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INTRODUCT ION

The proposed Susltna hydrcelectric project will alter the natural
streamflow, thermal, and sediment regimes of the Susitna River. The
river segment downstream from Devil Canyon to the Chulitna River con-
fluence (Talkeetna) would experience notable alterations in natural
occurring streamflow patterns, due to its proximity to the proposed
damsites and the |Imited amount of Influence that tributary Inflows have
on total discharge In this river segment. With-project mainstem dis-
charges, as measured at the U.S. Gecloglical Survey (USGS) Gold Creek

gaging station, are expected to be lower during summer and notably

higher during winter months.

Five species of Pacific salmon and 15 resident fish species utilize a
variety of aquatic habitats In the Talkeetna-to-Devil Canyon reach of
the Susitna River. Alteration of the natural streamflow patterns by
construction and operation of the proposed Susitna hydroelectric project
Is expected to affect the amount and seasonal avallability of the

aquatic habitats presently belng utilized by these specles.

Knowledge of the location and amount of aquatic habitats occurring In
the Talkeetna-to-Devil Canyon reach at various different mainstem dis-
charges wliil facilltate forecasting the effects of reduced mid-summer
streamflows on the avallabll ity of aquatic hablitat to resident and
anadromous fish. This report describes the surface area response of six

aquatic habitat types to changes In malnstem discharge.



Aquatic habltat mapping and surface area measurements on 1 Inch=1,000
feet aerial photography were used to determine the location and nnlounf
of fish habitat within the Talkeetna-to-Devll Canyon reach of the
Susitna River at malnsten flows of 23,000, 16,000, 12,500, and 9,000
cubic feet per second (cfs). These discharges provide an adequate basis
for estimating the magnitude of anticipated changes In the amount and
avaliabll ity of aquatic habitat is a resuit of construction and opera-
tion of the proposed project. lowevar, this report makes no statements
concerning the suitabillty of the habitat areas for hablitation by fish,
nor how the quallty of these habitats may change In response to varying

malnstem dlscharges.

METHODS

Habitat Type Designations

Riverine habitats associated with the Susitna River between Talkeetna
and Devil Canyon were classified Into six general categorles: malnstem,
slde channel, side slough, upland slough, ftfributary mouth, and
tributary. Although riverine habitat Is Influenced by channel geometry,
these six general categories are not defined as flxed geographical
locations along the river. Each habitat category has a unique set of
visual ly recognizable attributes that respond to changes In mainstem
discharge, and which are used to determine the type of aquatic habiltat
that occurs at a particular location. For example, an area descrlbed as
a2 side slough habitat would be classifled as slde channel habltat when
turbid malnstem water overtops the upstream head of the slough and

inundates the former clear water area.




The six aquatic habitat categorles used In this analysls are descrlbed
below. These ducr"lpflms are |Imited to physical characteristics that
can be easliiy recognized from the ailr during hel lcopter reconnalssance
flights. A more detalled description of each aquatic habitat type has

been prepared by the Alaska Department of Fish and Game (ADF&G) (1983).

Malostem hablitats are characterized by turbld, glaclal water. The

channel conveys more than 10 percent of the total flow at a gliven site.

Alde channel habitats also contaln Turbld, glaclal water. These

channels convey less than 10 percent of the total flow.

Side slough habitats contain clear water. Local surface water runoff
and upwel ling are the primary water sources that supply clear water to
the side sloughs. Side sloughs have nonvegetated upper thalwegs that
are overtopped during periods of moderate to high mainstem discharge.

Once overtopped, side sloughs are considered side channels.

Upland sioughs ace clear water habitats that depend upon upwelling
and/or local runoff as their clear water sources. Upland sloughs

possess vegetated upper thalwegs that are seldom overtopped by malinstem

dlscharge.

Iributary mouth habitats are clear water habitats that exlst where

tributary contributions to the malnstem are visible. These hablitats are
manifest as a clear water plume extending into the turbid mainstem or
side channel. The size of this plume Is influenced by the amount of

tributary discharge and adjacent mainstem water surface elevations.



Icibutary habitats are clear water reaches of tributary streams upstream

of the ?rtbdfury mouth habitats.

Nonwetted areas were classifled as vegetated Islands, exposed streambank
and gravel bars, or background area. The background area conslsts of
both wetted and nonwetted surface areas that are within the river
corridor but are not relevant to the analysls. Indlvidual surface areas
were classifled by using a descriptive key adapted from the ADF&G
SuHydro classiflcation Index for aquatic hablitat types and by Incor-
porating staff thought process when classifying Individual habltat areas

during thelr hellcopter reconnalssance flights (Figure 1 ).

Field Methods

Complete photographic coverage was obtained of the Talkeetna-to-Devil
Canyon reach at four streamflows. Black-and-white aerial photographs
were obtained at an approximate scale of 1 inch=1,000 feet with a 60
percent overlap between adjacent photos when Susitna R'ver discharges as
measured at the USGS Gold Creek gaging station (#15292000) were 23,000,

16,000, 12,500, and 9,000 cfs.

Hel Icopter reconnalssance flights were conducted by E. Woody Trlhey and
Associates over the Talkeetna-to-Devi! Canyon reach at the same malnstem
discharges at which the aerial photography was obtalned. Three addi-
tional reconnalssance f|ights were conducted when malnstem dlscharges
were 7,290, 10,600, and 20,900 cfs. During each of these reconnalssance
flights, habitat types were Identified using the key presented as Figure
| and their locatlions were mapped on 1 Inch=1,000 feet bluellne prints

of the Susitna River. Dewatered gravel bars and streambank areas were
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Figure 1. Key to aquatic habitat classification for the Talkeetna-to Devil Canyon reach of the Susitna River (RM 101 to 149).
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sketched on the bluellne prints as were boundarles of the varlous

aquatic habitat tfypes.

Office Procedures
Photo Plates and Enlargements

Photographlic mosalcs were prepared by Alr Photo Tech, Inc. from the
overlapping black-and-white photos to provide continuous 1 Inch=1,000
feet coverage of the Talkeetna-to-Devil Canyon rliver segment for each of
the four flows. The photo mosalcs were subdivided Into elghteen sec-
tions of approximately the same |ength, with a small amount of overlap
between adjoining river sectlons. The same dividing |ines between
adjoining segments were maintained for all four flows, and a set of
eighteen 4-1/2 inch by 15 inch photo plates were printed from the sec-
tioned mosaics for each of the four flows. Each photo plate was care-
ful ly examined and areas that were too small in size on the 1 inch=1,000
feet photography to provide detailed resolution of small or complex

habitats were enlarged to a scale of 1 inch=250 feef.
Habitat Type Boundaries

Aquatic habitat boundaries mapped on the blueline prints during the
hel Icopter reconnalssance fllghts were transferred to Individual photo
plates and enlargements. Matchllines were drawn on adjoining plates to
ensure that habitat areas would not be counted twice within any of the
overlapping coverage near the edges of photo plates. The boundary of

each enlargement area was established using Identifiable features In the
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photography and drawn on both the plate and the Individual en|argement
to ensure that areas within the enlargement could be summed and compared
with the enlargement area on the plate. The external boundaries of the
total area to be Included In the surface area analysis (hereafter
referred to as the corridor area) were deflined on each plate, so that
all areas within the corridor area could be totaled and compared with

the total corrluor area

Digitizing

Surface area measurements were made using a Numonics Corporation
Electronic Graphics Calculator and Model 2400 DigiTablet. By tracing
the perimeter of > given area, the area contained within the perimeter
'S calculated and displayed to an accuracy of 0.0001 square Inches. For
the 1 inch=1,000 feet scale photography, this represents an accuracy of

100 square feet.

Each individual photo plate and its accompanying enlargements were
digitized and evaluated separately. The total surface area of the
corricdor was digitized to establish a control area. Each individual
habitat area excluding those within a designated enlargement were then
assigned a unique sequential number and their surface areas diglitized.
Replicate digitized measurements were made for each Indlvidual area to

Insure repeatability within 5 percent.

Following completion of these area measurements, the total surface area
of enlargements appearing on the plate were digitized. Individual areas

within each enlargement were then assigned a unique sequential number




following the last number assigned to an Indlvidual area on the photo
plate or previous enlargement. These areas were then digltized and the
Indlvidual areas totaled for comparison to the total digitized area of

the ealargement.

Fol lowing completion of digitizing for a given plate, Individual area
measurements were summed and compared to the total area measurement for
+the corrldor. A difference of less than 5 percent was considered
acceptable. This procedure was repeated for all 18 photo plates at each
of four flows. Thus, each digltized area on a photo plate or Its
assoclated enlargements had a unique ldentifying number assoclated with
all four flows, and the sum total of these Indlvidual areas was within

5 percent of the total corridor area.

Data Base

Area measurements were entered into a computerized data base for
storage, sorting and subsequent analysis. Each indlvidual surface area
measurement was entered as a separate record with 1ts unique address
that enabled Identiflcation by flow, photo plate (corresponding to a
river mile Index), and Indlvidual area number. Data were retrievable In
a variety of formats: by flow, by river mile Index, or by retrieving
and combining speclfic Individual areas. In this way, the influence of
mninstem discharge on the surface area of specific habltat types or

locations could be routinely Investigated.



Correction factors were entered to standardize al | measurements to a
common scale of | Inch-l,m feet. Surface areas within all enlargement
areas were divided by a factor of 16 to account for the four-fold
difference In scale between | Inch=250 feet and ! Inch=1,000 feet. Due
to poor weather and assoclated low celllings, the 9,000 cfs photography
wvas flown at a scale of | Inch=920 feet whereas the other three sets of
photography were obtained at a scale of 1 Inch=1,000 feet. Therefore,
all surface area measurements for the 9,000 cfs photography were

multiplied by a factor of 0.85 to correct for this difference In scale

Analysis Procedures

Total surface areas were calulated for the entire control corrlidor
betweazn Talkeetna and Devil Canyon by aquatic habitat type for each of
the four flows. Summations of surface area for the corridor and aquatic
habitat types were also made by Individuai plate. Percentages of the
total surface area represented by each habitat type was calculated for

each of the four flows by river reach and individual plate.

A serles of procedures were employed to evaluate the reliablliity of the
digitizing. These procedures Identifled flow-dependent trends In the
digltized data that would verlfy the accuracy and consistency of the
methodology. Comparisons were made between total surface areas digltized
at each of the four flows for the corridor, vegetated bar, background,
and tributary areas. In additlon, percentages of the total surface area
represented by each aquatic habitat type were calculated as were the

percentages of total surface area for exposed gravel, vegetated bars and



background area at each of the four flows. These percentages were

summed and the deviation from 100 percent was determined.

The magnltude of surface area change In Indlviduval habitat types In
response to changes In malnstem discharge was determined. The 23,000
cfs aerlal photography was chosen as belng representative of typical
mid-summer discharge condltions for the Susitna River in the Talkeetna-
to-Devi! Canyon reach (Bredthauer and Drage, 1982), and the percent

change In surface areas was calculated as measured from the mld-summer

basei Ine of 23,000 cfts.

Finally, the Talkeetna-to-Devi| Canyon reach was subdivided into four
segments that refiect different geomorphological characteristics, and
the surface areas of each habitat type within these segments were

presented as functlons of streamflow.

RESULTS

Total surface areas within the control corridor are presented In Table |
by aquatic habltat type and sub-area for each photo mosalc. Surface
area values are presented In square Inches with a preclision of %

0.0001 square Inches.

Surface area of side slough habltats Increased wlith decreasing mainstem
discharge. Upland slough surface area showed a dec|Ining trend with

decreasing discharges.



Table 1. Surface areas (in2) within the control corridor for the
Talkeetna-to-Devil Canyon reach by Flow (cts)

Total Surface Area an) for Streamflow Indlcated

HABITAT
TYPE 9,000 12,500 16,000 23,000

Mainstem 104.6359 124.1486 137.5642 162.7688
Side Channel 33.2784 48.0746 53.3598 54.0370
Slde Slough 6.5888 5.3440 3.7434 2.2884
Upland Slough .6134 0.6774 0.8813 1.1081
Tributary Mouth 0.4907 1.1409 1.1020 0.5261
Tributary 0.1464 0.1221 0.1225 0.1289
Grave! Bars 91.1114 74.8840 61.6966 35.5325
Yegetated Bars 74 .6605 83.5851 92.1459 74 .8437
Background 144.0751  160,9349  150.0208  144.9135

Total Corrlidor Area 455.6006* 498.9116 500.6365 476.1470

*Snow and shoreline ice complicated the digitizing of this set of
photography.



Tributary mouth habltat was low at 9,000 cfs mailnstem discharge,
Increased at flows of 12,500 and 16,000 cfs, then declined at 23,000
cfs. Surface area of vegetated bars remalned relatively constant over
the range of mainstem flows. Trlbutary habltat Increased silightly with

decreasing discharge.

The values presented In Table 1 were plotted to |l lustrate habitat types
to changes in mainstem dlscharge as measured at the USGS Gold Creek
gaging station (Figure 2). Surface areas of mainstem and side channel
habltats Increased with Increasing malnstem dlscharge. Concurrently,

exposed gravel bars decreased with Increasing discharge.

Percentages of total surface area within the control corridor are

presented in Table 2 by category for each of the four flows.

Table 3 presents the percentage change in the surface areas of each
habitat type with decreasing mainstem discharge as calculated from a

baseline flow of 23,000 cfs.

Figures 3-6 present the surface area response of Individual habltat
types to malnstem discharge In four segments of the Talkeetna-to-Devli|
Canyon reach. These segments are from river mlles 101 to 113, 113 to
122, 122 to 138, and 138 to 149. The percentage of the total area that
each habitat type represents varies for each of these river segments,
but the general trends displayed by the entire study reach are also

shown in these segments.



Figure 2.

Surface area responses to mainstem discharge in the Talkeetna-

to-Devil Canyon reach of the Susitna River (RM 101 to 149).
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Table 2. Percentage of Total Corridor Surface Area by Category and
Mainstem Discharge.

Percentage of Total Corridor Surface Area (In2)
by Streamflow (cfs) Indicated

HABITAT

TYPE 9,000 12,500 16,000 23,000
Mainstem 22,93 24.88 27.48 34,18
Side Channel 7.29 9.64 10.66 11.35
Side Slough 1.44 1.07 0.75 0.48
Upland Slough 0.22 0.14 0.18 0.23
Tributary Mouth 0.1 0.23 0.22 0.1
Tributary 0.03 0.02 0.02 0.03
Gravel Bars 19.97 15.01 12.32 7.46
Vegetated Bars 16.36 16,75 18.41 15.72

Background 31.61 32.26 29.97 30.43



Table 3. Percent Difference In Aquatic Hab!Tat Surface Areas

Present at 23,000 cfs Flow

HABITAT

TYPE
Malnstem

Side Channel
Side Slough
Upland Slough
Tributary Mouth
Tributary
Gravel Bars
Yegetated Bars

Background

-35.72
-38.42
287.92
-45.05
-6.73
13.58
156.42
-0.24

-0.58

12,500

-23.73
-11.03
133.53
-38.87
116.86
-5.28
110.75
11.68
11.06

16,000

-15.48
-1.25
63.58

=-20.47

109.47
-4.97
73.63
23.12

3.52




Figure 3. Surface area responses to mainstem discharge in the Talkeetna
tc Lane Creek segment of the Susitna River (RM 101 to 113).
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Figure 4. Surface area responses to mainstem discharge in the Lane Creek
to Curry segment of the Susitna River (RM 113 to 122).
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Figure 5. Surface area responses to mainstem discharge in the Curry to Gold
Creek segment of the Susitna River (RM 122 to 138).
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Figure 6. Surface area responses to mainstem discharge in the Gold Creek
to Devil Canyon segment of the Susitna River (RM 138 to 149).
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DISCUSSION

Alr photo Interpretation Is highly dependent on the qual ity of the
photography. Although clear and complete, each set of photography has
particular characteristics that are a result of the time of day, date
and weather conditions prevalling at the time the aerlal photographic
missions were flown. These characteristics can affect the extent to
which certain detalled features are visible. The 9,000 cfs photography,
obtalned on October 10, 1983, was taken after ice had begun to form on
the river and after snow had covered the ground. In some cases, thls
made the determination of the water's edge more difficult. In other
cases, particularly for upland sloughs, the contrast of open water with
the snow combined with the lack of foliage on the deciduous vegetation

petter defined the perimeter of the slough.

The 23,000 cfs photography, obtained on June 1, 1982, was taken with the
sun at a high angle resulting in few shadows. |In addition, the
deciduous vegetation had not fully leafed-out, enablling better defini-

tion of water's edge and slough bourdar les.

The 12,500 and 16,000 cfs photography, obtalned on September 11, 1983
and September 6, 1983, respectively, were taken with the sun at a lower
angle, resulting In more shadows. These shadows, In comblnation wlith

fully-leafed out vegetation, made some surface area dellneations diffli-

cult.

1C



The procedures employed to evaluate the accuracy and rellabllity of the
digitizing corroborated our techniques. Total surface areas of the
control corridors were compared at four discharges and were found to
deviate from 1.1 to 5.3 percent from the arlthmetic mean for the
Talkeetna-to-Devi| Canyon reach. This Indicates that a high level of
precision was maintalned durling the digitizing and good replicabllity
exlsts between the four sets of aerial photgraphy. Total surface areas
for vegetated bars and background areas were compared between the four
flows and were found to remaln relatively constant. This would be
expected due to the |Imited Influence of the active channels on these

areas.

Habitat categories used in this study represent a ser of visually
recognizable, streamflow dependent physical characteristics occurring In
a particular area at a given time. These catego-ies are not fixed
geographical locatlons. Good examples of the flow-dependent nature of
habitat categories are side sloughs and side channels. Side sloughs, by
definition, are clear-water habitats with upwelling and surface water
runof f being the major source of water. An exposed alluvial berm often
separates the head of the slough from the active channel. When mainstem
discharge Increases and the berm Is overtopped, turbld malnstem water
flows Into the channel and Inundates the former clear water habitat.

The channel now flts the description of a side channel| habltat.

As mainstem dlscharge decreases, areas classifled as side channels may
become cutoff from malnstem flow and become clear water habitats. These
areas are then classified as side sloughs. This classification makes no

statement concerning habitat quality. Insufficlent time and resources



were avallable to fleld verify the presence or absence of upwelling In
these areas. Field verlflcation is hecessary to determine quality and

suitabllity of these areas for flsh habltat.

With decreasing malnstem discharge, the backwater effects at the down-
stream end of the sloughs were reduced. Thus the total surface area of
the slough was increased as the sloughs flowed farther out to meet with

mainstem or slde channel water.

The primary effects of a reduction in malnstem discharge are assoc|ated
with the reduction of mainstem and slde channel habltat surface area and
an increase in the amount of side slough and exposed gravel bar surface
area. The changes in side channel and side slough surface areas reflect
both the dewatering of areas as the flow is decreased and the change in

classification.

Sur face areas of tributery streams were summed and found to increase
slightly at a mainstem discharge of 9,000 cfs. Az widths of the main-
stem channels decrease wlth decreasing discharge, tribute. 'es must flow
2 somewhat greater distance and, therefore, tributary surface ares in-
creased at low mzinstem dlscharge. Tributary mouth habitat Is dependent
on tributary flow as well as mainstem discharge and channel geometry.
The reduction of tributary mouth habitat at 9,000 cfs may reflect a
greater influence from |low tributary flows that occurred !n October

rather than the influence of malnstem channel geometry.
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