





































































































































































































































































































































































































































































































































































































1984a). Sockeye fry rear in upland slough habitats throughout the
summer, but most leave the middle Susitna River prior to freezeup
(ADF&G 1984c).

Tributary mouth habitats provide important areas for spawning, rearing
and overwintering. Pink, chum, and chinook salmon have been observed
spawning in tributary mouth habitats in mid-August (ADF&G 1984a).
Juvenile chinook and coho salmon occupy these habitats for both
rearing and overwintering (ADF&G 1984c).

Evaluation Periods and Species

Both the biological activities and the physical processes vary season-
ally. In order to integrate the physical processes and biological
activities in the evaluation of seasonal changes in habitat, the year
was divided into four segments. The four segments were established on
the basis of timing of the four principal life stages of the fresh-
water residency of salmon: Spawning, incubation, overwintering, and
summer rearing (Figure VI-1). Althcugh these periods overlap, the
habitats occupied by overlapping 1ife stages and the physical require-
ments differ sufficiently to warrant separate analyses. To facilitate
the analysis of the effects of streamflow on habitat, the biological
activities were defined in water weeks (Table VI-1). Water weeks
begin October 1 and consist of 51 consecutive 7-day periods. The
fifty-second week (September 23-30) contains eight days, and
February 29 is omitted.

Table VI-1. Abbreviated phenology chart.

Species Life stage Activity period Water Weeks

Chum Spawning August 12 to September 15 45 through 50
Chum Incubation August 12 to March 24 45 through 25
Chinook Overwintering September 16 to May 19 51 through 33
Chinook Summer rearing May 20 to September 15 34 through 50

Seasonal habitat requirements are species- and life stage-specific.
Evaluation species have been selected on the basis of their importance
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to commercial and sport fisheries, and the potential of project
construction and operation substantially altering on their existing
habitat. The primary evaluation species and life stages for natural
conditions are chum salmon spawning and incubation, and juvenile
chinook salmon rearing (Refer: Section III). These species and life
stages were selected because they greatly depend on slough and side
channel habitats that will »e significantly altered by project opera-
tion (APA 1983).

Relative Ranking of Existing Physical Habitat Components

Spawning and incubation are associated with fixed boundary habitat
conditions, while rearing and overwintering generally occur under
variable boundary conditions. Fixed boundary conditions are more
closely associated with localized structural features of the channel
(such as substrate or upwelling), whereas variable boundary habitats
are more strongly influenced by transient hydraulic conditions within
the channel, such as depth, velocity and turbidity. Both the quality
and location of variable boundary habitats respond to changes in
streamflow, while only the quality of fixed boundary habitats respond.

Availability of spawning and incubation habitat appears Tlimited
throughout the middle Susitna River. Table VI-2 summarizes the
results of subjectively applying the IFR model introduced in Section
II and the technical information presented in Sections III through V.
This table is intended to summarize the relative degree of influence
physical habitat components exert on middle river habitats for the
evaluation periods identified. These subjectively derived indices are
later compiled in Table VI-3 to indicate the habitat types and species
life phases most limited by existing conditions.

The presence of upwelling water is the most important microhabitat
variable influencing the selection of spawning areas by chum salmon
and it significantly affects egg-to-fry survival rates(ADF&G 1984c,
1984b). Table VI-2, Parts A and B summarize the influences of
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Table VI-2. Evaluation of the relative degree1 of influence physical habitat components exert on the
suitability of middle Susitna River habitat types.

Habitat Side Side Upland Tributary
Parameters Mainstem Channel Slough Slough Mouth
PART A Spawning (August 12 - September 15)

MaTnstem flow -3 =2 +2 . [4] =1
Upwelling +3 +3 +3 +3 +3
Substrate composition -3 -2 +1 -2 +2
Suspended sediment -1 -1 0 0 0
Turbidity 0 0 0 0 0
Water Chemistry 0 0 0 0 0
Water Temperature 0 0 0 0 0
Index value -4 =2 +6 +1 +4
PART B Incubation (August 12 - March 24)
Mainstem flow -3 -2 +2 0 -1
Upwelling +1 +2 +3 +3 +2
Substrate composition -1 -1 +1 -1 +1
Suspended sediment -1 -1 0 0 0
Turbidity 0 0 0 0 0
Water chemistry 0 0 0 0 0
Water temperature -3 -3 +2 +2 -2
Ice processes -2 -2 -1 0 -2
Index value -9 -7 +7 +4 =2
PART C Overwintering (September 16 - May 19)
Mainstem flow -2 -3 +Z +Z +1
Upwelling +1 +1 +3 +2 +1
Substrate composition -2 -2 +2 -1 +2
Suspended sediment 0 0 0 0 0
Turbidity 0 0 0 0 0
Food availability 0 0 0 0 0
Water chemistry 0 0 0 0 0
Water temperature -3 -2 +2 +2 +1
Ice processes -2 -3 -1 0 -2
Index value -7 =9 +8 +5 +3
PART D Summer Rearing (May 20 - September 15)
Mainstem flow =3 =2 +2 +3 —g
Upwelling 0 +1 +2 +2 +1
Substrate composition -2 -2 +2 +1 +2
Suspended sediment -3 *2 o | 0 0
Turbidity +1 +1 +1 +2 +2
Food availability -2 -2 +2 +2 +3
Water chemistry 0 0 0 0 0
Water temperature 0 0 -1 0 0
Index value -9 -6 +7 +10 +6

1 Evaluation scale

+3 extremely beneficial
+2  moderately beneficial
+1  slightly beneficial
0 no effect
-1 slightly detrimental
-2 moderately detrimental
-3 extremely detrimental
Typical conditions for the habitat type during the season evaluated.
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existing physical habitat components on spawning and incubation in
each habitat type. Use of mainstem habitats by spawning chum salmon
is limited by several factors. Velocities between 5 and 9 fps (Harza-
Ebasco 1984e) preclude spawning in many mainstem areas, and substrates
are generally large and well-cemented with silts and sands (R&M
Consultants 1982e, ADF&G 1983b). Upwelling areas within side channels
are used by spawning salmon, but only to a limited degree. Side
channel habitats generally have low quality substrate, and are also
limited by velocity except in isolated locations along streambank
margins. During the spawning season mainstem discharge is usually
adequate to provide adult spawners access to upwelling areas in side
channel habitats (Harza-Ebasco 1984f, Klinger and Trihey 1984).
Exclusive of the major clear water tributaries, spawning most fre-
quently occurs in side slough habitats where upwelling is prevalent
and other physical habitat conditions are suitable (ADF&G a and d).
Naturally occurring velocities seldom limit spawning conditions in
side slough habitats. However, side slough habitats are often limited
by shallow depths, and spawning salmon must utilize the available
substrate. Shallow slough flows cause passage problems which some-
times inhibit spawning salmon from using upstream reaches, and reduce
the quality of accessible upwelling areas. Breaching flows, which
appear to be important for passage and the short term improvement of
spawning, frequently occur in side sloughs (Section V).

Both incubation and overwintering are adversely influenced by
naturally occurring cold water temperatures, winter ice and Tow
streamflows (Table VI-2, Part B and Part C). The presence of
upwelling groundwater throughout winter (Trihey 1982, ADF&G 1983a),
creates favorable incubation conditions in slough habitats and
resulted in egg-to-fry survival rates up to 35 percent in 1983-1984
(ADF&G 1984b). Many sloughs have ice-free areas but ice covers do
form over deeper pools and at the slough mouths. In winter pool
habitats in sloughs generally provide adequate depth and water temper-
atures where small fish occupy interstitial spaces between the larger
substrate materials.
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At times sloughs are overtopped by mainstem flows during winter.
These overtopping events are caused by ice cover formation (see
Section IV). The influx of cold mainstem water into side slough
habitats reduces intragravel water temperatures and adversely affects
incubation rates and embryo growth. Overtopping events also adversely
affect overwintering habitat as water temperatures drop to near 0°C.
Anchor ice may form on the streambed, freezing embryos and small fish.
Such overtopping events do not appear to be common under natural
conditions at the most productive slough habitats.

The influence of cold water temperatures is most adverse in mainstem
and side channel habitats where near 0°C water temperatures exist for
approximately seven months. In addition, a thick ice cover (4-6 ft)
forms over these habitats during winter (R&M Consultants 1983). The
formation and break-up appear to have substantial detrimental effects.
Shorefast and slush ice form along channel margins filling Tow-
velocity areas, where fish might otherwise overwinter, with ice.
Upwelling exists in mainstem and side channel areas but its thermal
value is significantly reduced due to the large volume of 0°C water in
these channels. Velocities in much of the mainstem are excessive for
overwintering habitat since fish would have to expend energy to
maintain position. Portions of mainstem and side channel habitats
possessing large bed elements that would provide velocity barriers
generally have interstitial spaces filled with densely packed glacial
silts and sand; thereby preventing small fish from burrowing into the
streambed.

During summer chinook juveniles rear in tributary and tributary mouth
habitats, side channels, side sloughs. Most rearing fish were cap-
tured in tributary habitats; side channels had the next highest
abundance (ADF&G 1984c). Many of the main channel and large side
channels contain areas with high velocities and high suspended sedi-
ments not suitable for small fish (Table VI-2, Part D). Although
turbidity is used by juvenile chinook for cover, high turbidity also
limits 1ight penetration and reduces primary production levels in
these habitats. Low primary production results in a low aquatic food
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base for rearing fish. Turbidity thus has both beneficial and detri-
mental effects on rearing habitat. Side channel habitats that
fluctuate between clear and turbid in response to streamflow vari-
ations, or that have a clear water input, would appear to provide
better rearing habitats than areas that remain turbid throughout
summer. While the area is clear, primary production rates would be
high, stimulating production of benthic prey items. Under higher
turbidities, the young chinook could move into these areas and feed
without unduly exposing themselves to predation. However, if rearing
areas remain turbid continuously, aquatic food production would likely
be reduced. Turbid areas with clear water inflow would also provide
rearing habitat. Food production occurring in clearwater areas would
be transported into turbid side channels with better cover.

Substrate in many mainstem and side channels has glacial fines filling
interstitial spaces reducing cover value of large substrate. Rearing
areas in mainstem and side channel habitats are located in low-
velocity areas along the lateral margins, in backwater areas, or
behind velocity barriers. Depths of less than 2 ft are most commonly
associated with low-gradient reaches. In these areas, streamflow
fluctuations can cause large changes in wetted area. Low-velocity
areas generally increase as discharge decreases.

In contrast to mainstem and side channel habitats, clearwater habitats
such as side sloughs and upland sloughs, provide a higher quality food
base and physical environment for juvenile fish, if sufficient cover
is present. Although the water temperatures in most of the channel
are generally lower (10°C) than optimum (12-14°C), they are suitable
(AEIDC 1984). Unless the slough is overtopped and conveying mainstem
water, velocities in most of the channel are generally within the
tolerance range for juvenile fish.

Under natural streamflow, stream temperature, and water quality, the
most stressful period for fish within the middle Susitna River appears
to occur during winter (Table VI-3). High streamflows, suspended
sediment concentrations and turbidities during summer appear to have a
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Table VI-3. Tabulation of habitat and evaluation period indices for the middle

Susitna River.

Evaluation
Side Side Upland Tributary Period
Period Mainstem Channel Slough Slough Mouth Index

Spawning -41 -2 +6 +1 +4 +52
Incubation -9 -7 +7 +4 -2 -7
Overwintering -7 - =9 +8 +5 *3 0
Summer Rearing -9 -6 +7 +10 +6 +8
Habitat Index -29° -24 +28 +20 +11

1 Index value from Table VI-2

2 Index values totaled from left to right

3 Column total
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significant adverse influence on mainstem and side channel habitats
when compared to adjacent clearwater habitats. The limited amount
(surface area) of spawning habitat that exists in five side sloughs
(21, 11, 9, 9A and 8A) accounts for approximately 95 percent of the
sockeye, and 75 percent of the chum salmon spawning in non-tributary
habitats within the middle Susitna River. Therefore, improvement of
incubation/overwintering; reduction of high summer streaiflows,
suspended sediment concentrations and turbidities; and maintenance or
enhancement of existing clearwater spawning habitats appear to be
three reasonable goals to pursue when establishing instream flow
requirements for the middle Susitna River.

Inherent Project Influences on Existing Physical Processes

The most notable project induced changes in the middle river segment
will be alteration of natural streamflow, stream temperature and
sediment transport regimens (Figure VI-2). These anticipated changes
in turn cause changes on stream channel stability, upwelling, tur-
bidity, and winter ice. Understanding project induced changes in
these habitat components and degree of control associated with project
operations will provide a basis for estimating the potential habitat
for spawning, rearing, and overwintering in the middle Susitna River.
Some changes in habitat components are inherent in construction and
operation of the project. Others we can choose or influence through
operation, facility design or location.

With-project summer streamflows are expected to be approximately one
half naturally occurring average monthly values whereas winter flows
are estimated to increase five fold (APA 1983). Overall there will be
less variability in the annual flow cycle and a marked reduction in
flood peaks, resulting in more stable middle Susitna River flows.
Since mid-summer streamflows will be lower and winter flows higher, a
notable difference will exist regarding site specific hydraulic
conditions in peripheral habitats. Many areas will be dewatered that
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presently convey streamflow during summer whereas the opposite trend
will prevail during winter. Mid-channel areas will also experience a
change in hydraulics that will affect the amount and quality of fish
habitat relative to present levels.

The 8.6 million acre-foot impoundment behind the proposed Watana dam
will effectively trap nearly all the sand and larger size materials
currently being transported downstream from upstream sources (R&M
1982f, Harza-Ebasco 1984a).

Detention time for Watana Reservoir is estimated to be 1.6 years (APA
1983) thus downstream water quality will be affected by 1imnological
processes occurring in the reservoirs. The Watana reservoir will
contain turbid glacier melt water throughout the year. Downstream
flows are expected to change from highly turbid in summer and clear in
winter to moderately turbid all year (Peratovich et al. 1982).

Downstream temperature is also expected to be altered by the large
impoundments. The rese}voirs will attenuate existing mid-summer
stream temperatures and store solar energy during summer for redistri-
bution during fall and winter months. This will promote warmer stream
temperatures in the fall and winter, probably delaying freeze-up
(AEIDC 1984b, Harza-Ebasco 1984c).

Anticipated instream water quality and temperature are important to
flow negotiations in that with-project conditions may either alter or
provide mitigative opportunities being considered. Although it is
necessary to evaluate the influence of project design and operation on
with-project water quality and temperature, it must be recognized that
certain unavoidable conditions (project effects) may exist over which
project design and operation have limited control.

However, in many situations design and operation of the proposed

Susitna project will afford varying degrees of control over the
streamflow, stream temperatures and water quality of the middle
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Susitna River. The degree of control that might exist over these
macrohabitat conditions will in turn influence other important habitat
components at the microhabitat level (Figure VI-3).

Control over with-Project Relationships

The degree of control that project design and operation can exert over
macrohabitat conditions in the middle Susitna River is strongly
influenced by basic laws of physics governing energy transfer and the
seasonal changes in air temperature. The influence of mainstem
discharge, temperature and water quality on middle Susitna River fish
habitat is also highly dependent upon the location of affected habi-
tats with respect to the dam site(s) and the mainstem channel. The
further downstream from the project, the less influence project
operation has on streamflow (Harza-Ebasco 1984f), stream temperature
(AEIDC 1984b), and water quality. It is also evident that aquatic
habitats peripheral to the mainstem are most sensitive to dewatering
by variations in mainstem discharge (EWT&A 1984, ADF&G 1984d) whereas
habitats directly associated with the mainstem are most significantly
influenced by variations in mainstem temperature and water quality
(ADF&G 1982b).

Therefore the nature and degree of change that may be intentionally
caused by project design and operation is bounded by watershed charac-
teristics and physical laws of science as well as project economics.
Some unavoidable effects of project construction may be beneficial to
middle Susitna River fish habitats. Most notably is the entrapment of
nearly all suspended sediment currently being transported by the
middle Susitna River. Reduction in mid-summer suspended sediment
concentrations is expected to result in more hospitable habitat
conditions for invertebrates and immature fish that typically inhabit
streambed materials. Associated with the reduction in suspended
sediments will likely be a reduction in mid-summer turbidities, which
may improve the depth of light penetration and stimulate algal growth
on a more stable and coarse graded streambed.
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Mainstem turbidities are also expected to remain higher than natural
throughout winter. At present it is not known whether project design
or operation could significantly control downstream turbidities, nor
has the effect of the project induced change in natural turbidity
levels been estimated. However, overwintering fish are thought to
primarily use low velocity lateral habitats, such as sloughs, slough
mouths or tributary mouths. It is likely that the high winter flows
will increase upwelling and thus may increase the amount of clear-
water, low velocity habitat in the winter. The actual gain in habi-
tat, if any, would depend on the upstream extent of the ice front and
the effects of staging on slough habitats.

With-project stream temperatures are expected to be cooler in summer
and warmer in winter. Project design and operation can exert a
moderate degree of control over mainstem water temperatures (AEIDC
1984). Winter is the most important season in which to evaluate the
degree of control which project design and operation has over middle
Susitna River temperatures is winter. Cold stream temperatures and.
associated ice processes appear to be the most limifing habitat
component for existing fish populations (Table VI-2). The increase of
stream temperatures throughout winter would 1likely improve over-
wintering in mainstem and side channel habitats. Groundwater tempera-
tures in slough habitats may increase slightly (0.2°C). This slight
increase is not expected to have a measureable effect on surface water
temperatures. Were mainstem and side channel temperatures sufficient
to prevent formation of an ice cover, it is expected that terrestrial
vegetation would stabilize along shorelines and partially vegetated
gravel bars. This change would likely improve summer rearing due to
greater availability of terrestrial insects and shoreline cover.

Lack of winter ice cover would also greatly reduce the adverse effects
currently associated with the naturally occurring overtopping of side
slough spawning habitats. Lack of an ice cover would reduce staging
and therefore the frequency at which side slough habitats are over-
topped. In addition those channels which convey water warmer than 0°C
may provide improved overwintering and incubation.
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Project operation can provide a high degree of control over streamflow
in the middle Susitna River (Harza-Ebasco 1984f). Summer flow could
be regulated to provide relatively stable depths and velocities, or
could be intentionally fluctuated to flush undesirable sediment from
the streambed. Streamflow fluctuations during fall could assist adult
salmon gain access to side slough spawning habitats (ADF&G 1984e,
WCC 1984 Mitigation). However recurrent fluctuations such as those
commonly associated with hydropower peaking would likely be detri-
mental to mainstem and side channel habitats. During winter, higher
than natural, but stable, streamflows would 1likely improve over-
wintering in mainstem and side channel habitats. However, the inflow
of colder mainstem water could adversely affect incubation and over-
wintering conditions in side slough habitats if mainstem water surface
elevations associated with higher winter streamflows were sufficient
to cause recurrent mid-winter breaching events.
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