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PREFACE

This report is an addendum to one of a series of reports prepared for
the Alaska Power Authority (APA) by the Alaska Department of Fish and
Game ({ADF&G) to provide information to be used in evaluating the
feasibility of the proposed Susitna Hydroelectric Project. The ADF&G
Susitna Hydro Aquatic Studies program was initiated in November 198C.
Reports prepared by the ADF&G prior to 1983 on this subject are
available from the APA.

This addendum revises and supplements portions of Chapter 6 of the 1984
ADF&G Su  Hydro - Studies Report Number 3, An Evaluation of Passage
Conditions for Adult Salmon in Sloughs and Side Channels of the Middle
Susitna River. This addendum provides the most current information on
passage requirements for salmon based on the presently available
information. The need for reevaluation of previously established Tocal
flows and mainstem discharges required for successful and unsuccessful
salmon passage at selected slough and side channel sites in the middle
reach of the Susitna River (RM 95 to 152) was necessitated based on an
assessment of the results of the 1984 Passage Validation Studies (PVS).
In addition, a review of presently available passage related data
indicated that collection of additional data, or further evaluations of
existing data, were needed to more adequately assess salmon passage
conditions in these habitats. Results of the 1984 PVS, which were
previously presented in a draft technical memorandum (ADF&G 1984), have
been incorporated into this addendum along with all revised and updated
data.
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ABSTRACT

An interim evaluation of the effects that mainstem discharge and local
flow have on passage conditions for adult salmon at selected slough and
side channel habitats of the middle reach of the Susitna River was
previously presented in Sautner et al. (1984). Due to the limited data
available for this interim evaluation, the Passage Validation Studies
(PVS) were initiated during the 1984 open water field season to collect
additional physical and biological data to reevaluate the passage
criteria and the local flow and mainstem discharge values required for
successful and unsuccessful salmon passage within these habitats. In
addition, the methodologies used for the backwater and Tlocal flow
analyses were revised to reflect the additional data which were



collected. Physical data collected included channel cross section and
thalweg profiles, substrate assessments, and local flow measurements.
BioTogical data consisted of salmon passage criteria based on visual
observations of adult chum salmon movement in selected slough and side
channel habijtats.

The salmon passage criteria previously presented in Sautner et al.
(1984) were reevaluated and revised based on these data using a modified
analytical approach. The revised analysis resulted in the development
of a single set of salmon passage criteria thresholds for defining
successful and unsuccessful passage conditions at study sites. A total
of 85 passage reaches were identified at slough and side channel sites
during the 1984 PVS compared to 74 passage reaches identified in Sautner
et al. (1984). Using the revised criteria thresholds as guidelines, a
reevaluation of the breaching, backwater, and local flow analyses for
these passage reaches indicates that mainstem discharge and local flow
requirements for successful and unsuccessful passage are similar to
values previously established. The most significant differences
occurred in the backwater analysis for some sites, where required
mainstem discharges decreased over 1,000 cfs. Water depth was
determined to be the primary physical variable affecting passage
conditions at passage reaches; passage conditions were not greatly
affected by changes 1in passage reach length. Variations in channel
configuration and substrate size were assumed to have a negligible
influence on the salmon passage criteria. The revised passage criteria
thresholds are based on an upper thalweg depth of 0.5 feet thereby
voiding all previous analyses that utilized 0.67 feet as the upper limit
of thalweg depth.
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1.0 INTRODUCTION

1.1 Background

Preliminary field studies of passage conditions for adult chum salmon
(Oncorhynchus keta) in selected slough and side channel spawning habi-
tats of the middle reach of the Susitna River (Figure 1) were conducted
during the 1982 (ADF&G 1983a: Appendix B) and 1983 (Sautner et al.
1984) open-water field seasons. These studies evaluated the influence
of selected channel geometry and hydraulic characteristics on chum
salmon passage into and within these habitats. The 1982 and 1983
reports provided the basis for didentifying 1locations presenting
potential passage problems for salmon within slough and side channel
habitats. In addition, these studies established interim salmon passage
criteria (criteria curves) utilized for estimating the mainstem dis-
charges and local flows required to provide successful and unsuccessful
gagsage conditions for adult chum salmon migrating into and within these
abitats.

This addendum revises and supplements salmon passage data previously
reported in Sautner et al. (1984) and presents the results of the 1984
Passage Validation Studies (PVS). The 1984 PVS was undertaken to verify
and/or refine the interim salmon passage criteria and flow requirements
previously established in Sautner et al. (1984). -The initial salmon
passage criteria curves presented in Sautner et al. (1984) were based on
a review of limited salmon passage field data and observations collected
during 1982 and 1983 combined with the professional judgement of project
fisheries biologists and hydraulic engineers. Due to the limited field
data available for the development of these curves, it was necessary to
obtain additional field data in 1984 to validate the 1983 salmon passage
criteria. As dindicated by the additional data and analyses from the
1984 PVS, the criteria curves from Sautner et al. {(1984) were refined to
more c1ose1y represent natural passage conditions for chum salmon in
this report .

It was also necessary to refine the local flow analysis presented in
Sautner et al. (1984). This analysis is primarily based on flow
estimates derived from limited cross section data and associated rating
curves, interpretation of aerial photography, and at some sites, from
observations by field personnel. Because of these limitations, only 38
of 74 passage reaches could be evaluated for the initial Tocal flow
analysis. In addition, the accuracy of the estimates developed was
questionable, as only Tlimited flow measurements were available for
comparison and validation. For these reasons, additional cross section
and local flow data were collected during the 1984 PVS to provide a more
complete data base to evaluate local flow requ1rements at all currently
identified passage problem areas.

To more adequately assess the effects of mainstem discharge and Tocal
flow on salmon passage conditions in slough and side channel habitats in
1984 , it was necessary to further evaluate the relationship between
these two water sources. The available hydrologic data bases of Susitna
River habitats were used to evaluate the relationship between mainstem
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discharges and local flows within these habitats. This information will
provide more reliable local flow data for evaluating passage conditions
for the local flow analyses.

1.2 Objectives

To address the deficient areas in the previous salmon passage analyses,
the PVS was initiated during the 1984 open water field season to pursue
the following field objectives:

1) Collect physical (hydraulic and substrate) and biological
(salmon passage) data at various slough and side channel
habitats in the middle Susitna River to determine if the
previously established salmon passage criterja curves (Sautner
et al. 1984) are valid or required revisions; and,

2) Collect additional cross section and local flow data to expand
%nd r?fine the local flow analysis presented in Sautner et al.
1984). .

Preliminary results of the 1984 PYS were initially presented in a
November 30, 1984 draft technical memorandum (ADF&G 1984). Based on
these results, the following objectives were addressed in this addendum
%ggg:yp]ement the salmon passage analyses presented in Sautner et al.

1) Refine the 1983 passage criteria curves (Sautner et al. 1984)
which were developed from data collected during 1982 and 1983
and professional judgement;

2) Revise previously established mainstem discharge and local
flow requirements for successful and unsuccessful chum salmon
passage based on revisions to the 1983 passage criteria
curves;

3) Evaluate all new passage reaches established during the 1984
PVS to determine mainstem discharges and local flows required
“for successful and unsuccessful passage conditions;

4) Refine and expand the local flow analysis using additional
cross section and Tocal flow data collected during the 1984
PVS; and,

5) Evaluate the presently available hydrologic data bases of the
middle Susitna River to evaluate the relationship between
mainstem discharges and local flows at selected slough and
side channel habitats.



2.0 METHODS

2.1 Site Selection

Salmon passage conditions were evaluated at 13 slough and side channel
sites in the middle reach of the Susitna River (Table 1). With the
exception of Side Channel 10, these sites represent the major slough and
side channel spawning locations for chum salmon in the Susitna River
drainage upstream of Talkeetna. Sloughs 8A, 9, 9A, 11 and 21 are
primary spawning areas for chum salmon while the remaining sites support
lesser concentrations of spawning chum salmon. Although Side Channel 10
has not been utilized by spawning chum salmon in the past, it was
selected for study because of its potential as a mitigation evaluation
site. Discharge related passage problems have been previously identi-
fied at all the study sites (Sautner et al. 1984) with the exception of
STough 19. Slough 19 was included as a study site because spawning chum
salmon had previously been observed at this site (Barrett et al. 1984)
and no previous passage evaluations had been conducted.

2.2 Field Methods

2.2.1 Determination of Salmon Passage Criteria

Data from field observations of migrating chum salmon were collected
- within passage reaches at various slough and side channel habitats to
establish minimum passage requirements (lengths and depths) necessary to .
provide successful and unsuccessful salmon passage conditions.  Fish
passage observations primarily focused on chum salmon due to their more
restrictive passage requirements (Scott and Crossman 1973) and because
they are the major salmon species presently utilizing slough and side
channel habitats in the middle Susitna River (ADF&G 1983a: Appendix B).

Three conditions were defined to classify the relative degree of
difficulty encountered by salmon: 1) successful passage, 2) successful
passage with difficulty and exposure, and 3) unsuccessful passage. Fish
passage observations were subjectively ranked into one of these three
categories based on the characteristics outlined below.

Successful Passage: Fish passage into and/or within a spawning
area i1s uninhibited. Characteristics of this category are:

1) exposure of the fish above water is negligible; and,
2) uninterrupted movement of the fish passing through a reach.

Successful passage conditions would not adversely affect natural
production of salmon upstream of the area.

Successful Passage With Difficulty and Exposure: Fish passage into
and/or within a spawning area 1s accomplished, but with stress and
exposure to predation. Characteristics of this category are:




Table 1. Summary of passage study sites and corresponding river miles ~
in the middle Susitna River.

Study Site River Mile
Whiskers Creek Slough 101.2
Mainstem 2 Side Channel 114.4
Slough 8A 125.3
Slough 9 128.3
Slough 9A 133.2
Side Channel 10 133.8
Slough 11 | 135.3
Upper Side Channel 11 136.1
Slough 19 140.0
STough 20 140.1
Side Channe] 21 140.6
Slough 21 141.8
Slough 22 144 .2
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1) exposure of the dorsal surface of the fish above water;

2) one or more pauses by the fish (e.g., stranding, changing
directions, or resting) within a passage reach due to shallow
water conditions; or,

3} repeated attempts by the fish to navigate a passage reach
before succeeding.

This condition of passage may potentially reduce the level of
successful spawning in the area and, over a long period of time,
may result in a decline in natural production upstream of the area.

Unsuccessful Passage: Fish passage into and/or within a spawning
area may be accomplished by a Timited number of fish which, because
of excessive exposure, are more susceptible to increased stress and
predation. Characteristics of this category are:

1) absence of fish above a passage reach;

2) exposure of the dorsal surface of the fish above water
including partial exposure of eyes, gills, lateral line or
caudal fin;

3} one or more pauses by the fish within a passage reach result-
ing in unsuccessful navigation; or,

4) death of the fish while attempting navigation of a passage
reach.

Unsuccessful 'passage conditions may eventually eliminate or greatly
reduce the natural production upstream of the area.

These field passage data were later used to develop the salmon passage
criteria as described in Section 2.3.1.

2.2.2 Identification of Passage Reaches

Locations where potential salmon passage problems exist due to restric-
tions imposed by the physical habitat (i.e, water depth) are referred to
as passage reaches. A passage reach is defined as a portion of the
channel, at the mouth of or within a study site, which is potentially
Timiting to salmon migration into spawning areas.

Passage reaches were initially identified in the field by Tocating areas
where water depth was potentially limiting passage of adult chum salmon.
At each identified passage reach, a transect was established perpen-
dicular to the flow of water to represent the depth characteristics of
the passage reach and provide a consistent point of measurement.
Representative transects were established at the shallowest or most
critical point of the passage reach and marked with wood stakes and
rebar headpins. The physical habitat characteristics of individual



passage reaches were defined by measuring lengths, widths, and water
depths using the established transect as a reference point. The
criteria used to establish passage reach lengths, widths, and depths are
presented below.

Passage Reach Length: The longitudinal distance of a passage reach
along the thaiweg channel defined by the upstream and downstream
points at which water depth is no Tonger 1imiting to salmon passage.
The length 1imits were defined at thalweg water depths of 0.50 feet
and 0 67 feet which correspond to threshold passage depths presented

pasgage Criteria Curves I and II, respectively (Sautner et al.
1984)

Passage Reach Width: The distance from left water's edge (LWE) to
right water’s edge (RWE) of a passage reach transect.

Passage Reach Depth: The depth of water within a passage reach
which a fish must navigate through in order to proceed upstream. In
the field, thalweg depth (maximum depth) was measured as an indica-
tor of the water depth affecting passage. The point of thalweg
depth at a passage reach transect was marked with a flagged spike or
a staff gage for a consistent point of measurement. However,
for analytical..purposes it has been determined that the thalweg
depth was_not a representative variable of passage conditions. For
this reason, passage depth, defined as an average of the mean depth
and thalweg depth at a passage reach transect, was used for
analytical purposes. As a result, thalweg depth measurements were
converted to passage depths dur1ng the data analysis using cross
section survey data (see Section 2.3.1) and were used in all
subsequent passage analyses.

Passage reach lengths and widths were measured with a fiberglass survey-
or's tape. A standard surveying rod or staff gage was used to measure
the thalweg depth at each transect. Passage reach length, width, and
depth measurements were collected at the same time observations of fish
passage were made.

2.2.3 Physical Habitat Variables Used to Evaluate Passage Reach
Conditions

Selected physical habitat data were collected to aid in evaluating the
effects of mainstem discharge and local flow on passage reach conditions
at slough and side channel study sites. Habitat data colliected included
survey data for development of thalweg and cross section profiles,
substrate and channel morphology data, and stage and flow measurements.
Detailed procedures used in the collection of these data are presented
in ADF&G FIQSBb), Quane et al. (1984), and Sautner et al. (1984?.

Criteria Curve II was eliminated following an analysis of the data
and all passage reach Tengths previously defined in the field by
the 0.67 foot depth were redefined from thalweg profiles using the
0.5 foot depth (see Section 2.3.1).



Thalweg surveys had been completed during the 1982 and 1983 field
seasons at all passage study sites except Siough 19. Therefore, survey
data for the development of a thalweg profile were collected at Slough
19 to complete the set of thalweg profiles for all study sites. The
Slough 19 thalweg data were surveyed to a temporary bench mark (TBM) and
included additional data points at passage reaches to better define
these areas.

Cross section profile data had been sporadically collected at passage
reaches during the 1981, 1982 and 1983 fijeld seasons. A primary
objective of the 1984 PVYS was to obtain cross section profiles at as
many study sites as possible. Cross sections were surveyed at passage
reach transects which were typically located at the shallowest or most
critical point of the passage reach. These data were collected to
provide an accurate representation of the channel morphology present at
each passage reach. Included in the cross section surveys were measure-
ments of the streambed and water surface elevations at the upstream and
downstream 1imits of a passage reach.

Substrate conditions at each passage reach were evaluated to charac-
terize the influence of substrate and channel configuration on salmon
passage conditions. Substrate data were coliected by visually classi-
fying the substrate present in the passage reach into the two dominant
§iz$ g{ougs based on the substrate size classification system presented
in Table 2.

The channel configuration of each passage reach was also subjectively
ranked as either a uniform or a non-uniform channel. A uniform passage
reach was characterized by a relatively straight, unbraided channel that
concentrated the flow of water through one main channel. In contrast, a
non-uniform passage reach was characterized by a braided, irregular
channel that dispersed the flow of water over a wide area.

Stage and flow data were collected during the 1982 and 1983 open water
- field seasons. Additional stage and flow data were collected at
selected study sites during the 1984 field season to complement these
‘data. Staff gages were utilized to obtain stage data at passage reaches
where backwater and/or breaching effects were not completely identified.
A1l mainstem discharge values related to these staff gages were
referenced from the USGS gaging station at Gold Creek [USGS 1984 (gage
#15292000, RM 136.7)] unless otherwise dindicated. Local flow
measurements were collected within slough and side channel sites using
either a Marsh-McBirney electrical current meter or a Scientific
%nsé‘.rur;ents Pygmy flow meter following techniques described in ADF&G
1983b). :



Table 2. Substrate size classification system used for the 1984 Passage

Validation Studies.

Substrate Type Symbol Size Class
SILT SI very fines
SAND SA fines
SMALL GRAVEL SG 1/4-1"
LARGE GRAVEL LG 1-3"
RUBBLE RU 3-5"
COBBLE co 5-10"
BOULDER BO 10"

AT,



2.3 Analytical Methods

2.3.1 Salmon Passage Criteria

The analytical approach for evaluating the physical conditions affecting
salmon passage in sloughs and side channels involved two steps. The
first step involved the development of plots of passage criteria data
(passage depth versus passage reach length) to describe successful and
unsuccessful passage conditions. Plots were constructed for uniform
passage reaches, non-uniform passage reaches, and all passage reaches
combined. The second step involved a comparison of these passage
criteria plots to the previously developed passage criteria curves
presented in Sautner et al. (1984) to determine if revisions to the
previous passage criteria were required to more accurately represent
natural passage conditions.

Prior to development of the passage criteria plots, the thalweg depth
data required adjustments in order to be comparable to the 1982-1983
passage criteria. Thalweg depth measurements collected in the field
were converted to jpassage depth,/ which is considered to be a more
accurate indicator of the"wateﬁ”depth affecting salmon passage. Passage
depth is defifed as an average of the mean depth and the thalweg depth

of a passage reaCh’NW

A relationship between tha]weg and passage depth was developed using
1inear regression techniques. The surveyed cross section data were used
to evaluate the mean depth corresponding to a specific thalweg depth.
The mean and thalweg depths were averaged to obtain the passage depth.
Thalweg depths were selected to range from 0.1 to 1.0 feet to represent
a typical range of conditions at passage reaches. Passage reaches
within S]oughs 8A, 9, 9A, 11 and 21, Upper Side Channel 11 and Slough 21
- were used 1in the ana]ys1s. Cross sections where multiple channels
existed (e.g. braided channels) were excluded due to their
~non-uniformity resulting in varying water surface elevations within the
cross section.
e

Iﬁuﬁm 110w1ngmeqeatagnmuasMQQggved based on the above data, to estimate
passage depths (d_ ) from thalweg depths (de). The relationship has a
correlation coefficient (r) equal to .995. o

o 1.02
dg

d =0.75

D where dp = Passage Depth and

d

t Thalweg Depth

An adJustment was also required for a portion of the passage length data
collected in the field. Initially, passage reach lengths were measured
based on thalweg water depth 1imits of 0.50 feet and 0.67 feet, which
correspond to threshold passage depths presented in Criteria Curves I
and II, respectively (Sautner et al. 1984). However, during the 1984
field season it became apparent that passage reach length measurements
using the Criteria Curve II thalweg water depth limit of 0.67 feet
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included areas which did not present passage problems to migrating
salmon. Field observations during 1984 indicated that a thalweg water
depth of 0.50 feet was a more appropriate upper limit. Subsequent
analysis of the data also supported the elimination of 0.67 feet as a
thalweg water depth 1imit in the passage analysis. Therefore, those
lengths measured using a thalweg water depth Tlimit of 0.67 feet were
adjusted to represent lengths established by using a thalweg water depth
of 0.50 feet. This was accomplished by drawing a scaled diagram of each
affected passage reach including appropriate streambed and water surface
elevations based on thalweg and cross section survey data. A new
passage reach length was then measured directly from each diagram using
an upstream and downstream thalweg water depth Timit of 0.50 feet.

Following the appropriate adjustments to passage length and depth
values, all data points were plotted by categories of fish passage
(successful, successful with difficulty and exposure and unsuccessful).
Three plots of the passage data were developed depicting 1) data
collected at uniform passage reaches, 2) data collected at non-uniform
passage reaches, and 3) all data combined.

The original criteria curves were then superimposed on these passage
criteria plots to evaluate the accuracy of these previously established
curves by comparing the distribution of the passage data in relation to
the criteria curves. Based on the results of these comparisons,
appropriate revisions were made to the passage criteria to better
represent the relationship between passage reach length and passage
depth.

2.3.2 Passage Reach Evaluations

This study utilizes the same basic analytical approach for evaluating
passage conditions in the middle Susitna River as was presented in
Sautner et al. (1984). This conceptual approach is based on a procedure
involving three steps.

1) Definition of the salmon passage criteria ({(water depth and
reach Tength) required for successful and unsuccessful salmon
passage (The analytical methods utilized to complete this step
are presented in section 2.3.1.).

2) Identification of all the passage reaches within the selected
study sites which do not provide successful passage conditions
for migrating salmon under all flow conditions based upon the
passage criteria established in step one.

3) Evaluation of each passage reach in terms of its hydraulic

" characteristics, and determination of mainstem discharges

and/or local flows required to provide successful passage
conditions as defined in step one.

The final step consists of three hydraulic analyses: a breaching

analysis, a backwater analysis, and a local flow analysis. The first
two of these analyses evaluate the independent effects of mainstem

11
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breaching and backwater on passage conditions at passage reaches. The
third analysis evaluates the independent effects of local flow on
passage conditions at selected passage reaches only. The relative
influence of mainstem discharge on local flow was also evaluated.

In each of the three analyses, length and depth of passage reaches were
used as the primary criteria to evaluate salmon passage conditions. The
discharge and/or flow requirements resulting from each analysis are
defined for conditions that fulfill threshold passage conditions for
successful and unsuccessful passage. By defining these upper and lower
boundaries, the middle condition of "successful with difficulty and
exposure" is also defined.

A flow duration curve [presented in Sautner et al. (1984)] was developed
for the period from August 20 to September 20 based on mainstem
discharge data collected at Gold Creek over a 35 year period (USGS gage
#15292000). This curve was used to evaluate the percentage of time that
the discharge requirements for passage reaches are equalled or exceeded.

- The mainstem discharge data collected at Gold Creek were also used to

evaluate the number of years that the discharge requirements for passage
reaches were equalled or exceeded for at least one day during the study
period.

2.3.2.1 Verification of Passage Reaches

Passage reaches were initially identified in. this study from field
observations made during the 1984 open water season {see Section 2.2.2)
using salmon passage criteria previously established in Sautner et al.
(1984). As a result, it was necessary to reevaluate the passage reaches
initially identified in the field based on the revised 1984 passage
criteria thresholds to determine if they still qualified as passage
reaches under the new passage criteria. The verification process
consisted of comparing the range of physical conditions observed at each
passage reach with the revised passage criteria thresholds. Passage
reaches which fell below the successful passage threshold for at least
one set of flow conditions were verified as passage reaches for further
analysis. Passage reaches which consistently fell above the successful
passage threshold for the observed range of physical conditions were
eliminated from further consideration since this was an indication that
passage problems did not exist at these sites.

A1l passage reaches thus identified and verified were sequentially
numbered in ascending order beginning at the downstream end of each
site. The upstream 1imit of the identification procedure was defined as
the first passage reach beyond the upstream limit of utilization by
spawning salmon.

2.3.2.2 Breaching Analysis

The breaching analysis in this study follows the same methods that were
presented in Sautner et al. (1984). Since breaching affects all passage
reaches within a site, the breaching analysis for each site is appli-
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cable to the entire study site. Initial breaching and controlling
discharge values have been previously determined for each slough and
side channel study site with the exception of Slough 9A (Quane et al.
1984; Sautner et al. 1984). Estimates of the initial breaching and
controlling discharge values for Slough 9A were determined from stage
data, aerial photos and field observations. Passage reach conditions
are considered to be successful under controlling discharge conditions.

2.3.2.3 Backwater Analysis

The backwater analysis utilized in this study is conceptually similar to
the analysis presented in Sautner et al. (1984) with the exception that
specific steps involved in the analysis were modified to fit the revised
passage criteria. This analysis evaluates the influence that mainstem
backwater has on passage conditions at passage reaches located in or
near the mouth area of each study site prior to breaching. As in the
1984 analysis, local flow was considered to be an ijnsignificant factor
affecting backwater relative to the effects of mainstem discharge and
was therefore not considered in the analysis.

Passage conditions are affected by backwater when the water surface
elevation of the mainstem influenced backwater submerges the highest
point of elevation within a passage reach. For successful conditions
the backwater must submerge the passage reach by the appropriate water
depth which corresponds to the revised passage criteria for a reach
length of zero feet. Thus, the first part of the backwater analysis
involved computing the appropriate water surface elevations required to
provide successful and unsuccessful passage conditions at each passage
reach affected prior to breaching., Mainstem discharges corresponding to
these water surface elevations were calculated from rating curve equa-
tions representing the hydraulic relationships in the mouth areas of
each study site. These mainstem discharge values represent the minimum
discharges required to meet the threshold conditions for successful and
unsuccessful passage.

2.3.2.4 Local F1ow'Ana1ysis

The primary objective of the local flow analysis was to estimate the
amount and frequency of occurrence of the Tlocal flow which is required
to provide successful or unsuccessful salmon passage conditions at a
passage reach. The specific analysis followed is outlined below and is
depicted schematically in Figure 2. Results of the analysis are
approximate; many assumptions were made for the analysis, each of which
can potentially introduce error to the estimates.

1. Obtain a surveyed cross section and water surface elevation
that are representative of the most difficult passage
condition within a passage reach.

2. Determine the energy gradient at each passage reach which is

- assumed equal to the steeper of the water surface slopes
upstream and downstream of the cross section.
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Figure 2. Schematic diagram of steps followed in the local flow
analysis at a passage reach.
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3. Determine the local flow corresponding to the surveyed water
surface elevation at each passage reach.

4, Given passage reach substrate size and channel uniformity,
calibrate Manning's equation to the surveyed water surface
elevation and to the corresponding local flow by selecting a
Manning's roughness coefficient from a range of acceptable
values.

5. Select the required passage depths from the given reach length
and the revised passage criteria for successful and
unsuccessful passage.

6. Determine the 1local flows corresponding to the required
passage depths for successful and unsuccessful passage using
the calibrated Manning's Equation.

7. Estimate the frequencies of occurrence of these local flows which
correspond to successful and unsuccessful passage conditions.

Cross section and water surface elevation survey data were collected
following methods presented in Section 2.2.3. For assumed uniform flow
conditions at passage reaches, the water surface slope is equal to the
energy gradient. The energy gradient was generally taken to be the
steeper of the upstream and downstream water surface slopes. In cases
where - the slope was not measured in the field, the water surface slope
was obtained from thalweg profile data.

To provide estimates of the local flow corresponding to the surveyed
-water surface elevation at a passage reach, Tocal flow measurements were
colTected at selected study sites as described in Section 2.2.3. At
some passage reaches, flow was measured concurrently with the water
surface elevation measurements. At passage reaches lacking corre-
sponding flow measurements, a local flow distribution analysis was
conducted to relate known flows at other passage reaches and discharge
gages to the flow at these passage reaches. A detailed description of
this analysis is provided in Appendix A.

Manning's Equation was used to establish a relation between required
passage depths and Tocal flows at the passage reaches. The equation was
calibrated for each passage reach where measured water surface elevation
data were available. At sites where water surface elevations were not
obtained, the equation was calibrated by comparison with equations from
nearby and similar passage reaches. At nearly 40 percent of the passage
reaches, Manning's Equation could not be calibrated by using reasonable
roughness coefficient values; at these sections, a concept of excluded
flow was introduced to account for the difference between the measured
and calculated flows. Excluded flow is an assumed constant flow volume
which flows between and through the rocks in areas of the cross section
that are inadequately surveyed using normal techniques. The analytical
procedures and assumptions for calibration of Manning's Equation are
described in Appendix A.
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The estimated Tocal flows required for successful and unsuccessful
passage were analyzed to evaluate their frequencies of occurrence.
Groundwater infiltration and precipitation runoff were assumed to be the
sources for local flow in the sloughs and side channels. Breaching and
backwater effects were not considered. Appendix A presents the detailed
methods used to evaluate the frequency of occurrence of the local flow
at a passage reach.
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3.0 RESULTS

3.1 Salmon Passage Criteria

Physical habitat data were collected during the 1984 open water field
season to describe the physical conditions affecting passage of adult
chum salmon into and within spawning habitats of the middle reach of the
Susitna River. These data were collected at passage reaches within all
study sites, with the exception of Side Channel 10. A summary of the
data collected during 145 observations of chum salmon passage is
presented in Table 3. Each row of data represents a single set of
passage observations collected at a specific passage reach. Included in
each data set is the number of observations recorded for each category
of passage corresponding to the given set of physical parameters col-
lected at the passage reach on the same day. For example, in the second
row, six observations of unsuccessful passage were recorded at a passage
reach which had a thalweg depth of 0.18 feet, a passage depth of 0.13
feet, a passage reach length of 62 feet, and a uniform channel with
large gravel/small gravel substrate. Some data sets include obser-
vations under two categories of passage, indicating that for the given
set of physical conditions some chum salmon were more successful
negotiating the passage reach than others.

The data summarized in Table 3 are plotted on the criteria curves
presented in Sautner et al. (1984) in Figures 3 and 4. Figure 3
corresponds to Criteria Curve I and shows data collected at passage
reaches characterized by a uniform, unobstructed channel. Figure 4
corresponds to Criteria Curve II and shows data collected at passage
reach