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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
availabie 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 Tlocal
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 local 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 1identifying Tlocations 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 indicated by the additional data and analyses from the
1984 PVS, the criteria curves from Sautner et al. (1984) were refined to
more closely 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 1is 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 local 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 requirements at all currently
identified passage probiem areas.

To more adequately assess the effects of mainstem discharge and local
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 PVYS 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




R

FEm

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 E#.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 Tengths, 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 longer Timiting 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 collected 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 Slough 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 PVS 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 collected 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 1indicated. Local flow
measurements were collected within slough and side channel sites using
either a Marsh-McBirney electrical current meter or a Scientific
%nsgru?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 length) 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 Tower
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 1limit 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 controliing 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 insignificant 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 local flow which is required
to provide successful or unsuccessful salmon passage conditions at a
passage reach. The specific analysis followed is outiined 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.

13
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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 eguations 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.

15
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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 1in 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
reaches with a non-uniform, obstructed channel. The entire set of data
collected at both types of passage reaches are plotted on Criteria Curve
I in Figure 5.

The best visual fit of the data to the previous curves appeared to be
for the plot of Criteria Curve I and the combined passage data.
However, it was determined that additional revisions of Criteria Curve I
were necessary to better represent the passage data. Specific field
data were not available to support the sharp downward inflections in the
0-20 foot range of the original curve and field observations of chum
salmon passage during 1984 did not support the original curve in this
range. Therefore, the passage criteria for both successful and unsuc-
cessful passage were revised based on a visual best fit of two straight
lines to the plotted data points (Figure 6). These lines, referred to
as "threshold 1imits," represent the threshold criteria for successful
and unsuccessful passage of chum salmon in the middle Susitna River.

The _area between these 1lines represents .the ..condition under which
successful " _passage occurred w1tﬁ d1ff1cu1ty and _exposure.

A comparison of the new passage threshold Timits to the original Crite-
ria Curve I 1is presented in Figure 7. The distribution breakdown of
passage data within each passage category in relation to the revised
passage criteria is presented in Figure 8.
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Table 3.

A summary of chum salmen passage data collected at passage reaches within slough and
side channel study sites in the middle Susitna River during the 1984 open water

season.,

. Passage Number of Observations
Thalweg Passage Reach for each Category of Salmon Passage Channel
Depth Depth Length  SUccesstul g1§¥1cult UnsuccessTul Con- Substrate
(Feet) (Feet) (Feet) Passage Passage Passage figuration Type
0.12 0.09 103 1 Uniform SA/LG
0.18 0.13 62 6 Uniform LG/SC
0.18 0,13 113 1 Non=uni form RU/CO
0.19 0.1% 62 1 Uniform LG/SCG
0.19 0.14 253 1 Non=-uniform LG/SG
0.20 0.15 38 1 Non=-uni form RU/LG
0.20 0.15 109 6 Non-uniform RU/LG
0.22 0.16 a8 1 Non-uniform LG/RU
0.22 0.16 281 1 Non-uniform CO/RU
0.25 0.18 263 1 Non=-uni form LG/RU
0.26 0.19 121 ] Non~-uniform BO/SH
0.26 . 0.19 121 1 Non-uniform  LG/SG
, 0,28 0,20~ 54 8 1 Non-uniform LG/SC
_+0.29 0.21- 59 i Non=uniform LG/SC
1 0.29 0.21 = 73 1 Non=-uniform BO/SI
0.29 0.21 95 1 1 Non=-uniform LG/SG
- 0,30 0.22 80 3 9 Uniform LG/RU
0.30 0.22 85 2 2 Uniform LG/RU
© 0.30 0.22 165 1 Non=-uniform S1/SA
" 0.31 0.23 148 4 Non-uniform LG/RU
0.32 0.23 79 5 1 Uniform LG/RU
0.32 . 0,23 526 1 Non=-yni form CO/RU
0.33 0.2 . 421 1 Uniform LG/SA
0.34 0.25 . 38 1 Uniform  SA/LG
0.35 0.26 75 6 4 Non-uniform co/LG
0.36 0.26 35 1 Uniform SA/S!
0.36 0.26 - 40 2 Uniform LG/RU
0.37 0.27 58 1 Non-uni form RU/LG
0.38 0.28 27 3 Uniform LG/RU
0.38 0.28 156 1 Non=-uniform RU/CO
0.3% 0.29 25 1 Non=-uniform RU/CO
0.39 0.29 75 2 Non-uniform RU/LG
0.1 0.30 23 3 1 Non=-uniform RU/CO
0.51 0.30 65 1 2 Non-uniform RU/LG
0.42 0.31 25 1 Non-uniform RU/CO
0.44 0.32 38 1 Uniform LG/RU
0.44 0,32 45 5 10 Non-uniform SI1/5A
0.45 0.33 35 1 3 Uniform LG/RU
0.48 0.35 ° 7 2 Uniform RU/LG
0.50 0.37 19 2 Uniform LG/SG
0.53 0,39 137 2 Non=uniform CoO/RU
0.54 0.40 33 S 1 Non=-uniform LG/SG
0.60 0.45 146 8 Non=uniform co/LG
0.62 0.46 o¢ 1 Non-uniform  RU/CO
0.68 0.51 0¢ 2 Non-uniform  CO/RU
0.69 0.51 0o 1 Non-uniform  LG/SG
0.70 0.52 0 1 Non-uniform  CO/RU
0.74 0.55 o 3 Non-uniform  LG/SG
0.76 0.57 o 1 Non-uniform  CO/RU
0.81 0.60 0 2 Non-uniform  LG/CO
Totals 24 58 63

b

Passage depth values were calculated using the equation,
where dp = passage depth, and dt = thalweg depth,

_ 1.
d,=0.75d, "%,

02

Abbreviations of substrate type defined in Methods Section (see Table 2)}.

Passage reach length was not measured for this set of observations because water

depth was clearly adequate for successful passage conditions,
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3.2 Passage Reach Evaluations

A total of 85 passage reaches were identified within selected middle
river slough and side channel study sites during the 1984 open water
season (Table 4). Selected physical characteristics used to evaluate
passage conditions at each of these passage reaches and cross references
of these passage reaches to those previously identified in Sautner et
al. (1984) are also included in Table 4.

Locations of identified passage reaches are presented on passage reach
distribution maps and thalweg profiles of each study site in Appendices
B and C, respectively. Summaries of additional hydraulic data collected
during the 1984 open water season are presented in Appendix D (Cross
Sectional Data) and Appendix E (Stage and Discharge Data).

3.2.1 Breaching and Backwater Analysis

Initial breaching and controlling mainstem discharges affecting passage
reaches within study sites are summarized in Table 5. Mainstem
discharges required to provide successful and unsuccessful salmon
passage conditions from backwater effects at study sites are presented
in Table 6. Percent exceedence values for controlling mainstem
discharges and mainstem discharges required for successful passage
conditions are included in Tables 5 and 6, respectively. Percent
exceedence values were derived from a 35 year discharge record at Gold
Creek (USGS gage #15292000) for the August 20 - September 20 salmon
spawning period. The percent of total time values were taken from the
flow duration curve, whereas, the percent of years frequency values
indicate the relative number of years that the mean daily flow exceeded
the indicated flow for at least one day during the period.

The exceedence frequency based on time reflects the average length of
time in a period of record that the indicated flow is equalled or
exceeded for the 32 days from August 20 to September 20 (including start
and end dates). For example, at Passage Reach II in Slough 8A (Table
6), the exceedence frequency of 45 percent, which corresponds to a
discharge of 16,000 cfs, would indicate that on the average, 14 days (45
percent of 32 days) would have daily discharges equal to or in excess of
16,000 cfs. The daily mainstem discharge exceedence curves for 10, 50
and 90 percent of the time are presented in Figure 9.

The exceedence frequency based on years reflects the number of years
that the indicated flow is equalled or exceeded for at least one day
during the study period. For the example above using 16,000 cfs, the
exceedence frequency based on years is 94 percent. That is, 33 of 35
years had at least one day during the study period with a mean daily
discharge equal to or greater than 16,000 cfs.

3.2.2 Local Flow Analysis

Estimates of 1local flow corresponding to successful and unsuccessful
passage conditions at selected passage reaches within study sites are
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Table 4.

A summary of middle Susitna River passage reaches with selected physical cheracteristics which were fdentified during the 1984 open water season.
to passage reaches defined in Sautner et al, (1964) is fncluded.

A cross reference list

Physical Characteristics of Passage Reach

Passage Reach® Hatnstem — Shallawest, . p
Study Site . 1984 1985 Discharge Depth (ft) Length Passage
(River Mile) Report Addendum {cfs) Thalweg Passage ire) Evaluation
Whiskers Creek - 1 -- .- -~ - - -
Slough {101.2} [}] i 7,380 0,25 0.18 35 Unsuccessful
. i 1] 7, 1380 0.20 0.15 63 Unsuccessful
Mainstem 2 -- i 7,080 0.25 0.18 a2 Unsuccessful
Side Channel | 1 7,080 0.24 0.17 168 Unsuccessful
(13k.4) H 1t 7,080 0.05 0.04 209 Unsuccessful
i Ivi 7,080 0.20 0.15 o Unsuccessful
1LIR IVR 7,080 0.13 0.09 34 Unsuccessful
IVR VR 7 OBO 0.14% 0.10 243 Unsuccessful
vﬁ - - - - -
VIR VIR 7,080 0.21 0.15 84 Unsuccessful
VIIR VIIR 7,080 0.00 0.00 84 Unsuccessful
VIHIR VIIIR 7,080 0.12 0.09 318 Unsuccesstul
Slough 8A | ) 6,750 0.35 0.26 160 Successful /Difficult
(125.3) 1 n 6,780 0.18 0.13 229 Unsucces sful
" i 6,760 0.30 0.22 27 Successful/Difficult
1t v 6,760 0.15 0.11 116 Unsuccessful
" v 6,780 0.35 0.26 174 Successful /01 fficult
.- ViL 6,780 Q.18. 0,13 65 Unsuccessful |
iv VIR 6,780 0.22 0.16 ’ 26 Unsuccessfu
v VIIR 6,780 0.31, 0.23 73 Unsuccessful
vl VIIIR 6,780 0.1 0.08 150 Unsuccessful
Vil -- -- - == -~ Unsuccessful
Vit 1XR 6,780 0.13 0.09 136 Unsuccessful
X XR 6,780 0.00 0.00 m Unsuccessful
Slough 9 i 1 10,300 0.30 0,22 342 Unsuccessful
(128.3) 1] 1] 10,300 0,37 0,27 340 Successful /Difficult
it 1t 10,300 0.33 0.24 421 Unsuccessful
v iv 10 300 0.36 0.26 35 Successful /DI fficult
v v 10, 300 0.44 0.32 219 Successful /DI fficult
| 3 3 3 1 3 3 ] i : 3 3 3
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Table 4. (Continued).

Physical Characteristics of Pas‘sage Reach

Passage Reach® Halnsten Shallowest:b ] ¢ d
Study Site 190% 19585 Discharge Depth (ft) Length Passage

(River Mile) Report Addendum {cfs) Thalweg Passage {ft) Evaluation
Slough 9A ~— ) 6,600 0.19 0.14 74 Unsuccessful
(133.2) i il 10,700 0.43 0.32 15 Successful /Difficult
it (111 10,700 0.37 0.27 78 Successful /Difficult .
i v 106,700 0.38 0.28 27 Successful /Difficult
1" v : 10,700 0.35 0.26 54 Successful/Difficult
v vl 10,700 © 0,33 0,24 54 Successful /Difficult
v vil 10,700 0.35 0.26 19 Successful /Difficult
vi Vi 10,700 0.32 0.23 223 Unsuccessful
vit -- - a= -- - -
Vi X 10,700 0.38 0.28 22 Successful /Difficult
X X 6,600 0.10 0.07 19 Unsuccessful
X X! 6,600 0,15 on 203 Unsuccessful
Side Channel 10 | ] 12,200 0.00 0.00 304 Unsuccessful
(133.8) 1 1] 12,200 0.00 0,00 365 Unsuccessful
(1] (X} 12,200 0.00 0,00 40 Unsuccessful
1 1Y 12,200 0.00 0.00 s Unsuccessful
v v 12,200 0.30 0.22 10 Successful /i fficult
Vi Vi > 12,200 0.00 0.00 200 Unsuccessful
vii Vil 12,200 0.00 0.00 263 Unsuccessful
Slough 11 | ) 9,850 0.29 0.21 189 Unsuccessful
{135.3) 7] 1] 6,660 0.45 0.33 313 Successful /D fficult.
' 1] (R)] 9,890 0.26 0.19 121 Unsuccessful
1" v 9,890 0.36 0.26 40 Successful /Di fficult
iv v 9,890 0.30 0.22 85 Unsuccessful
v Vi ‘9,890 0.39 0.29 7% Successful /pifficult
v Vil 9,890 0.19 0.4 62 Unsuccessful ~
Upper Side Channel 11 | - . -- - - - —
{136.1) 1] ! 10,700 0.32 0,23 580 Unsuccessful
i n . 10,700 0,00 0,00 8aO Unsuccessful
Slough 19 -- i 5,400 0.17 0.12 47 Unsuccessful
(140,0) .- 1 5,400 0.15 0.1 13 Unsuccessful
o= (A} 3,400 0,33 0,24 18 Successtul/Difficult
-- w 5,400 0.12 0.09 121 Unsuccessful
-- v 5,400 0.13 0.09 Ly Unsuccessful
-- Vi 5,400 0.30 0,22 63 Successful /Di fficult
-- vl 5,400 0.12 0.09 66 Unsuccessful
- Vil 5,400 0.00 0.00 126 Unsuccessful
- ix 5,400 0.00 0.00 108 Unsuccessful
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Table 4, {(Continued},

Physical Characteristics of Passage Reach

Passage Reach® HaTnstem A ShEITcmestb c p
Study Site 1985 1965 Discharge ) Depth {ft) Length Passage

(River Mile) Report Addendum (cfs) Thatweg Fassage (ft) Evaluation
Slough 20 - I 10,900 , 0.3 0.32 19 Successful /Difficult
(140.1) : 1] 10,9200 0.44 0.32 ' 43 Successful /Difficult
l am - - - - --
til (1] 10,900 0.30 0.22 20 Successful /Difficult
v v 10,900 0.42 0.31 LX] Succassful/Difficult
v v ' 10,900 0.36 0.26 31 Successful /Di fficult
vl Vi 5,400 0.00 0.00 383 Unsuccessful
Side Channel 21 i } 5,600 0.33 0.24 55 Successful /Difficult
(140.6) “ 1] 5,600 0.32 0.23 29 Successful /Difficult
. - - - - - . -
v in 5,600 0.36 0.26 63 Successful /Difficult
v v 5,600 0.34 0.25 132 Successful /Difficult
‘l” v 10,600 0.41 0.30 62 Successful/Difficult
vii - - - - == --
Vi vi 7,800 0.35 0.26 138 Successful /Difficult
X ~-- ~- - - -- -~
X Vil 7,800 0.25 0.18 600 Unsuccessful
=a viil 5,800 0.25 0.18 50 tinsuccessful
-- [} 5,800 0.34 0.25 52 Successful /Difficult
Slough 21 i , 10,900 0.30 0.22 256 Unsuccessful
{141.8) - b 10,900 0.31 0.23 263 Unsuccessful *
118 HiL 5,800 0.00 0.00 460 Unsuccessful
ViR 1R 5,800 0.00 0.00 244 Unsuccessful
Slough 2% 'I 1 5,900 0.36 0.26 115 Successful /Difficult
{144.3 ! ., - - - - —
14 " 5,900 0,32 0,23 76 Successful /Difficult
v it 5,900 0.12 0.0% 157 Unsuccessful

2 Passage reaches located in left and right channels of site (facing upstream) are indicated as “L" and “R", respectively,
b Thalweg and passage depth values correspond to the shallowest measurements collected in the field at each passage reach.
¢ Length values correspond to the length of a passage at the specified shallowest depth as measured in the field.

d Evaluation of passage based on the revised passage criteria for the given set of passage reach conditions.



Table 5. A summary of initial breaching and controiling mainstem discharges affecting
passage reaches within selected study sites in the middle Susitna River.

Breaching Ana]ysisa
Initiai b Controlling Discharge

Passage Breaching Controlling” Exceedence Frequency
Study Site Reaches Discharge Discharge Percent Percent f

(River Mile) Affected {cfs) (cfs)  Total Time® Total Years

Whiskers Creek STough =11 22,000 23,000 16 69
{101.2)

Mainstem 2 Side Channel i - IVL 12,000 16,000 45 94
{(114.4) IVR = VIIIR 23,000 25,000 10 57

Siough 8A i = VIL 27,000 27,000 7 46
(125.3) VIR = XR 33,000 33,000 2 11

Siough 9 f =V 16,000 19,000 29 77
{128.3)

Slough 9A i = Xi 11,500 13,500° 60 97
(133.2)

Side Channel 10 | - Vvl 19,000 19,000 29 77
{133.8} ’

STough 11 I = Vi 42,000 42,000 1 9
{135.3)

Upper Side Channel 11 =11 13,000 16,000 45 94
(136.1)

Slough 19 |-V 13,0009  13,000¢ 63 97
(140.0) VI = 1X Upland  Upland - --

- Slough 20 1 = Vi 22,000 23,000 16 69

(140.1) '

Side Channel 21 | = VI 9,200 12,000 7 97
(140.6) vitt - X 18,000 24,000 13 66

Slough 21 I =11 23,000 25,000 10 57
{147.8) 11IR 26,000 No Data - -

Slough 22 =111 20,000 23,000 16 €9
{(144.3)

Passage reach conditions are considered to be successful under controlling dfscharge
conditions.

b Contr0111ng mainstem discharge values where determined by the project hydraulic
engineer using available hydraulic data.

€ This mainstem discharge value is an estimate based on a2 mean increase of approximately
2,000 cfs over the initial breaching discharge.

d Corresponds to breaching of overflow channel #2 (Figure B-9) located at the mouth of
Stough 19.

€ Percentage of total time for a 35 year flow record that the indicated discharge is
equalled or exceeded during the period 20 August - 20 September (USGS gage at Cold
Creek, gage #15292000).

f

Percentége of total years for a 35 year flow record that the indicated discharge is
equalled or exceeded during the period 20 August - 20 September (USGS gage at Cold
Creek, gage #15292000).
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Summary of mainstem discharges required to provide successful and unsuccessful salmon passage conditions from backwater effects at selected study sites in the middle

Table 6.
Susitna River, B
Backwater Analysisa
Successful Passage Successful
b Unsuccessful Successful ’ Exceedence Fregquency Passage Staff
Study Site Passage Passa?e Passage Percent Percent d WSEL Gage
(River Mile) Reach {cfs jcfsg Total Time Jotal Years {ft) Used
Whiskers Creek Stough | e [ ] - - 365.54 101.2w1
(101.2) 1 e P - -- 366.00 .-
Mainstem 2 Side Channel | 8,600 9,200 87 97 474,12 114,4W6
(114.4) 1) 11,800 12,500 67 97 474.89 114, 4We
Hi e e -- - 476,26 -
1L, [ ] e -- -- 476,33 -
IVR 18,800 19,700 26 77 476,38 114,457
VR e [] -- == 478.09 --
VIR [] e - - 477.82 --
VIR ] [} .- o-- 478,97 -~
VIR L] e == =- 479,99 --
Slough BA I 7,200 7,700 94 97 561.04 125,351
{125.3) 11 14,600 16,000 45 94 562,49 125.3W5
(11 17,600 19,000 29 77 562.84 125.3W5
v 23,600 25,000 10 57 563,51 125,305
v e [} .- - 564.00 .-
ViL ] e - -- - --
VIR [] e .- -- 566.74 ==
VIHIR e ° ~- his 568,84 --
VIIIR L] e - - 570.59 -
1XR [} ° - .- 572.34 -
XR e e -- -- S574.24 --
Stough 9 [} 10,900 11,600 %4 97 590.04 128.3wW3
(128.3) " e e -- - 592,24 sl
i e e -- - 592.84 --
v L] L] - - 592.84 -
v e e == - 593.19 -
Slough 9A | 10,800 11,500 74 97 560.16 133,251
(133.2) 1" e e “- - 640,90 -
1t [} e == - 642.22 -u
1 ] ] -- - 642,79 --
v e [ -~ - 643.7 --
Vi e e -- = 645.22 -
vii e [ - =- 645.53 -
vili e e - -~ 646.74 -
iX e L] -- - 647.57 -
X e e - - 648.29 -
} 4] e e -- - 648,40 -
3 1 _ } T} i 3 1 Py 3 i 9 L I | i
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Table 6. (Continued).
Backwater Analyaisa :
Successful Passage Successful
b Unsuccess ful Successful Excesdence Freaquenc Passage Staff
Study Site Passage Passage Passage Percent Percent WSEL Gage
{River Mile) Reach {cts) {cfs) Total Time® Total Years (ft) Used
Side Channel 10 | 17,700 19,500 3N 1] 651,13 133,8W5
(133.8) 11 e e -- == 652,90 --
1"t e’ ¢ -- = 653.11 -
w ° [ - - 653.55 --
v ] e .- -- 653.29 --
vi e [ == - 654 .68 -
Slough 11 ] 15,400 16,500 42 9% 668.34 135.3W1
* £135.3) 1] 16,300 19,400 27 77 668.74 135.3W1
ni 32,000 33,400 F n 670.44 135.3w1
W 38,800 40,300 1 g 671.19 135,3W1
v ] [ - - 673.59 -
vi ¢ e i - 674.74 --
Vil [ [ o= - 674,84 =
Upper Side Channel 11 I e e - a= 680,94 136.2W3
(136.1) ' [R] e [] .= a= 682.17 --
Stough 19 [} e e .- == 718.23 140.045
(140.0) 1] e e’ -- - 718,25 -
" ® [} o= - 718,08 --
v ® [] - == 719,30 -~
v [ [] -- - 719.34 --
vl 13,000 13,000 63 97 719. 1 140.053
vit 14,500 15,300 48 97 719.72 140.0S83
Vil 18,100 19,000 29 77 720.39 140,053
ix 24,800 25,600 8 54 701,49 140,053
Slough 20 ) 12,300 13,200 62 97 723.81 140, 1W4
{140.1) il 20,000 21,100 22 77 725.01 140.1w4
i ] e == = 726.57 =
v e e > - 727.23 --
v e e -~ - 727.64 -
Vi e e -- == 728.20 --
Side Channel 21 | 7,100 7,800 94 97 731,49 140.658
(140.6) 1 9,700 10,300 82 97 732.09 140.658
i e e .- == 732,84 -~
[} e e -- -~ 733,81 --
v ] e -- - 736.99 --
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Table 6. (Continued).

Backwater Analysisa

Suecessful Passage Sueecessful
b Unsuccessful Successful Exceedence Freguency Passage Staff
Study Site Passage Passage Passage Percent Percent , WSEL Gage
(River Mile) Reach {cfs (cfs Total Time Total Years {ft) Used
Side Channel 21 (contfrued) Vi e ° - = 737.94 -
(140.6) vii o e -- - 729.89 -
vill e e -- -- 744 .09 .-
1X e e - -- 744,54 --
Slough 21 | [] 0 - - 744,29 142.0WS
(141.8) 1] ° ° -- -- 745,39 -
it e e -- -= 748.59 -
1R ° e -- .- 749,49 .-
Slough 22 1 16,000 17,800 - 35 89 780.01 144,357
{144.3) 1] 21,900 22,700 ’ 17 69 780.55 144.3W3
i ° [ .- - 781,37 --

% This analysis assumes that Jocal flows are negligible,
b Passage reaches located in left and right channels of sftes (facing upstream) are indicated as "L" and "R", respectively.

¢ Percentage of total time for s 35 year flow record, that the indicated discharge is equalled or exceeded during the period
20 August - 20 September (USGS gage at Gold Creek, gage #15292000).

d Percentage of total years for a 35 year flow record that the indicated discharge is equalled or exceeded during the periad
20 August - 20 September (USG5 gage at Gold Creek, gage #15292000).

€ Influence of backwater was not evaluated since breaching occurs at discharges lower than those required for providing backwater
influence. ’
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Figure 9. Daily mainstem discharge exceedence curves for the

August 20 to September 20 salmon spawning period in
the middle Susitna River under natural flow conditions.
Exceedence curves were developed from 35 years of USGS
discharge data at Gold Creek (Station No. 15292000)
using methods described in Chapman (1982).
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provided in Table 7. These estimates provide an indication of the
quantity of local flow required for passage in the absence of the direct
effects of mainstem influenced backwater and breaching. The required
flows are very approximate, and should only be used to indicate the
relative Tevel of passage difficulty between sites.

Exceedence frequencies are provided at those sites for which a relation-
ship between mainstem discharge and groundwater contributions to Tocal
flow have been established. Local flow in sloughs and side channels is
comprised mainly of groundwater upwelling (driven largely by mainstem
water levels) and runoff from precipitation events. The exceedence
values reflect the percent of time that the passage condition is met or
exceeded during the period from August 20 to September 20 as a result of
precipitation events that generate local flows sufficient to supplement
groundwater upwelling flow corresponding to a median mainstem discharge
of 15,000 cfs for the period.

Since precipitation records illustrate that precipitation occurs only
half of the time during this period, exceedence values range from zero
to 50 percent. A zero percent frequency means that the amount of
precipitation required to produce local flow to supplement groundwater
generated flow corresponding to a median mainstem flow for the period is
so large that it occurs very infrequently {e.g. 1 in 10 years). An
intermediate exceedence frequency such as 22 percent indicates that the
combination of groundwater generated flow corresponding to a mainstem
discharge of 15,000 cfs and runoff from a precipitation event which is
equalled or exceeded 22 percent of the time is sufficient to provide the
required passage flow. An exceedence of 50 percent or greater indicates
that the flow resulting from groundwater upwelling at a median mainstem
discharge of 15,000 cfs is sufficient to provide the required flow for
passage without precipitation input. The mainstem discharge and
associated frequency that would be required for successful and unsuccess-
ful passage conditions at passage reaches in Sloughs 8A, 9, and 11 1in
the absence of any precipitation input is given in Table 8.
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Table 7. Summary of local flows required for successful and unsuccessful passage conditions and the frequencies of occurrence based
on precipitation and groundwater contributions at median Susitna River discharge of 15,000 cfs during the August 20 to
September 20 period.

Passage Reach Successful Conditions Unsuccessful Conditions
Passage ~ Llocal Passage Local
Study Site : Leagth Depth Flow, Percent Depth Flow Percent
(River Mile) Number (ft) (ft) (cfs) Exceedence (ft) {cfs) Exceedence

Whiskers Creek | 34 0.33 14.0 a 0.21 6.0 a
(101,2) i 63 0.34 5.0 a 0.22 1.0 a
Mainstem 1|1 I 32 0.33 1.0 a 0.21 0.5 a
(114.4) ] 168 0.36 5.0 a 0.24 1.0 a
i 209 0.37 13.0 a 0.25 4,0 a
IVL 310 0.37 4,0 a 0.25 1.0 a
IVR 34 0.33 11.0 a 0.21 3.0 a
VR 243 0.37 4.0 a 0.25 2.0 a
VIR 84 0.34 2.0 a 0.22 0.8 a
VIIR 84 0.34 7.0 a 0.22 3.0 a
VIIIR 318 0.37 2.0 a 0.25 0.7 a
Slough 8A | 160 0.36 2.0 50 0.24% 0.8 50
{125.9) ] 229 0.37 5.0 14 0.25 2,0 33
" 27 0.33 4,0 19 0.21 1.0 50
v 116 0.35 6.0 8 0.22 2,0 31
v 174 0.36 6.0 7 0.24 2.0 30
VIR 26 0.33 3.0 31 0.1 0.6 50
VIIR 213 0.37 7.0 5 0.25 3.0 23
VIIIR 150 0.35 11.0 S 0.23 3.0 20
IXR 136 0.35 4.0 5 0.23 0.8 50
XR 17 0.36 2.0 5 0.24 0.8 16
Slough 9 i 342 0.37 5.0 33 0.25 4,0 50
(128.3) ] 340 0.37 6.0 17 0.25 3.0 50
()] 41 0.37 5.0 1" 0.25 2.0 50
v 35 0.33 3.0 17 0.21 1.0 50
v 219 0.37 0.9 8 0.25 0.9 37
Slough 9A | 74 0.34 9.0 22 0.22 4.0 50
(133.,6) i 15 0.32 3.0 50 0.20 2.0 50
1 78 0.34 4.0 50 0.22 2.0 50
v 27 0.33 4.0 22 0.21 2.0 50
v 54 0.34 4.0 20 0.22 3.0 50
Vi 54 0,34 6.0 5 0.22 3.0 50
Vil 19 0.33 4,0 5 0.21 1.0 50
Vil 223 0.37 9.0 5 0.25 3.0 7
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Table 7 {Continued).

Passage Reach Successful Conditions ) Unsuccessful Conditions
Passage - Local ‘ Passage Local
Study Site Length Depth Flow Percent Depth Flow Percent

(River Mile) Number (ft) (ft) {cfs) Exceedence (ft) {cfs) Exceedence
Slough 21 | 256 0.37 4.0 5 0.25 1.0 50
{(141.8) I 263 0.37 2.0 50 0.25 0.4 50
IR 244 0.37 3.0 5 0.25 0.8 50
1L 460 0.37 b 5 0.25 b 5
Slough 22 | 115 0.35 3.0 a 0.23 1.0 a
(144,2) K| 76 0.34 2.0 a 0.22 0.7 a
i 157 0.36 4.0 a 0.24 2.0 a

Frequencies not evaluated.

b No cross section data available.
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Table 8, Frequencies of occurrence of local flows evaluated through the use of mainstem versus local flow relationships in Sloughs
BA, 9 and 11 excluding the effects of breaching and backwater,

Required Local Flow Required Mainstem Discharge Frequency of Occurrence
Passage (cfs) {cfs) (%)

Site Reach Successful Unsuccessful Successful Unsuccessful Successful Unsuccessful
Slough BA | 2,0 0.8 5,500 3,500 100 100
4] 5.0 2,0 60,000 25,000 0 10
i 4.0 1.0 60,000 8,500 0 88
v 6.0 2.0 60,000 25,000 0 10
v 6.0 2.0 60,000 31,500 0 6
VIR 3.0 0.6 17,500 3,500 35 100
VIIR 7.0 3,0 60,000 22,500 0 15
VIHIR 11.0 3.0 60,000 26,000 0 9
I1XR 4.0 0.8 60,000 10,000 0 82
XR 2.0 0.4 60,000 13,500 0 60
Slough 9 | 5.0 4.0 27,000 14,500 7 52
] 6.0 3.0 58,000 8,000 0 90
1 5.0 2.0 60,000 9,500 0 83
v 3.0 1.0 51,000 2,500 0 100
v 2.0 0.8 60,000 19,500 0 25
Slough 11 | 4,0 1.0 34,000 7,500 b4 93
. il 1.4 1.4 10,000 10,000 81 81
1 9.0 3.0 60,000 28,000 0 7
v 3.0 1.0 44,000 10,500 1 79
v 3.0 1.0 60,000 13,500 0 " 65
Vi 2.0 0.6 60,000 12,000 0 70
Vil 0.5 0.4 60,000 48,000 0 0




4.0 DISCUSSION

4,1 Salmon Passage Criteria

The analysis of the salmon passage data collected during the 1984 open
water season resulted in revisions of the passage criteria  curves
developed from the 1982 and 1983 passage data (Sautner et al. 1984).
The final product of the analysis was the development of a single set of
salmon passage criteria thresholds for establishing successful and
unsuccessful salmon passage conditions (Figure 7). In general, the same
assumptions corresponding to the original criteria curves in Sautner et
al. (1984) are applicable to the revised passage criteria thresholds.
However, based on field observations of salmon passage, one of the
important assumptions regarding the passage criteria required modifica-
tion. This assumption was originally stated as follows:

A1l passage reaches can be described as either uniform,
straight channels with small substrate (less than or
equal to 3 inches in diameter), or non-uniform braided
channels with large substrate (greater than 3 inches in
diameter).

Exceptions to this assumption were encountered at several passage
reaches (e.g. Sloughs 20 and 21) during the past field season. Non-
uniform channels were observed at passage reaches with predominantly
- small substrate, and passage reaches with predominantly large substrate
and uniform channels were also encountered (Table 3). In these sit-
uations it was often very difficult to classify certain passage reaches
under one of the original criteria curves. This required that the
relative importance of  .channel configuration and substrate size be
re-evaluated. Based on field observations, differences in channel
configuration appeared to have a greater overall influence on water
depths, and therefore on salmon passage conditions, than substrate size.
Therefore, if substrate is disregarded as a factor in the salmon passage
criteria analysis, the previous assumption can be rewritten as follows:

A1l passage reaches can be described as either uniform,
straight channels, or as non-uniform, braided channels.

This assumption indicates that passage reaches can still be classified
into two categories which would theoretically require two separate sets
of criteria curves as in Sautner et al. (1984). However, when length
and depth data for both uniform and non-uniform passage reaches were
plotted separately and together, there was no distinct evidence to
indicate the requirement of two sets of criteria curves. The combined
passage data (collected from both uniform and non-uniform channels)
closely fit Criteria Curve I for uniform channels, whereas Criteria
Curve II, for non-uniform channels, overestimates water depths required
for successful passage. This was verified in the field when measuring
lengths of passage reaches using the Criteria Curve II thalweg water
depth of 0.67 feet. Passage reaches for which this depth value was used
for establishing the upstream and downstream 1limits included water
depths where fish did not appear to have any passage problems. A
thalweg water depth of approximately 0.50 feet, which corresponds to
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Criteria Curve I, appeared to be a more accurate indicator of the depth
of water at which salmon first encounter passage difficulty.

Based on these reasons, and supported with field observations, it was
determined that only a single set of passage criteria thresholds is
necessary to accurately describe natural salmon passage conditions.
Hence, the previous assumption was modified to read as folTows:

vy All passage reaches influence salmon passage conditions
* in a similar manner regardless of channel configuration
and substrate size.

The salmon passage criteria thresholds developed in this addendum are
similar to Criteria Curve I from Sautner et al. (1984), with some modi-
fications based on the 1984 data. The most significant modification to
the passage criteria involved the 0-20 feet range of the curves for both
successful and unsuccessful passage. When the original criteria curves
were developed in 1984, the sharp downward inflections in this range of
the criteria curves were assumed to reflect an intuitive idea that
salmon are able to swim through very shallow depths for short lengths.
This adaptation was based solely on dintuition and the professional
judgement of several project personnel with various backgrounds.
However, the salmon passage data collected during the 1984 field season
were not sufficient to support the sharp, downward inflections in the
0-20 feet range of the original curves. General field observations of
chum salmon passage also did not support this adaptation in the original
curves. In addition, very few passage reaches identified during the
1984 field season had passage reach lengths that fit into the 0-20 feet
range of the passage criteria. Thus, the original criteria curves were
modified to reflect these field observations and additional data,
resulting in the development of two straight Tlines, referred to as
salmon passage criteria thresho1ds which more accurately reflect salmon
passage conditions.

The assumption that salmon are able to swim through shallower depths at
shorter reach lengths may be falsely based on the well known ability of
salmon to leap over obstacles such as waterfalls. However this ability
is only characteristic with the physical and hydraulic features present
at waterfalls (eg., plunge pool depths, water velocities). These
conditions are not characteristic of passage reaches in sloughs and side
channels of the middle Susitna River and thus there were no observations
of salmon "jumping" over passage reaches of shorter reach Tengths.

The salmon passage criteria thresholds developed in this addendum are
represented by two straight lines which best fit the salmon passage data
collected during 1984. Placement of the threshold 1ines for successful
and unsuccessful salmon passage indicates that passage depth appears to
be the cr1t]ca1 physical factor affect1ng passage conditions. Passige
reach  length is not. as critical in relation since passage depth

increases on]y 0.05 feet over lengths up to 200 feet.
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4.2 Passage Evaluations

During the 1984 open water field season, 85 passage reaches were iden-
tified at selected slough and side channel study sites of the middle
Susitna River compared- to 74 passage reaches previously identified in
Sautner et al. (1984). The difference in the number of passage reaches
is primarily related to the specific methods employed to identify
passage reaches. In Sautner et al. (1984), passage reaches were
identified strictly from surveyed thalweg profiles of each study site.
However, the majority of these thalwegs were not surveyed for the
purposes of analyzing salmon passage conditions. Thus, certain passage
reaches within some study sites were not adequately defined on the
thalweg profiles. In contrast, identification of passage reaches during
the 1984 PYS were based on actual field observations. This method
resulted in the identification of new passage reaches, the elimination
of some previously identified passage reaches, and in some cases, the
division of a single, previously identified passage reach into two
separate passage reaches. In addition, Slough 19 was included as an
additional study site to be evaluated for passage. Therefore, the
methods employed in this addendum result in a more accurate and complete
identification of passage reaches compared to the methods utilized in
Sautner et al. (1984).

Mainstem discharge estimates resulting from the backwater and breaching
analyses were also presented as percent exceedence frequencies based on
time and years. Although these percent exceedence values are supposed
to represent the entire period of interest, they may contain an inherent
bias towards the first two weeks of the August 20 to September 20 salmon
spawning period. An evaluation of the daily mainstem discharge
exceedence curves for 10%, 50% and 90% of the time (Figure 9) indicates
that the middle Susitna River discharge generally decreases through the
period of interest. It is also apparent that higher discharges occur
with greater frequency during the first half of the period of interest.
Discharges generally decrease in the Tlatter half of this period. The
decreasing trend in mainstem discharge values is generally consistent
during the entire period with few periodic spikes or peaks. Although
the percent exceedence values presented in this addendum are for the
entire August 20 to September 20 period, these values are more likely to
occur during the first half of the salmon spawning period rather than
the last half because this is the period when the higher discharges can
be expected to be egualled or exceeded.

4.2.1 Mainstem Breaching

The mainstem Susitna River directly influences salmon passage conditions
within a slough or side channel when the head of a site becomes
breached. This event is significant, since after mainstem breaching has
occurred all the passage reaches within a site are affected in a similar
manner. The breaching analysis in this addendum provides a summary of
the mainstem discharges which are required to breach selected study
sites in the middle Susitna River. These results are essentially the
same values that were reported in Sautner et al. (1984) with the addi-
tion of mainstem discharge estimates for Sloughs 9A and 19. Although
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two breaching discharges are presented for each study site, controlling
discharge values are of primary importance since field observations have
shown that successful salmon passage conditions exist at all passage
reaches within a site when controlling mainstem breaching has occurred.
Initial breaching discharges are only presented to provide an indication
of when a study site is initially overtopped by mainstem water and may
be considered to approximate the discharge representing the unsuccessful
threshold value.

A review of the results of the breaching analysis (Table 5) indicates
that the majority of study sites breach at relatively high mainstenm
discharges (19,000 to 42,000 cfs). This includes Sloughs 8A, 9, 11 and
21, which comprise a major portion of the primary spawning areas for
chum salmon in the middle Susitna River. Under natural flow conditjons,
these relatively high mainstem discharges (19,000 to 42,000 cfs) are
equalied or exceeded less than a third (29%-1%, respectively} of the
total time for the period August 20 to September 20 (Table 5). These
discharge values of 19,000 to 42,000 cfs also correspond to 77%-9%,
respectively, of the total number of years in which the breaching
discharge is equalled or exceeded at least once during the August 20 to
September 20 period. However, the exceedence frequencies for the total
number of years contains an inherent bias towards the first two weeks of
the period of interest.

4,2.2 Mainstem Backwater

In addition to breaching effects, the mainstem Susitna River directly
affects salmon passage in the mouth area of a slough or side channel by
creating backwater pools. As mainstem discharge increases, the stage of
the backwater pool progressively rises and inundates the Tower portion
of the site. This effect is important in regulating the passage of
salmon into a slough or side channel spawning site at mainstem dis-
charges less than those required for breaching.

The backwater analysis in this addendum presents a summary of the
mainstem discharges which provide successful salmon passage conditions
from backwater effects at selected study sites in the middle Susitna
River. It 1is evident from the results that, in general, only the
initial few passage reaches located in the mouth regions of study sites
are inundated by backwater prior to breaching. However, at three sites
(Whiskers Creek Slough, Upper Side Channel 11 and Slough 21), the
influence of backwater on passage conditions is completely absent prior
to breaching. In these cases, the effects of breaching and local flow
become increasingly more critical 1in providing successful passage
conditions.

A comparison of the results of the backwater analysis in this addendum
to the results previously reported in Sautner et al. (1984) is presented
in Table 9. It is evident from the comparison that the mainstem dis-
charge values for successful passage conditions from both studies are in
general agreement. The discharge values established in this addendum
constitute a general increase of less than 1,000 cfs over values report-
ed in Sautner et al. (1984). However in a few cases (eg., Passage Reach
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Table 9. Comparison of the results of the backwater analysis presented in this
. addendum to the results previously reported in Sautner et al. (1984%)
for sioughs and side channels in the middle Susitna River.
Mainstem Discharges (cfs)
Present Addendum Sautner et al. {(198%)
Study Site Passage
(River Mile) Reach Unsuccesstul  Successful Unsuccessful Successtui
Mainstem 2 1 8,600 9,200 a a
Side Channel I 11,800 12,500 11,500 12,200
(114.%) IVR 18,800 19,700 18,400 19,200
Slough 8A i 7,200 7,700 10,600 10,600
(125.3) il 14,600 16,000 14,600 15,600
fr 17,600 19,000 a a
v 23,600 25,000 a a
Slough 9 I 10,900 11,600 12,200 12,200
{128.3) .
Slough 9A ! 10,800 11,500 a a
(133.2)
Side Channel 10 i 17,700 18,500 17,400 18,200
{133.8)
Slough 11 1 15,400 16,500 15,200 16,200
{135.3) 11 18,300 19,400 a a
11t 32,000 33,400 31,900 33,200
v 38,800 40,300 38,300 39,600
Slough 20 ! 12,300 13,200 a a
{140.1) 1 20,000 21,100 20,800 22,100
Side Channel 21 I 7,100 7,800 12,000 12,000
{140.6) it 9,700 10,300 b ‘ b
Slough 22 I 16,000 17,800 23,000 23,000
{144.3) ] 21,900 22,700 b b

3 This site not evaluated.

b Breaching occurs at mainstem discharges lower than those required for providing

backwater influence.
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I in Slough 8A), values differ more than 1,000 cfs for successful
passage. These Targer differences are due to better defined rating
curves established during the 1984 field season which provide more
accurate estimates of mainstem discharge.

Overall, discrepancies between the mainstem discharge. values reported in
both studies are a reflection of the revised passage criteria thresholds
and their application in the backwater analysis. The methods which
“comprise the backwater analysis include the determination of the depth
requirements for successful passage for a reach length of zero feet from
the revised passage criteria thresholds. In this addendum, a passage
depth of 0.32 feet corresponds to the zero reach length for successful
salmon passage. In Sautner et al. {1984), the comparative passage depth
from Criteria Curve 1 was 0.26 feet. Although the difference in the
passage depth values is only 0.06 feet, it accounts for the general
increase in mainstem discharge values reported in this addendum. In
general, where discrepancies in the results of both studies occur, it
should be noted that the results of this addendum are refinements of
those reported earlier and are therefore considered more reliable.

4.2.3 Local Flow

Although the local flow analysis has been refined and expanded consider-
ably from the analysis presented in Sautner et al. (1984), there is
still a great deal of uncertainty associated with the estimated flows.
The l1imited data available for the previous analysis resulted in a few
general assumptions. Data were collected during the 1984 open water
season to eliminate most of these assumptions and allow a more thorough
analysis of the local flow regquired for passage in sloughs and side
channels. The refined analysis improved the accuracy of the flow
estimates, but still necessitated detailed assumptions. In addition,
neither the groundwater distribution analysis nor the local flow fre-
quency analysis were conducted for the passage evaluations presented in
Sautner et al. (1984). These additional analyses and refinement of the
methods used to evaluate local flows resulted in the following addi-
tional assumptions which are more specific and expanded from the
assumptions presented in Sautner et al. (1984).

1. The surveyed cross section 1is representative of the most
difficult passage conditions within the passage reach.

2. Local flow in passage reaches is composed of surface water
runoff and groundwater contributions from 1inflow evenly
distributed along the channel bed and inflow concentrated at
upwelling sites.

3. The local flow distribution analysis evaluates flow at a
passage reach which is representative of field conditions.

4, The percent groundwater values are constant at a site for all
local flows and mainstem discharges.
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5. The groundwater flows can be represented by Tocal flows
. measured during a period of Tow rainfall.

6. Antecedent moisture conditions are invariable and have a
negligible effect on surface water runoff.

7. The August precipitation duration curve at Talkeetna is
applicable to the August 20 to September 20 salmon spawning
period. ; .

8. Precipitation at Talkeetna may be adjusted to represent
rainfall conditions at sloughs and side channels of the middle
river by using precipitation coefficients.

9. Basin areas contributed surface water 1in accordance with
identified percent runoff factors. The factors are constant
for all rainfall amounts.

10. Manning's Equation is applicable to the Tow flow and shallow
depth conditions at passage reaches.

11. Manning's Equation can be calibrated at a known flow and
corresponding water surface elevation; the calibrated equation
may be applied to thalweg depths up to one foot. -

12. Local flow in passage reaches is uniform; for uniform flow,
the energy gradient is equal to the slope of the water sur-
face.

13. The flow characteristics at a passage reach are governed by
the maximum of the upstream and downstream water surface
slopes at the cross section.

14. Manning's roughness coefficients are uniformly greater at the
shallow depths associated with the passage analysis in compar-
ison to the flood flow roughness values found in the litera-
ture (Chow 1959).

15. Flow excluded by flow computations using surveyed cross
section data is a constant amount that is underpredicted at
all depths.

Required Tlocal flow values for successful and unsuccessful salmon
passage conditions presented in this addendum differ to varying degrees
to previous values (Table 10). Variations between the addendum results
and previous values may be partially explained by variations in the
calibration of Manning's Equation. In Sautner et al. (1984) constant
Manning's roughness coefficient was used at all passage reaches. In the
addendum, a site-specific Manning's roughness coefficient reflected
variations in passage reach substrate and channel uniformity. The
energy gradient was approximated in the previous study from the water
surface gradient evaluated over large reaches on the thalweg profile.
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Tabie 10. Comparison of the results of the local flow analysis presented in this
addendum to the results previously reported in Sautner et al. {1984) for
sToughs and side channels in the middTe Susitna River.

Local Flow (cfs}

Present Addendum Sautner et al. (1984)
Study Site Passage
(River Mile) Reach Unsuccessful Successful Unsuccessful Successful
wWhiskers Creek STough I 6.0 14.0 8.0 16.0
(101.2}
Mainstem 2 Side Channel VR 2.0 4.0 3.0 5.0
(114.4%) VIR 0.8 2.0 3.0 5.0
VIIR 2.0 7.0 3.0 5.0
VITIR 0.7 2,0 3.0 5.0
Stough 8A { 0.8 2.0 1.0 2.0
{125.3) VIIR 3.0 7.0 3.0 5.0
1XR 0.8 4,0 2.0 4.0
XR 0.8 2,0 2.0 4.0
Slough 9 | 4.0 5.0 1.0 2.0
{128.3) 11 3.0 6.0 1.0 1.0
1l 2,0 5.0 4.0 6.0
STough 9A 1 2.0 3.0 1.0 1.0
(133.2) 111 2.0 4,0 2.0 3.0
Vi 3.0 6.0 0.5 1.0
X 0.6 2.0 0.5 2.0
x1 3.0 9.0 0.5 3.0
Slough 11 I 1.0 4.0 3.0 4.0
{135.3) v 1.0 3.0 3.0 5.0
v 1.0 3.0 5.0 8.0
Upper Side Channel 11 ! 2.0 8.0 7.0 12.0
{136.1)
STough 20 11 0.5 2.0 3.0 6.0
(140.1) il 1.0 3.0 3.0 6.0
Side Channel 21 1 3.0 7.0 4.0 8.0
{140.6) tnl 3.0 7.0 2.0 7.0
v 1.0 4.0 10.0 18.0
Slough 22 | 1.0 3.0 6.0 11.0
(144.3) THE 2.0 4,0 1.0 2.0
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In the addendum, the water surface gradient was predominantly obtained
from field measurements of the water surface upstream and downstream
from the cross-section. The cross-section database was previously much
smaller; cross-sections were often unavailable within passage reaches
and nearby cross-sections were used in the analysis. Cross-section data
collected within passage reaches during the 1984 field season enlarged
the database and permitted a more thorough analysis of 1local flows
required for passage. Although still approximate, the required flows
estimated in this addendum represent an improved estimate of the
required local flows for passage.

4{3‘ Influence of Mainstem Discharge on Local Flow

The two principal sources of local flow in sloughs and side channels of
the middle Susitna River are surface water runoff and groundwater
upwelling. These sources of 1local flow are influenced by mainstem
discharge and by precipitation events. Surface water runoff 1is a
function of precipitation and basin characteristics, and is not influ-
enced by fluctuations in mainstem discharge. Since precipitation in any
amount falls roughly half of the time during the spawning period,
surface runoff is generally periodic during this time. Most drainage
areas contributing to sloughs and side channels are quite small and
steep; thus surface runoff decreases substantially or stops soon after
the precipitation stops. As a result of the intermittent nature of the
surface runoff component of local flow, groundwater upwelling plays a
major role in sustaining flow in sloughs and side channels during
unbreached periods.

Groundwater upwelling during the spawning period originates from any of
three sources: 1) shallow localized infiltration from the mainstem; 2)

- localized infiltration from precipitation events; or 3) regional ground-

water transport in the down valley direction (AEIDC 1985), Of these
three sources, only the first is directly influenced by short term
fluctuations in mainstem stage. This Tlocalized source fluctuates
rapidly in response to fluctuations in mainstem stage. This direct
influence is demonstrated in a set of linear regression equations that
relate the apparent groundwater component of slough flow to mainstem
stage or mainstem discharge (e.g., H-E 1984, Beaver 1984, R&M 1984}.
The most recent version of these equations, developed as a function of
mainstem stage (H-E 1985), were used in the frequency of occurrence
analysis presented in Appendix A. Such relations have only been
developed for Sloughs 8A, 9 and 11 and cannot be generalized for appli-
cation to other sloughs and side channels. A relation has been
developed for Slough 21 but is not applicable at mainstem discharges in
the range considered in these passage analyses.

Another localized and fluctuating component of groundwater upwelling is
that generated from precipitation events. This component generally
enters from the valley wall side of the slough or side channel and is
not all causally related to mainstem discharges. This component of
groundwater upwelling is directly related to surface water runoff from
precipitation. However, the response of infiltrating precipitation
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would be delayed in comparison with the rapid response of surface water
runoff. The influence of this source of groundwater upwelling has not
yet been quantified in general terms.

The regional groundwater transport component of groundwater upwelling
provides the base flow in the slough or side channel. This component
may fluctuate slightiy on a seasonal time scale, but would remain fairly
constant during the spawning period. The amount of local flow provided
by this source depends upon the length and characteristics of the slough
channel that intersects this source. Base flows in sloughs and side
channels have not been quantified as a separate entity, but are incor-
porated in the local flow values resulting from the regression equations
discussed above. The base flows are thought to be small in comparison
to other groundwater components (H-E 1984).

4.4 Conclusions/Recommendations

The mainstem discharge and local flow values presented in this addendum
differ in some cases with values previously reported in Sautner et al.

(1984). In general, where discrepancies between the results of both
studies occur, the results presented in this addendum are considered
more reliable since they are based on refinements of both field and
analytical methods. The critical discharge values which initially
provide successful passage conditions at passge reaches through either
backwater, breaching or local flow effects are summarized in Table 11.

The evaluation of salmon passage conditions presented in this report is
based on the present hydraulic and morphologic characteristics of slough
and side channel habitats. An important consideration that should be
examined in future application of these data relates to physical changes
that may occur within these habitats in the future. Changes in the
natural sediment load of the Susitna River may result in aggradation or
degradation of the streambed of slough or side channel habitats. Ice
conditions may also result in changes in present channel morphology.

Any changes in the present channel morphology may result in changes in
- the mainstem discharge and local flow values required for salmon passage
as presented in this report. With these limitations in mind, the
following conclusions were derived from this study.

1. A1l designated passage reaches influence salmon passage
conditions in a similar manner regardless of channel config-
uration and substrate size.

2. The passage criteria data indicate that two separate sets of
criteria curves are not required to describe passage require-
ments for chum salmon.

3. The thalweg depth threshold of 0.67 feet from Criteria Curve
II is an overestimate of the water depth required for success-
ful passage for chum salmon. A thalweg depth of 0.5 feet is a
more accurate indicator of the depth at which salmon would
first encounter passage difficulty.
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Table 11. A summary of discharge values fnitially providing successful passage conditinos through either backwater, breaching or local
flow effects at selected study sites in the middle Susitna River,

Mainstem Discharge Reguired for Successful Passagea

b Mainstem Exceedence Frequency
Study Site Passage Discharge Source of Percent Percent d
(River Mile) Reach (cfs) Influence Total Time® Total Years
Whiskers Creek Slough® I 23,000 Breaching 16 69
(101.2) il 23,000 Breaching 16 69
Mainstem 2 Side Channel® | 9,200 Backwater 87 97
(114.4) ] 12,500 Backwater 67 97
b 16,000 Breaching 45 9%
IvL 16,000 Breaching 45 94
IVR 19,700 Backwater 26 77
VR 25,000 Breaching 10 57
VIR 25,000 Breaching 10 57
VIIR 25,000 Breaching 10 57
VIIIR 25,000 Breaching 10 57
Slough BA | 5,500 Local Flow 100 100
{(125.3) 1 16,000 Backwater 45 94
i 19,000 Backwater 29 77
v 25,000 Backwater 10 57
\ 27,000 Breaching 7 46
VIL 27,000 Breaching 7 46
VIR 17,500 Local Flow 35 a9
VIIR 33,000 _ Breaching 2 1"
VIIIR 33,000 Breaching 2 n
IXR 33,000 Breaching 2 11
XR 33,000 Breaching 2 1
Slough 9 ! 11,600 ' Backwater 74 97
(128.3) 1t 19,000 Breaching 29 77
111 19,000 Breaching : 29 77
v 19,000 Breaching 29 77
v 19,000 Breaching 29 77
Slough 9A® I 11,500 Backwater 74 97
(133.2) i 13,500 Breaching 60 97
b 13,500 Breaching 60 97
v 13,500 Breaching 60 97
v 13,500 Breaching 60 97
2! 13,500 Breaching 60 97
VI 13,500 Breaching 60 97
vitl 13,500 Breaching 60 97
1X 13,500 Breaching 60 97
X 13,500 . Breaching 60 97

X1 ~ 13,500 Breaching 60 . 97
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Table 11 {Continued).

Mainstem Discharge Required for Successful Passagea

b Mainstem Exceedence Frequency
Study Site Passage Discharge Source of Percent “Percent d
(River Mile) Reach (cfs) Influence Total Time®  Total Years
Side Channel 10° I 18,500 Backwater 31 80
(133,8) I 19,000 Breaching 29 77
i 19,000 Breaching 29 77
v 19,000 Breaching 29 77
v 19,000 Breaching 29 77
Vi 19,000 Breaching 29 77
Slough 11 1 16,500 Backwater 42 94
{135.3) 1 10,000 Local Flow 82 97
i 33,400 Backwater 2 1
v 40,300 Backwater 1 9
v 42,000 Breaching 1 9
Vi 42,000 Breaching 1 9
Vi 42,000 Breaching 1 9
Upper Side Channel 1 1® 16,000 Breaching 45 94
(136.1) tl 16,000 Breaching 45 9
Slough 19° I 13,000 Breaching 63 97
{140.0) tl 13,000 Breaching 63 97
i 13,000 Breaching 63 97
v 13,000 Breaching 63 97
vV 13,000 Breaching 63 97
A 13,000 Backwater 63 97
Vil 15,300 Backwater 48 97
VIl 19,000 Backwater 29 77
1X 25,600 Backwater 8 54
Slough 20° I 13,200 Backwater 62 97
{140.1) ] 21,100 Backwater 22 77
tit 23,000 Breaching 16 69
v 23,000 Breaching 16 69
v 23,000 Breaching 16 69
Vi 23,000 Breaching 16 69
3 ¥ $ 3 } 1 . ) 3 ! } 3 3
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Table 11 (Continued)

Mainstem Dlscharge Required for Successful Passage

Matnstem txceedence Frequency

Study Site Passageb Discharge Source of Percent Percent d
(River Mile) Reach (cfs) Influence Total Time® Total Years

Side Channel 21° [ 7,800 Backwater 94 . 97
(140.6) (N 10 300 Backwater 82 97
1 12, 2000 Breaching Al 97
v 12 000 Breaching 7 97
| 12,000 Breaching n 97
Vi 12,000 Breaching 7 97
VR 12,000 Breaching A 97
Vil 24,000 Breaching 13 66
1X 24,000 Breaching 13 66
Slough 21° | 25,000 Breaching 10 57
{141.8) " 25,000 Breaching 10 57
niL 25,000 Breaching : 10 57
IR 26,000 Breaching - -
Stough 22° | 17,800 Backwater 35 89
(144.3) i 22,700 Backwater 17 69
i 23,000 Breaching 16 69

Mainstem discharge values correspond to the lowest values resulting from a comparison of backwater, breaching and local flow
effects unless otherwise noted.

Passage reaches located in left and right channels of sites (facing upstream) are indicated as "iL" and "R", respectively.

Percentage of total time for a 35 year flow record that the indicated discharge is equailed or exceeded during the period 20
August - 20 September (USGS gage at Gold Creek, gage #15292000).

Percentage of total years for a 35 year flow record that the indicated discharge is equalled or exceeded during the period 20
August - 20 September (USGS gage at Gold Creek, gage #15292000),

Mainstem discharges related to local flow effects were not defined at this site and thus are not included in this comparison.
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11.

12.

The revised salmon passage criteria are represented by two
straight 1ines, referred to as threshold limits, which best
fit the passage criteria data collected during 1984. The
threshold Timits represent the criteria for successful and
unsuccessful passage of chum salmon in the middie reach of the
Susitna River.

The distribution of fish passage field observations in
relation to the threshold 1imits for successful and unsuccess-
ful passage of chum salmon support the revision of the origi-
nal criteria curves.

Field observations and passage data collected during 1984 do
not support the downward inflection represented by the first
20 feet of the original criteria curves. Extensions- of
straight 1ine threshold criteria for reach lengths greater
than 20 feet continued through this 0 to 20 feet range in the
revised passage criteria threshold Timits.

Passage depth appears to be the critical physical factor
affecting salmon passage. Based on the threshold limits for
successful and unsuccessful passage of chum salmon, the
required passage depth increases only slightly over passage
reach lengths up to 200 feet and is assumed constant for
Tengths greater than 200 feet.

A total of 85 passage reaches were identified at selected
slough and side channel study sites of the middle Susitna
River based on field observations.

Breaching is important in providing successful passage con-
ditions, but only at relatively high mainstem discharges at
the majority of slough and side channel study sites in the
Middle Susitna River.

Backwater is a dominant factor in providing successful passage
conditions from the mainstem into some slough and side channel
sites by inundating the Tlower most passage reaches in each
site.

Local flow is influenced largely by mainstem discharge levels
and by precipitation events.

Local flow is important in providing periodic conditions for
successful passage and more frequent conditions for successful
passage with difficulty and exposure at those sites infre-
quently receiving direct mainstem influence through breaching
or backwater.
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APPENDIX A

The general procedure for evaluating the required amount of local flow
necessary for successful and unsuccessful passage and the frequency at
which these required flows are expected to occur is described in Section
2.3.2.4. This appendix presents detailed methods for evaluating local
flow distribution within a site, calibrating Manning's Equation, and
evaluating the frequency of occurrence of local flows. A1l the methods
presented are based on a number of assumptions; each analysis has some
error associated with it which can compound as results from one analysis
are used in another analysis. Consequently, the required flow estimates
are very approximate and should only abe used as an index to the Tevel
of passage difficulty anticipated at the site.

Local Flow Distribution Analysis

At passage reaches where flow data were not collected, flows were
estimated from flows measured elsewhere within the slough or side
channel. The general procedure used to estimate the flow at a passage
reach involved assigning a percent groundwater flow value to each
passage reach relative to total flow at an R&M discharge gage or other
reference, such as another passage reach. These percent groundwater
flow values were assumed to be constant at all slough and mainstem
flows. The flow at a specified passage reach may be estimated by
multiplying the percent groundwater flow value at the passage reach by a
flow measured elsewhere in the slough or side channel and adjusting this
flow for tributary and surface water inflow.

The percent groundwater flow values at passage reaches are evaluated
through the use of aerial photographs, on-site investigations and flow
data measured at slough gages and passage reaches. Groundwater flow at
a site is considered to be composed of both inflow evenly distributed
along the channel bed and inflow concentrated at upwelling sites visible
in aerial photographs or located during site investigations (R&M 1982).
Appendix Figure A-1 illustrates the general procedure used to estimate
the percent groundwater flow values. The upwelling sites were assigned
percent groundwater flow values from field experience. At Sloughs 8A,
9, 11 and 21, the R&M discharge gage location was designated the 100
percent groundwater flow value. At sloughs and side channels lacking an
R& gage, the most downstream passage reach (Passage Reach I) was
designated to be the reference point for 100 percent groundwater flow.
The percent groundwater flow value at each passage reach was estimated
by summing the percent groundwater flow values from (1) upwelling sites
upstream of the passage reach and (2) the channel bed groundwater
contribution. ‘

Flow data available at various passage reaches on the same date or on a
date with a similar mainstem discharge and antecedent precipitation were
utilized to verify or adjust the percent groundwater flow values. Local
flow data collected during the 1984 open water field season are pre-
sented in Appendix E (Appendix Table E2). The R&M discharge gages
provided an additional source of flow data for comparison of the percent
groundwater flow values. The evaluated percentage values at the passage
reaches of the sloughs and side channels considered are presented in
Appendix Table A-1.
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LOCATE UPWELLING SITES FROM AERIAL
PHOTOGRAPHS AND FIELD INVESTIGATIONS

Y

ASSIGN ESTIMATED PERCENT GROUNDWATER
INFLOW VALUES TO -UPWELLING SITES (%)

R

SUM THE % VALUES OF SITES UPSTREAM
FROM THE R&M GAGE"(X) X=3%

Y

EVALUATE CHANNEL BED GROUNDWATER
CONTRIBUTION AT R&M GAGE™{(Y) Y={00%~ X

Y

EVALUATE CHANNEL BED CONTRIBUTION FACTOR (Z)
Z=(Y<DISTANCE FROM R&M GAGE* TO HEAD)

Y

ESTIMATE PERCENT CONTRIBUTION FROM CHANNEL
BED AT EACH PASSAGE REACH (P;)

P = (Zx DISTANCE FROM PASSAGE REACH TO HEAD)
— ¥ |

SUM THE % VALUES OF UPWELLING SITES
UPSTREAM OF EACH PASSAGE REACH (P;)

Y
EVALUATE THE GROUNDWATER INFLOW AT
EACH PASSAGE REACH (P, + P,)

4

VERIFY OR ADJUST % VALUES USING DISCHARGE DATA

* AT SLOUGHS AND SIDE CHANNELS WITHOUT R&M GAGES,
PASSAGE REACH I WAS SUBSTITUTED FOR THE R&M GAGE.

Appendix Figure A-1. 4 ITlustration of the general procedure used
in the local flow distribution analysis.
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Appendix Table A-1. Percent groundwater flow values for sloughs and
~ side channels.

Percent Groundwater

Study Site Passage Reach Flow Values

Whiskers Creek Slough I 100
II ' 50

Mainstem 2 Side Channel I 100
II 90

ITI 80

IVL 40

IVR 40

VR 35

VIR 30

VIIR 25

VITIR 20
STough 8A I 228a
IT 71
111 718
IV 702
v 643

VI 128

VII 113

VIII 104

R&M Gage 100

IX 50

X 20

STough 9 I 166
II 152

R&M Gage 100

III 97

IV 80

) 30

STough 9A I : 100
II : 79

ITI 71

Iv 62

v 59

VI 54

VII 44

VIII 40

IX 32

X 30

X1 24
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Appendix Table A-1 (Continued).

Percent Groundwater

Study Site Passage Reach Flow Values

Slough 11 I 120
II 114

III 102

R&M Gage 100

IV 78

) 58

VI 40

VII 10

Slough 19 I 100
I1 90

111 80

Iv 70

v 55

VI 50

VII 20

VIII 15

IX 5

Slough 20 I 100
11 80

I11 70

IV 55

v 45

VI 15

Side Channel 21° I 252
II 249

ITI 243

IV 1353
v 133°

VI 214

VII 179

VIII 144

IX 138

Slough 21 I 111
R&M Gage 100

II 93

ITIR 36

ITIL 26
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Appendix Table A-1 (Continued).

Percent Groundwater

Study Site ~ Passage Reach Flow Values
Slough 22 I 100
II 55
III 35

a Passage reach is in one channel of a multi-channel reach of the study

site.

b Percentages are referenced from the R&M gage located in Slough 21.
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Calibration of Manning's Equation

The Manning Equation is assumed to be applicable to the low flow and
shallow depth conditions in the passage reaches. The Manning Equation
is an empirical relationship between channel flow (Q) and channel
geometry:

Q = 1.486/n ARZ/3sl/2

The energy gradient (S) is assumed to be represented by the water
surface slope at the cross section, and the steeper of the upstream and
downstream slopes is assumed to govern the passage reach flow charac-
teristics. The channel hydraulic radius (R) and area {A) are calculated
from the surveyed cross section. Manning's roughness coefficient (n) is
assumed to be primarily a function of bed material size and channel
uniformity. For application to the passage reaches, the roughness
coefficient values are assumed to be uniformly greater at the shallow
depths associated with the passage analysis in comparison to the normal
and flood flow roughness coefficient values found in the Titerature
(e.g. Chow 1959). The steps used to calibrate the Manning Equation at
each passage reach are summarized below:

1. Obtain a surveyed cross section at the passage reach.

2. Measure the water surface elevation and collect corresponding
local fiow data.

3. Classify substrate and channel uniformity to evaluate the
applicable range of roughness values (Appendix Table A-2).

4. Obtain the reach energy gradient from on-site water surface
measuremints or from thalweg water surface profiles {Quane et
al. 1984).

5. Calibrate Manning's Equation by adjusting the roughness and
gradient values.

The roughness coefficient and gradient values were adjusted during
equation calibration to reflect site conditions, as represented by the
measured water surface elevation and the local flow evaluated in the
Local Flow Distribution analysis. The roughness coefficient value for a
passage reach was varied within the appropriate range until the flow
calculated with the Manning Egquation approximated the measured flow.
For passage reaches where the variations in roughness coefficient values
did not yield an appropriate flow, the gradient values were adjusted.
The average of minimum water surface slope was selected to represent the
energy gradient if slopes from adjacent passage reaches were similar to
the modified value. Alternatively, the slope of the reach was calcu-
lated from the thalweg water surface profile. (Quane et al. 1984) and
used when calculated and measured flow compared well.

At the few passage reaches lacking surveyed water surface elevations,
Manning's Equation was calibrated by comparison with calibrated



e

Appendix Table A-2. Ranges of Manning's roughness coefficients as a
function of substrate size and channel uniformity.

Manning's Roughness Coefficient

Uniform Non-uniform
Channel Channel
Substrate Material (u) (nu)
Au Anu
Sand/Silt (A) 0.03 - 0.07 0.05 - 0.09
‘ , Bu Bnu
Sand/Silt and 0.05 - 0.10 0.07 - 0.12
Gravel/Rubble/Cobble (B)
Cu Cnu
Rubble/Cobble/Boulder (C) 0.06 - 0.12 0.08 - 0.14

A-8



equations from adjacent and similar passage reaches. The passage reach
energy gradient, substrate size and channel uniformity were used as
indices of similarity.

At passage reaches with a wide, rocky, non-uniform cross section, a
potentially significant proportion of local flow at the passage reach
may be excluded by the flow computations using the surveyed cross
section data. An example of such a cross section is Passage Reach I at
‘STough 9A (Appendix Figure D-22). Following the calibration of the
Manning Equation with roughness coefficient and gradient values within
reasonable 1imits, the Manning Equation at such sites calculated Tess
flow at a passage reach than the estimated flow. The calculated flow
was then subtracted from the measured flow to estimate the amount of
passage reach flow that was excluded using the surveyed cross section.
The excluded flow passes amongst the rocks in voids which are not
surveyed using normal surveying techniques. The excluded flow was
assumed to be a constant amount that would be underpredicted by the
calibrated Manning Equation for all depths in the range considered for
this study. To evaluate the total passage reach flow, the excluded flow
was added to the flow calculated using the Manning Equation. Appendix
Table A-3 lists the values selected for calibration and the excluded
flow at affected passage reaches.

Frequency of Occurrence Analysis

The frequency of occurrence of local flows at passage reaches may be
evaluated through the analysis of the flow contributions from ground-
water and precipitation runoff. Appendix Table A-4 presents the Tlocal
flows and their corresponding frequencies of occurrence. The general
approach used to evaluate the frequency of occurrence corresponding to a
specified Tocal flow is described below:

1. Calculate the base flow for the period from August 20 to
September 20 at the R&M gage using the mainstem versus slough
discharge relationship. If a relationship has not been
evaluated at the site, assume a base flow at Passage Reach I
from the local flow data collected at known mainstem flows.

2. Evaluate the base flow at each passage reach by multiplying
the base flow from Step 1 by the percent groundwater flow
value obtained through the Local Flow Distribution analysis.

3. Evaluate the required surface water by subtracting the base
flow from the estimated local flow required for successful
passage.

4, Calculate the basin area upstream of the passage reach con-
tributing surface runoff.

5. Calculate the precipitation necessary to yield the required
surface water.

A-9
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Appendix Table A-3. Values of Manning's roughness coefficient, energy gradient, and excluded flow for calibration of Manning's

equation.
Substrate and Manning‘'s Excluded
Passage Channel Unifogmity Roughness Energy Flow
Study Site Reach Category Coefficient Gradient (cfs)
Whiskers Creek Slough | Bnu 0.11 0.00893 5.0
I Cu 0.06 R 0.00937 0.5
Mainstem 2 Side Channel | Bnu 0.12 0.00395 0
N Bnu 0.11 0.00615 . 0
i Cnu 0.13 0.01342 0
ivL Cnu 0.13 0.00235 0
IVR Cnu 0.13 0.02445 0
VR Cnu 0.13 0.02350 0
VIR Cu 0.08 0.00167b 0
VIIR Cnu 0.13 0.00574 0
VIIIR Bnu 0.1 0.00574 1]
Slough 8A I Bnu 0.11 0.0015° 0
" Bu 0,08 0.0331b 0
i Bnu 0.09 0.0331 0
v _ Bu 0.08 0.00742, 0
v Bu 0.08 0.00742 0
Vi Cnu 0.12 0.0725 0
Vil Cu 0.10 0.01179 0
Vil Bnu 0.09 0.0106 0.4
X Cnu 0.12 0.0075 0.4
X Cnu 0.13 0.01826 1]
Slough 9 - | Anu 0.05 0.00123 3.6
i Bnu 0.08 0.0107 .0.8
] Bnu 0.09 0.000595 0.6
v Bnu 0.09 0.00053b d 0.5
-V . Bnu 0.08 0.00053"*
Slough 9A I Cnu 0.11 0.00403? 3.0
(N Bnu 0.08 0.00403 1.9
i Bu 0.07 0.0188 0
v Bu 0.07 0.0089 0.9
\ Cnu 0.1 0.01818 0
vi Bnu 0.08 0.02286 2.3
VIii Bnu 0.08 0.0118 0
VI Cnu 0.14 0.00956 0
X Cnu 0.11 0'0153d 0
X Cnu 0.13 0.0056 1.1
X1 Bnu 0.08 0.01071 0
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Appendix Table A-3 (Continued).

Substrate and Manning's Excluded
Passage Channel Unifogmity Roughness Energy Flow
Study Site Reach Category Coefficlient Gradient (cfs)
Slough 11 I Cnu 0.12 0.00783° 0.7
] Bu 0.07 0.0064 0.4
1 Bnu 0.08 0.0080 0
v Cnu 0.11 0.01 0
v Cnu 0.10 o,oo171§ 0
Vi Cnu 0,12 0.00913d 0
Vil Cnu 0.1 0.00073 0.4
Upper Side Channel 11 | Cnu 0.1 0,0099 0.4
] Cnu 0.1 0.0177 0
Slough 19 [ Bu f f f
1 Bu f f F
11 Bnu f f f
v Bnu f F f
v Bnu f f b f
Vi Au 0.05 0.00778 0
vil Bu 0.06 0.00778 0
viti Au 0.05 0.00380 0
IX Bu 0.06 0.02 0
Slough 20 i Cnu 0.14 0.0741° 0
B Bnu on 0.0026 0
i Bnu 0.1 0.0026° 0
v Bnu f f f
v Bnu f fc f
Vi Bnu 0.1 0.016 0
Side Channel 21 [ Bnu 0,08 0.009b 0
] Bnu 0.07 0.015b 0.8
1 Bnu 0.07 0.015 1.2
v Cnu 0.13 0‘01519b 0
) Cnu 0.13 0.015%9 0
Vi Bnu 0.08 0.015b 1.2
Vil Bnu 0.08 0.015 0.8
Vil Bnu 0.07 0.02 0.8
X Bnu 0.07 0.00902 0.8
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Appendix Table A-3 (Continued).

Substrate and Manning's Excluded

Passge Channel Unifosmity Roughness Energy Flow

Study Site Reach Category Coefficient : Gradient (cfs)
Slough 21 | Anu 0.07 0.00193 0
1] Bu 0.06 0.00453 0
IR Cnu 0.10 0.00802 0
LHiL Cnu 0.10 0.00802 0

Slough 22 | Cnu 0.13 0.02269 1.0
H Cau 0.13 0.00833 0.5

i Cnu 0.13 0.01842 0.5

Substrate and channel uniformity categories are taken from Table 3 in Section 2.3.2.4.
Gradient from adjacent passage reach gradients.

Gradient from entire thalweg reach.

Average of upstream and downstream gradient.

Minimum of upstream and downstream gradient,

No cross section data available.
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Appendix Table A-4, Frequency of occurrence of local flows for successful (S) and unsuccessful (US) passage for a baseflow correspoding to 15,000 cfs Susitna River discharge
at Gold Creek and iacluding precipitation values from August 20 to Septebmer 20.

Required Required
Required Required Site Talkeetna
Base Flow Local Flow Surface Water Precipitation Precipitation Percent
a {cfs) {cfs) {cfs) {in) {in) Exceedence

Passage Basin Percent at Precipitation
Study Site . Reach Area Runoff 15,000 cfs s us s us s y Coefficient S us 5 us
Slough 8A i 2. 65 4.6 2.0 0.8 0.0 0.0 0 0 1.30 0 0 > 50 >30
t 1.9 65 1.4 5.0 2.0 3.6 0.6 0.205 0.03% 1,30 0.157 0.026 22 18
i 1.68 65 1.4 4.0 1.0 2.6 0.0 0.153 0 1.30 0.118 0 24 >50
v 1.79 65 1.4 6.0 2.0 4.6 0.6 0.298 0.033 1.30 0.229 0.030 16 kY
v 1.7% 65 1.3 6.0 2.0 4.7 0.7 0.322 0.048 1.30 0.248 0.037 15 35
vi 1.45 65 2.6 3.0 0.6 0.4 0,0 0.042 0 1.30 0.032 0 36 > 50
Vil 1.3 65 2.3 7.0 3.0 4.7 0.7 0.665 0.099 1.30 0.511 0.076 7 28
vitl 1.28 65 2.1 11.0 1.0 8.9 0.9 1.359 0.137 1.30 1.045 0.105 2 25
(X 1.01 10 1.0 4.0 0.8 3,0 0.0 1.083 0 1.30 0.802 0 4 >50
X 0.6 10 0.8 2.0 0.4 1.6 0.4 0.735 0.183 1.30 0.565 0.141 6 22
Slough 9 i 2.89 65 4.0 5.0 4.0 1.0 0.0 0.036 0 1,20 0.030 0 7 > 50
t 2.04 65 3.6 6.0 3.0 2.4 0.0 0.182 0 1,20 0.152 0 22 > 50
il 1.83 65 1.3 5.0 2.0 2.7 0.0 0,284 0 1.20 0.237 1] 16 > 50
v 1.62 65 1.9 3.0 1.0 1.1 0.0 0.189 0 1.20 0.157 0 27 > 50
v 1.52 10 0.7 2.0 0.8 1.3 0.1 0.318 0.024 1.20 €.265 0.020 14 40
Slough 9A i 2.2 40 5.7 9.0 4.0 13 0.0 0.135 0 1.10 0.123 0 2% 250
tl 2,27 [14] 4.5 3.0 2.0 0.0 0.0 0.0 0 1.10 0 >50 > 50
1 2.27 40 4.0 4.0 2.0 0.0 0.0 0.0 0 1.10 0 0 >50 250
v .35 40 3.5 4.0 2.0 0.5 0.0 0.133 0 1,10 c.a21 0 24 > 50
v .35 40 3.4 4.0 3.0 0.6 0.0 0.159 0 1,10 0. 144 0 22 250
vi .35 40 3.1 6.0 1.0 2.9 0.0 0.770 (1] 1.10 0.700 0 < & 250
Vil W21 40 2.5 4.0 1.0 1.5 0.0 0.664 0 1.10 0.604 0 < 6 > 50
Vit 17 40 2.3 9.0 3.0 6,7 0.7 3.664 0.383 1.10 3.330 0.348 0 1
X .10 40 1.8 3.0 0.8 1,2 0.0 1.116 0 1.10 1.014 0 <2 2 50
X .08 40 1.7 2.0 0.6 0.3 0.0 0.349 0 1.10 0.317 0 13 > 50
X! .02 40 1.4 9.0 3.0 7.6 1.6 35.30 7.438 1.10 2. 19 6.762 0 0
Slough 11 I 0 10 2.2 4.0 1.0 1.8 0.0 d d 1.07 d d <5 >3
] 0 10 2.1 1ok 1.4 0.0 b d d 1.07 d d 250 > 50
] 0 10 1.8 9.0 1.0 7.2 1.2 d d 1,07 d d <5 <5
v 0 10 1.4 3.0 1.0 1.6 0.0 d d 1.07 d d <5 >50
v 0 10 1.0 3.0 1.0 2,0 0.0 ] d 1.07 d d <5 > 350
vi 0 10 0.7 2.0 0.6 1.3 0.0 d d 1.07 d d <5 > 50
vl 0 10 0.2 0.5 0.4 0.3 0.2 d d 1.07 d d <5 < 5
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Appendix Table A-4 (Continued),
Surface Water Precipitation Precipftation Percent
tin) - (in) Exceedence

Passage Basin®  Porcent Precipitation
Study Site Reach Ares Runoff s s us 5 U Coefficient us Us
Upper Side Channel 11 I 0 10 8.0% 8 2.0 0 0 d 1.07 d >50
11 0 10 6.0 b b b b d 1.07 d e
Side Channel 21 | 5.03 65 7.6 5 2.0 0 0 0 1.07 0 >50
(1] 5.03 65 7.5 7 3.0 0 0 0 1.07 0 >50
bt 5.03 65 7.3 7 3.0 0 0 0 1.07 0 >50
) 0.84 40 3.3 4 1.0 0.7 0 0 1.07 0 > 50
v 0.70 40 3.3 L 1.0 0.7 0 0 1.07 ] >50
Vi 0.66 40 6.4 17 4.0 10.6 0 0 1.07 0 >50
Vi 0.64 40 5.4 20 5.0 14.6 [] 0 1.07 0 >50
vili 0.61 40 4.3 7 2.0 3.7 0 0 1.07 0 >50
X 0.53 40 4.1 5 2.0 0.9 0 (1] 1.07 0 >50
Slough 21 | 0.41 10 3.3 L] 1.0 0.7 0 0 1.07 1] >50
1 0.32 10 2.0 2 0.4 0 0 0 1.07 (i} > 50
i 0.16 10 0.8 3 0.8 2.2 0 0 1.07 [} >50
tHIR 0.16 10 1.1 b b d d d 1.07 d e

% Basin area evaluated from topographic maps from the United States Geological Survey (Scale 1:63,360), Talkeetna Mts C-6, D-1 and D-6.
b Cross section data not collected in field; required local flow cannot be evaluated.
€ Local flow estimated from field cbservations,

d Precipitation does not yield a surface water contribution to local flow as no tributaries are located upstream of the passage reach and runoff infiltrates alluvium sofl.

Exceedence frequencies cannot be evaluated as local flow data are not available,

e



6. Use the Precipitation Duration Curve at Talkeétna for August
(Appendix Figure A-2) and adjust the daily precipitation by
the coefficients Tisted in Appendix Table A-5 to obtain the
frequency of occurrence.

7. Repeat steps 3 through 6 using the local flow estimated for
unsuccessful passage.

Base flows from groundwater contributions in the sloughs and side
channels were evaluated at the average mainstem discharge during the
period from August 20 to September 20, The average Susitna River
discharge at Gold Creek for this period was estimated to be 15,000 cfs
determined from the flow duration curve developed in Sautner et al.
(1984). The slough versus mainstem stage relationships used to evaluate
the base flows at Sloughs 8A, 9, and 11 {H-E 1985) are listed below:

Q8A = -368.211 + 0.6356 W_ . at RM 127.1
Q9 = -171.8788 + 0.288925f o1 3t RM 129.3
Qll = -335.39272 + 0.49209 ﬁse1 at RM 136.68.

Rating curves were used to estimate mainstem discharges at Gold Creek
from water surface elevations at specific river miles (R&M 1985). At
stoughs and side channels where local flow versus mainstem stage rela-
tionships have not been evaluated, base flows corresponding to a 15,000
cfs mainstem discharge at Gold Creek were estimated from local flow
data. Slough flows, measured on dates when the mainstem discharge was
15,000 cfs, provided an estimate of base flows. Alternatively, local
flows measured at the same site on different days were plotted and
extrapolated to yield a base flow for a mainstem discharge of 15,000
cfs. Data collected during periods of high precipitation were excluded.
Appendix Table A-6 1ists the base flows evaluated at specific sites.

Precipitation events were assumed to contribute rainfall for 24 hours to
permit comparison with the August Precipitation Duration Curve (R&M
1984a). The Precipitation Duration Curve (Appendix Figure A-2) was
developed from daily precipitation records from 1972 to 1981. The
August Precipitation Duration Curve was assumed to be applicable to the
August 20 to September 20 period as the rainfall records for August and
September appeared similar when compared. Talkeetna records were
adjusted using precipitation coefficients for transfer of recorded data
(R&M 1984b).

Antecedent moisture conditions were assumed invariable and a constant
surface water runoff to precipitation percentage was selected for each
passage reach. Variations in soil moisture prior to rainfall events may
affect the amount of precipitation which becomes surface water runoff;
in the precipitation frequency analysis, these variations were assumed
negligible. For Sloughs 8A, 9, 11 and 21, the runoff to precipitation
percentages reflected known topographic and soil conditions and were
selected from runoff coefficients presented in the R&M Consultants Water
Balance report (R&M 1984b). Sloughs and side channels with primarily
alluvial soil watersheds were assigned a runoff coefficient of 10
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Appendix Figure A-2. August Precipitation Duration Curve
for the period 1972-1981 at the
Talkeetna Weather Station (Adapted
from H-E 1984).
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Appendix Table A-5.

Precipitation coefficients for determining precipi-
tation values at selected sloughs using precipi-
tation values recorded at the Talkeetna weather
station (derived from R&M 1984).

Precipiationa

Study Site River Mile Coefficient
Slough 8A 125.3 : 1.3
Slough 9 128.3 1.2
STough 9A 133.2 1.1
Slough 11 135.3 1.07
Slough 21 141.8 1.0

a

To obtain precipitation estimates for above sloughs, multiply precipi-

tation at Talkeetna by the appropriate coefficient.

A-17
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Appendix Tab1e)A-6.

Base flows for a mainstem discharge at Gold Creek

of 15,000 cfs.

Local Flow Location of
Study Site (cfs) Local Flow Evaluation

Slough 8A 2.0 R&M Gage
STough 9 2.4 R&M Gage
STough 9A 5.7 PRI
Stough 11 1.8 R&M Gage
Side Channel and

Slough 21 3.5 R&M Gage

A-18



percent. Steep slopes in the watershed would increase runoff; a runoff
coefficient of 65 percent would be used in the precipitation analysis.
For sloughs and side channels with- watersheds encompassing both steep
side slopes and alluvial materials, a runoff coefficient of 40 percent
was selected. Appendix Table A-4 Tists the runoff coefficients used at
each site.

A-19
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Passage Reach Distribution Maps



APPENDIX B: PASSAGE REACH DISTRIBUTION MAPS

~ The maps compiled in this appendix show the locations of passage reaches
at selected slough and side channel study sites of the middle Susitna
River identified during the 1984 open water season (Appendix Figures B-1
to B-13). These maps have been revised from those appearing in Sautner
et al. (1984) to show the wetted area of each site at unbreached flows.
Locations of staff gages established in 1984 are designated on the
appropriate site maps. These maps were derived from aerial photos of
the middie Susitna River.
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Appendix Figure B-1.

Locations of passage reaches at Whiskers Creek Slough during the 1984 open

water season.
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Appendix Figure B-2.

Locations of passage reaches at Mainstem 2 Side Channel during the 1984
open water season. ‘
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Appendix Figufe B-3. Locations of passage reaches at Slough 8A
(Tower) during the 1984 open water season.
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Appendix Figure B-4.

Locations of passage reaches at Slough 8A
(upper) during the 1984 open water season.
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Appendix Figure B-5.

Locations of passage reaches at Slough 9 during the 1984 open water season.
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Appendix Figure B-6. Locations of passage reaches at Slough 9A during the 1984 open water
season.
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Appendix Figure B-7.
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Locations of passage reaches at Side Channel 10 as identified by the
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Appendix Figure B-8.

Locations of passage reaches at Slough 11 and Upper Side Channel 11 during
the 1984 open water season.
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Appendix Fiqure B-9.

Locations of passage reaches at Slough 19 during the 1984 open water season.
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Appendix Figure B-10.

Locations of passage reaches at Slough 20 during the 1984 open water

season.
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APPENDIX C: THALWEG PROFILES OF PASSAGE STUDY SITES

This appendix contains thalweg profiles of slough and side channel
passage study sites illustrating passage reaches identified during the
1984 open water season (Appendix Figures C-1 to C-13). With the
exception of Slough 19, these figures are revisions of thalweg profiles
previously presented in Sautner et al. (1984). The Slough 19 thalweg,
which was surveyed for the first time in 1984, is also presented here.
Survey data used to complete the Slough 19 thalweg profile are
summarized in Appendix Table C-1. Survey data for the other study sites
are presented in Quane et al. (1984). These thalweg profiles are only
intended to show approximate Tocations of passage reaches within each
study site and due to their limited accuracy, should not be used for
other, more detailed analyses.
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Appendix Table C-1, Summary of survey data collected for the thalweg profile of Slough 19 during the
1984 open water field season.
LOCATION OF THALWEG: Slough 19 (RM 140.0) DATE: OCTOBER 18, 1984
SITE FLOW: 0.1 cfs TBM ID: ADF&G 140.0 RB 830914
USGS DISCHARGE: 5200 cfs ' Slough 19
Thalweg Water
Station Elevation Depth WSEL Substrate? Habitat
(ft) ~(ft) (ft) ~ (ft) - Code Description
-4 +79 717.70 0.20 717.90 SASI Mid-Riffle
-4 + 40 717.79 0.17 717.96 Riffle/Pool
-4 + 24 717.16 0.80 717.96 Mid-Pool
-4 + 11 717.81 0.15 717.96 B0OSI Pool Constriction
-3 + 95 716.96 1.00 : 717.96 SISA Mid-Pool
-3 + 46 717.64 0.33 717.97 : SIBO Pool Constriction
-3 +29 717.09 0.89 717.98 SISA Mid-Pool
-3 +13 717.95 0.08 718.03 SISA Pool/Riffle
-2 + 83 718.01 0.13 718.14 COSA Mid-Riffle
-2 + 12 : 718.86 0.12 718.98 BOSA Riffle/Pool
-1 + 60 - 717.06 1.90 718.96 SISA Mid-Pool
-0 + 92 718.77 0.20 718.97 Pool/Riffle
-0 + 66 718,90 0.13 719.03 COSA “Riffle/Pool
-0 + 31 716.99 2.03 719.02 SISA Mid-Pool
0+ 00 718.58 0.44 719.02 SISA Mid-Pool, Mouth
0+ 36 - 718.80 0.22 719.02 SISA Pool1/Run
0+ 58 718.70 0.32 719.02 SISA Mid-Run
0+76 718.77 0.27 719.04 SISA Run/Pool
1+ 19 717.15 1.90 ' 719.05 SISA Mid-Pool
1+45 718.83 0.19 719.02 SISA Pool/Run
1+70 718.84 0.21 719.05 SISA Run/Pool
1+ 90 718.56 0.48 719.04 SISA Mid-Pool
2+ 20 718.77 0.28 719.05 SISA Pool/Riffle
2 + 56 719.28 0.09 719.37 BOCO Riffle/Pool
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Appendix Table C-1 (Continued).

Thalweg Water

Station Elevation Depth WSEL Substrate? Habitat
(ft) (ft) (ft) (ft) Code Description
3+ 07 718.29 1.14 719.43 SISA Mid-Pool
3+ 30 719.15 0.28 719.43 SISA Pool/Riffle
3+ 60 719.31 0.13 719.44 SGSA Mid-Riffle
3+69 719.47 0.01 719.48 LGSG Mid-Riffle
4+ 11 719.89 DRY 719.89 LGSG Mid-Riffle
4 + 35 719.95 ICE 719.95 SALG Riffle/Pool
5+ 30 718.84 1.03 719.87 SISA Mid-Pool
5 + 81 719.65 0.18 719.83 SA Pool/Riffle
5+ 93 720,17 0.00 720.17 BOSI Mid-Riffle
6 + 46 720.79 ICE 720.79 COBO Riffle/Pool
6 + 67 : 720.30 0.35 720.65 CORU Mid-Pool
6 + 81 720,48 ICE 720.65 CORU Pool/Riffle
7 + 04 721.05 0.00 721,05 CORU Riffle
Overflow Channel 1
-4 +79 717.70 0.20 717.90 SASI Mid-Riffle
-4 + 20 719.89 DRY 719.89 CORU High Point in Over-
Flow Channel
-3 + 38 718.06 0.00 718.06 CORU Mainstem Waters Edge
Overflow Channel 2
-0 + 31 716.99 2.03 719.02 SISA Mid-Pool
0 + 60 720.45 DRY 720.45 CORU High Point in
Overflow Channel
1+ 20 718.33 DRY 718.33 CORU Mainstem Waters Edge

@ substrate code defined in Methods Section (see Table 2).
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APPENDIX D: CROSS SECTIONAL DATA

This® appendix contains cross sectional data collected at passage
reaches within selected slough and side channel study sites of the
middle Susitna River. Survey data collected at selected passage reaches
are summarized in Appendix Tables D-1 to D-58. Abbreviations of
substrate type listed in these appendix tables are defined in Section
2.2.3 (Table 2) of this addendum. Appendix Figures D-1 to D-58 present
these cross sectional data in graphic form. Relative water surface
elevations upstream and downstream of selected passage reach cross
sections are summarized in Appendix Table D-59.
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Table D-1.
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ﬁppéndix Table D-1. Continued.

T L e T T e e e e T T e s T e N e N Y e T e T e T O T I N T T I T T T I R e e T T T R e A T NN NN SN MR S S N N TN R R
RELATIVE
STATION ELEVATION WSEL
(Ft) (ft) (ft) SUBSTRATE COMMENTS
108. 60 39,10 COLB
117.50 . 98.99 coLs
123.00 98.83 98.83 COLG LWE
126, 50 $8.78 98.83 LBRU
131.00 %8.73 98.82 LGRU
133,80 98.80 %8.81 LBERU
138.00 F8.646 98.81 LGRU
140.00 98.61 98.77 LGRU
142.2 98.59 98.78 LGRU
144,00 98.52 98.77 LGRU
147.00 98.54 98.78 LEBRU
149, 60 F8.60 58.75 LBRU
153,00 98.77 98.77 LGRU
156. 00 98.5%9 9B8.47 LGRU
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199.00 98.87 9B.87 LBRU
202.50 98.79 98.79 LGRU
205,50 38.70 98.7% LGRU
207,00 98.65 98.7% LGRU
208.10 98.79 98.79 LESI RWE
209,00 7. 15 5184
211.50 39,43 sisA
2146.80 ?5.95 VEG GB RE HEADFIN
216.80 100,19 VEB RE HMEADFIN
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Appendix Table D-2.

Dl T -
S R N T T T I S T I I T I s i N T o T e T R O e R i T L o T L o S S S B S T S N N s S T N N T s T S T e N ST T

STATION
(ft)

.00
3 e 00
8, 00
11.50
16,00
20. 30
21.30
22.50
23.00
25. 10
27 .00
28.40
J1.00
33.00
35.80
58. 00
42,00
43.40
44, &0
45,50
45,90
47 .00
48. 00
48,50
49 .90
9200
5 B0
54,30
S6.70
55,70

RELATIVE

ELEVATION
(Ft)
100,00
99,91
$9.78
99. 56
99.71
99. &5
99.76
99. 62
99. 62
99.39
99. 44
99.35
99.26
99.26
95.27
99. 33
95,33
99.24
9%, 26
99,25
98. 96
99.01
99.06
9% .07
99,30
99. 34
99,28
99 .30
99.90
100.74
100.87

Cross section profile of Passage Reach 11
in Whiskers Creek Slpugh, October 4,1%84,

WSEL
(fE)

99..39
9%9.44
PF.36
99.35
F9.34
29.38
F%.33
99.33
99.25

C99. 26

99,25
59,15
95.17
99. 15
9%, 14
9%. 30
9%. 35
99.31
99.30

SUBSTRATE

e

COMMENTS

ain seeas s A Fe00n P e e e e e $3048 N 4048 e 4008 00 e S Sot0n S00OE

LE HEADFIN
GB LB HEADFINM

LWE

RWE

GB REB HEADPIN
RE HEADPIN
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Cross section profils of Passags Reach I

Appendix

STATION
(&)
Q.00
0.00
5.00
12.40
18.00
20.40
24,90
28.00
0,00
T2.40
Z4.50
I3.10
Th.60
27 .60
Z8.40
39.00
40,20
41.10
2.30
44,00
45, QU
45.90
46.70
48.00
49,00
30.10
21,30
53.50
57 .30
IJ8.70
41,40
4. 00
64,00

Table D-3I.

RELATIVE

oG

in Mainstem Z Side Channel, October 3,1984.

- rrrrrrrrtrrrrrrrr e et e r e r e e e e
1ttt e e

ELEVATION WSEL
(€

{ft)
100,00
29.89
99 .69
.39
29.47
99,463
99.35
F9. 64
99.5%
99.24
29.12
o8.%4
?8. 89
?8. 24
R9.07
P8.74
F86.70
9B.77
29,03
F9.,.00
f8.82
78. 84
98.68
99.04
78.86
98.8%
?8.91
F9.11
9. 20
F9.30
59.24
29,44
79.52

98.
78.
78.
89
8.
98.
8.
9.
9.
78.
28.
99.
7.
78.
948.
98.

94
P
95
07
92
92
?1
A
0O
91
93
93
04
50
91
91

SUESTRATE COMMENTS

e (o e i e ot i oo o

LE
GE

LWE

RWE

GB
RE

HEADFIN
LB HEADFIN

RB HEADFINM
HEADFIN

ey ot oot s M oy P S S M My o it Sy S R ey M S M SOUAS L. b S ey Sy S S S SOMAD M dan Mem i L AP M P 4 e G4 et R Mt M B0 Pt Sak M i UM T P T S Hh Aba A et
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Appandix Table D-4.

(+&)

. s s bt ey e e iy b

25,460
26.50
28.50
20,10
30,30
I2.40
22.90
346,00
I7.70
40, 10
40,90
CAZLOO
44,20
45.30
47 .20
47 .80
49,70
51.90
33,10
54.70
55.80
8. 60
éal.00
&4, 20
&5,40
6£7.00
&68.20
70.30
71.30
73,90
74.8Q
746,10
77 .80
81.30

RELATIV
ELEVATION
(f£)

78.80
98.70
98.61
98.73
98.78
98.61
28.83
98.80
98.74
78.3%9
58.464
P8.73
99.19
78.82
98.80
98.75&
78.99
99.11
97.08

Cross section profile of Passage Reach II
in Mainstem 2 Side Channel, October 5,1984.
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b e R e e e e e S e P A e R

WSEL
(£t

?8.85
P9.09
F8.81
98.91
78. 81
98.83
98.92
?8.80
98.79
98.93
98.746
98.87
98.77
98.76
78. 82
98.76
58.80
98.75
98.75
98.74
78.78
98.73
78.83
98.80
78.74
8.74
98.74
98.73
9. 1%
98.82
78.80Q
78.76&

SUBSTRATE

CORU
COoRU
CORU
CORU
CORU
CORy
CORW
CORUY

LE HEADFIN
GR LB HEADRFIN

LWE

RWE
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Appendix Table D-4.

e gt e it it o mtas S oot coamy i ity et S (St ekt MY e S e S WAL oM MO S Sk SR S A ALY RO ik Sy OSSR Sackd LMp SAMm PR Sod il e S et ekt el SIS Sitte NI Weld brvee Mam e mow Seam hees Pt idus Waed F1LdE
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STATION
(+1)
85. &0
2?1.50
EZ-PROIS
99.80
99.80

RELATIVE
ELEVATION
(Fi)

Continued.

WSEL
(ft)

Pt s o 1114 S0ae0 ats e

CORU
COrU
CORU
Caru
CORU

ah — v vy Podor s 10O 111 Mt FoFe FOR (D e by AR, B Lot S ot S

G RE HEADFIM
RE HEADFIN
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Pppendix Table D-5. Cross section profile of Passage Reach 111
in Mainstem 2 Side Channel, October 33,1984,

At oot v ot it o s M0 s e Novt o mate s MSL SRS ¥ iaw 4% U mdn E et Aot M Aadmt S rvt M St S S AL by Wkt DTS faass Ao e deias FHSH Sy veoer M moin A YOVPD P ELS coatt SR SAst 4eP e M s P S0t K v ey MLt
et e o St i S s oy e S M) et e e A S il Dk o s S ey o 4 s Py I SV e o e LG PR PO SO e S Smk P TS o S S oo S S S e A M A7E S e S Te i) S S ) A

RELATIVE :
STATION ELEVATION WSEL
(ft) ($+) (L) SUBSTRATE COMMENTS
0. 00 100 . 00 LBSG LE HEADFIM
0. Q0 29.90 LES6E GR LE HEADFIN
3,00 99.92 LGSGE
8.00 99 .80 LESE
15,00 79,49 LGSE
22.00 29. 54 LE56
29,00 %9 .50 LGSE
37.20 99,14 LBESE
41.720 99.17 LGS6
44,10 .25 RUCO
a9, 50 99.45 RUCDO
53,90 99.45 RUCO
58.3 98.53 RUCO
6O, 70 P9.07 99.07 RUCD LLWE
62.50 9.3 99,37 RUCO ‘
&4.30 99.00 99.01 RUCO
b6. 40 F9.02 99.02 RUCO
5%. 30 9%.02 $9.02 RUCO
70.80 99.00 99,00 RUCO
73.80 99,05 99.05 RUCO
78,50 98.82 98.82 RUCD
82.10 F8.95 98.95 RUCO
B87.30 98.97 98.97 RUCD
88.80 59,07 99.07 RUCO
30, 40 98.90 98.90 RUCO
F1.00 28.81 98.83 RUCD
97,30 99.0% 99.03 RUCO
95, 50 R9.06 99.06 RUCO
101.70 98.90 98.95 RUCO
103,50 ?68.91 9B.95 RUCO
105.50 98.95 98.95 RUCO
109. 40 99.01 99.01 RUCO
115,20 99.00 99.00 RUCO
119. 60 28,99 98.99 RUCD
121.00 98.85 98.88 RUCD
123,10 99,01 99.01 RUCD
125,70 8.8 98.84 RUCO
127.80 98.88 98.%0 RUCO
128.50 99,17 99.17 RUCD
131.30 99.10 99.10 RUCO
134,40 99,303 99.30 RUCDH
135, 50 99.13 99.14 RUCO
139,50 99,11 99.16 RUCo
140,90 99,16 99.14 RUECO
144.50 99,41 99.41 RUCO

e M L+t . . a4 $5000 e ot SAA M) S S S Seadr 134 P SAa P i D etus e AR (ered SE ANE S et U] ey FURY SAe14 S e e Seive e L S Maasd Mg LR bt e B Ao G LS Mk L e dama SRS hehd M i Bt FrOm O
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RELATIVE
STATION ELEVATION WSEL
(ft) (ft) (ft2 SURSTRATE COMMENTS
146.50 .33 99.34 RUCO
149.00 9966 FR.46 CaBO
150.90 29.75 99.75 CORO
151.70 99.43 97.44 Cagn
1535.80 99.47 99.48 CORY
154. 40 29.30 99.350 CORUY RWE
154.90 9. 65 CORU
157,30 ?9.80 CORU
160.90 79.83 CORU
163%.30 9. 95 COrRU
167.90 ?9.92 CORU
173.00 100,03 CORU
177.60 100,08 CORU BE RE HEADFINM
177.60 100,11 REB HEADFINM
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Appendin Table D-b.

STATION
(+t)
Q.00
0. 00
5.80
10.30
14.00
18.40
22.30
27.460
F2.00
8. 60
37 .60
40.80
43,40
43,70
$51.10
52.50
54020
93,10
8,90
&0, 00
&al.60
65.80
&HB. 40
&7.70
75,00
78.00
2.20
86.10
88. 50
0. 00
22.30
Fo. 10
99.390
1035.80
113,19
118. 40
1246.80
134,10
144.Q0
148.80
152,80
137 .30
163.50
146,50
170.50
173,30

173.350

RELATIVE

ELEVATION
(fh)
160.00
59.81
P.17
98.39
?8.37
78.16
G8.14
R7.93
F8.03
27.7%
97.82
?7.35
97 .68
97.74
R7.73
?7.43%
GV .44
F7 .68
97.72
97 .40
?7.93
77 .55
?7.42
2?7 .55
97 .48
97.51
?7.49
?7.48
97.58
?7.44
?7.5%
97 .58
F7.47
97 .84
37.84
?7.74
97.87
?7.92
f8.11
98.11
78.14
78. 28
9H.78
78.87
P?.357
9%.89
100,00

Cross section profile of FPassage Reach IVL
in Mainstem 2 Side Channel, Uctober 3,1984.

sy e oot R moas S44s MO M) U M43 Maset Sty veTSE S S0t D St Skt Wade S T SaiSt Sl D Sore O SR it eV Sn S ete midd S0 rvem SO s carad bt Frids svvmm e st b ok LS SMAM St 2 M rven rUGAD P I Moo beme b KN srvm T e i
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WSEL
(£t

97.43
?7.44
97 .68
F7.72
97 .45
27.353
97.55
97 .43
97.58
97.48
97.51
?7 .49
87.48
?7.38
7?7 .44

o v ot 400 oo ot o

COMMENTS

it i et 0% e b it s PR et (AT dopry ot S T A EOG oA ey et Biod

LE HEADFIM
GBE LB HEADFIN

WE

RWE

BB RRB HEADFIN
RE HEADRFIM
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Cross section profile of Passage Reach IVR

Appendix Table D-7.

in Mainstem 2 3ide Channel, October 5,1984.

o e ey it LS Sme et SOt e Ay Avam et sy Eind M} By tiemy Shial S e S Mt e Sy SSLH el OO R Sobée saSw Smm 1PN Sms MTE] YO Sy aims st emmy mmm mwet STNE e fivem L) drema

e e PR

STATION
(Ft)
0. 00
0. Q0
1.00
2. 70
4,20
9. 30
&. 30
7.30
8.00
8,90
10,00
11.60
12,50
15.350
17.00
1i9.70
20.70
22.00
23.00
24.50
26. 00
27 .50
29.00
EAG A
31.50
J2.80
I5.00
I6.00
36. 90
37.60
8. 40
39,40
40,50
41.80
45,00
43,80
45, 60
44,00
44,020
39. 00

RELATIVE

ELEVATION
{$8)
10G. 00
2.88
100,03
100,02
99.97
29.87
99.76
?2.78
99.87
99P.7%
?9.96
0%.87
100,10
8%.,685
9%.97
29.93
9.70
PR.90
.70
P9.76
9%.88
?9.78
99.92
P9.77
29.97
?9.79
9.93
29.78
9%.921
99.72
R.76
9.90
9.84
100,04
?9.83
100.04
99.84
79.69
9%.75
100,17

WSEL
(fe)

59.87
99.83
%9.87
99.87
99.86
99.94
7%.87
100.10
99.85
599.97
?9.93
29.75
F9.90
F9.76
599.78
9%.88
2%.78
99.92
92.78
23.97
97.79
99.93
9%.83
29.91
5%.85
29,84
99.90
2%.84
100,04
99.83

CORU
CORU
CORY
CORU
CORU
CORU
CORrRU
CORU
CORU
CORU
CORUY
CORY
COrRYU
CORU
COrRU
CORU
CORU
CorU
CORU
CORY
CORU
CORU

COMMENTS

LB HEADFIN
BH LE HEADFIN

LWE

RWE

GB RB HEADPIN
RE HEADPIM
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Table D-B. Cross section profile of Fassage Reach VR
in Mainstem £ Hide Channel, October 5,1984.
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Appendix

(Ft)

11.00
13,10
15. 40
17.20
20.20
23.40
2T.90
24,70
26. 50
27.20
28. 50
30.10
I2.00
34,30
5. 80
JI7.20
J3F.20
40,10
42,20
44,20
45,20
45,70
47 .80
49,70
S2.70
546.90
&0, 30
&3.70
hb. 20
&6.20

RELATIVE .

ELEVATION
()
100.00
99.921
59.14
98.39
78.19
8.04
?7.94
97.862
CAY-Y-)
@7 .24
97 .80
97.35
97 .84
P7 .30
R7.467
P7.17
7 .40
97.44
@7.61
97.14
97 .37
Q7 .27
97.14
R7.17
@7 bb
97.28
97.957
Q7 .63
97 .. 60
97.93
98.13
98.28
98.43
?8.531
8. 60

WEEL
(£t

97 .53
?7.84
97 .33
97.67
97.31
7. 40
F7.44
97.61
97.25
97.37
97.29
?7.28
97.29
97.656
97.28

SUBSTRATE

Sh

RULG
RULB
RULG
RULG
RULG
RULG
COLG
COLE
CoLs
CORU
CORU
CORU
CORU
CORU
CoORY
CORU
COrRU
CORU
CORU
CORU
CORU
CORU
CORUY
CORU
CORLU
CORU
CORU
CORU
CORU
CORU
RUCO
RUCC

et et Sty Smth Sates rat daawe St e ey NeAd st AR L et A St e Satt

LB HEADFIN
GB LE HEADFIN

LWE

RWE

GE REB HEADPIN
RB HEADFIN
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Appendix Table D-9. Cross secticn profile of Fassage Reach VIR
in Mainstem 2 Side Channel, October 5,1984.

aatte o aan Sete et s 48 S SAOMS Saide Seete Aew MSE St Sy e Sas S L YA St mar Gaees S T SR Lo MMGr MM e Sitm Mow fases S Smd ey Shase Smw gaide St Smmd AWl e Saia S gabu Lemre Tom TG Se07 S dasas ey e mmd L dher e Sy daste
3 A A R e S e e e e

STATION
(£t
0. 00
0. 00
4,50
7.00
?. 60
12,00
14,00
13.30
17.70
19.80
21.50
22.350
23.80
286,00
27.00
28.20
30,60
Z1.30
33.80
34.40
25.90
37.40
39.00
40,70
45,2
45.80
47 .00
48,00
51.40
54.30
S6.30
59.90
S9. 90

RELATIVE

ELEVATION
(1)
100G, Q0
99,92
99.97

99, &3
99. 64

9?.44
99.32
95.24
99.0%
99.02
99.0%
9. 31
F9.02
9?.10
99.23
I8.97
99. 00
99.14
99, 09
78.88
78.99
9.07
99.23
99.03
@900
.06
?9.11
99.41
9.3z
99.48
99.74
29.96
?9.79

WSEL
(ft)

99.09
99.09
99.09
7. 31
99.09
599.10
PR.23
99.08
9%9.08
9. 14
9%, 09
9. 09
99.0%
9F.08
P9.23
?%9.11
99.09
99.11
9%9.11

SUBSTRATE

. e aaate Lot aae U St s fuoh] s Mots s 1a® YOO v dmm bt

RULG
RULG
RULG
RULG
RULG
RULG
RUL.G
RUL.G
RULG
RULEG
RULG
RUL.G
RULE
RULG
RULG
RULG
RUL.G
RULG
RULG
RUL.G
RULG
RULG
RULG
RULG
RUL.G
RUL.G
RUCO
RUCD
RUCO
RUCQ
RUCO
RUCO
RUCO

LE HEADFINM
GB LB HEADRFIN

LWE

RWE

GB RB HEADFIN
RE HEADFIN
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Appendix Table D-10. Cross section profile of Fassage Reach VIIR
in Mainstem 2 Side Channel, October 4,1984.

B e T T TP y——
=1 e P b e e e e P e e e e e e e e e e o e f e e

RELATIVE
STATION ELEVATION WSEL
Cfid (i) (1) SURSTRATE COMMENTS
0.00 100.00 RULG LB HEADPIN
.00 97.81 RULG GB LB HEADFIN
4.10 99.99 RULG
8.10 9%9.7%9 RULG
1G.30 29.89 RULG
14.20 ?9.97 RULG
19.60 ?9.39 RUL.G
26.30 9. 48 RULG
29.40 9. 67 RULE
S2,00 .85 RULG
34,80 29.50 RULG
3710 59.69 RULG
41.30 99. 49 RULG
46,20 99.53 RULG
49,350 7. 60 RULS
S52.80 P9.463 RULG
36.350 79.53 RULG
=790 2.7 RULG
63.60 9%.33 RULG
&8.70 99.56 RULE
72.00 99.83 RULG
75.00 97.32 99.392 RULG LWE OF POOL ABOVE #R
76.8B0 99.36 99.36 RULG
80.10 9.3 99.33 RULG
B1.40 39.49 99.49 RULG
83.80 FP.32 99.3Z2 RULG
B&. 00 9.2 99.28 RULG
89.10 99.33 99.53 RULG
?2.50 99.857 99.57 RULG
95.80 99.65 99.865 RULG
102.90 9%.5385 99.53 RULG
106. 60 P9.72 99.72 RULG
111.00 92.61 7F.61 RULG
1i4.10 29.58 99.38 RULG
116.00 97.40 99.40 RULG
117.80 29.51 99.31 RULG
123,00 99.47 99.47 RULG
128.50 99.40 99.40 RULG
129.30 .45 99.45 RULG
122.10 FP.61  F9.61 RULG
135. 50 99.50 92.50 RUL.G
1359.50 99.39 99.59 RULG
142.30 ?9.59 99.59 RULG
145,40 92.72 99.72 RUL.G
150.00 FR.T70  FR.T70 RULG
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Appendix Table D-10. Continued.

v (e S e et 20400 Sy vy St it SOOTY et eV $UTA Adaon S48 S St $090% VA fou 1hOOY ALk rbad. mer 11 T St ST ShfRa Ldne mmt S v i) TS0 LA A bird MY MO M st i) St Ll St s St s S st Sih S
T e N S s T N N I R N N N N SN e S SN o R S SO SESESSmSssmE|mim=zm

RELATIVE
STATION ELEVATION WSEL
(FL) (Fi) (&) SUBSTRATE COMMENTS
134,350 9R.7E P9.T7E RULG
157.90 ?9.87 99.87 RULG
161.10 99.94 H9.94 RULG
163,60 9%9.76 9%.76 RULG
164,80 99.72 99.72 RULGE RWE OF FOOL ABOVE FR
167.60 100.04 SGRU
149,20 29.80 RUSE
171.60 99.91 RUSE
173.40 100.23 SIsA
177.00 100.45 85I8A
182,00 100.77 SIsA
183.10 100.97 8518A BB RB HEADFIM
185.10 101.07 SI8A RE HEADFIN
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Appendix Table D-11. Cross cection profile of Fassage Reach VIIIR
in Mainstem 2 Side Channel, QOct.4,1984.

RELATIVE
STATION ELEVATION WSEL

(FH) (¥t (F) SUEBSTRATE COMMENTS
000 100, 00 RULE LE HEADPIN
0,00 59.87 RULG 58 LB HEADFIN
Z.30 99.83 RULG
&. 00 100,14 RULG
8.00 99.81 RULG

10.80 9. 50 RULB

13.20 99.88 RULG

15.70 7. 60 RULG

17.70 99.47 RULG

19.20 99. 34 99,34 RULGB LWE

21.00 .34 99.34 RULG

23. 30 ?9.47 ©9.47 RULB

24.80 PR.L2 99.62 RULG

29. 40 F9.32 99.38 RULG

26,20 99.34 299.34 RULG

27.30 92.44 99,44 RULG

28. 20 92.28 99.33 RULG

28. 460 99.18 99.30 RULEB

29.30 99.28 99.32 RULG

30.40 29.33 99.353 RULG RWE

31.30 89,44 RULB

33.580 P%.52 RULG

TL. 40 99.57 ‘ RULG

38,00 .87 RULB

39.40 P9.71 RULG

41,20 100,06 RULG

44,00 100,31 RULG

45,730 100.10 RULG

446,50 100,34 RULG

47.30 100,27 / RULG GB RB HEADFIN
47 .30 100.47 RULG RE HEADRFIN
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Appendix Table D-12.

STATION
(F43
Q.00
D 4D
Lo 30
2020
& o O
8.70
11.50
15.30
17.10
19,460
21 .60
23.20
24.40
25. 00
23.90
27. 10
28.20
JIQ. 00
30,50
S0.90
32.50
33.90
34.90
I5.50
25.50
57.40
IF.10
41.00
43, 20
44 .80
46,10
46,20
51.40
095.50
60,90
&65. 460
&5.60

RELATIVE
ELEVATION
N
100,00
97.86
F9.10
98.24
T F3
97 .92
F8.07
- 98.20
97.85
97.465
97.58
97.31
G713
97 . Q0
F6. 90
96.79
95.98
97.03
?6.84
26.82
97 .06
P6.93
?7.01
97 .03
97 .27
97 .48
?7 .44
97 .39
27.51
9734
7.73
2a8.04
28. 26
?8.57
99.22
79.81
99.98

Cross section profile of Passage Reach
II in Slough 8A, October &,1984.

ot ot e e e e o e e s e T Y T T S T T T T T T T N T T T T T I D I U RO S T T S e o o mem o e ot et e ot e e st e e
B -t - ] ==s=3= =N mEEmmmsmSmmass

WEEL
(feo

7 .00
Fh.96
96.97
96. 98
P7.03
F6.98
F6.78
7 .06
Q7.03
F7 .03
F7 .03

SUBSTRATE

RULG
RULG
RULG
SIRU
SIRU
SIRU
SIRU
SIRU
SIRU
SI

SI

COMMENTS

i) S i g ST o S ot — it S it SO O T e S S

LE HEADFIN
GB LB HEADFIN

RWE

GB RB HEADFIN
RE HEADFIN
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Appendix Table D~-13. Cross section profile of Fassage Reach
IV in Blough 8A, October &6,1784,

o A ity g R S S SSre a8 v St e e S e S e S S M fmsmm Amied e foi S et Ty Sme S T o e S M A G Wi e v Sy vt et Sy S s LA LA W i o e S i vl e e bW vl g
gttt S S e 4§ o Y Y ]

RELATIVE
STATION ELEVATION WSEL
(¥t (Ft) (fFE) SUBSTRATE COMMENTS
Q.00 100.00 . RULG LE HEADFIN
Q.00 99.939 RULLG GB LB HEADFIN
1.00 ?29.9%9 RULG
I, 00 99.86 RULG
4. 00 99.48 RULG
4.80 99.38 RULG
5.80 9. 07 RULG
b. 20 29.01 99.01 LERU LIWE
8.10 28.%98 99.00 LGRU
2?.40 98.93 99.01 LERU
10.10 9.Q5 992.05 LGRU
i1.20 98.93 99.00 LEGRLJ
12.00 PB.99 992.00 LEBRU
e 8.9 99.00 LGRU
14. 40 78.89 98.99 LGRL
16.10 PE.90 98.98 LERY
17.30 98.89 98.99 LBRU
18.50 98.84 98.99 L.GRU
19,30 29.01 99.01 LEGRU
20,70 F8.94 98.94 RUCO
22.00 P02 99.02 RUCO
273.90 F9.10 99.10 RUCO
25.00 98.94 99.02 RUCO
26,00 ?9.01 99.01 RUCO
27.10 99.1i8 99.18 RUCO
28.10 99.01 99,02 LGRU
29.70 99,10 99,10 LGRU
32.00Q ?9.02 99.02 LGRU RWE
33.10 ?7. 28 RUCO
I5.00 g9.11 RUCO
34.30 9%.34 SIRU
38.90 99.45 SisA
41. 60 100G, 48 SISA GB RB HEADPIN
41 .60 100.53 S5I8A RE HEADFIN
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Appendix Table D-14. Cross section profile of Fassage Reach
VIL in Slough 8A, October &,1984.

D T e eg——
R N L S O L R R S R I A S R S N N R N D S S N N S N L L N N N N NI IR e IR =

RELATIVE
STATION ELEVATION WSEL

(ft) (Ft) {11 SUBSTRATE COMMENTS
G, 0 100.00 s8I LB HEADFIN
0. Q0 99.84 SI GE LB HEADFIN
I 50 ?8.61 SIS8A
& 00 97.98 RUSIT
B8.90 7.79 RUCO

10.80 F7 .59 RUCQ

12.00 97.82 97.52 RULE LWE
13.10 97.61 97.61 RULG

14.30 F7.44 97,49 RULG

15.10 97.55 97.55 RULG

17.00 97.93 97.353 RULG

18.70 97.60 S7.40 LGESE

20.40 R7.5% 97.59 LBSE

21.80 P7.69 97.&9 LEBSE

23,60 ?7.84 ®7.84 LBSE

24,70 F7.65 97.&5 LGSE

25.80 760 R7.65 LEEE

27.40 97.65 97.466 LESG

29.50 27.463 97.64 LG8GE

30,00 F7.70 97.70 LESG

S2.30 R7.61 97.61 LESE

ITL20 F7.591 97.34 LESGE

34,00 P7.64 F7.464 LESGE

ITH.00 97.44 97.49 LESE

5. 460 ' ?7.51 97.51 LESG

I&. 20 F7.3% 97.48 LGSG

37.00 R7.350 97.48 LBEG

27.80 97.41 97.48 LGESE

IB8.50 87.38 97.58 LBCO

29.20 97.42 97.44 LGCO

4¢. 30 ?7.47 97.47 LBCOo RIWE
41.30 %7.33 LGE0

42.40 Q7 .75 LECO

44 .80 97.87 CoLG

48, 60 97 .84 LERU

51.30 28.02 LGRU

54,30 8. 00 RUCO

57.80 38.30 RUCO

AZ2.00 P, 25 SISA

&4, 50 °8.85 85184 GB RE HEADFIN
&4.50 P8.%2 SI8A RE HEADFIN
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Appendix Table D-13.

Cross section profile of Fassage Reach
VIR in Slough 8A, DOctober &,1984,.

RELATIVE
STATION ELEVATION WSEL
(%2 {(F1) (ft) SUBSTRATE COMMENTS
Qe 00 100,00 RUCDO LE HEADFIN
0. 00 99.87 RUCO GE LE HEADFIN
La 30 99 .88 RUCO
2.80 Q.68 9I99.68 RUCO LWE
4,20 F9.83 99.83 RUCO
4,80 99.80 99.80 RUCO
b 10 F9.686 9F9.66 RUCO
700 PP.73 99.73 CORL
7.50 P9.33 99.32 CORU
8. 40 99.49 99,49 CORU
2.90 99.41 99.41 CORU
10,70 P9.29 99.37 CORUW
12.20 99.13 99.335 CORU
12.90 99.41 99.41 CORU
13.60 99.07 99.38 CORU
14.60 99.35 99.3&6 CaBo
15.80 F9.30  99.34 CcOBO
16.40 59.44 99.44 CcOBO
17.30 99.36 9%9.36 COBg
18.00 99.33 99.33 CoRo
18.30 9%9.45 99.45 CORO
19.50 99.93 99.93 CoEd
21.20 99.53 99.95 COBO
22.50 99.49 99.49 COBO
24,20 29.45 9%.45 RUCO
29. 20 99.58 99.58 RUCO
25.60 29,23 99.42 RUCQO
24,00 99.41 99.42 RUCO
24,90 P2.99 99.99 CORU
27 .90 R9.464 9%.64 CORU
28.70 9.81 99.8% CORUY
29.70 99.463 99.43 CORU
JIN.10 29.50 99.50 CORY RWE
30.40 99.72 CORU
I1.20 9R.72 CORU
3i.80 99.99 SIRO
34,00 F9.92 SIED
Jh.70Q 99.88 SIBO
38. 40 F9.83 SI1B0
39,30 ?9.72 RUCD
40,50 LOO. Q2 VERG
44, Q0 29.98 VEG
45, &0 79.94 VEG GE REB HEADPIN
45. 640 100,19 VEG RE HEADFIN
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Ciross section profile of Fassage Reach
VIIR in Slough 84, October 4,1984,.
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Appendix

STATION
(1)
Q.00
0. 00
1.00
2.40
4.20
&, 00
7 .30
- 8.70
10.00
11,00
12. 20
13.30
13.70
14.90
14,40
17.50
18. 70
19.79
20,60
21.30
22.40

23,20

i et B Al
24.70
25,60
26. 30
28.30
J0.00
Z1.70
32.80
33.80
34.70
35.70
36.20
E7 .00
28.350
39.70
40,30
41,50
43,00
45.10
47 .50
43,00
51.50
3.00
S5.40
57.40
S97.00
S9.00

Tahle, D-~14.

RELATIVE

ELEVATION
{(+t)
10, Q0
99.82
9R.72
99.48
99.41
79.38
FP. 62
9.57
99,52
P9. 463
97.54
99.30
FF.2
99.21
99,17
59.36
?7.04
99.38
99.08
99.27
99.13
F9.23
79.04
F7.12
99.18
92,19
?9.32
29.13
?9.31
99.01
?9.12
97.18
92.01
F9.30
?9.13
?9.18
?9.17
99.34
39. 43
99.3&
99.30
9. 29
P9.42
992.63
9.76&
59.82
100, 01
140,18

WSEL
(ft2

9%.27
P7.26
9% ..25
P93

9%.24
99.38
99.25
9927
99.23
97.26
?2.23
F?9.24
29.23
99.24
99.32
F9.21

9.3

9. 20
?9.21

99.20
99.20
G920
%.18
99.19
9%7.18

HSUBSTRATE

-t e D ot s o smamn saam

VEG
VEG
RUCO
RULG
RULG
CORU
CORU
CORU
CORU
CORU
Caru
CORU
CORU
CORU
CORU
RULG
RULG
RULG
CORU
Caru
CORU
CORLU
CoRrU
CoruU
CORU
CORU
- CORU
CORU
CoRU
CoRy
CORU
CORU
CAOrRU
CORU
CORU
CORU
CORrRU
CORU
CaOry
CORU
RUCO
RUCD
COBO
coBo
COBG
CoRD
caro

COMMENTS

——— it P St b fad daan Sk S S o Sha $54% S S —babed At ok

LE HEADFIN

- ~GE LB HEADFIN

LWE

RWE

GB RE HEADFIN
RE HEADFIN

. —— —— — 1000 Y7o} o 400 40008 o o Sl S S St S Soun} S Mt S48 SER0S BN48 MM Sas Sbatm Saas ot 4S040 S e S S S A A 0040 YO} oL e Aee S S A S A AL e ot S e e daa e 400 S dham e
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Appendix Table D-17. Cross section protfile of Fassage Reach
VIIIR in Slough 8A, October 7,1984.

£ e e U e Pt St ey SR e o o gD ooy o P it e (D sy sE S S Sty ST T MY S Sas e S s S s Sy 500 S M S S e S et e s S ey S S et S s Y Tt Y St S S
i S A3 A e e

RELATIVE
STATION ELEVATION WSEL

(1) (FE£) (ft) SURSTRATE COMMENTS
0. 00 100,00 SIRU LE HEADFINM
Q. 00 99.80 SIRU GE LB HEADFIN
2.50 99,93 SIRU
.80 - 99 . 5é SIRU
b. 00 99,514 SIRU
7.50 99.74 SISA
. 00 F9.33 . 8ISsA

10.50 99,351 S1C0

13.50 95,35 SICO

14,00 99,49 sICcOo

16.30 95.53 51C0

18.00 99,39 Cos1

21.00 FP .50 CoS1I

22.00 59,52 cos1

22.70 39.24 99.24 CORU LWE

24,10 95,22 99.24 CORU

25.10 99.34 99.34 CORU

2. 60 39,29 99.30 Cory

27.70 P9.33  99.3&6 CORU

29,40 99,40 99,40 CORU

20.50 99.63 59.43 CORU

31.10 99.28 99.39 CORU

I2.00 99.34 99.35 CORU

33.80 99.37 99.37 = CORU

35,20 99.29 99.39 CORU

3. 00 99.44 99.44 CORU

37.30 59.49 99.4% CORU

I8.70 99.31 99,37 CORU

41.00 99.48 9%.48 CORU

43.30 99.47 99.47 CORU

45,00 99.52 99.52 CORU

47.00 97.52 99,52 CORU

48, 40 99.42 99,45 CORY

49,40 99.46 99.46 SI1CO RWE

50. 90 99.51 8ICO

52. 60 99.65 SISA

58.10 95 .32 SICO

&0 . 40 99.51 . sico

&2. 60 99.34 S18A

BT . 00 ?7.54 5I1SA

&%, F0 29.51 SISA

73550 99.70 5154

74.80 99.467 518A GB RB HEADFIN
74.80 559,89 5I1SA RE HEADPIN
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Appendix Table D~18. Cross section profile of Passage Reach
IXR in Blough 8A, October 7,1984,

RELATIVE
STATION ELEVATION WSEL
(i) LG ) (+t7 SUBSTRATE COMMENTS
0. 00 100.00 SILG LB HEADFIN
0, Q0 F7.81 SILG GE LB HEADFIN
1l.60 F9.39 LESI
4.70 79.64 SIlG
8. 30 99.49 LGESGE
11.70 992 LGESG
15.40 99.55 LGEG
17.50 99.57 LGSG
20,00 ?9.36 LESGE
22.80 9. 46 LGSG
26. 20 9.2 LGSG
3000 99.32 LGRU
31.90 99.35&6 LGRU
34,20 ?9.56 LGRU
35.30 9.34 99.34 LBRU LWE
537 .00 F9.37 99.357 LERU
38.00 ?F9.32 F9.34 LBRU
1F .00 99.46 99.484 LGRLJ
40.70 F9.35 99.35 LGRU
41.90 79.43 99.43 LGRU
435.70 59.46 99.446 LGBRU
45. 10 F9.28 99.3T5 RUCO
49.00 99.32 99.34 RLJCO
0. 30 99.48 9.48 RUCO
3320 9.34 99.35 RUCD
57.30 ?9.42 99.42 RUCO
S5%9.2 ?7.49 99.49 RUCD
L. Q0 99.35 99.39 RUCO RWE
63. 50 P9.56 RUCDO
&7.00 79.58 RUCO
&%.70 ?9.47 RUCO
71.80 9%.57 RUCO
74,00 99.64 RUECD
74.70Q 99.38 99.38 RUCO LWE
7H.80 59.56 99.56 RUCO
78. 350 99.47 99.47 RUCO
81l. &0 ?7.32 99.37 RUCO
83.20 F?.38 99.3 RUCO
B84.30 9.33 99.53 RUCO RWE
87.00 F9.65 RUCO
89.50 F9.&86 RUCO
PL.S0 59.42 RUCO
Z.00 79.18 99.18 RUCO LWE
?4.10 B9.36 99.36 RUCO

F3.10 .05 99,18 RKUCO
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Appendix Table D~18. Comtinued.

S5 o oo S Y I S S S T R O S 5 T 2 S D S I S I I N A S S I S R R B M S TR S R S AN s s e e e R
RELATIVE
STATION ELEVATION  WSEL
1 (ft) (ft) SUBBTRATE COMMENTS
b 10 97.18 99.19% RUCG
F8. Q0 279.19 99.19 RUCQO :
98.70 ?9.18 99.18 sS1&A RWE
10G. 00 9. 73 S1S8A
101.00 100.18 S15A
101.90 100.351 SI5A GER RB HEADPIN
101.90 100.78 5I8A RB HEADFIN
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Appendix Table D-19. Cross section prcfilé aof Fassage Heach
XR in Slough B8A, Dctober 7,1984.
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STATION
(ft)
Q.00
0. 00
1.00
2,00
4,90
&. 40
7 .90
®.20
10.20
14,50
146.70
18.50
19.30
21.50
22,60
2Z.90
25,60
26.70
28.70
20.50
32.50
23,90

33.90

RELATIVE
ELEVATION
(ft)

100. 00
99.83
59.87
100. 01
100.04
99.79
99.73
99, b&
99.79
99,82
59,67
99.51
99. 47
99.53
¥, 28
99.57
99,79
99,89

100,12
100, 20

100,10
99.83

100.01

WaEL
(ft)

SUBSTRATE

b v v 21 o At (e

RUCO
RUCD
RUCO
COEO
COBO
CORO
COBO
Coro

COMMENTS

o g ey L s o Tt Loy | O Sty Sred0 ks eed sy el S e

LE HEADFIN
GE LE HEADFIN

GB RB HEADFIN
RB HEADFIN

ot S ey O ot S M e 4 e g B (A 0PN ] s M A Tt M 408 PO Tt Sy i L M NS AL M Pt Pt Lm0 ey ey Ll g Lok e P Ly e R (MM ] M S e ey ey ey b vt et St i
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Appendix Table D-20. Cross section profile of Fassage Reach
IV in Blough 9, September 22,1984,

T R I I L T T T T R s o A om L T L o I o o R R o e e T i T R T S T T T S R S N T N N T S T e L T I me e e T e
RELATIVE
STATION ELEVATION WSEL

(ft) (47 {Fh) SUBSTRATE COMMENTS
0., Q0 100, 00 SI8aA LE HMEADFIN
Q.00 A SI5A GE LE HEADFIN
2. 30 59,07 SISA

10.20 99.36 SIsA
2.00 99.51 SI5A

57.70 9%.07 SIsA

G2, 70 F9.30 SISA

74.90 99.33 5184

21,30 98.98 sIsA

4, 30 F8.86 F8.84 51i5A LWE

9. 40 G8.73 98.84 8ISA

104,80 f8.74 98.87 SISA

114.30 ¥8.76 98.87 SISA

122,00 78.858 98.85 5134

124,50 8.84 98.84 sIsA

126,60 F8.4% 98.86 g8IsA

132.&0 $8.72 8.88 SIBA

138.00 98.57 98.87 SISA

141.20 o8.45 98.846 SIBA

145.80 98.37 98.87 SISA

181.1¢ F8.64 9B.Bs g8IsA

193.50 98.62 98.87 SISA

186.70 ?8.48 F8.86 5I8A

1&6&0.890 FB.6&T 98.86 BISA

163,00 .55 98.86 5I15A

L&5.30 98.92 98.86 s1sa

1&46. 30 ?8.54 %8.8& SISA

168.00 78.69 98,86 SISA

169.30 ¥B.86 98.86 SI8A RIKWE

172.20 ?9.04 SIsA

173.20 100,489 SIBA

174.2¢C 100.79 VEG GE RE HEADFIN

174.2C 101.10 VES RE HEADFIN
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Cross section profile of FPassage Reach

Appendix

Table D-Z1.

¥V in Slough 2,

SBeptember 22,1984,

im0 rme say oy st St Sowr soms M it Sfard SSm Smtel Soms Fow g mmwt S Gotas IS S faint e SSAIs rem PEUM MU S SHN Moes SUMM e [T MO SMY mbis TAME Sae SO fioam SEVE S bdes T Souu AN S S S favas sine et St Jaid DM ey Mmas Suama vaeas mem
A S R N N S T N N N L N N N N N T T N NS oo oIT o Emnsmmmmsem e et

STATION
(1)
0..00
e Q0
10.00
IZ2.00
49, Q0
S3.60
61,00
67 .20
t7 .80
71.20
73.2
74. 40
74,20
786.50Q
77 .20
78.30
78.50
79.10
79.90
81.00
8i.40
81.90
BZ.80
83.70
84.00
84.30
85.50
86.90
88.50
90.30
2. 00
PI. Q0
R7 .90
101.Q0
109,00
1192.90
136.60
138. 60
140,20
141.80
145.00
150.30
156. 00
1&1.QQ
168.20
173.2C

173.20

RELATIVE
ELEVATION
(ft)
LQO. G0
99.84
?8.57
97.16
95.74
5. 10
F4.74
94.42
94,20
94.06&
394
93.83
?3.86
74.01
9%.82
3,72
F4.29
P3.73
L. bE
P33 bb
P3.91
R3.72
3.77
F3.90
F4.05
P5.94
24,09
4. 14
4,19
24,21
24,37
94,47
P4 .83
9%5.1%9
95.71
95.74
4.30
Q4,77
74 .83
?4.70
?S.01
95.17
9=.18
P6.14
P67
97.50
?7.58

WSEL
(ft)

54,06
4,Q7
94,07
4,08
P4.07
F4.05
F4.08
74,32
F4.09
Q4,09
?4.08
94,11
24,10
4. 09
94,08
94, 0%
94,09
94,09

74,90
S4.93
4,92
4,70

BUBRSTRATE

LE HEADFIN
GB LB HEADFIN

LWE

RWE

LWE SEEPAGE AREA

RWE SEEFAGE AREA

GB RE HEARADPIN
RE HEADPIN
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Appendix Table D-22. Cross section profile of Passage Reach
I in Slough 94, October 8,1984.

SIS mos gt et oo et Sy et mem A mve s tePal SN W ok (MBS SSLSD Mt MAAs LS eogr Lol Snimy rerw TS WS SmeN Sim torie SY mamm S SeLit deomt Mues HueY ST AStam fomw SwE SN SLITM rromt SuEt Srid saris oot smuel UUAD LA ekt Siiss Mrs Mo ra v arm oy firen
R e e o R e R R S S S L S SR S I R N L L R R S R R N e S N N N N I s oI AN N o s m s e s s o s s oo o

RELATIVE
STATION ELEVATION WSEL

(+£4) (ft) (&) SURSTRATE COMMENTS
0. 00 100,00 SARU LE HEADFINM
0,00 79.81 SARU GB LB HEADFIN
3.00 99.98 RrRUCO
&. 60 9,90 RUCO
e 0 29.80 RUCO

10,30 99.95 RUCO

11.80 99,90 RUCO

12.40 72.48 99.48 RUCO LUE

13,00 P9. 57 99.37 RUCDO

14,950 99.74 99.74 RUCO

15.80 P75 FR.T76 RUCO

16.70 29.3% 929.48 RUCAO

18.70 Q.71 99.71 RUCD

20.30 79.64 99.64 RUCD

22,40 FL.590 29.350 RUCO

24,30 2?.461 99.61 RUCO

25. %0 Q.37 99,397 RUCO

26,20 F9. 44 97,50 RLUCO

27 .70 PP.E2 9,462 RUCO

29.60 9. 76 99.76 RUCO

T1.00 PU.LE F.&6 RUCO

I2.10 P9.39 99,49 RULCO

ST 20 9.5 99.53 RUCQO

5. 00 .62 9F9.62 RUCO

37.30 P9.44 29.46 RUCQO

ZR..20 P67 F9.467 RUCO

42.390 P.ET FH.ED RrRUCO

43,80 P9.35 99.41 RUCO

45, 60 P9.78 99.4%2 RUCO

47 .80 99.30 99.30 RUCA

48,70 FP.68 99.46B RUCO

52.00 P9.52 99.52 RUCO

354.30 99.93 99.33 RUCO

7.20 99.55 99.55 RUCO

&1.00 P9.62 99.62 RUCD

&2, 20 P2.28 99.47 RUCE

63,00 FR.T9 99.59 RUCO

64,40 99.488 ©99.4%9 RUCO

a7.00 99.51 99.%51 RUCO

&9 .40 59,99 99.5%9 RUCD

71.10 P9.56 99.54 RUCD

74.00 99.47 99.47 RUCC

7&.10 99.39 99.44 RUCO

77 .50 F9.60  9F.&0 RUCO

80.20 PR.TE  99.5x RUCO
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B R R N N I N S R S N N R N N N S N S T N N N N N R I eI T SN e

RELATIVE
STATION ELEVATION WSEL
(£t fL) (Ft) SUBSTRATE COMMENTS
B2.20 97.48 99.47 RUCD
84.30Q ?9.93 9%9.853 RUCO
88. 00 97.853 99.55 RUCO
89.50 79.48 99.49 RUCO
92.50 99.42 99.4%9 RUCO
?4.30 99.49 99.49 RUCO
97.70 9%9.48 99.48 RUCO
99.10 992.33 99.53 RUCO
101.20 99.3% 99.99 RUCO
104, 00 , 9.48 99.48 RUCO RWE
106.10 9.76 RUCO
109.30 P9.62 RUCO
113.00 100.0Z RUCD
117.00 100.43 RUCQO
120.00 100,32 RUCO
122.70 100.29 RUCD GE RB HEADFIN
122,70 100,39 RUCDO RE HEADRFIN
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Appendix Table D—-23. Cross section profile of Fassage Reach
II in Blough 94, Septembsyr 27,1984,

a4t i e o Ao48 ey Fu VY iaes Oy PO Ty AR dasey lamad acw iasen i Sette AV S Sards fmsie MO Smm LA MO ey POt et Sy Aasen e eteh S My s ete S Sy ool ey later SMOMH Sy sasse S Aioes e PR Sy ten i s deed Sasen i
-ttt e e e e e e e e e

RELATIVE
STATION ELEVATION WSEL
(£t (F1) (%) SUBSTRATE CUOMMENTS
0. 00 100,00 SISA LB HEADFIM
0. 00 29,93 815A 58 LB HEADPIM
i4, 00 96.91 S18A
22.60 94,463 SICO
IB. 40 GH. 23 SICO
45, 00 PE. &2 SIico
S50.40 25.06 8I8A
52.50 94,94 ' 51sA
S56.00 24,95 8ISA
“a1.30 55.18 8515A
a4, &0 F5.11 S8ISA
hé&L 10 4,98 SILG
&7 .30 F4.82 94.83 LESE LIWE
&8. 30 4.76 94.84 L G556
&9, 30 ?4.64 94,84 L5806
FL.30 24.585 94.84 LGSG
T7ELA0 ?4.51 294.85 LG85E
74,20 P4.36 94.84 L.GSG
75.40 ' ?4.47 94.85 LG86
78.00 24,42 94,83 LBSGE
78.80 24.%6 94.82 - LG8E
81.00 P4.63F 94,83 LESG
81.80 24.54 94.82 LGSGE
82.80 4,74 94,84 LLERU
83.460 94,83 94.83 LEBRU RWE
84,30 95.01 LBRU
85.80 95.32 LBRU
88. 20 5. 70 CoLG
F1.60 96.46 COLG
24,80 ?46.88 COLG
100,00 7 .37 SILB
105,00 F8. 33 VEBG
108.50 22,30 VEG
110.80 9. 74 VEG GE RE HEADFIN
110.80 10¢. 00 VEG RE HEADFIN
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Appendix Table D-24. Cross section profile of Fassage Reach
II1 in Slough 74, September 23,1784,

oo e oy S iy s P S S e Sy e v o0 vy £ S o Soem L St S St LD st ey iy S P L Sy e s e T S oo Sy Ty Sy T e T e S Loe Sy e e i b om s Stim e Ay Sras e
-1 L e e e e

STATION
(ft)

e e ) et bt S sy

3.00
14.40
20. 860
J0.80
I3, 60
45.10
54,10
&0, 00
&£5. 00
&b5.70
67,350
&8. 30
&2, 30
70,00
TO. 40
71.90
73.10
74,00
74.90
7&6. Q00
77.40
78.20
79.80
81.00
82. 00

2.930
83,30
86. 30
0. &0
24,40
5. 70

107.00
110.10
114.30
114.30

RELATIVE

ELEVATION
(++)
100.00
QR.87
7. 47
97 .30
?7.28
B7.26
97 .29
97.19
96,99
P&6.61
9&.47
Q5. 44
P65, 23
95.23
86,19
96,38
?5.17
96.15
9&.00
?5. 95
?5.96
94,01
P6.0%
F6.00
95.89
95.%96
96.17
9&.26
946.31
P&, 60
9&5.84
97.24
7.51
28. 49
28,60
F9.44
PF. 67

WSEL
(&)

?b.46
FE. I3
96.33
P& 32
9&.38
Qé&. 33
F4.33
96.32
Pb.32
96. 26
6.3
Q6.3
F6.28
94.28
P&.26
F6.2

F6.24

SUBSTRATE

COMMENTS

o e oy sy o s OO g i g bt . i S S Sy g Sy 5

LE HEADFIN
GB LB HEADPIN

RWE

GB RE HEADFIN
RE HEADFIN

e S S S o G S i O S oS R S D S— O 500 S U 0 SO SR S T SR S Sy et Ay Ay Sy L g S4nt D S Sy et SR Sy S Sy il M OO AL it b S S GV S et SO0 S S SoAd Sl S S
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Appendix Table D~25. Cross section profile of Fassage Reach
IV in Blough %A, September 23, 1984.

e e e e e e e D L ——

RELATIVE
STATION ELEVATION WSEL

(+t) Gt (£t SUBSTRATE COMMENTS
Q. 00 100,00 SISA LE HEADFIN
0. 00 9%.87 85I8A BB LB HEADFIN
S.20 78.%Q SIisA
7. 460 98.359 - SI&A

12.50 ?7.73 5ILG

164. 30 97.71 L.GSE

24.00 @701 L.G8G

28. 20 96.92 LGESE

S51.30 %6.81 LGSG

34.860 &.47 LGSGE

35.70 F46.34 LESE

8. 00 P6.30 LGSE

Z8.80 P&.16 96.146 LGBE LWE

40.20 56.10 946,20 LGeRU

41.10 6.09 Pb6H.19 LERU

42,30 93.98 946.15 LGRU

42.70 F6.03F 94&.17 LGRU
e 40 75.94 Fb&.16 LGRU

44.70 95.83 96.19 LGRU

46,00 93.82 96.22 LBRU

47. 20 95.87 Fb.20 LBRY

48.40 FS.78 Q&.17 LGRU

4%.350 9S5.84 96.16 rRUCD

S5G. 40 P6.06 Fb&.1b RUCO

51.30 5.94 94.19 RUCD

S1.60 94.18 946.18 RUCO

32,10 P6.05 96.19 RUCO

52.90 b.17 9&.17 LGECO RWE

95, 20 6. 21 LGCO

Sk, 30 Gh. 34 LGCO

G0 D0 Qb. 356 LECO

&5. 20 95.97 RUCD

&£9.50 97.2% LECA

735.20 97.77 SIC0

77.Q0 97.95 SICO 6B RE HEADFIN
77.00 98.12 SICO RE HEADPIN
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Cross section profile of Passage Reach
¥V in Slough 24, September 273,1984.
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Appendix

STATION
(ft)
Q.00
Q.00
24,00
29.1¢0
47 .20
57.40
&8. 20
71,00
74,30
77.70
79400
80.90
83.10
84.30
87.00
ag8. 20
89.350
21.00
22.30
24,00
P5.40
P7 .00
.70
100,80
102,90
103,60
104,350
106, 00
107.00
107.90
109.50
111,20
113,40
114.3
115.90
116.80
117.80
118.30
118.80
120.40
121.00
121.60
122.50
23.90

12&6.40

Table D-Z6.

RELATIVE

ELEVATION
(Ft)
100. 00
99, 82
98, 95
98. 83
98. 19
97.87
97.69
97. 46
97.50
97.43
97.40
97.45
97.41
97.32
97.29
97.30
97.40
97.45
97.36
97.1%
97.14
97.07
97.07
97.14
97.19
97.23
97.17
97.21
97.41
97.28
97.27
97.19
97.11
57 . 20
97.24
97.29
97.15
97.40
97.16
97.16
97.2
$7.31
97.37
97.41
97.57

WSEL
(ft)

97.4%
97.46
57.45
97.41
97.41
97.42
97. 42
7. 40
97.45
97 .34
97 . 36
97 .37
97.37
97.738
97.39
97.37
97.39
97.39
97.40
97.41
97.41
97.47%
97 .44
97.40
97.35
97.34
97.29
97.31
97.40
97.31
97 .31
97.32
97.31

SUBSTRATE

LGRU
LGRU
LGSE
LEE6
LESE
L.GSG
LESEG
LGBSE
LGESG
LESE
LESE
LESE
LES6
LESE
-GS6G
LESE
LGSGE
LESE6
LESE
L.GEG
LGSE
LESGE
LGSE
LESE
LGESG
LBESE
LES8E
LBSE
LE86E

LE HEADFINMN
Gk LB HEADFIN

WWE

o — — ——} WA} D Pt o 10154 T —— S O S A S L O PSS b S e e YA SO SO S S o S S Sy $r4A8 MO (el ML Il HAED e O R e @b Soead Siar et HGAe G O O e
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RELATIVE
STATION ELEVATION WSEL
(ft) (ft3 (£t) SUBSTRATE COMMENTS
129. 40 F7.63 LESE6
138,00 P7. 62 LGEE
139.40 7736 LE86
143.00 97.43 LGCO
1446.10 97.28 97.25 LGCO LWE SEEFAGE AREA.
147.90 97.20 97.26 LGCO
131.20 97.18 97.18 LECO
153. 60 96.80 97.10 LGCO
154.720 R7.09 97.09 LBEO
137.20 97.26 97.26 LGCO
162,00 97.07 97.32 LGBCOo
164.80 F7.33 97.35 LGBCO RWE SEEFAGE AREA
165. 40 97.42 LECO
167,00 97 .60 CORU BB RB HEADRFIN
167.00 97.81 CORU RE HEADFIN
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Appendix Table D-27. Cross section profile of Passage Reach
' VI in Slough 29A, October 8,19834.

S et A L S s S SR S beo0n SV 00 1000 S R ey Siame $o098 O Sanw A SO SareY s S SRRV Ak OO S0000 $4E i S FOAMS A U St e Adras S SeRSS VMMM S A S o A M S e e TS b e e S g e e S e
-t A e e e e e e

STATIAN
{ft)
Q.00
0. 00
1.50
F.00
4,30
S 10
S.60
b. &0
7 .80
8.%50
GO0
2.70
10.50
11.40
12.20
12.50
F. 40
i4.30
14,80
15.80
16.70
18.80
19. 00
20,20
22,00
23.30

o e} B

23.30

24,30
25. 30
26.50
29.30
I2.00
4,00
36,00
37.80
40,30
40,30

RELATIVE

ELEVATION
(+t)
100,00
99.82
99.87
99.82
29.79
99.72
99.53
99.55
95.48
29.50
97.52
29.38
9%7.28
99.47
29.41
99.460
99.52
9%.53
99.98
G5.49
?9.359
F9.465
9.468
2% .482
29.80
99.57
99.74
?9.90
99.80
100.04
100,00
100.04
100,30
100.17
100,34
100.29
100,42

WSEEL
(ft)

99.83
79.58
F9.34
99.55
9%.53
99.54
99.354
99.3&
99.54
9. 60
F7.54
9%9.593
9%.58
99.30
99.59
?9.65
79 .68
99.42
?%.80
99.57

s o090 ML o P et S SO0 Sane $0040 FFoen $0440 Sy Batee WS4 re Toren s hese

LB HEADFIN
BB LB HEADFIN

LWE

RWE

GB REB HEADFIN
RE HEADFIN
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Appendix Table D=-28. Cross section profile of Passage Fegach
VII in Slough %A, September 23,1984,

rn e e St et vas S e S it e e 0% Pk e e et e v PP e Sede S0P Mas Skt s S Sede Sl s ey s Sy S Sy Sl St ! D e S e S i Stord SSAS T M S el S $20em <A Sy <o S S e St B
ettt - P b e A 1

RELATIVE
STATION ELEVATION WSEL
C{FED : (f£) (1) SUBSTRATE COMMENTS
0. 00 100,00 SIC0 LE HEADPIN
0. 00 P9.7& S8IC0O GE LB HEADFINM
2.40 ?9.035 CORU
J. 30 78. 43 CORU
&6.50 ?8.01 98.01 RULG LWE
7 40 ?7.995 98B.00 RULG
8.30 97.83 98.04 RULG
8.90 F7.95 98.046 RULG
10.00 ?7.71 98.03 LBRU
10.80 R7.77 98.09 LGRU
11.80 97.84 98.12 LBERU
12.80 ?7.90 98.10 LGRU
3.70 98.11 98,11 LERU
14.00 ?7.89 98.10 LGRU
15.00 R7.74 98.056 LGRU
146.10 ®7.87 98.07 LGRU
16.80 7.97 98.12 LGRU
17.460 ?7.87 98.12 LGRU
19.00 27.88 98.08 LERU
20.40 8.10 98.10 LGRU RWE
22.00 ?8.29 LGRU
23.80 8. 42 LGRU
26. 60 78. 30 LBRU
29.90 8. 29 LEBRU
32,50 8. 05 LE8A
33.30 R7.96 F7.94 Salk LWE SEEFAGE AREA
37.00 ?7.85 97.98 SALE
38.10 F7.94 927.946 SAaLG RWE SEEFAGE AREA
44,20 78.21 EASI
47 . S0 8.2 LGRU
S1.70 98. 49 LGBRU
S 40 ¥8.22 98.22 LGRU LWE SEEPAGBE AREA
33.10 F8.16 98.23 LBRU
57.30 28. 24 98.24 SILE RWE SEEFAGE AREA
37.00 F8.47 8BILE
62.60 F8.88 ' LESE
&3. 60 99. 258 LGSE GEB RB HEADFIN
63. 60 FR.37 LESE RE HEADFIM
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Appendix Table D—-29. Cross section profile of Fassage Resach
VIII in Slough %24, September Z3,1984.

M CRAS oY et ey A et G Malm e TIve WS fa aedf A S YOl Suwa STE S P VED HYVH TNt M WS APY YR M SHA4 Safe SPAN Y S AN YD e mTi e M loveg e Ma Mot fmat bekey iy et bebhd IS TRPY s gy perTy (TR ey e ey e Mk
R NN L N N N N N S S eI N N N N N N S S s oM mm s o o

STATION
(fh)
.00
O, 00
2. 00
4,50
10.40
14,20
1&.80
20.90
2320
28.70
31.40
A5.00
I5.40
37.20
40,10
41.30
42,30
42,10
44,00
47.00
48.50
49 .90
S0 40
51.40
S53.30
55,00
S5, 40
Séh. 10
S57.30
59.2¢C
&0.70
62.10
&4, 30
63,30
&b.T0
&7.70Q
69.10
70.70
2.60
74.30
75.70
76430
78. 40
81.20
81.80

RELATIVE
ELEVATION

100,00
29.84
P20
P4, 63
?T.?4
94,72
P4.70
94,98
5. 21
GS.42
PE.52
?5.39
95.57
?5.328
95.42
5. 36
08.26
5. 36
95.21
?5.18
FE.3S
95.32
5. 350
?5.37
235,26
25 . 43
R5.32
P5.67
P5.41
95.32
985.25
5. 30
5.32

- 95.28
995.23
?5. 35
5. 48
95.29
95.41
?5.37
?5.41
25.58
95.79
95. 48

FT. 30

o — — ——

95, OO
94,99
94,93
95, 00
94,99

5.3
93.38
95.36
935.37
?5.36
93.35
93.43
?5.30
95. 49
95.51

95.52

95,52
?5.467
235.37
05,59
95.57
R5. 60
?3.61
95.61
935.5%9
?5.359
5. &0
95.58
?3.58
R5.57
5.54&
?5.58
5.7
25,48
5. 44

LGRU
LGRU
LERU
LGRU
LBRU
LERU
LGRU
LGRU
LGRU
LGRU
LERU
LGRU
LERU
LGRU
LERU
LGRU
LERU
LGRY
LGRU
LGRU
LGRU
LERU
LGRU
LGRU
LERU
LERU
LGRU
LERU

s B . 40 S ot o e L Mt 45(4h Samey S s o Mt e st Pt

LB HEADFIN
GB LB HEADFIN

LWE FDOOL EACKEWATER

RWE FOOL RBACEWATER
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RELATIVE
STATION ELEVATION WSEL
(£t (¥&) (1) SUBBTRATE COMMENTS
82.70 25.45 95.43 RULG RWE
84.350 F5.355 RULG
89.80 5. 5B RULG
101.%90 ?5.48 RULG
106.80 F5.92 RUCQ
115.40 95.81 RUCQO
130,30 FbH. 02 RUCO
133.3 95.73 LOG FILE
136.50 F7 . Q0 ' LOG FILE
140.70 F9.72 LOG PILE
145,70 F8.93 LOB FILE, GB RB HEADFIN
145.70 F9.11 LOG PILE, RB HEADRIN
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fAippendix Table D-30., Cross section profile of Fassage Reach
IX in Slough 24, September 23,1984.

3t e e e e i

RELATIVE
STATION ELEVATION WSEL

(ft) (+t) (i) SUBSTRATE COMMENTS
Q. Q0 100.Q0 SISA LB HEADFIM
0. 00 9.87 154 6B LB HEADRPINM
300 9P.20 515A
7.10 9. 03 SIGA

10.30 98.30 SILG

146.10 ?8.17 LEBSE

22.70 G7.98 LGSG

27,00 97.75 L.GSE

28.40 7 .63 G7.&64 LGSG LWE

28.90 ?7.58 %7.463 LESE

I0.30 97.63 97.65 L.GSG

31.70 F7.50 97.61 LGSE

32.80 F7.535 97.&0 LG8GE

33,30 F7.60 97,60 RULG

34,50 B7.78 97.78 RULEG

Th. 00 97.38 97.58 RULG

T&.80 97.32 97.957 RULG

28.20 - R7.47 97.57 RULG

F9.90 97.34 97.96 RULG

41.70 ?7.58 97.28 RULG

43,00 97.58 97.38 RULG

44 , 20 ?7.44 97.36 RULG

45.00 Q7.3F 97.355 RULE

45,70 ?7.28 97.57 RULG

46, 40 97.37 97.3é RULG

47 .00 97.20 97.36 RULG

47.760 97.33 97.335 RULG

48. 60 97.3% 97.94 RULG

47 .80 97.43 97.859 RULG

S0.80 27.45 97.61 RULG

S51.70 R7.351 97.4&40 RULG
T 00 97.61 P7.61 RULG

54,30 F7.465 R7.45 RULE

55.80 P7.65 97.65 RULG

S57.40 27.34 97.465 RULG

&0, 00 D7.64 97.8&£4 RULE RWE
&1.20 97.72 RULG

b4, 60 27.98 RULE

&8. 60 97.%6 RULG GE RE HEADFIN
&8. 60 8. 10 RULG RE HEADFIN
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Cross section profile of FPassage Reach

Appendix

Table D-31.

X in Slough 94,

October 8,1984.

SO bt N 1920 P ot Ao Eia o ¢ KM Sy ram e YT ey ST serir T S et et St S Pt L ey VS S 0 vk et SR A S Wl SRS Same L0 [t St LB PP S e o) S P S e SO P S0 et o Py St ot e St
A N R G R S S R R N N S R S R T T RN SRS EmEmmmmmmm s =

STATION
(f1)
Q0,00
0, 00
2.00
290
4,80
S.90
7.50
8.70
1i.20
12,60
13.20
14.29
18,00
16.30
17.40
12,70
20,50
20,90
22.70
25.00
27,00
28.00
29. 20
29.90
Z1.40
T2 30
33.80
I3.90
37 .30
FF. 40
41,00
42,00
44,30
47,00
48,50
51.40
S53.10
54.00
55. 850
A0 .00
&5. 50
-T-PRsls
&7.00
&7 .00

RELATIVE

ELEVATION
{ft)
100, 00
P9.88
?2.50
9. 44
100,01
99.33
59.41
99.37
99.45
99,21
99.32
99.146
9. &0
99.31
99.42
99,33
92,24
Q%9.44
29.25
99.27
99,22
99.35
99,2
99,08
99. 06
F9.13
9.2
89.30
99.28
99.45
FF.20
99.51
99.43
P9, %4
9. 464
99.39
2%.47
29.88
98. 93
28.897
9. 1%
100.10
LQG. 47
100, 60

WSEL
(1)

P9.33
G9.41
B9.37
7.4
99.321
P9 33
9. 26
F9. 60
F9.351
9%.42
F9.33
9%.27
99.44
F9.25
99.27
99. 22
FF.33
?9. 26
99.14
%9.15
99.15
9. 29
7. 30
?9.28
9. 435
99.20

e g, et o ey ot s e

BI8A
SIsSA

COMMENTS

e b e e et T T

LE HEADFIN
GEB LB HEADFIN

RWE

GE RB HEADFIN
RE HEADFIN
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Appendix Table D-3Z. Cross SEctianprcfile of Passage Reach
XI in Slough %A, October 8,1%984.

P e e R e e e e e D D e T STy ————
R R L R N N N N N T N N N I I I s NI e

RELATIVE
STATION ELEVATION WSEL

(Fit) (ft) (fe) SUBSTRATE COMMENTS
0.00 100,00 SABE .8 HEADPIN
Q.00 79.92 SASEG GE LB MHEADPIN
2.30 F9.92 5ASG
4,70 9.72 BOLG
&.70 99.78 BOLG
8.80 ?7.58& BOLG

11.10 ?9.80 BOLG

13.80 FP. 63 BOLG

14.70 99 62 BOLG

16.90 9. 37 RULG

17.70 99.43 RULG

19.30 ?7.81 RULG

20.80 99.38 RULG

21,80 9%.71 RULG

23.60 .16 RULG

26.20 ?9.28 RULG

28,30 99.22 RULG

29.40 7. 54 BOCO

32.00 ?9.43 BOCO

3370 7. 46 EQCO

I4.10 P9.21 99.21 RUCO LWE
5. 00 99.28 99.28 RULCO

26,00 F9.07 99.20 RUCC

36.60 92.25 99.23 RUCO

38.00 . F9.26 99.26 RUCD

38.70 29.08 99.21 LBRU

39.40 P9.05 99.20 LGRY

40.30 99.10 99.20 LGRU

40,70 9%.2 ?9.28 LGRY

42.30 99.35 99.35 COLB

43.10 PF.31 29.31 CoLE

44,70 99.42 99.42 coLe

45.20 P9.24 H99.2 COoLG RWE
46.70 99.45 COLB

48.90 99.43 RULG

50.80 99.40 RULG

S2.60 ?9.47 RULG

33.80 79.38 RULG

ab. Q0 79.45 RULG

59.90 G7.49 RULG

43. 00 79.54 RULE

&3. Q0 99.85 RULG

&7.10 §9.37 RULG

&9.50 99.31 SISA

72.50 9. 42 8I18A

75.30 F9.72 85I8A

77.20 100.15 SIsA GE RB HEADPIN

77.20 100.28 SISA RE HEADFIN
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Appandix Table D-33. Cross section profile of Passags Reach
I in Slough 11, October 18,1984.

o0 i carte e my y s4pes $am Mo o) T U Sy Ay S e S g S S i St 100 Mol Oy Sy S Sy e SO SO ma B oy PO NS Sy S} PO Sy Sy e AR S 4t Lt st AN Sy 4 e Sy v s STt
==t e b B e R e e it e i e re et e e e e e e g Lt a e i e

RELATIVE
STATION ELEVATION WSEL

(ft) (fE) (ft) BUBSTRATE CDOMMENTS
0.0Q0 1050, 00 8ELE LB HEADFIN
.00 97.77 SGLG GE LB HEADPINM
8.00 78. 69 8184

17.00 78.30 SIsa

20,460 g8. 21 SI56

28.00 38.07 gSILG

JG. 30 97.96 SILG

F2.70 57.80 97.80 LGSG LWE

34.40 G7.64 97.BO L.GSE6

335. 30 ?7.71 97.81 LESGE

36.350 97.62 %7.81 LGSE

37.90 97.74 97.76 LGSGE

39.60 27.81 27.81 LEEE

41.00 R7.95 97.95 LESE

42.70 g7.98 S7.98 LESE

44,90 P7.99 R7.99 LGSGE

45.30 7.93 97.93 LGESE

47 .50 97.77 <97.91 LGSE

48. 30 F7.84 F7.90 LESE

S0.00 97.72 97.91 LGSG

51.80 R7.87 97.57 LGEG

3. 00 78.03 98.03 LGSGE

ab. 80 F8.10 98.10 LES6

39.30 98.07 98.07 LGSGE

63.30 27.35 97.55 LEBE

&£35.00 ?7.49 97.38 LGSE

6&.70 27.%7 97.37 LB8E

&8.80 97.35 97.64 LESE

71.00 97.65 97.468 LGSE

72.80 97.33 97.68 LBSG

74.350 27.46 97.44 LESE

74,80 ?7.66 27.71 LESGE

79.80 97.68 97.71 8681

85.00 ?7.71 ?7.71 SGSI RWE

8. 20 §7.79 SGSI

0. 40 ?7.87 LGEG

?2.50 ?8. 14 s@81

24,40 98.09 8681 GEB RB HEADFIN
74,40 97.43 8GS1I RE HEADPIN
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fppendix Table D-34. Cross section profile of FPassage Reach

o o fmar S et potat ot oy S b St @A e B paane SIS Moy S SoPED S SASTY S S et Lo S SNV St SR O STy S e S Yort? S iy i 4TS TG Mt S ey SR Yoo} $5400 Mt Y4YS] PR S S s s s s 450 i
- g S e R f e e e R g e g o

RELATIVE
STATION  ELEVATION WSEL
(Ft) (ft) ()  SUBSTRATE COMMENTS
0. 00 100, 00 VEG LE HEADFIN
0.00 99.87 VEB BE LE HEADFIN
12.70 99, 95 5IL6
23. 00 99. 86 SILG
31.00 9. 16 SILG
33.30 98.79 98.79 LBSG LWE
4.30 98.71 98.80 LESE
36.00 98.&5 98.79 LESE
37.10 98.54 98.79 LGSE
38.20 9B. 61 98.77 LESE
38.70 98.69 98.78 LGSE
I9. 60 98.55 98.78 LESE
42. 00 98,63 98.93 LESG
43.00 98.50 98.80 LESE
44,00 98,65  98.80 LESE
46.10 98.64 98.79 LESE
49, 40 98,64 98.83 L.GS6
51.00 98.57 98.79 LBSE
53.20 98.70 98.80 LGSE
57.50 98.45 98.81 LBSE
59 . 40 98.47 98.81 LESG
&0. 50 98.76 98.80 LESE
62.50 98.66. 98.76 LESE
64. 40 9B.59 98.72 LESE
65. 40 9B.47 98.67 LESE
66.10 9B8.&0 98.67 LBSE
67.00 - 98.47 98.4&7 LGSE
67.70 98.56 9B.64 LERU
69.70 98,61 98.61 LESE RWE
71.80 99.19 LESE
74.70 98. 91 LESE
75.70 98, 78 . LBSE
78.00 98. & LGSE
81.80 98. BS . LBSG
90. 80 98. 87 RUST
100. 00 98. 93 RUSI
S 10T, 60 99. 09 RUSI GE RE HEADFIN

103,60 99.25 RUSI RB HEADFIN
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Appendix Table D~3F5. Cross section profile of Passage Reach
IV in Slough 11, September 21,1984,

2Lres s im0 et o e it St o oy frney Earae P e M ooten Sama b b v Svvm OMN Tt SMAum euad SBS RN $0088 SHM cevm rtim S80ME M S0060 Srom et Sxbde Sudek S0m88 SO MK Ex hekil v SRS SN AT SOOIt g Eoen LW AUTE S bhvmn urt o e s 0w
e e e e R b

RELATIVE
STATION ELEVATION WSEL

(FH) (£1) (£t SUBSTRATE COMMENTS
£, Q0 100,00 VES LB HEADFIM
Q. Q0 99.74 VEG GB LB HEADFIM
&.00 2e.81 VEG
Fa. 20 G9.71 SILG

13.70 .64 99.464 SILEB LWE

16.80 99.93 99.463 SILG

i8.30 9.3 9. 64 LBRU

19.80 F9.27 99.467 LGRYU

21.30 ?9.28 99.465 LERU

R2.90 99.39 99.&2 LGRU

24,50 F9.50 99.68 8186

27 .00 99.47 99.62 SI56

29.40 99.83 09.65 SISE

30.20 .73 99.73 SISE

30,80 99.39 99.&9 LE8G6

31.90 .62 992.468 LESE

ZZ2.50 F9.785 99.735 LESE

35. 20 99.58 99.70 LGSE

35.30 P60 99.72 LGRL

I8.00 9. 62 99.72 LGRU

FG.70 P72 99.72 LGRU RWE

40, 80 59.80 VEG

47,00 9.92 VEG

45,80 29.87 VEG

S50.40 97.83 VEG BB RE HEADRIN
S, 40 9. 99 VES REB HEADFIN
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Appendix Table D-36. Craoss section praofile of Fassage Reach
Y in Slough 11, September 21,1784.

et e o tee P Sty mmm M vomm R e WO Maw S TOE Maw mmm HNMR wem S S e LI e LMY Olm LD SIS SOt W St em Seedd Femi weas ke Siter MR Shim Ty o iy o Aif ISNE SO STV et pobw A Nl Sreie At it STV v thaay
I S S O R A 0l S T I e o e O A O A S L N N S R N R S R N S S N N e N N N RS N s s s s

RELATIVE
STATION ELEVATION WSEL
{ft) (f&) (F13) SUBSTRATE COMMENTS
0. 00 100,00 LGESG- LE HEADFIN
L, 00 99.78 LESGE GB LE HEADFIN
4,90 FP.9F LES86
8.20 2. 67 LGESE
14,20 F9.70 LGRU
22.2¢ 79.80 LERU
23.70 100,06 LGRU
25.10 99.86 99.B& RULGB LIWE
26.80 P9.72 99.8Bé RULG
27.70 2%.87 99.87 RULG
28.70 P%.89 99.89 RULG
29.40 %9.78 9%9.88 RULG
29.70 100,01 100,01 RULG
30.50 29.89 99.89 RULEG
31.30 100.00 100,00 RULS
32.80 F9.75 992.75 RULE
T4 00 F9.61 99.79 RUCO
35.00 99.466 99.75 RUCO
36,20 Q9.70 99.82 RUCO
3&6.70 P9.83 99.83 RUCO
z7.10 99.72 99.82 RUCO
IP.ET0 P9.67 99.83 RUCO
I9.70 99,87 99.87 RUCQO
40,00 29.68 99.87 RUCO
40,90 P9.63 99.8%5 LGRU
41.350 ?9.57 99.87 LERU
42.60 .37 99.87 LGRU
45,40 PR 66 TFP.F0 LGRL
370 P9.81 99.87 RUCO
45, 30 Q.70 99.85 RUCO
446,10 F9.78 99.84 KRUCO
44.60 100.11 100011 RUCD
4&. 90 99.80 99.32 RUCO
49,80 99.53 99.81 RUCO
52.2C FR.72 99.89 RUCO
S93.30 97.84 99.8%9 RUCQO
SI.70 100,03 100.03 RUCO
893.90 229.89 99.89 RUCO
S54.00 29.98 99.98 RUCQO
57.00 F?.88 99.98 RUCO
58. 00 99.86 99.96 RUCG
I8.350Q 1Q0.02 100,02 RUCHO
&£3.80 100.04 100,04 RUCCO
&4 . &0 9P.92 100,01 RUCO
&£5.50 P9.89 100.01 RUCD
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B e D o e Ty R g —
R R N S N N N N N S N I S N I N N N N N s I s e o T e =

STATION
(£t
6&5.20
&7 .20
aF.70
75. Q0
B81.00
81.00

S bt oy e — e o et et o A P 0 Hooof v P ey ey b ied e} N v i 44407 S (et ] 13428

RELATIVE

ELEVATION
(£4)
PP, 99
100, 09
ing. 16
100, 164
100,20
99.89

WSEL
(ft)

SUESTRATE COMMENTS
LBRU RWE
LGRU
LEBRU
LGBRU
LBRU GB RE HEADFIN
LGRU RB HEADFIM
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Appendiy Table D-37. Cross section profile of Fassage Reach
VI in Slough 11, September 21,1984,
RELATIVE
STATION ELEVATION WEBEL

(i) {ft) (Ft) SUBSTRATE COMMENTS
Q. Q0 100, 00 LGCO LE HEADFIM
0. 00 99.7Q LGBCO GE LB HEADFIN
11.80 F?,.16é LGCO

21.7¢ ‘ 28.87 LBRU

24,7350 ?8.77 98.77 LGRU LKE

246,00 98B.64 B.77 LERU

27 .00 8,39 98.77 LGRU

27 . &0 98.89 98.8%9 LERU

28.40 PB. 65 98.79 L.GRU

2950 F8.855 98.74 LEBRL

30,90 28.67 298.75 LGERU

S1.10 98.56 98.7% LLGRLU

33420 98.48 98.78 LGRU

F4,.30 8.3 F8.764 L.GRU

39,30 ?8.31 98B.77 LEBRU

37 .50 .98.57 98.80 LBRU

I9.30 28.&62 %8.7% LGRU

4Q.70 F8.468 98.7%9 LBRU

41.10 98.88 98.68 BGRU

42,00 ?8.&64 98.74 LEBRY

42,80 98.86 98.84 LGRU
Fe 70 98.&62 9B.73 LERU

44,80 w8.72 98.7%5 RULG

435, 60 98.60 9B.70 RULG

44, 60 PE. 64 968.71 RULE

47 .30 2B.70 9B.70 RUL.G Rk

48.20 28.83 RULG

51.70 Q8.93 RULG

S54.30 78.8% RULG

&P .00 9%. 10 RULG

82.80 98.79 VEG

84.00 99.74 VEG

85.10 99.80 VEG G RB HEADFIM

85.10 W, 92 VEG RE HEADFIM
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Appendisx Table D~38. Cross section profile of Fassage Reach
VII in Slough 11, September 21,1984,

st e mtan tsmay dir sy S0 S i S e ey o i ATE i fad S ek L oLy At IR Saris e TVt Amed piod Aise IS S St b DAL e Pant ERR b it S Aotie Lo Yy e e e o P S Sy 4 RAbH A g ey e Dby boms oE A
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RELATIVE
STATION ELEVATION WSEL

(&) () (FE) SUBSTRATE COMMENTS
0.00 100,00 LERU LE HEADFINM
0. 00 39,77 LGRU GE LB HEADMIN
2.40 29, 68 LBRU
. &0 99.14 LBRU

12.90 98.17 LBRU

16.90 G8.93 98.93 LGS8G L e

17.30 98.73 98.89 L GSE

18.00 98.71 98.90 LG86

18. 40 ?8.80C 98.89 LESG

18.80 28.89 98.89 LB8GE

19.40 99,35 99.2 RUCO

20.50 99,20 99.20 RUCO

21.00 99,04 99,048 RUCD

23. 60 39,08 9%9.08 RUCQO

27.40 99,10 99,10 RUCO

28.80 98,94 98.96 RUCO

30,00 98. 90 9H.9S RUCO

30, 40 99,13 99,13 RUCO

T1.60 98.8% 9R.9IS RUCD

3I2.3C 98,94 98.%6 RUCO

IIT.50 98.80 98.80 RUCO

34,00 28. 65 98.84 LGRU

34.50 98.57 98.87 LeRU

35,80 98.89 98.89 LGRLY RWE

Zh. 40 99,22 RUCO

37.50 RF,.07 RUCO

41,90 9,30 : LGCO

49,50 5%, 42 LGBCO

53,00 9. 2 LBCO

54 . 00 99, 473 LGCO GB RE HEADFIN

&4, 00 9. 74 LGCOD RE HEADFIN
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STATION
(FE)
.00
0,00
4,00
10.0Q
19.30
24,20
27.80
8. 00
41.30
43.10
45,30
47 . 20
48,40
S1. 60
53.70
55.30
3&.00
598. &0
59.80
6. B0
&l.7a
&3 30
64.50
6£6.90
&8.80
&7, QO
70.30
71.80
2.10
74,00
7E.I0

78.00

79.40
80.30
81.70
.40
84.350
85.80
87.70
88. 20
89.30
FL.00
?1i.30
21.80
?5.50

RELATIVE

ELEVATION
(ft)
1O, 0O
99,76
98. 95
98. 39
97. 68
97.66
58, 27
97.52
96. 83
96. 62
96, &0
96.83
6. 83
F6. &b
96.47
6. b6
96.99
96. &9
96.50
9. 69
96,96
9. 69
94.56
96. 48
96. 45
56. 69
96.54
96.77
96, 50
96.33
9. 31
6. 57
9&. 44
6. 33
9. 30
96. 50
. 65
6. 45
96,38
G . 25
96. 42
96.47
96,69
96,51
96. &2

WBEL
CFi)

SUBSTRATE

e e e ooy s it v

RUCO
RUCD
RUCO
RUEO
RUECO
RUCO
RUCO
RUCO

LB HEADFIN
BB LB HEADFIN

LWE
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Appendix Table D-Ii9. Continued.
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RELATIVE
STATION ELEVATION WSEL
(ft) (f) (fE) SUBSTRATE COMMENTS
P7.Q0 F6.75 6.7 RUCO SEEFAGBE AREA
101.00 P6.68 F6.68 RUCO
108.00 ?6.57 96.37 RUCO -
109.350 P7.25 97.25 RULCA
110,50 bbb TF6. b6 RUCO
113.40 FE.TE FE.T6 RUCO
118. 00 94.58 9&.77 RUCO
119,00 Bhe 75 Fb6.73 RUCO
123,10 97.07 97.07 RUCO
129.80 F7.02 97.02 RUCO
144,00 F7.26 R7.26 RUCO
158. &0 ?7.48 97.48 RUCO
162,00 RE.T0 96.70 RUCO SEEFABE AREA
180,00 28.82 VEG
18Z. 40 ?9.435 VEG GE RE MEADFIN
18%. 40 P9.68 VEG REB HEADFIM
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Appendix Table D-40. Cross section praofile of Faszage Reach
VI in Slough 19, October 17,1984,

P

Loy

o

ot v v ot ke o e P S resy v T S S Sy i ey T T ST St T St TS SN S S Srws Sy e TR S P A VIR P Sy Mg ekt Sk s e S St G Somg MR S S 7ot babaw Nt St S T . St
= e S P e e e e

RELATIVE
STATION ELEVATION WSEL
(£t (+%) (+%£) SUBSTRATE COMMENTS
0.Q0 100.00 SASBI LE HEADFIN
0. 00 F9.90 8a8l GB LB HEADFIN
4.Q0 ?9.42 8ABI :
6. 00 F2.26 SAST
7.10 99.04 9%.04 8AS1 LiE
8.00 B. 97 99.07 SASI
7. 00 F8.88 99.06 SASI
10.00 98.81 99.06 SASI
10.80Q 98.76 99.06 SASI
11.30 ?28.88 9%9.04 SASI
1z.10 99.07 92.07 SAEI RWE
.00 99.36 BASI
14.80 1o0.16 818A
16,00 100.36 VEG GEB RB HEADFIN
16.00 100,46 VEG RE HEADFIN
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Appendix Table D-41. Cross section profile of Fassage Reach
VII in 8Slough 19, October 17,1984,

Ny g p—
R R I I R R e L L O e O N S L R N N N N S I S N N T N L N T NN n

RELATIVE
STATION ELEVATION WBEL

CFi) (L} (f) SUBSTRATE COMMENTE
0. 00 1Q0.00 SAs1 LE HEADMIN
O, 00 ?9.87 8AB1 GB LB HEADFIN
8.40 98. 48 8A81

11,80 8. 35 SASI
2,20 8. 19 98.1% SASI LUWE

12. 40 98.11 98.19 SASI
2.80 78.3&6 98.36 8A8I

14.00 F8.328B 98.38 SAS8I

15. 20 ?8.25 98.23 SASI

16,00 F8.30 98.30 - 8ASI

17.40 ?8.21 98.21 SASI

18.70 28.07 98.19 LGRY

192.70 98.38 F8.38 LGRU

20.20 ?8.19 98.19 SABO RWE

21.49 ?8.35 SAsI

28. 60 58.78 SASI

2. 80 ?9.5%9 SASI GEB RE HEADFINM

I2.50 99.68 85A81 RB HEADFIN
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Appendix Table D-4Z. Cross section profile of Fassage Reach
VIII in Slough 19, Octaober 17,1984,

Sty e oo Sreis et tee 00008 iy o o024 i) bidey Tie St LTS Sk gimay AN Gl $00M8 Mt M0 AOSS Lot £X/AS NOMMD WSS NOMMD NS WOm Sam Mam tourt m bdu SO04R 0o (LU ress Sidm cmey M St LLMS S0 S00R S Smm GetMS Seoak Ham WS SHOMS b4k OISR TR Ham semmy Wit MSHY seem
=ttt e

RELATIVE
STATION ELEVATION WSEL
(£t (Ft) () SUBSTRATE COMMEMTS
0.00 100.00 8I18A LE HEADFIN
Q.00 98.84 5I5A GB LB HEADPIN
Q.40 8. 42 sSisA
2.00 98. 32 SIisA
.40 78.38 LBSA
4.2 78. 62 LESA
&.00 98.43 : LESA
7.00 98.47 LBESE
8. 00 8. 44 LESGE
2. 00 78.47 LGE6
F.90 98.58 LESE
11.30 7.11 L.GSE GB RE HEADPIN
11.30 99.20 LGSGE RE HEADFIM
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Appendix Table D-43.

STATION
(Fi)
Q.00
0. 00
200
&. 00
8.80
12.G0
13,30
14,00
14,30
15. 50
16.30
17.20
18.00
19.00
i9.80
21.50
22.70

22.70Q

RELATIVE

ELEVATION
i)
100,00
9%.55
98.73
98.3I8
58.48
P8, 44
78. 20
28. 00
F8.12
F8.12
78. 27
98. 01
8. 09
?8. 06
78.26
?8.36
78.58
?9.31

Cross
IX in

WSEL
(ft)

section profile of Passage Reach
Slough 19, October 17,1934,

N T —
R R RS e O T om0 e S i I o S T o e e S S O T S e e L O S S N T N R R S T R N N T AT R s

LE HEADFIN
GBE LB HEADFIN

BB RE HEADFIN
RE HEADFIN
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Cross section profile of Fassage Reach

Appendix

Table D—-44,

I in Slough 20,

October 17,1984,

e i et e o S S covy e v e kv o i S S e Sove ol $0MMD K S S Shint S v oS U T oo et St Ut S S Sl S T e Pt S iy S ke $01ER TS St L SO ke by Prmas S e oy et S e
o T TR e it ) o e i T e Ly et e e i e S it s s S T o e i e S O . S o Sy S [ S T S KA MO Tt N el S L e TR 1ENS S e S TAS e o

STATION
(+t)
Q.Q0
0,00
T.00
I.60
4,70
« 20
7.00
7o 6
8.30
10,20
11,10
12.80
14,60
14,00
18.20
20.00
25,00
48,00
9. 00
&4.350
a4 .50

RELATIVE
ELEVATION
(ft)
160,00
Q9.2
29.14
29.45
8. 465
8. 44
98. 30
P8. 09
8., 29
98.29
?8. 34
98.27
28.41
28.55
FB.72
F9.11
29.38
100, 41
100. 66
101.70
101.77

WSEL
(F17

SUBSTRATE

e e so0n s o e s e St

LGSE
LESA
SIsA
SASBI
SASI
SAS1
SA

8A

LB HEADFIN
GB LB HEADFIN

GB RB HEADFINM
RE HEADFIN
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Appendix Table D-45. Cross section profile of FPassage Reach
VI in Slough 20, October 17,1984,

D S i e v s 7ot Wy g A St S Aot Put 1 At M bl YR S ey YN S TS S Mgy VY MY frof TR fuag ter M wie Y TR Mend e St Gy o) My W ) WA ol TG KN Far S e S <y K bl T ool Do S
T T N N N N N N I N N T N N I N N I I N N R T s N T N NI ST aENmE RS T

RELATIVE
STATION ELEVATION WSEL
(£4) (ft? (ft) SUBSTRATE COMMENTS
Q. Q0 100,00 815A LB HEADPIN
Q.00 37.84 8515A GB LE HEADFIN
20,00 9. 28 sSIsA
34,00 78.88 SISA
43. 00 F8.67 sAaLG
S0.00 F8.41 SALG
35.00 98.45 LERU
S58.80 38.35& LERU
61.00 8. 45 LGRU
&2.Q0 F8. 460 LGRU
&5. 00 F8.50 LGRU
bb.90 8. 36 LGRU
&8. 50 98. 49 LGRU
FO.70 78.38 LGRYU
735: 40 78. &% LERU
75.30 8. 61 LGRU
7790 8.79 LGRU
7. 20 98. 49 LGERUY
80.80 98.81 LGERU
2.30 78. 80 LGRU
3.80 98,63 CORU
g85. 50 ?8. 48 COoRU
Bh.90 8. 47 SARU
88.30 98. 41 SARY
8%. 50 ?8. 50 8A
71.30 100.58 SA8I
2,30 100,70 VEG GCE RE HMEADFIN
GL.30 100.73 VEG REB HEADFIM
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Appendix Table D~44. Cross section profile of FPassage Reach
I in Side Channel 21, October 16,1984,

T v ——
=t e b e et ]

RELATIVE
STATION ELEVATION WSEL

(i) (ft) (f&) SUBSTRATE COMMENTS
0. 00 100.00 LECOo LE HEADFIN
Q.00 ?9.86 LECO0 GB LB HEADFIN
Z2.00 99.75 LGCO
7.00 F%.4%9 LGECO
F.20 9.3 99.33 sARU LWE

11.00 79.21 99.34 SARU

12.40 99.02 99.33 SARU

13.20 G2.08 99.34 SABI

13. 00 99.12 99.34 8AGI

17.00Q ?9.12 99.35 8AS1

19,00 99.04 99.34 8ASI

21.00 99.07 99.32 SASI

23,00 ?9.20 99.33 SASI

28.00 F9.21 9R.3IE3 SABI

S0.50 99.40 99.40 SABO

54.20 P8.99 99.32 SARQ

36.10 9.2 99.31 SaB0

38.20 - 99.47 99.47 SABQ

40.20 99.57 99.57 SAR0 .

41.50 99.32 99.32 SABRO RWE

46,3 F.47 SAB0

48.00 100.31 BOSA

49 .50 ?9.97 BOSA

S51.80 100.77 ‘ BOSA

S3.90 100.83 BOSA GE REB HEADFIN
55.90 100.72 BOSA RB HEADFPIN
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Appendix Table D-47. Cross secition profile of Fassage Reach
II in Bide Channel 21, October 1&,1984.

et arem e e o £ deore ooy SO o masn o S04is s Metat et eyean ST o e SR D ALiSe Mosut St ryts it PP eS4 A ofud nasns S el g YA S e A et mas Sei Yovem Sy SOl Mmart iy S Sies weik Ly mhas soewe v b marmt teie raems saem e
S S I N N I N N e e T T S S A S R N S N N N S N S N S T N s e S N N NIl I o o e IR s T R s wn s

REILLATIVE
STATION ELEVATION WSEL

(F1) {(f¢) (1) SUBSTRATE COMMEMTS
0. D0 10000 5A5T LB HEADFIN
.00 ?9.84 SASI GB LE HEADFIN
A A F9. 40 Sa51

30, Q0 98, 20 SAS1

49.00 07.82 SASI

&O, 00 P7.69 SAST

6300 97 .97 ' 5451

a4, 00 97.59 SAST

b4, 10 @7.45 97.45 LBEG LWE

&5. 40 P7.21 9@7.47 LESE

&£7.00 7.2 97.41 L.GSG

- le] 27.320 @7.48 LGS6

70.50 97.40 97.48 LGSGE

732,30 R7.29 97.48 LESE
Z.90 97.44 97.49 LGESG

75.80 ?7.47 97.48 LESEB

7700 97.34 97.34 LESGE

79.00 ?7.35 97.90Q LESE

80.30 B7.46 97.52 LGSGE

g2.10 ?7.44 F7.91 L.GSE

B83.80 F7.18 97.30Q LGSG

86.10 Q7.35 97.47 LBRU

88. 60 ?7.48 97.48 LGRU

0. 10 ?7.44 97.44 LERU RWE

Fi.10 7. &4 LGRU

24,00 ?7.61 LBRU

P8.90 27.83 LGERU

104.30 ?7.75 L.GSA

111.50 ?7.88 LGSA

120.80 8. 04 SARU GE RB HEADFIN

120.80 g98.23 SARY RB HEAQDFIN
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Appendix Table D-48.

STATION
(ft)
0,00
Q.00
2.00
4,300
S.80
G.30
7. 60
9.10
1G.90
12.40
14.00
15.80
17.30
19.80
20,60
22.350
25.50
26.70
28.00
30.60
23.30
35.350
I8.10
29.40
40,40
41.70
41.70

RELATIVE

ELEVATION
()
100.00
9%.84
9. 21
99.11
98.97
98.84
?8.81
g8.81
78.52
78. 4%
98.71
98.70
28.62
?8.67
98.78
98.79
28.79
98.8546
38.77
28.81
F9.03
78.94
98.77
98.79
F9.01
99.11
93.18

Cross section profile of Passage Reach
IIT in SBide Chamnel 21, October 14,1984,

e T L T OO S —
— e R R R R R R S N N S N NN S T S N T T N N T S I IS T o e s it o m =

WSEL
(ft)

ot iy snrwy v

28.84
28.83
28.81
95.88
98.837
?8.7%9
98.80
98.83
8. 85
28.84
78.85
28. 86
8. 86
2g.85
78.84
.03
8. 24
?8.77
98.79

e ]

i — 2 — R O oS5 PGP Sy ot et FE} WAV SN 0020 VS MM

LE HEADFIM
G5B LE MEADFIN

LWE

RWE

BB RB HEADFIN
RB HEADPIN
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Appendix Table D-4%9. Cross section profile of Fassage Rzach
IV in Side Channel 21, Octobsr 14,1984,

Lot oot o g et $41n¢ ot e et st et e e P S Mid W) SviS O AR FreS et S Akt oy e et Moo o) Aot Sebem i R S0P 5092 HOAS MAMY A B Sy YOm? D SYEE) mems Py S e A4V PAOTY rartd A0S S At Kbt bt rreat bor e M
] S S . ool o o s e AT OIS T s v i e ot ol 0T i e T i it S e o o et it o o P8 e M S0 e Ndaw e o o el e P Soeis S P St e RS LT DAY ) T e S el St B e e

RELATIVE
STATION ELEVATION WSEL

(%) (1) (FL) SURSTRATE COMMENTS
.00 100,00 ; SISA LE HEADFIN
0,00 29.85 SISA GE LB HEADFIN
4.00 7. 466 SAaRU

10,20 P9.57 99.97 LESE LWE
12.00 PP. 44 99.54 L.BSGE

17.00 GF.41 99.47 LESE

20. 30 99.44 99.44 LGSG

21.70 P9.28 9,325 L B86E

22,40 99.48 99.48 LGESGE

24,00 PR.2T P9.4] LESE

25.70 F9.41 99.41 LGBSGE

26.80 P7.09 99.43 LBSG

29.00 PR.I0 F9.37 COLG

31.00 PP.27 F9.ES CoOLG

I2.30 99, EE 99.43 COLG

I5.20 P9.3&6 99.34 COLG

36,30 P7.28 99.44 CoLG

Z8.7350 P9.h4E  P9.6b6 CoLs

Z9.40 99.47 99.51 COLE

432, 00 F9.461 2P9.41 COLG

47,00 F2.38 99.%8 COLG

44,00 PP LT PF.ET COLG

44,20 9.41 992.57 COLG

48, 00 PR. 64 99,64 coLs

49, 60 FP.E3T F9.EE COLG

51.10 P.EF  F9.49 COoLG

53, 00 29.14 99.57 coLs

54 .00 P9.37 99.97 COLG

S5. 90 P%.48 99.53 COLG

5&.50 9F.19 99.52 COLG

58.70 .87 99.57 COLG

Q. F0 PR.IE FF.60 COLG

&R, 00 PF.6T 99.463 CoLG

&4, 00 R2.70 <2R.70 COLG

&E&. 10 ?%.45 99.57 RULG

&7.20 PR.77  F9.77 RULG

70,20 9%.40 99.851 RULG

71.70 FF.52 99.32 RULG RWE
.00 79.54 RULG GE RB HEADFIN
73.00 9. 80 RULG RE HEADFIN '
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Cross section profile of FPassage Reach
VII in 8Side Channel 21, Octobher 1&,1%84.
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Appendix

STATION
(Ft)

Q.00
Q.00
5.590
F.00
13.70
15.40
17.00
20.00
23. 00
25.80
29.00

AR

ITL20
37.20
39,00

41.10.

2.70
45,40
47 .90
S50.00
53,00
5. 40
57.40
&0 30
&1.,00
651.90
&£35.80
&8. 30
70 .50
72.00
74,00
76,40
78.30
81.580
84.20
86&6.50
P1.70
R8.70
97.20
98.10

101,10
102,80
106.30
108.10
109,460
111,70

Table D-30.

RELATIVE

ELEVATION
(ft)
100, 00
P9.95
PR.93
99.76
P9, 94
99.43
29.35
29.65
7. 54
99,33
F9.41
99.79
59.53
9. 41
99.85
Q0.2
29.2&
99.43
99.48
9. 44
79.28
99.52
Fe.41
99.30
9.54
99.48
F9.3&
29.30
79.33
99.62
79.32
99.39
99.73
99.47
79.54
9. 40
7. 44
99.30
99.13
99.10
?9.53
FF.50
F9. 40
29.20
PP.45

WSEL
(ft)

99. 43
59,55
9. &5
99.54
99. 42
59.41
99,79
G5 . 53
99. &1
99. B85
99. 29
99.31
99.43
99. 48
99, 44
99. 354
99.52
99.41
99.37
99.54
99, 48
99,54
99,42
99.53
99. 62
99.39
99, 40
99.73
99,47
99 . 54
95. 40
99. 46
59 . 50
99. 36
99. 35
9% . 53
99 . 50
9. 40
99, 33
9. 45

SUBSTRATE

. aapoy anpey inat antey e o i

A dapoy oy i ey dnpoy i datoy Ao datoy date Pt S dmny ot S o dngoy ot dmny

LE HEADPIN
EB LB HEADFINM
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Appendix Table D-50. Continued.

L) M ST S v o 7 SabY s MLt 4 ber o SOt Mo dmeds Peend ATV PR eee SAM e $0vid Mend T EPOGT Taee LPOLE S el e v S Mt e HEPC e e g v Sty T BowS e WS bardd S Mokt S MU e S S v e S e e o ey
R N N R N N I SN N N N N R I N S e S T N o Em oSS ES TR

RELATIVE
STATION ELEVATION WSEL
(ft) ft) (£t SUBETRATE COMMENTS
115.10 ?9.40 99.40 RUCO
117.70 79.22 99,32 RUCO
119.50 99.40 99.40 RUCO
122.50 7.3 99.39 RUCO
125.30 9?.51 99.51 RUCO
126.70 ?9.17 9%9.3 RUCO
128,80 F9.22 99.34 RUCO
130,20 F9.40 F9.40 RUCO
134.50 9.2 99.52 RUCO
1346.20 .70 99.70 RUCO
1Z8.80 F9.42 99.42 RUCO
141.20 9.34 99.3 RUCO
143.70 ?9.45 99.45 RUCO
146.00 R.36 99.36 RUCO RWE
147.00 99.7& RUCO
153,00 99.80 BORU
198. 00 100.15 BORU
164,50 100,72 EQSA
171.00 102.10 BOSA
178.350 101.57 SAR0
182.30 102,03 SAEB0 GE RB HEADFPIM
i82.30 102.67 SARO REB HEADPIM
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Appendix Table D-51.

STATION
(L)
Q.00
0. 00
J.00
F.30
16,80
19.&0
20.390
22.00
23,30
24,60
25,80
27.70Q
Ji.00
34,40
36,00
40,20
42,00
44.19Q
45,00
4&.70
48. 30
51.00
S52.10
Z.00
56.00
60. 40
a7 .50
70.50
74.00
77 .00
79.70
81.10
B2.10
84.30
85.1¢
86,90
89.50
F2.30
48,70
97.00
100,20
102.00
103,20
105,50
108. 350

RELATIVE

ELEVATION
(f£)
100,00
9%. 84
100, 01
100,01
99,73
99,70
99.37
99.57
99.37
99.33
99.43
99, 43
99.71
99,39
99.12
9%.08
98.82
98. 91
99,31
98.83
9%.11
99. 16
98. 91
9%. 20
99. 70
99.74
99.87
99,2
100. 05
99.43
99.24
98.51
99.79
99.564
98.95
99.48
99.33
99.47
99.01
99,32
9% .34
99.38
99. 00
99.2
9%.32

Cross section profile of Fassage FReach
VIII in Side Channel 21, October 13,1984,

e ot D e e e S e P R ey % e S0 Fot s ST S e Rem A A B4R S B T Seiw S Pt S T e e S e T Sy St ity S T i S e v e o S ekt $oer S S G M e . S gy S s ¢ e
3+ -t P e e e e

WSEL
(&2

99.37
99.57
99.37
9P.33
99.43
99.43
99.71
99,39
99.12
99.08
o98.94
38.96
29.31
98.98
?9.11
F?.14
8. 948
P9.20
970
P9.74
.67
$9.28
100,05
29.43
99.2

P9.12
99.79
99.56
P20
F9.48
F.33
9%.47
29.14
99,32
529.34
97.38
99.19
99,27
99,32

SUBSTRATE

BORU
BORUY
BORU
BORU
BQRU
BORU
BORU
BORU
BORU
BORU
BORU
BORU
BORU
BORU

e e e L T ]

LB HEADFIN
GE LB HEARFIN

LWE
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RELATIVE
STATION ELEVATION WSEL
(FE) ($£) t$t) SUBSTRATE COMMENTS
110,20 99,41 99.41 BORU
111.50 F9.09 99,18 RORY
113.50 99,3 9%, 28 BORL
115,53 9.3 99,3 BORU
116.50 99,10 99,18 BORU
118.50 99.2 59, 28 EDRU _
119.50 99.19 99.19 COEd RWE
120.00 99,45 CORO
122,00 100, 0% COBO
125.00 99,73 CORBO
130,10 99, 80 COBO GE RE HEADPIN
130.10 99,90 CORGC RB HEADFIN
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Appendix Table D-52. Cross section profile of FPassage Reach
IX in Side Channel 21, October 16,1984,

ey it o et foent S s ey e S e s S Sy ey S $4008 S Mt Sy e i Sy e Tt T S ey Lo Sy MY ey W ey Ay o e My e S G Sy TS Sy Sy St S bl St e S et Aty AP e Ty Sonum Peewr SO

RELATIVE
STATION ELEVATION WSEL

(f+) (£t) (&R SUBSTRATE COMMENTS
Q.00 100,00 [SIsA LB HEADFIN
Q.00 9,92 SISA GB LB HEARDFIN
10,00 99.329 SIsSA

25.00 9.04 S1SA

37.60 78.32 SIsA

43,30 DT 30 SISA

57 .00 R7.34 SALG

64,00 7. 23 LESA

&8. 40 F6.98 LGBSA

72.30 96.97 LESA

76,00 96.98 L.G5A

78.00 946.88 LESA

80.90 Q&.%7 LESA

84.730 96.96 LG54

85.70 26.83 96.83 RUSA LWE

88. Q0 Q6.86 2&.86 RUSA

89, 50 P6.74 96.83 RUSA

0, 80 945.95 Q&£.93 RLSA

22.80 26.92 96£.92 RUSA

?4.40 P6.80 94.80 RUSA

95.30 26.83 96.8% RUSA

P& &EDQ PL. 84 6.80 LESE

?8. 00 P6.61 946.81 LESE

100,10 L R6.859  9464.81 LESE

101.20 ?6.88 94.88 LESE

101.80 96.98 96.81 Wci=ie

104,00 PL. 64 F5H.82 LG8G

105,70 P6.92 F&L.92 BSI

107.90 96.87 946.8B7 BOSI

109,50 D700 F7.00 BOSI

111.80 96.82 26.82 BOSI RWE

112,10 97.12 BOSI

117.50 97 .33 BOSI

121.00 7.79 SIisA

127.30 102.47 SISA GB RE HEADFIN

127.50 102.56 SISA RE HEADFPIN
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Appendix Table D-33. Cross section profile of FPassage Reach
I in Slough 21, October 13,1984.

SERY SRS St U WSt ates MG v M RST MO N mben M STMEL L SO St A SUASd WP MY M SO S WGl $OSF S MR ARG et TRy Y PO M $0008 e ekt S41id MSa St 4060 Sl dwbk Emat o S ekt DL SOLun Do vl et e ot i i pomte oot Svms
R R R R N R N N S N N R N e N S O N L N N N S T N L I S DO s mEIE D i

RELATIVE
STATION ELEVATION WSEL
(ft) (ft) (ft) SUBSTRATE COMMENTS
Q.00 100.00 85I8A LE HEADFIM
0.00 99.%97 SIsA GE LB HEADFIN
1.00 ?9.76 SISk
7.00 97 .92 SIsA
13.00 27.10 F7.10 SIsA LWE SEEFPAGE AREA
23. 40 F6.67 946.8B1 SISA
35. 00 FE.77 F6.T77 EISA RWE SEEFAGE AREA
44 .00 76.94 SISA
87.30 P6.91 g5IsA
&2.80 &3 8IsA ‘
2. 40 P&6.74 B&.74 SIBEA o LWE
&5. 00 P6.63 RH.72 SISA
&7 . 40 F6.54 96.73 5184
69.350Q 7547 F6.70 SIsA
71.70 F6.T39 6.70 SI8A
74.80 F&.533 F46.72 SIisA
78,30 P6.34 F&.&64 SIsA
78.90 F6.43 96.73 8681
8Q.70 R&.47 96.73 SGSI
81.60 P6.64 Pb.69 S1sA
84,350 F&. 03 9F6.74 SISA
86,00 F&.45 96.73 8I5A
87.10 96.39 96.72 SASE
88.00 F6. 32 F96.72 BAEE
89.00 W&.864 96.73 5IsA
FO. 20 F6.68 6.69 SISA RWE
F0.80 F7.21 85I5A
75,50 7.3 S5I8A
101.30 P7.03 SIsA
108.50 27.08 SISA
118.00 102.94 VEG GB RB HEADPIN
lig. oo 102.97 VEG RB HEADFIN
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Appendix Table D-34. Cross section profile of Fassage Reach
IT in SBlough 21, October 15,1984,

AT U et 4 it o oAl Pt PSS GASAE WIS SAMS OGS e M3AD S oot S oot SVt MO G S eSS HESE OGSl LA weSd Sl TS POTTE S SOde e Sl b St oot MASMS spim mamm 3ied e YY reeus Mty ket YOV et Ty ik et P bt 3 e e ceret vt
— e e e R e T N N L NN L I N T s e N L M ammmmNEmmmR NS

RELATIVE
STATION ELEVATION WSEL
C(FE) ft) (i) SUBSTRATE COMMENTS
Q.00 100,00 _ S51&A LB HEADFIN
Q.00 G%.92 sSIGA BB LB HEALFIN
1.80 29.34 SIsA
2. 70 98.77 SISA
4,350 98.93 SISA
8.40C ?8.77 SABRD
9. 80 - 98.54 SAR0
11.350 F8. 62 SI&A
14.30 78.76 SIsA
16.80 98. 65 SABOD
1i8.80 78.81 SABO
21.20 8. &b SABO
22.10 ?8.30 98.730 SIBO LWE
24.50 - 98.29 98.2% BOLG
2&.40 78.328 98.38 BOLG
28.00 FB.62 98B.62 BOLG
28.80 Y8.24 98.27 BOLG
29.90 98.17 98.27 BOLG
31.00 ?8.20 98.27 BOLG
31.30 F9.00 99.00 BOLG
33,20 98.55 98.35 BOLG
33.80 €.0%9 98.28 © BOLG
34,60 .06 98.2 COLG
5. 60 98.38 98.7I8 CcoLs
F6.30 98.27 98.28 COLG
F9.00 98.38 98.3B COoLe
539.80 ?8.18 98.28 CoLG
41.Q0 98.04 98.27 COLB
42.10 98.43 98.45 CoLG
43.40 ?8.35 98.35 COLG
44,890 28.39 98.39 COLG
44,350 98.47 98.47 coLe
47 .20 98.10 98.28 COLG
49.4Q ?8.02 98.:28 CoOLG
S50.350 97 .74 T8I0 CoLG
51.30 ?8.14 98.29 COLG
S3.70 98.24 98.29 COLG
S5.460 2B.I5 98.35 COLG
S7.40 28.28 98.Z29 COoLG
59.00 F8.30 98.30 COLG RWE
&H0.00 98.74 COLG
&H1.30 ?8.853 COLG
&3.00 78. 44 CaLG
&5. 00 ?8. 65 CoLB
&b, & 98.24 8ECO
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RELATIVE
STATION ELEVATION
(ft) (f+)
&8.70 98. 20
70.70 99.0&
71.40 99. 54
71.40 99, &8

WSEL
(+t)

SUBSTRATE

GR RE HEADFIN
RE HEAQDFIN
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fAppendix Table D-55. Cross section profile of Passage Reach
ITIR in Slough 21, Octcocber 15,1984,

T T T T L e w——
ettt S e P e e e S e e e

RELATIVE
STATION ELEVATION WSEL

(ft) (F4) (f+) SUBRSTRATE COMMENTS
0. 00 100,00 518A LB HEADFPIN
0. 00 99,74 S18A GB LB HEADFIN
2.00 9. 67 SISA
3,20 9, 25 SISA
5. 00 29,01 SAS6
7.00 8. 93 LGSE

1Q. 00 98. 95 LESE

12.00 98,72 -~ LBRU

14,20 99,01 LBRU

16.20 98. 469 LGRU

18.20 28. 81 LERU

20, 00 28, 53 SG5A

22.00 F8. &0 5G5A

24, 00 98, 65 5184

25. 60 9%, 12 518A

27 . 00 98.84 SGELG

29,00 98,93 SGLE

31,00 98.94 SGLE

33,00 7%, 08 SBLB

34,70 99,07 5ASG

Th. 00 99,63 518A B3R RE HEADPIM

ThH.00 99,75 S15A4 RE HEADFIN
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fAppendix Table D-36. Cross section profile of Fassages Reach
I in Slough 22, October 14,1984,

ot o (S v P P Ao SOMMS OO At eele A SYTT® ke ey rove< LUPLS =S MOt Ny Sy S 4O it et W SO S M g oS Smm et A 408 MOHE TS FYSY e Wbt ek ) S e e S $103 SO s S S e et s L1408 014 9180 Senod S
R R S R R T N N N T S S T T N N L T L N N N S N N e s N N S T e iR m T st i us =

RELATIVE
STATICN ELEVATION WSEL
(FL) (Ft) (i) SUBSTRATE COMMENTS
0. Q0 10000 COBO LB HEADFIN
Q.00 e8.72 coed GB LB HEADFIN
3,70 98.82 COR0O
5.90 F8.51 CORO
9.0 98.32 [{n)=[]
1000 ?8.39 CoRQ
11.40 98. 40 caso
12.00 98.1& 98.14 CORU LWE
13.60 ?8.07 98.15 CORrRU
14,30 P8.29 98.29 CorRU
14,00 98.13 98.15 COoRrRy
17.80 98.24 98.24 CORU
i9.10 P7.80 98.16 - COrRU
19.60 98.20 98.20 CORU
21.00 Q7.97 98.14 CORY
22. Q0 98.30 28,30 BOCO
24.30 .22 98.22 BOCO
24,00 98.07 %8.18 BGCO
27 . 30 98.15 98.195 BGCCO RWE
28.50 78.3& BOCO
21 .40 28.41 BOCO
35. 30 F8.4&67 CORU
I8.00 98.47 COoRU
42,00 98.77 CORY
4Z.70 8. 44 CORU
45, Q0 28.75 BOCO
48.00 98.93 BOCO
S2.00 ?8.88 BOCO
59.50 98.86 BOCO
8. 30 @8.79 CORU
&i.0 28.54 CORU
64, 2¢Q 98. 46 CORU
&&. 50 ?6.47 CORU
&8.00 F8.35 CORU
6F.70 8. 49 CORLU
71.9Q F8. 32 CORUY
72.70 F8.01 CORU
3.50 78.10 98.10 BQCO LWE
74.00 B.25 98.25 BOCD
74.50 R7.99 97.99 EQCOD
75,30 FEB.2T 98.23 BOCO
75.50 97.78% ®7.75 BOCO
74H.50 98.14 98.14 BOCO RWE
78.10 78.31 BOCO
BO.10 98. 24 BOCO
8R.S0 98. 39 BEORU GB RE HEADFIN
82,50 9¢.94 BORU RB HEADRINM
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Appendix Table D-57. Cross section profile of Passage Reach
Il in 8Slough 22, Uctober 14,1984.

O T D R e P ——
14ttt -ttt A e e L

RELATIVE
STATION ELEVATION WSEL
1) (Fi) (f) SUBSTRATE COMMENTS
Q.00 100,00 5I15A LB HMEADFIN
0. 0qQ 79.92 SIsA BR LE HMEADFIN
T 10 99.23 SI1sA
S.10 98. 40 : sIicA
7.30 98.27 SIsAa
8.00 97.86 SIsA-
9.40 98.135 SIBO
10.60 97.78 97.78 SIBO LWE
11.00 97.79 97.80 Sig0
2,60 ?7.73 97.78 SIBO
13.20 ?7.81 97.81 SIiBO
14.40 R7.99 97.9% SIBQ
15.90 ?7.80 97.80 SIEQ
18,00 97.%97 R7.97 81RO
18.90 97.71 97.79 SIEO
20.00 R7.99 F7.9% SIR0D
20,50 97.54 97.79 RUCO
21.30 97.45 297.77 RUCO
22.00 97.85 97.85 RUCD
25.30 ?7.80 97.80 RUCEO
26.80 8. 046 F8.04 RUCO
27.80 F7.66 97.73 RUCO
28.70 R7.31 97.74 RUCO
T0. 30 98.07 98.07 BOCO
B33.50 R7.98° 97.98 BOCO
26.90 ?7.87 97.87 ROCO
Z8.30 97.78 97.8% BOCO
39.30 ?7.84 97.84 BOCQO RKWE
41.10 98. 06 BOCO
44,20 98.34 EQCO
48, 00 78.11 BUCO
S0. 00 98.29 BOCO
S4.40 98.37 BOCO
S8. 30 98. 12 BOCO
&4, 460 98.17 BOCO
&7.70 - 98.13 BOCO
71.20 98.24 BOCO
76.30 - 98.69 BOCO
94.30 98.48 BOCO
108. 350 98.53 BOCO
113.50 8.77 BOCO
127.70 98.28 SICO
122.580 78.355 SISA
136.70 100,28 SISA BB RE HEADFIN
136.70 100.42 SIsSA RB HEADFIM
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Appendix Table D-58. Cross section profile of Passage Reach
. I1I in Slough 22, October 14,1784,
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Appendix Table D-59. Summary of lengths and relative water surface elevations upstream and
downstream of selected passage reach cross sect1ons collected during
the 1984 open water field season,

Upstreama i Downstream®
Site Passage Length Reiative Length Relative
(River Mile) Reach Date (ft) WSEL (ft) (ft) WSEL (ft)
Whiskers Creek Siough | 841004 21 98.89 4 98.60
(101.2) ] 841004 28 99.47 24 99.12
Mainstem 2 Side Channe1 | 841005 13 98.97 19 98.85
(11# 4) it 841005 42 98.82 126 98.03
1ik 841005 149 100.00 60 98.48
ivL 841005 244 97.74 66 97.28
VR 841005 25 99.93 9 99.63
VR 841005 213 98.31 30 96.61
VIR 841005 18 99.13 66 99.08
VIIR 841004 76 99.10 8 98.56
VIIIR 841004 182 100.38 136 98.70
Stough 8A 1t 841006 21 - 97.71 208 96.23
(125.3) v 841006 52 99.13 64 98.54%
vVIL 841006 52 99.79 13 97.42
VIR 841006 22 99.69 4 99.30
VIIR 841006 104 99.49 109 97.94
VIIIR 841007 33 99.63 117 98.11
IXR 841007 32 99.47 104 98.50
XR 841007 148 100.63 23 98.76
STough 9A I 841008 14 99.51 60 98.36
{133.2) vi 841008 35 100.35 13 99.39
: 841008 30 4.95 89 4.39
X1 841008 168 99.85 35 98.85
Slough 11 1 841018 30 97.99 56 96.64
{135.3)

Stough 19 Vi 841017 31 99.05 -- ==
{140.0) Vi 841017 3 98.20 45 97.84
Vit 841017 47 98.32 79 97.89
X 861017 88 98.38 20 97.63
Side Channel 21 i 841016 41 99.43 14 94,27
{140.6) I 841016 22 97.57 7 97.43
i 841016 18 98.92 45 98.41
v k1016 - 106 100.31 - 26 99.15
Vil 841015 20 99,32 30 98.84
1X 841015 ] 96.83 46 96.41
Slough 21 ! 841015 88 96.86 75 96.57
(142.0) i 841015 92 98.37 161 97.57
i1IR 841015 128 98.86 116 97.37
Stough 22 1 841014 37 98.29 78 96.35
{144.3) ] 841014 12 97.91 64 97.68
11 841014 97 99.79 60 97.52

a Upstream and downstream lengths and relative WSELs were collected simultanecusly with the
respective cross sectional surveys.
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APPENDIX E: STAGE AND DISCHARGE DATA

This appendix contains stage and discharge data collected at selected
slough and side channel passage study sites in the middle Susitna River.
Appendix Table E-1 is a summary of the stage data collected during the
1984 open water season. The rating curves developed for these stage
data are presented in Appendix Figures E-1 to E-6. A summary of local
flow measurements collected at selected passage study sites is given in
Appendix Table E-2.
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Appendix Table E-1. Comparison of water surface elevations to the mean daily mainstem discharge
{efs) obtained at the USGS gaging station at Gold Creek (USGS 15292000)
during the 1984 open water season.

. WSEL Discharge
Location Date Time {ft) {cfs)
Mainstem. 2 841005. 1145 475,99 7,080
{(114.451 at RM 114.4) 840926 1330 476.08 7,680
840920 1355 476.08 10,400
Stough 8A Mouth 841006 1128 560.74 6,780
(125.351 at RM 125.3) 840925 1500 561.11 7,890
840919 - 1520 561.51 9,39
840910 1609 561.58 9,890
840922 415 561.70 10,300
840920 1630 561.72 10,%00
Slough 9 Mouth 841013 1230 588.00 6,150
(128.35& at RM 128.3) 840927 1030 588.36 7,470
840930 1030 588.31 7,500
840926 0950 588.43 7,680
841001 1000 588.42 7,830
840925 1525 588.47 7,890
840915 1330 588.61 8,520
840911 1020 588.75 9,330
840911 1513 588.76 9,330
840910 1803 5$88.86 9,890
840906 1454 588.95 10,300
840922 1000 589.01 10,300
840920 1645 589.01 10,400
840909 1050 589.01 10,600
840907 1015 588.98 10,700
840908 0945 589.05 10,900
Slough 9A Mouth 841008 1010 639.69 6,810
(133.2S1 at RM 133.2) 851003 1643 639.71 7,680
840925 1610 639.72 7,820
850923 1020 639.74 9,010
840911 1018 &839.75 9,330
840919 1600 639.78 9,390
840910 1821 639.79 9,890
840922 1550 639.87 10,300
840920 1715 639.96 10,400
840907 1020 639.95 10,700
840907 1505 640.00 10,700
Side Channel 21 Mouth 840924 1730 731.61 8,290
(140.658 at RM 140.6) 840910 0950 731.96 9,8%0
840909 1650 732.13 10,600
840909 1110 732.14 10,600
840921 0930 732.39 11,400
Slough 22 Mouth 841001 1335 778.92 7,830
{(144.357 at RM 144,3) 8450924 1345 778.89 8,290
840908 1515 779.26 10,900
840921 0945 779.40 11,400
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Appendix Table E-2.

Comparison of local flow measurements collected at selected slough,
side channel and tributary study sites in the middle Susitna River to
the mean daily mainstem discharge at Gold Creek (USGS 15292000)
during the 1984 open water season.

Measured Mainstem
Flow Discharge
Location Date Time {cfs) (cfs)
Whiskers Creek Siough
(Downstream of PR 1) 841004 1245 11.0 7,380
¥Whiskers Creek
(Upstream of Slough Confluence) 841004 1320 8.1 7,380
Mainstem 2 Side Channel
(PR 1) ‘ 841005 1530 0.5 7,080
Slough 8A
(PR VIIR) 841007 1420 0.7 6,630
(PR 1V) 841007 1610 0.4 6,630
Slough 9
(PR 11) 840911 1550 2.9 9,330
(PR V) 840911 1645 1.1 9,330
STough 9A
(PR 11) 840911 1030 4.0 9,330
841008 1420 2.7 6,600
(PR V) 840911 1150 3.2 9,330
(PR VI1) 8460911 1350 2.3 9,330
841008 1510 1.4 6,600
Slough 11
(PR L) 840826 1008 4.3 31,700
(PR V) 840826 1115 3.1 31,700
(PR Vi) 840826 1220 2.1 31,700
Slough 19
(PR V1) 841017 1515 0.1 5,400
Side Channel 21
(PR 1X) 841015 1325 2.0 5,800
(PR 111) 841016 1630 4.5 5,600
Slough 21
(Upstream of PR I) 841015 1430 1.6 5,800
Slough 22
(gR 11} 841014 1610 0.7 6,090.
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