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Because of its large size and low breaching discharge, the site flow hydro-
graph strongly resembles that for the mainstem throughout the open water
season {Figure III-45)., The time series plot for juvenile chinook WUA has
1ittle response to streamflow fluctuation because of the relatively constant
amount of shoreline habitat that exist. A similar time series response is
evident for the k136.0L site where rearing habitat is also restricted to

shoreline margins because of unsuitable mid-channel velocities.

DISCUSSION

The results of this section show that side channel study areas appeared to
have both increasing and decreasing trends in the WUA as a function of
mainstem discharge with these areas limited by depths at lower discharges. As
discharges increased, the depths became usable. Also, as the velocities
exceeded 0.65 fps, the WUA values decreased. The amplitude of the WUA curve
was determined by both the amount and quality of cover present within the

site.
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PART IV
APPLICATION OF DIRECT INPUT HABITAT MODELS

This section describes the application of the'Direct Input Habitat (DIHAB)
model at fourteen side channel and mainstem study sites in the middle Susitna
River. Chum salmon often spawn in backwater areas or the shoreline margins of
side channel and mainstem habitats (Barrett, Thompson, and Wick 1984).
Applications of the IFIM hydraulic models, as described in Part III, was not
appropriate at the majority of these spawning areas because streamflow
conditions were not consistent with the hydraulic theory upon which the IFIM

hydraulic models are based.

The IFIM hydraulic models simulate depths and velocities for unobserved
streamflows based on the assumption that steady, gradually varied streamflow
exists in a rigid channel (Trihey 1979). The DIHAB model was developed by
EWT&A as an alternative for calculating the response of chum spawning habitat
to incremental changes in mainstem discharge at those sites where steady,

gradually varied flow did not exist.

The DIHAB model uses substrate composition and upwelling data from one or more
cross sections as well as measured depths and velocities for several
streamflows to calculate WUA at each observed streamflow. WUA indices for
unobserved streamflows within the range of observed values are determined by
linear dinterpolation between calculated WUA indices. Outside the range of
observed values, WUA indices were estimated on the basis of trend analysis and

field experience.
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The influence streamflow variations may have on spawning habitat is generally
evaluated using three microhabitat variables: depth, velocity and substrate.
However, upwelling groundwater is also considered important for successful
chum salmon spawning in the middle Susitna River habitats (ADF&G 1984b). Of
the four microhabitat variables used in the modeling processes, upwelling
appears to be the most important variable influencing the selection of redd
sites by spawning chum salmon (Trihey et al. 1985). Because of this strong
preference, a binary criterion was used in the DIHAB model for this
microhabitat variable. The habitat suitability criterion for upwelling
assumes optimal suitability for areas with upwelling and non-suitability for
areas without upwelling. Habitat suitability criteria for the other
microhabitat variables are based on field observations and data obtained in
the middle Susitna River habitats by ADF&G Su Hydro (Estes and Vincent-Lang,
eds. 1984) as described by Steward 1985.

Fourteen sites were chosen for detailed study from among the 50 candidate
study ares to represent three types of habitat: 1) side channel areas
influenced by backwater, 2) side channel areas not influenced by backwater,
and 3) mainstem margin areas (Table IV-1, Figure III-1). Spawning chum salmon
were reported at six of these areas, by ADF&G SU Hydro (ADF&G Su Hydro
1981; ADF&G Su Hydro 1983a; Barrett, Thompson, and Wick 1984) with the other
eight sites suspected of upwelling; however spawning chum salmon had not been

reported at these sites prior to 1984 (Table IV-2).
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Table (V-1. Forty-three candidate areas for side channel and mainstem chum spawning evaluation.

Specific Spawning Specific Spawning

Area Reported Model Ares Reported Mode!
100.6 R 1981, 1983 128.7 R 1982

100.7 R 129.4 R 1981, 1982

101.2 R IFG-4 130.2 R 1981 DIHAB
101.7 L DIHAB 131.3 L 1981 DIHAB
105.2 R 131.7 L 1982, 1983 1FG-4
105.81L DIHAB 133.8 L VFG-4
110.4 L 133.8 R DiHAB
112,6 L 1FG-2 134.9 R 1FG-2
113.8 R 1FG-2 136.3 R 1981, 1982, 1983 IFG-4
114.1 R DIHAB 136.8 RMS 1983

115.0 R 1982, 1983 DIHAB 137.5 R 1982 D1HAB
115.6 R 138.0 L

115.9 LNR 138.71L DIHAB
117.8 L 139.01L 1982, 1983 DIHAB
118.91LMS 1983 DIHAB S 139.41L DIHAB
119.11LMS ' DIAHB “139.7 R ' B
119.3 L 140.2 R 1981, 1982, 1983

119.5 L 141.2 R,

124.0 L 1.4 R 1981, 1982, 1983 1FG~-4
125.2 R 1981, 1983 142.0 R

125.,1 R 148.2 M 1982 No open lead
127.1 M

1 Side Channel 21 identified as side slough spawning escapement in ADF&G reports.
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Table IV-2.

1984 middle river spawning study areas.

Type of Study Site

Reported Back Mainstem Side
Site Spawning Water Margin Channel
101.7 L No X
105.8 L No X
114.1 R No X
115.0 R 1982, 1983 X
118.9 L 1983 X
119.1 L No X
125.2 R No - X
130.2 R 1981, 1982 X
131.3 L 1981, 1982 X
133.8 R No X
137.5 R 1982 X
138.7 L No X
139.0 L 1982, 1983 X
139.4 L No X
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In this report, WUA for spawning chum salmon is provided at twelve modeling
sites for a range of mainstem discharge from 5,100 to 25,000 cfs. WUA
forecasté are not presented for two modeling sites at which upwelling was not
observed and which were not utilized by spawning chum salmon. Site-specific
time series plots of WUA are also provided based on average daily streamflows
of the Susitna River throughout the 1984 spawning season (August 12 to
September 15).

FIELD PROCEDURES

Field data included water depth and velocity measurements, substrate and cover
descriptions, observations of upwelling, fish utilization and streambed

profile surveys.

Depth and Velocity: Procedures followed for measuring depth and velocity were

similar to those used in measuring discharges at the IFG model sites (Part
III). Depth and velocity data were collected along cross sections established
perpendicular to flow over one to five mainstem discharges (usually 3) from
4,300 to 31,700 cfs. A minimum of 10 verticals (cells) were measured for each
data set. Verticals were referenced by horizontal distance from left bank
streambed marker. Depth of water, mean column velocity (6/10ths of the depth
beneath the water surface) and nose velocity (0.4 ft above the streambed when
the depth was greater than 1 ft) measurements were collected until depths or
velocities were unsafe for the field personnel. In addition, upstream and
downstream distances of the representative habitat were estimated for each
cross section. Extrapolation for depths and velocities were also made beyond

the last measured vertical based on habitat conditions.
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Substrate and Cover: Substrate type was visually assessed to determine mean

particle size and was coded using criteria in Table III-2. Cover type and
percent of site were coded using criteria in Table III-3. Water clarity

{turbid or clear) was also noted.

Upwelling: Presence of upwelling was determined at the DIHAB study sites
using the combination of the following data sources: 1) field observations
during the 1984 open-water season, 2) two winter field reconnaissance trips in
1985, 3) winter temperature data for site-specific intragravel water compared
to mainstem surface water, and 4) location of chum salmon redds. The relative
extent and strength of upwelling areas within a study site were determined
during the winter reconnaissance field trip with suspected upwelling areas
confirmed if site intragravel temperature were significantly warmer than
surface waters of the mainstem. Since chum salmon selectively utilize areas
of upwelling for spawning, for the purpose of this study, areas of observed
active spawning and redd locations were assigned a "slight" strength of

upwelling.

Upwelling areas were sketched on aerial photographs and field notes and
referenced to cross section or identifiable land marks. The extent of the
upwelling was measured and the strength recorded as slight, moderate or
strong, based on visual observations. Table IV-3 gives the criteria used to
determine the strength of upwelling. Figure IV-1 is an example of a map that

summarizes the upwelling data for study site 131.3L.
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Table IV-3. Criteria used to determine the strength of upwelling.

STRENGTH OF UPWELLING

CRITERIA

SLIGHT

Areas within open thermal leads where
less than 20 percent of the area was
affected by upwelling or detectable bank
seepage.

Areas where upwelling was observed during
the open water season or indicated by
intragravel temperature data but produced
no open thermal leads during the winter
observations.

Areas where chum salmon were actively
spawning or redds were identified during
the open water season.

MODERATE

Areas in open thermal leads where 20 to
79 percent of the area was affected by
upwelling or obvious bank seepage.

STRONG

Areas in open thermai leads during winter
observations where 80 percent or more of
the area was affected by upwelling or
bank seepage or flowing water.
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Fish Utilization: Fish utilization data was recorded in the field by obser-

vation of presence, location, life stage, number of fish and species informa-

tion.

Streambed Profile Surveys: Streambed profile surveys were completed for six

of the study sites in the side channel and backwater areas using procedures
described in the ADF&G Su Hydro Procedures Manual {1984). The results of the
surveys are presented in Figures C-1.1 through 1.6 and Tables C-1.1 through
1.7.

INPUT REQUIREMENTS OF DIHAB MODEL

Input data required by DIHAB are mainstem discharge, stage, water depth,
velocity, substrate type, and upwelling information at each x;coordinate.
Suitability criteria for spawning chum salmon developed for the middle Susitna
River were used to assign habitat value to each cell. Reach lengths associ-
ated with the representativeness of the hydraulic conditions at each cross
section were determined based on field estimates and aerial photography
interpretation. These lengths were used to extend the cross section up and

downstream an appropriate distance.

Mainstem Discharge: For each data set, average daily streamflows for the

Susitna River were obtained from the USGS Gold Creek gaging station. Mainstem

discharges were correlated from these to changes in physical habitat.

Stage: Stages for each cross section were determined from stage-discharge

curves developed at each study site (Part II). Normally, one stage-discharge
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curve per study site was sufficient to determine stage. Stages at cross
sections within study areas Qere approximately the same for any given mainstem
discharge due to gentle gradients and relatively short reaches between cross
sections. At five study areas, as many as three stage-discharge curves were

developed to account for differences in stage between cross sections.

Depth and Ve1oc1ty: Depth and velocity values were ‘assigned to each cell by

direct measurement or estimation. To expedite field data collection, it was
necessary to interpolate (skip unnecessary measurements) and extrapolate (use
field observation) some depth and velocity values in each data set. In
addition, direct field measurements of depth and velocity were not always
measured at each cell because of the uniformity of the hydraulics along a
cross section. All depths were used to calculate streambed profiles by
subtracting depth from stage at each cross section for each discharge. An
average elevation was determined for each cell in the cross section (Tables
C-2.1 through C-2.14. At mainstem margin sites, the last velocity measurement
was extended further into the mainstem to the end of the cross section.
A1though the velocities were greater further into the mainstem, the effect on
WUA was negligible since little or no upwelling was recorded in these areas
and the 0.05 suitability index was assigned to these typically high velocities
(2.5 - 3.0 fps). Interpolated and extrapolated depth and velocity values are
listed in Tables C-3.1 through C-3.14.

Substrate and cover: Substrate and cover codes for each cell are presented in

Tables C-3.1 through C-3.14.
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Upwelling Information: A suitability index value of 0.0 was entered for cells

where there was no upwelling. Slight, moderate and strong upwelling were
coded as 1, 2 and 3 to assist in future analysis. For purposes of this report
all three strengths are assigned a suitability value of 1.0 to be consistent
with binary criteria used in previous studies (Estes and Vincent-Lang, eds.

1984c).

The x-coordinates bounding upwelling areas were estimated by reviewing aerial
photography, cross section profiles and lengths of effective areas associated
with each ce11 were estimated from field observations. For example, at cross
section 3 slight upwelling was estimated to occur from x-coordinates 48 to 54
ft with an effective length of 20 ft. At the same cross section, moderate
upwelling was estimated to occur from x-coordinates 54 to 60 ft with an
effective length of 175 ft. Table C-4 summarizes upwelling surface areas and
strengths for the DIHAB modeling sites. Table C-5 is an example input data
check for the DIHAB model at site 131.3L.

Habitat Suitability Criteria: Habitat suitability criteria curves for spawn-

ing chum salmon have been identified for the middle Susitna River and are

presentéd in Figures IV-2 through IV-4.
OUTPUT OF THE DIHAB MODEL (Weighted Usable and Wetted Surface Area Curves)

Qutput of the DIHAB model dincludes WSA and WUA values with corresponding
mainstem discharge. Summaries of DIHAB output for each study area are
presented in Table C-6. Procedures to develop WUA and WSA curves are

presented below.
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Weighted Usable Area Curves: Plots of WUA values as a function of mainstem

discharge were made for the period of the study using DIHAB output for each
study area. Curves were developed assuming linearity between plotted values.
The WUA values were generally available for mainstem discharges ranging from

7,600 to 18,000 cfs.

The chum salmon spawning season has been identified as August 12 to September
15 (EWT&A and WCC 1985). During this period, mainstem discharge generally
ranges from 5,000 to 25,000 cfs. To extend the curves to describe this flow
range, it was necessary to develop additional WUA values. These were cal-
culated using stage-discharge curves, cross sections and measured velocity

data.

Where data gaps occurred, estimated stages were determined for additional
mainstem discharges (QA) using the stage-discharge curves developed for each
study area (Part II). Water depths corresponding to QA were determined by
subtracting streambed elevations at each cross section from extrapolated

stages. In this manner, simulated depths were determined for each cell.

To obtain velocities for each cell at additional mainstem discharges, the

following linear relationship was used:
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pustn,

VA = cell velocity, in fps of additional discharge

mainstem discharge in cfs of an additional data set

=)
>
[}

mainstem discharge in cfs of a measured data set with similar
hydraulic condition similar to QA

L
=
]

V, = measured cell velocity in fps

Estimated cell depths and velocities were combined with substrate and upwell-
ing codes and cell areas to calculate WUA using the standard calculation
procedure identified by Milhous, Wenger, and Waddle (1984). Habitat response
curves were plotted for discharges ranging from 5,000 to 25,000 using WUA

values based on measured and simulated values.

Wetted Surface Area Curves: Plots of WSA values as a function of mainstem

discharge were made for each study area. These curves were developed
similarly to the habitat response curves and are based on the same measured
and simulated data sets. Insufficient'cross section information was available
to calculate WSA for QA greater than the highest QM' For each cross section,
wetted top width was determined by projecting the stage for each cross
section. Surface areas were calculated for each cross section as the product
of wetted top width and reach length. By summing the surface areas associated

with each cross section, the WSA was determined for each QA.

Time Series Curves: Plots of WUA and mainstem discharge as a function of time

were made for the period from August 12 to September 15, 1984 using mean daily
mainstem discharges for each study site. These curves are valuable to

evaluate changes in habitat during the spawning period.
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DIHAB MODEL RESULTS

The following section provides a description of dimportant physical habitat
components found in each of the DIHAB model sites and anticipated with-project
changes in these components with respect to different mainstem discharges.
WSA, WUA curves and time series plots of WUA are presented at 12 of the 14
study sites corresponding to a range of mainstem diséharges from 5,000 to
25,000 cfs. Two of the study sites had no confirmed upwelling and therefore
no WUA values are presented. Limited fish utilization observations are also

included.

Site 101.7L

Site Description: This site is located about 0.5 miles upstream of the mouth

of Whiskers Slough on the west bank of the Susitna River (Plate IV-1). The
study reach is 2,450 ft long and 150 ft wide. The substrate is predominately
cobble and rubble with a thick over layer of silt and sand in the upper half
of the site. Three cross sections were established to describe the shallow,
low velocity backwater area in the upper two-thirds of the study site with a
fourth cross section placed to describe the deeper, fast flowing channel at

the Tower end of the study site (Figure IV-5).

The sparsely vegetated gravel bar located at the upper end of this site (Plate
IV-1) 1is overtopped at mainstem discharges greater than 23,000 cfs. At
discharges greater than 9,600 cfs, the gravel bar which separates the channel

from the mainstem is overtopped and directs flow into the channel.
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This backwater site was selected for study because of a substantial amount of
upwelling was suspected, but no utilization by spawning chum salmon was
recorded (Hoffman 1985). Upwelling was observed in varying strengths upstream
of cross section one throughout the study site.' During winter, warm ground

water influences created an open lead downstream of cross section 1.

Spawning Habijtat: The WSA and WUA curves are provided in Figure IV-6a for

this site. Figure IV-6b is plotted at an expanded vertical scale to emphasize

the response of WUA discharge.

The range of depth and velocity measurements extended from 11,400 to 18,500
cfs and a backwater area is present from cross section 1 to 2 at mainstem
discharges below 9,600 cfs. Upwelling was observed at the upper two cross
sections but, is too shallow to be utilized by spawning chum salmon. Above
9,600 cfs, the gravel bar along the right side of the channel 1s overtopped.
The areas that were previously too shallow to support spawning are no longer
limiting. As the mainstem discharge increases, the velocities in the

upwe]iing areas increase, which in turn decreases the usable habitat.

Because the range of mainstem discharges (11,400 to 18,500 cfs) for which
site-specific depth and velocities were measured was so small, additional
simulated data sets were developed for discharges of 5,100 and 24,000 cfs
using aerial photography and data obtained from streambed surveys. To deter-
mine the WSA at 5,100 cfs, the wetted area digitized from enlarged aerial
photographs at mainstem discharges of 5,100 and 7,400 cfs were determined to

be the same. This was an indication that the total WSA throughout the study
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reach remains constant in unbreached conditions (mainstem discharges less than
9,600 cfs). Stages measured in the streambed profile survey, completed in
unbreached conditions were used in conjunction with the cross section
elevations to determine the depth of flow in the upwe11ing areas. These
depths did not exceed 0.2 ft, therefore the WUA at unbreached conditions was

assigned a zero value.

The stage-discharge curves for the site (Part II) were used to develop a data
set at 24,000 cfs which corresponded with an August 10 site visit when the
upstream berm (Channel A, Plate IV-1) was overtopped and the backwater area
was a flowing channel. Due to the influence of this high velocity, the WUA
index decreased at higher discharges. This agrees with the habitat response
curves for other side channel sites in the middle Susitna River. The WUA
curve was therefore, extended to 25,000 cfs to encompass the desired range of
discharges. Actual WUA values used to plot this curve are presented in Table
C-6. Time series plots of WUA and average daily mainstem discharge are

presented in Figure IV-7.

Site 105.8L

Site Description: This study site is located approximately 2 miles upstream

of Talkeetna Camp on the west bank of the Susitna River (Plate IV-2). The
study area is 1,000 ft long and located along the mainstem margin. Large
boulders are predominate throughout the site. Four cross sections were

established to describe the mainstem margin (Figure IV-8).
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Figure IV-8. Cross sections for site 105.8L depicting water surface

elevations at discharges of 7,320, 15,300 and 18,500 cfs.
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This mainstem margin study site was selected because of the assumed presence
of upwelling, although chum saimon spawning had not been reported prior to
1984. Open thermal Teads in the ice were recorded in the 1983 winter photog-
raphy and during our winter reconnaissance visits. Upwelling and bank seepage
was identified throughout the study area with the upwelling strength decreas-
ing to moderate above cross section 3. No spawning or juvenile salmon were

gbserved at the site in 1984 (Hoffman 1985).

Spawning Habitat: The WUA response curves shown in Figure IV-9a are plotted

with WSA and WUA at the same scale. Figure IV-9b provides a plot of the

habitat response curve at an expanded vertical scale.

Data sets were collected at 7,320, 15,300 and 18,500 cfs. The stage-discharge
curve presented in Part II of this report indicates that the stage response to
mainstem discharge throughout this range of discharges remains constant up to
a 24,000 cfs. Bank seepage was observed along the channel margins. The
substrate throughout the site is generally too large to be used by spawning
chum, explaining the small amplitude of the habitat response curve. The
depths over the upwelling areas, however, are sufficient for spawning at
diécharges above 7,000 cfs. An increase in mainstem discharge causes the
velocities at the upwelling areas to increase above the range for spawning

thereby decreasing WUA with increasing discharge.
Additional data sets were developed for mainstem discharges of 5,100 and

24,000 cfs. The latter discharge corresponds to conditions observed during a

trip to the study site on August 10. Stage-discharge curves for cross
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sections 1 and 4 were used to determine the stages at both discharges. Nearly
all the upwelling area had estimated depths of less than 0.2 ft at the 5,100
cfs flow level. Thus, the WUA rapidly decreases from 7,320 cfs to 5,100 cfs.
Velocities at this site are generally marginal for spawning chum at all dis-
charges and become nearly unacceptable for spawning at high discharges. Time
series plots of WUA and average daily mainstem discharges are plotted in

Figure IV-10.
Site 114.1R

Site Description: This site is located 0.4 miles upstream of Lane Creek in

mid-channel on a vegetated gravel bar (Plate IV-3). The study reach is 675
ft Tong and 60 ft wide. Large gravel and rubble are predominate in the upper
half of the study reach, and sand is present in the lower half. Cross section
1 is located in a backwater area at the mouth of the channel. Cross sections

2 and 3 define the shallower, high velocity area (Figure IV-11).

This study site was selected because of the open thermal leads in the ice
which were visible in the March 1983 photography. No previous spawning had
been reported at this location (Hoffman 1985) but spawning chum salmon were
observed in moderate numbers during the 1984 field season. During winter
1984, upwelling was identified in slight to moderate amounts concentrated
along the left bank. The upwelling begins below cross section 1 and extends

upstream of cross section 3.
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Spawning Habitat: WSA and WUA curves for this study site are provided in

Figure IV-12a and b with the values provided in Table C-6. A comparison of
the two curves in Figure IV-12a indicates that a very small proportion of the
WSA provides usable habitat over a broad range of mainstem discharges.
However, Figure IV-12b, plotted at an expanded vertical scale, indicates that
WUA indices are highest for mainstem discharges in the range of 11,000 to

15,100 cfs.

Three data sets were collected at discharges ranging from 7,680 to 17,900 cfs
(Table C-3.3). Below 8,800 cfs, the stage remains constant, suggesting that
the WSA of the channel is stable during unbreached conditions. At 7,680 cfs,
the depths in the upper portion of the study site are shallow, and unsuitably
small substrate 1is present in the upwelling areas. As the channel conveys
additional flow, these upwelling areas are no longer limited by shallow depth,
and WUA indices for spawning chum peak near 11,000 cfs. Above this discharge,
velocities exceed the maximum velocities preferred by chum salmon (3 fps),
thereby causing a decrease in WUA. This agrees with field observations made

from September to (ctober.

Additional simulated data sets were determined for mainstem discharges of
5,100 and 23,000 cfs. Field personnel were at the site when the discharge was
23,000 cfs. Since the stage for unbreached conditions remain unchanged, the
WUA response curve was assumed constant, thereby extending the curve to 5,100
cfs. Comparisons between the cross section and stage-discharge data reveal
that depths are too shallow in the upper half of the study site for spawning.

A backwater at the lower end of the study site provides the majority of the

Iv-32



e

]

R

son

43

“—
(=g

)

[ge)
[
| <
<L

(sq. ft.)

WUA

Figure IV-12.

90000

81000 -
72000
WSA

63000 —
54000
45000 -
36000 4——
27000 —
18000 -

9000 -
WUA

0 | [ z 1 I I | I [
5000 7000 3000 11000 13000 15000 {7000 19000 24000 23000 25000

Mainstem Discharge (cfs)

2000

1800 -
1600 |
1400 WUA
1200
1000 -
800
§00 - : ™~ -
400
200 4— —

T T T 1T T T T 1T T 1

8000 7000 9000 14000 13000 {5000 17000 18000 24000 23000 25000

Mainstem Discharge (cfs)

Surface area and spawning chum habitat response curves for
site 114.1R. A - Wetted Surface Area (WSA) and Weighted
Usable Area (WUA). B - Weighted Usable Area (WUA).

Iv-33



L]

usable spawning habitat at low discharges. Time series plots of WUA and
mainstem discharges from August 12 to September 15, 1984, are shown in Figure

IvV-13.

Site 115.0R

Site Description: This site is located in the lower portion of Mainstem II

Side Chahne] on the east bank of the Susitna River (Plate IV-4). The study
reach is 1,525 ft long and varies from 40 to 80 ft wide. Rubble is present
throughout the study area with an overlay of sand in the pool area. Two
channels (A and B, Plate IV-4) direct mainstem flow into the study site.
Cross section 1 was established to define the large backwater area present in
the lower half of the site (Figure IV-14). Cross section 2 described a riffle
area just upstream of the backwater. Above this cross section, the channels
divide but the study site is confined to Channel B. Cross section 3 defines a

deep pool; cross section 4, a shallow low velocity run.

Channels A and B breach at 12,000 and 23,000 cfs, respectively. When the
channels are unbreached, a large backwater area extends from the mouth of the

\
side channel upstream nearly to the confluence of channels A and B.

This study site was selected as a known upwelling area where chum spawning had
been observed in previous years (Hoffman 1985). Upwelling varies between
slight and moderate at the cross sections. Bank seepage was noted along both
banks at cross section 1. Adult chum, coho, and sockeye salmon have been
observed in the side channel. Juveniles of the same species have also been

observed in the site.
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Spawning Habitat: Figure IV-15a is a plot of the total wetted surface area

and WUA curves. Figure IV-15b is the same WUA curve plotted on an expanded

vertical scale.

Depths and velocities were measured at all cross sections for two mainstem
discharges, 7,680 and 14,500 cfs. The northwest channel head berm was
breached at the time field dafa were obtained at 14,500 cfs. Neither head
berm was breached when depth and velocity data were collected at 7,680 cfs.
The WUA remains relatively constant at discharges below 10,400 cfs. Above
this discharge, the influence from the mainstem increases the stage of the
backwater and depth of flow in the upwelling areas at cross sections 1 and 2,
creating slightly more usable spawning habitat. The WUA continues to increase
with increasing discharge up to 14,500 cfs, where it remains nearly constant
until the northeast channel is breached at 23,000 cfs. No information has
been obtained regarding the influence of higher stream flows on velocities at

the upwelling areas.

Additional simulated data sets were developed for discharges of 5,100, 12,000
and 23,000 cfs. The stage-discharge curve developed for cross section 1
indicates that the stage is constant for mainstem discharges below 10,400 cfs.
Therefore, the WUA and WSA measured at 7,680 cfs was assumed to be applicable
to 5,100 cfs. At 12,000 cfs, the stage-discharge curve was used to determine
the stage at cross section 1 and 2. The upstream portion of the study site,
at cross sections 3 and 4, provide the same WUA and WSA at all discharges
until the northeast channel (B) is breached at 23,000 cfs. An additional

simulated data set was developed for a mainstem discharge of 23,000 cfs by
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assuming that the linear trend in velocities occurring at cross sections 3 and
4 between mainstem discharges of 7,680 and 14,500 cfs would continue to 23,000
cfs. Above 23,000 cfs, the habitat response curve is expected to decrease, as
the velocities in the upwelling areas are. expected to increase above the
preferred range. This response is similar to the responses forecast for other
study sites in the middle Susitna River where data are available. Time series
plots of WUA and mainstem discharge for the 1984 chum spawning season (August

12 to September 15) are shown in Figure IV-16.

Site 118.9L

Site Description: This site is located along the mainstem margin approxi-

mately 1.7 miles downstream of Curry Station on the west bank of the Susitna
River (Plate IV-5). Rubble and cobble predominate throughout the site with a
layer of silt and sand deposited along the bank at the upper end. Three cross
sections were established in the study area which is 475 ft long (Figure
Iv-17). A small tributary enters the mainstem just above the site. At
mainstem discharges less than 23,000 cfs, a small channel is evident immedi-

ately downstream of the tributary and extends downstream of cross section 3.

This mainstem margin study site was selected because spawning chum salmon were
previously recorded at this Iocation}(Hoffman 1985). In addition, chum salmon
were observed spawning at the site during the 1984 field season. During April
1985 open thermal Tleads were observed throughout the study area. Small

amounts of bank seepage kept the area from freezing for part of the winter.
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Spawning Habitat: The WSA and WUA curves for spawning chum are presented in

Figure IV-18a, with the WUA curve replotted to an enlarged scale in Figure

IvV-18b.

Four data sets were collected from mainstem discharges of 7,680 to 17,900 cfs.
From Part II of this report, the stage-discharge curve indicates that the
relationship between stage and mainstem discharge remains constant from 5,000
to 23,000 cfs. The lower end of the gréve] bar which extends from above the
study area to midway between cross sections 2 and 3 provides shallow depths 1in
upwelling areas. As discharge increases up to 15,100 cfs, the depth of flow
increases in the upwelling areas until the entire area is optimal for spawning
habitat. The WUA function begins to decrease as high velocities Tlimit

spawning in the upwelling areas.

To expand the discharge range covered by the WUA curve, additional simulated
data sets were developed at 5,100 and 23,000 cfs. The stage-discharge curve
for cross section 2 was used to determine the stage at both discharges. A
gravel bar influences the stage at the upper end of the study area, particu-
larly in the upwelling areas. At Tow discharges, the upwelling area appears
as bank seepage and is too shallow for spawning. The mainstem begins to flood
the upwelling above 7,680 cfs and continues until the entire area is flooded
at 15,100 cfs. Above 15,100 cfs, velocities begin to exceed 1.3 fps, the
highest optimum usable velocity for spawning chum salmon. This decreasing WUA
trend is similar to the habitat response at other side channel sites in the
middle Susitna River. Time series plots of WUA and mainstem discharge are

shown in Figure IV-19 for site 118.9L.
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Site 119.1L

Site Description: This site is located approximately 1.5 miles downstream of

Curry Station on the west bank of the Susitna River (Plate IV-5). A 1arge
side channel enters the mainstem at the upstream end of the study area. The
study area, located along the mainstem margin, is 425 ft long. Cobble and
large gravel are present throughout the site with some silty sand deposits
along the bank and larger substrate in the mainstem. Three cross sections
were established to describe the mainstem margin with a fourth cross section
established at a clear backwater area (Figure IV-20). Below discharges of

18,000 cfs, the backwater area is dewatered.

This mainstem study site was selected as a suspected upwelling area, however,
chum salmon had not been observed at the site prior to 1984 but both adult
chum and juvenile chinook salmon were observed in the study site during 1984.
No obvious upwelling areas were observed in this study site, however, redd

locations were coded assuming the upwelling strength was slight.

Spawning Habitat: WSA and WUA curves are presented in Figure IV-21 with the

WUA replotted on an expanded sale in Figure IV-21b. Data sets were collected
at 7,680, 10,300 and 15,100 cfs. Figure IV-2la shows that WSA remains
relatively constant however WUA shows a sharp increase at 10,300 cfs. The
upwelling areas are covered sufficiently for spawning at 15,100 while the area

in which cross section 4 describes first becomes usable at 18,000 cfs.

Data sets were developed for 5,100 and 23,000 cfs. The upwelling areas are

dewatered at 5,100 cfs causing a WUA value of zero. At 23,000 cfs, the
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velocities are at the peak of the optimum spawning range providing a Tlarge
amount of WUA. A decreasing trend in the habitat response curve can be
expected at higher discharges. Figure IV-22 includes time series plots of WUA

and mainstem discharge.

Site 125.2

Site Description: Skull Creek is located downstream of this study site on the
éast bank of the Susitna River (Plate IV-6). The study reach is 1,475 ft
long and 250 ft wide with sharp, flat gravel and rubble subétrate is present
throughout the site, unlike the typical, smooth round substrate generally
present throughout the river. Two cross sections were established to describe
the high velocities present throughout the mid-channel (Figure IV-23). A
deep, low velocity area is present along the left bank of cross section 1. A
large shoal area is present along the left bank of cross section 2. At low

mainstem discharges, a gravel bar varies the stage across cross section 2.

This side channel study site was selected because of suspected upwelling, and
chum salmon adults were previously recorded. Adult chum and pink salmon and
chinook fry were also observed using the site in 1984 (Hoffman 1985). Open
thermal Teads were recorded during winter 1984 in the entire channel. Strong
upwelling was observed along the left bank of cross section 1 with slight
amounts of upwelling recorded along the mid-channel and right bank. At cross
section 2, moderate amounts of upwelling were present along the mid-channel

and right bank.
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Spawning Habitat: The WSA and chum salmon WUA response curves for this site

are representative of medium to large side channel areas (Figure IV-24a and
b). WSA and WUA response curves are presented in Figure IV-24a for site
125.2R. A relatively narrow range of WUA is predicted at mainstem discharges
between 5,100 and 23,000 cfs indicating usable habitat remains constant. This
is probably caused by comparable rates of availability of habitat at the site.
The upwelling areas located along both banks range in strength from slight to
strong. Most of the suitable spawning habitat occurs along the left bank at
cross section 1 in the large backwater area where velocities are not limiting

through the range of measured mainstem discharges.

The response of WUA as a function of mainstem discharge is shown in Figure
IV-24b plotted on an expanded scale. The increase in WUA is due to the
shallow upwelling areas becoming usable. As the discharge increases, the
upwelling areas along the left bank reach usable depths, while the velocities
along the right shore begin decreasing in suitability. The substrate in the
study reach is not of optimal quality, thus explaining the small amplitude in

the response curve.

Data sets were estimated for discharge of 5,100 and 23,000 cfs. The 23,000
cfs data set was estimated based on stage-discharge curves, cross sections and
aerial photography. At 23,000 cfs, the higH velocities in the spawning areas
limited the upwelling. A field reconnaissance trip was made to the study site
when the mainstem discharge was 4,300 cfs. At that discharge, much of the
upwelling areas along both banks, with the exception of the backwater area at
cross section 1, were too shaliow for use. Time series plots of WUA and

mainstem discharge are presented in Figure IV-25.
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Site 130.2R

Site Description: Sherman Creek is located just upstream of this large side

channel along the east bank of the Susitna River (Plate IV-7). At discharges
below 15,000 cfs, a small backwater area can be observed separate from the
side channel. Cobble and rubble is present throughout the upper half of the
site while the lower half is covered with a layer of silt and sand. The study
reach is 700 ft long and varies between 100 ft at the downstream end, to 30
ft wide at the upper end. Three cross sections were installed in the shallow,

Tow velocity area (Figure IV-26).

This backwater study site was selected as a suspected upwelling area with no
previously observed spawning activity. Chinook juvenile salmon were observed
to utilize the site (Hoffman 1985). No upwelling was noted throughout the

site.

Spawning Habitat: Because upwelling areas were not observed throughout the

1984-85 field seasons, habitat response curves were not developed for this

site.

Site 131.3L

Site Description: This study site is located between vegetated gravel bars

immediately upstream from the confluence of Fourth of July Creek and the
Susitna River on its west bank (Plate IV-8). The substrate is predominately

gravel and rubble throughout the site with a layer of silty sand in the
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backwater area at the mouth of the channel. The study reach is 1,075 ft long
and 130 ft wide. Four cross sections define the habitat in the study area:
cross section 1 is Tocated in a deep low velocity area; cross sections 2
through 4 are in faster, shallower areas (Figure IV-27). Two channel heads (A
and B) direct flow into the site at 9,000 and 10,700 cfs respectively. Below

breaching discharges, groundwater maintains flow through the study reach.

This side channel study site was selected because it was known to have
upwelling and to be a chum salmon spawning area. Chum salmon were observed
spawning in the area, in 1984 particularly along the right bank. Chinook fry
were also collected during sampling efforts (Hoffman 1985). Moderate to
strong upwelling was noted along the right bank in the lower half of the study
site and moderate upwelling was observed along the left bank in the upper half

of the site.

Spawning Habitat: The WSA and WUA curves for 131.3L are plotted in Figure

IV-28a using the same vertical scale. The WUA curve is replotted with an

enlarged vertical scale in Figure IV-28b.

The range of depth and velocity measurements extend from 7,680 to 19,900.
Below 9,000 cfs, flow is maintained through the site by groundwater inflow.
Above 9,000 cfs, the gravel bar on the left side of the channel is overtopped,
directing flow into the Tower portion of the study site allowing upwelling
areas that were previously too shallow for utilization to become available.
The habitat response curve rises as the channel head berm breaches near 10,700

cfs. At medium and high discharges the stage in the lower half of the channel
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creates a backwater area, which deposits a layer of silt. Substrate such as
silt and sand are too small to be used by spawning chum which decreases the
magnitude of the habitat response curve. Velocities become 1imitingito the
spawning chum salmon above 19,900 cfs, also decreasing the trend :in the

habitat curve.

Data sets were estimated at mainstem discharges of 5,100 and 23,000 cfs. The
stage throughout the study reach is constant below 9,000 cfs, with indicating
the WUA in this range also is constant. The same WUA value determined for the
7,680 cfs data sets was assigned to 5,100 cfs. At 23,000 cfs, the velocities
in the upwelling areas become too fast for spawning which decreases the WUA

curve. Time series plots of WUA and mainstem discharge are plotted in Figure
Iv-29.

Site 133.8R

Site Description: This study site is located at the head of Slough 9A on the

east bank of the Susitna River (Plate IV-9). The substrate throughout this
area varies from silt along the shore to cobble in the main channel. Three
cross sections were established beginning on the right bank and converging at
a common point on a gravel bar. These cross sections describe the fast
velocity area along the mainstem margin (Figure IV-30). Below 15,600 cfs, the
shoal area along the mainstem margin begins to have a pronounced effect on

depths and velocities.

This mainstem margin study site was selected because upwelling was suspected,

although no spawning chum salmon have been previously recorded. No adult or
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juvenile salmon activity was observed in 1984 (Hoffman 1985). Small upwelling
and open thermal Tleads in the ice were observed along cross section 1 and 2.
The upwelling is assumed to be slight to moderate in strength, as the area was

frozen over during part of the winter season.

Spawning Habjtat: WSA and WUA curves for spawning chum salmon are presented

in Figure IV-3la. The WUA curve was replotted to an enlarged scale in Figure
IV-31b. Figure IV-31 shows that WUA remains relatively constant from 5,000 to
35,000 cfs.

Data sets were collected at discharges of 7,680, 16,100 and 19,900 cfs.
Throughout this range, the depths in the upwelling areas are sufficient for
spawning and substrate is also good. However, there are only three small
upwelling areas present within the site, thus the small amplitude of the
habitat response curve. An increase in mainstem discharge above 10,000 cfs
causes the velocities at the upwelling areas to increase beyond the range of

suitable velocities for spawning.

Additional simulated data sets were developed for discharges of 5,100, 10,400
and 22,700 cfs. The latter two discharges corresponded to conditions observed
during trips to the study site on September 22 and August 24, 1985. The
stage-discharge curve for cross section 3 was used to determine the stage at
the three discharges. Most of the upwelling areas have depths greater than
0.2 ft at the two lower discharges with becoming the entire area optimal at
22,700 cfs. Velocities at this site are usually unsuitable for spawning chum

salmon at all discharges explaining the decreasing trend in the WUA curve.
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Time series plots of WUA as a function of mainstem discharge are presented in

Figure IV-32;

Site 137.5R -

Site Description: This study site is located one mile upstream of Gold Creek
on the east bank 6f the Susitna River (Plate IV-10). The study reach is 550
feet long and varies from 100 to 30 feet wide. The substrate is predominately
boulder and cobble covered with a layer of silt and san&. Two cross sections
were established to describe the shallow, low velocity area throughout the
entire site. Cross section 3 describes the riffle area at the head of the
study reach (Figure IV-33).

This backwat?r study site was selected because upwelling was suspected with
chum sa]monf;pawning observations made in 1982 and adult chum and juvenile
chinook salmon were observed in 1984 (Hoffman 1985). Upwelling was observed
throughout the study reach during the streambed profile survey. During part
of the 1984-85 winter season, nearly 50 percent of the site was open. This is

an indication that the upwelling is slight to moderate in strength.

Spawning Habitat: The WSA and WUA curves are provided in Figure IV-34a for

study site 137.5R. Figure IV-34b is plotted at an expanded scale to emphasize

the response-of WUA to dischargé.
One data set was collected at 19,000 cfs. The entire study area is influenced
by backwater at mainstem discharges greater than 11,800 cfs. Data sets at

5,100, 16,000 and 21,000 cfs were simulated for the site. Nearly all of the
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upwelling areas are too shallow to be utilized by spawning chum salmon at
5,100 cfs, but as discharge increases and the backwater area extends into the
study area, the depths were no longer limiting. The habitat response curve
climbs upward, which then begins to decrease just prior to the overtopping of
the gravel bar separates the site from the mainstem. The upwelling area at
cross section 2 provides most of the WUA for the site with substrate limiting

at the remaining cross sections. Time series plots are shown in Figure IV-35.

Site 138.7L

Site Description: This mainstem margin study site is located immediately

upstream of the confluence of Indian River with the Susitna River on its west
bank {Plate IV-11). The study area is 675 ft long and has substrate varying
from small and large gravel along the bank to rubble and boulder in the main
channel. The Tlower two cross sections describe mainstem habitat along a
gentle slope into the main channel, while cross section 3 describes steeper

slopes with some debris (Figure IV-36).

This study site was selected as a suspected upwelling area where no adult chum
salmon have been previously recorded (Hoffman 1985). Adult chum, however, were
observed in the site in 1984 along with juvenile chinook. Large amounts of
bank seepage were observed from the mouth of Indian River upstream to an area

above cross section 2; the amount of upwelling decreased near cross section 3.

Spawning Habitat: Figure IV-37a has WSA and WUA plotted on the same scale,

and Figure IV-37b is a plot of WUA at an expanded vertical scale. Five data
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sets were collected at discharges from 10,400 to 27,700 cfs. Up to 14,500
cfs, depths are less than optimum for spawning chum salmon. Above 14,500 cfs,
higher velocities present 1in the upwelling areas reduce WUA. A small
percentage of the total study area is influenced by upwelling and suitable

spawning substrate.

An additional simulated data set at 5,100 cfs was developed to determine the
habitat response at low discharges. The stage-discharge curve for the site
(Part II) and the cross section elevations were used to develop the depths at
5,100 cfs. A multiplier of 0.49 was used to adjust the velocities measured at
10,400 cfs to provide estimates of the velocities associated with the 5,100
cfs. The suitability values of the depths and velocities, as well as the
substrate and upwelling were then combined to determine WUA at 5,100 cfs.

Time series plots of WUA and mainstem discharge are presented in Figure IV-38.

Site 139.0L

Site Description: Slough 17 1is located directly downstream of this site on

the west bank of the Susitna River (Plate IV-11). The study area lies along
the mainstem margin and is 750 ft long. Gravel and rubble are predominant
substrate throughout the site. Four cross sections describe a small channel
along the shoreline margin (Figure IV-39). A gravel bar extends into the
mainstem separating the study area from the main channel at discharges below

12,500 cfs.

This mainstem margin study site was selected as a suspected upwelling area

known to be used by spawning chum salmon. Spawning chum and sockeye salmon
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have been observed in this area as well as chinook and coho juvenile salmon
(Hoffman 1985). Upwelling was observed to begin just upstream of cross

section 2 and in the clear water areas below cross section 1.

Spawning Habitat: WSA and WUA curves are plotted in Figure IV-40a. Both

curves are plotted to the same scale. The Tlargest proportion of wetted

surface area provides WUA at discharges between 14,500 and 19,000 cfs.

The WUA curve, plotted in Figure IV-40b at an expanded vertical scale,
increases up to 14,500 cfs to when the depths are no longer limiting spawning.
Upwelling and groundwater inflow maintain approximately the same stage at
discharges below 10,400 cfs. A large backwater area forms above 10,400 cfs

and extends upstream with increasing discharge. The gravel bar which sepa-

- rates the study area from the mainstem is overtopped above 12,500 cfs and

velocities increase in the upwelling areas. Near 20,000 cfs, the velocities

exceed the optimum usability range, decreasing the habitat response curve.

An additional simulated data set at 5,100 cfs was developed using stage and
cross section data. The constant stage below 10,400 cfs implies that WUA at
10,400 is the same as that at 5,100 cfs. Time series plots of WUA and

mainstem discharge are shown in Figure IV-41.
Site 139.4L

Site Description: This mainstem margin study site is located about 0.7 miles

upstream of Indian River on the west bank of the Susitna river (Plate IV-11).
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The study area is 575 ft long. Three cross sections were established to model
the mainstem margin (Figure IV-42). Cobbles and boulders are present in the
upper study reach near cross sections 2 and 3, with gravel and rubble present

at cross section 1.

This study site was selected as a suspected upwelling area though spawning
chum salmon have not been observed. No adult salmon but juvenile chinook were
observed in the study area during 1984 (Hoffman 1985). A small open thermal
area in the ice was recorded near cross section 2 for a short period of time

before freezing over.

Spawning Habitat: No upwelling areas were observed throughout the 1984 and 85
field season. Therefore, no habitat response curves were developed for the

site.

DISCUSSION
The results of this section show that side channel areas influenced by back-
water had increasing trends in the WUA as mainstem discharge increased, with
WUA leveling off when depth are no longer limiting. In addition, high veloc-

ities were not present in these areas at the range of modeled mainstem dis-

charge {5,000 to 25,000 cfs).

Mainstem margin areas had downward trends in WUA as mainstem discharge
increased, with depths usually not limiting in these areas. The amount of

available habitat was influenced instead by high velocities. As velocities
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increased with an increase 1in mainstem discharge, the amount of suitable

habitat for spawning chum salmon decreased.

Side channel study areas that were not located in backwater areas appeared to
have both increasing and decreasing trends in WUA as a function of mainstem
discharge, with these areas limited by depths at lower discharges. As dis-
charges increased, the depths in the upwelling areas became usable (greater
than 0.8 ft). Also, the velocities in the upwelling areas exceeded 1.3 fps,

the WUA values decreased.

The amplitude of the WUA curve was determined by both the amount of upwelling
and quality substrate present within the site. Quality substrate in upwelling
areas yielded higher WUA values than sites where either the upwelling was
associated with poor spawning substrate or where quality substrate existed

with no upwelling.
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