


R22/2 1

SUSITNA HYDROELECTRIC PROJECT

ASSESSMENT OF ACCESS BY SPAWNING SALMON
INTO TRIBUTARIES OF THE LOWER SUSITNA RIVER

Report By:

William 5. Ashton
REM Consultants, Inc.

and E. Woody Trihey
E. ¥oody Trihey and Associates

Under Contract To:

Harza-Ebasco Susitna Joint Venture

Prepared For:

Alaske Power Authorily

DRAFT REPORT
MARCH 1985



R22/2 2

TABLE OF CONTENTS

List of Tables

List of Figures

List of Photos
Acknowledgments

1.0 INTRODUCTION

2.0 OVERVIEW OF EXISTING SYSTEM
2.1 Basin Overview

Fisheries

Natural Flow Regime

2.3.1 Mainstem Susitna River

2.3.2 Lower Susitna River Tributaries
2.4 Potential Effects of an Altered Lower River
Flow Regime

(SN
L 12—

2.4.1 General

2.4.2  Helding Areas

2,43 Tributary Access .
2.4.4 Tributary Mouth Stability

3.0 STUDY PLAN DESIGN AND METHODS

4.0 RESULTS AND CONCLUSIONS
4.1 General
4.2 Holding Areas
4.3 Tributary Access
4.4 Tributary Mouth Stability

5.0 REFERENCES

EXHIBIT A EVALUATION OF SELECTED LOWER
S5USITNA RIVER TRIBUTARIES

Page

DO~—atntita 1 & L W

[l
NRMOD

R22/2 3

Table
Number
2.1

2.2

31

4.1

LIST OF TABLES

Description

Relative Contribution of Flows at Chulitna-
Susitna-Talkeetna Confluence

Change in Size of Tributary Backwater Areas
due to With-Project Flows

Depth and Velocity Criteria for Successful Upstream
Migration of Adult Salmon

Summary of Potential Effects of With-Project Flows
on Tributaries of the Lower Susitna River

Page







Photo
Number

A-l

A-2

A-B

A-B

LIST OF PHOTQS

Description

Looking upstream at the mouth of Alexander Creek
(RM 9.1). In the foreground is Alexander Slough
flowing from right to left. Photo taken 9/11/84,
discharge at Sunshine 23,600 cfs, discharge at
Susitna Station 51,400 cfs.

Looking downstream at Kroto Slough (RM 36.3) flow
is from the bottom to top of photo. Gravel bar

in center of photo overtopped at approximately
23,000 cfs. Fhoto taken 9/11/84, discharge at
Sunshine 23,600 cfs.

Looking upstream at Rolly Creek (RM 39.0). The
Susitna River mainstem is in the foreground
flowing from left to right. Photo taken 9/11/84,
discharge at Sunshine 23,600 cfs.

Looking upstream at the mouth of the Deshka River
(RM 40.6). The Susitna River mainstem flows from
right to left in the foreground. Photo taken
8/31/84, discharge at Sunshine 38,000 cfs.

Looking upstream at Willow Creek confluence (Rm 49.1).
Willow Creek flows from lower right to the center

of the photo. Photo taken 8/31/84, discharge at
Sunshine 38,000 cfs.

Leoking upstream at the Kashwitna River (RM 61.0).
Susitna Landing boat ramp is in the top center of
photo. The Susitna River mainstem flows from left
ceanter to lower right. Photo taken 9/11/84,
discharge at Sunshine 23,600 cfs.

Caswell Craak (RM B4.0) flows from right to left.
This photo shows the side channel below the creek
mouth. Photo taken 9/11/84, discharge at Sunshine
23,600 cfs.

Sheep Creek (RM 65.1) flows from right to left.
Sheep Creek side channel flows from top to lower
left. Photo taken 9/11/84, discharge at Sunshine
213,600 cfs.

Page

A-2

Photo
Number

A-9

LIST OF PHOTOTS (Continued)

Description

Looking upstrean at the confluence of Goose Creek
and Geoze Creek side channel (RM 72.0), Goose
Creek flows from top right towards bottom center
The side channel was barely overtopped at 23,600
cfs at Sunshine on 9/11/84.

Montana Creek (AM 77.0) flows from lower right to
left center. The Susitna river mainstem flows from
upper left to lower left. Photo taken 8/11/84,
discharge at Sunshine 21,600 cfs_

Looking upstream at Rabideux Creek (RM 83.1). The
Susitna River mainstem flow from center right to
bottom center. Photo taken 8/31/84, discharge at
Sunshine 38,000 cfs.

Leoking upstream with Birch Creek (RM 89.2) flowing
from center right to center. Photo taken 9/11/84
discharge at Sunshine ¥3,600 cfs.

Looking upstream at Trapper Creek Side Channel
ADFEG IFIM Study Site. Trapper Creek {RM 91.5)
flows from center left to bottom center. Photo
1zxen 8/31/84, discharge at Sunshine 38,000 cfs.

A-36

A-43

A-4G






20016 9

1.0 INTRODUCTION

The proposed Susitna Hydroelectric Project will alter the natural flow
regime of the Susitna River by increasing winter flows and decreasing
summer flows. Previous studies have esvaluated the effects of the proposed
Susitna project on the morphologic stability and fich access conditions at
tributary mouths and side sloughs within the Talkeetna te Devii Canyon
reach of the Susitna River (ReM, 1982; Trihey, 1983; and Sautner, Vining
and Rundquist, 1984).

This report provides an assessment of the potential effects of the
with-project flow regime downstream of the Chulitna-Susitna-Talkeetna
confluence on three areas: 1} the change in backwater zones (low velocity
fishery holding areas) at tributary mouths; 2) access by adult salmon into
tributaries; and 3) morpholegic stability of the tributary mouths. The
assessment is . based on visual evaluation of aerial. photographs,
observations from helicopter overflights at selected lower river discharges,
available U.5.G.5. streamflow data, and on-site field measurements made
during a period of low streamflows.

within this report, the term backwater zome and holding area are used
interchangeably. Section 2 describes the natural flow regime, the timing
of upstream salmon migrations and a general discussion of the effects a
typical with-project flow regime might have on tributary mouth stability,
aduit salmon access into tributaries and the availability of holding areas.
Section 3 describes the methods used in the analysis, and section 4
summarizes the results of the analysis. Exhibit A presents a location map
and aerial photos of each tributary, a brief description of fisheries use of,
and potential with-project effects at each study site.

R I8 G

2.0 OVERVIEW OF EXISTING SYSTEM

2.1 Basin Overview

The Susitna River drainage basin is focated in the southcentral region of
Alaska. If is bordered on the west and north by the Alaska Range, on
the east by the Ceopper River lowlands and the Talkeetna mountains, and
on the south by Cook Inlet (Figure 2.1). The basin lies within two
climatic zones and covers an area of 19,600 square miles. The upper basin
(the portion of this basin above Devil Canyon} is in the continental zone,
with the lower basin in the transitional zone. Continental climate is
characterized by large diurnal and annual temperature variations, low
precipitation, low humidity and mean annual temperatures in the range of
15-25° F. Transitional climate is characterized by diurnal and annual
temperature variations moderated by maritime influences, higher
precipitation than continental climatic zones and mean annual temperatures
in the range of 25-35°F (Hartman and Johnson, 1978). The mountainous
areas of both climatic zones typically have higher precipitation values than

valley areas.

1.2 Fisheries

The Susitna River contributes significantly to the Cook Inlet commercial
salmon harvest and sport fishing opportunities for residents of the
Matanuska-Susitna Borough and Anchorage {Barrett et al, 1984).
Important commercial and sport fisheries include fiva species of Pacific
salmon: chinook, chum, sockeye, pink and coho. The primary salmon
spawning areas within the lower Susitna Basin appear to be the clearwater
tributaries such as Willow Creek and the Deshka River (Barrett et al,
1284). Backwater areas in lower river side channels, sloughs, and the
adjoining tributaries ttemselves, are thought to provide important rearing
areas for juvenile salmon and holding areas for adults. Timing of the
adult salmon migration varies by species and from year to year. The rate
of upstream migration by adult salmon appears to be retarded by mainstem
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2.3.2

The mean daly flows for the Susidna Ruver at the Sunshine gage,
approximately 20 miles dJdownstream ii1om the three rivers confluence,
are also presented in Figures 22

through 2.4, along with the

migration timing snformation for 1981, 1982 and 1983. The nitial rise
in mamnstem discharge in the spring results from snowmeft in the
lower basin during late April or early May. As the snowmelt runoff
decreases, streamflow in the clearwater tributares declines (refer to
Deshka River and Willow Creek in Figures 2.2 through 2.4). While
the streamflow contribution from glacier meit to the mainstem Susitna
and its glacially fed tribulartes increases. A good example of a
clearwater tributary flow decreasing while the marnstem flow remaing
high occurred during June and July 1933 2.4). The

influence of glaciers on the mainstem flow regime 15 more pronounced

[Frgure

below the Chulitna-Susitna-Talkeetna cenfluence than in the middle

river,

Glaciers cover 5 percent of the basin area above the Gold Creek
streamgage inr.:'easing to 10 percent of the basin area at the Sunshine
streamgage. The increase is due to the Chulitna and Talkeetna
Rivers having 27 and 7 percent, respectively. of their basin area as
glaciers,
Chulitna and August due to its
percentage of glacierized basin area and lower basin rainstorms {(Table

1.1).

tha relative importance of the middle Susitna River for maintaining

The percentage of the lower river flow contributed by the

increazes during July larger

The influence of the Chulitna and Talkeetna Rivers decreases

summer baseflow in the lower river. By mid-September cold air

temperatures at high elevations cause a decrease in the streamflow
contribution from glacier melt and increases the importance of fall rain

storms in maintaining lower river streamflows.

Lower Susitna River Tributaries

Tributaries to the Susitna River below Talkeetna generally fall within

two classifications: Susitna Basin lowland streams and  streams

-g-

A20/16b

TABLE 2.1

RELATIVE CONTRIBUTION DF TLOWS
AT CHUL|TNA-SUS| THA-TALKELTHA CONFLULCNCE

{ PRE=-PROJECT)

Totat
Flow D/St{crls)

JERN.DLIT

L o

7%
39%
36X

i

9639

. Flow

Chat | i Ly

# Coniribugion by

3%
L1}
3%
43%
a31%

1303%

2537

he59

October

21T
21
20%

2067 5GUS

T3

187
8313
871

1994

Movasber

nnas

ey
1276
109%

Decomher

7L

RUTIR
28496
PuB2
08)
600N

ush
1736
1y
1368
11317
920
Fa 1]
21419

January

8%

565
g2
957
e
11910

february

nig
ung

19%

18%

8%
18t

570

Harch
April

16%
19%

1%

B%:11

Hay

W53

6%
Wiy

WP T

62378
6% 13

22500
26330
24100

Juno

9%

nirg

13390

Jidy

18%
1%

YAIH

Jirnh

Wiy

AIGUHL

i

T

13171

18iha

SupLuminer

[Fi-4 ni%

Wt

SAh0

It

Load

Arha

Anmal

Teewn U, 5.6, 5.

1981,

rugarygs up kst Seplembsdr,

1982,

Do satiar e datit

in

Borwribtdetnz e ol Prage,

MCITTTHTE



R20/16 13

originating in the Talkeelna Mountains. During boesin wide sununer
storms, the amount of runcff per uni area sencrally incresses a5 the
basin size decreases. Smaller tributaries generally have a more rapid
and proacunced response to rainstorms than larger tributaries or the
mainstem Susitna River.

Tha Susitna lowlands are covered with birch and white spruce forests
on the better drained sites. with black spruce trees and sphagnum
bogs on the poorly drained sites. The area i1s relatively flat, with
low hills to the south and mountains to the west ranging in elevation
up to 8,000 feet. Lowland streams have relatively flat channel gradi-
ents and numercus meanders. Snowmelt in late April to early May
causes high spring streamflows. Tributary flow typically declines
during the summer while responding to ranfall which at times causes
short term peak flows. Lakes and bogs retard runoff from summer
storms causing lower peak flows of longer duration. Hence lower
river *ributaries with lakes and bog:z are generaily buffered from
flashy spiked flow events. Streamflow in lowland tributaries are not
influenced by glacial melt. The Deshka River near Willow (USGS
Station No. 15254100) provide an example of streamflows for a lowland
tributary, Figures 2.2 through 2.4,

Streams originating in the Talkeetna Aountains have alpine vegetation
covering the portion of the basin above approximately 2,000 feet, with
forests of birch and white spruce on better drained sites, and black
spruce trees and sphagnum bogs on the poorly drained sites. The
streams have relatively steep channel gradients in the mountains arnd
transition to relatively flat channel gradients and meanders in the
lowlands. Snowmelt in late April to early May causes high spring
streamflows. Tributary flows typically decline during the summer
while responding to rainfal! which at timcs couscs short term peak
flows. Willow Creek near Willow {(USGS Station No. 135294(H15) provide
an example of a Talkeetna Mountain stream, Figures 2.2 through 2.4,

-10-
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2.4

2.4.

—

24,2

Potential Effects of an Altered Lower River Flow Regime

Ganeral

The effect of the altered flow regime of the middle Susitna River
caused by the project will be dampened on the lower Susitna River by
the major tributaries - the Chulitna River (RM 98), the Talkeetna
River (RM 97) and the Yentna River [RM 23}. With-project tlows n
tha lower river are expected to be higher than natural flows during
the winter and Jower than natural flows during the summer.
With-project flows will increase the return period for a gGiven
magnitude flood. For instance, the natural flow twe-year retarn
period flood for natural conditions at Sunshine will have a rclurn
period of approximately ten years during project operation
(Bredthauer and Drage, 1982). This analysis was based on one of
several possible with-project flow regimes and s presented to
illustrate the effect of the proposed project on the frequency of
channel forming floods occurring in the lower Susitna River.

Project induced reductions of mid-summer mainstem discharge may
potentially affect adult salmon access into lower Susitna River
tributaries by: 1) decreasing the size of backwater areas avalable to
migrating salmon for resting or holding areas near tributary mouths;
2) decreasing tha water depth in the tributary mouth causing
insufficient depth for adult salmon to enter the tributary; and 3) a
change in the morphologic stability of the tributary mouth or
adjoining slough/side channel thereby inhibiting access into the
tributaries during pericds of low tributary flow.

Helding Areas
One principal affect of with-project flows on tributaries will be a

reduction in the size and depth of low velocity bachwater areas near

the tributary mouths. Quantification of this effect s complicated
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because the upstream extent of these backwater areas varics as a
function of mainstem stage, channel geometry and tributary  flow.
The decrease in mainstem and side channel water surface elevations n
the lower Susitna River caused by project operation will vary depend-
ing on the shape of the channel cross-section. For 3 given change in
discharge the stage change will be greater at a confined channel
section such as at the Parks Highway Bridge (the location of the
USGS Sunshine stream gage) than at a wide, braided channel section,
such as the Delta Islands, where a small increase in stage greatly

increases the channel cross-sectional area.

The change from natural flows on the lower river caused by project
operation will generally result in increased flows in the late fall and
winter, lower flows during the summer, and nearly equal flows in
spring and early fall. During extremely dry years, with-project
flows may exgeed natural flows in late summer and early fall. The
general effects of the altered flow regime on the size of backwater
areas are shown in Table 2.2 for varwpus trmbutary flow conditions,
During with-project summer flow conditions when tributary flows are
higher than average long term tributary flows, the size of backwater
areas at tributary mouths will decrease (¥) (Table 2.1). During
with-project summer flow conditions when tributary flows are less
than average long term tributary flows, the size of backwater areas
may increase (4), have no change (-), or decrease [4) (Table 2.7)
depanding upon the relative percentages of which with-project flows
and tributary flows are lower. The nature and degree of change of
the backwater area at each tributary i3 a function of channel
gradient, the runoff characteristics of the basin {such as percentage
of basin as forest, lakes or bags, thereby causing slower time to
peak and lower peak flows) and whether the tributaries jorn the

mainstem direct!ly or through a side channel.

TABLE 2.2 CHANGE IN SIZE OF TRIBUTARY BACKWATER

AREAS DUE TO WITH-PROJECT FLOWS

MAINSTEM WITH-PROJECT FLOW
HIGHER TRAANSITION PERIOD LOWER
LATE FALL MAY & BEPT FLOW SUMMER FLOW
FLOW
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[ : i
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as = G ©
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2 « 1
9 i
=4 »
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o
x <
« & Fa) -_— —_—
5| = ©
o “ :
- 4
: I
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E -] \
¢z o — o
o < < .
» : i

BIZE OF BACKWATER AREAS AT TRIBUTARY MONTHS,
O INCREABES,

— 18 APPROKIMATELY THE SAME, QR
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DEPENDING ON TRIBUTAAY FLOWSE AND MAINSTEM WITH-PROJECT
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Willow Creek

Willow Creek or:ginates i the Talkeetna Muuntainy ond flows west through
the Susitna lowlands to the Sustine Rives (F guie A 3} Since june 1978,
the USGS has marntarned a continusus  recording  discharge station on
willow Creek approximalely 13 miles upstream from its confluence with the
Susitna River {Frgures 2.2, 1 3 =nd 2.4}, Water Jdepths at 21,100 cofs are
sufficient to allow passage from the mainstem nto Wilow Creek. At a flow
of 17,800 cfs, the passage depth was 2.0 feet and 1.9 feet at
cross-sections A and B. respectively (Frgure A 9). These cross-sections
are at or near the shallowest depth in the reach. The mean velocity was
2.4 per second for a dopth of 2.3 feet at A, and 3.0 fps for the maximum
depth of 2.2 feet at B. The substrate ranged from sand to sandy gravel
at both A and B. With-project flows may cause reduced backwater zones.
but should not affect access or morphologic stability of the tributary
mouth. Pink and chum salmon were cbserved spawning in the tributary
just upstream of the mouth of Willow Creek n 1984 (Barrett et al, 1985}.
Chinook, sockeye, chum and coho saimon spawn in the upstream habitats.
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PHOTO A-5

Looking upstream at Willow Creek confluence (RM
flows from lower right to the center of the photo.
discharge at Sunshine 38,000 cfs.

49.1).  willow Creek
Photo taken 8/31/84,
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Little Willow Creak

Little Willow Creek originates in the Talkeetna Mountains and flows west
through the Susitna lowlands to the Susitna River (Figure A-10 and A-11],
The flow regime is simlar to Willow Creek (Figures 2.2, 2.3 and 2.4),
Water depths for a mainstem flow of 21,100 cfs are sufficient to allow
passage from the mainstem to Little Willow Creek. At a flow of 17,800 cfs,
the passage depth was 1.5 feet at cross-section A (Figure A-11) and the
mean valocity was 1.0 feet per second at the maximum depth 1.6 feet.
The substrate was a silty sand with some gravel covered with a layer of
silt-clay. Access to Little Willow Creek is through a side channel from the
Susitna River. At a flow of 17,800 cfs there were no apparent shallow
rifflos which would impede the passage of fish into the side channel. The
extent of backwater at 13,600, 38,000 and 52,000 cfs are marked in Figure
A-11. With-project flows may cause reduced backwater rones, but should
not affect access or morphologic stability of the tributary mouth. Pink
salmon were observed near point A during 1984 (Barrett et al, 1985),
Chinook, sochkeye, pink, chum and coho salmen spawn in the upstream
habitats.
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Kashwttna River

The Kashwitna River originates in the Talkeetna Mountains and flows west
throvgh the Susitna lowlands to the Susitna River {Figure A-12}. Glacier
melt un the headwaters results in a higher baseflow during July and
August than other east bank tributaries without glaciers. The river
responds to summer rains in a manner similar to Willow Creek. Fisheries
access is through a side channel from the mainstem (Figure A-13). This
channet provides boat access from the boat landing in the Kashwitna River
to the mainstem {Pheoto A-6). With-project flows will decrease the size of
the barkwater zone. The reduction in size depands on many factors.
prumarily mainstem stage and magnitude of tributary flow. The bar to lhe
west of the boat ramp has been increasing in size smnee 1931, The rate of
growth of the bar may slow down with with-project fiows. Chinock, pink,

chum and coho spawn in upstream habitats.

R ' 3%

PHOTO A-6

Locking upstream at the Kashwitna River (RM G1.0). Susitna Landing boat
ramp is on the gravel bar in the top center to lower right. Photo taken
9./11/84, discharge at Sunshine 23,600 cfs.
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