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Spring break-up flows would be decreased during fill-
ing. Average monthly flows in May and June would be
reduced by 26 percent at Sunshine Station and by 12
percent at Susitna Station. This reduction is not
anticipated to adversely affect the passage of out-
migrating salmon smolts in mainstem habitats; neither
is it expected to affect the spawning migration of
rainbow trout or grayling as they move to the tribu-
taries.

Side-Channel Habitats

Many of the effects identified for the mainstem under
the proposed filling schedule would also probably per-
tain to side-channel habitats. Mainstem flow generally
controls the characteristics of side-channel habitats.
However, changes in stream discharge can result 1in
greater effects on side-channel habitats than on main-
stem habitats. As in mainstem areas, water temperature
and turbidity are expected to be similar to existing
conditions below Talkeetna.

During the open-water season side-channel habitats are
used for passage by adult and juvenile saimon and resi-
dent fish; for spawning by chum salmon; and for summer
feeding areas by longnose sucker, burbot and whitefish.
Only limited rearing of juvenile salmon has been re-
ported in this habitat type during the open-water sea-
san.

Reductions in streamflow during August may dewater some
salmon spawning habitat in side channels. Salmon
spawning activity in this habitat type 1is generally
Tocated in side channels with relatively high streambed
elevations. These areas are protected from the high
scouring flows and are able to retain substrates suit-
ably sized for spawning. The high streambed elevation
also makes them susceptible to dewatering under reduced
mainstem discharge. The lower streamflows proposed
during August may reduce the availability of spawning
habitat in these areas.

[t is unlikely that lower flows during reservoir fil-
ling will create new spawning areas in side channels
that do not presently support spawning activity. Even
though suitable hydraulic conditions will occur, the
presence of large substrate particles would probably
1imit their utility to fish. Side channels with suit-
able hydraulic conditions under the proposed filling
flows will also have fairly low streambed elevations.
Because of the low streambed elevations, they will
still be subject to high scouring flows and will be
armoured with Tlarge cobbles.
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Studies are planned to investigate the relative incuba-
tion success in side-channel habitats and to quantify
the changes in the availability of side-channel habitat
to determine the effect on salmon production.

The proposed filling -flow regime may affect rearing
habitat in side channels below Talkeetna. Side chan-
nels have a gradation of streambed elevations from high
overflow channels to deep channels. The effect of
reduced -streamflows on rearing habitat will depend on
the streambed elevation of the side channel. Some
rearing habitat for juvenile anadromous and resident
fish may be lost if side channels dewater or water
depths become too shallow. Generally, reduced flows
increase the available rearing area as young fish pre-
fer low velocities (ADF&G 1982a, Wilson et al. 1980,
and Environaid 1982). New rearing areas may become
available in other side channels where the flow reduct-
ions decrease velocities but maintain sufficient depth.
Thus, the potential exists for the location of the
rearing habjtat to change, but the availability of
rearing habitat to be similar to pre-project levels.

Rearing habitat and summer feeding areas may be Timited
by the availability of food in side-channel habitats.
Suspended sediment load and peak flows may cause low
benthic production in the Susitna River. Since Tlittle
change is expected in these parameters below Talkeetna
(R&M Consultants 1981, 1982c), the change in hydraulic
characteristics may not be sufficient to increase
utilization of these habitats by anadromous juvenile
and resident fish.

STough Habitats

Few sloughs below the confluence of the Chulitna River
have been extensively sampled. Slough habitats in this
reach have been identified as spawning and rearing
areas (ADF&G 1981b, 1981d, 198lc). Many of these areas
are influenced by tributary streams and, to a lesser
degree, by the mainstem system. Chum, pink and sockeye
salmon spawn in slough habitats below the Chulitna con-
fluence. Juvenile coho and chinook salmon have been
found using these areas for rearing and overwintering,
(ADF&G 1981d). Rainbow trout, burbot, longnose sucker,
and whitefish use these habitats seasonally (ADF&G
1981e).

Sloughs in the Cook Inlet to Talkeetna Reach may be
affected in generally the same way as sloughs above
Talkeetna. The magnitude of predicted change in main-
stem flow is less in this reach, therefore the magni-
tude of changes to slough habitats and the resultant
impacts to fishery resources 1is expected to be
smaller.
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. Tributary Habitats

For the most part, tributary habitats in the Cook Inlet
to Talkeetna reach of the Susitna River are not expect-
ed to be affected by the project. The project would
not alter any of the existing physical processes in the
tributaries with the exception of the area near tribu-
tary mouths. The mainstem creates a backwater at the
mouths of the tributaries which provides habitat for
rearing juvenilies and resident fish (ADF&G 1981d, e).

The stage in the mainstem controls the extent of these
backwater areas. Flow reductions under the proposed
filling schedule may alter the physical characteristics
of the tributary mouths in the upper portion of this
reach. During the open-water season, mainstem dis-
charge would be reduced by 12 to 34 percent at Sunshine
Station (Table E.e.18). Reductions in flow in June (34
percent) and July (28 percent) may reduce the areal
extent of these backwaters. Depth would decrease and
velocity would increase as the stage of the mainstem
drops.

Tributaries that enter the mainstem Susitna River in
the lower portion of this reach would probably be
minimally affected since the percent change in dischare
would be relatively small. Flow reductions ranging
from 13 to 8 percent are anticipated in June through
August at Susitna Station (Table E£.3.19). Tributaries
are not expected to become perched because of these
reductions in mainstem discharge.

During the winter, tributary mouths provide important
overwintering habitat and may provide spawning habitat
for burbot. Because of the small reduction in mainstem
discharge, winter conditions are expected to remain
similar to pre-project conditions.

- Estuary
Since only minor increases in salinity are anticipated
during reservoir filling, impacts to fishery resources
are not expected.

{(iii) Operation of Watana Dam

- Reservoir Habitats

Watana Reservoir will have an area of approximately 59
sq. mi. with depths up to 735 ft. The reservoir will ex-
perience an annual drawdown of 105 ft (Maximum drawdown
is 120 ft). The reservoir will reach its lowest level in
mid May (2080 ft) and full pool by early September.
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Water quality conditions expected in the reservoir are
discussed in Chapter 2 and are not expected to preclude
seasonal fish utilization of the reservoir.

Habitat potential of the reservoir 1is considered to be
lTimited due to low productivity. The reservoir will be
oligotrophic due to summer turbidity levels of 30-50 NTU
and the 105 ft drawdown will inhibit development of a
litteral zone. Thus, food availability may 1limit fish
populations in the reservoir.

As discussed under reservoir filling (Section 2.3 (a)
(ii)), 1imited populations of burbot, lake trout, and
whitefish may utilize the reservoir year-round. Repro-
duction of reservoir fish is expected to be limited due
to the drop in water surface elevation during reservoir
operation in winter. In Alaska and British Columbia,
lake trout spawn in depths from 3 ft to 110 ft (Morrow
1980). Drawdown during the probable incubation period
for lake trout is 70 ft. Burbot probably spawn in
December and may take 60 days to hatch (Morrow 1980).
Drawdown during December and January is expected to be 40
ft. '

Grayling and Tlongnose sucker are expected to use the
reservoir for overwintering {as discussed in Section 2.3
(a) (ii), Filling Watana Reservoir). Water level fluc-
tuations 1in the reservoir - are expected to adversely
affect the spawning activities of these species.. Both
grayling and longnose sucker spawn in tributary habitats
during late spring (Morrow 1980). The reservoir will be
rapidly filling at that time of the year (1 ft per day).
Even though these fish have a relatively short incubation
period {2 to 3 weeks), spawning areas will be inundated
before the eggs hatch. Table E.3.20 shows the length of
tributaries inundated during late May and June. Rising
- water Tevels will cause sediment deposition in spawning
areas resulting in mortalities to developing embryos.
(This is discussed in Section 2.3 (a), (ii), Filling
Watana Reservoir). The 1incubation success of fish
spawning in tributary habitats above 2135 ft in elevation
would not be effected.

As presented in Section 2.3 (a) (ii), reservoir habitats
are expected to provide overwintering habitat for
grayling, lake trout, burbot, whitefish, longnose sucker
and Dolly Varden. |
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- Talkeetna to Watana Dam

. Mainstem Habitats

Mainstem habitats in this reach can be divided into two
segments: those above Devil Canyon and those below
Devil Canyon. Water velocity in Devil Canyon presently
prohibits the upstream passage of fish, thus, anadrom-
ous fish and rainbow trout are prevented from utilizing
habitats upstream of the canyon.

Post-project streamflows in the mainstem during the
open-water season would be substantially reduced from
pre-project conditions. Table E.3.24 presents a com-
parison of pre- and post-project stream flows for Gold
Creek station. Reductions 1in average monthly flows
from 40 to 62 percent are predicted in June through
August (Chapter 2). Because of the rectangular channel
configuration of existing mainstem areas, reductions of
this magnitude would probably not adversely affect
their utilization. In fact, decreased stream flows may
slightly improve the utility of mainstem habitats for
both anadromous and resident fish. Use of these areas
may presently be limited in part by high velocities.

Streamflows during project operation are not expected
to adversely affect the upstream passage of migrating
fish in the mainstem. Average monthly flows in July
are projected to be 9,200 cfs, a decrease of 62 percent
from pre-project conditions. Although water depths
would be decreased in many mainstem habitats, suffi-
cient depth would still be available for fish passage.
Operating flows are higher than filling flows from May
through July and are expected to provide greater depths
than filling flows.

As in filling flow conditions, velocities in Devil
Canyon may not block all upstream fish passage during
project operation. Chinook salmon would likely be able
to pass through the canyon and utilize spawning habitat
available in tributaries upstream from Devil Canyon and
below Watana Dam (Section 2.3 (a) (ii)).

A significant reduction in the number and magnitude of
flood events in this reach of the Susitna River would
likely result from project operation (Chapter 2). This
could have several beneficial effects on mainstem habi-
tats. Presently, the Susitna River at Gold Creek
carries peak flows of 75,000 to 80,000 cfs (10 yr
frequency). These floods transport Targe amounts of
sediment, scour the river bed and remove most of the
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suitable spawning gravels. Reduction of these peak
flows would reduce the habitat disruptions associated
with high flows.

There is some indication that high flows may, at times,
limit fish passage. High stream flows that occurred in
August 1981 appeared to inhibit upstream migration of
adult salmon (ADF&G 1981b and 1982a). Migration re-
sumed when flows receded. Operation of the project
would decrease the magnitude of high flows and associa-
ted velocities thus reducing disruptions in migra-
tions.

Small isolated spawning areas are presently available
in the mainstem. Some of these areas, generally
located on the river margins behind a velocity barrier,
may be degraded or dewatered. The creation of new
spawning habitat appears unlikely. Although adequate
depth and velocities are likely to exist, the Tlack of
suitable substrate would likely limit spawning in this
type of habitat. The streambed of most mainstem
channels is composed of Targe cobbles and boulders (R&M
Consultants 198lc). Even though flood flows would
probably no longer flush gravels from this reach, the
recruitment of gravel to the river may be limited.
Small, isolated deposits of gravel may occur downstream
from tributary mouths and may provide some suitable
spawning habitat.

Sediment transport under post-project conditions would
be markedly different from present conditions. The
reservoir is expected to act as a settling basin, re-
moving much of the suspended sediment 1load presently
transported by the river. HNearly all sediments Tless
than 5 microns in size would be trapped by the reser-
voir. A large portion (20 to 25 percent) of the
sediments carried by the river is glacial flour in the
2 micron diameter range (R&M Consultants 1982c). These
would pass through the dam and be transported down-
stream to Cook Inlet.

The sediment load of the outflow water would be re-
duced by 75 to 80 percent from that of pre-project con-
ditions (Chapter 2). The relatively clear water may
pick up silts and sand downstream of the dam and trans-
port them down river. Over time, this would result 1in
the removal of fine sediments from the streambed. How-
ever, much of the riverbed above Talkeetna is presently
armoured with large gravels and cobbles. Silts may be
r§moved only from the surface of the streambed (Chapter
2).
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Reduction in the number of high flows should also
reduce the frequency of streambed scour in mainstem
habitats. At present, high flows may be 1limiting
benthic production in the mainstem as frequent bed
movement may preclude the development of a stable
environment. Decreased sediment Tload would also be
expected to improve benthic production as siltation of
interstitial spaces would be reduced.

Rearing habitat in the mainstem may be slightly in-
creased under post-project conditions. Reduced veloci-
ties and turbidity would probably benefit young fish
and resident adults. Areas providing suitable habitat
would likely still be limited to river margins or other
Tow-velocity areas created by obstructions in the chan-
nel. Increased benthic production would also enhance
rearing habitats by providing increased availability of
prey items. Some fish presently use the turbidity as
cover. Increased clarity may resuit in greater preda-
tion on small fish. Resident fish would probably also
be more susceptible to sport fishing.

During the winter (November through April), mainstem
habitats are used by rearing salmon and resident fish
including rainbow trout, burbot whitefish and longnose
sucker. Fish move out of the tributaries to mainstem
habitats where most overwintering occurs (ADF&G 1981d,
198le). Average monthly stream flows for the Susitna
during this period would increase as a result of dam
operations, i.e., from 1800 cfs to 10,700 cfs at Gold
Creek in December, (Table E.3.20). Increases of this
magnitude would Tlikely alter the character of winter
habitats.

Winter thermal characteristics of the reservoir deter-
mine the outflow temperatures and directly influence
downstream water temperatures. Increases have been
postulated that would 1likely raise mainstem water
temperatures above Devil Canyon from near 0 to 2-4°C.
Stream temperatures such as these would preclude
development of an ice cover in much of this reach
eliminating the associated staging and backwater
effects.

Under post-project winter conditions the river in this
reach may have higher velocities, less depth and less
wetted perimeter than under pre-project conditions with
an ice cover.
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Warmer water temperatures may benefit overwintering
fish by reducing mortalities associated with freezing.
Stream temperature and discharge should remain fairly
stable,. preventing fish from becoming trapped 1in
unfavorable areas that freeze solid. During the winter
of 1981-1982 winter fish distribution appeared to
coincide with warmer water temperatures. Bustard and
Narver (1975) reported that juvenile coho move to
warmer water for overwintering when warmer water is
available.

Suspended sediments are projected to increase slightly
over present winter conditions. Particles greater than
5 microns would remain in suspension in the reservoir,
increasing downstream turbidity levels (Chapter 2).
This slight increase in turbidity is not expected to
adversely affect fish populations using mainstem habi-
tats. Fish apparently successfully overwinter in
habitats with similar levels of turbidity in the Kenai
River, Alaska (Burger et al. 1982).

In the portion of the river below Devil Canyon, in-
creased winter flows would probably cause significant
changes 1in winter habitat characteristics. Water
temperature is expected to sufficiently decrease to
form an ice <cover by RM 14, assuming outflow
temperatures of 1 to 2°C. Under outflow temperatures
of 4°C an ice cover would form by RM 130 (Chapter 2).
Downstream of this, winter water temperatures are
expected to differ lTittle from pre-project conditions.

The effects of increased winter flows on backwater and
staging processes expected to occur under post-project
flows may impacts on fish habitat. Wetted perimeter of
the river and depth are expected to greatly increase in
many mainstem habitats because of increased discharge.
High velocities in several steep gradient sections may
prevent the formation of an ice cover in these areas.
This may cause the formation of frazil ice, which would
likely augment backwater effects already increased in
magnitude from increased flows. Thus, the stage of the
river may be raised more than that expected from the
incremental increase in flow. If the stage of the
river is raised sufficiently, mainstem water may flood
side channels and sloughs.

Increase winter flows are not expected to adversely
affect overwintering habitat in mainstem habitats.
Greater water depth and increased wetted perimeter is
expected to provide more living space for Juvenile
anadromous and resident fish.
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Increased winter temperatures and altered ice processes
may affect fishery resources associated with mainstream
habitats in the winter period. If the increased sur-
face water - temperatures cause an increase in inter-
gravel water temperatures, then incubating embryos will
‘be affected. Incubation rates of fish embryos and
benthic invertebrates are closely tied to water tem-
peratures. An increase in intergravel water tempera-
tures would 1likely accelerate development and may
result in early emergence. Early emergence has been
related to decreased survival rates in both benthic
invertebrates and Pacific salmon (Bailey, Pella, and
“Taylor 1974). Pink salmon would be especially
vulnerable to mortality related to early emergence as
they tend to select areas directly influenced by
surface water and tend to outmigrate shortly after
emergence. Young fish may begin to outmigrate before
downstream conditions are suitable. Temperatures below
the confluence of the Chulitna River are likely to be
near 0°C. Outmigrants encountering these temperatures
may experience thermal shock, which has been linked to
increased mortality (Brett and Alderdice 1958, Brett
1952).

Chum salmon would be less susceptible to changes in
surface water temperatures as the adults tend to select
areas influenced by upwelling groundwater, which is
buffered from changes in mainstem surface water. In
addition, salmon may rear for approximately a month
before moving downstream. Early emergence may have
1ittle affect on coho salmon as they remain in fresh-
water habitats for two years and have been found to
seek out warmer areas in the spring.

U.S. Fish and Wildlife Service 1is conducting an
incubation study to determine the effects of different
water temperatures on embryo development rates for
Susitna River chum salmon.
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No adverse impacts to water quality parameters are an-
ticipated under post-project conditions. Gas super-
saturation in outflow waters has caused significant
fish mortalities from gas bubble disease (Nebeker,
Stevens, and Baker 1979; Stevens, Nebeker and Baker
1980). MWater passing over a high spillway into a deep
plunge pool dissolves air causing supersaturation. The
degree to which this occurs depends on the depth of the
plunge pool, height of the spillway and amount of water
being spilled.  Supersaturated water 1is unstable and
over time will return to normal levels if exposed to
the ambient air pressure. However, travel time down-
stream during high flow periods can be fairly short,
causing supersaturation to extend considerable dis-
tances downstream. The spillway design includes the
installation of cone valves, which help prevent gas
supersaturation from occurring for all floods with a
return period of less than once in 50 years {Chapter
2).

Side-Channel Habitats

Many of the project-induced physical changes identified
for mainstem habitats would also occur in side-channel
habitats. Reductions from pre-project .streamflow
during the open-water season may dewater some spawning
habitat presently used by salmon. However, spawning
habitat under operational flows may be dgreater than
that under filling flows.

The lower post-project flows during the spawning season
may tend to concentrate spawners in areas that are less
likely to dewater under higher winter flows. Side
channels with lower streambed elevations are presently
subject to high scouring flows and many do not have
substrates suitable for spawning. Most are armored
with large cobbles and boulders that are underlain with
large gravels embedded in silt and sand.

Operational flow may result in additional rearing areas
becoming available in side-channel habitats during the
open-water season. Lower discharges generally result
in decreased velocities and depths. This would Tlikely
improve the quality of these areas as rearing habitat
for some resident and juvenile anadromous fish.

Post-project water temperatures in the side-channel
areas would be similar to mainstem water temperatures
since mainstem water would be the controlling factor.
However, temperatures of water in lateral margins of
the side channels may be slightly warmer than mainstem
water due to shallower depths and slower velocities.
The projected decrease in turbidity may result in more
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solar radiation being absorbed by the water. Increased:

water temperatures may enhance the quality of rearing
habitat in side channels (Abbed 1980; Clarke, Shelbourn
and Brett 1981). )

Major impacts downstream of Watana dam expected to re-
sult from project operations, are summarized in Figure
E.3.20a.

A decrease in turbidity would also likely have a bene-
ficial effect on food production in side-channel habi-
tats. More energy would be available for primary pro-
duction thus increasing the food base for other trophic
levels. The lower sediment load may also remove many
of the silts and sands presently occupying the inter-
stitial spaces of the substrate. This may provide more
habitat for benthic invertebrates.

During the late fall and winter period mainstem dis-
charges would be increased approximately 250 to 650
percent (Table E.3.24). The magnitude of the increase
in flow expected to occur in side channel habitats is
dependent on the stage in the mainstem and the stream-
bed elevation of the side channels. Wetted perimeter,
depth and velocities may increase in these habitats
during the winter months. The seasonal variation in
flow pattern would be substantially reduced under the
post-project flow regime. Presently, the stage in the
side channel drops in the fall as mainstem flows de-
crease. As the river forms an ice cover, the stage in
the side channel increases because of the backwater
effects caused by ice formation. Under post-project
conditions, the flow would not drop significantly below
8,000 cfs in the fall/winter period. Thus, some side
channels would be less susceptible to dewatering and
freezing under higher post-project winter flows than at
present.

Incubation success in side-channel areas may be improv-
ed under post-project conditions as the eggs would not
be as lTikely to dewater. Increased flows may also pro-
vide greater intergravel flow, which would benefit
incubating embryos and alevins. Post-project flows
would also improve the quality of overwintering habitat
for juvenile anadromous and resident fish in side chan-
nel habitats. Greater water depths would provide more
1iving space and would be less likely to freeze solid
during the winter.
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. Slough Habitats

During the open-water season, impacts to slough hab-
itats above Talkeetna under operation of Watana Dam are
not expected to differ from those resulting from fil-
1ing Watana Reservoir. Streamflows during late fall
and winter will be increased, providing a higher stage
in the mainstem. The increased stage may increase the
rate and areal extent of groundwater upwelling in the
sloughs. Incubation success of salmon embryos may be
improved.

Post-project winter conditions may affect incubation
and overwintering in the sloughs. The increased flows
in conjunction with increased water temperatures would
change the ice processes in this reach of river. Pres-
ently, as the mainstem forms an ice cover, the stage
increases due to the backwater effects. Thus at winter
discharges of approximately 1500 cfs, the stage in the
river. and the wetter perimeter resembles that of a dis-
charge of approximately 23,000 cfs. Under postproject
conditions the river may not form an ice cover above RM
130. Thus, the stage in the river and the wetted per-
imeter of sloughs and side channels would probably be
decreased relative to pre-project conditions during the
winter months. If the decrease in wetted perimeter and
water depth results in dewatering or increased depth of
freeze, eggs incubating in the gravels could be ad-
versely affected. Qverwintering areas could also be
adversely affected by the same physical processes which
may cause increased mortalities for juvenile anadromous
and resident fish.

In sloughs near the edge and downstream of the ice
cover, surface water temperatures could be affected.
If the post-project mainstem flow enters the head ends
of the sloughs, the addition of mainstem water would
reduce the surface water temperatures of the sloughs
and increase the formation of ice. In some cases con-
siderable glaciation could occur and the value of these
areas for overwintering may be reduced.

The ice could also remain and reduce surface water tem-
peratures in the sloughs well into the spring. Since
the mechanical break-up likely would not occur, these
ice formations in the sloughs would have to melt out
rather than being carried out by high flows. Ice may
be present in the sloughs until Tate June. The pre-
sence of ice would reduce the surface water tempera-
tures and may alter the quality of these areas as early
nursery areas for emerging fry.
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. Tributary Habitats

Tributary habitats in the Talkeetna to Watana Dam reach
would Tikely be affected simlarly under both filling
and operation during much of the open-water season.

Augmented winter flows may increase the amount of over-
wintering habitat associated with tributary mouths. A
higher discharge in the mainstem may increase the water
depth and extent of backwaters at the tributary mouths.
Studies indicate that tributary mouths may be important
overwintering habitat (ADF&G 1981d, 198le).

- Cook Inlet to Talkeetna Reach

Project effects in this reach of river are expected to be
considerably reduced in magnitude from those presented
for the Talkeetna to Watana Dam reach because of the
influence of the Chulitna and Talkeetna Rivers. Many of
the changes identified wunder the filling schedule
(Section 2.3 (a) (ii}) for the open-water season would
persist under operation flows. Winter flows would be
increased.

. Mainstem Habitats

During the open-water season, mainstem habitats will be
similarly affected under filling of Watana Reservoir
and operation of Watana Dam. Operational flows are
slightly greater in the spring and fall (Tables E.3.25
and E.3.26).

Bering cisco spawned 1in mainstem habitats during
October 1981. Since little change in average monthly
streamflow or in stream temperature is anticipated for
October, these fish would probably not be adversely
affected by the project.

In the Susitna River, eulachon spawn mainly below the
Yentna River in mainstem habitats. Eulachon spawning
areas tentatively identified during spawning surveys in
May 1982 were located in relatively shallow water along
the margins of the river, along islands and in back-
waters at the mouths of side channels (Trent 1982).
These habitats would probably exist in this portion of
the river under post-project conditions. This segment
would be subjected to the least amount of change since
it is buffered by inflow from all major tributaries.
Reduction in average monthly streamflow of 5 percent
(from 60,500 to 57,600 cfs) are predicted at Susitna
Station during the month of May (Table E.3.26).
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During the winter increases in discharge from 2600-5000
cfs to 9,500-13,000 cfs are predicted at Sunshine
Station (Table E.3.25). Water temperatures are not
expected to differ from pre-project conditions.
Increases in discharge may result in a slight increase
in wetted perimeter.

The availability of overwintering habitat may increase
due to increased water depth and wetter perimeter.
Since the flow would remain fairly constant, increased
survival may result from reduction of mortality asso-
ciated with freezing.

Increased winter flows may also increase the survival
of salmon embryos. Spawning areas presently dewatered
or frozen during low winter flows that occur under
pre-project conditons may be improved. The increase in
depth and wetted perimeter under post-project flows may
prevent dessication or freezing of embryos and alevins
in these areas.

Side-Channel Habitats

As discussed under the reservoir filling flow regime,
reductions in stream flow during the open-water season
may dewater or degrade some spawning habitat presently
used by salmon, as well as affect rearing and summer
feeding habitat for residents and anadromous Jjuve-
niles.

During the winter period streamflows in side-channel
habitats would be increased. The increase in wetted
perimeter resulting from greater winter discharge has
not been quantified, but the seasonal variation in flow
through the side channels would be decreased under the
post-project flow regime. Presently, the stage in the
side channel drops in the fall as wmainstem flows
decrease. As the river forms an ice cover, the stage
in the side channel increases from the backwater
effects caused by ice formation in both the mainstem
and side channels, which raises the stage in the side
channel. Post-project increases in winter discharge
will result in increased wetted perimeter.

Increased winter discharge may have a beneficial effect
on overwintering fish and incubating embryos. In-
creased discharge may result in increased depths in
side-channel areas. This would provide more 1living
space and perhaps prevent freezeing in these areas.
Increased depths may prevent side-channel habitats from
being dewatered thus protecting embryos from dessica-
tion and freezing. Increased surface flow may also
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result in increased intergravel flow, which would also
benefit embryo development and overwintering
Jjuveniles. :

. Slough Habitats

Increases in winter streamflows may have a beneficial
effect on slough habitats. The augmented discharge may
increase the areal extent of the backwater at the
slough mouth creating greater water depth within the

- slough. - The upstream extent of the backwater effect
would depend on the gradient of the slough. Increased
water depth may prevent a portion of the slough from
freezing and increase the availability of overwintering
habitat.

. Tributary Habitats

Tributary mouths are expected to be affected similarly
under both filling and operation of Watana Dam during
the open water season. DBuring the winter, tributary
mouths provide important overwintering habitat. The
effects of higher discharge in the mainstem may in-
crease the areal extent of the backwaters, and increase
the amount of overwintering habitat associated with
tributary mouths.

- Estuary Habitats

Since only minor changes in salinity are predicted under
project operation ({(Chapter 2), no impacts to fish re-
sources in estuary are anticipated.

{b) Anticipated Impactskto Aguatic Habitat
Associated with Devil Canyon

Impacts sustained by aguatic habitats as a result of construction
and operation of Devil Canyon Dam will be similar to those occurr-
ing under construction and operation of Watana Dam. This section
addresses additional impacts and increased magnitude of impacts to
aquatic habitats attributable to the development of Devil Canyon
Dam assuming Watana Dam is in place.

(i) Construction of Devil Canyon Dam and Related Facilities

- Devil Canyon Dam

Devil Canyon Dam will be located at RM 152 of the Susitna
River approximately 32 miles downstream from the Watana
Dam site. A concrete arch dam will be built at the down-
stream end of Devil Canyon and a fill saddle dam will be
connected to the south end of the arch dam. The reser-
voir behind Devil Canyon will be about 26 miles long and
not more than one half mile wide.

E-3-97



ar

The concrete dam and foundation will be approximately 650
feet high and will have a span of 1200 feet at the dam
crest. An estimated 2.7 million cubic yards of aggregate
will be needed to construct the concrete arch dam. The
saddle dam will be approximately 900 feet across and 275
feet high and will require about 1.2 million cubic yards
of material.

As with Watana, Devil Canyon Dam will have a powerhouse,
inlet, outlet and emergency spillway. A 39-foot diameter
tailrace tunnel will direct turbine discharge approxi-
mately 1.5 miles downstream of the arch dam.

During construction of the dam, the river will be blocked
above and below the site by cofferdams. The flow will be
diverted into a 30-foot diameter tunnel 1490 feet long
and discharged back into the river. The up- and down-
stream cofferdams will be about 400 feet long and 200 to
400 feet wide.

The adverse impacts upon aquatic habitat at the Devil
Canyon Dam site are expected to be similar to, but less
than, those at the Watana site.

At the Devil Canyon Dam site, the Susitna River is con-
fined to a canyon about 600 feet deep and 200 to 400 feet
wide. The river bottom is primarily composed of cobbles,
boulders, and blocks of rock; the water is extremely tur-
bulent. It is surmised that few fish live in the area of
the dam site (ADF&G 198le). Chinook salmon migrated up-
stream of Devil Canyon Dam site in 1982 and are expected
to pass through the Canyon during the operation of Watana
Dam.

. Alternation of Waterbodies

Impacts from Devil Canyon Dam construction will be
primarily restricted to the vicinity of the dam site.
A 1000 foot section of the Susitna River between the
cofferdams will be dewatered for several years during
construction. Although that stretch of river may be
inhabited by sculpins and possibly other resident
species, it is not expected that dewatering will have
more than a minor impact upon availability of suitable
habitat. The dam foundation will cover about 90 feet
of river bottom. This, too, is considered to be a
minor impact.

Construction of the arch dam and the saddle dam will
require excavation in the river channel at the damsite.
Excavation by blasting or by mechanical means may
result in the introduction of materials into the

E-3-98



Susitna River that may be carried downstream. The
turbulence of the water at the site would preclude

- sedimentation in that stretch of river. Adverse
impacts from introduction of increased sediment are
expected to be minor.

The greatest impacts during construction of the dam are
1ikely to be associated with gravel mining and process-
ing in streams and floodplains. Gravel for filter
material and for concrete aggregate will be removed
from the Susitna River and from Cheechako Creek allu-
vial areas upstream from the dam site. The effects of
gravel mining on aquatic systems have been discussed
under Section 2.3 (a) (i). Since the material removal
sites will be inundated, impacts at the sites will be
transitory.

. Changes in Water Quality

Potential impacts to water quality would be primarily
caused by increased turbidity due to erosion, and
through discharge of effiuent from the concrete
batching process. Turbidity increases in the Susitna
River may be negligible. See Section 2.3 (a) (i) for
discussion.

. Disturbance of Fish Populations

Instream activities during material extraction near
Cheechako Creek could disrupt fish movements, spawning
and rearing depending upon location, type and duration
of the activities. It is unlikely that the dam site
itself is located in a stretch of the Susitna regularly
inhabited by fish, therefore it is not expected that
the excavation and blasting required at that Tlocation
would be disruptive to fish populations.

- Devil Canyon Camp and Village

. Construction and Operation of Camp and Village

During construction of Devil Canyon Dam, housing will
be needed for 2300 persons (Exhibit A). Both a
construction camp and a construction village will be
Tocated about a mile to the southwest of the dam site.
The camp will include bachelor dormitories, cafeteria,
warehouses, offices, hospital, and recreational
buildings. The village will contain housing for 170
families and will idinclude a school, stores and a
recreation area.
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The camp will be approximately one half mile from the
village. Both developments will be more than 700 feet
above the Susitna River and more than 4000 feet from
the edge of the canyon. Water, sewage and solid waste
disposal facilities will be shared by both
developments. Water will be withdrawn from the Susitna
River and effluent from a biological Tagoon system
discharged into the river below the water intake. The
upper reaches of Jack Long Creek border the camp and
the village to the south, coming to within 200 feet of
the camp. A small unnamed creek drains a series of
Takes 3000 feet to the east of the camp and enters the
Susitna at about RM 150. The creek is paralleled by
the sewage outfall Tine for about 1000 feet or about
1/5 of its Tength.

Both the camps and the village are temporary develop-
ments. -Permanent personnel responsible for operation
of Devil Canyon Dam will live at Watana Village.

The unnamed creek and lakes may support grayling. Jack
Long Creek contains pink salmon and chinook salmon in
its lower reaches, and also may support chum salmon and
coho salmon. Portage Creek contains chinook salmon,
coho salmon, rainbow trout, round whitefish and
humpback whitefish. Chinook salmon, grayling and Dolly
Varden are found in the Tower reaches of Cheechako
Creek. Impacts as a result of camp/village operations
are expected to be Timited to the area within a few
miles of the dam site.

.« Changes in Water Quality

Erosion into the Susitna River from gravel mining in
Cheechako Creek is not expected to result in adverse
impacts to fish. Because of 1its proximity to the
developments, Jack Long Creek may receive run-off
from the camps. Increased sediment Tlevels may
adversely affect spawning habitats downstream.

Water for camp use will be removed from the Susitna
River and treated effluent and waste water will be
returned to the river. It is anticipated that the
treated effluent will be diluted 2000:1 by the
Susitna and will therefore have no effect upon
fish (Chapter 2). Storm drainage and o0ily water
runoff from the construction camp may affect the
upper portion of Jack Long Creek. The fuel storage
area is located on the south side of the construc-
tion camp about 200 feet above Jack Long Creek. It
is possible that accidental fuel spills could reach
the creek if storage facilities failed. It is not
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expected that runoff from the solid waste disposal
site and the construction village will adversely
affect any water bodies since both are more than
1000 feet from Jack Long Creek.

. Direct Construction Activity

The camp and village at the Devil Canyon site will
house 2300 workers for several years. It is expected
that, as a result, streams and lakes in the vicinity
may be subjected to increased fishing pressure. This
area has not been heavily utilized for sport fishing in
the past.

The water bodies most 1ikely to be affected include
Cheechako Creek, unnamed creek and lakes, Jack Long
Creek, and to a lesser extent, Portage Creek. With the
exception of Portage Creek, these water bodies are
within a short distance from the camp/village and the
dam site. Portage Creek enters the Susitna River from
the north about 2.5 miles downstream from the dam loca-
tion.

(i1) Filling Devil Canyon Reservoir

- Inundation of Upstream Habitats

Filling Devil Canyon Reservoir would inundate
approximately 26 miles of Susitna River mainstem habitat
and 11 miles of tributary habitats over a 5 month period.
These habitats would be converted from lotic to Tentic
systems with accompanying changes in hydraulic character-
istics, substrate, turbidity, temperature and nutrient
levels. These changes may result in a shift in species
composition. The area presently supports Arctic gray-
ling, burbot, longnose sucker, whitefish and Dolly Varden
(ADF&G 1981f). Impacts to mainstem habitats are expected
to be similar to those presented in Section 2.3.3 (b)
(ii) for Watana Reservoir. Effects on tributaries are
also expected to be similar to those presented for Watana
Reservoir. However, most of the tributaries in the Devil
Canyon impoundment area are characterized by steep slopes
with occasional barriers, such as waterfalls. Cheechako,
Devil and Tsusena Creeks, three tributaries entering the
Devil Canyon impoundment, all contain waterfalls. These
falls would not be inundated by the impoundment and would
still function as effective barriers to fish passage.
Thus, the increased overwintering habitat provided by the
reservoir may not benefit fish populations in the area.
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(ii1)

Operation of Devil Canyon Dam

Post-project streamflows under the operation of Devil Can-
yon Dam would be similar to those under the operation of
Watana Dam alone. Most of the impacts to the aquatic habi-
tat would have occurred under the start-up and operation of
Watana Dam.

Few additional impacts are expected to result from opera-
tion of Devil Canyon during the open-water season. Changes
in streamfiow are presented in Tables E.3.27, E.3.28 and
E-3.29.

- Reservoir Habitat

Operation of Devil Canyon Reservoir would likely have
effects similar to those discussed for Watana Reservoir.
Devil Canyon Reservoir is smaller and its water quality
and temperature characteristics would be controlled by
Watana Reservoir outflow.

Burbot, whitefish, and longnose sucker may be able to
utilize reservoir habitats under project operation. Devil
Canyon Reservoir would provide overwintering habitat for
tributary fish, but this additional habitat may not be
utilized. Most of the tributary habitats would be
eliminated by the inundation, perhaps reducing the
associated grayling population. - Fish passage barriers
exist on most streams, which would preclude reservoir use
by upstream populations.

- Talkeetna to Devil Canyon Dam

. Mainstem Habitats

Flow in approximately 1.5 miles of river between the
dam and the powerhouse outlet would be reduced to 500
cfs. This reduction is not expected to adversely
affect fish populations in this portion of the river.

As described in Section 2.3(b)(iii), use of mainstem
habitats may significantly change during operation of
Watana Dam. Below the Devil Canyon Dam tailrace, how-
ever, there would likely be little additional changes
in mainstem habitat use during the open-water season.
Flow reductions in July and August of 9 and 6 percent,
respectively, may slightly increase the magnitude of
effects identified under operation of Watana Dam.

Under operation of Devil Canyon Dam, winter water
temperatures in the Talkeetna to Devil Canyon reach
will be altered. Water temperatures may be sufficient-
1y warm to prevent the formation of an ice cover on the
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mainstem and some side channels upstream of approxi-
mately RM 100, thus the staging and backwater affects
associated with an ice cover would not occur in this
portion of the river. Winter temperatures in this
reach under the operation of Watana Dam are expected to
range from 0 to 1°C. -Qutfiow temperature from Devil
Canyon Dam may be 2 to 4°C, with downstream tempera-
tures ranging from 0 to 2°C. Although this is a slight
increase over natural conditions, it will preclude an
ice cover on most of the river above Talkeetna. Impact
resulting from altered ice conditions are discussed
under Operation of Watana Dam.

. Side-Channel Habitats

Side-channel habitats are expected to sustain impacts
similar to those predicted for mainstem habitats under
operation of Devil Canyon Dam {see previous section).

. Slough Habitats

The changes in streamflow during the open-water season
predicted under operation of Devil Canyon are not
expected to affect slough habjtats. Alteration of the
thermal regime during winter will affect a greater
number of sloughs than under operation of Watana but
effects are expected to be similar to those discussed
in Section (iii). :

Cook Inlet to Talkeetna

No additional impacts are expected to occur in this reach
as a result of operation of Devil Canyon Dam. The phys-
ical changes to habitats downstream of Talkeetna result-
ing from the operation of Watana Dam would likely remain
the same when Devil Canyon Dam commences operation. A
comparison of proposed downstream flows for Watana Dam
alone and with the addition of Devil Canyon is presented
for Sunshine Station in Table E.3.28. Changes 1in
streamflow ranges from a reduction of 7 to an increase of
11 percent. Changes in flow of this magnitude are not
expected to result in effects different from those
jdentified under the operation of Watana Dam. The
addition of Devil Canyon would probably not result in
meaningful changes in water temperatures, water quality
or sediment transport in this reach. Thus, the addition
of Devil Canyon Dam is not expected to result in adverse
effects on fishery resources associated with habitats
below Talkeetna.
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- Estuary

The operation of Devil Canyon Dam 1is not expected to
impact the estuary. Physical changes occurring under
operation of Watana alone would essentially remain the
same under the operation of both dams.

{c) Impacts Associated with Access Roads and Auxiliary Roads

{i) Construction

- Construction bf Watana Access Road and Auxiliary Roads

The main access to the Watana Damsite will be from the
Denali Highway (APA 1982a). The Watana access road will
depart the Denali Highway at milepost 20 and will run
approximately 40 miles south to the dam and camp sites.
The northern portion of the route traverses high, rolling,
tundra-covered hills. The road will cross numerous small
streams such as Lily Creek, Seattle Creek, and Brushkana
Creek. The northern streams, which are part of the Nenana
River drainage, contain grayling and probably other resi-
dent species. The southern part of the road will cross
and parallel Deadman Creek, which also contains grayling
and probably other resident species.

The gravel road will have a crown width of approximately
24 feet and will be constructed over a layer of Typar or
similar fabric in some areas. The fabric ailows roads to
be placed in areas of high organic content and reduces the
amount of gravel needed. Before road construction is
begun, a corridor at Teast ten feet wide on either side
of the road itself will be cleared.

Short access roads will be needed to reach material sites
and disposal sites. The locations and alignments of these
auxiliary access roads will be determined when material
sites and disposal sites are identified during final road
design.

Access construction will involve upgrading the Denali
Highway from Cantwell to intersection with the Watana
access road, a distance of 23 miles. At this point,
planned upgrading - includes straightening road curves,
improving one bridge, and topping the road with more
gravel.

Within the project area, the Denali Highway crosses sever-
al small drainages, side channels of the Nenana River,
Edmonds Creek and Jack River. Jack River contains gray-
ling and the Nenana River 1in this region supports several
species of resident fish.
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Any bridge work or straightening associated with road
upgrading will have potential impacts similar to those
resulting from new construction. Extension of culverts in
places where the road is widened could affect fish
~passage.

. Alteration of Water Bodies

Stream crossings can be a cause of adverse. impacts.
Bridges and culverts will be used in fish streams on the
main access road. These structures need to be properly
sized and bedded to ensure fish passage. This subject
will be discussed further in Section 2.4. Other causes
of adverse impacts due to road construction can result
from the following:

.. Clearing

Clearing must take place in areas of dense or tall
vegetation before road building can begin. In some
upland areas with tundra vegetation, clearing will
be minimal. Clearing can cause degradation of
habitat when:

1. Cleared areas by streams and 1lakes are not
stabilized and erode into the water body;

2. Cleared material is pushed into water bodies
causing blockage of fish movements, deposition
of organics on substrates and downstream
erosion; and

3. Clearing along streams affects cover, avail-
ability of food organisms and temperatures in
that stream stretch.

e« In-stream Activity

During road construction, it may be necessary for
heavy equipment to enter water bodies. This can
alter the substrate and can cause turbidity and
sedimentation.

.« Erosion

Erosion can result from in-stream use of heavy
equipment, placement of fill with high organic
and/or fines content, Tlack of stabilization or
revegetation on fills and cuts and inadequately

placed or sized culverts. The  increased
sedimentation that may result can degrade downstream
habitats.
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Notes on irregularities in the following pages:

Pages E-3-116 and E-3-117 contain sections 2.5 and 2.6 (not listed in the
table of contents) before section 2.4 starting on p. E-3-120.

Pages E-3-118 and E-3-119 do not exist.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































