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. Alaska Dept. ‘of Fish & Game

Mr. Ronald 0. Skoog Sport Fish/Susitna Hydro

Commissioner

Alaska Department of Fish and Game
P.0. Box 3-2000

Juneau, Alaska 99802

Dear Mr. Skoog: Susitna Hydroelectric Project
Comments on Fish and Wildlite
Mitigation Policy

Dear Mr. Skoog:

We appreciate receiving your comments on the "Susitna Hydroelectric
Project Fish and Wildlife Mitigation Policy" dated December 30, 1981.
In addition to addressing your comments in our revised edition of the
policy, I have elected to respond directly to the concerns you have
raised. My comments are organized in the order presented in your
December 30 letter.

1. Section 1 - Introductioh

Our definition of fish and wildlife resources included the habitat which
sustains them but for clarification we will include the phrase "and the
habitat that sustains them" as you recommended.

Comment: We accept the CEQ definition and priority sequence for
mitigation.

2. Section 2 - Legal Mandates

We accept that the implementation of mitigation is the eventual goal
and will include the phrase "and eventual implementation" as you recommended.

Comment: APA is committed to implement appropriate mitigafion plans.

3. Section 2 - Protection of Fish and Game

To broaden the perspective of the first sentence in the first paragraph
we will substitute the word mitigate for reduce. The definition of
mitigate in this context being avoid, minimize, rectify, reduce or
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compensate for impacts.
Comment: Avoidance of impacts will be the first mitigation option expiorec.

4. Section 2 - Federal Energy Regulatory Commission, 2nd paragraph

We will add the phrase “measures and" in the last line of this paragraph.
Comment: This addition meets your request.

5. Section 3.3 - Impiementation of the Mitigation Plan

It is our intent to reach an agreement, through FERC, with those resource
agencies having the mandate to approve the mitigation plan and the implementation
specific agencies have not been stated since it is not considered appropriate

for APA to define other agencies mandates. It is also considered inappropriate
to discuss such agreements through an jnformal group such as the Susitna

Hydro Steering Committec.

Comment: APA accepts that the proposed .monitory body or its function would
not supersede individual agency mandate. In fact such monitoring
may be conducted through agencies fulfilling their mandates.

6. Section 3.4 - Modification of the Mitigation Plan

APA intends to work with the appropriate state and federal agencies during
implementation of the pian, jncluding any modifications. The Federal
Energy Regulatory Commission must approve any modification to mitigation
stipulation in the license. It is anticipated FERC would not approve these
modifications without first consulting with the appropriate agencies.

Comment: It was not intended to imply APA approval superseded the mandate
of state and federal agencies.

7. Section 4 — Approach to Developing Fish and Wildlife Plans

Third paragraph:

The intent of the ranking of resources js “order of importance was to
direct mitigation efforts towards those resources where, even without an
extensive data base, it is predicted the greatest impacts would occur.

As an example, the concentration of the fisheries mitigation-efforts

has been towards the anadromous fisheries between Talkeetna and Devil
Canyon, as this is an important reserve and there is nigher potential for
jmpact in this section than further downstrear.

ACRES AMERICAN INCORPORATED
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Comment: The delay in the license application will permit a more detai]ec‘
mitigation plan to be developec.

Fifth paragraph:

Comment: The intent of this procedure is to consider each impact issue
and to review all practicable mitigation options within the
intent of the National Environmental Policy Act. If a mitigation
option that avoids an impact is identified which is technically

 feasible, effective and not in conflict with any other project

objective, the need to address other alternatives was not:
considered necessary. The intent of sentence 2, paragraph 5
was to state that if such an option does not exist, we will pro-
ceed to evaluate other options.

No mitigation options will be arbitrarily dismissed. As stated
in the policy, "ALL options will be evaluated and documented."

The policy will be revised to make this clear.
Paragraph Seven:

Comment: FERC requires APA to prepare a mitigation plan prepared in
consultation with appropriate resource agencies. This plan
will be based on recommendations from the core groubs and
review and comment from the agencies via the Fish and Wildlife
Mitigation Review Group and the formal agency review process.
Subsequent to the FERC filing, the plans will be reviewed by
FERC and other agencies and an acceptable plan finalized. It
is not APA's intent that the mitigation planning be in conflict
in any way with the management and protection responsibility
of any agencies.

Paragraph Eight:
Comment: The Susitna project is being prepared by a state agency. As

such, it would be premature to commit funding for involvement
of other agencies at this time.

General Comments

1. The three month delay in the license application will pérmit agency
review and input to the mitigation plan.

2. The Policy will be revised to include a description of purpose of
the core and review groups. You will be receiving a letter with
the Feasibility Report outlining what reports will be sent to your
department.
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We very much appreciate your comments on the policy and hope my responses
are satisfactory. If you have any questions, please call.
Sincere]y yours,

/ S

¢f> John D. Lawrence
Project Manager

ACRES AMERICAN INCORPORATED
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INTRODUCTION

Mitigation altermatives for impacts associated with the Susitna Hydroelectric
Project can be divided into the categories avoid, minimize, rectify, reduce or
eliminate, or compensate. However, except for a few very clear, well defined
alternatives the placement into ome or another of these categories may be very
subjective. The intent of this report is to describe, in detail available at
this time, the various choices that exist for mitigation of impacts that are
believed feasible at this time. The technology is available to accomplish any
or all of the mitigation techniques described or mentioned. Mitigation
techniques described in one section may also be suitable for other impacts.
However, for the purpose of this report, repetition of description has been
avoided as much as possible. For example: temperature control is discussed
in detail in the section on temperature impacts, but it also may be an

integral part of other impact mitigation techniques.

In summary, all mitigation options are viewed as reasonable and possible at
this point in time. Additiomal studies are planned, or being planned, that
will add information that will be -useful in selecting the most appropriate
mitigation method. These studies include the cost of the optioms, and their

conflict with other project objectives.
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IMPACT: Loss of grayling habitat in the impoundment areas.

The creation of the Watana and Devil Canyon impoundments will cause the
inundation of the mainstem Susitna River and reaches of the tributaries in the
impoundment area below the high water (full reservoir) elevation. The tribu-
taries of the Susitna provide grayling habitat in the impoundment zomes,
supporting approximately 10,000 grayling (ADF&G, 1981). The mainstem Susitna
has useful habitat areas in clearwater zones, usually associated with stream
mouths. The stream reaches above the high water mark should not be affected
negatively. A positive impact for grayling in the stream reaches above the
impoundments could come from the reservoirs providing an abundance of over-

wintering area, if overwintering habitat is population limiting.

A secondary impact, increased fishing pressure, could be caused by the con-
struction personnel working on the project and increased access after the
project is operational. Grayling are semnsitive to fishing pressure and the

populations may not respond well to increased sport fishing pressure.
. L]

MITIGATION: Avoiding, minimizing, or reducing the impact omn the grayling
fishery in the impoundment zones all have project limiting implications. They
would all include such options as lowering the height of the dams, relocating
the dams, or possibly building only one of the dams. Inasmuch as both dams
are needed for the project to be viable, and other more suitable dam locations
are not as viable economically and/or environmentally other mitigation options
will be more viable. The most practical mitigation methods appear to be
associated with management and enhancement of £fishery resources. The
reservoirs' fishery potential is not completely predictable. However, based
on the water quality report (Peterson, 1981) and the reservoir sedimention
report (R&M, 1981) some potential may exist for a limited fishery in the
Watana reservoir. Additional areas that may be investigated’ for mitigation of
the sport fishery resource that will be lost to inundation include any barren
clearvater lakes and streams in the Susitna drainage for their potential for
providing a viable sport fishery. It is probable that any clearwater lakes,
or streams, that have potential already have fish resources in them. There-

fore, although this should be investigated, it is not probable that this will

be the most viable option.
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The reach of the Susitna mainstem between Devil Canyon and the Chulitna River
confluence should also be evaluated in light of the postproject conditions
that will exist there. The potential for developing a downstream fishery, in
the Devil Canyon to the Chulitna confluence section, is contingent upon the
water quality conditions that exist in the postproject period. The post-
project water quality conditions will be an improvement over the current
summer conditions. A reduction in the éolids and turbidity during the summer
will result from settling of ‘solids in the reservoirs (R&M, 1981). Also,
other mitigative measures associated with controlling the temperatiu‘e of the
discharged water and the flow rates from the project are necessary to develop
a sport fishery in this region. These measures are described in other
sections of this report. If the proper downstream flow criteria could be met
and if the turbidity of this reach of the Susitna is similar to the conditions
of the Kenai River, it is possible that substantial improvement in the chinook
and coho salmon populations in the Susitna mainstem could occur. Continued
and future investigations may further define the potential of this area.
These investigations should be designed to provide very specific information
about the future possibility of increasing the production of this stretch of

river.

Mitigation of reservoir impoundment impacts on the fishery resources could
also be accomplished by increasing the fishery resources in other areas,
outside the Susitna drainage. However, several lakes in the Susitna drainage
have been identified as having poteni:ial for increased production of one or
more species of salmon. Larson Lake, an 800 acre lake near Talkeetna is a
candidate for fertilization, as is Shell Lake, a 1,000 acre lake on the
Skwentna, and Byers Lake, a 400 acre lake on the Chulitma drainage. These
lakes have been identified as having the potential for increased sockeye
production. Finger, Delyndia, and Butterfly lakes have al3o been identified
as lakes that may have increased fishery production potential for additioﬁal

coho salmon.

Increased fishing pressure, caused by construction persomnel, can be mitigated

for in the writing of the labor contract. The contract can be written in such
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a fashion that fishing is prohibited. This would probably be more effective
than trying to control fishing through regulation. Regulation control will

probably be required whén general public access is provided.

The loss of grayling habitat, because of the uncertainty of the reservoir
potential, should be considered for mitigation outside of the reservoir areas
at this time. In the future, when more is known about the postproject
reservoir conditions this view might change. The technology is available to
enhance the fishery in other areas, such as the omes previously mentioned.
Bowever, because the loss is primarily of a sport fishery nature, the miti-
gation efforts should, most appropriately be directed toward the enhancement
of other sport fishery resources. Increased coho and chinook production in

the regions previously discussed could satisfy that goal.
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IMPACT: Dissolved gas supersaturation downstream of the Watana and Devil

Canyon reservoirs and in the Devil Canyon reservoir.

Nitrogen and oxygen supersaturation downstream of hydroelectric developments
‘can be a problem for fish survival. Gas bubble disease can be caused below
dams by total gas supersaturation of about 116 percent. The gas embolism that
. accompanies this condition occurs when a fish swims near the surface of the
river or reservoir where the hydfostatic pressure is less than the pressure
required to keep the excess gas in solution. As a result, the gas comes out
of solution in the gills and bloodstream causing small bubbles to form in the
circulatory system of the fish. If the embolism is sufficiently severe, the
fish will die directly from the gas bubble disease. In the milder cases, the
fish often dies from secondary infections which set in the damaged tissues.

As large volumes of water spill over a dam into a stilling basin below, air
bubbles are entrained and plunged with the main flow deep into the stilling
basin. Here, the gas, under high pressure is driven into solution in the
water causing a supersaturated condition to exist. The excess ga-s is not
easily liberated from the water. Should a slackwater condition  exist down-
stream, as in another impouﬁdment, the supersaturated condition will exist
through the entire slackwater pool and be passed along downstream, In
addition, Alaska statutes call for dissolved gas concentrations no higher than
110Z. These levels are exceeded under natural conditions downstream of Devil

Canyon during the summer.

This problem was recognized early in the design of the Susitna project. In
addition, the sequence of development, Watana first then Devil Canyon nine (9)
years later, has to be considered in mitigating this impact. Thus, gas
supersaturation mitigation is incorporated in the design of both the Watana

‘and Devil Canyon dams.

MITIGATION: The mitigation alternatives that can be used to avoid or minimize
nitrogen supersaturation impacts are associated with operational modifications
and design of the spilling structures. The following information explains the
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techniques that have been incorporated to avoid dissolved gas supersaturation

at the Watana and Devil Canyon developments.

1.

C.

Watana

Spill Frequency

Several operational procedures for power production were studies to
minimize the frequency of spilling from the Watana reservoir. A
simulation of monthly reservoir operation over a period of 32 years
of recorded streamflow has been carried out (Appendix Al). The
results indicate that the Watana reservoir would spill only rarely,

once, in say, 30 years (See Table 1).

Spill Discharge

On the basis of monthly simulation (Table 1), the spill rates are
estimated to be around 2,300 cfs averaged over one month period. To

take account of shorter duration summer floods when spills occur, a

_flood routing analysis was carried out to estimate peak discharges

from the dams.
Design and Operation of Outlet Works

In consultation with the fisheries study team, it was decided that
spills from the reservoir up to 1:50 year recurrence frequency
should be discharged in such a manner as to reduce the potential of
nitrogen supersaturaion in the spill discharge »and the river flow
downstreamn. Special facilities incorporating fixed-cone valves
(Figure 1) have been designed to cater to this requirement.. These

values are designed to disperse and break upstream the discharge
into small droplets which fall into the river water below with
little plunging. For ciescription of the values refer to Volume 1 of
main report. It is expected that nitrogen levels in spill dis-
charges will be reduced below about 11_02 by these facilities. It
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is, of course, possible that for floods of lesser frequency thar
1:50 year, higher supersaturation levels will occur and such risk 1s

considered acceptable.

2. Watana and Devil Canyon

Spill Frequency and Discharge

A similar analysis, as described above, Wwas carried out for the
period when both Watana and Devil Canyon development are
operational. The frequency of spills increase somewhat (4 times in
30 years, Table 2). Results of the flood routing analysis are
presented in Table 3 whe-re pre- and postproject flood peaks are

compared.

As in Watana, the spill discharges up to 1:50 year return frequency
will be discharged through fixed—cone valves in the Devil Canyon
dam. The facility will avoid increasing the gas supersaturation
below Devil Canyon to levels higher than patural levels due to

project operation.

Spilling Rate

The rates of spills that are expected to occur are approximately
321, 1390, 1149, and 3138 c.f.s. (Table 2). The rates are averaged
over a 30 day period and the actual spills that occur ‘can be
expected to be greater than this average and for a shorter duration
than a 30 day period because the flood periods that occur in the
Susitna drainage are generally of shorter duration than 30 days. In
addition, the reservoirs should be full, or near .full, at the time

when floods are expected and the excess water will have to be passe&

by spilling.
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TABLE 3
ESTIMATES OF PRE AND POST PROJECT _
DISCHARGE AND STAGE FREQUENCY ANALYSIS
Devil Canvon Damsite
Preproject ' PFostproject
Revised
Recurrence Q Q
Interval (cfs) (cfs)
2 47,000 11,000
5 61,000 12,000
10 71,000 . 13,000
25 84,000 28,000 : .
Susitna River at Gold Creek
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval (cfs) (£ft) (cfs) - (ft) (feet)
2 49,500 13.4 13,500 8.7 -4.7
S 66,000 14.9 17,000 9.6 =5.3
10 78,000 15.8 20,000 10.1 -5.7
25 94,000 16.7 38,000 12.3 4.4
Susitna River at Sunshine Station
Preproject Postproject
‘I' : " Change
Recurrence Q Stage Q Stage In Stage
Interval ) (cfs) (£ft) (cfs) (ft) (feet)
2 95,000 12.5 59,000 9.3 -3.2
5 124,000 14.8 75,000 10.8 ' =4.0
10 144,000 16.3 85,000 11.7 4.6
25 ‘ 174,000 18.4 118,000 14.3 -4.1
Susitna River at Delta Islands
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval (cfs) (£ft) (cfs) (ft) (feet)
2 105,000 94.6 69,000 92.7 -1.9
5 138,000 95.6 89,000 94.0 . -1.6
10 159,000 96.3 - 101,000 95.0 -1.3
25 193,000 97.3 137,000 96.0 -1.3
Susitna River at Susitna Station
Preproject Postproject
Change ,
Recurrence Q Stage Q Stage In Stage ;
. Interval (cfs) (£ft) (cfs) (£ft) (feet) ' "
2 157,000 16.7 121,000 14.8 -1.9 :
S 206,000 19.3 157,000 16.7 -2.6
10 . 239,000 20.9 181,000 18.0 -2.9
. 25 289,000 23.0 233,000 20.5 -2.5




DRAFT

c. Design and Operation of the Spilling Structures

The structures incorporated into the Devil Canyon dam design for
spilling of excess water are cone type valves exactly like the omes
in the Watana dam (Figure 1). The vﬁlves are designed to disperse
and breakup the spilled water. The droplets will fall onto 'Ehe
surface of the stilling basin below and will not penetrate very far
below the surface. This will avoid increasing the nitrogen and
oxygen supersaturation below Devil Canyon above that which occurs

naturally as a result of project operation.

Summary Discussion

Total dissolved gas pressure (supersaturation) values are directly
related to the waterhead pressure and inversely related to temperature.
Thus an increase in the pressure caused by water depth on plunging flows
with entrained air below the water surface will increase the amount of
dissolved gas in solution. The spill water from a dam can cause this to
happen. The mitigation measures described in the preceding paragraphs‘
describe the equipment designed into this project to avoid increasing the

amount of gases in the downstream waters or the reservoir waters.

Dissolved gas levels were taken at sites in the Devil Canyon region in
1981 (T.E.S., 1981). The total dissolved gas supersaturation ranged from
105.32 just above Devil Canyon to 116.72 just below Devil Canyon and
above Portage Creek at relatively high discharges.” Design and
operational procedures have been incorporated into the project to avoid
the possibility of having an increase in the amount of dissolved gas
downstream as a result of the project. In addition to the cone type
valves for spilling, operational modes have been explor.ed that reduce the
magnitu'de and frequency of spills to the point that up to the one in 50
year €lood can pass through the cone valves and the generating units.
The problem of supersaturation of gases has been minimized through design

and operation of the facilities.
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IMPACT: Alteration of the natural temperature regime of the water downstream

of the project.

The changes in temperature regimes downstream of hydroelectric projects have
caused serious problems for survival of fish stocks downstream of .t'he
discharge outfall. Shifting of the temperature events, increased winter
temperatures, and decreased summer temperatures have commonly occurred.
Structures that provide for selective withdrawal of water from ;he reservoir
to control downstream temperature are essential to avoid advers’e impacts omn
downstream fisheries. Several configurations of the intake structures at
Watana and Devil Canyon have been examined to achieve acceptable control of

downstream water temperatures during the different seasonms.

The temperature structure that normally occurs in the Devil Canyon to Chulitna
confluence reach is available from many sources (R&M, .1981, ADF&G, 1981, ADF&G
1975-77, USGS data record, ACRES, 1981). Figures 2 through 8 present the
temperature structure of the river reach previously mentioned for wet, dry,
and average postproject conditions as well as natural conditions. The winter
projections assume 4 C. water discharged from Dévil Canyon reservoir. In
addition, ADF&G (1975) reports the slough surface waters in the winter to be
about 1.2 C. on the average. A- slough intergravel measurement taken in

September 1981 (ADF&G) reported the temperature at 3 C.

An intergravel temperature study presently being conducted will provide needed
information concerning the winter intergravel temperatures in the reach of the
river between Devil Canyon and the Chulitna confluence. Predictions of the
extent of winter impacts of post-project temperature regimes will be facili-
tated by the information gathered during this investigation. The source of
the water in the sloughs that are productive is from groundwater. The tempera-
ture of this groundwater and the intergravel water in the mainstem will be
compared to postproject water temperature predictions. The degree of impact
associated with the postproject temperature regime will depend on the variance

from the normal intergravel conditioms.

Preliminary data indicate that the intergravel temperatures of the redds is in
the vicinity of 2.5 to &4 C. If this temperature is determined, to be the

-13-
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winter requirement for egg incubation, winter discharges of warmer water may
be determined to be desirable. At this time any conclusion regarding winter

requirements of downstream temperature for the existing fisheries would appear .

to be premature.

MITIGATION: To avoid or minimize the impact of shifting kof temperatu’re
events, adversely affecting winter temperatures, and decreasing summer
temperatures, structures that provide for withdrawing water from strata within
the reservoir which provides for control of downstream water temperatures are
essential. The 1intake design has been altered many times and various con-
figurations have been examined. Presently, the project design includes a
multi-level intake at the Watana development (Figure 9) and a single level
intake at the Devil Canyon development (Figure 10). |

The impact of low water temperatures during the critical summer spawning
months has not been alleviated by the adoption of a "multilevel™ turbine
intake system. By proper control, water can be drawn from the surface layers
of the reservoirs in the summer. This water will average between 9.8 C and

11.8 C. This is with the normal summer time temperature variability of the

systen.

The impact of altered water temperatures during the winter months (i.e. ,- from
0.0 C. - 1.0.C. to 3.9 C.) on fisheries has not been established. ‘

The effects of altered temperatures during the winter period could potentially
benefit downstream fisheries as well as create adverse conditions. If the
existing stock of salmon in the river below Devil Canyon are dependent on
groundvater temperatures in the range of the project temperature water
discharge, the release of warmer water from the reservoirs during the winter
peribd could provide a large source of warm water that ;neets the thermal
requirements of the incubating eggs and developing alevins. If other
conditions are met for successful spawning and incubation, significant

enhancement of the fisheries resource may occur.

Alternatively, if the cold water of the mainstem is needed to provide the

proper development rate of the eggs and juveniles, similar warming of

-23-
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the downstream discharges could provide earlier development of the immature
fish and the resultant early downstream migrants could be subjected to adverse
conditions that would decrease their survival rates. The studies of these
thermal phenomena and the development rates of eggs incubating in the spawning

gravel should help resolve this question.

The outlets of the Watana reservoir are currently designed with multiple level
intakes. During the summer period, these are predicted to selectively
withdrav water . from the proper thermal strata of the upper layers of the
reservoir water columm to provide downstream water acceptable to migrating
anadromous fish and the resident species. These temperatures are also well
within the tolerance levels of the early incubation period for the chum and
sockeye eggs. During actual operation of both reservoirs,  this warm water
layer will be stored in Devil Canyon reservoir and discharged through a single
outlet 70 feet below the full pool level of the reservoir. During the summer
months, the water level of Devil Canyon reservoir can be maintained below full
pool so that the water temperature discharged downstream of Devil Canyon is
_ drawn from near the surface of this reservoir. The projected downstream
temperatures from this operation scheme are depicted in Figures 2 through
8. The establishment of an inverted thermal strata during the winter period
for both reservoirs is a possibility with significant layers of water cooler
than the maximum density layers of 4 C. The extent that this layer develops
will determine the downstream water temperature discharged in the winter
months. Data from the Corps of Engineers studies of Bradley Lake, indicate
that in December, this layer may extend to 70 meters. However, since a
precise prediction of the thermal strata of the reservoirs is not available at
this time, the worst case assumption has been used for winter discharges in
projecting downstream temperatures; that is continuous winter discharge of 4 C
water. This value most significantly departs from the natural thermal regime.._
- Using these discharge temperatures from Devil Canyon reservo.:l.r, the downstream
temperatures during the winter months do not decrease to the normal stteaﬁ

winter temperature of O C. until near the Chulitna-Susitna - confluence -

(Figure 11). - R

Further evaluation of the fisheries studies currently ongoing will be required
to determine whether this condition is beneficial or advers;e to the fishery
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resource of the river. If adverse impacts arel predicted, an altered operation

scheme and multiple level discharge structure at the Devil Canyon reservoir
will have to be explored to determine if this would alleviate any adverse
impacts. If determined to be beneficial, discharge from the 4 C. thermal
layer of the Devil Canyon could be accomplished by maintaining sufficient
dépth in this reservoir during the winter or routing warmer water from .the

Watana reservoir lower butlets during the winter periods.

During both the summer and winter periods, the use of multiple level outlet
structures of proper design and operated in a manner to provide the required
downstream temperatures will probably be |adequate to meet the water

temperature requirements of downstream fisheries.

-28-
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IMPACT Altered flow regime in the Devil Canyon to Chulitna confluence and

it’s effect on the fisheries resources.

The fisheries in this reach of the river use portions of the wetted portion of
the system during different times in their life cycle. Resident fish are
found overwintering in the mainstem of the river and are usually concentrated
in the mouth areas of the tributaries-during the summer. The mainstem is also

a migratory corridor for these species in the- spring and fall.

Sockeye salmon adults migrate during the summer months of July and August
through the mainstem and spawn exclusively in the slough habitat. Little
information is available on the rearing of this species, but they apparently

rear in this type of habitat also.

Chum salmon behave similarly to sockeye salmon in that they migrate into the
system in early August and spawn Primarily in the slough habitat with minor
use of the tributaries. There is also use of side channels of the mainstem
for spawning by this species. Chum salmon will outmigrate in a relatively
short period of time after emerging from the gravel to the Cook Inlet estuary.

The odd year pink salmon which run in this area primarily use the clear water
tributaries for spawning with very little use of the slough habitats. 'l'his‘
species immediately outmigrates upon emergence with very little fresh vater
rearing. No information is available onm habitat use during the large even

year rums.

The coho salmon adults migrate into the system during August and September
with these individuals primarily using clear water tributaries for spawning.
Limited use of side channel or Peripheral portions of the mainstem was
observed. The juveniles of this Species, upon emergence, rear for one to two
years in the associated riverine habitat. This rearing occurs in the clear
water tributaries and in the mainstem of the Susitna with the main concen-
trations associated with the slough habitats.

Chinook salmon in this reach of the river were observed to spawn only in the
clear water tributaries. The juveniles rear in habitat similar to the coho

-29-
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Juveniles, Primari}y Concentrated ip the slough habitats. Both coho and

chinook Jjuveniles were observed in the mainstem ang sSome of the sloughs during

the winter months,

to meet the Seasonal loaq demands for electricity. The overall effect of thig
Process ig to substantially increase the winter flows and decrease the summer
flows in this reach of the Susitna River, Figure 12 depicts the Pre- and
Post-project monthly average flows under the Proposed operation scheme with
both Watang and Devi} Canyon on line. The flow variability of the Pre-project

pecies usingk this habjicrat in this Yeach of the river, the chum ang sockeye
ialmon. ApprOXimately 152 of the Susitna chuyp and 12 of the Susitna sockeye
use this sectiop of the river. The effects on the odd year Pink salmop run
will be minimal, jin that access into the clear water tributarjeg should not pe
affected. Thege Streams have sufficient gradient ¢o establish a pey channel

the river wil] Tequire that flood ang flow control be maintaineq at some flow

ab: the power Production level, Mitigation options that have been
1fied :lncluding the flow control options are described ip the following
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sections. The technology to mitigate by using any or all of the techniques is
available. Detailed investigations, aimed at determining which method would

be the most suitable would be implemented before a final program could be

instituted.

One option is to maintain or improve conditions in side sloughs utilized By
salmon. Upwelling water in the chanmnels or sloughs provides the necessary
flow to hatch the eggs and to maintain aquatic food organisms during the
winter freeze-up period. Such groundwater flow is not sufficient to provide
the necessary depth and velocity required by spawning adults. This flow is
either supplied by the river flowing through the slough or by ‘backwater
entering the slough from the downstream end. A river flow level near 19,000
cfs at Gold Creek is presently required to provide the upper end flow in the
sloughs. This level of flow is above the summer power requirements and must.
be spilled during critical times. The reservation of a quantity of water as
acre feet can be established and used for this extra spill. Sufficient water
could be provided during the late summer to allow access of spawning chum and
sockéye salmon to the side slough habitat currently used by these species. 1In
addition, flows could be manipulated over a short period of time to provide
adequate water to run through the sloughs to clean the spawning gravel. The
exact time of the spill and the duration, while generally known, requires
additional refinement before a flow regime can be vorked out and submitted for
inclusion in the operating schedule or for rule curve operation. Although
significantly different from the natural flow regime, flows sufficient to
avoid adverse impacts to the fisheries of the river are possible if they can
be regulated on a short term basis during the summer months. -

The flow from upwelling groundwater may or may not be available as the
recharge water source for the aquifers has not been established. This
requires that a program be developed and executed to establish both source and
quantity of the ground water’ supply and the resultant temperatures. Thé
techniques for developing this type of survey and assessing the findings are
known and may be applied to the problems associated with the sloughs. - “

To insure an upwelling flow, it may be necessary to recharge an aquifer. If

the aquifer is supplied from river flows and stored in the island(s) between a
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channel and the main river, an upper river flow sufficient to recharge the

‘ aquifer may be required.

Besides establishing a level of river flow to provide the necessary supportive
depth and velocity required by spawning fish in the sloughs, there is the
possibility of altering the water level control of a slough. This may requife
excavation at one or both ends of the slough and a physical structure at the
upper end. The useful spawning area of many of the sloughs is not at either
end. The upper end may serve Primarily as a channel for high water flows to
enter through and it may be severely scoured. The lower end may be an area of
deposition for suspended material that settles out as the water flowing
through the slough slows down. It may be possible to alter the water control

level without disturbing the useful area.

If the control is lowered below the stage of the high winter power flow, the
introduction of river water at that time in the sloughs may produce undesired
results by this water freezing, ice blocks, by anchor ice, or frazil ice
formation. Thus, the control should not be lowered below the stage of the

‘ winter high flow unless a physical structure that can be closed is placed at
the upper end of the slough.

The river cross section profiles produced an indication that either flow-or — - e
bed level adjustments are practical. To establish precisely the appropriate

flow or bed level or combination requires that a detailed survey of the upper )

and lower ends of the sloughs be made to define the type of control needed at

such points. Water can be introduced either through a culvert or through the

bed with shape adjustments to give the necessary supportive depth and
velocity. Except for the required field survey, the technology necessary to
undertake this type of mitigation is established and available. The require-

ments for spawning are established for these species in other regions, as are

flows needed to keep deposited eggs alive. Data is scheduled for collectioe

that will be stock specific for this region. e

The necessary excavation varies for the sloughs under study. “The exact -
‘quantities must await a detailed field survey and the choice of flow control. -
There are 32 sloughs at the present time that are used by spawning and rearing
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salmon. The annual cost of maintenance of the proper conditions within the

slough will depend on the level of flood control achieved. With proper flood

control this would be expected to be minimal.

Construction materials such as culverts, gates, and gabions may be conaidezjed
as shelf items. Their use depends upon the control needed for the individual

slough.

Major floods have altered the sloughs and side channels. Destruction 1s
generally caused by deposits of gravel, the scouring of the slough bed, or the
isolation of the slough from the main river. To insure stabilization in the
sloughs that are used by the salmon for spavning or rearing it is necessary
that the level of a major flood with a return period of approximately 20 years
be reduced to about 28,000 cfs at Gold Creek. This requires the allocation of
storage room in the reservoirs and the development of a release pattern to
maintain the desired flow level at Gold Creek. Without flood control, miti-
| gation by altering the occupied sloughs may be found to be impractical. The
final levels of flow regulation must await the development and completion of
the surveys of the sloughs to find their levels and slopes.

Improving conditions in sloughs now not available to spavning salmon is
possible under the same scenario as mentioned above. There are a number of
sloughs nov not used by spawning salmon either because of the lack of water to
supply the needed supportive depth and velocity required by spawning salmonm,
lack of suitable substrate, or because the upwelling flow required to maintain
the eggs and fry is not present. The 'existing transect sSurveys are not
adequate to determine the precise bed levels in the main Susitna. A field
survey of the most promising non-used sloughs could result in channel alter-
ations similar to the approaéh suggested for slough now used by salmon to
bring such sloughs into useful production. Until additional. field surveys can

be made these sloughs must remain as potential for production.

It has been suggested that the existing sloughs now used by salmon could be
augmented by additional flow from the mainstem by maintaining water levels
that permit greater wetting of the slough beds. There 1is a preferred
temperature for spawning salmon. Through control of the water temperature by
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the use of a multi-level intake it may be possible to maintain the slough
temperature levels as near as possible to the preferred levels, thus resulting
in maximum production. These levels are established but they need further
site verification, for Susitna stock, in order that a temperature regulating
schedule for wvater releases, primarily through the hydroelectric turbines may
be suggested. It has been mentioned previously that it may be undesirable ﬁo
have a small amount of river water passing through the slough area during the
cold vater period. This requires a further examination to determine whether
such water would be useful or harmful. If useful, it would expand the
productive area of the slough; if harmful, it should be excluded.

Maintaining areas in the main river where salmon presently spawn can be helped
in part by increasing the water clarity. If the level of clarity of the wvater
can be improved after it has passed through the reservoirs, it is possible
that the main river may become more productive and the suspected areas where
salmon may now spawn will be improved by the removal of silt. It is assumed
that there is little use of the river by chinook salmon. In other large
streawms chinook salmon are known to spawn in the mainstem. With most of the
silt removed and with flow control spawning adults may utilize new areas for
the production of large chinook salmon. It is not recommended at this time
that additional gravel be placed in the mainstem for spawning purposes. If
spawning areas develop, they will develop under the new flow conditions as the
river is freed from scouring floods and entrapped silt.

It is believed that there is a limited use of the main river by coho for
spawning. With water that is relatively silt free, and with river discharge
control, river areas may become more productive or additiop&l areas in which
the coho salmon will expand their activities into may be developed t;atutally.
Additional stocking of these habitats may also be desirable.to more rapidly
develop new populations. The value of this approach requiire; additional study

to evaluate.

Increased food production may be expected in the main river areas as the
stream becomes clearer. Additional studies should ‘be made of this to predict
a possible increase in rearing area for both coho and chinook fry, fingerlings

and yearlings.
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Man-made spawning beds could be constructed and operated in suitable areas, in
or out of the Susitna basin. Man-made, or artificial spawning beds have been
successfully built and operated for sockeye salmon in cold areas. At this
time there is no location picked for such spawning channels, but it remains as
a potential for mitigation or augmentation, as the mechanics of their
construction are known and the potential resulting efficiencies established.
Chun salmon are known to spawn in upwelling spring areas and it would be
expected that they would respond to conditions in an upwelling artificial
spawvning bed. It is possible that coho, chinook, and sockeye salmon may use

such an area also.

The operation of artificial spawning areas under freezing conditions requires
a carefully designed system. Such spawvning beds would have to be protected
from scouring flood flows. Sufficient numbers of chamnnels have been con-
structed so that a geﬁeral overall cost may be established, subject to site
specific conditioms,. particularly the water source. In addition development

costs and annual maintenance costs must be added.

"Hatchery facilities could be located in or out of the Susitna basin to

mitigate for fish losses as a result of the project. Hatcheries have long
been used for salmon production. . Hatchery conditionms vary, but .proﬂnction
techniques are well established. Hatcheries have been built and operated in
cold areas where there are salmon runs. The costs will vary depending upon
the climatic conditions and the species of salmon to be hatched and reared.

The species found in the upper Susitna have been cultured elsewhere in
hatcheries, but require details for site specific conditions. A volume of
pure, wvell oxygenated water of proper temperature is required. The cost of
supplying one or all of such requirements at a given site may -be prohibitive.
Temperature control may be a very costly factor. While § C. ﬁate: may Tbe.

desirable in the winter time, it would be undesirable during other periods.
The resulting production from a successful "artificial spawvning channel ‘or

hatchery operation calls for additional management techniques to protect the
natural runs which co-mingle in a mixed fishery. Hatcheries, as an in lieu
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mitigation, might have to be located outside of the Susitna basin. The

. technology of construction and operation is established and such a facility

|
! remains as a potential for mitigation or augmentation.
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IMPACT: Dowvnstream impacts on the fisheries resources of the Susitna River

below the confluence of the Talkeetna and Chulitna rivers.

The installation and operation of the proposed hydroelectric project has the
potential of altering the natural flow regime, temperature, water quality,
river morphology, and ice processes in this reach. All of these changes have
the potential for adversely :meaéting or benefiting the fisheries. resources of

-

this reach of river.

Preliminary baseline measurements and data analyses have been conducted for
these parameters for the river reach below Talkeetna. The Sunshine Station at
the Parks Highway Bridge has provided the basis for evaluation of this river
reach along with supportive data from the Alaska Department of Fish and Game
fisheries investigations. These data have provided information on the distri-
bution of resident and anadromous fisheries resources within this reach and
the variability of the other physical and chemical parameters of the pre-

project river system.

The operation of the prdject is projected to estimate chahges in the monthly
average flows in this reach (Figure 13 and 14). Fish will experience post-
project discharges that are within the range of natural wvariability but
generally lower by some 20Z of average natural dischatges during the months of
August and September at Sunshine Station and around 10Z lower at Susitna
Station. As these months are associated with the majority of spawning
activity of the anadromous species, little effect of the project on these
species within this reach is anticipated. .

The winter months will create conditioms substéntially different from the
normal variation of the system, with significant increases in the ‘discharge.

During this period of time, the mainstem is used for overwintering habitat for -

anadromous juveniles and resident species with very 1little incubation of
salmon redds occurring. Although the increase in winter flows is substantial,

it is still a small amount compared to the capaciiy of the channel and there

is presently no data available that suggests the flows will cause adverse
effects on the fisheries. The increase in discharge during this period may
improve winter conditions on the river, but there is also no data suggesting
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that overwintering habitat limits the abundance of the species in this portion
of the river. Additional data collected which will more clearly define the
changes in stage with respect to the cross sections in this reach of the river

are planned for this coming field season.

Examination of discharge data at Susitna Station indicates that the months ‘of
May through October are well within the natural variability of the system, but
as at Sunshine Station, the winter months provide for significant discharge
increases (Figure 14). These changes are not predicted to have significant

effects on the fisheries resources of this system.

The water temperature changes induced by the project versus preproject con-
ditions at the Susitna River confluence with the Chulitna River have been
provided by ACRES American (Figure 11-LRX-3). As this water will mix with the
other two tributaries in this vicinity, the temperature effects during both
the summer and winter periods }s‘hould be well within the natural variability of
the vater temperatures during these periods, and not significantly different
from the actual pi'eproject conditions. Therefore, the downstream postproject
temperature potential impacts will not be affected in this reach of the river.

The water quality parameters measured during the 1981 ‘summer at the Sunshine
postproject effects on water .quality. Postpfoject water quality conditioms
have not been clearly established, but evaluation of the parameters by RIM
Consultants indicates that no hazardous concentrations of any chemical

Station sampling site have been used as the basis for evaluation of the

constituents are expected.

Although decreases in the summer suspended sediment concentrations and

associated turbidity are predicted for the river upstream of the Chulitna

confluence, the effects of the Chulitna River sediment load on the. system . . .

should be sufficiently high to mask any benefit that could be expected below
this reach. This is caused by a reduction in volume and a subsequent lesser
contribution of the total,vatér volume by the mainstem Susitna as well as the

Chulitna being the major contributor of sediment per unit volume. Addition-

ally, analyses of the water quality parameters variability during 1981 indi-

cates that the variability between sampling periods is of sufficient mgnitu&é‘
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that any decrease should not be distinguishable in this reach of the river.
. This relationship also holds for other chemical parameters as well. Winter
turbidity may have minor increases over the normal conditions. There is no

' data available to suggest these changes will be adverse to the existing

fisheries.

River morphology changes may occur in this reach of river because of the
decreases in volume and subsequent bedload transport by the mainstem Susitna
in the confluence area near Talkeetna. A long term aggradation of materials
may occur in this reach and thus cause an increase in stage at any particular
discharge in this reach. The flood frequency of the lower river will be
decreased. This may produce a long term change in flood pattern and provide
more channel stability. The magnitude of the‘seA changes do not appear to be
sufficient to project any changes in the fish habitat in this area.:

The ice formation processes are predicted to change because of winter
temperature effects on the river above Talkeetna. On average year conditioms,
‘ an jce cover is not projected to form above the confluence of the Chulitna
River. As a consequence, the ice formation processes will occur in the
vicinity of this confluence. ACRES American has provided a detailed analysis
of the ice formation process. There is currently no information that suggests
these changes will adversely affect the fishery resource.... === === ===
MITIGATION: Based on the current level of information available, postproject
planned operation of the reservoirs should provide conditions in the river
sufficiently close to preproject conditioms that significant changes in the
existing fishery are not predicted. Tbereforé, impacts in this reach may be
avoided by operation of the project in the currently planned framework. This
ijncludes downstream temperature control and dissolved gas control in the
spilled water and a flow regime that is within the . ninimms curtently —el

projected. T
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