











TABLE OF CONTENTS

ABSTRACT 4t tenterneeesnesessesssosanesossssssnncnssossoacsesroos 1
TABLE OF CONTENTS .. eeintnereneeseseeieneneosossosasacncannananns iq
LIST OF FIGURES. . uieiieeeeenrosesecesosnsnscnsoancnsosccnnnanns iid
LIST OF TABLES. ..t uiitueueeeeensoseseansoansssossasacosanaannnes iv
LIST OF APPENDIX TABLES. ... iviuirinrereenensserecnsacenooncacans v
1.0 INTRODUCTION. .. ueiueuerooesseseuscscoonsosoncssscosansonnss 9-1
2.0 METHODS . iuiniiiiiiieneeesencesenensoronsssosassssssansnnas 9-2
2.1 Site Selection....c.ieiiniereerecenotnnnasosannnencenns 9-2
2.2 Field Data Collection...veiieiinrnoeeennennonesnsannns 9-2
2.3 Analytic Approach......ciiiriiiiieiinneornrncnsnncanas 9-2
O RESULTS . tieitiieienneneocaeseennnssssosssssossnsesonnsnans 9-15
3.1 Chinook Salmom...vieeiereernrosnocesassceononncoananns 9-15
3.1.1 Depth Spawning Suitability Criteria............ 9-15
3.1.2 Velocity Spawning Suitability Criteria......... 9-21.
3.1.3 Substrate Spawning Suitability Criteria........ 9-21
3.1.4 Independence of Habitat Variables Evaluated.... 9-27
3.2 Pink SaImON..iuieritienniiieerereeneoneeseronanannnnns 9-27
3.3 Coho SaTMON. ..t .eeeneeerenesnenesecnseeassannencacanans 9-36
4.0 DISCUSSION. . .uitriirieernereeensasnsnorosoannossosocasnannas 9-40
4.1 Assumption and Limitations of the Data Base........... _9-40
4.2 Suitability Criteria...eeeieeeeeerieneeneenenneneennns 9-41
4.2.1 Chinook Salmon.....oviiiiiiiiinnnneennennennnns 9-41
4,2.2 Pink and Coho Salmon.....cveviiinninennnnennnn. 9-42
4.3 Recommended Applications and Limitations of the

Suitability Criteria...iiieiiiiireeinrneneneenecnnnnns 9-42
5.0 GLOSSARY .ttt iireeneacnaoeosenasenasossasotososoansnoasoans 9-44
6.0 CONTRIBUTORS. . ituierenreenensesnsrssosnsossesasnssasnanness 9-48
7.0 ACKNOWLEDGEMENTS. .. vuuiennriiierrniieneennenennnennnanns . 9-49
8.0 LITERATURE CITED..iuiuiinennrecensocnsesassssosoannasnnsnses 9-50
9.0 APPENDICES. . suetitiiiiiiintrirenscsnococnsossssosesososnnns 9-52

Appendix 9-A: Chinook Salmon Spawning Habitat A
UtiTization Data....coeeeineienrenncnnnnnnnes 9-A-1
Appendix 9-B: Chinook Salmon Utilization Statistics....... 9-B-1
ii C<



REPORT NO. 3

AQUATIC HABITAT AND INSTREAM FLOW
INVESTIGATIONS (MAY-OCTOBER 1983)

Chapter 10: Evaluations of the Effectiveness of
Apply?lg infrared Thermal imagery
Techniques to Detect Upwelling Groundwater

e e —————

AFA Dpc#'/ng

ALASKA DEPARTMENT OF FISH AND GAME
SUSTTNA HYDRO AQUATIC STUDIES REPORT SERIES



(T

(4

EVALUATIONS OF THE EFFECTIVENESS OF APPLYING INFRARED THERMAL IMAGERYV

TECHNIQUES TO DETECT UPWELLING GROUNDWATER

1984 Report No. 3, Chapter 10

By:
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Anchorage, Alaska 99503

ABSTRACT

Studies by the Alaska Department of Fish and Game Susitna Hydroelectric
Aquatic Studies Team suggest that upwelling groundwater is one of the
principal variables influencing the suitability of habitat for chum
salmon spawning in the middle reach of the Susitna River (ADF3G 1983).
Three infrared heat sensing devices (Hughes Probeye, Xedar Pyroscan, and
AGA Thermovision) were tested to evaluate the feasibility of using
infrared thermal imagery as a remote sensing technique for detecting and
quantifying the amount of upwelling groundwater in slough habitats of
the Susitna River. Results of these investigations indicate that the
application of infrared heat sensing devices for locating upwelling is
contingent on a host of environmental conditions and the level of detail
desired. Areas of upwelling groundwater and their relative magnitude
were identified using these techniques; however, some areas known to
have upwelling based on ground truthing surveys were not detected. This
inconsistency is due to the wide variety of environmental conditions
that occur within the Susitna River combined with the physical
limitations of the technology. For these reasons, it is doubtful
whether this technique can be applied on a large scale for the detection
and quantification of upwelling areas.
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ACCESS AND TRANSMISSION CORRIDOR STUDIES /k ;‘()’)

1984 Report No. 4, Part 1

by Joe S. Sautner and Mike E. Stratton

Alaska Department of Fish and Game
Susitna Hydra Aquatic Studies
2207 Spenard Road
Anchorage, Alaska 99503

ABSTRACT

Construction of the proposed access and transmission corridors (ATC)
associated with the development of the Susitna Hydroelectric Project may
affect the aquatic habitat and fish resources along these routes.
Studies were conducted by The Alaska Department of Fish and Game during
a portion of the 1983 open water field season to provide information on
the aquatic habitat and fish resources within the proposed corridors to
enable project participants to assess potential dimpacts on these
resources from construction activities. Forty-two proposed stream
crossing sites and ten lake habitats were sampled within the ATC study
area. Three study reaches of Deadman Creek, which closely parallels the
ATC, were also sampled. A total of 13 fish species were found to
inhabit the streams and lakes within the ATC study area. Arctic gray-
ling, Dolly Varden and lake trout were the major sport fish species
jdentified within these habitats. General water quality (dissolved
oxygen, pH, conductivity and water temperature), discharge, and sub-
strate data were collected at stream crossing study sites. Selected
physical and chemical data were collected in Deadman Lake. Population
estimates were generated for Arctic grayling within the three study
reaches of Deadman Creek. Among the impacts which could result from
development of the ATC, the increase in sport fishing pressure, due to
the increased access to the area, may have the greatest effect on
various sport fish species within the study area. The increase in sport
fishing pressure may result in reduced numbers and sizes of fish species
such as Arctic grayling, Dolly Varden and lake trout. Other impacts
which may occur at proposed stream crossing sites include alterations of
stream hydraulics, deterioration of water quality, and removal or
shifting of substrates.
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PCPULATION DYNAMICS OF ARCTIC GRAYLING :::)

IN THE UPPER SUSITNA 3ASIN

1984 Report No. 4, Part 2

by Danma C. Schmidt and Mike E. Stratten

Alaska Department of Fish and Game
Susitna Hydro Aquatic Studies
2207 Spenard Road
Anchorage, Alaska 99503

ABSTRACT

The effects of an anticipated sport fishery for Arctic grayling on the
tributary streams of the upper Susitna basin are examined by modelling
the effects of hypothetical harvest. The increased levels of mortality
created by a sport fishery cause a rapid shift in the age structure and
consequently the size of the fish caught. To maintain a "trophy"
fishery on a sustained yield basis, a catch and release fishery appears
to be warranted. Under the assumptions of the model, the total number
of all fish caught is not substantially reduced with comparatively high
levels of fishing. Possible explanations of the differences in
population structures of the Deadman Creek drainage and the impoundment
tributaries are discussed.
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Alaska Department of Fish and Game (ADF&G). 1985. Adult Anadromous

Studies Procedures Manual (June 1984 - June 1985). Draft. Susitna
Hydro Aquatic Studies Program. Alaska Department of Fish and Game,

Anchorage, Alaska (Unpublished report). APA Document #2748.

Technical procedures and data prbcedures used by Adult Anadromous
Studies personnel during the period June 1984 - June 1985 of the

Susitna Hydro Aquatic Studies Program are detailed.

An Adult Anadromous Studies procedures manual was not actually
produced. Instead objectives and procedures for the period June
1984 - June 1985 were extracted from Barrett, et al, 1985, ADF&G
Susitna Hydro Aquatic Studies Report No. 6; APA Document #2748,
RTS #29. -
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Anchorage, Alaska 99501

ABSTRACT

An evaluation of the pattern of survival and development of chum salmon
embryos incubated 1in artificial redds in slough, side channel,
tributary, and mainstem habitats of the middle Susitna River was
conducted in conjunction with an assessment of the currently available
chum salmon incubation habitat conditions within these habitat types.
Chum salmon eggs obtained from Tlocal stocks were artificially
fertilized, placed within modified Whitlock-Vibert Boxes (WVBs) and
then implanted in artificial redds in the streambed at selected study
sites. At each of these sites, a polyvinyl chloride standpipe was alsc
installed to obtain instantaneous intragravel water quality measurements
of temperature, dissolved oxygen, pH, and conductivity which were later
correlated to the percent survival of embryos (100% hatched) at each
site. In addition, representative substrate samples were obtained at
selected study sites using a modified McMeil substrate sampler to
characterize the substrate conditions present at incubation study sites.
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The survival rates of embryos in slough, side channel and tributary
habitats were 17, 9, and 11 percent, respectively. Survival of embryos
in mainstem habitat was 19 percent but did not reflect the effects of
dewatering and freezing due to a difference in the method of site
location. Thus, estimates of percent survival for this habitat type are
probably higher than would be expected for natural conditicns.

The largest demonstrated cause of embryo mortality at study sites was
due to dewatering and subsequent freezing of the streambed. Greater
thar 47% of the total number of WVBs used to estimate survival became
frozen. This effect was greatest in side channels and least in sloughs,
and was observed to be directly related to the presence and quantity of
upwelling water. Areas particularly vulnerable to the effects of
dewatering and freezing include large portions of side channel habitats
as well as the mouth areas of slough and tributary habitats which may
Tack sources of upwelling water.

A quantitative analysis of the effect of each variable on survival was
hampered by the high embryo mortality due to dewatering and subsequent
freezing of substrate. When frozen embryos were removed from the
survival data base, no significant correlations were obtained between
measured water quality variables and percent survival of embryos
(p<0.05). However, the correlation between dissolved oxygen (mg/1) and
percent survival of embryos decreased to zero at dissolved oxygen
concentrations below 3.0 mg/1. The percent survival of embryos was also
correlated to the percent of fine substrate particles (<0.08 in.
diameter) contained within WVBs. Although there was no significant
correlation, the percent survival of embryos decreased to zero when the
percent of fines exceeded 18%.

The rate of embryonic development at study sites was found to be
strongly influenced by the degree of upwelling present. Chum salmon
embryos which were fertilized on August 26, 1983, and incubated in an
upwelling area in a side channel, reached the 100% hatch in late
December, whereas those dincubated in a non-upwelling area in the
mainstem Susitna River experienced delayed development and did not reach
100% hatch until mid-April. Therefore, the presence of upwelling water
in middle Susitna River habitats appears to be a key component which
maintains the integrity of chum salmon incubation habitats by preventing
substrate from dewatering and freezing and by maintaining suitable
incubation temperatures which allow embryos to develop properly.

A comparison of the rates of in situ embryo development observed in this
study to those observed in the Taboratory study of Wangaard and Burger
(1983) was hampered by problems encountered with temperature recorders
installed at each site. Incomplete temperature records were obtained at
study sites used to compare thermal unit requirements for development.
However, based on a quantitative assessment of development data
collected in these study sites and a previous ADF&G study (ADF&& 1983),
it is the opinion of the authors that the predictive equation of
Wangaard and Burger are an adequate model to use in predicting rates of
chum saimon development of the middle Susitna River.
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Appendix F: Winter Temperature Data

by: Theresa Keklak and Tim Quane

Alaska Department of Fish and Game
Susitna Hydro Aquatic Studies
620 East 10th Avenue, Third Floor
Anchorage, Alaska 99501

Appendix F is presented in standard report format including an
introduction section, an objectives section, a methods section, a
results section, and a discussion section. This format was selected to
increase the usability of the information for purposes other than those
related to salmon incubation. The appendix 1is limited to a
summarization and review of the temperature data. Subsequent analyses
are addressed in the body of this report and in other reports.
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" THE MIGRATION AND GROWTH OF JUVENILE SALMON/ 13 C:>éi;
IN THE SUSITNA RIVER (\

Report No. 7, Part 1
by Kent J. Roth and Michael E. Stratton

. é) Alaska Department of Fish and Game
\ Susitna River Aquatic Studies Program
p J\3 620 East 10th Avenue, Suite 302
L?y Anchorage, Alaska 99501

ABSTRACT

Studies of salmon spawning, embryo incubation, and juvenile rearing are
all critical in understanding the current life history and habitat
dynamics of salmon in the Susitna River. However, the final measure of
the value of a reach of river to the freshwater 1ife stages of salmon is
the number and condition of the fry which outmigrate from the reach to
the ocean. Baseline data on salmon outmigration have been collected at
Talkeetna Station (river mile 103.0) for the past three years. The data
from 1982 and 1983 have shown that a substantial number of chinook,
coho, and sockeye fry outmigrate from the middle river during their
first summer. Because the majority of returning adults have spent at
least one winter rearing in freshwater, an important question was
whether these age 0+ fish overwintered in the lower river or had a low
survival rate. To help answer this question, outmigrant traps were also
operated near the mouth of the Susitna River (RM 22.4) during 1984.
Mark and recapture studies gave population estimates for chum and
sockeye fry (marked by coded wire tags) in the Susitna River above
Talkeetna Station (middle river) and for chinook fry (marked by cold
branding) in Indian River and other rearing sites. The cold branding
study also monitored outmigration timing from Indian River and obtained
estimates of juvenile chinook residence time in mainstem rearing areas.
The Talkeetna River and Deshka River were intermittently sampled to help
explain the mainstem outmigrant trap data. A portion of the age 0+
chinook fry apparently outmigrate from the middle river upon reaching a
critical size but a large number remain to overwinter and then out-
migrate during their second summer. Coho fry outmigrate at a wider
range of lengths than chinook fry so the cumulative biomass of coho fry
lags behind the cumulative numbers of individuals by one or two weeks.
Age 0+ chinook and coho fry grow about 30 mm in length during the

" e



e open-water season. Juvenile sockeye salmon appear to seek out lake-like
F\ L rearing areas at a size of about 50 mm. The limited amount of this

T ‘habitat type in the middle river is the major influence on their redis-
tribution to the lower river. The estimated 1984 middle river
population size was about 300,000 for age 0+ sockeye and 2,040,000 for
chum fry. Chum fry rearing in the middle river was demonstrated by
their growth and by analysis of stomach contents.
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TIME SERIES ANALYSIS OF DISCHARGE,
SA UTMIGRATION IN THE SUSL,

by: Stephen S. Hale
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Susitna River Aquatic Studies Program
620 East 10th Avenue, Suite 302
Anchorage, Alaska 99501

ABSTRACT | Q% st 6)

During the three years of study of juvenile salmon outmigration from the
middle reach of the Susitna River, a correspondence has been noted
between the peaks of river discharge and the peaks of outmigration.
Further investigation of the relationship of outmigration to discharge
was required because two Targe hydroelectric dams have been proposed for
a region above the salmon rearing areas. These dams will markedly
change the downstream discharge and turbidity regimes, factors: which
influence not only salmon outmigration, but almost all fish species and
life stages including juvenile salmon rearing. Box-Jenkins models were
developed for the 1983 and 1984 time series of river discharge, tur-
bidity, and chinook and sockeye salmon fry outmigration rates in order
to better understand the forces that shape the series and to statis-
tically describe the natural conditions as a baseline against which
future changes can be measured. The time series examined were described
by relatively simple models, using mostly first-order autoregressive
terms. About 85% of the variance in turbidity for one day was explained
by the value for turbidity of the previous day. This figure was 44% for
chinook salmon outmigration and 43% for sockeye salmon outmigration, the
lower numbers indicating the effect of behavioral decisions on bio-
logical time series. Although the form of the time series plots of
discharge and chinook salmon outmigration was different between the two
years, the underlying stochastic processes which generated these series
were the same. Bivariate transfer function models were constructed for
turbidity and salmon outmigration rates which explain present values of
these variables in terms of their own past values as well as past values
of discharge. :
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THE RELATIVE ABUNDANCE, DISTRIBUTION, AND INSTREAM

FLOW RELATIONSHIPS OF JUVENILE SALMON Q Oa

IN THE LOWER SUSITNA RIVER

- Report No. 7, Part 2
by Paul M. Suchanek, Karl J. Kuntz, and John P. McDonell

Alaska Department of Fish and Game
Susitna River Aquatic Studies Program
620 East 10th Avenue, Suite 302
Anchorage, Alaska 99501

P k’\g 611(7)

Juvenile salmon abundance and distribution were studied in the Tower
Susitna River (below the Chulitna River confluence) and juvenile salmon
rearing habitat was modelled at 20 sites within the reach. Chinook,
chum, and sockeye salmon juveniles made use of side channels; however,
high turbidity limited use of side channels located in the Chulitna

" River plume. Coho salmon juveniles were found primarily in tributary

mouths; sockeye, chinook, and chum salmon also were present in these
areas. Sloughs, which were limited in occurrence, were not used heavily

by any of the salmon species.

Both tributary mouths and side channel/slough sites were modelled using
one of two habitat models. At tributary mouths, an.increase in weighted
usable area with a rise in mainstem discharge resulted from the forma-
tion of backwater areas which led to lower velocities and an expansion
of the area and amount of cover inundated. At side channels, chinook
weighted usable area increased after overtopping due to a gain in cover
suitability (turbidity), velocity, and area. The weighted usable area
response to a rise in mainstem discharge for sockeye and chum salmon
juveniles at side channels was also usually positive. Habitat indices
at- side channels for chinook, chum, and sockeye juveniles at mainstem
discharges and side channel flows above the overtopping discharge
declined as velocities became unsuitably high. Weighted usable area for
these species did not always decline at high discharges, however,
because of the compensating effect of a larger surface area.

e’
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APPENDIX D
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HYDRAULIC MODELS FOR USE IN ASSESSING THE REARING
HABITAT OF JUVENILE SALMON IN SIX SIDE
CHANNELS OF THE LOWER SUSITNA RIVER

,%) : \fﬁ) v By:
\ James Anderson,
Andrew Hoffmann, and

Jeffrey Bigler

of

Alaska Department of Fish and Game
Susitna River Aquatic Studies Program
Third Floor, Michael Building
620 East Tenth Avenue
Anchorage, Alaska 99501

ABSTRACT

Six hydraulic simulation models (either IFG-2 or IFG-4) were calibrated
to simulate depths and velocities associated with a range of site-
specific flows at the six modelling study sites. Comparisons between
corresponding sites of simulated and measured depths and velocities

indicated that the models provide reliable estimates of depths and
velocities within their recommended calibration ranges.

The recommended of ranges of mainstem Susitna River discharge over which
these models can hydraulically simulate the habitat of rearing juvenile
salmon are: Island Side Channel from 35,000 to 70,000 cfs mainstem
discharge; Mainstem West Bank Side Channe] from 18,000 to 48,000 cfs;
Circular Side Channel from 36,000 to 63,000 cfs; Sauna Side Channel from
44,000 to 63,000 cfs; Sunset Side Channel from 32,000 to 67,000 cfs; and
Trapper Creek Side Channel from 20,000 to 66,000 cfs.
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LIFE HISTORY IN THE
SUSITNA RIVER BELOW- DEVIL CANYON

Report Ne. 7, Part 3
by Richard L. Sundet and Stuart D. Pechek

Susitna River Aquatic Studies Program
Alaska Department of Fish and Game
620 E. 10th Avenue, Suite 302

Anchorage, Alaska 89501

ABSTRACT

Studies of resident fish were conducted in both the Tlower (below
Chulitna River confluence) and middle (Devil Canyon to Chulitna River
confluence) Susitna River in 1984. The primary objectives in the middle
river were to determine the seasonal distribution, timing of spawning,
and spawning areas of rainbow trout, and to monitor 13 index sites as
part of the long term monitoring effort. Most of the rainbow trout data
was collected by use of radio telemetry. Results showed that rainbow
trout are relatively few in numbers and that spawning occurs at selected
areas which are influenced by 1lakes. Much of the rainbow trout
population in the middle river probably originates in lakes which drain
into middle river tributaries. Rainbow trout were abundant in lakes
located at the headwaters of Fourth of July Creek and .in the upper

- reaches of Portage Creek. Rainbow trout were also found to use Portage

Creek more extensively than previously thought. Spawning occurred
during the first week of June. All rainbow trout moved out of
tributaries by early October (probably triggered by Tow fall
discharges), and most overwintered in the mainstem Susitna River
slightly downstream (0.1-4.0 miles) of the tributary where they were
captured. Other middle river studies suggest Arctic grayling overwinter
in the mainstem Susitna then ascend and spawn in tributaries in late
May. Arctic grayling also outmigrated from tributaries at the same time
as rainbow trout. Catch data at middle river index sites in 1984 were
similar to 1982 and 1983 findings. Studies in the 1lower river
reinforced the belief that some humpback whitefish are anadromous, and
that rainbow trout and Arctic grayling outmigrate from most east side
tributaries in September. Lower river studies also found that burbot
move into the Deshka River in mid-September.
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ABSTRACT

Benthic and drifting invertebrates were sampled from May through October
1984 to evaluate available fish food resources and the gain and loss of
benthic invertebrate habitat resulting from changes in flow. Four side
channel and side slough sites were sampled at head and mid-section
locations using drift nets and modified Hess type samplers. Juvenile
chinook salmon were also sampled using electro-fishing techniques to
correlate the available food sources with that being utilized.

A total of 52 invertebrate taxa were identified in drift and benthic
samples, with Chironomidae being the dominant taxa. The proportions of
numbers of invertebrates found in the stomachs of juvenile chinook
salmon were closely correlated with the proportions of invertebrates
available in the drift. Drift samples collected under breached con-
ditions indicated that invertebrates were being transported from the
mainstem into the side channels and side sloughs. The quantity of
drifting dinvertebrates in side channels and side sloughs under
unbreached conditions was negligible compared to the drift under
breached conditions when total drift was considered.

Habitat suitability criteria were developed and weighted usable area was
estimated for invertebrates which were common to drift, benthos, and the
diet of juvenile chinook salmon by behavioral type (i.e. burrower,
swimmer, clinger, and sprawler). The densities of each of the
behavioral types generally correlated with water velocity and substrate
type. Depth of water did not appear to be an important factor influ-
encing the density of organisms. Water velocities less than 0.4 ft/sec
and  substrates comprised of silts and sands generally supported the
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highest mean densities of burrowers which were made up primarily
of Chironomidae. Rubble substrates with components of large gravel or
cobble and water velocities between 1.6 ft/sec and 2.6 ft/sec generally
supported the highest mean densities of swimmers and clingers.
Sprawlers did not appear to preferentially utilize any particular
substrate or water velocity.

Projected weighted usable area for each of the behavicral types was
clearly a function of mainstem discharge. The minimum controlling
mainstem discharge for each of the study sites generally produced the
greatest amount of burrower habitat weighted usable area. The maximum
amount of weighted usable area for swimmer, clinger, and sprawler
habitat at all study sites was reached at a mainstem discharge above
25,000 cfs.

In conclusion, naturally fluctuating mainstem flows which occasionally
inundated sampling sites appeared to maintain a diverse benthic fauna
and appeared to provide drifting food organisms within sampling sites
thereby contributing to the overall rearing potential of these sites for
juvenile chinook salmon.
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The fishery data collected by the ADF&G on the Susitna River Is a
necessary component for use In evaluating effects of varlations In
natural flow regimes on the Ilfe history cycles of the various specles
present. These data, used in conjunction with the hydraulic data now
avallable for the river, provide the basis for recommending various flow
regimes, mitigation options, etc. for the proposed hydroelectric
development with respect to the fishery. This report indexes the
fishery data collected by a variety of ADF&G studies under one cover In
order to better faclil|itate this process.
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ABSTRACT

An interim evaluation of the effects that mainstem discharge and local
flow have on passage conditions for adult saimon at selected slough and

side channel habitats of the middle reach of the Susitna River was
previously presented in Sautner et al. (1984). Due to the limited data
available for this interim evaluation, the Passage Validation Studies
(PVS) were initiated during the 1984 open water field season to collect
additional physical and biological data to reevaluate the passage
criteria and the local flow and mainstem discharge values required for
successful and unsuccessful salmon passage within these habitats. In
addition, the methodologies used for the backwater and local flow
analyses were revised to reflect the additional data which were
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collected. Physical data collected included channel cross section and
thalweg profiles, substrate assessments, and local flow measurements.
Biological data consisted of salmon passage criteria based on visual
observations of adult chum salmon movement in selected slough and side
channel habitats. v '

The salmon passage criteria previously presented in Sautner et al.
(1984) were reevaluated and revised based on these data using a modified
analytical approach. The revised analysis resulted in the development
of a single set of salmon passage criteria thresholds for defining
successful and unsuccessful passage conditions at study sites. A total
of 85 passage reaches were identified at slough and side channel sites
during the 1984 PVS compared to 74 passage reaches identified in Sautner
et al. (1984). Using the revised criteria thresholds as guidelines, a
reevaluation of the breaching, backwater, and local flow analyses for
these passage reaches indicates that mainstem discharge and local flow
requirements for successful and unsuccessful passage are similar to
values previously established. The most significant differences
occurred in the backwater analysis for some sites, where required

mainstem discharges decreased over 1,000 cfs. Water depth was

determined to be the primary physical variable affecting passage
conditions at passage reaches; passage conditions were not greatly

affected by changes in passage reach length. Variations in channel

configuration and substrate size were assumed to have a negligible
influence on the salmon passage criteria. The revised passage criteria
thresholds are based on an upper thalweg depth of 0.5 feet thereby
voiding all previous analyses that utilized 0.67 feet as the upper limit
of thalweg depth.
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ABSTRACT

Development of the Susitna Hydroelectric Project is expected to alter
the natural seasonal flow regime of the Susitna River downstream of
Devil Canyon (RM 152.0). Changes in the natural flow regime of the
Susitna River may impact salmon spawning and incubation habitat in the
middle reach of the river from Talkeetna (RM 98.0) to Devil Canyon (RM
152.0). This study was conducted by the Alaska Department of Fish and
Game during 1984 and 1985 to evaluate potential slough and side channel
sites that may be used to mitigate for adverse impacts to salmon
spawning and incubation habitat resulting from operation of the hydro-
electric project. These evaluations focused on habitat modification as
a mitigation alternative to improve fish passage, upwelling, and sub-
strate conditions. Forty-four potential fish mitigation sites were
identified during the open-water portion of this study. Of these 44
sites, 23 were side slough habitats, 16 were upland slough habitats, and
5 were side channel habitats. From the initial 44 sites, three repre-
sentative sites were selected for more detailed evaluations of habitat
modification alternatives during the ice-covered season. Baseline
information on surface and intragravel water quality, substrate con-
ditions, upwelling sources, and fish passage restrictions were collected
during the open-water season. The ice-covered studies evaluated
incubation conditions (water quality and substrate) and specific habitat
modification techniques which may be applicable for mitigation purposes.
Recommendations for specific sites which generally appear to be most
suitable for mitigation are presented in the discussion. However, the
selection of these sites was based on field observations and limited
data, therefore a more detailed evaluation should be conducted to
determine if these sites are the most practical sites for mitigation
purposes. This study only evaluates the mitigation potential of sites
under current habitat conditions and any changes to the habitat that may
take place in the future may necessitate a reevaluation of these sites.
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REVIEWERS GUIDE

7

Your participation in the Susitna Project Review is sincerely appreciated.
As a reviewer, your comments and recommendations will assist the Commercial
Fisheries Division develop and refine future fisheries study plans for the
Susitna River.

The Division presently has two primary management goals for the Susitna. The
first goal is "TO ENSURE THAT OPTIMUM ("ADEQUATE") SPAWNING ESCAPEMENTS ARE
MAINTAINED FOR SUSITNA RIVER SALMON STOCKS." The second primary goal ad-
dresses monitoring potential changes resulting from the construction and
operation of the Susitna Hydroelectric Project on fish populations and their
habitats. More specifically the goal is "TO DESCRIBE THE NATURAL PRE-PROJECT
VARIATIONS IN FISH POPULATIONS AND THETIR HABITATS AT A LEVEL OF RELIABILITY
NECESSARY TO DETECT AND EXPLAIN POSSIBLE FUTURE CHANGES CAUSED BY THE
HYDRO-ELECTRIC DEVELOPMENT".

Given the reality of shrinking budgets and rapidly increased resource de-
mands, we must carefully assess our fisheries projects to ensure 1) techni-
cal merit 2) cost effectiveness, and 3) relevance to primary management
goals. In this regard, please attempt to use the following list of questiors
as an outline to structure your comments and recommendations.

1. Do the objectives of this project appear to adequately address the
Division's primary goals? How might project objectives be modified to
more clearly address our goals?

2. If you believe that technical difficulties associated with this project
may exist; what are they and how might they be remedied?

3. Could our sampling programs be modified to reduce project costs without
unreasonably sacrificing technical quality.

4, What priority would you give this project in terms of meeting the
Division's primary goals?

A8\ >
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WINTER RESIDENT FISH DISTRIBUTION AND HABITAT STUDIES

CONDUCTED IN THE SUSITNA RIVER BELOW DEVIL CANYON, 1984-85
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Anchorage, Alaska 99501

ABSTRACT

Studies of selected resident fish species were conducted in both the
lower (below the Chulitna River confluence) and middle (between the
Chulitna River confluence and Devil Canyon) Susitna River during the
winter of 1984-85. These studies present distribution and habitat data
collected from resident fish which were radio tagged in the spring and
fall of 1984. Additional studies were done on the lower Susitna River
to document the timing and locations of spawning burbot. Findings from
radio telemetry studies indicate that middle river rainbow trout over-
wintered in the mainstem Susitna River, whereas lower river rainbow
trout usually overwintered in side channels. Most rainbow trout over-
wintered from 0.0 to 4.0 miles below the mouth of the tributary they
were tagged at. Rainbow trout in both reaches of river overwintered in
areas of low to moderate water velocities (0.0-2.5 fps) and in areas
with surface ice. No rainbow trout overwintered in areas that had
anchor ice. Middle river rainbow trout were found in slightly deeper
waters than lower river rainbow trout. Several middle river rainbow
trout overwintered close to each other suggesting that this species
congregate during the winter or that overwintering habitat is limited,
resulting in cohabitation. Two pronounced winter movements were
recorded for rainbow trout in both reaches of river: one between
mid-September and mid-October, and one between mid-December and mid-
January. Most rainbow trout begin to migrate from the mainstem to
tributaries during breakup in May. Lower river burbot spawned between
late January and early February. Four spawning sites at the Deshka
River were documented. Several radio tagged burbot probably spawned in
the mainstem Susitna River between RM 13.0 and RM 92.0. Burbot showed
both a pre- and post-spawning migration of up to 20 miles. Monitoring
data suggest some middle river Arctic grayling overwinter in the main-
stem at RM 147.0, near Portage Creek (RM 148.8), while other stocks
migrate 40.0 miles downriver to overwinter in the mainstem Susitna River

near Talkeetna. o////
c.E
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