‘%“-«é"“ﬁﬁm‘«; ?ﬂ!ﬂhmma o g wm os

LECTRIC PENJECT

fﬁ\L Ei‘ PRGY QF ZULATOR MMISSION
= 71.4

EWT&A

F W\)UD‘{ :FXhI::Yd %S&’)UAT LS

2 A-EBASCO

JOINT VENTURE

_ ALASKA

e e AT

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

POWER AUTHORITY

FINAL REPORT

JUNE 1985

DOCUMENT No.

2775




Document Ho, 2775
Susitna File No. 4.2,2.}

SUSITHA HYDROELECTRIC PROJECT

ASSESSHMENT OF ACCESS BY SPAWHING SALMON
INTO TRIBUTARIES OF THE LOWER SUSITNA RIVER

Prepared by
R&M Conzultants, lIanc,
William S, Ashton

E. Woody Tr'hey and Associates
E. Woody Trihey

Under Tontract To
Harza-Ebasco Susitna Joint Venture

Prepared for
Alaska Power Authority

Final Report
June 1985



~

ps)

e

dade e

don

2
I~

i
[

R N

-3
o

e T

TABLE OF CONTENTS

in Overview

P

Resg

Esources

and Salmon Migration
Mainstem Susitna River

Lower Susitna shutaries
Flows and

LAN DESIGN AND METHODS

Page

1
1
1
3
3
65
7

R22/2 3

Table
Numbary

Mumoet

2.1

LIST OF TABLES

tion
Tien

Relative Contribution of Flows at Chulitna-
Susitna-Talkeetna Confluence

Flow Duration Data at Sunshine for Natural, and
Watana/Devil Canyon (2020 load), Open Water
Season, Case EVI

Lower Susitna Tributaries Evaluated During 198"

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

12

12

14



of the Susitna River and Major
m Mouth to Devil Canvyon

T'ming at Sunstine and Discharge
d Selected Tributaries, 19881

Migration Timing at Sunshine and Discharge
na River and Selected Tributaries, 1982

Sunshine and Discharge for
Tributaries, 1983

ing at Sunshine and Discharge for
zcted Tributaries, 1984

ful passage conditions of chum salmon
and side channels in the middle

d Sheep Creek for
i) 5% exceedence

- xceedence Weekly Discharge and Average
~on Migration Timing at Sunshine

sncder Creek

f.
o
A

)

N
5
3
pa
Y

he]
O
sy

+
b=
®
py
o

Page

S8}

11

A-3
A-4
A-6
A-7
A-9
A-10
A-12
A-13

A-15

R22/2 5

Figure
Number

A-10

A-17

A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27
A-28

LIST OF FIGURES (Continued)

Description

Kashwitna River

Location Maps of Caswell Creek and Sheep Creek
Caswell Creek

Sheen Creek

Location Map of Goose Creek

Location Map of Goose Creek

Gonse Creek A

Goose Creek B

Goouse Creek C

Location Map of Montana Creek

Montana Creek

Location Map of Rabideux Creek

Rabideux Creek

Location Map of Sunshine Creek and Birch Creek
Sunchine Creek A

Sunshine Creek 8

Location Map of Birch Creek and Trapper Creek
Birch Creek

Trapper Creek

Page

A-16
A-18
A-19
A-21
A-23
A-24
A-25
A-26
A-27
A-29
A-30
A-32
A-33
A-35
A-~36
A-37
A-39
A-40
A-42



LIST OF PHOTOS

siream at the mouth of Alexander Creek
i the foreground is Alexander Slough
m ndaf to ieft. Photo taken 9/11/84,
at Sunshine 23,600 cfs, discharge at
Station 57,400 cfs.

mouth of the Deshka River
River mainstem flows from
yround. Photo taxer
insnine 38,000 ofs.

juence (Rm 49,7

me center
schiarge at

®M 61.3).
amy 1s 1n the Top cem‘er of
ver mainsiem ‘!ows from left
Photo taken 9/11/84,

213,600 cfs.

.>ne§ u‘h;O\L’ the creek
fischarge at Sunshine

f:Jm gop to iower
discharge at Sunshine

()} Goose
cttom center
;pped at 23,600

k M 77.0) flows from lower right to
The Susitna river mainstem flows from
fower left. Photo taken 9/11/84,
Sunshine 23,600 cfs.

1.

Jage

A-8

A-28

it

R22/2 17

Photo
Number

A-9

LIST OF PHOTOTS (Continued?

Description

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.

Looking upstream with Birch Creek (RM 89.2) flowing
from center right to center. Photo taken 9/11/84,
discharge at Sunshine 23,600 cfs.

Looking upstream at Trapper Creek Side Channel
ADF&G IFIM Study Site. Trapper Creek (RM 91.5)
flows from center ieft to bottom center. Photo
taken 8/31/84, discharge at Sunshine 38,000 cfs

Page

A-31

A-38

A-41



ACKNCWLEDGEMENTS

This study is one of the environmental studies pertaining to the pro, osed

Susitna Hydroelectric Project. Funding was provided by the Alaska Power

s

Authority, and work was conducted under contract iz ‘“zr7a-Ebasco

Susitna Joint Venture.

information regarding the timing of adult salmon migration and the use of
lower river ftributaries by spawning salmon was obtained from Alaska
Department of Fish and Game SuHydro reports summarizing their 1884 and
1985 Adult Anadromous Field Studies. The initial airphoto evaluation of
access into the tributaries was done by Carl Schoch. Field data were
cellected by Stephen Bredthauer, Chip Green and Bill Ashton. Debbie
Stephens assisted in data analysis and figure preparation. Stenhen
Bredthauer and Carl Schoch contributed many useful editorial comments.
Orlando Faracan and Mark Cordery drafted the figures and Barb Estus
typed the repurt.



PTRCDUCTION

Susitna Hydroslectric Project will alter the natural flow

Susitna River by increasing winter flows and decreasing
revious studies have evaluatad the effects of the proposed

the morphologic stability and fish access conditions at

o the Susitna River (ReM, 1982 Trihey, 1983; and Sautner et ai.,

the potential effects of the
the Chulitna-Susitna-Talkeetna

in backwater zones at tributary

zs holding areas; 2} access by
rohologic stability of the tributary
secd on visual  evaluation of aerial

anticipated lower river with-project

streamflow  data, observations from

end on-sitz field measurements made during a period

flow regime of the lower Susitna River and

upstream salmon migration and a general

with-project streamflow might have on  adult

P

river tributaries, the avaiability of holding areas

within this report, the terms backwater

interchangeably. Section 3 describes the

secticn 4 summarizes the resuits of the
iocation map and aerial photos of each

a brief description of adult salmon use

zszessment of potential with -project sffecis at

R22/2 10

2.0 OVERVIEW OF EXISTING SYSTEM
2.1 Basin Overview

The Susitna River drainage basin is located in the southcentral region of
Ataska. 1t is bordered on the west and north by the Alaska Range, on
the east by the Copper River lowlands and the Talkeetna mountains, and
on the south by Cook Inlet (Figure 2.1). The basir coverz an area of
19,600 square miles and lies within two climatic zones . The upper basin
{that portion upstream of Devil Canyon) is in the continental zone, with
the lower basin in the transitional zone. Continental climate s
characterized by large diurnal and annual tempersture 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 apnual 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.
2.2 Fish Resources

cish resources of the Susitna River contribute significantly to the Cook
Inlet commercial salmon harvest and to sport fishing opportunities for
residents of the Matanuska-Susitna Borough and Anchorage (Barrett et al,
1984). Five species of Pacific salmon (chinook, chum, sockeye, pink and

coho) are important to the commercial and sport fisheries.

The primary salmon spawning areas within the lower Susitna Basin appear
to be the clearwater tributaries such as Wiliow Creek and the Deshka River
(Barrett et al, 1984). Timing of the adult salmon migration has wvaried by
species over the past four years. as indicated in Figures 2.2 through 2.5.
Typically, chinook reach Sunshine statiorn in early Jurme, folowed by

sockeye, pink, chum and ccho salmon in July and August. The upstream
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tiai rise in mainstem and tributary discharge in

suits from snowmelt in the lower basin during late April

lay.  As snowmelt runoff in the lower basin decreases
streamflow in  the mainstem and clearwater

This decline is most pronounced in  the

a3 generally ended by mid-June. The
te the Lower River mainstem from high
glzciers begins in mid-June and increases
Thus, mainstem flows generally remain high

Tributary flows decline after the snowmelt

may increase due to precipitation. An example of
tributary flow decreasing while the mainstem discharge

4

remains high occurred during June and July 1983 (Figure 2.4).

The influence of glaciers on mainstem discharge is quite apparent
Glaciers cover 10 percent of the

basin arsa above the Sunshine streamgage. Glacier influence is not

hree subbasins, however. Only 5

contributes to the Susitna River

is covared by glaciers, whereas 27 percent
parcent of the Talkeetna River basins are
The iarge contribution of glacier meit from the

-eases the relative importance of the middle Susitna

aintaining summer baseflow in the lower river.

contribution to lower river discharges increases

o 47%% n August whereas middle Susitna  River
from 497 to 39% (Tasble 2.1). In addition t»

iers . summer rainstorms over the Susitna basin

rt nfluence on the percentage contribution of
iower  river discharge at Sur:bine. By

temperatures at  high elevations cause a

3

&%)
2

decrease in the streamflow contribution from glacier melt and

increases the importance of fall rain storms in maintaining lower river

streamflows.
{ ower Susitna River Tributaries

Tributaries to the lLower Susitna River generally fall within two
classifications: Susitna Basin lowland streams and streams originating
in the Talkeetna M.untains. During basin-wide summer storms, the
amount of runoff per unit area generally increases as the basin size
decreases. Hence, smaller tributaries generally have a more rapid
and pronounced response to rainstorms than large tributarics or the

mainstem Susitna River.

The Susitna lowlands are covered with birch and white spruce forests
on the better drained sites, and with black spruce trees and
sphagnum bogs on the poorly drained sites. The area is relatively
flat, with fow hills to the south and mount ins to the west ranging in
elevation up to 8,000 feet. Lowland streams such as the Deshka
River have relatively flat channel gradients and numerous meanders.
Lowland tributary streamflows are not influenced by glacial melt,
although snowmelt runoff causes high streamflows in late April to
early May. Tributary flow typically declines during the summer,
although periodic rainstorms cause short term increases in streamflow.
In general, the lakes and bogs in lowland basins retard runoff from
summer storms, resulting in attenuated peak flows of extended
duration.  Streamflow records for the Deshka River near Willow
(USGS Station No. 15294100) provides an example of streamflows for a

lowland tributary (Figures 2.2 through 2.5).

Watersheds in the Talkeetna Mountains generally possess alpine
vegetation above 2,000 feet elevation, with forests of birch and white
spruce on better drained sites, and black spruce trees and sphagnum

bogs on the poorly drained sites. Stream channels are relatively




[o%)

steep and of low sinuosity in the mountains, but become relatively flat

meandering as they cioss the lowlands before entering the
Sus'tra.  Snowmelt during May causes high spring streamflows.
During summer, streamflows respond to rainstorms which may cause
rort duration peak flows. In general, tributaries which originate in
the Talkestna Mountains are not buffered by lakes and bogs to the

same  extent as lowlsnd tributaries. Streamflow records for Willow

Creek near Willow (USGS Station No. 15284005) provide an example of

tna Mountain stream (Figures 2.2 through 2.5).

Discussion of 1881-1884 Flows and Salmon Migrations

During 1881 high flow from snowmelt occurred in early May for the

Witlow Creek and the Susitna River at

high mainstem flow on June 1, 1981

{Figure 2.2) is a example of a high flow eveni probably caused by
~aintall and snowmelt, lagging behind high flows in the Deshka River
and willow Creek.  The annual peak flow for the Susitna River at

Sunshine occuvred July 11 due to rainfall in the lower basin. This
aused high flows on the Teshka River and Willow Creek.

w oin the Deshka River and Willow Creek is maintained

and  August by ramnfall. The peak catch at the
wheel during 1981 occurred from mid-July to mid-August

during a2 pericd of high flows on the Susitna due to

and  summe - rainstorms. There were two rainstorms

ober wnich caused high runoff from the tributaries as well

influence of snowmelt runoff s evident by mid-April, 1982 in

for both Willow Creek and the Deshka River. Tributary

flows were high inomid-May and remained so probably as the result of

The snowmelt high fiow for tne Susitna River

shune occurred during mid-to latz June with peak fiows,

due to rainfall-related high flows, superimposed on top of

the snowmelt base flow. During the period of peak catches for chum,
pirnk, coho and second run sockeye, there were high flows in both
the lower river and the tributaries. During the fall a rainstorm
caused the highest flow event of the year for the tributaries and the
second highest flow event in the Susitnma River for the vyear at

Sunshine.

In 1983 snowmelt caused the Deshka to peak in early May, whereas
the snowmelt high flow for Willow Creek and the Susitna River
occurred in early June (Figure 2.4). Tributary flows were low
during the period of peak catches for chum, pink and second run
sockeye salmon (Figure 2.4). A fall rainstorm caused the annual
peak flow on Willow Creek and high flows in the Deshka and Susitna

Rivers.

Lower basin snowmelt in 1984 caused high flows on the Deshka River
in late April - early May, in Willow Creek in mid-to late May and in
mic-June on the Susitma River. By mid-July the majority of snowmelt
runoff on the Willow Creek basin was rinished and summer rains
became the dominant cause of high flows. The annual peak flow
occurred in mid-August for the Susitna and the tributaries. This
year is diffe.ent from 1981 through 1983 in that there was no high
flow from rainfall during September or October.
The chinook migration occurs during June. During this onth
snowmelt runoff generally causes high flow in the Susitna Rives,
while tributary flow from snowmelt is decreasing. During mid-June
rainfall runoff may cause high flows on top of the snowmelt baseflow
(see June 1982 as compared to a jow rainfall period, late June and
early July, 1983). Chum, pink, coho, and second run sockeye
salmon migrate from mid-July through August. During 1981, 1982 and
1984, rainfall caused high flows in the tributaries from mid-July
through August. July of 1983 was a drier-than-normal month, as
indicated by the low July tributary flows
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stage fluctuations depends on the shape of the channel

. For the same incremental decrease in  mainstem
discharge, the decrease in water surfac~ elevation is generally

er 2t confined channel sections, such as at the Parks Highway
Zridge 'the location of the USGS Sunshine streamgage), than at wide,
braided channel sections, such as the Delte Islands. Hence the same
incremental change in mainstem discharge will have different degrees
of influence on backwater (holding) areas in ributary mouths,

depending upon local mainstem channel morphology and tributary flow.

Tributary Access

Within the lower Susitna River, tributaries enter directly into the
mainstem or into side channels. For thosz tributaries which directly
eriter the mainstem Susitna, with-project summer flow may adversely
affect access conditions into the itributary by reducing depth of flow
at  the irmbutary mouth. Access into trmbutaries adjoining side
Is may also be adversely affected if with-project summer flows
are insufficient to overtop the upsiream berm of the side channel,

contributing to signiticant dewatering of the side channel

eam of the tributary moutlh.

Trioutary Mouth Stabshity

persistence and  stability  of tributary mouths adjoining the

mammstem and zide channels depend on the magnitude and timing of

nsiam and tributary flows and sediment load in both the mainstem

zrd the tributary. Access into the lower river tributaries may be

ted by reduced summer mainstem discharges causing low velocity
sreas near tributary mouths in which suspended sediment (silt and
arted by tne mainstem might be deposited. It is also
sediments transported by the tributary might aggrade

reazr the ipributary mouth if mainstem flows are insufficient to

=10~
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transport them downriver. However, tributary flows could be
sufficient to scour the deposited sediment when the mainstem stage

jater drops.



2

STUDY PLAN DESIGN AND METHODS

Helding Areas

The extent of holding areas is greater in low gradient streams as compared

Py
Mainisy

streams.  Therefore the analysis concentrated on the
of with-project flows un low gradient streams. Caswell Creek and
reek  were selected as representative of low gradient streams
l2 3.1}, Holding areas at the ftributary mouth are affected more by
depth than backwater ares. Response curves of water depth to
em discharge were developed for these two sites using data collected
this  study, ADFEG (1985) and professional judgment. Time series

of water depth versus 50 percent exceedence weekly natural and

h-project flows for Case E-VI (2020 load) were mace to identify the

sree of change in water depth caused by project flows. Tributary flows

ing during the fall of 1884 when the dat: was obtained were below

Ay Brage. Hence this evaluation will overestimatz the decrease in water

Tributary Access

of fish to pass through a given stream reach is primarily a
the species of fish  and fife stage being considered,
stresses the fish are exposed to during migration, water
velocity in thc passage reach, length of the passage reach and
resting areas. Passage criteria most often considered are

water velocity and passage reach length ({(Sautner et al.,

hum salmon {(Figure 3.1) which describe passage
depth and reach length have been developed by
kelyv et al., 1885). These criteria of chum salmon

s of the middle Susitna River are based on field
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TABLE 3.1, LOWER SUSITNA RIVER TRIBUTARIES EVALUATED The procedures used for evaluating tributary access in the lower Susitna
DURING 1984 River included an initial review of aerial photography to identify potential
passage conditions at the tributary mouth, followed by field reconnaissance
Gradient of to check the results of the airphoto assessment and to obtain
River Mile Stream is Relatively representative depth measurements in the shallowest portions of the

channel during low flow conditions.

Alexander Creak 9.1 Low
Deshka River 40.6 Low TABLE 3.2. DEPTH AND VELOCITY CRITERIA FOR SUCCESSFUL UPSTREAM
willow Cresk 49.1 Steep MIGRATION OF ADULT SALMON (FROM THOMPSON, 1972)
Little Willow Creak 50.5 Steep
hashwitna River 61.0 Steep Minimum Maximum
64.0 Low Fish Depth Velocity
66.1 Low Species (f1) (fps)
72.0 Steep
77.0 Steep Chinook salmon 0.8 8
83.1 Low Coho salmon 0.6 8
85.1 {ow Chum saimon 0.6 8
89 2 Low Pink salmon 0.6 7
91.5 Low Sockeye salmon 0.6 7
The lowest with-project average weekly flows estimated for the period June
Passage criteria selectea .or evaluating access by adult salmon into lower 3 to September 22 is 26,700 cfs at Sunshine (2020 load) (Harza-Ebasco,
ver are those published by Thompson (1972) and applied by 1984). Aerial photography obtained September 16, 1983 at a mainstem
tc tributaries of the middie Susitna River (Table 3.2). discharge of 21,100 cfs as reported at Sunshine was selected for the initial
criterizc were selected over the ADF&G criteria because it is airphoto assessment and as the photo base for this report. These
stightly more conservative (requires greater depth) than the ADFEG photographs show passage conditions at tributary mouths which gecnerally
criteria and because it can be applied without reach l!ength measurements. will be moderated by with-project mainstem flows in excess of 21,100 cfs,
considerations were preferred for this evaluation of access into by mid-summer tributary flows increased by rainstorm runoff events, or a
tributaries  as  less field data would be required and combination of the two. The photos were examined for sand bars or
of the limited data base would be conservative. [f passage shallow riffle areas that might block the continuous flow of water from
jere determined to be marginal using Thompson's 0.6 ft depth tributary mouths through adjoining side channels leading to the mainstem.
critaria,  then  successful  passage  would  likely be determined were Tributaries with potential access problems were identified for follow-up
ield measurements obtained and the ADF£G criteria applind. aerial reconnaissance and on-site field measurements at a ‘mainstem

discharge near 21,000 cfs.

-12-




2id reconnaissance was conducted on September 13, 18, 19 and 27,
104 = i~ ; PR 3 N i H 1
U934, 3 pericd of low mainstem and tributary flow (Sunshine discharge

4 from 18,300 to 22,700). Therefore, the site-specific depth

3.3 Tributary Mouth Stability

id reconnaissance of tributary mouths provided a basis for estimating
their present morphologic stability and the extent which with-project flows
fect their present condition. In addition, aerial photographs of
ributar mouths, obtained on July 3, 1951, at various dates during

. on August 24, 1980 and on September 18, 1883, were

ned to determins what, if any, changes occurred during the 19571 to
cerod.  The stability of tributary mouths which exhibited no change
from 1957 to 1983 is considered good, the stability of those which exhibited
some change is considered fair and the stability of those which changed

ot

significantly since 1851 is considered poor.

g

The stabihity of a2 fributary mouth at with-project flows was evaluated by
considering the effect of reduced mainstem discharge on the morphology of
the mouth, the potential for aggradation within the tributary near the
the possibility of perching to occur. Tributaries were

determine if the reduction in mainstem flows would lower the

water surface elevation below the tributary mouth. For the

fish access, channel stability is defined as the persistence of

spth ratio over time. This is a function of the tributary flow,

inel gradient and local bed material.

-13-
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4.0 RESULTS AND CONCLUSIONS

4.1 General

Thirteen tributaries to the lower Susitna River were evaluated. Site
specific assessments are presented in Exhibit A. These include oblique
and vertical air photos of the tributary mouth at low flow and an air photo

mosaic showing channel morphology of the confluence area.

Based on the evaluations provided in Exhibit A, it can be concluded that
passage for adult salmon is not presently restricted at any of the locations
evaluated, and is unlikely to become a problem for with-project flows
similar to Case E-VI|. These findings are summarized in Table 4.1 and

discussed in the following subsections by topic.
4.2  Holding Areas

Project effects on the extent of backwater areas will vary depending on
the season, precipitation, the channel gradient and location of the
tributary mouth ({in a side channel or the mainstem). The mainstem
channel cross-section geometry will determine the amount the mainstem
stage drops for a specified decrezse in flow, For example, the lowest
median average weekly flow at Sunshine during the four week period June
3 to June 30 drops from 54,500 cfs under natural conditions to 37,000 cfs
under with-project conditions (2020 toad) (Harza-Ebasco, 1984). This
change in streamflow causes a decrease in stage of 1.7 feet at the USGS
Sunshine gage, whereas at Willow Creek (RM 49.1) and Caswell Creek (RM
64.0) the decrease in channel stage for the same decrease in flow are 0.7
and 1.2 feet

ectively. At 21,100 cfs with o

I DU - S
1wy ©FS WHLH TOW AFIGUT 1

ary ows, tnhe
upstream extent of backwater is slight or nonexistent at each study site

except the Deshka River.

The reduction in surface area backwater zones is primarily due to a
reduction in the length that the backwater extends up the tributary. Due




TABLE 4.1, SUMMARY OF POTENTIAL EFFECTS ON WITH-PROJECT

FLO

VS OW TRIBUTARIES OF THE LOWER SUSITHNA RIVER

Summary of

Effects of With-Project Flows On

Fish Access

Adult Salmon Passage Conditions Near into Tributaries On Back-
Tributary Mouth in Breahing Usage of Stream Inter- Tributary Mouth at 21,100 ofs (2} water Areas {3) Morphologic Stability
) Side Discharge at face Reach 1984{1) “Discharge at Pos " No WModerate  Slight of Tributary Mouth (4)
Trbutary Chanoel  Mainstem Sunshine (c age  Spawning  ‘Water Depth (ft) Sunshine (cfs) Problem  Change Chenge  Present  With-Project
“lexander Cr 9.1 X Net Surveyed - -- X ‘ X Good Good
Deska R. 406 X .- ChSPCo -- - - X X Fair Fair
Witlow Cr 4801 X £13,900 SPChCo PCh 2.8 18,300 X X Good Good
L willow Cr X 58,000 CKSPCh P 1.5 18,300 X X Good Good
Co
Rashwitna R 81.0 X P Ch - - -- X X Fair Fair
Caswell Cr £3.0 X 35,000 CkSPCh PCh 0.8 21,700 Fair Fair/Good
Sheep Cr 68 1 X < 13,9800 SPChCo P 3.0 18,200 X Good Good
Gosze Cr 2.0 XK 231,000 Ek SPCh P 0.4 -- X Fair Fair/Good
o
*Montana Cr 77.0 X 35,000 Ck P Ch Co P Ch 1.1 18,300 X Poor Poor/Fair
Rabideux Cr 83.1 - --- CksSPCh -- -- - b Fair Good
Sunshine Cr 85.1 het < 13,900 CkSPCh PCh 1.5 28,400 Good Good
Birch Cr 3.2 X 54,100 gk SPCh P - - X Fair Fair/Good
o
Trepper Cr §1.5 X 44,000 gr SPCh PCh 0.6 20,930 X Fair Fair
tel

Definitions:

1 The interface reach i3 first third mile from mouth up the tributary.
Source Barrett, et al, 1985, Ck = chinook, § = sockeye, P = pink,
Ch = chum, and Co = coho.

[N

Possible P ‘am - Thers is the potential for access probiems depending on
iow tributary flows, debris jams or channel changes.

o Problem - No problem with aczess currently exists.

w

Maoderate Change - The extent of backwater area could be mocerately
reduced by with-project flows during June and July.

Stight Change - The exitent of backwater area could be slightly reduced by
with-project flows during June and July

4 Good - No change in tributary mouth merphology since 1951,
Fair - Soms change in tributary mouth morphology since 1951,

Paor - Change in tributary mouth morphelogy from 1851 to present.

-14-




o recuced mainstem stage, the interface betwsen tributary  flow and

cackwater will occur further downstream in the tributary than it presently
do his effectiv . + .
does. nis etfectively increases the length of tributary habitat and

reduces the length of backwater.

field reconnaissance in 1984 it was observed for low gradient

“ach as Caswell Creek that the tributary streambanks near the
tributary  mouth are generally steep and the channel relatively deep.
Therefore the reduction in mainstem stage at tributary mouths is not
expected to significantly change the top width or surface area of holding
zreas al tributary mouths. The major effect of with-project flows on these
will be their depth.

smated decrease in water depth for the holding area at the mouth of

Caswell Creek measured approximately 400 fzet upstream from +he mouth

o with-project (2020 load) flows is from 5.7 feet to 4.5 feet
ast week in June (Figure 4.1). During the last week n August the

decrease is from 4.1 feet to 3.5 feet (Figure 4.1). For the

at Sheep Creek, approximately 1000 feet upsiream from the
nouth, the estimated decrease in water depth is from 5.4 feet to 4.0 feet
Re last week in June (Figure 4.1). During the last week in August the

estuimated decrease is from 3.8 feet to 3.2 feet (Figure 4.1},

on 2z comparison with depth criteria for spawning chinook and coho
developed for tributary streams in the middle Susitna River (Estes

i_zng, 1884) it does not appear that one foot reduction at these

high wvelocities have been reported to impede or block the
nigration of spawning salmon in other streams, field observations

conditions 2zt severzsl lower river tributaries indicate that it is

yvelocity barriers to exist {Exhibit A). Thus the ease with

~15-

WATER DEPTH (ft)

3.

WATER DEPTH (f1)

L

U

s

[\

o
a3

5]

CASWELL CREEK

r €400 ft UPSTREAM FROM MOUTH)
.. /\'*4
\‘ﬁ- - \
™\
i \ NATURAL
v
L o \
| AT
_ <\
i 2020 /\\ \\.
. WO
N

L \\\
L A
] o
L ™,
’ MAY JUNE | JULY | AUGUST ,  SEPT | ,
r SHEEP CREEK
i {1000 ft UPSTREAM FROM MOUTH)
Ih e Ao
1 e
i / Y NATURAL
- o~
| ADULT
] THE LOWER —F

RM 80

“F \Ji DibCi Xfia

T gq AT SUNSHINE

SREFARED e

FIGURE 4.

PAEPARED FOR:

1 ”ﬂ&@Z&G!mJ&@@O

ST VENTURE




hic i
s hi o e an e ror i i i i
which spawning salmon can enter lower river tributaries is soley a function

of denth {(and channel stability).

Goose Creek and Trapper Creek were the cnly iributaries with minimum
water depths at or below Thompson's criteria at 21,100 cfs (Table 4.1).
Both cresks flow into side channels prior to reaching the mainstem. At
21,100 cfs the berms at the head of the side channels are unbreached.
water depths in the side channels are thersfore dependent on tributary
he head of the Goose Creek side channel breaches at
zpproximately 22, 000 ofs. During project operation (2020 load) this
percent of the time from May 13th 1o

Based on field observations the minimum

while breached il exceed 0.8 feet.

es at approximately 34,000 cfs.  During
exceaded 5 percent of the
gure 4.2). Based on field

at 23,000 c¢fs {the lowest madian

with-project flow during the period adult salmon are migrating

3.4 Teributary Mouth Stebibity

Currently  only the tributary mouth at Montana Creek is morphologically

1851 the s:ide channel complex upstream of Montana Creek

size and bescames more stable. The creek mouth continues
to wear. The general effect of with-project
ficws will be to reduce the frequency of the mainstem channel forming

ficws, thereby shghtly increasing the stability of the side channel complex

tively low gradient lowland streams presently

within the tributary mouth. During preject

kwater areas, deposition will occur closer fo
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the mouth.  Since tributary flow will not be affected by project operation
the present tributary sediment transport capacity will remain unaffected.
herefore the amount of deposition is not expected to change substantially

because of project operation.

s with fow tributary flows, all of the ftributaries had a
continucus water course with no steep riffie sections from the tributary to
the mainstem/side channel. This indicates that no perching of tributaries

would cccur due fo project operation.
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EXHIBIT A EVALUATION OF SELECTED LOWER SUSITNA
RIVER TRIBUTARIES

The following are descriptions of the hydrology and use by salmon of
selected lower Susitna River tributaries. These descriptions are based on
initial aerial photo evaluation of access field data collected to confirm the
evaluation, and analysis of the potential effect of with-project flows on
backwater areas, tributary access and morphologic stability of the
tributary mouth. The fish utilization of the tributary mouths for spawning
or passage is from “Appendix 7 - Adult Salmen Lower Susitna River
Spawning Surveys,” by Levesgue and Seagren (Barrett, et al. 1985}).
Depths reported for tributaries are passage depths where cross-sections
were measured and maximum depth where only spot measurements were
made. Passage depth i1z the average of the mean depth and the maximum
depth (Sautner, et al., 1984). Aerial photographs (at 1" = 500') of each
study site are provided for a flow at Sunshine of 21,100 cfs except for
Caswell and Sheep Creeks, where the lowest flow at which aerial
photography is available is at 59,100 cfs. The tributaries are given in
upstream order. Tributary locations are marked on the lower Susitna
River aerial mosaics (at 1"=2000") showing the channel morphology of the

confluence arsa.



Alexander Cresek (Figure A-1 and A-2) originates in the Susitna lowlands

and fiows southeast tc the Susitma River. The creek is a popular fishing

stream although fish use of Alexander Creek is not reported in Appendix 7
1885}, Year-round residents live just upstream from the

the Susitna River {Photo A-1). The flow regime is similar

River (Figures 2.2 through 2.5}, except that flow from
Alexander Lake will result in a2 higher baseflow during dry summers and
during the winter. The water depth at 21,100 cfs (at Sunshine) is in
of 0.6 feet from Cook Inlet up the west channel to Alexander
Potential fish access is up this side channel or up the east

and through a siough (RM 6) to the west channel. The flow

ution from the Yentna River wiill buffer the affect of with-project

on the morphologic stability of the tributary mouth and fish access

tributary. There are no with-project flow related changes

N

R22/2 31

PHOTO A-1

Looking upstream at the mouth of Alexander Creek (RM 9.1). In the
foreground is Alexander Slough flowing from right to left. Photo taken
89/11/84 discharge at Sunshine 23,600 cfs, discharge at Susitna Station
51,400 cfs.
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originates in the Susitna lowlands and flows southeasi to

{Figure A-3). Chinock, sockeye, pink, chum and coho

selmon spawn in the upstream habitats. After the Yentna River, the
River s ihe second largest tributary below Talkeetna. Since

1878, the USGS has maintained a continuous recording discharge

the Deshka River from its confluence with

throuanh 2.3). There s sufficient depth to

cfs. Backwater extended appreximately 6,000
the confluence while the mainstem discharge was 72,600
(Figure A-4) has actively increased in size since 19571,
it has st. ‘ted eroding.

~oroicct flows will decrease the size of the backwater zone. The
reduction in size, however, depends on many facters primaiily mainsiem
ie of tributary flow and the decreased backwater area
access. The tributary mouth may become more stable

lower peak mainstam flows. The erosion rate of Island

PHOTC A-2

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

the Susitna lowlands to the Susitna River (Figure A-5). Pink and chum

in the ftributary just upstream of the

willow Creek in 1984 (Barrett et al, 1985). Chinook, sockeye,

spawn in the upstream habitats. Since June

has maintained a continuous recording discharge station on

&
Q.
b
o
w
o<
(%]
"l
T W

Witlow Creek approximately 15 miles upstream from its confluence with the
t

Susitna River (Figures 2.2

hrough 2.5). The confluence of two of the
mouths of Willow Creek with the side channe! are shown on Photo A-3.
Water depths at 21,100 c¢fs are sufficient to allow passage from the
matnsiem into Willow Creek. At a flow of 17,800 cfs, tie passage depth
was 2.8 feet and 1.9 feet at cross-sections A and B, respectively (Figure
2 -5) These cross-sections are at or near the shallowest depth in the
reach . The mean velocity was 2.4 per second for an average depth of 2.8

at A, and 3.0 fps for the maximum depth of 2.2 feet at B. The

w

sbstrate ranged from sand to sandy gravel at both A and B. The mouth

seen generally morphologically stable since 1951,

sath-project flows will cause reduced backwater zones but will not affect
Lcrcess.  Wwith-project flows should not change the present stability of the

tebutary mout

R22/2 35

PHOTO A-3

Looking upstream at Willow Creek confluence (RM 49.1). Willow Creek

flows from lower right to the center of the photo.
discharge at Sunshine 38,000 cfs.

Photo taken 8&/31/84,
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Creek

Little Willow Creek originates in the

Talkeetna Mountains and flows west

Susitna lowlands to the Susitna River (Figures A-7 and A-8).

were observed near point A during 1984 (Barrett et al, 1985).
Chinook, sockeve

2. pink, chum and coho salmon spawn in the upstream
Ti |

he flow regime is similar to that of Willow Creek (Figures 2.2

habitats.

.31, Water depths for a mainstem flow of 21,100 cfs are

tc  allow passage from the mainstem to Little Willow Creek.

Access to Little Willow Creek is through a side channel from the Susitna
Rover At a flow of 17,800 cfs there were no shallow riffles which would
impede the passage of fish through the side channel. At a flow of 17,800

s, the passage depth was 1.5 feet at cross-section A (Figure A-8) and
the mean velocity was 2.0 feet per second at the maximum depth 1.6 feet.
The substrate was a silty sand with some gravel covered with a layer of

The mouth has been generally morphologically stable since 1951.
nt of backwater at 23,800, 38,000 and 52,000 cfs are marked in

srcess. with-project flows should not affect the present stability of the
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h the Susitna lowlands to the Susitna River (Figure A-9). Chinook,

spawn in upsiream habitats. Glacier melt in

higher baseflow during July and August than

tributaries without glaciers The river responds to
nmer rains in a manner similar to Willow Creek. Fish access is through
a side channe! from the mainstem (Figure A-10). This channel provides

access from the Kashwitna River to the mainstem (Photo A-4).

flows will decrease the size of the backwater zone. The

size depends on many factors, primarily mainstem stage and

tributary flow. The bar to the west of the boat ramp has

ing in size since 1951. The rate of growth of the bar may

decrease under with-project flows.

A-14

R22/2 38

PHOTO A-4 °

Looking upstream at the Kashwitna River (RM 61.0). 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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ihe heasdwaters of Caswell Creek are in the Susitna River lowlands in the

Caswell Lake area (Figure A-11). Pink and chum salmon were observed

pawning i the tributary just upstream of the mouth. Chinook, sockeye,
pink. chum and coho salmon spawn in upstream habitats. Caswell Creek
has lower peak flows after rainfall events than does Deshka River or Willow

Creek due to the influence of lakes in the basin. Baseflow during the
er and during dry summers would be relatively higher due to the

aswell Lake.

nennel A {Figurse A-12) is dewstered at -pproximately 35,000 cfs thereby

tributary  mouth aoproximately 800 feet to the southwest

~
>
m

5

w water mouth is a mobile bed of silt and sand which
anges  with  each high flow event, During our site visit (Septem-
S 2701884, 17,800 cfs) there was a water depth of 0.2 to 0.4 feet for a

0 to 20 feet 3t the mouth. Water velocities were low, 0.2 to 0.6

There could be difficulty in passage diz to shallow depths at 17,800

PILD cfs there weould be sufficient depths and velocities to

with-oroject flows will affect the extent of backwater up Caswell Creek.

the arez which would change would be 600 to 800 feet upstream

tributary mouth. The stability of the tributary mouth would not
be sffzcted by with-project {lows. 1he shape of the side channel immedi-

downstream of the tributary mouth changes with each high flow and

it continue to change shape under with-project conditions.

R22/2 40

PHOTO A-5

Caswell Creek (RM 64.0) 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.
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dands  to  the Susitna River. Pink salmon were
¢ upstream  of tae t-ibutary mouth.  Chinook,
nd coho spawn in upstream habitats. As Sheep
nountains, a secendary channel flows to Goose Creek.

er  going to Goose Creek waries, depending on

and man-made diversions at the confiuence of the

flow recime is similar to Willow Creek (Figures 2.2

L.

mall area of glaciers in the headwaters will maintain a

basefiow during July and August chan that at Willow

3) is 59,100 cofs, as the area was not covered

At 27,100 cfs there is a continuous water

downstream {rom Sheep Creek (Photo A-8).

tributary occurs at mainstem discharges above 23,000 cfs

Figure 4-13). At 52,000 cfs the backwater zone extends

feet up Sheep Creek. The extent of backwater for

&

st Sunshine are marked in Figure A-13.

et flows will be hmited to reduced backwater zones,

~roholegic stability of the tributary mouth.

R22/2 42

PHOTO A-6

Sheep Creek {(RM 66.1) flows from right to left. Sheep Creek side channe,
flows from top to lower left. Photo taken 9/11/84, discharge at Sunshine
23,800 cfs.
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oothilis of the Talkeetna WMountains and

“iver lowlands to the Susitna River (Figure

Pink salmon were observed to spawn near the tributary

—~
{

L b & b ~ [ P i
Lhinook, sockeye, pink, chum and coho salmon spawn in upstream

The channel starts at the point where Sheep Creek leaves the

The percentage of water entering Goose Creek from Sheep

“reeh saries,  depending  on  natural channel shifting and man made

The flow regime is sunidar to Wiliow Creek (Figures 2.2 through
RN wear iis meuth, Gooce Creek splits into four main channels, with

ftowoang anto the mairstem of the Susitna River and two flowing into a

(Photo A-T). The side channel overtops at approximately
e actual overtopping flow varies from vear to year due to

c
chianges and debris accumulating at the head of the side channel.

s:ice channel is overitopped, thers is sufficient water depth and
fish passage into GCoose Creek. Wwater
neasure-d in the side channel downstream of the

va. not overtopped. At cross-siction A

had a water depth of 1.0 feet, a velocity
of 20 feet. Section B (Figure A-16) had a

T.2 feet, a velocity of 4.6 fps and a reach

harge in the cide channel was 39 cfs during

nts. The shallowest water depth, 0.4 feet, was at Section

with & water velocity of 0.9 fps and a reach length of 50

mouth has changed considerably since 1951 due to
I

Creek and elevating the old mouth where it

‘it A {Figure A-18). From point A water flows

north and to the southwest. The event which caused the

to have been a log jam which diverted flow

1vine flows will exceed 22,000 cfs 50 percent

from May 13th (o September 30th.  Since most of the adult

A-22

R22/2 44

inmigration occurs during the period when the side channel berm is
overtopped (June 3 to September 8), there is little chance of fish passage
problems. The slight change in stage with with-project flows will slightly
alter the backwater in the channels flowing into the mainstem, but < )
not severely affect potential holding areas. With-~roject flows sh.

affect the stability of the tributary m -

PHOTO A-7

Looking upstream at the confluence of Goose Creek and Goose Creek side
channel (RM 72.0). Goose Creek flows from top right towards bottom
center. The side channel was barely overtopped at 23,600 c¢fs, at
Sunshine on 9/11/84.
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originates in the Talkeetna Mountains and flows west

Susitna lowiands to the Susitna River (Figure A-19). Pink

mon were observed spawning just upstream from the tributary
The flow

Figures 2.2 through 2.5). Water

“hinook and coho salmon spawn in upstream habitats.

Willow Creek

are sufficient o allow passage from the mainstem
hMontana Creen has a relatively steep gradient, with
sackwater zone at mamnstem flows of up to 38,000 cfs, and

set of backwater at 52,000 cfs. The side chanrels

e north are overiopped between 38,000 cfs
During the past 20 years the sandbars at the confluence
and the Susitna River have become more vegetated and

table.  However, the morphology of the channel between

A and B and the confluence change each year (Figure

A-8). At pomnt A and B the water depth and velocity

fest and 3.1 ips, and 1.2 feet and 2.8 fps, respectively. At

C the water depth and velooity were 1.3 feet and 7.1 fps, while at

st D othey were 1.1 feet and 3.2 fps.

fows  will be  limited to slightly reduced
not  affect access.  With-project flows will
the Montana Creek bedload closer to the

whereas now the bedload is deposited

in Montana Creek will be able to move the

mouth even though it is deposited further

A-28

R22/2 46

Montana Creek (RM 77.0) flows from right to left center.

River mainstem flows from upper
discharge at Sunshine 23,600 cfs.

PHOTO A-8

left to

lower

left.

The Susitna
Photo taken 9/11/84,
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Creelk originates in the Susitna lowlands and flows southeast to
Chinook, sockeye, pink, chum and coho
itats.  The flow regime is similar to that of
-2 through 2.5). At 21,100 cfs passage

reach that may provide problems. The bar

year to vyear, depending on the high flows

sreek (Figure A 22 and Photo A-8). The confluence with

ot with-proiect flows will be limited to reducing the backwater

ana wilhh ot af

ect access or morphologic stability of the tributary

A-31

R22/2 48

PHOTO A-9

Looking wupstream at Rabideux Creek {(RM 83.1).

mainstem flows from center right to bottom center.
discharge at Sunshine 38,000 cfs.

The Susitna River
Photo taken 8/31/84,
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originates in the Susitna Rive lowlands and flows south-
itna River ({Figure A-23). Pink and chum salmen were
ing qust upsiream of the tributary mouth during 1984,
, chum and cobe spawn in the upstream habitats.
18 sumiar  to that of the eshka River (Figures 2.2

The effect of the many lakes in the hasin is to flatten out

from intain a reiztin. . higher

At e mainstem flow of

2 ofs. the mouth of Sunshine a side channel o

shine  Slough  {from A to pommt B FTigurs 4024 and A-25).
Dy I8 1sit of 19, [ wasn  the munimum
i water channel from the 1na River to the
i Sunshine Creek

mitude of flood

stough would

area may be
not affect access conditions.

since 1951, and should not
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nd flows southwest
non were observed
and in Birch Creek Siough below

pink, chum and coho salmon
regime is similar to that of the

The effect of the many lakes in

fiatten out e peak flows from
v baseflow, as compared to 2
ure A-27) flows into Birch Creek
:{s  {Photo A-10).
, 100 cfs.

Rirch Creek Slough may be reduced
could  not  affect access conditions.
en the mouth of Birch Creek Siough

away. Since 1974 the tributary

and  should  not be  affected by

A-38
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PHOTO A-10

Looking upstream with Birch Creek Slough (RM 89.2) flowing from center
right to center. Photo taken 8/11/84, discharge at Sunshine 23,600 cfs.
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Susitna fowlands and tlows southeast to

Pink and chum saimon were observed

tributary mouth during 1984. Chinook,
and coho salmon spawn in upstream habitats. The
shka River, but has a smaller
2.9). At 21,7100 cfs, Trapper

side channel fo the mainstem Susitna River. The

o that of the De
ia
:

v
-+
-

with its shupe and water depth varying from year fo

on the magnitude of the peak flow that year. Lomparing
the channel changed shape from

Seoxtember 18 1934, the channel

the aerial photo. Minimum depths

5o fhe low water channe!l varied between 0.4 and 0.6 feet. At 20,800 cfs

accessing both Trazpper Creex and the ADIEG IFIM
£-233.  Since 1951 the main channel of
the west side to the east side of the

of the side channel from the mouth of

Sfowoth-project fiows wiil be io reduce the magnitude of the

in the channel downstream of

to become relatively more stable

may encrosch on the channei. The backwater zones

but this should not affect access
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PHOTO A-11
Looking upstream at Trapper Creek Side Channel ADFEG IFIM Study Site,

Trapper Creek (RM 91.5) flows from center left to bottom center. Photo
taken 8/31/84, discharge at Sunshine 38,000 cfs.
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DATE OF PHOTOGRAPHY: SEPT. 18th, 1883
SCALED 172 5007
DISCHARGE 2t SUNSHINE: 21,100cls

TRAPPER CREEK
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