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surface elevatins during September 1limit spawning habitat quality in
some mainstem upwelling areas. Mainstem and side channel habitats are
are generally limited by velocity, except in isolated backwater
Tocations along streambank margins. These locations usually possess
low quality spawning substrates because of their tendency to
accumulate relatively deep deposits of fine sediments.

Exclusive 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 limit spawning in side slough habitats.
However, side slough habitats are often limited by shallow depths, and
poor quality streambed composition. Shallow depths also cause passage
problems 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 Tow
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 adverse influence of cold water temperatures is most pronounced in

mainstem and side channel habitats where near 0°C water temperatures
exist for approximately seven montns. Upwelling exists in mainstem
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and side channel areas but its thermal value is significantly reduced
due to the large volumes of 0°C water in these channels. Shorefast
and slush ice form along channel margins filling low-velocity areas,
where fish might otherwise overwinter, with ice. Mid-channel
velocities generally exceed those considered suitable for over-
wintering habitat. In addition large volumes 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
these habitats where streambed materials 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, stimulating precduction of benthic
prey. Under 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 VI-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-2.

Evaluation
Evaluation Side Side  Upland Tributary Period .
Period Mainstem Channel Slough Slough Mouth  Index -
Spawning -6 -3 +5 +1 +3 0
Incubation -9 -7 %7 +4 -2 -7
Overwintering -9 -9 +7 +3 +1 -7
Summer Rearing -6 -4 +5 +2 0 -3

Habitat Index -30 223 424 410 +2

1 Row total

2 Column total
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The information summarized in Table VI-3 reflects the detrimental
influences of high mainstem discharges and sediment concentrations
during summer and of Tow 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 limiting to spawning and most limiting to
incubation and overwintering. It is also 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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Influence of Project Design and Operation on

Downstream Physical Processes and Fish Habitats

Construction and operation of the proposed Susitna Project would alter
the natural streamflow, sediment, and thermal regimes of the middle
Susitna River. These changes would affect, to varying degrees,
instream hydraulic conditions, turbidity, ice processes, streambed
composition, upwelling, and stream channel geometry, all of which
influence the availability and quality of fish habitat. Using this
opportunity to: (1) improve incubation and overwinter conditions,
(2) reduce high summer streamflows and sediment concentrations, and
(3) maintain or improve existing clearwater spawning and rearing
habitats appea~s to be a reasonable goal when establishing instream-
flow requirements for the middle Susitna River. However, attainment
of this goal depends upon understanding the degree of control alterna-
tive design and/or operation criteria might exert on downstream
physical processes and habitat variables.

Some project-induced changes, such as to the natural sediment and
turbidity regimes, are inherent with project construction and offer a
very limited opportunity to be influenced by project design or opera-
tion. Other project-induced changes, such as to the natural stream-
flow and stream temperature regimes are also inherent, but these
changes may be moderated or controlled through project design or
operation. Understanding the degree of control project design and
operation might have over changes to natural processes and physical
habitat variables can provide an effective means of developing
measures to avoid or minimize negative effects and maximize beneficial
effects project operation on downstream fish habitats.

Alternative design considerations and operating policies will afford
varying degrees of control over the natural streamflow, stream
temperature and sediment regimes of the river. Based on information
provided in Section IV and other project reports, the degree of
control over aquatic habitat variables afforded by alternative design

VI-13



or operating criteria can be ranked in ascending order of effective-
ness according to: (1) control over downstream sediment concen-
trations and turbidities, (2) control over the magnitude and
variability downstream temperatures and ice processes and (3) control
over downstream flow. Each of these topics are discussed separately
below.

Sediment and Turbidity

The 8.6 million acre-foot impoundment behind Watana dam will trap
the sand and larger sediments currently being transported from
upstream sources (R&M Consultants 1982d; Harza-Ebasco 1984e). This
reduction in sediment load is expected to result in sone degradation
of the main channel downstream from the reservoirs (Harza-Ebasco
1985e). A general coarsening of streambed materials should occur
within the middle Susitna River as sand and other fine sediments are
eroded from the streambed and transported downstream.

However, not all suspended sediment wculd settle out in Watana
Reservoir. Very fine sediments (< 5 microns) are expected to remain
in suspension throughou: the year, causing streamflows downstream of
Watana Reservoir to change from highly turbid in summer and clear in
winter to moderately-turbid throughout he year (Peratrovich et al.
1982; Harza-Ebasco 1984e).

Alternative design or operating criteria for Watana or Devil Canyon
Dams affords a very limited degree of control over downstream
suspended sediment concentrations and turbidities. Both these habitat
variables are far more influenced by reservoir size and retention
time, and particle size and light refraction than by the manner in
which the dams would be operated. The reduction in mid-summer
suspended sediment concentrations is expected to have an
unquantifiable but beneficial influence on habitat conditions for
aquatic insects and immature fish. Both have been found to respond
favorably to reduced sediment transport rates in other systems (Bjornn
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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). Alternative multi 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
zero degree water temperature appear to be the most critical habitat
conditions affecting natural fish populations in the middle Susitna
River (refer Table VI-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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Streamflow

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 channel 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) or 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 importance depending
upon the species and habitat type being evaluated. Habitat response
curves (Section V) 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 in 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, streamflow
could be regulated to provide relatively stable depths and velocities
in side channel and slough habitats, or could be intentionally
fluctuated during early summer to flush undesirable sediments from the
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streambed. Streamfiow fluctuations during late summer and fall coula
assist adult salmon gain access to 'side slough spawning habitats.
However, persistent 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 1likely 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
sloughs which would 1likely 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 aquatic 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 preceding 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 is assumed that streamflows
would be in the range of 12,000 to 14,000 cfs 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 variables might
exert on each of the habitat types at different times of the year.
These indices do not reflect the important synergistic influence or
biologic processes on habitat quality and therefore, do not
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Table Vi-4. Relative degrees1

of influence that estimated with-project physical habitat variables

might have on the suitability of middie Susitna River habitat types during the four
evaluation periods.

Habitat, Side Side Upland Tributary
Variable Mainstem Channel Slough Slough Mouth
PART A: Spawning (August 12 - September 15)
Mainstem flow =1 3 +1 0 +2
Uprielling +2 +3 +2 +2 +2
Substrate composition -1 +1 +1 -2 +2
Suspended sediment 0 n 0 0 0
Turbidity 0 0 0 0 o
Water Temperature 0 0 0 0 0
Habitat Index 0 +5 +4 0 +5
PART B: Incubation (August 12 - March 24)
Mainstem flow +1 +1 +2 0 TS
Upwelling +1 +2Z +3 +3 +1
Substrate composition =1 -1 +1 -1 +1
Suspended sediment 0 0 0 0 o]
Turbidity 0 0 o} 0 0
Water temperature =1 =1 +2 +2 -1
lce processes =1 -1 -1 0 -1
Habitat Index =1 0 +7 +i 1
PART C: Overwintering (September 16 - Mav 19)
Mainstem flow +1 +1 +2 0 =
Upwelling +1 +2 +2 +2 +1
Substrate composition +1 +2 +Z -1 +2
Suspended sediment 0 0 0 0 0
Turbidity +1 +1 0 0 0
Water temperature -1 -1 +2 +2 -1
lce processes -1 -1 -1 = <1
Habitat Index +2 +4 +7 +2 +2
PART D: Summer Rearing (May 20 - September 15)
Mainstem flow vl +2 +2 +2
Upwelling 0 0 +1 +1 0
Substrate composition +1 +1 +2 +1 +2
Suspended sediment 0 0 0 0 0
Turbidity +2 +2 0 0 0
Water temperature 0 0 9 0 0
Habitat |ndex +5 +5 +5 +2 +4

' Evaluation scale

+3  extremely beneficial

+2
+1

0
=1
-2
<3

Anticipated with=project
information contained in

moderately beneficial
slightly beneficial
no effect

slightly detrimental
moderately detrimental
extremeiy detrimental
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necessarily define any particular increase or decrease in fish
populations.

However, were the proposed project designed and operated with the
intent of ameliorating the more stressful naturally occurring physical
habitat conditions, a considerable degree of improvement appears to be
attainable in mainstem and side channel areas (Table VI-5). Throughn
project-induced reductions of high summer streamflows and sediment
transport rates, and an increase in winter streamflow and tempera-
tures, a considerable degree of improvement in both summer and winter
physical habitat conditions appears to be attainable. The successful
completion of IFR Volume 2 and the Comparisons Process will provide
the necessary technical information to define the most practical
streamflow and stream temperature regimes for attaining the beneficial
physical habitat conditions implied by the habitat and evaluation
period indices in Table VI-5.

Table VI-5, Comparison between habitat and evaluation period indice. for natural (N)
and with-project (P) conditions.

Evaluation

Evaluation Side Side Upland Tributary Period

Pericds Mainstem Channel Slougn Slough Mouth |ndex

N P N P N P N P N P N P

Spawning -6 0 =% +5 +5 +4 +1 0 +3 +6 0 +15
Incubation -y =1 -7 0 +7 +7 +4 4 -2 +1 -7 +11
Overwinter -9 +2 =9 +4 +7 +7 +3 +2 +1 +2 -7 +15
Summer Rearing -6 +5 -4 +5 +5 +5 +2 +2 ) +4 =3

Habitat Index? =30 +6 =23 +14 426 +21 +10 +8 +2 +13

L Row total

2

Column total
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