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l. INTRODUCTION

I"stream Flow Relationships Report

The goal of the Alaska Power Authority in identifying environmentally

acceptable flow regimes for the proposf.d Susitna Hydroelectric Project
; 5 the rna i ntenance of ex; sti n9 fi S~l resources and 1eve15 of produc­

tion. This goal is consistent with the preferred mitigation goal of

the U.S. Fish and Wildlife Service and the Alaska Department of Fish

and Game which encourages the maintenance of naturally occurring fish
habitats and populations.

In 198" following two years of baseline studies. a multi-disciplinary
approach to quantify effects of the proposed Susitna Hyrroelectric

Project on existing fish habitats and to identify mitigation oppor­

tunities associated with streamflow and/or stream temperature regu­

lations was initiated by the Power Authority. The Instream Flow

Relationships (IFR) studies were initiated to identify the potential

benefi ci a 1 and adverse effects the proposed Sus itna Hydroe1ectri c

Project might have on fluvial processes and fish habitat in the

Talkeetna-to-Devil Canyon segreent of the Susitna River (middle Susitna

River). The IFR studies focus on Quantifying the response of fish

habitats in the middle Susitna River to incremental changes in

mainstem discharge. temperature, and water Quality. 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) eva 1ua te the effects of alterna ti ve project des i gns and

operating scenarios on physical processes which most influence the

seaso"al availabil ity of fish habitat .

In addition. a summary report. the Instream Flow Relationships Report

(IFRR), would (I) identify the biologic significance of the physical

processes evaluated in the technical report series. (2) integrate the

findings of the technical report SE'I":es. and (3) provide Quantitative

relationships and discussions regarding the influences of incremental

I-I



changes in stt'eamflow, stream temperature. and water quality on fish

habitats in the middle Su!>itna River. By meeting these objectives the

IFR studies will assist the Alaska Power Authority (APA) and resource
agencies to reach an agreement on an instream flow regime (and

associated mitigation plan) that would minimize adverse effects of the

proposed project and possibly enhance existing fish habitats and

populations in the middle Sus;tna River.

The IFRR consists of two volumes. Volume I uses project reports. data
and professional judgement to identify evaluation species, important

life stages. and habitats. The report also ranks a variety of

physical habitat variables with regard to their degree of influence of

fish habitat at different times of the year. This ranking considers

the biologic requirements of the evaluation species and life stage, as

well as the physical characteristics of different habitat types, under

both natural and an~icip~ted with-project conditions. Volume II of

the IFRR, which will be completed during 1986, will ~rovide a

quantitative framework and the necessary relationships to evaluate

i nfl uences of incrementa1 changes ins treamfl ow, stream temperatu re

and water quality on fish habitats in the middle Susitna River on a

seasonal basis.

The technical reports which support the IFR Volume I consist of the

four reports listed in Table I-I as well as several reports prepared

by the Alaska Department of Fish and Game, Su Hydro Aquatic Studies

Group which describe fis~ habitats, populations and utilization

patterns, and reports by the Harza-Ebasco Susitna Joint Venture which

address reservoir temperature, instream ice processes, groundwater

hydrology, and sediment transpol't.

Table 1-1 IFR Studies Technical Report Series

Technical Re ort No. 1. Fish Resources and Habitats in the middle
uSltna lver. 1S report prepare y 00 war - yde onsu tants an

Entnx, Inc. consolidates information obtained by ADF&G, Su Hydro on
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the ij3h resources and habitats in the middle Susitna River dnd
sunrnarizes the relative abundance and seasonal util ization patterns
'observed in middle Susitna River habitats from 1981 through January
1985.

Technical Report No.2. Physical Processes of the Middle Susitna
Rlver. This report, prepared by Harza-Ehasco and R&/-1 Consultants.
describes such naturally occurring physical processes within the
middle river segment as: sediment transport, channel stability, ice
cover formation and upwelling.

Technical Re ort No.3. A Limnol0 ieal Pers ective of Potential Water
ua it han es. his report, prepared by Harza- basco, conso idates

eXlsting 1" ormation on the water quality for the Susitna River and
provides technical level discussions of the potential for with-project
bioaccumulation of mercury, nitrogen gas supersaturation and changes
in downstream nutrients. Particular attention is given to project
induced changes in turbidity and suspended sediments concentrations.

Technical Report No.4. Instream Temperature. This report, prepared
oy the Un1versity of Alaslca Arct1c Env1ronmental and Data Center,
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) a preliminary eval­
uation of the influences of anticipated with-project stream tempera­
tures on fish habitats and ice proc~sses.

The IFR report and its associated technical report series should not

be viewed as an impact assessment. These reports only describe a

variety of natural and with-project conditions that govern, or may

govern, fluvial processes and the seasonal availability and quality of

fish habitat in the middle Susitna River. The IFR studies provide the

quantitative basis for others to evaluate alternative streamflow and

stream temperature regimes, conduct impact analyses. and prepare

mitigatior plans. Brief descriptions of anticipated with-project

conditions are provided in Section V; of this report. However, these

descri pt ions on ly serve to es tab 1i sh a bas i s for unders tandi n9 the

relative importance of anticipated with 4 project habitat conditions

with regard to the life history requirements of the evaluation

species. Quantitative descriptions or discussions of project effects

on fish habitat, as expected in an impact assessment. are not pro~ided

by this report .
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Project Setting

The proposed Susitna Hydroelectric project consists of two dams
scheduled for construction over a period of 21 years. The three-stage

project would be initiated by construction of Watana Dam to a crest

elevation of 2.025 feet with a maximum reservoir elevation of 2,000

feet. Construction on Watana Dam would begin when t.:le FERC 1icense is

issued. possibly in 1987. and would occur at a site located approxi­

mately 184 miles upstream from the mouth of the Susitna River. The

first stage of the Watana development would be completed in 1996 and
would include a 70S-foot-high earth fill dam, which would impound an

approximately 21,OOO-surface-acre reservoir with 2.37 million acre

feet {mat} of usable storage. Cone valves and rultiple level intake

structures would be installed in the dam to control downstream dis­

solved gas concentrations and temperature. The powerhouse would

contai n four genera tors wi th an i nsta 11 ed capaci ty of 520 megawa tts

(HW) and would be designed to discharge a 50-year flood before flow

would be discharged over the spillway.

The second stdge 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 maL Installed generating capacity would be about 600 MW, with

an average annual energy output of 3450 gigawatt hours (GWH). Cone

valves and multiple level intake structures would also be installed in

Devil Canyon Dam. The maximum possible outflow from the four genera­

tors in the powerhouse at full pool is 15,000 cubic feet per second

(cfs). The cone valves at Devil Canyon Dam would be designed to pass

38,500 cfs. Prior to construction of Devil Canyon Dam, Watana Reser­

voir would be filled with sumner streamflows when energy demand is

lowest and would be drawn down to meet high power demands during the

winter when streamflows are lowest. When Devil Canyon Dam became

operational, Watana Reservoir would opprate in a similar manner,

however, the level of winter drawdowns may not be as low. Devil

1-4
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Canyon Reserve; r wa ter 1eve1s wou 1d genera 11y be 5tab1e wi th a sma 11

drawdown in the spring of dry years and a larger drawdown in the fall
of average and dry years.

The third stage of the project consists of ra15109 the in;tia1 crest

elevation of Watana Dam from 2.025 feet to 2,205 feet with a maximum

normal reservoir elevation of 2,185 feet. Completion of the third

stage is scheduled for the year 2008. When completed. Wata"a Dam

would be 885 feet high and would impooJnd a 48-mile-long. 38.000­

surface-acre reservoir with a total storage capacity of 9.5 maf and a
usable storage capacity of 3.7 mat. Two additional generators would

be added to the powerhouse. bringing the total number to six units.

After camp1et i on of Stage II I. the capacity of the powerhouse wou 1d

increase to 1.020 MW because of the increased head on the four Stage 1

units and the addition of two more units at 170 MW each. The maximum

powe"house discharge capacity at fuil pool would be greater than

21.000 cfs (APA 1983). Watana Reservoir. because of its size. would

provide the ability to completely regullte Susitna River streamflows

except during extreme flood events.
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Susitna River Basin

The Susitna River is located in Southcentral Alaska between the major
population centers of Anchorage dnJ Fairbanks. The Susitna Valley is

a transportation corridor which contains both the Alaska Railroad and

the Parks Highw~y. E'len with these transportation facilities. how­

ever. the bas i n rema i os 1arge ly undeveloped except for severa 1 sma 11

cOITIJIUnities in the lower portian of the drainage. Talkeetna. the

largest of these communities. with an approximate population of 280,

is located on the east bank of the Susitna River at river mile

(RH) 98. 1

The Susitna River is an unregulated glacial river. Typical surrmer

flows range from 16,000 to 30,000 cfs with winter flows ranging

between 1,000 and 3.000 cfs. Turbidities in the middle Susitna River

average approximately 200 nephelometric turbid~t)' units (NTU) in

summer, and less than 10 NTU in winter. SUrmJer flows are quite

variable, often changing from 5.000 to 10,000 cfs from one week to the

next; peak flows exceeding 50,000 cfs are common. Winter streamflows

are maintained principally by groundwater and therefore are quite

stable. A thick ice cover generally forms on the river during iate

~ovember and persists through mid-May.

The drainage area of the Susitna River, the sixth largest river basin

in Alaska, is approximately 19,600 square miles. The Susitna Basin -;s

bordered by the Alaska Range to the north, the Chulitna and Talkeetna

mountains to the west and south, and the northern Tal keetna plateau

and Gulkana uplands to the east. Major tributaries to the Susitna

include the Talkeetna, Chulitna, and Yentna Kivers, all of which are

glacial streams with characte'"isrlcally high turbid sunrner streamflows

and ice-covered clearwater wil ter flows.

River miles are measured upstream from the mouth of the Susitnd
River which is locate~ in Cook Inlet approximately 25 miles
northwest of Anchorage.

1-6
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The Yentna River. the largest tributary to the Sus;tna River

originates at the Oa11 and Yentna glaciers in the Alaska Range
approximately 130 miles northwest of Anchorage and adjoins the Susftna
River at RM 28. The Chul itoa River originates in the glaciers on the

south slope of Mount McKinley and flows south, entering the Susitna

Riv:r near Talkeetna at RH 99. The Talkeetna River originates in the
Talkeetna Mountains. flows west. and joins the Susftna near the town

of Ta Heetna (RM 97). The ,iunet ion of the Sus itoa, Chu 1i tna and

Talkeetna Rivers ;s commonly referred to as the Three Rivers
confl ueoce.

The Susitna River originates as a number of small tributaries draining
th~ East Fork. Susitna. West Fork and Maclaren Glaciers, and follows a

disjunct SOil':'" and west course 320 miles to Cook Inlet (Fig. I-l).

The river flews south from these glaciers 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 dam sites (Watana at RM 184.4 and Devil

Canyon at RM 151.6) are located in this reach. Downstream of Devil

Canyon, the river flows south again through a well-defined and rela­

tively stable rrultiple 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. In

this reach the down valley gradient of the river decreases and it

flows through a heaVily braided segment for the 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. COlTInercial or sport fisheries exist for five species

of Pacific salmon (chinook, sockeye, coho, chum, and pink). rainbow

trout, lake trout. Arctic grayling, Dolly Varden, and burbot. The

cOl1ll1ercial fishery intercepts returning sockeye, chum, coho and pink

salmon in Cook Inlet. A subsistence fishery at Tyonek relies princi­

pally on chinook salmon. SPOrt fishing is concentrated in clearwater
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tributaries to the Susitna River for chinook. coho. and pink salmon;

rainbow tr(1ut; and Arctic grayling. These fish resources are

described further in Section III of this report.

Construction and operation of the proposed project will reduce varia­
tion in the annual flow eye".e by decreasing streamflows during the

sumner months and increasing them during the winter months. Stream

temperatures and turbidities will be sim11arly affected. The most

pronounced changes in stream temperature and turbidity wi 11 1ikely

occur in ma;nstem and side channel areas with somewhat lesser effects
occurring in peripheral habitats. Changes in depth and velocity

attributdble to alteration of natural streamflow patterns will be most

pronounced and of greatest concern in peripheral areas; particularly
if extensive or untimely dewatering or flooding of fish habitat might
occur.

The effects that anticipated changes in streamflow, stream tempera­
ture, and turbidity will have on fish populations inhabiting the
middle Susitna River depend upon their seasonal habitat rt...juirements
and the importance of the requirements to the overall population. Some
project-induced changes in environmental conditions may have no
appreciable effect on existing fish populations and their associated
habitats, whereas other cha~ges may have dramatic consequences. Thus,
in order to understand the possiblp. effects of the proposed project on
existing fish populations and to identify mitigation opportunities or
enhancement potential, it is irr.purtant to understand 1) the relation­
ships among the naturally occurring physical processes which provide
fish habitat, and 2) how fish populations respond to natural variations
in habitat availability.
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II. OVERVIEW OF THE IFR ANALYSIS

Selection of Fish Habitdt Over
Fish Populatiolls for Decisionmaking

Identification of an environmentally acceptable flow regime to main­

ta;n naturally reproducing fish populations has remained of central

importance throughout the evolution of the studies for the proposed

Susitna project. In describing the potential effects of the proposed

project the IFR studies have focused on identifying the response of

fluvial processes and fish habitats to incremental changes in mainstern

discharge. temperature. and water quality. This approach is consis­

tent with the mitigation goals of the Alaska Power Authority. U.S.

Fish and Wildlife Service. and the Alaska Department of Fish and Game
(USFWS 1981; AOF&G 1982; APA 1982). The ultimate 90al of tre,e
organizations' mitigation policies is the maintenance of natural

habitats and production levels.

Fish populations of the Susitna River are thought to fluctuate for

many reasons, with some of the factors exerting their influence

outside the river basin. This is particularly true for anadromous

species such as Pacific salmon, which spend substantial portions of

their life cycles in estuarine and rna"ine environments. Ocean

survival and cOlTlTlercial catches significantly affect the number of

salmon returning to spawn in the Susitna River basin (ADF&G 1985).

Wit""n the freshwater environment, factors such as high flows and

suspended sediment concentrations during summer. cold stream tempera­
tures, low wintel c:.treamflows, predation, and sport fishing appear to

affect populations.

Furthenmore, adult fish populations seldom show an immediate response

to perturbations that may occur either within or outside their

freshwater em'ironment. A time-lag, of~en of several years, usually

occurs before an effect, whether beneficial or detrimental, is

reflected in the reproductive potential or size of the population .

II-I



For these reasons it is often impossible to forecast the response of

fish populations to project-induced changes in fluvial processes by

monitoring fish populations only.

To avoid many of the uncertainties associated with correlating fish

population levels with various environmental parameters, fish habitat
is often used as a response variable in determining the effects of

altered fluvial processes on fish populations (Stalnaker and Arnette

1976~ Olsen 1979; Trihey 1979). The application of physical proc~ss

model fog is well suited for obtaining rel fable forecast~ of with­

project streamflow, temperature, and water quality conditions which,

in turn, can be readily interpreted i.1 terms of habitat suitability.

When using fish habitat as the response variable. the direction and

magnitude of change in habitat availability or habitat quality are

considered indicatlve of the popJlation response. Although the

relationship between habitat availability or quality and fish

population is not necessarily linear. it has been found to be

positively correlated in several studies (Binns dnd Eiserman 1979;

Wesche 1980; Loar et a1. 1985).
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Framework for Extrapolation:
Riv~r Segmentation, Habitat Types, and Microhabitat Variables

Various approaches exist for evaluating fish habitats associated with
fluvial systems. Weighted Usable Area (WUA) is often used at the

microhabitat level as an index to evaluate the influence of ~treamflow

~'ariations on the site-specific availability of potential fish habi­

tat. Weighted Usable Area is defined as the total wetted surface area
of a study site expressed as an equivalent surface area of optimal

(preferred) fish habitat for the life species and stage being evalu­

ated (Stalnaker 1978). This index is most corrmonly computed using

microhabitat variables such as depth. velocity, and substrate composi­
tion for spawning fish, and depth. velocity, and cover for rearing
fish. Occasionaly stream temperature is also included. WUA forecasts
for habitats in the middle Susitna River are enhanced by considering

such other microhabitat variables as upwelling groundwater and
turbidity.

The microhabitat approach can effectively evaluate habitat suitability
in terms of physical conditions occurring at specific locations
(areas) within a river system. However. in order to evaluate aquatic

habitat responses to physical processes on a larger scale, some method
must be established for extrapolating site specific relationships to
the remainder of the river.

The representa t ive reach concept (Bovee and Mi 1hous 1978) 1soften

used by instream flow investigators as a basis for extrapolating.
Thi s concept is based on the theory of 1ongitudi na1 success i on whi ch
describes riverine ecology and fluvial processes from the headwaters

to the mouth of a river (Burton and Odum 1945; Mackin 1948; Sheldon
1968). Watershed characteristics such as climate. hyarology, geology,
topography, and vegetative cover (land use) are the principal determi­
nants of basin runoff and erosional processes which control longitudi­
na1 success ion. '3y app lyi n9 the long i tudi na 1 success ion approach to
the existing river system and by considering differences project
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operation would have on the type and magnitude of change in fluvial

processes within various river segments, the 320~mile length of

the Susitna River was divided into the four discrete segments.

1. Upper Basin (RM 232-320). This segment includes the headwater

reach of the Su~itna River and its associated glaciers and

tributary streams above the elevation of the proposed impound­

ments.

2. The Impoundment Zone (RM 150-232). This segment includes the

BO-mi Ie portion of the Susitna River which will be inundated by

the Watana and Devil Canyon impoundments. This single channel

reach is characterized by steep gradients and high velocities.

Intermittent islands are found in the reach with significant

rapids occurring in Vee Canyon and between Devil Creek and Devil

Canyon.

3. The Middle River (RH 99-150). This 50-mile segment (the focus of
the IFRR) extends from Devil Canyon downstream to the Talkeetna

and Chulitna Rivers confluerce. It is a relatively stable reach

comprised of nearly equal lengths of single channel and split

channe1 cha racteri s tics. Cons truct i on and opera t i on of the

project will alter the quantity and temperature of streamflow and

the amount of suspended and bedload sediment in this reach.

4. The lower River (RM 0-99). Thi' segment extends 100 miles from

the three rivers confluence downstream to the estuary. The

floodplain is very broad, containing multiple or braided channels

which meander laterall.. Reworking of streambed gravels in this

area is relatively frequent causing instability and migration of

the main flow channel or channels. Project induced changes in

streamflow, stream temperature, and sediment concentrations will

attenuate in this reach due to tributaries such as the Talkeetna,

Chulitna, and Yentna Rivers. all of which will be unaffected by

project operation.
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Extraoolation of microhabitat responses in fish habitat to non-modeled
portions of the river using the traditional concepts of longitudinal

success; on is aecomp 1i shed by di vi di 09 the ri ver ; nto segments of

similar channel morphology, water qual ity or species composition.

l; kewi se I the segments are further subdi v; ded ; nto sub segments of

similar hydraulic, hydrologic, and morphologic characteristics.

Subsegments are then defined according to hauitat type by measurements
obtained in representative reaches. SystelTl'to/ide habitat evaluation is

accomplished by extrapolating habitat relationships for representative
reaches to the 5ubsegments and segments in which they are located on

the basis of proportional length.

The 1ongitudi na 1 success ion approach is mas t app1icab1e to sing 1e­
thread river systems in which subsegments containing relatively
homogeneous habitat types can be identified. In multi-thread systems,
such as the Susitna River, the longitudinal succession approach is
difficult to apply because the locations of homogeneous habitat types

are highly variable, both longitudinally and laterally within the
river corridor. Although the Susitna River can be divided into the
four di screte segments previou~ ly described, subdividi n9 the mi ddl e

Sus i tna Ri ver segment into subsegments by app1i ca t ion of the
representative reach concept (Bovee and Milhous 1978) does not provide
a practical method of extrapolating site specific relationships to the
remainder of the river. Hence, a different method for extrapolating
aquatic habitat responses to streamflow is required at this level in
the hierarchy of the IFR analysis.

Because of the notable variation and differences in habitat conditions

within the middle Susitna River segment, six major habitat~ have
been defined: mainstem, side channel, side slough, upland slough,
triblrtary, and tributary mouth (AOF&G, Su Hydro 1983a. Klinger &
Trihey 1984). Habitat type refers to a major portion of the wetted

surface area of the river possessing 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 discharge even though the wetted surface area
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for the location may change significantly. In other instances the

habitat type and wetted surface area may change in response to

mainstem discharge (Klinger and Trihey 1984j. Such an example is the

transformation of some turbid-wdter side channels to clQarwater side

sloughs when mainstem discharge recedes dur\ng late summer and fall.

Habitat transfonnation categories are used in the IFR analysis to

classify specific Co -eas within the river corridor according to the

nature of the habitat transformation they undergo as mainstem dis­

charge decreases below typical mid-sunrner flow levels. The classi­

fication of specific areas into habitat dewatered or transformation

categories is important because (l) a significant amount of wetted

surface area is expected to be transformed from turbid to clear water

habitats as a result of project-induced changes in streamflow (Klinger

and Trihey 1984); and (2) a large amount of circumstantial evidence

exists within the project data base and elsewhere which indicates that

turbid water channels which may be transformed into clearwater habi­

tats as a result of the project may provide substantially different

habitat ccnditions than presently exists in these channels. Within

the hierarchial structure of the IFR analysis, the eleven habitat

transformation categories introduced in Section V provide important

indices of site-specific habitat response to large changes in mainstem

discharge.

Habitat transformation categories are used in conjunction with hydro­

logic, hydraulic. and morphological information to group specific

areas of the middle Susitna River into representative groups. These

groups provide a basis to link microhabitat study sites (modeled

sites) with less intensively studied specific areas (nonmodeled

sites). Representative groups provide the analytic bridge to extrapo­

late habitat response functions from modeled to nonmodel~j sites.

Figure 11-1 diagrams the hierarchial structure of the IFR analysis,

proceeding from microhabitat study sites through representative groups

and habitat types to the middle Susitna River segment. This analytic

structure is similar to the study site ano representative reach logic
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referenced in the 1i terature and other instream flow studies (Bovee

and Milhous 1978. Wilson et al. 1981. Bovee 19B2).

However. a basic difference exists between the structure of the

extrapolation methodology used in th IFR studies and that used in

other instream flow studies. In the IFR extrapolation methodology

habitat types and representative groups are substituted for river

suhsegments and representative reaches. Additionally, the IFR

methodology uses wetted surface area rather than reach length as the

common denomin~tor for extrapolation. Given the spatial diversity and

temporal variation of riverine habitat conditions within the middle

Susitna River the hierarchial structure of this analysis is considered

more applicable than routine adherence to extrapolation methodologies

based on longitudinal succession and the representative reach concept.

Sufficient data is available to identify the seasonal and microhabitat

requirements of resident fish. and of adult and juvenile salmon

indigenous to the middle Susitna River (AOF&G. Su Hydro 19B3d; Estes

and Vincent-Lang 1984d. Schmidt et al. 1984). Physical process models

have been developed to evaluate stream temperature. ice cover.

sediment tra1sport, and site specific hydraulic conditions for a broad

range of streamflow and meteorologic conditions (Feratrovich et a1.

1982; Univ. of Alaska, AEIOr 1983; Estes and Vincent-lang 1984d;

Harza-Ebasco 1984b; Harza-Ebasco 1984e; Hilliard et a1. 1985). The

surface area response of aquatic habitat types to mainstem discharge

has been estimated (Klinger and Trihey 1984. Klinger-Kingsley 1985),

and 172 modeled and non-modeled sites have been classified into ten

representative groups (Aaserude et al. 1985). These data bases are

sufficient to quantitatively model habitat response to alternative

streamflow and stream te~perature regimes at both the microhabitat and

habitat levels. Finally, kn.Jwledge of the influences of mainstem

discharge on groundwater upwelling and water quality is sufficient to

be incorporated into this analysis in a structured. but subjective

manner.
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At present, the numerous compJnents and linkages of a habitat response
model for the middle Susftna River remain at various stages of
development. However. enougn progress has been made to subjectively

evaluate the data base and provide various forecasts of streamflow­

dependent habitat relationships. To this end, Section III describes

the fish resources and habitat types of the middle Susitna River and

identifies the evaluation periods and the primary and secondary

evaluation species; Section IV discusses the principal watershed
character; 5t; cs and physi ca1 processes \IIh; ch ; nfl ueoce the seasona1

availability and quality of fish habitat; and Section V describes the

influence of streamflow and instream hydraulics on the availability of

habitat types and quality of microhabitat conditions. Section VI

summarizes the major conclusions which can be obtained from a subjec­

tive application of the IFR model (Fig. 11·2) using the information

presented in sections IV and V. Section VI also describes the

relative importance of several physical processes and habitat

variables with regard to the primary evaluation species identified in

Section III. Anticipated with-project changes to natural processes

and relationships are discussed in general terms to introduce the

reader to several differences between existing and with-project

fluvial processes that will be important to consider in future

analyses. A more detailed discussion of the relationships between

physical processes and habitat response will be provided in Volume II

of the IFRR.
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Ill. FISH RESOURCES ANO 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 canmer-­

cia] and sport fisheries include five species of Pacific salmon:
chinook, coho. chum, sockeye. and pink. Resident species found in the

Susitna River basin include Arctic grayling. rainbow trout, lake

trout, burbot. Dolly Varden. and round whitefis:-:. Fish species that

inhabit the Susitna River are listed in Table III-I.

Adult Salmon Contribution to Commercial Fishery

With the exception of sockeye and chinook salmon, the majority of the

conmercial salmon catch in upper Cook Inlet originates in the 5usitna

River basin (8arrett et a1. 1984). The long-tenn average i!nnual catch

of 3.1 million fish is worth approximately 517.9 million to the

cOllTl'lercia1 fishing industry (K. Florey, AOF&G, pers. corrm. 1984). In

recent years cOrmlercial fishermen in upper Cook Inlet have landed

record numbers of salmon with over 6.2 million salmon caught in 1982

and over 6.7 million fish in 19B3 (Table 111-2).

The most important species to the upper Cook Inlet cOlMlercial fishing

indus try is sockeye sa lmon. In 1984, the sockeye ha rves t of 2.1

million fish in was valued at 513.5 million (t<. Florey, AOF&G pers.

corrm. 1984). The estimated contribution of Susitna River sockeye to

the industry is 10 to 30 percent (Barrett et al. 1984), which. in 1984

was between 210,000 and 630,000 fish. This represented a value of

between 51.4 million ana 51.1 million.

Chum and coho salmon are the second and third most valuable commercial

species. In 1984, the chum salmon harvest of 684,000 fish was valued

II I-I



SClentific Name Common Name

Table III-I. Common and scientific names of fish species recorded
from the Susitna River Basln (from AlasKa Dept. of Fish
and Game. Susitna Hydro Aquatlc Studies)

Petromyzontldae
La~petra japonlca

Salmonidae
COre90nUS laurettae
coreqonus pldschlan
Oncorhynchus qorbuscha
Oncornynchus keta
Oncorhynchus ~tch
Oncorhynchus nerKa
Oncorh¥nchus ~ytscha
prosoplum cy11ndraceum
Salmo qalrdnen
5iT'Vel1nus malma
Salvelinus ~cush
thyma I Ius arct 1CUS

Osmeridae
Thaleichthys paciflcus

Esocidae
Esox lucius

Catostomidae
Catostomus catostomus

Gadidae
lata lota----

Gasterosteidae
Gasterosteus aculeatus
PunqltluS pungitius

Cottidae
Cottus spp.

1I1-2

Arct ic 1amprey

Bering clsco
humpbacK whitefish
pink salmon
chum salmon
coho sa 1mon
sockeye salmon
chinook salmon
round whltefish
rainbow trout
Dolly Varden
lake trout
Arctic grayling

eulachon

northern pi ke

longnose sucker

burbot

threespine stickleback
ninespine stlckleback

sculpin

••••••••••••....
•••••



II.. Table 111-2. Commercial catch of upper Cook Inlet salmon in numbers of fish by

• species. 1954 - 1984 (from Alaska Dept. of Fish and Game. Commercial
Fisheries Div .• Anchorage. AK).

• 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 6.596 497,185 200.125 483,730 396,840 1,584,476
1975 4,780 6b4.818 227.372 336,359 951.796 2,205,135
1976 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 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

• Average 19.247 1,340.339 263,785 1.576.646 659,190 3.058,170
(even)
120,416

III (odd)

'I
'I
II 111-3



at S2.0 million, while the coho salmon harvest of 443,000 fish was

worth S1.8 million (K. Florey, ADF&G, pers. comm. 1984). The

estimated contribution of Sus;tna River chum to the upper Cook Inlet

fishing industry is estimated at 85 percent, While coho is

approximately 50 percent (Barrett et al. 1984).

Pink salmon is the least desirable of the commercial species in upper
Cook Inlet. with a salloon harvest of 623.000 fish worth an estimated

SO.5 million (K. Florey. ADF&G. pers. camm. 1984). Susitna River pink
salmon contributed about 85 percent to this amount (Barrett et a1.

1984} .

Since 1964, opening of the commercial salmon season in upper Cook.

Inlet has been delayed until late June, by wnich time most chinook.

salmon have entered their natal streams and harvest of them is

incidental to the commercial catch. In 1984, the 8,800 chinook.

harvested in upper Cook. Inlet had a cOll1Tlercial value of SO.3 million

(K. Florey, ADF&G, pers. comm. 1984). The Susitna River contribution

of chinook salmon is estimated at about 10 percent of the total catch

(Barrett et a1. 1984).

From 1981 to 1984 sockeye, chum, and coho salmon harvests, which

account for over 95 percent of the cOrmJerdal value in the fishery,

have exceeded the long-term average catches for thos~ species

(refer Table 111-2). 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 tributar1es, provides a

multi-species sport fishery. Between 1978 and 1983, the Susitna River

and its tributaries have accounted for an annual average of 127,100

an9ler days of sport fishin9 (flills 1979, 1980, 1981, 1982, 1983,

1984). This represents approximately 13 percent of the 1977-1983

annual average of I.e million total angler days for the Southcentral

111-4
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region. Most of the sport fishing in the Susitna Basin occurs in the
lower Susitna River from Alexander Creek (RM 9.8) upstream to the

Parks Highway (RM 84).

Sport fishing occurs mainly in tributaries and at tributary mouths.

while the mainstem receives less fishing activity. In the Susitna

River coho and chinook salmon are most preferred by anglers with many
pink salmon taken during even-year runs. In fact, when compared to

the estimated total coho escapement, the annual sport harvest of coho
salmon in the Susitna River is significant. In 1983, almost one of

every five coho salman entering the Susitna River was caught by sport
anglers (Table 111-3). 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 contribution of the

Susitna River chinook sport harvest to the Southcentral Alaska chinook

sport harvest has increased from 11 to 22 percent. Of the resident

species in the Susitna River, rainbow trout and Arctic gray] ing are

caught by anglers in the largest numbers (Mills 1984).

Subsistence Fishing

The only subsistence fishery on Susitna River fish stocks that is

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 16 years. From 1980

through 1983, ti:e annua 1 Tyonek subs i stence harvest averaged 2,000

chinook, 250 sockeye, and 80 coho per year (Browning 1984).

II 1-5
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Relative Abundance of Adult Salmon

Major salmon-producing tributaries to the Susitna River include the

Ventna River drainage (RH 28), the Chulitna River drainage (RM 98.6),
and the Talkeetna River drainage (RH 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 II 1-5.

The minimum Susitna River escapements of four salmon species can be

estimated for 1981 through 1984 by adding the escapements at Ventna

Station (RM 28, TRM 04) and Sunshine Station (RM 80) (Barrett et a1.

1984). These total escapements are considered minimums because they

do not inclUde escapements below RM 80, except at the Yentna River

(Barrett et al. 1984). The four·year averages of minimum Susitna

River escapew~nts for sockeye. chum and coho salmon are presented in

Table 111-5. The minimum Susitna River escapement for pink salmon is

reported in Table 111-5 as a two-year averoge escapement for odd-year

runs (1981. 1983) and a two-year average escapement for even-year runs

(1982, 1984). This separation was made because pink salmon runs are

numerically dominant in even years (Barrett et al. 1984),

Escapements of chinook sal.oon at Yentna Station have not been quan~

titied because most of the run passes the station before monitoring

begins (ADF&G, Su Hydro 1981, 1982b; Barrett et a1. 1984, 1985).

Therefore, a minimum Susitna River escapement for chinook salmon

cannot be estimated by the same method used for the other salmon

species. Chinook escapements have been estimated at Sunshine Station

in 1982, 1983, and 1984 (Barrett et a1. 1984, 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 tributaries below

Talkeetna Station (RM 103) (ADF&G, Su Hydro 1981, 1982b; 8arrett et

al. 1984, 1985). Important chinook spawning areas are Alexander Creek

(RM 9.8). lake Creek in the Yentna River drainage (RM 28). the Deshka

I II-8
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ralJle 111-!i. Avet'age salmon escapements in the Susltna Illvcl' by species and location (froll1 Barrett cl dl. 1984.

1985) .

Chtnook4

88,200

16,700

13,000

locatfon TOlal

O~d 215,950
Even 575.850

Odd 729,750
Even 1,414,840

Od~ 89.200
Even 208.800

O~~ 48,500
Even 133,100

O~~ 857,500
(ven 1,902.5l10

I Secontl-run sockeye escapements. Four-year average of 1981. 1982. 1983. dnd 1984 escapernellls.

2 Four-year average of 1981.1982,1983, and 1984 escapements.

3 Odd is average of 1981 dnd 1983 escapements. Even is average of 1982 and 1984 escapements.

4 Three-year average of 1982, 1983. and 1984 escapements. Dashes illdicate 110 estimate.

5 Sunilldlicn of Yenlna Station and Sunshine Station average escapements. Does not include escapelllclIl to the
Susitna River and tribulat'ies below RM 80. except the YenLna River (RM 28).



River (RN 40.5), and Prairie Creek in the Talkeetna River drainage (RM

97.1) ('Barrett et al. 1984, ~;:;5). Most sockeye salmon spawn in the

Yentna, Chulitna (RM 98.6) and Talkeetna drainages (Barrett et al.

1984, 1985). The Yentna River is also an important pink salmon

spawning area (Sarrett et al. 1984). The primary area of chum saloon

spawning is the Talkeetna River (Barrett et al. 1984, 1985). Coho

salmon spawn mainly in tributaries below RM 80 (Barrett et al. 1985).

In the middle reach of the Susitna River, chum and chinook are the

most abundant salmon, excluding even-year pink salmon (Barrett et al.

1984, 1985). In this river reach, salmon escapements have been

oonitored at Talkeetna (RM 103) and Curry (RM 120) Stations since 1981

(ADF&G, Su Hydro 1981, 1982b; Barrett et a1. 1984, 19B5).

The contribution of the middle Susitna River salmon escapements to the

Susitna River salmon runs can be estimated for 1981 through 19~4 by

dividing the Talkeetna Station escapements into the minimulfl Susitna

River escapements. Based on the average escapements pr~sented in

T~ble III-5, the average percent contribut"ion in 1981 through 1984 for

the middle Susitna River is: 2.5 percent for sockeye, 12.1 percent

for chum, 9.0 percent for coho, 6.3 percent for odd-year pink, and

11.0 percent for even-year pink salmon. These estimates should be

considered maximum values because (1) the minimum Susitna River

escapements, as previously discussed, do not include escapements below

RM 80 (except the Ventna River)~ and (2) the Talkeetna Station escape­

ments overestimate the number of spawning salmon in the middle reach.

This overestimation is ap~arently due to milling fish that return

downstream of Talkeetna Station to spawn.

The number of fish that reach Talkeetna Station and later move

downstream to spawn is significant. In 1984, 83 percent of the

sockeye, 75 percent of the chum, 75 percent of the coho, 85 percent of

the pink, and 45 percent of the chinook salmon escapements at

Talkeetna Station were milling fish tnat returned downstream of

Talkeetn~ Station to spawn (Barrett et al. 1985). If the escapement

to Talkeetna Station is reduced to account for the milling factor, the

III-lD
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contribution of middle Susitna River escapeUlellt 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 escapen~nts. as previously discussed.
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Distribution and Timing of Juvenile Salmon and Resident Species

Juv~nile Salmon

Most chum sa loon rea r 1n the mi ddl e Sus i tna Ri ver from Nay through

mid-August. while juvenile pink salmon spend little time in this reach
(Dugan et al. 1984). The outmigration of juvenile chum at Talkeetna

Station (RM 103) extends from May through mid-August, whereas most

juvenile pink salmon leave this reach of river by June (Roth et al.

1984). Dutmigration timing of pink and chum juveniles is positively

correlated with mainstem discharges (Roth et a1. 1984).

Juvenile chinook and sockeye salmon rear from one to two years ill the

Susitna River. while coho salmon rear from one to three years before

outmigrating (Roth et al. 1984). Although some age 0+ juveniles of
chinook, coho, and sockeye salmon move out of the middle Susitna River
throughout the summer, peak downstream movements at Talkeetna Station
occur in June, July, and August (Roth et al. 1984). Chinook, coho,

and socke:'e juveniles that remain in the middle Susitna River utilize
summer rearing habitats until September and October, when they move to
ove~intering habitats. Chinook juveniles rear primarily 1n

tributaries and side channels. In 1983, side channel use was highest
in July and August (Dugan et al. 1984). Most coho juveniles use
tributaries and upland sloughs for summer rearing (Dugan et al. 1984).
Sockeye salmon rear principally in natal side and upland sloughs
(Dugan et al. 1984). Age 1+ chinook, coho, and sockeye, and age 2+
coho outmigrate primarily in June at Talkeetna Station (Dugan et al.
1984).

Resident Species

Rainbow trout and Arctic grayling spawn and rear principally in
tributary and tributary mouth habitat of the middle Susitna River. A
limited amount of rearing occurs in mainstem-influenced habitats, and
both species use the mainster.l for ove~intering. Burbot are four:d
almost exclusively in mainstem, side channels, and backwater areas of

111-12
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side sloughs (Sundet and Wenger 1984). Estimates of relative

abundance in 1984 indicated that round whitefish are the most abundant
resident fish specip.s in the middle river, having highest densities in
side sloughs and tributaries (Sundet and Pechek 1985). They IildY.

however, overwinter in the ma;nstem. Humpback whitefish are

relatively scarce in the middle river (Sundet and Pechek 1985).

I.ongnose sucker. Dolly Varden, lake trout, and threesp;ne stickleback.

are other species found in this segment of the river.

111-13



Identification and Utilization of Habitat Types

The variety of primary, secondary and overflow channels that exist

within the Talkeetna-to-Devil Canyon segment of the Susitna River

provides a great diversity in aquatic habitat conditions. Six major

aquatic habitat types. based on similar morphologic, hydrologic, and
hydraulic characteristics. have been identified within this river

segment: mainstem. side channe1, side slough, upland slough.

tributary, and. tributary mouth (Fig. III-I). Within these aquatic

habitat types, fish habitat of varying quantities and quality may

ex i st depend i n9 upon 5He-specH; c therma1. wa ter Qua 11 ty I channel

structure, and hydraulic conditions. Differentiation of aquatic

habitat types is useful for evaluating seasonal movement and utili­

zation patterns if fusg and for identifying microhabitat preferences

of the fish species/l ife stages which inhabit the middle Susitna

River.

Mainstem Habitat

Mainstem habitat is defined as those portions of the Susitna River

which nonnally convey the largest amount Of streamflow throughout the

year. Included in this aq'.latic habitat category are both single and

1JKJ1tiple channel reaches, as well as poorly defined water courses

flowing through partially vesetated gravel bars or islands.

Mainstem habitats are thought to be used predominantly as migrational

corridors by adult and juvenile salmon during summer. However,

isolated observations of chum salmon spawning at upwelling sites along

shoreline margins have been reported (AOF&G, Su Hydro 1982b).

Mainstem habitats are also used by several resident species, most

notably Arctic grayling, burbot, longnose sucker, rainbow trout, and

w~itefish (Sundet and Wenger 1984).
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Turbid, high-velocity, sediment-laden summer streamflows and low,

cold, ice-covered. clearwater winter flows are characteristic of

mainstem habitat type. Channels are relatively stable, high gradient

ana 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 with

isolated deposits of small cobbles and gravels. However, the latter

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 water quality

conditions of the mainstem.

Side Channel Habitats

Side channel habitats are sections of the river which normally convey

streamflow during the open water season, but become appreciably
dewatered during periods of low flow. For convenience of classifi­
cation and ~nalysis, 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. or in poorly­
defined water courses flowing through partially submerged gravel
islands located in mid-channel or along shoreline margins of mainstem
habitat.

Rearing juvenile chinook. appear to use side channel habitats most
extensively. particularly during July and August (Dugan et al. 1984).
A limited amount of chum salmon spawning also OCcurs in side channel
habitats whe"e upwelling and suitable velocities and substrate are
present (Estes and Vincent-lang 1984d). Resident species. such as
grayling, rainbow trout. burbot. and whitefish. also use these
habitats.
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In general, the turbidity. suspended sediment, and thermal character­

istics of side channel habitats reflect mainstem conditions, except in
quiescent areas, where suspended sediment concentrations are less.

Side channel habitats are characterized by shallower depths, lower

velocities, dl'ld smaller streambed materials than mainstem habitats.

However, side ~hannel velocities and substrate composition often
provide suboptimal habitat conditions for both adult and juvenile

fish.

The presence or absence of clearwater inflow, such as groundwater

upwellings or tributaries. is not considered a critical component in

the designation of side channel habitat. However, a strong positive

correlation exists between the location of such clearwater inflows and
the location of chum salmon spawning sites in these habitats (Estes
and Vincent-Lang 1984d). In addition. tributary and groundwater
inflow prevents some side channel habitat from becoming completely
dewatered when mainstem flows recede in September and October. These
clearwater areas are suspected of being important for primary
production prior to the formation of a winter ice cover.

Side Slough Habitats

With the exception of the clearwater tributaries, side slough habitats
are probably the most productive of all the middle Susitna River
aquatic habitat types. Side slough habitats typically exist in
overflow channels or old side channels which only convey mainstem flow
during periods of high streamflow or breakup. Clearwater inflows from
local runoff and/or upwelling maintains streamflow through side slough
habitats when they are not overtopped by high mainstem discharge.

A non-vegetated alluvial berm connects the head of the slough to the
mainstem or a side channel with a well-vegetated gravel bar or island
parallel ing the slough and separating it from the mair.stem (or side
channel). During intermediate and low-flow periods. mainstem water
surface elevations are insufficient to overtop the alluvial berm at
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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

ups tream into the slough (rr; hey 1982).

In the middle Susitna River approximately 80 percent of all

non-tributary spawning by chum salmofi and essentially all sockeye

sa lmon spawn; n9 occurs in unbreached 5; de slough habita t (AOF&G. Su

Hydro 1981. 1982b; Barrett et al. 1984). In early spring, large

numbers of juvenile chum and sockeye salmon can be found in unbreached

side slcughs. During 5UIl'ITIE!r, moderate numbers of juvenlle coho and

chinook. make use of side-slough habitats, with chinook densities

increasing durlng the fall-wlnter tranSltlon (Dugan et al. 1984).

Small numbers of resident specles. such as ralnbow trout, Arctic

grayling. burbot, round whitefish, cottids. and longnose suckers. are

also found in side slough habit3ts.

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 sloughs display the

water quality characteristics of the mainstem (AOF&G, Su Hydro 1982a).

During periods of high mainstem discharge. the water surface elevation

of the mainstem is often sufficient to overtop the alluvial berms at

the heads of some sloughs. When thi s occurs. di scha rge through the

side slough increases markedly. Generally from less than 5 cfs to

100 cfs or greater. Such overtopping events affect the thermal, water

quality, and hydraulic conditlons of side slough habitat (ADF&G, Su

Hydro 1982a). Depending upon :ts severity and frequency, overtopping

may flush organic material and fine sediments from the side slough or

totally rework the channel geometry and substrate composition.

Streambed materials in side slough habitats tend to be a heterogeneous

mixture of coarse sands, gravels and cobbles. often overlain by fine
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glacial sands in quiescent areas. Perhaps because of the upwelllng 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 sized particl~s would be in side channel habitats.

When not overtopped, surface water temperatures in side sloughs
respond independently of rnainstem temperatures (ADF&G, Su Hydro
1982a). Surface wa ter temperatures ; n unbreached 5i de sloughs are

; of' uenced by the tempera ture of groundwa ter upwe 11 ;"9 I the tempera­

ture of surface runoff, and climatologic conditions. In many

instances thi! thermal effect of the upwelling water ;s sufficient to

maintain relatively ice-free conditions in these areas throughout

winter (Trihey 1982; ADF&G, Su Hydro 1983c).

Upland Slough Habitats

Upland slough habitats are clea~ater systems which exist in relic

side channels or overflow channels. They differ in character from

side slough habitats in that the elevation of the upstream benn is

sufficient to prevent overtopping in all but the most extreme flood or

ice jam events. Consequently. upland sloughs typically possess steep.

well-vegetated strellmbanlcs, near-zero flow velocities, and sand or

silt coveri ng 1a rger subs trates. In additi on, acti ve or abandoned

beaver dams and food caches are commonly observed in these habitats.

The primary influence of mainstem or side channel flow on an adjacent

upland slough is the regulation of water depth in the slough by

baclcwater 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. Oepe~ding upon the rate at which the

mainstem water surface elevation responds to storm ev~nts relative to

the response of local runoff into the upland slough, turbid mainstem

water may enter the slough. The rapid increase in mainstem water

surface elevations and suspended sediment concentrations associated

with peak flow events is suspectea of being a primary transport
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mechanism of fine sediments into the liuckwater areas of upland

sloughs while local surface water i~flow dnd bank erosion may be major

contributors of sediments in reaches upstream of backwater areas and

beaver dams.

Although upwelling is often present in upland sloughs. little spawning
occurs in these habita ts (Ba rrett et a1. 1984). The mas t ex tens i ve

use is by rearing juvenile sockeye and coho salmon (Dugan et al.

1984). Resident species common in upland sloughs include round

whitefish and rainbow trout.

Tributary Habitats

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 provide the only reported spawning areas for chinook

salmon and nearly all of the coho and pink salmon spawning areas in

the middle Susitna River (Barrett et al. 1984). Also, approximately

one-third of the chum sallOOn escapement to the middle Susitna River

spawn in tributary habitats. Pink salmon juveniles outmigrate shortly

after emergence and Im)st juvenile chum leave within one to three

months. However, a large percentage of emergent chinook and coho

rema i n in tributa ry streams for severa1 months fo 11 owi ng emergence

(Dugan et al. 1984). Resident species, particularly Arctic grayling

and rainbow trout, depend prinr.ipally on tritutary streams for

spawning and rearing.

Tributary Mouth Habitat

Tnbutary mouth habitat refers to that portion of the tributary which

adjoins the Susitna River. The areal extent of this habitat responds

III -20

II
III

•••••••••••••
~

111.,
.,



•••••••••••••••
II
II
II
II

to changes in mainstem discharge. By definition. this habitat extends
from the uppennost point in the tributary influenced by mainstem

backwater effects to the downstream extent of its clearwater plume.

Though velocities could be limiting, tributary mouth habitat

associated with the larger tributaries within the middle Susitna River
also provides significant spawning habitat for pink and chum salmon

(Barrett et a1. 1984). This habitat type is an important feeding

station for juvenile chinook (ADF&G, Su Hydro 19B3e), rainbow trout.

and Arctic grayling (Sundet and Wenger 1984). espedal1y during

periods of salmon spawning activity.
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Selection of Evaluation Species

Selection of evaluation species f~r use in the IFRS is consistent with
the guidelines and policies of the Alaska Power Authority, Alaska

Department of Fish and Game, and U.S. Fish and Wildlife Service (USFWS

1981; AOF&G 1982; APA 1982). These 9uidelines imply that species with
corrmercial, subsistence. and recreational uses are given high

priority. The species of greatest concern are those utilizing
habitats that wi 11 be most al tered by the project. The following

discussion provides a synopsis of the baseline data used in the
selection of primary and secondary evaluation species.

Side slough and side channel habitats are expected to be affected most
significantly by project operation. Consequently, the species and

life stages conside,'ed for evaluation were those which use these two

habitats most extensively. Chum salmon spawners and incubating

errtlryos. and juvenile chinook salmon were selected, for the reasons

discussed below. as primary evaluation species and life stages.

Secondary evaluation species and life stages that may be considered in

subsequent analyses of flow effects on aquatic habitats include: chum

salmon juveniles and returning adults. chinook salmon returning

adults. all freshwater life phases of sockeye and pink salmon. rearing

and overwintering rainbow trout, coho salmon juveniles and returning

adults. rearing and overwintering Arctic grayling. and all life phases

of burbot.

Salmon spawning surveys conducted during 1981-83 by the Alaska

Department of Fish and Game (Barrett et al. 1984) 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 1II-2). Comparatively small numbers of salmon

spawn in mainstem. side channel. upland slough. and tributary mouth

habitats. Chum and sockeye are the most 3bundant salmon species that

spawn in non-tributary habitats in the Talkeetna-to-Devil Canyon reach

of the Susitna River (Barrett et al. 1984). The estimated number of
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chum salmon spawning in non-tributary habitats ':'Iithin the middle

Susitni': River averaged 4.200 fish per year for the 1981-83 period of

record (Barrett et a1. 1984). This represents about two-thirds of the

peak survey counts in all habitats during 1981-1983 (Barrett et a1.

1984). 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 (Barrett et a1. 1984).

Similarly, only a few coho salmon spawn in non-tributary habitats of

the Sus itna Ri ver (Barrett et ~ 1. 1984).

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 half spawned in tributaries. Approximately 80 percent of those

non-tributary spawners spawned in side slough habitats. Sloughs 21,

11. 9, 9A and 8A generally account for the majority of slough spawning

(AOF&G, Su Hydro 1981, 1982b; Barrett et a1. 1984). Extensive surveys

of side channel and llldinstem areas have C10curnented comparatively low

numbers of spawners and spawning areas in side channel and mainstem

habitats (ADF&G, Su Hydro 1981, 1982b; Barrett et al. 1984).

Within the Talkeetna-to-Oevll Canyon reach, spawning sockeye salmon

are distributed among eleven sloughs. Sloughs 11. 8A, and 21

accounted for more than 95 percent of the sockeye spawning in the

middle Susitna River during 1981-1983 (Barrett et a1. 1984). 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 (Barrett et al. 1984). This is the only recorded

occurrence of sock.eye salmon spawning in middle Susitna River areas

other than slough habitats.

Chum salmon spawn at all of the locations where sockeye spawning has

been observed (Barrett et a1. IS84). This 0lier1ap 1s likely a result

of similar timing and habitat requirements (Barrett et a1. 1984; Estes

and Vincent-Lang 1984d). Chum salmon are more numerous in Slough
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habitats a~d appear to be more constrained by passage restrictions and
low-water depth during spawning than sockeye salmon (Estes and Vincent­
Lang 1984c). Hence, the primary evaluation of habitat relationships

for analysis of project effects on existing salmon spawning in the

middle Susitna River will focus on chum salmon.

Depending upon the season of the year. juvenile salmon utilize all

aquatic habitat types found within the middle Susftna River in varying
degrees. Among the non-tributary habitats. juvenile salmon densities
are highest in sloughs and side channel areas {Fig. 1II-3}. Extensive
sampling for juveniles has not been conducted in mainstern habitats,

largely due to the inefficiency of sampling gear in typically deep,

fast, turbid waters. However. utilization of mainstem habitat is

expected to be low except for low velocity shoreline margins.

Coho salmon juveniles are most abundant in tributary and upland slough

habitats which generally do not respond significantly to variations in

mainstem discharge (Klinger and Trihey 1984). Although relatively few

in number, sockeye juveniles make extensive use Of upland slough and

side slough habitats within the middle Susitna River.

Juvenile chum and chinook salmon are quite abundant in the middle

Susitna River; the most extensively used of the non-tributary

habitats are side sloughs and side channels (Dugan et al. 1984).

These habitats respond markedly to variations in mainstem discharge

(Klinger and Trihey 1984). For this reason, chinook and chum have

been selected to evaluate project effects on juvenile salmon rearing

conditions within the middle Susitna River. Because juvenile chinook

have a longer freshwater residence period, they are a primary

eva1ua t i on speci es/l i fe ~tage whi 1e juveni 1e chum are a sec')nda ry

evaluation species/life stage.

With the exception of burbot. important resident species in the middle

Susitna River are mainly associated with tributary habitats. Rainbow

trout and Arctic grayling, important to the basin1s sport fishery.
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spawn and rear in tributary and tributary mouth habitats. A limited

number of rainbow trout and Arctic grayling rear in mainstem­
influenced habitats (Sundet and Wenger 1984). and both ~pecies use

mainstem habitats for overwintering. Due to their use of

nainstem-influenced areas, overwintering and rearing Arctic grayling

and rainbow trout are selected as secondary evaluation species.

Because burbot apparently prefer turbid habitats, they are found
almost exclusively in mainstem, side channels, and slough mouths
(Sundet and Wenger 1984). As the IFR analysis continues. burbot and

other secondary evaluation species whose populations may be influenced
by the project will be considered for mor~ detailed evaluation. Chum,
chinook, and pink salmon spawning and incubation in side channel and
mainstem habitats are some species and life stages that may be
evaluated.
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IV. WATERSHED CHARACTERISTICS AND PHYSICAL PROCESSES
INFLUENCING MIDDLE SUSITNA RIVER HABITATS

This chapter discusses numerous interrelationships among physical
processes associated with streamflow, sediment transport, water
quality and stream temperature in the middle Susitna River and also

describes their influence on the availabil ity and qual ity of aquatic

habitat. These physical processes and relaticnships are discussed in

association with such important watershed characteristics as

climatology, topography and geology. Because of the relatively

undistrubed nature of the Susitna Basin and the limited probability of
significant disturbance occurring in the near future, land use is

considered a constant and is not discussed in this section.

Watershed Characteristics

Basin Overview

Tributaries in the upper portions of the Susitna River basin originate

from glacial sources in the Alaska Range which is dominated by Mount

Deborah (12,339 feet) and Mount Hayes (13,B23 feet). Other peaks in
the Alaska Range average between 7,000 and 9,000 feet in altitude.

Tributaries in the eastern portion of the Susitna Basin originate in

the Copper River lowlands and in the Talkeetna Mountains, having ele­

vations averaging between 6,000 and 7,000 feet. Between the Alaska

Range and the Talkeetna Mountains are the Susitna lowlands; a broad

basin increasing in elevation from sea level to 51.;0 feet. with local

relief of 50 to 250 feet (Fig. IV-I).

In the mounta i nous area.s above 3.000 feet e1evat i on, di scant i nuous

permafrost is often present. Below 3,000 feet elevation, isolated

occurrences of pennafrost can be found in association with

fine-grained soils. The Susitna basin geology consists of extensive

unconsolidated glacial deposits. Glacial moraines and outwash are
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The upper Susitna basin is in the continental climatic zone, while the
lower portion of the basin is in the transitional cl imatic zone.

Temperatures are more moderate and precipitation is less in the lower
basin than in the upper b.sin (Fig. IV-2).
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Average monthly air temperatures (Oe) in the up?er and
lower basins of the Susitna River (adapted from R&r·l
Ig84a, Ig85a; U.S. Dept. of Commerce 1983, 1984).
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found in many 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. The steep upper slopes have shallow

grave1 and 1Dam depos i ts with many bedrock exposures. On the SJuth

flank of the Alaska Range and southern slopes of the Talkeetna
Mountains. soils are well-drained. dark, and grav211y to loamy.

Poorly drained, stony learns with pennafrost are present on northern

facing slopes. Water erosion ranges from moderate to severe.
Vegetation above the tree line in the steep. rocky soils is

predominantly alpine tundra, whereas, well-drained upland soils
support white spruce and grasses. Poorly drained valley bottom soils
support muskeg while well-drained soils support mixed stands of birch
and spruce.

Figure IV-2.
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Stonns which affect the area generally cross the Chugach Range from
the Gulf of Alaska or come from the North Pacific or southern Bering

Sea across the Alaska Range west of the upper Susitna oasin. As

expected, precipitation is much heavier in the higher elevations than

in the valleys. The heaviest precipitation generally falls on the

windward side of the Alaska Range. leaving the upper basin in somewhat

of a precipitation shadow except fer the higher peaks of the Talkeetna

Mountains and the southern slopes of the Alaska Range.

Basin Hydrology

The Susitna River is typical of unregulated northern glacial rivers,
with relatively high turbid streamflow during sunmer and low clear­

water flow during winter. Approximately 87 percent of the total

annual flow of the middle Susitna River occurs from May through

September, and over 60 percent occurs during June, July and August

(Table IV-I). Snowmelt and rainfall runoff cause d rapid rise in

streamflows during late May and early June. and over half of the

annual floods occur during this period.

Table IV-I. Summary of monthly streamflow statistics for the Susitna
River at Gold Creek from 1949 to 1982 (from Harza-Ebasco
19859).

MOl. ch 1y Flow (cfs)
Month Maxlmum Mean Mlnlmum

January 2,452 1,542 724
February 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
Septentler 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
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Daily streamflows are relatively high throughout the surrmer,

occasioned by rapid responses to highly variable p:-ecipitation

patterns. Susitna River streamflows are most variable during the

months of May and October. transition periods commonly associated with
spring breakup and the onset of freeze up. From November through

April, cold air temperatures cause surface runoff to freeze, and

stable but gradually decl ining streamflows are maintained throughout

winter by groundwater inflow and baseflow from headwater lakes.

The glaciated portions of the upper Susitna Basin have a distinct

influence on the annual hydrograph for the Susitna River at Gold Creek
(USGS stream gage station 15292000). R&M Consultants and Harrison

(1982) state that OI 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 n!;dr Denali ... ". 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 percent

of the basin upstream of Gold Creek. act as reservoirs storing water

in the form of snow and ice during winter and gradually releasing melt

water throughout the surrmer to maintain IOOderately high streamflows.

Valley walls in those portions of the upper basin not covered by

glaciers. consist of steep bedrock exposures or shallow soil systems.

Hence rapid surface runoff originates from the glaciers and upper

basin whenever rainstorms occur.

Susitna River streamflow originates from glacial melt. surface runoff,

and groundwater inflow. The relative importance of each of these

contributions to the total discharge of the Susitna River at Gold

Creek varies seasonally (Fig. IV-3). Although the amount of

groundwater inflow to the middle Susitna is thought to remain fairly

constant throughout the year. its relative importance to streamflow

and water quality increases significantly during winter as the

streamflow contribution from glacial melt and surface runoff decrease.

During September as air temperatures in the upper basin fall below
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Figure IV-3. Estimated percent contributions to middle Susitna River
streamflow.

freezing, glacial melt subsides, and mainstem streamflOw5 clear. By

November be 1ow f reez i ng a; r tempera tures occur throughout the bas; n

(refer Fig. IV-2) and streamflows have decreased to approximately one

tenth their m;dsurr~l1er values. Streamflow at the Gold Creek gage is

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.
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Streamflow Variability and With-project Operations

The variability of naturally occurring annual peak flows, mean summer
discharge, and average annual streamflow for the Susitna River at Gold
. reek is illustrated in Figure IV-4. Peak flows for the Susitna River

n.... rmally occur during June in association with the snowmelt flood, but

sunmer rainstorms often cause floods during August (Table IV-2).

Flood peaks are seldom more than double the long term average monthly
flow for the month in which they occur (R&M 1981b). however average

monthly flows for June, July, and August are nearly 2.5 times the

average annual discharge of 9700 cfs (Scully et al. 1978). Although

th~se streamflow statistics are not exceptionally variable, they imply

that a very large amount of water typically flows through the middle

Susitna River corridor during summer.

Table IV-2 Percent distribution of annual peak flow events for the
Susitna River at Gold Creek 1950-1982 (R&M Consultants
1981b) •

Month Percent

May 9
June 55
July 9
AU9ust 24
September 3

The natural flow regime of the middle Susitna River is expected t n be

altered by project operation. With-project streamflows will generally

be less than natural stresmflows during the May through July period

(Phase I and Phase II) as water is stored in the reservoirs for

release during the winter. For Phase III, streamflows will be less

tha'1 natural through the month of August (Fig. IV-5). During the May

through August period, variability of middle Susitna River streamflows

will be caused by tributary response to snowmelt and rainfall runoff

as well as from controlled releases from the reservoirs. With-project

floods would still occur in late sUl1111er but would be significantly

reduced in both frequency and magnitude (Table IV-3).
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Table IV-3. Flood peak frequency data at Gold Creek for natural and wi th-
project conditlons (Harza-Ebasco 1985c).

Natural l

Recurrence Flood Flood Peak' (cf') With-Project
Flood Interva 1 Peak Stage I SUge I I Stage II I

Period (Year) (cf,) Early late
(1) (2 ) (3) (4) (5) (6) (7)

Annual 2 48,000 25,600 19,200 20,000 22,100
5 63,300 33,300 26,900 27,700 29,800

10 73,700 37,700 31,300 32 ,100 34,200
25 87,300 41,600 35,200 36,000 38,100
50 97,700 46,200 39,600 40,600 42,700

May-June 2 42,500 19,800 17,300 18,000 19,700
5 56,200 26,800 24,300 25,000 26,700

10 66,300 30,600 28,100 28,800 30,500
25 80,500 33,900 31,400 32,100 33,800
50 92,100 37,900 35,400 36,100 37,800

July - 2 37,300 36,500 36,500 35,500 15,700
September 5 49,800 43,100 43,100 43,100 21,300

10 59,400 43,500 44,500 43,500 24,000
25 73,200 44,000 45,000 45,000 26,500
50 84,800 46,600 47,100 47,300 29,500

I From Harza-Ebasco 1984a.
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With-project streamflow during September is expected to be less
variable but near to the long tenn average monthly natural flow for

this :,tQnth. Streamflows from October through April would be gr~ater

in magnitude and more variable than natural winter streamflows. Daily

fluctuations in streamflow are expected to occur throughout winter as
the hydroelectric project responds to meet varying electric load
demands. A family of rule curves will be used as a guide for seasonal
adjustment of flow for power generution and downstream flow

requirements. The Alaska Power Authority proposed to limit streamflow
fluctuations resulting from application of these rule curves to .:10

percent of the average weekly discharge (Harza-Ebasco 1985b).
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Influence of Streamflow on Habitats

Hainstem and Side Channel Habitats

Mainstem and side channel gradients within the middle Susitna River

are on the order of 8 to 14 ftlmile (Bredthauer and Drage 1982). As a
result of this steep channel gradient. mid-channel velocities are

often ; n the range of seven to nf ne feet per second (fps) duri n9

nonmal mid-summer streamflow conditions. Mainstem velocities of 14 to

15 fps have been measured by the USGS at the Gold Creek stream gage in
association with 62.000 to 65.000 cfs flood flows (l. leveen. USGS,

1984. pers. CQIlITl. ) • For mos t spec i es of fi sh and benth; c

invertebrates high velocity streamflows are considered undesirable.

The upper limit for velocity preferred by most juvenile salmonids is

generally less than one fps and that for adults seldom exceeds 4 fps

(Estes and Vincent-Lang 19~4d~ Suchanek et al. 1984).

Analysis of hydraulic conditions in the mainstem and large side

channels indicates that mid-channel velocities are generally

unsuitable for fish over a wide range of mainstem discharge (Williams

1985). Suitable habitat for juvenile fish is usually restricted to a

narrow zone associated with the shoreline margin. As mainstem

discharge changes, the width (surface area) of this habitat zone

remains relatively constant but moves laterally in response to water

surface elevation. Because the shoreline rnargins are almost void of

cover objects. habitat quality responds little to changes in the

location of the shoreline habitat zone.

Side Slough Habitats

Side sloughs are overflow channels. located along the floodplain

margins. which contain important spawning and rearing habitat for

salmon. Side slough streambed elevations are higher than those of

adjacent side channels or the mainstem. Hence side sloughs only

convey water from the mainstem during periOdS of high streamflow.

When mainstem discharge is insufficient to overtop the upstream end of
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the slough, slough flow, generally less than 5 cfs, is maintained by

tributary or groundwater inflow. However, IM;nstem or side channel

water surface elevations at the downstream end of the slough are

usually sufficient to cause a backwater pool to extend a few hundred

feet upstream into the slough mouth.

Whenever the water surface elevation (stage) of the ma;nste-n or side

channel adjacent to the slough is sufficient to overtop the head of

the slough, discharge through the side slough increases markedly.

These overtopping events also affect the thermal, water quality. and

hydraulic characteristics within the slOl.gh. Overtopping during

breakup and f1 Dod events genera11y pray ides adequa te f10w ve loci ties

in the side slough to scour debris, beaver dams, and fine sediments

from the side sloughs. However, overtoppings associated with normal

surrmer stream flows (20,000 to 30,000 cfs) generally transport large

amounts of suspended sand and fine sediments into the slough which

then settle out in low velocity areas. Sedimentation is most apparent

in the backwater zone at the slough mouth where the deposition may

often exceed one foot. Overtopping durinQ early June is thought to

assist the outmigratiun of juvenile chum salmon. During late August

and early September, overtopping provides unrestricted passage by

adult salmon to spawning areas within the side sloughs.

The frequency at which a particular side slough (or side channel) is

overtopped varies according to the relationship between mainstem water

surface elevation and the elevation of the streambed at the upstream

end (head) of the slough. The mainstem discharge which provides a

water surface elevation sufficient to overtop the head of the side

slough (or side chG'.nnel) is referred to as the breaching flow. Each

side slough and sioe channel has a unique breaching flow; however,

breaching flows for side channels are typically less than 20,000 cfs

whereas side slough breaching flows generally exceed 20,000 cfs.

Passage. Because of the significant influence overtopping events have

on habitat conditions and fish passage in side sloughs, special

IV-13



consideration has been given to mainstem stage-discharge relatlonships
and breaching flows by the study team (AOF&G, Su Hydro 1983ai Estes
and Vincent-Lang 1984a; Hilliard et a1. 1985). Analysis of the
thirty-five year period of streamflow record for the middle Susitna
River indicates that overtopping events occur rather frequently during
the August 12 through September 15 spawning period (Table IV-4). Side
sloughs with breaching flows of 23,000 cfs were overtopped for 19.1

percent of the evaluation period. During the thirty-five year period
of record, overtopping events were most frequently either 1-, 2- or
3-days in dura tion (25 events); however, 9 events longer than seven
consecutive days also occurred. Side sloughs or side channels with
breaching flows in the range of 16,000 to 18,000 cfs were overtopped
nearly half of the time with a large number of events (23) being
longer than seven consecutive days.

Field observations indicate adult salmon respond rapidly to improved
passage conditions and quickly enter side sloughs to spawn (Trihey
1982). Therefore frequent. but short-duration, overtopping events as
occur naturally for sloughs with breaching flows as high as 25,000 cfs
provide adequate passage condition. In addition, the response of the
water surface elevation of the backwater zone at the slough mouth to
increased mainstem discharge and the response of slough flow to
rainfall often provide short-tenn improvement of passage conditions

when the mainstem discharge is less than the breaching flow.
Insufficient data are available at this time to describe the influence
of the natural variability in slough flow on passage conditions.

Groundwater Upwelling and Intragravel Flow

Upwelling and intragravel flow have been recognized as strongly
influencing the spawning behavior of chum and sockeye salmon in Alaska
(Kogl 1965~ Koski 1975. Wilson et al. 1981~ Estes and Vincent-Lang
1984d). Upwelling has also been credited with maintaining relat1vely
wann open water leads in some side channel s and sloughs throughout
winter (Barrett 1975~ Trihey 1982). These leads are important to the
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overwinter survival of incubating eggs and alevi,ls (Vining et al.
1985) and juvenile chinook (Stratton 1985).

In river valleys where the underlying materials orlglnate from glacial
outwash, groundwater flow patterns are often complex. In the middle
Susitna River there appears to be three main sources of subsurface
flow (upwelling) into side channel and slough habitats.

1. Infiltration of surface flow from the mainstem through islands
and gravel bars which separate the sloughs and side channels from
the mainstem (intragravel flow),

2. Subsurface flow toward the river from upland sources (upland
groundwater component), and

3. Subsurface flow in the downstream direction within alluvial
materials comprising the flood plain of the middle Susitna River
(regional groundwater component).

The relative contribution of these three sources has been examined

primary source of subsurface flow into side channel and slough
habitats along the middle Susitna River. In addition, the response of
slough flow to changes in mainstem discharge (when the upstream berms
are not overtnpped) is relatively rapidj often occurring in a matter
of hours.

The groundwater flow rate from upland ~ources is the least influential

of these three sources and it varies seasonally; being highest in the
sunvner and lowest in the winter. This is a direct result of the
spring snowmelt and summer rainfall which recharge aquifers and raise
the water table level, and depletion of the aquifers in the winter due
to lack of recharge. The regional groundwater component appears to be
the second mOSt important source of subsurface flow which remains
relatively constant throughout the year beCause the down valley
gradient of the flood plain is constant.
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Relationships between slough flow and mainstem flow (when the berms

are not overtopped) ind1cate that 1nfiltra:100 from the mainstem

varies nearly linearly with the mainstem stage. In general, a one

foot change in rna i ns tern stage resu 1ts ina change 1n slough flow of

between 0.3 and 0.6 cfs depending upon the particular side slough

(APA 1984b). Relative to normal slough flows which are 3 to 5 cfs the

influence of mainstem infiltration on open channel hydraulic

conditions within the slough are minor. However, this small change in

slough flow appears to have a significant effect on the biologic

proc"'sses occurring within the strea!1'.bed of the slough; particularly

during fall and eariy winter.

Seasonal changes in the mainstem water surface elevation also ffect

the rate of 1nfiltration or intragravel flows from th~ mainstem. The

annual cycle of mainstem water levels includes two extended periods of

relatively constant water surface elevation and two brief transition

periods. The two extended periods are mid-May through mid-September

and the winter season from December through April. The two transition

periods are breakup wh1ch generally occurs during the f1rst twO weeks

of May, and the October-November freeze-up period. The maip.stem water

levels are highest during the two extended periods and lowest during

the October-November freeze-up period.

Middle Susitn~ River streamflows normally reach 20,000 cfs by the end

of May and remain at that level or higher until mid-September.

Throughout this period, bank storage and infiltration of mainstem

water to the sloughs fluctuates in response to mainstem water levels.

Between late September and mid-November, mainstem streamflow often

dec 1i nes to 4000 cfs pri or to an ice cover fonni ng on the rna i ns tem.

Depending on the reClch of the river being considered, the difference

in mdinstern water surface elevations between streamflows of 20,000 and

4,000 cfs would approximate 5 feet.

The rnainstem water levels associated with October and November

streamflows appear to result in the lowest infiltration flows and

IV-II



s lougn fl ows for the yea r . Du ri ng thi s pe ri ad, when di scha rges range

from 5,000 to 3,000 cfs. upwelling flow is thought to originate almost

entirely from the regional groundwater component. Mainstem stage is

too low to significantly contribute to infiltration and cold air

temperatures have retarded subsurface flow from upland sources.

As the ice cover forms on the river, the mainstem water level rises in

response to the blockage of streamflow by river ice. This natural

process of raising mainstem water surface elevations upstream of the

ice cover is called "staging". Because of staging, mainstem water

levels during winter (December through April) appear similar to those

of summer water levels (Trihey 1982). Hence, infiltration from the

mainstem into side channel and slough areas during winter is suspected

of being similar to that of summer.

In general, intragravl'l temperatures at upwelling areas remain between

~.5 and 4~C throughout the year (Estes and Vincent-Lang 1984b; Keklak

and Quane 1985). This temperature range approximates the mean annual

temperature of the Susitna River. Intragravel temperatures in side

sloughs are relatively insensitive to surface water temperatures when

the upstream berm of the slough is not overtopped by mainstem flow.

However, whei. the upstn lm berm of a side slough or side channel is

overtopped by ffiainste. flow, intragravel temperatures may be

influenced. This is most evident during freeze-up when intragravel

temperatures are sometimes depressed to near O°C in response to the

inflow of cold mainstem water caused by staging (see ice processes).

Overtopping e'/ents during freezeup do not occur at all side sloughs.

However, they appear to be more common downstl~eam of River Mile 130

than upstredffi of this location.

Biological Importance of Upwell in9

Intragravel flow and upwelling are !'tIO of the most important hcbitat

variables inr'luencing the selection of spawning sites by chum and

sockeye salmon in the middle Susitna River (Estes and Vincent-Lcng

1984d). In addition, upwelling flows contribute to local flow in
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sloughs and side channels which may occasionally facilitate fish

passage (Estes and Vincent-Lang 1984c).

Incubation appears to be the life stage most critically affected by

i nt rag rave 1 fl ow in the mi ddl e Sus i tna Ri ver. Chum and sockeye sa 1man

embryos spawned in areas of upwelling flows benefit if intragravel

flow continues throughout the winter. The 2 to 4°C intragravel

temperature associated with upwellings in side sloughs maintains a

higher rate of su rvi va 1 for the i ncuba t i on of embryos than do

intragravel temperatures in other habitats (Vining et al. 1985).

Intragravel flow is also thought to ensure the oxygenation of embryos

and alevins, transport metabolites out of the incubating environment,

and inhibit the clogging of streambed material by fine sediments.

Groundwater also appears to be an important factor influencing the

winter distribution of juvenile salmon and resident fish (Roth and

Stratton 1985; Sundet and Pechek 1985). Upwelling flows may comprise

the predominant source of water in sloughs when overland runoff from

precipitation is inhibited due to freezing. This constant water flow

in sloughs and side channels provides over-winter habitat for juvenile

sockeye, chinook., and coho salmon ann resident species. The warmer

temperatures of sloughs and side channels due to the inflow of upland

source and bank. stored groundwater apparently attract overwintering

fish and may reduce their winter mortality (Dugan et al. 1984).

As previously stated, upwell ing flows appear to reach their annual

minimum during late October and November prior to an ice cover fonning

on the mainstem. Intragravel temperatures (upwell ing rates) dlJring

this period probably limit the incubation success of embryos that were

spawned when upwelling rates were higher. As a result of decreased

upwelling rates during the October-November period many embryos are

thought to be dewatered or frozen. The most viable incubation habitat

in the middle Susitna Rivet' is thought to exist where upwell ing flow

persists during this fall transition period.
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Maintaining higher than natural mainstem discharges during the fall

transition would likely increase lJpwelling rates above natural levels,

thereby inc rea 5i n9 the i ncuba t ; on success in the effected spawn;"9

habitats. Reducing ma;nsterr. discharge to below natural levels would

likely have an opposite effect on incubation success.
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Sediment Transport Processes

Sediment transport is defined as the movement of inorganic material

past a particular point in a stream. The total sedi~1t load consists
of suspended load and bed load. Suspended load includes wash load.

fine material constantly in suspension, and coarser materials
transported through intermittent suspension. The bed load consists of
all inorganic material moving in constant contact with the streambed.

It is well-documented that seJiment transport processes have a
significant influence on Jquatic habitat. McNeil (1965) has observed

that streambed stability can influence the success of salmonid egg

incubation. Several researchers have shown that substrate composition

irfluences the survival of eggs to fry in salmonid populations (McNeil

and Ahnell 1964; Cooper 1965; McNeil 1965; Phillips et a1. 1975). The

suitability of a streambt:d for rearing fish and aquatic insects is

also influenced by its stability 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 that

the plan form of the middle Susitna River has experienced 1ittle

change (Un; v. of Alaska. AEIDC 1985b) . A1though there is some

evidence of degradation, and some peripheral areas have changed from

one habitat type to another, the plan form of most channels appear

unchanged over this period.

The plan form of the middle Susitna River appears to be controlled by

geologic features and major floods but is also influenced by ice

processes. Stream channel size and streambed composition are

primarily the "'~sult of hydrologic processes. Flood events are

probably the dOl,.,nant channel forming process whereas normal SUlT'tli.er

streamflows represent the primary sediment transport process. Channel

forming discharges are rare; occurring perhaps once or twice within a
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25- to 50-year period (refer Table IV-3). High streamflows, such as
the bankfull discharge or 5-year flood might reshupe the channel

geometry to reflect local hydraulic conditions but have little

influence on the overall plan form of the middle Susitna River.

River ice can also influence the plan form of the river by causing ice
jams during breakup which divert large quant;~ies of water from

primary channels into secondary channels or onto the floodplain

forming new channels. Velocities near In ft/sec have been measured at
constricted areas within ice jams (R&M 1984b). Such velocities have

the potential to cause significant local scour. r-'hen ice jams fail

they release a sl'rge of water and ice which was impounded behind the

jam. These surges contain high velocities that erode streambanks. and

ice blocks carried in the surge wave often scour banks and knock over

vegetation (R&r~ 1984b). Bank erosion by ice-block abrasion is

extensive in some locales of the middle Susitna Ri"er (Knott and

lipscomb 1983).

Shore ice forms along the streambanks prior to the upstream

progressiC'1l of the ice cover. This ice may freeze Ollto the bank

material and around vegetation. When the water level rises due to

staging associated with the ice cover formation the shore ice may

break off from the shoreline carrying bank materials and vegetation

with it. The amount of sediment transported by shore ice is

insignificant when compared to other transport mechanisms. However,

shore ice processes expose the shoreline to scour by floods and

significantly influence the character of fish habitat along the

channel margin by rpmov;ng debris jams and other types of shorel ine

cover.
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Mainstem and large Side Channel Habitats

Influence of Sediment Transport Processes on Habitat Types

BedloadSuspended load

Influence of mainstem se(iment load on streambed com­
position of aquatic habitat types.

Habitat Type

Mainstem and lar~

Side Channels Primary Primary

Side Channels Primary Secondary

Side Sloughs Primary 1'Ii nor

Tributary Mouths Minor Secondary

Upland Sloughs Secondary Mi nor

Sediment transport processes exert varying degrees of influence on the

streambed composition of the six aquatic habitat types (mainstem, side

channels. side sloughs. upland sloughs and tributaries) within the

middle Susitna River (Tables IV-5 and IV-6).

Summer streamflows transport large amounts of sand both in suspension

and as bedload. Streambed materials in the mainstem and large side

channels generally range from large gravels « 3 inches) to cobbles

« 10 inches). Streambed materials in the smaller side channels

generally range from large gravels to small cobbles (6 inches). Bed

A streambed which is in a long term state of sediment equllibnum is

generally relatively stable when streamflows are at or below flood

levels. but may degrade during a flood and aggrade as the flood peak

subsides. the mainstem and large side channels of the middle Susitna

River appear to reflect this type of dynamic equilibrium based upon

streambed measurements by the U.S. Geological Survey at Gol~ Cre~k

(Fig. IV-6) •

Table IV-S.
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material sizes are largest near Devil Canyon and generally decrease

with distance downstream (Bredthauer and Drage 1982).

Beneath this surface layer is a more heterogenous mixture of material

consisting of sands and gravels with some cobbles. Under normal flow

conditions the overlying layer of cobbles protects the underlying

streambed material from erosion. The abllity of this pavement layer

to resist erosion is enhanced by the deposition of fine glacial sands
within the interstitial spaces between the rubble and cobble. This

results in a tightly packed matrix of sands, gravels and cobbles. The
fine sands which fill the interstitial spaces within the pavement

layer are a part of the suspended sediment load normally transported

by summer streamflows.

Except for isolated deposits of sands and gravels, streambed material

in the mainstem and large side channels appears sufficient to resist

erosion or transport by streamflows less than 35,000 cfs. Flood

events (50,000 cfs or greater) have the capacity to erode the pavement

lclyer and transport underlying streambed matellals downstream. As the

flood crest recedes the large bed elements in motion are redeposited,

thereby reforming the protective pavement layer while sands and

gravels are transporterl downstream. As a result the streambed

elevation decreases while retaining much of the basic plan form of the

river. Evidence of such long-term channel degradation has been

documented through analysis of aerial photography (Univ. of Alaska,

AEIDC 1985b; Klinger and Trihey 1984; Klinger-Kingsley 1985).

River ice influence the shape and character of mainstem and large side

channel habitats in several ways: 1) scour caused by ice jams during

breakup, 2) sediment transport by anchor ice and possibly by frazil

ice, and 3) SCOt,;r and sediment transport by shore ice. In comparison

to sediment transport associated with high streamflows, scour by ice

jams, is of secondary importance. The volumes of sediment transported

in the middle Susltna River by anchor ice and shore, are inconse­

quentlal. However, the influence of shore ice on streambank vege­

tation and cover objects for fish appec"s to be slgnificant.
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Side Channel and Side Slough Habitats

Of the sediment tr~nsport processes described in the previous section,

high flows and flooding caused by ice jams during breakup have a

dominant role in the formation and lTklintenance of side sloughs and

side channels. Mechanical scour by block ice, anchor ice processes,

and shore ice processes have little influence on substrate composition
or streambed stability in these habitats.

Side channels and side sloughs are quite stable when conveying typical
mid-summer streamflows. Their width to depth ratios and spatial
orientation indicate they were fonned by much higher streamflows.

Although the temporal frequency of such high flows varies between

sites in accord with the breaching flow. it is generally low;
occurring perhaps once or twice within a 2S·year period.

New channels have also been formed as a result of ice jams which raise

the mainstem water level and cause flow to be diverted onto the flood
plain. Slough II. for example. was changed from an upland slough to a
side slough in 1976 when an ice jam occurred below the Gold Creek
railroad bridge. However. ice jam diversions are gene!"'ally more
important for maintaining substrate quality in side slough habitats by
flushing out fine sediments. as observed at Slough 9 during May 1982.

Sediment is transported into side sloughs and side channels from three
sources: 1) the mainstem. 2) tributaries, and 3) bank erosion. Of
these. the mainstem influence is most significant. Large q:Jantities
of suspended sand and smaller sediments are transported into side
channel and side slough habitats when the mainstem discharge is
suffi ci ent to overtop the; r upstream berms. Sunmer s treamfl ows in the
range of 20.000 to 30,000 cfs cause significant siltation or pools and

backwater areas associated with side channel and side slough habitats.
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Tributary and Tributary Mouth Habitats

High flow events are most important for shaping the channel geometry

and determining streambed composition of tributary mouths. Most
tributaries to the middle SusHna River are small, steep gradient

streams with a capacity to transport large quantities of bed load

during flood events.

When flood events are caused by regional rainstorms. the Susitna River
would hdve a high discharge concurrent with. or soon after, the high

discharge in the tributary. As a result. most sediments delivered to
the tributary mouth by the tributary are transported downstream by the

Sus Hna Ri ver. However. 1oea1 storms may cause a tri butary to fl ood
while the Susitna River remains relatively low. In such cases, a
delta may build up at the mouth of the tributary due to the deposition
of the tributary bed load. The del ta may extend into the Susi tna

River until subsequent streamflows in the river are sufficient to
erode it and transport the material downstream. This process has b~~n

periodically observed at the mouths of Gold Creek and Sherman Creek.

Upland Slough Habitats

-"

in general, upland slough habitats are isolated from mainstem sediment
transport processes. However, an exception exists in the vicinity of
the slough mouth, where sediment laden mainstem flow often enters the
slough as backwater during periods of high mainstem discharge. The

suspended sediments contained in the mainstem flow settle out in these
low velocity backwater areas and contribute to the long term

sedimentation of the slough. If a backwater eddy occurs, as at the
mouth of Slough 10, sedimentation of the slough mouth and its
downstream approach can be caused by only two or three moderately high

flow events. In other instances such as Slough 6A whe"e mainstem
water has some difficulty entering the slough mouth. sedimentation is
more subtle.
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Project Influence on Sediment Transport Processes

Construction and operation of Watana Reservoir will alter the natural
streamflow, thermal, and sediment regimes of the mi,'dle Susitna River.

flood discharges in the middle Susitna River will be smaller in

magnitude and will occur less frequently (refer Table IV-3). In

addition most suspended material and all bed load originating upstream
of the dam sites will be deposited in the reservoirs (R&M Consultants
1982d; Harza-Ebasco 1984e). Hence. the amount of sediment currently

befng transported through the middle Susitna will be substantially

reduced.

The smaller and less frequent flood flows which would occur are

expected to favor streambed and streambank stability in mainstem and

side channel habitats. Reduced flood peaks also favor the

encroachment of streambank vegetation into side sloughs and on exposed

portions of partially vegetated gravel bars. In addition, smaller and

less frequent flood events should allow tributary deltas to enlarge

over their natural size. Some tributary mouths may become perched but

most are expected to adjust themselves to with-project water levels

(R&H 1983b). Gravel deposits are e.<pected to occur in mainstem and

side channel areas irrmediate1y downstream cf most tributaries being

used by spawning salmon. Access into these tributaries by adult

salmon is not expected to be impaired by with-project changes in

tributary deltas (Trihey 1983).

Because most sediments entering Watana Reservoir will be trapped, a

tendency will exist for fine sediments to be removed from the stream­

bed downstream of the dam. Although peak flood events will be sub­

~tantially reduced by the reservoirs. regulated flood discharges at

the Gold Creek gage will often be in the range of 30,000 to 40,000 cfs

(refer Table IV-3). Gravel and smaller sediments are expected to be

dislodged froi.! the streambed by these flows and transported

downstream. Since the dislodged material will not be replaced as it

is under na tu ra 1 cond i t ions, some acce 1era ted degrada t i on of thE: rna; n

channel bed should be eApected.
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lr1h i 1e the de tUd 1 amount of degrada t i on wh i ch wou 1d occur cannot be

accurately forecast. analysis of bed material samples and inspection

of exposed portions of the streambed during periods of low streamflow

indicates that degradation of the main channel should not exceed me
foot (Hdrza-Eb~sco 1985e). Degradation would be greatest near th~ dam

face and is expected to decrease with distance downstream. In ti"~. a

pavement layer would develop due to removal of the smaller bed
materials which would retard any further degradation. This layer will

consist of a smaller percentage of fines and a greater percentage of

voids than occurs naturally.

The in f 1uence tha t wi th-proj ec t ice processes m; ght have on channe1

stabilit)' will, in part, depend upon project design and operation.

The effects of alternative intake level design and winter operating

pol icies on downstream ice processes have been evaluated by

Harza-Ebasco (1985d) and are summorized in a following section of this

report called "Instrea.m Temperature and Ice Processes." For the

purpose of di scuss i ng wi th-project ice effects on channe 1 s tabi 1i ty

and sediment transport processes, it is sufficient to say that only a

portion of the middle Susitna is expected to be ice covered.

The with-project ice cover is expected to melt in place rather than

break up under hydraulic pressure as it presently does. Breakup ice

jams are expected to occur less frequently, if at all, and be of

reduced magnitude (Harza-Ebasco 1985d). This is expected to reduce

the i nfl uence of the ri ver ice cover on na tu ra 11)' occu rri ng sediment

transport processes. However. maximum ice cover elevations within the

ice-covered portion of the river are expected to be several feet

higher than natural during operation of stages I. II and II I

(I-!arza-Ebasco 1985d). Thus disturbance of shorelire vegetation and

the potential for streambank erosion within the ice covered portion of

the middle Susitna is expected to increase above present levels.

Upstream of the ice front. sho-eline disturbances by srvre ice pro­

cesses would not be expected t( change appreciably. The shore ice
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that would form upstream of the ice cover is expected to occur at an

elevation below the present vegetation level. Melt out in spring is

expec ted to reduce the frequency of shore ice sepa rat i ng from the

streambank and floating downstream (as with natural break.up) with

encased debris and vegetation. Hence. streambank.s should be less

prone to erode.
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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 influences

the quality of fish habitat by virtue of its direct effects on fish

physiology 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. In

the middle Susitna River, turbidity is an influential and Visually

detectable water quality parameter that may be uc;ed to classify the

six aquatic habitat types into two distinct groups during the open

water season: clear water or turbid water. 1/1 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

aqua tic habi ta ts; 2) ident ify how the water qua 1ity of these aqua ti c

habitat types changes on a seasonal basisj and 3) determine how these

seasonal changes influence the quality of the aquatic habitat types.

From June to September highly turbid water accounts for th"? greatest

amount of wetted surface area in the middle Susitna River (Klinger and

Trihey 1984). During t"'s period, when surface runoff and glacial

melting are greatest, total dissolved solids, conductivity,

alkalinity. hardness. pH. and the concentrations of the dominant

anions and most cations tend to be at their lowest levels of the year,

while stream temperature, t~rbidity. true color, chemical oxygen

demand. total suspended sol ids. 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-7). Average nitrate-nitrogen concen­

trations remain rolatively constant throughout the year wi th 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 qual ity record for the Susitna River at Gold Creek during

winter. Surface water flow throughout the basin is low. 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 itself. Hence. the

concentration of suspe~ded sediment. trace metals. and phosphorous is

also low or below detection limits. Groundwater spends a greater

amount of time in contact wi th the soil and underlying rocks of the

watershed than surface runoff or glacial meltwater and thus ..;ontains

more dissolved substances. Groundwater temperatures 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

descri pt ions provi ded above. depend i ng on 1oca 1 va ri a tions in the

amount of local surface runoff or the composition and distribution of

rocks. so i 1s. and vegeta ti on. Nonethe 1ess. a genera 1i zed seasona1

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.
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Table IV·]. 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
(from Alaska Power AuthorHy 1983b).

Parameter Units of Turbid Cl ear
(Symbol or Abbreviation) Measure (summer) (Winter)

Total Suspended Solids (TSS) mgl1 700 5
Turbidity NTU 200 <I
Total Dissolved So 1ids (TOS) mg/l gO 150
Conductivi ty (,mhos em-I, 25·C) 145 240
pH pH un; ts 7.3 7.5
Alkalinity mgl1 as CaC0

3 50 73
Hardness mg/1 as Ca C0

3 62 96
Sulfate (SO -2) mg/1 14 20
Chloride (Ch +2 mg/1 5.6 22
Dissolved Calcium (Ca l2 mg/1 Ig 29
Dissolved ~agnesium (Mg mgl1 3.0 5.5
Sodium (Na ) + mg/1 4.2 11.5
Dissolved Potassium (K ) mg/1 2.2 2.2
Dissolved Oxygen (DO) mg/1 11.5 13.9
DO (: Saturation) • 102 98.0•
Chemical Oxygen Demand (COD) mg/1 II 9
Total Organic Carbon (TOC) mg/1 2.5 2.2
True Color pcu 15 5
Total Phosphorous ,g/1 120 30
flitrate-nitrogen as N (N03-N) mg/1 0.15 0.15
Total Recoverable Cadmium

[Cd(t)] ,g/1 2.0 <I
Tota 1 Recoverab 1e Coppe r

[Cu(tl] ,g/1 70 <5
Total Recoverable Iron

[Fe(t)] ,gil 14,000 <100
Total Recoverable lead

[Pb(t)] ,gil 55 <10
Total Recoverable Mercury

[Hg(t)] ,g/1 0.30 0.10
Total Recoverable Nickel

[Ni(t)] ,gil 30 2
Total Recoverable Zinc

[In(c)] ,gil 70 10
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Effects of Water Quality on Habitat Types

Mainstem and Side Channel Habitats

A comparison of the summer and winter water quality record for the

Susitna River at Gold Creek (refer Table IV-7) reveals a seasonal

contrast in the water quality conditions of the mainstem and its as­

sociated side channels. During winter almost all the flowing woter is
covered \'/ith ice and snow. However, high velocity areas in the

mainstem and small isolated areas of warm (3_4°C) upwe' 1iog

groundwater maintain scattered open leads in side sloughs and some

side channels. During late March and April open leads begin to appear
where groundwater occurs along mainstem and side channel margins or at
mid-channel islands and gravel bars. A winter-spring transition algal
bloom probably occurs at these open leads prior to breakup in mid-May.

During May (spring breakup) stream flow rapidly increases from
apprOXimately 2,000 cfs to 20.000 cfs or greater. Suspended sediment
concentrations fluctuate considerably (9 - 1,670 mg/l). but average
approximately 360 mg/l (Peratrovich et al. 1982). Most of the benthic
production that occurred during the winter-spring transition is likely
dislodged and swept downstream. A portion of this material may follow
the natural flow path along the mainstem margin and into peripheral
side channels and sloughs. Thus high spring flows may redistribute
fish food organisms and some of the organic production associated with
the winter-spring transition. At prevailing springtime turbidities
(50 to 100 NTU), the euphotic zone is estimated to extend to an
average depth of between 1.2 and 3.5 ft (Van Nieuwenhuyse 1984).
Hence. the mainstem margin and side channels 1S capable of supporting
a low to moderate level of primary production wherever velocity is not
limiting. In sUJmJer, mainstem turbidities increase to approximately
200 NTU and limit the total surface area avallable for primary
production by reducing the depth of useful light penetration to less
than 0.5 ft (Van Nieuwenhuyse 1984).
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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 sUll1l1er months is to

provide a transportation corridor for inmigrating spawning salmon and

outmigrating smolts. Mainstem water quallty also has a significant

influence on the seasonal water quality regime of side slough habitats

when overtoppin~ of side slough occurs.

Field observations made in 1984 by EWT&A suggested that during the

autumn transition period, a second puise of primary production may

occur in the mainstem and side channel habitats. The Fall pulse

appears, domi na ted by green fi 1amentous algae ra ther than di a toms.

This second bloom, induced by moder"tting stream flows and a notable

reduction in turbidity levels to less than 20 NTU, probably exceeds

~he winter-spring transition bloom in terms of surface area affected

and biomass produced. This fall-winter bloom probably stops with the

onset of freezeup. Hen~e in some years. as in J.984 , the autumn

transition may span eight to ten weeks and the primary production can

be significant, while in other years. such as 1983. frepzeup can occur

within three to four weeks after the river begins to clear.

Side Slough Habitats

Side sloughs present a unique seasonal pattern of streamflow and water

quality that is important to many fish species inhabiting the middle

Susitna River. The most significant changes in side slough water

quality are associated with their periodic overtopping by mainstem

discharge that temporarily transforms the clear water side slough

habitat into turbid water side channel habitat. During each

overtopping event, the side slough water quality and temperature are

dominated by the prevailing characteristics of the mainstem.

Overtopping during summer generally causes an increase in turbidity

from zero to near 200 NiU and a temperature increase from Goe to 10 or

12c e. Overtopping during winter has little effect on turbidity but

reduces surface and intragravel water tem~eratures from 3°C to zero.
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Field observations by EWT&A 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 d 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
observed throughout the middle Susitna River in mainstem and side

channel habitats as well. It is possible that the phosphorus
associated with the sediment plays some role in supporting the organic
matrix 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 IOOSt side sloughs and are

suspected to occur every year. The 1984 bloom was characterized by

dense mats of -filamentous green algae growing on submerged streambed

materials one inch )n diameter and larger.

In winter, side slough discharge is often maintained by numerous

groundwater upwellings which generally range between 2° and 4°C.

During winter upwelling areas often maintain open leads in the ice

cover and they provide intragrave1 habitat for incubating embryos and

overwintering opportunities for juvenile anadromous and resident fish

(ADF&G. Su Hydro 1983c).

Duri ng the wi nter-spri ng trans i t i on period (late March to mi d-May)

side sloU9h surface water temperatures exceed intragravel water

temperatures during portions of the day but are cooler than

intragravel temperatures during the night (Trihey 1982; ADF&G. Su

Hydro 1983a). Primary production rates probably increase at this

time. Chum, sockeye and pink. fry emerge from natal areas within the
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sloughs during this transition period and can be observed swimming and

feeding in quiescent pools during the warm portions of the day.

During the remainder of the day the fry appear to have burrowed into

the streambed.

Upland Slough Habitats

Upland slough habitat is distinguished from side slough habitat by the

lack of overtopping of the upstream slough end by high mainstem

discharges. Groundwater upwelling and local runoff dominate the water

qual ity chdracteristics of these habitats and turbidities are

typically less than 5 NTU throughout the year. Surface and intra­

gravel water temperatures are );milar to side sloughs. The slough

mouths are influenced by turbid backwater effects from the mainstem.

Tributary and Tributary Mouth Habitats

The seasonal water quality pattern displayed by the tributaries is

closely 1inked 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 for the middle Susitna River originates (ADF&G

1981; ADF&G. Su Hydro 1982b; Ba rrett et a1. 1984). 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. represent the most productive of the aquatic

habitats in the middle Susitna River. Thus, although not influenced

by the Susitna River streamflow or water quality regimes. valuable

insight can be gained by understanding similarities and differences

between the water quality of the tributaries and the Susitna River.

The ionic composition of tributary water likely conforms to the

hydrologic principle that the soils of a stream basin generally govern

the quantity and the qual ity of the sol ids contained in the water

flowing from it. The moderate concentrations of macronutrients
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(phosphorus and nitrogen) that prevail in these streams probably
represent only that which leaks from the internal cycling taking place
;n the salls of the 10r::a1 watershed. Although production levels are

thought to be determined by water quality, variations ;n productivity
levels within these tributaries are probably due more to hydraulic and
hydrologic conditions than to water quality.

In winter, tributary flow ;s minimal and ;s predominantly comprised of
groundwater rising up through the bed of the stream channel. Since

much of the winter mainstem flow ;s comprised of contributions made by
groundwater and tributary sources. tributary water chemistry is

probably reflected in the winter water chemistry characteristics of

the mainstem (refer Table IV-7). Thus, the water quality

characteristics of tributaries during winter reflect a well-buffered,

well-oxygenated environment for embryo incubation and adult and

juvenile overwintering.

During the April-May transition between winter and the onset of spring

runoff. portions of the ice and snow cover on the tributary 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 cOfTlllunity is

assisted by the absence of leaf cover on stream bank vegetation and

by the presence of rotten ice that effectively transmi ts 1ight

(LaPerriere. Univ. of Alaska. pers. COrml. 1984). The emergence of

some fish species and many insects is apparently timed to occur during

this brief early-spring transition.

By mid-May air temperatures in the middle Susitna have increased to

8°C and spring runoff from melting snow has filled the tributary

channel. Spring flooding generally causes redistribution of portions

of the streambed, displacement of fish from overwintering habitat, and

the flushing of organic and inorganic debris, as well as much of the

benthic community from the stream (Hynes 1970). This erosion causes

an increase in suspended sediment concentration and turbidity.

Likewise, color, total organic carbon, and chemical oxygen demand
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increase substantially, while the inflow of surface runoff dilutes

winCH concentrations of dissolved solids. It is likely that the

spring freshet serves as a functional reset mechanism for the system;

cleansing it in preparation for the sequence of ecological events to

follow.

Surrmer is tne season when juvenile flsh are most active. Typical

water quality in tributaries during the summer (June to mid-September)
probably approximates the winter condition except for lesser concen­

trations of dissolved solids and warmer stream temperatures which

fluctuate diurnally. Rearing;s supported primarily by the growth and

re.;ruitment taking place within the aquatic insect cOrmlunity

(especially chironomids). The carrying capacity of tributaries,

however. does not appea r adequa te to support the la rge numbers of

rearing juveniles. so many juveniles outmigrate at this time to

continue their development elsewhere (Dugan et al. 1984).

During late September and early October a second transition period

occurs as streamflow, photoperiod, and temperature gradually decline.

Algal biomass and productivity are probably at their annual peak

during this time, as is the standing crop of benthic macro­

invertebrates (Hynes 1970). This algal Jr.at is not only a food source

for a variety of insect larvae and nymphs. but also serves as

microhabitat for many aquatic organisms inclUding juvenile fish. The

leaves shed from riparian vegetation may provide further microhabitat

and insect food substrate.

By late October, surface water temperatures are O°C and an ice cover

begins to form. Unstable border ice and anchor ice probably dislodge

a substantial portion of the benthic corrmunity, causing it to be swept

downstream. Much of what remains of this community may be frozen in

place as the ice cover formation continues. Freezeup is usually

complete by late November or early December when the winter phase of

the annual cycle begins once again.
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With-Project Relationships

Seasonal stream temperatures, suspended sediment concentratlons and

turbidities influence the quality of aquatic habitat types in the

middle Susitna River, and therefore are important to the distribution

and product i on of fi sh. It is a1so e'/i dent tha t these wa ter qua 1ity

parameters will be more directly affected by construction anr:l opera­

tion of the proposed project than will other water quality parameters
{Peratrov;ch et a1. 1982; Un;v. of Alaska, AEIDC 1985a'. The

following discussion focuses on with-project relationships between
suspended sediment and turbidity. Stream temperature is discussed in

the following section of this report.

The suspended sediment regime of the $usitnd River downstream of the

impoundments will change significantly as a result of project

construction. Project operation is thought to have a minor influence

on downstream suspended sediment concentrations. The reservoir(s} is

estimated to trap between 70 and 98 percent of the total volume of

sediments that are annually transported through the middle Susitna

River (R&M 1982d; Harza-Ebasco 1984e). Very fine sediment particles

«5].1 in diameter) will remain in suspension year round within the

reservoirs (APA 1983b). These small particles create a turbidity far

greater in proportion to their mass than do larger particles.

Estimates for the expected concentration of total suspended solids

released year round from the reservJir (s) range from 0 to 345 mg/l,

with the expected average to range between 30 and 200 mg/l

(Peratrovich et al. 1982). More recent estimates (Harza-Ebasco Ig85e)

indicate that suspended sediment con'.:entrations in the outflow from

Watana Reservoir during the year woul': range between 30 and 130 mgt'

for stages J and II, and between 10 and 80 mg/l during the year for

s tage II I.

Although a relationship between total suspended solids (TSS) and

turbidity (NTU) is difficult to define, settling column studies of

Susitna River water indicate that turbidity pnU) is approximately
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Figure IV-B. Theoretical curve of turbidity versus compensation
depth (Reub et .1. 1985).

However. a relationship between turbidity (NTU) and compensation depth

(feet) developed by Van Nieuwenhuyse (1984) indicates the depth to

which photoactive radiation might penetrate the middle Susitna River

under a broad range of turbidities (Fig. IV-8). Evaluation of

with-project turbidity and streamflow levels on the euphotic surface

area of the middle Susitna River is in progress (Reub et al. 1985).

twice the suspended sediment concentration (~/l) (R&M 1984c). lloyd

(1985) has also compiled a relationship between turbidity and

suspended sediment concentrations using data from several glacial

streams in Alaska (Fig. IV-7). Unfortunately, an order of magnitude

difference in turbidity is calculated for the same suspended sediment

concentration using these relationships (Table IV-8). To date.

insuff;.::.::nt information is available to determine which of these

relationships is more applicable to project conditions.
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SUSPENDED SEDIMENT CONCENTRATION
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Empirical relationship of naturally occurring turbidity
versus sus~ended sedi~ent concentration for rivers in

.4.1 aska. sarnpl ed duri ng r'ay - October. 1976-1983 (Lloyd
1985, derived from data provided by lJSGS).
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Table IV-8. Dtfferellce in compensation depths calculated from with-project suspended sediment
concentrations (mg/l) using two different relationships between turbidity (NTU) dlHJ TSS.

Forecast TSS Estimated Correspondlng Compensation
Concentra t ions NTU Range Van Nieuwenlluyse

I. 30 to 200 m9/1 a) 60 to 400 NTU 3.5 to 1 feet

h) 10 to 40 NTU 4 feet

2. 30 to 130 m9/1 a) 60 to 260 NTU 3.5 to 1 feet

h) 10 to 30 NTU 4.5 feet

- 3. 10 to 80 1119/1 a) 20 to 160 NTU 4 to 1.5 feet
~,
~ h) 5 to 15 NTU 5 feet..

1. Peratrovich. Nottingham and Drage Inc. and Hutchinson 1982.

2. Stages I and II. lIarza-Ebasco 1985a.

J. 5tdye I II. Harza-Ebasco 1985a.

a) ~&M Consultants 1984c.

h) Lloyd 1985.
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Primary production in the middle reach of the Susana River presently

appears to be concentrated in the spring and fall periods of low

turbidities. although no quantitative data are available to ClOcument

this observation. 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 sunrner months. The net result of these opposing

processes has not been forecast at present.
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Instream Temperature and Ice Processes

Temperature Criteria for Fish

For the range of stream temperatures encountered in northern rivers,

increases in streclm temperature generally cause an increase in the

rate of chemical reactions. primary production, and cycling of
allochthonous food sources. Fish, being poikilothermic inhabitants of

the river, adjust their body temperatures to match the temperature of

the water. As stream temperatures increase. rates of digestion.
circulation and respiration of fish increase. Thus. there is an
avera 11 ; ncreasp ; n the rate of energy input. nutri ent eye1i n9 and

energy use by fish as any northern river system warms.

Each species of fish is physiologically adapted to survive within a
tolerance range of stream temperature. Within this tolerance range
there is a narrower range of "preferrpd" temperatures at which metabo­
lism and growth rates of individuals are most efficient. Outside the
tolerance range are upper and lower incipient lethal limits.

For the middle Sus it. :! River. the preferred temperature range of adult
salmon Is 6 to 12"C (UnlY. of Alaska, AEIDC 1985a). JuYenile salmon
appear to prefer slightly warmer temperatures. generally ranging from
7 to 14°C (Table IV-9). These temperatures are consistent with the
preferred temperature range of 7 to 13°C reported by McNeil and Bailey
(197fo) for Pacific salmon. The preferred temperature range for salmon
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
!ltream 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
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Table IV-9. Preliminary stream temperature criteria for Pacific salmon
developed from literature sources for application to the Susitna
River (University of Alaska, AEIDC 1984).

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

••••••••••••••••
•
~

~

Species

Chum

Sockeye

Pink

Chinook

Coho

Temperature Range (OCI
life Phase Tolerance Preferred

Adult Migration 1.5-18.0 6.0-13.0
Spawning 1.0-14.0 6.0-13.0
Incubation l 0-12.0 2.0-8.0
Rear; n9 1.5-16.0 5.0-15.0
Smolt Migration 3.0-13.0 5.0-12.0

Adult Migration 2.5-16.0 6.0-12.0
Spawning 4.0-14.0 6.0-12.0
Incubation l 0-14.0 4.5-8.0
Rear; "9 2.0-16.0 7.0-14.0
Smalt Migration 4.0-18.0 5.0-12.0

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

Adult Migration 2.0-16.0 7.0-13.0
Spawning 5.0-14.0 7.0-12.0
Incubation! 0-16.0 4.0-12.0
Rear; n9 2.0-16.0 7.0-14.Q
Smolt Migration 4.0-16.0 7.0-14.0

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
Smalt Migration 2.0-16.0 6.0-12.0



approximately 140 centigrade temperature un'its (CTU)I, after which

their sensitivity to cold temperatures has passed and the incubati"g

embryos can tolerate water temperatures near DOC for extended periods

of time.

Table 1'1-10 provides a comparison between the number of CTU that

resul ted 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 dnd sock.eye alevins at selected middle

Susitna River sloughs appear to be similar to that required by Alaskan
stocks of these species under controlled conditions (ADF&G, Su Hydro

1983c). Collectively, these data indicate that 400 to 500 CTU can be

used as an index for 50 percent hatching of chum and sockeye eggs.

The relationship between mean incubation temperature and deve~opment

rate for chum embryos is presented in the fonn of a nomograph

(Fig. IV-g). This nomograph can be used to estimate the date of 50

percent emergence given the spawning date and the mean daily intra­

gravel water temperature for the incubation period. A straight line

pro.jected from the spawning date on the left axis through the mean

incubation temperature on the middle a:.is identifies the date of

emergence on the right axis.

Instream Temperature Processes

Stream temperature in northern rivers responds primarily to the

seasonal variation of the local climate and hydrologic conditions.

lA centigrade temperature unit (CTU) is the index used to measure the
i of' uences of tempera ture on embryoni c deve 1opmen t and is defi ned as
one 24 hour period 1°C above freezing (O°C). Hence stream tempera­
tures at 4.7°C for 3 days would provide 14 centigrade temperature
units.
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Brood CTU required CTU requi red
location Year for 50: Hatching for 50: Emergence 1

Susitna Ri ver - Slou9h 8A 1982 539 2

Susitna River Slough II 1982 501 232

Susitna River - Slough 21 Mouth 1982 534 283

Clear Hatchery3 1977 420 313

Clear Hatchery3 1978 455 393

Eklutna Hatchery4 1981 802 209

USFWS Laboratory - AnchorageS 1982 306

USFWS laboratory - AnchorageS 1982 448

USFWS laboratory - AnchorageS 1982 489

USFWS laboratory - AnchorageS 1982 472

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

2 No emergence had occurred as of April 20.

Table IV-IO. Comparison of accumulated centigrade temperature units {ClUJ
needed to produce SO percent hatching of chum salmon eggs and
percent emergence of chum salmon alevins at selected sites on
Susitna River with those required under controlled incubating
environments elsewhere in Alaska (from ADF&G. Su Hydro 1~a3c) .

50
the
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personal communication.

(1983).

3 Raymond (1981).
4 Loren Waldron, Eklutna Hatchery.

5 Adapted from Waangard and Burger
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Chum salmon spawning time versus mean incubation
telTl!lerature nomograph (Univ. of :G.1aska. AEIQC 1985a).
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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 10119­

wave radiation are significantly influenced by basin topography,
p~rcent cloud cover. and su rroundi ng vegeta t i on. At higher 1a t itudes

incoming shortwave radiation is highly variable because of seasonal

differences in the solar azimuth which influences the intensity of the
shortwave rad i a t i on per un i t area and the 1ength of the day 1i ght

peri ad.

In addition to atmospheric processes, water temperature in the Middle

Susitna Ri'/er is influenced by its water sources. These are: glacial

melt, tributary inflow, and groundwater inflow. The relative

importance of each of these to mainstem flow and temperature at Gold

Creek varies seasonally.

Tributary inflow increases during snow melt periods and in response to

rainstorms, while the occurrence of glacial meltwater is predominantly

a surrmer phenomena. Groundwater inflow, 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. Tri buta ry i nfl ows themselves di mi ni sh to base 1eve 1s

maintained by groundwater inflow from their sub-basins.

The temperature of these i nfl uent sources also varies. Groundwater

remains near' 3 to 4°C throughout the year (ADF&G, Su Hydro 19B3c).

While glacial meltwater at the headwaters of the Susitna River is near

O°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 temperdture of the mainstem, especially during May and

June when most of their streamflow consists of snow melt {Fig. IV-IOj.

Tributary inflows characteristically hug the mainstem shoreline after
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converging with the SusHna River. forming a plume that may extend

several hundred feet downstream. Hence. tributary water temperatures

determine surface water temperatures in tributary mouth habitats but

tave little effect on mainstem water temperatures.

In general, 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 SoC during

May and gradually decrease from 9 or 10'C in early September to aoc by
mid to late October. Water temperatures in side channels reflect

mainstem temperatures unless the ~instem discharge is too low for the
side channel to convey mainstem water. Surface water temperatures in

side sloughs, except when overtopped by mainstem flow, are independent

of mainstem water temperatures even though both may occasiona.lly be

the same temperature (Ta~le IV-II).

Sloughs receive nearly al f their clear water flow from local runoff

and groundwater inflow. ~'oughs receive substantial inflow from

snowmelt or rainfall runo r race water temperatures will reflect

the temperature of that rUE. .~'le to relatively large surface areas

in comparison to flow rat,,- .. rface water temperatures in side

sloughs respond markedly to changes in solar radiation and air

temperature. Surface water temperatures typically reach 5 or 6°C in

quiescent areas within side sloughs by mid·April, approximately one

month before similar water temperatures are reached in mainstem c.nd

side channel areas. Daily fluctuations in side slough surface water

temperatures are more exaggerated than for rnainstem or side channel

water temperatures (Estes and Vincent-Lang 1984b). During winter,

slough flow is primarily maintained by upwelling groundwater which

possesses very stable temperatures around 3°e (ADF&G, Su Hydro 1983c).

Hence, surface water temperatures in side sloughs are significantly

i nfl uenced by the thenna 1 qua 1i ty of the upwell i ngs; often rema i ni ng

well above aoe throughout most of the winter.

••••..
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Side sloughs are occasionally

mainstem ice cover is forming.

overtopped by mainstem wa~er when the

The sudden influx of large volumes of
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Tabte IV-ll. Comparison betw~en measured surface water temperatures (OC) in side sloughs and simulated average
month ly ma ins tern tempera tures (from AOF&G. Su Uydro 1983b. 1983c).

1982 1982 1983
location RM Feb Mar Apr ·AU9 Sep Oct Nov Dec Jan Feb Md I' Apr May

SloU9h 8A Mouth 125.4 6.5 2.4 1.7 0 0 0.4 1.3

SloU9h 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

Slou9h 11 135.7 2.5 3. 1 3.3 3. 1 2.9 2.9 2.9 2.9 3.0 3.5 6.0

Slou9h 21 141.8 1.6 1.9 3.1 2.2 1.1 0.8

-<,
~
A

Mainstem

LRX 29 126.1 0.0 0.0 2.9 10.9 6.5 0.6 0.0 0.0 0.0 0.0 0.0 3.0

LRX 53 140.2 0.0 0.0 2.5 10.8 6.4 0.6 0.0 0.0 0.0 0.0 0.0 2.6

Note: ~lainstem temperatures are simulated without dn ice cover and warm earlier in the spring than what
naturally occurs. Thus the April n1ainstem temperatures are probably warmer than what would occur .
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zero degree water during freezeup severely disrupts the normal

relationship between intragravel and surface water temperatures. Once

the slough ;s overtopped, the small volume of relatively warm slough

water, which serves to buffer submerged upwelling areas from extreme

cold, ;s immediately replaced by a large volume of O°C water and slUSh
ice. As a resuit. the warm influence of the upwelling groundwater ;s
diminished and intragravel water temperatures d.ecrease from

approximately Joe to near O°C (ADF&G, Su Hydro 1983c).

A similar condition occurs during spring breakup if ice jams cause

large volumes of near-zero degree ~;nstem water to flow through side
sloughs. flushing them of their substantially warmer surface water,

Although little 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 because of the shorter duration of the breakup events.

With-Project Temperature Conditions

The cooling and warming of the middle Susitna River by the atmospheric

processes would not be altered by the proposed project. However,

construction and operation of the proposed Slisitna Project would

redistribute the available water supply and its associated heat energy

through the year. During the summer months the reservoir would store

heat while releasing smaller than natural flows having lower than

natural temperatures. For the remainder of the year, both the amount

and temperature of .the released water would be greater than natural.

Addition of Devil Canyon reservoir would amplify the deviation of

with-project stream temperatures from naturally occurring surrrner and

winter temperatures at any given location within the middle Susitna

River. In effect, the addition of Devil Canyon Reservoir would result

in naturally occurring stream temperatures being affected further

downstream. Those portions of the Susi tna River most affected by

with-project stream temperatures will be mainstem and side channel
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areas upstream from the three rivers confluence (RM 99) (Univ. of

AI.sk., AEIOC 1985.).

Project design and operation will influence the temperature and flow

rate of water discharg~d from the dames}. Table IV-12 displays the

simulated downstream temperatures for two sunmer 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 I.BoC

temperature difference shown in the second case results in a greater

difference in downstream temperature than occurs by changing

streamflow 810 cfs , as shown in the first case. Table IV-IJ displays
downstream temperatures for two winter cases: (1) where reservoi r

outflows 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 an 11 percent increase) but the temperatures

of the reservoir outflows differ by approximately 1°C. As indicated

by the previ ous examp1e for sunmer re 1eases, va ryi ng the temperature

of the reservoir outflow results in greater downstream temperature

differences than does varying the reservoir outflow. Hence, it can be

concluded that within the anticipated operating range of the project,

the temperature of the reservoir outflow has a greater influence on

downstream water temperatures than flow rate.

However, basin climate is the most significant variable influencing

winter stream temperature and river ice conditions (APA 1984a).

Table IV-14 illustrates the substantial influence winter air

temperature has on downstream water temperatures. A decrease in air

temperature of approximately 8°C resulted in stream temperatures of

a.5°C to occur about 20 miles farther upstream.

Because of the possibility of using warm water releases from Watana

Reservoirs to control ice cover fonmation on the middle Susitna River,

Harza-Ebasco (1985c) evaluated alternative winter operating pollcies

and intak.e d,~si9ns which might effect the temperature of reservoir
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Table IV~12. Downstream temperatures (Ge) resulting from differences in surrrner
reservoir release flows and temperatures .

Water Week 34 Water Week 45
(May 20 26, 1981) (Au9ust 5 II, 1974)

Dam Release: Dam Release:
6080 cfs 5270 cfs 10,950 cfs 10,950 cfs

Temp: Temp:
3.9°( 3. goe 8.1 a( 9.9°C

Middle
River Cross 2002 2D20 2002 2020
Section River Mile Demand Dsnand 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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Table IV-I3. Downstream temperatures (OC) resulting from differences in winter
reservoir release flows and temperatures.

Water Week 9 Water Week 22
(Nov. 26 • Dec. 2 1970) (Feb. 25 • March 3, 19S2)

Dam Release: Dam Release:
7770 cf. 12 ,;'70 cfs 7190 cf. SOOO cf.
T","p: Temp:

1.3 °C I. 3°C 2.SOC I.JOC
Middle

River Cross 2002 2020 2002 2020
Section River Mile Demand Demand Demand Demand

68 150 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 O.S 0.1

13 110 0 0 0.2 0

3 99 0 0 0 0
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Table IV-14. 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. goC 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 simulation£ are for Devil Canyon dam, 2002 Demand.
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outflows. The alternative policies evaluated include "inflow

temperature matching." "wannest water avallable" and "lowest port."

The inflow-matching policy, which was used for the "Instream Ice

Simulation Study" (Harza-Ebasco 1984c) and has been adopted by the

Alaska Power Authority for the licer-se Application studies (APA 1983,
1985), represents a year-round attempt to match the reservoir release
temperatures with the natural temperature of the flow entering the

reservoir. Inflow temperature matching results in the release of the

coldest water available to the power intakes during winter. The

warmest water pol icy represents a year-round pol icy of releasing the

warmest water available to the power intakes. For both inflow­
matching and wannest water policies, the particular intake port
selected for operation will vary with the changing reservoir levels
and temperature profiles. The lowest port operating policy means that
the lowest port of the multi-level power intake will be operated
year-round regardless of water temperatures.

The warmes t water and lowes t port operati ng po1i ci es tend to reduce
the maximum upstream extent of the ice cover as well as its thickness.
These reductions result in fewer sloughs being overtopped relative to
the inflow matching policy. However this trend does not hold for all
situations due to the influence of antecedent seasonal climatic
conditions. With the addition of Devil Canyon Dam (Stages II and III)
these alternative operating policies have no significant effect ~n ice
cover over the inflow matching policy.

Use of a low level intake port would also tend to reduce somewhat the
upstream extent and thickness of the ice cover. However, substantial
reductions in the ice conditions are not expected to occur
consistently unless a very low intake port ;s provided (Harza-Ebasco
1985d) .
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Ice Processes

Figure IV~ll diagrams ice formation processes within the middle

Susitna River. In order to understand the flow chart and subsequent

discussions in this text. the following definitions for the most

conmon types of ice found in the middle Susitna Rwer have been
adopted from R&M (1984b).

o Frazil - Individual crystals of ice generally believed to

fonn around a nucleating agent when water becomes super­

cooled.

o Frazil slush - Frazil ice that agglomerates into loosely

packed clusters resembling slush. The slush eventually
gains sufficient mass and buoyancy to counteract the flow

turbulence and float on the water surface.

o Snow slush - Similar to frazil slush but formed by loosely

packed snow particles in the stream.

o 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 resul ting 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 layer~ several feet thick within the Susitna slush ice
cover.

a 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.
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o Ice bridges - These generally form when shore ice grows out
from the banks to such an extent that a 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 into a
continuous solid ice cover o. bridge. This ice bridge

usually prevents slush rafts from continuing downstream,
initiating an upstream accumulation or progression of ice.

o Hummocked ice - This is the most common form of ice cover on
the Susitna rr.ainstem and side channel areas. It is formed

by continuous accumulation of consolidated slush rafts that

progressively build up behind ice bridges, causing the ice

cover to migrate upstream during freezeup.

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 (O°C), frazil crystals begin to form by

nucleation or by a mass exchange mechanism between the water surface

and the cold air. In the Susitna River fine suspended sediments may

be the nucleating agent in the Susitna River. In the mass exchange

mechanism, initial nucleation occurs in the air above the water

surface and the ice crystals fall into the water (Ashton 1978).

Frazil crystals initially form as small disk.·shaped crystals only a

few millimeters in diameter. However, these small ice crystals grow

rapidly in cold water and accUllll1ate as frazil slush masses, float

along on the stream surface. Snowfall often contributes to nucleation

and accelerates frazil formation of floating snow slush. The slush

mass usually breaks up into individual slush floes within turbulent

portions of the river and continue drifting downriver until stopped by

ice bridges at river constrictions (Michel 1971. Ashton 1978; Oster­

kamp 1978). The accumulation of drifting slush masses against an ice

bridge results in the upstream progression of the river ice cover.
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Frazil ice which contacts and attaches itself t the streambed is

called anchor ice. Frazil ice only attaches to the bed when it is in

the "active" state. That is. when climate conditions are such that

the entire body of water at a given location is supercooled. Anchor

ice often accumulates fine sediment by til tering water flowing over

and through it. When air temperature rise or solar radiation

increases, the stream temperature will warm from a supercooled
condition to freezing. This results in a weakening of the bond
between the anchor ice and the streambed. Flow momentum and buoyancy
forces may become sufficient to discharge the anchor along with
attached fine sediment and gravels. The buoyant anchor floats

downstream to become included in the ice cover or to melt and release

its sediment load.

Generally, frazil ice first appears in the Susftna River by

mid-September between the Denali Highway bridge and Vee Canyon. This

ice drifts downri ver, often accumu ~ at i ng into loosely-bonded slush

floes, until it melts or exits the lower Susitna River into Cook

Inlet. ApprOXimately 80 percent of the ice passing through the three

ri vers confl uence into the lower Sus itna River duri ng rreezeup. is

produced in the upper and middle Susitna River, while the remaining 20

percent is produced in the Talkeetna and Chulitna Rivers (R&M 1985b).

An exces.; of 50 percent of the ice occurring in the lower Susitna

River dow,'stream from the Yentna River confluence is produced by the

Ventn. River (APA 1984.).

Talkeetna to Gold Creek. The leading edge of the ice cover usually

arrives at the confluence of the Susitna and Chulitna Rivers (RM 99)

during November or early December (Table IV-IS). The slush ice front

progression from the ~usitna/Ch:Jlitna confluence generally tenninates

in the vicinity of Gold Creek. about 35 to 40 miles upstream from the

confluence, by late December or early January. Water flowing under

the river ice cover often erodes the underside of the ice, causing

open leads in the river ice cover downstream of the ice front. This

usually occurs s~ ,·tly after the initial stabllization of a slush ice

IV-64

II
II

•••••••••••••
III
III,

111.,



....
••

SUlIIIlary of freeze up observations for several locations within the Talke,,:~.,a to Devil C."ycn
re.lch of the Sus I tni River (R&H Con!u1tant!. 1~81a. 19S2b. 1983011. 1984b J,

•••••••••••••••

location

Ice Bridge or Ice Front At
Susitn.-Chulitna confluence

Leading EOQe Near
Cold Creek

Aooroxim.te Freezing Oat~s at
Susie". Chulitna
Confl uenee

"

Lane Creek
McKeru: I e Creek

"
Curry

Slough 8

Slough '}

Slough 11

Cold Creek
Portage Creek

River Hile

98.6
103.3
104.3
106.2
108.0
112.9
113.7
116.7
118.8
120.7
12".5
126.5
127.0
128.3
130.9
135.3
136.6
1%8. '}

198\)-1981

No.... 29

Dec. 12

0.0.

Dec. 2
Dec. )

Dec. 5

Dec. 8

Dec. 12
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No.... 18

Dec. )1

Mid-No....

Mia-Dec.

Early J.".

1982-1983

No.... 5

Dec. 27

No". 5
No". 8

No". 9

No". 15
Nov. 18

No". 2.
No". 2.

No". l2
No". "0.0. 1

Dec. ,
Jan. "Dec. "

1983-' J8~

Dec. f

Dec. "

:>ec. ; 1

Jan. 5

Jan. U



covet·, These leads may freeze over with the onset of very cold air

temperatures. Generally most leads are closed by early March.

As the ice front moves upriver its rate of progression generally

decreases. In 1982, the progression rate slowed from an average of

3.5 mil es per day near the conf' uence to 0.05 mil es per day by the

time it reached Gold C,aek (RM 136). This was at.tributed to the

increased river gradient near Gold Creek and to the r"~uction in

frazil ice input from the upper Susitna River because it Lid developed

a cont i nuous ; ce cover. The upper Sus; tna Ri ver genera11y freezes

over by border ice growth and intermediate bridging before the

leading edge of the middle river ice cover reaches Gold Creek.

local groundwater levels are often r3ised as the leading ed9~ of the

ice cover approaches. As the ice ce,ver forms on the river. mainstem

water surface elevations rise in response to the blockage of

streamflo~ by river ice. This process of raising the water level in

the mainstem upstream of the ice cover is called staging. Increased

water surface elevations are then propagated through permeable river

sediments into surrounding sloughs and side channels.

Many sloughs do not form a continuous ice cover or an ice cover which

persists all winter due to the relatively warm (I-3°C) temperature of

upwelling groundwater {Trihey 1982; ADF&G. Su Hydro 1983c}. However,

ice does form along slough margins. restricting the open water area to

a narrow, open lead. Some portions of the sloughs that form black ice

covers during the fall and early winter later melt out because

mainstem staging increases upwelling rates and the associated thermal

influence of the groundwater. These leads often remain open through

the remainder of winter.

Generally, an ice cover has formed on the Susitna River at Devil

Canyon (RM 150) by the t; me the ice front reaches Go 1d Creek (RM 136)

in early January (R&M 1983a). Hence. the ice front is slow to advance

upstream of Gold Creek because of the lack of slUSh ice from above
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Devil Canyon. Also the higher mainstem velocities above Gold Creek,
caused by the steeper channel gradient, make it more difficult for the
ice cover to advance by accumulation of slush ice against its leading
edge. Hence that portion of the river between Gold Creek and Devil

Canyon forms its ice cover later in the year and by a different

process than the sub reach below Gold Creek.

Throughout the freezeup period shore ice extends out into the rher

cont i nua 11y i "corporat; og slush ; ce I snow t and black ice into the

formation. Extensive shore ice formations constrict the open water

channel of the mainstem and frequently form ice bridges across the

river. In the open water areas between the ice bridges. frazil ice

adheres to the channel bottom, forming anchor ice. Anchor ice often

acculJIJ 1a tes formi ng submerged obs truct ions (dams) on the stream bed,

increasing local water turbulence which then contributes to increased

frazil generation. Sl ight backwaters are sometimes induced by the

anchor ice obstructions which affect flow distribution between

channels and cause overflow onto the shore ice. Within these

backwater areas, slush ice may freeze into ice bridges because of

reduced surface velocity.

little staging has been observed on the middle Susitna River between

Gold Creek and Devil Canyon. Accordingly, sloughs and side channels

in this portion of the river are seldom overtopped during freezeup.

Open leads often exist in side sloughs during winter due to ground­

water inflow. Open leads also occur in the mainstem, but in

association with high velocity areas between ice bridges. As opposed

to the segment downstream of Go~d Creek few leads reopen in this

segment after the formation of the initial ice cover.

Breakup

The ice cover on the Susitna River presently disintegrates 1n the

spring by a progression beginning with a slow, gradual deterioration

and ending with a dramatic breakup drive accompanied by ice jams,
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flooding. dnd eroslon (R&M 1983a). Although breakup always occurs

between late April and mia-May, its duration depends on the intensity
of solar radiation, air tp.mperatures, and precipitation.

A pre-breakup period usually occurs by early April as snowmelt begins.
Snowmelt begins first at the lower elevations near the $usitna River

mouth and slowly works northward up the river. By late April, snow

has usually disappeared on the fiver south of Talkeetna and the

snowmelt ;s 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 tt':?ir confluences

with the Susitna River. Increased flows from the tributaries erode

the Susitna ice cover for considerable distances downstream from their

confl uences.

As water levels in the lower Susitna River begin to rise and fluctuate

with spring snowmelt and precipitation. overflow onto the ice often

occurs. Standing water ~hich accurulates in depressions on the ice

cover reduces the albedo (reflectivity) of the ice surface, and open

leads quickly appear. In the steeper gradient middle Susitna River,

the rising water level erodes the under-side of the ice cover and

portions collapse into the river and drift downstream forming small

ice jams at the end of the open lead. In this way, open leads

continually become wider and longer until the ice cover is weakened

and breaks up in a dramatic drive.

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

snowmelt. which lift and fracture the ice surface. When the river

discharge 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.
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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.

Major ice jams generally occur in sha 11 ow reaches wi th a narrow

confining thalweg channel along one bank. or at sharp river bends.

Major jams are cOlTlTlOnly found adjacent to side chann~ls or sloughs:

and may have played a part in their formation by caus1ng 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 jam flood transformed a small upland slough

into a major side slough.

Breakup ice jams conmonly 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 adjacent side channels or sloughs.

rapidly eroding away sections of riverbank and often pushing ice well

up into the trees.

Effects of With-Project Instream Temperatures on Susitna River Ice

Processes

The most important factors affecting freezeup of the Susitna River are

air and water temperature. instream hydraulics. and channel mor­

phology. The headwaters of the Susitna River are conmonly subjected

to freezing air temperature by mid-Septerrber. and slush ice has been

observed in the Talleetna-to-Oevil Canyon reach as early as late

September. Breakup is primarily influenced by antecedent snowpack

conditions. air temperature and spring rainfall. Initial phases of

ice cover deterioration cOlTlJlOnly begin by mid-April, with ice-out

generally completed by mid-May (R&M 1983a).
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Instream icp model ing sturl:es indicate that operation of the Susitna

River Hydroelectric Project would have significant effects on

downstream ice processes due to project-induced changes to winter
streamflows and temperatures (Harza-Ebasco 1984c). Winter streamflows

would be several times greater than natural and stream temperatures

would increase from aoc to between a.soc and 3°e depending upon the

location downstream of the dam(s) (Un;v. of Alaska, AEIDe 1985a).

With-Project Simulations. Freeze-up. The rate at which a river
produces frazil ice is dependent upon the heat transfer across the air
water interface. Therefore. the magnitude of below freezing air

temperatures and the amount of open·water surface area are importdnt

considerations. The rate of frazil ice generation has been observed

to decrease as surface area of a river segment conveys greater

concentrations of floating slush ice. Therefore the ice discharge

from a long river segment may approach a "saturation" condition in a

relatively short distance dependent upon the air-water temperature

differential. This "saturation" condition has been observed to occur

Frazil ice generated in the Vee Canyon to Denali Highway river segment

normally drifts through the middle Susitna River and provides a

principal source of slush ice for ice cover formation on the lower

Susitna River. The volume of ice supplied by the middle Susitna River

during freeze-up has been estimated to be approximately 80% of the

total ice supply at the Chulitna-Susitna confluence. With

construction of Watana dam and reservoir this frazil ice would be

trapped in the reservoir, unable to reach its normal destinations.

Additionally, there would be a completely ice-free zone downstream of

Watana Dam due to above O°C reservoir outflow. With the construction

of Devil Canyon Dam the location of the zero degree isotherm would be

ex tended downs tream, fu rther reduc i rig the amount of surface a rea

witl'lin the middle Susitna River available for frazil ice production.
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Downstream of the DOC isotherm fraz; 1 lee would be produced as a

function of air temperature and open water surface area. Therefore.
if the aoc isotherm is relatively close to the ~am(s). large volumes

of ice can still be produced in the middle Susitna River, and the

effects of "trapping" the upper river ice supply and providing an ice­

free zone downstream of dams would delay, but not prevent, formation
of an ice cover on the lower Susitnil River.

Arrival of the lower Susitna ice front at the confluence of the Yentna
River (RM 26) usually occurs in late October or early November. This

timing is not expected to be significantly altered by the pioject in

spite of the reduced fraz,1 ice supply from the middle Susitna River.

Frazil ice contributions from the Yentna River and other major

tributaries (Talkeetna and ChuHtna Rivers) would not be influenced by

the project and are considered adequate to maintain initial bridging

of the lower Susitna River near RM 10 (APA 1984a). Based on this

assumption. November 1 was used in the instream ice allalysis

(Harza-Ebasco 1984b) as a representative date for the ice front to

pass above the Yentna River confluence. However, reduced frazil input

from the middle Susitna River, combined with higher winter streamflows

and temperatures would cause about a three-week delay (relative to

natural conditions) of the ice front pro9ression upstream of the three

rivers confluence with Stage I operating. With stage It and III of

the project in operation, the ice front progression would be further

delayed from mid-December unti 1 late December or early January

(F1g. IV-IZ.).

The wann water temperatures released from the dams would not cool to

the freezi ng 1eve1 for severa1 mi Ies downs tream of the dams. Except

for some shorel ine border ice, ice would not fonn in this reach wi th

Stage I operating. The maximum upstream extent of the ice cover

during an average winter is expected to be in the vicinity of RM 139,

however. it could vary from RM 124 to RN 142 depending upon .... inter

climate and project operation. The extent of the ice cover would be

reduced to the vi c1 nity of RM 133 wi th Stage II opera t i n9 and to
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Figure IV·12. Duration of the icE>-co .... ered period and maximum upstream extent of ice cover on the
middle Susltna River under natural and with-project conditions (adapted from Harza-
Ebasco 19R5d). .
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RM 114 under Stage III (Fig. IV-12b)). The ice front would reach its

maximum upstream position between January and late March for Stage I

and late January to early March for Stage II I. The location of the

ice front wculd fluctuate considerably throughout winter depending 011

prevailing air temperatures and project operation .

Under natural conditions. low streamflows occasionally cause secondary
ice bridges to form upstream of the Susitna/Chulitna in advanLe of the
main ice front. With the project in place, these low flow conditian~

would not occur and intermediate ice bridging is not expected to occur
in the middle Susitna River. Increased winter streamflows would also
cause water surface elevations of the mainstem to be significantly

higher than natural. In the ice covered portion of the middle

Susitna, winter staging is forecast between two and seven feet higher

than natural. Downstream from the ice front, a greater number of

sloughs and side channe1s wou 1d be more frequently overtopped than

occurs naturally (Table IV-16).

Upstream Lorn the ice front's maximum progression, water surface

elevations would be higher than normal but freezeup staging would not

occur. Water levels in that reach would be 1 to 3 feet lower than

natural freezeup levels with Stage I operating and 1 to 5 feet lower

with Stage III operating. No sloughs are expected to be overtopped in

this reach by winter streamflows. However, the lower water levels in

this reach may reduce the naturally occurring rate of groundwater

upwelling in the sloughs.

Simulations generally have been made using an inflow-matching

temperature criterion for operation of the multi-level intakes at

Watana Dam. That is, power flows will be selected from levels which

provide outflow temperatures most nearly equal to inflow temperatures.

During winter, the inflow temperature is ooe, but the outflow

temperature is generally in the range of 1 to 3°C. Additional ice

cover simulations have been made by Harza·Ebasco using a warmest water

available and lowest intake pan. operating policies (Harza-Ebasco
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Table IV-16. Occurrences where with-prOject! maximum river stages
are higher than natural conditions (Harza-Ebasco
Susitna Joint Venture 1984c).

Watana Watana and
Slough or River Only 2 Devil Canyon2

Side Channel Mile Operating Operating

Whi skers 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
MSIl 115.5 6/6 6/6
MS II 115.9 6/6 6/6
Curry 120.0 6/6 3/6
Moose 123.5 6/6 4/6
8A West 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 dis 135.3 3/6 0/6
11 136.5 4/6 2/6

Notes:
1 "Case ell 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.
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1985c). Both of these alternative temperature policies are only
marginally effective for preventing ice cover formation on the middle
Susitna River. In addition. water quality effects such as increased

turbidity and reduced, dissolved oxygen may be other factors to
consider with releases from very low levels.

With-Project Simulations, Breakup. The normal spring breakup drive

which occurs on the middle Susitna River in early May is brought on by
streamflow increases that lift and fracture the ice cover. The higher
than natural water temperature released from the reservoirs during
winter would cause the upstream end of thl ice cover ~o decay as soon
as air temperatures began to warm to near freezing. Additionally. the

reservoirs would retain spring runoff, yielding a stable or gradually

declining downstream flow regime that would favor "meltout" rather

than "breakup" of the ice cover. Spring meltout in the Middle Susitna

River with Stage I operating would be completed by late April. about

two weeks earlier than the natural breakup. With the addition of

Stages II and II!. the mel tout would be further advanced. occurring in

lo:.te to early March, respectively (refer Fig. IV-12a).

Effects of Ice Processes on Environmental Conditions

Ice processes in the middle Susitna River are important for

maintaining the character of side slough habitats. Besides reworking

substrates and flushing debris and beaver dams from the sloughs that

could otherwise be potential barriers to upstream migrants. ice

processes are also considered important for maintaining the

groundwater upwelling in the side sloughs during winter months. The

alluvial deposits that form gravel bars and islands between the

mainstem and side sloughs appear to be highly permeable, making it

possible for water to infiltrate from the river into the sloughs. The

increased stage associated with a winter ice cover makes it possible

for apprOXimately the same hydraulic head to exist between the

n~instem and an adjacent side slough during the ice-covered period of

the year as that which exists during surrvner. Water surface elevations

observed in association with the t~arch 1982 ice cover appeared very
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similar to water surface elevations resulting from surrrner discharges

of 18,000 to 19,000 cfs (Trihey 1982). Thus, the increased stage

associated with an ice cover on the river may provide an important

driving mechanism for maintaining the upwelling in the side sloughs

throughout the winter.

However, ice processes also have negative effects on fish habitat in

side sloughs. During freeze-up. staqing may cause zero degree
mainstem water to enter side sloughs and negate the thermal value of

the upwelling groundwater. Juvenile fish and incubating eggs exposed
to zero degree water for extended periods are likely to suffer a high

mortality.

Ice jams during breakup commonly cause rapid and pronounced increases

in the water surface elevations of the mainstem. The water continues

to rise until either the ice jam releases or the water can spill out
of tl.e mainstem into adjacent side channels or sloughs. This may
cause sections of riverbank to be eroded. Ice scars have been observed

on trees in some areas as high as 15 feet above the stream bank. The
sediment transport associated with these events can raise or luwer the
elevations of berms at the upstream end of sloughs and side channels.
Ice floes left stranded in channels and sloughs during breakup can

influence flow velocities and cause alteration of the local channel
geometry.

As a result of project construction and operation it is expected that
only a portion of the middle Susitna River will be ice covered and

that the naturally occurring breakup drive would be effectively
eliminated. This would SUbstantially reduce the effects of breakup on
side slough and side channel habitats. Vegetation and beaver dams may
become better established, and streambed geometry should become more
stable. The higher stages forecast for the ice covered portion of tne
middle Susitna would result in more frequent and longer duration
overtopping of side slough habitats than occurs n&turally. Because of
the adverse effects of zero degree water on ~ncubating embryos and
juvenile fish, the increase in ice stage is generally considered
undesi"able.
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V. INFLUENCE OF STREAMFLOW AND INSTREAM HVDRAULICS
ON MIDDLE RIVER HABITATS

Habitat Types and Transformation Categories

Habitat type referred to in this document are oortions of the riveri~e

environment having visually distinguishable morphologic. hydrologic,

and hydraulic claracterist;cs that are comparatively similar. Six

major aquatic habitat types were described in Sections II and III:

rnainstem. side channel, side slough, upland slough, tributary. and

tributary mouth. These habitat types are not defined by biological

criteria; rather. they are characterized by differences in hydraulics

and turbidity. Thus. both high and low quality fish habitat may exist

within the same habitat type.

In our analysis of the influence of streamflow and instream hydraulics

on habitat, we must consider the relative amounts of each habitat type

available. To this end, the total surface area of each habitat type

in the middle Susitna River has been estimated for mainstem discharges

ranging from 5,100 to 23,000 cfs using digital measurements on 1 inch

= 1,000 feet aerial photographs (Klinger-Kingsley 1985). The

results show that surface areas of some habitat types, such as upland

sloughs and tributary mouths, exhibit little response to mainstpm

discharge (Fig. V-I), often, their wetted surface areas respond more

to local runoff from summer precipitation than to variations in

mlinstem discharge.

Comparatively large differences exist between responses of mainstem,

side channel, and side slough surface areas, to mainstem discharges.

At 5,100 cfs, the combined wetted surfc.e areas of mainstem and side

channel habitat types is approximately 36 percent less than their

combined surface area at 23,000 cfs. ~ide slough surface area peaks

at 7,400 cfs, approximately 175 percent greater than at 23,000 cfs.

As a result, the total surface area of all clearwater habitat types
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within the river corridor increases from 65 acres at 23,000 cfs to 145
acres of the river corridor at 7,400 cfs. This represents four

percent of the total wetted surface area at 7,4~O efs , as compared to
only one percent at 23,000 cfs (Klinger-Kingsley 1985).

At some locations, suc.h as majol' side channels and tributary mouths. a

designated habitat type persists over a wide range of ma;,lstem

discharge even though the wetted surface area and hal:litat quality at

the location may change significantly. In other locations. the type

of hab'itat available may change from one type to another in response

to mainstem discharge (Klinger and Trihey 1984). An example is the

transformation of some side channels which convey turbid water when

mainstem discharge is near 2J.OOO cfs to clearwater side sloughs at

lower mainstem flows.

To facilitate tracking habitat transformation the location of 172

specific areas were marked on aerial photography (Klinger-Kingsley

1985). Each specific area was classified by habitat type and its

wetted surface area measured on aerial phot09raphy which had been

ootained at several mainstem discharges. From this, eleven habitat

transformation categories were used by Aaserude et a1. (1985) to

describe the transformation of specific areas from one habitat type to

another as mainstem discharge decreases below 23.000 cfs (Table V-I).

Figure V-2 presents a flow chart of the possible habitat

transformations that may occur between mainstem discharges of 23,000

cfs and 9,000 cfs.

Habitat tra.,sformations are referenced from a mainstem discharge of

23,000 cfs because that discharge approximates a typical SUlTlTler flow

the (50 percent exceedance flow) for the month~ of June, July and

August (APA 1983b). Analysis can be performed for any stream flow

less than 23.000 cfs for which aerial photography exists.

Photomosaics of the middle 5usitna River are available for mainstem

discharges of: 23,000; 18,000; 16,000; 12,500; 10,600; 9,000; 7,400

and 5,100 cfs (Klinger-Kingsley 1985). The influence of declining
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* Habitats were based on a reference flow of 23.000 cfs.

V-a

Category 10 - Mainstem habitats that persist as mainstem habitat at
a lower flow.

Table V-I. Description of habitat transformation categories (Aaserude
et .1. 1985)*

II..
••••••••••••••
'W1
It
111

Indistinct mainstem or side channel areas that
transform to side slough habitats at a lower flow and
possess upwelling that appears to persist throughout
winter.

Side channel habitats that transform to side slough
habitat~ at a lower fow but do not appear to possess
upwelling that persists throughout winter.

Side channel habitats that persist as side channel
habitats at a lower flow.

Indistinct rnainstem or side channel areas that
transform into distinct side channels at a lower flow.

Indistinct mainstem or side channel habitats that
persist as indistinct areas at a lower flow.

Category 4 •

Category a Tributary mouth habitats that persist as tributary
mouth habitat at a lower flow.

Category 1 Upland slough and side slOugh habitats that persist as
the same habitat type at a lower flow.

Category 2 - Side channel habitats that transform to side slough
habitat at a lower flow and possess upwelling which
appears to persist throughout winter.

Indistinct mainstem or side channel habitats that
transform to side slough habitats at a lower flow but
do not appear to possess upwelling which persists
throughout winter.

Category 9· Any water course that is wetted that dewaters or
consists of isolated pools without habitat value at a
lower flow.

Category 5

Category 6

Category 3 -

Category 7 -

Category 8 -
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mainstem discharge levels on habitat transformation is quite apparent

when the number of specific areas within each habitat transformation

category is plotted for each of these photomosaics (Fig. V-3). As

mainstem discharge decreases. the number of side channel sites

(Category IV) decreases, whereas the number of side sloughs

(Category V) and dewatered areas (Category IX) increase. Although it

is possible to describe the general availability of fish habitat using

Figure V-3. changes in the quality of side channel and side slough

habitat are not obvious. Hence. a more detailed analysis using

microhabitat variables (e.g .• depth. velocity, substrate, etc.) is

necessary to assess the significance of these habitat transformations

in tenns of the ability of the middle Susitna River to support fish.
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Microhabitat Response to Instream Hydraulics

The response of depth and velocity of flow to variations in
streamflow. In part, the availability and quality of fish habitat is
affected by the effect of streamflow variations on the availability

and quality of spawning and rearing habitat has been modeled at

several side slough and side channel study sites (Estes and

Vincent-lang 1984d~ Schmidt et a1. 1984). Computer software used for
the model was developed by the USFWS Instream Flow and Aquatic Systems
Group (Bovee and M; 1haus 1978 j Bovee 1982 i Mil haus et a1. 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. The simulated depths and velocities were then
used in combination with numeric descriptors for other microhabitat

variables (upwelling. cover, and substrate) to describe physical

habitat at the study site as a function of streamflow. Thus.

integrated numeric descriptions of upwelling, depth, velocity,

substrate, and cover at each study si te were obtained at various

flows. These descriptior:s were then weighed according to their

suitability for fish. Because of their sensitivity, spawning and

rearing salmon were chosen as indicator species and life stages (refer

to Section III). An index of habitat availability called Weighted

Usable Area (WUA; was calculated for both spawning and rearing.

Because all of the microhabitat variables respond, either directly or

indirectly, to streamflow variations, weighted usable area can be

considered a streamflow-dependent habitat availability index. The

macrohabita t responses of the eva1ua ti on speci es and 1He stages are

described below.

Spawning Salmon

Microhabitat Preferences. Generally, the influence of streamflow

variations on spawning habitat is evaluated using three microhabitat

variables: depth, velocity, and streambed composition (substrate)

V-9



(Wesche and Rechard 19aO~ Bovee 1982). However, a fourth variable,

upwe 11 i n9. is a 1so cons i dered important for success fu 1 chum and

sockeye salmon spawning in the middle Susana River (Estes dnd

Vincent-Lang 1984d). Upwelling has also been identified as an
important habitat component for spawning chum salmon at other
lOCJtions in Alaska (Kogl 1965; Koski 1975, Hale 1981; Wilson et al.

1981).

Of the four microhabitat variables used in the roodeling processes.

upwelling ;s probably the most important variable influencing the

selection of redd sites by spawning chum and sockeye salmon. Spawning
is corrmonly observed at upwelling sites in side sloughs and side

channels possessing relatively broad ranges of depths. velocities, and

substrate sizes. However, portions of these same habitats possessing

similar depths, velocities. and substrate sizes, but lacking

upwelling. are not used by spawning chum or sockeye salmon (Estes and

Vincent-lang 1984d). Because of this strong preference for upwelling

evident in field observations. a binary criterion was used for this

microhabitat variable. The habitat suitabllity criterion ~or

upwelling assumes optimal suitability for areas with upwelling and

nC1-suitability for areas without upwelling.

Streambed material size generally has an influence on the quality of

spawning habitat. The habitat suitability criteria developed by ADF&G

for chum and sockeye salmon spawning in side slough and side channel

habitats indicate that streambed materials one to five inches in

diameter provide optimal spawning substrates (Fig. V-4a). This size

range includes notably larger particles than the 1/4-to-3 inch size

range cOlJlOClnly cited in the literature (Hale 1981) as being most

suitable for spawning chum and sockeye salmon. The discrepancy

between the AOF&G and literature criteria may, in part, be

attributable to sampling procedures. However, it probably reflects

the dominant influence upwelling has on the selection of redd sites.

Appa rent1y, such a sma 11 amount of good qua 1i ty spawn i ng subs trate

exists in middle Susitna River habitats that beth chum and sockeye

salmon use whate'/er strei:lmbed material sizes are associated with the

upwellings.
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Stream velocity ;s often considered one of the most important
microhabitat variables affecting spawning salmon (Thompson 1974;
Giger 1973. Wilson et a1. 1981). The habHat suitability criteria

developed by ADF&G for both spawning chum and sockeye salmon assigns

optimal suitabilities to mean column velocities less than 1.3 fps

(Fig. V-4b). As the velocity at the spawning site increases above 1.0

fps. suitability declines more rapidly for sockeye than for chum.

Microhabitat areas with mean column velocHies 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
1978i Estes et al. 1980; Hale 1981i Wilson et al. 1961). This dis­

crepancy may ex is t because most da ta used to cevelop ve 1oc i ty sui t­

ability criteria for spawning chum and sockeyE' salmon in the middle

Susitna River were collected in side slough habitats that typically

have a narrow range of low velocities.

Chum spawning data from streams and rivers in Washington state

indicate that higher velocities are frequently associated with chum

salmon spawning in mainstems tilan in side sloughs (Johnson et al.

1971; Crumley and Stober 1984). Table V-Z sunrnarizes velocity data

coll~cted at mainstem. tributary, and side slough locations of several

rivers of moderate size. Velocities measured over redds in Nooksa~k,

Illabot (Skagit), Skykomish, and Satsop sloughs averaged slightly

lower than spawning velocities determined for other habitat types.

We conducted sensitivity analyses in which WUA indices for spawning

chum sal~~n were calculated using both the AOF&G velocity criteria and

modified velocity criteria identical to the ADF&G velocity suitability

curve (Fig. V-4b) except that the optimal range of velocities for the

modified velocity criteria was extended fn ,I 1.3 to 1.8 fps.

Comparisons between the two WUA forecasts indicated an insignificant
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Number of Velocity Mean
River Measurements Range Velocity

Nooksack Ri vel'"
Nooksack Slough 24 0.21-1.34 0.61
Maple Creek 20 1.22-4.11 2.52
Kenda 11 Creek 21 0.31-3.76 2.30

Skagit River
Main River 40 0.67-3.86 1.82
lllabot Creek 17 0.31-2.78 I. 56
III abot Slough 25 0.58-2.93 1.20
Dan Creek 50 0.52-3.09 1.81

Skykomi sh Ri vel'"
Skykomi sh Slough 31 0.41-2.22 1.31
Chico Creek 50 0.16-3.97 1.95
Kennedy Creek 50 0.47-3.IE 1.60
Twanoh Creek. 25 0.31-2.83 1.25
Jorsted Creek 50 0.60-3.16 1.68

Satsop River
Main River 50 0.14-2.33 1.25
Satsop Slough 50 0.00-2.27 0.56
Sa tsop Spri ngs 30 0.12-1.70 1.22

••••••••••••••••

Table V-2. Mean column velocity measurements (fps) collected at
chum salmon redds in several rivers of Washington state
(Johnson et a1. 1971).
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difference (~ 5%) at low-to-moderate mainstem discharges. Even at

high mainstem discharges. where the modified velocity criteria with

its higher optimum might be e~pected to be significant, WUA forecasts

associated with the modified criteria did not exceed the forecasts

obtained using ADF&G velccity criteria by more than 10 percent.

These results do not appear to justify modifying the ADF&G velocity

suitability curve to include optlmal velocities in excess of 1.3 fps.

Therefore, the velocity suitability criteria developed by ADF&G for

chum spawning will be used for the IFR analyses of side channel and

mainstem chum spawning potential.

The A[JF&G habitat suitability criteria also indicate that depths in

excess of 0.8 feet are most suitable for spawning chum and sockeye

salmon (Fig. V-4c). This depth is slightly more conservative but

consistent with the 0.5 foot depths used elsewhere {Thompson 1972;

Smith 1973). 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 a1. 1981). The suitability criteria

developed by AOF&G for depth are consistent with criteria used by

others and will be used in the IFR analyses.

Habitat Availability. \oIUA indices (habitat response curves) for

spawning chum and ~ockeye salmon at three side slough and four sioe

channel locations were developed by ADF&G using the variables and

suitability criteria discussed above. Both chum and sockeye salmon

have been observed spawn i ng wi th in. or in the i nvned i a te vic i ni ty of,

four of these seven study sites (Barrett et al. 1984; Estes and

Vincent-Lang 1984d). Although minor differences exist between the

habitat response curves for spawning chum and sockeye salmon at each

of these four study sites, the curves for the two species are si~ilar

(Fig. V-5). The minor differences that exist between the curves are
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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.

Except for a few isolated observations. all sockeye salmon s~awning in

the middle Susitna River occurs in side sloughs that are also utilized

by chum salmon. The timing and spawning habitat requirements of

sockeye salmon are similar to chum salmon (Estes and Vincent-Lang

1984d). and chum saimon are both more numerous and widespread than

sockeye in middle Susitna River spawning habitats. Because of this.

and because of the similarities between habitat response curves, the

IFR 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.

Total wetted surface area and weighted usable area for spawning chum

salmon at six study sites are presented in Figure V-6. These sites

are grouped into three distinct habitat categories based on channel

morphology and hydraulics. In comparison to total surface area, low

'~UA indices are forecast at all sites. By arbitrarily increasing the

total surface area of groundwater upwelling at Side Slough 21 to 15

percent and at Upper Side Challnel 11 to 50 percent, WUA forecasts

increased at both sites with' It a notable change occurring in the

shape of the habitat response curve for either site (Fig. V-no This

demonstrates that the maximum amount of spawning habitat potentially

available is determined by the total surface area of the upwelling.

The habitat response curve at Slough 21 peaks Wflc;!l the mainstem

discharge is approximately 28,500 cfs, while that for Upper Side

Channel 11 peaks near 23,000 cfs (Fig. V-8). At these discharge

levels, the alluvial berm at the upstream end of each site is

overr.opped and the site- specific flows are approximately 70 cfs in

Slough 2 and 150 cfs in Upper Side Channel 11 (Estes and Vincent-Lang

1984d). \olhenever the main5tem discharge is insufficient to overtop

V-16
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their upstream berms. base flow at both sites is less than 5 cfs

(Estes and Vincent~Lang 1984d). The depth of flow at upwelling areas

is typically less than 0.5 feet at base flow, but increases to

1.0 foot or more when the upstream berms are overtopped (Fig. V-g).

Velocities respond similarly to overtopping, typically increasing from

the 0 to 0.5 Ips range to approximately 1.5 Ips (Fig. V-IO).

Depths and velocities associated with baseflow and overtopped con­

ditions were compared to habitat suitability criteria for spawning

chum salmon {refer Fig_ V-4}. The comparison indicates that the rapid

increase in WUA indices following overtopping (refer Fig. V-B) is

attributable to an increase of depth over upwelling ueas. The

gradual decrease in WUA indices at higher site flows is due to mean

column velocities over up~~lling areas exceeding the 1.3 fps optimum.

It is important to recognize the degree to which shallow depth

restrict both the availability dnd the quality of side slough spawning

habitat under nonbreached conditions.

Figure V-II presents streamflow and habitat duration curves at four

study sites which overtop at different mainstem discharges. Each

habitat duration curve was constructed using daily WUA values derived

from average daily site flows. Daily site flows were determined using

the mainstem flow at Gold Creek. and the site flow versus mainstem

di scha rge reg ress i on equa t ions presented by ADF&G (Es tes and

Vincent-lang 19S4d) for breached conditions. For nonbreached

conditions average daily site flows were estimated at 3 cfs on the

basis of field experience and a limited number of flow measurements

reported by ADF&G (Estes and Vincent-lang 1984d).

These duration curves accent the influe:1ce of the upstream t· •.Il

elevation (breaching flow) on site-specific streamflow ana habitat

conoitions. Category I sites which require the highest mainstem

discharges for overtopping possess the most persistent WUA indices

during the ~pawning seaSO:1. Category II sites which overtop when

mainstem discharge is between 10,000 to 20.000 cfs show distinct

V-20

b
II

•••••••••••••..
I.
II

~



~

1 ~

~ ~

~ ~

~
~
~

~

~

u.. ~

~
0 0
~

~ ~-• ~
~

~

=>
0

• -' -~ - ~ - ~

N
N

~

~-z z ~

• 0 0
~

l- I- 0

:::> :::> -III III
~

• 0:: 0::
,

0 0 ~

N l- N I- ,
'" '" -Q 0 ~

>• '" '" 0
C!l J: C!l J:

~

'" I- Z I- ~... ... c ... ~

'" '"
~

0:: 0:: ~• ~ 0 ~ Q -oJ oJ
~

C C u

::E :II ~
~~• o u

l- I- 00... ... o~

0 0
0 ~~

• 0
~

, c
~~

-~m ~

~~... m -- 0• 0 ... ~

~

oJ 0 oJ ".0 c u 0
C ~-00 ~ ., :II ~ ~~

::E d 0 ,• • t= • I- C"~... ~~... ~ ---~ 0 ~~

0 0 0 III
...J

III
...J :::>• :::> .. ~... ,... '" ""'-....., >

0 0 ~

0 -• 0 0 0 0 9 ,
N '" ~

A:lN3n031l,j A:lN3n031l,j ~

•• IJ- 21



I. OPTllIAL RANOE -I. SUBOPTllIAL .1

.,

I

I .8 1.6 1.1 I. B

~~,

FLOW· 50 CFS

FLOW·5 CFS

,
~:(

~,
I

0.2 0.3 0.4 O.S 0.8 0.7 0.0 0.11 1.0 1.1 1.2 1.3 1.4

':,
.:i

O.S O.S 0.7 0.8 0.11 1.0 1.1 1.2 1.3 1.4 I.S I.S 1.7 1.8

VELOCITY DISTRI BUTION (CFS)

I. OPTllIAL RANeE .1 • SU80PTllIAL - I

.~

••
"

';1 .~.,.
.,'
r I I

0.0 0.1 0.2 0.3 0.4

10

>-
<.>
z
w
~O
a
w
a:...

< 10,
N
,~

>-
<.> I I;t-:i
z .'
w
~ S
a
w
a:...

I I;
a
0.0 0.1

VELOCITY DISTRIBUTION (CFSI

Figure V-IO. Frequency distribution of cell .. elocHy over upwel1inlJ areas in Upper Side Channel 11 at
s1 te flows of 5 and 50 cfs.

~ •••••••••••••••• ss



• ••.• ' .-

PERCUIT TINE EOUALED OR [XC(fDfD

'0090

,
70 80

[XCfEOEO

SLOUGH 21
Hob.lol Outollon C"ntt

20 30 40 &0 eo
PERCENT TIME EQUALEO OR

'0

",000

I~.OOO

IlpOQ

e 9,000
~ 7,000•

',000

',000
,000 ,.

70 80 90 '00 060'0.n'0

5lOUGH 21
Flo. O",ollon CAl,.".

'0'0

1100

'000
900

:800
u 7
!600

•0.00
~300

'00

1001 "-
o i~ , iii ii' iii' I 'i i I

o

-<,
N
W

1100
'000
000

~ 800
~

u 700

! 600

• >CO
0 <00
~

~ .00
ZOO'
'00

0

UPPER "Of CHANNEL II
now D"toliOfl Curn

",000
13,000li-

e 9,000
~ 7,000•

',000

',000
1,000

UPPER SIDE CHANNEL II
Hobi'ol OiIrotlon Cunt

'0 '0 30

PUICfHT

40 ~O 60 70

TIME EQUALED OR EllC%£DfO

80 90 '00 o '0 20 30 40 &0 eo 70 SO

PERCENT nw£ EQUALED OR EXCf£O£D

90 '00

Fi3ure V-II. Flow ane! haldtat duration curves for s~h1\~nin9 chum salmon by habitat categories.





••••••••••••••
•••••

changes in their respective WUA indices associated with the 30 and 70
percent exceedance va lues. Ca tegory I I I s1 tes. which are genera 11y

breached at a mainstem discharge of 10,000 cfs, reflect the influence

of mainstem discharge throughout the spawning period.

Rea r;"9 Sa1lOOn

Microhabitat Preferences. Field studies. conducted by AOF&G t~

determine the seasonal IOOvement and habitat requirements of juvenile

chinook, chum, coho. and sockeye salmon in the middle Susitna River,

indicate that juvenile chum and chinook salmon are the most abundant
salmon species that rear in side slough and side channel habitats.

J~veni'e coho salmon rear predominantly in tributary and upland slough
habitats. The few sockeye juveniles rearing in the middle Susitrli:

River are most cOl11TlOnly found in upland slough habitats. By early

summer (end of June) most juvenile chum salmon r.ave outmigrated from

l"Iiddle Susitna River habitats, ana a large inmigration of chinook fry

occurs from natal tributaries. These immature chinook redistribute

into side channels and side sloughs during the remainder of the

sumner. Wi th the onset of fa 11 and co 1der ma i ns tern and side channe 1

water temperatures. chinook juveniles appear to move into the warmer

water associated with upwelling areas in side slough habitats to

overwinter (Dugan et al. 1984).

Rearing habitat is cOl11Tlonly evaluated using three variables: depth,

velocity, and cover (Wesche and Rechc.ld 1980; Bovee 1982). Habitat

suitabllity criteria have been developed by ADF&G to describe the

preferences of juvenile chum ~nd chinook salmon for these micrl")habitat

variables. Habitat suitability criteria developed by ADF&G indicate

that water depths exceeding 0.15 feet provide optiMal conditions for

rearing chinook (Suchanek et al. 1984). This compares well with

Burger et al. (1982). who found chinook using depths between 0.2 and

10 feet in the Kenai River.
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Cover is used by juvenile salmon as d means of avoiding predation and

obtaining protection from high water velocities. Instream objects.

such as submerged macrophytes, large substrate, organic debris, and

undercut banks provide both types of shelter for juvenile salmon

(Bjornn i'jJ1; Bustard and Narver 1975; Cederholm and Koski 1977;

Burger et al. 1982). One significant finding of the ACF&G field

studies is that juvenile chinook are apparently attracted to turbid

water for cover. Juvenile chinook were commonly found in low-velocity

turbid water (50-200 NTU) without object cover, but were rarE:ly

observed in low-velocity. clear water (under 5 NTU) without object

cover1 (Suchanek et al. 1984). The influence of turbidi ty on the

distribution of juvenile chinook in side c.hannel habitats was sc

pronounced that different habitat suitability criteria for velocity

and object cover were dev~loped by ADF&G for both clear and turbid

water conditions (Figs. V-12 and V-l3).

These criteria curves assign optimal suitability valu£s to velocities

between 0.05 and 0.35 fps for turbid water, and between 0.35 and

0.65 fps for clear water. literature values typically indicate that

optimal velocities for juvenile chinook in clear water are less than

0.5 fps (Burger et al. 1982; Bechtel 1983; P. Nelson. pers. CUfTlTl.

1984). The criteria presented by both Burger et al. (1982) and

Bechtel (1983) (Fig. V-14) 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

1 ADF&G selected 30 NTU to distinguish between clear and turbid
water conditions (Suchanek et a1. 1984). This is rec09nized as a
reasonab1e pre1i mi na ry thresho 1d va 1ue. However. because of the
limited number of data points that are available to define
juvenile chinook behavior at turbidities between 5 dnd 50 rlTU 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 in field studies.
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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 (50-200 NTU). The apparent reason for this
discrepancy is the difference in field methods used by ADF&G and the
other investigators.

t1ean column velocities were measured by both ADF&G 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 six-foot
by SO-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 individual fish observations or captures (point velo­
cities).

Assuming that inwature fish in ~lear water are more likely 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 three feet (one half the width of the ADF&G sample
cell) from the streambank would result in slightly higher mean column
velocities beirg measured than if point velocities had been measured.
It is understand~ble that the 0.35 to 0.65 fps velocity range selected
by ADF&G as b~ing optimal for juvenile chinook is slightly higher than
the 0 to 0.5 fps velocity range selected by other investigators.
However, it should not be assumed that low velocities (less than 0.35
fps) are unimportant to rearing chinook salmon. Consequently. the
optimum velocity range of the IFR clear water suitability criteria
were extended to include velocities between 0.05 and 0.65 fps
(Fig. V-15).

Juvenile chinook do not associate with object cover in turbij water
(50-200 tlTU) as much as they do in clear water (Suchanek et al. 1984).
Rather, they are randomly distributed in low velocity aredS with
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little or no object cover. In these low-velocity turbid areas. 1t is

quite likely that mid-cell velocities measured three feet from the

streambank differ little from point velocities measu-ed in

microhabitats along the snoreline that would be inhabited by juvenile
chinook in a clearwater stream. Therefore. it ;s not surprising tho':

the 0 to 0.4 fps velocity range selected by AOF&G as being optimum for
juvenile chinook in turbid water differs little from the 0 to 0.5 fps

velocity range selected by other investigators using point velocity

measurements rather than mid-cell velocities as their data base.

It can be inferred from the ADF&G habitat suitability criteria that in
low-velocity water «0.4 fps) juvenile chinook do not require

protection from water currents and are more likely to be found within
the w~ter column away from object cover if the water is turbid (50 to
200 NTU) than if it is clear (less than 5 NTU). At velocities greater

than 0.4 fps. the distribution of juvenile chinook in turbid water
is more strongly influenced by vel~city. When velocities exc~ed

1.0 fps. object cover is probably as important to juvenile chinook in
turbid water as it is in clear water. H9wever. since these young fish

probably cannot visually orient in turbid water, they cannot make use
of object cover that may be available and are. therefore. redistri·
buted in microhabitats by velocity currents.

Whenever mainstem discharge recedes sufficiently for side channels to

become nonbreached and the turbid water to clear (due to the influence
of local runoff and/or groundwater inflow). juvenile chinook often
move from formerly occupied low-velocity turbid water pools to small
clearwater riffles near the upstream end of the site. Given the high

suspended sediment concentrations that occur naturally in side channel
habitats. interstitial spaces between streambed particles in low
velocity areas are generally filled with fine glacial sands. Thus. at
low rnainstem discharges when these side channels are not breached and
water at the site has cleared. the ITlC'st 1ikely place to find
interstitial spaces not filled with fine sediments is in riffle areas
that were subjected to relatively high velocities when the site was
breached. Such riffle areas generally occur near the head of the side
channe1.
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From the preceding discussion. it can be concluded that veloci ty and

cover are the two most 'important abiotic microhabitat variables

influencing juvenile chinook rearing habitat. Of the two. cover
appf:ars more influential. Although offering no protection from
velocity, turbid water appears to provide juvenile chinook adequate

cover if velocities are less than 0.4 fps. In clear water. juveniles
generally seek concealment within interstitial spaces arr~ng streambed
particles. These interstitial spaces also provide enough protection

from velocity that juveniles are frequently found in areas possessing
velocities between 0.35 and 0.65 fps (Suchanek et a1. 1984).

Based on the foregoing discussions, the clearwater cover and depth

criteria developed by AOF&G for chinook have been adopted for use in

the IFR analysis. However, the AOF&G velocity criteria for juvenile

chinook in clear water have been modified such that the optimal

velocity range extends from 0.05 to 0.65 fps rather than 0.35 to 0.65

fps (refer Fig. IV-IS). As velocity increases above 0.65 fps. the

habitat suitability decreases in accord with the AOF&G clearwater

criteria.

In turbid water habitats, the AOF&G depth and turbid water velocity

criteria are applied. However. the AOF&G turbid water cover criteria

were modified by rm.l1tiplying the clearwater cover suitability values

for each cover type by a turbidity factor. This turbidity factor is

the ratio between the fitted mean catch per cell in turbid and clear

water for corresponding cover categories (Table V·3).

Table V-3. Calculation of turbidity factors for determination of the
influence of turbidity on clearwater cover criteria for
juvenile chinook salmon (Suchanek et a1. 1984).

Percent Nunmer of Fish Per Cell Turbidity
Cover Clear Turbid Factor

0-51 .8 3.5 4.40
6-25X 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
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Application of these turbidity factors increases the suitability of

a microhabitat ared if 50 percent or less of its surface area has

object cover. Turbidity has no discernible influence on cover if 51

to 75 percent of the microhabitat area possess object cover and

slightly decreases habitat suitability if more than 76 percent object

cover is present (Fig. V·16). The decrease 1n suitability of the

higher percent cover categories in turbid water is considered to

reflect the inability of juveniles to visually orient themselves in

turbid water (>50 NTU) and fully utilize the available cover.

Because the turbid water suitabil ity values calculated for the "emer­

gent streambank vegetation" and "no-cover" types were unrealistically

low (approximately 0.04), the value, 0.30, was 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 object cover was

available under clearwater conditions.

Habitat Availability. Figure V-17 compares WUA indices forecast using

both the ADF&G and the modified velocity criteria for juvenile Lhinook

rearing at Side Channel 21 and Upper Side Channel 11. Increasing the

range of low velocities suitable for juvenile chinook in clear water

at these study sites did root significantly affect the shape of the WUA

response function previously forecast by AOF&G. This is attributable

to the poor cover conditions associated with low-velocity areas in

these sites under natura1 condi t ions. The most notab1e changes

occurred where low-velocity water is more likely associated with

larger substrates in the mid-channel zone or with streambank cover at

high flows (Upper Side Channel II).

Figure V-IS presents WUA indices forecast for juvenile chinook using

cover criteria for low and high turbidity conditions. Identical

habitat response curves are forecast under low-turbidity conditions

because the AOF&G clearwater cover criteria remains unchanged.

V-34

b
b

•••••••••••••..



· .' .

oo.jz6J,.-l-..1.-~ I l I I ~
01--';; 01 • 050,I-O,·QI_G.8"QI O."O.'--'O,'GI -0.,-0., -0.'-0.1 _0.'

1.0 ,
~A - ,

LEGENO

~ .. Cleor
x 08, ---" i!i I'<l !:il I _ - Tu,bidw
0
Z flIrcent Cover
>- 0.1 0-5.- 0.6

J 0.2 6-25
-' b.3iii 26 -50

i'! 0 .• 51 -75
5 0.5 76 -100
en 0.-
f-

~
< iii,
w '"rn I 0.2

2 3 4 5 6 7 B 9
No Coyer Emergent Aquatic Debris am! Overhanging Undercut Lorg. Rubble Cobble Of

V'Qelollon Vegllallotl Deodloll Riparian Bonke 0,,.., 3"· ~" BOYld.,...
Oil' ~..

PERCENT COVER by CCNER TYPE

Figure V-16. Revised cover criteria for juvenile chinook in clear and turbid water.



UPPER SIDE CHANNEL 11
20000-,

~--•"'a:• laooo

-------------
10000

•

40000
<, -w

"a> ~--• 30000

"'a:..
20000

00 ;00 flO

BITE FLOW (CFBI

SIDE CHANNEL 21

----------

••0 28 •

20.2••100 110

BITE FLOW ICFBI

•,,10000 , a'o•

Figure V-17. Comparison hetween HUA forecasts using AI1F&G low turbidity velocity criteria (solid line) and
modified low turbidity velocity criteria (dilshcd line),

~ ••• e ••••••••• ···=a



•••••••••••••••••••

Upp., Sid. CI'IOI'I", 1

/"

Low Tu,bldlt, Lo. Tw,bidll,

''''1000

Sid. CIlO'Il'I" 21

,

to,OOO "'

100 IU'"'"...'"

II

"~..,

~.~

40.000

"C' 40,000-.....,~.OOO•
W ".~«• 1~.OOO

10,000

",000

,I},OOO

SITE FLOW (eFS)

"001100

High Tu,bidit,

--------- ----------

Sid'. Cl'lol'Ill,l 21

110,000

".000

10,000Iii i
o 100 400 10.. .bo .uuu

.~."oo

",000

'o,coo
;:- ",000
~ "',000
.. 4',000

:i! 411"""
<l: ~ "IX"

."
.....,

oX' II"'"

High Turbldlt,

'"'".."..

UPl''' Sid, ChOM.l II

------.-------------------------....

I I iii , , .,...
c,,

'0,000

4&,000

r 40,000

::'--:. J!I,OOO

•i0oi 10,000_1

•
.. U,ooO

10,000

",000

10.000

<,
w
~

SITE fLOW (efS) 'ITE FLOW (efS)

Fi!.lure V-lAo Comparison behleen HU" forecasts using AnF&r. (solid line) and lIIodified cover criteria
(clilshec11ine) for iuvenih ,.h;~,:,~~..



Application of the modified turbid water cover criteria results in

approximately a 25 percent reDuction in ',{UA indices from the ADF&G

forecasts. However, the basic shape of the hal"~tat restJ0nse curves

remains unchanged.

Under project operation. the larger suspended sediments (sands) 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 ;s 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 these sediments was

simulated by increasing the percent cover at two study sites one

percentage category and recalculating WUA indices for juvenile

chinook. This simulation provided increased WUA indice~ at Upper Side

Channel 11 and Side Channel 21 of approximately 40 to 60 percent

depending upon whether the clear or turbid water suitability criteria

were applied (Fig. V-19).

Rearing habitat for juvenile chinook under low-and high-turbidity was

forecast for Side Channel 21 and Upper Side Channel 11 using a

combination of the modified velocity, and cover criteria in

conjunction with ADF&G criteria for depth. velocity and cover

(Table V-4). The respective WUA forecasts are compared to total

surface area in Figure V-20. The upstream berms at these sites are

overtopped by mainstem discharges of 9.200 and 13.000 cfs. respec­

tively. low turbidity exists at these sites whenever the mainstem

discharge is insufficient to overtop the upstream berms. The "arne

relationship exists between WUA indices and mainstem discharge when

low turbidity prevails. Whenever the sites are overtopped and high

turbidity ex;sts the revised model forecasts less WUA. Turbidity has

a lesser effect on increasing WUA indices at the Side Channel 21 site

than the Upper Side Channel 11 site because less favorable velocities

typically exist at the Side Channel 21 site.
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V-41

Table V-4. Habitat suitabil ity cr; teria used in revised model to
forecast WUA for juvenile chinook salmon under low and
high turbidities.

Given the habitat su;tability criteria developed for juvenile chinook

and typical middle river conditions. depth of flow is a rt."latively

inconsequential microhabitat variable ullless it ;s less than 0.15

feet. Thus. the general shape of habitat response curves for juvenile
chinook is determined primarily by the interacti.on between cover

and velocity. Because juvenile chinook salmon in the middle Susitna

River use naturally occurring turbidity levels as a form of cover.

notable increases in WUA are caused 'Jy the breaching of a clearwater

~tudy site by turbid mainstem flow. The magnitude of the WUA increase

is proportional to the increase in wetted surface area possessing

suitable velocities.

The relationship between WUA and wetted surface area is plotted as a

flow dependent percentage in Figure VM 21. At higher mainstem

discharges a lesser percentage of the total wetted surface area is

available as rearing habitat. This is attributable to wetted areas

with suitable velocities for rearing fish becoming available at a

lesser rate as discharge continues to increasei a common occurrence in

well-defined steep gradient channels. The most efficient use of

streamflow to provide rearing habitat appears to occur immediately

following overtopping of the site when the flow is turbid and a

large percentage of the total wetted surface area is associated with

low veloci~y flow.

ADF&G Depth Criteria
Modified Cover Criteria
AOF&G Velocity Criteria

High turbidity (> 30 NTU)

ADF&G Cover Criteria
AOF&G Cover Criteria
Revised Velocity Criteria

Low Turbidity «3D NTU)

•
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VI. SUMMARY

This section surrrnarizes the relative importance of the various phys­

ical processes and habitat variables discussed in Sections IV and V

with regard to the primary evaluation species and evaluatl0n periods

identified in Section Ill. The major conclusions obtained from a

subjective evaluation of naturally occurring physical rJrocesses is

presented. as well as, a discussion of some inherent project-induced

changes to these processes. Understanding the nature and general

magnitude of these project-induced changes should provide a sound
technical basis for selecting streamflow and stream temperature

regimes to avoid or minim:ze negative effects. and maximize beneficial
effects, of the proposed Susitna Hydroelectric Project on fish

habitats within the Talkcetna-to-Oevil Canyon river segment.

Influence of Streamflow on Habitat Types and Other Variables

Six aquatic habitat types have been identified based on similarities

in morphologic. hydrologic. and hydraulic characteristics (ADF&G. Su

Hydro 1983a; Klinger and Trihey 1984). The surface area of some

habitat types such as upland sloughs, tri buta ries and tri bu ta ry mou ths

are relatively insensitive to variations in mainstem discharge.

However, both the wetted surface area and habi tat qual i ty of other

habitat types such as the mainstem and side channels, respond directly

to variations in mainstem discharge. In addition, the type of aquatic

habitat which occurs at some locations (specific areas) is also a

function of mainstem discharge. Such an example is the transfonmation

of turbid water side channel habitat to clear water side slough

habitat as mainstem discharge decreases (Klinger and Trihey 1984).

Because of these marked responses of aquatic habitats to changes in

mainstem discharge. the streamflow regime of the middle Susitna River

is considered the primary driving variable that controls habitat

availability. Important descriptors of mainstem discharge are the

magn i tude, frequency, dura t i on, and seasona1i ty of s t reamfl ow events.

Microhabitat variables, which respond to variations in streamflow, ~nd

VIol



which influence the quality of fish habitat are depth, velocity,

channel structure, substrate composition, upwelling, water temper­

ature, suspended sediment. turbidit.:,'. and dissolved organics and

inorganics. Man:' of these variables are themselves interrelated.

Understanding the cause-effect relationships between these variables

and quantifying the magnitude of project induced changes to them

provides a technical basis for estimating both the beneficial and

adverse effects of the proposed project on fish habitat and

populations.

Regional climate causes seasonal and annual variations in streamflow

and stream temperature. Basin topography and geology in concert with

regional climate determine runoff and water quality patterns. channel

morphology, and streambed composition. For the middle Susitna River

channel morphology and, to a large degree, streambed composition can

be considered constants (R&M 1982a; Univ. of Alaska, AEIOC 1985b) but

streamflow. stream temperature and water quality vary both seasonally

and annually.

The relationship between air temperature and water supply determines

the seasonal response of streamflow, water temperature and water

quality. Annual variations in basin precipitation and climate account

for year-to-year fluctuations with cyclic variation of air temperature

being the primary cause of seasonal differences. Surrmer drought is

usually moderated by streamflow originating from glaciers (which cover

about 290 square miles of the upper Susitna Basin) and from three

large lakes in the lyone River drainage. Because glacial flow results

in high turbidities and suspended sediment concentrations during

surrmer, the wa ter qua 1ity of ma i nstem i nfl uenced habita ts changes

markedly with the seasons.

High streamflows reshape channel geometry, which at lower discharge

levels controls site-specific hydraulic conditions. Median summer

streamflows typically exceed the mean annual discharge by a factor of

two and transport large amounts of suspended sediment. The associated

VI-2
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high velocities. turbidities, and abrasive action of the suspended

sediments are considered limiting to the colonization of the streambed

by algae and aquatic insects, which generally provide an important

food source for fish.

Streamflows and 5 tream tempera tures duri 09 wi nter play an integra 1

role in middle Susitna River ice processes which directly affect

chann~l structure. shoreline stability, and the general quality of

winter fish habitat. River ice also affects instream hydraulics, most

notably by constricting the channel, reducing velocity, and increasing

river stage. This increase in water surface elevation during winter

has both positive and negative effects on fish habitat. Higher water

surface elevations during winter are considered important for raising

local groundwater elevations, thereby maintaining upwelling in slough

an side channel a eas. These upwellings provide a source of

relatively wann water (2-3C C) throughout winter (Trihey 1982; AOF&G,

Su Hydro 1983c) which is considered essential for the survival of

i ncuba ti ng sa lmon eggs and overwi nteri ng fi sh. However, if ri ver

stage increases enough to overtop the upstream berm of the slough or

side channel, then near DOC water would flow from the mainstem into

these sites. negating the thermal effect of upwelling and greatly

reducing the value of upwelling areas as winter habitat.

River stage (di scha rge) is important duri ng sunmer with rega rd to

controlling access to fish habitat in side channels and sloughs

located along the flood plain margin. Because of the complex

multi-thread channel pattern of the midr~e Susitna River, changes in

rna i ns tern water surface e1evat i on s tro.lgly i nfl uences the amount of

watered and dewatered channel area as ~ell as the relative percentages

of clear and turbid water surface area (Klinger and Trihey 1984).

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

VI-3
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beg i ns ; n la te May and extends to mi d-September. Juvenil e outmi­

gratia" occurs from May through Oct'Jber. A limited amount of chum

salmon spawning occurs at upwelling areas along shoreline margins in

these habitats (Barrett et al. 1984). and chinook juveniles use

low-velocity areas for rearing (Suchanek. et al. 1984). Several

species of resident fish also use mainstem and side channel habitat

during both suntner and winter (Sundet and Wenger 1984). The more

important species appear to be rainbow trout. Arctic grayllng. and

burbot.

Side sloughs provide important spawning. rearing. and overwintering

habitat. One prominent physical characteristic of this habitat type

is the influence of upwelling groundwater, which maintains clear water
flow in these habitats during periods of low summer mainstem discharge
and open leads during winter. Approximately half of the chum salmon
(5,000) and all of the sockeye salmon (1,500) that spawn in the middle
Susitna River do so in side slough habitats (Barrett et a1. 1984).
Most chum and sockeye spawning activity occurs between mid-August and
mid·September. Upwelling attracts spawning salmon and provides
incubation conditions that result in high survival rates (Vining et
a1. 1985). Fry begin to emerge in April, and rear near these natal
spawning areas until June (ADF&G, Su Hydro 1983e). Chum fry out·
migrate to marine habitats during June and early July. Juvenile
chinook enter side slough habitats in August and overwinter until late
spring. when they begin their outmigration to marine habitats.

Upland sloughs provide summer rearing and overwinter habitat for
juvenile coho and chinook salmon (Dugan et a1. 1984). Sockeye
juveniles generally move into upland sloughs during June. but many
leave prior to the onset of freeze-up. A limited amount of spawning
by chum salmon also occurs in this habitat type (Hoffman 1985; Barrett
et a1. 1984). Tributary mouths provide a small amount of spawning.
rearing and overwintering habitat. Small numbers of pink. chum. and
chinook salmon have been observed spawning in tributary mouth habitats
(Sarrett et al. 1984) and juvenile chinook and coho salmon may be
found in these habitats throughout the year (Dugan et al. 1984).
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Evaluation Species and Periods

Seasonal habitat requirements are species- and life stage-specific.

Evaluation species were selected on the basis of their importance to

commercial and sport fisheries (refer Section III). and the potential
for project construction and operation substantially altering their

existing habitat. The prillary evaluation species and life stages are

chum salmon spawning and incubation, and juvenile chinook salmon
rearing. Since biological activity, physical processes. and habitat

condi'ions vary seasonally, the year was divided into four evaluation
periods. These periods were selected to best accommodate the natural
timing of the four principal freshwater 1ife stage activities of

Pacific salmon (spawning, incubation, overwintering, and summer

rearing) in the middle Susitna River (Fig. VI·1).

Although portions cf the evaluation periods overlap. the habitats

occupied by overlapping life stages as well as their habitat

requirements differ sufficiently to warrant separate analyses. To

facilitate integrating periods of biologic activity with the standard

time step used in the reservoir operation and various streamflow

models, evaluation periods are defined coincident with water weeks

(Table VI-1). Water weeks begin October I and consist of 51

consecuti ve 7-day peri ods. The fifty-second week (September 23-30)

contains eight days, and February 29 is omitted.

Table VI-I. Evaluation periods as defined by water weeks.

Species life stage Evaluation period Water Weeks

Chum Spawning August 12 to September 15 45 through 50
Chum Incubation August 12 to March 24 45 through 25
Chinook Overwintering September 16 to flay 19 51 ~;hrough 33
Chinook SUrmler rea ri ng May 20 to September 15 34 through 50

VI-5
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Relative Ranking of Physical Habitat Variables

Table VI-2 presents the results of subjectively evaluati19 the technl­
cal information presented in Sections III through V within the

analytic structure of the IFRS model introduced in Section II. This

table sunmarizes the relative degree of influence that individual

physical habitat variables exert on aquatic habitats in the middle

Susitna River during each of the evaluation periods identified above.

The habitat- and evaluation period indices provided in Table VI-2 only
consider physical aspects of habitat qual ity and do not reflect the

important synergistic 1~f1!.!~nces that biologic processes have on the

quality and productivity of aquatic hahitats. Therefore. thes~ index

values should not be used to rank habitat types or evaluation periods

in terms of their productivity.

The presence of upwelling water is the most important habitat variable

i nfl uenci ng the se1ect ion of spawni ng a reas by chum sa 1mon and it

s i gnlfi cant ly affects egg-to-fry survi va 1 ra tes (AOF&G. Su Hydro

1983c; Vining et a1. 1985). Upwelling's importance is derived from

its associated thermal and water quality characteristics which provide

1ife support for the aquat ic coom..mity dl. ri ng wi nter and to a la rge

extent influence habitat quality during the remainder of the year.

Table VI-2, Parts A and B sunmarize the influence of this physical

habitat variable on spawning and incubation for each habitat type.

Use of upwelling areas in mainstem and side channel habitats by

spawning salmon is limited by several factors. Hi9h sediment concen­

trations result in large volumes of sand being transported in close

proximity to the streambed, and mainstem and side channel streambeds

generally consist of large particles which are well-cemented by silts

and sands (R&M 1982a; ADF&G. Su Hydro 1983a). Du ri ng August ma i ns tern

stage is usually adequate to provide adult spawners access to

upwelling areas in mainstem and side channel habitats (Harza-Ebasco

19849; Klinger and Trihey 1984). but. naturally declinin9 water

VI-7
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surface elevatins during September limit spawning habitat quality in

some mainstem upwelling areas. Mainstem and side channel habitats are

are generally limited by velocity, except in isolateo backwater
locations along streambank margins. These locations usually possess

low quality spawning substrates because of their tendency to

accumulate relatively deep deposits of fine sediments.

Exclusive of the major clearwater tributaries. spawning most fre­

quently occurs in side slough habitats where upwelling is prevalent

and other physical habitat conditions are suitable. Naturally

occurring velocities seldom limit spawning in side slough habitats.

However, side slough habitats are often limited by shallow depths, and

poor quality streambed composition. Shallow depths also cause passage

problems which inhibit spawning salmon from using up'r/elling areas in

upstream portions of the side sloughs. Periodic short·term increases

in slough flow are important for improving passage conditions (Trihey

1982; Estes and Vincent-Lang 1984c). These increases are principally

caused by overtopping events or by rainfall runoff.

80th incubation and overwintering are adversely influenced by

naturally occurring cold water temperatures, river ice, and low

streamflows (refer Table VI-2, Part B and Part C). The presence of

upwelling groundwater creates favorable incubation conditions in

slough habitats and resulted in egg-to-fry survi\lal rates up to 35

percent in 1983-1984 (Vinin9 et al. 1985). Pools within the sloughs

genera 1ly pro\li de adequate depth and water temperatures for juveni 1e

fish to overwinter. At times, side sloughs are overtopped during

winter as a result of the mainstem ice cO\ler formation (refer

Section IV). The influx of cold mainstem water into side slough

habitats may reduce intragravel water temperatures and adversely

affect incubation rates and embryo growth. Overtopping also adversely

affects o\lerwintering fish.

The ad\lerse influence of cold water temperatures is most pronounced in

mainstem and side channel habitats where near O°C water temperatures

exist for approximately seven months. Upwellins exists in mainstem

VI-9



and side channel areas but its thermal value is sigr,ific~~tly reduced

due to the large volumes of aoc water in these chJnnels. Shorefast

and slush ice form along channel margins filling low-velocity areas,

where fish might otherwise overwinter. with ice. Mid-channel

velocities generally exceed those considered suitable for over·

wintering habitat. In addition large volumes of anchor ice and a

thick ice cover (4-6 ft) form over mainstem and side channel habitats

(R&M 1983a).

Much of the main channel and side channel surface areas possess high

velocities and suspended sediment concentrations which are not

suitable for small fish (refer Table VI-2, Part 0). In portions of

these habitats where streambed materials are large enough to proviC:e

juvenile fish refuge from high velocities, interstitial spaces are

generally filled by densely packed glacial silts and sand. thereby

prevent~ng fish from burrowing into the streambed. Rearing areas

associated with mainstem and side channel habitats are typically

located in low velocity areas along the shoreline margin. or in

backwater areas. Shoreline gradients are often mild. hence seasonal

variations of streamflow can cause large change5 in wetted surface

area (Klinger-Kin9sley 1985).

Although turbidity has some value to juvenile chinook for cover

(Suchanek et al. 1984) high turbidity also limits light penetration

and reduces primary production levels in mainstem and side channel

habitats. Low primary production levels result in a low aquatic food

base for rearing fish. Thus, turbidity has both beneficial and detri­

mental effects on rearing habitats in the middle Susitna River. Side

sloughs and side channels that fluctuate between clear and turbid

water habitats in response to streamflow variations. appear to provide

better conditions for primary and secondary production than areas that

remain turbid throughout sunrner. While the area is clear. primary

production rates would be high, stimulating production of benthic

prey. Under hi gher turbi dit i es f the young chi nook. cou 1d move into

these areas and feed without unduly exposing themselves to predation.

VI-10
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However, if these areas remain turbid continuously, aquatic food
production would likely be reduced.

The most important variables affecting fish habitat in the middle

Susitna River are streamflow, upwelling, temperature. turbidity, and

suspended sediment. Streamflow and upwelling are most influential for

determining habitat availability, where as temperature. suspended

sediment, and turbidity are the primary regulators of habitat quality.

The relative importance of these habitat variables changes wi th the

season, species, life stage and habitat type being considered. The

habitat index values (column totals) appearing in Table VI-2 are
listed in Table VI-3 to identify the evaluation periods and habitat

types most limited by natural conditions.

Table VI-3. Surrma ry of habitat and eva 1ua t i on peri od indices for
the middle Susitna River as derived in Table VI-2.

Evaluation
Evaluation Side Side Upland Tributary Period.

Period Mainstem Channe 1 Slough Slough Mouth Index ~

Spawning -6 -3 +5 +1 +3 0

Incubation -9 -7 +7 +4 -2 -7

Overwi nteri ng -g -9 +7 +3 +1 -7

Surrmer Rearing -6 -4 +5 +2 0 -3

Habitat Inde/ -30 -23 +24 +10 +2

I Ro\'! tota 1

2 Column total
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The information summarized in Table VI-3 reflects the detrimental

influences of high mainstem discharges and sediment concentrations

during SUl1l!ler and of low streamflows and stream temperatures during

winter. Review of tr.e habitat- and evaluation period indices in

Table VI-3 indicate that the most stressful period of the year for

fish occurs during fall and winter. ~aturally occurring physical

habitat conditions are least limiting to spawning and most limiting to

incubation and overwintering. It is also evident that mainstem and

side channel habitats are more adversely effected by the natural

streamflow. stream temperature and sediment regimes of the Susitna

River than are slough and tributary mouth habitats.

VI-12
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Influence of Project Desiqn and Operation on

Downstream Physical Processes and Fish Habitats

Construction and operation of the proposed Susitna Project would alter

the natural streamflow, sediment, and thenna1 regimes of the middle

Susitna River. These changes would affect, to varying degrees,

instream hydraulic conditions. turbidity. ice processes, streambed

compos i tion. upwell i ng. and stream channel geometry. a11 of whi ch

influence the availability and quality of fish habitH. Using this

opportunity to: (l) improve i ncuba tion and ove ..... i nter condi t ions,

(2) reduce high sunmer streamflows and sediment concentrations. and

(3) maintain or improve existing clea .....ater spawning and redring

habitats appea'"s to be a reasonable goal when establishing instream­

flow requirements for the middle Susitna River. However, attainment

of this goal depends upon understanding the degree of control alterna­

tive design and/or operation criteria might exert on downstream

physical processes and habitat variables.

Some project-induced changes. such as to the natural sediment and

turbidity regimes, are inherent with ;>roject construction and offer a

very limited opportunity to be influenced by project design or opera­

tion. Other project-induced changes I such as to the natural stream­

flow and stream temperature regimes are also inherent, but these

changes may be moderated or controlled through project design or

operation. Understanding the degree of control project design and

operation might have over changes to natural processes and physical

habitat variables can provide an effective means of developing

measures to avoid or minimize negative effects and maximize beneficial

effects project operation on downstream fish habitats.

Alternative design considerations and operating policies will afford

varying degrees of control over the natural streamflow. stream

temperature and sediment regimes of the river. Based on information

provided in Section IV and othpr project reports. the degree of

control over aquatic habitat variables afforded by alternative design

VI-13



or operating criteria can be ranked in ascending order of effective­

ness according to: (I) control over downstream sediment concen­
trations and turbidities, (2) control over the magnitude and

variability downstream temperatures and ice processes and (3) control

over downstream flow. Each of these topics are discussed separately

below.

Sediment and Turbidity

The 8.6 million acre-foot impoundment behind Watana dam will trap

the sand and larger sediments currently being transported from
upstream sources (R&M Consul tants 1982d; Harza-Ebasco 1984e). Thi 5

reduct; on ; n sed i ment load is expected to resu 1tin sor.;e degrada t; on

of the main channel downstream from the reservoirs (Harza-Ebasco

1985e). A general coarsening of streambed materials should occur

within the middle Susitna River as sand and other fine sediments are

eroded from the streambed and transported downstream.

However, not all suspended sediment wculd settle out in Watana

Reservoir. Very fine sediments « 5 microns) are expected to remain

in suspension throughou~ the year, causing streamflows downstream of

Watana Reservoir to change from highly turbid in surrrner and clear in

winter to moderately-turbid throughout ,he year (Peratrovich et al.

1982; Harza-Ebasco 1984e).

A1terna t i ve des i gn or opera t i ng criteri a for lola tana or Dev i1 Canyon

Dams affords a very limited de9ree of control over downstream

suspended sedi~nt concentrations and turbidities. 80th these habitat

variables are far more influenced by reservoir size and retention

time, and particle size and 1ight refraction than by the manner in

wh i ch the dams wou 1d be opera ted. The reduct i on in mi d- SUrJ'lTler

suspended sediment concentrations is expected to have an

unquantifiable but beneficial influence on habitat conditions for

aquatic insects and immature fish. Both have been found to respond

favorably to reduced sediment transport rates in other systems (Bjarnn
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et al. 1977). At present, project-induced changes in natural tur­

bidity level s are not sufficiently understood to forecast the net

effect of project altered turbidities on food production and fish

habitat in the middle Susitna River. However, work ;s under way which

shoula improve the level of under~tand;ng by early 1986.

Temperature and Ice Processes

Downstream water temperature would be altered by impounding the

natural flow of the Susitna River. Tho: reservoirs will attenuate the

annual variation in stream temperature by storing heat energy during

spring for redistribution during fall and winter. ',Jith-project

mainstem water temperatures are expected to be cooler during sunmer

and warmer during fall and early winter. Mid sunrner and mid winter

stream temperatures are not expected to change appreciably from

natural (Univ. of Alaska, AEIOC 1984). Alternative multi level intake

des i gns and ope rat i ng criteri a can provi de on ly a madera te degree of

control over mainstem water temp.. ratures becal,;=oe of the overriding

influence of air temperatur~ (APA 1984a).

Dewatering and freezing of streambeds and a prolonged period of near

zero degree water temperature appear to be the mast critical habitat

conditions affecting natural fish populations in the middle Susitna

River (refer Table VI-2). An increase in mainstem water temperature

over natural stream temperatures during fall and early winter would

extend the period of biologic activity, delay the onset of winter ice

processes and possibly improve overwinter survivi!l in the affected

habitats. Were water temperatures sufficient to prevent formation of

an ice cover, it is expected that terrestrial vegetation would become

better established along shorelines and on partially vegetated gravel

bars. This change would improve streambank stability and provide fish

greater access to streambank cover and terrestrial insects. Lack of

an ice cover would also preclude staging, thereby reducing the

frequency at which side slough habitats are overtopped during winter.
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Streamflow

Streamflow is the primary driving variable which either directly or

indirectly effects all aquatic habitat variables (Fig. VI·2). In the

middle Susitn~ River, different aspects of streamflow are important at

different times of the year and to different habitat types. Hainstem

water surface elevations and site specific depths are of greatest

concern in side channel and slough areas where the highest degrees of

habitat utilization have been observed (AOF&G, Su Hydro 1983e). These

habitats are the most vulnerable to dewatering by abnormally low

surrrner streamflows (Kl inger-Kingsley 1985) or to overtopping during

wi nter because of abnonna lly hi gh di scha rges and enhanced ri ver ice

conditions (Harza-Ebasco 1985d).

Velocity appears to be of secondary or tertiary importance depending

upon the species and habitat type being evaluated. Habitat response

curves (Section V) for both spawning and rearing fish in side slough

and side channel habitats are more significantly influenced by

increases in depth resulting from overtopping (a water surface

elevation phenomena), than by site specific velocity conditions.

Analyses of hydraulic conditions in shoreline margins of the mainstem

and large side channels (Williams 1985) indicate that flow velocity

often suppresses rearing conditions for juvenile salmon. Shorel ine

margins are usually devoid of cover objects and stream channel and

streambank gradients are after. too steep to provide any significant

change in the amount of wetted surface area possessing suitable

rearing velocities unless mainstem discharge was reduced to the range

of 5,000 cfs.

Project operation could provide a considerable degree of control over

the magnitude and variability of streamflows in the middle Susitna

River (Harza-Ebasco 1984g). During the open water season, streamflow

could be regulated to provide relatively st~ble depths and velocities

in side channel and slough habitats. or could be intentionally

fluctuated during early summer to flush undesirable sediments from the
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streambed. Streamflow fluctuations during late summer and fall caula
assist adult salmon gain access to 'side slough spawning habltats.

However. persistent cyclic fluctuations (such as those associated with
hydropower peaking) would likely be detrimental to fish and fisn food

organisms in mainstem and side channel habitats. During winter.

higher than natural, but stable. streamflows would 1ikely improve

habitat cand; t ions in ma i nstem and side channe1 habi tats present1y

influenced by river ice or dewatering and freeZing. Higher than

natural water flOW would rontribute to improved upwelling in the side
sloughs which would likely benefit incubation and overwintering

conditions. However, if mainstem water surface elevations associated

with higher winter streamflows were sufficient to cause recurrent

mid-winter overtopping of slough habitats the inflow of cold mainstem

water would adversely affect incubation end overwintering conditions

in the side sloughs.

Fish Habitats

The relative degree of influence that with-project physical habitat

variables might exert on the suitability of aquatic habitats in the

middle Susitna River is sUlTIJ\arized by Table VI-4. These subjective

index values are based upon the assumption that the with-project

physical habitat conditions implied by prec~ding discussions do occur:

sediment transport rates are expected to be significantly reduced,

turbidities decreased in sumer and increased during winter, stream

temperatures increased during winter, and ice processes moderated

upstream from RM 125. In addition it is assumed that streamflows

would be in the range of 12,000 to 14,000 cfs during summer and 8,000

or 9,000 cfs during winter.

The index values in Table VI-4 may be used to evaluate the relative

degree of i ofl uence with-project phys i ca 1 hab i tat va ri ab 1es mi ght

exert on each of the habitat types at ~ifferent times of the year.

These indices do not reflect the important synergistic influence OT

biologic processes on habitat quality and therefore, do not
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T~ble VI-4. Relative degrees' of influence that estimated with-project physical habitat variables

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

••••••

Hilbi tat.
Variable

Mainstetll flow
Upwelling
Substrate composition
Suspended sediment
Turbidity
Water Temperature

Habitat lncle....

Mainstem flow
Upwell; "9
Substrate composition
Suspended $edi~nt

Turbidity
Water temperature
Ice processes

Habitat lnde.

Kalnstem

-,.,-,
•••
•

.,.,-,
••-,-,

-,

Side Side UpJano iribuul1'y
o.,,""el Slough Slough :1outh

PART " Spawning (Auqust 12 - Seotember '51., ., a -j-, -, ., -,., ., -, .,
0 • • •• • • •• • • •

'5 .. • -6

PART 8: Il\cubatlon (August 12 - March Z'I., -j a -,., ., ., .,-, -, -, .,
• • • •• • • •-, ., ., -,-, -, • -,
• ., -, .\

PAP.T D' Su_~ Rearing (Hav ,. - Septembe~ lSI
Mainstem fl_ ...1 .j ., a -j
Upwelling • • ., ., •
Subst~ate composition ., ., ., -, -,
SuspenCled seCliment • • • • •
Tu~bl di ty -, ., • • •
Water temperature • • , • •

Habitat Index '5 ., '5 ., ..

PART C: 0";8",' nter;"9 (Seotember 16 - H," "1
I'lalnstem fl_ -, -, -2 a -\
Upwelli n9 ., ., ., ., .,
Substrate composition ., ., ., -, .,
SU$pended sediment • • • • •Turbidity ., ., • • •
Wate~ tempe~atu~e -, -, ., ., -,
Ice p~ocesses -, -, -, -, -,

Habitat InCle"" ., .. +7 ., -,

•

•

Evaluation scale
.) e""t~emely beneficial
.2 mode~ately beneficial
.1 slightly beneficial
o no effect

-1 slightly ~etrimental

-2 moae~ateJy detrimental
-) e""t~eme;y det~imental

~ntlclpated ~i:h-?roject ccndi:lons for the nabltat type ~u~ln9 the se4scn eyaluat~~ ~asea on
Info~mation contained in :ne c~aft license amena~en: (~P~ 1~85~J.
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necessarily det ine any particular increase or decrea~e ill fish

populations.

However. were the proposed project designed and operated with the

intent of ameliorating the more stressful naturally occurring phyjical

habitat conditions. a considerable degree of improvement appears to be

attainable in mainstem and side channel areas (Table VI-5). Through

project-induced reductions of high surrmer streamflows and sediment

transport rates. and an increase 1n winter streamflow and tempera­

tures. a considerable degree of improvement in both summer and winter

physical habitat conditions appears to be attainable. The successful

completion of IFR Volume 2 and the Comparisons Process will provide

the necessary technical information to define the most practical

streamflow and stream temperature regimes for attaining the beneficial

physical habitat conditions implied by the habitl1t and evaluation

period indices in Table VI-5.

hole VI·S. Comparison between habi~'t ,nc evaluation perIod ;ndlco::: for natural IN'
and with-project (PI conditions.

Evaluation
Evaluation Side Side Uplana Tributary Period 1

PeriCcis l1ainstem Channel SlOU9:'l SlOU9h Mouth Inae",

N p N P N P N P N P N P

Spawning -, • -, ·5 ·5 .. ., • ., ., • '15

lncub,tion -. -, -7 • .7 -7 .. •• -2 ., -7 ."
Over... ! nter -. '2 -. .. ·7 '7 -, '2 -, -2 -7 -15

SUlrr.:er Rearing -, -5 -. -5 ., -, -2 -2 • .. -, ."
Habi tat Inc!e",2 -,. .. -23 _14 -24 -" -,. ·e '2 -Il

Row total

2 Co Iu...~n :ota I
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