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I. INTRODUCTION 

Instream Flow Relationships Report 

The goal of the Alaska Power Authority in identifying environmentally 
acceptable flow regimes for the propos£.d Susitna Hydroelectric Project 
is the maintenance of existi ng fis~1 resources and levels 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 Hy~roelectric 

Project on existing fish habitats and to identify mitigation oppor
tunities associated with streamflow and/ or stream temperature regu-
1 at ions was initiated by the Power Authority. The In stream Flow 
Relationships (IFR) studies were initiated to identify the potential 
beneficial and adverse effects the proposed Susitna Hydroelectric 
Project might have on fluvial processes and fish habitat in the 
Talkeetna-to-Devil Canyon segment 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 sel ected species, 
and (2) evaluate the effects of alternati ve project designs and 
operating scenarios on physical processes which most influence the 
seaso •. al availability of fish habitat . 

In addition, a summary report, the lnstream Flow Rel at ionships Report 
(I FRR), would (1) identify the biologic significance of the physical 
processes evaluated in the technical report series, (2) integrate the 
findings of the technical report SE' ··: es, and (3) provide quantitative 
relationships and discussions regarding the influences of incremental 
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changes ·n streamflow , stream temperature, and water quality on fish 

habitats in the middle Su~itna River. By meeting these objecti ves the 
IFR studies will assis t the Alaska Power Authority (APA) and resource 

agencies to reach an agreement on an i nstream flow regime (and 
associated mi tigati on plan ) that would minimize adverse effects of the 
proposed proj ect and possibly enhance existing fi~h habitats and 
populations in the middle Susitna 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~icipcted with-project conditions. Vo lume II of 
the IFRR, which will be completed during 1986, will ~rovide a 
quantitative framework and the necessary rel ationshi ps to evaluate 

influences of incremental changes in streamflow, stream temperature 
and 1-1ater 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-1 as well as several reports prepared 
by the Alaska Department of Fish and Game, Su Hydro Aquatic Studies 
Group which describe fish habitats, populations and utilization 
patterns, and reports by the Harza-Ebasco Susitna Joint Venture which 
address reservoir temperature, instream ice processes, groundwater 
hydro 1 ogy, and sediment transpo;·t. 

Table I-1 IFR Studies Technical Report Series 
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the fi5h resources and habitats in the middle Susitna River ana 
sulllTlarizes the re lative abundance and seasonal utilization patterns 
'observed in middle Susitna Rive r habita ts from 1981 through January 
1985 . 

Technical Report No. 2 . Physical Processes of the Middle Susitna 
River. This report, prepared by Harza-Ebasco and R&l-1 Consultants , 
describes such naturally occurring physical processes within the 
middle river segment as: sediment transport, channel Stdbility , i ce 
cover fonmation and upwelling . 

Technical Report No. 3. A Limnological Perspective of Potential Water 
~uality Changes. This report, prepared by Harza-Ebasco, consolidates 
existing infOrmation 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. Th is report, prepared 
cy he University of Alaska Arctic Environmental and Data Center, 
cons ists 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 

quant i tative 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 Vi of this report. However, these 

descriptions only serve to establish a basis for understanding the 

re lative importance of anticipated with-project habitat conditions 

with regard to the life history requirements of the eva luation 

species. Quantitative descriptions or discussions of project effects 

on fish habitat, as expected in an impact assessment , are not provided 

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!1e FERC license 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 705-foot-high earth fill dam, which would impound an 

approximately 21,000-surface-acre reservoir with 2.37 million acre 

feet (maf) of usable storage. Cone valves and lll.lltiple level intake 

structures would be installed in the dam to control downstream dis

solved gas concentrations and temperature. The powerhouse would 

contain four generators with an installed capacity of 520 megawatts 

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

would be discharged over the spillway. 

The second stage of the proposed deve 1 opment is construction of the 

646-foot-high concrete arch Devil Canyon Dam, which is scheduled for 

completion by 2002. Devil Canyon Dam would be constructed at a site 

32 miles downstream of Watana Dam and would impound a 26-mile-long 

reservoir with 7,800 surface acres and a usable storage capacity of 

0.35 maf. Installed generating capacity would be about 600 MW, with 

an average annual energy output of 3450 gigawatt hou rs (GWH). Co ne 

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 surrrner streamflows when energy demand is 

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

winter when streamflows are lowest . When Devil Canyon Dam became 

operational, Hatana Reservoir would op~"rate in a similar manner, 

however, the level of winter drawdowns may not be as low. Devil 
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Canyon Reservoir water levels would genera l ly be stable with a small 
drawdown in the spring of dry years and a arger drawdown in the fall 
of average and dry years . 

The thi rd stage of the project consists of ra1s1ng the initial 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, Watana Dam 
would be 885 feet high and would impound a 48-mile-long, 38 ,000-
surface-acre reservoir with a tota 1 storage capacity of 9. 5 maf and a 
usable storage capacity of 3. 7 maf. Two additional generators would 
be added to the powerhouse, bringing the tota 1 number to s ix units. 
After completion of Stage III, the capacity of the powerhouse would 
increase to 1,020 MW because of the increased head on the four Stage I 
units and the addition of two more units at 170 MW each. The maximum 
powe""house discharge capacity at ful l pool would be greater than 
21,000 cfs (APA 1983). Watana Reservoir, because of its size, would 
provide the ability to completely regul l te 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 anJ Fairbanks . The Susitna Valley is 
a transportation corridor which contains both the Alaska Railroad and 
the Parks Highw~y. Even with these t ransportation facilities, how
ever, the basin remains largely undeveloped except for several small 
convnunities in the lower portion 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 

( RM) 98. 1 

The Sus i tna River is an unregulated glacial river. Typical sui11Tler 
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~ty units (NTU ) in 
sui11Tler, and less than 10 NTU in winter. Summer flows are quite 
variable, often changing from 5 ,000 to ~0,000 cfs from one week to the 

next ; peak flows exceeding 50,000 cfs are common . Winter s t reamflows 
are maintained pr incipally by groundwate r and therefore are quite 
stable. A thick ice cover generally forms on the river du r ing 1ate 
November and persists th rough mid-May. 

The drainage area of the Susitna Rive r , the sixth largest river basin 
in Alaska, is approximately 19 ,600 square mi les . The Susitna Bas i n ~s 
bordered by the Alaska Range to the north, the Chulitna and Talkeetna 
mountains to the west and south, and the northern Talkeetna plateau 
and Gulkana uplands to the east. Major tributaries to the Susi t na 
include t he Talkeetna, Chulitna, and Yentna kivers, all of which are 
glacial streams with characte~istically high turbid summer streamflows 
and ice- covered clearwater wi r ter flows. 

1 River miles are measured upstream from the mouth of the Susitn~ 

River which is locatec in Cook Inlet approximately 25 miles 
northwest of Anchorage. 
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The Yentna River, the largest tributary to the Susitna River 
originates at the Dall and Yentna glaciers in the Alaska Range 
approximately 130 miles northwest of Anchorage and adjoins the Susitna 
River at RM 28. The Chulitna River originates in the glaciers on the 
south slope of Mount McKinley and flows south, entering the Susitna 
Riv~r near Talkeetna at RM 99. The Talkeetna River originates in the 
Talkeetna Mountains, flows west, and joins the Susitna near the town 
of Talkeetna (RM 97). The junction of the Susitna, Chulitna and 
Talkeetna Rivers is commonly referred to as the Three Rivers 
confluence • 

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

disjunct south and west course 320 miles to Cook Inlet (Fig. 1-1) . 
The river flrws south from these glaciers in a braided channel across 
a broad alluvia l fan for approximately 50 miles , then west in a single 
channel for the next 75 miles through the steep-walled Vee and Devi l 
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 De': il 
Canyon, the river flows south again through a well-defined and rela
tively stable multiple channel until it meets the Chulitna and 
Talkeetna Rivers (RM 99}. Downstream of the Three Rivers confluence, 
the Susitna River vall ey broadens into a large coasta l lowland. In 
this reach the down valley gradient of the r iver decreases and i t 
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. Conmercial 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 
commercial 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 nut; 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 cyc·,e by decreasing streamflows during the 
su11111er months and increasing them during the winter months. Stream 
temperatures and turbidities wi 11 be s im1l arly affected. The most 
pronounced changes in stream temperature and turbidity will likely 
occur in mainstem and side channel areas with somewhat lesser effects 
occurring in peripheral habitats. Changes in depth and velocity 
attributable 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 habi tat 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~uirements 
and the importance of the requirements to the overall population. Some 
project-induced changes in environmental conditions may have no 
apprec :able effect on existing fish populations and their associated 
habitats, whereas other ch~nges may have dramatic consequences. Thus, 
in order to understand the possibl~ effects of the proposed project on 
existing fish populations and to identify mitigation opportuni ties or 
enhancement potential, it is important 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 JFR ANALYSIS 

Selection of Fish Habitat Over 

Fish Populatious for Decisionmaking 

Identification of an environmentally acceptable flow regime to main

tain 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 mainstem 

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

tent with the mHigation goals of the Alaska Power Authority, U.S . 
Fish and Wildlife Service, and the Alaska Department of Fish and Game 

\USFWS 1981; ADF&G 1982; APA 1982). The ultimate goal of t~ese 

organizations' mitigation policies is the maintenance of natural 

habitats and production levels . 

Fish populations of the Susi tna 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 ma~ine environments. Ocean 

survival and commercial catches significantly affect the number of 

salmon returning to spawn in the Susitna River basin (AOF&G 1985) . 
Wit)'lin the freshwater environment, factors such as high fl ows and 

suspended 5ediment concentrations during sunmer, cold stream t empera
tures, low wi ntea c;treamflows, predation, and sport fishing appear to 

affect populations . 

Furthermore, adult fish populations seldom show an immediate response 

to perturbations that may occur either within or outside their 
freshwater environment. A time- lag, of : en of several years, usually 

occurs before an effect, whether benefi~ial or detrimental, is 

reflected in the reproductive potential or size of the population . 
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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 uncertaint ies associated with correlating f1 sh 

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 (Stal naker and Arnette 

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

modeling is well suited for obtaining reliable forecast:; of with

project streamflow , temperature, and water qua 1 i ty 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 indicative of the popJlation response. Although the 

rela tionship 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 al. 1985). 
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Framework for Ex trapolation: 
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
t at . 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 t he life speci es and stage being evalu
ated (Stal naker 1978). This i ndex is most co11111only computed using 
microhabitat variables such as depth, vel ocity, and substrate composi
tion for spawning fish, and depth, velocity, and cover for rea r ing 
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 representative reach concept (Bovee and Mil hous 1978) is often 
used by instream f low investigators as a basis for extrapolating. 
This concept i s based on the theory of longitudinal succession which 
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. hydrology, geology , 
topography, and vegetative cover {land use) are the principal determi
nants of basin runoff and erosional processes wh ich control longitudi
nal succession. '3y applying the longitudina l succession approach to 
the existing river system and by considering differences project 
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operat ion would have on the type and magnitude of change in fluvial 
processes wi thin various ri ver segments, the 320-mile l ength of 
the Susitna River was divided into the four discrete segments. 

1. Upper Bas in ( RM 232-320) . This segment inc ludes 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 inc:ludes the 
80-mil e porti on of the Susitna Ri ver which will be inundated by 
the Watana and Dev il Canyon impoundments . This single channel 
reach i s characterized by steep gradients and high veloci t ies . 
Intermittent i slands are found in the reach with significant 
rapids occurring in Vee Canyon and between Devil Creek and Devil 
Car.yon. 

3. The Middle River (RM 99- 150) . This 50-mile segment ( the focus of 
the IFRR) extends from Devil Canyon downstream to the Talkeetna 
and Chulitna Rivers confluer~e. It is a relatively stable reach 
comprised of nearly equal lengths of single channel and split 

channel characteristics. Construction and operation of the 
project wil l alter the quanti ty 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 th ree rivers confluence downstream to the estuary. The 
floodpl ai n 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 mai n flow channel or channels . Project i nduced changes in 
streamflow, stream temperature, and sediment concentrations will 
attenuate i n this reach due to tributaries such as the Talkeetna, 
Chulitna , and Yentna Ri vers, all of which will be unaffected by 
project opera tion . 
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Extraoolation of microhabitat responses in fish habitat to non-modeled 
portions of the river using the traditional concepts of longitudinal 
succession is accomplished by dividing the river into segment s of 
similar channel morphology, water qual ity or species composition • 
Likewise, the segments are further subdivided into subsegments of 
similar hydraulic, hydrologic, and morphologic characteristics. 
Subsegments are then defined according to haoitat type by measurements 
obtained in representative reaches. Systemwide habitat evaluation is 
accomplished by extrapolating habitat relationships for representative 
reaches to the subsegments and segments in which they are located on 
the basis of proportional length . 

The longitudinal succession approach is most applicable to single
thread river systems in which subsegments containing relati vely 
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 discrete segments previous ly described, subdividing the middle 
Susitna River segment into subsegments by application 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, 
tribl•tary, and tributary mouth {ADF&G, Su Hydro 1983a; Klinger & 
Trihey 1984). Habitat type refers to a major porti on of the wet ted 
surface area of the river possessi ng similar morphologic, hydrologi c , 
and hydraulic characteristics. At some locations, such as major side 
channels and tributary mouths, a designated habi tat 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 i n response to 

mainstem discharge {Klinger and Trihey 1984) . Such an example is the 

transformation of some turbid-water side channels to cl \!arNater side 

sloughs when mainstem discharge recedes dur ing late summer and fall. 

Habitat transformation categories are used in the IFR analysis to 

classify specific a·eas within the river corridor according to the 

nature of the habitat transformation they undergo as mainstem dis

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

fication of specific areas into habitat dewatered or transformation 

categories is important because {1 ) 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 conditions 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 

i ndices 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 l ess intensively studied specific areas ( nonmodeled 

sites). Representative groups provide the analytic bridge to extrapo

late habitat response functions f rom modeled to nonmodeltd sites. 

Figure II-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 i s similar to the study site ana representative reach logic 
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referer.ced in the 1 i terature and other instream flow studies (Bovee 

and Mi lhous 1978; Wilson et al . 1981; Bovee 1982 ) . 

However , a basic difference exists between the structure of the 

e xt rapolation methodol ogy used in th IFR studies ana that used in 

other instream flow studies . In the IFR extrapolation methodology 
habitat types and rep resentative groups a re substituted fo r river 

suhsegments and representative reacnes. Additionally, the IFR 

methodology uses wetted surface area rather than reach length as the 

common denomina tor for extrapol a tion. Gi ven the spatial diversity and 

temporal variation of riverine habitat conditions within the midd l e 

Susitna River the hierarchia l structure of th i s analysis is considered 

more applicabl e than routine adherence to extrapolation methodologies 

based on longitudinal succession and the representative reach concept . 

Sufficient data is ava il abl e to ident ify the seasonal and microhabitat 

requirements of resident fish, and of adult and j uvenile salmon 

indigenous to the middle Susitna River ( ADF&G, Su Hydro 1983d; Estes 

and Vincent-Lang 1984d; Schmidt et al. 1984 ) . Physica l process models 

have been developed to e valuate stream temperature, i ce cover, 

sediment tra1sport, and site specific hydraul ic conditions for a broad 

range of streamfl ow and meteorologic conditions (Feratrovich e t al. 

1982 ; Univ. of Alaska, AEror 1983; Estes and Vincent- La ng 1984d; 

Ha rza-Ebasco 1984b; Harza-Ebasco 1984e; Hilliard et al. 1985). The 

surface area response of aquatic habitat types to mainstem discharge 

has been estimated (Klinger and Tr ihey 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 

suff icient to quantitat i vely model habitat response to alternative 

streamflow and stream temperature regi mes at both the microhab i tat and 

habitat levels. Finally , knowledge of t he influences of mainstem 

discharge on groundwater upwell i ng and water quality is sufficient to 

be incorpora ted into this analysis in a st ructu red, but subjective 

manner. 
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At present , the numerous compJnents and linkages of a habitat response 
model for the middle Susitna River remain at various st ages 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 t he primary and secondary 
evaluation species; Section IV discusses the principal watershed 
characteristics and physical processes which influence the seasonal 
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. II-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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III. FISH RESOURCES AND HABITAT TYPES 

Overview of Susitna River Fish Resources 

Fish resources in the Susitna River comprise a major portion of the 
Cook Inlet commercial salmon harvest and provide fishing opportunities 
for sport anglers. Anadromous species that form the base of commer
cial and sport fisheries include five species of Pacific salmon: 

chinook, coho, chum, sockeye, and pink. Resident species found in the 
Susitna River basin include Arctic grayling, rainbow trout, lake 
trout, burbot, Dolly Varden, and round whitefisl': . Fish species that 
inhabit the Susitna River are listed in Table 1I1- 1 . 

Adult Salmon Contribution to Commercial Fishery 

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

commercial salmon catch in upper Cook Inlet originates in the Susitna 
River basin (Barrett et al . 1984). The long- term average annual catch 

of 3. 1 million fish is worth approximately $17.9 million to the 
COIJ'IIlercial fishing industry (K. Florey, ADF&G, pers . conm. 1984 ) . In 
recent years commercial 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 1983 (Table III-2) . 

The most important species to the upper Cook Inlet commercial fishing 

industry is sockeye salmon . In 1984, the sockeye harvest of 2.1 
million fish in was valued at $13 .5 million (K. Florey, ADF&G pers . 
conm. 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 Sl .4 million ano $!.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 

I I I -1 



Table 111-1. Common and scientific names of fish species recorded 
from the Susitna River Basin (from Alaska Dept . of Fish 
and Game, Susitna Hydro Aquatic Studies) 

Scientific Name Common Name 

Petromyzontidae 
Larrpetra japonica 

Salmonidae 
Coregonus laurettae 
Core onus pidschian 
ncorhynchus gorbuscha 

Oncornynchus keta 
Oncorhynchus kTSUtch 
Oncorhynchus nerka 
Oncorh~nchus tshaWytscha 
Prosop1um cylindraceum 
Sa lmo ga i rdneri 
saTVelinus malma 
Salvelinus namaycush 
Thymailus arcticus 

Osmeridae 
Thaleichthys pacificus 

Esocidae 
Esox lucius 

Catostomidae 
Catostomus catostomus 

Gadidae 
Lota 1 ota ----

Gasterosteidae 
Gasterosteus aculeatus 
Pungitius pungitius 

Cottidae 
Cottus spp . 

111 -2 

Arctic lamprey 

Bedng cisco 
humpback whitefish 
pink salmon 
chum salmon 
coho salmon 
sockeye salmon 
chinook salmon 
round whitefish 
rainbow trout 
Dolly Varden 
lake trout 
Arctic grayling 

eulachon 

northern pike 

longnose sucker 

burbot 

threespine stickleback 
ninespine stickleback 

sculpin 

• • • • • • • • • • • • • • • • • • • 



• • Table III-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 Tota 1 

• 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 35,6£4 327,029 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 • {odd ) 

II 
II 
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at $2.0 million, while the coho salmon harvest of 443,000 fish was 
worth $1.8 million (K. Florey, ADF&G, pers. corm~. 1984). The 
estimated contribution of Susitna 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 salmon harvest of 623,000 fish worth an estimated 
S0. 5 million (K. Florey, ADF&G, pers. comm. 1984). Susitna River pink 
salmon contributed about 85 percent to this amount (Barrett et al. 
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 commercial value of S0.3 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 al. 1g84). 

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

Sport Fishing 

The Sus itna River, along with many of its tributar·;es, 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 
angler days of sport fishing (Nills 1979, 1980, 1981, 1982, 1983, 
1984) . This represents approximately 13 percent of the 1977-1983 
annual average of 1.C million total angler days for the Southcentral 
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region. Most of the sport fishing in the Susitna Basin occurs in the 

lower Susitna River from Alexander Creek (Rt-1 9 .8 ) upstream to the 

Parks Highway (RM 84) . 

Sport fi shing 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 salmon entering the Susitna River was caught by sport 

anglers {Table III - 3) . The annual harvest of chi nook salmon in the 

Susitna River has increased from 2,850 fish i n 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 t rout and Arctic grayling are 

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

Subsistence Fishing 

The only subsistence fishery on Susitna River fish stocks that 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 annual Tyonek subsistence harvest averaged 2,000 

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

II I- 5 
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JC~b1e 111 -4 . Sport fish harvest for Southcentra1 Alaska and Sur.ltoa Bas i n in number s of Hsh by Jpec i es , 1978- 1983 (from Mill s 1979, 1980, 1981 , 

1982 , 1983, 1984) . 

Arctic Craxltng Rainbow Trout Pink Sa lmon Coho Sal mon Chinook Sa lmon Chum Sa lmon Sockexe Sa lmon 
South- Susltna 5outh- Susitna South- Susltna South- Sus!tna South- Susltna South- Susftna South- Sus l tna 

'rear central Basin cent r al Basin centr al Bas in central Bas in centra I Basin cent ral Bas i n centrd l Basin 

1978 47,866 13,532 107 ,21;3 14,925 143,483 55 ,418 81 ,990 15,072 26,415 2,843 23 , 755 1 ~ ,667 1 18, 29~ 845 

1979 70,316 13,342 129,8 15 18,35'1 63 , )66 12, 516 93 , 234 12,893 34 ,009 6,910 8, 126 4,072 77,655 1,586 

l!J80 69 ,462 22,063 126 ,686 15.488 153 , 794 56,621 127,958 16 ,499 24 ,1 55 7, 389 8 ,660 4, 759 105.9111 1, 304 

1!181 63,695 21 , 216 149,460 13,757 64,163 8,660 95,376 9,391 35,822 7, 576 7,810 4,207 76,533 1,283 

1982 60 ,972 18,860 llt2 ,579 16,979 105 .961 16,872 136,153 16 , 664 46,266 10, 521 13,497 6 ,843 128 ,015 2, 205 

1983 56, 896 20, 235 1111 , 663 16, 500 47,264 4,656 87,935 8 ,425 57,094 12, 420 11,043 5 , 233 170, 799 5,537 

Avt:t"dge 61,535 18,211 132, 908 16,000 134, 413 42 , 954 103,774 13,1 57 37 , 294 7, 943 12, 149 6, 797 11 2 ,869 2, 128 
(even) (~:ven) 

58,264 8,611 
(odd) (Odd) 



Relative Abundance of Adult Salmon 

Major salmon-producing tributaries to the Susitna River include the 

Yentna River drainage (RH 28}, the Chulitna River drainage (RM 98.6}, 

and the Talkeetna River drainage (RM 97 . 1}. Numerous other smaller 

tributaries also contr ibute 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 111-5. 

The minimum Susitna River escapements of four salmon species can be 

estimated for 1981 through 1984 by adding the escapements at Yentna 

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

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 

Rive r escapements for sockeye, chum and coho salmon are presented in 

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

reported in Table Ill-S as a two-year average 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 (Ba rrett et al. 1984} . 

Escapements of chinook saLoon at Yentna Station have not been quan

tified because most of the run passe·s the station before monitoring 

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

Therefore, a minimum Susitna River escapement for chinook salmon 

cannot be estimated by the same method used fo r the other salmon 

species. Chinook escapements have been estimated at Sunshine Station 

in 1982, 1983, and 1984 (Barrett et al. 1984, 1985 ) . The three-year 

average of chinook escapements at Sunshine Station is presented in 

Table 111-5. 

Most salmon spawn in the Susitna River and its t ributaries below 

Talkeetna Stati on (RM 103) (ADF&G, Su Hydro 1981, 1982b; Barrett 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 
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l diJle Ill - !> . Average sa lmon escapements in the Susitna Uiver by spec ies and locd tion (frorn Barrett cl al. 1984, 
1985). 

Location 
Sodeye1 Chwl Coho2 Pink3 Chinook4 IH ver ~l i le Locdtion Tota l 

Yenlna Sta t lou 126 ,750 21,200 19,600 Odd 48,400 Odd 215,950 
nM 28 , TRM 04 Even 408,300 Even 575,850 

Sunshine Station 121,650 431 ,000 43,900 Odd 45,000 88,200 Odd 729,750 
nM so Even 730 ,100 Even 1,414,840 

Talkeetna Station 6,300 54,600 5,700 Odd 5,900 16,700 Odd 09,200 
I~M 103 Even 125,500 Even 208 ,800 

Cun·y Station 2,400 28 ,200 1,600 Odd 3,300 13,000 Odd 48, 500 
HM 120 Even 87,900 Even 133' 100 

Minimum Sus itnd 5 248 ,400 452 ,200 63,500 Odd 93 ,400 Odd 857 , !>00 
Uiver Even 1,138 ,400 Cven I ,902 ,5ll0 

---
1 Second-run sockeye escapements. Four-year average of 1981, 1982, 1983, and 1984 escapements . 
2 Four-year average of 1981, 1982 , 1983, and 1984 escapements. 
3 Odd is average of 1981 and 1983 escapements. Even is average of 1982 and 1984 escapen~nts. 
4 Three-year average of 1982 , 1983, and 1984 escapement s. Dashes i ndicate no est ima te. 
5 Sun•na.tion of Yentna Station and Sunshine Stati on average escapements. Does 

Sus itna River and tributaries bel ow RM 80, except t he Yentna River (RM 28). 
not include escapemeut to the 



River (RM 40.5), and Prairie Creek in the Talkeetna River drainage (RM 
97 . 1) (·Barrett et al. 1984, ~ ~G5). 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 sa l mon 
spawning area (Barrett et al. 1984) . The primary area of chum salmon 
spawning is the Talkeetna River (Barrett et al. 1984, 1985}. Coho 
salmon spawn mainly in tribut aries 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 
monitored at Talkeetna (RM 103) and Curry (RM 120) Stations since 1981 

(AOF&G , Su Hydro 1981, 1982b; Barrett et al. 1984, 1985). 

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 minimull'l Susitna 
River escapements. Based on the average escapements pr~sented in 
Table III-5, the average percent contribution 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 Yentna Ri ver) ; and (2) the Tal keetna Station escape
ments overestimate the number of spawning salmon in the middle reach. 
This overestimation is apparently 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 that returned downstream of 
Talkeetna Station to spawn (Barrett et al. 1985) . If the escapement 
to Talkeetna Station is reduced to account for the mill ing factor, the 
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contribution of middle Susitna River escape1uent 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 
sal mon were not included i n t his analysis because of the lack of 
minimum Susitna River escapements, as previously discussed . 
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Distribution and Timing of Juveni le Salmon and Resident Species 

Juvtnil e Salmon 

Most chum sa lmon rear in the middle Susitna River from Nay through 

mid- August, whi le juvenile pink salmon spend litt le time in this reach 

(Dugan et al. 1984). The outmi gration of juvenile chum at Talkeetna 

Station {RM 103 ) extends f rom May th rough mid-August, whereas most 

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

1984). Outmigration timing of pink and chum juveniles is positive ly 

corre lated with ma instem discharges (Roth et al. 1984) . 

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

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

outmigrati ng (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, J uly, and August (Roth et al. 1984) . Chinook , coho, 

and socke~·e j uveniles that remain in the middle Susitna River util i ze 

summer rearing habitats until September and October, when they move to 

overNintering habitats. Chinook juveniles rear primarily in 

tributa ries and side channels. In 1983, side channel use was highest 

in July and August (Dugan et a l. 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 a 1. 1984). Age 1 + chi nook, coho, and sockeye, and age 2+ 

coho outmigrate primarily in June at Talkeetna Station (Dugan et al. 

1984). 

Resident Species 

Rainbow trout and Arctic gray l i ng spawn and rear principal ly i n 

tributary and tributary mouth habitat of the mi ddle Susitna River. A 

limited amount of reari ng occurs in mains tem- i nfl uencec habitats , and 

both species use the mainstem for ove rNi ntering. Burbot are f our.d 

almost excl usively in mainstem, side channel s, and backwater a reas of 
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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 speciPs in the middle river, having highest densities in 
side sloughs and tributaries (Sundet and Pechek 1985). They may, 
however, overwinter in the mainstem. Humpback whitefish are 
relatively scarce in the middl e river (Sundet and Pechek 1985) . 

Longnose sucker, Dolly Varden, lake trout, and threesp ine stickleback 
are other species found in this segment of the river . 
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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 be-ern identified within this river 

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

tributary, and, tributary mouth (Fig. 111-1). Within these aquatic 

habitat types, fish habitat of varyins quantities and quality may 

exist depending upon site-specific thermal, water quality, 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/life stages which inhabit the middle Susitna 

River. 

Mainstem Habitat 

Mainstem habitat is defined as those portions of the Susitna River 

which normally convey the largest amount of streamflow throughout the 

year. Included in this aq•Jatic habitat category are both single and 

multiple 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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Note; A a o r e det•lled deeerlptlon of thoee h1blt1 t t ypee 
c an be •o und In thl e eeetlon of thla report. 

LEGEN D 
I. Mainstem Habi tat 

2. Side Channel Habitat 
3. Side Sloug h Habitat 
4. Upland Slough Habitat 
!S. Tributa ry Habi ta t 

6. Tr ibu tary Mouth Habitat 

Fi gure III-1 . General ha bita t types of the Susitna River 
(ADF&G, Su Hydro 1983a ) 
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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 relativel1 stable, high gradient 

and normally well-armored with cobbles and boulders. Interstitial 

spaces between these large streambed particles are generally filled 

with a grout-like mixture of small gravels and glacial sands with 

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

are usually unstable. 

Groundwater upwellings and clearwater t ributary 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, b~t become appreciably 

dewatered during periods of low flow. For convenience of classifi 

cation and analysis, side channels are defined as conveying less than 

10 percent of the total flow passing a given location in the river. 

Side channel habitat may exist in well-defined channels, 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, and smaller streambed materials than mainstem habitats. 
However, side channel velocities and substrate composition often 
provide suboptima 1 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 sl ough habitats typically exist in 
overfl ow 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 
paralleling the slough and separating it from the mainstem (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 
upstream into the slough (Trihey 1g82). 

In the middle Susitna River approximately 80 percent of all 
non-tributary spawning by chum salmor. and essentially all sockeye 
salmon spawning occurs in unbreached side slough habitat (ADF&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 sulllllE!r, moderate numbers of juvenile coho and 
chinook make use of side-slough habitats, with chinook densities 
increasing during the fall-winter transition (Dugan et al. 1984) . 
Small numbers of resident species, such as rainbow trout, Arctic 
grayling, burbot, round whitefish, cottids, and longnose suckers, are 
also found in side slough habitJts. 

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 l982a). 

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. WhE:n this occurs, discharge through the 
side slough increases markedly . Generally from less than 5 cfs to 
100 cfs or greater. Such overtopping events affect the thenmal, water 
quality, and hydraulic conditions of side slough habitat (ADF&G, Su 
Hydro l982a). 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 upwelling or 
the less frequent conveyance of mainst em water, streambed materials in 
side slough habitats do not appear to be as cemented or grouted as 
similar sized particl es would be in side channel habitats . 

When not overtopped, surface water temperatures in side sloughs 
respond independently of mainstem temperatures (ADF&G, Su Hydro 
1982a). Surface water temperatures in unbreached side sloughs are 
i nfluenced by the temperature of groundwater upwelling, the tempera
ture of surface runoff, and climatologic conditions. In many 
instances th;! thermal effect of the upwelling water is 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 clearwater systems which exist in rel ic 
side channels or overflow channels. They differ in character from 
side slough habitats in that the elevation of the upstream berm is 
sufficient to prevent overtopping in all but the most extreme flood or 
ice jam events. Consequently, upland sloughs typically possess steep, 
well-vegetated stret'mbanks, near-zero flow velocities, and sand or 
silt covering larger substrates. In addition, active or abandoned 
beaver dams and food caches are commonly observed in these habitats . 

The primary influence of mainstem or side channel fl ow on an adjacent 
upland slough is the regulation of water depth in the slough by 
backwater effects. The water surface elevation of the adjacent 
mainstem or side channel often controls the water surface elevation at 
the mouth of the upland slough. Dep~~ci ing upon the rate at which the 
mainstem water surface elevation responds to storm events relative to 
the response of 1 oca 1 runoff into the up 1 and s 1 ough, turbid mains tern 
water may enter the slough. The rapid increase in mainstem water 
surface elevations and suspended sediment concentrations associated 
with peak flow events is suspected of being a primary transport 
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mechanism of fine sediments into the b~ckwater areas of upland 
sloughs while local surface water inflow anu bank erosion may be major 

contr ibutors of sediments in reaches upstream of backwater areas and 

beaver dams. 

Although upwelling is often present in upland sloughs, little spawning 

occurs in these habitats (Barrett et al. 1984 }. The most extensive 
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 
sedi~ent 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 spawnin9 areas for chinook 
salmon and ~early all of the coho and pink salmon spawning areas i n 
the middle Susitna River (Barrett et al. 1984}. Also, approximately 

one-third of the chum salmon escapement to the middle Susitna River 
spawn in tributary habitats. Pink salmon juveniles outmigrate shor tly 
after emergence and most juvenile chum leave within one to three 
months. However, a 1 arge percentage of emergent chinook and coho 

remain in tributary streams for several months following 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 

Tr1butary mouth habitat refers to that port1on of the tributary which 
adjoins the Susitna River. The areal extent of this habitat responds 

111- 20 

• • • • • • • • • • • • • • 



• • • • • • • • • 
• 
• • • 
ll 
II 
II 
[I 

to changes in mainstem discharge. By defini t ion, this habitat extends 
from the uppermost point in the tributary influenced by mainstem 
backwater effects to the downstream extent of its clearwater plume . 

Though velocities could be 1 imiting, 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 al. 1984). This habitat type is an important feeding 

station for juvenile chinook (ADF&G, Su Hydro 1983e), rainbow trout, 
and Arctic grayling (Sundet and Wenger 1984), espe~ially during 

period~ 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; ADF&G 1982; APA 1982) . These guidel ines imply that species with 
coiTillercial, subsistence , and recreational uses are given high 
priority. The species of greatest concern are those utilizing 
habitats that will be most altered 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 consider·ed for evaluation were those which use these t·~o 

habitats most extensively. Chum salmon spawners and incubating 
embryos, 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, al l freshwater life phases of sockeye and pink salmon, rearing 
and overwintering rainbow trout , coho salmon j uveniles and returning 
adults, rearing and oven-lintering 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 III-2}. Comparatively small numbers of salmon 
spawn in mainstem, side channel, upland slough, and tributary mouth 
habi tats. 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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SC -SIDE CHANNEL 
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CHI~!OOK 
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CHUM 

Figure III-2 . ~elative distribut ion of sal~on spawnin9 within 
different habitat types of the middle Susitna 
River (Estes and Vincent-Lan~ 19R4c). 
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chum salmon spawning in non-tributary habitats within the middle 
Susitn~ River averaged 4,200 fish per year for the 1981-83 period of 
record (Barrett et al. 1984) . This represents about two-thirds of the 
peak survey counts in all habitats during 1981-1983 (Barrett et al. 
1984). Approximately 1,600 sockeye per year {99 percent of peak 
survey counts ) spawned i n slough habitat during the same period. 
Limited numbers of pink salmon utilize side channel s and side sloughs 
for spawning during even-numbered years (Barrett et al. 1984). 
Similarly, only a few coho salmon spawn in non-tributary habitats of 
the Susitna River (Barrett et al. 1984) . 

Approximately 10,000 chum salmon have returned annually to the middle 
Susitna River to spawn dur ing 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 SA generally account for the majority of slough spawning 
(ADF&G, Su Hydro 1981, 1982b; Barrett et al. 1984). Extensive surveys 
of side channel and mainstem areas have aocumented comparatively low 
numbers of spawners and spawning areas in side channel and mainstem 
habitats {AOF&G, Su Hydro 1981, 1982b; Barrett et al. 1984). 

Within the Ta lkeetna-to-Devil Canyon reach, spawning sockeye salmon 
are distributed among eleven sloughs. Sloughs 11, SA, and 21 
accounted for more than 95 percent of the sockeye spawning in the 
middle Susitna River during 1981-1983 (Barrett et al . 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 sockeye 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 al. 1984) . This o~er1ap is likely a result 
of similar timing and habitat requirements (Barrett et al . 1984; Estes 
and Vincent-Lang 1984d). Chum sa lmon are more numerous in ~ 1 ough 
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habitats and 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 Susitna River in varying 
degrees . Among the non-tributary habitats, juvenile salmon densities 
are highest in sloughs and side channel areas (Fig. III-3}. Extensive 
sampling for juveniles has not been conducted in mainstem 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 shorel ine margins . 

Coho salmon juveniles are most abundant in tributary and upland slough 
habitats which generally do not respond significantly to variat ions in 
mainstem discharge (Kl inger and Trihey 1984). Although relatively few 
in number, sockeye juveniles make extensive use OT upland slough and 
side slough habitats within the middle Susitna River . 

Juveni le chum and chinook salmon are quite abundant in the middle 
Susitna River; the most extensively used of the non-tributary 
habitats are s ide s loughs 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 
evaluation species/ life .;tage while juvenile chum are a sec'Jndary 
evaluation species/l ife stage . 

With the exception of burbot, important resident species in the middle 
Susitna River are mainly associa t ed with tributary habitats . Rainbow 
trout and Arctic grayling, important to the basi n' s sport fishery, 
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spawn and rear in tributary and tributary mouth habitats . A 1 imited 
number of rainbow trout and Arctic grayling rear i n mainstem
influenced habitats {Sundet and Wenger 1984), and both ~pecies use 
mainstem habitats for overwintering . Due to their use of 
11ainstem-influenced areas, overwintering and rearing Arctic grayling 
and rainbow t rout are selected as secondary eval uation 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 speci es 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 channei 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 availability and quality of aquatic 
habitat. These physical processes and relationships 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 
cons idered a constant and is not discussed in this section . 

Watershed Characteristics 

Basin Overview 

Tributaries i n the upper portions of the Susitna River basin originate 
from glacial sources in the Alaska Range whi ch is dominated by Mount 
Deborah (12,339 feet) and Mount Hayes (13,823 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 l owlands 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 lowl ands; a broad 
basin increasing i n elevation from sea level to 5~0 feet, with local 
relief of SO to 250 feet (Fig. IV- 1) . 

In the mountai nous areas above 3,000 feet elevation, discontinuous 
pennafrost is often present. Below 3,000 feet elevation, isolated 
occurrences of pennafrost can be found in association with 
fine-grained soils. The Susitna basin geol ogy consists of extensive 
unconsolidated glacial deposits. Glacia l moraines and outwash are 
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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 
grave 1 and 1 oam deposits 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 grav~lly to loamy . 
Poorly drained, stony loams with permafrost 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 alpi ne 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 . 

The upper Susitna basin is in the continental climatic zone, while the 
lower portion of the basin is in the transitional climatic zone. 
Temperatures are more moderate and precipitation is less in the lower 
basin than in the upper bisin (Fig. IV-2) . 
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Figure IV-2. Average monthly air temperatures (°C} i n the upoer and 
lower bas ins of the Sus i tna River (adapted from R&t·1 
1984a, 1985a; U. S. Dept. of Commerce 1983, 1984). 
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Storms which affect the area generally cross the Chugach Range from 
the Gulf of Alaska or come from the North Pacifi c 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 
Mountdins 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-1) . Snowmelt and rainfall runoff cause a rapid rise in 
streamflows during late May and early June, and over half of the 
annual floods occur during this period . 

Table IV-1. Summary of monthly streamflow statistics for the Susitna 
River at Gold Creek from 1949 to 1982 (from Harza-Ebasco 
1985g). 

Month Max imum 
Mor.chl~ Flow 

ean 
{cfs~ 

Minimum 

January 2,452 1,542 724 
February 2,028 1,320 723 
March 1,900 1,177 713 
Apri 1 2,650 1,436 745 
May 21,890 13,420 3,745 
June 50,580 27,520 15,500 
July 34,400 24,310 16,100 
August 37,870 21,905 8,879 
September 21,240 13,340 5,093 
October 8,212 5,907 3,124 
November 4,192 2,605 1,215 
December 3,264 1,844 866 

Average 15,900 92651 4!785 
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Daily streamflows are relatively high throughout the sulllller, 
occasioned by rapid responses to highly variable precipitation 
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 declining 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 Harr ison 
{1982) state that "roughly 38 percent of the streamflow at Gold Creek 
originates above the gaging stations on the Maclaren River near Paxson 
and on the Susitna River 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 summer to maintain moderately 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 
basi n whenever rainstorms occur. 

Susitna River streamflow originates from glacial melt, surface runoff, 
and grounctt~ater inflow. The relative imponance 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 remai n fairly 
constant throughout the yea r, 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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freezing, glacial melt subsides , and mainstem streamflows clear. By 

November below freezing air temperatures occur t hroughout the basin 
(refe r Fig. IV-2) and streamflows have decreased to approximately one 
tenth their midsurrlffier values. Streamflow at the Gold Creek gage is 
maintained by the Tyone River which dra ins Lake Louise, Susitna Lake 

and Tyone Lake, and by groundwater inflow to several smaller 
tributaries and to the Susitna River itself. 

Groundwat• 

\ ~--..-~ 

Surface 
Runoff 

Glacial 
Runoff 

SUMMER 

Surface Runof 1 
I 

G::~___.(9-Lakes 

WINTER 

Figure IV- 3. Estimated percent contributions to middle Susitna River 
streamflow. 
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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·-.nnally 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 

these 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 
198lb) . 

Month Percent 

May 9 
June 55 
July 9 
August 24 
September 3 

The natural f low regime of the middle Susitna River is expected t~ be 
altered by project operation . With-project streamflows will generally 
be less than natural streamflows 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 
than 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 summer but would be significantly 
reduced in both frequency and magnitude (Table IV-3) . 
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With-project streamflow during September is expected to be less 
variable but near to the long term average monthly natural flow for 
this ~~nth. Streamflows from October throu3h April would be greater 
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 fami ly of rule curves will be used as a guide for seasonal 
adjustment of flow for power generat ion 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 198Sb) . 
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Influence of Streamflow on Habitats 

Mainstem and Side Channel Habitats 

Mainstem and side channel gradients within the middle Susitna Rive r 

are on the order of 8 to 14 ft/mile (Bredthauer and Drage 1982). As a 

result of this steep channe l gradient, mid-channel velocities are 

often in the range of seven to nine feet per second ( fps) during 

normal mid- surmter 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. COillll.). For most species of fish and benthic 

i nverteb rates high ve 1 oc i ty s treamfl ows are considered undes i rab 1 e. 

The upper limit for velocity preferred by most juvenile salmonios 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 

r emains relatively constant but moves laterally 1n response to water 

surface elevation. Because the shoreli ne rnargins are a lmost void of 

cover objects, habitat qua l ity 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 pe r iods of high streamflow. 

When mainstem discharge is insuffi cient t o 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, mainstem 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 eleva tion (stage) of the mainste11 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 flood events generally provides adequate flow velocities 

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

from the side sloughs. However, overtoppings associated with normal 

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

amounts of suspended sand and fine sediments into the s lough 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 during early June is thought to 

assist the outmigrati0n of juvenile chum salmon. Duri ng 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 a t 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 channel) i s referred to as the breaching flow. Each 

side slough and siae 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 
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consideration has been given to mainstem stage-discharge relat ionships 
and breaching flows by the study team (ADF&G, Su Hydro 1983a; Estes 
and Vincent-Lang 1984a; Hilliard et al. 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 duration {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 relat~ vely 

wann open water leads in some side channels and sloughs throughout 
winter (Barrett 1975; Trihey 1982). These leads are important to the 
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overwinter survival of incubating eggs and aleviils (Vining et al. 
1985) and juvenile chinook (Stratton 1985). 

In river valleys where the underlying materials originate from glacial 

out wash, groundwater flow patterns are often complex. In the middle 
Susitna River t here appears to be three main sources of subsurface 
flow (upwelling) into side channel and s lough habitats. 

1. Infiltration of surface flow from the mainstem through islands 
and gravel bars which separate the sloughs and side channels from 
the mainstem (i ntragravel 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 
habi t ats along the middle Susitna River. In addition, the response of 
slough flow to changes in mainstem discharge (when the upstream berms 
are not overtopped) is relatively rapid; often occurring in a matter 
of hours. 

The groundwater flow rate from upland ~ources is the least influenti al 

of these three sources and it varies seasonally~ being highest in the 
summer 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) indicate that infiltration from the mainstem 
varies nearly linearly with the mainstem stage. In general, a one 
foot change in mainstem stage results in a change in slough flow of 
between 0.3 and 0.6 cfs depending upon the particular side slough 
(APA l984b). 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 st.-eambed of the slough; particularly 
during fall and early winter. 

Seasonal changes in the mainstem water surface elevation also ffect 
the rate of infiltration or intragravel flows from the 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 which generally occurs during the first two weeks 
of May, and the October-November freeze-up period. The mair.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 sl oughs fluctuates in response to mainstem water levels. 
Between late September and mid-November, mainstem streamflow often 

declines to 4000 cfs prior to an ice cover forming on the mainstem. 
Depending on the reach of the river being considered, the difference 
in mainstem water surface elevations between streamflows of 20 ,000 and 
4,000 cfs would approximate 5 feet. 

The mainstem water levels associated with October and November 
streamflows appear to result in the lowest infiltration flows and 
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slough flows for the year. During this period, when discharges 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 wi nter (December through April) appear similar to those 

of summer watt: r levels (Trihey 1982) . Hence, infiltration from the 

mainstem into side channel and slough areas during winter is suspec t ed 

of being similar t.o that of summer. 

In general, intragravel temperatures at upwelling areas remain between 

2.5 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, wher. the upstrum berm of a side slough or side channel is 

overtopped by mainste . flow, intragravel temperatures may be 

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

temperatures are sometimes depressed to near ooc in response to the 

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

Overtopping events during freezeup do not occur at all side sloughs . 

However, they appear to be more common downst1·eam of River Mile 130 

than upstredm of this location. 

Biological Importance of Upwel ling 

Intragravel fl ow and upwelling are tv/0 of the most important habitat 

variables influencing the selection of spawning sites by chum and 

sockeye salmon in the middle Susitna River (Estes ilnd Vincent-Lang 

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 
intragravel flow in the middle Susitna River. Chum and sockeye salmon 
embryos spawned in areas of upwelling flows benefit if intragravel 

flow con,inues throughout the winter. The 2 to 4°C intragravel 
temperature associated with upwellings in side sloughs maintains a 

higher rate of survival for the incubation 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 a 1 so appears to be an important factor i nfl uenci ng 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 and 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 n1ortality (Dugan et al. 1984). 

As previously stated, upwelling flows appear to reach their annual 
minimum during late October and November prior to an ice cover forming 
on the mainstem. Intragravel temperatures (upwelling rates) d•Jring 

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 dewa tered or frozen. The most viable incubation habitat 
in the middle Susitna Rivet· is thought to exist where upwelling flmv 
persists du r ing this fall transition period. 

IV-19 



L 

Maintaini ng higher than natural mainstem discharges during the fall 

trans ition would likely increase ~pwelling rates above natural levels, 

thereby increasing the incubation success in the effected spawning 

habitats. Reducing mainsterr. 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 sedimP~t load consists 
of suspended load and bed load. Suspended load includes wash load, 
fine material constantly in suspension , al"'d 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 infl uence on Jquatic habitat. McNeil (1965) has observed 
that streambed stability can influence the success of salmonid egg 
incubat ion. Several researchers have shown that substrate composition 
i~fluences the survival of eggs to fry in salmonid populations (McNeil 
and Ahnell 1964; Cooper 1965; McNeil 1965; Phillips et al. 1975). The 
suitability of a streambt:d for rearing fish and aquatic insects is 
a 1 so influenced by its stabil it)' composition . 

On a macrohabitat leve1, 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 1 ittle 
change (Univ. of Alaska, AEIDC 1985b). Although there is some 
evidence of degradation, and some peripheral areas have changed from 
one habitat type to another, the pl an 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 
primarily the ~~sult of hydrologic processes. 

composition 
Flood events 

are 
are 

probably the dot ... nant channe 1 forming process whereas norma 1 summer 
streamfl ows represent the primary sediment transport process. Channel 
forming discharges are rare; occurring perhaps once or twice wi t hin a 

IV-21 



25- to 50-year period ( refer Table IV-3). High streamflows, such as 

the bankfull discharge or 5-year flood might resh.,pe 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 r i ver by causi ng ice 

jams during breakup wh ich divert large quanti ~ies of water from 

primary channels in to secondary channels or onto the floodplain 

forming new channels. Velocities near 1n ft/sec have been measured at 

constricted areas within ice jams (R&M 1984b) . Such velocities have 

t he potential to cause si gnif icant l oca l scour. l"hen ice jams fai l 

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

j am. These surges contain high velocities that erode streambanks, and 

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

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

extensive in some locales of the middle Susitr.a Ri~er (Knott and 

Lipscomb 1983). 

Shore ice forms along the streambanks prior to the upstream 

progress i 11 of the ice cover. This ice may freeze onto the bank 

materia l 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 

i nsignif i cant when compa red to other transport mechanisms. However, 

shore ice processes expose the shorel ine to scour by floods and 

significantly influence the character of fish habitat along the 

channel margin by rPmoving debris jams and other types of shoreline 

cover. 
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Influence of Sediment Transport Processes on Habitat Types 

A streambed wh ich is in a long term state of sedimen t equilibr1um is 
generally relatively stabl e when streamflows are at or below flood 

levels, but may degr ade during a flood and aggrade as the flood peak 

subsides . lhe mainstem and large side channel s of the middle Susitna 
River appear to reflect this type of dynamic equilibrium based upon 
streambed measurements by the U.S. Geological Survey at Gal~ Creek 
(Fig. IV-6) . 

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 (Tabl es IV-5 and IV-6 ) . 

Table IV-5. Influence of mainstem seciment load on streambed com
position of aquatic habitat types . 

Habitat Type Suspended Load Bedload 

Mainstem and Lar~ 
Side Channel s Primary Primary 

Si de Channels Primary Secondary 

Si de Sloughs Primary t~i nor 

Tributar~ Mouths 11inor Seconda ry 

Upland Sloughs Secondary Minor 

Mainstem and Large Side Channel Habitats 

Summer streamfl ows transport large amounts of sand both in suspension 

and as bedload. Streambed materials in the mainstem and large si de 
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 
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l Clble IV-6. Influence of sed iment t ransport processes on streambed stabil i ty of aquatic habitat types. 

Typi cal Ice Jam Mechanical 
High Flow Midsu~~~ner Surges and Scour by Anchor Ice Shore Ice 

Events Discharge Diverted Flow Ice Blocks Processes Processes 

Mains tem and 
Large Side Channel s Primary Insignificant Secondary Secondary Minor Secondary 

Side Channels Pr imary Minor Primary Minor Minor Secondary 

Side Sloughs Primary Minor Pr imary lnslgni fi cant Insignificant Insignificant 

Tributary Mouths Primary Insign i ficant Mi nor Insignificant Minor Insignificant 

Up l and Sloughs Minor InsIgnifIcant Insignificant lnsigni ficant Insignificant Insignificant 

c::: 
I 

N 
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material sizes are largest near Devil Canyon and generally decrease 
with distance downstream (Bredthaue r and Drage 1982}. 

Beneath this surface layer is a more heterogenous mixture of W4terial 
consisting of sands and gravels with some cobbles . Under normal flow 

conditions the overlying l~yer of cobbles protects the underlying 
streambed material from erosion. The ability 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 5ufficient 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 pave~ent 
l~yer and transport underlying streambed mate• 1als 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 transported 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} sco~.:r and sediment transport by shore ice. In comparison 
to sediment transport associated with high streamflows, scour by i ce 
Jams, is of secondary importance. The volumes of sediment t ransported 
in the middle Sus i tna River by anchor ice and shore, are inconse
quent ial. However, the influence of shore ice on streambank vege
tation and cover objects for fish appec:s to be significant. 
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Side Channel and Side Slough Habitats 

0~ the sediment transport processes described in the previous section, 
high flows and flooding caused by ice jams during breakup have a 
dominant role in the formation and maintenance 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-suiTIIler streamflows. Their width to depth ratios and spatial 
orientation indicate they were formed 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 25-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 11, for example, was changed from an upland slough to a 
side slo~gh in 1976 when an ice jam occurred below the Gold Creek 
railroad bridge. However, ice jam diversions are generally more 
important for maintaining substrate quality in side slough habitats by 
flushing out fine sediments, as observed at Slough 9 during May 1982 . 

Sediment i s 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:.~antities 

of suspended sand and smaller sediments are transported into side 
channel and side slough habitats when the mainstem discharge is 
sufficient to overtop their upstream berms. Summer streamflows 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 Susitna 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 have a high discharge concurrent with, or soon after, the high 
discharge in the tributary. As a resul t, most sediments delivered to 
the tributary mouth by the tributary are transported downstream by the 
Susitna River. However, local storms may cause a tributary to flood 
while the Susitna River remains relatively low. In such cases, a 
delta may bu il d up at the mouth of the tributary due to the deposition 
of the tributary bed load. The delta may extend into the Susitna 
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 subt 1 e. 
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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 
l982d; Harza-Ebasco 1984e). Hence, the amount of sediment currently 
being transported through the middle Susitna wi 11 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&M 1983b). Gravel deposits are expected to occur in mainstem and 
side channel areas immediately downstream cf most tributaries being 
used by spawning salmon. Access into these tributaries by adult 
salmon i s not expected to be impaired by with-project changes in 
tributary deltas (Trihey 1983). 

Because most sediments entering Watana Reservoi r 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 un the range of 30 ,000 to 40,000 cfs 
(refer Table IV-3 ). Gravel and smaller sediments are expected to be 
dis 1 odged from the streambed by these flows and transported 
downstream. Sinca the disl odged material will not be replaced as it 
is under natural conditions, some accelerated degradation of the main 
channel bed should be e:pected. 
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While the actual amount of degradation which would occur cannot be 
accuratel; forecast , analysis of bed material samples and inspection 
of exposed portions of the streambed during periods of low streamf low 
indicates that degradation of the ma in channe l should not exceed )ne 
foot (Ha rza-Ebisco !9S5e) . Degradation would be greatest near th~ dam 
face and is expected to decrease with distance downstream. In ti~e . a 
pavement layer woul d develop due to removal of the smaller bed 
mater ials which would reta rd any further degradation . This layer will 
consist of a smaller percentage of f ines and a greater percentage of 

voids than occurs na turally . 

The influence that wi th-project ice processes might ha ,te on channel 
stability will, in part, depend upon project design and operation. 

The effects of alternati ve in t ake level design and winter operating 

policies on downstream ice processes have been evaluated by 
Ha rza-Ebasco ( :985d} and are sumrr~rized in a following section of this 
report called II Inst ream Temperature and Ice Processes. 11 For the 
purpose of discussing with-project ice effects on channel stability 

and sediment transport processes, it is sufficient to say that only a 
portion of tne middle Susitna is expected to be ice covered . 

The o,tith-project ice cove r is expected to melt in pl ace rather than 
break up unaer 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 t o reduce 
the influence of the river ice cover on naturally occurri ng sediment 
transport processes. However, maximum i ce cover elevations within the 
ice-covered port ion of the river are expected to be several feet 
higher than natural during operati on of stages I , II and III 

(Harza-Ebasco 1985d) . Thus disturbance of shorel ire vegetation and 
the potential for streambank erosion within the ice covered portion of 
the midd le Susitna is e~pected to increase above present levels . 

Upstream of the ice f ront , sho·eline disturbances by sr re ice pro
cesses wou ld not be expected tc 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. Nelt out in spring is 

expected to reduce the frequency of shore ice separating from the 

streambank and floating downstream (as with natural breakup} with 

encased debris and vegetation. Hence, streambanks should be less 

prone to erode . 
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Instream Water Quality and limnol ogy 

Baseline Condition 

Water quality encompasses numerous physical and chemical characteris
tics, including the temperature, density , ~onductivity, and clarity of 
t he water, as well as the composltion and concentration of all the 
di ssolved and particulate matter it contains. Water quality influences 
the quality of fish habitat by vi rtue of its direct effects on fish 
physiology and because it l argel y 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 wa ter 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 inf luential 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 t urbid water. 111 order to gain a 
greater understanding of each habitat type, it is useful to 1) examine 
the water quality characteristics of both clear and turbid water 
aquatic habitats; 2) identify how the water quality of these aquatic 
habitat types changes on a seasonal basis; and 3) determine how these 
seasonal changes influence the quali ty of the aquatic habi tat types. 

From June to September highly turbid wa ter 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 th~ year, 
while stream temperature, tu roidity, true color, chemical oxygen 
demand, total suspended soli ds, 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 with grea t er 

variation during the summer as discharge fluctuates • 

The basic water chemistry of the c lear water fl ow of the middle 

Susitna Rive r in winter, and of certain groundwater fed habitat types 

throughout the year, can be generalized from an evai uation of the 

water quality 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 ou t flow from 

the Tyone River System (lakes Louise, Susitna , and Tyone ) and 

groundwater inflow to tributaries and the mainstem itself . Hence, the 

concentration of suspended sediment, trace metals, and phosphorous is 

also low or below detection limits . Ground\olater spends a greater 

amount of time in contact with the soil and underlying rocks of t he 

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 

descriptions provided above, depending on loca l variations in the 

amount of local surface runoff or the composition and distribution of 

rocks, soils, and vegetation. Nonetheless, a generalized seasonal 

water quality regime unique to each habitat type seems to prevail, and 

having knowledge of it provides useful insight into the direct and 

indirect role water quality plays as a component of fish habitat 

within the Talkeetna to Devil Canyon segment of the Sus i t na River . 
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Table IV-7 . Mean baseline water quality charac terist ics for middle Susitna 
River at Gold Creek under (a) turbid summer (June-August) 
conditions and (b) clear, winter (November- April ) cond;tions 
(from Alaska Power Authority 1983b) . 

Parameter Units of Turbid Clear 
(Symbol or Abbreviation ) Measure (suii1Tler) (Wi nter) 

Total Suspended Solids (TSS) mg/1 700 5 
Turbidity NTU 200 <1 
Total Dissolved Solids (TDS) mg/1 90 150 
Conductivity (umhos cm- 1 , 25°C) 145 240 
pH pH units 7.3 7.5 
A 1 ka 1 i ni ty mg/1 as Caco3 50 73 
Hardness mg/1 as Caco3 62 96 
Sulfate (SO -2) mg/1 14 20 
Chlor ide (ci ) +2 mg/1 5.6 22 
Dissolved Ca lcium (Ca Jz mg/1 19 29 
Di ssolved ~agnesium (Mg ) mg/1 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 iO 

Ch~mical Oxygen Demand (COO) mg/ 1 11 9 
Total Organic Carbon (TOC) mg/1 2. 5 2.2 
True Color pcu 15 5 
Total Phosphorous ug/1 120 30 
Nitrate-nitrogen as N (N03- N) mg/1 0. 15 0. 15 
Total Recoverable Cadmium 

[Cd(t)] ug/1 2.0 <1 
Total Recoverable Copper 

[Cu( t)] ug/1 70 <5 
To ta l Recoverable Iron 

[ Fe( t )] 
Tota l Recoverable Lead 

ug/ l 14,000 <100 

( Pb( t )] ug/1 55 <10 
Total Recoverable r·1ercury 

(Hg(t)] ug/ 1 0.30 0. 10 
Total Recoverable Nickel 

[Ni( t )] 
Total Recoverable Zinc 

ug/1 30 2 

[Zn( t )] ug/ 1 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 water is 
covered with ice and snow. However, high velocity areas in the 
mainstem and small isolated areas of wann (3-4°C) upwelling 
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/1), but average 
approximately 360 mg/1 (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 Ni euwenhuyse 1984) . 
Hence, the mainstem margin and side channels is capable of supporting 
a low to moderate level of primary production wherever velocity is not 
1 imiting. In su1m1er, mainstem turbidities increase to approximately 
200 NTU and limit the total surface area available 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 summer months is ta 

provide a transportation corridor for inmigrating spawning salmon and 

outmigrating smolts . ~lainstem water qual i ty 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 duri ng the 

autumn transition period, a second puise of primary production may 

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

appears, dominated by green filamentous algae rather than diatoms. 

This second bloom, induced by modent ing stream flows and a notable 

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

~he winter-spring transi t ion bloom in terms of surface area affected 

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

onset of freezeup . Hen=e i n some years, as in !984, the autumn 

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

be significant, while in other years, such as 1ga3, 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 s lough 

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 NTU and a temperature increase from 6° C to 10 or 

12°C. Overtopping during winter has 1 ittle 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 a layer of pennate diatoms and/ or 
colonial and filamentous algae . This benthic community, which covers 
most streambed material greater than 2 to 3 inches in diameter, can be 
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. corrm. 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 ea r ly October 1984, fall -winter transitional 
algal blooms were observed by EWT&A in most 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 ·in diameter and larger . 

In winter, side slough discharge is often maintained by numerous 
groundwater upwel t; ngs which generally range between 2° and 4°C . 
During winter upwelling areas often maintain open leads in the ice 
cover and they provide intragravel habitat for incubating embryos and 
overwinter ing opportunities for juvenile anadromous and resident fish 
(AOF&G, Su Hydro 1983c) . 

During the winter-spring transition period (late March to mid-May) 
side slough 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 s l ough habitat is distinguished from side slough habitat by the 
lack of overtopping of the upstream slough end by high mainstem 
discharges. Groundwater upwelli ng and local runoff dominate the water 
quality characteristi cs of these habitats and turbidities are 

typically less than 5 NTU throughout the year. Surface and intra
gravel water temperatures are similar to side sl oughs . 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 linked to their annual flow regimes. This pattern is of 
considerable interest since it is in the tributaries--most notably 

Portage Creek, Indian River , and Fourth of July Creek--where most of 
the fish production for the middle Susitna River originates (AOF&G 
1981; AOF&G , Su Hydro 1982b; Barrett et al. 1984). These streams 
provide spawning, rearing, and overwintering habitat that either does 

not exist, or only exists in l imited 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 princi ple that the soils of a stream basin generally govern 
the quantity and the quality of the solids contained in the water 
flowing from i t. 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 

in the soils of the lor:al watershed. Although production levels are 
thought to be determined by water quality, variations in productivity 
levels within these tributaries are probably due more to hydraulic and 
hydrologic conditions than to water quali ty . 

In winter, tributary flow is minimal and is predominantly comprised of 

groundwater rising up through the bed of the stream channel . Since 
much of the winter mainstem flow is comprised of contributions made by 
groundwater and tr ibutary 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 tri butaries during winter reflect a well-buffered, 
well-oxygenated environment for embryo incubation and adult and 
j uvenile 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 proba"bly occurs in response to a lengthening photoperiod 
(Hynes 1970). The ability of light to reach the algal corrrnunity is 
assisted by the absence of leaf cover on stream bank vegetation and 
by the presence of rotten ice that ef fectively transmits light 
(LaPerriere, Univ . of Alaska, pers. convn. 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 
wint£! r concentrations of dissolved solids. It is l ikely 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. 

Sunrner is the season when juvenile fish are most active. Typical 

water quality i n 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 is supported primarily by the growth and 
recruitment taki ng place within the aquatic insect community 
(especially chironomids). The carrying capacity of tributaries, 

however, does not appear adequate to support the large numbers of 
rearing j uvenil es, so many juveniles outmigrate at this tiw~ 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 mat is not only a food source 
for a va riety of insect larvae and nymphs, but a 1 so 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 0°C and an ice cover 

begins to form. Unstable border ice and anchor ice probably dislodge 
a substantial portion of the benthic conrnunity , 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 ~1hen the wi nte r phase of 
the annual cycle begins once again. 

IV-40 

• • • • • • • • • • • • 
Ill 
II 
11 

• • 



• 
• • • 
• • • • 
• • 

With-Project Relationships 

Seasonal stream temperatures, suspended sediment concentrations and 
turbidities influence the quality of aquatic habitat types in the 
middle Susitna River, and therefore are important to the distribution 
and production of fish. It is also evident that these water quality 
parameters wi 11 be more directly affected by construction anrl opera
tion of the proposed project than will other water quality parameters 
(Peratrovich et al. 1982 ; Univ . 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 regim~ of the Susitna 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 tota 1 vo 1 ume of 
sediments that are annually transported through the middle Susitna 
River (R&M 1982d; Harza-Ebasco 1984e). Very fine sediment particles 
(<5u 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 reservoir (s) range from 0 to 345 mg/1, 
with the expected average to range between 30 and 200 mg/1 
(Peratrovich et al. 1982 ). More recent estimates {Harza-Ebasco 1985e) 
indicate that suspended sediment com:entrations in the outflow from 
Watana Reservoir during the year woul ~ range between 30 and 130 mg/1 
for stages I and II, and between 10 and 80 mg/ 1 during the year for 
stage I I 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 (NTU) i s approximately 
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twice the suspended sediment concentration (mg/1) (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. 

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). 

;::: 
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c 
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Figure IV-8. Theoretical curve of turbidity versus compensati on 
depth {Reub et al. 1985 ) . 
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Figure IV-7 . 
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Empirical relationship of naturally occurring turbidity 
ver sus susrended sedi~ent concentration for rive rs in 

Jl.laska, sampled during t'ay - October, 1976- 1983 (L1oyd 
1985, derived from data provided by IJSGS) . 
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Table IV-8. D1ffereuce in compensation depths ca lculated from wHh-project suspended sediment 
concentrations (mg/1) using two di fferent rela t ionships between turbidity (NTU) and TSS. 

Forecast TSS Estimated Corresponding Compensation 
Concentrations NTU Range Van Nieuwerthuyse 

1. 30 to 200 mg/1 a) 60 to 400 NTU 3. 5 to 1 feet 

b) 10 to 40 NTU 4 feet 

2. 30 to 130 mg/1 a) 60 to 260 NTU 3.5 to 1 feet 

b) 10 to 30 NTU 4. 5 feet 

3. 10 to 80 mg/1 a) 20 to 160 NTU 4 to 1. 5 feet 

b) 5 to 15 NTU 5 feet 

1. Peratrovich. Nottingham and Drage Inc. and Hutchinson 1982 . 

2. Stages I and 11. llarza-Ebasco 1985a. 

3. Stage III. Harza-Ebasco 1985a. 

a) I{&M Consul tauts 1984c. 

b) Lloyd 1985. 
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Primary production in the middle reach of the Susitna River presently 
appears to be concentrated in the spring and fall periods of low 

turbidities, although no quantitative data are available tc document 
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 transit ion periods, although primary production may 

increase during sunvner months. The net resu 1 t 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 i n northern r ivers, 
increases in stream temperature generally cause an increase in the 
rate of chemical reactions, primary production, and cycling of 
allochthonous food sources. Fish, being poik i lothermic inhabitants of 
the river, adj ust their body temperatures to match the temperature of 
the water . As stream temperatures increase, rates of digestion, 
ci rculation and respirat ion of fish i ncrease. Thus, there is an 
overall increasE> in the rate of energy i nput, nutrient cycling and 
energy use by fish as any northern river system wa rms . 

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 "prefe rrE-d" temperatures at which metabo
lism and growth rates of individuals are mos t efficient. Outside the 
tolerance range are upper and lower incipient lethal limits. 

For the mi ddl e Susit. 3 River, the preferred temperature range of adult 
salmon is 6 to l2°C (Univ. of Alaska, AEIOC 1985a). Juvenile salmon 
appear to prefer slightly warmer temperatures, generally ranging from 
7 to l4°C (Table IV-9). These temperatures are consistent with the 
prefE!rred temperature range of 7 to l3°C reported by McNeil and Bailey 
(19n} for Pacifi c salmon. The preferred temperature range for salmon 
incubation is generally between 4 and l0°C. 

The time requ i red for the incubation of salmon embryos is directly 
related to stream temperature. Development rates increase with rising 
~tream temperature up to approximately l4°C. Above this, further 
temperature increases are cons idered detrimental . Salmon embryos are 
also vulnerable to cold t emperatures until they have accumulated 
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Table IV-9. Preliminary stream temperature criteria for Pacific salmon 
developed from literature sources fo~ application to the Susitna 
River (University of Alaska, AEIDC 1984) . 

Species Life Phase 
TemEerature 

To1erance 
Range {oq 

Preferred 

Chum Adult Migration 1.5-18.0 6.0-13.0 
Spawning 1.0-14.0 6.0-13.0 
Incubation1 0-12.0 2.0-8.0 
Rearing 1.5-16.0 5.0-15.0 
Smolt Migration 3.0-13.0 5.0-12.0 

Sockeye Adult Migration 2.5-16.0 6.0-12.0 
Spawning 4.0-14.0 6.0-12.0 
Incubation1 0-14.0 4.5-8.0 
Rearing 2.0-16.0 7. 0-14.0 
Smolt Migration 4.0-18.0 5.0-12.0 

Pink Adult Migration 5.0-18.0 7.0-13.0 
Spawning 7.0-18.0 8.0-13.0 
Incubation1 0-13.0 4.0-10.0 
Smolt Migration 4.0-13.0 5.0-12 .0 

Chinook Adult Migration 2.0-16.0 7.0-13.0 
Spawning 5.0-14.0 7.0-12.0 
Incubation1 0-16.0 4.0-12.0 
Rearing 2.0-16.0 7.0-14.1) 
Smolt Migration 4.0-16.0 7.0-14.0 

Coho Adult Migration 2.0-18.0 6.0-11.0 
Spawning 2.0-17.0 6.0-13.0 
Incubation1 0-14.0 4.0-10.0 
Smolt Migration 2.0-16.0 6.0-12.0 

1 Embryo incubation or development rate increases as temperature rises. 
Accumulated temperature units or days to emergence should be determined for 
each species for incubation • 
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approximately 140 centigrade temperature units ( CTU )
1

, after which 

their sensitivity to cold temperatures has passed and the incubatiflg 

embryos can tolerate water temperatures near 0°C for extended periods 

of time. 

Table IV-10 provides a comparison between the number of CTU that 

resulted in 50 percent hatching and 50 percent emergence of chum 

salmon alevins under both field and laboratory environments. The 

number of temperature units that resulted in 50 percent hatching and 

50 percent emergence of chum and sockeye alevins at selected middle 

Susitna River s l oughs appear to be similar to t hat required by Alaskan 

stocks of these species under controlled conditions (AOF&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 form of a nomograph 

(Fig . IV- 9} . This nomograph can be used to estima te the date of 50 

percent emergence given the spawning date and the mean daily intra

gravel water temperature fo r the incubation period . A straight line 

projected 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. 

1
A centigrade temperature unit (CTU) is the index used to measure the 

influences of temperature on embryonic development and is defined as 
one 24 hour period l °C above freezing (0°C). Hence stream tempera
tures at 4.7°C for 3 days would provide 14 centigrade temperature 
units. 
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Table IV-10. Comparison of accumulated centigrade temperature units (CTU) 
needed to produce 50 percent hatching of chum salmon eggs and 50 
percent emergence of chum salmon alevins at selected sites on the 
Susitna River with those required under controlled incubating 
environments elsewhere in Alaska (from ADF&G, Su Hydro 1~83c ) . 

Brood CTU required CTU required 
Location Year for 50% Hatching for 50% Emergence1 

Susitna River - Slough SA 1982 539 2 

Susitna River - Slough 11 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 - Anchorage5 1982 306 

USFWS Laboratory - Anchorage5 1982 448 

USFWS Laboratory - Anchorage5 1982 489 

USFWS Laboratory - Anchorage5 1982 472 

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

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

5 Adapted from Waangard and Burger (1983). 
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Spawning 
Dote 

July20 

Aug I 

Aug 10 

Aug 20 

Sept I 

S~tiO 

Sept20 

Oct I 

Oct iO 

1.0 

l5 

2 .0 

2.5 

3.0 

3.5 

4.0 

4t.5 

5.0 

5.5 

6.0 
6.5 

7.0 

Emergenc~ 

Dote 

June 10 

June I 

Mcy20 

Moy iO 

May I 

April20 

ApriiiO 

April I 

March 20 

~arch 10 

March I 

Feb20 

FebiO 

Feb I 

Jon 20 

Jon iO 

Jon I 

F; gure IV-9 . Chum salmon spawning t;me versus mean incubat;on 
tem~erature nomograph (Univ. of ftlaska , AEI DC 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 consi sts of 
two types: shortwave and longwave radiation. Both short- and long
wave radiat ion are significantly influenced by basin topography, 
percent cloud cover, and surrounding vegetation. At higher latitudes 
incoming shortwave radiation is highly variable because of seasonal 
differences in the solar azimuth which influences the intensity of the 
shortwave radiation per unit are.a and the length of the daylight 
period • 

In addition to atmospheric processes, water temperature in the ~iddle 
Susitna River 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 summer 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. Tributary inflows themselves diminish to base levels 
maintained by groundwater inflow from their sub-basins . 

The temperature of these influent sources also varies. Groundwater 
remains nea r· 3 to 4°C throughout the year (AOF&G, Su Hydro 1983c) . 
While glacial meltwater at the headwaters of the Susitna River is near 
0°C, but it is warmed by the heat t ransfer processes described earlier 
as it flows downstream. Temperature of tributary waters are generally 
cooler than the temperature of the mainstem, especially during May and 
June when most of their streamflow consists of snow melt (Fig. IV-10}. 
Tributary inflows characteristically hug the mainstem shoreline after 
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converging with the Susit.na 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 l2°C from late June to 
mid-July. Water temperatures typically increase from 0 t o 8°C during 
May and gradually decrease from 9 or lO,C in early September to 0°C by 
mid to late October. Water temperatures in side channels reflect 
mainstem temperatures unless the ~ainstem discharge is too l ow 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 occasionally be 
the same temperature (Ta~l e IV-11) . 

Sloughs receive nearly al 
and groundwater inflow • 
snowmelt or rainfall rune ~ 

the temperature of that rut 

c their clear water flow from local runoff 
~ ' oughs receive substantial i nflow from 

&ace water temperatures will reflect 
:~e to relatively large surface areas 

in comparison to flow rat ~ 4rface 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 mainstem or side channel 
water temperatures (Estes and Vincent-Lang 1984b). Dur ing winter, 
slough flow is primarily maintained by upwelling groundwater which 
possesses very stable temperatures around 3°C (ADF&G, Su Hydro 1983c). 
Hence, surface water temperatures in side sloughs are significantly 
influenced by the thenna 1 qua 1 i ty of the upwe 11 i ngs; often remaining 
well above 0°C throughout most of the winter . 

Side sloughs are occasionally overtopped by mainstem wa':er when the 
mainstem ice cover is forming. The sudden influx of large volumes of 
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Table IV-11. Comparhon betwt!en measured surface water temperatures (°C) in side slouyhs and simulated average 
monthly mainstern temperatures (from ADF&G, Su Hydro 1983b, 1983c). 

19S2 19S2 19S3 
Location RM ~eli Rar Apr -~ug Sep ~ct Nov Dec Jan ~e6 Mar ~pr 

Slough SA Mouth 125.4 6.5 2.4 1.7 0 0 0.4 1.3 

Slough SA Upper 126.4 5.8 4.4 2.5 3.S 

Slough 9 12S.7 S.9 5.9 2.3 3.S 

Slough 11 135.7 2.5 3.1 3.3 3.1 2.9 2.9 2.9 2.9 3.0 3.5 

Slough 21 141.S 1.6 1.9 3.1 2.2 1.1 O.S 

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.S 6.4 0.6 0.0 0.0 0.0 0.0 0.0 2.6 

Note: ~1ainstem temperatures are simulated without dn ice cover and warm earlier in the spring than what 
naturally occurs. Thus the April mainstem temperatures are probably warmer than what would occur. 

May 

3.3 

4. 7 

6.0 

··--------· 
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zero degree water during freezeup severely disrupts the normal 
relationship between intragravel and surface water temperatures. Once 
the slough is overtopped, the small volume of relatively warm slough 
water, which serves to buffer submerged upwelling areas from extreme 
cold, is immediately replaced by a large volume of 0°C water and slush 
ice. As a resuH, the warm inf"luence of the upwelling groundwater is 
diminished and intragravel water temperatures decrease from 
approximately 3°C to near 0°C (ADF&G, Su Hydro 1983c) . 

A similar condition occurs during spring breakup if ice jams cause 
large volumes of near-zero degree mainstem water to flow through side 
sloughs, flushing them of their substantially warmer surface water. 
Although little data are avai lable for this peri od, 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 Susitna 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 

na t ural 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 summer 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 st ream temperatures being affected further 
downstream. Those porti ons of the Susitna River most affected by 
with-project stream temperatures will be mainstem and side channel 
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areas upstream from the three r ivers confluence (RM 99) (Uni v. of 

Alaska, AEIOC 1985a). 

Project design and ot~eration will influence the temperature and fl ow 

rate of water discharg~d from the dam(s ). Table IV-12 displays the 

simulated downstream temperatures fo r two suiTJiler situations: wat~r 

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 1.8°C 

t emperature difference shown in the second case results in a greater 

diff erence in downstream temperature than occurs by changing 

streamflow 810 cfs, as shown in the first case. Table IV- 13 displays 

downstream temperatures for two winter cases: (1) where reservoir 

outflows ar e the same but flow volumes change (in this case a 59 

percent increase ) and (2) where dam re lease flows are relatively 

constant ( note: actua lly an 11 percent i nc rease ) but the t emperatures 

of the reservoir outflows differ by approximately 1°C. As indicated 

by the previous example for suiTJiler releases, va rying 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 fl ow rate. 

However, basin clima te 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 ai r 

temperature of approximately 8°C resulted in stream temperatures of 

0.5°C to occur about 20 miles farther upstream. 

Because of the poss i bility of using warm water releases f rom Watana 

Reservoirs to control ice cover formation on the middle Susitna River, 

Harza-Ebasco (1985c) evaluated alternative winter operating policies 

and intake di~Signs which might effect the temperature of reservoir 
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Table IV-12. Downstream temperatures (°C) resulting from differences in summer 
reservoir release flows and temperatures. 

Middle 
River Cross 
Section 

68 

53 

33 

23 

13 

3 

River Mile 

150 

140 

130 

120 

110 

99 

Water Week 34 
(Mal 20 - 26, 19811 

Dam Release: 
6080 cfs 5270 cfs 

Temp: 
3.9°C 3. 9°C 

2002 2D20 
Demand De.mand 

4.5 4.5 

4.9 5.0 

5.4 5.5 

6.0 6.1 

6.5 6.7 

7.1 7.3 
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Water Week 45 
{August 5 - 11 , 19741 

Dam Release: 
10,950 cfs 10 ,950 cfs 

Temp: 
8.1°C 9.9°C 

2002 2020 
Demand Demand 

8.2 9. 9 

8.5 10.1 

8.6 10.1 

9.0 10.4 

9.4 10.7 

9.8 11.0 



r 

Table IV-13. Downstream temperatures (°C) 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, 1982 ~ 

Dam Release: Dam Release: 
7770 cfs 12 ,3'10 cfs 7190 cfs 8000 cfs 
T~p: Temp: 

1.3 °C 1.3oC 2.8°C l. 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 14~ 0.7 0.9 2.2 1.2 

33 130 0 0.4 1.5 0. 7 

23 120 0 0 0.8 0.1 

13 110 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. 9oc Rel ease Temp : 1.9°C 
River Cross Mi l e Air Temp: (Talkeetna) Ai r 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 simu l ation~ are for Devil Canyon dam, 2002 Demand . 
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outflows. The alternative policies evaluated include "inflow 
temperature matching , " "warmest wat£r available" and "lowest port. " 

The inflow-ma tching 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 Appli cation 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 resul ts in the release of the 
coldest water available to the power intakes during winter. The 
warmest water policy represents a year-round policy of releasing the 
warmest water available to the power intakes. For both inflow
matching and warmest water policies, the particular intake port 
selected for operation will vary with tl"te 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 warmest water and lowest port operating policies 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 signifi cant effect ~n ice 
cover over the inflow matching policy. 

Use of a low level intake port would also tend to reduce somewhat t~e 
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 is provided (Harza-Ebasco 
198Sd). 
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Ice Processes 

Figure IV-11 diagrams ice formation processes within the middle 

Susitna River. In order to understand the flow chart and subsequent 

discussions in this text, the following defin i tions for t he most 

conrnon types of ice found in the middl e Susitna Rwer have been 

adopted from R&M {1984b ) . 

0 

0 

0 

0 

0 

Frazil - Individual crystals of i ce generally bel ieved to 

form around a nucleating agent when water becomes super

cooled • 

Frazil slush - Frazil ice that agglomerates into loosely 

packed clusters resembling slush. The slush eventual ly 

gains sufficient mass and buoyancy to counteract the flow 

turbulence and float on the water surface. 

Snow slush - Similar to frazil slush but formed by loosely 

packed snow particles in the stream . 

Black ice -Black ice initially forms as individual crystals 

on the water surface in near-zero velocity areas in rivers 

or underneath an existing ice cover. These crystals develop 

in an orderly arrangement resulting in a compact structure 

which is far stronger than slush ice covers. Black ice 

developing in the absence of frazil crystals is characteris

tically translucent. Tnis type of ice can also grow into 

clear layerj several feet thick within the Susitna slush ice 

cover • 

Shore ice or Border ice - This forms along flow margins as a 

result of slush ice drifting into low velocity areas and 

freezing against the channel bed . 
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Figure IV-11. Generalized flowchart of ice formation processes 
within the middl e reach of the Susitna River. 
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0 Ice bridges - These generally form when shore ice grows out 
from the banks to such an extent tha t 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 veloci ty. 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 Sus itna rna ins tern and side channe 1 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 frazi 1 ice. When river water 
becomes slightly supercooled (0°C), frazil crystals begin to form by 
nucleation or by a mass exchange mechanism between the water surface 
and the cold air. 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 accumulate 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 withi n 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 s lush 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 
t he entire body of water at a given location is supercooled. Anchor 
ice often accumul ates fine sediment by filtering water flowing over 
and through it. When air temperature rise or solar radiati on 
increases, the stream temp~rature 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 f i ne 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 Susitna River by 
mid- September between t he Denali Highway bridge and Vee Canyon . This 
ice drifts downriver, often accumu1ating 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 
rivers confluence into the lower Susitna River during freezeup, is 
produced in the upper and middle Susitna River, while the remaining 20 
percent is producea in the Talkeetna and Chulitna Rivers (R&M 1985b}. 
An exces.; of 50 percent of the ice occurri ng in the lower Susitna 
River dow,,stream from the Yentna River confluence is produced by the 
Yentna River (APA 1984a}. 

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-15). The slush ice fron t 
progression from the 3us itna/Chulitna confluence generally terminates 
in the vicinity of Gold Creek, about 35 to 40 miles upstream from the 
confluence, by late December or early January. Water flowing under 
tht:! river ice cover often erodes the unders ide of the ice, causi ng 
open leads in the river ice cover downstream of the ice front. This 
usually occurs sl" ,·tly after the initial stab1lization of a slush ice 
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Table IV-15. Summary of f reeze up observations for several locations within the Tal keo: l .• a to Devi 1 C!nycn 
reach of the Susitna River (R&M Consultants 1981a, 1982b, 1983a, 1984b) . 

Location River Hi le 1980-1981 1981-1982 1982-1983 1 983 · 1 384 

Ice Brid9e or Ice Front At 
Susitna-Chulitna confluence Nov. 29 Nov • 18 Nov. S Dec. e 

Leading Edge Near 
Cold Creek Dec. 12 Dec. 31 Dec. 27 Jan. !· 

Aeeroximate Freezin9 Dates at 
Susitna Chulitna 
Confluence 98.6 Hid-Nov . Nov. s Dec. •J 

" 103.3 Nov. 8 

" 1~.3 Dec . 
II 106.2 Nov. 9 
II 108.0 Dec. 2 
II 112.9 Dec. 3 

Lane Creek 113.7 Nov • 15 
McKenzie Creek 116.7 Nov. 18 

II 118.8 Dec. 5 
Curry 120.7 Nov. 20 Jec. : 1 
Slough 8 121+. 5 Nov. 20 

II 126.5 Dec . 8 

" 127.0 Hid-Dec. Nov. 22 
Slough 9 128.3 Nov. 29 

II 130.9 Dec. 1 Jan. 5 
Slough 11 135.3 Dec. 6 
Cold Creek 136.6 Dec. 12 Earl y Jan. Jan. 14 Jan. 1) 

Portage Creek 148.9 Oec. 23 
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cover·. These 1 eads may freeze over with the onset of very co 1 d 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 mi 1 es per day near the confluence to 0. 05 miles per day by the 
time it reached Gold Craek (RM 136) . This was attributed to the 
increased river gradient near Gold Creek and to the r '~uct~on in 
frazil ice input from the upper Susitna River because it l.dd developed 
a continuous ice cover. The upper Susitna River generally treezes 
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 raised as the leading edg~ of the 
ice cover approaches. As the ice cover 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 r i ver 
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 (1-3°C} tempe ·ature of 
upwelling groundwater (Trihey 1982; ADF&G, Su Hydro 1983c). However, 
i ce does form along slough ma rgins, 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 forn.ed on the Susitna River at Devil 
Canyon (RM 150} by the time the ice front reaches Gold 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 

IV-66 

• 
II 

• • • • • • • • • • • • 



• 
• • 
• • 
• • • • • • • • • • • 

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 river 
continually incorporating slush ice, snow, 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 
accumulates forming submerged obstructions (dams) on the stream bed, 
increasing local water turbulence which then contributes to increased 
frazil generation. Slight 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 veloci ty 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 in 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 , and erosion (R&M 1983a). Although breakup always occurs 

between late April and mid-May, its duration depends on the intensity 

of solar radiation, air tP.mpera:ures, and precipitation. 

A pre-breakup period usually occurs by early April as snowmelt begins. 

Snowmelt begins first at the lower elevations near the Susitna River 

mouth and slowly works northward up the river. By late April, snow 

has usually disappeared on the river south of Talkeetna and the 

snowmelt is proceeding into the reach above the Susitna/Chulitna 

confluence. Tributaries to the lower river have usua l ly broken out in 

their lower elevations, and open water exists at t.·~ir confluences 

with the Susitna River. Increased flows f rom the tributaries erode 

the Susitna ice cover for considerable distances downstream from their 

conf luences. 

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 Nhich accumulates 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 ri sing water level erodes the under-side of the ice cover and 

portions collapse into the ~iver and drift downstream forming small 

ice jams at the end of the open 1 ead. In this way, open 1 eads 

continually become wider and longer until the ice cover i s weakened 

and breaks up in a dramatic dri ve . 

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 shallow reaches with a narrow 
confining thalweg channel along one bank, or at sharp river bends . 
Major jams are coiTITionly found adjacent to side channels or sloughs : 
and may have played a part in their formation by causi ng 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 j ams coomonly cause rapid, local stage increases that 
continue rising until ei ther 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 hydraul ics, and channel mor
phology. The headwaters of the Susitna River are coomonly subjected 
to freezing air temperature by mid-September, and slush ice has been 
observed in the TaH.eetna-to-Devil Canyon reach as early as late 
S~pternber. Breakup is primarily influenced by antecedent snowpack 
conditions, air temperature and spring rainfall. Initial phases of 
ice cover deterioration coiiiTIOnly begin by mid-April, with ice-out 
generally completed by mid-May (R&M 1983a) . 
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Instream icP model ing stud: cs indicate that operation of the Susitna 
River Hyoroelectric Project would have signi f icant effects on 
downstream ice processes due to proj ect-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 0°C to between 0.5°C and 3°C depending upon the 
location downstream of the dam(s) (Univ. of Alaska, AEIOC 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 important 
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 

naturally . The upper Susitna River often produces large volumes of 
frazil ice and no substantial additional generation is visually 
discernable below Oovil Lanyon (R&M 1983a). 

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-Susi tna confluence. With 
construction of Watana dam and reservoir this frazil ice would be 
trapped i n the reservoir, unab 1 e to reach its norma 1 destinations. 
Additionally, there would be a completely ice-free zone downstream of 
Watana Dam due to above 0°C reservoi r outflow. Wi th the construction 
of Devil Canyon Dam the location of the zero degree isotherm '"ould be 
extended downstream, further reducing the amount of surface area 
wi tt,in the middle Susitna River available for frazil ice production. 
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Downstream of the 0°C isotherm frazil ice would be produced as a 
function of air temperature and open water surface area. Therefore, 
if the 0°C 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 Sus i t ua 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 p;oject in 
spite of the reduced frazil i ce supply from the middle Susitna River. 
Frazil ice contributions from the Yentna River and other major 
tributaries (Talkeetna and Chul ~ tna Rivers) would not be i nfluenced 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 a.1alysis 
(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 witl:l higher winter streamflows 
and temperatures wou 1 d cause about a three-week de 1 ay ( re 1 at i ve to 
natural conditions ) of the ice front progression upstream of the three 
rivers confluence with Stage I operating. With stage II and III of 
the project in operation, the ice 
delayed from mid-December until 
(Fig. IV-12a) . 

front progression would be further 
late December or early January 

The warm water temperatures released from the dams would not cool to 
the freezing level for several miles downstream of the dams. Except 
for some shoreline border ice, ice would not form in this reach with 
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 14inter 
climate and project operation. The extent of the ice cover would be 
reduced to the vicinity of RM 133 with Stage II operating and to 
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Figure JV- 12. Duration of the ice-covered period and maximum upstream extent of ice cover on the 
middle Sus itna River under natural and with-project conditions (adapted from Harza
Ebasco 1985d). 
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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 III. The location of the 
ice front wculd fluctuate considerably throughout winter depending on 
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 t he project in place, these low flow condi ti on~ 

would not occur and intermediate ice bridging is not expected to occur 
in the middle Susitna River. Increased winter streamflows would al so 
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 channels would be more frequently overtopped than 
occurs naturally (Table IV-16) • 

Upstream f . om 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 l ower water levels in 
this reach may reduce the naturally occurri ng 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 w~st nearly equal to inflow temperatures . 
During winter, the inflow temperature is 0°C, 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 por~ operati ng policies (Harza-Ebasco 
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Table IV-16. Occurrences where with-project1 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 

Whiskers 101.5 6/6 6/6 
Gash Creek 112.0 6/ 6 5/6 
6A 112.3 6/6 5/ 6 
8 114.1 6/ 6 6/ 6 
MSII 115.5 6/6 6/ 6 
MSII 115.9 6/ 6 6/ 6 
Curry 120.0 6/ 6 3/ 6 
Moose 123.5 6! 6 4/ 6 
SA West 126.1 5/6 4/6 
BA East 127.1 4/6 2/6 
9 129.3 4/6 2/6 
9 U/S 130.6 3/6 0/6 
4th July 131.8 3/6 2/6 
9A 133.7 3/6 1/ 6 
10 U/S 134.3 4/ 6 1/6 
11 d/ s 135.3 3/ 6 0/ 6 
11 136.5 t./6 2/6 

Notes: 
1 "Case C' instream flow requirements and "infl ow-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 level s . 

With-Project Simu lations, 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 tht 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 woul d be completed by late April, about 
two weeks earlier than the natural breakup . With the addition of 
Stages II and III, the meltout would be further advanced, occurring in 
l~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 
maintaini ng the character of side slough habitats. Besides reworking 
substrates and fl ushing debri s 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 r iver into the sloughs . The 
increased stage associated with a winter ice cover makes it possible 
for approximately the same hydraulic head to exi st between the 
n~instem and an adjacent side slough during the ice-covered period of 
the year as that which exists during summer. Water surface elevations 
observed in association wi th the t~arch 1982 ice cover appeared very 
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similar to water surface elevations resulting from summer 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 slougns 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 suf fer 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 r iverbank 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 berm5 at the upstream end of sloughs and side channels. 
Ice fl oes 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 
on 1 y a portion of the mi dd 1 e Sus itna River wi 11 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 the 
middle Susitna would result in more frequent and longer duration 
overtopping of side slough habitats than occurs neturally. Because of 
the adverse effects of zero degree water on ~ncubating embryos and 
j uvenile fish, the increase in ice stage is generally considered 
undesi ·able . 
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V. INFLUENCE OF STREAMFLOW AND INSTREAM HYDRAULICS 
ON MIDDLE RIVER HABITATS 

Habi tat Types and Transformation Categori es 

Habitat type referred to i n this document are portions of the riverine 
envi ronment having visually distinguishable mo rphologic, hydrologic, 
and hydraulic cl aracteristics that are comparati vely similar. Six 
major aquatic habitat types were described in Sections II and III: 
mainstem, s ide channel, side slough, upland slough , tributary , and 
tributary mouth . These habitat types are not defined by biological 
criteria ; rather, they are characterized by di fferences 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 
rangi ng from 5,100 to 23,000 cfs using digital measurements on 1 inch 
= 1,000 feet aerial photographs (Kl inger-Kingsley 1985). The 
results show that surface areas of some habitat types, such as upland 
sl oughs and tributary mouths, exhibit little response to mai nstem 
discharge (Fig. V-1), often, t heir wetted surface areas respond more 
to local runoff from summer precipitation t han to variations in 
mJinstem discharge. 

Comparati vely large differences exist between responses of mainstem, 
side channel, and side slough surface areas, to mainstem discharges. 
At 5,100 cfs, the combined wetted surfo .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 tota l surface area of all clearwater habitat types 
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within the river corri dor 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 7,4u0 cfs , as compared to 

only one percent at 23,000 cfs (Klinger- Ki ngsley 1985). 

At some locations, suc.h as major side channels and tributary mouths, a 

designated habitat type persists over a wide range of mai.lstem 

discharge even though the wetted surface area and ha~itat quality at 

the location may change significantly. In other locations, the type 

of habitat available may change from one type to another in response 

to mainstem discharge (Klinger and Trihey 1984) . An example i s t he 

transformation of some side channels which convey turbid water when 

mainstem discharge is near 2J ,000 cfs to clearwater side sloughs at 

lower mainstem flows . 

To facilitate tracking habitat transformation the location of 172 

specific areas were marked on aeria l photography (Kl inger-Kingsley 

1985) . Each specific area was classified by habitat type and its 

wetted surface area measured on aerial photography which had been 

ootained at several mainstem discharges. From this, eleven habitat 

transformation categories were used by Aaserude et al. (1985 ) to 

describe the transformation of specific areas from one habitat type to 

another as mai nstem discharge decreases below 23,000 cfs {Table V-1 ) . 

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 transformations are referenced from a mainstem discharge of 

23,000 cfs because that dischar ge approximates a typica l summer flow 

the (SO percent exceedance flow) for the month:. of June, Ju ly 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 middl e Susitna River are availabl e for mainstem 

discharges of: 23,000; 18 , 000 ; 16 ,000 ; 12,500; 10,600; 9 ,000; 7,400 

and 5,100 cfs (Kl inger- Kingsl ey 1985). The i nfluence of declining 

V-3 



Table V- 1. Description of habitat transformat ion categories (Aaserude 
et al. 1985)* 

Category 0 - 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. 

Category 3 - Side channel habitats that transform to side slough 
habitat~ at a lower fow but do not appear to possess 
upwelling that persists throughout winter. 

Category 4 - Side cha~nel habitats that persist as side channel 
habitats at a lower flow. 

Category 5 - Indist i nct mainstem or side channel areas that 
transform into distinct side channels at a lower flow. 

Category 6 - Indistinct mainstem or side channel habitats that 
persist as indistinct areas at a lower flow. 

Category 7 - 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. 

Category 8 - 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 habi tat value at a 
lower flow. 

Category 10 - Mainstem habitats that persist as mainstem habitat at 
a l ower flow. 

* Habitats we re based on a reference flow of 23,000 cfs. 
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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 

channel sites 
side s 1 ough s 

Although it 

mainstem discharge decreases, the number of side 
(Category IV ) decreases, whereas the number of 
(Category V) and dewatered areas (Category IX } increase. 
is possible to describe the general availability of fish hab itat 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, veloci ty, substrate, etc.) is 
necessary to assess the significance of these habitat transformations 
in terms of the ability of the middle Susitna River to support fish. 
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Microhabitat Response to lnstream Hydraulics 

Th~ 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 al. 1984}. Computer softwa re used for 
the model was developed by the USFWS Instream Flow and Aquatic Systems 
Group (Bovee and Milhous 1978; Bovee 1982; Milhous et al. 1984) . 

Spatial distribution of depths and velocities within a study site were 
simulated at several different site-specific flows using the IFG-4 and 
IFG-2 hydraulic models. 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 site were obtained at various 
flows . These descriptions 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 
macrohabitat responses of the evaluation species and life stages are 
described below . 

Spawning Salmon 

Microhabitat Preferences . Generally, the influence of streamflow 
variations on spawning habitat is evaluateo using three microhabitat 
variables: depth, velocity , and ~treambed composition (substrate ) 
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(Wesche and Rechard 1980; Bovee 1982) . However, a fourth variable , 

upwelling, is also considered important for successful chum and 

sockeye sa lmon spawni ng in the middle Susitna River (Estes and 

Vincent-lang 1984d ) . Upwe ll i ng has also been identified as an 

impor tant habitat compone nt for spawni ng chum salmon at other 

loc-.~ tions in Alaska ( Kogl 1965; Koski 1975; Hale 1981 ; Wilson et a l. 

1981) . 

Of the four microhabitat variables used in the modeling processes, 

upwelling is probably the most important variable influencing the 

se lection of redd sites by spawning chum and sockeye ~ jl mon. Spawn i ng 

is commonly 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, veloci t i es, and substrate si zes, but lacking 

upwelling, are not used by spawning chum or sockeye salmon ( Estes and 

Vincent- lang 1984d). Because of this strong prefe rence for upwelling 

evident in f ield observa t i ons, a binary criterion was used for t his 

mi c rohabitat variabl e . The habitat suitab1lity cr iterion for 

upwe 11 i ng assumes opt ima 1 su i tabil ity for areas with upwe 11 i ng and 

nc1-suitability for areas without upwelling. 

Streambed material size generally has an influence on the quality of 

spawning habitat. The habitat suitabili ty criteria developed by AOF&G 

for chum and sockeye salmon spawning in side s l ough and side channe l 

habitats indicate that st reambed mate r ia l s one to five inches in 

diameter provide optimal spawning substrates ( Fig. V-4a). This size 

range incl udes notably larger particles than the 1/ 4-to-3 inch si ze 

range co111110nly cited in the literature (Hale 1981 ) as be ing most 

suitable for spawning chum and sockeye salmon. The discrepancy 

between the ADF&G and literatur e cri te r ia may , in part, be 

attributable t o sampling pr ocedures . However, it probably reflects 

the dominant i nfluence upwelling has on the selection of redd sites. 

Apparently , such a small amount of good quality spawning subst rate 

exists in middle Susitna River habi t ats tha t both chum and sockeye 

salmon use whatever s t reambed materi al si zes are associated with the 

upwe l lings . 

V-10 

II 

• • • • • • • • • • • • • 



• • 
• • • 
• • • • • • • • • • • 

X 
1&.1 
0 
~ A. >-... 
:; 
a; 

" ... 
;:) 
(/) 

B. 

c. 

SUITAIIII.ITY CIIITtRIA 

IO«Ut Q_-
I UI I I . &I( . ... na.c '""''-fTT IUIT.A ... J"TY 

coot --.!!!,!._ ~· -· I II $1\.T 0.- 0:)00 
t 0.- o.ooo . 7 , I& u-. 0.000 o.ou 
• O..tOO 0.1200 

.6 
, IG "' -.. o.soo zoo 
• o •• • o 0-'~ , u ·-,. I 000 1 .. 000 

.s • I 000 1.000 • . .. ... ~ 1.000 f . OOO 
10 0 . 1 00 0 . 130 

, 4 II co ..... o.z1o 0 . 700 
It OoiOO 0 .2:0 
I) •o > oo· o.ooo 0 .000 

~SOCKEYE ~~~ CHUN 

I 2 3 4 5 6 7 I t 10 II 12 13 
S l SA SG LG IIU CO 1 0 

1.0 

.9 

.8 

X 
.7 w 

0 z 
.6 

>-... . 5 
..J 
a; .4 
< ... 
~ 

.3 
(/) 

.2 

. I 

0 
0 

1.0 
I 

.9 ~ 

.8· 
I 
I 

X 
.7 

I 
w I 
0 

I 
~ .6 I 
>- I !::: .s 
..J I 

iii I 
.4 I < ... I 

;:) . 3 
I en 

. 2 y . I 

0 
0 

SUBSTRATE CODE 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
q 

~ 
00 
1.0 
zo 
)0 .. , 

1.0 
1.0 
0 . ) 
0 . 1 
o.o 

o- - -Q SOCKEYE 

1.0 2.0 3.0 4 0 5.0 

VELOCITY ( FT/SEC l 

SOCKEYE 
SUITAIII~ITY C~ITERIA 

.Q1!!!!.. 
:nutat•\.lff' 

'"52' • 
o.oo 00 
0 . %0 o o 
0 .10 0: 
o.so 0 t 
o.n I 0 
a.oo I 0 

o- - -o SOCKEYE 

1.0 2 .0 3.0 .:o s.o 

OEP1t· ( F' T) 

CliUN 
SUIT.liiii.ITY CAIT(IIIA 

SUif.&l '-tf'f 
~ t!!QCI 

00 1.0 
1. ) 1.0 
t.t o.t 
• , o.o 

---.. CH\lN 

CHUW 
SUITAIIII. ITY CRITERIA 

.2m!. 
I UIUI ILITt 

!"asw 
o.oo o.o 
o.zo o.o 
o.so O..t 
0.1 0 1 . 0 
&.00 1. 0 

- CIIUN 

6 .0 7.0 8 .0 

Figure V-4 . Habitat suitability cr iteria fo r slough spawni ng chun 
and sockeye sal mon (Estes and Vincent-Lan9 1984d) . 

V-11 



Stream ve l ocity is often considered one of the most impor tant 

mic rohabitat variables affecting spawning salmon ( Thompson 1974; 

Giger 1973; Wilson et al. 1981) . The habitat suitabi lity criter i a 

developed by AOF&G for both spawning chum and sockeye salmon assigns 

optimal 3uitabil ities to mean column velocities less than 1.3 fps 

( Fig. V-4b ) . As tt.~ velocity at the spawni ng site increases above 1.0 

fps, suitability declines more rapid ly for sockeye than for chum. 

Microhabitat areas with mean column velocities exceeding 4 . 5 fps are 

considered unusable by both species. 

The AOF&G criteri a assign slightly lowe r suitabilities to ve loci t ies 

between 2 and 3 fps than criteria available in the l iteratur e (Bovee 

1978; Estes et al. 1980; Hale 1981; Wil son et al. 1961). This dis 

c repancy may exist because most data used to c!eve lop velocity suit

ability cr iter ia for spawning chum and sockeyE> salmon in the mi ddle 

Susi tna Rive r were collected in side slough habitats that typically 

have a narrow range of low velocities. 

Chum spawning data from s treams and rivers in Washington state 

indicate that higher velocities are frequently associated with chum 

salmon spawning in mainstems t;,an in side sloughs (Johnson et al. 

1971; Crumley and Stober 1984 ) . Tabl e V-2 sulmlari zes ve l ocity data 

coll ~cted at mainstem, tributary, and side slough locations of sever a l 

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 habita t types. 

We conducted sensitivity analyses i n wh ich WUA i ndices for spawn ing 

chum salmon were calculated using both the AOF&G velocity criteria and 

modified velocity criteri a 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 frt 1 1.3 to 1.8 fps. 

Comparisons between the two WUA forecasts indica t ed an insi~1lif icant 
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Table V-2. Mean column velocity measurements (fps } collected at 
chum salmon redds in several rivers of Washington state 
(Johnson et al. 1971 ) . 

Number of Velocity Mean 
River Measurements Range Velocity 

Nooksack River 
Nooksack Slough 24 0.21-1.34 0.61 
Maple Creek 20 1.22-4.11 2.S2 
Kendall Creek 21 0.31-3.76 2.30 

Skagit River 
Main River 40 0.67-3.86 1.82 
Il l a bot Creek 17 0.31-2.78 1.56 
I ll abot Slough 25 0. 58-2.93 1.20 
Dan Creek 50 0.52-3.09 1.81 

Skykomish River 
Skykomish Slough 31 0.41-2.22 1.31 
Chico Creek so 0.16-3 .97 1.95 
Kennedy Creek 50 0.47-3.1€ 1.60 
Twanoh Creek 2S 0.31-2.83 1.25 
Jors ted Creek so 0.60-3 . 16 1.68 

Satsop River 
Main River so 0.14-2.33 1.2S 
Satsop Sl ough 50 0.00-2 .27 0.56 
Satsop Springs 30 0.12-1.70 1.22 
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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 expected to be signifi cant, WUA forecasts 

associated with the modified criteria did not exceed the forecasts 

obtained using ADF&G velccity criteria by more than 10 percent. 

These re'.lults do not appear to justify modifying the ADF&G ve 1 oci ty 

suitability curve to include opt1ma l 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 a"lalyses of side channe l and 

mainstem chum spawning potential . 

The AlJF&G habitat suitability criteria also indicate that depths in 

excess of 0 .8 feet are most suitable for spawning chum and sockeye 

salmon ( Fig . IJ -4c ) . This depth is slightly more conservat.ive but 

consistent with the 0. 6 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 rni nimum depth requirements for spawning chum 

salmon (Kogl 1965; Wilson et al. 1981). The suitability criteria 

developed by ADF&G for depth are consistent with criteria used by 

others and will be used in the IFR analyses. 

Habitat Avail ability. WUA indices {habitat response curves) for 

spawning chum and ~ockeye salmon at three side slough and four siae 

channel locations were developed by ADF&G using the variables and 

suitability criteria discussed above. Both chum and sockeye salmon 

have been observed spawning within, or in the immediate vicinity 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 beb1een 

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 sa·,mon 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 foc us on the response of chum salmon spawning 

habitats and will use those WUA indices to estimate the response of 

sockeye sal mon spawning hab i tats. 

To tal wetted surface area and weighted usable orea for s pawning chum 

salmon at six study sites are presented in Figure V-6. These sites 

are grouped into three disrinct habitat categor ies based on <.hannel 

morphology and hydraulics. In comparison to total surface area, low 

WUA indices are forecast at all sites. By arbitrarily increasing the 

total surface area of groundwater upwell ing at Side Slough 21 to 15 

percent and at Upper Side Channel 11 to 50 percent, WUA forecasts 

increased at bo th sites with •t a notable change occurring in the 

shape of the habitat response curve for either site (Fig. V-7) . This 

demonstrates that the maximum amount o f spawning habitat potentially 

available is determi ned by the total surface area of the upwelling. 

The habitat response curve at Slough 21 peaks Wtlt:' the mains tem 

discharge is approxi mately 28,500 cfs, while that for Upper Side 

Channel 11 peaks near 23,000 cfs ( Fig. V-8 ) . At these di~charge 

levels, the alluvial be rm at the upstream end of each site is 

over-:oppt!d and the site- specific flows are approximately 70 cfs in 

Sl ough 2: and 150 cfs in Upper Side Channel 11 (Estes and Vincent-Lang 

1984d ) . Nheneve r the mai n5 tem discharge is insufficient to overtop 
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their upstream berms, base flow at both sites is less than 5 cfs 

(Estes and Vincent-Lang 1984d). The depth ~f 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-9) . 

Velocities respond similarly to overtopping, typically increasing from 

the 0 to 0.5 fps range to approximately 1.5 fps ( Fig. V-10) . 

Depths and velocities associated with basefl ow and overtopped con

ditions were compared to habitat suitability criteria for spawning 

chum salmon ( refer Fi g. V-4) . The comparison indicates that the rapid 

increase in WUA indices following overtopping (refer Fig. V-8) is 

attributable to an increase of depth over upwelling areas . The 

gradual decrease in WUA indices at higher site flows is due to mean 

column velocities over up~~ll ing areas exceeding the 1.3 fps optimum. 

It is important to recognize the degree to which shallow depth 

restrict both the availability and the quality of side slough spawning 

habitat under nonbreached conditions. 

Figure V-11 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 

discharge regression equations presented by ADF&G (Estes and 

Vincent-Lang 1984d} 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 

reporteo by ADF&G (Estes and Vincent- Lang 1984d). 

These durati on curves accent the i nfl ue:1ce of the upstream 1- •• 1 

elevation ( breach1 ng flow) on site- specific streamfl o11 ana hab'tat 

conoitions. Category I sites which require the highest mainstem 

discharges for overtopping possess the most persistent WUA indices 

during the !~pawning season. Ca tegory II sites which overtop when 

mai nstem discharge is between 10 ,000 to 20 ,000 cfs show dist inct 
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changes in their respective WUA indices as sociated with the 30 and 70 
percent exceedance va 1 ues. Category I I I sites , which are generally 
breached at a mainstem discharge of 10,000 cfs, reflect the influence 
of mainstem discharge throughout the spawning period . 

Rearing Sa lroon 

Microhabitat Preferences. Field studies, conducted by AOF&G tc 
determine the seasonal movement and habitat requirements of juvenile 
chinook, chum , coho, and sockeye salmon in the middl e Susitna River, 

indicate that juvenile chum and chinook salmon are the most abundant 
salmon speci es that rear in si de slough and side channel habitats. 
J~venile coho salmon rear predominantly in tributary and upland slough 

habitats. The few sockeye j uveniles rearing i n the middle Susitn' 
River are most coiTillOnly found in upland slough habitats . By early 
summer (end of June ) most j uveni le chum salmon r.ave outmigrated f rom 
Middle Susitna River habitats , and a large inmigration of chinook fry 
occurs from natal tributaries . These immature chinook redistribute 
into side channels and side sloughs du ring the remainder of the 
summer. With the onset of fal l and colder mainstem and side channel 
water temperatures, chinook juvenil es appear to move into the warmer 
water associated with upwelling areas in side slough habitats to 

overwinter (Dugan et al. 1984 ) . 

Rearing habitat is commonly evaluated using three variables: depth, 
velocity, and cover (Wesche and Rechc. , d 1980; Bovee 1982). Habita t 
suitability criteria have bet:n develJped by ADF&G to describe the 

preferences of juvenile chum and chinook salmon for these micr~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 .:;nd 

10 feet in the Kenai River . 
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Cover is used by juvenile salmon as a means of avoiding predation and 

obtaining protect ion from high water velocities. Instream objects , 

such as submerged macrophytes, large substrate, organic debris, and 

undercut banks provi de both types of shelter for j uvenile sal mon 

(Bjornn .1~ !1 ; Bustard and Narver 1975; Cederholm and Koski 1977 ; 

Burger e t al. 1982 ) . One significant fi nding of the ACF&G field 

studies is that juvenile chinook a re apparently attracted to turbid 

water for cover. J uven1le chinook were commonly found in low-velocity 

tu rbid water {50-200 NTU) without object cover, but were rar~ly 

observed in low-velocity , clear water {under 5 tiTU) without object 

cover1 {Suchanek et al . 1984) . The influence of turbidity on the 

distribution of j uvenile chinook in side channel habitats was sc 

pronounced that different habitat suitability criteria for velocity 

and object cover were dev~loped by AOF&G for both c l ear and turbid 

water conditions ( Figs. V- 12 and V-13). 

These criteria curves assign optimal suitability valuEs to velocities 

between 0.05 and 0.35 fps for turbid water, and between 0 . 35 and 

0.65 fps for clear water. 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. comm. 

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 Bu rger and Bechtel 

criteria were developed for juvenile chinook (under 100 mm) rearing in 

1 AOF&G selected 30 NTU to distinguish between clear and turbid 
water conditions (Suchanek et al . 1984). This is recognized as a 
reasonable preliminary threshol d value . However, because of the 
l imited number of data points tha t are available to define 
juvenile chinook behavior at turb i dlties between 5 and 50 NTU and 
above 200 NTU, turbidity ranges wi l l be parenthetically expressed 
in our discuss ion of j uvenile 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 i n Alaska. Although the chinook criteria from 
the literature were developed f rom data collected in clear water (l ess 
than 30 NTU ) . they are more simi lar 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 AOF&G and the 
other investigators. 

Mean column veloc ities 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 
re lat ive t o the apparent locations of juvenile chinook were different . 
ADF&G reported the mean column veloci ty at the midpoint of a six-foot 
by 50-foot cell (mid-cell velocity) regardless of the location of fi sh 
withi n the cell. The velocity criteria developed by Burger and 
Bechtel are based on mean column velocities measured in the i mmediate 
vici nity of individual fish observations or captures (point velo
cities). 

Assuming that inmature fish in clear 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 ha1f 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 bting 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 unimport ant to rearing chi nook salmon. Consequently , the 
optimum velocity range of the IFR clear water sui tability criteria 
were extended to include velociti es between 0.05 and 0.65 fps 
(Fig. V- 15). 

Juvenile chinook do not associate with object cover in tu.roij water 
(50-200 NTU) as much as they do in clear water (Suchanek et al. 1984). 
Rather, they are randomly distributed in low velocity areas with 

V-30 

b 
II 

• • • • • • • • • • • 
~ 



• • • • • • • • • -• 
~ 

> 
!:: _, 

I ii 
~ 
5 en 

• • • • • • • • • 

VELOCITY SUITABILITY CRITERIA FOR JUVENILE CHINOOK SALMON 

1.0 

0.8 

0.6 

0.4 

0.2 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ ', 

' ' ' 

SUITABILITY (Sv) 

V.loclty Cleer '!Utbld 

' ' '\. 
........ 

0.00 
0.05 
0. 20 
D.35 
0.50 
0.65 
0.80 
1.10 
1.40 
1.70 
2.00 
2.30 
2.60 

0.42 
1.00 
1.00 
1.DO 
1.00 
1.00 
0,68 
0.44 
0.25 
0. 18 
0.12 
0.06 
0.00 

LEGE NO 

--- Turbid 
---- Clear 

Clear w11er less than 5 NTU 
Turbid water 50 to 200 NTU 

' ................... 

..........""-

0.42 
1.00 
1.00 
1.00 
0.80 
0.60 
0.38 
0.25 
0.15 
O.C17 
0.02 
O.DI 
0.00 

......... _ 
0.0 +---------r-------~r--------,---------r~-~--~--=a~~----~ 

0 

Fi gure V-15. 

0.5 1.0 1.5 2.0 2.5 3.0 

VELOCITY (ftlsec) 

Veloc i ty suitability criteria used to wodel juveni le 
chinook habitat {~UA) under clea r and tur bid water 
condit ions in the ~iddle Susitna ~iver (Steward 1985 ) . 

V-31 



, 

li t tle or no object cover. In these low-velocity turbid areas , it is 
quite likely that mid-cell velocities measured three feet f rom the 
streambank differ little from point velocities measu-ed in 
microhabitats al ong the snoreline that would be inhabited by j uvenile 
chi nook in a clearwater stream. Therefore, i t is not surprising tha~ 
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 f~s) juvenile chinook do not require 
protection from water currents and are more likely to be found withi n 
the •. Her 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 j uvenil e chinook in turbid water 
is more strongly influenced by velocity. When velocities exceed 
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 f ish 
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 cl ear (due to the influence 
of local runoff and/ or groundwater inflow), juvenile chinook often 
move from fonnerly 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, interstitit'l spaces between streambed particles in low 
velocity areas are generally filled with fi ne glacial sands. Thus, at 
low mainstem discharges when these side channels are not breached and 
water at the site has cl eared, the ~st likely place to find 
interstiti al spaces not filled with fine sediments is in riffle areas 
that were subjected to relatively high velocities when the site was 
breached. Such riffl e areas generally occur near the head of the siae 
channel. 
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From the preceding discussion, it can be concluded that velocity and 
cover are the two most important abiotic microhabitat variables 
influencing j uvenile chinoo~ rearing habitat. Of the two, cover 
app~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, j uveniles 
generally seek concealment within intersti t ia l spaces among streambed 
particles . These intersti tial spaces also provide enough protection 
from velocity that juveniles are frequently found in areas possess ing 
velocities between 0.35 and 0. 65 fps (Suchanek et al. 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 fo r juvenile 
chinook i n clear water have been modified such that the opt imal 
velocity range extends from 0.05 to 0.65 fps rather than 0.35 to 0.65 
fps (refer Fig. IV-15 ) . As velocity increases above 0.65 fps, the 
habitat suitability decreases in accord with the AOF&G clearwater 
criteria. 

In turbid water habitats, the ADF&G dept h and turbid water velocity 
criteria are applied. However, the AOF&G turb id water cover criteria 
were modified by multiplying 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 cel l in turbid and clear 
water for cor responding cover categories (Table V-3) . 

Table V-3. Ca lculation of turbidity factors for determination of the 
infl uence of turbidity on clearwater cover criteria fo r 
j uvenile chinook salmon (Suchanek et al . 1984) . 

Percent Number of Fish Per Cell Turbidity 
Cover Clear Turbid Factor 

0-5% .8 3. 5 4.40 
6-25% 2.4 4.2 1.80 

26-50% 4.0 4.8 1.20 
51-75% 5.6 5.5 1.00 
76-100: 7.3 6.2 0.80 
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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 in 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 suitability values calculated for the "emer
gent streambank vegetation" and "no-cover" types were unrealist:Cally 
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 cove; 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 ~hinook 
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 not 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 natural con~itions. The most notable 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 11). 

Figure V-18 presents WUA indices forecast for juveni l~ chinook using 
cover criteria for low and high turbidity conditions . Identical 
habitat response curves are forecast under low-turbidity conditions 
because the ADF&G clearwater cover criteria remains unchanged. 
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Application of the modified turbid water cover criteria results in 

approximately a 25 percent reauction in WUA indices from the ADF&G 
forecasts. However, the bas ic shape of the hat- ~tat response curves 
remai ns 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 is anticipated that the finer 
material presently filling interstitial spaces among larger streambed 
particles will be gradually removed . The effect of an increase in 

cover suitability resulting from the removal of 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 indices 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 rnainstem 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 c;ame 
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. Turb idity 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 Si de Channel 21 site. 
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Table V-4. Habitat suitability criteria used in revised model t o 
forecast WUA for juvenile chinook salmon under low and 
high turbidities • 

Low Turbidity (<30 NTU) 

ADF&G Cover Criteria 
ADF&G Cover Criteria 
Revised Velocity Criteria 

High turbidi ty (> 30 NTU ) 

ADF&G Depth Criteria 
Modified Cover Criteria 
ADF&G Velocity Criteria 

Given the habitat su ;tability criteria developed for juvenile chinook 
and typical middle river conditions, depth of flow is a relati vely 
inconsequential microhabitat variable U11less it i s less than 0.15 

feet. Thus, the general shape of habitat response c~rves for juvenile 
chi nook 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 by the breaching of a clearwater 
5tudy 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 V-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 increase; 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 • 
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VI. SUMMARY 

This section surrmarizes the relative importance of the various phys
ical processes and habitat variables discussed in Sections IV and IJ 

with regard to the primary evaluation species and evaluation periods 
identified in Section III. The major conclusions obtained from a 
subjective evaluation of naturally occurring physical ,rocesses is 
presented, as well as, a discussion of some inherent project-induced 
changes to these processes. Understanding the nature and genera 1 

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 Talkeetna-to-Devil 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, tributaries and tributary mouths 
are relatively insensitive to variations in mainstem discharge. 
However, both the wetted surface area and habitat qua 1 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 transformation 
of turbid water side channel habitat to clear water side slough 
habitat as mainstem di scharge decreases (Klinger and Trihey 1984}. 

Because of these marked responses of aquatic habi tats 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 
magnitude, frequency, duration, and seasonality of streamflow events. 
Microhabitat variables, which respond to variations in streamflow, 3nd 
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which influence the quality of fish habitat are depth, velocity, 
channel structure, substrate composition, upwelling, water temper
ature, suspended sediment, turbidit:,• , and dissol ved organi cs 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 t o them 
provides a technical basis for estimating both the beneficial and 
adverse effects of the proposed project on fish habitat and 
populations. 

Region a 1 c 1 i mate causes seasona 1 and annua 1 variations in streamflow 
and stream temperature. Basi n 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, AEIDC 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 . Sunmer 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 Tyone River drainage. Because glacial flow results 
in high turbidities and suspended sediment concentrations dur ing 
sunrner, the water quality of mainstem influenced habitats changes 
markedly with the ~easons. 

High streamflows reshape channel geometry, which at lower discharge 
levels controls site-specific hydraulic conditions . Median sunmer 
streamflows typically exceed the mean annual discharge by a factor of 
two and transport large amounts of suspended sediment. The associated 
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high velocities, turbidities, and abrasive action of the suspended 
sediments are considered limiti ng to the colonization of the streambed 
by algae and aquatic insects, which generally provide an important 
food source for fish . 

Streamflows and stream temperatures during winter play an integral 
role in middle Susitna River ice processes which directly affect 
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 warm water (2-3°C) throughout winter (Trihey 1982; AOF&G, 
Su Hydro 1983c) which is considered essential for the survival of 
incubating salmon eggs and overwintering fish. However, if river 
stage increases enough to overtop the upstream berm of the slough or 
side channel, then near ooc 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 (discharge) is important during sunrner with regard to 
control ling access to fish habitat in side channels and sl oughs 
located along the flood plain margin. Because of the complex 
multi-thread channel pattern of the mid~~e Susitna River, changes in 
mainstem water surface elevation stro.1gly influences the amount of 
watered and dewatered channel area as t~e ll 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 
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begins in late May and extends to mid-September. Juvenile outmi
gration occurs from May through Oct~ber. A 1 imited amount of chum 
salmon spawning occurs at upwelling areas along shorel ine 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 summer and winter { Sundet and "'enger 1984). The more 
important species appear to be rainbow trout, Arctic grayling, 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 midd1e 
Susitna River do so in side slough habitats {Barrett et al. 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 
al. 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 thei r outmigration to marine habitats. 

Upland sloughs provide summer rearing and overwinter habitat for 
juvenile coho and chinook salmon (Dugan et al. 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 i n this habitat type {Hoffman 1985; Barrett 
et al. 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 1 ife stage-specific . 
Evaluation species were selected on the basis oi their importance to 
commercial and sport fisheries (refer Section III), and the potential 
for project construction and operation substantially a 1 tering their 
existing habitat. The pri~ary evaluation species and life stages are 
chum salmon spawning and incubation, and juvenile chinook salmon 
reari ng. Since biological activity , physical processes, and habitat 
condicions vary seasonally, t he year was divided into four evaluation 
periods. These periods were selected to best accommodate t he 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 overlappi ng l ife stages as well as their habitat 
requirements differ sufficiently to warrant separate ana lyses . To 
facilitate integrating periods of biologic activity with the standard 
time step used in the reservoir operation and va rious streamflow 
models, evaluation periods are defined coincident with water weeks 
(Table VI -1) . Water weeks begin October 1 and consist of 51 
consecutive 7-day periods. The fifty-second week (September 23-30) 
contains eight days, and February 29 is omitted. 

Table VI-1. Evaluation peri ods as defined by water weeks . 

Species Life stage Evaluation period Water Weeks 

Chum Spawning August 12 to September 15 45 t hrough 50 
Chum Incubation August 12 to March 24 45 through 25 
Chi nook Overwintering September 16 to May 19 51 ~;hrough 33 
Chinook Summer rearing May 20 to September 15 34 chrough 50 
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Relative Ranki ng of Physical Habitat Va riab les 

Table VI-2 presents the results of subjectively evaluat i1g the techni
cal information presented in Sections III through V within the 
analytic structure of the IFRS model introduced in Section II. This 
table sunmarizes t he relat ive degree of i nfluence that individual 
physical habitat variables exert on aquat ic habitats in the middle 
Susitna River during each of the evaluation peri ods identified above . 

The habitat- and evaluation period indices provided in Table VI -2 only 
consider physical aspects of habitat quality and do not reflect the 
important synerg istic ii:f1u(:nces tiiat 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 producti vi ty. 

The presence of upwelling water is the most important habitat variable 
influencing the selection of spawning areas by chum sa lmon and it 
significantly affects egg-to- fry survival rates (AOF&G, Su Hydro 
1983c; Vining et al. .1985). Upwelling's importance i s derived from 
its associ ated thermal and water quality characteristics which provide 
life support for the aquatic corrmunity dLring winter and to a la rge 
extent influence habitat quality during the remainder of the year . 

Table VI -2, Parts A and B summarize 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 i s limited by several factors. High sediment concen
trations result in large volumes of sand bei ng transported in close 
proximity to t he streambed, and mainstem and side channel streambeds 
general ly consist of large particles which are well - cemented by silts 
and sands (R&M 1982a; ADF&G, Su Hydro 1983a ). Du ring August mainstem 
stage is usually adequate t o provide adult spawners acces s to 
upwelling areas in mainstem and s ide channel habitats (Harza-Ebasco 
1984g; Kli nger and Trihey 1984) , but, natura l ly declining water 
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Table Vl-2. Rel at ive degrees1 of influence that physical habitat variables e.aert on the sui tabi li t y 
of middle Susit.na River habitat types dur ing the four evaluat i on periods. 

Habitat* 
Variab l e 

l'.a1nstem flow 
Upwel li 09 
Substrate COIIIposit ion 
Suspended sediment 
iurb idity 
Water Te.perature 

Habitat lnde.a 

Ma 1 ns t em fJ ow 
Up-l ling 
Substrate composit ion 
Suspended sediment 
Tur~i~i ty 
Water t emperature 
Ice processes 

Habitat Index 

Hainstem flow 
Upwel I i 09 
Substrate compos i tion 
Suspended sed iment 
Turbidi t y 
Water teeperature 
Ice processes 

a 1nstetn ow 
Upwell i ng 
Substrate compositi on 
Suspended sedi ment 
Turbidi ty 
Water temperature 

Habitat Index 

Ev11uation scale 

Ha fnstem 

PART A: 
-j 
+1 
-3 
-1 
0 
0 

-6 

Side 
Channel 

Spawning (August 
-2 
+2 
-2 
-1 
0 
0 

-3 

Si de 
Slough 

12 - September 
+2 
•3 
0 
0 
0 
0 

+5 

15) 

PART 8: Incubat ion (August 12 - March 24) 
-3 -2 +2 
+1 +2 •3 
- 1 ·1 +1 
·1 ·1 0 
0 0 0 

- 3 ·3 +2 
-2 · 2 -1 

-9 -7 

Upland 
Slough 

0 
+3 
-2 
0 
0 
0 

+1 

0 
•3 
- 1 
0 
0 

•2 
0 

PART C: Overwinter i ng (September 16 • Hay 19 ) 
-2 -2 +2 0 
~ ~ ~ ~ 

-2 - 2 +2 -1 
0 0 0 0 
0 0 0 0 

-3 -3 +2 +2 
·3 - 3 - 2 ·1 

- 9 -9 +7 +3 

PART 0: SutmM!r tember 15 ) 
+ 

0 +1 +2 +2 
- 2 · 2 •2 +1 
-3 ·2 - 1 ·1 
+2 +2 0 0 
0 0 0 0 

-6 _, 
+5 +2 

+3 e.atremel y benef icl • l 
+2 moder1tely beneficial 
+1 slightly beneficial 

0 no e.ffect 
· 1 slightly detrimental 
-2 1110der!te1y detr imenta l 
-3 extrenely detri mental 

Typical conditi ons for the habi tat type d~ri ng :he season eva luated. 

1/ I -G 

Tributary 
Mouth 

- 1 
•2 
•2 
0 
0 
0 

•3 

-1 
+2 ., 

0 
0 

-2 
-2 

-2 

-1 
+1 
•2 

0 
0 

+1 
- 2 

+1 

0 
+2 

0 
0 
0 

0 
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surface elevatins during September l imit spawning habitat quality in 
some mainstem upwelling areas. Mainstem and side channel habita ts are 
are generally l imited by velocity, except in isolatea backwater 
locations along streambank margins. These locations usually posses5 
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~1elling areas in 
upstream portions of the side sloughs. Periodic short-term increases 
in slough f low are important for improving passage conditions (Trihey 
1982; Estes and Vincent-lang 1984c). These increases are principa lly 
caused by overtopping events or by rainfall runoff • 

Both incubation and overwintering are adversely infl uenced by 
naturally occurring cold water temperatures, river ice, and low 
streamflows (refer Table VI-2, Part B and Part C) . The presence of 
upwel ling groundwater creates favorable incubation conditions in 
slough habitats and resulted in egg-to-fry survival rates up to 35 
percent in 1983-1984 (Vining et al. 1985). Pools within the sloughs 
generally provide adequate depth and water temperatures for j uvenile 
fish to overwinter. At times, side sloughs are overtopped during 
winter as a result of the mainstem ice cover 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 overwintering fish . 

The aoverse influence of cold water temperatures is most pronounced in 
mainstem and side channel habitats where near 0°C water temperatures 
exist for approximately seven mon ths. Upwellins exists in mai nstem 
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and side channel areas but its thermal value is sigr,Hic"'rjtly reduced 

due to the large volumes of ooc 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 D). 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 glac i al silts and sand, thereby 

prevent i 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 shorel ine margin, or in 

backwater areas. Shoreline grad i ents are often mild, hence seasonal 

variations of streamflow can cause large changes in wetted surface 

area (Klinger-Kingsley 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 i n a low aquatic food 

base for rearing fish. Thus, turbidity has both oeneficial and detri

mental effects on rearing habitats in the middle Sus i tna 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 su11111er. While the area is clear, primary 

production rates would be high, stimulating production of benthic 

prey . Under higher turbidities, the young chinook could move into 

these areas and feed without unduly exposing themselves to predation. 
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However, if these areas remain turbid continuously, aquatic food 
producti on would likely be reduced. 

The most important variables affecting fish habitat in the middle 
Susitna River are streamflow, upwell ing, 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 with t he 
season, species, life stage and habi tat type being considered. The 

habitat index values (column totals) appearing i n Table VI -2 are 

listed in Table Vl-3 to identify the evaluation periods and habitat 

types most limited by natural conditions . 

Table VI-3. 

Evaluation 
Period 

Spawning 

Incubati on 

Overwintering 

Sunmer Rearing 

Habitat Index2 

1 Ro\'t tot a 1 

Sunmary of habitat and evaluation period indices for 
the middle Susitna River as derived in Tab le VI -2 . 

Evaluation 
Side Side Up land Tributary Period 

1 Mainstem Channel Slough S 1 ough Mouth Index -

-6 -3 +5 +1 +3 0 

-9 -7 +7 +4 -2 -7 

-9 -9 +7 +3 +1 -7 

-6 -4 +5 +2 0 - 3 

- 30 -23 +24 +10 +2 

2 Co 1 umn tota 1 
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The information summarized in Table Vl - 3 reflects the detrimental 

influences of high mainstem discharges and sediment concentrations 

during surrmer and of low streamflows and stream temperatures during 

winter. Review of tt;e habitat- and evaluation period indices in 

Table Vl-3 indicate that the most stressful period of the year for 

fish occurs during fall and winter. :iaturally occurring physical 

habitat conditions are least limiting to spawning and most limiting t o 

incubation and overwintering. It is also evideut that mai nstem 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. 
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Influence of Project Design and Operation on 

Downstream Physical Processes and Fish Habitats 

Construction and operation of the proposed Susitna Project would alter 

the natu ral streamflow, sediment, and thermal regimes of the middle 

Susitna River. These changes would affect, to varying degrees, 

instream hydraulic conditions , turbidity, ice processes , streambed 

composition, upwelling, and stream channel geometry, all of which 

influence the availability and quality of fish habitat . Using this 

opportunity to: (1) improve incubation and overwinter conditions, 

(2) reduce high sunmer streamflows and sediment concentrations, and 

(3) maintain or improve existing c l earwater spawning and redring 

habita ts 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 habita t variables. 

Some project-induced changes, such as to the natura 1 sediment and 

turbidity regimes, are inherent with ;>roject construction and offer a 

very limited opportunity to be infl uenced by project design or opera

tion. Other project-induced changes, 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 effecti ve 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 

va rying 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 
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or operating criteria can be ranked in ascending order of effective
ness according to: (1) 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 Consultants 1982d; Harza-Ebasco 1984e ) . This 
reduction in sediment load is expected to result in son•e degradation 
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 summer and clear in 
winter to moderately-turbid throughout he year (Peratrovich et al. 
1982; Harza-Ebasco 1984e). 

Alternative design or operating criteria for Watana or Devil Canyon 
Dams affords a very limited degree of control over downstream 
suspended sediment concentrations and turbidities. Both these habitat 
variables are far more influenced by reservoir size and retention 
time, and particle size and light refraction than by the manner in 
which the dams would be operated. The reduction in mid-summer 
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 (Bjornn 
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bidi ty 
effect 

1977). At 
levels are 
of project 

present, project-induced changes in natura 1 tur
not sufficiently understood to forecast the net 
altered turbidities on food production and fish 

habitat in the middle Susitna River. However, work is under way which 
shoula improve the level of under~tanding by early 1986 . 

Temperature and Ice Processes 

Downstream water temperature would be altered by impounding the 
natural flow of the Susitna River. The reservoirs will attenuate the 
annual variation in stream temperature by storing heat energy during 
spring for redistribution duri ng fall and winter. With-project 
mainstem water temperatures are expected to be cooler during su!TITler 
and warmer during fall and early winter. Mid suiTITler and mid winter 
stream temperatures are not expected to change appreciably from 
natural (Univ . of Alaska, AEIOC 1984). Alternative multi level intake 
designs and operating criteria can provide only a moderate degree of 
control over mainstem water temp .... ratures beca~.:;,e 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 most critical habitat 
conditions affecting naturr~l 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 survinl 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 (Fi g. VI-2). In the 
middle Susitn~ River, different aspects of streamflow are important at 
different times of the year and to different habitat typ~s. Mainstem 
water surface elevations and site specific depths are of greatest 
concern in side channel and slough areas where the highest degrees of 
habitat utillzation have been observed (ADF&G, Su Hydro 1983e). These 
habitats are the most vulnerable to dewatering by abnonnally low 
sulliTler streamflows (Klinger-Kingsley 1985) or to overtopping during 
winter because of abnonnally high discharges and enhanced river 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 si de 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 i n shoreline margins of the mainstem 
and large side channels (Williams 1985) indicate that flow velocity 
often suppresses rearing conditions for juvenile salmon. Shoreline 
margins are usual ly devoid of cover objects and stream channel and 
streambank gradients are after. too steep to provide any s i gnificant 
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 could 

assist adult salmon gain access to ·side slough spawning habitats . 

However, persistent cyclic f luctuations ( such as those assoc i ated with 

hydropower peaking) would likely be detrimental to fish and fisn food 

organisms in mainstem and side channel habitats. D~ring winter, 

higher than natural, but stable, streamflows would 1 ikely improve 

habitat conditions in ma ins tem and side channel habitats presently 

infl uenced by river ice or dewatering and freezing. Higher than 

natural water f 1 ow would contribute to improved upwelling in the side 

sloughs which would likely benefit incubation and overwintering 

conditions . However, if mainstem water surface e l evations associated 

with higher winter streamflows were sufficient to cause recurrent 

mid-winter overtopping of slough habi tats the inflow of cold ma instem 

water would adversely affect incubation and overwintering conditions 

in the side sloughs. 

Fish Habitats 

The relative deg ree of influence that with-project physical habitat 

variables might exert on the suitability of aquatic habitats in the 

middle Susitna River is surrmarized by Table VI -4. These subjective 

index val ues are based upon the assumption that the with-proj ect 

physical habitat cond itions implied by preceding discussions do occur: 

sediment transport rates are expected to be significantly reduced, 

turbidities decreased in summer and increased during winter, stream 

temperatures increased during winter, and ice processes moderated 

upstream from RM 125. In add i tion 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 influence with- project physical habitat variables might 

exert on each of the habitat types at ~ i fferent times of the year. 

These indices do not reflect the important synergistic influence oi 

biologic processes on habitat quality and therefore, do not 
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Table Vl -4. Relative degrees1 of influence that est imated with-proj ect physical habitat var iables 
might have on the suitability of middle Susitna River habitat types during the four 
evaluation periods • 

Habitat* 
Variable 

Mainst em flow 
Upwelling 
Substrate composition 
Suspended sediment 
Turbidity 
Water Temperature 

Habitat Index 

Mainstem flow 
Upwelling 
Substrate composition 
Suspended sediment 
Turbidity 
Water temperature 
Ice processes 

Habitat Index 

Mainstem flow 
Upwelling 
Substrate composition 
Suspended sediment 
Turbidity 
Water temperature 
Ice processes 

Habitat Index 

Mainstem flow 
Upwelling 
Substrate composition 
Suspended sediment 
Turbidity 
Water temperature 

Habitat Index 

Eva l uation scale 

Mainstem 

-1 
+2 
- 1 

0 
0 
0 

0 

+1 ... , 
- 1 

0 
0 

- 1 
-1 

-1 

-t-1 
+1 
+1 
0 

+1 _, 
-1 

+2 

..-2 
0 

+1 
0 

+2 
0 

+5 

+3 extremely benef ici al 
+2 moderate ly beneficial 
+1 slightly beneficial 
0 no effect 

-1 slightl y detrimental 
- 2 moderate ly detri mental 
-3 extreme ly detrimental 

Side Side Upl and 
Channel Slough Sl ough 

PART A: Spawning (August 12 - Seotember 15 ) 
+-; 
+-3 
+-1 
n 
0 
0 

+5 

PART B: 
-t-1 
+2 _, 

0 
0 

-1 _, 
0 

PART C: 
+1 
+2 
+2 

0 
+1 
-1 
-1 

+-4 

PART 0: 
+2 

0 
+1 

0 
+2 

0 

+5 

+1 
-t-2 
+1 

0 
0 
0 

+4 

Incubation (August 12 -
-t-2 
+3 
+1 

0 
0 

+2 
- 1 

+7 

Overwi nteri n!l (Seotember 
+2 
+2 
+2 

0 
0 

+2 
- 1 

+7 

Summer Rear i ng (Mal! 20 -
·2 ... , 
+2 

0 
0 
:> 

+5 

0 
+2 
- 2 
0 
0 
0 

0 

March 24 ) 
0 

+3 
- 1 
0 
0 

-t-2 
0 

+4 

16 - Mal! 19) 
0 

-t-2 
- 1 
0 
0 

-t-2 
-1 

+2 

September 
0 

15 ) 

+1 
... , 
0 
0 
0 

+2 

Tributar·y 
Mouth 

•2 
+2 
+2 
0 
0 
0 

+6 

+1 
-t-1 
+1 
0 
0 

- 1 
- 1 

+1 

+1 ., 
•2 
0 
0 

- 1 
- 1 

+2 

-2 
0 

+2 
0 
0 
0 

+4 

* ~ntic l pated with-projec: ccndi : ions for the habi tat t ype dur i ng the sedson evaluate~ ~ased on 
informat ion contai ned in the craf': licerse amendment (APA 1985e ) . 



necessarily define any particular increase or decrea~e irt fish 

populations. 

However, were the proposed project designed and opera ted with the 

intent of ameliorating the more stressfu l naturally occurring phy~ical 

habitat conditions, a considerable degree of improvement appears to be 

attainable in mainstem and side channel areas (Tabl e VI - 5). Through 

project-induced reductions of high su11111e1· streamflows and sediment 

transport rates , and an increase in winter streamflow and tempera

tures, a considerable degree of improvement in both summer and win ter 

physi cal 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 habitat and evaluation 

period indices in Table Vl -5. 

Table VI -S. Comparison between habitJ t anc evaluation per1od indic.:~ for natural ( N) 
and with-project (P) conditions . 

Evaluati on 
Evaluat ion Sf de Side Upland Tributary Period 1 

Pericds lo!ainstem Channe l Sloug:l Slough Mouth l nde~t 

N p N p N p N p N p N p 

Spawning -6 0 -3 +5 +5 +4 +1 0 •3 .. 6 0 +15 

lncubat1on -9 -1 -7 0 +7 +7 +4 +4 - 2 +1 - 7 +1 1 

Ove rwinter -9 •2 -9 ..-4 +7 +7 +3 • 2 +1 +2 - 7 +15 

Summer Rear i ng -6 •5 - 4 +S +S +5 •2 •2 0 +4 -3 +21 

Habitat lndex2 -30 +6 -23 +14 +24 ... 21 -10 .. a +2 - 13 

Row total 

2 Column tota l 
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