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PREFACE

This report was prepared by the Alaska Department of Fish and Game
(ADF&G) for the Alaska Power Authority (APA) and its principal con-
tractor, Harza-Ebasco Susitna Joint Venture. It is a product of the
five year study plan initiated by ADF&G in November, 1980 to assess the
feasibility of the proposed two dam Susitna Hydroelectric project.

Basic goals of the five year plan (Acres 1980) are as follows:

1} describe the fishery and aguatic habitat resources of the

Susitna Rivers

2) assess the impacts of development and operation of the Su-

Hydro project on these resources; and

3) propose mitigation measures to minimize adverse impacts.

Item 1 1is entirely the responsibility of the ADF&G aquatic studies
program while items 2 and 3 are primarily the responsibilities of other
investigators with ADF&G providing most of the field data to address
these items. To provide data that will assist in meeting each of the
above goals, research responsibilities were subdivided into three major’
elements: Adult Anadromous Fish Studies (AA); Resident and Juvenile
Anadromous Fish Studies (RJ) and Aguatic Habitat and Instream Flow

Studies (AH). The primary objective for each section is as follows.
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1) Adult Anadromous - determine the seasonal distribution and
relative abundance of adult anadromous fish populations

produced within the study area:

2) Resident/Juvenile - determine the seasonal distribution and
relative abundance of selected resident and juvenile

anadromous fish populations within the study area; and

3) Aquatic Habitat - characterize the seasonal habitat reguire-
ments of selected anadromous and resident fish species within
the study area and the relationship between the availability
of these habitat conditions and the mainstem discharge of the

Susitna River.
This report contains four different types of data collected during the
1982-83 ice-covered season (September through May). The four data sets
included are:
1)  Continuous surface and intragravel temperature monitoring.

2)  Salmon incubation and emergence studies.

3) Timing and habitat conditions of burbot spawning in the lower

river.,

4) Winter progress report of radic telemetry investigations of

resident species.
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These data, as well as data from other ADF&G reports and sources are K\
wse R 1

' |
expected to be summarized-—and—anatyzed- by the Arctic Environmental /

e,

Information and Data Center (AEIDC) to evaluate post-project conditions. /

Any questions concerning this report should be directed to: /

Thomas W. Trent

Alaska Department of Fish and Game
Su Hydro Aguatic Studies Program
2207 Spenard Road

Anchorage, Alaska 99503

Telephone (907) 274-7583
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1.0 INTRODUCTION

The winter investigations of 1982-1983 include four separate studies:
1} surface and dintragravel water temperatures, 2} incubation and
emergence of juvenile salmon and incubation habitat, 3) burbot spawning,

and 4) radio telemetry investigations of resident fish.

The surface and intragravel water temperature study provided support for
the incubation and emergence studies in addition to providing winter
water temperatures for the -physicet temperature and ice modelling

studies conducted by other investigators.

The salmon incubation and emergence studies were conducted to determine
the timing of embryonic development and emergence of chum and sockeye
salmon under natural conditions in the Susitna River and to determine
the physical and chemical conditions of the surface and intragravel
waters in which they éeveiepa&(Iﬂ'édéitﬁéns %é}at{éﬁsﬁips of surface and
intragravel water conditions and dimportance of upwelling water were

considered.

Because burbot are thought to spawn in areas affected by mainstem flows
and temperatures, a s*dy of their spawning habitat and timing was
initiated in areas where .7is species concentrates in the Susitna River
drainage during the winter months. Prior to this study, little was
known about where or when burbot spawn in the Susitna River or the

habitat conditions under which spawning takes place.

foreed
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The radio telemetry studies of rainbow trout, burbot, and Arctic
grayling provided information on the location and habitat conditions of

overwintering areas, timing of fall redistribution into the over-

wintering habitat, and the location and habitat of spawning areas.

In general, these studies provide new information on aspects of the
biology of anadromous fish and on the important resident species not
previously defined in earlier winter reports. These data provide an
insight as to possible constraints of the winter habitat conditions on

the species investigated.
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2.0 CONTINUOUS SURFACE AND INTRAGRAVEL WATER TEMPERATURE STUDY

Continuous monitoring of surface and intragravel water temperature was
initiated during the winter of 1981-82., These studies were continued

during the winter of 1982-83 to address the following objectives.
2.1 Objectives

Continuous surface and intragravel water temperature data were collected
at thirteen sites within the Talkeetna to Devil Canyon reach of the
Susitna River (Figure 2-1). These data were collected to accompiish

three principa! objectives:

Sy

Obtain haseline surface and }ﬁ%ééra},@atev temperature data in

s

el

-

-
siough and mainstem Susitna River (mainstem) habitats during

the ice-covered season.

[

To compare surface and intragravel water temperatures in

slough areas used by spawning chum salmon to those not used

e

for spawning, and to provide data for calculating thermal _.v '

E—

units required in the incubation and emergence studies.

{ad

To provide a data base for calibration and evaluation of

mainstem temperature modeling studies.

22



DAM SITE

/0 EVIL GANYON

s
AT GOLD QR‘EEK\ [
/ (MAINSTEM SUSITNA)Y el
g amor | O SLOUGH 2! {MOUTH,UPPER)
July Creok, . Yy gl SLOUGH 19

( ” SLOUGH 18
& : SLOUGH 9
‘ ¢ -cﬁ D SLOUGH 8A ( UPPER)

—— RY 20 [ MAINSTEM SUSITHNA)

%\ Mswus%@ 8A {MOUTH,MIDDLE}
X
cl’@éw‘/’
‘ @//
L9

/ Fa
ADF &G SU HYDRO
AQUATIC HABITAT AND

NSTREAM FLOW STUDIES

SUSITNA RIVER 1982-83 ICE-COVERED
SEASON THERMOGRAPH LOCATIONS

= RYAR THERMOGRAVH SITES
{0l = DATAPOD SITES

Figure 2-1. Location of Datapod temperature recorders and
Ryan thermographs in the Susitna River,
Chulitna River confluence to Devil Canyon
reach, during the ice-covered season 1987-83,

4



DRAFT
WINTER REPORT
16/20/83

2.2 Methods

2.2.1 Site selection

- Y R T P S oS G
5 { Coab A {,&» N e 0 Te g L A

O

Thewmegraphs&were placed within a siough to obtain temperature data from
an area (spawning and non-spawning areas) vrepresenting typical
conditions (substrate, water depth, and velocity) for the study site.

Thermographs were also Qiaced algfg the margin of the mainstem in areas

-

believed to pr@v3de represeﬂtatlve temperature data f“f Y - “wwgéwn —
. : S TpTRe -2 = =
“”\\// (V- PRV - e ? *“:‘:‘N Rt —

Stough 21 Mouth, Stough 11, Slough 9, Slough 8A Mouth . o

i

e

=

One set of surface and intragravel «datapéd temperature probes were
S

placed directly in a chum salmon redd observed in each slough during the

fall of 1982.

Middle Slough 8A

The datapod was installed in the middle Slough 8A site in a documented

chum salmon sp&wﬁ?ﬁg area on April 28, 1983 to replace the instrument at

o \

1 i

the mouth which. Eest 1ts @rcbe due te ice shearing.

)]
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Upper Slough 8A, Upper Slough 21, Slough 19

Datapcd temperature probes were installed in the approximate area of
chum salmon redds observed in 1981. 1In 1982, salmon had no access to

these reaches and no redds were observed.

Slough 19 is the only Upland Slough (ADF&G 1983a) 1in which continuous
intragravel temperatures were obtained -- sioughs 8A, 9, 11, 16B, and 21

are Side Sloughs.
Slough 168

This slough is representative of those sloughs not used by spawning
salmon. Temperature probes were installed midway down the siough, in
what appeared to be suitable spawning substrate and where intragr&yel

e,

flow was evident at the time of installation.

i s o

Mainstem at LRX 29 and Mainstem at Gold Creek

Temperature data from these sites are the first continuous intragravel
water temperatures collected in the mainstem Susitna River. Lower river
cross section (LRX) 29 is a site adjacent to Stough 8A where continuous
surface water temperatures have been monitored since the fall of 1981.

The mainstem continuous surface and intragravel water temperature site

was selected to obtain intragravel temgeratuf§§~wé§;_%ﬁ§s site and to

suppiement historical surface watey temperature data collected by USGS.~

% LY #3
i ~ L

i
!
f
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i
en selecting a site, consideration was given to the safety of
-
personnel and the somewhat fragile nature of dinstruments. Areas
characteristic of high water velocity, debris, bank erosion, or

shoreline ice action were avoided when possible.

Thermograph locations in Slough 9 and Slough 21

Thermographs were installed in sloughs 9 and 21 to extend the
temperature reccrd available from ADF&G's pilot study during the winter

of 1981-82.

2.2.2 Instrumentation

AR N
Fo Al

AN «{ ,k‘(?%{" :g r 5

%4Twa types of thsxmégiaphs, Omnidata DP2321 (datapods) and Ryan Model J,

| were used to continuously monitor surface water temperature; only
% datapods were used to continuously monitor intragravel temperatures.
Intragravel datapod probes are irnstalled one foot under the substrate
surface using slotted, hollow steel spikzs within which the thermister
is installed. Detailed procedures are discussed in the ADF&G Phase I

and Phase II Procedures Manuals (ADF&G 1981d and 1983e).

2.3 Results

The mean daily intragravel and surface water temperatures collected at
the 13 sites during the period of late August, 1982 through early June,

1983 are presented in Figures 2-2 through 2-14. Appendix A of this

report tabulates daily and. monthly mean, minimum and maximum
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temperatures for surface and intragravel water temperatures recorded
with datapods. The thermograph data presented in Appendix A include
mean, minimum and maximum temperatures for three intervals; six-hour,

daily and monthly.

The data indicate that the intragravel temperatures in the sloughs are

warmer and more stable during the ice-covered season than the surface

water temperatures. The plots for Slough 21 {Figures 2-11 and 2-12} and
Stough 2 {Figure 2-6) show this phenomenon well. Figure 2-7 shows that
¢
this stabilizing effect is occurring even when only one inch of silt isfdkgiﬁ .

H L
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present. For example, when the surface water probe was siited in, tﬁeg;iﬁ
o
. i
surface and intragravel temperature are nearly the same, but they fﬁ}

changed as soon as the probe was uncovered. The temperature plots for
the mainstem site, LRX 29 (Figure 2-4) and Susitna River at Gold Creek
(Figure 2-8) 1illustrate that, at the depths measured, this warming and

S

Stﬁb?l?Zlﬂg effect 1s very weak or absent in mains® em 1mtragrave? water

Although intragravel water temperatures were generally warmer in winter

than were surface water temperatures, the re?atzanshap between the two

watew 50u¥ces varied between s?ouqhs For exampie, at the mouth of

SEGUQh 21 (Figure 2-11} there was considerable variation in surface
water temperatures but relatively little variation in the intragravel
water temperatures. In contrast, there was a close correspondence
between both the temperature and the pattern of variation in surface and
intragravel water temperatures in Slough B8A Upper (Figure 2-3) and
Stough 19 (Figure 2-10). Reasons for differences in the relationship of

surface to intragravel waler temperature in different sloughs may be
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related to the relative magnitude of, and the proximity of individual
datapod probes to upwelling groundwater sources. Probes placed directly
in a groundwater upwelling source would undoubtedly be less variable and
show a weaker relationship to surface water temperatures than wou'ld

intragravel temperatures obtained from a datapod located in an area with

1ittle or no upwelling groundwater present.

2.4 Discussion

Temperatures monitored at spawning sites within the sloughs were found
to have warmer intragravel temperatures than surface water temperatures
during the winter. This phenomenon allows more rapid development of
alevins and eggs because of the additional available thermal units.
Mainstem intragravel temperatures more closely resembled the mainstem
surface temperatures with intragravel temperatures near zero during most

of the winter. This difference may explain the Tlimited mainstem

e
- s,
P— S—

—

spawning and the use of sloughs by chum and sockeye saimen a?though
other factors such as substrate stability, velocities, sediment
deposition, etc. may also be important factors. Altered post project\\
temperatures need to be evaluated as to their effect on the sloughs}j

(indirect effects) as well as determining their effect on the potent1a1§

R

for nm1nstem spawning of the slough spawning species as we?? as the

tr1butary spawners. This analysis will aid in determining the extent of

the temperature related impacts on each salmon species, both negative

and positive.

22
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The effect of surface water temperatures on intragravel temperatures |
during overtopping events is an area that needs to be more rigorously

quantified. If cold water from the mainstem Susitna River overtops the

heads of sloughs and depresses the temperature of the intragravel water,
this could Tead to delayed hatching and emergence of alevins. In
Stoughs 9 and 21 (upper) (Figures 2-6 and 2-12) the overtopping event in
May, 1983 resulted in lowered intragravel temperatures. However, theiﬁ
magnitude of the effect in Slough 9 (Figure 2-6) was relatively smai?fl

P

compared to that in Slough 21 (upper).

S—
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3.0 SALMON INCUBATION AND EMERGENCE STUDIES

When an adult salmon selects a site for spawning, it is selecting an
environment defined by a composite of physical, chemical, and hydraulic
variables, each of which may influence the ircubation process
independently or in combination with cther variables. Some primary
physical variables known to influence incubation include temperature and
dissolved oxygen as well as size composition, permeability, and porosity
of the substrate (Reiser and Bjornn 1979). Additional factors such as
channel gradient and configuration which affect water depth and
Iai v v d® e G oo ok
velocities may also influence the incubating environment, depending upon

the degree of exchange between surface water and intragravel water

(Reiser and Bjornn 1979).

Because chum salmon (Oncorhynchus keta) and sockeye salmon (Qf nerka)

generally deposit their eggs less than one foot deep in the substratefp\g
the 1incubation environment 1is influenced by both extragravel and
intragravel conditions with the relative influence of either set of
variables being dependent upon the degree of exchange of water between
them. Factors which control the exchange of water include stream
surface profile, gravel permeability, gravel bed depth, and irregularity

of the streambed surface (Vaux 1962), =

Because of the interrelationships of many physical and chemical
variables, construction of the Susitna hydroelectric dams may impact

spawning, incubation, and overwintering environments of fish indigenous

to the Susitna River drainage. Hydrolegical changes which are expected

24
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to result from the proposed project include decreased aﬁd stabilized
flows during the open water periods, increased flows in the winter, and

| a‘marked change in seasonal water temperatures. These alterations could

R IS

affect sand bar formation, sedimentation layering in sloughs and side
channels, and water levels in existing sloughs. Such alterations could
potentially destroy spawning sites and/or incubating embryos (Cooper
1965; Baxter and Glaude 1980). In addition, changes in micro-habitat
such as lower or higher intragravel temperatures and changes in the
concentration of dissolved gases during this incubation 1ife stage could

s

affect development rates (Combs 1965; Childerhose and Trim 1@79;&§axter

and Glaude 19803 Hgm?ﬁgﬂwggéé);\ the amount of time required for
compietion of incubatio% of salmon embryos (Velson 1980), and the timing
of emergence (Burgner 1958). Increases in post-project water
temperatures during winter could accelerate development and cause the
emergence of salmon fry before the environment is favorable for their
survival. Changes in stage caused by increased discharge or by ice
prméesse*-may also alter temperatures in slough or side channel spawning

grounds by causing mainstem water to breach slough heads.

Because of these and other potential impacts on the survival of the
early life stages of the upper Susitna River salmon stocks, incubation
conditions were studied at spawning sites in selected sloughs and side
channels of the Susitna River above the Chulitna River confluence

(Figure 3-1). Chum and sockeye salmon are the primary users of sloughs

Tor spawning (ADF&G 1983a). Chum salmon are reported to actively select

upwelling areas for spawning (Kogl 1965: Bakkala 1970).. The 1981-82

A
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3
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winter studies provided preliminary data on the emergence time of chum
salmon and sockeye salmon. A more detailed ~tudy was implemented during

the 1982-83 winter program to address the following objectives.

3.1 Objectives

1} Measure levels of intragravel and surface water temperature,
dissolved oxygen, pH, and specific conductance at chum and
sockeye salmon redds and in upwelling zreas of sloughs where

chum salmon spawned in 1582,

2) Determine the timing of embryonic development and emergence

under natural conditicons for chum and sockeye salmon.

In conjunction with this project, the U.S. Fish and Wildlife Service
(USFWS) conducted a vrelated study in a laboratory envirommoent 1o
document rates and stages of development of chum and sockeye salmon
embryos at four different temperaturs regimes (Wangaard and Burger
1983). The eggs used in the USFWS lab study were collected from Slough
11 (RM 135.3).

3.2 Methods

Certain environmental variables known to affect salmon incubation were
monitored at several spawning sites. Salmon incubation and emergence

studies were conducted at some, but not all, of these sites. Analysis

27
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of the habitat ¢cta with regard to incubation rates was restricted to

thermal effects.

3.2.1 Study sites

Sampling sites for incubation and emergence studies were selected during

September, 1982, utilizing the following criteria: .

¢ g,

! a & ~ ; N N
L Su St €

3

1)  documented salmon spawning;
2) site accessibility during the winter survey period:

3) water depth shallow enough for good visibility and for ease of

sample collectiong
4) areas where open water was present during past winters.

Sites included sloughs 8A (RM 125.3), 9 (RM 129.2), 11 [(RM 135.3), 20
(RM 14C.1), and 21 (RM 142.0), and Mainstem side channels A (RM 136.2)
and B (RM 137.3) (Figures 3-2 to 3-8). Indian River (RM 138.6) was
sampled once during the fall, but ice formation and re-channeling
prevented further sampling. Four of these sloughs (8A, 9, 11, and 21)
have been heavily utilized by spawning chum and sockeye salmon during

the last two years.

Standpipes were installed in these same four sloughs to allow sampling

of the intragravel environment. Standpipe locations were selected to
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Figure 3-2. Incubation and emergence study site at Slough 8A (RM 125.3).
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Figure 3-3. Incubation and emergence study site at Slough 9 (RM 129.2).
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Figure 3-4,

Incubation and emergence study site at Slough 11 (RM 135.3).
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Figure 3-5, Incubuation and emergence study site at

Mainstem Side Channel A (RM 136.2).
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3-6. Incubation and emeraence study site at Mainstem Side Channel B (RM 137.3).


















































































































































































































































































































































































































































































































































































































































































































