













































































Quantification Stratification Simulation
Quantity surface areas of Use available morpho- Simulate the response
individual channel branches logic, hydraulic, and of aquatic habitat
in the middle Susitna River hydrologic information quality to discharge
for each flow for which to stratify individual with habitat modeling
aerial photography is aquatic habitats into techniques at selected
available to determine groups that are hydro- areas of the middle
the surface area response logically and morpho- Susitna River.
to mainstem discharge. logically similar.

Integration

For each evaluation species/
life stage:
Integrate the quantifi-
cation, stratification,
and simulation components
to determine the aquatic
habitat response to dis-
charge for the entire
middle Susitna River.

Figure 3. Flow chart indicating steps followed in the extrapolation of

site-specific juvenile chinook habitat indices to the entire
middle Susitna River.
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2.0 METHODS

2.1 Habitat Characterization of the Middle Susitna River

e.1:1 Study Site Classification

For the middle reach of the Susitna River, Klinger and Trihey (1984)
jdentified six subenvironments, on the basis of water source and
morphology, which they termed habitat types: mainstem, side channel, side
slough, upland slough, tributary, and tributary mouth. Rearing habitat
modeling sites were initially selected to conform with the concept of
aquatic habitat types. The degree to which these habitat types are uti-
lized by juvenile salmon as well as their susceptibility to project impacts
determined the extent to which they were represented in modeling studies.
Of the large number of locations samplea for juveniles in 1981 and 1982,
significant numbers of chum, sockeye, and chinook salmon were found in
tributary, side channel, side slough and upland slough locations. Chinook
salmon utilization of these habitat types is summarized in Figure 2.
Recognizing that rearing habitat in tributaries will probably not be
affected by project operation, investigators excluded this habitat type
from modeling studies. Juvenile salmon utilization of mainstem and tribu-
tary mouth areas was judged insufficient to warrant intensive study. The
sites chosen for modeling studies of juvenile chinook habitat are identi-
fied by river mile and bank orientation (L anda R denote left and right

bank looking upstream) in Figure 4.
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2.1.2 Representative Groups

While the habitat type concept of Klinger and Triney (1984) is useful in
the identification of attributes characterizing a particular location
within the middle river at a given time, the static quality implicit in the
concept makes it less practical as a means of stratifying the river for
extrapolation purposes. The results of the habitat modeling analyses are
WUA forecasts for sites which frequently transform from one habitat type to
another over the range of evaluation flows. Juvenile chinook habitat
distribution and quality is highly dependent upon these transformations and

the progressive physical changes which attend them.

In order that the dynamic and site-specific nature of rearing habitat
response to a constantly changing aquatic environment be acknowledged
by the extrapolation methodology, an alternate means of stratifying the

middle river was developed. The concept of representative groups as a

further set of distinct subenvironments of the middle river and the
criteria used by Aaserude et al. (1985) to define them ensures that the
modeling sites are truly representative of the portions of the river they
are supposed to characterize. Accurate forecasts of the response of
juvenile chinook to natural or imposed changes in flow regime require that

this condition be satisfied.

Aaserude et al. (1985) delineated 172 specific areas of the middle river
from aerial photography interpretation and field verification studies.

Specific areas formerly assigned to four habitat types (side channel, side

slough, upland slough, and in some cases mainstem habitats) were divided
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among ten representative groups, each characterized by unique and readily
identifiable combinations of flow-related attributes. Representative
groups and the primary hydrologic, hydraulic and morphologic forms and

processes which distinguish them are summarized in Table 1.

Each modeling site is associated with a corresponding specific area; from
an analysis of aerial photography and reconnaissance level field data, a
modeled specific area may also be determined to be representative of
several non-modeled specific areas within the same representative group.
Within the framework of the extrapolation methodology, the collection of
modeled and non-modeled specific areas which comprise a particular repre-
sentative group may be thought of as a discontinuous (i.e., spatially

discontinuous) yet homogeneous subsegment of the river.

Figure 4 indicates the representative group designation of each rearing
habitat modeling site. Because the delineation of representative groups
occurred subsequent to study site selection and data collection, some
representative groups do not possess specific areas in which modeling
studies were conducted. In particular, specific areas which dewater at
relatively high mainstem discharges (Group VIII) and mainstem areas which
remain shoal-like at most evaluation flows (Group X) are not represented by
Jjuvenile chinook habitat modeling sites. The remainder of the representa-
tive groups have at least one specific area with an associated modeling
study site. (his fact is important since the objective is to extrapolate
habitat inaices from specific areas with modeled sites to non-modelea
specific areas, assuming that modeling sites generally reflect the habitat
character of non-modeled areas within the same representative group. As

will be discussed later, juvenile chinook habitat response within
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Table 1. Primary hydrologic, hydraulic ana morphologic character-
1stics of representative groups 1dentified for the middle
Sustitna River,

HABITAT
REPRESENTATIVE NUMBER OF MODEL ING
GROUP SPECIFIC AREAS DESCRIPTION SITES

1 19 predominantly upland sloughs. The specific areas comprising this group are 107.6L, 112.5L
highly stavle due to the persistence of non-breached conditions (1.e.,
possess high breaching flows). Specific area hydraulics are characterizea
by pooled clear water with velocities frequently near 0.0 fps and depths
greater than 1.0 ft. Pools are commonly connected by short riffles where
velocities are less than 1.0 fps and depths are less than 0.5 ft.

11 28 This group includes specific areas commonly referred to as side sloughs. 113.7R, 126.0R,
Ihese sites are characterized by relatively high Dbreaching flows 144 .4L
(>19,500 cfs), clear water caused by upwelling groundwater, and large
channel length to width ratios (2> 15:1).

111 17 Intermediate breaching flows and relatively broad channel sections typify 101.2R, 128.8R,
the specific areas within this Representative Group. These sites are side 132.6L, 141.4R
channels which transform into side sloughs at mainstem discharges ranging
from 8,200 to 16,000 cfs. Lower breaching flows and smaller length to
width ratios distinguish these sites from those in Group Il. Upwelling
groundwater 1s present.

v 23 specific areas 1n this group are side channels that are breached at low 101.5L, ll2.6L,
discharges ana possess intermediate mean reach velocities (2.0-5.0 fps) at 131.7L, 134.9R,
a mainstem discharge of approximately 10,000 cfs. 136.0L

v 9 This group includes mainstem and side channel shoal areas which transform 141.6R
to clear water side sloughs as mainstem flows recede. Transformations
generally occur at moderate to high breaching discharges.

vl 14 Tnis group is similar to the preceding one in that the habitat character of 133.8L, 136.3R
the specific areas is dominated by channel morphology. These sites are
primarily overflow channels that parallel the adjacent mainstem, usually
separated by a sparsely vegetated gravel bar. Upwelling groundwater may or
may not be present. Habitat transformations within this
group are variable both in type and timing of occurrence.

Vil 7 These specific areas are typically side channels which breach at variable 119.2R
yet fairly low mainstem discharges and exhibit a characteristic riffle/pool
sequence. Pools are frequently large backwater areas near the mouth of the
sites.

Vil 22 The specific areas 1in this group tend to dewater at relatively high 132.6L, l44.4L
mainstem daischarges. The direction of flow at the head of these channels
tends to deviate sharply (30 gegrees) from the adjacent mainstem.
Modeling sites from Groups Il and 111 possessing representative post-
breaching hydraulic characteristics are used to model these specific areas.

1X 20 This group cosists of mainstem and side channels, 1ncluding indistinct 101.4L, 147.11
(1.e., shoal) areas, characterized b, low breaching discharges. Specific
areas tend to efther retain their habitat type character or transform from
ingistinct to distinct channels. Mean reach velocities typically exceed
5 fps and up at moderately low aischarges (10,000 cfs).

X 13 Large mainstem shoals and the margins of mainstem channels which show signs None
of upwelling are incluged in this representative group.




Group XIII was represented using modeling results from study sites from

Groups II and III. No attempt was made in the present analysis to charac-
terize rearing habitat at specific areas included in Group X, However,
future derivation of acceptable habitat response curves for this group is
feasible through modification of direct input hydraulic/habitat models

developed for spawning chum salmon (Hilliara et al. 1985)

Important criteria used to partition specific areas into representative
groups are the type and rate of change in hydrologic character documented
for the specific areas. The hydrologic component of the method used by
Aaserude et al. (1985) to stratify the middle Susitna River focuses on the
systematic transformation in habitat type of specific areas within the
5,100 to 23,000 cfs flow range. For example, as flows recede mainstem
areas frequently become shallow water shoals, and side channels may
transform into side sloughs; both habitat types may eventually dewater as
flows decrease further. The emphasis on habitat transformation
acknowledges the transient nature of riverine habitat availability end
distribution. The dichotomous key in Figure 5 adelineates the eleven habi-
tat transformation categories derived from an evaluation of the 172 speci-
fic areas and eight streamflows for the middle river. Note that the final
categories approximate the original "habitat type" designations used by
Klinger ana Trihey (1984) and ADF&G (1983). Two important modifications to
the habitat type classification system are the inclusion of shoal habitat
and the presence/absence of upwelling. Shoals are areas which at high
flows are visually inseparable from adjacent mainstem or side channel
areas. As flows recede the shoal or riffle character of these sites be-

comes obvious, even though the boundaries separating shoals and adjacent

16



WETTED AREA OF SITE

@ 23,000 CFS
|
[ |
CLEAR WATER TURBID WATER
@ 23,000 CFS @ 23,000 CFS
I I
[ | [ i |
Side Sloughs Distinct Channel Indistinct Channel {Shoals)
Tributary Mouths Upland Sloughs @ 23,000 CFS @ 23,000 CFS
0 1
— Dewalered
~
@ 9,000 CFS
9
Turbid Waler Turbid Water Clear Water
Clear Water
@ 9,000 CFS @ 9.000 CFS @ 9.000 CFS @ 9.000 CFS
[ | I |
| 1 [ | [ ] i |
With Apparenl Without Apparent Side Channel Mainstem Become Distinct Remain Indistinct With Apparent Without Apparent
Upwelling Upwelling (Less than 10% Side Channels @ 9,000 Upwelling Upwelling
. ol Flow) @ 9.000
2 3 4 10 5 6 7 8
Figure 5. Key to habitat transformation categories used to classify

specific areas to representative groups.




habitat types are usually indistinct. Specific areas fitting this descrip-

tion are further distinguished on the basis of whether their boundaries

remain indistinct or transform into well-defined channels at lower flows.
Upwelling groundwater, usually discernable in aerial photos by the presence
of clear water, is accentuated in the classification step of the extrapola-
tion methodology because of its pronounced effect on the distribution of

juvenile and adult salmon within the middle Susitna River.

Using habitat types present at 23,000 cfs as a point of reference, site-
specific habitat transformations have been defined for several discharges
of 18,000 cfs ana less. The sequential changes in habitat type observed
within this flow range offers a powerful tool with which to combine
specific areas into representative groups. Other hydrologic parameters
used with varying degrees of confidence to cluster specific areas into
representative groups are breaching flow, cross-sectional profiles of the

head berm and adjacent mainstem channel, and upwelling.

Of the hydraulic variables examined by Aaserude et al. (1985), mean reach
velocity under breached conditions was considered the most appropriate for
classifying specific areas within the middle Susitna River. Unfortunately,
the relatively low flows (8,000 - 11,000 cfs) at which field sampling was
conducted precluded standardization of mean reach velocities on the basis
of a common flow or transformational state. Mean reach velocities were
unavailable at sampling flows for two-thirds of the specific areas
delineated in the middle Susitna River; the majority of the sites were
unbreached during reconnaissance field studies. Nonetheless, the velocity
data collected was used to further refine transformation category

definitions.
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Of more practical value in the development of representative groups were
channel morphology indices derived from aerial photo interpretation and on-
site visits in the field. Specific areas within the middle reach exhibit
sufficient similarities in plan form to provide a theoretically attractive
means of grouping sites together. Use of channel geometry, sinuosity,
length-to-width ratios and related morphologic indices to classify specific
areas according to representative group is justified by the repetitiveness

of similar channel features within the middle river segment.

2.2 Quantification of Surface Areas

Although each specific area is assigned to the same representative group
for all flows of interest, the perimeter and therefore its surface area
varies with discharge. Furthermore, both the absolute size and the rate of
change in surface area varies between specific areas. Successful applica-
tion of the extrapolation methodology requires that the surface area
response to streamflow of individual sites be quantified since the amount
of rearing habitat available within a specific area is dependent on its

areal extent at different flows.

The total surface area of each specific area in the middle river has been
estimated for mainstem discharges of 5,100, 7,400, 10,600, 12,500, 16,000,
18,000, 23,000 cfs using digital measurements on 1 inch = 1,000 feet scale
aerial photography. The digitizing methods are described by Klinger and
Triney (1984). Surface area estimates were used to adjust WUA estimates at

both modeled and non-modeled specific areas, as described in Section 2.4

below.
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2.3 Physical Habitat Modeling Studies

2.3.1 Overview of Modeling Techniques

The quantitative assessment of juvenile chinook rearing habitat response to
streamflow in the middle Susitna River is based on investigations conducted
by ADF&G and EWTSA between 1982 and 1985. Sufficient data were collected

to model chinook rearing habitat potential at 20 modeling sites typical of

9 of the 10 representative groups which characterize the middle Susitna
River. These studies utilized two data intensive modeling techniques: 1)
the Resident Juvenile Habitat (RJHAB) model developed by ADF&G; and 2) the
Physical Habitat Simulation (PHABSIM) System developed by the Instream Flow
and Aquatic Systems Group of the U.S. Fish and Wildlife Service. Data
requirements and sampling methods employed by the two models are similar,
and model parameters and standard output variables are identical
(Figure 6). The major differences between RJHAB ana PHABSIM modeling
approaches relate to the resolution of input and output data and the tech-
niques used to process these data. The RJHAB model generates surface area
and WUA output only for those discharges for which hydraulic information
was collected. The PHABSIM modeling system incorporates hydraulic models
which may be used to forecast synthetic hydraulic data for any streamflow
within an acceptable calibration range. These data serve as input to a
program (HABTAT) which calculates wetted surface area and various habitat
indices for the modeling site. WUA forecasts for unobserved flows based on
the PHABSIM models are much more reliable than those obtained using the

RJHAB modeling technique.
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Figure 6. RJHAB and PHABSIM modeling pathways followea in the analysis

of juvenile chinook salmon habitat.



Source documents for information relating to RJHAB and PHABSIM model
development for middle river study sites include Estes and Vincent-Lang
(1984), Hale et al. (1984), Marshall et al. (1984), and EWT&A and WCC
(1985). Habitat suitability criteria serving as model parameters for

HABTAT are described in Steward (1985).

2.3.2 Hydraulic Data Requirements

RJHAB and PHABSIM models applied in this study assess the influence of
three key physical habitat variables known to sijnificantly influence
Juvenile chinook salmon distribution, namely instream and overhead cover,
water velocity and water depth. The availability of areas characterized by
suitable combinations of these variabies varies directly with changes in
streamflow. The primary objectives of both habitat models are to quantify
the distribution of various combinations of these habitat variables within
a representative segment of stream and to describe this distribution in
terms of its usability or potential as rearing habitat for juvenile

chinook.

In order to describe rearing habitat potential based on the availability of
suitable cover, velocity and depth within a study site, field measurements
were obtained at discrete intervals along multiple transects. Figures 7
and 8 illustrate the basic differences between the RJHAB and PHABSIM
sampling methods, including transect placement, number of verticals where
hydraulic variables are sampled and the dimensions of the cells or mapping
elements represented by these point measurements. In the case of the RJHAB

modeling sites, cover and hydraulic data were collected at four to seven
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different discharges. Two bank cells and one mid-channel cell, each 6 ft
wide by 50 ft long, were sampled per transect. However, the areas
represented as bank cells in surface area and WUA calculations 2xtended 6
ft out from the left or right banks and upstream to the next transect. The
mid-channel cells were considered representative of the area located

between the 6 foot wide bank cells.

Cover, velocity and depth data for PHABSIM models were collected at several
irregularly spaced verticals along the study site transects. The surface
area associated with each cell extended halfway to adjacent verticals and
transects (Figure 8). In contrast to the RJHAB model, the field data
obtained in the PHABSIM analysis are used to calibrate a hydraulic model
capable of forecasting depth-velocity combinations for each cell at
unsampled discharges. Two types of hydraulic models were used for this
purpose, depending primarily on hydraulic conditions at the study site. The
IFG-2 model is a water surface profile type model based on the Manning
equation and the principle of conservation of mass and energy (Milhous et
al. 1984). Data requirements for the [FG-2 model include a single set of
velocity data and several measurements of transect water surface eleva-
tions. Model calibration involves iterative adjustments of Manning's n
values until agreement between observed and predicted water surface eleva-
tions is obtained. Once reliably calibrated, the IFG-2 model may be used
to predict velocities within each cell across the transect at different

discharges.

The second type of model used to simulate hydraulic data in rearing habitat

investigations was the [FG-4, which employs linear regression analysis to
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predict depth and velocity as a function of discharge for each cell. The
[FG-4 model requires a minimum of two hydraulic data sets but is better
suited than the IFG-2 model for simulating rapidly varied flow conditions

(Trihey and Baldrige 1985).

Estes and Vincent-Lang (1984), Hale et al. (1984), and Hilliard et al.
(1985) provide further information on hydraulic data collection and

analytical proceaures.

2.3.3 Habitat Suitability Criteria

The next stage in the RJHAB and PHABSIM modeling process requires that
habitat suitability criteria be developed for the species/life stages of
interest. Habitat suitability criteria (curves) indicate the preference of
a fish for different levels of a particular habitat variable; suitability
curves are needed for each physical habitat variable incorporated in the
habitat models. The cover, velocity and depth suitability criteria used in
this stuay to evaluate chinook rearing habitat potential in the middle
Susitna River are based primarily on field observations of juvenile chinook
densities in side channel and side slough areas of the middle Susitna River
(Suchanek et al. 1984). EWT&A and WCC (1985) and Steward (1985) discuss
these data with regard to their applicability to mainstem, side channel and
side slough habitats. The juvenile chinook suitability criteria
recommended by Steward (1984) and summarized in Figures 9, 10, and 11 were

applied in this study.

Of particular interest are the separate velocity and cover habitat

suitability criteria which apply under clear and turbid water conditions.
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DEPTH SUITABILITY CRITERIA FOR JUVENILE CHINOOK SALMON
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VELOCITY SUITABILITY CRITERIA FOR JUVENILE CHINOOK SALMON
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Figure 11. Velocity suitability criteria used to model juveriile chinook

habitat (WUA) under clear and turbid water conditions in the
middle Susitna River (Steward 1985).
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Clear water habitats occur in side channel areas which are not breached by
the turbid waters of the mainstem river yet maintain a base flow via
groundwater upwelling or tributary inflow. The frequency and duration of
this condition depends on the elevation of the thalweg at the head of the
site relative to the water surface elevation of the adjacznt mainstem.
Site flow versus mainstem discharge relationships were used to determine

when clear and turbid water velocity and cover criteria were to be applied.

Rearing salmon use cover to avoid predation and unfavorable water
velocities. Instream objects such as submerged macrophytes, large
substrates and organic debris, and overhanging vegetation in near shore
areas can provide cover for juvenile chinook salmon. Instream object cover
in most rearing areas of the middle Susitna River is provided by larger
streambed materials, primarily rubble (3-5 inch diameter) and boulder ( >5
inches) size substrates. The cover suitability criteria presented in
Figure 9 and Table 2 suggest that juvenile chinocok tend to associate with
some form of object cover in both clear and turbid water habitats.
Preference generally increases in proportion to the percentage of object
cover present, particularly under clear water conditions. The different
preferences for the same type and percent of object cover indicated by the
clear and turbid water suitability criteria are due to the utilization of
turbidity as cover by rearing chinook. DOugan et al. (1984) documented
higher densities of chinook in breached, turbid water side channels than
were found at the same sites under nonbreached, clear water conditions.

This disparity was most pronounced at sampling sites possessing minimal

object cover.
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Table 2. Cover suitability criteria recommended for use in modeling juvenile chinook habitat under clear and
turbid water conditions. Sources: Suchanek et al. 1984; Steward 1985.

Percent No Emergent Aquatic Large Rubble Cobble or Debris & Overhanging Undercut
Cover Cover Veg. Veg. Grasel 3“-5" Boulders <5" Deadfall Riparian Banks

Clear Water (Suchanek et al. 1984))

0-5% 0.01 0.01 0.07  0.07 0.09 0.09 0.11 0.06 0.10
6-25% 0.01 0.04 0.22 0.2 0.27 0.29 0.33 0.20 0.32
26-50% 0.01 0.07 0.39  0.35 0.45 0.49 0.56 0.34 0.54
51-75% 0.01 0.09 0.53  0.49 0.63 0.69 0.78 0.47 0.75
76-1005 0.0l 0.12 0.68  0.63 0.81 0.89 1.00 0.61 0.97
Turbid Water (EWT4A ana WCC 1985)1
0-5% 0.3 0.31 0.31  0.31 0.39 0.39 0.48 0.26 0.44
6-25% 0.31 0.31 0.39  0.37 0.47 0.51 0.58 0.35 0.56
26-50% 0.31 0.31 0.46  0.42 0.54 0.59 0.67 2.41 0.65
51-75% 0.31 0.31 0.52  0.48 0.62 0.68 0.77 0.46 0.74
76-100%  0.31 0.31 0.5  0.54 0.69 0.76 0.85 0.52 0.82

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



