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PART I

INTRODUCTION

This report presents data reduction methods and results of the 1984 field
studies conducted by E. Woody Trihey and Associates (EWT&A) and the Alaska
Lepartment ~f Fish and Game Su Hydro Aquatic Studies Griup (ADF&G Su Hydro) in
the Talkeetna-to-Devil Canyon segment of the Susitna River (Middie River).
Although field studies and analyses described in this report were completed by
a joint EWT&A and ADF&G Su Hydro study team, the primary responsibility for
the field study design, hydraulic model calibration and preparation of this
report rests with EWT&A. Thus the information and technical interpretations
in this report are the responsibility of EWT&A and do not necessarily

represent the ogpinion of the Alaska Department of Fish and Game.

The response of fish habitat to naturally occurring variations in streamflow
could not be cost-effectively evaluated solely by monitoring a system as large
as the middle Susitna River. Therefore, at the onset of the 13882 field
studies the U.S. Fish and Wildlife Service's Instream Flow Incremental
Methodolouy (IFIM) (Bovee 1982) was selected as a means of quantifying the
response  of aquatic habitets to changes in streamflow.  PHABSIM is a
collection of computer progréas associated with the IFIM which can be applied
to simulate instream hydraulic conditions and the corresponding amount of
available fish habitat for selected species/1ife stage. The PHABSIM modeling
system is intended for use in those situations where the flow regime and
channel structure are the major factors influencing the availability of

fish habitat (Trihey 1979). The PHABSIM computer programs include the IFG-2
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and IFG-4 hydraulic models, and the HABTAT program. The HABTAT program
integrates hydraulic model output with species specific habitat suitability
criteria to calculate weighted usable areas (WUA), an index value representing
the availability of potential fish habitat as a function of streamflow.
Habitat modeling results presented in this report are limited to juvenile

chinook salmon (Oncorhynchus tshawytscha) and spawning chum salmon (0. keta).

These species/life stages have been identified as primary evaluation species
for the Middle River (EWT&A and WCC 1985). Habitat variables important to
rearing fish differ significantly from those of adult spawners. Therefore,
different modeling concepts and combinations of physical habitat variables are
used to evaluate the response of spawning and rearing habitats to incremental

changes in streamflow.

The IFG-2 and IFG-4 hydraulic models wrekcaiibrated for eight side channels of
the Middle River and linked with the HABTAT program to forecast the influence
of incremental changes in streamflow on juvenile chinook rearing habitat. A
modified version of the HABTAT program (DIHAB) was developed by EWT&A to
calculate WUA directly from measured depths and velocities at observed stream-
flows thereby eliminating the need for hydraulic simulation models in those
instances where the WUA response is principally determined by flow effects on
deptnh. The DIHAB model was applied at 14 mainstem margin and backwater areas
to evaluate the influence of mainstem discharge on chum salmon spawning

habitat,
This report consists of an introducticn and three technical sections, each
supported by a technical appendix, which describe the field data and

analytical procedures used to model the response of juvenile chinook and
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spawning chum habitat to incremental changes in streamflow. The first tech-
nical section (Part II) describes the stage-discharge and site flow analysis
which presents various relationships between mainstem discharge, site-specific
flow, and water surface elevation that are extensively used in subsequent
analyses to: appraise the accuracy of calibrated IFG models, estimate site-
specific water surface elevations at modeling sites for different mainstem
discharges, and convert the mainstem hydrograph into a site-specific flow

hydrograph.

In Part III of this report, calibration procedures for the eight IFG hydraulic
models are described in detail and WUA forecasts obtained by Tinking the
calibrated hydraulic models to the HABTAT model are presented for juvenile
chinook. Suitable rearing conditions for juvenile chinook are dependent on
cover and low to moderate velocities. The Susitna River conveys glacial
runoff during the summer growing season, and the associated turbidities
provide cover for rearing chinook (Schmidt et al. 1984). Therefore, under
natural conditions, object cover (such as provided by substrate, debris, or
overhanging vegetation) is generally not as important a factor to juvenile
chinook in turbid water habitats of the middle river as it would be in a large
non glacial river. Habitat suitability criteria for cover, velocity and depth
used in this report are based upon data collected in Middle River habitats
(Schmidt et al. 1984) have been derived as described in EWT&A and WCC 1985.
Rearing habitat for juvenile chinook at each study site is expressed as the
relationship between WUA and mainstem discharge. In additionstime series WUA
plots based on the 1984 USGS record of average daily str;amficws for the

Susitna River at Gold Creek are provided to indicate the temporal stability of
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rearing conditions at the study sites throughout the open water growing season

(May 20 - September 15).

P

Part IV of this report presents the evaluation of chum spawning habitat using
the direct input habitat model (DIHAB) developed by EWT&A. The availability
of chum salmon spawning habitat is highly dependent upon the presence of
upwelling and suitable substrate (Estes and Vincent-Lang 1984). Although the
location of upwelling areas is generally fixed, use of these areas by spawning
chum is influenced by mainstem discharge. High velocities may periodically
limit the availability of upwelling areas, or abnormally Tow mainstem
discharges during the spawning season may dewater or 1imit access to upwelling

areas.

Since most of the reported chum spawning in side channel and mainstem habitats
occurs along shoreline margins or in backwater areas (Barrett et al. 1984),
depth is the principal variable influencing the response of the WUA curve to
variation in discharge. Hence the direct input habitat model (DIHAB) which
can utilize site-specific stage-discharge relationships as input data was
chosen over the IFG hydraulic models which also require detailed measurement

of velocity for proper calibration.

Habitat suitability criteria for spawning chum salmon used with the direct
input model are based on data collected in the middle river (Estes and
Vincent-Lang 1984, and review of pertinent literature (Steward 1985). Chum
spawning habitat is described at each study site as a relationship between WUA
and mainstem discharge, as well as by time series plots based on 1984 average

daily streamfliow records for the Susitna River at Gold Creek.
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PART II
RELATIONSHIPS BETWEEN MAINSTEM DISCHARGE,
SITE FLOW AND WATER SURFACE ELEVATION

INTRODUCTION

The proposed Susitna hydroelectric project would alter the natural flow regime
of the middle Susitna River, thereby influencing the mainstem water surface
elevation (stage) which in turn affects stage and flow in side channel areas.
During the 1984 field season, staff gages were installed to monitor changes in
water surface elevations at 22 mainstem and side channel study sites (Figure
II-1). Site specific data were collected to develop relationships between
mainstem discharge, site flow and water surface elevation. Generally, these
relationships can be described by discontinuous linear regression equations

using logarithmic transformed variables.

The objective of this portion of the 1984 middle river modeling studies was to
monitor water surface elevation at mainstem and side channel study sites and
obtain site-specific flow measurements to develop quantitative relationships
between: a) mainstem stage and mainstem discharge (WSEL vs. Q); b) site flow
and stage (g vs. WSEL); and c¢) site flow and mainstem discharge (q vs. Q).
These relationships are extensively used in the calibration and application of
models used to evaluate chinook rearing habitat (Part II[ of this report), and
in the application of direct input habitat models for chum salmon spawning

(Part IV of this report).
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Flow duration analyses are useful 1in comparing discharge magnitudes of a
particular year to those occurring over the historical period of record.
Figure 1I1-2 shows the rangehof mean daily discharges at Gold Creek between
1950 and 1984 for the months of June, July, August, and September, as well as

the percent of time flows were equalled or exceeded.

The 50-percent exceedence value represents a typical medium discharge, the
90-percent, a typical low discharge, and the 10-percent, a typical high. The
exceedence value corresponding to the mean monthly discharges during the years
1981, 1982, 1983, and 1984 are also shown in Figure II-2.

METHODS

Staff gage location and installation: Leopold and Stevens staff gages.gradu-

ated in 0.01 foot increments from zero to 3.33 feet were installed at all
modeling sites during August 1984. Staff gages werellocated‘é;'each Cross
section within the IFG study sites to facilitate obtaining water surface
elevations without surveying long distances when collecting multiple sets of
calibration data from the hydraulic models. Often as many as three tiered
staff gages were installed per cross section to span the variations in WSEL
which was associated withéﬁ}fhe range of mainstem discharges being monitored.
Each staff gage was surveyed to a known elevation (project datum) previously
established throughout the middle river by R&M Consultants, Inc. from 1980

through 1982. This allowed conversion of site-specific water surface

elevation readings to a common elevation throughout the middle river.
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Staff gage locations were identified by river mile (RM), Tocation within the
si1te, position relative to flow level (high, medium, low) and the associated

cross section number (Table II-1).

Table 11-1. Identification codes for staff gages.

Location in Site Code Flow Level Code

Mainstem M High A
Side Channel S Medium B
Side Channel Mouth W Low C
Side Channel Head H
Other X
Spawning Sites P

Low water gages were typically installed and surveyed to a known elevation in
September when the medium flow gages were about to be dewatered because of

receding streamflows.

Data Collection: Staff gage readings were obtained at three to five different

mainstem discharge levels during the August through October field season.
Gage height was read to the nearest 0.01 ft. Water surface elevations were
surveyed by differential leveling to the nearest 0.01 ft if the staff gages
were dewatered, and during cross section and thalweg surveys,

s
Site-specific flow measurements were obtained at one cross section in each IFG

model site at a minimum of three different mainstem discharges. The discharge
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cross section was located in a stable portion of the study site where the
velocity distribution remained relatively constant over a range of flows.
Most discharge cross sections were located at the head of a riffle or in the

transition zone between a riffle and run.

Flow measurements were obtained using a top-set wading rod and Marsh-McBirney
electronic flow meters, or Price AA meters. Depth and velocity measurements
were taken across each cross section at 20 to 25 points (verticals) in
accordance with standard methods of the U.S. Geological Survey. If the flow
velocity was not perpendicular to the cross section, the fiow angle was
recorded. Site flow was calculated with a hand calculator or an Epson HX-20

portable computer using the formula:

521 1 i i i
where:
ﬁi = depth of cell i
W, = vidth of cell i
vi = velocity of celi i
a, = flow angle of cell i

More detailed procedures for staff gage location and streamflow measurement
may be found in the FY84 ADF&G Su Hydro Aquatic Studies Procedures Manual
(ADF&G Su Hydro 1984),

Average daily streamflows for the Susitna River at Gold Creek were obtained
from the U.S. Geclogical Survey gaging station located at Gold Creek (USGS

15262000), Instantaneous discharges were calculated from a time-lag analysis
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in those 1instances when vrapidly rising or falling mainstem discharges

complicated use of mean daily values.

Analysis: Streamflow and water surface elevation data were tabulated in a
Wordstar file using an IBM PC XT and transferred to a Lotus file for graphing
as log/log plots. MWater surface elevation (y-axis) was plotted against mean
daily discharge at Gold Creek (x-axis) for the 22 study sites. Plots of water
surface elevation at the site and -ite flow versus mainstem discharge were
also prepared for the eight IFG model sites. Each plot was visually inspected
for outli~rs and, if necessary, the erroneous data points were corre- “ed.
Least saquares regression equations describing relationships between the
dependent and independgg; variables were calculated for each staff gage using
a programmable HP 41'@F,c§1cu1atar. Extrapolation Timits of the regression
equations were established based on several factors: the number of
data points, channel geometry, and breaching or controlling mainstem
discharge. The breaching flow for each side channel study site was determined
from field data or inspection of aerial photographs taken at several different
mainstem discharges (Klinger-Kingsley 1985). The reviewed data were
transferred to the Boeing mainframe computer for final analysis to confirm

regression equations and for final plotting.

The relationship between side channel flow or stage and mainstem discharge is
dependent upon the location of the staff gage in the side chaﬁgel (head or
mouth) and whether the side channel is breached or not h@@agha6?' Observatiors
regarding the breached or non-breached condition of the side channel were
recorded with each staff gage reading. This information was used to interpret
the computer graphics and identify the influence of mainrstem stage on breach-
ing the head of the side channel or causing a backwater at the mouth. Obser-
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vations regarding breached and non-breached conditions also assisted with
jdentifying the mainstem discharge above which side channel flow was "con-
tra%?eézféy mainstem éisch&xgeﬁ‘ An inflection point on the site flow versus
ma,&steé discharge plot identifies the transition from non-controlled to
controlled flow conditions in the side channel. In general, the controlling
mainstem discharge is equal to or slightly greater than the breaching dis-
charge depending upon the shape of the chanrel cross section at the head of

the side channel {Aaserude et al. 1985).

RESULTS

Site specific flow and water surface elevations were monitored from August
through October 1984, spanning the range of mainstem discharges of 4,000 to
34,200 cfs, as measured at Gold Creek. Whenever the mainstem discharge was
sufficient to breach the side channel study sites (generally 8,000 to 10,000
cfs), direct relationships beéween mainstem discharge and side channel flow
and water surface elevations were obtaired. When channels were unbreached,
their water surface elevations were influenced by ‘local inflow, channel
geometry and mainstem backwater. The site flow was influenced by upwelling,
tributary inflow or local runoff. Hence relationships were not determined for

these conditions.

Mainstem discharges at Gold Creek in 1984 were similar or slightly lower than
tynica! discharges determined from the 35 year record (Figure I11-2;. Mean
month - discharges for June, July, August, and September corresponded to flow

exczedence values of 50, 29, 52, and 73 parcent, respectively.
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Site 101.2R: As indicated by inflection points in Fiqure III-3, the side

channel breaches at 9,200 cfs and becomes controlled at 10,300 cfs. Staff
gages at cross sections 2 and 5 are located in the right channel which becomes
active at 14,000 cfs. The gravel bar which separates the main and right
channels becomes submerged near 18,000 cfs and consequently, the same water
surface elevation occurs in both channels above that flow.

Site 101.5L: The channel is controllied by the mainstem at discharges greater

than 5,000 cfs. A large backwater area i3 present at the mouth of the

channel. As mainstem discharge increases, the effect ¢f mainstem backwater on
stage extends further upstream. This is reflected in the inflection points
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channel breaches at 9,200 cfs and becomes controlled at 10,300 cfs. Staff
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charnels becomes submerged near 18,000 cfs and consequently, the same water

surface elevation occurs in both channels above that flow.
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Site 101.7L: A backwater area extends from below cross section 1 upstream to

cross section 2 at mainstem discharges of 9,600 cfs or less. A gravel bar
extends from the head to cross section 1 along the right side of the channel
which is overtopped at 9,600 cfs. The amount of flow over the gravel bar
determines the flow at cross section 1. Cross sections 2 through 4 are only
affected by backwater above 9,500 cfs until the head of the site is breached

at discharges greater than 23,000 cfs (Figure 1I-5).

Site 105.8L: The mainstem channel shape is constant below a discharge of

24,000 cfs. As indicated by the inflection points in Figure II-6, the water
surface elevation associated with 24,000 cfs is coincident with a change in

¢ross sectional geometry.

Site 112.6L: The channel is controlled by the mainstem at discharges greater

than 5,000 cfs. At the discharge cross section, a linear curve describes the
relationship between discharge and water surface elevation for the entire
mainstem range of 5,000 to 35,000 cfs (Figure I1-7). When developing the
relationship between site flow and mainstem discharge, a high corrclation was
found to exist between the lower four data points. if;Z?uﬁfﬁg the fifth data
po%ﬂtywresuiteé in a much Tower correlation, suggesting an inflection point
exists in the relationship. The physical explanation for the change in sliope
is probably the head berm geometry. Near 10,800 cfs the water surface
elevation at the head berm may coincide with a cross sectional grade break at

the channel entrance.
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Site 114.1R: Flow enters the study site at discharges greater than 5,000 and

at 10,000 cfs through two channels. The flow in the channel is controlled

above 8,800 cfs (Figure 11-8).

Site 115.0R: Backwater from the mouth of the side channel extends upstream to

cross section 1 at all discharges greater than 10,400 cfs (Figure II-9).
Below 10,400 cfs, low flow is maintained by upwelling. Two heads a ect fiow

nto the site and breach at 12,000 and 23,000 cfs.

Sites 118.9L and 119.1L: The mainstem channel shape is constant throughout

the range of available data (Figures 11-10 and I1-11).

Site 119.2R: The side channel is controlled by the mainstem at &l discharges

greater than 10,000 ofs (Figure 11-12). Above 23,000 cfs, the left bank
is inundated and a coange in the flow-discharge relationship can be expected.
The lower half of the side channel, described by cross sections 1, £, and 3,
persists as a backwater area throughout the mainstem range of 5,000 te 23,000

T

The upper half o

-ty
w
by
Fon s
e
D
(72
od
a
D

channel, represented by cross sections 4 and

%

5, is dry at discharges less than 10,000 cfs.

Site 125.ZR: The side channel is breached at discharges greater than 4,300
cfs and becomes controlled at 6,210 ¢fs (Figure I[-13).
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discharge of 16,170 c¢fs, flow is maintained

throughout the study site by wupwelling and 1is somewhat dinfluerced by
Above 16,100 cfs the sand bar which separates the

is overtopped.

IT-12



Site 131.3L: Flow enters the channel through two locations at 9,000 and

10,700 cfs. At 9,000 c¢fs, flow enters between cross sections 2 and 3. Flow
through the head 1is controlled at all cross sections at discharges greater

than 10,700 cfs {Figure II-15).

Site 131.7L: The three heads that direct flow into the channel breach at dis-

charges of 5,000, 10,000 and 14,500 cfs. The study site is first breached at
5,000 cfs and controlled by the mainstem at discharges greater than 7,470 cfs

{(Figure II1-16).

Site 132.6L: The two heads which direct flow into the side channel breach at

discharges of 10,000 and 14,500 cfs. Ponded water is present between cross
sections 5 through 9 at 10,000 c¢fs and dries up near 8,000 cfs. The channel
flow is controlled by the mainstem at 11,900 c¢fs (Figure I1-17). Above 23,100
cfs the water surface elevation at the lower two cross sections is influenced

by backwater from the mainstem.

Site 133.8R: The mainstem channel shape 1is constant below a discharge of

15,600 cfs. The water surface elevation associated with 15,600 cfs is
coincident with a change in cross sectional geometry as indicated by the

infiection point in Figure 11-18.

Site 136.0L: The channel is controlled by the mainstem at discharges greater

than 5,000

[

fs. Even at extremely high discharges, it remains distinctly
separate from the mainstem; water does not flow across the island constituting

the right hank, nor are there any overflow charnels which might direct or



divert water into or from the side channel at high flows. The cross sectional
geometry is relatively constant throughout the site. Thus, the relationships
developed are valid throughout the mainstem range of 5,000 to 35,000 cfs

(Figure 11-19).

Site 137.5R: Below 11,800 cfs the flow is maintained by upwelling throughout

the study site. At discharges greater than 11,800 cfs, a backwater extends
upstream throughout the site (Figure 11-20). Flow begins entering the channel
over the gravel bar at 23,000 cfs but is not significant enough to change the

stage-discharge relationship for the site.

Site 138.7L: The mainstem channel shape is constant throughout the range of

available data (Figure I1-21).

Site 139.0L: Flow is maintained throughout the study site at discharges below

12,000 cfs. Above 12,000 cfs, the gravel bar separating the channel from the
mainstem is overtopped. This overtopping discharge is reflected by a change

in the WSEL versus § relationship in Figure 11-22.

Site 139.4L: The mainstem channel shape is constant throughout the range of

available data (Figure 11-23).

Site 147.1L: This Tlarge side channel 1is controlled by the mainstem at

discharges greater than 5,000 cfs. Like site 136.0L, the side channel is not
influenced by overflow channels or cross flow from the mainstem, even at high
discharges. The relationships between site flow, mainstem discharge, and
water surface elevation are valid throughout the mainstem range of 5,000 to

35,000 cfs (Figure 11-24),
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DISCUSSION

The relationships between site flow and middle river discharge were developed
for mainstem controlled conditions at each study site. High regression
coefficients and general knowledge of the sites indicate the relationships
expressed as logarithmic regression equations are reliable over the range of
mainstem discharge for which data are available. Inspection of aerial
photography and familiarity with the sites provided sufficient evidence of
flow conditions outside the range of available field data to extend the

relationship somewhat beyond the range of available field data.
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PART III
CALIBRATION AND APPLICATION
OF IFG HYDRAULIC MODELS

INTRODUCTION

The middle river modeling analysis may be viewed as consisting of three steps.
The initial step involved the collection and analysis of biologic data to
determine the seasonal distribution of fish by species and 1ife phase within
middle river habitats and to identify the behavioral responses (or prefer-
ences) of life phase to physical habitat variables. This work was principally
conducted by ADF&G Su Hydro during the 1982 and 1983 field seasons (Schmidt et
al. 1984, Estes and Vincent-Lang 1984).

Second, the study‘sites are established which represent typical habitats and
sufficient field data are collected to describe anticipated changes in phys-
ical habitat conditions due to streamflow alterations. With regard to the
middie river modeling studies, hydraulic simulation models are extensively
used to forecast anticipated changes in depths and velocities. Calibration
and application of these hydraulic models is the subject of this section of

the middle river modeling (MRM) report.

The third step involves the application of habitat suitability criteria
(developed in Step 1) in combination with the calibrated hydraulic models to
simulate the response of fish habitat to dincremental changes in depth and
velocity. This analysis is facilitated by using the IFG HABTAT model which is

capable of evaluating other habitat variables such as substrate composition
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chinook at each study site in this section of the report but will be discussed

in a subsequent report by EWT&A.

Two different hydraulic models were applied in the MRM studies - the IFG-2 and
IFG-4. Selection of one hydraulic model over the other depends on three
considerations. These include (1) the Tevel of resolution of the aquatic
habitat micrchabitat desired (2) the level of efrort available for commitment
to field data collection and (3) site-specific considerations. The IFG-2
model is a water surface profile program (step backwater model) which is based
on uniform flow theory. It is most applicable to stream reaches with rela-
tively mild gradient and uniform cross section (¢v "1ally varied flow con-
ditions). The IFG-4 model is an empirical model based on regime theory and
regression analysis. It provides greater latitude for application to stream
reaches with non-uniform gradient and irregular cross section (rapidly varied
flow conditions). One or two sets of field data are recommended for cali-
bration of the IFG-2 model, whereas a minimum of three data sets are recom-

mended to calibrate the IFG-4 model.

Both IFG hydraulic models are based on the assumption that steady flow con-
ditions exist within a rigid stream channel. Streamflow is defined as
"steady" if the depth of flow and velocity at a specific location remains
constant throughout the time interval under consideration. This definition is
commonly accepted to mean that the discharge remains constant through the
study site during the time interval required to collect a set of calibration

data. A stream channel is "rigid" if it (1) does not change shape during the
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time period required to collect all sets of calibration data, and (2) does not
change shape while conveying natural streamflows of the magnitude to be

simulated (Trihey 1980).

Prior to initiating the 1984 MRM studies, approximately 130 side channel or
mainstem locations were selected as candidate study sites by EWT&A based on
examination of aetial photography. Side channels and side sloughs at which
habitat models had been developed by ADF&G Sua Hydro prior to 1984 were
excluded from the site selection process. Each candidate study site was
classified into one of eleven habitat categories according to the habitat
transformation it underwent as the mainstem discharge decreased from 23,000
cfs to 9,000 cfs (Table III-1). This approach to study site selection was
chosen because a notable transition is expected to occur in existing mainstem
and side channel habitat as a result of project induced changes in the natural
flow regime of the middle river. A total of eight study sites were selected

for detailed hydraulic analysis in 1984 (Table III-2 and Figure III-1).

Table III-2. Types of hydraulic models applied ¢i 1984 middle river modeling
sites for rearing chinook. Sites are identified by river mile
and orientation to the river bank Toocking upstream (L=left;

R=right).
Site Type of Model
101.2R 7 cross section IFG-4
101.5L 5 cross section IFG-2
112.6L 9 cross section IFa=2
119.2R 5 cross section IFG-2
131.7L 7 cross section IFG-4
132.6L 9 c¢ross section IFG-4
136.0L 6 cross section IFG-4
147, 1L 6 cross section [FG-2
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Table III-1 Description of Habitat Transfeormation Categories

Category Description

0 Tributary moutn habitats that persist as tributary mouth
habitat at a tower flow.

I Upland slough and side slouth habitats that persist as the
same habitat type at a lower flcw.

II Side channel habitats that transform to side slough
habitats at a lower flow and possess upwelling which
appears to persist throughout winter.

ITI Side channel habitats that transform to side slough
habitats at a lower flow but do not appear to possess
upwelling that persists throughout winter.

Iv Side channel habitats that persist as side channel
habitats at a lower flow.

y ~ Indistinct mainstem or side channel areas that transform
into distinct side channels at a lower flow.

VI Indistinct mainstem or side channel habitats that persist
as indistinct areas at a lower flow.

VII Indistinct mainstem or side channel areas that transform
to side slough habitats at a Tower flow and possess
upwelling which appears to persist throughout winter.

VIII Indistinct mainstem or side channel habitats flow which
transform to side slough habitats at a lower flow but
do not appear to possess upwelling which persists
throughout winter.

IX Any water course that is wetted that dewaters or consists
of isolated pools without habitat value at a Tower flow.

Mainstem habitats that persist as mairstem habitat at a
X Tower flow.

* Habitats were based on a reference flow of 23,000 cfs

Source: Aaserude et al. 1985,
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Habitat categories that were well represented by existing models were not

studied further during the 1984 field season.

METHODS

Site Installation and Data Collection: A varying number of cross sections and

staff gages were installed at each study site to describe pools, riffles, and
runs. Cross sections were also positioned at the transitions between riffles

and pools.

Methods for instailing staff gages are described in Part II of this report and
the FY84 ADF&G Su Hydro Aquatic Studies Procedures Manual. Cross section
profiles were determined for each cross section with a level and survey rod.
Horizontal distances between headpins were measured to the nearest 1.0 ft by
stadia survey or measuring tapes. Streambed elevations were measured to the
nearest 0.1 ft using differential leveling techniques. In conjunction with
the c¢ross section survey, the water surface elevation was determined at the
left and right waters edge, and depth of Tlow was measured at a minimum of

three points on each cross section.

Substrate composition and the associated cover value were visually estimated
and recorded across each transect. Substrate composition was classified using
the criteria presented in Table III-3 (Estes and Vincent-Lang 1984). Cover
was described using a two-digit code following Schmidt et al. (1984), in which
the first digit refers to the cover type and the second digit identifies the
percent cover (Table III-4). The presence of upwelling groundwater was

visually determined at each cross section during October 1984 and April 1985,

[11-11



Table III-3. Substrate code classification.

Visually Estimated

Particle
Substrate Size Classification
Silt 1
2
Sand 3
4
Small Gravel 1/8-1" 5
6
Large Gravel 1-3" 7
8
Rubble 3-5" g
10
Cobble 5-10" 11
12
Boulder >»10" 13
Table I11I-4, Cover Code Classification.
PERCENT
COVER CODE COVER CODE
silt, sand 1 0-5 .1
emergent vegetation 2 6-25 .2
aquatic vegetation 3 26-50 .3
1-3" gravel 4 51-75 A
3-5" rubble 5 76-100 .5
> 5" cobble, boulder )
debris 7
overhanging riparian vegetation 8
undercut bank 9
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The IFG-4 hydraulic model requires that the water surface elevation be iden-
tified for each cross section at which no flow occurs. This elevation is
called the stage of zero flow and generally corresponds to the streambed
elevation in riffles and runs and the downstream hydraulic contrel for pools.

The stage of zero flow is not required when applying the IFG-2 model.

Thus at all IFG-4 sites, the stage of zero flow at each cross section within
the study site was determined from the surveyed streambed profile. Streamved
elevations of hydraulic controls downstream of the study sites were estimated

for use in the model calibration procedures.

Depth and velocity information necessary for model calibration were collected
at each site using a Marsh-McBirney or Price AA velocity meter and a top-
setting wading rod. Water depth was measured to the nearest 0.05 foot and
velocities were measured to 0.1 feet per second. These measurements were
classified as either "calibration" or "shoreline" data. Calibration data were
collected for use with the IFG-4 model at the smaller study sites and were
obtained at verticals across an entire cross section. Shoreline data were
collected at the larger study sites and were obtained at verticals on that
portion of the cross section extending from each bank out into the channel
until either the depth or velocity was limiting to field personnei. Shoreline
data were used in the IFG-2 model to provide high resclution along the channel
margins where fish habitat might exist. Depths and velocities used in the mid
channel cells of the model were estimated from cross section and water surface

profiles and apportionuent of discharge using the continuity equation.
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General Techniques for Hydraulic Model Calibration: Calibration of the IFG-4

model was undertaken following recommended IFG guidelines (Main 1978 and
Milhous et al. 1984) as supplemented by Trihey and Hilliard (1984). Guide-

Tines suggested by Trihey and Hilliard include:

1. Forecasting depths and velocities for streamflows representing the
anticipated extrapolation limits of the calibrated mode! during the

initial calibration runs.

2. Visual examination of water surface profile plots for each cali-
bration discharge as well as the streamfiows representing the upper

and Tower extrapolation limits of the model.

If the observed and predicted water surface profiles do not agree,
or the forecast waéer surface profiles for the upper and Tower
extrapolation flows appear unreasonable (i.e. water flowing uphill
or conflicting with the slope of the calibration profile] the

following procedures were completed through an iterative process.

a. Examine the stage of zero flow to see that it has been

correctly defined.

b. Check that cross section coordinates have been correctly

calculated and transferred to the IFG-4 input deck.

c. Check that the right and left bank water surface elevations

have been properly used to provide a horizontal water surface
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across the cross section. If a large discrepancy exists
between right and left bank water surface elevations, adjust
the streambed elevations to cause a horizontal water surface

elevation to exist.

Adjust the calculated water surface elevations at each cross
section within the following limits to provide more realistic
forecasts of water surface profiles for the extrapolation

flows:

flat gradient = 0.02 ft

steep gradient = 0.05 ft

If steps a through d do not result in rﬁ?iable water surface
profiles for the extrapolation flows, it is quite possible the
stage discharge relationship is non-1inear, and more reliable
hydraulic simulations will result from high and Tow flow models

used in combination rather than one model to simulate the

entire flow range of interest. Therefore, separate the field .

data into two subsets and develop two hydraulic models follow-

ing the guidelines and procedures described above.

g

After reasonable water surface profiles are forecast by model,

review the velocity adjustment factors (VAF's) in accordance with

the IFG gquidelines,
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While reviewing the VAF's, measured velocities were adjusted +0.10
ft/sec in low velocity areas or =10 percent if in excess of 2
ft/sec, and extremely small non-zero velocities (.01 to .05 ft/sec)
or abnormally large Manning's "n" values (.1 to .9) were assigned to
pool and shoreline areas where zero velocity was reported in order
to improve the predictive capability of the IFG-4 model over the

range of extrapolation flows.

Calibration of IFG-2 models also followed recommended IFG guidelines and was
supplemented by procedures developed by EWT&A to utilize the shoreline depth
and velocity data collected over a wide range of flows and the well-defined
rating curves developed for several cross sections in the study site. The
primary approach in calibrating IFG-2 models was adjustment of Manning's "n"
values for each cell along the cross section until predicted shoreline

velocities and water surface profiles agreed with the field data.

Required input data for an IFG-2 model inciudes the water surface elevations
at the downstream cross section (Cross section i)} for each streamflow to be
simulated. These elevations were obtained from the stage-discharge
relationship developed for this cross section (refer to Section II).
Stage-discharge curves developed at the other cross sections in the study site
provided target water surface elevations with which to compare forecast water
surface profiles. If the model predicted a lTow water surface elevation at a
particular transect, the Manning "n" values were increased. Decreasing

Manning "n" values dropped the water surface elevation.
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Once the desired water surface profile was attained for the calibration
flow’s), the distribution of velocities across each cross section was compared
with the available field observations. Plots of observed versus predicted
velocities were used to identify cells where an adjustment in the Manning "n"
value for dindividual cells was required. If dindividual "n" values were
significantly altered in this process, the water surface elevation deviated

from the target water surface elevation.

Manning "n" values generally decrease with an increase in discharg%fa result
of streambed roughness having a reduced effect on retarding flow as depth of
flow increases. The IFG-2 model accepts n-modifiers to account for this
principle (Milhous et al. 1984). To maintain the characteristic shape of the
velocity distribution pattern across the cross section (i.e., the general
trend of high mid channel and low shoreline velocity areas), all "n" values at
the cross section were multiplied by a constant factor; greater than 1.0 to
raise the water surface elevation, and less than 1.0 to lower it. Typical
n-modifier values ranged from 1.02 for low flows to 0.60 for extremely high
flows. The apparent skew between n-modifiers for high and low flows exists
because most calibration data were collected during lTow flow conditions and
therefore "n" values do not require much adjustment to simulate Tow flows

hydraulic conditions as they do to reproduce high flow observations.

A single IFG-2 model was not always adequate to reliably predict both Tow and
high flow hydraulic conditions. This was primarily due to interaction between
channel geometry and flow that altered the stage-discharge relationship such

as the overtopping of gravel bars, or transformation of a riffle-pool sequence
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to a run. The need for two models was evidenced by unrealistic velocity
distributions, especially along the shorelines, between high and Tow flow

forecasts.

General Techniques for Hydraulic Model Verification: The quality of each

calibrated IFG-4 or IFG-2 hydraulic model was evaluated at two levels. Level
one is a qualitative assessment of the models overall performance with regard
to four evaluation criteria. Each model was given a numeric rating depending
upon its degree of compliance with each criteria. Numeric ratings were
assigned through a comparison of model performance with criteria, or through
professional judgment. Application of professional judgment requires: an
understanding of open channel hydraulics, familiarity with the study site,
experience with the model, and knowledge of how the model will be used in the

habitat analysis.

Numeric ratings assigned model performance for each of the four criteria may

be either 0, 1 or 2 as defined below. The overall score, calculated by
o

P

&7

summing the numeric rotings for the four criteria, was used to indicate the >

overall quality of the calibrated models according to the following scale:

Excelient 8 (maximum possible score)

Good 7

Acceptable 5-6

Unacceptable <5; or zero for any evaluation category
bop ek
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LEVEL ONE EVALUATION FOR IFG MODELS /bf

Criteria 1: How well does the model conform to the IFG and EWT&A calibration

guidelines?:

Rating:

Plot water surface profiles, s.age of zero flow, and streambed
profile. Are they reasonable? To be reasonable, water must flow
downhill; an dincrease in discharge should cause the pool/riffle
sequence to drown out and the water surface profile to become more
uniform in gradient; a decrease in discharge should cause the water
surface profile to more distinctly reflect changes ir stream bed

gradient and riffle/pool profiles.

Examine water surface elevations forecast by the calibrated model.
Are the predicted water surface elevations over a broad range of

discharges coincident with the stage-discharge curves for each site?

Compare predicted depths and velocities at the calibration flows to
field data. Do the predicted discharges agree with the discharges
measured in the field for each cross section (IFG-4 model only)?
Are the predicted velocities realistic? Are there more than few

outliers for the extrapolated flows?

A model that can forecast both water surface elevations and veloc-

ities accurately.
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A model that can define water surface elevations and velocities
accurately at the calibration flows but may not be able to reliabiy
define both WSEL and velocities near the limits of the extrapulation

range.

0 = A model that cannot accurately reprcduce depths or velocities at the

calibration flow.

Cri*eria 2: How well does the extrapclation range of the calibrated model

conform to the desired range?

Subreaches of the overall extrapolation range of the calibrated model are
rated excellent, good, acceptable or not acceptable depending upon the
degree to which predicted water surface elevations coincide with the

stage-discharge curve and VAF's coincide with IFG guidelines.

The first assumption made in this evaluation 1is that accurate stage-

<

discharge curves are available for seve :% c¢ross sections in the study
site. The abilityv to evaluate the forecasting capabilities of the model
improve with an increasing number of well-defined stage discharge curves
for the study site. By reviewing aerial photography and incorporating
field experience it can be determined whether there is sufficient change
in Tlocal channel geometry or flow patterns (such as other channels
becoming overtopped at higher mainstem discharges) that may cause a
significant change in the slope o’ the stage-discharge relationship above

the range of available data.
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Ratings:
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A model that can forecast water surface elevations coincident with
the stage-discharge curve while retaining VAF's between 0.9 and 1.1

throughout the entire extrapolation range.

1 = A model that can forecast either VAF's or water surface elevations

within the extrapolation range.

0 = A model that cannot forecast acceptable WSEL's or VAF's within the

defined ex*rapolation range.

Criteria 3: Are the hydraulic models appropriately calibrated for the species

and life stage being considered?

Study sites established to evaluate a particular species or 1ife stage
may not accurately represent microhabitat conditions important to another
species or 17fe stage. For example a good rearing site may not be an
acceptable spawning site due to substrate composition or absence of
upwelling. Carefully review the microhabitat characteristics of the
study site in reference to life history requirements of the species or
1ife stage being evaluated. Cross sections are properly located to
accurately define the channel morphology which is of importance to the
species and/or life stage of interest and that a sufficient number of
verticals are included at each cross section to provide an accurate

description of depth and velocity distribution.
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Ratings:
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A model that provides sufficient precision in its hydraulic fore-
casts to be applied to both adult and juvenile life stages with an

equally high level of confidence.

1 = A model that can provide a high level of precision for evaluating
the life stage for which the study site was primarily established,
but hydraulic forecasts are only considered "acceptable" for other
species/1ife stages. Had cross sections and verticals within the
study site been laid out differently, additional data collected, or
a separate hydraulic model! calibrated, a "2" rating would have been

possible.

0 = Insufficient data were collected to calibrate the hydraulic model in
the flow range of interest for the species/life stages to be evalu-

ated.

Criteria 4: How well does the range of forecast depths and velocities compare

with the depth and velocity suitability criteria?

Even though the model may not accurately reproduce depths or velocities
from a hydraulic viewpoint, the erroneously predicted depths and
velocities may occur within a range of values for which suitability
indices are not sensitive. These ranges are unique to the particular set

of habitat suitability criteria being applied. In general, hydraulic
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models for juveniles should accurately define low velocity areas { 0.8
ft/sec), but need not be as accurate when velocities exceed 2 ft/sec.
Depths of flow greater than 0.15 ft need only be approximate and are of
1ittle consequence in steep-sided channels where an error in the water
surface elevation will not cause a notable change in top width.
Hydraulic models for spawners should accurately define velocities up to 2

ft/sec, and depths up tc 1.0 ft.

Ratings:

™
L]

The hydraulic model provides accurate forecasts of depths and
velocities present in the study site throughout the full ranges of

depths and velocities for which suitability criteria are defined.

1 = Hydraulic forecasts are sufficiently accurate to describe the order
of magnitude of the suitability index and therefore will result in a
reliable habitat model even though the precision of the hydraulic

forecasts are questionable.

0 = The hydraulic model is incapable of accurately identifying the order

of magnitude of the habitat suitability index.
LEVEL TWO EVALUATION FOR IFG MODELS
Level two evaluation criteria were applied when the calibrated IFG-2 or IFG-4

5 .
modeaﬂwere not assigned an excellent rating during the level one evaluation.

These analytical techniques can alsc be incorporated as additional steps in
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recommended model calibration procedures for other studies using the IFG

hydraulic models.

The best method of evaluating the predictive capabilities of the hydraulic
models would be to collect additional data sets near the limits of the extrap-
olation range that are not used in the calibration procedure and then compared
with the model predictions. This method can seldom be applied, however. The
analytical procedure which follows has been suggested by Wilmott (1981) for
use with‘geographic models which face similar problems when evaluating differ-

ences between observed and predicted data.
IFG-4 Model:

A visual comparison is made between scatter plots of the observed and pre-
dicted depths and velocities at all cross sections for each calibration flow.
A quantitative assessment can be made by computing several statistics which
describe the differences between observed and predicted values. Pearson's
Product-Moment Correlation Coefficient (r), Coefficient of Determination {(r2),
the slope (b) and intercept (a) of a least squares regression between observed
and predicted values have usually been reported as reliable measures of a
model's predictive capabilities. Willmott (1981) has suggested computing
additional statistics to better evaluate the predictive capability of the
model. These variables include the systematic and unsystematic components of
the root mean square error

N

RMSE, = Z ((a +b0;) - 0,)%1%+2
and
N
RMSE, = TNH T (P, - (a +b0,))210+2
i=1 !
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as well as the total root mean square error

N

Ruse = [N ] (P, - 0,)%1°°°
i=1 ']
where:
T2 1,2, 0ieennns .n (sample size of the number of predicted
cells)
0 = Observed or field measured data
P = Model predicted data.

U“ states Willmott, "perhaps the

model is as good as it can be without major reworking.” An index of agreement

"If RMSE is all, or largely composed of RMSE

(d) may also be calculated to determine the degree to which a model's

predictions are error free. The index of agreement is computed by
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The value of d varies between 0.0 and 1.0 where a computed value of 1.0
indicates perfect agreement between the observed and predicted observations,

and 0.0 denotes complete disagreement.

IFG-2 Model:

A visual comparison can be made of the observed and predicted velocity dis-
tribution plots for the IFG-2 models, where most of the observed data was
obtained near the shoreiine. In general, cells in the IFG-2 model do not
coincide with verticals where field measurements were made, but rather with

distinct changes in channel geometry, roughness, or habitat suitability. A

I11-25



representative velocity distribution "shape" was developed for each cross
section, using calibration flow data, which typically extended the full width

of the channel.

Where only shoreline data was available, the horizontal velocity distribution
was modeled after either measured values cobtained at a similarly shaped cross
section at the site where a complete data set was available, or by simply
estimating a mid-channel velocity distribution based on the channel geometry
(i.e., the highest velocities should correspond to the deepest portion of the
channel). This is a reliable method, since cross-sectional area and discharge

are fixed and therefore the average channel velocity is defined.

Applying the IFG-2 model at discharges other than the calibration flow pro-
duces velocity distributions similar in shape to that of the calibration flow.
When inconsistencies between field data and predicted velocities occurred at
high flows, a second model was developed. Generally, the high flow model
predicts velocity profiles that are steeper near the water's edge than the

corre. unding tow flow models.

General Techniques for Hydraulic Model Application: The calibrated hydraulic

models were linked with the IFG HABTAT model to forecast WUA for juvenile
chinook as a function of streamflow W, Habitat suitability criteria {(Curves)

for each physical habitat variable suod in the HABTAT model were derived from
field observations of juvenile ch1;;5k in side channel and side slough areas
(Schmidt et al. 1984) as described by Trihey et al. 1985. The suitability
criteria applied for juvenile chinook are summarized in Figures I1I1I-2, 3, 4

and Table [II-5,
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Figure I1I-2.

DEPTH (FT)

Juvenile chinook salmon suitability criteria for depth applicable

to clear and turbid water habitats. Source: Schmidt et al.

1984.
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Juvenile chinook salmon suitability criteria for velocity

applicable to clear and turbid water habitats. Source:
Schmidt et al. 1984, EWT&A and WCC 1985,
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Table II1-5.  Cover suitability criteria recommended for use in modeling juvenile chinook habitat under
clear and turbid water conditions. Sources: Schmidt et al, EWT&A and WCC 1985.

Percent No Emergent Aquatic  Debris & Overhanging Undercut Large Rubbie  Cobble eor
Cover Cover Veg. Veg. Deadfall Riparian Banks Gravel 3"-5" Boulders <5"

Clear Water (ADF&G)

0-5% 0.01 0.01 0.07 0.11 0.06 0.10 0.07 0.09 0.09
6-25% 0.01 0.04 0.22 0.33 0.20 0.32 0.21 0.27 0.29
26-50% 0.01 0.07 0.39 0.56 0.34 0.54 0.35 0.45 0.49
51-759% 0.01 0.09 0.53 0.78 0.47 0.75 0.49 0.63 0.69
76-100% 0.01 0.12 0.68 1.00 0.61 0.97 0.63 0.81 0.89
Turbid Water (EWT&A)
0-5% 0.31 0.31 0.31 0.48 0.26 0.44 0.31 0.39 0.39
6259 0.31 0.31 0.39 0.58 0.35 0.56 0.37 0.47 0.51
26-509 0.31 0.31 0.46 0.67 0.41 0.65 0.42 0.54 0.59
51-75% 0.31 0.31 0.52 0.77 0.46 0.74 0.48 0.62 0.68
76-100% 0.31 0.31 0.58 0.85 0.52 0.82 0.54 0.69 0.76

1 Multiplication factors: 0-5% - 4.38%; 6-25% - 1.75; 26-50% - 1.20; 51-75% - 0.98; 76-100% - 0.85



Of particular interest are the separate suitability criteria for velocity and
cover which apply under clear and turbid water conditions. Clear water
habitats occur 1in side channel areas conveying base flows derived from
groundwater or tributary inflow when the side channel is not breached by the
turbid waters of the mainstem. The mainstem discharge at which the transition
from clear to turbid water occurs depends on the streambed elevation at the
head of the side channel relative to the water surface elevation of the
mainstem. Water surface elevation versus mainstem discharge and site flow
versus mainstem discharge relationships described in Section II of this report
were used to determine at which site flows the clear or turbid water velocity

and cover criteria were to be applied.

Within the HABTAT model the study site is comprised of a matrix of cells, each
pcssessing flow-dependent hydraulic variables obtained from the calibrated
models. Since the top width of the study site responds to incremental changes
in streamflow, the total number'sf wetted cells and their cumulative surface

area also vary with flow.

The HABTAT program evaluates the utility of each cell at a specified flow by
calcuiating a joint preference factor, which in this study was defined as the
product of the individual suitabjlity values associated with the prevailing
velocity, depth and cover conditions. Weighted usable area is calculated for
each cell by multipiying its surface area by the joint preference factor. The
WUA for the study site is the sum of the individual cell WUAs. When plotted
as a function of discharge, the study site WUA indicates the site specified
response of fish habitat to changes in flow. WUA is expressed in units of

square feet per 1,000 Tinear feet of stream.

I11-31



Total wetted surface area and WUA curves for juvenile chincok weve obtained at
the eight hydraulic modeling sites corresponding to a rance of mainstem
discharge from 5,000 to 35,000 cfs at Gold Creek. Surface area and WUA values
for site flows outside the recommended extrapolation range of the hydraulic
models were estimated using trend analysis and professional judgement.

Instances where this was necessary are documented in Table B-6.

A time series plot of available juvenile chinook habitat was also developed
for each site by interfacing a synthl dized record of site flows during the
1984 rearing season (May 20 to September 15) with the WUA versus site flow
function. The resulting figures enable evaluation of habitat conditions on a

site-by-site basis over the summer growth period.

RESULTS

Site 101.2R

Site Description: This site is located 2.2 miles above the confluence of

Chulitna River on the east bank of the Susitna River (Plate I[I1-1). the study
reach is 1,500 ft and varies from 350 ft wide in the Tower half of the site to
250 ft wide in the upper half. Cross sections 1, 3, 4 and 9 describe the
shallow, high velocity areas while cr¢zs sotions 7 and 8 represent a deep,
slow velocity area (Figure III-5). Cros- =ection 6 separates the two areas.
Cross sections 2 and 5 describe the sma:l right channel and did not extend
across the main channel as the hydraulic conditions at adjacent cross sections

were similar. Cross sections 3 and 4 extend across a small backwater channel
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along the left bank. Substrate is mainly cobble and large gravel throughout
the site with a layer of silt in the left channel. Cover is available pre-
dominately from the rubble and cobble substrate present with some debris

present.

The vegetated gravel bar along the left bank and across the channel head
breaches at 9,200 cfs. Below 9,200 cfs, the site is ponded and only the
wetted area near cross section one is connected to the mainstem. The right
channel breaches at 14,000 cfs. Site flows of 10 and O cfs correspond to
mainstem discharges of 10,400 and 7,400 cfs. At 23,000 cfs (mainstem}, site

flow exceeds 600 cfs.

This study site was selected to represent side channels that become dewatered
at low discharges. Upwelling was suspected to maintain low baseline flow
conditions and the site appeared to have potentially good rearing habitat
although no previous utilization has been documented. An IFG-4 model was
selected because of the non-uniform flow conditions present and the channel

size.

Chum salmon adults have been observed to use the site but no redds were
detected. Some Jjuvenile chinoock salmon have been observed in the site.
Access to the site is difficult below 9,200 cfs. Passage upstream of cross

section 1 is not possible in the unbreached condition.

Calibration: Table III-6 1ists the data used to calibrate the hydraulic model

for this site. Depth and velocity measurements were made across each cross



section at every calibration flow. Because cross sections 2 and 5 do not

extend across the main channel, they were not included in the hydraulic model.

Table 111-6. Hydraulic data available to calibrate the IFG-4 model for site

101.2R.
Flow Discharge
Date (cfs) (cfs)
840830 265 15,300
840903 25 11,200

The hydraulic model was established to describe the depths and velocities in
the main channel. At discharges greater than 14,000 cfs, flow entered the
right channel. The water surface elevations in the main and right channels
differed across cross sections 1 through 5. The streambed elevations were
raised in the right channel to maintain a horizontal water surface elevation
across a cross section (Figure III-6). The backwater area at the mouth of the
Teft channel also had different water surface elevations than the main
channel. The streambed elevations in the left channel were alsc raised to
maintain horizontal water surface elevations at cross sections 3 ard 4,
Ubserved and predicted water surface profiles from the calibrated model are
shown in Figure III-7. The extrapolation 1imits are also p'otted. The IFG-4
model was calibrated with respect to depth by making comparisons between the
stage-flow curves and the mode! predi-ted water surface elevations. The
comparison made at the discharge cross seczion is illustr-ted in Figure 1I11-8;

similar comparisons were made at each c¢ross secticn.
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Verification: An analytical analysis was made to compare the predictive

capabilities of the model. Scatter plcots comparing the observed and predicted
depths and velocities (Figure B-2.1) indicate the model 1is capable of
accurately predicting hydraulic data. Statistical tests were also made and

the results :mmarized in Table B-5.

Application: An excellent rating was assigned from 9,200 to 17,600 cfs

mainstem discharge. From 9,200 to 10,300 cfs, the baseline flow-is astimated
to be 10 c¢fs. Between discharges of 10,300 to 17,609 cfs, the site flow
ranges Trom 10 to 600 cfs. As discussed in Part Il of this report, there is a
change in the flow versus stage relationship changes as the gravel bar which
separaztes the main and right channels becomes overtopped. Because there is no
data available to describe exactly how this change affects the fiow-stage
relationship, the upper limit of the excellent rating was set tc be 17,600
cfs. The predictive capabilities also break down so it is no Tonger reliable

above 17,600 cfs {600 cfs site flow).

Ty

8000 14000 22000 30G00

) i | Excell [ 1 une :
Mainstem Discharge, cfs % ent |__| Una. .cptable

Total surface area and WUA curves for study site 101.2R are provided in Figure
T11-9. These curves are plctted to the same vertical scale, representing
square feet per thousind feet of stream reach. A comparison of the two curves
indicates the relative proportion of the wetted surface area containing

rearing habytat Yor Juvenile chinook at varicus mainstem discharges.
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Rearing habitat for juvenile chinook in the side channel is maximized at
mainstem discharges in the vicinity of 11,000 cfs. The sharp rise in WUA
which occurs near 9,000 cfs is caused by the site being breached and the
associated increase in turbidity which provides additional cover value for

juvenile chinook.

The WUA curve is also plotted in Figure III-9b at an expanded vertical scale
to accent the response of ﬁg%ing habitat to incremental changes in discharge.
The presence of turbid water and the distributi~n of water velocity are the
primary determinants of the WUA response curve at this site. Although much of
the site exists as riffle-run habitat, the channel gradient is low enough that
water velocities do not become limiting to juvenile chinook until mainstem
discharges exceed 16,000 cfs. The large vegetated gravel bar which separates
the side channel from the mainstem and another large gravel bar in the lower
portion of the study site which is exposed at low flows does not provide for
any appreciable increase in rearing habitat at higher flows due to the Tow
cover value of their sand and gravel substrates. Nevertheless, in relation to

flow conveyance, this study site possesses fairly good habitat for juvenile

chinook in the lower flow ranges (Figure I1I-%a).

The WUA forecasts were cbtained using the HABTAT model linked with the IFG-4
model previcusly described in this site discussion. Because of the limited
extrapoiation range of this particular IFG-4 model the WUA and surface area
curves were estimated for mainstem discharges less than 9,200 cfs and greater

than 16,000 cfs.
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The wetted surfaze area of the channel were estimated for discharges of 5,100
and 7,400 cfs using digitized measurements obtained from aerial photography,
as described in Klinger-Kingsley (7985). These estimates, 31,600 and 46,500
sq Tt/1,000 ft, were assigned to discharges of 5,000 and 7,000 cfs. Low
turbiaity habitat suitability criteria were used to Torecast juvenile chinook
WUA at 9,200 cfs (breachiny Flow for this side channel) and the amount of
rearing habitat available under non-brecched conditions was assumed to deciine
to zero at & constant rate between this discharge and 6,500 cfs. This
assumption is supported by numerpus field observations of clear standing water
which 1is cut off from the mainstem. Although still contributing to total
wetted surface area, clear ponded wuter provides progressively less suitable

habitat for juvenile chincok as mainstem flows recede.

At mainstem discharges exceeding 16,000 cfs (the upper extrapolation limit of
the IFG~4 model), estimates of the wetted surface arez at 23,000 and 27,000
cfs w&reha?sa obtained from aerial photography. Surface areas associated with
discharges between 16,000 cfs and 27,000 c¢fs were interpolated. Surface area
estimates for discharges greater tan 27,000 c¢fs were obtained by trend
analysis; exponentially extending the surface area curve to a maximum of

210,000 sq ft/1,000 ft at 35,000 cfs.

The WUA curve for juvenile chinook was assumad %to decay exporentially above
16,000 cfs. This trend is evident at other middle river side channel for
which high flow hydraulic models are availabie. 1In addition extension of the
WUA curve beyond 18,000 cfs using this technique does not appear inconsistent

with lhe rate of decline forecast by the calibrated model for discharges less

7

4

chan 10,000 s, Additional information is provided in Table B-6.1.
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Time series WUA and site flow plots are presented in Figure II[-10a and b.
Low site flows during late May and early September, corresponding tc mainstem
discharges of 9,000 to 13,000 cfs, resulted in comparatively high rearing
habitat forecasts for these periods. High site flows during the intervening

P -

months produced low habitat forecasts. -

Site 101.5L

Site Description: This site is located 2.2 miles above the confluence of the

Chulitna River on the west bank of the Susitna River (Plate III-2). The study
reach is 3,100 ft long and 430 ft wide. A Targe backwater area is present
throughout the lower half of the site for the entire discharge range (5,000 to
35,000 cfs). One cross section describes the backwater area; a second
describes the transition betwsen low and high velocity areas. Three cross
sections define the deep, fast area in the upper half of the study reach
{Figure 1I1I-2). Cobble and rubble substrate predominate throughout the site.
A thick layer of sand exists along the right bank of the mouth. The available
cover is provided by large substrate with less than 25 percent considered

acceptable.

This study site was selected to represent large side channels which remain
side channels from 5,000 to 35,000 cfs. An IFG-2 model was selected because
of the large size of the channel and its uniform shape. In addition, field
reconnaissonce indicated that rearing habitat was limited fo the stream bank
margins, and a limited amount of data would therefore be adequate to simulate

channel hydraulics with an IFG-Z2 model.
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Channels B and C convey mainstem flow at all discharges and 10,000 cfs,
respectively. Channel A becomes active at 12,000 cfs and redirects less than
ten percent of the flow from the side channel to the mainstem. Site flows of
6,030, 2,400 and 1,640 cfs correspond to mainstem discharges of 23,000, 10,400

and 7,400 cfs respectively.

Spawning salmon have not been observed in the side channel. Juvenile chinook,
coho and sockeye salmon have been identified in the site. The large backwater
area at the mouth eliminates any access difficulty, and the deep channel

allows passage throughout the site at all discharges.

Calibration: The data available to model the site included level surveys for

cross sections 1, 2, and 5; rating curves deveioped by ADF&G at cross sections
2 and 5 {Estes and Vincent-lLang, 1984); and the hydraulic data summarized in
Table III-7. Cross sections 3 and 4 were developed from the discharge

measurement notes.

Table I1I-7. Hydraulic data available to calibrate the IFG-2 model for site

101.5L.
Flow Discharge Calibration
Date {cfs) (cfs) Cross Section(s) Type*

841012 1622 6210 4 D
841001 1696 7830 5 D

1,2 S
840911 2213 9330 3 D
940921 2250 11,400 1, 2,5 S
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Table III-7 (Continued).

940831 3530 14 ,300%* 3 D
840820 4500 18,500 1, 2,5 S
* D = Discharge measurements (includes mid channel and shoreline measurements)

S

*k

Shoreline measurements (does not include mid channel measurements)
Adjusted to instantaneous discharge

uon u

Two models were required to accurately describe the site for mainstem
discharges of 5,000 to 35,000 cfs. Velocity profiles for site flows of 1,696
and 2,250 cfs at cross sections 1, 2, and 5 were similar. However, to

similate the velocity distribution across the channel at a site flow of 4,500

ot

cfs required a different set of Manning's "n" values. Velocities increased
gradually with distance from the water's edge at Tow flows, but rose quickly

and approached maximum channel velocity niuch closer to shore at high flows.

The velocity profiles for the two measured flows at cross section 3 were very
similar and represented low and medium flows through the site. Only Tow flow

data were available for cross section 4.

In calibrating the two models with respect tc depth, predicted water surface
elevations at cross sections 2 and 5 were compared to the corresponding
elevations calculated from the rating curves. Water surface elevations for
cross sections 3 and 4 were checked by comparing the predicted top widths with
the top widths determined from the discharge measurements. Water surface
profiles based on IFG-2 output for the calibration flows of 1,696, 2,250, and
4,500 cfs and for the flows corresponding to discharges of 5,000 and 35,000
c¢fs are shown in Figure [II-12. Observed water surface elevations and rating

curve water surface elevations are also shown.
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Verification: Figures B-2.2 and B-2.3 show velocity profiles produced by the

two IFG-2 models at cross section 5 for calibration flows of 1,696 and 4,500
cfs. The observed shoreline velocities for those flows are also plotted. The
figures demonstrate that the set of "n" values that produces the praoper
velocity profile at the low flow does not accurately produce that of the high

fiow, and vice versa.

Application: The low flow IFG-Z model represents site conditions for mainstem

discharges up to 10,600 cfs while the high flow model 1is applicable to
mainstem discharges greater than 10,600 cfs. This breakpoint corresponds to a
site flow of 2,500 cfs. By utilizing all available site information,
including aerial photography, channel geometry and field experience, the
1imits for which the models can be considered excellent extend beyond the
range of available data. The models were extrapolated beyond the data range
to 5,000 cfs on the lower end of the low flow model and 23,000 cfs for the
upper end of the high flow model. At 23,000 cfs, the channel geometry
suggests that the total flow Toss through the overflow channel is less than
ten percent. Because this outflow is minor, the upper model 1imit was extrap-
olated from 23,000 to 35,000 cfs. However the overall rating for the high
flow model for the mainstem range of 23,000 to 35,000 cfs was considered good,
rather than excellent. The total wetted surface area and juvenile chinook WUA
curves for the study site are presented in Figure II1I-13. 1In this figure the
WUA and surface area curves are plotted to the same scale and expressed in
identical units; i.e., square feet per 1,000 feet of stream. A comparison of

the two curves gives an indication of the proportion of the study site which

contains rearing habitat.
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The application ranges and ratings are summarized below in the bar chart.

IR R T R T T T T Tt T T T T M U U RS R N N S (N NS O NS S S N N
. 8000 14000 22000 30000

Excelleat

Mainstem Discharge, cfs

=3 Good

Site 101.5L is distinguished by a comparatively narrow range of jJuvenile
chinook WUA for mainstem discharges between 5,000 and 35,000 cfs, suggesting
ﬂzﬂ"‘dﬂ*;\\\

that areas suitable for chinocﬁ\raring}are generally recruited and lost at
comparable rates. Most of the rearing habitat is located in a narrow band

along the right shoreline where velocities are not Timiting (Williams 1985).

The response of the WUA curve to variations ir mainstem discharge is
diagrammed in Figure II1I1-13 which is plotted on an expanded vertical scale.
The increase 1in WUA forecasts associated with Tlower mainstem discharges
reflect the influence of lower velocities. The WUA forecasts associated with
Tower flows at this site reflect the combined effect of overtopping discharges
(in both overflow and secondary feeder channels) and the channel geometry on
nearshore velocities. At higher flows the small increases observed in
juvenile chinook habitat are due to the progressive development of a
jow-velocity backwater area at the Tlower end of the study site. The
significance of these changes in habitat potential in response to streamflow,
however, becomes relatively insignificant when viewed in relation to the

wetted surface area of the side channel.
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WUA were forecast using Tow- and high-flow IFG-2 models linked with the HABTAT
model to account for flow-dependent variations in shoreline velocity
distribution. The side channel conveys turbid water at mainstem discharge
less than 5,000 cfs. Therefore WUA for juvenile chinook was forecast using
only turbid water habitat suitability criteria. Application of Tow and high
flow WUA models resulted in separate WUA functions which were joined together
to form the single habitat response curve presented in Figure III-13. This
was accomplished by overlapping the WUA forecasts from the low and high flow
models and choosing a discharge value which would effect the smocthest
transition from one habitat response curve to the other. The selected value

was 8,500 cfs (Table B-6.2).

The time series plot of WUA for juvenile chinook bears a strong resemblance to
the daily streamflow record at the site for the May 20 to September 15, 1984
period (Figure III-14). Site fliows during this period typically vary between
4,000 and 8,000 cfs, accompanied by changes in habitat potential ranging from
12,060 to 22,000 sq ft/1,000 ft. The seasonal variability of WUA is small.
With the exception of a few high flow periods, site flows and juvenilie chinook
habitat at site 101.5L show a remarkable degree of temporal stability during

the rearing season.

Site 112.6L

Site Description: This site is located approximately 2 miles downstream of

Lane Creek on the west bank of the Susitna River (Plate I1I1I-3). The study

reach is 4,100 ft Tong and varies petween 500 and 700 ft wide. Eight cross
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sections were initially established during high mainstem discharges occurring
in early August: cross sections 1, 2, 5, 6 and 7 describe low velocivly areas;
3, 4 and 8 define high velocity areas. As flows receded during the fall,
cross section 4 was relocated and an additional cross section, 3A, was added
to better describe the shallow, high velocity area midway through the site
(Figure 11I1-15). Substrate composition is cobble and rubble with layers of
silt and sand found in pool areas and in the backwater area located at the
mouth. The large substrate provides cover, with less than 50 percent con-

sidered acceptable.

The side channel is breached at mainstem discharges greater than 5,000 cfs.
The overflow channel along the right bank conveys side channel flow at
discharges above 20,000 cfs. Pool and riffle sequences dominate the site
below 10,000 cfs, and a gravel bar below the confluence of Slough 6A is
exposed. At discharges above 10,000 cfs, the channel becomes a large run.
Flows of 7,130, 1,230 and 377 cfs correspond to mainstem discharges of 23,000,
10,400 and 7,400 cfs.

This 'zrge study site was selected to represent large side channels which
reduce to small side channels at low discharges. An IFG-2 model was selected
because of the large size of the channel. Field reconnaissance indicated that
rearing habitat was limited to streambank margins at high discharges, and a
Timited amount of data would therefore be adequate to simulate channel

hydraulics with an IFG-2 model.
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Salmon have not been observed spawning in the site. Chinook fry have been
observed using the channel particularly below the confluence of Slough B6A.

Access to and passage through the site are not problems in this side channel.

Calibration: The data available to model the site consisted of level surveys

for all nine cross sections and the hydraulic data summarized in Table III-8.

Table III-8. Hydraulic data available to calibrate the IFG-2 model for site

112.6L.
Flow Discharge Calibration
Date (cfs) (cfs) Cross Section(s) Type*
841012 215 6210 7 D
840930 355 7500 6, 8 D
1,2,3,3A,4,5,7 S
840913 721 9000 7 D
840904-05 1430 10,800 8 D
1,2,3,3A,4,5,6,7 S
840830 2580 15,300 6 D
840822 4820 19,100 1,2,3,4,5,6,7,8 S
* D = Discharge measurements (includes mid channel and shoreline
measurements).
S = Shoreline measurements (does not include mid channel measurements).

The IFG-2 model requires a horizontal water surface at each cross section.
Field observations of this site indicated that this did not always occur., Of

the several staff gages installed at each cross section, only data from the
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gage which best represented the largest portion of flow was used to calculate

the target water surface elevations in the calibration process.

Adjustments were made to cross section survey data to create a horizontal
water surface elevation at some cross sections. Observed depths for the
calibration flow of 355 cfs (site flow) were plotted with the cross section
survey data. Cross sections 2, 3, 3A,4and 8 did not have horizontal water
surface elevations and were modified as follows: ‘where the plotted water
surface elevation was lower than the representative water surface elevation,
the streambed was raised by the difference 1in the two water surfacc
elevations. Conversely, the streambed was lowered where the plotted water
surface elevation was higher than the representative water surface elevations

2 end
Only cross sections8 wad “adjusted significantly along the left bank (Figure III-16).

wei}zdefined rating curves based on mainstem flow were adopted for seven of
I

the nine cross sections. Data collected at cross section 3A and the new cross

section 4 was insufficient to develop a good rating curve. Therefore these

cross sections were calibrated with velocities only.

Overtopping of the gravel bar in the lower reach during high flow events
causes a transformation in the velocity distribution across the site, and thus

two hydraulic models were required.
In calibrating the models with respect to depth, predicted water surface

elevations at all cross sections except 3A and 4 were compared to the

corresponding elevatiorns caiculated from the rating curves. Water surface
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profiles based on IFG-2 output for the calibration flows and the flows
corresponding to 5,000 and 35,000 cfs are shown in Figure III-17, Observed
water surface elevations are also shown for the calibration flows, and rating

curve water surface elevations are shown for the model Timit flows.

Verification: Figures B-2.4 and B-2.5 show velocity profiles produced by the

two IFG-2 models at cross section 3 for calibration flows of 355 and 4,820
cfs. The observed velocities for those flows are alsc plotted. The figures
demonstrate that the set of "n" values that produces the proper velocity
profile at the low flow does not accurately produce that of the high flow, and

vice versa.

Application: The Tow flow model describes depths and velocities present in

the channel for mainstem discharges up to 10,000 cfs. The high flow model is
applicable to site flows corresponding to mainstem discharges greater than
10,000 cfs. The transition from Tow to high flow model occurs at a site flow
of 1,070 cfs. Limits for the excellent quality rating were expanded from the
limits defined by available data to the mainstem range of 5,000 to 35,000 cfs.
Cross sections 3A and 4 describe a riffle area at low flows which becomes a
run at higher discharges. Because of the limited data available to calibrate
these cross sections at high flows, the high velocities are projected through-
out the entire extrapolation range. Because these cross sections represent
only about 10 percent of the total area of the site, and actual velocities at
the high flow are probably beyond the usable range on the suitability curve,

the overall model rating was not reduced from excellent.
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The application ranges and ratings are summarized below in the var chart.

6000 14000 22000 300060

Mainstem Discharge, cfs Excellent

In Figure 1II-18a total wetted surface area and juvenile chinook WUA are
presented per 1,000 feet of stream at the same scale. Figure III-18b fs

plotted at an expanded vertical scale.

At discharges below 8,000 cfs the side channel conveys less than 10 percent of
the total mainstem discharge and contains an extensive amount of low velocity
turbid water habitat. Hence the WUA indices for juvenile chinook are quite
large. Williams (1985) demonstrated that the shoreline area within Side
Channel 6A possessing suitable chincok rearing velocities is five times
greater at 13,500 cfs than at 33,000 c¢fs. Further, the wetted surface area
possessing suitable velocities more than doubles as discharge decreases from

13,500 to 8,000 cfs.

The WUA response curve plotted in Figure III-18 accents the precipitous
decline in habitat potential which accompanies the dincrease in mainstem
discharge above 8,000 cfs. The secondary WUA peak, occurring near 16,000 cfs,
results from the overtopping of a large mid-channel gravel bar in the Tower
portion of the study site. At higher discharges, velocities increase

throughout the site, decreasing its value to juvenile chinook.
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WUA indices were forecast using low-and high-flow IFG-2 models Tinked with the
HABTAT wmodel. Because this side channel remains breached at mainstem
discharges less than 5,000 cfs, turbid water suitability criteria were used
for all habitat simulations. Separate WUA response curves were forecast using
the high and low flow HABTAT models. The single habitat response curve
presented in as Figure III1-18a was developed by overlapping the WUA forecasts
from the low and high flow models then averaging corresponding WUA values

within the area of overlap to obtain a smooth transition (Table B-6.3).

Time series plots of the 1984 site fiow and WUA indices reflect considerable

variation in habitat potential {Figure II1-19).

Site 119.2R

Site Description: This site is approximately 1.5 miles below Curry Station on

the east bank of the Susitna River (Plate I11-4). The study reach encompasses
the entire side channel which is 1,800 ft long and 180 ft wide. Three cross
sections were established to define the deep, low velocity area at the mouth
and two cross sections to define the shallower, faster velocity area near the
head of the channel (Figure III-20). A large backwater area is present at all
flows and extends from the mouth up to cross section 3. Upwelling and
groundwater seepage occur near cross sections 3 and 4 along the right bank. A
small tributary enters “rom the right bank above cross section 3. Substrate
varies from cobble and rubble at the upper two cross sections to siit in the
backwater area. Riprap from the railroad is present along the right side of

the channel and provides 5 to 25 percent acceptable cover.
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The side channel is breached by the mainstem at 10,000 cfs. Below 10,000 cfs,
cross sections 4 and 5 are dry; the backwater area at the lower end of the
site persists even at 5,000 cfs. Above 23,000 cfs, the left bank becomes
inundated and the site is a large run. Site flows of 1,180, 10 and O cfs

correspond to mainstem discharges of 23,000, 10,400 and 7,400 cfs

respectively.

This small side channel was selected to represent channels with high veloc-
ities at the head and low velocities at the mouth. An IFG-2 model was select-

ed because of the limited data available.

Spawning salmon have not been observed in the side channel. Small numbers of
juvenile chinock and sockeye salmon were identified in the site. The large
backwater area at the mouth eliminates any access difficulty into the site.
Passage through the site is possible below cross section 3 1in unbreached

conditions.

Calibration: The data available to model the site consisted of level surveys

for all cross sections and the hydraulic data summarized in Table III-9.

Table I1I-9. Hydraulic data available to the calibrate IFG-2 model for site

119.2R.
Flow Discharge Calibration
Date (cfs) (cfs) Cross Section(s) Type*
840831 71 13,600 3 D
840819 316 17,400 1,2,3,4,5 D
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Table III-9 (Continued).
840824 1090 22,700 3 D

*D

Discharge measurements (includes mid channel and shoreline measurement{)
S

Shoreline measurements (does not include mid channel measurements)

The streambed elevations shifted from August to Se.tember due to the high
flows in the mainstem. Because most of the data was taken before the high
flow event, the cross section elevatinos used in the hydraulic model were

adjusted to agree with the discharge measurements (Figure II11-21).

A velocity profile was developed for each cross section, based on the site
flow of 316 cfs. Velocities associated with the other two flows were
available only at cross section 3. Velocities predicted by the model were
judged to be reasonable throughout the application range of 10,000 to 23,000

cfs (mainstem) based on channel geometry.

To calibrate the model with respect to depth, comparisons were made between
observed and model predicted water surface elevations. Water surface profiles
based on IFG-2 output for the three calibration flows and for the flows
corresponding to discharges of 10,000 and 23,900 cfs are shown in Figure
[11-22. Observed water surface elevations for the calibration flows and
rating curve water surface elevations for the model 1imit flows are also

shown.

Verification: One model adequately reproduc:s the velocities over the range

of available data (Figure B-2.6).
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Application: The IFG~2 model was assigned an excellent rating for site flows

of 15 to 1,240 cfs, corresponding to mainstem discharges of 10,000 to 23,000
cfs. At very high mainstem discharges, the site’s flow regime changes dramat-
jcally. The Targe volume of water flowing through the site drowns out the
backwater area, and the silty, vegetated left bank becomes inundated. The
distribution of predicted velocities at the upper cross sections become
unrealistic at flows above 23,000 cfs. Therefore, an unacceptable rating was

assigned to the mainstem range of 23,000 to 35,000 cfs.

The application range and ratings are summarized below in the bar chart.

6000 14000 22000 30000

. . g Excelient Unacceptable
Mainstem Discharge, cfs :

The wetted surface area and juvenile chinook WUA cur&es are presented in
Figqure I1II-23a. Both curves are plotted to the same scale and expressed in
identical units; i.e., square feet per 1,000 feet of stream. he greatest
proportion of the wetted surface area provides rearing habitat for juvenile

chinook at mainstem discharges between 10,000 and 12,000 cfs.

The WUA curve plotted in Figure I1I-23b at an expanded vertical scale accents
the rapid increase in rearing habitat associated with this site breaching near
10,000 cfs. This marked increase is attributed to turbid mainstem water
entering the site and significantly increasing the cover value afforded

juvenile chinook. As mainstem discharge increases beyond 13,000 cfs
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velocities begin to reduce the rearing potential at this site. Above 24,000
cfs available rearing habitat 1is restricted to shoreline margins where

sufficient object cover is available to retard velocity.

Because the extrapolation range of the hydraulic model was limited to a range
of maingtem discharges from 10,000 to 22,000 cfs, it was necessary to estimate
wetted surface areas and juvenile chinook WUA beyond the extrapolation limits
of the hydraulic model. The wetted surface area was determined by digitizing
enlarged air photographs obtained at mainstem discharges of 5,100, 7,400 anrd
10,600 cfs. The surface area measurements at 5,100 and 7,400 cfs were the
same. The ratio of the digitized surface area at 10,600 cfs to that forecast
by the hydraulic model at the same flow was .47. This ratio was used to
adjust the digitized surface areas from the 5,100 cfs and 7,400 cfs
photography before using these surface areas to extent the forecast surface

area curve from 10,000 cfs to 5,000 cfs.

Juvenile chinook WUA estimates for unbreached conditions are based on the
assumption that rearing habitat potential declines at a constant range as
mainstem discharge declines from the breaching flow of 10,000 to 7,400 cfs.
The percentage of the total wetted surface area providing potential rearing
habitat at 7,400 cfs was assumed to be roughly half, the proportion of clear
water habitat present immediately preceding breaching. WUA values for
mainstem discharges between 7,400 and 10,000 were linearly interpolated.
Since wetted surface area remained conscant as mainstem discharge declined

from 7,400 to 5,100 cfs, WUA for juvenile chinook was assumed to remain

constant.
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An exponential decay function was used to extend the WUA curve beyond the
upper extrapolation range of the calibrated hydraulic model. The decay
function selected reproduced a habitat response trend evident to other middle
river side channel sites., The surface area curve was extended from 22,000 cfs
to 35,000 cfs using a positive exponential function. Both the surface area
and WUA curves should be applied with discretion in the 23,000 to 35,000 cfs
range even though Figure III-23 indicates errors associated with these curves
would be insignificant. Table B-6.4 contains further detail regarding the

synthesis of surface area and WUA response curves for this site.

Time series plots of WUA and average daily site flow {Figure I1I-24) indicate
fairly low habitat potential for juvenile chincok exist at this site during
mid-summer, but comparatively high WUA indices are associated with early
summer and fall site flows. Rearing habitat is maximized at this site when
the mainstem discharges range between 10,000 and 14,000 cfs (Figure III-23a),
associated with typical mid-summer discharges (20,000 to 25,000 cfs). Hence,
the time series plot, Figure 111-24, reflects greater fluctuations in juvenile
chinook habitat at this site than is evident for other side channel study

sites during the open water season.

Site 131.7L

Site Description: This site is located directly above the confluence of

Fourth of July Creek along the west bank of the Susitna River (Plate III-5).
The study reach is 1,900 ft long and ranges from 250 ft wide in the lower half

of the site to 400 ft in the upper half. Three cross sections define the
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deep, low velocity area sand two cross secticns describe the shallow faster
velocity areas. Two cross sections were established in the transition areas
below low and high velocity areas (Figure III-25). Cobble and rubble are the
principle substrates found in the lower half of the s