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PREFACE

The goal of the Alaska Power Authority in identirying environmentaliy
acceptable flow regimes for the proposed Susitna Hydroelectric Project
Is the maintenance of existing fish resources and levels of production.
This goal Is consistent with mitigation goals of the U.5. Fish and
Wiidiife Service and the Alaska Department of Fish and Game.
Maintenance of natirally occurring fish populations and habitats is The

preferred goal In agency mitigation policies.

In 1982, following two years of baseiine studies, a multi=-disciplinary
approach to quantlify effects of the proposed Susitna Hydroelectric
Project on exlsting fisn habitats and to identify mitigation
opportunities was initiated. The Instream Flow Relationships Studies
focuses on the response of flish habitats in the middlie Susitna River o
incremental changes In mainstem discharge, temperature and water
quality. As part of this multi-disciplinary effort, a technical report
series was planned that would (1) describe the existing fish resources
of the Susitna River and Identlfy the seasonal habitat requirements of
selected specles, and (?) evaiuaie the effects of alternative project
desligns and operating scenarlos on physical processes whizh most

influence the seasonal avallability of tish hablitat.

The summary report for the IFRS, the Instream Fiow Relaticnships Report

({FRR), (1) ldentlifies the bliologl: significance of the physical
processes evaluated In the technical report serles, (Z2) Integrates the
findings of the technlcal report serles, and (3)provides quantitative

ralatlonships and discussione recarding the Intlusnces of (ncrementa,
| S



changes in streamflow, stream temperature, and water cuallity on fish

habitats . the middle Susitna River on a seasonal baslis.

The IFRR consists of two volumes. Volume | uses project reports, data
and professionail judgement available before March 1985 to identify
evaluation specles, Iimportant |Ilfe stages, and habitats, The report
ranks a variety of physical habiiat components with regard 7o their
degree of Influence on fish habitat at different times of the year.
This ranking considers the biologic requirements of the evaluation
species and |ife stage, as well as the phyvsical characteristics of
different habitat types, under both natural and anticipated wlth-project
conditions. Volume Il of the IFRR will address the third objective of
the IFRR and provide quantitative relationships regarding the influences
of Incremental changes in streamfiow, stream temperature and water
qual ity of flish habitats in the middle Susitna River on a seasonal

basis.

The influence of Incremental changes in streamflow on the availability
and quality of flsh habitat is the central theme of the [FRR Volume I
anajyslis. Project induced changes in stream temperature and water
qual ity are used to condition or qualify the forecasted responsss of
flsh habitat to instream hydraulics. The Infiuence of streamfiow on
fish habitat will be evaluated at the mlcrohabitat level and presented
at the macrohabitat levei In terms of a composite welghted usable area
curve, This composite curve will describe the comblined response of fish
Fabitat at ali sites within the same representative group To Incremental

changes 11 malnstem discharge.



Four technical reports are belng prepared by E. Woody Trihey and
Assoclates in suppory of the |FRR Volume |1 analysis. The function of

each report is depicted in a *low diagram and described below.

i. Quantify Wetted 2. Assess the Representa- 5, Determine Site
Surface Area tiveness of Modeled Specific Hydraulic
Response and Non-modeled Sites Conditions

N

N

\\% v /

4. Quantify Streamfiow Dependent Habitat
Response Functlions for Juvenile Chinook
and Spawning Chum Salmon

AN f / ’
|

. RESPONSE OF AQUATIC HABITAT SURFACE AREAS TO MAINSTEM DISCHARGE IN
THE TALKEETNA=-TO-DEVIL CANYON SEGMENT OF THE SUSITNA RIVER, ALASKA

This report Identifles five aquatic habitat types within the
middie Susitna River directly influenced by changes in
mainstem discharge and presents the necessary phofography and
surface area measurements to guantify the change in wetted
surface area associated with incremental decreases in mainstem
discharge between 23,000 and 5,100 cfs. The report also
describes the influence cof malnstem dlischarge on habitat
transformytions and tabulates the wetted surface area
responses for 172 specific areas using the ten representative
groups presented In the Habitat Characterization Report.
Surface area measurements presented In tThis report provide a
basis for extrapolating resulis from intensively studied
model Ing sites to the remainder of the middle Susitna River.




2. CHARACTERIZATION OF AQUATIC HABITATS IN THE TALKEETNA-TO-DEVIL
CANYON SEGMENT OF THE SUSITHA RIVER, ALASKA

This report describes the cnaracterization and classification
of 172 specific areas into ten represepntative groups that are
hydrologically, hydraulically and mornhologically  similar.
Emphasis is placed on the transformation of specific areas
from one habitat type to another in ressonse To incremental
decreaces in mainstem discharge from 23,000 cfs to 5,100 cfs.
Both modeled and non-medeled sites are classified and a
structural habiftat index is presented for each specific area
based upon subjective evaluation of data obtained through
field reconnalssance surveys. Representative groups and
structural habitat Indices presented in This report provide a
basis for extrapoiating habitat response functions developed
at modeled sites to non-modeled areas within the remainder of
the river.

3. HYDRAULIC RELATIONSHIPS AND MODEL CALIBRATION PROCEDURES AT 1984
STUDY SITES IN THE TALKEETNA-TO-DEVIL CANYON SEGMENT OF THE SUSITNA

RIVER, ALASKA

This report describes the influence of site-specific hvdraullic
conditions on the availabllity of nabitat for juvenile chincok
and spawning chum salmon. Two .quatic habitat modeis are
applied to quantify site-speciric habitat responses +o
incremental changes< in depth and velocity for both steady and
spatially varied streamfiow conuitions, Summaries of site-
speciflc stage~discharge ard flow-discharge :elationships are
presented as well as a description of data reduction methods
and mocdel calibration procedures, Weighted usable ares
forecasts are provided for juveniie chinock at eight side
channel sites and for spawning chum salmon at 14 side channel
and mainstem sites. These habitat response functions provide
the hasis for the instream flow assessment of the middle
Susitna River.

4. RESPONSE OF JUVENILE ™'INOOK AND SPAWNING CHUM SALMON HARITAT TO
MAINSTEM DISCHARGE IN THE TALKEETNA-TO-DEVIL CANYON SEGMENT OF THE

SUSTTIMA RIVER, ALASKA

This report _ntegrafes results from the surface area napping,
habitat characterization, and hydraulic modeiing reporis 1o
arovide streamflow dependent. hablitat response functions for
Juvenile cninook and spawning chum salmon., Wetted surface
area and wealghted usable area are the principatl determinants
ot habltat Indices provitc d 'n Part A of the report for

juvenile chinook at each speciftic area anda the ften
representative groups ldentifled in the habitaft
characterization report, FPart B of this report provides



habitat response functions for existing chum saimon spawning
sites. The hablitat response functions contained in This
report witl be used for an Incremental assessment of The
rearing and spawning potential of the entirs middle Susitna
River under a wide range of natural and with=project
streamfiows.



INTRODUCT {ON

The proposed Susitna hydrcelectric project will alter tne natural
streamflow regime of the Susitna River downstream of River Mile 232, the
upstream most extent of the Watana Impoundment. The river segment
upstream trom the Chulitna River confluence (Talkeetna) at River Mile 98
would experience notable alterations in naturally occurring sireamfiow
patterns due to Its proximity to the proposed dam sites and the [Imited
amount of influence that fributary inflows have on tfotal discharge In
This river segment. With~project discharges are expected to be lower
than naturally coccurring flows during summer and higher than naturally
occurring flows in the winter., These altered flows are expected to

affect the amount and seascnail avallability of aquatic habitats.

This report identiflies the iocation and describes the areal extent of
varlous aquatic habitat types within the Talkeetna-to-Devil Canyon
segment of the Suslitna River (hereafter referred to as the middle
Susitna Rlver) at different malnstem dlischarges. These data, in
combination with the results of other studies focusing on biological
aspects of aquatlc habitats within this river segment, wlll facllitate
forecasting the effects of project-induced changes to natural
streamflows on the availablility of aquatic habitat for anadromous and

resident fish.

Aerial photography Interpretation, along wlth fleld reconnalssance, Is
being used to ldentify and map varlous aquatic habitat types in the
middle Susitna River. In 1984 initlal work on agquatic habitat mapping

and surface area measuremants determined the location end amouny of



various aquatic habitat types. Four sets of aerial photographs were
taken at malnstem discharges of 23,000; 16,000; 12,500; and 9,000 cfs,
as measured at the U. S. Geological Survey (USGS) Goid Creek gaging
station (Klinger and Trihey 1984). These photos are discussed in this
report (with the exception of the 9,000 cfs photography) together with
the surface area measurements at four additional streamflows: 18,000,
10,600, 7,400, and 5,100 cfs. The 18,000 cfs discharge falls within The
16,000 to 23,000 cfs range, where several side sloughs and side channeis
become inundated by mainstem water. The lower three discharges provide

a good basis for evaluating low flow conditions In The river.

The surface area measurements obtalned in 1984 from the 9,000 cfs
photography were omitted from thls report because the presence of snow
and ice In the 9,000 cfs photography made it difficult to accurately
determine the water's edge and measure the wetted surfaces (Klinger and
Trihey 1984) (also see Dlscussion). The adverse Influence of shoreline
fce and snow cover on the accuracy of the 9,000 cfe data set was
confirmed In a compa. ison between the 1984 surface area measurements
obtained from the 9,000 cfs photography and the 1985 surface area data

obtained at 7,400 and 10,600 cfs (Klinger 1985).

Surface area measurements for the seven discharges evaluated In this
report provide an adequate basis for identifying the transformation of
specific areas from one habltat type to another as a result of
reductions in streamflow, as well as for quantifying the response of
wetted surface area for habltat types and speciflc areas over the range
of sireamflows between 5,000 and 23,000 cts. However, although wetted

surface area may be used as an Indlcator of habitat avallability, it



does not represent habitat quality. This report, therefore, does not
contaln any statements concerning the suitabllity of the various habitat
types for fish, nor does [t contaln concluslions regarding the response

of hablitat quallity to changes In mainstem discharge.

METHODS

bitat Tvpe Deslanati

The total wetted surface area of the middle Susitna River was classiflied
‘nto six general aquatic habitat types: malnstem, side channel, side
siough, upltand slough, tributary mouth, and fributary. These habitat
types were established during lIce-free conditions from physical
characteristlics of the environment visual y evideant In aerial
photoyraphy or hellcopter overfiights and do not necessarily depend upon
any partlcuiar degree of utillization by fish (Figure 1). A description

of the types follows.

The followling brief descriptions were uszd to ldentify the six aquatic
habitat types evaluated in thls study. These definitions are |imlted to
visually recognlzable physical characteristics present during lce-free
conditlions that are easily ldentifled during hellcopter reconnalssance

flights.



Malnstem habitat types are those channels of the river that
normally convey streamflow throughout the entire year, They are
visually recognizable by thelr turbid, glacial water and high
velocities. In general, they convey more than 10 percent

(approximate) of the fotal flow passing a given location.

Side Channel habitat types are also characterized by turbld,
glacial water. Velocities often appear lower Than in mainstem
sites. In general, they convey less than 10 per:ent (approximate:
of the total flow passing a glven location. Side channel habitat
may exist In well-defined channels or in areas possessing numerous
Islands and submerged grave! bars. When the upstream berms of side

channels are dewatered and The channels contaln clear water, they

are classified as side sloughs.

Side slough habitat types contain clear water. Small tributaries,
upwelling groundwater, and local surface runoff are the primary
sources of clear water for these areas. Side sloughs have non-
vegetated upper thalwegs that are overtopped during periods of
moderate ‘o high mainstem dlscharge. When these areas are
overtopped they convey turbid water and are then classifled as side

channels,

Upland siough habitat types also contaln clear water and depend on
small streams, upwellling, and local surface runoff for thelr water
supply. Uptand sloughs possess vegetated upper thalwegs that are

rarely overtopped by malnstem discharge.



Trihutary mouth habitat types are clear water areas that exist

where fributaries flow into mainstem or side channel habitats. This
habitat type is manifest as a clear water plume extending out into
the turbid recelving water. Tributary mouth habitat also extends
upstream Into the tributary fo the upper extent of any backwater
Influence that might exist. The surface area of tributary mouth

habitat is affected both by tributary discharge and mainstem stage.

[ributary habltat types are those reaches of tributary streams
upstream of the tributary mouth habitats. Tributary habitat types
have not been evaluated In this analysls because tributary habitat

is not influenced by mainstem dlscharge.

Non-wetted areas were classified as elther vegetated islands or gravel
bars. Areas wlthin the control corridor that were quantified but not
reievant Yo the surface area analysls were classified as "background.”
For a more detalled description of each agquatic habitat Type see the

Alaska Department of Flsh and Game Susitna Hydro Aquatic Studies (13983),

Fleid Methods

For the seven mainstem dlscharges studled In the middle Suslitna River,
black-and=-white aerial photographs were obtalned at an approximate scale
it 1 inch = 1000 feet, with a 60 percent overiap between adjacent
phutos, The dates of the photography and malnstem discharges as
measured at the USGS Gold Creek gaging statlion (No. 15292000) at the

time of photography are presented In Table 1.



Table 1. Dates and mainstem discharges at which aerlal photography of
the middle Susitna Rlver was obtalined.

Date Discharge (cfs)
6-1-82 23,000
8§-24-80 18,000
9-11-83 16,000
9-6-83 12,500
9--9-84 10,600

10-4-84 7,400
10-14-84 5,100

Hel icopter reconnaissance flights were conducted over the middie Susitna
River at mainstem discharges similar to those at which the aerial
photography was obtained. During each of these reconnaissance flights,
aquatic habltat fypes were l!dentifled using the key presented as Flgure
1, and their locations were mapped on 1 Inch = 1000 feet scale blueline
prints of the Susitna River. Dewatered gravel bars and streambank areas
were sketched on the bluelline prints as were boundaries of the various

habitat fypes.
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Qfflce Procedures

Photo Plates and Enlargements

Photographic mosalcs were prepared from the overlapping black-and-white
photes to provide continuous 1 Inch = 1000 feet coverage for each of the
seven discharges. The photo mosalcs were subdivided into eighteen
sections of approximately the same length, wlth a small amount of
overiap between adjoining river secticns and a set of eighteen 4~1/2
Inch by 15 inch photoplates was printed for each of the seven discharges
(Appendix 1). For the sets of photography ftaken at 23,000; 18,000;
16,000; and 12,500 cfs, each photo plate was carefully examined and
areas that were too small in slze To provide detalied resolution were
enlarged to a scale of 1 Inch = 250 feet. Entire sets of photography
taken at 10,620; 7,400; and 5,100 cfs, were enlarged to a scele of 1

inch = 250 feet.

Hablitat Type Boundaries

Aquatlc habitat boundaries mapped on bluelline prints durling the
helicopter reconnalssance flights were transferred to corresponding sets
of photographs. Figure 2 provides an example of the technique used for
the photography taken at 23,000; 18,000; 16,000; and 1..,500 cfs. The
technlque used for the photography taken at 10,600; 7,400; and 5,100 cfs
was es entially the same, with the exceptlion that enlargement areas were
not required because the entire set of photography was printed at the
scale of 1 Inch= 250 feet. Matchllnes were drawn on adjolining pho*o

1

ptates to ansure that habitat areas within overlapping sectlons near rhe



edges of the plates were not counted twice. The boundary of each
enlargement area was established using prominent topographic features In
the photog-aphy and drawn on both the pilafte and the individual
enlargement. This ensured that areas within ihe enlargement could be

summed and comparea with the enlargement area on the plate.

The external boundaries of the total area to be included in the surface
area analysis (control area) were defined on each plate, sc that sub-
areas wlThin the control area could be totaled and compared with 1.6
total controi area of that plate. In many cases, It was necessary 1o go
beyond the river conannel boundaries 1o estabilsh an ldentifiable
constant control area boundary. The aree lucated between the control
area boundary and the river channel was digitized (ses beluw) as

"background” (refer Yo Figure Zbl.

in addition to delineating hablitat type boundarles, Indivlidual channeis,
referred to as "speclific areas,” were also delineated and digitized.
This enabied the habitat type at a given locatlon to be tracked at
different mainstem discharges. Close exemination of the hablitat type
mapping revealed that habitat type at a given location mav not remalin
the same over a range of discharges. In generail, the geographlical
location and persistence of certain habitat Types, such as tributaries
and thelr mouths, are fixed, although their surface areas may respond
signiflcantiy 1o changes In discharge. In other cases, transtormations
of one habltat Type Into another may occur as river siage increases or
decreases. For more detalled description of the methodology and results

of the nhabitat ifransformation analysi. see Appenaix 2,
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Dlgitizing

tn this report, digitizing refers to the process of caiculating the area
within a perimeter circumscribed on the aerlal photographs. Area
calculations were made using a Numonics Model 2400 DigiTablet and
Electronic Graphics Caiculator connected To an Epson HX-20 Notebook
Computer. Prior to digitizing each photo plate and enlargement,
boundaries were drawn around each wetted and non-wetted habitat efement.
By tracing the perimeter of a given area with the Numonics DigiTablet
cursor, the area circumscribed Is calculated by the Graphics Calculator

to an accuracy of 0.01 square inch. This accuracy s greater than that

of dellneation and operator tracing error,

Digitizing strategy consisted of digitizing the control area, the
enlargements (if any) and elements within the control area. If
enlargements were present, the total area of the enlargement was
digitlized, foliowed by the elements within it. Each area calculation
was performed twice. |f the percent error between the two measurements
was greater than flve percent, the area was redigitized until the
percent agreement was less than flive. An Interactive computer program
was developed for the HX-20 which prompted +the digitizing operator for
the piate number, flow code, control area number, enlargement number (If
anyl), enlargement factor, habital code, element number, specific area
river mile number, and the digltized area (transferred from the Graphics
Calculator). The program checked percent agrcement for each measurement
and performed the summation of elements for comparison with the initial

control area measuremant,



Dala Base

Surface area measurements that had been stored on the kpson magnetic
tape cassetftes were transferred into a computerized data base for
storage, sorting, and subsequent analysis., Each individual surface ares
measurement was entered as a separate record that enabled identification
by discharge, photograph (corresponding To a river mile [ndex),
Individual area number, and specific area river mile number, Iif

appropriate.

Correction factors were enfered to standardize to a common scale oy |
inch = 1000 feef. Due to prevalling weather factors at the time of the
aerial photography flights, siight variations in scale occurred in the
various photo sets. Surface areas within enlargement areas and for
those sets of photos printed entirely at the enlarged scale were divided
by @ factor of 16 to account for the fourfold difference in scale

between 1 inch = 250 feet and 1 inch = 1000 feet.

Analysis Procedures

Surface areas were summed by habltat fype for the entlire river corridor
between Talkeetna and Devil Canyon for each of the seven discharges.
Percentages of the total river surface area represented by each aquatic

habltat type were calculated. Surface areas of individual channels

(speciflc areas) were also determined.



Localized changes In channel geometry which occurred as a resuit of high
flow events in 1981 (Kilnger-Kingsley and Trihey 1985) resulted in some
inconsistent surface area measurements for the 18,000 cfs photography.
These Inconsistencies were considered an artifact of using photography
obtalined before and after a major flood event. The 18,000 cfs
photegraphy is the only pre-1981 condition analyzed, whereas post-1981
conditions are represented by six sets of photography with flows ranging

from 5,100 to 23,000 cfs.

Because fThe change in surface area of aquatic habitat is a function of
discharge and channel geomefry, the middle Susitna River was subdlvided
Into four subsegments, each possessing somewhat different
geomorphological characteristics. RM 101 to 113 (Talkeetna-to-Lane
Creek) is a relatively channellzed subsegment of the middle river with
few mid-channe|l vegetated isitands or gravel bars and few side channels
branching off from the mainstem, RM 113 to 122 (Lane Creek-to~Curry) Is
a more bralded subsegment with mid-channe!l islands and side channeis
branching from the malnstem. RM 122 fo 138 (Curry-to~Gold Creek) is a
bralded subsegment with farge mid-channel islands and gravel bars and
numerous side channels branching off from the mainstem. RM 138 to 149
(Gold Creek-~to~Devil Canyon) Is a more channellzed subsegment with some
large side channels . anching off from the malnstem. Total surface
areas of each habital type within these subsegments were determlined to
focus attention oo the diversity of hablitat ftypes and surface area

responses among subsegments with different morphologic characteristics.



The percent change in habitat Type surface area between that present aft
23,000 cfs and at the other discharges of interest was calculated.
Average monthly discharges for the Susitna River at Gold Creek range
from 1,500 cfs in winter to 28,000 cfs during summer wlth an average
annual discharge of 9,700 cfs (Figure 3a). Snowmelt runoff during June
and early July accompanied by glaclal melt and ralnfall runoff during
Juiy and August provide stable and persistent high summer discharges
(Figure 5b, ¢, d). From an analysis of the hydrologic data, it was
determined that the aerial photography obtained at a mainstem dlischarge
ot 23,000 cfs represents a typlical mid-summer discharge for the middle
Susitna River. Therefore, this photography was used to depict baseline

mid=-summer conditions.

RESULTS

Total surface areas for aquatic habitat types In the middle Suslitna
River are presented in Table 2. In some cases, such as for fributaries
and thelir mouths, habitat type Is associated with specific geographical
tocation and the habitat YType persists over a broad range of streamflows
even Though T surface areas may respond significantly to changes In
discharge. In other instances, specific geographic locations transform
from one habitat type into another as rlver stage lincreases or

decreases,
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Surtace area values presented in Tabie 2 were plotted to i!lustrate the
surface area responses of Indlvidual habitat types In response 1o
changes In malinstem discharge (Figure 4). Surface areas of malnstem and
slde channel habltats were smaller at lower dlscharges. Concurrently,

exposed gravel bar surface areas were larger at lower dischargss.

Side slough surface area increased with decreasing dlscharge down 1o a
malnstem dlscharge of 7,400 cfs, and then decreased at 5,100 cfs.
Upland slough surface area remainad relatively constant over the range
of malnstem discharges, decreasing somewhat at 5,100 cfs. Surface area
of fributary mouth hablitat was largest at Intermediate flows of 16,000
and 12,500 cfs. Vegetated bar surface area remalned re!afiveiy constant

over the range of mainstem discharges.

Examination of the data reveals Inconsistent surface area measursments
for slde channei and side slough habltat types for the 18,000 cfs
protography. Slde channe!l surface area !s lower and slde slough surface
area |s higher than values expected from Interpolation between data
polints at 16,000 and 23,000 cfs. Examlination of flow records for the
middle Susitna River reveal that July and Augus+ 1981 were perlods of
relatively continuous high flow evants (Kllnger~-Kingsiey and Trilhey
1985). [n additlon, comparison of stage-discharge relationshlips
prepared before and after July-August 1981 shows a 0.25 1. reduction In
stage for equlvalent discharges (USGS 1972, 1982). Tnls suggests that
scourlng occurred durlng the high flow events of 1981, Tnls Is
consistent with the observation of less slde slough and more side
channel habltat surface area measured on pust-1981 photography. As

Channels were scoured, loser malnsien dischorges would be reguired 1o



overtop the head berms, resulting In more side channel surface area and

less side siough surface area at a glven discharge after 1981 than prior

To 1981.

Table 5 presents the percentage of the total river corridor represented
by each habitat type for each of the seven mainstem discharges. Table 4
presents the percent change in the surface area of each habjitat type

at each discharge as calculated from a basellne discharge of 23,000 cfs.

The mliddie Susitna River was divided Info four subsegments based upon
differing geomorphological characteristlics. These subsegments extend
from approximately river miles (RM) 101 to 113, 113 fo 122, 122 to 138,
and 138 to 149, Because of differences in the amount of surface area
within each river subsegment and the desire To accent the response of
habitat surface areas within the river subsegments, surface areas for
the various habitat types are reported as the percent of total area In
the subsegment river corridor (Figure 5). Figure & presents a refative
cemparison of total surface areas caiculated for various habitat types
within the entlire Talkeetna~-to-Devii Canyon segment and within the four

subsegments In response to changing mainstem dlscharge.



Table 2. Total surface areas by hablitat type within the middle Susitna
Rlver.

aurtface Area (acres) by Discharge

Hahitat Jype 2,100 cfs  7.400 cfs 16,000 cfs 12,560 ¢fs 16,000 cfs 18,000 cfs 23,000 cfs

Malnstem 2453.0 25951 2789.8 2850.4 3158.5 3316.0 3737.2
Side Channel 768.2 854.0 982.9 1065.5 1222.2 952.0 1240.7
Side Slough 118.8 145.6 134.8 118.1 85.8 116.1 52.5
Upland Siough 16.4 20.8 21.5 22.0 22.6 24.6 24.4
Tributary Mouth 15.6 15.5 18.6 26.2 25.3 18.4 12.1
Gravel Bar 2522.9 2299.6 1852 .4 1727.7 1419.2 1249.4 815.8

Yegetated Bar 1958.5 2140.3 2079.3 19161 2011.4 1985.2 1718.4
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Tapnte 3.
expre

ighliat Iype
Malnstem
Sice Channel
Side Slough
Uptand Slough
Tributary Mouth
Bar

Gravei

Yegetated Bar

ssed as o8

2,100 cfs 7,400 cis
31.2 32.7
9.8 10.6
1.5 1.8
0.2 0.3
0.2 0.2
2.1 28.5
24.9 26.5

percentage

of the total

Purcentage hy Dlscharge

10,600 cts 12,500 cis 16.000 cis

351 36.7 39.7
12.9 14.1 15.4
1.7 1.5 T
0.2 0.3 0.3
0.2 0.3 0.3
23.5 22.2 17.9
26.4 24.7 25.3

Surface areas by habltat type within the middle Susitna River
river corridor area.

18.000 cis 23,000 cfs
49.1
16.3

1.5 0.7

0.3 Q.3
0.2 0.2
16.3 10.7
25.9 22.¢




Table A, Percent change In digitlzed surtoce arecs rejotive to
corresponding areas present at 25,000 i,

Percentage Change by Dlischarge

Habltat Type 18,000 ct=s 16,000 cifs  12.300.cts 10,000 cts 7,400 ¢fs 5,100 ¢is

Malnstem =11.3 -15.5 ~-23.7 ~25 .4 -30.6 ~34 .4
Side Channel ~23.3 ~1.5 =-t1.7 =208 -31.2 =381
Stcge Stough 1211 b7.8 124 .1 155.8 176.3 125.4
Upland Siough 0.8 ~7.4 ~-9.8 ~11.9 ~14.8 ~32.8

Tributary Mouth 521 109.1 116.5 55.7 °8. 28.9

Gravel Bar 53.2 74.0 111.8 127 .1 181 .9 208.3
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DiSCUSSION

Alr photo interpretation Is highly dependent upon the quality of the
photography.  Although each set of photographs obtained for This study
was generally clear and complete, the time of day, date, and prevalling
weather conditions at the time the aerial photographic missions were
fiown affected the extent to which detailed riverine features were

visible.

The 22,000 cfs photography, takenr on June 1, 1982, was obtained at a
time ©of the year when The sun was at a high angle and declidious
vegetation had not fully leafed-ocut. This resulted In few shadows,
enabiling excellent delineatlon of water's edge and siouah boundaries.
The 7,400 cfs and 5,100 cfs photography, obtalined on October 4 and 14,
1984, respectively, have extensive areas of shadows al'ong the south and
east shorellines, This was due primarily to the low sun angle during
that Time of year., These shadows sometimes obscured the water's edge
and made some surface area dellineations more difficult. The remalining
sefs of photography had isolated shadow problems. In spite of the minor
problems with photographic detail, accurate and rellable surface area
measurements were obtalned usling varlous Technigques To aid in

del ineations.

The 9,000 cfs photography, taken on October 8, 1983, was suspected of
providing somewhat errconeous surface area measurements because of
pravalling snow and river {ce conditlions, Mainstem and slde channel
surface area measurements obtalned from the 9,000 cfe photography

3 5

underestimarted total surface area because of the Influen e ot shore lce



which reduced wetted top width., Side siough habitat at 9,000 cfs was
overestimated In 1983 because the sharp contrast between snow and wet
sand made It extremely difficult fo accurately define the water's edge.
Tributary mouth habitat was underestimated in 1983 because of tThe
difficulty In distinguishing between the clearwater plume of tThe
tributary and the cilearing mainstem. Because of these problems with the
9,000 cfs photography and the discrepancies in the surface area data

when compared to the 10,600 and 7,400 cfs data, the 9,000 cfs

photography and data were nct inciuded in this analysis.

Aquatic habitat surface area responses are a function of streamflow and
channe! geometry. localized channel geometry changes were observed
between the 18,000 cfs photography obtained In 1980 and the remaining
six sets of photography taken in 1982-84 (Kiinger~-Kingsley andi Trihey
1985). These appearec to have been the result of high flow events which
occurred during July and August 1981, The apparently inconsistent
surface area measurements for side channel and side siough habitat types
at 18,000 cfs can be explained as a result of scouring which occurred

during this period.

Closer examlnation of the 18,000 c¢fs data shows a difference of
approximately +40 acres betw2en the amount of slde slough surface
area present on ithe 18,000 cfs photos versus the amount expected by
interpotation between 16,000 and 23,000 «fs. Conversely, a aifference
of approximately -280 acres s apparent between observed and expected
surface area values ftor side channel habitat at 18,000 cis. The
scour ing out of «annels could be expected to have resulted in hablitary

:

franstourmatlons from Tde slough To slde channels at Jocation. whero



head berms were lowered. These transformations could account for The 40
acres of side slough surface area apparently lost. The additional 240
acres of side channel surface area beyond that galned due to habitat
transformation from side slough may be a result of lateral cutting of
the banks of The channels. This lateral cutting would reauf% in a wider

channel and, therefore, a greater surface area for a given length of

Channel morphotogy changes and habitat transtormations are considered a
normal coccurrence when viewed In the context of long term channel
behavior., Studies conducted on bratded glacial rivers in New Zealand
(Mosley 1982, 1983} indicate that multi-channel river systems typically
provicge a relatively constent amount of habitat despite the frequent
morphological changes the river experlences.

The channe! changes and accompanying habitat transformations represent a
relatively small percentage of the total wetted surface area of the
middle Susltna River. AT 23,000 cfs, approximately 5,000 acres of
wetted area ls present. The 40 acres of side siough habitat which was
transformed into side channel! habitat represents 0.8 percent of that
toral wetted area. The additionel side channel habitat gained as a
result of lateral channel bank cutting or other simllar processes
represents approxlimately 4.8 percent of the total wetted surface area
The magnltude of channel changes expected 1o occur durlng vyears
exhibliting more tynical flow reglmes would b2 expected to be fess Than

These,



Definitions for aquatic habitat types used In this study represent a set
of visually recognizabtle, environmental characteristics that do not
restrict the occurrence of a particular habitat type to fixed
geographical locations. An example of the flow-~dependent nature of
these definitions and how habitat transformations may occur ls reflected
by side slough and side channel habitats. Side sloughs, by definition,
are clear water habitats in which the flow Is maintalned by upwelling
and local surface runoff. A non-vegetated alluvial berm at the upsiream
end of the dewatered overflow channel separates the clear water rabitat
from the active channel. When mainstem dlscharge Increases and river
stage rises, the aliuvial berm at the head of the siough is overtopped.
Turblid mainstem water flows into the channel and replaces the former
ciear water habitat with deeper, faster-flowing turbid water. The

aquav.!z habi tocation then fits the definition of slide

-

fad)
-+

at thi
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channel habitat. Conversely, as meinstem discharge decreases, areas
cltassifled as side channels may become cut off from malnstem flow at
thelr upstream end and become clear water habitats, |f the clear water
inflow to these systems Is sufficlient fTo maintaln a downsiream
connection with the mainstem, these areas i1 the definition of slde

slough habitat.

General irends In surface area response to mainstem discharge became
apparent In this study., As mainstem dlscharge decreased, the surface
area of both malnstem and slide channel! habitat ftypes decreased.

Concurvently, side slough habitat surface area Increased wlth decreasing

discharge. The decrease In side slough surface area shown at 5,100 cfs



was due to some of the sloughs dewatering at their downstream end
leaving remnant, ponded water which was not considered available

habitat.

The surface area response of mainstem, side channel, and side slough
habltats s not necescarily airectly correjated with habitat quality.
nor does [T directiy reflect the amount of usable habitat available.
For example, In mainstem and some side channel habitats, velocity and
depth may be limiting factors for the distribution of fish. As malnstem
and side channel surface areas decrease wlth decreasing mainstem stTage,
water depths and velocities In these areas are reduced, possibly muxing
These habitats more suitadle for use by fish. Conversely, as mainstem
discharge decreases and sice stough habitat surface area increases,
these already shallow slough areas may become even shalliower with very
low velocities. Access info these areas may become a problem and/or the

shallow depths of the sloughs themselves may result In less than

sultable habitat.
Trends In surfoce area response for fributary moutn habitat were such
that surface area was lowest at a malnstem discharge of 23,000 cfs,

highest at moderate malinstem discharges and decresased at discharges of

10,600 cfs and below. AT 23,000 cfs, the combination of high mainstem
stage and water velocities resulted in o shearing off of the ciear water
piume as it entered the mainstem. Tributary mouth habital surface area
te a functlion of both mainstem discharge and tributery flow. The
decrease In tributary mouth surface area at ihe lower malnstem
dischar ges probably reflecis lower fributary tlows.,  The 5,100 and 7,400

cts photos were taken In Qctober when 11
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Upland siough surface area remalned relatively constant over the range
of malnstem dlscharges Investigated. At 5,100 cfs, the low surface area
was due to some upland sloughs becoming dewatered at their mouths

feaving the sloughs as remnant, ponded areas Inaccessible to fish.

At tower mainstem discharges, the comb ned surface area of clear water
habitats was greater Than at higher mainstem dischargss. For example, 3
reduction in mainstem discharge from 23,000 to 10,600 cfs (essentially
halving the mid-summer flow) results in a 200 percent increase in total
clear water surface area with a 50 percent dccrease in turbid water
surface area, and a 123 percent increase In exposed gravel bars. Even a
decrease in discharge from 23,000 to 16,000 cfs resuits in a 170 percent
increase in clear water, primarily due 1o increased fTributary mouth
surface area. Thls !ncresse In clear water may be important for primary
and secondary production if these clear water areas remain relatively

stable.

!T must be re-emphasized here That an Increase In clear water surface

area Is not directly coerrelated with an increase in suitable flsh
hatitat. Upwelling and intragrave! flow have been recognized as
strongly influencing the spawning behavior of chum and sockeye salmon in

4
Ataska (Estes and Vincent-lang 1984), By definition, side sloughs are
ciear water ereas malintalned by upwelling. Without fleld verifization,
it ds difficult to distinguish befween true cide sloughs and areas
contalning clear water due to settilng ou? of suspended sedimenvs and

possibly ditution by su face water runoff once the upstream berm of a

side channel is dewarered.



[fferent subsegments of *the miaddie Suslitna River have different
morphology anxd vary in the relative amounts of wetted areas, gravel
bars, anhd vegetated islands. Ir all subsegments, mainstem and vegetated

istand surface areas predominate. The greatest dlversity occurs in the

d

Leane Creek-7o-Gold Creek subsegment (RM 113 to 138}, In which a greater
percentage of the totat surface area Is represented by gravel and
vegetated bars. This river subsegment js characterized by a more
bralded channel pattern. |In tThese areas, the relatively large edge

effect cue To The numerous isiands and gravel bars may result in the

io]

greatest potential for creation of more usable habitat along channel
margins and in channels wlith higher streambed elevations as mainstem
stage arops and waler velocities are reduced. in contrast, the
re,etively steep-banked, channelized areas of the river where edge
effects are minimal, such as from RM 102 to 113, will probably not show

¢

as large an increase in potent. :; habitat

The results of th

[T

svudy can be used to indicate the potential for
increase or decrease in the amount of usable habitat by evaluating
surface area responses of various habitat ftypes during the open water
season and wiTh exlsting channel geometry. The term usable habitat
would include not oniy fish habitat, but also aquatic habitats suitable
for primary and secondary production. However, the limitations of the
surface area data generated by thils study must be realized. These
Fimitations reflect Tthe strictiy physical descriptions of the habivaf

types defined here,



he results of this study, however, can be applied to both ongcing and
future studies which focus more directiy on various blologlcal features
of aquatic habitats, Habitat reconnaissance work done by Aaserude, st
al. (1985) focused on further defining and subdividing habitat types
into categories which more specifically define habitet attributes and
responses to flow. Fish utilization data (Hoffman 1982) will be applied
to the results of the habitat reconnaissance work to provide a measure
of The suitability of the various aquetic hablitats for use by adult and

Juvenile saimon.

Measurements of primary producticn in the middlie river are anticipated
from AEIDC. This work, in combination with the development of a
euphotic surface area response model (Reub, et al. 1985), wlll address
the jssue of with-project primary production potential. These studles
wili provide biclogical significai.ce fto the increase in total surface

area of clear water habitats seen in This study as mainstem discharge

decreased.
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Appendix 1. Aerial photographs of the micdie Susitna River. Aquatic habitat
types are delineated at seven mainstem discharges. Prominent

topographic features and study sites are ldentified.



Appendix 1. Aerijal photographs of the middie Susitna River. Aquatic habitat
types are deilneated at seven mainstem discharges. Prominent

topographic features and study sites are identifled.
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