DRAFT
DRAFT

ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT
Federal Energy Regulatory Commission

Project No. 7114

WORKING DRAFT
SETTLEMENT PROCESS
INSTREAM FLOW RELATIONSHIPS REPORT
VOLUME NO. 1

FEBRUARY 1985
Prepared for:

HARZA-EBASCO SUSITNA JOINT VENTURE

E. WOODY TRIHEY AND ASSOCIATES
AND
WOODWARD-CLYDE CONSULTANTS



3

This Report was Prepared by
the Following Project Staff

E. Woody Trihey E. Woody Trihey & Associates
Jean E. Baldrige Woodward-Clyde Consultants
Greg Reub E. Woody Trihey & Associates
Bob Aaserude E. Woody Trihey & Associates
Elizabeth Bradley Woodward-Clyde Consultants
Steve Bredthauer R&M Consultants
Steve Crumley Woodward-Clyde Consultants
Linda Perry Dwight E. Woody Trihey & Associates
Diane Hilliard E. Woody Trihey & Associates
Tim Jennings Woodward-Clyde Consultants
Carol Kerkvliet Woodward-Clyde Consultants
Sharon Klinger E. Woody Trihey & Associates
Joe LaBelle Arctic Environmental Information &
Data Center
Paut? Meyer Arctic Environmental Information &
Data Center
Larry Moulton Woodward-Clyde Consultants
Larry Rundquist Woodward-Clyde Consultants
Carl Schoch R&M Consultants
Cleve Steward E. Woody Trihey & Associates
Rhonda Steward Woodward-Clyde Consultants
Erwin Van Nieuwenhuyse E. Woody Trihey & Associates
Curt Wilkinson E. Woody Trihey & Associates




ACKNOWLEDGMENTS

The Instream Flow Relationship Report (IFRR) and its associated
technical report serfes were funded by the Alaska Power Authority
(APA) as part of the engineering feasibility and licensing studies for
the proposed Susitna Hydroelectric Project. Much of the IFRR is based
on engineering and environmental studies which were inftfated by Acres
American, Inc. and continued by Harza-Ebasco Susitna Joint Venture.
Except for the stream temperature modeling, Harza-Ebasco has conducted
all physical process modeling directly or indirectly referenced in
this document. Of particular value is their reservoir temperature and
ice processes modeling.

Ffeld studies and analyses completed by other members of the Aquatic
Study Team are also cited within this report. Most visible are
numerous references to the Alaska Department of Fish and Game Susitna
Hydroelectric Aquatic Study Team (ADFAG). The ADF&G SuHydro Study
Team conducted field studies to determine the seasonal distribution,
relative abundance, and habftat requirements of anadromous and
selected resident fish populations in the Susitna River.

The University of Alaska, Arctic Environmental Information and Data
Center (AEIDC) conducted the instream temperature modeling studies, a
key element in this evaluation. Mr. Paul Meyer and Mr, Joe Labelle
are recognized for assembling the supporting technical information and
drafting portions of the Instream Temperature and Ice Processes
section of this report.

R&M Consultants has conducted the hydrologic and climatologic field
studies. Of most value in preparing this report has been their
assistance 1in providing data, analytical results, and technical
reviess pertaining to basin hydrology and climatology, slough
geohydrology (upwelling), and {ice processes. Recognition is gfven
Mr. Steve Bredthauer for drafting portions of the Basin Hydrology and

11



Streamflow Varfability section of this report. Mr. Carl Schoch
proviced technical information and drafted portions of the Instream
Temperature and Ice Processes section of this report.

Finally special recognition 1s given to Milo C. Bell for the flawless
insights he provided at the onset of the feasibility studies regarding
the issues that would arfse as being central to project licensing and
his wise counsel concerning their implications to the maintenance and
enhancement of salmon resources in the Susitna River Basin.

iv




TABLE OF CONTENTS
DECEMBER DRAFT
INSTREAM FLOW RELATIONSHIPS REPORT

ACKNOWLEDGMENTS
PREFACE

I INTRODUCTION
Instream Flow Relationships Report
Project Setting

IT  APPLICATION OF AQUATIC HABITAT MODELING TO THE
MIDDLE SUSITNA RIVER
Approach
Framework for Analysis
The IFR Model

IIT FISH RESOURCES AND HABITAT TYPES
Overview of Susitna River Fish Resources
Relative Abundance of Adult Salmon
Distribution and Timing of Juvenile
Salmon and Resident Species
Identification and Utilization of Habitat Types
Selection of Evaluation Species

IV WATERSHED CHARACTERISTICS AND PHYSICAL PROCESSES
INFLUENCING MIDDLE RIVER HABITATS
Watershed Characteristics
Sediment Transport Processes
Instream Water Quality and Limnology
Instream Temperature and Ice Processes

v INFLUENCE OF STREAMFLOW AND INSTREAM HYDRAULICS ON
MIDDLE SUSITNA RIVER HABITATS
Habitat Types and Categories
Passage
Microhabitat Response to Instream Hydraulics

VI  EVALUATION OF HABITAT COMPONENTS WITHIN THE IFR
FRAMEWORK
Watershed and Climatologic Influences on
Physical Habitat Components
Seasonal Utilization of Middle River Habitats
Evaluation Periods and Sepcies
Relative Ranking of Existing Physica: Habitat
Components
Inherent Pruject Influences on Existing
Pnysical Processes
Control Over With-Project Relationships
VII REFERENCES



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

IT1-1.

I11-2.

IT11-3.

111-4.

ITI-5.

Iv-1.

Iv-2.

Iv-3.

Iv—4o

IV'S.

Iv-6.

Iv-7.

LIST OF TABLES

Common and scientific names of fish species
recorded from the Susitna Basin.

Commercial catch of upper Cook Inlet salmon
in numbers of fish by species, 1954-1984.

Summary of commercial and sport harvest on
Susitna River basin adult salmon returns.

Sport fish harvest for Southcentral Alaska
and Susitna Basin in numbers of fish by species,
1978-1983.

Susitna River average annual salmon escapement
by sub-basin and species.

Summary of monthly streamflow statistics for
the ?usitna River at Gold Creek (Scully et al.
1978).

Percent distribution and duration of annual
peak flow events for the Susitna River at
Gold Creek 1950-1982 (R&M Consultants 1981).

Number of times breached for duration
indicated based on analysis of Gold Creek
record 1950-1984.

Sediment transport processes and components
and their relative importance in the formation
and maintenance of habitat.

With-project influence on sediment transfer
processes and sediment loading.

Mean baseline water quality characteristics
for middle Susitna River at Gold Creek under
(a) turbid summer (June-August) conditions
and (b) clear, winter (November-April)
conditions.

Preliminary stream temperature criteria for

Pacific salmon developed from literature sources
for application to the Susitna River.

vii

Page

IT1-2

I11-3

I11-6

IT1-7

I11-9

Iv-5

IV-6

Iv-11

iv-19

Iv-25

1v-30

IvV-40



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

jable

Table

Iv-8,

Iv-9.

IV-10.

Iv-11.

Iv‘lz-

Iv-13.

Iv-14.

IV-15.

IvV-16.

v-1.
v-2.

LIST OF TABLES (Continued)

Comparison of accumulated centigrade temperature
units (CTU's) needed to produce 50 percent
hatching of chum salmon eggs and 50 percent
emergence of chum salmon alevins at selected
sites on the Susitna River with those required
under controlled incubating environments
elsewhere in Alaska.

Comparison between measured surface water
temperatures (°C) in side sloughs and
simulated mainstem temperatures

Simulated middle Susitna River mean summer
mainstem temperatures for natural, Watana
only, and Watana/Devil Canyon conditions.

Downstream temperatures (°C) resulting from
differences in summer reservoir release flows
and temperatures,

Comparison between simulated downstream water
temperatures for constant reservoir outflow
conditions and different air temperatures.

Downstream temperatures (°C) resulting from
differences in winter reservoir release flows
and temperatures.

Summary of freeze up observations for several
locations within the Talkeetna-to-Devil Canyon
reach of the Susitna River., Source: REM
Consultants 1980-81, 1982, 1983, 1984.

ICECAL simulated ice front progression and
meltout dates (Harza-Ebasco Susitna Joint
Venture, 1984c).

Occurrences where with-project maximum river
stages are higher than natural conditions.

Description of habitat categories.

Numher of specific areas classified in each
habitat category for seven mainstem discharges.

Frequency of breaching flows at selected
sloughs and side channels.

viti

Iv-42

Iv-47

Iv-49

IV-50

Iv-53

IV-54

IV-59

IV-66

Iv-68
y-5

V-8

v-20



Table V-4,

Table V-5.

Table VI-1.
Table VI-2.

Table VI-3.

LIST OF TABLES (Continued)

Calculation of turbidity factors for
determination of the infleunce of turbidity
on clear water cover criteria for juvenile
chinook salmon.

Habitat suitability criteria used in revised
model to forecast WUA for juvenile chinook
salmon under low and high turbidities.

Simplified periodicity chart.

Evaluation of the relative degree of influence
physical habitat components exert on the
suitability of middle Susitna River habitat
types.

Tabulation of habitat and evaluation period
indfces for the middle Susitna River,

ix

V-46

v-51
VI-4

VI-7

vI-11






Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

Figure

Iv-7.

Iv-8.

v-1.

v-2.

V-4,
V-5,

v-6u
v"7¢

v-8.

V-9,

v-10.

V-11.

v-12.

LIST OF FIGURES (Continued)

Comparison of simulated natural and with-
project monthly temperatures of the Susitna
River at RM 130 for the one and two dam
scenarios (Source: AEIDC 1984b).

Flowchart of general ice forming processes
on the middle reach of the Susitna River.

Surface area responses to mainstem discharge
in the Talkeetna-to-Devil Canyon reach of the
Susitna River (RM 101 to 149).

Flowchart describing possible habitat
transformation that may occur with
decreases in mainstem discharge.

Number of specific areas classified in each
habitat category for various Gold Creek
mainstem discharges.

Typical passage reach configuration.

Breaching flow occurrence during 12 August
to 8 September based on Susitna River
discharge period 1950-1984,

Thalweg profile of Slough 8A.

Habitat suitability criteria for slough
spawning chum and sockeye saimon,

Comparison of WUA responses to site flow

for spawning chum and sockeye salmon at four
middle Susitna River study sites (Adapted from
ADF&G 1984d).

Total surface area and WUA index for spawning
chum salmon at Habfitat Category I, II, and III
study sites (Adapted from ADFAG 1984d).

SimuTated influence of increased upwelling on
WUA for spawning chum salmon at Slough 21 and
Upper Side Channel 11.

Surface area and WUA responses to mainstem
discharge Habitat Category I, II, and III
spawning sites (Adapted from ADF&G 1984c).

Frequency distribution of cell depth over

upwelling areas in Upper Side Channel 11 at
site flows of © and 50 cfs.

xii

Iv-52

Iv-56

v-21
v-22

V-26

v-29

v-31

v-33

v-35



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

¥-13.

v-14.

V-15.

V-16.

v-17.

v-18.

V-lg-

v-zoo

v-21.

v-22.

v-23.

vi-2.

VI-3,

LIST OF FIGURES (Cont{nued)

Frequency distribution of cell velocity
over upwelling areas in Upper Side Channel
11 at site flows of 5 and 50 cfs.

Flow and habitat duration curves for spawning
chum salmon by habitat categories

Velocity criteria for juvenile .chinook in
clear and turbid water.

ADFAG cover criteria for juvenile chinook in
clear and turbid water.

Velocity suitability criteria for juvenile
chinook in the Kenai and Chakachamma rivers,
A]as?a (Source: Burger et al. 1982 and Bechtel
1983}.

Revisad cover criteria for juvenile chinook
in clear and turbid water.

Comparison between WUA forecasts using ADFAG
low turbidity velocity criteria and modified
low turbidity velocity criteria.

Comparison between WUA forecasts using ADF&G
and modified cover criteria for juvenile chinook.

Simulateu effect of reducing fine sediment
deposition at two study sites.

Comparison between WUA forecasts using ADFA&G
and revised rearing habitat model.

Percent of total wetted surface area providing
WUA for rearing chinook at Side Channel 21
and Upper Side Channel 11,

Phenology and habitat utilization of middle
Susitna River salmon in mainstem, tributary,
and slough habitats.

Comparison of natural and with-project habitat
components.

Ranking of habitat component in accord with

the degree of control project design and
operation might provide them.

xtit

v-36

v-42

v-43

v-44

V-49

v-51

V-52

v-54

v-55

V-57

Vi-16



Preface

The Alaska Power Authority submitted a license application to the
Federal Energy Regulatory Commission (FERC) for the proposed Susitna
Hydroelectric Project on February 18, 1983. Following submission of
supplemental information and responses to FERC comments, the applica-
tion was accepted on July 19, 1983 for review by the FERC. The appli-
cation was then sent by the FERC to resource agencies for review and
comment. This review is now complete, and the FERC is proceeding with
preparation of the final environmental impact statement (FEIS). The
decision to issue the license is tentatively scheduled to be made by
the FERC in 1987, assuming no substantial delays in the licensing
process prior to that date. Even though the license application has
been accepted by the FERC for review, and preparation of the FEIS has
begun, various aquatic or aquatic-related studies are still in pro-
gress to assure that the licensing process proceeds on schedule.

In 1982, following two years of preliminary baseline studies, a multi-
disciplinary approach to quantify effects of the proposed Susitna
Hydroelectric Project on existing fish habitats and identify mitiga-
tion options was initiated. As part of this multi-disciplinary
effort, a technical report series was planned that would (1) describe
the existing fish resources of the Susitna River and identify the
seasonal habitat requirements of selected species, and (2) evaluate
the effects of alternative project designs and operating scenarios on
naturally occurring physical processes which most influence the
seasonal availability of fish habitat in the middle Susitna River.

In addition, a summary report, the Instream Flow Relationships Report
{IFRR), would (1) identify the relative importance of the physical
processes evaluated in the technical report series, (2) integrate the
findings of the technical report series, and (3) provide quantitative
relationships (where possible) and discussions regarding the influ-
ences of incremental changes in streamflow, stream temperature, and
water quality on fish habitats in the Talkeetna to Devil Canyon reach
of the Susitna River (Middle River) on a seasonal basis.
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Midway in preparing this draft of the IFRR it became apparent a final
report that would adequately meet all three of these objectives could
not be prepared by March 1985. However, it was also apparent that
many reliable interim statements could be based on extsting informa-
tion. Hence 1t would be possible to apply a large amount of technical
information and identify the relative importance of various inter-
actions among physical processes with regard to providing fish habitat
in the middle river on a seasonal basis.

The IFRR will consist of two volumes. Volume I uses project reports,
data and professional judgement to develop the scope and framework for
the IFR analysis to be presented in Volume II.

Volume I 1identifies evaluation periods, species, and habitats, and
ranks a variety of physical habitat components with regard to their
relative importance for providing fish habitat at different times of
the year. This ranking considers species l1ife phase, habitat type and
both naturally occurring and anticipated with-project conditions.

Volume II will specifically address the third objective of the IFRR as
originally stated, "privide quantitative relationships (where possi-
bie) and discussions regarding the influences of incremental changes
in streamfiow, stream temperature and water quality on fish habitats
in the Talkeetna to Devil Canyon reach of the Susitna River on a
seasonal basis.

The influence of the project induced changes in stream temperature and
water quality will be discussed on a2 river segment level by habitat
type, season, and species.The influence of streamflow on fish habitat
will be evaluated on both a river segment and microhabitat level.
Site specific habitat responses to instream hydraulics will be iden-
tified at the microhabitat Tevel and summarized in the form of flow
relationship hydrographs at the river segment level. These hydro-
graphs are intended to describe the composite response of individual
study sites by habitat type to changes in mainstem discharge for
specific species and life history phases of interest.
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The IFRR technical report series consists of the following:

Technical Report No. 1. Fish Resources and Habitats of the Susitna
Basin. This report, being prepared by Woodward-Clyde Consultants,
will consolidate information obtained by ADF&G Su Hydro on the fish
resources and habitats in the Talkeetna-to-Devil Canyon reach of the
Susitna River. A draft report utilizing data available through June
1984 was prepared by WCC in November 1984,

Technical Report No. 2. Physical Processes Report. This report,
being prepared by Harza-Ebasco and R&M Consultants, describes such
naturally occurring physical processes within the middle river segment
as: reservoir sedimentation, channel stability, and upwelling.

Technical Report No. 3. Water Quality/Limmology Report. This report,
being prepared by Harza-Ebasco, will consolidate existing information
on water quality for the Susitna River and provide technical level
discussions of the potential for with-project biocaccumulation of
mercury, adverse effects of nitrogen gas supersaturation, changes in
downstream nutrients, and changes in turbidity and suspended sedi-

ments. A draft report based on literature reviews and project data
available through June 1984 was prepared in November 1984,

Technical Report No. 4. Instream Temperature. This report, prepared
by AEIDC, consists of three principal components: (1) instream
temperature modeling; (2) development of temperature criteria for
Susitna River fish stocks by species and life stage; and (3) eval-
uation of the influences of with-oroject stream temperatures on
existing fish habitats and natural ice processes. A final report

describing downstream temperatures associated with various reservoir
operating scenarios and an evaluation of these stream temperatures on
fish was prepared in October 1984, A draft report addressing the
influence of anticipated with-project stream temperatures on natural
ice processes was prepared in November 1984.
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Technical Report No. 5. Aquatic Habitat laport. This report, being
prepared by E. Woody Trihey and Associates, will describe the avail-
ability of various types of aquatic habitat in the Talkeetna-to-Devil
Canyon river reach as a function of mainstem discharge. A preliminary
draft of this report is scheduled for March 1985 with a draft final
report prepared in FY86.

Technical Report No. 6. Ice Processes Report. This report being
prepared by AEIDC, Harza-Ebasco, and R&M Consultants will describe
naturally occurring ice processes in the middle river, anticipated

changes in those processes due to project construction and operation,
and discuss effects of naturally occurring and with-project ice
conditions on fish habitat.

xvii



I. INTRODUCTION

Instream Flow Relationships Report

The IFR studies are intended to inform a broad spectrum of readers
having widely differing educational backgrounds and degrees of
familiarity with the proposed project, about potentially beneficial or
adverse influences the proposed project may have on fluvial processes
in the middle Susitna River that control the availability and quality
of fish habitat. By meeting this objective, the report will assist
the Alaska Power Authority and resource agencies to reach an agreement
on an instream flow regime (and associated mitigation plan) that will
minimize impacts and possibly enhance existing middle Susitna River
fish resources.

The final draft of Yolume I will: (1) identify 1imiting 1ife history
phases for evaluation species indigenous to the middle Susitna River;
(2) identify and rank habitat variables influencing these 1ife phases;
and (3) discuss the responses of these habitat variables to project
induced changes 1in streamflow, quantity and quality. Habitat
characteristics such as channel structure, sediment transport, ice
processes, turbidity and water chemistry are elements of streamflow
quantity and quality.

The primary purpose of this first volume of the Instream Flow
Relationships Report, presented here in draft form, is to present
technical information within a hierarchical structure that reflects
the relative importance of interactions among physical processes
governing the seasonal availability of fish habitats 1in the
Talkeetna-to-Devil Canyon segment of the Susitna River. The IFRR and
its associated technical report series should not be construed as
impact assessment documents. These reports merely describe a variety
of natural and with-project conditions, that govern availability of
fish habitat. These relationships are necessary for others to
evaluate alternative streamflow and stream temperature regimes,
conduct impact analyses, and prepare mitigation plans.
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Brief discussions of anticipated with-project conditions are provided
in this report. However they only serve to establish a basis for
assigning some relative i{mportance to anticipated with-project
conditions in so far as they might influence the avatlability of fish
habitat. No quantitative discussions are presented regarding the
effects of with-project conditions on the amount or quality of fish
habitat as might be expected in an impact assessment.

This draft 1s based upon information available in project documents
and the status of the IFRR technical report series as of October 1984.
Environmental factors that influence the seasonal distribution and
relative abundance of fish {in the middle river are principally
discussed by habitat type. The influence of Iinstream hydraulic
conditions on the availability and quality of fish habitat can only be
discussed on a quantitative basis for a few side sloughs and side
channels. Subjective statements are required at this time to extend
these site specific habitat responses to other habitat types within
the middle Susitna River. As more technical information becomes
available, undocumented discussion will be expanded to encompass such
important habitat variables as upwelling, intragravel temperatures and
primary production and their relationship to anticipated with-project
streamflow, temperature and turbidity regimes.

In this report the three principal freshwater 1ife phases of the
Pacific salmon are ranked in thefr order of importance as determined
by existing habitat conditions in the middle river, and the relative
importance of several envirommental factors in providing suitable
habitat for each of these 1ife history phases is identified. To the
extent data and technical information are available the response of
seasonal habitat conditions to altered streamflow, stream temperature
and water quality conditions are also discussed.



Project Setting

The Susftna River is located in Southcentral Alaska between the major
population centers of Anchorage and Fairbanks. The Susitna Valley is
a transportation corridor and contains both the Alaska Railroad and
the Parks Highway. Yet even with these transportation factilities, the
basin remains largely undeveloped except for several small communities
located in the lower portion of the drainage. Talkeetna, the largest
of these communfties, has an approximate population of 280 and 1s
located on the east bank of the Susitna River at river mile (RM) 98
(River Miles are measured from Cook Inlet).

The proposed Susitna Hydroelectric Project consists of two dams
scheduled for construction over a period of 15 years. Construction on
the first dam, Watana, is scheduled to begin when the FERC license is
issued, possibly in 1987, and would be completed in 1994 at a site
located approximately 184 river miles upstream from the mouth of the
Susitna River. The Watana development would include an 885 ft high
earth fill dam, which would impound a 48-mile long, 38,000 acre
reservoir with a total storage capacity of 9.5 million acre feet (maf)
and a usable storage capacity of 3.7 maf. Multiple level intakes and
cone valves would be installed in the dam to control downstream
temperatures and dissolved gas concentrations, which otherwise might
be harmful to fish resources. An underground powerhouse would contain
six generators with an installed capacity of 1020 megawatts (mw), and
an estimated average annual energy output of 3460 gigawatt hours
(1,000,000 kilowatts = 1 gigawatt). The maximum powerhouse discharge
capacity at full pool would be greater than 21,000 cfs (APA, 1983).

The second phase of the proposed development is construction of the
646 foot high concrete arch Devil Canyon dam, which is scheduled for
completion by 2002. Devil Canyon dam would be constructed at a site
32 miles downstream of Watana dam and would impound a 26-mile long
reservoir with 7,800 surface acres and a usable storage capacity of
0.35 maf. Installed generating capacity would be about 600 mw, with
an average annual energy output of 3450 gwh. A multiple level intake
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structure and cone valves would also be installed in Devil Canyon dam.
The maximum possible outflow from the four generators 1in the
powerhouse at full pool {is 15,000 cfs. The cone valves at Devil
Canyon dam are designed to pass 38,500 cfs. Watana Reservoir, because
of its large size, provides the capaicty to regulate Susitna River
streamflows. Prior to Devil Canyon construction, Watana Reservoir
will be filled with high summer streamflows when energy demand is
lowest, and drawn down to meet high power demands during the winter
when streamflows are lowest. When Devil Canyon becomes operational,
Watana Reservoir will operate in a similar manner, however, winter
drawdowns may not be to as low levels. Devil Camyon Reservoir water
levels will generally be stable with a small drawdown ia the spring of
dry years and a larger drawdown in the fall of average and dry years.

The Susitna River is an unregulated glacial river. Middle Susitna
River turbidities have a mean of approximately 200 nephelometric
turbidity units (NTUs) in summer and less than 10 NTU in winter (refer
to Table IV-6). Typical summer flows range from 16,000 to. 30,000
cubic feet pef second (cfs) while typical winter flows range between
1,000 and 3,000 cfs. A thick ice cover forms on the river during late
November and December that persists through mid-May. The drainage
area of the Susitna River is approximately 19,600 square miles, which
is the sixth largest river basin in Alaska. The Susitna Basin is
bordered by the Alaska Range to the north, the Chulitna and Talkeetna
mountains to the west and south, and the northern Talkeetna plateau
and Gulkana uplands to the east. Major tributaries to the Susitna
include the Talkeetna, Chulitna, and Yentna Rivers, all of which are
glacial streams with characteristically high turbid summer streamflows
and ice covered clearwater winter flows. The Yentna River is the
largest tributary to the Susitna and adjoins 1t at RM 28. The
Chulitna River originates in the glaciers on the south slope of Mount
McKinley and flows south, entering the Susitna River near Talkeetna
(RM 99). The Talkeetna River headwaters in the Talkeetna Mountains,
flows west, and joins the Susitna near the town of Talkeetna (RM 97).
The junction of the Susitna, Chulitna and Talkeetna rivers is often
called the three rivers confluence.
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The Susitna River originates as a number of small tributaries draining
East Fork, Susitna, West Fork and MacLaren Glaciers, and follows a
disjunct south and west course 320 miles to Cook Inlet (Figure I-1).
The Susitna River flows south from the glacier in a braided channel
across a broad alluvial fan for approximately 50 miles, then west in a
single channel for the next 75 miles through the steep-walled Vee and
Devil Canyons. The two proposed Watana (RM 184.4) and Devil Canyon
{RM 151.6) dam sites are located in this reach. Downstream of Devil
Canyon, the river flows south again through a well defined and rela-
tively stable multiple channel until it meets the Chulitna and
Talkeetna Rivers (RM 99). Downstream of the three rivers confluence,
the Susitna River valley broadens into a large coastal lowland. 1In
this reach the down valley gradient of the river decreases and it
flows through a heavily braided segment for its last 100 miles to the
estuary.

Overview of Fish Resources and Project Related Concerns

The Susitna River basin supports populations of both anadromous and
resident fish. Commercial or sport fisheries exist for five species
of Pacific salmon (chinook, sockeye, coho, chum, and pink), rainbow
trout, Arctic grayling, Dolly Varden, and burbot. The commercial
fishery intercepts returning sockeye, chum, coho and pink salmon in
Cook Inlet. Sport fishing is concentrated in clear water tributaries
to the Susitna River for chinook, coho, pink salmon, rainbow trout and
Arctic grayling.

Construction and operation of the proposed project will notably reduce
streamflows during the summer months and increase them during the
winter months, leading to a more uniform annual flow cycle. Stream
temperatures and turbidities will be similarly affected. The most
pronounced changes in stream temperature and turbidity will likely be
observed in mainstem and side channel areas with somewhat lesser
effects occurring in peripheral areas. Depths and velocities in
habitat areas peripheral to the mainstem will be influenced by the
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change in stream flow patterns more so than habitat in other areas
including the mainstem.

The effects that anticipated changes in streamflow, stream temperature
and turbidity will have on fish populations inhabiting the Susitna
River depends upon their seasonal habitat requirements and the
regulatory control which these habitat components exert upon the
population. Some project induced changes in environmental conditions
may have no appreciable effect on existing fish populations and their
associated habitats, whereas other changes may have dramatic
consequences. Thus, in order to understand the possible effects of
the proposed project on existing fish populations and identify
mitigation opportunities or enhancement potential, it is important to
understand the relationships among the naturally occurring physical
processes which provide fish habitat in the middle river and how fish
populations respond to natural variations in habitat availability.
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II. APPLICATION OF AQUATIC HABITAT MODELING TO THE
MIDDLE SUSITNA RIVER

Approach

The goal of the Alaska Power Authority (APA) in identifying environ-
mentally acceptable flow regimes is the maintenance or enhancement of
existing fish resources and levels of production (APA 1982). This
goal is consistent with mitigation goals of the U.S. Fish and Wildlife
Service (USFWS) and the Alaska Department of Fish and Game {(ADF&G)
(APA 1982, ADFAG 1982a, USFWS 1981). Maintenance of naturally occur-
ring fish populations and habitats 1is the ultimate goal of these
agencies' mitigation policies. The focus of the Instream Flow Rela-
tionships Studies (IFRS) is on describing the response of middle
Sustitna River fish habitats to incremental changes in mainstem dis-
charge, temperature and water quality.

Fish populations of the Susitna River are thought to fluctuate for
many reasons. Some of the factors affecting population levels exert
their influence outside the river basin. This 1s particularly true
for anadromous species such as Pacific salmon, which spend portions of
their 1ife cycles in freshwater, estuarine and marine environments.
Ocean survival and commercial catches significantly affect the number
of salmon returning to spawn in the Susitna River and its tributaries.
Within the freshwater environment, other factors such as late summer
and fall high flows, cold-dry winters, predation, and sport fishing
also affect fish populations. In addition, the long-term response of
adult fish populations to perturbations either within or outside their
freshwater enviromment is seldom immediately apparent. A time-lag
lasting up to several years usually occurs before an effect, whether
beneficial or detrimental, is reflected in an increase or decrease in
the reproductive potential and ultimately the size of the population.

To avoid many of the uncertainties associated with fluctuating popu-

lation 1levels, fish habitat is often used when making decisions
regarding hydroelectric development and instream flow releases
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(Stalnaker and Arnette 1976, Olsen 1979, Trihey 1979). When using
fish habitat as the basis for decision making, the direction and
magnitude of change in habitat quality and availability are accepted
as indicators of population response. This relationship is not
necessarily linear, but is generally quantifiable (Wesche 1973, Binns
1979). Instream flow recommendations based on an analysis of fish
habitat rather than fish population Tevels require exact knowledge of
the seasonal habitat requirements of the species and evaluation of the
characteristic responses of individuals of those species to variations
in habitat conditions. In the middle Susitna River the abiotic
habitat components of most interest are the locations and flow rates
of groundwater upwelling, the channel structure, quantity and quality
of streamflow including temperature, suspended sediment concentration
and turbidity. Important biological factors include food availabil-
ity, parasitism or disease, inter species competition and predation.
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Framework for Analysis

Fish habitat is the integrated set of environmental conditiorns to
which a typical individual of a species responds both behaviorally and
physiologically. It is generally recognized that temperature, water
quality, water depth and velocity, cover or shelter, and streambed
material are the most 1important physical variables affecting the
amount or quality of riverine fish habitat (Hynes 1972). Important
biological factors include food availability, parasitism or disease,
and predation. The principal relationships {linkages) among environ-
mental factors which influence salmon populations within the Talkeetna-
to-Devil Canyon segment of the Susitna River are diagrammed in
Figure II-1,

Various approaches exist for evaluation of fluvial systems and their
assoclated fish habitats. The Tongitudinal succession approach to
describing riverine ecology and fluvial processes examines a river
from its headwaters to its mouth (Burton and Odum 1945, Sheldon 1968,
Mackin 1948). Watershed characteristics such as climate, hydrology,
geology, topography and vegetative cover (land use) are the principal
determinants of basin runoff and erosional processes which become
manifest as a river system. This approach focuses on the down-valley
transition i1n channel morphology, water quality and the biological
comunity which results from the interaction of these watershed
characteristics. Based on the longitudinal succession of the existing
river system as well as anticipated differences in the type and
magnitude of project impacts, the 320 mile length of the Susitna River
was subdivided into the four discrete segments described below. This
report is focused specifically on the fifty mile segmen: from
Talkeetna to Devil Canyon; referred to as the Middle River.

1. Upper Basin {RM 320-232). This segment includes the headwater
reach of the Susitna River and its associated glaciers and
tributary streams above the elevation of the proposed impound-
ments.
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The Impoundment Zone (RM 150-232). This segment includes the

eighty-mile portion of the Susitna River which will be inundated
by the Watana and Devil Canyon impoundments. This single channel
reach is characterized by steep gradient, and high velocity.
Intermittent 1slands are found 1n the reach with significant
rapids occurring in Vee Canyon and between Devil Creek and Devil
Canyon.

The Middle River (RM 99-150). This fifty-mile segment extends

from Devil Canyon downstream to the three rivers confluence. It
is a relatively stable reach comprised of nearly equal lengths of
single channel and split channel characteristics (R&M River
Morphology 1982). Construction and operation of the project will
alter the quantity and temperature of streamflow and the amount
of suspended and bed 1oad sediment in this reach.

The Lower River (RM 0-99). This segment extends one hundred

miles from the three rivers confluence downstream to the estuary.
The floodplain 1s very broad containing multiple or braided
channels which meander laterally. Reworking of streambed gravels
in this area 1is relatively frequent causing 1nstability and
migration of the main flow channel or channels. Project induced
changes 1n streamflow, stream temperature and sediment concen-~
trations will attenuate in this reach due to tributaries such as
the Talkeetna, Chulitna and Yentna rivers which will be unaffect-
ed by project operation.

Another method frequently used in riverine ecology stidies 1s to
describe the manner in which individuals of a species respond to
changes in site-specific habitat variables such as surface and intra-
gravel water temperatures, substrate composition, depth, velocity,
cover, food availability, and predation (Everest and Chapman 1977,
Bovee 1984, Gore 1978). Within the structure of our anmalysis this
method 1s referred to as the microhabitat approach and is reflected in
the development of species-specific habitat suitability criteria and
numerous site-specific habitat models.
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Because of the notable variation and differences in microhabitat
conditions within the middle Susitna River segment, six major habitat
types are recognized: mainstem, side channel, side slough, upland
slough, tributary and tributary mouth. Habitat type refers to a major
portion of the wetted surface area of the river having comparatively
similar morphologic, hydrologic and hydraulic characteristics. At
some locations, such as major side channels and tributary mouths, a
designated habitat type persists over a wide range of mainstem dis-
charge even though its surface area may change significantly. In
other instances the habitat classification of a specific area may
change from one type to another in response to mainstem discharge
(X1inger and Trihey 1984). Such an example is the transformation of
some turbid water side channels that exist at typical mid-summer
mainstem discharge levels to clear water sloughs at Tower late sum-
mer/fall mainstem flows.

Habitat categories are used to classify specific areas within the
river corridor according to the type of transformation they undergo as
mainstem discharge varies. This approach was chosen as the basic
framework for extrapolating site-specific habitat responses to the
remainder of the middle Susitna River because (1) a significant amount
of wetted surface area is expected to be transformed from one habitat
type to another as a result of project induced changes in streamflow
(Klinger and Trihey 1984); and (2) a large amount of circumstantial
evidence exists within the ADF&G SuHydro data base and elsewhere that
indicates turbid water channels which transform 1into clearwater
habitats may provide substantially different summer rearing conditions
than channels that remain turbid.

The hierarchical structure of our analysis, proceeding from micro-
habitat study sites through habitat categories and habitat types
(ADF&G macrohabitats) to the middle river segment is diagrammed in
Figure [I-2. The structure of our analysis is similar to the study
site and representative reach logic referenced in other instream flow
studies and training documents (Bovee and Milhous 1978, Wilson et al.
1981, Bovee 1982).
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The basic difference between the structure of the middle river studies
and other instream flow studies is that habitat types and habitat
categories have been substituted for river segments and representative
reaches. Additionally, our methodology uses wetted surface area of
habitat types as the common denominator for extrapolation rather than
reach length. Given the spatial diversity and temporal varfation of
riverine habitat conditions within the Talkeetna-to-Devil Canyon
segment, the hierarchical structure of our analysis appears more
applicable to the middle Susitna River than routine adherence to the
IFG representative reach concept.
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The IFR Model

Throughout the evolution of the Susitna Aquatic Studies identification
of an environmentally acceptable flow regime to protect existing fish
populations and habitats has remained of central importance. Thus
physical process and aquatic habitat modeling has occupied an
important position within the structure of the instream flow studies
and visually discernible characteristics of the riverine environment
have been used to categorize the entire wetted surface area of the
middle Susitna River according to habjtat type.

Sufficient data have been obtafned and analyzed to identify the
seasonal and microhabitat requirements of resident fish and adult and
Jjuvenile salmcn indigenous to the middle Susitna River. In addition,
physical process models have been developed to evaluate stream temper-
ature, fce cover, sediment transport and site specific hydraulic
conditions for a broad range of streamflow and meteorologic con-
ditions. The surface area response of middle river habitat types has
also been estimated. Thus the existing data and analytfc base is
sufficient to warrant application within a structured framework to
identify habitat response to alternative streamflow and stream temper-
ature regimes. The influences of water quality and groundwater
upwelling on middle river habitats can also be forecast but in a more
subjective manner.

A schematic diagram of the functional and structural components of the
IFR analysis is diagrammed in Figure II-3. At present, this analytic
approach does not exist as a functioning model. The numerous compo-
nents and linkages diagrammed 1in the figure are still at various
stages of development. However, sufficient data and information have
been assembled and subjectively evaluated within the analytic struc-
ture diagrammed in Figure II-3 to make reliable tentative forecasts
and predictive statements.

Application of this conceptual model is reported in this first volume
of the IFRR. Section IIl describes the fish resources and habitat
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types of the middle river and identifies the evaluation periods and
the primary and secondary evaluation specfes. Section IV discusses
the principal watershed characteristics and physical processes which
influence the seasonal availability and quality of fish habftat. The
influence of streamflow and instream hydraulics on habitat type and
microhabitat conditions is described in Section V. Collectively these
three sections identify and discuss the principal components and
1inkages dfagrammed in Figure II-3.

Section VI summarizes the major points presented in Sections I1I
through V, and applies these findings to describe the relative
importance of relationships among physical processes and biologic
responses. Anticipated with-project conditions are generically
discussed in Section VI, but only to the extent necessary for
identifying differences between existing and with-project relation-
ships that will be important to consider in future analyses.

A more detailed description of the 1inkages between physical processes
and habitat response within the IFR model is provided in Figure II-4.
The IFR model will be applied to support preparation of Volume Il of
the IFRR. Volume I is intended to define the relative importance of
the various physical processes and microhabitat varjables to
evaluation species by habitat type and season. In this manner Volume
1 will introduces the IFRR model and reduces the scope and complexity
of the IFRR analysis to be reported in Volume II.

One basic difference between the envisioned IFRR analysis and those
previously proposed for the Susitna River is evaluation of watershed
processes and physical habitat components such as ice, temperature and
sediment at the macrohabitat (river segment) level rather than
microhabitat (study site) level. Another major difference fs
addressing only a small number of evaluation species in a rigorous
quantitative manner. The interface between physical process and
habitat response models at the macrohabitat level is illustrated in
Figure 1I-4.
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A fundamental requirement of the IFRR analysis is a forecast of the
amount of surface area represented by each habitat type at various
levels of mainstem discharge. The surface areas of i{ndividual
locations comprising each habitat type in the middle river have been
estimated at four mainstem discharges ranging from 9,000 to 23,000 cfs
using digited measurements on 1 inch = 1,000 feet aerial photographs
(K1inger and Trihey 1984). The surface areas at different locations
may be summed within and across habitat types, and the surface area
response of any specified area to varfations in mainstem discharge can
be modeled and 1ts habitat type forecast for discharges ranging from
9,000 to 23,000 cfs. Additional photography has or will be obtained
by June 1985 to extend our modeling capabilities to a range of middle
river streamflows from 5,000 to over 30,000 cfs.

Physical process models have been or are being developed to forecast
reservoir storage, temperature, ice and suspended sediment conditions
in relationship to a variety of historic climatologic, hydrologic and
anticipated power forecasts. These reservoir models in turn support
analysis of downstream temperature, ice, suspended sediment and
channel stability analyses. Sufficient progress has been made with
the physical process modeling to feel relatively confident that the
influences of instream water quality, temperature, ice and suspended
sediment can be integrated at the macrohabitat level with no foresee-
able adverse effects on the ui111ty of the resultant habitat response
in supporting streamflow negotiations.

At the microhabitat level Weighted Usable Area (WUA) is used as an
index to evaluate the influence of streamflow variations on the site
specific availability of potential fish habitat. WUA is defined as
the total wetted surface area of a study site expressed as an equiva-
lent surface area of optimal (preferred) fish habitat for the 1ife
stage and species being evaluated (Bovee and Milhous 1978). Weighted
Usable Area fs most commonly computed using such microhabitat vari-
ables as depth, velocity, substrate compositfon (spawning fish), and
cover (rearing fish). WUA forecasts for habitats in the middle
Susftna River have been enhanced by also considering such other

I1-13



microhabitat variables as upwelling groundwater and turbidity.
Resultant WUA indices will be used in conjunction with surface area
measurements to calculate habitat availability and habitat quality
indices for each study site.

Each study site and approximately one hundred fifty other locations 1n
the middle river have been subjectively evaluated during a habitat
reconnaissance survey. These data are currently being used to
classify all reconnaissance sites by similar morphologic characteris-
tics and develop field habitat indices that might be used to corrobo-
rate those forecast by the WUA habitat models. Thus the envistoned
output of the IFR model is total surface area of each habitat type not
limited by temperature, water quality or suspended sediment during the
evaluation period, and a composite species specific habitat fndex for
each habitat type. Both the surface areas and habitat indices will be
functions of the mainstem discharge at Gold Creek.

As previously stated these forecasts are to be presented in Volume II
of the IFRR. This first volume serves to introduce the model and
reduce the complexity of the IFR analysis by identifying the principal
components, evaluation species and periods of the IFR analysis.
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ITI. FISH RESOURCES AND HABITAT TYPES

Overview of Susitna River Fish Resources

Fish resources in the Susitna River comprise a major portion of the
Cook Inlet commercial salmon harvest and provide fishing opportunities
for sport anglers. Anadromous species that form the base of commer-
cial and sport fisheries include five species of Pacific salmon:
chinook, coho, chum, sockeye, and pink. Important resident species
found in the Susitna River basin include Arctic grayling, rainbow
trout, lake trout, burbot, Dolly Varden, and round whitefish. Scien-
tific and common names of all fish species which inhabit the Susitna
River are presented in Table III-1. '

Adult Salmon Contribution to Commercial Fishery

With the exception of sockeye and chinook salmon, the majority of the
upper Cook Inlet salmon commercial catch originates in the Susitna
Basin (ADF&G 1984a). The 1long-term average annual catch of 3.1
million fish is worth approximately $17.9 million to the commercial
fishery (K. Florey, ADF&G, pers. comm. 1984). In recent years commer-
cial fishermen have landed record numbers of salmon in the upper Cook
Inlet fishery with over 6.2 million salmon caught in 1982 and over 6.7
millfor fish landed in 1983 (Table III-2).

The most important species to the upper Cook Inlet commercial fishery
is sockeye salmon. In 1984, the sockeye harvest of 2.1 million fish
in upper Cook Inlet was valued at $13.5 million (K. Florey, ADF&G,
pers. comm. 1984). The estimated contribution of Susitna River
sockeye to the commercial fishery 1s between 10 to 30 percent (ADF&G
1984a). Thus, in 1984 the Susitna River contributed between 210,000
and 630,000 sockeye salmon to the upper Cook Inlet fishery, which
represents a value between $1.4 million and $4.1 million.

Chum and coho salmon are the second and third most valuable commercial
species, respectively. In 1984, the chum salmon harvest of 684,000
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Table III-2. Commercial catch of upper Cook Inlet salmon in numbers of fish by
specfes, 1954 - 1984,

Year Chinook Sockeye Coho Pink Chum Total

1954 63,780 1,207,046 321,525 2,189,307 510,068 4,291,726
1955 45,926 1,027,528 170,777 101,680 248,343 1,594,254
1956 64,977 1,258,789 198,189 1,595,375 782,051 3,899,381
1957 42,158 643,712 125,434 21,228 1,001,470 1,834,022
1958 22,727 477,392 239,765 1,648,548 471,697 2,860,129
1959 32,651 612,676 106,312 12,527 300,319 1,064,485
1960 27,512 923,314 311,461 1,411,605 659,997 3,333,889
1961 19,210 1,162,303 117,778 34,017 349,628 1,683,463
1962 20,210 1,147,573 350,324 2,711,689 970,582 5,200,378
1963 17,536 942,980 197,140 30,436 387,027 1,575,119
1964 4,531 970,055 452,654 3,231,961 1,079,084 5,738,285
1965 9,741 1,412,350 153,619 23,963 316,444 1,916,117
1966 9,541 1,851,990 289,690 2,006,580 531,825 4,689,626
1967 7,859 1,380,062 177,729 32,229 296,037 1,894,716
1968 4,536 1,104,904 470,450 2,278,197 1,119,114 4,977,201
1969 12,398 692,254 100,952 33,422 269,855 1,108,881
1970 8,348 731,214 275,296 813,895 775,167 2,603,920
1971 19,765 636,303 100,636 35,624 327,029 1,119,357
1972 16,086 879,824 80,933 628,580 630,148 2,235,571
1973 5,194 670,025 104,420 326,184 667,573 1,773,396
1974 6,596 497,185 200,125 483,73 396,840 1,584,476
1975 4,780 684,818 227,372 336,359 951,796 2,205,135
1876 10,867 1,664,150 208,710 1,256,744 469,807 3,610,278
1977 14,792 2,054,020 192,975 544,184 1,233,733 1,049,704
1978 17,303 2,622,487 219,234 1,687,092 571,925 5,118,041
1979 13,738 924,415 265,166 72,982 650,357 1,926,658
1980 12,497 1,584,392 283,623 1,871,058 387,078 4,138,648
1981 11,548 1,443,294 494,073 127,857 842,849 2,919,621
1982 20,636 3,237,376 777,132 788,972 1,428,621 6,252,737
1983(1) 20,396 5,003,070 520,831 73,555 1,124,421 6,742,273
1984 8,800 2,103,000 443,000 623,000 684,000 3,861,800

even-1,576,646
Average 19,247 1,340,339 263,785 44 - 120.416 659,190 3,058,170

(1} ADF&G Preliminary Data, Commercial Fisheries Division, Anchorage, Alaska.

Source:

ADF&G Commercial Fisheries Division, Anchorage, Alaska.
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fish was valued at $2.0 million, while the coho salmon harvest of
443,000 fish was worth $1.8 million (K. Florey, ADFAG, pers. comm.
1984)., The estimated contribution of Susitra River chum to the upper
Cook Inlet commercial fishery is estimated to be 85 percent, while
the estimated contribution of Susitna River coho to the fishery is
approximately 50 percent (ADFAG 1984a).

Pink salmon {is the least valued of the commercial species in upper
Cook Inlet. In 1984, the pink salmon harvest of 623,000 fish was
worth an estimated $0.5 million (K. Florey, ADFAG, pers. comm. 1984),
of which Susitna River pink salmon contributed about 85 percent (ADF&G
1984a).

Since 1964 the upper Cook Inlet commercial salmon fishery has opened
in late June to avoid capturing chinook salmon. Thus, most chinook
salmon have entered their natal streams when the commercial fishing
season opens and their harvest is incidental to the commercial catch.
In 1984, the 8,800 chinook harvested in upper Cook Inlet had a commer-
cial value of $0.3 milljon (K. Florey, ADF&G, pers. comm, 1984}, It
is estimated that the Susitna River contribution of chinook salmon was
about 10 percent of the total catch (ADFAG 1984a).

In the last four years (1981-1984) sockeye, chum and coho salmon
harvests, which account for over 95 percent of the commercial value irn
the fishery, have exceeded the long-term average catches for those
species (Table III-2)., Record catches for coho and chum were recorded
in 1982 and for sockeye in 1983,

Sport Fishing

The Susitna River, along with many of its tributaries, provides a
multi-species sport fishery. Since 1978, the Susitna River and its
tributaries have accounted for an annual average of 127,100 angler
days of sport fishing effort (Mills 1979, 1980, 1981, 1982, 1983,
1984), This represents approximately 13 percent of the 1977-1983
annual average of 1.0 million total angler days for the Southcentral
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region. Most of the sport fishing in the Susitna Basin occurs in the
lTower Susitna River from Alexander Creek (RM 9.8) upstream to the
Parks Highway (RM 84).

Most sport fishing activity occurs in tributaries and at tributary
mouths, while the mainstem receives less fishing pressure. Coho and
chinook salmon are most preferred by sport anglers in the Susitna
River. In additicrn many pink salmon are taken during even-year runs.
The annual sport harvest of coho salmon in the Susitna River is
sionificant when compared to the estimated total coho escapement. In
1983, almost one of every five coho salmon entering the Susitna River
was caught by sport anglers (Table III-3). The annual harvest of
chinook salmon in the Susitna River has increased from 2,850 fish in
1978 to 12,420 fish in 1983 (Table III-4}. During this period, the
contyibution of the Susitna River chinook sport harvest to the South-
central Alaska chinook sport harvest has 1increased from 11 to 22
percent. Of the resident species in the Susitna River, rainbow trout
and Arctic grayling are caught by anglers in the largest numbers
(Mills 1984).

Subsistence Fishing

The only subsistence fishery on Susitna River fish stocks that fs
officially recognized and monitored by the Alaska Department of Fish
and Game is near the village of Tyonek, approximately 30 miles (50 km)
southwest of the Susitna River mouth. The Tyonek subsistence fishery
was reopened in 1980 after being closed for sixteen years. From 1980
through 1983, the annual Tyonek subsistence harvest averaged 2,000
chinook, 250 sockeye and 80 coho per year (ADF&G 1984b).
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Table 111-&, Sport fish harvest for Southcentral Ajeska and Susitna Basin in numbers of fish by species, 1978-1983.

Arctic Grayling Rainbow Trout Pink Salmon Coho Salmon Chinook Salmon Chum Salmon Socheye S5almon
South- Susitna South- Suaftna South- Susitna South- Susitna South- Susftna South-  Susftna South- Susitna
Year central Basin central Basin central Basin central Besin central Basin central Bastn central Beasin
1978 47,866 13,532 107,243 14,925 143,483 55,418 81,990 15,072 26,415 2,843 23,755 15,667 118,299 845
1979 70,316 13,342 129,815 18,354 63,366 12,516 93,23 12,893 34,009 6,910 8,126 4,072 77,655 1,586
1980 69,462 22,083 126,666 15,488 153,794 56,621 127,958 16,499 24,155 7,389 8,660 4,759 105,914 1,304
1981 63,695 21,216 149,460 13,757 64,163 8,660 95,376 9,391 35,822 7,576 7,810 4,207 76,533 1,283
1982 60,972 18,860 142,579 16,979 105,961 16,822 136,153 16,664 46,266 10,521 13,497 6,843 128,015 2,205
1983 56,896 20,235 141,663 16,500 47,264 5,656 87,935 8,425 57,09% 12,420 11,043 5,233 170,799 5,537
Average 61,535 18,211 132,908 16,000 134,513 42,954 103,774 13,157 37,29 7,93 12,149 6,797 112,869 2,128

(even) (even)

58,264 8,611

{odd) {odd)

Source:

Milla (1979-1984)



Relative Abundance of Adult Salmon

Major salmon-producing tributaries to the Susitna River include the
Yentna River drainage (RM 28), the Chulitna River drainage {RM 98.6)
and the Talkeetna River drainage (RM 97.1). Numerous other smaller
tributaries also contribute to the salmon production of the Susitna
River. The average salmon escapements at four locations in the
Susitna River for 1981 through 1984 are presented in Table ITI-5.

The minimum Susitna River escapements of four salmon species can be
estimated for 1981 through 1984 by adding the escapements at Yentna
Station (RM 28, TRM 04) and Sunshine Station (RM 80) (ADF&G 1984a).
These total escapements are considered minimums because they do not
include escapements below RM 80, excluding the Yentna River (RM 28)
(ADF&G 1984a). The four-year averages of minfmum Susitna River
escapements for sockeye, chum and coho salmon are presented in Table
I[II-5. The minimum Susitna River escapement for pink salmon is
reported in Table III-5 as a two-year (1981, 1983) average escapement
for odd-year runs and a fwo-year (1982, 1984) average escapement for
even-year runs. This separation was made because pink salmon runs are
numerically dominant in even years (ADF&G 1984a).

Escapements of chinook salmon at Yentna Station have not been quan-
tified because most of the run passes the station before monitoring
begins (ADF&G 198la, 1982a, 1984a, 1985). Therefore, a minimum
Susitna River escapement for chinook salmon cannot be est1mated-by the
same method used for the other salmon species. Chinook escapements
have been estimated at Sunshine Station in 1982, 1983 and 1984 (ADF&G
1984a, 1985). The three-year average of chinook escapements at
Sunshine Station is presented in Table III-5.

Most salmon spawn in the Susitna River and its tributarfes below
Talkeetna Station (RM 103) (ADFAG 198la, 1982a, 1984a, 1985). Impor-
tant chinook spawning areas are Alexander Creek (RM 9.8), Lake Creek
in the Yentna River drainage (RM 28), the Deshka River (RM 40.5) and
Prairie Creek in the Talkeetna River drainage (RM 97.1) (ADF&G 1984a,
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Table III-5.

Average salmon escapements in the Susitna River by species and location.

Location 1 2 2 3 4
River Mile Sockeye Chum Coho Pink Chinock Location Total
Yentna Station 126,750 21,200 19,600 0dd 48,400 ——— 0dd 215,950
RM 28, TRM 04 Even 408,300 Even 575,850
Sunshine Station 121,650 431,000 43,900 0dd 45,000 88,200 0dd 729,750
RM 80 Even 730,100 Even 1,414,840
Talkeetna Station 6,300 54,600 5,700 0dd 5,900 16,700 0dd 89,200
RM 103 Even 125,500 Even 208,800
Curry Station 2,400 28,200 1,600 0dd 3,300 13,000 0dd 48,500
RM 120 Even 87,900 Even 133,100
Minimum Susitna 248,400 452,200 63,500 0dd 93,400 - 0dd 857,500
River 5 Even 1,138,400 Even 1,902,500

N W N

Source:

Second-run sockeye escapements.
Four-year average of 1981, 1982, 1983 and 1984 escapements.
0dd is average of 1981 and 1983 escapements.
Three-year average of 1982, 1983 and 1984 escapements.

Summation of Yentna Station and Sunshine Station average escapements.
Susitna River and trfbutaries below RM 80, excluding the Yentna River (RM 28),

ADF&G 1984a, 1985,

Dashes indicate no estimate.

Even is average of 1982 and 1984 escapements.

Four-year average of 1981, 1982, 1983 and 1984 escapements.

Does not include escapement to the






middle Susitna River escapement to the minimum basin escapement in
1984 becomes: 0.8 percent for sockeye, 3.1 percent for chum, 2.6
percent for coho and 1.9 percent for pink salmon. Chinook salmon were
not included in this analysis because of the lack of minimum Susitna
River escapements, as previously discussed.
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movements to other reaches of the Susitma River may be significant for
other resident species such as Dolly Varden, round whitefish, and
humpback whitefish (ADF&G 1984c).
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observations of chum salmon spawning at upwelling sites along shore-
T1ine margins have been reported (ADFAG 1982a). Also, mainstem
habitats are utilized by several resident species, most notably Arctic
grayling, burbot, longnose sucker, rainbow trout and whitefish.

Turbid, high-velocity, sediment-laden summer streamflows and Tlow,
cold, ice-covered, clearwater winter flows are characteristic of
mainstem habitat type. Channels are relatively stable, high gradient
and normally well armored with cobbles and boulders. Interstitial
spaces between these large streambed particles are generally filled
with a grout-like mixture of small gravels and glacial sands.
Isolated deposits of small cobbles and gravels exist. However, they
are usually unstable.

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

Side Channel Habitats

Side channel habitat is found in those portions of the river which
normally convey streamflow during the summer, but become appreciably
dewatered during periods of low flow. For convenience of classifi-
cation and analysis, side channels are defined as conveying less than
10 percent of the total flow passing a given location in the river.
Side channel habitat may exist in well-defined channels, in poorly
defined water courses flowing through submerged gravel islands, or
along shoreline or mid-channel margins of mainstem habitat.

Juvenile chinook appear to make the most extensive use of side channel
habitats, particularly during July and August (ADF&G 1984c). A
Timited amount of chum salmon spawning also occurs in side channel
habitats where upwelling 1s present and velocities and substrate
composition are suitable (ADF&G 1984d). Resident species, such as
burbot and whitefish, also utilize side channel habitats.
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surface elevations are insufficient to overtop the alluvial berm at
the upstream end (head) of the slough. However, the mainstem stage at
these flows is often sufficient at the downstream end {mouth) of the
slough to cause a backwater effect to extend a few hundred feet
upstream into the slough (Trihey 1982).

Approximately 80 percent of all middle Susitna River chum salmon
spawning in non-tributary habitats and essentially all sockeye salmon
spawning occurs in unbreached side slough habitat (ADF&G 1981, 1982a,
1984a). 1In early spring, large numbers of juvenile chum and sockeye
salmon can be found 1in unbreached side sloughs. During summer,
moderate numbers of juvenile coho and chinook make use of side-sTough
habitats, with chinook densities increasing during the fall-winter
transition (ADF&G 1984b). Small numbers of resident species, such as
rainbow trout, Arctic grayling, burbot, round whitefish, cottids and
longnose suckers, are also fourd in side slough habitats.

Considerable variation in water chemistry has been documented among
side sloughs. This is principally a function of local runoff pat-
terns, basin characteristics, and groundwater upwelling when the side
sloughs are not overtopped. Once overtopped, side sToughs display the
water quality characteristics of the mainstem (ADF&G 1982b). Pre-
sumably side sloughs provide better habitat for aquatic organisms than
mainstem or side channel areas largely because side sloughs convey
turbid water less frequently than other channels and contain warmer
water year round. '

During periocds of high mainstem discharge, the water surface elevation
of the mainstem is often sufficient to overtop the alluvial berms at
the heads of some sioughs. When this occurs, discharge through the
side slough increases markedly from turbid mainstem flow. Such
overtopping events affect the thermal, water quality and hydraulic
conditions of side slough habitat (ADF&G 1982b). Depending upon their
severity, overtopping events may flush organic materfal and fine
sediments from the side slough, or totally rework the channel geometry
and substrate composition.
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Streambed materials in side slough habitats tend to be a heterogeneous
mixture of coarse sands, gravels and cobbles often overlain by fine
glacial sands in quiescent areas. Perhaps because of the upwelling or
the less frequent conveyance of mainstem water, streambed materials in
side slough habitats do not appear to be as cemented or grouted as
similar size particles would be in side channel habitats.

When side sloughs are not overtopped, surface water temperatures
respond independently of mainstem temperatures (ADF&G 1982b). Surface
water temperatures in unbreached side sloughs are influenced by the
temperature of groundwater upwelling, the temperature of surface
runoff and climatologic conditions. In many instances during winter,
the thermal effect of the upwelling water is sufficient to maintain
relatively ice free conditions in the side sloughs throughout winter
(Trihey 1982, ADF&G 1983a).

Upland Slough Habjtats

Upland slough habitats are clearwater systems which exist in relic
side channels or overflow channels. They differ from side slough
habitats in several ways. The most apparent reason for many of these
differences {is because the elevation of the upstream berm, which
separates these habitats from adjacent mainstem or side channels, is
sufficient to prevent overtopping in all but the most extreme flood or
ice jam events. Upland sloughs typically possess steep well-vegetated
streambanks with near-zero flow velocities, and sand or silt covering
larger substrates. Active or abandoned beaver dams and food caches
are commonly observed in upland slough habitats presenting barriers to
fish movements.

The primary fnfluence of the mainstem or side channel flow adjacent to
the upland slough is to regulate its depth by backwater effects. The
water surface elevation of the adjacent mainstem or side channel often
controls the water surface elevation at the mouth of the upland
slough. Depending upon the rate at which the mainstem water surface
elevation responds to storm events relative to the response of local
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runoff into the upland slough, turbid mainstem water may enter the
slough. The rapid increase in mainstem water surface elevations and
suspended sediment concentrations in association with peak flow events
is suspected of being a primary transport mechanism of fine sediments
into the backwater areas of upland sloughs. Local surface water
inflow and bank erosion may be major contributors of sediments in
reaches upstream of backwater areas and beaver dams.

Upwelling is often present in upland sloughs, however, 1ittle spawning
occurs in these habitats {ADF&G 1984a). The most extensive use is by
juvenile sockeye and coho salmon (ADF&G 1984c). Resident species
common in upland sloughs include round whitefish and rainbow trout.

Tributary Habitat

Tributary habitats reflect the integration of their watershed charac-
teristics and are independent of mainstem flow, temperature and
sediment regimes. Middle Susitna River tributary streams convey clear
water which originates from snowmelt, rainfall runoff or groundwater
base flow throughout the year.

Tributaries to the middle Susitna River provide the only reported
spawning areas for chinook salmon, and nearly all the coho and pink
salmon spawning areas that occur in this river segment (ADF&G 1984a),
Approximately one-third of the chum salmon escapement to the middle
Susitna River spawn in tributary habitat. Pink salmon juveniles
outmigrate shortly after emergence and most juvenile chum leave within
one to three months, but a large percentage of emergent chinook and
coho remain in tributary streams for several months following emer-
gence (ADF&G 1984c). Resident species such as Arctic grayling and
rainbow trout also greatly depend on tributary streams for spawning
and rearing habitat.
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Tributary Mouth Habitat

Tributary mouth habitat refers to that portion of the tributary which
adjoins the Susitna River., The areal extent of this habitat responds
to changes in mainstem discharge. By definition, this habitat extends
from the uppermost point in the tributary influenced by mainstem
backwater effects to the downstream extent of its clearwater plume.

This mabitat type is an important feeding station for juvenile chinook
(ADFAE 1982a), rainbow trout and Arctic grayling (ADF3G 1984c),
especially during periods of salmon spawning activity. Tributary
mouth habitat associated with the larger tributaries within the middle
Susitna River also provides significant spawning habitat for pink and
chum saimon (ADF&G 1984a).
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Selection of Evaluation Species

Selection of evaluation species is thought to be consistent with the
guidelines and policies of the Alaska Power Authority, Alaska
Department of Fish and Game and U.S. Fish and Wildlife Service. These
quidelines 1imply that species with commercial, subsistence and
recreational uses are given high priority. The habitats of those
species that are likely to be significantly influenced by the project
are of the greatest concern. The following discussion provides a
synopsis of the baseline data used in the selection of primary and
secondary evaluatfon species.

The primary species and life stages selected for evaluation were chum
salmon spawning adults and incubating embryos, and chinocok salmon
rearing juveniles. These species and life stages depend on side
slough and side channel habitats, which are expected to be
significantly affected by project operation. The secondary evaluation
species/1ife stages that may receive secondary consideration in
subsequent analyses of flow effects on aquatic habitats include: chum
salmon Jjuveniles and returning adults, chinook salmon returning
adults, all freshwater 1ife phases of sockeye and pink salmon, rafinbow
trout rearing and overwintering, coho salmon juveniles and returning
adults, Arctic grayling rearing and overwintering, and all l1ife phases
of burbot.

Surveys of spawning adult salmon conducted during 1981-83 by the
Alaska Department of Fish and Game (ADF&G 1984a) indicate that tribu-
taries and side sloughs are the primary spawning areas for the five
species of Pacific salmon that occur in the middle reach of the
Susitna River (Figure III-2). Comparatively small numbers of fish
spawn in mainstem, side channel, upland slough and tributary mouth
habitats. Chum and sockeye are the most abundant salmon species that
spawn in non-tributary habitats in the Talkeetna-to-Devil Canyon reach
of the Susitna River (ADF&G 1984a). The estimated number of chum
salmon spawning fn non-tributary habitats within the mfddle Susitna
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River averaged 4,200 fish per year for the 1981-83 period of record
(ADF&G 1984a). This represents about two-thirds of the peak survey
counts in all habitats during 1981-1983 (ADF&G 1984a). Approximately
1,600 sockeye per year {99 percent of peak survey counts) spawned in
slough habitat during the same period. Limited numbers of pink salmon
utilize side channels and side sloughs for spawning during even-
numbered years (ADF&G 1984a). Similarly, only a few coho salmon spawn
in non-tributary habitats of the Susitna River (ADF&G 1984a).

It is estimated that approximately 10,000 chum salmon have returned
annually to the middle Susitna River to spawn during the 1981-1983
period of record, of which nearly 50% spawn in tributaries. Approxi-
mately 80 percent of all chum salmon spawning in non-tributary
habitats within the middle Susitna River occurs in side slough habi-
tats, with Sloughs 21, 11, 9, 9A and 8A accounting for 75 percent of
the annual slough spawning (ADF&G 1981, 1982, 1984a). Extensive
surveys of side channel and mainstem areas have documented compara-
tively few spawning areas (ADF&G 1981, 1982, 1984a).

Within the Talkeetna-to-Devil Canyon reach, spawning sockeye salmon
are distributed among eleven sloughs, with Sloughs 11, 8A, and 21
accounting for more than 95 percent of the spawning in 1981-1983
(ADF&G 1984a). In 1983, 11 sockeye salmon were observed spawning
alongside 56 chum salmon in the mainstem approximately 0.5 miles
upstream of the mouth of the Indian River (ADF&G 1984a). This is the
only recorded occurrence of sockeye salmon spawning in middle Susitna
River areas other than slough habitats.

Chum and sockeye salmon spawning areas commonly overlap at all of the
locations where sockeye spawning has been observed (ADF&G 1984a).
This overlap 1s 1ikely a result of similar timing and habitat require-
ments (ADF4G 1984a and d). Chum salmon are more numerous in slough
habitats and appear to be more constrained by passage restrictions and
low water depth during spawning than sockeye salmon, Hence, the
initial evaluation and amalysis of flow relationships on existing
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salmon spawning in the middle Susitna River is on chum salmon spawning
in sloughs.

Depending upon the season of the year, rearing juvenile salmon utilize
all aquatic habitat types found within the middle Susitna River in
varying degrees. Among the non-tributary habitats, juvenile salmon
densities are highest in side and upland sloughs and side channel
areas (Figure III-3). Extensive sampling for juveniles has not been
conducted in mainstem habitats, largely due to sampling gear ineffi-
ciency in typically deep, fast, turbid waters. Little utilization of
these habitats is expected except in the lateral margins that have low
velocities.

Coho salmon juveniles are most abundant in tributary and upland slough
habitats. In general, these habitats do not respond significantly to
variations in mainstem discharge (Klinger and Trihey 1984). Sockeye
Juveniles, although relatively few in number, make extensive use of
upland slough and side slough habitats within the middle Susitna
River. In contrast, juvenile chum and chinocok salmon are quite
abundant in the middle Susitna River and are most numerous in side
slough and side channel habitats (ADFAG 1984c). These habitats
respond markedly to variations in mainstem discharge (Klinger and
Trihey 1984). For this reason, these two species, chincok and chum,
have been selected for evaluating rearing conditions for juvenile
salmon within the middle Susitna River. Because juvenile have a
longer freshwater residence period, they are a primary evaluation
species/1ife stage. Juvenile chum are one of the secondary evaluation
species/1ife stages.

With the exception of burbot, important resident species in the middle
Susitna River are mainly associated with tributary habitats. Both
rainbow trout and Arctic grayling are important sport species in the
basin. The spawning and rearing for these two species occur primarily
in tributary and tributary mouth habitats. Both species use mainstem
habitats for overwintering. A limited number of both species rear in
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mainstem influenced habitats (ADF&G 1984c). Due to their use of
mainstem-influenced areas, overwintering and rearing Arctic grayling
and rainbow trout are selected as secondary evaluation species.

Burbot are found almost exclusively in mainstem, side channels and
slough months, as they apparently prefer turbid habitats (ADF&G
1984c). Because of their dependence on mainstem influenced habitats,
all life phases of burbot may be evaluated.

As the IFR analysis continues, other species whose populations may be
influenced by with-project conditions will be considered for
evaluation. Specfes/life stages such as chum, chinook and pink salmon
spawning may be evaluated in side channel and mainstem habitats.
These species currently spawn primarily in habitats other than the
mainstem and side channels of the middle Susitna River. The physical
characteristics of mainstem and side channel habitats in this reach
may approach those in other Alaskan river systems utilfzed by these
species under possible with-project streamflow, water temperature and
water quality regimes.
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IV. WATERSHED CHARACTERISTICS AND PHYSICAL PROCESSES
INFLUENCING MIDDLE RIVER HABITATS

Watershed Characteristics

Basin Overview

Tributaries in the upper portions of the Susitna River drainage basin
originate in the glaciers of the Alaska Range, which is dominated by
Mount Deborah (12,339 feet) and Mount Hayes (13,823 feet). Other
peaks average between 7,000 and 9,000 feet in altitude. Tributaries
in the eastern portion of the basin originate in the Copper River
lowland and in the Talkeetna Mountains, with elevations averaging
between 6,000 and 7,000 feet and decreasing northward and westward.
To the northwest, the mountains form a broad, rolling glacially-
scoured upland dissected by deep glaciated valleys. Between these
ranges and Cook Inlet is the Susitna lowlands, a broad basin increas-
ing in elevation from sea level to 500 feet, with local relief of 50
to 250 teet (Figure IV-1),

The drainage basin lies in a zone of discontinuous permafrost. In the
mountainous areas, discontinuous permafrost is generally present. In
the lowlands and upland areas below 3,000 feet, there are isolated
masses of permafrost in areas with fine-grained deposits. The basin
geology consists largely of extensive unconsolidated deposits derived
from glaciers. Glacial moraines and gravels fill U-shaped valleys in
the upland areas. Gravelly till and outwash in the lowlands and on
upland slopes are overlain by shallow to moderately deep silty soils.
Windblown silt covers upiand areas. Steep upper slopes have shallow,
gravelly and loamy deposits with many bedrock exposures. On the south
flank of the Alaska Range and south-facing slopes of the Talkeetna
Mountains, soils are well-drained, dark, and gravelly to Tloamy.
Poorly drained, graveliy and stony loams with permafrost are present
on northfacing slopes of foothills, moraines, and valley bottoms.
Water erosion is moderate on low slopes and severe on steep slopes.
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Figure IV-2. Estimated percent contribution to flow at Gold Creek.
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The glaciated portions of the upper Susitna Basin also play a signifi-
cant role in shaping the annual hydrograph for the Susitna River at
Gold Creek (USGS stream gage station 15292000). Located on the
southern slopes of the Alaska Range, these glaciated regions receive
the greatest amount of precipitation that falls in the basin. The
glaciers, covering about 290 square miles or approximately 5% of the
basin upstream of Gold Creek, act as reservoirs storing water in the
winter and releasing water in summer to maintain moderately high
streamflows throughout the summer, Valley walls in those portions of
the upper basin not covered by glaciers, consist of steep bedrock
exposures or shallow soil systems. Rapid surface runoff originates
from the glaciers and upper basin whenever rainstorms occur, typically
in late summer and early fall. Many annual peak flow events have
occurred during August. Approximately 87 percent of the total annual
flow of the middle Susitna River occurs from May through September;
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over 60 percent occurs during June, July and August (Table IV-1). R&M
Consultants and Harrison (1982) state that "roughly 38 percent of the
streamflow at Gold Creek originates above the gaging stations on the
MacLaren River near Paxson and on the Susitna River near Denali..."

Table IV-1., Summary of monthly streamflow statistics for the Susitna
River at Gold Creek (Harza-Ebasco 1985).

Monthly Flow (cfs)

Month Maximum Mean Minimum
January 2,852 1,542 724
Februarv 2,028 1,320 723
March 1,900 1,177 713
April 2,650 1,436 745
May 21,890 13,420 3,745
June 50,580 27,520 15,500
July 34,400 24,310 16,100
August 37,870 21,905 8,879
September 21,240 13,340 5,093
October 8,212 5,907 3,124
November 4,192 2,605 1,215
December 3,264 1,844 866
Average 15,900 9,651 4.785

As air temperatures drop during fall, glacial melt subsides and
streamflows decrease. By November, streamflows have decreased to
approximately one tenth of midsummer values, An ice cover, which
generally persists until mid-May, forms on the middle Susitna River
during November and December. During winter, flow in the Susitna
River 1is maintained by the Tyone River which drains Lake Louise,
Susitna Lake and Tyone Lake, and by groundwater inflow to several
smaller tributaries and to the Susitna River itself. Although ground-
water inflow is thought to remain fairly constant throughout the year,
its relative importance increases during winter as inflows from
glacial melt and non-point runoff decrease.
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Streamflow Variability

Peak flows for the Susitna River normally occur during June in asso-
ciation with the snowmelt flood. Rainstorms may also cause floods
during late summer. Most annual peak flows occur during June or
August (Table IV-2). Snowmelt flood peaks are generally 3 to 5 days
in duration, whereas late summer flood peaks are often single day
events,

Table IV-2 Percent distribution of annual peak flow events for the
Susitna River at Gold Creek 1950-1982 (R&M Consultants

1981).
Month Percent
May 9
June 55
July 9
August 24
September 3

Little difference exists among monthly ratios for the 1-, 3-, and
7-day low flows to their respective monthly flows during dJune-
September (R&M Consultants 1981). Flow is relatively stable during
the summer, with occasional sudden increases as the basin responds to
the highly variable, and sometimes erratic, precipitation patterns.
Susitna River streamflows show the most variation throughout the
months of May and October, the transition periods commonly associated
with spring breakup and the onset of freeze up. From November through
April, low air temperatures cause surface water in the basin to
freeze, and stable but gradually declining groundwater inflow and
baseflow from headwater Takes maintain mainstem streamflow.

The natural flow regime of the middle Susitna River streamflows will
be significantly altered by project operation (Figure 1V-3). With-
project streamflows will generally be less than existing streamflows
from May through August as water is being stored in the reservoirs for
release during the winter. Variability in the middle 3usitna River
will be caused primarily by tributary inflow and baseline and peaking
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releases from the reservoirs. Floods will also be reduced in frequen-
cy and magnitude (Figure IV-3) generally occurring in late summer when
the reservoirs are full and water must occasionally be released.

With-project streamflow during September is expected to be less
variable but similar to the long term average monthly natural flow.
Flows from October through April will be greater in magnitude and more
variable than natural streamflows. Daily fluctuations in streamflow
are expected to occur throughout winter as the project responds to
meet changes in the daily and weekly load. However, these fluc-
tuations are not expected to exceed +10 percent of the base discharge
for the day (W. Dyok, Harza-Ebasco, 1984, pers. comm.).

Influence of Streamflow on Habitat

Mainstem and Side Channel Habitat. The large amount of water that is
conveyed during the summer in steep mainstem and side channel water
courses generally results in inhospitable conditions for fish.
Mainstem and side channel gradients within the middle Susitna River
are on the order of 8-14 ft/mile (R&M Consultants 1982a)}. Although
flood peaks seldom exceed twice the long term average monthly flow for
the month in which they occur (R&M Consultants 1981), the average
monthly flows for June, July, and August are nearly 2.5 times the
average annual discharge of 9700 cfs/day (Scully et al. 1978). As a
result of the steep channel gradient, mid-channel velocities are often

in the range of seven to nine feet per second (fps) for normal mid-
summer streamflow conditions. Velocities of 14 to 15 fps have been
measured by the USGS at the Gold Creek stream gage station in asso-
ciation with 62,000 to 65,000 cfs flood flows (L. Leveen, USGS, 1984,
pers. comm. }.

As a result of being subjected to persistently high velocities,
streambed materials in mainstem and side channel habitats typically
range in size from cobbles (5 inches) to boulders (10 inches or
larger) (R&M Consultants 1982a). Isolated deposits of smaller

Iv-7



DISCHARGE (1000 CFS)

B8-AI

100 i
90
a0
0
&0
50 —_— ”
e ’-"
40 — =
30 s %
- 47
. ‘~" /
.- 1” /

20 e "

l’ ,

)

‘ e

! ”

1 ”

L R R X L E
0 ,
102 il 1.25 2 5 10 20 50 100

RECURRENCE INTERVAL (YEARS)
NOTE: BASED ON WEEKLY RESERVOIR

SIMULATIONS,
LEGEND
E—— Natural
Watano
== -.—  Walana/Devil Canyon 2002
== e=a=  Watana/Oevil Canyon 2010

Figure[\-3.Comparison between natural and anticipated with - project annuai
flood frequency curves for the middle Susitna River.

(Source: Alaska Power Authority 1983)



streambed materials, including sand, also exist within the mainstem
and side channels, but only at protected locations. These smaller
streambed materials are generally unstable and transient (R&M Consul-
tants 1982a).

High summer streamflows characteristic of the Middle Susitna River are
not considered to be beneficial to salmon production in mainstem or
side channel habitats. As stated above, high streamflows during
summer tend to transport spawning gravels into or out of these habi-
tats. In those locations where salmon have spawned, high streamflows
may wash out the redds or deposit sediments over them. Juvenile
salmon in these habitats are also displaced downstream by high flows
(ADF&G 1984c¢).

Low seasonal streamflows can also be undesirable. ODuring spawning,
low streamflows may restrict fish access to spawning areas or result
in shallow depths at potential spawning locations. Thus, the avail-
able spawning habitat area may be reduced. Low streamflows during
incubation may cause dewatering of redds, low dissolved oxygen levels,
high temperatures, or, during the winter, freezing of embryos (Hale
1981). Low seasonal streamflows may also adversely influence juvenile
salmon rearing by restricting fish access to streambank cover or
dewatering rearing habitats.

Side Slough Habitat. Side sloughs are overflow channels along the
floodplain margin that convey clear water originating from small
tributaries, and/or upwelling groundwater. A non-vegetated alluvial
berm connects the head of the slough to the mainstem or a side chan-
nel. A well-vegetated gravel bar or 1island parallels the slough,

separating it from the mainstem (or side channel). During intermedi-
ate and low-flow periods, mainstem water surface elevations are
insufficient to overtop the alluvial berm at the upstream end (head)
of the slough. However, mainstem stage is often sufficient at the
downstream end (mouth) of the slough to cause a backwater to extend at
least a few hundred feet upstream into the slough.
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During high mainstem discharges, the water surface elevation (stage)
of the mainstem is often sufficient to overtop the alluvial berm at
the head of many of the sloughs. When this occurs, discharge through
the side slough increases markedly. Such overtopping affects the
thermal, water quality and hydraulic properties within the side
slough. Overtopping during late August and early September provides
unrestricted passage by adult salmon to spawning areas within the side
sloughs. Overtopping during early summer flushes organic material and
fine sediments from the side sloughs, but in some instances transports
large amounts of sand into the slough. The turbidity associated with
the overtopping flows provides cover for juvenile chinock salmon and
allows them to utilize habitat that was previously unavailable (ADF&G
1984c).

The 1influence of overtopping on various physical conditions will be
discussed in subsequent sections of this report. However, prior to
those discussions, it is important to recognize the dominant influence
of streamflow variability in determining the timing, frequency and
duration of discharges which can cause overtopping (Table IV-3}.

Upwelling

Water which rises from the streambed has been recognized as strongly
influencing the spawning behavior of chum and sockeye salmon in Alaska
(Kogl 1965, Wilson et al. 1981, Koski 1975, ADF&G 1984d). This water
is commonly referred to as "upwelling” by fisheries biologists because
of its characteristic flow direction into the stream channel.

Downwelling and intragravel flow are two other types of subsurface
flow which occur in stream channels that are important to maintaining
aquatic life in streambed materials {Figure IV-4). However these two
types of flow differ from upwelling in both their flow direction and
origin. As the term implies, downwelling flows from the stream into
the streambed and is generally thought to be in a near vertical
direction. Intragravel flow is generally considered to be flow in
streambed gravels parallel to the down valley gradient of the channel.
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Because the water flowing in the stream channel provides both the
source and driving mechanism for downwelling and intragravel flow,
these two types of subsurface flow generally have temperatures and
water chemistry very similar to the surface water. Upwelling, how-
ever, generally has temperature and chemical composition characteris-
tics differing from the water flowing above the streambed. As this
groundwater flows through the soil from its source to its upwelling
location, its thermal and water chemistry properties become more
defined by the soi! properties.

Broadly defined, groundwater is the hydrologic term for water occur-
ring beneath the land surface. Groundwater exists in saturated and
unsaturated soil zones. The interface between these two zones is
called the water table. The plan shape and slope of the water table
is determined by the subsurface geologic structure and type of soil
material present. The elevation of the water table at any point is
primarily a function of water supply.

Water supply for groundwater generally consists of precipitation and
adjacent surface water bodies. Precipitation infiltrates into the
s0il, flows through the unsaturated zone as "interflow", and reaches
the saturated zone. Because of this increased water supply, the
groundwater table rises in elevation, Bank seepage appears when the
water table reaches the ground surface on exposed slopes, streambanks,
rock outcrops, or steep hillsides. During periods of drought caused
by lack of precipitation or cold air temperatures the elevation of the
water table generally declines unless maintained by adjacent water
bodies.

In river valleys like that of the middle Susitna River, where the
underlying materials are alluvial deposits of glacial outwash (R&M
Consultants 1982d)}, the groundwater flow patterns mav be quite com-
plex, The general slope of the water table is similar to the valley
slope. The mountains or hills which parallel the river form an
impermeable boundary for the alluvial deposits. Hence, in the middle
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Susitna River, groundwater is generally thought to be flowing down
valley in an unconfined aquifer in an alluvial, intermontane valley,
bounded by the impermeable mountains on each side (R&M Consultants
1982d). Wherever the water table intersects the streambed, upwelling
is likely to occur.

The groundwater table elevation, as determined by the structural
geologqy and the corresponding relationship between the sources of
groundwater flow, will control upwelling. Downwelling flows will
occur if the surface water level in the channel is higher than the
groundwater table elevation. Upwelling flows will occur when the
elevation of the groundwater table exceeds the water surface elevation
in the channel. Upwelling may also occur in a manner similar to pipe
flow. A lens of coarse sediments permitting groundwater flow may be
flanked by deposits of finer sediments that prohibit groundwater flow.
Flow may thus become concentrated in the flow-conducting lens. When
the lens intersects a channel, the flow is released from between the
flanking deposits and upwelling may result. Piped groundwater flow
may occur under the berms at the heads of side sloughs and elsewhere
as long as the required geclogic conditions are present and a water
source, such as the mainstem, exists.

In addition to the influence of subsurface alluvial deposits on the
location and rate of upwelling water, water supply is also important.
In the river valley the most persistent water supply is the river
jtself. Through downwelling, the river supplies water to the
unconfined aquifer. At some down-valley location, the groundwater
will yield this water as upwelling. In the middle Susitna River, much
of this upwelling appears to be along the east bank.

Because the water table rises and falls seasonally and across years in
response to water supply, upwellings can be either persistent or
intermittent. Upwelling flow rates also depend upon fluctuations in
the local groundwater table.
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The groundwater system can be divided into two components: a regional
component driven by the down valley gradient and a temporal component
influenced by changes in mainstem stage and precipitation infiltra-
tion. The regional groundwater component is constant throughout the
year, and corresponds to the minimum groundwater levels observed under
natural conditions. These minimum groundwater conditions appear to
occur during the late winter period of low mainstem discharge and no
infiltration due to freezing conditions.

The temporal groundwater component augments the regional groundwater
component. When the mainstem stage is high, the mainstem may supply
downwelling flows which increase the groundwater table elevation.
Precipitation infiltrating the soil may also serve as a source for the
groundwater, as does local runoff onto alluvial fans at the base of
the slopes. The raised elevation of the groundwater table due to the
temporal component results in increased areal extents and rates of
upwelling flows. Thus, the fluctuations of the groundwater table due
to the temporal component variations, which. are induced by changes in
river stace and precipitatioﬁ, will have a pronounced effect on

upwelling.

The groundwater table appears to reach a minimum elevation in the late
November to early December period; upwelling flows will correspond-
ingly reach a minimum rate and areal extent. The temporal groundwater
component will be reduced as the mainstem stage lowers and infiltra-
tion of precipitation ceases due to freezing temperatures. The
remaining upwelling flows will be supplied by the regional groundwater
component. At sites where upwelling is continuously provided by the
regional groundwater component, viable habitat will be maintained;
high mortality is suspected at sites where upwelling is reduced due to
the reduction in temporal upwelling. As ice formation increases the
mainstem stage, the temporal groundwater component will again augment
the regional groundwater component and increase upwelling rates and
areal extents. However, as mainstem flow continues to drop through
the winter, by mid-April the water table drops to nearly the same
level as existed prior to freeze-up.
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Under with-project conditions, upwelling flows may not be reduced to
the extent of upwelling flows experienced under natural conditions
during the late fall period. The mainstem stage is anticipated to be
maintained at a higher elevation during project operation than under
natural conditions in the late fall. The temporal groundwater compo-
nents will therefore continue to augment the regional component in the
late October to early November period. Habitat dewatered or frozen as
the temporal groundwater component is reduced under natural conditions
may become viable throughout the year as the temporal groundwater
component is maintained by higher with-project mainstem stages. The
magnitude of the increase in viable habitat is unquantified and is
likely to remain so until determined through a monitoring program.

Biological Importance of Upwelling. Upwelling is one of the most
jmportant habitat variables 1influencing the selection of spawning
sites by chum and sockeye salmon in the middle Susitna River (ADF&G
1984d). In addition, upwelling flows contribute to local flow in
sloughs and side channels and facilitate fish passage.

Incubation appears to be the Tife stage most critically affected by
upwelling in the middle Susitna River. Chum and sockeye salmon
embryos, and embryos of other species spawned in the area of upwelling
flows, benefit from the upwelling flows. During incubation, upwelling
provides for successful development of embryos, principally because of
ijts thermal -characteristics. It also ensures the oxygenation of
embryos and alevins, transports metabolites out of the dincubating
environment, and inhibits the clogging of streambed material by fine
particulates.

Upwelling flows appear to reach a minimum immediately prior to ice
staging when mainstem discharges range from 3,000 to 5,000 cfs

During this period upwelling flows are considered to originate exclu-
sively from the regional groundwater component of upwelling. These
low mainstem discharges and minimum upwelling flows probably 1imit the
incubation success of embryos that were spawned under higher mainstem
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Sediment Transport Processes

In this section, sediment transport is used generically to include all
the physical processes which result in the movement of bed and sus-
pended load. Bed load is defined as that portion of the solid mass
being transported within 0.3 ft of the channel bottom. Suspended load
refers to that portion of the solid mass present in the water column
above 0.3 ft from the channel bottom.

It is well documented that the results of sediment transport pro-
cesses, such as streambed stability and composition, are important
parameters describing aquatic habitat. McNeil (1964) has observed
that streambed stabflity can influence the success of salmonid egg
fncubation. Several researchers have shown that substrate composition
influences the survival of eggs to fry in salmonid populations {McNeil
and Ahnell 1964, McNeil 1965, Cooper 1965, Phillips et al. 1975). The
suitability of aquatic habitat for rearing is also influenced by
substrate composition.

On a macrohabitat level, the channels of the middle Susitna River are
quite stable given the range of streamflows and ice conditions to
which they are subjected. Review of aerial photography taken over an
approximate 35 year period (from 1949-51 to 1977-80) indicates the
plan form of the middle Susitna River has changed 1little (AEIDC
1984a). Although many non-vegetated gravel bars have appeared, and
some peripheral areas have changed, a preponderance of channels and
habitats appear unchanged over this period.

Channel Stability of Habitat Types

Each of the six habitat types previously identified in the middle
Susitna River can be characterized by the relative influence that
specific sediment transport processes have on their formation and
maintenance (Table IV-4).
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Table IV-4,

maintenance of habitat.

Sediment transport processes and components and their relative importance in the formatton and

Sediment lLoad Components

Sediment Transport Processes

Flooding

Due to

Ice Jams Mechanical

High Flow During Scour by Anchor Ice Shore Ice

Habitat Type Suspended Bed Events Breakup Ice Blocks Processes Processes
Mainstem and Large
Side Channels Secondary Primary Primary Secondary Secondary Minor Minor
Side Channels and
Side Sloughs Primary Secondary Primary Primary Secondary Minor Minor
Tributary and
Tributary Mouth Minor Primary Primary Minor Minor Minor Minor
Upland Slough Secondary Minor Secondary Minor Minor Minor Minor




Mainstem and Large Side Channels. The plan form of the middle Susitna
River appears to be shaped by ice processes, whereas the size of its
channels are a result of hydrologic processes. Hydrologic events, or

more specifically floods, are probably the dominant channel forming
process whereas normal summer streamflows represent the primary
sediment transport process. Channel forming discharges are usually
those which occur only once every several years. High discharges
cause high velocities with the capacity to erode and transport signif-
jcant quantities of substrate from the bed and banks of the channel.
These high discharges would alsc change the shape of the channel, but
likely occur only once in 20 years or more. Discharges occurring more
frequently, such as the mean annual flood or bankfull discharge, would
reshape the channel to reflect the hydraulic conditions associated
with this lower, but more frequent, discharge. Some local changes in
bed geometry would 1ikely occur, but these persistent lower floods are
unlincv to reform the channel to its original condition.

Streambed material in the mainstem and large side channels is of
sufficient size to resist erosion or transport by flood flows less
than 35,000 cfs. The cobbles and boulders constitute an armor layer
which has developed as a result of previous flood events transporting
smaller substrate sizes downstream. The cobbles and boulders remain
as a well graded protective layer for the more heterogeneous under-
lying materials. High discharges would have the capacity to erode the
armor layer and transport underlying streambed materials downstream,
but a new armor layer would likely develop as the flood recedes and
cobbles and boulders eroded from upstream locations are redeposited.
The entire bed elevation of the middle Susitna River may decrease
during these events sirnce the sands and gravels eroded from the
materials wunderlying the armor coat would 1likely not redeposit.
Evidence of such long-term channel degradation has been documented
through analysis of aerial photography (AEIDC 1984a).

Resistance of large substrate in the middle Susitna River to erosion

is increased by the cementing characteristics of the fine sands and
silts which fill interstitial spaces between them. Although the flow
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fs relatively clear in the winter, high concentrations of fine glacial

sand and silt are transported through the middle Susitna River through-
out the summer. Some of these fine materials are deposited or washed

into the armor layer. The stability of the streambed allows these

fine silts to accumulate and completely fill the voids between the

armor layer. This prevents water from flowing through voids surround-

ing larger streambed materials, greatly increasing the armor layer's

resistance to erosion. If water could flow through the voids, the

erodibility of sediment particles would increase.

Several different ice processes also influence the shape and character
of mainstem and large side channel habitats: 1) mechanical scour by
block ice, 2} scour caused by ice jams during breakup, 3) sediment
transport by uprooted anchor ice, and 4) scour and sediment tran nort
by shore ice. In comparison to sediment transport processes associ-
ated with high streamflows, ice scour by either of the first two
processes is of secondary importance. The last two are only of minor
importance.

* Mechanical scour by block ice is primarily a spring breakup phenome-
non. As large ice floes are moved downstream, block ice may impact
streambanks or channel bottoms. Suspended sediment samples collected
in late May or early June following breakup typically contain large
percentages of sand, which may indicate stream channel or bank scour
(Knott and Lipscomb 1583). Bank erosion by ice-block abrasion may be
extensive (Knott and Lipscomb 1983).

Ice jams during breakup cause local staging and flow constrictions
which increase flow velocities and scour potential. High velocity
flow directed towards a channel bottom or bank can result in severe
Tocal scour. The sudden release of an ice jam can also cause signifi-
cant scour potential in the form of a flood wave conveying large
blocks of ice.

Anchor jce also contributes to sediment transport. During anchor ice
formation, suspended sediments are filtered by ice crystals and
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incorporated into the ice structure (see Ice section). Bed materials
are also encased in ice, serving to anchor the ice mass to the channel
bottom. In the fall during anchor ice formation, the bonding of
anchor ice masses to the channel bottom is sensitive to increases in
temperature and direct solar radiation. If the bond is partially
reduced by melting, flow momentum and/or buoyant forces may be suffi-
cient to uproot the ice mass. This results in the downstream trans-
port of sediments and streambed particles frozen into the ice mass.
Scour of anchor ice during freezeup by changes in local flow veloc-
fties or contact with floating ice blocks may also contribute to this
process,

Shore ice contributes to sediment transport by directly scouring
channel margins and also by encasing and uprooting bed materials and
the shoreline vegetation. The denudation of shoreline vegetation
indirectly serves to increase sediment transport by increasing the
susceptibitity of the shoreline to scour by high flow events.
Although the relative contribution of sediment transport by shore ice
is thought to be minor, the process can significantly influence the
character of fish habitats along the channel margin,

Side Channels and Side Sloughs. Of the sediment transport processes
describe¢ in the previous section, two have dominant roles 1in the
formation and maintenance of side sloughs and side channels. These
are: 1) high flow events, and 2) flooding caused by ice jams during
breakup. Mechanical scour by block ice, anchor ice processes, and

shore ice processes are less active in these habitats.

Side sloughs and side channels are relatively stable channels. Their
size and shape 1mply that they were formed by high flows. The
frequency of high flows through side sloughs and side channels is
generally low, but it varies significantly between sites. These high
flows may be important in maintaining and flushing fine sediments from
these habitats. Some sites have formed as a result of ice jams. An
ice jam can raise the upstream water level causing flow to divert
around the main channel, thereby developing a new channel. Slough 11
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apparently formed when an ice jam developed below the railroad bridge
at Gold Creek in 1976.

Sediment transported into side sloughs and side channels is primarily
from three sources: 1) the mainstem, 2) tributaries, and 3} overland
flow. Of these sources, the mainstem probably dominates. The sedi-
ment transported into these habitats 1is characteristically fine.
Overtopping flows from the mainstem, which spill over the gravel berm
at the upstream end of these sites, originate in the upper part of the
water column and thus typically contain fine particle sizes only.
These materials deposit in pools within the channel or in the back-
water that is often present at the mouth of the channel.

Tributaries and Tributary Mouths. Of the sediment transport processes
described in the previous sections, high flow events have the dominant
role in shaping tributary mouths. Most tributaries in the middle
Susitna River are steep gradient systems with a capacity to transport
large quantities of sediment during flood events.

When a rainstorm causing a flood is widespread, the Susitna River
would 1ikely have a high discharge concurrent with, or socon after, the
high discharge in the tributary. Most sediments carried by the
tributary will be transported downstream by the Susitna River.
However, during localized storms, a tributary may flood while the
Susitna River remains relatively low. In such cases, the delta at the
mouth of a tributary may build up with large deposits of gravels and
cobbles. The delta may extend well out 1into the Susitna River
mainstem. Subsequent high discharges in tha Susitna River will erode
the delta.

Upland Sloughs. Upland slTough habitats are largely isclated from
mainstem sediment transport processes. The exception is 1in the
vicinity of the slough mouths, where mainstem flow may intrude as a
backwater during periods of high mainstem discharge. Suspended
sediments may settle out in these backwater areas and contribute to
slough sedimentation.
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reason, this assessment will proceed based on two possible project
thermal operating regimes: 1) reservoir inflow temperature matching,
and 2) winter-long warm-water releases,

Reservoir Inflow Temperature Matching. Under with-project conditions,

ice jams may still occur in the mainstem, but will be reduced in
frequency and magnitude. There will be a greater tendency for the ice
cover to melt in place because of warmer-than-natural stream tempera-
tures during April and increased project flow stability. This will
result in less mainstem and side channel scour and less frequent
diversions of mainstem flow through side slough habitats. The sedi-
ment transport capacity due to ice jams will be reduced. In addition,
the channel stability of mainstem, side channel, and side slough
habitats is expected to increase.

Mechanical scour by block ice will also be less severe than natural
levels in most habitats. This process occurs primarily during break-
up. Reduced project discharges will provide less energy to drive ice
blocks forcefully into channel banks and bottoms. In some side
sloughs with low overtopping discharges, mechanical scour by block ice
may be increased. Project flows will be higher during the winter and
the breaching of some side sloughs may result.

Project influence on anchor ice sediment transport processes is
expected to be minimal. The principal influence will be to delay
anchor ice formation by one to two months. However, there may be some
increase in sediment transport in those side sloughs and side channels
that will be breached by project discharge levels during periods of
ice cover.

Sediment transport by shore ice processes will probably be increased
from natural levels. The increased elevation forecast for a with-
project ice cover would result irn a substantial amount of vegetated
shoreline being frozen into the with-project ice cover. However,
lower and more stable project discharges during summer would Tikely
minimize streambank scour along channel margins.
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Warm-water Releases. If a warm-water release throughout winter could
prevent a solid ice cover forming on the mainstem, the sediment
transport capacity would be reduced for all ice processes. Mainstem,
side channel, and side slough habitats will become extremely stable.
Sensitive side slough habitats with low overtopping discharges will
not be subjected to increased sediment transport by anchor ice, shore
ice, or mechanical scour by block ice, as with reservoir inflow
temperature matching.

Tributary mouth and upland slough habitats will have the same with-
project channel stability as for reservoir inflow temperature
matching.
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Instream Water Quality and Limnology

Baseline Condition

Water quality encompasses numerous physical and chemical characteris-
tics, including the temperature, density, conductivity, and clarity of
the water, as well as the composition and concentration of all the
dissolved and particulate matter it contains. Water quality greatly
influences fish habitat quality by virtue of its direct effects on
fish physiology and behavior and because it largely governs the type
and amount of aquatic food organisms available to support fish growth.

Each of the aquatic habitat types associated with the middle Susitna
River differs not only in terms of its morphology and hydraulics, but
also in the basic pattern of its water quality regime. Therefore, the
relative importance of a specific habitat type to fish may change in
response to seasonal change in either streamflow or water quality. 1In
the middle Susitna River, turbidity is an influential and visually
detectable water quaiity parameter that may be used to classify the
six aquatic habitat types into two distinct groups during the open
water season: clear water or turbid water. In order to gain a
greater understanding of each habitat type, it is useful to 1) examine
the water quality characteristics of both clear and turbid water
aquatic habitats; 2) identify how the water quality of these aquatic
habitat types changes on a seasonal basis; and 3) determine how these
seasonal changes in turn influence the quality of the aquatic habitat

types.

Highly turbid water accounts for the greatest amount of wetted surface
area in the middle Susitna River from June to September (Klinger and
Trihey 1984). Ouring this period, when surface runoff and glactal
melting are greatest, total dissolved solids, conductivity,
alkalinity, hardness, pH, and the concentrations of the dominant
anions and most catfons tend to be at their Towest levels of the year,
while stream temperature, turbidity, true color, chemical oxygen
demand, total suspended solids, total phosphorus, and the total
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concentrations of a variety of trace metals are at their highest
values for the year (Table IV-6). Average nitrate-nitrogen concen-
trations remain relatively constant throughout the year with greater
variation during the summer as discharge fluctuates.

The basic water chemistry of the clear water flow of the middle
Susitna River in winter, and of certain groundwater fed habitat types
throughout the year, can be generalized from an evaluation of the
water quality record for the Susitna River at Gold Creek during
winter. Surface water flow throughout the basin is low and the
concentration of suspended sediment and the trace metals, and
phosphorous associated with it, is also low or below detection limits.
During winter months, middle Susitna River discharge is comprised
almost entirely of outflow from the Tyone River System (lakes Louise,
Susitna, and Tyone) and groundwater inflow to tributaries and the
mainstem 1itself. Groundwater spends a greater amount of time in
contact with the soil and underlying rocks of the watershed than
surface runoff or glacial meltwater and thus contains more dissolved
substances. The longer contact with subsurface materials also results
in groundwater temperatures which are warmer in winter and cooler in
summer than surface water temperatures.

The specific water quality characteristics of clear or turbid water
flowing through a given channel may differ from the general
descriptions provided above, depending on local variations in the
amount of local surface runoff or the composition and distribution of
rocks, soils, and vegetation. Nonetheless, a generalized seasonal
water quality regime unique to each habitat type seems to prevail, and
having knowledge of it provides useful insight into the direct and
indirect role water quality plays as a component of fish habitat
within the Talkeetna to Devil Canyon segment of the Susitna River.

Mainstem and Side Channel Habitats

A comparison of the summer and winter water quality record for the
Susitna River at Gold Creek (Table IV-6) reveals a seasonal contrast
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in the water quality conditions of the mainstem and its associated
side channels. During winter almost all the flowing water is covered
with ice and snow. However high velocity areas and small isolated
areas of warm- (3-4°C) groundwater upwelling maintain a few scattered
open leads.

A winter-spring transition algal bloom probably occurs at open leads
aTlong the mainstem and side channel margins or at mid-channel shoals
and riffle areas (Hynes 1970). The large amount of mainstem areas
which may be involved in this process suggests that the mainstem
contribution to autochthonous production may be substantial.

During spring break-up, stream flow rapidly increases during May from
approximately 2,000 cfs to 20,000 cfs or greater, while suspended
sediment concentrations fluctuate considerably (9 - 1,670 mg 1'1), but
average approximately 360 mg 1'1 (Peratrovich et al. 1982). Most of
the benthic production that. occurred during the winter-spring transi-
tion is likely dislodged and swept downstream. A portion of this
material may follow the natural flow path along the mainstem margin
and into peripheral overflow channels and sloughs. Thus high spring
flows may redistribute fish food organisms and retain some of the
winter-spring transition organic production. At prevailing springtime
turbidities (50 to 100 NTU), the mainstem margin and side channels
apparently continue to support a low to moderate level of primary
production wherever velocity is not limiting. The euphotic zone at
this time is estimated to extend to an average depth between 1.2 and
3.5 ft (Van Nieuwenhuyse 1984).

In summer, mainstem flows are at their highest levels. The total
surface area available for primary production is limited by high
turbidities that reduce the depth of useful light penetration to less
than 0.5 ft (Van Nieuwenhuyse 1984). Many of the hemi-metabolous
insect species are suspected to be in the egq stage or in early instar
phases at this time. Juvenile fish migrating out of their natal
tributaries move to low velocity rearing habitats, which seem to be
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concentrated in peripheral areas of the mainstem and side channels,
side slough, and upland slough aquatic habitats (ADF&G 1984c).

Largely because of its water quality (especially its high suspended
sediment concentration), high velocities and large substrate, the
principal function of mainstem habitat during the summer months is to
provide a transportation corridor for inmigrating spawning salmon and
outmigrating smolts. Mainstem water quality also has a significant
influence on the seasonal water quality regime of side slough habitats
when overtopping of side slough occurs.

Field observations made in 1984 by EWT8A suggested that during a
typical autumn transition period, a second pulse of primary production
often occurs in the mainstem, dominated this time by green filamentous
algae rather than diatoms. This second bloom, induced in part by
moderating stream flows, but mostly by a notable reduction in tur-
bidity levels to less than 20 NTU, probably exceeds the winter-spring
transition bloom in terms of biomass produced and surface area
affected. The depth of the euphotic zone at turbidities of 20 NTU
approximates 5 ft (Van Nieuwenhuyse 1984). This fall-winter period of
abundance stops at freezeup. Some of this production is dislodged and
swept away or frozen in place.

Side Slough Habitat

Side sloughs present a unique seasonal pattern of streamflow and water
quality that is important to many fish species inhabiting the middle
Susitna River. Side slough habitat consists of clear water maintained
by groundwater upwelling or local surface runoff in overflow channels.
One distinguishing characteristic of side slough habitat is the
periodic overtopping of the upstream end of the slough by high
mainstem discharge levels that temporarily transforms the side slough
to side channel habitat.

In winter, side sloughs contain numerous groundwater upwelling sites
which may be distinguished by the presence of open leads (ADF&G
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1983a). Thus they provide intragravel habitat for incubating embryos
and overwintering opportunities for juvenile amadromous and resident
fish,

Durina the winter-spring transition period, surface water temperatures
exceed intragravel water temperatures during the day (Trihey 1982,
ADFAG 1983a). Chum, sockeye and pink fry emerge from natal areas
within the sloughs during this transition period and primary produc-
tion rates probably increase at this time.

Because side sloughs are located along the lateral portions of the
flood plain, spring breakup in the sloughs is generally less severe
than it is in either the tributaries or mainstem and side channel
habitats. The most significant changes in side slough water quality
occur during the summer. Side sloughs are connected at their upstream
end to the mainstem or side channels by head berms of various ele-
vations. As mainstem discharge increases to the point of overtopping
the head berms, side sloughs are inundated with turbid mainstem water.
Overtopping of the upstream berm will be more frequent, of longer
duration, and the cause of greater quantities of flows in locations
where berms are relatively low. During each overtopping, the side
slough water quality and temperature are dominated by the characteris-
tics of the mainstem.

Sloughs are also subject to turbid backwater effects at their down-
stream juncture with the mainstem or a side channel (mouths). Much of
the suspended sediment load carried in by the mainstem water settles
in the backwater, and thus presents a substrate different from that
found farther upstream in the sloughs.

Field observations by EWT3A suggest that some of the sediment carried
through sloughs seems to become part of an organic matrix of unknown
composition (probably involving bacteria, fungi, and other microbes)
which in turn is usually covered by a layer of pennate diatoms and/or
colonial and filamentous algae. This benthic community, which covers
most streambed material greater than 2 to 3 inches in diameter, can be
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observed throughout the system in mainstem and side channel habitats
as well. It is possible that the phosphorus associated with the
sediment plays some role in making this possible and studies
(Stanford, Univ. of Montana, pers. comm. 1984) elsewhere indicate that
as much as 6 percent or more of this sediment-bound total phosphorus
can become biologically available -- perhaps to the diatoms. This
might help explain how primary producers can still maintain a viable
presence even under short-term highly turbid conditions.

During late September and early October 1984, fall-winter transitional
algal blooms were observed by EWT&A in most side sloughs and thus
probably occur every year. The 1984 bloom was characterized by dense
mats of filamentous green algae growing on gravel substrate of one
inch in diameter up to the largest cobble.

Upland Slough Habitat

Upland slough habitat is distinguished from side slough habitat by the
lack of overtopping of the upstream slough end by high mainstem
discharges. Thus, groundwater upwelling and local runoff dominate the
water quality characteristics of upland slough habitats except at the
slough mouths, which are influenced by turbid backwater effects from
the mainstem.

Tributary and Tributary Mouth Habitats

As for all other aquatic habitat types, the seasonal water quality
pattern displayed by the tributaries is closely linked to their annual
flow regimes. This pattern is of considerable interest since it is in
the tributaries--most notably Portage Creek, Indian River, and Fourth
of July Creek--where most of the fish production originates {ADFA&G
1981, 1982, 1984a). These streams provide spawning, rearing, and
overwintering habitat that either does not exist, or only exists in
limited amounts in other habitat types. Tributaries, in effect, may
represent the most productive of the aquatic habitats in the middle
Susitna River. The ionic composition of tributary water likely
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conforms to the hydrologic principle that the soils of a stream basin
generally govern the quantity and the quality of the solids contained
in the water flowing from it. However, productivity levels in tribu-
taries may be due more to the hydraulic and hydrologic conditions than
to water quality. The moderate concentrations of macronutrients
(phosphorus and nitrogen) that prevail 1in these streams probably
represent only that which leaks from the internal cycling taking place
in the soils of the local watershed.

In winter, tributary flow is minimal and is predominantly comprised of
groundwater rising up through the bed of the stream channel. Since
much of the winter mainstem flow is comprised of contributions made by
groundwater and tributary sources, tributary water chemistry is
probably reflected in the winter water chemistry characteristics of
the mainstem (Table IV-6). Thus, the water quality characteristics of
tributaries during winter reflect a well-buffered, well-oxygenated
environment for embryo incubation and adult and juvenile over-
wintering.

During the four to six week transition between winter and the onset of
the spring freshet, portions of the ice and snow cover on the tribu-
tary melt away. Water temperatures may increase slightly and a pulse
of primary production probably occurs in response to a lengthening
photoperiod (Hynes 1970). The ability of light to reach the algal
community {is assisted by absence of leaf cover on stream bank vege-
tation and presence of rotten ice that effectively transmits light
(LaPerriere, Univ. of Alaska, pers. comm. 1984). The emergence of
some fish species and many insects is apparently timed to occur during
this brief early-spring interiude of plentiful food and relatively
tranquil stream flows.

Typically, by mid-May air temperatures have increased to 8°C and the
spring freshet has filled the tributary channel with runoff from
melting snow. Flooding from ice jams redistributes much of the cobble
substrate, displaces juvenile salmon from overwintering habitat, and
flushes out organic and inorganic debris as well as much of the
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complete by late November or early December when the winter phase of
the annual cycle begins once again.

With-Project Relationships

Temperature and suspended sediment seasonally influence aquatic
habitat types in the middle Susitna River, and therefore are important
in the distribution and production of fish. It is evident that these
water quality parameters will be more directly affected by con-
struction and operation of the proposed project than other water
quality parameters (AEIDC 1984b, Peratrovich et al. 1982), Stream
temperature is discussed in Section IV of this report, hence the
following discussion focuses on suspended sediment and turbidity.

The downstream water quality regime will change as a result of project
operation. The reservoir(s) is estimated to trap approximately 70 to
98 percent of the total volume of sediments that are annually trans-
ported through the middle Susitna River (R&M Consultants 1982, Harza-
Ebasco 1984a). The sediment remaining in suspension and released
downstream year round will consist predominantly of fine particles
(<5u in diameter) (APA 1983), which create a turbidity far greater in
proportion to their mass than larger particles. Estimates for the
expected concentration of total suspended solids released from the
reservoir(s) year round range from 0 to 345 mg 1"1, with the expected
average between 30 and 200 mg 1-1 (Peratrovich et al. 1982). Concen-
trations of this magnitude would result in year round turbidities
ranging between 60 and 600 NTU based on a ratio of 2 to 1 NTU/ml_:;/l'1
{R&M 1984) with corresponding euphotic zone depths of approximately 3
and 0.4 ft {Van Nieuwenhuyse 1984).

A reduction in suspended sediment levels in the middle reach of the
Susitna River would likely result in existing sediments and fine sands
in streambed materials being transported downstream {Harza-Ebasco
1984a). Additionally, if short term peak flow events disturbed
streambed materials prior to the cementation of these materials and
cleared the interstitial spaces of fine sediments, the hydraulic
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connection between surface and subsurface flow would protably improve.
Reduced turbidity and increased subsurface flow, in turn, would be
expected to increase the success rate for mainstem and side channel
spawning by salmon and the colonization rates of periphyton and
benthic invertebrates during the summer.

Primary production in the middle reach of the Susitna River presently
appears to be concentrated in the spring and fall periods of low
turbidities. Constant, year-round turbidity levels in the range of 60
to 600 NTU would likely reduce the level of primary production during
these transition periods, although primary production may increase
during summer months.
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Instream Temperature and Ice Processes

Instream Temperature Criteria

Within the range of temperatures encountered in northern river sys-
tems, increases in stream temperature generally cause an increase in
the rate of chemical reactions, primary production, and cycling of
allochthonous food sources. The fish inhabitants of the river system
adjust their body temperatures to match the temperature of the water.
As temperatures increase, rates of digestion, circulation and respira-
tion increase. Thus, there is an overall increase in the rate of
energy input, nutrient cycling and energy use as the river system
warms.

Each species of fish is physiologically adapted to survive within a
tolerance range of stream temperature. MWithin this tolerance range
there is a narrower range of "preferred" temperatures at which metabo-
1ism and growth rates of individuals are most efficient. OQOutside the
tolerance range are upper and lower incipient lethal Timits.

The preferred temperature range for adult salmon in the middle Susitna
River is 6 to 12°C (AEIDC 1984b). Juvenile salmon prefer slightly
warmer temperatures for rearing, generally ranging from 7 to 14°C
(Table IV-7)}. These temperatures are consistent with the preferred
temperature range of 7 to 13°C reported by McNeil and Bailey (1975)
for Pacific salmon. The preferred temperature range for incubation is
generally between 4 and 10°C.

The time required for the incubation of salmon embryos is directly
related to stream temperature. Development rates increase with rising
stream temperature up to approximately 14°C. Above this, further
temperature increases are considered detrimental. Salmon embryos are
also vulnerable to cold temperatures until they have accumulated
approximately 140 centigrade temperature units (CTU's)l. After this
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Table IV-7. Preliminary stream temperature criteria for Pacific salmon
developed from literature sources for application to the Susitna

River,

Temperature Range (°C)

Species Life Phase iolerance Preferred
Chum Adult Migration 1.5-18.0 6.0-13.0
Spawning 1 1.0-14.0 6.0-13.0

Incubation 0-12.0 2.0-8.0

Rearing 1.5-16.0 5.0-15.0

Smolt Migration 3.0-13.0 5.0-12.0

Sockeye Adult Migration 2.5-16.0 6.0-12.0
Spawning 1 4.0-14.0 6.0-12.0

Incubation 0-14.0 4,5-8.0

Rearing 2.0-16.0 7.0-14.0

Smolt Migration 4,0-18.0 5.0-12.0

Pink Adult Migration 5.0-18.0 7.0-13.0
Spawning 1 7.0-18.0 8.0-13.0

Incubation 0-13.0 4.0-10.0

Smolt Migration 4,0-13.0 5.0-12.0

Chinook Adult Migration 2.0-16.0 7.0-13.0
Spawning 1 5.0-14.0 7.0-12.0

Incubation 0-16.0 4,0-12.0

Rearing 2.0-16.0 7.0-14.0

Smolt Migration 4,0-16.0 7.0-14.0

Coho Adult Migration 2.0-18.0 6.0-11.0
Spawning 1 2.0-17.0 6.0-13.0

Incubation 0-14.0 4.0-10.0

Smolt Migration 2.0-16.0 6.0-12.0

1 Embryo incubation or development rate increases as temperature rises.
Accumulated temperature units or days to emergence should be determined for

each species for incubation.

Source: AEIDC 1984b
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initial period of sensitivity to cold temperatures has passed,
incubating embryos can tolerate temperatures near 0°C.

Table IV-8 provides a comparison between the number of CTU's that
resulted in 50 percent hatching and 50 percent emergence of chum
salmon alevins under both field and laboratory environments. The
number of temperature units that resulted in 50 percent hatching and
50 percent emergence of chum and sockeye alevins at selected middle
Susitna River sloughs appear similar to that required by Alaskan
stocks of these species under controlled conditions (ADF&G 1983a).
Collectively these data indicate that 400 to 500 CTU's can be used as
an index for 50 percent hatching of chum and sockeye eggs.

A simplified way of forecasting emergence time using the information
provided in Table IV-8 and other pertinent data from the literature
was developed by AEIDC (1984b). The relationship between mean incu-
bation temperature and development rate for chum embryocs is presented
in the form of a nomograph (Figure IV-5).

This nomograph can be used to forecast the date of 50 percent emer-
gence given the spawning date and the mean daily intragravel water
temperature for the incubation period. A straight line projected from
the spawning date on the left axis through the mean incubation temper-
ature on the middle axis identifies the date of emergence on the right
axis.

lA centigrade temperature unit is the index used to measure the
influences of temperature on embryonic development and is defined as
one 24 hour period 1°C above freezing (0°C). Hence stream tempera-
tures between 4 and 5°C would provide 140 centigrade temperature units
in about one month.
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Table IV-8. Comparison of accumulated centigrade temperature units (CTU's)
needed to produce 50 percent hatching of chum salmon eggs and 50
percent emergence of chum salmon alevins at selected sites on the
Susitna River with those required under controlled incubating
environments eltsewhere in Alaska. :

Brood CTU's requtred CTU's required
Location Year for 50% Hatching for 50% Emergence
Susitna River - Stough 8A 1982 539 .2
Susitna River - Stough 11 1982 501 232
Susitna River - Slough 21 Mouth 1982 534 283
Clear Hatchery’ 1977 420 313
Clear Hatchery’ 1978 455 393
Ektutna Hatchery4 1981 802 209
USFWS Laboratory - Anchorage5 1982 306 -
USFWS Laboratory - Anchorage5 1982 448 -—
USFWS Laboratory - Anchorage5 1982 489 -—
USFWS Laboratory - Anchorage5 1982 472 ---

1 Calculated from the time of 50 percent hatching to the time of 50 percent
emergence

2 No emergence had occurred as of April 20
3 Raymond (1981)
4 Loren Waldron, Eklutna Hatchery, personal communication

5 Adapted from Waangard and Burger (1983)
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Instream Temperature Processes

Stream temperature in northern rivers responds primarily to the
seasonal variation of the local climate and hydrologic conditions.
Heat transfer between the atmosphere and an open water surface prin-
cipally occurs through convection, evaporation/condensation and
radiation. Heat transfer by convection and evaporation/condensation
responds directly to wind speed and the temperature differential
across the air-water interface. Radiative heat transfer consists of
two types: shortwave and longwave radiation. Both short- and long-
wave radfation are significantly influenced by basin topography,
percent cloud cover, and surrounding vegetation. At higher latitudes
incoming shortwave radiation is highly variable because of seasonal
differences in the solar azimuth which influences the intensity of the
shortwave radiation per unit area and the length of the daylight
period.

Cooling or warming of the river by the processes described above will
not be altered by the construction or operation of the proposed
project. However, the amount and temperature of water influent to a
river also affects its temperature. Construction and operation of the
proposed Susitnma Project will substantially alter these existing
seasonal relationships by the redistribution of the available water
supply and its associated heat energy through the year. The reservoir
will store heat in the summer while releasing water with lower than
natural temperatures between break-up and mid-surmer. For the remain-
der of the year, temperatures of the released water would be greater
than natural as the reservoir discharges the stored heat.

Sources of water influent to the Susitna River are classified as:
glacial melt, tributary inflow, non-point surface runoff, and ground-
water inflow. The relative importance of each of these to mainstem
flow and temperature at Gold Creek varies seasonally.

Tributary and non-point surface runoff increase during snow melt
periods and in response to rainstorms, and glaczial melt water is
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predominantly a summer phenomena. Groundwater 1inflow, however,
appears to remain fairly constant throughout the year. Hence its
relative importance increases during winter as inflows from glacial
melt and surface runoff cease. Tributary inflows themselves diminish
to base levels maintained by groundwater inflow from their sub-basins.
The temperature of influent groundwater remains near 3 to 4°C through-
out the year (ADF&G 1983a}. Glacial melt water at the headwaters of
the Susitna River is near 0°C, but it is warmed by the heat transfer
processes described earlier as it flows downstream. Temperature of
tributary waters are generally cooler than the temperature of the
mainstem, especially during May and June when most of their streamflow
consists of snow melt (Figure IV-6). Tributary water temperatures
determine mainstem surface water temperatures at tributary mouths.
Tributary flows characteristically hug the mainstem shoreline after
converging with the Susitna River, forming a plume that may extend
several hundred feet downstream.

Mainstem water temperatures normally range from zero during the
November-April period to 11 or 12°C from late June to mid-July. Water
temperatures typically increase from 0 to 6 or 8°C during May and
gradually decrease from 9 or 10°C in early September to 0°C by mid to
late October. Water temperatures in side channels follow mainstem
temperatures except in side channel areas which do not convey mainstem
water during periods of low flow. Except when overtopped by mainstem
flow, surface water temperatures in side sloughs are independent of
mainstem water temperatures even though both may occasionally be the
same temperature (Table IV-9).

Sloughs receive nearly all of their clear water flow from local runoff
and groundwater inflow. Due to their relatively large surface areas
in comparison to their depth and flow rate, sloughs are quicker to
warm and cool. Hence daily fluctuations in side slough surface water
temperatures are more exaggerated than for mainstem or side channel
water temperatures (ADF&G 1984f). When sloughs receive substantial
inflow from snowmelt or rainfall runoff, their surface water tempera-
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naturally occurs.

Source: ADF&G 1983,

Thus the April mainstem temperatures are probably warmer than what would occur.

Table IV-9, Comparison between measured surface water temperatures (degrees C) in side sloughs and simulated

average monthly mainstem temperatures

1982 1982 1983

Location RM Feb Mar Apr Aug Sep Oct Nov Dec Jan Feb Mar Apr May
STough 8A Mouth 125.4 6.5 2.4 1.7 0 0 0.4 1.3
Slough 8A Upper 126.4 5.8 4.4 2.5 3.8 3.3
Slough 9 128.7 8.9 5.9 2.3 3.8 4.7
Slough 11 135.7 2.5 3.1 3.3 3.1 2.9 2.9 2.9 29 3.0 3.5 6.0
Slough 21 141.8 1.6 1.9 3.1 2,2 1.1 0.8
Mainstem
LRX 29 126.1 0.0 0.0 2.9 10.9 6.5 6.6 00 0.0 0.0 0.0 0.0 3.0 ---
LRX 53 140.2 0.0 0.0 2.5 10.8 6.4 6.6 0.0 0.0 0.0 0.0 0.0 2.6 ---
Note: Mainstem temperatures are simulated without an ice cover and warm earlier in the spring than what



tures will reflect the temperature of that runoff. During winter,
slough flow is primarily maintained by upwelling which possesses very
stable temperatures around 3°C (ADF&G 1983a). Surface water
temperatures are significantly influenced by the thermal quality of
the upwellings; often remaining above 0°C throughout most of the
winter. Surface water temperatures typically reach 5 or 6°C in
quiescent areas within side sloughs by mid-April, approximately one
month before similar temperatures are available in mainstem and side
channel areas.

Side sloughs are occasionally overtopped by mainstem water during
staging at freezeup, severely disrupting the relationship between
intragravel and surface water temperatures. Once the slough is
overtopped, the small volume of relatively warm slough water, which
serves to buffer submerged upwelling areas from extreme cold, is
fmmediately replaced by a large volume of 0°C water and slush ice. As
the overtopped condftion persists, the warming dinfluence of the
upwelling dis diminished and f{ntragravel water temperatures may
decrease from 3 or 4°C to near 0°C (ADF&G 1983).

A similar condition occurs during spring breakup as ice jams may cause
large volumes of near zero degree mainstem water to flow through side
sloughs flushing them of their substantially warmer surface water.
Although 1ittle data are available for this period, intragravel water
temperatures are not suspected to be as adversely affected by over-
topping events during breakup as they are by overtopping during
freeze-up.

With-Project Temperature Conditions. Construction and operation of
Watana dam will directly affect seasonal water temperatures by redis-
tributing streamflow and its associated heat content throughout the
year., Those portions of the Susitna River most affected by with-
project stream temperatures will be mainstem and side channel areas
that convey water released from the reservoir. With-project summer
flows are expected to be lower and winter flows higher than naturally
occurring streamflows. It 1is anticipated that stream temperatures
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will be similarly affected, but not to the same degree as streamflow.
Addition of Devil Canyon reservoir would amplify the deviation in both
summer and winter with-project stream temperatures from naturally
occurring mainstem temperatures at any given 1location within the
middle Susitna River (Table IV-10). In effect, the addition of Devil
Canyon Reservoir results in naturally occurring stream temperatures
being affected further downstream.

Table IV-10. Simulated mifdle Susitna River mean summer mainstem
temperatures” for natural, Watana only, and Watana/
Devil Canyon conditions.

RM 150 RM 130 RM 100
Natural 8.4 8.5 9.0
Watana only (1996 Demand) 7.4 7.5 8.5
Watana/Devil Canyon2 (2002 Demand) 6.4 6.8 7.9

1 Average of four May-September stream temperature simulations using
meteorologic and hydrologic conditions associated with the summers
of 1971, 1974, 1981 and 1982.

2 With 1ncreased 1oad demand in later years of operation, less

frequent use of the Devil Canyon cone valves would result in

slightly warmer mean summer temperatures (AEIDC 1984b).

Project design and operation have a notable influence on the tempera-
ture and flow rate of water discharged from the dam{s). Within the
anticipated operating range of the project, the temperature of the
reservoir outflow has a greater influence on downstream water tempera-
tures than flow rate. Table IV-11 displays the simulated downstream
temperatures for two situations: water week 34 (May 20-26), where the
downstream release temperatures are equal but release rates differ,
and water week 45 (August 5-11) where release rates are equal but
their temperatures differ. The weekly simulation period is the same
within each example thereby eliminating downstream temperature differ-
ences resulting from climatic influences. The 1.8°C temperature
difference shown in the second case results in a much greater down-
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Table IV-11. Downstream temperatures (°C) resulting from differences in summer
reservoir release flows and temperatures.

Water Week 34 Water Week 45
{May 20 - 26, 1981) (August 5 - 11, 1974)
Dam Release: Dam Release:
6080 cfs 5270 cfs 10,950 cfs 10,950 cfs
Temp: Temp:
3.9°C 3.9°C 8.1°C 9.9°C
Middle
River Cross 2002 2020 2002 2020
Section River Mile Demand Demand Demand Demand
68 150 4.5 4.5 8.2 9.9
53 140 4.9 5.0 8.5 - 10.1
33 130 5.4 5.5 8.6 10.1
23 120 6.0 6.1 9,0 10.4
13 110 6.5 6.7 9.4 10.7
3 99 7.1 7.3 9.8 11.0
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stream temperature difference than that resulting from 810 cfs flow
decrease (13 percent decrease in flow) shown in the first case.

The most notable effect of project construction and operation on
natural stream temperatures is delaying the temperature rise during
early summer and extending warm stream temperatures into fall
(Figure IV-7)., As with mid-summer stream temperatures, the tempera-
ture of the middle Susitna River during winter is directly influenced
by climate and project operation. The Tocation at which 0°C water
occurs downstream from the dam, and consequently the maximum upstream
extent of the ice front, is controlled by annual winter climate.
However, its location also varies in response to reservoir outflow
temperature and, to a lesser degree, flow rate.

Due to the occurrence of warmer stream temperatures during fall, ice
front development on the middle Susitna River 1is expected to be
delayed from two to seven weeks (Harza-Ebasco 1984b). In addition,
the location of the ice front under with-project conditions is not
expected to extend as far upstream as it does under natural con-
ditions. Among the variables influencing winter stream temperature,
basin meteorology is the most significant.

Short periods of -15 to -25°C air temperatures increase the cooling
rate of water downstream from the dams and result in the production of
frazil ice. There is a rapid upstream progression of the ice front
during these periods (Gemperline 1984). Table IV-12 provides simulat-
ed data indicating the influence of winter air temperature on simulat-
ed downstream water temperatures.

The second most important variable, and one over which project design
and operation has some degree of control, is the temperature of the
reservoir outflow. The amount of water being released from the
reservoir also influences winter stream temperature but it is not as
significant a variable as outflow temperature, or basin climate.
Table IV-13 displays downstream temperatures for two cases: (1) where
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Table IV-12.

Comparison between simulated downstream water temperatures for
constant reservoir outflow conditions and different air
temperatures.

Water Week 8 Water Week 18
(Nov. 19-26, 1981) {Jan. 28-Feb. 3, 1983)
Dam Release: Dam Release:
7,590 cfs 7,600 cfs
Middle River Release Temp: 1.9°C Release Temp: 1.9°C
River Cross Mile Air Temp: (Talkeetna) Air Temp: (Talkeetna)
Section -11.6°C -3.4°C
68 150 1.8 1.9
53 140 1.3 1.6
33 130 0.6 1.2
23 120 0 . .8
13 110 0 .5
3 99 0 0

Note: Both simulations are for Devil Canyon dam, 2002 Demand.
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Table IV-13. Downstream temperatures (°C) resulting from differences in winter
reservofr release flows and temperatures.

Water Week 9 Water Week 22
(Nov. 26 - Dec. 2 1970) (Feb. 25 - March 3, 1982)
Dam Release: Dam Release:
7770 cfs 12,370 cfs 7190 cfs 8000 cfs
Temp: Temp:
1.3 °C 1.3°C 2.8°C 1.7°C
Middle
River Cross 2002 2020 2002 2020
Section River Mile Demand Demand Demand Demand
68 i50 1.3 1.3 2.7 1.7
53 140 0.7 0.9 2.2 1.2
33 130 0 0.4 1.5 0.7
23 120 0 0 0.8 0.1
13 ilo 0 0 0.2 0
3 99 0 0 0 0
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dam release temperatures are the same but flow volumes change {in this
case a 59 percent increase) and (2) where dam release flows are
relatively constant (note: actually a 11 percent increase) and release
temperatures differ. As in the previous example for summer releases,
the differences in release temperatures result in the greatest down-
stream temperature differences.

Ice Processes

The most important factors affecting freezeup of the Susitna River are
air and water temperature, instream hydraulics, and channel
morphology. Breakup is primarily influenced by antecedant snowpack
conditions, air temperature and spring rainfall. The upper Susitna
River is commonly subjected to freezing air temperature by mid-
September, and slush ice has been observed in the Talkeetna-to-Devil
Canyon reach as early as late September. Initial phases of ice cover
deterioration commonly begin by mid-April, with ice out on the middle
Susitna River generally being complete by mid-May (R&M Consultants
1983).

Figure IV-8 presents a generic flowchart which diagrams the ice
formation process on the Talkeetna-to-Devil-Canyon reach of the
Susitna River, based on a recognition of pertinent climatic and
physical factors. In order to understand the flow chart and subse-
quent discussions in this text, brief definitions have been adopted
from R&M (1983) for the most common types of ice found in the middle
reach of the Susitna River.

o Frazil - Individual crystals of 1ice generally believed to
form around a nucleating agent when water becomes super-

cooled.

o Frazil Slush - Frazil 1ice crystals have strong cohesive

properties and tend to agglomerate into Tloosely packed
clusters that resemble slush. The slush eventually gains
sufficient mass and buoyancy to counteract the flow turbu-
lence and float on the water surface.
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Snow Slush - Similar to frazil slush but formed by loosely
packed snow particles in the stream.

Black Ice - Black ice initially forms as individual crystals
on the water surface in near zero velocity areas in rivers
or underneath an existing ice cover. These crystals develop
in an orderly arrangement resulting in a compact structure
which is far stronger than slush ice covers. Black ice
developing in the absence of frazil crystals is characteris-
tically translucent. This type of ice can also grow into
clear layers several feet thick within the Susitna slush ice
cover,

Shore Ice or Border Ice - This forms along flow margins as a
result of slush ice drifting into low velocity areas and

freezing against the channel bed.

Ice Bridges - These generally form when shore ice grows out
from the banks to such an extent that a2 local water surface
constriction results. Large volumes of slush ice may not be
able to negotiate this constriction at the same rate as the
water velocity. An accumulation of slush subsequently
occurs at the constriction, sometimes freezing 1into a
continuous solid ice cover or bridge. This ice bridge
usually prevents slush rafts from continuing downstream,
initiating an upstream accumulation or progression of ice.

Hummocked Ice - This is the most common form of ice cover on
the Susitna mainstem and side channel areas. It is formed
by continuous accumulation of consolidated slush rafts that
progressively build up behind jce bridges, causing the ice
cover to migrate upstream during freezeup.
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Freezeup

Frazil Ice Generation. Most river ice covers are formed as a result
of the formation and concentration of frazil ice. When river water
becomes slightly supercooled (0°C), frazil crystals begin to form by
nucleation or by a mass exchange mechanism between the water surface
and the cold air. Fine suspended sediments in the water during
freezeup season may be the nucleating agent in the Susitna River. In
the mass exchange mechanism, initial nucleation occurs in the air
above and the ice crystals fall to the water surface {Ashton 1978).

Frazil crystals initially form principally as small discoid crystals
only a few mi1limeters in diameter. These grow rapidly to larger size
and begin to accumulate as frazil slush masses, which are often
contributed to by snowfall into the river forming floating snow slush.
The combined slush usually breaks up in turbulence into individual
slush floes that continue drifting downriver until stopped by jamming
at river constrictions (Ashton 1978; Michel 1971; Osterkamp 1978).

Frazil ice generally first appears in the river between tha Denali
Highway bridge and Vee Canyon by mid-September. This ice drifts
downriver, often accumulating into loosely-bonded slush floes, until
it melts away or exits into Cook Inlet. During freezeup, generally
about 80 percent of the ice passing Talkeetna into the lower river is
produced in the upper Susitna River, while the remaining 20 percent is
produced in the Talkeetna and Chulitna Rivers. Below the Yentna
confluence, usually more than 50 percent of the ice is produced by the
Yentna River.

Talkeetna to Gold Creek. The leading edge of the lower Susitna River
ice cover usually arrives at the confluence of the Susitna and
Chulitna Rivers (RM 99) between early November and early December
(Table IV-14). The rate of upstream progression is significantly
slower on the middle reach of the Susftna River.

The ice front progression rate decreases as the ice front moves
upriver. In 1982, the progression rate slowed from an average of 3.5
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miles per day near the confluence to 0.05 miles per day by the time it
reached Gold Creek (RM 136). This is probably due to the increase in
gradient moving upriver and to the reduction in frazil ice generation
in the upper Susitna River as it develops a continuous ice cover. The
upper Susitna River freezes over by border ice growth and intermediate
bridging before the advancing leading edge reaches Gold Creek,

Local groundwater levels are often raised when the leading edge
approaches. This {is probably due to staging effects raising the water
level in the mainstem, which then is propagated through the permeabie
river sediments into surrounding sloughs and side channels.

Many sloughs fail to form a continuous ice cover all winter due to up-
welling of relatively warm (1-3°C) groundwater (Trihey 1982, ADF&G
1983a). However, ice does form along slough margins, restricting the
open water area to a narrow, open lead. Some sToughs that do form ice
covers after being inundated with mainstem water and ice later melt
out because of the groundwater thermal influence. These leads often
then remain open all winter.

As slush ice accumulates against the leading edge, it consolidates
from time to time through compression and thickening. Staging accom-
panies this process, sometimes 1ifting the ice cover and allowing it
lateral movement and often extending the ice from bank to bank.

Water flowing under the ice cover throughout the winter often causes
frictional erosion of the underside of the ice, opening leads in the
cover. This usually occurs rapidly after the initial stabilization of
a slush ice cover. These leads usually slowly freeze over with a
secondary ice cover, and most leads are closed by March.

The slush ice front progression from the Susitna/Chulitna confluence
generally terminates in the vicinity of Gold Creek , about 35 to 40
miles upstream from the confluence, by December or early January.

Gold Creek to Devil Canyon. Freezeup occurs gradually in the reach
from Gold Creek (RM 136) to Devil Canyon (RM 150), with a complete ice
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cover in place much later than in the reach below Gold Creek, usually
not until March (R&M Consultants 1983). The ice front does not
generally progress beyond the vicinity of Gold Creek because of the
lack of frazil ice input after the upper river freezes over. Also, ice
is late in forming here because of the relatively high velocities in
this reach, caused by the steeper gradient and single-channel charac-
teristics of the reach.

Wide border ice layers build out from shore throughout the freezeup
season, narrowing the open water channel in the mainstem and fre-
quently forming ice bridges across the river, separated by open leads.
In the open water areas, frazil ice adheres easily to any object it
contacts within the river flow, such as rocks and gravel on the
channel bottom, forming anchor ice. Anchor ice may form into low dams
in the stream bed, especially 1in areas narrowed by border Iice,
increasing local water turbulence which may 1ncrease frazil gen-
eration, Slight backwater areas are sometimes induced due to a general
raising of the effective channel bottom, affecting flow distribution
between channels and causing overflow onto border ice. Within the
backwater area, slush ice may freeze in a thin layer from bank to
bank.

LittTe staging occurs in this reach during freezeup, and sloughs and
side channels are generally not breached at their upper ends. They
usually remain open all winter due to groundwater inflow. Open leads
occur in the mainstem , especially in high velocity areas between ice
bridges, but few new leads open after the formation of the initial ice
cover, There is minimal ice cover sag in this reach.

Ice Cover at the Peak of Development. Once the 1initial ice cover
forms it remains quite dynamic, either thickening or eroding. Slush
ice adheres to the underside of the ice cover in low velocity areas
and becomes bonded by low temperatures. The ice cover becomes most
stable at its height of maturity, generally in March (R&M Consultants
1983). The only open water at that time is in the numerous leads that
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persist over turbulent areas and areas of groundwater upwelling, and
1ittle frazil slush is generated.

Breakup. Under natural conditions, the Susitna River ice cover
disintegrates in the spring by a progression beginning with a slow,
gradual deterioration of the ice and ending with a dramatic breakup
drive accompanied by ice jams, flooding, and erosion (R&M Consultants
1983). The duration of the breakup period depends on the intensity of
solar radfation, air temperatures, and precipitation.

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

As water levels in the river begin to rise and fluctuate with spring
snowmelt and precipitation, overflow often occurs onto the ice since
the rigid and impermeable ice cover fails to respond quickly enough to
these changes. Standing water appears in sags and depressions on the
jce cover. This standing water reduces the albedo, or reflectivity, of
the ice surface, and open leads quickly appear in these depressions.
As the water level rises and erodes the ice cover, ice becomes under-
cut and collapses into the onen leads, drifting to their downstream
ends and accumulating in small ice jams. In this way, leads become
steadily wider and longer. This process is especially notable in the
reach from Talkeetna-to-Devil Canyon. In the wide, low- gradient
river below Talkeetna open leads occur less frequently and extersive
overflow of mainstem water onto the ice cover is the first indicator
of rising water levels.
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The disintegration of the ice cover into individual fragments or floes
and the drift of these floes downstream and out of the river is called
the breakup drive. The natural spring breakup drive is largely
associated with rapid flow increases, due to precipitation and snow-
melt, that 1ift and fracture the ice surface. When the river dis-
charge becomes high enough to break and move the ice sheet, the
breakup drive begins. Its intensity is dependent upon meteorological
conditions during the pre-breakup period.

Major ice jams generally occur in shallow reaches with a narrow
confining thalweg channel along one bank, or at sharp river bends.
Major jams are commonly found adjacent to side channels or sloughs,
and may have played a part in forming them through catastrophic
overflow and scouring at some time in the past. This is known to have
happened at Slough 11 in 1976, as reported by local residents in the
area, when a large ice ;am overflow event altered a previously-
existing small upland slough into a major side slough.

Breakup ice jams commonly cause rapid, local stage increases that
continue rising until either the jam releases or the adjacent sloughs
or side channels become flooded. While the jam holds, flow and large
amounts of ice are diverted into side channels or sloughs, rapidly
eroding away sections of riverbank and often pushing ice well up into
the trees.

Generally, the final destruction of the ice cover occurs in early to
mid-May when a series of ice jams break in succession, adding their
mass and momentum to the next jam downstream. This continues until
the river is swept clean of ice except for stranded ice floes along
shore. Ice that has been pushed well up onto banks above the water
level may last for several weeks before melting away in place.
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Effects of With-Project Instream Temperatures on Susitna River Ice
Processes.

ICECAL modeling runs show that operation of the Susitna River Hydro-
electric Project would have significant effects on the ice processes
of the Susitna River, especially in the Talkeetna to Devil Canyon
reach, due to changes in flows and water temperatures in the river
below the dams. Generally, winter flows would be several times
greater than they are under natural winter conditions, and winter
water temperatures would generally be between 0.5°C and 3°C where they
are normally 0°C immediately below the dams (AEIDC 1984b). The ICECAL
computer model developed by Harza-Ebasco Susitna Joint Venture was
used to simulate river ice conditions under various scenarios of
project operations, with Watana operating alone and in conjunction
with Devil Canyon dam, under varying power demand situations, and with
differing climatic conditions (Harza-Ebasco 1984c).

With-Project Simulations, Freezeup. Frazil ice that is generated in

the upper river area, principally in the Vee Canyon to the Denali
Highway area, normally drifts downstream into the lower and middle
reaches of the Susitna River and provides the source for initial ice
bridging and subsequent ice cover formation for most of the these
reaches. With Watana dam and reservoir in place, this frazil would be
trapped in the reservoir, unable to reach its normal destinations.
Consequently, freezeup of the river below the dam would be delayed.
Later, with the construction of Devil Canyon dam and reservoir, most
of the frazil-generating rapids within Devil Canyon would be
inundated, further reducing frazil production reaching the middle and
lower river reaches, and further delaying river freezeup.

Arrival of the ice front at the Yentna River mouth usually occurs in
late October or early November under natural conditions. This timing
is not expected to be significantly altered with-project in spite of
the reduced frazil input from the upper Susitna River because the ice
contributions from the Yentna River and other major tributaries would
remain the same. Based on this, November 1 was used by ICECAL as a
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representative date for the passage of the ice front by the Yentna
River mouth. However, reduced frazil input would slow the advance rate
of the leading edge. These effects would combine with the higher
winter flows and warmer water temperatures to produce a delay of ini-
tial freezeup at the Susitna/Chulitna confluence ranging from about
2-5 weeks with Watana operating alone to 4-6 weeks with Watana and
Devil Canyon operating together (Table IV-15).

The warmer water temperatures released from the dams would not cool to
the freezing level for a number of miles downstream of the dams,
preventing ice from forming all winter in this reach, except for some
border ice attached to shore. The maximum upriver extent of ice cover
progression below the project, with Watana operating alone, would vary
from RM 124 to RM 142 depending on winter climate and operational
scenario. Similarly, with both Watana and Devil Canyon operating, the
maximum ice cover extent would be from RM 123 to RM 137. The ice
front would reach its maximum position between mid-December and late
March for Watana alone and mid-January to mid-March for Watana and
Devil Canyon together, but would fluctuate considerably in position
for the rest of the winter depending on prevailing air temperatures.

Under natural conditions, secondary ice bridges may form between the
Susitna/Chulitna confluence and Gold Creek before the ice front
progression in the middle Susitna River has reached Gold Creek. With
the project in place these low flow conditions would not occur;
therefore, ICECAL simulations are based only on the initiation of one
ice bridge at RM 9 in late October and the subsequent ice cover devel-
opment on the lower river., ICECAL assumes only one leading edge
progression above the Chulitna confluence.

Increases in winter discharges in the river below the dams would cause
stages during freezeup to be significantly higher than natural. In
that reach, where the ice cover forms, stages are expected to be 2 to
7 feet higher than natural with Watana operating alone, while witn
both dams operational, stages should be about 1 to & feet higher than
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Table IV-15. ICECAL simulated ice front progression and meltout dates
(Harza-Ebasco Susitna Joint Venture, 1984c).

Max imum
Natural Starting Date Upstream
and Simulated at Chulitna Melt-out Extent
Conditions Confluence Date (River Mile)
Natural Conditions N
1971-72 Nov, § - 137N
1976-77 Dec. 8 === B 137N
1981-82 Nov. 18 Haylo-és 137N
1982-83 Nov. 5 May 10 137
Watana Only - 1996 Demand E
1971-72 Nov. 28 May IE 140
1976-77 Dec. 25 May 3 137
1981-82 Dec. 28 April 3 137
1982‘33H Dec. 12 March 20 127
1971-72 Dec. 17 March 27 127
Watana Only - 2001 Demand E
1971-72 Nov. 28 May 15 142
1982-83 Dec. 19 March 16 124
Both Dams - 2002 Demand . E
1971-72 Dec. 2 May 3 137
1976-77 Jan. 10 April 20 126
1981-82 Dec. 30 March 12 124
1982-83 Dec. 22 March 20 123
Both Dams - 2020 Demand
1971-72 Dec. 3 April 15 133
1982-83 Dec. 14 March 12 127

- Observed natural break up.

Melt-out date is extrapolated from results when

occurring beyond April 30

N - Ice cover for natural conditions extends upstream of
Gold Creek {River Mile 137) by means of lateral ice
bridging.

I - Computed ice front progression upstream of Gold Creek

(River Mile 137) is approximation only. Observations

indicate closure of river by lateral ice in this reach

for natural conditions.

Legend:

mo
]

Notes: 1. "Case C" instream flow requirements are assumed for
with-prﬂject simulations.
2. 1971-72" simulation assumes warm, 4°C reservoir
releases. All other with-project simulations assume an
"inflow-matching" temperature policy.
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natural (Table IV-16). Dcwnstream from the ice front, more sloughs
and side channels would be overtopped more frequently.

Winter discharges would be higher than normal but no freezeup staging
would occur upstream from the ice front's maximum position. MWater
levels in that reach would be 1 to 3 feet lower than natural freezeup
staging levels with Watana operating alone, and 1 to 5 feet lower with
both dams operating. Therefore, no sloughs in this reach should be
overtopped. However, lack of freezeup staging in this reach of the
river may reduce groundwater upwelling in the sloughs. Natural
freezeup staging causes approximately the same hydraulic head to exist
between the mainstem and adjacent sloughs as occurs during summer.
With the project in place and no freezeup staging occurring, the
hydraulic head would be reduced, despite the increased winter flows.

Since the ice edge would not advance as far, or as rapidly, during
project operations as during natural conditions, more areas of open
water would exist, and they would remain longer than usual. This
could cause the incidence of more anchor ice during cold periods.
This might cause the formation of slight backwater areas because of
the general raising of the channel bottom, possibly affecting flow
distribution between channels with low berms.

Where an ice cover forms, the maximum total ice thickness with Watana
operating alone are expected to be generally similar to natural ice
thickness. With both dams operating, maximum total ice thickness
should be about 1 to 2 feet less than natural ice thickness.

With-Project Simulations, Breakup. Breakup processes are expected to
be different in the Susitna River below the project, especially in the
Talkeetna to Devil Canyon reach. Since the maximum upstream extent of
the ice cover below the dams would be somewhere between RM 124 and RM
142, there would be no continuous ice cover between this area and the
damsite, and consequently no breakup or meltout in that reach. Any
border ice attached to shore would probably slowly melt away in place;

occasional pieces of border ice might break away from shore and float
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Table IV-16. Occurrences where with-project1 maximum river stages
are higher than natural conditions.

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

Notes:

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

release temperatures are assumed for with-project simulations.

2 For example, 4/6 means that 4 of the 6 with-project simulations
resulted in a higher maximum river stage than the natural
conditions for corresponding winters.

Source: Harza-Ebasco Susitna Joint Venture, 1984a
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downstream. Ice in the river reach above the project would break up
normally, but would not drift into this area as it normally does
because it would be trapped in the reservoire,

The normal spring breakup drive 1§ usually brought on by rapid flow
increases that 1ift and fracture the ice cover. The proposed project
reservoirs would regulate such seasonal flows, yielding a more steady
flow regime and resulting in a slow meltout of the ice cover in place.

The warmer-than-normal water temperatures released from the project
would cause the upstream end of the fce cover to begin to decay
earTier in the season than normal. Gradual spring meltout with
Watana operating alone is predicted to be 4 to 6 weeks earlier than
normal, and 7 to 8 weeks earlier than normal with both dams operating.
By May, flow levels in the river would be significantly reduced from
natural levels as the project begins to store incoming flows from
upstream. The result is expected to be that breakup drive processes
that now normally occur in the middle Susitna River area would be
effectively eliminated. Instead, a slow and steady meltout of river
ice in this reach would probably occur. Since there would be no
extensive volume of broken ice floating downstream and accumulating
against the unbroken ice cover, fce jamming in the middle Susitna
River would usually not occur or would be substantially reduced in
severity. This would eliminate or substantially reduce river staging
and flooding normally associated with ice jams, thereby eliminating or
gEeatly reducing the overtopping of berms and the flooding of side
sloughs.

In the lower river below the Susitna/Chulitna confluence, breakup
would approximate natural conditions due to the substantial flow
contributions from major tributaries. Ice thicknesses in this reach,
however, may be somewhat thicker than normal because of the higher
Susitna River winter flows from the project.
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Ice processes may also have negative impacts on fisheries habitat.
lce scouring can remove redds. Mainstem water entering the slough
near an ice jam can expose juvenile fish and incubating eggs to near
zero degree water, causing mortality. The removal of substrate by
anchor ice, scouring or flooding can greatly effect cover availability
for rearing fishes. Freezing processes, such as anchor ice, can also
encase many types of cover, making it useless to juvenile fish.
Benthic organisms and small fish can also be displaced by sudden
fluctuations in flow caused by ice jams.
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V. INFLUENCE OF STREAMFLOW AND INSTREAM HYDRAULICS
ON MIDDLE RIVER HABITATS

Habitat Types and Categories

As used in this document, habitat type refers to portions of the
riverine environment having visually distinguishable morphologic,
hydrologic and hydraulic characteristics that are comparatively
simiTar. Habitat types used here are not defined by biological
criteria, rather, they are based on explicit hydraulic and turbidity
considerations. Thus, both high and low value fish habitat may exist
within the same habitat type. The relative value of one fish habitat
type over another is derived from seasonal fish utilization and
densities within the middle Susitna River. Six major riverine habitat
types have been identified within the Talkeetna-to-Devil Canyon reach
of the Susitna River: mainstem, side channel, side slough, upland
slough, tributary, and tributary mouth.

The total surface area of each habitat type in the Talkeetna-to-Devil
Canyon reach has been estimated for mainstem discharges ranging from
9,000 to 23,000 cfs at Gold Creek (USGS gage 15292000) using digital
measurements on 1 inch = 1,000 feet aerial photographs (Klinger and
Trihey 1984).

Surface areas of clearwater habitat types, such as upland sloughs,
tributaries and tributary mouths, collectively represent approximately
one percent of the total wetted surface area within the middle Susitna
River (Klinger and Trihey 1984). The surface areas of these habitat
types exhibit Tittle response to mainstem discharge (Figure V-1). At
times the surface areas may respond more to seasonal runoff and local
precipitation than to variations in mainstem discharge.

Comparatively large differences exist regarding the magnitude and rate

of response of mainstem, side channel, and side slough surface areas
to mainstem discharges. At 9,000 cfs, mainstem and side channel
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areas where the combination of Tow-velocity flow and turbidity appear
to be the dominant microhabitat variables. As discharge changes, the
spatial distribution of turbid, low-velocity conditions suitable for
rearing fish also changes within the river corridor.

Rather than track the spatial movement of suitable variable boundary
habitats, the transformations and changes in habitat suitability were
monitored at specific areas of the river in response to incremental
changes in streamflow. This provides a systematic framework for
analyzing riverine habitat. A specific area is defined as any
location within the middle Susitna River corridor with a designated
perimeter that contains a portion of the non-mainstem surface area.
The total surface area of all specific areas equals the total non-
mainstem surface area. Specific areas are classified by habitat type
and their wetted surface areas measured on aerial photographs at
several mainstem discharges. Specific areas frequently contain
individual side channels, side sloughs, or upland sloughs. Occasion-
ally a large side channel or slough was subdivided into two or more
specific areas.

A significant amount of wetted surface area is expected to be trans-
formed from one habitat type to another as a result of project-induced
changes in streamflow (Klinger and Trihey 1984). The approach
described above was chosen as the basic framework for the extrapo-
lation methodology because it focuses on the dynamic change in the
system and allows examination of the system as flows change from a
summer mainstem discharge of 23,000 cfs to a lower discharge level.
Habitat transformations are referenced from a mainstem discharge of
23,000 cfs at Gold Creek because 23,000 cfs is a typical mid-summer
discharge (APA 1983) and continuous overlapping aerial photography was
available.

Eleven habitat categories are used to describe the transformation of
specific areas from one habitat type to another as mainstem discharge
decreases below 23,000 cfs (Table V-1). Figure V-2 presents a flow
chart of the possible habitat transformations that may occur as
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Table V-1. Description of Habitat Categories

Category 0 -

Category I -

Category II -

Category III -

Category IV -

Category V -

Category VI -

Category VII -

Category VIII -

Category IX -

Category X -

Tributary mouth habitats which persist as tributary
mouth habitat at a mainstem discharge less than
23,000 cfs.

Side slough and upland slough habitats at 23,000 cfs
which persist as the same habitat type at lower
mainstem discharges

Side channel habitats which transform to clearwater
habitat at a mainstem discharge less than 23,000 cfs,
and possess sufficient upwelling to maintain an open
lead throughout winter.

Side channel habitats which transform to clearwater
habitat at a mainstem discharge less than 23,000 cfs
but do not possess sufficient upwelling to maintain an
open lead throughout winter,

Side channel areas which persist as side channel
habitat at a mainstem discharge less than 23,000 cfs.

Mainstem or side channel shoals which transform into
distinct side channels at a mainstem discharge less
than 23,000 cfs.

Mainstem or side channel shoals which become
appreciably dewatered but persist as shoals at a
mainstem discharge less than 23,000 cfs.

Mainstem or side channel shoals which transform to side
slough habitat at a mainstem discharge less than

23,000 cfs, and possess sufficient upwelling to
maintain an open lead throughout winter.

Mainstem or side channel shoals which transform to
clearwater habitat at a mainstem discharge less than
23,000 cfs but do not possess sufficient upwelling to
maintain an open lead throughout winter.

Any water course which is wetted at 23,000 cfs but
becomes dewatered at a lower mainstem discharge.

Mainstem habitats which persist as mainstem habitat at
a mainstem discharge less than 23,000 cfs.
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mainstem discharge decreases from 23,000 cfs to 9,000 cfs. Analysis
of any middle river flow of interest Tower than 23,000 cfs for which
aerial photography exists can be substituted for the 9,000 cfs dis-
charge level in Figure V-2,

When the habitat transformations at all 167 of the specific areas
delineated in the middle Susitna River are sumnarized, a ready illus-
tration of overall riverine habitat behavior with decreasing mainstem
discharge is obtained (Table V-2). This analysis is directly ap-
plicable to the assessment of project effects on middle Susitna River
fisheries habitats.

Inspection of the relative numbers of specific areas in the various
categories at several mainstem reference flows reveals some inter-
esting trends (Figure V-3), With decreasing mainstem discharge, there
is a notable decrease in the number of side channel sites (Cate-
gory IV), and an increase in side sloughs (Category II}). There is
also an increase in dewatered areas (Category IX), which indicates the
Toss of potential habitat for fish. The implications associated with
the decrease in side channel and the increase in side slough habitat
types to fish are less obvious. Although it is possible to generally
characterize some of the attributes of the specific areas that belong
in these categories, a more refined analysis of microhabitat varijables
(e.g., depth, velocity, substrate, etc.) is necessary to fully assess
the capability of a riverine habitat to support fish.



Table V-2, Number of specific areas classified in each habitat
category for seven matnstem discharges.

Matnstem Discharge at Gold Creek

Habitat
Category 18000 16000 12500 10600 9000 7400 5100

I 32 32 32 32 32 32 32

Il 10 15 24 25 27 33 33
II1 5 6 10 10 13 12 15
IV 52 47 36 35 28 23 23

v 4 4 7 - 9 11 10 11

VI 21 21 17 11 7 7 6
VIl 2 2 3 5 5 4 4
VIII 2 2 3 4 6 5 3
IX 6 6 8 9 13 18 20

X 33 32 27 27 25 23 20
Total 167 167 167 167 167 167 167
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Passage

Fish passage is defined as the movement of fish from one location to
another. The ability to move freely into and out of habitats on a2
seasonal basis is important in maintaining fish populations. For
anadromous species, adults move upstream into spawning areas and
juveniles move from natal areas to rearing habitat and finally outmi-
grate to marine environments. Restriction of passage conditions can
inhibit or eliminate utilization of even high quality habitat. Three
levels of difficulty are defined for fish passage in the middle
Susitna River (ADF&G 1984e):

1. Successful Passage (unrestricted): Fish passage into and/or
within the spawning area {s uninhibited, and would not
affect natural production in the area.

2. Successful Passage With Difficulty & Exposure: Fish passage
into and/or within the spawning area is accomplished, but
with stress and exposure to predation with the potential of
reducing the level of successful spawning in the area. This
condition over a long period of time may result in a decline

in natural production in the area.

3. Unsuccessful Passage: Fish passage into and/or within the
spawning area may be accomplished by a limited number of
fish; however, exposure to excessive stress and increasea
predation (which are associated with these conditions) may
eventually eliminate or greatly reduce the nctural produc-
tion in the area.

These three levels define the relative level of difficulty that most
fish of the same species/life stage have with passage even though
certain individuals may have a greater or lesser degree of success
than the majority of fish (ADF&G 1984e).
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velocity criteria for trout is lower than that for salmon (Thompson
1972).

Parameters affecting passage of resident and juvenile anadromous
specfes into, out of, and within their rearing habitats include
shallow flow depth and high velocities. The most restrictive con-
ditions for juvenile passage would be entrapment, where pools contain-
ing juveniles become isolated when surface flows reduce to zero. High
velocities (>2.0 fps) in channels with few interstitial spaces between
streambed particles, or with few cobbles and boulders to provide low
velocity resting areas, would also be difficult passage reaches for
juveniles.

Passage of outmigrating smolts would have similar criteria to those of
Juveniles. Entrapment would be most critical, as their downstream
direction of migration reduces. the importance of velocity as a passage
criteria parameter.

Mainstem Habitats, The parameter with the greatest potential to
restrict passage within mainstem habitats is velocity. The mainstem
is used as a migration corridor by adult, juvenile, and smolt sal-
monids. Mean channel velocities ranging from 5 to 9 fps are commonly
associated with typical midsummer flows (R&M Consultants 1982b).
Shoreline velocities and velocities near the channel bottom are
generally well below the maximum velocity criteria developed by
Thompson {1972} of 8 fps for adult salmon, but occasionally very near

the maximum velocity criteria of 4 fps for trout. An analysis of the
timing of adult salmon migration indicates that discharges at Gold
Creek ranging from 12,000 to 60,800 cfs did not appear to affect adult
salmon migration to sloughs and side channel entrances . However,
adult milling activity appeared to increase with increased discharges
(ADF&G 1984e). Water depth is sufficient for successful passage at
mainstem discharges within the natural range; barriers such as debris
dams do not exist in the mainstem of the middle Susitna River.
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Side Channel Habitats. Side channel habitats may be used for
migration by adult and juvenile salmonids. Some side channels are
used by chum and sockeye salmon for spawning. Passage conditions in
side channel habitats are similar to those of mainstem habitats during
much of the open water season. During breaching, velocity is the
parameter with the greatest potential for affecting fish passage as
depth would be sufficient for successful passage.

At lower mainstem discharges, the depth at. the head of side channels
becomes the most significant parameter affecting passage. As the
water surface elevation in the mainstem decreases to a level below
that required for breaching, the head of the side channel becomes
exposed, preventing passage through that reach and potentially trap-
ping fish in downstream pools. Many side channels receive inflow from
groundwater or tributary sources along their length. As flow accumu-
lates along the slough, passage is first provided for juveniles and
cutmigrating smolts due to their shallow minimum depth requirements.
If sufficient flow accumulates, adult passage could become successful.
Backwater from the mainstem may be sufficient to provide for success-
ful passage through lower passage reaches in a side channel.

Side Slough Habitats. Side sloughs are utilized by chum and sockeye
salmon for spawning. Thus, successful spawning in sloughs relies on
successful passage into and within the sloughs. Successful spawning
would lead to the need for successful passage conditions for outmi-
grating smolts. Juvenile salmon and resident fish also use sloughs
fer rearing.

Side slough habitats have similar passage characteristics to side
channel habitats except breaching is less frequent. Thus, the depth
restrictions described for unbreached side channel sites would apply
to side slough habitats more frequently during the spawning season.

Passage into and within side slough sites is provided by breaching,

backwater, or local flow conditions. Even in side slough sites,
breaching 1is relatively frequent during.Lthe spawning season under
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natural flow regimes. Backwater provides for passage through the
first and sometimes second passage reaches upstream of the slough
mouth during much of the spawning season. Slough flow, when increased
by rainstorm runoff from the local area, may provide for passage of
adults through some reaches upstream of backwater effects.

Upland Slough Habitats. As with side sloughs, upland sloughs are
utilized by adult salmon for immigration and spawning and juvenile
salmon for rearing, and salmon smolts for outmigration. Passage into,
within, or out of upland sloughs relies primarily on backwater and
local flow, since breaching is an infrequent event.

Tributary Habitats. Tributary habitats are utilized primarily by
adult chinook, coho, and chum salmon for spawning, coho juvenile for
rearing, ¢nd chinook, coho, and chum salmon for smolt outmigration.
Passage into or out of tributary habitats could be affected by reduced
mainstem flows of the project. Studies have indicated that most
tributaries will adjust to the new mainstem elevations through a
degradation process (R&M 1982c, Trihey 1983).

Passage and Habitat Availability

The relationship between habitat availability and passage conditions
under natural conditions is assessed by identifying how often the
depth required for passage 1s avajlable. As introduced earlier, the
depth at passage reaches in a slough or side channel is a function of
the cumilative effect of backwater, breaching, and local flow in the
channel.

Analysis of escapement timing to sloughs and flow history during the
1981-1983 spawning season provides the information necessary to
delineate the period in which combinations of backwater, breaching,
and local flow are most important for passage.

Escapement Timing. Selection of the period from August 12 through
September 8 for chum salmon passage into and within sloughs and side
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channels of the middle Susitna River is based on chum migration timing
in the mainstem at Curry Station (RM 120) and the dates of first and
peak counts in six sloughs that contain the majority of slough-
spawning chum salmon in the middle Susitna River. These sloughs (8A,
9, 9A, 11, 20 and 21) are located between RM 125 and 142.

The peak of the chum salmon run passes Curry Station during the first
two weeks of August (ADF&G 1981, 1982a, 1984a). Since the average
migration speed of chum salmon ranges between 4.5 miles per day (mpd)
and 7.7 mpd (ADF&G 1981, 1982a, 1984a), most chum salmon would be
expected to cover the 5 to 22 miles from Curry Station to the six
sloughs mentioned in one to five days. Therefore, chum salmon are
expected to be abundant in the six sloughs during the first three
weeks of August.

The dates that chum salmon were first observed in Sloughs 8A, 9, 9A,
11, 20 and 21 have ranged from August 4 to September 11, while the
dates of peak counts at these six sloughs have ranged from August 18
to September 20 (ADF&G 1981, 1982a, 1984a). Thus the period of
August 12 through September 8 covers the majority of first obser-
vations of chum salmon in sloughs and most of the period of peak
counts.

The slough utilization by chum salmon is one to two weeks later than
the predicted dates based on migration timing in the mainstem.
Factors that may explain this difference, either singly or together,
are: (1) stock differences; (2) milling behavior; (3) slough observa-
tion conditions; and (4) passage conditions.

Stock Differences. The dates of first and peak counts in tributaries
are one to two weeks earlier than in sloughs (ADF&G 1981, 1982a,
1984a). Hence, the first part of the run passing Curry Station may be
a separate stock destined primarily for tributaries.

Milling Behavior. Fish may mill in the mainstem near the mouths of
sloughs before entering the sloughs to spawn.
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Slough Observation Conditions. When sloughs are overtopped by turbid,
high velocity mainstem water, observation conditions deteriorate.
Poor observation conditions may result in fish utilization remaining
undetected until the slough water clears.

Passage Conditions. Passage conditions, which are influenced by
breaching, backwater, and local flow (ADF&G 1984e), may delay passage
of chum salmon into and within sloughs in some years. For example, in
1982, mainstem discharge at Gold Creek was below 20,000 cfs from early
August to mid-September, which reduced backwater and breaching influ-
ences and may have restricted chum passage into sloughs. A rainstorm
event from Augqust 29 to September 3 increased local flows, which
appeared to provide successful passage conditions at most sites. All
sloughs (9, 9A, 11, 20 and 21) except Slough 8A contained peak numbers
of chum salmon between August 30 and September 6 {ADF&G 1982a).

Frequency of Passage

Passage conditions can be further evaluated by establishing how often
the depth required for passage occurs under natural or proposed
project flows and what condition (breaching, backwater, or local flow)
is responsible for passage. For example, the specified depth for
successful passage at a passage reach located near the mouth of a
slough may be equalled or exceeded 80 percent of the time due to
backwater only, 20 percent of the time due to breaching only, and 40
percent of the time if the average groundwater flow was supplemented
by surface 1inflow. Since backwater, breaching, and groundwater
upwelling are functions of mainstem discharge, the frequency of a
certain depth being equalled or exceeded is obtained from a flow
frequency analysis for the period of interest. Analysis of the
contribution of local flow (surface flow and groundwater upwelling) to
passage conditions will be completed as 1984 field data become avail-
able.

Breaching flows occur relatively frequently at side sloughs and side
channels under natural conditions. The frequency of overtopping was
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evaluated at selected sloughs and side channels (Table V-3), This
table presents the number of years each site was breached at least one
day during the evaluation period of 12 August - 8 September. The
frequency of years that individual sloughs and side channels breach
varies according to their breaching flow. For example, the freguency
of years for breaching flows at Slough 21 (25,000 cfs), Slough 9
{19,000 cfs), and the lower portion of Side Channel 21 (12,000 cfs),
are 49, 89, and 97 percent. Although the number of years in which at
least one breaching event occurred was similar for Slough 9 and Side
Channel 21, the average number of breached days per year for Slough 9
(13.9) was about half that of Side Channel 21 (24.3). Associated with
the decrease in frequency of years at Slough 21 is a decrease in the
average number of days breached (8.3). The importance of multiple
event breaching flows for passage at a site depends on their timing
within the spawning season. Several closely clustered events may be
less beneficial to passage than a few well spaced overtoppings.
Figure V-5 presents a frequency analysis of the percent of years that
a flow is equalled or exceeded at Teast once during the period 12
August to 8 September. The 50 percent occurrence flow is approxi-
mately 22,500 cfs. From this analysis, it can be concluded that
channels with breaching flows below 22,500 cfs will be breached, on
the average, once every two years.

The backwater associated with mainstem discharge under natural con-
ditions provides passage through passage reaches in the mouths of some
sloughs. In Slough 8A, for example, a mainstem discharge of
10,600 cfs is required to produce the backwater required for success-
ful passage at PRI. This discharge occurred in 97 percent of the last
35 years. At PRII a mainstem discharge of 15,600 is needed, which
also occurred 97 percent of the time (Figure V-6). During the August
12 - September 8 period, naturally occurring flows provided passage at
PRI for an average of 25.6 days and at PRII an average of 18.5 days
out of a possible 26 days.

Under anticipated project flows, the frequency of occurrence of the
mainstem flows required to breach sites or cause the backwater effects
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Table V-3. Frequency of breaching flows at selected sloughs and side
channels under natural conditions for period of 12 August
to 8 Septenber.

Controlling Years
Discharge Frequency Occurred
Site (cfs) %} {out of 35)
Slough 8A 27,000 34 12
33,000 14 5
Slough 9 19,000 8 31
Slough 11 42,000 14 5
Upper Side
Channel 11 16,000 97 34
Side
Channel 21 12,000 97 34
Slough 21 25,000 49 ' 17
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necessary for passage will in general be significantly reduced during
the spawning season. The importance of local flow in compensating for
some of these reductions in passage conditions will be described in
the final draft of this report.

v-23



Microhabitat Response to Instream Hydraulics

Depth and velocity of flow respond to variations in streamflow,
affecting the availability and quality of fish habitat. The effect of
streamflow variations on the availabfility of spawning and rearing
habitat has been modeled at several side slough and side charnel study
sites (ADF&G 1984c; 1984d). This modeling process used computer
software developed by the USFWS Instream Flow and Aquatic Systems
Group (Bovee and Milhous 1978, Bovee 1982, Milhous et al. 1984).

Spatial distribution of depths and velocities within a study site were
simulated at several different site-specific flows using the IFG-4 and
IFG-2 hydraulic models. Using the simulated depths and velocities in
combination with numeric descriptors for other microhabitat variables
(upwelling, cover, and substrate), physical habitat at the study site
can be described as a function of streamflow. The numeric description
of upwelling, depth, velocity, substrate and cover available to fish
at varijous flow levels are then compared to weighting factors repre-
senting their suitability to fish. These weighting factors are
obtained from habitat suitability criteria for each species and life
stage being evaluated. An index of habitat availability called
Weighted Usable Area (WUA) is calculated by this modeling process.
Because several of the microhabitat variables used respond to stream-
flow variations, weighted usable area can be considered a streamflow
dependent habitat availability index.

Spawning Salmon

Microhabitat Preferences. The 1influence streamflow variations may
have on spawning habitat is generally evaluated using three micro-
habitat variables: depth, velocity and substrate (Bovee 1982, Wesche
and Richard 1980). However, a fourth variable, upwelling, is also
considered important for successful chum and sockeye salmon spawning
in the middle Susitna River habitats (ADF&G 1984d). Upwelling has
also been identified as an important habitat component for spawning
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may actually have been excavating their redds in smaiier streambed
particles surrounding the cobbles and boulders.

In comparison to streambed particle sizes identified in the literature
as spawning substrate, the overall quality of substrate in side slough
and side channel habitats for spawning salmon is low. The predominant
substrate type in side sloughs consists of sands and silts in low
velocity areas or large gravels and small cobbles intermixed with
large cobbles and small boulders in free flowing reaches (ADF&G
1982b). Substrate composition is often similar within and between
side slough spawning areas (ADF&G 1982b, 1984d) and spawning salmon
use a broad range of particle sizes in middle river habitats (ADF&G
1984d). Because of the broad range of particle sizes utilized by
slough spawners, naturally occurring substrate composition does not
appear to have as much influence on the selection of redd sites by
chum and sockeye salmon as other microhabitat variables. The 11imited
influence of one to nine irch streambed material size on slough-
spawning chum and sockeye salmon is evident in the broad range of
particle sizes identified in Figure V-7a as being optimal by ADF&G.

Velocity is often considered one of the most important microhabitat
variables affecting spawning salmon (Thompson 1974, Wilson et al.
1980, Bjornn et al. 1981). The habitat suitability criteria developed
by ADF&G for both spawning chum and sockeye salmon assigns optimal
suitabilities to velocities less than 1.3 fps (Refer Figure V-7,
Part B). As the mean columm velocity at the spawning site increases
above 1.0 fps, suitability declines more rapidly for sockeye than for
chum. Microhabitat areas with mean column velocities exceeding
4.5 fps are considered unusable by both species.

The ADF&G criteria assign slightly lower suitabilities to velocities
between 2 and 3 fps than criteria available in the literature (Bovee
1978, Wilson et al. 1981, Estes et al. 1980, Hale 1981). This dis-
crepancy may exist because most data used to develop velocity suit-
ability criteria for spawning and sockeye salmon in the middle Susitna
River were collected in side slough habitats that typically have a
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narrow range of low velocities. Habitat suitability criteria devel-
oped by other investigators in Alaska were based on data principally
collected in higher velocity habitats of other river systems. For
this evaluation, the velocity suitability criteria developed by ADF&G
for spawning chum and sockeye spawners are considered most applicable
to sites possessing slough-like velocities. Again, for the present
evaluation velocity criteria from the literature are considered more
applicable to evaluating microhabitat preferences of spawning chum
salmon in the mainstem and side channels with higher veloCities of the
middle Susitna River,

Habitat suitability criteria for depth indicate that depths in excess
of 0.8 feet provide optimal spawning depths for chum and sockeye
salmon (Figure V-7, Part C). This depth is slightly more conservative
but consistent with the 0.6 foot depths used elsewhere (Smith 1973,
Thompson 1972), Microhabitat areas with depths less than 0.8 feet
provide suboptimal spawning and depths of 0.2 feet or less are un-
usable. These minimum depth criteria are consistent with values
presented by others as minimum depth requirements for spawning chum
salmon (Kogl 1965, Wilson et al. 1981).

Habjtat Availability. WUA indices (habitat response curves) have been
developed by ADF&G for spawning chum and sockeye salmon at seven side

slough and side channel locations. Both chum and sockeye salmon have
been observed spawning within four of these study sites or in their
immediate vicinity (ADF&G 1982a,d). Although minor differences occur
at each of these four study sites between the habitat response curves
for spawning chum and sockeye salmon, the curves for the two species
are similar (Figure V-8). The minor dif erences that exist between
the habitat response curves for these two species are attributable to
differences between depth and velocity suitability criteria. A
slightly higher suitability is assigned to depths between 0.2 and
0.8 feet for sockeye whereas a slightly higher suitability {is assigned
to velocities in excess of 1 fps for chum salmon.
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Except for a few isolated observations, a1l sockeye salmon spawning in
the middle Susitna River has occurred in side sloughs that are also
utilized by chum salmon. The timing and spawning habitat requirements
of sockeye salmon are similar to chum salmon (ADF&G 1984d), and chum
salmon are both more numerous and widespread than sockeye in middle
Susitna River spawning habitats. Thus the analysis will focus on the
response of chum salmon spawning habitats, and will use those WUA
indices to estimate the response of sockeye salmon spawning habitats.

Response curves for total surface area and weighted usable area for
spawning chum salmon are presented by habitat category in Figure V-9.
Habitat Category I contains those areas that exist as clearwater side
slough habitats at mainstem discharges of 23,000 cfs and less. Cate-
gory I1 sites convey turbid mainstem water at 23,000 cfs but become
clearwater side slough habitats at a lower discharge. Habitat Cate-
gory III refers to side channels that continue to carry turbid water.
0f most 1interest in Figure V-9 is the relatively low WUA indices
forecast at all sites in comparison to total surface area. The
mégnitude of this difference underscores the inappropriateness of
using wetted surface area as a measure of spawning habitat.

The other notable feature in these graphs for Category I and II is the
location of optimal WUA values. The highest value occurs at a rela-
tively high discharge after the slough is overtopped by mainstem
flows. The habitat response curves for these two categories generally
increase rapidly as the channel is overtopped and then levels off,
either slightly increasing or decreasing with additional increases in
discharge. For Habitat Category III sites, the WUA does not respond
as markedly to flow increase at the site over the range of mainstem
discharges analyzed. MWeighted useable area values remain low and
relatively constant as flow changes. A comparison of the WUA function
relative to total surface area indicates the small amount of spawning
habitat currently available in category III sites. The magnftude of
the WUA function is controlled by such fixed boundary microhabitat
variables as upwelling and substrate, while the slope of the WUA curve
reflects the influence of depth and velocity.
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The maximum amount of spawning habitat potentially available at any
site under natural conditions is determined by the total surface area
of the upwelling. To demonstrate this point, the total surface area
of upwellings at the Side Slough 21 and Upper Side Channel 11 study
sites were increased by 16 and 53 percent respectively and WUA recal-
culated (Figure V-10). By arbitrarily increasing the total surface
area of groundwater upwelling at these sites, WUA forecasts fncreased
at both sites without a notable change occurring in the shape of the
habitat response curve for either site. This demonstrates that a
general increase or decrease in the amount of upwelling will affect
the total amount of spawning habitat available over a relatively broad
range of site flows. As will be demonstrated in a later example for
rearing fish, substrate quality has a similar effect on the amount of
habitat potentially available. Variable boundary microhabitat con-
ditions important to spawning salmon (depth and velocity) principally
determine the accessibility and quality of the fixed boundary con-
ditions (upwelling and substrate) as spawning habitats.

The habitat response curve for Slough 21 peaks when the mainstem
discharge is approximately 28,500 cfs, while the response curve for
Upper Side Channel 11 peaks when the mainstem discharge f{s near
23,000 cfs (Figure V-11), At these discharge levels, the alluvial
berm at the upstream end of each site is overtopped and the site-
specific flows are approximately 70 cfs in Slough 21 and 150 cfs in
Upper Side Channel 11 (ADF&G 1984d). Base flow at both sites is
approximately 5 cfs whenever the mainstem discharge is less than that
required to overtop their upstream berms (ADF&G 1984d). The depth of
flow over upwelling areas forecast by hydraulic models of these sites
indicate that depths typically range ltess than 0.5 feet at base flow
but increase to 1.0 feet or greater when overtopped, covering more
upwelling areas with adequate water depth (Figure V-12). Velocities
respond similarly to overtopping, typically increasing from the 0 to
0.5 fps range to approximately 1.5 fps {Figure V-13).

Depths and velocities associated with baseflow and controlled flow
conditions were compared to habitat suitability criterfa presented
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earlier for spawning chum salmon (Refer Figure V-7). The comparison
indicates that the rapid increase in WUA indices for Slough 21 and
Upper Side Chamnel 11 (Figure V-11) is attributable to an increase of
depth over upwelling areas ({Figures V-12 and 13). The gradual
decrease in WUA indices at higher site flows is due to mean column
velocities over upwelling areas exceeding the 0 to 1.3 fps optimum
range established for slough spawners. It is important to recognize
how shallow water influences the availability of spawning habitat at
Category I and II sites under non-breached conditions. The analysis
presented in Section IV regarding the influance of overtopping events
on passage depths for adult salmon is also applicable for evaluating
the long-term importance of breaching flows on the availability of
spawning habitat in side sloughs.

Side sloughs provide a relatively small but persistent amount of
spawning habitat for chum salmon over a wide range of mainstem dis-
charge. The apparent stability of side slough spawning habitat
primarily from the base flow (upwelling and local runoff) that is
present during the spawning season whenever mainstem flows are insuf-
ficient to overtop the berm at the head of the slough. Figure V-14
presents flow and habitat duration curves for habitat categories I,
11, and III. Each habitat duration curve was constructed using daily
WUA values derived from average daily flows at the site. Site
specific daily flows were determined from average daily mainstem filow
at Gold Creek using the regression egquations presented by ADF&G
(1984d) for breached conditions, and estimating average daily base
flows for non-breached conditions on the basis of field experience and
a limited number of flow measurements.

Slough 21 provides an example of a category I habitat that is quite
stable. The habitat duration curve indicates that the habitat value
equalled or exceeded 90 percent of the time is nearly the same as that
equalled or exceeded 10 percent of the time. The higher habitat
values are associated with breaching flows as discussed previously.
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Pabitat category II sites are also relatively stable. Upper side
channel 11 has a flat habitat duration curve from 100 to 50 percent
equalled or exceeded. Higher habitat values associated with breached
conditions occur more frequently than in category I.

Rearing Salmon

Microhabitat Preferences. Field studies were conducted by ADF&G to
determine the seasonal movement and habitat requirements of juvenile
chinook, chum, coho and sockeye salmon in the middle Susitna River
(ADF&G 1984c). Juvenile coho salmon rear predominantly in tributary
and upland slough habitats. The few sockeye juveniles rearing in the
middle Susitna River are most commonly found in upland slough habi-
tats. Juvenile chum and chinook salmon are the most abundant salmon
species that rear in side slough and side channel habitats. By early
summer (end of June) most juvenile chum salmon have outmigrated from
middle Susitna River habitats, and a large inmigration of chinook fry
is occurring from natal tributaries. These immature chinook redis-
tribute into side channels and side sloughs during the remainder of
the summer, With the onset of fall and colder mainstem and side
channel water temperatures, chinook juveniles may move into warmer
water downstream from upwelling areas in side slough habitats to
overwinter (ADF&G 1984c).

Rearing habitat is commonly evaluated using three variables: depth,
velocity, and cover (Bovee 1982, Wesche and Reckard 1980). Habitat
suitability criteria have been developed by ADF&G to describe the
preferences of juvenile chum and chinook salmon for these microhabitat
variables. Habitat suitability criteria developed by ADF&G indicate
that water depths exceeding 0.15 feet provide optimal conditions for
rearing chinook (ADF&G 1984b). This compares well with Burger et al.
(1982) who found chinook using depths between 0.2 feet and 10 feet.

Cover is used by juvenile salmon as a means of avoiding predation and

obtaining protection from high water velocities. Instream objects,
such as submerged macrophytes, large substrate, organic debris, and
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undercut banks provide both types of shelter for juvenile salmon
(Burger et al. 1982, Bustard and Narver 1975, B8jornn 1971, and
Cederholm and Koski 1977). One significant result of the ADF&G field
studies determined the use of turbidity by juvenile chinook as cover.
Juvenile chinook were commonly found in low-velocity turbid water
(50-200 NTU) without object cover but were rarely observed in
low-velocity, clear water (under 5 NTU) without object cover.1 The
influence of turbidity on the distribution of juvenile chinook in side
channel habitats was so pronounced that habitat suitability criteria
for velocity and object cover wz2re developed by ADF&G for both clear
and turbid water conditions (Figures 15 and 16).

These criteria curves assign optimal suitability values to velocities
between 0.05 and 0.35 fps for turbid water, and between 0.35 and
0.65 fps for clear water. The Susitna River criteria for juvenile
chinook in clear water are different from velocity criteria developed
in other Alaska studies (Burger et al. 1982, Bechtel 1983) and those
used by the U.S.F.W.S. Instream Flow Group (IFG) (Nelson pers. comm.
1984). Literature values typically indicate optimal velocities for
juvenile chinook in clear water are less than 0.5 fps. The criteria
presented by both Burger et al. (1982) and Bechtel (1983) (Figure 17)
can be considered comparable to ADF&G's criteria for juvenile chinook
insofar as the Burger and Bechtel criteria were developed for juvenile
chinook (under 100 mm) rearing in large glacial rivers in Alaska.
Although the chinook criteria from the literature were developed from
data collected in clear water (less than 30 NTU), they are more
similar to the Susitna River velocity criteria for turbid water

* ADF&G selected 30 NTU to distinguish between "clear" and "turbid"
water conditions (ADF&G 1984b). This is recognized as a reason-
able preliminary threshold value. However, because of the
limited number of data points that are available to define
juvenile chinook behavior at turbidities between 5 and 50 NTU and
above 200 NTU, turbidity ranges will be parenthetically expressed
in our discussion of juvenile chinook behavior in clear (under 5
NTU) and turbid (50 to 200 NTU) water conditions. Turbidity
ranges may be further defined as a result of the 1984 ADF&G field
studies.
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Velocity criteria for juvenile Chinook in clear and turbid water.
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(50-200 NTU). The apparent reason for this discrepancy is the differ-
ence in field methods used by ADF&G and the other investigators.

Mean column velocities were measured by both ADFEG and other investi-
gators to develop habitat suitability curves for juvenile chinook.
However, the location at which the mean column velocity was measured
relative to the apparent locations of juvenile chinook were different.
ADF&G reported the mean column velocity at the midpoint of a 6 foot by
50 foot cell (mid-cell velocity) regardless of the location of fish
within the cell. The velocity criteria developed by Burger and
Bechtel are based on mean column velocities measured in the immediate
vicinity of i{ndividual fish observations or captures (point
velocities).

Assuming that immature fish in clear water are more Tikely to be found
along stream banks (where lower velocities and cover are generally
more available), the practice of measuring mid-cell velocities a
minimum distance of 3 feet (one half the width of the ADF&G sample
cell) from the streambank would result in slightly higher mean column
velocities being measured than 1f point velocities had been measured.
Hence it is understandable that the 0.35 to 0.65 fps velocity range
selected by ADFAG as being optimal for juvenile chinoock is slightly
higher than the 0 to 0.5 fps velocity range selected by other
investigators.

In turbid water (50-200 NTU) it appears that juvenile chinook do not
associate with object cover to the same degree they do in clear water
(ADF&G 1984c). Rather, they are randomly distributed in low velocity
areas with little or no object cover. In these low-velocity turbid
areas, it is quite T1ikely that mid-cell velocities measured 3 feet
from the streambank differ little from point velocities measured in
microhabitats along the shoreline that would be inhabited by juvenile
chinook in a clearwater stream. Therefore, it is not surprising that
the 0 to 0.4 fps velocity range selected by ADF&G as being optimum for
juvenile chinook in turbid water differs 1ittle from the 0 to 0.5 fps
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velocity range selected by cother investigators using point velocity
measurements rather than mid-cell velocities as their data base.

It can be inferred from the ADF&G habftat suitability criteria that in
low-velocity water {<0.4 fps) where juvenile chinocok do not require
protection from water currents, they are more likely to be found
within the water column away from object cover if the water is turbid
(50 to 200 NTU) than if it 1s clear {less than 5 NTU). At velocities
greater than 0.4 fps, the distribution of juvenile chinook in turbid
water will likely become more strongly influenced by velocity, and
when velocities exceed 1.0 fps, object cover is probably as important
to juvenile chinook in turbid water as it is to them in clear water.
However, since these young fish probably cannot visually orient in
turbid water, they cannot make use of object cover that may be avail-
able and are therefore redistributed in microhabitats by velocity
currents.

Whenever mainstem discharge recedes sufficiently for turbid water in
small side channel areas to clear, juvenile chinoock often redistribute
from low-velocity turbid water pools to clear water riffles near the
upstream end of the site. In these clearwater riffle areas object
cover appears important, and juvenile chinook are most commonly found
among streambed particles or near organic debris, regardless of the
velocities present (ADFAG 1984c).

Based on the preceding discussions of habitat suitability criteria and
the behavior of juvenile chinook, it appears that velocity and cover
are the two most important abiotic microhabitat variables influencing
suvenile chinook rearing habitat. Of the two, cover appears most
influential, although velocity is also 1imiting above 2.6 F.P.S.

Although offering no protection from velocity, turbid water appears to
provide juvenile chinook adequate concealment from predators. They
therefore make extensive use of turbid (50-200 NTU) low-velocity
(<0.4 fps) areas. In clear water, juveniles generally seek conceal-
ment within interstitial spaces among streambed particles.
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Utilization of these interstitial spaces also provides erough pro-
tection from velocity so that the juveniles are frequently found
during daylight in riffle areas possessing velocities between 0.35 and
0.65 fps (ADF&G 1984c).

The difference in velocity ranges utilized by juvenile chinook 1in
clear and turbid water is thought to be most strongly influenced by
food and cover availability. G&Given the high suspended sediment
concentrations that presently exist 1in side channel habitats,
interstitial spaces between streambed particles are generally filled
with fine glacial sands in most areas where velocities of 0.4 fps or
less would exist at moderate to high mainstem discharges. At low
mainstem discharges (when water at the site clears), the most likely
place to find a2 good food supply is interstitial spaces not filled
with fine sediments in riffle areas that were subjected to relatively
high velocities when the site was breached. These types of riffle
areas generally occur at the head of the site.

Based on this logic, the following modifications have been made to the
ADF&G habfitat suitability criteria for juvenile chinook. The cover
and depth criteria developed by ADF&G for chinook in clear water have
been adopted. However, the ADF&G velocity criteria for both clear and
turbid water have been combined such that the optimal or preferred
velocity range extends from 0.05 fps to 0.65 fps for clear water
situations. As velocity increases above 0.65 fps, the habitat suit-
ability decreases in accord with the ADF&G clear water criteria. This
approach incorporates the behavioral response of juvenile chincok to
low-velocity flow observed by other investigators (Burger et al. 1982,
Bechtel 1983) where more suitable object cover was associated with
clear low velocity flow than generally exists in middle Susitna River
habitats. The importance of object cover in providing both conceal-
ment and protection from velocity is expressed in the clear water
cover criteria developed by ADF&G for middle Susitna River habitats.
Whenever the water is turbid, the ADF&G depth and turbid water
velocity criteria are applied in conjunction with a modification of
the ADF&G turbid water cover criteria.
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The ADF&G cover criteria for turbid water were modified by multiplying
the clear water percent cover suitability values for each cover type
by a turbidity factor. This turbidity factor is the fitted mean catch
per cell in turbid water divided by the mean catch per cell in clear
water for corresponding percent cover categories (Table V-4),.

Table V¥-4. Calculation of turbidity factors for determination of the
influence of turbidity on clear water cover criteria for
juvenile chinook salmon.

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

26-50% 4.0 4.8 1.20

51-75% 5.6 5.5 1.00

76-100% 7.3 6.2 0.80

Source:; ADF&G (1984c)

Application of these turbidity factors to the ADF&G clear water cover
criteria increases the suitability of percent cover category under
turbid water conditions if 50 percent or less object cover is present.
Turbidity has no discernible influence if 51 to 75% present and
slightly decreases habitat suitability if more than 76 percent object
cover is present (Figure V-18). The decrease in suitability of the
higher percent cover categories in turbid water conditions may be
attributed in part to the inability of juveniles to orient themselves
and fully utilize the available cover. Because the turbid water
suitability values calculated for the emergent streambank vegetation
and no-cover types were unrealistically low (approximately 0.04), the
value, 0.30, was arbitrarily chosen for these cover types under turbid
water conditions. This seemed appropriate because 0.30 was the value
calculated for the majority of other cover types under turbid water
conditions when zero to 5 percent cover was attributable to the
quality of the cover types under clear water conditions. By applying
the modified cover and velocity criteria, it is felt that a rearing
habitat model can be developed that can reliably respond to a broader
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range of hypothetical with-project conditions than could be evaluated
using the ADF&G criteria which primarily described existing
conditions.

Habitat Availability. WUA indices forecast using both the ADF&G
criteria, and the modified velocity criteria for Jjuvenile chinook
rearing at Side Channel 21 and Upper Side Channel 11 are compared in
Figure V-19. Increasing the range of low velocities suitable for
Juvenile chinook in clear water at these study sites did not substan-
tially change the WUA indices previously forecast by ADF&G. This is
attributable to the importance of cover to juvenile chinook in clear
water and to the poor cover conditions associated with low-velocity
areas in these sites under natural conditions. Although slight, the
most notable changes occurred at low discharges (5-10 cfs), where

low-velocity water is more Tikely associated with larger substrates in
the mid-channel zone.

WUA indices forecast for juvenile chinook using cover criteria for Tow
and high turbidity conditions are presented in Figure V-20, Identical
habitat response curves are forecast under low-turbidity conditions
because the ADF&G clear water cover criteria remains unchanged.
Application of the modified turbid water cover criteria results in
approximately a 25 percent reduction in WUA indices from the ADF&G
forecasts. However, the basic shape of the habitat response curves
remains unchanged.

Under project operation, the larger suspended sediments (sands and
silts) that are currently transported by the river are expected to
settle out in the reservoirs. Without continual recruitment of these
sediments into habitats downstream of the reservoirs it is anticipated
that the finer material presently filling interstitial spaces among
larger streambed particles will be gradually removed. The effect of
an increase in cover suitability resulting from the removal of fine
sediments from interstitial voids was simulated by upgrading all
recorded percent cover categories at two study sites by one category
and recalculating WUA indices for juvenile chinook. This simulation
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resulted in increased WUA indices at Upper Side Channel 11 and Side
Channel 21 of approximately 60 percent depending on the suitability
criteria applied (Figure V-21).

Rearing habitat for juvenile chinook under low-and high-turbidity was
modeled using a combination of the revised clear-water velocity
criterfa, modified high-turbidity cover criteria and ADF&G criteria
for depth, velocity and cover (Table V-5). WUA indices

Table V-5. Habitat suitability criteria used in revised model to
forecast WUA for juvenile chinook salmon under low and
high turbidities.

Low Turbidity (<30 NTU) High turbidity (> 30 NTU)
ADF&AG Cover Criteria ADF&G Depth Criteria
ADF&G Cover Criteria Modified Cover Criteria
Revised VYelocity Criteria ADF&G Velocity Criteria

forecast for juvenile chinook salmon at Side Channel 21 and Upper Side
Channel 11 using the ADF&G and revised rearing habitat criteria are
compared to total surface area in Figure V-22 as functions of mainstem
discharge. The upstream berms at these sites can be overtopped at
mainstem discharges of 9,200 cfs and 13,000 cfs, respectively. Hence
low turbidity exists at the Side Channel 21 site whenever the mainstem
discharge is less than 9,200 cfs, and high turbidities prevail when-
ever the mainstem discharge exceeds 9,200 cfs. The same relationship
between mainstem discharge and turbidity exists for Upper Side
Channel 11 except the threshold discharge is 13,000 cfs.

Given the habitat suitability criteria developed for juvenile chinook
and typical middle river conditions, depth of flow is a relatively
inconsequential microhabitat variable unless it is less than 0.15
feet. Thus, the general shape of habitat response curves for juvenile
chinook 1s determined primarily by the interaction between cover
availability and velocity. Because juvenile chinook salmon in the
middle Susitna River use naturally occurring turbijdity levels as a
form of cover, notable increases in WUA are caused by the breaching of
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a clear water study site by turbid mainstem flow. The magnitude of
the WUA increase 1is proportional to the increase in wetted surface
area possessing suitable velocities.

The initial increase in WUA indices depicted in Figure V-19 is attrib-
utable to the influence of turbidity on improving otherwise poor cover
conditions at these sites. Subsequent increases in WUA result from
increases in wetted surface area with suitable velocities for juvenile
chinook. Turbidity has a lesser effect on increasing WUA indices at
the Side Channel 21 site than the Upper Side Channel 11 site because
less favorabie velocities typically exist at the Side Channel 21 site.
This trend for habitat Category IIl sites to possess less favorable
rearing velocities than habitat Category I or II sites is suspected to
be widespread in the middie Susitna River.

The relationship between weighted usable area and wetted surface area
is plotted as a flow dependent percentage in Figure V-23. At higher
mainstem discharges a lesser percentage of the total wetted surface
area is available as rearing habitat. This {s attributable to wetted
areas with suitable velocities for rearing fish becoming available at
a lesser rate as discharge continues to increase; a common occurrence
in well defined steep gradient channels. The most efficient use of
streamflow to provide rearing habitat at these sites appears to occur
at low mainstem discharges where the site remains turbid and a greater
percentage of the total wetted surface area jis associated with suit-
able velocities for rearing fish.
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VI. EVALUATION OF HABITAT COMPONENTS WITHIN
THE IFR FRAMEWORK

Watershed and Climatological Influences on Physical Habitat Components

The primary environmental factors of the basin that influence fish
habitat in the middle river segment are water supply, air temperature,
and channel morphology. Of these, water supply and air temperature
vary both seasonally and annually (AEIDC 1984b) whereas middle river
channel morphology is considered constant (R&M Consultants 1982a,
AEIDC 1984a). The relationships between air temperature and water
supply determine the seasonal response of middle Susitna River flow,
water temperature and water quality. Annual variations in basin
precipitation and climate account for year-to-year fluctuations 1in
these three primary habitat components. Summer streamflow variability
is moderated both by glaciers {which cover about 290 square miles of
the upper Susitna Basin) and by three large lakes in the Tyone River
drainage. Because glacial flow results in high turbidity and sus-
pended sediment concentrations in summer, the water quality of the
middle Susitna River changes markedly with the seasons.

The streamflow, thermal, and water quality regimes (turbidity and
suspended sediment) are the driving variables that control the
availability of fish habitat in the middle Susitna River . As dis-
cussed in Section IV, :easonal changes in these three driving vari-
ables significantly influence the seasonal characteristics and utility
of each habitat type in the middle river. These seasonal changes, in
turn, attended by seasonal changes in biological activities and
habitat utilization patterns.

The climatology, geology, and topography of the watershed determine
the channel patterm and channel structure of the river as well as
seasonal and daily variations in streamflow, stream temperature and
water quality. Among the many watershed characteristics affecting
streamflow, water temperature and water quality, air temperature and
water supply are most important. Air temperature regulates seasonal
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changes in streamflow patterns; precipitation governs its variability.
Streamflow, stream temperature, and water quality either directly or
indirectly control the seasonal availability and quality of fish
habitat in the middle Susitna River.

Of the three, streamflow is most important because it is directly
related in varying degrees to all physical processes influencing fish
habitat in the middle Susitna River. High streamflows reshape channel
geometry, which at lower discharge 1levels controls site-specific
hydraulic conditions. Summer streamflows transport large amounts of
suspended sediment, which cause high turbidities and generally degrade
water quality. The relatively poor quality of mainstem and side
channel habitat in summer is caused by high velocities with associated
high suspended sediment concentrations. The suspended sediment load
is considered limiting to the colonization of streambed materials by
algae and aquatic insects, which generally provide an important food
source for fish.

Streamflows and stream'temperatures during winter play an integral
role in middle Susitna River ice processes, which directly affect
channel structure, shoreline stability and the general quality of
winter fish habitat. River ice affects instream hydraulics, most
notably constricting the channel, reducing velocity and increasing
river stage (Harza-Ebasco 1984c). This increase in water surface
elevation during winter has both positive and negative effects on fish
habitat. Higher water surface elevations during winter appear impor-
tant for raising local groundwater tables within the river corridor,
thereby maintaining upwellings in slough and side channel areas
throughout winter (R&M Consultants 1982d, Harza-Ebasco 1984d). These
upwellings provide a source of relatively warm water (2-3°C) through-
out winter (Trihey 1982, ADF&G 1983) essential for the successful
jncubation of salmon eggs and for use by overwintering fish. However,
if river stage increases above the streambed elevation at the upstream
end of the slough or side channel, then near 0°C water from the
mainstem will flow through these channels, greatly reducing the

vI-2



thermal effect of upwelling areas and their value as winter habitat
(ADF&G 1983).

Seasonal Utilization of Middle River Habitats

Mainstem and side channel habitats are predominantly used as migra-
tional corridors by adult and juvenile salmon. Adult inmigration
begins in late May and extends to mid-September. Juvenile outmi-
gration occurs from May through October. A limited amount of chum
salmon spawning occurs at upwelling areas along shoreline margins in
these habitats (ADF&G 1984a), and chinook juveniles use low-velocity
areas for rearing (ADF&G 1984c). Several species of resident fish use
mainstem and side channel habitat for overwintering and summer rearing
(ADF&G 1984c). The more important species appear to be burbot,
rainbow trout and Arctic grayling.

Side slough habitats provide important spawning, rearing, and over-
wintering habitat. One prominent physical feature of this habitat is
upwelling groundwater, which maintains clear water flow in these
habitats during periods of low mainstem discharge. Approximately half
of the chum salmon (5,000) and all of the sockeye salmon (1,500) that
spawn in the niddle Susitna River depend upon side slough habitats
(ADF&G 1984a). Most chum and sockeye spawning activity occurs between
mid-August and mid-Sebtember. Upwelling attracts spawning salmon and
provides incubation conditions that result in high survival rates
(ADF&G 1984c). Fry begin to emerge in April, and rear near these
natal spawning areas until June (ADF&G 1984c). Chum fry outmigrate in
June and early July to marine habitats, while sockeye juveniles
generally move 1into accessible upland slough habitats to rear.
Juvenile chinook enter side slough habitats in August and overwinter
until late spring, when they begin their outmigration to marine
habitats.

Upland sloughs provide rearing and overwintering habitats for juvenile

sockeye, coho and chinook salmon (ADF&G 1984c). Some spawning by chum
salmon also occurs in this habitat, but it is fairly restricted (ADF&G
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1984a). Sockeye fry rear in upland slough habitats throughout the
summer, but most leave the middle Susitna River prior to freezeup
(ADF&G 1984c).

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

Evaluation Periods and Species

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

Table VI-1. Abbreviated phenology chart.

Species Life stage Activity period Water Weeks

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

Seasonal habitat requirements are species- and 1ife stage-specific.
Evaluation species have been selected on the basis of their {mportance
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to commercial and sport fisheries, and the potential of project
construction and operation substantially altering on their existing
habitat. The primary evaluation species and 1ife stages for natural
conditions are chum salmon spawning and incubatfon, and juvenile
chinook salmon rearing (Refer: Section III). These species and life
stages were selected because they greatly depend on slough and side
channel habitats that will »e significantly altered by project opera-
tion (APA 1983).

Relative Ranking of Existing Physical Habitat Components

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

Availability of spawning and incubation habitat appears Tlimited
throughout the middle Susitna River. Table VI-2 summarizes the
results of subjectively applying the IFR model introduced in Section
Il and the technical information presented in Sections III through V.
This table is intended to summarize the relative degree of influence
physical habitat components exert on middle river habitats for the
evaluation periods identified. These subjectively derived indices are
later compiled in Table VI-3 to indicate the habitat types and species
1ife phases most 1imited by existing conditions.

The presence of upwelling water is the most important microhabitat
variable influencing the selection of spawning areas by chum salmon
and it significantly affects egg-to-fry survival rates(ADF&G 1984c,
1984b). Table VI-2, Parts A and B summarize the influences of
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Table Vi-2, Evaluation of the relative @91‘0&1 of influence physical habitat components exer: on the

suitability of middle Susitna River habitat types.

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

HaTnatem flow -3 -2 +2 0 =1
Upwelling +3 +3 +3 +3 +3
Sybstrate composition -3 -2 +1 -2 +2
Suspended sediment -1 -1 0 0 0
Turbidity 0 0 0 0 0
Water Chemistry 0 0 4] 0 0
Water Temperature 0 0 0 4] 0
Index value -& -2 +5 +1 +4
PART B Incubation (Auguat 12 - March 24)
HaTnstem flow =3 -2 +2 [1] -1
Upwelling +1 +2 +3 +3 +2
Substraste composition =1 =1 +) -1 +1
Suspended sediment =1 -1 0 0 0
Turbidity 0 0 0 0 v}
Water chemistry 0 0 0 0 0
Water tempsrature ~3 =3 +2 +2 -2
lce processes -2 -2 -1 0 -2
Index value -9 -7 +7 +4 -2
PART C Overwintering (September 16 - May 19)
Fainstem flow =2 -3 + +Z +1
Upwelling +1 +1 +3 +2 +1
Substrate composition =2 -2 +2 =1 +2
Suspended sediment 0 0 0 0 0
Turbidity 0 0 0 0 0
Food availability 0 0 (] 0 0
Water chemistry 0 0 0 ) 0
Water temperature =2 =2 +2 +2 +1
lce processes -2 -3 -1 0 -2
Index value -7 -3 +B +5 +3
PART O Summer Rearing (May 20 - Sentember 15}
HaTnstem flow =3 -2 +2 +3 =2
Upwelling 0 +1 +2 +2 +1
Substrate composition -2 =2 +2 +1 +2
Suspended sediment -3 -2 =1 0 0
Turbidity +1 +1 +1 +2 +2
Food availability -2 -2 +2 +2 +3
Water chemistry 0 0 0 0 0
Water temperature 0 0 -1 0 0
Index value -9 -6 +7 +10 +6

1 Evaluation scale

+3
+2
+1

0
-1
-2
-3

extremely baneficial
moderately beneficial
slightly beneficial
no effect

slightly detrimental
moderately detrimental
extremely detrimental

Typical conditions for the habitat type during the season evaluated.
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existing physical habitat components on spawning and incubation in
each habitat type. Use of mainstem habitats by spawning chum salmon
is limited by several factors. Velocities between 5 and 9 fps (Harza-
Ebasco 1984e) preclude spawning in many mainstem areas, and substrates
are generally large and well-cemented with silts and sands (R&M
Consultants 1982e, ADF&G 1983b). Upwelling areas within side channels
are used by spawning salmon, but only to a limited degree. Side
channel habitats generally have low quality substrate, and are also
limited by velocity except in isolated locations along streambank
margins. During the spawning season mainstem discharge is usually
adequate to provide adult spawners access to upwelling areas in side
channel habitats (Harza-Ebasco 1984f, Klinger and Trihey 1984).
Exclusive of the major clear water tributaries, spawning most fre-
quently occurs in side slough habitats where upwelling is prevalent
and other physical habitat conditions are suitable (ADF&G a and d).
Naturally occurring velocities seldom limit spawning conditions in
side slough habitats. However, side slough habitats are often limited
by shallow depths, and spawning salmon must utilize the available
substrate. Shallow slough flows cause passage problems which some-
times inhibit spawning salmon from using upstream reaches, and reduce
the quality of accessible upwelling areas. Breaching flows, which
appear to be important for passage and the short term improvement of
spawning, frequently occur in side sloughs (Section V).

Both incubation and overwintering are adversely influenced by
naturally occurring cold water temperatures, winter ice and low
streamflows (Table VI-2, Part B and Part C). The presence of
upwelling groundwater throughout winter (Trihey 1982, ADF&G 1983a),
creates favorable incubation conditions in slough habitats and
resulted 1n egg-to-fry survival rates up to 35 percent in 1983-1984
(ADF&G 1984b). Many sloughs have ice-free areas but ice covers do
form over deeper pools and at the slough mouths. In winter pool
habitats in sloughs generally provide adequate depth and water temper-
atures where small fish occupy interstitial spaces between the larger
substrate materials.
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At times sloughs are overtopped by mainstem flows during winter.
These overtopping events are caused by fce cover formation (see
Section IV). The influx of cold mainstem water into side slough
habitats reduces intragravel water temperatures and adversely affects
incubation rates and embryo growth. Overtopping events also adversely
affect overwintering habitat as water temperatures drop to near 0°C.
Anchor ice may form on the streambed, freezing embryos and small fish.
Such overtopping events do not appear to be common under natural
conditions at the most productive slough habitats.

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

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

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

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

Under natural streamflow, stream temperature, and water quality, the
most stressful period for fish within the middle Susitna River appears
to occur during winter (Table VI-3). High streamflows, suspended
sediment concentrations and turbidities during summer appear to have a
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significant adverse influence on mainstem and side channel habitats
when compared to adjacent clearwater habitats. The limited amount
(surface area) of spawning habitat that exists in five side sloughs
(21, 11, 9, 9A and 8A) accounts for approximately 95 percent of the
sockeye, and 75 percent of the chum salmon spawning in non-tributary
habitats within the middle Susitna River. Therefore, improvement of
incubation/overwintering; reduction of high summer streaiflows,
suspended sediment concentrations and turbidities; and maintenance or
enhancement of existing clearwater spawning habitats appear to be
three reasonable goals to pursue when establishing instream flow
requirements for the middle Susitna River.

Inherent Project Influences on Existing Physical Processes

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

With-project summer streamflows are expected to be approximately one
half naturally occurring average monthly values whereas winter flows
are estimated to increase five fold (APA 1983). Overall there will be
less variability in the annual flow cycle and a marked reduction in
flood peaks, resulting in more stable middle Susitna River flows.
Since mid-summer streamflows will be lower and winter flows higher, a
notable difference will exist regarding site specific hydraulic
conditions in peripheral habitats. Many areas will be dewatered that

vI-12



|

iacubation ]
lgﬂlﬂlﬁ'fn I Ovarwintering liwn:q l
STREAM FLOW 30+
Mainstam NATURAL
(x 1000cTs ) 20

WITH - PROJECT

£._.

IO"--'\—- -_— - e s o - -
h-—-
e |
2uG Tseptl oct T movioec Tuan 7 Fenl man Tapmc Tway TouneToury !

Side Slough (cfs)

aus Tseptlocr T nov oeEc Tuan The s Tiean Yarmd may Touneloucy?
WATER TEMPERATURE
Mainstem (°C)

Intergravel Fiow
{°c)

's-n %——-———---

auc VAEPTT ocT Y Nov Voec uan ! rer | war TapmiLd may | sune ucy'

WATER QUALITY
Tarbidity (NTU)
80 = kL R e —

aua Vseprd ocr Paov Vpec Tuand rep T wan Fapi say Jounel suLy)

Suspended Solids \ I
] — A S s e

o

° AUG VSEPT 1ocT | Nov ToEC Vuan ' ree Fuar 'apmec! may oume ! ouy !
ICE PROCESSES
ice Front Feriod NATURAL
‘ <
A et ——
WITH- PROJECT
AUG VSEPT! ocT I MoV | DEC 'gaAN VFES "mAR 'aPRiL' MAY 'JuNE JuLY |
Upstream Extent O NATURAL
of lea Cover o o © & WITH- PROJECT

100 30 180
*»
I& BQ.IZQ'M! Dapanding on Climats

auc Vsepr! ocT nov ToEC Foan | rea  man TarmiL T way Liunelouyl

"DATE
Figure YI- 2. Comparison of natural and with-project habitat components.

VI-13



presently convey streamflow during summer whereas the opposite trend
will prevail during winter. Mid-channel areas will also experience a
change in hydraulics that will affect the amount and quality of fish
habitat relative to present levels.

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

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

Downstream temperature is also expected to be altered by the large
jmpoundments. The rese}voirs will attenuate existing mid-summer
stream temperatures and store solar energy during summer for redistri-
bution during fall and winter months. This will promote warmer stream
temperatures 1in the fall and winter, probably delaying freeze-up
(AEIDC 1984b, Harza-Ebasco 1984c).

Anticipated instream water quality and temperature are important to
flow negotiations in that with-project conditions may either alter or
provide mitigative opportunities being considered. Although it is
necessary to evaluate the influence of project design and operation on
with-project water quality and temperature, it must be recognized that
certain unavoidable conditions (project effects) may exist over which
project design and operation have 1imited control.

However, in many situations design and operation of the proposed

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

Control over with-Project Relationships

The degree of control that project design and operation can exert over
macrohabitat conditions in the middle Susitna River is strongly
influenced by basic laws of physics governing energy transfer and the
seasonal changes in air temperature. The f{nfluence of mafnstem
discharge, temperature and water quality on middle Susitna River fish
habitat is also highly dependent upon the location of affected habi-
tats with respect to the dam site{s}) and the mainstem channel. The
further downstream from the project, the 1less influence project
operation has on streamflow (Harza-Ebasco 1984f), stream temperature
(AEIDC 1984b), and water quality. It is also evident that aquatic
habftats peripheral to the mainstem are most sensitive to dewatering
by variations in mainstem discharge (EWT&A 1984, ADF&G 1984d) whereas
habitats directly associated with the mainstem are most significantly
fnfluenced by variations in mainstem temperature and water qualfty
(ADF&G 1982b).

Therefore the nature and degree of change that may be intentionally
caused by project design and operation is bounded by watershed charac-
teristics and physical laws of science as well as project economics.
Some unavoidable effects of project construction may be beneficial to
middle Susitna River fish habftats. Most notably is the entrapment of
nearly all suspended sediment currently being transported by the
middle Susitna River. Reduction in mid-summer suspended sediment
concentrations 1is expected to result in more hospitable habitat
conditions for invertebrates and immature fish that typically inhabit
streambed materials. Associated with the reduction in suspended
sediments will likely be a reduction in mfd-summer turbidities, which
may improve the depth of 1ight penetration and stimulate algal growth
on a2 more stable and coarse graded streambed.
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Mainstem turbidities are also expected to remain higher than natural
throughout winter. At present it is not known whether project design
or operation could significantly control downstream turbidities, nor
has the effect of the project induced change in natural turbidity
levels been estimated. However, overwintering fish are thought to
primarily use low velocity lateral habitats, such as sloughs, slough
mouths or tributary mouths. It is 1ikely that the high winter flows
will increase upwelling and thus may increase the amount of clear-
water, low velocity habitat in the winter. The actual gain in habi-
tat, if any, would depend on the upstream extent of the ice front and
the effects of staging on slough habitats.

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

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