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ABSTRACT

The habitat characteristics of mainstem and side channel habitats in the
middle reach of the Susitna River are expected to be altered by con-
struction and operation of the Susitna Hydroelectric Project. Areas
where salmon spawning was previously limited by high water velocities
are expected to become more suitable for salmon spawning under the new
flow regime with only minor habitat modifications necessary. As a
mitigation option, these areas may be used to replace salmon spawning
habitat that 1is Tlost in other areas due to changes in mainstem

discharge.

The open water portion of the study examined the general habitat charac-
teristics of 62 side channel and 27 mainstem sites. The selection of
open water study sites was based on areas of open leads determined from
aerial photographs, and spawning ground surveys. Selected sites from
the open water study were chosen to continuously monitor water tempera-
tures and determine substrate composition. Tributary habitats are
generally highly utilized by spawning salmon. Mainstem and side channel
spawning and non-spawning areas that had upwelling were compared against
tributary habitats to determine their potential as replacement salmon
spawning habitats. Areas without upwelling appear unsuitable as spawn-

ing habitats.

A data summary of water temperatures and substrate composition is
presented to assist in determining the feasibility of using replacement

spawning habitats as a mitigation option. Substrate composition in all
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areas is comparable, with present non-spawning upwelling areas having a
greater percentage of fine sediments less than 1.0 mm. Intragravel
water temperatures 1in all sites are comparabie, with non-spawning
upwelling areas having the warmest and tributaries the coldest. This
preliminary water temperature and substrate data indicates that present
mainstem and side channel areas that have open leads but no present
spawning may have potential as replacement salmon spawning habitat.
Under with-project conditions, these areas may also require minor
habitat modifications such as providing passage or loosening cemented

substrate to provide suitable salmon spawning habitat.
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1.0 INTRODUCTION

This report presents a summary of surface and intragravel water tempera-
ture and substrate composition data in selected tributary, side channel
and mainstem salmon spawning habitats in the middle reach of the Susitna
River (Talkeetna, RM 98.0, to Devil Canyon, RM 152.0, Figure 1). These
data will provide information which can be used for planning potential
mitigation measures, such as locating areas that may be suitable as
replacement salmon spawning habitat, and to assist in determining
possible effects of with-project water temperature regimes on salmon
spawning habitat. Mainstem and side channel areas that exhibit
upwelling related open leads without reported salmon spawning were
considered the most promising sites for replacement salmon spawning
habitat becoming available and were the primary focus of this study.
Other areas were considered as replacement habitat sites but were more
limited in regard to suitable habitat characteristics and are therefore
only discussed briefly in this report. The report is based on a
two-phase study conducted during the open water and ice covered sampling
periods from July 1 to October 15, 1984 and November 1, 1984 to April

25, 1985, respectively.

1.1 Background

A goal of the Alaska Power Authority (APA) is to insure that there is no
net loss of fisheries production as a result of the construction and

operation of the Susitna Hydroelectric Project (APA 1982). To meet this
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goal, the APA has supported maintaining the existing habitat br pro-
viding replacement habitat of sufficient quantity and quality to
maintain the productivity of the present natural fish populations (APA
1983). This study evaluated the potential of replacement habitat,
suitable for salmon spawning and incubation, becoming available under
with-project flow conditions in the mainstem Susitna River to compensate
for possible salmon spawning habitat losses in currently utilized
peripheral habitats. This study examined two parameters, intragravel
water temperature and substrate composition, which affect the incubation
environment and therefore affect salmon spawning. The presence of
upwelling, which affects water temperatures in the intragravel
environment, was also considered when evaluating potential replacement

salmon spawning habitat.

Development of the Susitna Hydroelectric Project is anticipated to
result in a mean annual water temperature increase, and stabilize the
natural annual discharge of the Susitna River (APA 1983). Lower than
normal discharges are expected during the period of June through
September with higher than normal discharges occurring during the rest
of the year, resulting in a relatively constant annual discharge regime
(Moulton et al. 1984). The change in the annual discharge regime of the
Susitna River will 1ikely result 1in changes 1in present habitat
characteristics. Habitats presently classified as side channels may
become sloughs and mainstem areas may become side channels (Klinger and
Trihey 1984). The overall result wf]] be that mainstem and side channel

areas that were previously limited as salmon spawning habitats by high
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velocities, may become suitable for spawning, assuming other physical
habitat requirements (temperature, substrate, upwelling, etc.) are

acceptable.

The middlie reach of the Susitna River was selected for this study
because the most significant changes in the physical characteristics of
aquatic habitats are expected to occur in this reach. Three habitat
types, tributary, side channel and mainstem, were selected as the
foci of this study. Tributary habitats are utilized by all five species
of salmon spawning in the middle reach of the Susitna River (Figure 2).

They were included in this study for comparison of water temperature and

substrate characteristics with salmon spawning areas in mainstem and

side channel habitats. Tributary habitats are not expected to be
affected by changes in mainstem discharge (Trihey 1983). Mainstem and
side channel habitats, which will be affected to a greater degree than
tfibutary habitats, are the primary areas where replacement spawning
habitats are 1likely to become available under with-project flow
conditions. Chinook salmon are the only species that have not been

observed spawning in mainstem or side channel habitats (Figure 2).

1.2 Objectives

To evaluate the feasibility of replacement salmon spawning habitat
becoming available under witﬁﬂpfbject flow conditions in mainstem and
side channel sites in the middle Susitna River, a two phase study was

initiated during the 1984 open water season. The initial phase

¢

b
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Figure 2. General spawning habitat preference.of thg five
species of salmon utilizing the Susitna River
basin. (derived from data from Barrett et al 1984).
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consisted of a preliminary assessment of potential replacement salmon
spawning habitat by locating areas of open leads in the ice cover using
aerial photographs from March 1983. Open leads that were in areas of
known or suspected upwelling were selected for reconnaissance surveys
during the open water period. Open leads that are a vresult of
upwelling, were selected as indicators of potential spawning sites due
~ to chum salmons preference for spawning in areas of upwelling (Kogl
1965; Bakkala 1970; Vining et al. 1985). The surveys evaluated general
habitat characteristics (habitat types, general substrate composition,
instantaneous surface and intragravel water temperatures, and upwelling)
in each of the sites. A preliminary assessment was made to determine if
each open lead was upwelling or velocity related. Data from ADF&G
spawning surveys (Barrett et al. 1984) were later included to indicate
which sites were presently used by spawning salmon. Data from these
surveys were also used to assist in identifying potential sites that
could be used as replacement salmon spawning habitats as an alternative
for maintaining naturally occurring salmon - populations during
construction and operation of the proposed hydroelectric project. The
second phase of the study provides a preliminary evaluation of
intragravel water temperature and substrate composition affecting the
incubation environment of selected sites in each habitat type. These
data were collected to provide additional information for determining
the feasibility of replacement salmon spawning habitats becoming

available in the middle Susitna River.

b
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The present study was designed to provide additional data to be used to
supplement previous fish mitigation plans (Moulton et al. 1984). This
study's recommendations as to the feasibility of this alternative as a
mitigation option are presented in this report by addressing the

following objective:

1. Evaluate the feasibility of using replacement salmon spawning
habitat as a mitigation option by comparing the incubation
environment (substrate composition and intragravel water
temperature) in selected tributary, side channel and mainstem

habitats.
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2.0 METHODS

- 2.1 Open Water Studies

2.1.1 Site Selection

Mainstem and side channel habitats in the middle reach of the Susitna
River (Figures 3-9) were selected for study because these habitats will
be greatly affected by changes in mainstem discharge and appear to
provide the greatest potential for providing replacement salmon spawning
habitats. Sixty-two side channel sites and 27 mainstem sites were
selected for reconnaissance Tlevel surveys of general habitat

characteristics during the 1984 open water studies.

The selection of reconnaissance sites to be evaluated in this study was
initially determined by locating mainstem and side channel habitat areas
that contained open leads during the ice covered period. Open leads in
the mainstem Susitna River are considered to be indicators of either
thermal influences resulting from the presence of upwelling, or high
water velocities. Upwelling related open leads were used as indicators
of possible salmon spawning areas based on the preference of chum salmon
to select upwelling areas for spawning (Kogl 1965; Bakkala 1970;
Vincent-lang et al. 1984; Vining et al. 1985). Open leads resulting
from thermal influences were initially identified in the mainstem and
side channels of the middle reach of the Susitna River by E. Woody

Trihey and Associates (EWT&A) using aerial photographs from March, 1983
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Figure 4.

Map of the middle Susitna River from RM 101.5
to 110.5 showing study sites and open leads,

1984.
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(Trihey 1984). Based on this analysis, 50 study sites were initially

selected for further evaluation.

The second step in consideration for study site selection involved the
evaluation of salmon spawning utilization data at middle river mainstem
and side channel sites. An evaluation was conducted to determine the
extent of utilization of each of the initially selected sites by
spawning salmon as well as locating any spawning sites not identified by
open leads. The use of 1984 spawning survey data was useful in Tocating
potential sites due to the high escapement and relatively clear water
conditions. The combination of the two data bases (i.e., open leads and
spawning surveys) resulted in the number of reconnaissance sites

increasing from 50 to 89.

The following classification of mainstem and side channel sites was

developed:
1. Open leads that have been utilized for salmon spawning;
2. Open leads that have not been used for salmon spawning; and
3. No open leads but salmon spawning had occurred.
Sites in each classification were evaluated for the purposes of the

initial reconnaissance surveys. The results of the open water and ice

covered studies combined determined the recommendations as to the
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suitability of each classification as potential replacement habitat

sites.

2.1.2 Surface and Intragravel Water Temperature

A single series of instantaneous surface and intragravel water
temperature measurements were made at five locations in each study site
for general comparison purposes between sites. The measurements were
made using a Digisense Model 8522-10, digital thermistor thermometer,
and a Yellow Springs Instrument (YSI) Model 419 stainless steel probe.
Intragravel water temperatures were taken at a depth of approximately 10
inches, the approximate egg deposition depth for chum salmon (Vining et
al. 1985); These data were used as a measure of suitability of the
incubation habitat in each site. In locations where it was difficult or
impossible to push the probe in to a depth of 10 inches due to large
substrate or cementation of substrate, the probe was inserted only as
deep as possible. Surface water temperatures were taken as near as
possible to the middle of the water column. These data were used for
general comparisons between sites. All data were summarized and
compared with accepted tolerance ranges for spawning and incubation of
salmonid embryos as reported in Reiser an& Bjornn (1979), Hale (1981)

and Vining et al. (1985).

2.1.3 General Substrate Evaluations

General substrate evaluations were conducted by visual assessment of the

dominant substrate types present throughout each study site. Substrate
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evaluations were conducted when the mainstem discharge, as measured at

Gold Creek, approximated the anticipated summer project discharges of

9,000 to 12,000 cfs. This resulted in a better assessment of the wetted

area of substrate under anticipated project conditions and also provided

better visibility conditions due to clearer water at these lower dis-

charges.

The substrate evaluation was based on a size classification

scheme (Table 1).

Table 1.

Substrate classification scheme utilized to evaluate general
substrate composition at mainstem and side channel study
sites.

Substrate Code Substrate Description -~ Size
SI silt very fine
SA sand fines
SG small gravel 1/4"-1"
LG large gravel 1“73"
RU rubble 3"-5"
co cobble 5*-10"
BO boulder greater than 10"

Substrate data- are presented to provide a general comparison of all the sites

surveyed.

Data from these general substrate evaluations were compared

to accepted substrate size ranges for spawning salmonids as reported in

Reiser and Bjornn (1979), Lotspeich and Everest (1981), and Vincent-Lang

et al. (1985) to provide an index as to the suitabi]ity of the substrate

at each site for spawning salmon.
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2.1.4 Upwelling and Bank Seepage

Both upwelling and bank seepage contribute to make suitable spawning and
incubating habitat for salmonids (Kogl 1965; Bakkala 1970; Vincent-Lang
et al. 1984; Vining et al. 1985). Upwelling and bank seepage are
important in 1) preventing dewatering. and freezing of redds, 2)
stabilizing the incubation environment, and 3) increasing rate of
exchange of water to replenish dissolved oxygen and remove metabolic
wastes (Vining et al. 1985). For these reasons, locating areas of

upwelling was important for identifying potential mitigation sites.

Areas of upwelling and bank seepage were visually observed during foot
surveys of each study site. Upwelling was usually apparent as water
percolating through the substrate of a site. It is most readily
apparent in areas of silt or sand where the flow of water could be
easily observed as a bubbling action. In areas of substrate with little
silt or sand, upwelling was observed as a current circulating through
the water column if the water was calm enough and/or the upwelling
strong enough. Bank seepage appeared as a lateral movement of water

from the banks of a site.

Observing upwelling in mainstem sites was difficult, therefore, several
approaches were used to discern its presence at a study site. The first
approach consisted of a visual assessment of the presence or absence of
upwelling or bank seepage at a study site. This visual assessment

proved difficult at several sites due to the presence of larger

19
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substrates, turbid water, and/or high water velocities. For this
reason, a second approach was used to assess the presence of upwelling
at those sites where it was not easily discernible. During winter, open
Teads in the ice cover due to thermal influences are known to be associ-
ated with the presence of upwelling (Vincent-Lang et al. 1984). Thus,
study sites that exhibited open leads as determined from March, 1983
aerial photographs and also have historically had salmon spawning
activity, were assumed to be affected by thermal influences resulting

from upwelling.

In some areas, open leads may be a result of high water velocity rather
than upwelling. If water velocities appeared to be a controlling
factor, and there was no apparent upwelling and no historical chum
salmon spawning was reported, then the open lead was tentatively assumed
to be a result of water velocity and was not considered further for

study purposes.

2.2 Ice Covered Studies

2.2.1 Site Selection

The ice covered study used the 89 sites surveyed during the open water
period as a basis for site selection. One habitat type not included in
the open water study due to logistical constraints, but included in the
ice covered study was tributary habitats. Tributary habitats are least

affected by changes in mainstem discharges and are used by all species
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of salmon (Barrett et al. 1985). They were included for comparison
purposes with mainstem and side channel salmon spawning habitats as well
as possible replacement spawning habitat sites. Based on the results of
the open water studies nine primary and four secondary sites were
selected for this study in order to be better able to assess their

potential as possible mitigation sites.

The site selection process for the ice covered studies involved two
steps. The first step divided the middle reach of the Susitna River into
the following three subreaches: Talkeetna (RM 97.0) to Curry (RM
120.5); Curry (RM 120.5) to Gold Creek (RM 136.6); and Gold Creek (RM
136.6) to the mouth of Devil Canyon (RM 150.0). These subreaches were
established so that selected sites would be equally distributed
throughout the middle reach of the Susitna River. The second step
included dividing the initial sites into primary and secondary sites.
Primary sites included tributary spawning habitats as well as side
channel and mainstem spawning habitats that exhibited both upwelling and
salmon spawning activity. Secondary sites were limited to side channel
and mainstem habitats and included: 1) sites that exhibited upwelling
but had no salmon spawning activity; and 2) sites that had spawning
activity but exhibited no upwelling. Within each subreach, a primary
site, representing each habitat type (tributary, side channel and
mainstem), as well as a secondary site, representing each classi-
fication,’was selected for monitoring of surface and intragravel water

temperatures and substrate composition (Table 2).

The number of winter study sites was limited by the number of datapods
available for continuous monitoring of surface and intragravel water
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temperatures. Study sites without upwelling where spawning had been

recorded were the most difficult sites at which to collect data as there

were only a very limited number of these types of sites in the middle

reach of the Susitna River. Sampling conditions in these sites, during
the winter, were extremely severe, limiting the amount and types of data
that could be collected. Dewatering and freezing of these sites and

overtopping with thick ice build up frequently occurred.

2.2.2 Surface and intragrave] Water Temperatures

Surface and intragravel water temperature data were collected to compare
against tolerance ranges for incubating salmon embryos. This comparison
provides an indication of the suitability of a site for effective
spawning and incubation. The intragravel water temperatures of a spawn-
ing area during the winter are important to the incubation of salmon
eggs and development of embryos and alevins (Vining et al. 1985). Water
temperature, along with dissolved oxygen, most directly affect the rate
of development, survival rate, and timing of emergence of incubating
salmon embryos. Surface water temperature i; important only to the

extent that surface water influences intragravel water temperatures and

as an indicator of upwelling.

A continuous record of surface and intragravel water temperatures was
obtained using Omnidata Model 2321 two channel temperature recorders
(datapod). These temperature recorders were installed and continuously
operated 1in each winter study site following procedures in ADF&G

(1983), Keklak and Quane (1985), and Keklak and Withrow (1985).
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2.2.3 Freeze-Core Substrate Evaluations

Two types of substrate core sampling methods, the McNeil (McNeil and
Ahnell 1960) and the freeze-core (Walkotten 1976; Everest et al. 1980)
were considered for use in this study. The freeze-core technique was

selected for this study for the following reasons:

1) it allows sub-sampling of the freeze-core at varying incre-

. ments of depth;
2) allows sampling over a wide range of environmental conditions;

3) the metal probe of the freeze-core technique provides easier
penetration of the large and cemented substrates present at

many sites; and

4) allows more accurate sampling of sediments less than 0.062 mm

(Walkotten 1976).

The only change made in the freeze core system described by Walkotten
was the use of steel probes instead of copper. This modification was

made because steel probes were found to be more durable.
Substrate samples were collected at three representative locations in

each winter study site. Difficult sampling conditions such as frozen

substrate or cores stripping off the probe at three sites limited sample
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collection to one or two locations at each site. In addition, due to
adverse sampling conditions, no freeze core substrate samples were
obtained at secondary sites that had spawning but exhibited no
upwelling. These sites dewatered and froze late in the fall. Freeze
core samples were collected to a depth of 16 inches at each of the three
locations using a single probe freeze-core apparatus as described in
Walkotten (1976) (Figure 10). A depth of 16 inches was selected because
a review of literature indicated this is an average redd depth for all

salmon.

Substrate cores were obtained by using a complete 20 1b. tank of CO2
(approximately 10 minutes) for each freeze core sample. Frozen
substrate samples were then extracted from the streambed using a tripod
and hand operated winch. Cores were thawed using portable propane
heaters and split into two samples, the top 8 inches and the bottom 8
inches, to observe differences in composition with depth (Everest et al.

1980, 1981; Scrivener and Brownlee 1981).

‘Freeze core samples were taken to the Alaska Department of
Transportation (ADOT) Central Materials Testing Laboratory for analysis.
Sieve analysis of the samples followed procedures of American
Association of State Highway and Transportation Officials (AASHTO):
procedures T27-82 and AASHTO T11-82 (AASHTO 1982). The analysis was
performed using a series of seven sieves of the following mesh sizes:
127, 76.2, 25.4, 2.0, 0.84, 0.50, and 0.062 mm. The sieve size
selection was based on the previous ADF&G (Vining et al. 1985) studies

as well as recommendations from Wendling (1976), Shirazi et al. (1980),
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Lotspeich and Everest (1981), Everest et al. (1981), and Platts et al.
(1983). After sieving, the dry weight of each size class of substrate
was measured to the nearest gram and expressed as a percentage of the

total weight.

The quality of spawning gravels has traditionally been estimated by
determining the percentage of fine grains less than some specified
diameter. An inverse relationship between percent fines and survival
exists. While percent fines provides an index of gravel quality for
incubation purposes, it is limited because it dignores the textural
composition of the remainder of the sample. Other methods, such as the
use of geometric mean diameter of particles, have bgen proposed to
improve on the percent fines method. Used alone, each method has its
drawbacks. Further research and development has resulted in a quality
index that appears to overcome the limitations of other methods. This
index to the‘dua]ity of gravels can be obtained by dividing geometric
mean particle size by the sorting coefficient (a measure of the
distribution of grain sizes) in a sample. The resulting number, called
the "fredle index," is cufrentTy being used for evaluating the reproduc-
tive potential of spawning gravel (Lotspeich and Everest 1981; Everest
et al. 1981; and Platts et al. 1983). The fredle index, used for this
study, incorporates the influence of texture on two fundamental prop-
erties of spawning gravels - pore size and permeability - that influence
survival. Pore size and permeability regulate intragravel water veloci-
ty and oxygen transport to incubating salmonid embryos and control

intragravel movement of alevins. Pore size, rather than porosity, was
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chosen as a component of the quality index because pore size (and
permeability) is directly proportional to mean grain size while porosity
has been shown to be independent of grain size. To evaluate a fredle
index, the raw data from textural analysis was entered into a computer
program developed by Porter and Rogers (1984). This program provides a
concise summary of the indices which describe the textural composition

of spawning gravels.

2.3 Interpretation of Figures

Results in this report are shown in several types of figures of which
two warrant a description of symbols used. These are referred to as

box-and-whiskers plots (or boxplots) and scatter number plots.

Boxplots are used in this report to summarize water temperature,
dissolved oxygen, pH, and conductivity data. The format basically
follows that used by Velleman and Hoaglin (1981). The boxplots, as
presented here, were computer generateéd by the microcomputer program
MINITAB (Ryan et al. 1982). Measured values (i.e., dissolved oxygen,
water temperature, etc.) from each study site comprise a data batch,
which is ordered from lowest value to highest. Specific symbols used in

the boxplot figures of this report are explained in Figure 12.

Scatter number plots are used in a number of figures in this report to
summarize watér temperature, dissolved oxygen, pH, and conductivity
data. Each number in a figure represents the number of occurrences in

single integers (1-9) at that point.
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d a \‘*\/’—’/ b e
Cc
Symbol Representative Term
a, b lower and upper hinges (about 25 percent of the way in from
each end of an ordered batch) -
c H-spread (the difference between the hinges; middle half of
the data batch)
d minimum adjacent value
[Tower hinge - (1.5 x H-spread)]
e maximum adjacent value .
[upper hinge + (1.5 x H-spread)]
+ median (middle value of the batch)
* outside value (outside of the adjacent values)
0 far outside value-outside of the following range:
lower hinge - (3 x H-spread)
upper hinge + (3 x H-spread)
() notches (represent approximately a 95 percent confidence

limit about the median):

median + 1.58 x (H-spread)/ n

Figure 11. Definitions of symbols used in boxplots which summarize water
temperature data.

29

b

l



DRAFT

3.0 RESULTS

3.1 Open Water Studies

The results of open water studies conducted at 89 potential mitigation
sites in the middle reach of the Susitna River from July 1 to Octo-
ber 15, 1984 are presented in the following section. Of the 89 sites
surveyed, 62 were side channel habitats and 27 were mainstem habitats.

A total of 18 of the 62 side channel sites were typified as having

" observed spawning activity and upwelling present (Table 3), while nine

of the 27 mainstem sites were classified as such. Ten of the side
channel and eight of the mainstem sites had neither observed spawning
activity nor upwelling present. A total of nine side channel and two
mainstem sites had upwelling present with no observed spawning. Open
lead areas, as an indicator of spawning sites, have not been delineated
in tributaries. As a result, tributary habitats were not included in

the general open water surveys.

3.1.1 Instantaneous Surface and Intragravel Water Temperature

Five instantaneous surface and intragravel water temperature
measurements recorded at each site during the open water sampling period
indicate that the sites have acceptable water temperatures for

utilization of these habitats by spawning salmon (Table 3).

In both side channel and mainstem habitats, surface water was warmer

than intragravel water early in the season with the difference between
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the two becoming less as the ice covered period approached. Side
channel habitats exhibited a range for the sampling period, of
3.2-12.3°C for surface water and 3.3-8.6°C for intragravel water
(n=205). During the same time period, mainstem habitats exhibited a
range of 2.9-12.7°C for surface water and 3.0-12.3°C for intragravel
water (n=90). The highest recorded temperature for both surface and
intragravel water in mainstem habitats was recorded at the site at RM
143.3L, an area of spawning but no open lead. Further studies indicated
that this site was a peripheral habitat unsuitable for incubation due to
dewatering and freezing. For this reason it was removed from further

study.

3.1.2 General Substrate Evaluations

Both side channel and mainstem habitats exhibit similar substrate
patterns (Figures 12 and 13). Rubble-cobble-boulder substrate
predominate in both habitat types (T$b1e 3). Side channel habitats have
an approximately equal number of sites containing rubble and cobble
substrate while mainstem habitats contain a greater number of sites with
cobble substrate. In comparing spawning with non-spawning areas in both
habitats, the same trends appeared. Mainstem habitats also appear to be
more cemented with fine silts and sands than occurs in side channel
habitats. Side channel and mainstem sites generally contain larger
substrate (rubble-cobble-boulder) than 1is found in tributary spawning
habitats (small gravel-large gravel-rubble). There afe areas of

suitable substrate in all sites that coincide with the recommended size
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Figure 12. Frequency of occurrence of surface substrate size classes
occuring inside channel habitats.
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range for salmon spawning (Reiser and Bjornn 1979; Lotspeich and Everest

1981; and Platts et al. 1983).

3.1.3 Upwelling and Bank Seepage

Visual observations of upwelling and bank seepage made during foot
surveys were recorded at side channel and mainstem habitats after
initially identifying potential areas of upwelling (open leads) from

winter aerial photos (Table 3).

Ten of the 62 side channel sites were added after the open water season
as a result of salmon spawning surveys and therefore only salmon
spawning data are available at these sites. Of the remaining 52 side
channel sites surveyed during the open water season to determine the
presence of upwelling, 29 (54%) had observed upwelling or bank seepage
while 39 (75%) exhibited open leads during the winter (Table 3). Four
sites (14% of the sites with upwelling) exhibited upwelling but no open
leads, which indicates that the upwelling was not very strong or was
intermittent in nature. There were 15 sites (38% of the sites with open
leads) that exhibited open leads in the winter but had no visible
upwelling. Upwelling may be present in these sites but was not observed
due to the difficult survey conditions. It appears that seven side
channel sites have open leads that are all or partially controlled by

water velocity.

Two of the 27 mainstem sites were added after the open water season as a

result of salmon spawning surveys and only have spawning data. Of the
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remaining 25 sites, 11 (44%) had observed upwelling or bank seepage
while 16 (64%) had open leads during the ice covered period (Table 3).
These sites (27% of those with observed upwelling) had no open leads
during the winter. This indicates that the upwelling observed in these
sites is either weak or intermittent. Eight sites (50% of those with
open leads) had open leads during the ice covered period but no observed
upwelling. This indicates that either upwelling is present but not
observed due to the difficult conditions present at mainstem sites, or
that water velocity is the controlling factor. It appears that open
leads in nine mainstem sites are controlled all, or in part, by water

velocity.

3.1.4 Salmon Spawning Utilization

Side channel and mainstem salmon spawning sites Tlocated by ADF&G
surveys from 1981-1984 are shown on individual site maps in Appendix A.
Salmon spawning data at individual sites are summarized by year in

Table 3.

The following summary, by species, is based on ADF&G spawning surveys
conducted in side channel and mainstem habitats from 1981-1984. Chum
salmon are the predominant species found spawning in both side channel
and mainstem habitats. Sockeye salmon were observed spawning in eight
side channel and three mainstem sites. Coho salmon have been found
spawning in three side channel sites while pink salmon spawned in two.

Spawning by coho or pink salmon was not observed in mainstem sites.
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Chinook salmon have not been observed spawning in either side channel or

mainstem sites.

A comparison of observed spawning activity in side channel and mainstem
sites from 1981-1984 is presented in Table 4. While the number of sites
varies between habitat type, the percentage in each category is similar
between habitat types. The relatively high percentage of new spawning
sites in each habitat type observed during 1984 can be attributed to a

high escapement and excellent survey conditions.

Table 4. A comparison of observed salmon spawning activity between side
channel and mainstem sites in the middle reach of the Susitna
River, 1981-1984. -

Side Channel Mainstem

(62 Total Sites) (27 Total Sites)

Spawning Utilization (No. of Sites/ (No. of Sites/

Category % of Total) % of Total)

Spawning during at least 1 year 42 (68%) 17 (63%)
Spawning during more than 1 year 17 (27%) 6 (22%)
No spawning ' 20 (32%) 10 (32%)
First spawning during 1984 23 (37%) 9 (33%)

3.2 Ice Covered Studies

Based on the results of the open water studies, nine primary and four

secondary sites were selected for this study in order to be better able
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to assess their potential as possible mitigation sites (Table 2). The
sites are distributed throughout the middle reach of the Susitna River
and are generally categorized as either tributary, side channel, or
mainstem. Mainstem and side channel sites were subdivided based on
presence of open leads and spawning. Intragravel water temperature and
substrate composition were monitored at each site to provide an index as

to the suitability of salmon incubation conditions.

3.2.1 Continuous Surface and Intragravel Water Temperature

Continuous surface and intragravel water temperatures were measured at
one location in each site with the exception of Indian River which had
two sites. Indian River site #3 was initially installed in a chinook
salmon spawning site for another ADF&G study. Monitoring of
temperatures was continued for this study to obtain temperatures on a
spawning site used only by chinook salmon. Indian River site #4 was
installed in a coho, chum and pink salmon spawning area. A complete
presentation of these data are included in Keklak and Withrow (1985). A
boxplot diagram is presented to summarize the surface and intragravel
water temperatures by site classification (Figure 14). Similar trends
appear to- exist in both intragravel and surface water temperatures.
Mainstem and side channel sites that have open leads and no spawning
have the warmest median temperatures, while tributary and mainstem

spawning sites have the Towest.

In general, surface and intragravel water temperatures dropped in all

sites from September until late October or early November. At this time
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the temperatures rose slightly and stabilized, with intragravel water
temperatures generally warmer than surface water temperatures. Freezing
of sites for part or all of the winter occurred in side channel, and
mainstem spawning areas. The intragravel environment of tributary
spawning habitats and areas of open leads with no spawning in mainstem

and side channel habitats, generally remained above freezing.

3.2.2 Freeze Core Substrate Evaluations

Freeze-core substrate samples collected at all sites were analyzed to
compute the fredle index as a measure of substrate quality. The fredle
index is a measure of both pore size and relative permeability, both of
which increase as the fredle index increases. This textural analysis
verifies the general substrate evaluations made during the open water
survey period. The composition of substrate samples collected at all

sites are summarized in Appendix Table C-1.

The substrate composition presented in Appendix Table C-1 shows similar
substrate composition for salmon spawning areas in tributary, side
channel and mainstem habitats. The greatest percentage of substrates
collected in all these habitat types are greater than 2.0 mm in size.
Only a small percent of the substrates in all three habitats are Tess
than 2.0 mm. One sample, collected at Lane Creek, in which 53% of the
substrate was less than 0.062 mm, did not fit the general trend for

these habitats.
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Mainstem and side channel sites that exhibited open leads but had no
reported salmon spawning, had slightly smaller substrates. The majority
of substrates in these sites was between 2.0 mm and 127 mm. Only a
small percentage of the substrates were either smaller than 2.0 mm or
greater than 127 mm. It appears that there is a slight increase with

depth, in the percent of fines found in the samples.

The results of the analysis to determine substrate quality (fredle
index) are presented in Table 5. This analysis is based on the entire
16 inch freeze core sample at each site. No clear trends were obvious

in substrate quality with depth, in any of the habitats.

In Tooking at the four indices (geometric mean particle size, sorting
coefficient, fredle index and percent finer than 10 mm) general compari-
sons of substrate composition between site classifications can be

determined.

The average geometric mean particle size is largest in tributary
habitats and smallest in areas of open leads and no spawning. Mainstem
spawning habitats have an average geometric mean similar to that of

areas with open leads and no spawning.

The sorting coefficient, used to quantify the distribution of grain
sizes in gravels, is a useful indicator of a gravel's reproductive
potential for salmonids (Lotspeich et al. 1981). A sorting coefficient

greater than one implies that pores between large grains are filled
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with smaller grains that restrict permeability. The sorting coefficient
is inversely proportional to permeability. Side channel and mainstem
spawning sites with open leads have the lowest and most closely related
average sorting coefficients, indicating less fine particles filling the
pore spaces between larger particles. Tributary spawning habitats have

the largest average sorting coefficients.

Areas of open leads with no spawning have the largest average percentage
of fines less than 1.0 mm. The other three site classifications,
tributary, side channel and mainstem spawning areas, have almost identi-
cal average percentages of fines, less than half of that found in

non-spawning areas.

Tributary spawning habitats have the largest average fredle index of all
habitat types. The other three site classifications have almost
identical average fredle index numbérs. The average fredle index number

in the other sites is roughly half of that found in tributary habitats.
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4.0 DISCUSSION

This report provides a preliminary data summary of surface and intra-
gravel water temperatures and substrate composition in tributary, side
channel, and mainstem habitats in the middle Susitna River. These data
provide information on salmon incubation conditions which can be used to
evaluate potential replacement salmon spawning habitat in mainstem and
side channel sites in the middle Susitna River. These potential salmon
spawning areas appear to be presently limited by high water velocities
and may have flows more suitable for salmon spawning under with-project
flow regimes. The data in this report only provide baseline information
on salmon incubation conditions to allow preliminary identification and

comparison of potential replacement salmon spawning habitats.

The primary means used to locate potential replacement salmon spawning
areas in mainstem and side channel habitats was to focus on areas of
open leads identified in winter aerial photos. Open leads often indi-
cate the presence of upwelling areas which are used as spawning habitats
for chum salmon (Vincent-Lang et al. 1984). Upwelling areas in mainstem
and side channel sites would therefore be 1ikely locations for providing
suitable replacement salmon spawning habitat under with-project flow
conditions, assuming other salmon spawning requirements are favorable.
Although salmon have been observed spawning in mainstem and side channel
habitats in which open leads did not occur during winter, periodic
freezing and dewatering of substrates in these areas make them unsuit-
able for salmon incubation. Upwelling areas would provide a more stable

incubation environment (Vining et al. 1984) and therefore should be
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considered first when selecting potential salmon spawning replacement

habitat.

Comparison of intragravel water temperatures and substrate composition
in tributary, side channel and mainstem salmon spawning habitats indi-
cate that these parameters are similar in spawning areas among these
three habitat types. These data also indicate that comparable intra-
gravel water temperatures and substrate composition exist in areas of
open leads in mainstem and side channel habitats where salmon spawning
has not been recorded. The presence of suitable intragravel water
temperatures and substrate composition indicates that these areas have
good potential as replacement salmon spawning habitat under with project
flow conditions. In general, tributary habitats appear to be better
suited for salmon spawning and incubation than those mainstem and side
channel sites which were surveyed. Although areas of open leads in

mainstem and side channel sites, where salmon spawning had not been

recorded, contained suitable spawning substrates, the substrates con-

tained twice as much fines less than 1.0 mm than the other three habi-

tats.

Based on these preliminary surveys, it appears that sites exist in side
channel and mainstem habitats in the middle Susitna River that may
provide suitable replacement salmon spawning habitat. Some of these
areas may require additional habitat modifications such és improving
passage conditions or loosening of cemented substrates to provide better
spawning habitat. However, the information presented in this report is

based on limited field observations and data. More detailed studies
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should be conducted in the future at selected replacement habitat sites
to determine which sites would be most cost effective for mitigation

purposes.
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Salmon Spawning Distribution Maps.
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Appendix Figure A-1.

Observed chum salmon side channel spawning sites
between RM 100.0 and 101.0 in the middle Susitna
‘River.
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Appendix Figure A-2.

Observed chum salmon side channel spawning

site at RM 110.1 in the middle Susitna River.
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Appendix Figure A-4. Observed chum salmon side channel spawning

sites between RM 114.5 and 115.5 in the middle
Susitna River. -
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Appendix Figure A-6.

Observed chum salmon side channel and mainstem
spawning sites between RM 118.5 and 120.0 in
the middle Susitna River.
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Appendix Figure A-7. Observed chum salmon mainstem spawning
site at RM 120.9 in the middie Susitna
River.
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Appendix Figure A-9. Observed chum salmon side channel spawning

site at RM 124.9 in the middle Susitna
River.
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Appendix Figure A-10.

Observed chum salmon side channel and
mainstem spawning sites between RM 128.0
and 129.0 in the middle Susitna River.
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Appendix Figure A-12.
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Observed chum salmon side channel and
mainstem spawning sites between RM 129.8 and
130.5 in the middle Susitna River.
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Appendix Figure A-13.

Observed chum and coho salmon side
channel spawning sites between RM 131.0
and 131.8 in the middle Susitna River.
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Appendix Figure A-14.

Observed chum salmon mainstem spawning
site at RM 132.9 in the middle Susitna

River.
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Appendix Figure A-15.

Observed chum and sockeye salmon side
channel spawning sites between RM 134.6
and 135.2 in the middle Susitna River.
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Appendix Figure A-16.

Observed chum salmon side channel and
mainstem spawning sites between RM 136.0
and 137.0 in the middle Susitna River.
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Appendix Figure A-18. Observed chum and sockeye salmon mainstem
spawning sites between RM 138:5 and
139.5 in the middle Susitna River.
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Appendix Figure A-19. Observed chum salmon side channel
spawning site at RM 140.5 in the
middle Susitna River.
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Appendix Figure A-20.

Observed chum and sockeye salmon side
channel and mainstem spawning sites
between RM 140.8 and 141.6 in the middle
Susitna River.

A-21



MAINSTEM SITE
RM 143.3L

CHUM
SPAWNING AREA B2

23 CHUM
SPAWNING AREA 84

é 0 500
—
: FEET

{Approx. Scals)

Appendix Figure A-21. Observed chum salmon mainstem spawning
site at RM 143.3 in the middle Susitna
River.
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APPENDIX B

Site Descriptions at Continuous Water
Temperature Monitoring Locations

Used for Ice Covered Studies.
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Tributary Habitats

Lane Creek (RM 113.6R/TRM 0.1)

Lane Creek 1is a clear water stream originating in the sloping
terrain bordering the east bank of the Susitna River, entering the
mainstem Susitna River at river mile 113.6. It consists of a
series of pools, riffles and small falls flowing over boulder/
cobble substrate. In the pools, there are areas of excellent large
gravel/small gravel substrate. Overhanging vegetation grows along

the banks, and algae flourishes on the rocks of the streambed.

Lane Creek is a traditional salmon spawning area for chinook, coho,
chum and pink salmon. There doesn't appear to be any barriers to
salmon passage except at the mouth during periods of low mainstem
discharge. Additional information on chum salmon spawning in the

tributary mouth habitat can be found in Sandone et al. 1984.

The datapod site is located in a 2-4 foot deep pool approximately
1,800 feet from the mouth on the left bank (Appendix Figure B-1).
Substrate in the pool consists of small gravel/large gravel.
During winter, an open lead is present through this area except
during the coldest periods. The lead is possibly due to velocity
and current effects, as no upwelling or bank seepage was observed.
This area was utilized by all species of salmon spawning in the

creek.
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Appendix Figure B-1.

Location of datapod in a tributary
habitat, Lane Creek, RM 113.6R,
TRM 0.1.
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4th of July Creek (RM 131.0/TRM 0.2)

Fourth of July Creek enters the west side of the Susitna River at
river mile 131.0. The habitat consists of a series of pools and
riffles. Boulder/cobble substrate is present in the riffles, with
pockets of large gravel and rubble in the slower velocity pool
areas. Log jams are common in this reach. The mouth of 4th of
July Creek is known for overflow events during the process of
mainstem staging and freeze up which can result in a build up of

jce several feet thick.

Chinook, coho, chum and pink salmon utilize 4th of July Creek for
spawning. There is a large waterfall approximately 3.5 miles
upstream from the mouth that constitutes a barrier to upstream fish
migration. Suitable salmon spawning habitat exists above this
waterfall that is inaccessable. Further information on chum salmon
spawning in the tributary mouth habitat can be found in Sandone et

al. 1984.

A datapod water temperature recorder was located near the first

major log jam approximately 1,300 feet upstream of the mouth

(Appendix Figure B-2). Immediately below this log jam is a deep
pool with small gravel/large gravel substrate. The datapod probe
was on the north side of this pool in about three and one-half feet
of water. This area was utilized by all species of salmon spawning

in the creek.
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Appendix Figure B-2. Location of datapod in a tributary habitat,
4th of July Creek, RM 113.1L, TRM 0.2.
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Indian River (RM 138.6L/TRM 0.2)

Indian River enters the Susitna River on the northwest side, at
river mile 138.6. This 1is a clear water tributary flowing over
cobble/boulder substrate in a pool-riffle pattern. There are areas
of Tlarge gravé]/rubb]e substrates associated with pool areas. The
stream channel of Indian River is braided over the first mile due

to a shallower gradient over this reach.

A1l five species of salmon spawn in Indian River. Chinook salmon
use 13 miles of its reach. There appears to be little or no

passage restrictions, as extensive areas are used for spawning.

There are two datapod water temperature recorders in Indian River
(Appendix Figure B-3). One is on the right bank 3,000 feet
upstream of the mouth. This spawning site was used by all species
of salmon. The other datapod site is located on the left bank,
4,000 feet from the mouth. This site was only utilized by chinook

salmon.

Channel Habitats

Mainstem Two Side Channel (RM 115.0R)

Mainstem Two is a Y-shaped side channel approximately one mile long
located one mile upstream of Lane Creek. The side channel is

separated from the mainstem Susitna by a large vegetated island.
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The east and west forks are 4,400 and 2,800 feet long respectively.
The confluence of the channels is approximately 1,600 feet upstream
of the mouth. The east fork breaches at approximately 25,000 cubic

feet/second (cfs) while the west fork breaches at 16,000 cfs.

The first 1,600 feet of the side channel is primarily a backwater
area. Above this reach the habitat consists of pool and riffle
sequences throughout both forks. Substrate in the backwater area
is composed of a deep layer of silt/sand over cobble/boulder except
in the extreme upper portions where there are pockets of
rubble/large gravel. The riffles have well cemented cobble/boulder

substrate, while the pools contain rubble/large gravel substrate.

There is moderate to heavy bank seepage and upwelling from both
banks in the backwater area and in the east fork. In an unbreached
condition, intragravel flow through the head of both forks may
exist. According to winter aerial photos, an open lead extends
from the lower one-quarter of the east fork down to the mouth
(Figure 3). Due to low velocity and isolated pools during this

time, this lead is likely the result of upwelling.

Chum salmon spawning in Mainstem Two has been documented for the
past three years (1982-84) (Barrett et al. 1985). The preferred
spawning areas appear to be the upper portions of the backwater and
several pools of the east fork (Appendix Figure A-4). There is no

record of any spawning activity in the west fork. ADF&G personnel
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have identified nine passage areas in Mainstem Two that may be
restrictive to salmon passage (Blakely et al. 1984; Sautner et al.

1984),

A datapod was located in a chum salmon spawning area in the east
fork on the right side of a pool (Appendix Figure B-4). Charac-
teristically substrates are well armored cobble/boulder with some

rubbie.

Side Channel at Fourth of July Creek (RM 131.3L)

This site is located in a side channel 1,200 feet upstream of the
mouth of 4th of July Creek (Appendix Figure B-5). The left bank is
a 12 foot cut bank. A small bog fed creek drains into the channel
immediately upstream of the site. | Substrate is a Tloose
conglomeration of rubble/large gravel/cobble. Upwelling and bank
seepage are present throughout the northwest bank especially in the
area of the bog drainage. The upwelling 1is probably responsible
for the open lead present during the winter (Figure 3). Surface
water temperatures ranged from 6.9° to 7.3°C while intragravel
temperatures ranged from 4.4° to 5.3°C. Chum salmon and some cohd
salmon spawn in various areas of the side channel including the

datapod site (Appendix Figure A-13).
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Appendix Figure B-5.

Location of datapod in a side channel
habitat, RM 131.3L.
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Upper Side Channel 11 (RM 136.0R)

Upper Side Channel 11 is a straight broad channel on the right side
of the Susitna River at river mile 136.0. The head of Slough 11
bisects the side channel on the right side. The first 500 feet of
Upper Side Channel 11 consists of a wide backwater area with heavy
silt accumulations over the substrate. The remaining area consists
of a series of pools and long riffles flowing over boulder/cobble
substrate. There 1is extensive bank seepage and upwelling along
both banks of the backwater area but none discernibie in the upper
reaches. An open lead is usually present during the winter (Figure

3), although none was present during 1984/1985.

Chum spawning has been documented in two locations from 1981-84
(Appendix Figure A-16). The head of the backwater area and a pool
across from the head of Slough 11 are the primary spawning areas.
The datapod probe was located in the‘uppermost chum salmon spawning

site (Appendix Figure B-6).

Side Channel 21 (RM 141.6R)

This site is 200 feet below the mouth of Slough 21 in Side Channel
21. Side Channel 21 is an approximately one mile long channel
flowing over cemented cobb]e/bou]def substrate with sand deposits
occurring in pools. Intermittent channels connect the side channel

with the mainstem. There is upwelling and bank seepage along both
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banks, especially in the upper reaches which, when combined with
Stough 21 outflow results in an open lead originating in Slough 21
and extending beyond the mouth of the side channel (Figure 3).
Surface water temperatures ranged from 5.3°C to 5.7°C, while

intragravel temperatures ranged from 4.7°C to 5.4°C.

Chum and sockeye salmon have been observed spawning in the side
channel from 1981-84 (Appendix Figuré A-20). There are numerous
reaches within this site that may be restrictive to upstream

movements of salmon (Blakely et al. 1984 and Sautner et al. 1984).

A datapod probe was Tlocated in the middle of the channel
approximately 250 feet downstream of the mouth of Slough 21
(Appendix Figure B-7). This area was heavily used by chum and

sockeye salmon for spawnihg.

Mainstem Habitats

Susitna River at RM 118.9L

This site is located on along a straight, ten foot high cut bank
section of the Susitna River approximately 3,000 feet below the
mouth of Oxbow Two side channel (Appendix Figure B-8). A bog fed
creek drains into the river 200 feet upstream of the site.
Substrate is angular cobble/boulder through the lower 2/3 of the

site with rubble/large gravel in the upper 1/3. The upper area has
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a good flow of bank seepage and upwelling, probably related to the
bog drainage. There is an open lead throughout this area which is
apparently the combination of velocity and upwelling/bank seepage
(Figure 3). Surface water temperatures ranged from 7.1 to 7.2

while intragravel temperatures were 5.2 to 7.1.

Chum salmon spawning activity has been documented on this site for
the past two years (1983-84) (Appendix Figure A-6). The majority
of spawning occurs in the upper 1/3 where the good substrates and

upwelling are located.

Susitna River at RM 132.9R

Mainstem site 132.9R is found 3,000 feet downstream of the mouth of
STough 9A on the east side of the river. The channel is broad and
rectangular with gently sloping banks on both sides. Water
velocity is fairly rapid and substrate consists of angular boulders
and cobbles well cemented in. There is no upwelling visible and
limited bank seepage. There is a small lead on the east bank

apparently associated with this seepage (Figure 3).
In 1984 chum salmon were reported spawning at this site (Appendix

Figure A-14). The datapod probe was located in the spawning area

(Appendix Figure B-9).
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Susitna River at RM 139.0L

This mainstem site is approximately a 600 feet reach near the mouth
of Slough 17 on the west side of the river. It has moderate to
high velocities under most discharge ranges. Substrates are
rubble/cobble with some areas of large gravel. Upwelling and bank
seepage are present along the west bank, probably originating in
Slough 17. Upwelling is likely responsible for the open lead which
occurs here (Figure 3). Surface water temperatures ranged from
7.7°C to 8.6°C while intragravel temperatures range from 5.3°C to

6.5°C.

Chum spawning has been documented at this site for 1982, 1983 and
1984 and sockeye spawning was documented in 1984 (Appendix Figure
A-18). The datapod probe was installed in the chum salmon spawning
area approximately 500 upstream of the mouth of Slough 17 (Appendix
Figure B-10).

Lead No Spawning

Side Channel at RM 117.9L

Datapod site 117.9L is a small 1,500 foot side channel adjacent to
Bushrod Slough on the west side of the Susitna River. It has a
wide sloping channel of cobble/rubble substrate with riffles at

both the head and mouth. The left bank slopes up to a small cut
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bank island which separates the side channel from Bushrod Slough.
Along this bank there 1is heavy bank seepage and upwelling,
especially at the upper end of the side channel. No upwelling is
apparent along the right bank. Surface water temperatures ranged
from 7.2 to 7.8°C, while intragravel temperatures were from 5.7 to
7.3°C. A dewatered channel extends upstream from the head of this
side channel, connecting with the upper reach of Bushrod Slough.
This channel is usually dry except during high water events at

which time there is a backwater area at the‘lower end.

In winter, an open lead extends from just below the head down to
and joining with the lead emerging from Bushrod Slough (Figure 3).
This lead is 1likely the result of upwelling and bank seepage as
there is little apparent flow during this time. There has never
been any reported spawning in this side channel. The datapod probe
was located in the open lead, approximately in the middle of the

side channel along the northwest bank (Appendix Figure B-11).

Susitna River at RM 127.1C

This site is located in an island complex 1.2 miles downstream of
the mouth of Slough 9. It is on the inside of a sweeping bend so
that water velocities remain moderate. Substrate is predominately
large gravel/rubble with numerous sand deposits. Upwe]]iﬁg éndr
bank seepage are strong along the left bank, accounting for the

open lead that exists during the winter (Figure 3). Surface water

B-21



DRAFT

/o\ DATAPOD

o 500

FEET
(Approx. Scale)

Appendix Figure B-11.

Location of datapod in an ar
open lead with no spawning,

ea of an
RM 117.9L.

b



DRAFT

temperatures range from 6.4° to 7.1°C with intragravel temperatures
ranging from 3.7° to 7.6°C. No spawning has been recorded for this
site although it appears to contain excellent substrate. The
datapod probe was located in the middle of the 200 foot reach about

15 feet from the left bank (Appendix Figure B-12).

Susitna River at RM 137.5L

This datapod site is located on the outside edge of a bend in the
Susitna River, 100 feet downstream from the mouth of Slough 16
(Appendix Figure B-13). Water velocity in this reach is generally
high. Accordingly, substrates tend to be well cemented
boulder/cobble. The northwest bank slopes up to a 10 foot cut
bank.

Open water surveys found surface water temperatures ranging from
10.4°C to 12.3°C, while intragravel temperatures range from 4.7°C
to 8.1°C. There is no apparent upwelling or bank seepage. The
open lead that exists here during the winter is most likely a
velocity lead (Figure 3). Salmon spawning has not been documented

on this site.
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Spawning with No Open Lead

Side Channel at 129.8R

This is a broad side channel that extends from the head of Slough 9
to Sherman Creek along the south bank of the Susitna River. The
site usually contains turbid mainstem water due to a low breaching

discharge.

Open leads are generally present near the head of the side channel
and along the left bank in the lower reach (Figure 3). Upwelling
and bank seepage were observed near the head, probably due to the
influence of Sherman Creek. While none was observed in the lower
portion, chum salmon have previously spawned along the left bank
(Appendix Figure A-12), indicating possible intermittent upwelling

or bank seepage.

Substrates are generally well cemented rubble, cobble, boulder with
limited areas of suitable substrate for spawning. Chum salmon have
used this side channel for spawning during 1981, 1982 and 1984
(Appendix Figures A-11 and A-12).

The datapod was located in the lower portion of the site along the
right bank (Appendix Figure B-14). This was an area of chum salmon
spawning during 1984 but with no open lead usually present. This
site dewatered and froze early in the winter, preventing an accu-

rate assessment of temperatures and substrate.
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Appendix Figure B-14.

Location of datapod in an area of spawning
with no open lead, RM 129.8R.
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