tures at 4.7°C for 3 days would provide 14 centigrade temperature
units.
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outflows, The alternative policies evaluated include “inflow
temperature matching," "warmest water available" and "lTowest port.”

The inflow-matching policy, which was used for the "Instream Ice
Simulation Study" (Harza-Ebasco 1984c) and has been adopted by the
Alaska Power Authority for the Licernse Application studies (APA 1983,
1985), represents a year-round attempt to match the reservoir release
temperatures with the natural temperature of the flow entering the
reservoir. Inflow temperature matching results in the release of the
coldest water available to the power intakes during winter. The
warmest water policy represents a year-round policy of releasing the
warmest water available to the power intakes. For both infilow-
matching and warmest water policies, the particular intake port
selected for operation will vary with the changing reservoir levels
and temperature profiles. The Jowest port operating policy means that
the lowest port of the multi-level power intake will be operated
year-round regardless of water temperatures,

The warmest water and lowest port operating policies tend to reduce
the maximum upstream extent of the ice cover as well as its thickness,
These reductions result in fewer sloughs being overtopped relative to
the inflow matching policy. However this trend does not hold for all
situations due to the influence of antecedent seasonal climatic
conditions. With the addition of Devil Canyon Dam (Stages Il and III}
these alternative operating policies have no significant effect cn ice
cover over the inflow matching policy.

Use of a low level intake port would also tend to reduce somewhat the
upstream extent and thickness of the ice cover. However, substantial
reductions 1in the 1ice conditions are not expected to occur
consistently unless a very low intake port is provided (Harza-Ebasco
1985d).
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Frazil ice which contacts and attaches itself t the streambed is
called anchor ice. Frazil ice only attaches to the bed when it is in
the "active" state. That is, when climate conditions are such that
the entire body of water at a given location is supercoocled. Anchor
ice often accumulates fine sediment by filtering water flowing over
and through it. When air temperature rise or solar radiation
increases, the stream temperature will warm from a supercooled
condition to freezing., This results in a weakening of the bond
between the anchor ice and the streambed., Flow momentum and buoyancy
forces may become sufficient to discharge the anchor along with
attached fine sediment and gravels. The buoyant anchor floats
downstream to become included in the ice cover or to melt and release
its sediment load.

Generally, frazil dice first appears 1in the Susitna River by
mid-September between the Denali Highway bridge and Vee Canyon. This
ice drifts downriver, oftern accumulating into loosely-bonded slush
floes, until it melts or exits the lower Susitna River into Cook
Inlet. Approximately 80 percent of the ice passing through the three
rivers confluence into the lower Susitna River during freezeup, is
produced in the upper and middle Susitna River, while the remaining 20
percent is producea in the Talkeetna and Chulitna Rivers (R&M 1985b).
An exces; of 50 percent of the ice occurring in the lower Susitna
River dowsrstream from the Yentna River confluence is produced by the
Yentna River (APA 1984a).

Talkeetna to Gold Creek. The leading edge of the ice cover usually
arrives at the confluence of the Susitna and Chulitna Rivers (RM 99)
during November or early December (Table IV-15), The slush ice front
progression from the Susitna/Chulitna confluence generally terminates
in the vicinity of Gold Creek, about 35 to 40 miles upstream from the
confluence, by late December or early January. Water flowing under
the river ice cover often erodes the underside of the ice, causing
open leads in the river ice cover downstream of the jice front. This
usually occurs st ~tly after the initial stabilization of a slush ice
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flooding, and erosion ({R&M 1983a). Although breakup always occurs
between late April and mia-May, its duration depends on the intensity
of salar radiation, air tempera:ures, and precipitatiaon.

A pre-breakup period usually occurs by early April as snowmelt begins.
Snowmelt begins first at the lower elevations near the Susitna River
mouth and slowly works northward up the river. By late April, snow
has usually disappeared on the river south of Talkeetna and the
snowmelt is proceeding into the reach above the Susitna/Chulitna
confiuence. Tributaries to the lower river have usually broken out in
their lower elevations, and open water exists at tr2ir confluences
with the Susitna River. Increased flows from the tributaries erode
the Susitna ice cover for considerable distances downstream from their
confluences.

As water levels in the lower Susitna River begin to rise and fluctuate
with spring snowmelt and precipitation, overflow onto the ice often
pccurs.  Standing water which accumulates in depressions on the ice
cover reduces the albedo (reflectivity) of the ice surface, and open
Teads quickly appear. In the steeper gradient middle Susitna River,
the rising water level erodes the under-side of the ice cover and
portions collapse into the -~iver and drift downstream forming small
ice jams at the end of the open lead. In this way, open leads
continually become wider and longer until the ice cover is weakened
and breaks up in a dramatic drive.

The disintegration of the ice cover into individual fragments, or
floes, and the drift of these floes downstream and out of the river is
called the “breakup drive". The natural spring breakup drive is
largely associated with rapid flow Increases, due to precipitation and
snowmelt, which 1ift and fracture the ice surface., When the river
discharge becomes high enough to break and move the ice sheet, the
breakup drive begins. Its intensity is dependent upon meteorological
conditions during the pre-breakup period.
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Instream ice modeiing stuc:es indicate that operation of the Susitna
River Hyaroelectric Project would have significant effects on
downstream ice processes due to project-induced changes to winter
streamflows and temperatures {Harza-Ebasco 1984c). Winter streamflows
would be several times greater than natural and stream temperatures
would increase from 0°C to between 0.5°C and 3°C depending upon the
location downstream of the dam{s) (Univ, of Alaska, AEIDC 1985a).

With-Project Simulations, Freeze-up. The rate at which a river

produces frazil ice is dependent upon the heat transfer across the air
water interface. Therefore, the magnitude of below freezing air
temperatures and the amount of open-water surface area are important
considerations. The rate of frazil ice generation has been observed
to decrease as surface area of a river segment conveys greater
concentrations of floating slush ice. Therefore the ice discharge
from a long river segment may approach a "saturation" condition in a
relatively short distance dependent upon the air-water temperature
differential. This "saturation" condition has been observed to occur
naturally. The upper Susitna River often produces large volumes of
frazil ice and no substantial additional generation is visuaily
discernable below Cevil Lanyon (R&M 1983a).

Frazil ice generated in the VYee Canyon to Denali Highway river segment
normally drifts through the middle Susitna River and provides a
principal source of slush ice for ice cover formation on the Tower
Susitna River. The volume of ice supplied by the middle Susitna River
during freeze-up has been estimated to be approximately 80% of the
total ice supply at the Chulitna-Susitna confluence. With
construction of Watana dam and reservoir this frazil ice would be
trapped in the reservoir, unable to reach its normal destinations.
Additionally, there would be a completely ice-free zone downstream of
Watana Oam due to above 0°C reservoir outflow. With the construction
of Devil Canyon Dam the location of the zero degree isotherm would be
extended downstream, further reducing the amount of surface area
within the middle Susitna River available for frazil ice production,
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Table IV-16,

Occurrences where with-project1 maximum river stages
are higher than natural conditions (Harza-Ebasco
Susitna Joint Venture 1984c).

Watana

Watana and

2

Slough or River Only 2 Devil Canyon
Side Channel Mile Operating Operating
Whiskers 101.5 6/6 6/6
Gash Creek 112.0 6/6 5/6
6A 112.3 6/6 5/6
B8 114.1 6/6 6/6
MSII 115.5 6/6 6/6
MSII 115.9 6/6 6/6
Curry 120.0 6/6 3/6
Moose 123.5 6/6 4/6
8A West 126.1 5/6 4/6
8A East 127.1 4/6 2/6
9 129.3 4/6 2/6
9 u/s 130.6 3/6 0/6
4th July 131.8 3/6 2/6
9A 133.7 3/6 1/6
10 u/s 134.3 4/6 1/6
11 d/s 135.3 3/6 0/6
11 136.5 +/6 2/6
Notes:

1

“Case C" instream flow requirements and "inflow-matching" reservoir

release temperatures are assumed for with-project simulations.

For example, 4/6 means that 4 of the 6 with-project simulations

resulted in a higher maximum river stage than the natural
conditions for corresponding winters.

1y-74






similar to water surface elevations resulting from summer discharges
of 18,000 to 19,000 cfs (Trihey 1982). Thus, the increased stage
associated with an ice cover on the river may provide an important
driving mechanism for maintaining the upwelling in the side sloughs
throughout the winter.

However, ice processes also have regative effects on fish habitat in
side sloughs. OQuring freeze-up, staging may cause zero degree
mainstem water to enter side slougns ard negate the thermal value of
the upwelling groundwater. Juvenile fish and incubating eggs exposed
to zero degree water for extended periods are likely to suffer a high
mortality.

Ice jams during breakup commonly cause rapid and pronounced increases
in the water surface elevations of the mainstem. The water cortinues
to rise until either the ice jam releases or the water can spill out
of the mainstem into adjacent side channels or sloughs. This may
cause sections of riverbank to be eroded. Ice scars have been observed
on trees in some areas as high as 15 feet above the stream bank. The
sediment transport associated with these events can raise or Tower the
elevations of berms at the upstream end of sloughs and side channels.
Ice floes left stranded in channels and sloughs during breakup can
influence flow velocities and cause alteration of the local channe!
geometry.

As a result of project construction and operation it is expected that
only a portion of the middle Susitna River will be ice covered and
that the naturally occurring breakup drive would be effectively
eliminated. This would substantially reduce the effects of breakup on
side slough and side channel habitats. Vegetation and beaver dams may
become better established, and streambed geometry should become more
stable. The higher stages forecast for the ice covered portion of the
middle Susitna would result in more frequent and longer duration
overtopping of side slough habitats than occurs neturally. Because of
the adverse effects of zero degree water on incubating embryos and

juvenile fish, the increase in fice stage i5 generally considered
undesi -able,.
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(Wesche and Rechard 1980; Bovee 1982). However, a fourth variable,
upwelling, 1is also considered important for successful chum and
sockeye salmon spawning in the middle Susitna River (Estes and
Vincent-Lang 1984d}. Upwelling has also been identified as an
important habitat component for spawning chum salmon at other
loc.tions in Alaska {Kogl 1965; Koski 1975; Hale 1981; Wilson et al.
1981).

Of the four microhabitat variables used in the modeling processes,
upwelling is probably the most important variable influencing the
selection of redd sites by spawning chum and sockeye ' :..mon. Spawning
is commonly observed at upwelling sites in side sloughs and side
channels possessing relatively broad ranges of depths, velocities, and
substrate sizes. However, portions of these same habitats possessing
similar depths, velocities, and substrate sizes, but Tlacking
upwelling, are not used by Spawning chum or sockeye salmon (Estes and
Vincent-Lang 1984d)}. Because of this strong preference for upwelling
evident in Tield observations, a binary criterion was used for this
microhabitat variable. The habitat suitability criterion for
upwelling assumes optimal suitability for areas with upwelling and
nc1-suitability for areas without upwelling.

Streambed material size generally has an influence on the quality of
spawning habitat. The habitat suitability criteria developed by ADFAG
for chum and sockeye salmon spawning in side slough and side channel
habitats indicate that streambed materials one to five inches in
diameter provide optimal spawning substrates (Fig. ¥-4a)}. This size
range includes notably larger particles than the 1/4-to-3 inch size
range commonly cited in the literature {Hale 198l) as being most
suitable for spawning chum and sockeye salmon. The discrepancy
between the ADF&6 and Jliterature criteria may, 1in part, be
attributable to sampling procedures. However, it probably reflects
the dominant influence upwelling has on the selection o7F redd sites.
Apparently, such a small amount of good quality Spawning substrate
exists in middle Susitna River habitats that both chum and sockeye
salmon use whatever streambed material sizes are associated with the
upwallings,
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Cover is used by juvenile salmon as a means of avoiding predation and
obtaining protection from high water velocities. Instream objects,
such as submerged macrophytes, large substrate, organic debris, and
undercut banks provide both types of shelter for juvenile salmon
(Bjornn .w/1; Bustard and Narver 1975; Cederholm and Koski 1977;
Burger et al. 1982). One significant finding of the ACFiG field
studies is that juvenile chinook are apparently attracted to turbid
water for cover. Juvemile chinook were commonly found in low-velocity
turbid water {50-200 NTU} without object cover, but were rarely
observed in low-velocity, clear water (under 5 NTU) without object
cover1 (Suchanek et al. 1984). The influence of turbidity on the
distribution of juvenile chinook 1in Sside channel habitats was st
pronounced that different habitat suitability criteria for velocity
and object cover were developed by ADF&G for both clear and turbid
water conditions {Figs. ¥-12 and V-13).

These criteria curves assign optimal suitability values to velocities
between 0.05 and 0.35 fps for turbid water, and between 0.35% and
0.65 fps for clear water, Literature values typically indicate that
optimal velocities for juvenile chinook in clear water are less than
0.5 fps (Burger et al. 1982; Bechtel 1983; P. Nelson, pers. cumm.
1964). The criteria presented by both Burger et al. (1982) and
Bechtel (1983) (Fig. V-14} can be considered comparable to ADF&G's
criteria for juvenile chinook insofar as the Burger and Bechtel
criteria were developed for juvenile chinook (under 100 mm) rearing in

1 ADF&G selected 30 NTU to distinguish between clear and turbid

water conditions {Suchanek et al. 1984). This is recognized as a
reasonable preliminary threshold value. However, because of the
Timited number of data points that are available to define
juvenile chinook behavior at turbidities between 5 ang 50 NTU and
above 200 NTU, turbidity ranges will be parenthetically expressed
in gur discussion of juvenile chinook behavior in clear {under 5
NTU) and turbid (50 to 200 NTU) water conditions. Turbidity
ranges may be further defined in field studies.
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Fiqure V-14, Velocity suitability criteria for juvenile chinook in the Kenai and Chakachamna rivers,
Alaska (Burger et al. 1972 and Bechtel Civil and Minerals 1983}.












From the preceding discussion, it can be concluded that velocity and
cover are the two most important abiotic microhabitat variables
influencing juvenile chinook rearing habitat. O0f the two, cover
appr.ars more influential. Although offering no protection from
velocity, turbid water appears to provide juvenile chinook adequate
cover if velocities are less than 0.4 fps. In clear water, juveniles
generally seek concealment within interstitial spaces among streambed
particles. These interstitial spaces also provide enough protection
from velocity that juveniles are frequently found in areas possessing
velocities between 0.35 and 0,65 fps (Suchanek et al. 1984},

Based on the foregoing discussions, the clearwater cover and depth
criteria developed by AOF&G for chinook have been adopted for use in
the IFR analysis. However, the ADF&G velocity criteria for juvenile
chinook in clear water have been modified such that the optimal
velocity range extends from 0.05 to 0.65 fps rather than 0.35 to 0.65
fps (refer Fig. IV-15). As velocity increases above 0.65 fps, the
habitat suitability decreases in accord with the ADFAG clearwater
criteria.

In turbid water habitats, the ADF&G depth and turbid water velocity
criteria are applied. However, the ADFAG turbid water cover criteria
were modified by multiplying the clearwater cover suitability values
for each cover type by a turbidity factor. This turbidity factor is
the ratio between the fitted mean catch per cell in turbid and clear
water for corresponding cover categories (Table V-3},

Table V-3. Calculation of turbidity factors for determination of the
influence of turbidity on clearwater cover criteria for
juvenile chinook salmon {Suchanek et al. 1984).

Percent Number of Fish Per Cell Turbidity
Cover Clear Turbid Factor
0-5% .8 3.5 4.40
6-25% 2.4 4.2 1.80

26-50% 4.0 4.8 1.20

51-75% 5.6 5.5 1.00

76-100% 7.3 6.2 0.80
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begins in late May and extends to mid-September. Juvenile outmi-
gration occurs from May through October. A limited amount of chum
salmon spawning occurs at upwelling areas along shoreline margins in
these habitats (Barrett et al. 1984), and chinook juveniles use
low-velocity areas for rearing (Suchanek et al. 1984). Several
species of resident fish also use mainstem and side channel habitat
during both summer and winter {Sundet and Wenger 1984). The more
important species appear to be rainbow trout, Arctic grayling, and
burbat.

Side sloughs provide important spawning, rearing, and overwintering
habitat. One prominent physical characteristic of this habitat type
is the influence of upwelling groundwater, which maintains clear water
flow in these habitats during periods of low summer mainstem discharge
and open leads during winter. Approximately half of the chum salmon
(5,000) and all of the sockeye salmon (1,500) that spawn in the middle
Susitna River do so in side slough habitats (Barrett et al. 1984).
Most chum and sockeye spawning activity occurs between mid-August and
mid-September. Upwelling attracts spawning salmon and provides
incubation conditions that result in high survival rates (Vining et
al. 1985). Fry begin to emerge in April, and rear near these natal
spawning areas until June (AOF&G, Su Hydro 1983e). Chum fry out-
migrate to marine habitats during June and early July. Juvenile
chinook enter side slough habitats in August and overwinter until Jate
spring, when they begin their outmigration to marine habitats.

Upland sloughs provide summer rearing and overwinter habitat for
juvenile coho and chinook salmon (Ougan et al. 1984). Sockeye
juveniles generally move into upland sloughs during June, but many
leave prior to the onset of freeze-up. A limited amount of spawning
by chum salmon also occurs in this habitat type (Hoffman 1985; Barrett
et al., 1984). Tributary mouths provide a small amount of spawning,
rearing and overwintering habitat. Small numbers of pink, chum, and
chinook salmon have been observed spawning in tributary mouth habitats
(Barrett et al. 1984) and juvenile chinook and coho salmon may be
found in these habitats throughout the year {Dugan et al, 1984},

vi-4

AT EEEEENEEEEEEES G















| B B B B B B N N N BN NNBNNN§N|

surface elevatins during September limit spawning habitat quality in
some mainstem upwelling areas. Mainstem and side channel habitats are
are generally limited by velocity, except in ijsolated backwater
locations along streambank margins. These locations usually possess
low quality spawning substrates because of their tendency to
accumulate relatively deep deposits of fine sediments.

txclusive of the major clearwater tributaries, spawning most fre-
quently occurs in side slough habitats where upwelling is prevalent
and other physical habitat conditions are suitable, Naturally
occurring velocities seldom 1imit spawning in side slough habitats.
However, side slough habitats are often 1imited by shallow depths, and
poor gquality streambed composition. Shallow depths also cause passage
probTems which inhibit spawning salmon from using upwelling areas in
upstream portions of the side sloughs. Periodic short-term increases
in slough flow are important for improving passage conditions (Trihey
1982; Estes and Vincent-Lang 1984c), These increases are principally
caused by overtopping events or by rainfall runoff.

Both incubation and overwintering are adversely influenced by
naturally occurring cold water temperatures, river ice, and low
streamflows (refer Table VI-2, Part B and Part C}. The presence of
upwelling groundwater creates favorable incubation conditions in
slough habitats and resulted in egg-to-fry survival rates up to 35
percent in 1983-1984 (Vining et al. 1985). Pools within the sloughs
generally provide adequate depth and water temperatures for juvenile
fish to overwinter. At times, side sloughs are overtopped during
winter as a result of the mainstem ice cover formation ({(refer
Section IV). The influx of cold mainstem water into side slough
habitats may reduce intragravel water temperatures and adversely
affect incubation rates and embryo growth., Overtopping also adversely
affects overwintering fish,

The aaverse influence of cold water temperatures is most pronounced in

mainstem and side channel habitats where near 0°C water temperatures
exist Tor approximately seven months, Upwelling exists in mainstem
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and side channel areas but its thermal value is sianificantly reduced
due to the large volumes of 0°C water in these chanmnels. Shorefast
and slush ice form along channel margins fiiling low-velocity areas,
where fish might otherwise overwinter, with ice. Mid-channel
velocities generally exceed thase considered suitable for over-
wintering habitat, In addition large voiumes of anchor ice and a
thick ice cover (4-6 ft} form over mainstem and side channel habitats
{R&M 1983a).

Much of the main channel and side channel surface areas possess high
velocities and suspended sediment concentrations which are not
suitable for small fish (refer Table VI-2, Part D). In portions of
thesa habitats where streambed materiais are large enough to provice
juvenile fish refuge from high velocities, interstitial spaces are
generally filled by densely packed glacial silts and sand, thereby
preventing fish from burrowing into the streambed. Rearing areas
associated with mainstem and side channel habitats are typically
located in low velocity areas along the shoreline margin, or in
backwater areas. Shoreline gradients are often mild, hence seasonal
variations of streamflow can cause large changes in wetted surface
area (Klinger-Kingsley 1985).

Although turbidity has some value to juvenile chinook for cover
{Suchanek et al. 1984) high turbidity also limits light penetration
and reduces primary production levels in mainstem and side channel
habitats. Low primary production levels result in a low aquatic food
base for rearing fish. Thus, turbidity has both peneficial and detri-
mental effects on rearing habitats in the middle Susitna River, Side
sloughs and side channels that fluctuate between clear and turbid
water habitats in response to streamflow variations, appear to provide
better conditions for primary and secondary production than areas that
remain turbid throughout summer. While the area is clear, primary
production rates would be high, stimutating production of benthic
prey. lUnder higher turbidities, the young chinook could move into
these areas and feed without unduly exposing themselves to predation.
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However, if these areas remain turbid continuously, aquatic food
production would likely be reduced.

The most important variables affecting fish habitat in the middle
Susitna River are streamflow, upwelling, temperature, turbidity, and
suspended sediment. Streamflow and upwelling are most influential for
determining habitat availability, where as temperature, suspended
sediment, and turbidity are the primary regulators of habitat quality.
The relative importance of these habitat variables changes with the
season, species, life stage and habitat type being considered. The
habitat index values (column totals) appearing in Table ¥I-2 are
listed in Table VI-3 to identify the evaluation periods and habitat
types most limited by natural conditions.

Table VI-3. Summary of habitat and evaluation period indices for
the middle Susitna River as derived in Table VI-2Z,

Evaluation
Evaluation Side Side  Upland Tributary Periced |
Period Mainstem Channel Slough Siough Mouth  Index -

Spawning -6 -3 +5 +1 +3 0
Incubation -9 ~7 +7 +4 -2 -7
Qverwintering -9 -9 +7 +3 +1 -7
Summer Rearing -6 -4 +5 +2 0 -3
Habitat Index® -30 23 +24 +10 +2

1 Rowi total

2 Column total
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The information summarized in Table ¥I-3 reflects the detrimental
influences of high mainstem discharges and sediment concentrations
during summer and of low streamflows and stream temperatures during
winter. Review of the habitat- and evaluation period indices in
Table VI-3 indicate that the most stressful period of the year for
fish occurs during fall and winter. Naturally occurring physical
habitat conditions are least 1imiting to spawning and most limiting to
incubation and overwintering, It is alse evident that mainstem and
side channel habitats are more adversely effected by the natural
streamflow, stream temperature and sediment regimes of the Susitna
River than are slough and tributary mouth habitats.
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et al. 1977). At present, project-induced changes in natural tur-
bidity levels are not sufficiently understood to forecast the net
effect of project altered turbidities on food production and fish
habitat in the middle Susitna River. However, work is under way which
shoula improve the level of understanding by early 1986.

Temperature and Ice Processes

Downstream water temperature would be altered by impounding the
natural flow of the Susitna River. The reservoirs will attenuate the
annual variation in stream temperature by storing heat energy during
spring for redistribution during fall and winter. With-project
mainstem water temperatures are expected to be cooler during summer
and warmer during fall and early winter. Mid summer and mid winter
stream temperatures are not expected to change appreciably from
natural {Univ. of Alaska, AEIDC 1984). Alvernative muiti level intake
designs and operating criteria can provide only a moderate degree of
control over mainstem water temp.ratures because of the overriding
influence of air temperature (APA 1984a).

Dewatering and freezing of streambeds and a prolonged period of near
z2ero degree water temperature appear to be the most critical habitat
conditions affecting natural fish populations in the middie Susitna
River (refer Table ¥I-2). An increase in mainstem water temperature
over natural stream temperatures during fall and early winter would
extend the period of biologic activity, delay the onset of winter ice
processes and possibly improve overwinter survival in the affected
habitats. Were water temperatures sufficient to prevent formation of
an ice cover, it is expected that terrestrial vegetation would become
better established along shorelines and on partially vegetated gravel
bars. This change would improve streambank stability and provide fish
greater access to streambank cover and terrestrial insects. Lack of
an ice cover would also preclude staging, thereby reducing the
frequency at which side slough habitats are overtopped during winter.
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Streamf 1ow

Streamflow is the primary driving variable which either directly or
indirectly effects all aquatic habitat variables (Fig. VI-2). In the
middle Susitna River, different aspects of streamflow are important at
different times of the year and to different habitat types. Mainstem
water surface elevations and site specific depths are of greatest
concern in side channe! and slough areas where the highest degrees of
habitat utilization have been observed (ADF&G, Su Hydro 1983e). These
habitats are the most vulnerable to dewatering by abnormally low
summer streamflows (Klinger-Kingsley 1985} ar to overtopping during
winter because of abnormally high discharges and enhanced river ice
conditions {Harza-Ebasco 1985d).

velocity appears to be of secondary or tertiary fimportance depending
upon the species and habitat type being evaluated. Habitat response
curves {Section ¥} for both spawning and rearing fish in side slough
and side channel habitats are more significantly influenced by
increases in depth resulting from overtopping (a water surface
elevation phenomena), than by site specific velocity conditions.
Analyses of hydraulic conditions in shoreline margins of the mainstem
and large side channels (Williams 1985} indicate that flow velocity
often suppresses rearing conditions for juvenile salmon. Shoreline
margins are usually devoid of cover objects and stream channel and
streambank gradients are ofter. too steep to provide any significant
change fn the amount of wetted surface area possessing suitable
rearing velocities unless mainstem discharge was reduced to the range
of 5,000 cfs.

Project operation could provide a considerable degree of control over
the magnitude and variability of streamflows in the middle Susitna
River (Harza-Ebasco 1984g). During the open water season, streamf]ow
could be regulated to provide relatively stable depths and velocities
in side channel and sloujh bhabitats, or could be intentionally
fluctuated during early summer to flush undesirable sediments from the
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streambed. Streamflow fluctuations during late summer and fall coula
assist adult salmon gain access to 'side slough spawning habitats.
However, persistant cyclic fluctuations (such as those associated with
hydropower peaking) would likely be detrimental to fish and fisn food
organisms in mainstem and side channel habitats. During winter,
higher than natural, but stable, streamflows would likely improve
habitat conditions in mainstem and side channel habitats presently
influenced by river ice or dewatering and freezing. Higher than
natural water flow would contribute to improved upwelling in the side
stoughs which would likely benefit incubation and overwintering
conditions. However, if mainstem water surface elevations associated
with higher winter streamflows were sufficient to cause recurrent
mid-winter overtopping of slough habitats the inflow of cold mainstem
water would adversely affect incubation and overwintering conditions
in the side sloughs.

Fish Habitats

The relative degree of influence that with-project physical habitat
variables might exert on the suitability of aguatic habitats in the
middle Susitna River is summarized by Table VI-4. These subjective
index values are based upon the assumption that the with-project
physical habitat conditions implied by precading discussions do occur:
sediment transport rates are expected to be significantly reduced,
turbidities decreased in summer and increased during winter, stream
temperatures increased during winter, and ice processes moderated
upstream from RM 125. In addition it 1is assumed that streamflows
would be in the range of 12,000 to 14,000 c¢fs during summer and 8,000
or 9,000 cfs during winter.

The index values in Table VI-4 may be used to evaluate the relative
degree of influence with-project physical habitat variatles might
exert on each of the habitat types at (ifferent times of the year.
These indices do not reflect the important synergistic influence or
biologic processes on hatitat quality and therefore, do not
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