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PART IV
CALIBRATION AND APPLICATION OF DIHAB MODELS
Introduction

The habitat requirements of spawning chum salmon differ considerably from
those of juvenile chinook. Most notable is their dependence on upwelling
water and suitable spawning gravels which 1imit the availability of potential
spawning habitats and fix their locations to specific areas. Side channel and
mainstem locations which possess these two requisite characteristics appear to
be few in number (Barrett et al. 1984) and represent a very small percentage
of the total surface area of the middle Susitna River (Klinger Qﬂg/x1ngsley
1985).

The chum spawning which occurs in mainstem and side channel habitats is
generally associated with backwater or Tow velocity areas along shoreline

margins. A very limited amount of mid-channel chum salmon spawning has been

/-
reported. In part this may be attributable to extremely poor sampling con-

Ot //,
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i R

4."¢J
-l 5.4 2
ditions, but high velocities and unsuitable substrate conditions are the more . -
1ikely reason.
, v Lo Sl Jﬂauﬂ{a I ;
T L. e WRadtuin, € o =
¢ ; £n kﬁlbm{ﬂdeAVVWJ {o. Tf At kg
Because of the strong tendency for chum spawning to occur in backwater and i
T rr—
shoreline margins, traditional approaches for modeling the response of spawn- :T:;e:;f
s e IONAT B e
ing habitat to incremental changes in streamflow are not the most cost effec- “ﬁLll
tive to apply. Hydraulic simulation models can be replaced with stage dis-* “”’n. v )
-

charge relationships and direct measurement of depth and velocity since depth
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is a far more responsive microhabitat variable than velocity in typical chum

—

t

spawning habitats.

To facilitate the cost-effective analysis of mainstem and side channel chum
spawning in the Middle Rivér a simplified version of the HABTAT program was
developed to allow direct input of measured depths and velocities and replace-
ment of hydraulic simulation modeling with stage discharge relationships and

velocity estimates.

The Direct Input Habitat (DIHAB) model performs WUA calculations in a manner
identical to the IFG HABTAT program. However the DIHAB model requires far
less calibration effort than the more traditional linkage between IFG hydrau-

lic models and HABTAT.

Hydraulic data (depths and velocities) collected at several discharges supple-
mented by additional data sets derived from\pff ice calcuiations were used
with upwelling and substrate data to provide c;Lﬁ_spéwﬁiné WUA forecasts at
twelve locations for a range of mainstem discharges between 5,000 and 25,000

cfs.

Methods

Study Site Selection: Fifty candidate study sites were selected following a

systematic review of aerial photography and relevant project literature (ADF&G
1981, 1983, and Barrett et al. 1984) (Table IV-1). Study areas were selected
for two purposes: (1) evaluation of with-project effects on mainstem and side

channel areas where chum salmon spawning had been observed, and (2) evaluation
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Table IV-1. Fifty candidate areas for side channel and mainstem chum spawning evaluation,

Sttel Spawning Slte1 Spawning

River Mile Reported Study Site River Mile Reported Study Site
100.5 R 1981 129,2 R 1981 No open lead
100.9 R 129.8 R 1981, 1982 3 transect spawning
101.2 R IFG-4 rearing & spawning 130.5 R 1981
102.0 L , 3 transect spawning 131.0 L 1982, 1983
105.8 L 3 transect spawning 131.1 L 1981, 1982 4 transect spawning
105.2 R 131.3 L 1982, 1983 IFG-4 rearing & spawning
110.1 L 2 133,7 R 3 transect spawning
110.8 Ly Q-site 134,0 L SC10, IFG-4
112.2 L3 IFG-2 rearing & spawning 134.6 R
112.7 L IFG-2 rearing & spawning 135.0 R Lower SC 11, IFG-2
113.5 C 135.4 R
114.0 C 3 transect spawning 136.1 R 1981, 1982, 1983 Upper SC 11, TFG-4
114.6 R, 1982, 1983 136.8 R 1983
115.1 R 1982, 1983 Q-site 137.4 R 1982 3 transect spawning
115.9 L 138.3 L, 1982
117.9 L 138.7 L 1982 3 transect spawning
118.9 L 1983 3 transect spawning 139.0 L. 1982, 1983 4 transect spawning
119.1 L 4 transect spawning 139.4 L 3 transect spawning
119.4 L 139.7 R
119.7 C 140.5 R
124.0 L 2 141.2 R,
124.9 L Q-site, 141.4 R 1981, 1982, 1983 SC 21, IFG-4
125.0 L Q-site 141.6 R
125.1 R 148.2 C 1982 No open lead
127.1 L
128.6 R 1982

1 L, R, and C indicates left, right, and central channel locations, respectively, looking upstream.

2 Emphasis is placed on measuring total side channel flow as a function of mainstem discharge.

3 Spawning sites 112,2 L and 112.7 L are contained within the IFG-2 rearing site 112.3 L.

% Chum salmon were observed spawning at these sites in 1982 by EWI&A personnel but not reported by ADF&G.

5 Spawning site 131.3 L is contained in IFG-4 rearing site 131.5 L.

6 Side Channel 21 tdentiffed as side slough spawning escapement in ADF&G reports.



of with-project effects on mainstem and side channel areas with apparent

upwelling but where spawning chum salmon had not been previously reported.

The location of upwelling in mainstem and side channel portions of the Middle
River was identified using aerial photography obtained in March 1983 and a
1imite;”number of winter observations recorded during the winters of 1981-85.
Information regarding upwelling was compiled on aerial photo mosaics to

provide a convenient reference of potential study areas.

Fourteen sites were chosen for detailed study from among the 50 candidate
areas 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-2, Figure III-1). Of these areas, chum salmon
spawning has previously been reported at six by ADF&G Su Hydro (ADF&G 1981-83,
Barrett et al. 1984) and the other eight sites were suspected of having
upwelling but had not been reported prior to 1984 to be used for spawning by

chum salmon.

Field Procedures: Field data collected included water depth and velocity

measurements, substrate and cover descriptions, upwelling and fish utilization

observations, and streambed profile surveys.

Depth and Velocity: Depth and velocity data were collected over a range of
mainstem discharge from 4,300 to 31,700 cfs. From one to five data sets were
collected at all DIHAB modeling sites with three sets of measurements being
typical. Procedures followgg were similar to those used while measuring
discharges at IFG model sitéf(see Section III). A minimum of 10 cells were
[A
' V-4
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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
-120.0 L No X
105.8 L No X
114.0 C No X
115.1 R 1982, 1983 X
. 118.9 L 1983 X
\119.1 L No X
125.0 R No X
129.8 R 1981, 1982 X
131.1 L 1981, 1982 X
133.7 R No X
137.4 R 1982 X
1387 L No X
139.0 L 1982, 1983 X
139.4 L No X
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measured for each data set. Field data collected included: horizontal
distance from left bank streambed marker, depth of yg}er, mean column velocity
(six tenths the depth beneath the water surface);z;ose velocity (0.4 ft above
the streambed when the depth was greater than 1 ft). Depth and velocity
measurements were collected until depths or velocities become unsafe for
wading. Estimates were made of how far the habitat was representative beyond
the last cell of each cross section, and above and below

each cross section of each study site.

Substrate and Cover: Substrate type was visually determined and coded using
criteria in Table III-3. Cover type and percent were coded using criteria in

Table III1-4. Water clarity (turbid or clear) was also noted.

Upwelling and Fish Utilization: Presence of upwelling was determined at the
direct input study sites from field observations during the 1984 open water
season and during two winter field reconnaissance trips in 1985, as well as
from temperature data. The strength of the upwelling was recorded as slight,
moderate or strong based on visual observations. Actual rates of upwelling
were not recorded. Slight upwelling was coded in areas where upwelling was
observed during the open water season but where no open leads were present
during the winter season. In areas where less than ten percent of the area
was affected by upwelling, a slight value was also assigned. Moderate upwell-
ing was recorded for areas where 20-60 percent of the area was affected.
These areas had open leads that were frozen over during parts of the winter
season. Strong upwelling occurred where groundwater could be observed insurg-

ing from the substrate above and below the water line. Some upwelling areas
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were observed to be heavily used by spawning chum salmon. Fish observations

were also recorded.

Upwelling areas were sketched on aerial photography and field notes. These
areas were referenced to cross section flagging or identifiable land marks.
Figure IV-1 shows an example of an upwelling map which summarizes the data

colTected for a study site.

Streambed Profile Surveys: Streambed profile surveys were completed for six
study sites using the procedures described in the ADF&G Procedure manuai
(1984). This information is presented in Figures C-1.1 through 1.6 and Tables
C-1.1 through 1.7.

Input Requirements of DIHAB Model: Input to DIHAB is similar to that for the

[FG's HABTAT model with the exception of depth cards which replace the
y-coordinates on the COORD cards and WSEL's on the QHEAD cards. Input data
required by DIHAB are mainstem discharge, water surface elevations, and water
depth, velocity, substrate type, and upwelling information at each
x-coordinate. Suitability criteria for spawning chum salmon were also

required as input for the DIHAB model.

Mainstem Discharge: Average daily streamflows for the Susitna River were
obtained from the USGS Gold Creek gaging station for each date depth and

velocity data were collected.

Water Surface Elevation: Water surface elevations for each cross section were

determined from st%§¥-discharge curves developed at each study site (see

q
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Figure IV-1.

Summary locations of upwelling areas at DIHAB modeling site 131.3L.
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Section II). Normally only one stage-discharge curve was developed per study
area since water surface elevations at cross sections within study areas were
approximately the same for any given mainstem discharge (gentle gradient 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 Velocity: Average streambed profiles were calculated by subtracting
measured depths from water surface elevations at each cross section (Tables

C-2.1 through 2.14).

Depth and velocity values are required for each cell of each cross section.
It was necessary to interpolate and extrapolate some depth and velocity values
in order to complete each data set. Direct field measurements of depth and
velocity were not always taken for each cell because of the uniformity of the
hydraulics along a cross section. Skipping unnecessary measurements expedited
field data collection. In some instances depth and/or velocity prohibited
direct field measurements but field notes regarding hydraulic conditions
allowed the estimation of additional depth and velocity data. Interpolated
and extrapolated values are noted on work sheets which summarize field data
for each study area (Tables C-3.1 through 3.14). A1l interpolations and

extrapolations were linear using data from adjacent cells.
Reach lengths associated with the representativeness of the hydraulic con-

ditions at each cross section based on field estimates and aerial photo

interpretation were entered into the model.
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Substrate Type: Substrate codes were entered for each cell and are presented

in Tables C-3.1 through 3.14.

Upwelling Information: Suspected upwelling areas were evaluated by comparing
temperature data collected at the study sites during the winter by ADF&G field
personnel with temperature data for the mainstem. Upwelling was evidenced by
warmer temperatures from inflowing groundwater than were measured in the
cooler surface waters of the mainstem. If there was not a significant temper-
ature difference between upwelling areas and the adjacent mainstem it was
concluded that upwelling was not present. Several areas suspected of having
upwelling were classified as not having upwelling after this analysis with
binary criteria used in previous studies (Estes and Vincent-Lang 1984). A
suitability index value of 0.0 was entered for cells where upwelling was
absent. Slight, moderate and strong upwelling, coded as 1, 2 and 3 respec-

tively, were assigned a suitability index value of 1.0. f/‘f ~ 13 gt 77

bg ;L,( oo ST s
The x-coordinates bounding upwelling areas were estimated by reviewing aerial
photography and streambed profiles of cross sections. Lengths of effective
areas associated with each cell 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.
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Suitability Criteria: Suitability criteria curves for spawning chum salmon
have been identified for the Middle River (Estes and Vincent-Lang 1984). They

appear as Figures IV-2 through IV-4,

Development of Weighted Usable and Wetted Surface Area Curves

Output of the DIHAB model includes mainstem discharge, total surface area, and
weighted usable area values. Summaries of DIHAB output for each study area
are presented in Table C-6. Procedures to develop weighted usable and surface

area curves are presented below.

Weighted Usable Area Curves: Plots of WUA values versus mainstem discharge
were made using DIHAB output for each study area. Curves were developed
assuming linearity between plotted values. Weighted usable area values were

generally available for mainstem discharges ranging from 7,600 to 18,000 cfs.

Generally, during the chum salmon spawning season (August 12 to September 20)
mainstem discharge 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.
Additional WUA values were calculated using stage-discharge curves, cross

sections and measured velocity data.

Water surface elevations were determined for additional mainstem discharges
(QA) using the stage-discharge curves developed for each study area (Section
II). Water depths corresponding to QA were determined by subtracting
streambed elevations at each cross section from water surface elevations. In

this manner, depths were determined for each cell.
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Figure IV-2. Spawning chum salmon suitabilitv criteria for depth.
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To estimate velocities for additional mainstem discharges, the following

Tinear relationship was used for each cell:

Vy = cell velocity (ft/sec) of additional discharge
QA = mainstem discharge (cfs) of additional data set

QM = mainstem discharge (cfs) of a measured data set with similar
hydraulic condition to QA

VM = measured cell velocity (ft/sec)

Estimated cell depths and velocities were combined with substrate and upwell-
ing codes, and cell areas, to calculate WUA. These WUA values were plotted
with WUA calculated from measured data to develop WUA curves for discharges

ranging from 5,000 to 25,000 cfs.

Wetted Surface Area Curves: Plots of WSA values versus mainstem discharge
were made using DIHAB output for each study area. Curves were developed
assuming linearity between plotted values. Wetted surface area values were

available for mainstem discharges ranging from 7,600 to 18,000 cfs.

To further define the wetted surface area curves, additional WSA values were

calculated using stage-discharge curves, cross sections and reach lengihs.

Water surface elevations were determined for additional mainstem discharges
s
(QA) using stage-discharge curvepdeveloped for each study area (Section II).

For each cross section, wetted top width was determined by projecting the
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water surface elevation on 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 total
surface area was determined for each QA' Insufficient cross section informa-

tion was available to calculated wetted surface areas for QA greater than the

/s
>

highest Q.

Development of Time Series Curves

Plots of weighted usable area and mainstem discharge as a function of time
were made for the period from August 12 to September 20, 1984. Mean daily

mainstem discharges were used to calculate weighted usable area values for

this period. ) 2 ; 1Y s e doccnted o /L\éj}“/ﬂ/ E:
25 AaA TR Needd @ (eco! '
/ys[. // \ A - o ! -~ -
ts ) 0 Ngtesm e T~ ¢ Setoey o
Results Wiee ¢ ‘ IR e
i S0 E AR e
/ b //T! “ F i FG S
Site 101.7L - = L

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

Whiskers slough on the west bank of the Susitna River (Plate IV-1). The study
reach is 2450 feet long and 150 feet wide.  Three cross sections were estab-
lished to describe the shallow, Tow vg}ocity backwater area in the upper
two-thirds of the study site and a foug;é;bss section to describe the deeper,
faster flowing channel at the lower end of the study site (Figure IV-5). The
substrate is predominately cobble/rubble overlayed with a thick layer of

silt/sand in the upper half of the site. This backwater site was selected for

study because of the amount of upwelling present/howeveﬁ/chum salmon spawning
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had not previously been reported at the site nor was any spawning observed

during the 1984 field season.

The sparsely vegetated gravel bar located at the upper end of this site (A) is
overtopped at a mainstem discharge of 25,000 cfs. At discharges greater than
9,600 cfs the gravel bar (B) which separates the channel from the mainstem is
overtopped and directs flow into the channel. At 23,000 and 10,600 cfs, the
entire site is influenced by the mainstem. At 7,400 cfs, the lower half of
the study site is affected by backwater and the upper half wetted by upwell-

ing.

Access to the site is not Timiting due to the large backwater area in and
below the lower half of the site. However, passage above cross section 1 is
not possible below the breaching discharge (9,600 cfs).

Upwelling was observed upstream of cross section one throughout the study
site. During winte;,the warm water influences the water downstream of cross

section 1 causing an open lead approximately the same size as the wetted area

in unbreached conditions.

Spawning Habitat: The total wetted surface area and WUA curves are provided

in Figure IV-6a for study site 101.7L. 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. A backwater area 1is present from cross section 1 to 2 at mainstem

discharges below 9,600 cfs. Upweliing can be observed at the upper two cross
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1984 for 1C1.7L modeling site.
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sections but is too shallow to be utilized by spawners. The gravel bar along
the right side of the channel is overtopped at discharges greater than 9,600
cfs. The areas that were previously too shallow to support spawning are no
Tenger Timiting. As the mainstem discharge increases, the velocities in the
upwelling areas increase which in turn decreases usable habitat.

]6 /yguﬁdﬂf/,)

Becaus%ﬁthe 4;;@;;—5; mainstem discharges for which site specjfic depth and
velocities were measured only extended«froﬁ;11,400 to 18,500 cfs was-so sma]lf'
additional data sets were developed for discharges of 5,100 ;nd 24,000 cfs
using aerial photography and data‘ebta4ned—£ro;j:;reambed survey notes. The
wetted surface area as determined by digitizing enlarged aerial photographs at
mainstem discharges of 5,100 and 7,400 cfs were compared and found to be the
same. This is an indication the total wetted surface area throughout the
study reach remains constant in the unbreached conditions (mainstem flow less
than 9,600 cfs). Water surface elevations as measured in the streambed
profile survey (Table C-1.1) were used in conjunction with the cross section
elevations (Table C-2.1) to determine the depth of flow in the upwelling
areas. These depths did not exceed 0.2 ft, therefore the WUA unbreached
conditions was assigned a zero value.

The rating curves for the site (Section Il of this report) were used to
develop gﬂ/2§:; set at 24,000 cfs which corresponded with an August 10 site
visit at which time the upstream berm (A) was overtopped and the backwater
area had become a flowing channel. Because of the influence of velocity the
WUA index decreases at higher discharges. This agrees with the habitat
response curves for other side channel sites in the middle river. The slope

of the WUA curve was extended to 25,000 cfs, thus covering the entire range of
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discharges from 5,000 to 25,000 cfs. 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 feet long and located along the mainstem margin. Four
cross sections were established to describe the mainstem margin (Figure IV-8).
Large boulders are predominate throughout the site. This mainstem margin
study site was selected because of the presence of upwelling ared however chum

salmon spawning were not previously recorded.

The study areZappears similar over a broad range of mainstem discharges. Bank
\
seepage appears along cross section 1 at low discharges. No spawning or

juvenile salmon were observed at the site.

Open thermal leads in the ice were recorded in the 1983 winter photography and
during our winter reconnaissance visits. Strong upwelling and bank seepage
was identified from cross section 1 through 3. The upwelling strength

decreased to moderate above cross section 1.

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

with total surface area and WUA at the same scale. Figure IV-9b provides a

plot of the habitat response curve at an expanded vertical scale.
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Site 114.1R e

Data sets were collected at 7,320, 15,300 and 18,500 cfs. The stage-discharge

curve presented in Section II of this report indicates the WSEL response to

-mainstem discharge throughout this range of flow remains constant up to a

mainstem discharge of 24,000 cfs. Bank seepage was observed along the channel
margins. At discharges above 7,000 cfs, the depths over the upwelling areas
are sufficient for spawning. The substrate throughout the site is generally
too large to be used by spawners, explaining the small amplitude of the
habitat response curve. An increase in mainstem discharge causes the veloc-
ities at the upwelling areas to increase above the range used by spawning chum

salmon. Thus WUA indices decrease with increasing discharge.

Additional data sets were developed for mainstem discharges of 5,100 and
24,000 cfs. The latter flow corresponds to condi?//ps observed during a trip
to the study site on August 10. Stage d1schargs§ curves for cross sections 1
and 4 were used to determine the water surface elevation at both flows.
Nearly all the upwelling area po§gg§ied depths less than 0.2 feet 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 unsuitable for spawners at all dis-
charges and become almost entirely unacceptable for spawning at high dis-
charges. Thus the trend in the weighted use of WUA curve continually

decreases as mainstem flow increases. Time series plots of WUA and average

daily mainstem discharges are plotted in Figure IV-10.

A - gy E
PR R

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

located mid-channel on a vegetated gravel bar (Plate IV-3). The study reach
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is 675 feet long and 60 feet wide. Cross section 1 is located in the back-
water area at the mouth of the channel. Cross sections 2 and 3 define the
shallower, high velociti§§ area (Figure IV-11). This study site was selected
because of the open leads visible in March 1983 photography which suggested
the presence of upwelling in this side channel. No previous spawning had been
reported at this location, but spawning chum salmon were observed in moderate

numbers during our study.

Mainstem flow is conveyed through the study reach at discharges less than

5,000 cfs through Channel A and at 10, 000 cfs through Channel B (Plate IV-3).

At 23,000 cfs, the lower end of the study site| 2 ba backwater area is present | and—

p Reva

-+t—by-cross sect1on 1. Access to the 51te ‘and passage through +§L?s not

limiting thaoughous—the‘aange-iram 5 000_:0 25,000 cfs.
. 1

Open leads are visible in winter photography of this sitesand during eur

winter field work upwelling was identified, in slight to moderate amounts,

concentrated along the left bank, beginning below cross section 1 and
h -

‘ % L
extending upstream of cross section 3 threugheut the site. gt

Spawning Habitat: Total surface area and WUA curves for this study site are

provided in Figure IV-12a and b. Surface area and WUA values are provided in

Appendix Table C-6 . A comparison of the two curves in Figure IV-12a

n

Y

bl e
V- ',L_ﬁ *—}#—

[

-

e

indicates a very small proportion of the wetted surface area provides spawnfngJ;L*’

habitat for spa.ning chum salmon 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 discharge in the range of 15,000 cfs.

Iv-30

—a

§ ~

]

)



114.1R ~@== Susitna Ri
l = Cross Section e i CROSS SECTION 2
Station 3 » 25
-
|
- |
i
|
T e ey, - -
) c
<
- - 17900 cfs . |
g 15100 cts\ /
....... € 4704 S 7
......... a /\4[
e s | \
o 4 \ /
- /
a 7680 cts N\ /
v - > | \/
-
' SRS RLF |
4 :
i
L o o e o e oy o e e s CRRS o e e gEE Soee oo s |
-] o 4C &0 80 €0 120 140 160 180
OISTANCE FROM LEFT BANK MARKER (FT)
— 479 ~
"7 CROSS SECTION 1 - CAOSS SECTION 3
Station 0 = 00 Station 7 + 43 |
- -
i
- - i
- 1 I
|

- 17900 cfs..
15100 cts__\

N1 T |
' g |

- 17900 cfs

( /_15100 cts

TRUE ELEVATION (FT)
=
b
A i
TRUE ELEVATION (FT)
-
o
1 1
?\\

i Rt

.. 4
483 e e e e e e e ———) 463 T e s e S e e r—
-] as 4C ec s 16C 120 140 180 18¢C -] 20 4C sc sc 10 120 140 180 18C
DISTANCE FROM LEFT SANK MARKER (FT) CISTANCE FROM LEFT BANK MARKER (77)

Figure IV-11. Cross sections for 114.1L study site depictina water surface
elevations at discharges of 7680, 15,100 and 17,900 cfs.

Iv-31



(sq. ft.)

WUA

76500 — T

68000 — WETTED SURFACE AREA

8500 - WUA

o T T ] T T T T ] I .
5000 7000 9000 14000 43000 45000 {7006 {9000 24000 22000 25000

Mainstem Oischarge (c‘s)

2000
1800 =
1600

1

1400
WUA

1

1200
1000
800 \\\\\\

600

400 ~
200 — —

& PRED e AN SR AN A Thiett Oy NN TR
5000 7000 3000 11000 {3000 45000 {7000 49000 24000 23000 25000

Mainstem Discharge [cfs)

Figure IV-12. Projections of wetted surface area and WUA of
spawning chum habitat as a function of discharae
for the 114.1R mocelina site.

Iv-32



Three data sets were collected at discharges ranging from 7,680 to 17,900 cfs
(Table C-3.3). The depths in the upper portion of the study site are shallow
and poor substrate is 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 peak near 15,000 cfs. Above this flow velocities
exceed the maximum velocities preferred by chum salmon which causes a decrease
in WUA. Below 8,800 cfs, the water surface elevation remains constant sug-
gesting the wetted surface area of the channel remains relatively constant
during unbreached conditions. This corresponds to field observations made

from September to October.

Additional data sets were determined for mainstem flows of 5,100 and 23,000
cfs. Field personnel were at the site when the discharge was 23,000 cfs.
Water surface elevations for unbreached conditions remained unchanged which
enabled the WUA response rurve to be extended from 8,800 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
usable spawning habitat at low flows. Time series plots of WUA and mainstem

discharges from August 12 to September 15, 1984 are shown in Figure IV-13.

Site 115.0R

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

Side Channel which is on the east bank of the Susitna River (Plate IV-4). The
study reach is 1,525 feet long and varies from 40 to 80 feet wide. Two

channels (A and B) direct mainstem flow into the study site. Cross section 1
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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;dividszbut
the study site is confined to Channel B. Cross section 3 defines a deep pool;

cross section 4, a shallow low velocity run. This study site was selected as

= 4

T v

a known upwelling area where chum spawning had been observed in previous

years.

Channels A and B breach at 12,000 and 23,000 cfs respectively. When non-
breached, a large backwater area extends from the mouth of the Mainstem II
side channel upstream nearly to the confluence of channels A and B. At 23,000
cfs, the entire channel is flowing bankfull. At mainstem dischérges of 10,600
and 7,400 cfs, the upper three cross sections are conveying streamflow derived
from groundwater and local runoff. Cross section 1 is always influenced by

backwater.

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. Access to
A
the study site has not been a problem. However, number of -passage reaches
within the channel have been identified as potential problem at flows below
' 1 » 4'-, i 7 L ——e —

23,000 cfs. S

s

Upwelling is slight at cross section 2 increasing to moderate at cross

sections 3 and 4. Bank seepage was noted along both banks at cross section 1.
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Spawning Habitat: Figure IV-15a is a plot of the total wetted surface area

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

vertical scale to better see how the WUA changes with discharge.

Depths and velocities were measured at all cross sections for two mainstem
flows, 7,680 and 14,500 cfs. The northwest head was breached at the time
field data were obtained at the higher flow. Neither head was breached when
data were collected at 7,680 cfs. Usable habitat remains relatively constant
at flows below 10,400 cfs. Above this flow, the influence from the mainstem
increases the water surface elevation of the backwater which in turn increases
the depth of flow at the upwelling areas creating slightly more usable spawn-
ing habitat. 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

higher stream flows would have on velocities at the upwelling areas.

Additional data sets were developed for discharges of 5,100, 10,600 and 23,000
cfs. The stage-discharge curve developed for cross section 1 indicates the
depth remains constant for mainstem flows below 10,400 cfs. Therefore, the
WUA and total surface area measured at 7,680 cfs, was assumed to remain
constant and be applicable to flows between 5,100 and 10,600 cfs. The
upstream portion of the study site, cross sections 3 and 4, provide the same
WUA and total surface area until the northeast channel (B) is breached. An
additional data set was developed for a mainstem flow of 23,000 cfs by assum-
ing the linear trend in velocities occurring at transects 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
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velocities in the upwelling areas are expected to increase above the preferred
range. This expected response is similar to the responses forecast for other
study sites in the Middle 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 below Curry Station on the west bank of the Susitna River
(Plate IV-5). Three cross sections were established in the study area which
is 475 feet 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 immediately downstream of the tributary and extends beyond cross
section 3. Rubble and cobble predominate throughout the site with a layer of
silt and sand deposited along the bank at cross section 3. Access and passage
do not appear to be a problem. This mainstem margin study site was se1e§t%do
because chum salmon spawning was previously recorded at this 1ocationf//Chum

salmon were observed spawning at the site during the 1984 field season.

During our April site visijy\open thermal Tleads were observed in the ice

throughout the study area. Slight amounts of bank seepage kept the area from

freezing for part of the winter season.

Spawning Habitat: The total surface area and WUA curves for spawning chum are

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

in Figure IV-18b.
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Four data sets were collected from mainstem discharges of 7,680 to 17,900 cfs.
From Section II of this report, the stage discharge indicates the relationship
between water surface elevation and mainstem discharge remains constant from
5,000 to 23,000 cfs. The gravel bar which extends from above the study area
down to midway between cross sections 2 and 3 provides shallow depths in
upwelling areas. As flows increase up to 15,100 cfs, the depth of flow
increases in the upwelling areas until the entire area is optimum for spawning
habitat. The WUA function begins to decrease as the velocities begin to limit

spawning in the upwelling areas.

To expand the range of flow covered by the WUA curve, additional data sets
were developed at 5,100 and 23,000 cfs. The stage-discharge curve for cross
section 2 was used to determine the water surface elevation at both flows. A
gravel bar influences the stage at the upper end of the study area, particu-
larly, the upwelling areas. At low discharges, the upwelling area appears as
bank seepage and is very shallow. The mainstem begins to flood the upwelling =/,

above 7,680 cfs and continues until the entire area is flooded at 15,100 cfs.

2 (B By e | : Y (W. f
i " < —S 2
Above 15,100 cfs velocities begin to exceed 1.3 ft/sec the—l optimum 7t

,-;q,ud’s/ )
- . . Py . s 3 - J&t/’,
velocity for chum salmon spawning. This decreasing trend is similar to the T -

habitat response at other side channel sites in the middle river. Time series
plots of WUA and mainstem discharge are shown in Figure IV-19 for site 118.9L.

Site 119.1L

Site Description: This site is located approximately 1.5 miles below Curry

Station on the west bank of the Susitna River (Plate IV-5). A\ large side
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channel enters the mainstem at the upstream end of the study area. The study
area is 425 feet long and located along the mainstem margin. Three cross
sections were established to describe the mainstem margin; a fourth cross
section a clear backwater area (Figure IV-20). Below discharges of 18,000
cfs, the backwater area is dewatered. Cobble and large gravel are present
throughout the site with some silty sand deposits along the bank and larger
substrate in the mainstem. This mainstem study site was selected as a sus-
pected upwelling area however chum salmon have not been previously observed at
the site.
't‘;.JIL’ -7

Cross section 4 has clear water down to 18,000 cfs. Chum salmon were observed
spawning in the study site. Juvenile chinook salmon were also observed in the
site. No passage or access is limiting at this site except at cross section
4. No open thermal Teads in the ice were observed in the winter reconnais-

sance trips.

Spawning Habitat: Because no upwelling areas were observed throughout the

1984 and 85 field season, no habitat response curves were developed for the
site. Clear water was observed ponded above cross section 3 through cross
section 4 at discharges greater than 18,000 cfs. Field measurements were made
at the site at discharges less than 18,000 cfs when the area was dry. Time

series plots of WUA and mainstem discharge is shown in Figure IV-20.

Site 125.0

Site Description: Skull Creek is located below this study site on the east

bank of the Susitna River (Plate IV-6). The study reach is 1,475 feet long
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and 250 feet wide. Two cross sections were established to describe the high
velocities present throughout the channel (Figure IV-21). Substrate through-
out the site is sharp, flat gravel and rubble unlike the typical smooth round
substrate generally present throughout the river. This side channel study
site was selected as a suspected upwelling arethou‘E;E chum salmon adults
have prev1ouslji;ét;rded to use the site. — / € bee e

A deep, Tow 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 Tow
mainstem discharges, a gravel bar alters the water surface elevation from

horizontal across cross section 2.

Adult Chum and pink salmon were observed using the site. Chinook fry were
found using the site. Access or passage are not problems at this site for any

discharge.

Open thermal leads kept the entire channel free of ice and snow. Strong
upwelling was observed along the left bank of cross section 1. Slight amounts
of upwelling was recorded mid- channel and along the right bank. At cross
section 2, moderate amounts of upwelling is present mid-channel and along the

right bank.

Spawning Habitat: The wetted surface area and chum salmon WUA response curves

for this site are representative of medium to large side channel areas (Figure

IV-22a and b). Surface area and WUA response curves are presented in Figure

Q‘L

IV-22a for site 125.2R. A relatively narrow range of spawning chum NUAAat

mainstem discharges between 5,100 and 23,000 cfs. This is probably caused by
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comparable rates of gaining and losing habitat at the site. The upwelling
areas are located along both banks range in strengths from slight to strong.
Most of the suitable spawning habitat occurs along the left bank at cross
section 1 in the large backwater area. Velocities ar‘;ot limiting 1n this
area through the range of available data.’ .~ Eh,tﬂ- 3ﬁ,~;uu( =
L & _>k~.,l ot g
Variations in the mainstem discharge with respect to WUA is shown in Figure
IV-22b plotted on an expanded scale. The increase in WUA is caused by the Tow
velocities in the shallow upwelling areas. As the discharge increases, the
upwelling areas along the left bank reach an optimum depth while the veloc-
ities along the right shore begin decreasing in suitability. The substrate in
the study reach is not of optimal quality thus explaining the flat shape in

the response curve.

The extrapolation flow at 23,000 cfs was selected due to the availability of
aerial photography at this flow. A field reconnaissance trip was made to the
study site when mainstem flows were 4,300 cfs. Much of the upwelling areas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>