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ABSTRACT

To augment late-summer flowe below Howard Hanson Dam, a 36-foot increase in
spring/summer elevation of the Howard Hanson Reservoir is proposed. The
increase in reservoir level would seasonally inundate portions of the
mainstem Green River and nine other tributaries in the Howard Hanson
Reservoir basin. Upper watershed tributaries are annually planted with
subyearling chincok salmon (Oncorhynchus tshawytscha), coho salmon (O.
kisutch), and steelhead (0. mykiss). Adult steelhead planting began in
1992. We conducted periodic fish and habitat surveys in the tributaries in
1991 to: (1) aseess the extent and quality of additional tributary habitat
impacted by an increase in maximum level of summer conservation pool, (2)
characterize present fish usage of these habitatse, and (3) evaluate the
effecte of the pool raise on salmonid rearing and potential steelhead
spawning. We determined that the proposed poecl raise would seascnally
inundate approximately 3.2 miles of tributaries with a wetted area of
1,350,000 square feet during typical spring flow, and 808,000 square feet
at late-summer flow. This habitat provides short-term rearing for juvenile
chinook (most subyearlings appear to emigrate from tributaries by late
spring/early summer), and year-round rearing for other salmonids. Potential
smolt production from the affected tributary habitat is estimated to be
approximately 21,000 to 210,000 chinook salmon, 11,710 coho salmon, and
1,785 steelhead trout. About 640,000 square feet of steelhead trout
epawning habitat is also available in the reservoir’s large tributaries
affected by the proposed project. Potential inundation of steelhead redds
during spring refill would probably cause high embryo mortality. Resident
trout utilize all tributaries, and juvenile cutthroat are dominant. Large
tributaries presently offer relatively high habitat suitability for both
juvenile and adult salmonids; small tributaries offer generally lower and
more variable habitat suitability than the large tributaries. Seasonal
tributary inundation will likely reduce 1) the percent and cover value of
pools, 2) riparian vegetative cover, and 3) streambank stability, while
increases will occur in riffle fines. These effects are progressive, that
is, the upper reaches of inundation in each tributary will be less affected
because inundation occurs for less time than in downatream reaches.
Inundation would typically occur for about six months (early April to late
September) and result in an average increase of 180 surface acres of
reservoir and 5.2 miles of reservoir shoreline. This seasonal increase in
reservoir habitat may benefit anadromous fish production, particularly that
of coho salmon, but no estimation techniques are available to reliably
quantify such benefits. Resident lake-rearing trout may also benefit from
this seasonal increase in reservoir habitat,
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INTRODUCTION

Additional water storage is proposed for Howard Hanson Reservoir to augment
late summer flows in the Green River below Howard Hanson Dam. Thie added
water storage would elevate reserveoir pool levels in the spring and summer
to a maximum of 1177 feet above mean sea level, as opposed to the existing
maximum pool level of 1141 feet. Added water storage would also require
that spring filling begin sooner than presently occure. The exact shape of
the annual refill and drawdown schedule under the added storage proposal
has not yet been determined, however.

State and tribal agencies annually plant young-of-the-year chinock, coho,
and steelhead in the watershed above Howard Hanson Dam (Appendix B), and
adult steelhead planting began in 1992. Added water storage in the
reservoir during the spring and summer would further inundate reservoir
tributaries containing rearing and spawning habitat for anadromous and
regident salmonids. Tributaries which would be flooded include portions of
the mainstem Green River, the North Fork of the Green River, and eight
other streams of consequence (Figure 1).

Presently, the U.S. Army Corps of Engineers (Seattle District) is
conducting an investigation of the feasibility of increasing summer storage
in the Howard Hanson basin. One component of the feasibility study
addresses impacts to tributary habitat in the immediate reservoir basin
from seasonal inundation which would ocecur with the proposed higher pool.
Although many multi-purpose reservoirs such as Howard Hanson seasonally
flood tributaries, few evaluations

specifically address impacts to tributaries resulting from such inundation.

In 1991, the Western Washington Fishery Resource Office (WWFRO) assessed
the impacts of the proposed increase in summer pool elevation on salmonid
rearing habitat and steelhead spawning habitat in tributary reaches
affected by the seasonal pool raise. The specific study objectives were:

1) Quantify the amount of tributary rearing and spawning habitat
affected by the pool raise.

2) Qualitatively assess the value of tributary rearing and spawning
habitat affected by the pool raise.

3) Qualitatively assess the impacts of the pool raise on rearing and
spawning habitat in the reservoir basin.




METHODS

General Approach

We conducted monthly surveys from April to October of 1991 within each
tributary affected by the proposed pool raise. We assessed salmonid use by
electroshocking and snorkeling representative reaches of each tributary. We
also inventoried key habitat features of each tributary during the spring
and late-summer months. Spring surveys focused on potential spawning
habitat for steelhead and resident trout (the propoesed higher pool would
inundate spawning habitat for steelhead and resident trout), and rearing
habitat for all epecies of interest. Late-summer surveys focused on low-
flow rearing habitat and general habitat features within both the proposed
and the existing inundation zones of each tributary. Habitat in the
existing inundation zone of each stream was examined to contrast habitat
quality in inundated and non-inundated portions of the same stream. Table 1
summarizes major field activities. Potential smolt production was
calculated from stream habitat data. Changes in reservoir area and
shoreline length were measured (Table 2} to evaluate possible tradecffs
between stream and reservoir rearing area.

Inundation Bounds

In our initial April eurveys, we located and marked the bounds of proposed
inundation in streams affected by the pool raise (Figure 1). On the first
gtream surveyed (Charley Creek on April 23, 1991), we used the existing
lake level elevation as a benchmark, surveyed to elevation 1141 feet with a
transit, and determined that the existing tree/shrub line at high summer
pool was a useful elevation guide. Thereafter, we relied on visual
estimates of the tree/shrub line to locate the 1141-foot level in other
streams, and surveyed with the transit to elevation 1177 feet, the upper
limit of inundation 36 feet above the existing high summer pool. Lower and
upper bounde of inundation in each stream were flagged during the survey
for future reference. Within the proposed inundation zone of each stream,
we also flagged a 100-yard representative reach for fish sampling. The
representative reach typified habitat in the proposed inundation zone, and
was located near its center.

We did not survey the bounds of inundation in Page Creek (Figure 1) until
September, because we overlooked this independent tributary in our initial
April surveys. Page Creek is not listed in the stream catalog (Williams et
al. 1975) and it was incorrectly assumed to be a minor side channel of the
North Fork during the spring-flow period. However, its relatively high flow
in late summer prompted us to examine its source (Page Mill Pond),
separately survey it, and label it Page Creek for this report.

Fish Usage of Tributaries

We assessed fish usage in representative reaches of each stream during the

third week of each month from April to October {except Page Creek, above).

We electroshocked the North Fork (within a shallow side channel only), Gale
Creek, Cottonwood Creek, Piling Creek, and streams 0202, 0212, and 0215
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{Figure 1). Each electroshock survey consisted of a thorough upetream
sweep, by the same personnel, in the same manner. Numbers and lengthse of
salmonids collected were recorded. We took scales from some salmonids to
aid in determining their age. We examined all juvenile chinook with a black
light and noted presence of fluorescent dye-marks applied to portions of
chinook groups released at two locations in the upper mainstem, and in the
North Fork {Appendix Table B). Captured fish were returned to their places
of collection at the conclusion of each survey.

We used length-fregquency analysis and available scale information to
identify age classes of electroshocker-caught fish. We also contacted
peraonnel at Washington Department of Wildlife for information on resident
trout age-length relationships in this drainage.

We snorkeled the Green River mainstem, North Fork, and Charley Creek
{Figure 1) because electroshocking was generally not practical in these
large streams. Each monthly snorkel survey consisted of one downstream
drift by the same personnel through the representative reach. Numbers and
approximate sizee of salmonids observed were noted. We also conducted
supplemental snorkel surveys of the mainstem and North Fork in July,
September, and October, outside of the representative reachese for habitat
agsessment purposes described below. During these supplemental surveys,
fish observations were noted.

We sampled salmonids with hook-and-line in the lower mainstem and the mouth
of Charley Creek in late fall to help identify epecies composition and age
class of adult salmonids concentrated in these areas (all adult salmonids
were resident fish; no adult steelhead releases occurred above Howard
Hangon Dam either prior to or during the study periocd). Fish collected were
measured for length, scales were taken, and, in addition, gonads were
examined in several specimens to determine maturation.

We racorded resident cutthrecat redds observed during the course of our
monthly surveys from April through June, which covered the late-spring
spawning period.

We reviewed fyke trap catches in the mainstem and North Fork (Figure 1}.
Fyke trapping occurred concurrently for the WWFRO fish passage study at
Howard Hanson Dam in 1991 (Dilley and Wunderlich 1992). These catch data
provided added information on fish usage in tributaries. The mainstem fyke
was located within the proposed inundation zone, while the North Fork trap
was located, for access reasons, about 0.6 stream miles above the proposed
inundation zone.

Potential Smolt Production

Chinook Salmon

We computed potential chinock emolt production in affected tributaries by
applying smolt density values to available rearing habitat. We assumed a
predominate late spring/early summer ocutmigration pattern based on mainstem
fyke trap catches and ATPase values observed in the concurrent WWFRO
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outmigration study, and life history information for Green River fall
chinook (Grette and Salo 1986). We used spring wetted area of the affected
tributaries as the rearing habitat base because of the assumed late
spring/early summer outmigration pattern. Rearing densities for juvenile
chincok salmeon at this stage are quite uncertain, so we applied a possible
low value ({0.14 smolts/yd?) and a high value (1.40 smolts/yd?’) based on a
review of chinook density values reported by Natural Resources Consultants,
Inc. (1991). This yielded a range of potential chinook smolt production.

Purther assumptions and limitations of this approach (including use of
density values) appear below.

Coho Salmon

We clageified tributaries as large (> 18 feet width at summer low flow) or
small, then applied appropriate coho smolt production factors. Potential
production in large tributaries was determined by applying 2.5 smolts/yd of
thalweg length (Zillges 1977). Production in emall tributaries was
calculated by applying 0.092 smolts/yd’ low—-flow wetted area, based on
production factors reported by Baranski (1989).

Steelhead

We estimated steelhead smolt production in tributary streams with the parr
utilization factors reported in Gibbone et al. (1985), and an assumed parr-
to-smolt eurvival rate. Following this methodology, we stratified
tributaries by gradient and discharge, then applied the following Green
River parr density factors per 100 m’ of low-flow area (Table 12 in Gibbons
et al. (1985)): 4.10 for the Green River mainstem; 6.68 for other large
tributaries (greater than 10 cfs late-summer flow); and 5.11 for the
remaining small tributaries. We assumed a 50% parr-to-smolt survival rate
in all streams, as this value has been used in previous applications of
this type (Thom Johnson, Washington Department of Wildlife, personal
communication).

Habitat Impact Assessment

Several habitat featuree were noted in the proposed inundation zones of
each stream during spring. We recorded information on stream widthe and
depths to approximate potential steelhead spawning area. We alsoc estimated
amount of backwater habitat of value for coho rearing during winter (April
only). We evaluated potential adult steelhead barriers in the inundation
zones using the method of Powers and Oreborn (1985). Habitat above a
potential steelhead barrier was examined to see if any new spawning area
would be accessible if the barrier were inundated with the proposed higher
spring pool.

For low-flow surveys, we selected a stream habitat inventory method used by
the U.S. Forest Service (1990), and modified it for this assessment. This
method allowed a relatively rapid, but extensive, assessment of stream size
and key habitat features within each tributary (plus determination of HSI
values described below). After stream habitat was classified as pool or
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riffle, its area and depth were physically measured. Then we qualitatively
assegsed pool clams (if pool), substrate type, woody debris, instream
cover, substrate embeddedness, riparian cover, bank cover, and canopy
cover. Specific assesement criteria are provided in Appendix Table A.
Qualitative assessments were made by the same observers in all sections of
all streame to reduce variation in data due to observer bias.

Late summer/early fall habitat inventories were conducted in both the
proposed and the existing inundation zones of each tributary. This
permitted a contrast between zones, and thus a basis for predicting the
specific effects of seasonally inundating new areas of these same streams.
We surveyed the entire 36-foot elevation gain in proposed inundation zones,
and the top 30-foot gain in existing zones (except as noted below).
Although proposed zones were surveyed in late August/early September, we
delayed surveying the existing zones until late October in order to take
advantage of the unusually low lake level and stream flow caused by the dry
fall weather of 1991. This was accomplished by checking daily weather
forecasts. This delay permitted the best possible contrast between zones
becauee stream flows were still comparable in both time pericds, yet more
of the existing zones were exposed by late October.

We used a computer spreadsheet to summarize and tabulate habitat inventory
data which were used, in part, to determine Habitat Suitability Index (HSI)
values described below. Gradient was calculated from measured thalweg
length and elevation gain in each stream. Qualitative habitat assessments
in each habitat type (pool or riffle) of each stream were weighted by their
respective area or length to better characterize habitat features
throughout the entire inundation zone. That is, we made individual
assessments of all habitat features in each habitat type. Toc characterize
the entire stream reach for each habitat feature, assessments in each
habitat type were weighted by the proportion of the total reach the habitat
type represented. Substrate type, substrate embeddedness, and instream
cover were weighted by stream area; riparian cover, bank cover, and canopy
cover were weighted by stream length. Appendix Table A provides more detail
on weighting.

In addition to collecting the habitat measures described above, we measured
instantaneous stream temperatures during monthly habitat surveys, and
measured low-flow discharges in all streams to help characterize stream
habitat.

Habitat suitability of the tributaries was assessed using the Service’s HSI
models for chinook salmon {Raleigh et al. 1986), coho salmon (McMahon
1983), rainbow/steelhead trout (Raleigh et al. 1984), and cutthroat trout
{Hiclkman and Raleigh 1982). These references provided an index of habitat
suitability for a variety of habitat variables at different life stages of
each species. HSI values for each variable {or habitat feature, such as
pool/riffle ratio) are uniformly scaled on a 0 to 1 basis (O being poorest;
1 being best habitat suitability for a given habitat variable). We selected
a range of fundamental habitat variables for juvenile and adult life
stages, and estimated HSI values for each variable in each stream (proposed
and existing inundation zones).




Habitat variables used for juvenile salmonids are described in Table 3, and
adult salmonids in Table 4. For juvenile salmonids, we determined that most
variables were reasonably common to all species of interest. The only
exceptions were canopy cover and winter-backwater area, which we found were
most relevant only to juvenile coho salmon and not other juvenile
salmonide. Adult salmonid variables were alsc the same for both species
{rainbow/steelhead and cutthroat), except distinction was made for adult
size as it related to suitable thalweg depth. For this evaluation, we used
HSI variable curves which related to large adult trouts only (which would
include adult steelhead).

We assessed the probable impacts of seasonal inundation by contrasting HSI
values for the proposed and existing inundation zones within each steam,
for each life stage. Because HSI values are scaled similarly (0 to 1),
between-stream comparisons of habitat features were alsc made.

Redd Inundation

We reviewed the available scientific literature regarding the effects of
inundating redds. With adult steelhead releases in the upper basin,
spawning may occur in tributaries later inundated during the egg-incubation
period. We examined literature available at the University of Washington
and Washington State Library.




RESULTS AND DISCUSSION

For descriptive purposes in this report, we divided the Howard Hanson
tributaries into large and small categories. Large tributaries consisted of
the Green River mainstem, the North Fork of the Green River, Page Creek,
Charley Creek, and Gale Creek (Figure 1}. These streams had late-summer
flow of at least 10 cfs, and represented the bulk of the tributary fish
habitat affected by the proposed project. Small tributaries consisted of
Piling Creek, Cottonwood Creek (or stream 0195}, and streams 0202, 0212,
and 0215 (Figure 1). These streams exhibited low summer flows of
substantially lees than 10 cfs, and provided relatively little fish habitat
as a group compared to the large tributaries. Some of these small
tributaries had no flow in late summer, as described below.

An additional small tributary in the basin, stream 0213, enters the
reservoir on the left bank between the reservoir’s upper and lower lobes.
It flowe in a long, steep, half-round culvert through virtually its entire
length in both existing and proposed inundation zones. Because of this
extensive culvert, we omitted stream 0213 from monthly surveys, although
records indicate that this stream has recently been planted with chinook
{Appendix Table B).

Appendix Tables D to R provide detailed results of habitat inventories in
each stream for reference.

Fish Usage of Tributaries

Both rearing and migratory fish were observed in tributary habitat affected
by the proposed project. Distinction between the two is noted below, where
poseible.

Chinook Salmon

The bulk of juvenile chinocok salmon observations within the proposed
inundation zones occurred at the mainstem fyke trap, which was situated at
a railroad bridge about 0.5 river mile upstream of full pool level near the
center of the proposed inundation zone (Figure 1). Because the primary
purpose of the mainstem fyke (and North Fork fyke) was to gauge fish
movement into the reservoir as part of the concurrent WWFRO fish-passage
study in 1991, additional and more detailed information on fyke catch data
is provided in that study (Dilley and Wunderlich 1992). Here we highlight
fyke-trap information as it relates to fish usage of the proposed
inundation zones.

Juvenile chinock catches in the mainstem fyke ranged from late April until
early July, peaking in mid-to-late June. Preliminary data indicate we
recovered a total of 548 chinook at this site. All chinook captures were
subyearling fish planted in late February and early March in the upper
watershed. Appendix Table B provides detailed planting data.

At the mainstem fyke trap, we recovered one dye-marked chinook on June 5th
showing the North Fork planting color (green). Juvenile chinook have been
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observed to move upstream in small tributaries to the upper Elwha River
reservoir (Hosey and Asscciates 1990) and in lower Fraser River tributaries
{Murray and Rosenau 198%9). However, we doubt that thie individual (78-mm
forklength) could move approximately one river mile up the Green River
mainstem (from the North Fork) to the fyke trap at spring flows. We
therefore suspect the individual was a mis-mark.

We observed no juvenile chinook in the proposed inundation zone of the
mainstem during our snorkel surveys (Appendix Table C), which included the
fyke trap site. Most juvenile chinook captures occurred at night at the
fyke, which may explain our lack of juvenile chinook observations while
gnorkeling.

North Fork observations of juvenile chinook occurred almost exclusively in
a shallow side channel near the center of the proposed inundation zone. At
this site, we recovered a total of 143 subyearling chinock by
electroshocker, with a peak catch of 74 in early June (Table S). We only
recovered green-dyed chincok, which originated from a February 2lst
planting by the Tribe about 0.8 river miles upstream. The most productive
collection point at this location consisted of a shallow root-wad narrowly
connected to the main channel. This root-wad site totally dried up by late
July, but appeared to be an ideal short-term rearing site for spring
subyearling chinook, based on similar observations in the upper Nocksack
River (Wunderlich et al. 1982). The North Fork has a relative abundance of
such gsites, compared to the other reservoir tributaries.

North Fork fyke trap catches of juvenile chincok were sporadic with only a
total of 7 captures, 5 of which occurred in late June. The fyke was not
particularly effective at this location (RM 1.0 at a rocad bridge), and
became non-functional by early August due to lack of flow. Additionally,
planting records indicate that most chinook were released at RM 1.0 in late
February and early March, so probably moved downstream before the start of
trapping in early April.

We electroshocked several similar side-channels in the upper mainetem
during late May and early June in an attempt to locate other chinook
concentrations, but were not successful. We sampled on two occasions near
the confluence of Smay Creek (RM 75) and near Lester (RM 81), below major
chinook planting sites.

The only additional observations of juvenile chinoock in reservoir
tributaries occurred in Gale Creek (Appendix Table C). Surprisingly, these
recoveries only occurred in June and July, despite relatively large plants
in this drainage in late winter of 1991 (Appendix Table B). This collection
site included shallow water habitat suitable for young-of-the-year
galmonide.

We consider the reservoir tributaries tc be important short-term rearing
areas and transportation corridors for planted subyearling chinook. By
about late June/early July, most juvenile chinook use appeare completed
based on electroshocker and fyke collections in the mainstem and North
Fork.




Coho Salmon

The bulk of coho salmon collections again occurred in the mainstem fyke
trap, and more detailed presentation of that data is provided in the WWFRO
fish~-passage report. We recovered a total of 897 juvenile coho at this site
(309 smolts, 588 fry). No coho were observed while snorkeling on any date
in the mainstem (Appendix Table C). Smolt collections in the fyke occurred
from April 22nd (first date of operation) until late June, peaking in late
May and early June. This pattern of coho smolt movement is consistent with
earlier scoop trapping in the upper Green River (Seiler and Neuhauser
1985), and is common elsewhere, such as the Elwha River {Wunderlich et al.
1989). Fry collections peaked on the first day of trapping, and then
occurred sporadically until July 30th, with no apparent trend. We note that
fry were planted upriver from April 17th to 19th (Appendix Table B), so
initial fry collections in the proposed inundation zone undoubtedly were
fish displaced from upper planting sites.

North Fork collections were relatively light compared to the mainstem, with
some evidence of a comparable peak in smolt movement. Smolt catches above
the inundation zone in the fyke trap totalled only 16, with a peak of 4
fish on May 19th, and the last recovery on June 1l4th. Only 5 fry were
recovered in the fyke, and an additional 9 by electroshocking in the
representative reach over the total collection period. Evidence of fry
displacement from upstream plants was not apparent in this drainage.

Our sample site in Gale Creek included a mix of habitat types that harbored
juvenile coho in relatively large numbers throughout the collection period,
peaking in June (Appendix Table C),

We did not encounter ccho salmon in other tributaries, except stream 0215
in late summer. Other tributaries were not planted in 1991 or 1990 (with
the exception of Charley Creek in 1990). The coho observed in stream 0215
(0O+ fish as confirmed by scale analyais) evidently originated from another
tributary and moved upstream from the reservoir during summer. Stream 0215
is a small, densely overgrown tributary with extensive seeps in its
proposed inundation zone.

Trouts

Steelhead smolts were noticeably absent in most collections/observations.
Preliminary data indicate only two recoveries in the mainstem fyke trap,
and five in the scoop trap. Seiler and Neuhauser {1985) reported a
fingerling-to-smolt survival of 2.1% for steelhead planted in the upper
Green River in 1982 and recovered by scoop trap in 1984 below Howard Hanson
Dam. Planting records indicate that 46,530 fingerlings were released in
1989 in the upper mainstem (Appendix Table B). At the 2.1% survival rate
reported by Seiler and Neuhauser (1985), approximately 977 smolts would
have passed the project in 1991 during the spring period. It is unclear why
greater numbers were not observed in the 1991 work.

Tributary collections were dominated by juvenile cutthroat trout in most
streame (Appendix Table C), although catches in fyke nets in both the North
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Fork and mainstem contained insignificant numbers of trout compared to
juvenile salmon. Rainbow trout, and "unknown" trout, were present to a
lesser extent. Unknown trout included individuals displaying features of
both rainbow and cutthroat; hybridization between the two species does
occur (Raleigh et al. 1984).

Two trends in abundance were apparent in our monthly trout observations
{Appendix Table C). First, juvenile cutthroat (0+) were collected in
greater numbere in mid-to-late summer, as opposed to the early and late
portiona of our collection period. We believe this coincided with the time
of emergence within and above our sample reachee. Second, we observed
substantially more adult rainbow and cutthroat in the mainstem in late
summer. These increases may be related to spawning movement. Numbers of
fish in the mainstem peaked in September for both species. We alsoc cbserved
similar concentrations of adult trout (approximately 12 to 20 inches long)
above our sample reach, and within the existing inundation zone of the
mainstem, during habitat surveys in late summer. Adult concentrations were
also noted at the mouth of Charley Creek in late summer. Hook-and-line
samples indicated relatively mature egg masses among several individuals
collected at these locations.

We observed only two certain resident trout redds during monthly surveys,
but most spawning may have occurred before our surveys. Both redds were
cbserved in the upper portion of Cottonwood Creek {above an impassable
culvert barrier) on June 4th. One additional possible redd site was noted
in lower Gale Creek at this time, but may only have been an elk hoof print.
Both cutthroat and rainbow trout spawning occurs from January to July
(Hickman and Raleigh 1982; Raleigh et al. 1984), although resident trout
spawning in the upper Green River occurs primarily from January to March
(Stew Mercer, Washington Department of Wildlife, personal communication),
prior to our survey period. However, we collected one gravid female
cutthroat (205-mm forklength) in the upper reach of stream 0212 in late
April.

We believe the resident cutthroat and rainbow trout in the Howard Hanson
basin are likely composed of stream-rearing and lake-rearing strains, which
are reproductively isolated. Such segregation is not uncommon {Raleigh et
al. 1984; Trotter 1989; Carlander 1969). Stream-rearing strains complete
their life history within small, headwater streams such as the small
tributaries in the Howard Hanson basin and reach sexual maturity at a
emaller size than the lake-rearing form. The gravid female cutthroat
collected in stream 0212, and redds observed in upper Cottonwood Creek
likely represent the stream-rearing strain. In contrast, the lake-rearing
strain typically enters large tributary streams for spawning, the young
rear for one to two years in a large tributary, then return to a lake {or
reservoir) for additional rearing and reach much greater size than their
stream-rearing counterparts. Concentrations of large trout observed in the
mainstem in late summer and fall are likely a lake-rearing strain.
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Char

We ccllected brook trout (Salvelinus fontinalis) in Page Creek in August
(Appendix Table C), which was the only sampling conducted in that
tributary. No other salmonids were collected in Page Creek. Brook trout
were collected in the lower reach of this tributary downstream of an
abandoned timber crib dam, described below. Brook trout were not
encountered anywhere else in the basin.

Potential Smolt Production
Chinook Salmon

We calculated a potential chinook smolt production of 21,013 to 210,134 for
the tributary habitat seasonally inundated with the proposed project (Table
6). The bulk of this potential production is associated with the mainstem
and North Fork, followed by the other large tributaries. Potential small-
tributary chinook production is a negligible portion of the total (less
than 3%).

Estimating potential chinook smolt production is problematic because
questions exist regarding rearing densities and limiting factors. The range
of values suggested for the Howard Hanson tributariee is considered
reasonable, however, based on the available information. We drew habitat
density data from a fairly extensive review of the subject (Hosey and
Associates 1988) which listed a range of 0.01 to 1.60 smolts per square
yard in 20 Pacific northweet streams. Based on that review, Natural
Regources Consultante, Inc. (1991) deemed a range of 0.14 to 1.40 asmolts
per square yard as “reasonable" for the Elwha River chinock, which exhibit
a predominate summer-fall emigration pattern (Dilley and Wunderlich 1990)
gimilar to that observed in the concurrent WWFRO fish passage study at
Howard Hanson Dam. In comparison, a 0.2 smolts per square yard density is
suggested for Columbia basin streams (Northwest Power Planning Council
1986), and a 0.1 to 0.6 fish per square yard density was reported for the
Skagit River (Graybill et al. 1978). Our sole chinook collection site in
the North Fork of the Green River supported a peak density of approximately
1 chinock per square yard this past spring (Table 5), which was within the
0.14 to 1.4 smolts per square yard range used in this estimate.

We provide no estimate for juvenile chinook production in the higher
reservoir pool because no methodology is available for this purpose.
Undcubtedly, juvenile chinook rear in the existing reservoir pool during
the summer period, as evidenced by the chinook captured in the concurrent
WWFRO fish passage evaluation at Howard Hanson Dam, and as observed by
Cropp (undated). Similar use is made of the upper Elwha River reservoir by
late-summer-emigrating juvenile chinook (Dilley and Wunderlich 1990;
Wunderlich and Dilley 1988). Lengths of subyearling chinook passing the
Howard Hanson Dam in late summer and fall of 1991 ranged from about 150 to
225 mm based on scale analysis and dye-mark recoveries of chinook collected
at the scoop trap below the dam in the concurrent WWFRO fish passage study.
This suggested that substantial growth occurred since their February
Planting in the upper watershed (Appendix Table B), much of which may have
occurred in the reservoir.
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Coho Salmon

Potential ccho production in tributary habitat affected by the pool raise
is estimated at 11,710 smolts (Table 6). The mainstem provides nearly half
the estimated production (47%), while other large tributaries provide most
of the balance. Small tributaries account for less than 2% of the total due
to their small size and relatively high gradient.

Potential tributary cocho production may be overestimated. The smolt
estimator we used for the small tributaries was based on relatively current
work, but the large~tributary factor (Table 6) is believed less accurate.
Baranski (1989) updated the small-tributary factors and also included the
influence of gradient in his update. However, he noted that the large-
tributary factor needed to be refined. The value used here, 2.5 smolts per
lineal yard based on Zillges (1977), may overestimate production value of
such habitat.

We provide no estimate for potential coho production associated with the
higher reservoir pool iteelf because we found no reliable estimation method
for thie purpose. Undoubtedly, juvenile coho rear in the existing reservoir
pocl during the summer period as evidenced by coho captured in the
concurrent WWFRO fish-passage evaluation at Howard Hanson Project, and in
reservoir gillnetting by Cropp (undated) and Seiler and Neuhauser (1985).
Zillges (1977) suggested a production factor of 1.25 coho smolts per yard
of lakeshore in Puget Sound, but Baranski (1989) noted that this value
needed to be updated and refined. Moreover, extreme seasconal fluctuations
in Howard Hanson Reservoir levels, and the highly anomalous coho emigration
pattern recently observed in the concurrent WWFRO fish passage at Howard
Hanson Dam, prevent meaningful estimation of cohe production due to the
higher reservoir pool.

Steelhead

Potential steelhead smolt production in tributaries affected by the pool
raise is estimated at 1,785 (Table 6). Again, the mainstem accounts for
most potential production (64%), followed by other large tributaries (34%).
Small tributaries account for just over 2% of the total.

Several considerations are important in these estimates. Not all parr
utilization values, which were applied to habitat area to estimate parr
production, are measures of absolute abundance. Values used for large
tributaries were originally based on snorkel counts and therefore would be
minimum estimates of parr abundance (Bob Gibbons, Washington Department of
Wildlife, personal communication). Thus, estimates of production may be
conservative for large tributaries. The parr-to-smolt survival value (50%
from 1+ parr to 2+ emolt) is only a generic estimate (Thom Johnson,
Washington Department of Wildlife, personal communication).

We provide no estimate for potential steelhead production associated with
the proposed increased pool because we are not aware of any reliable method
for this purpose.
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Potential Steelhead Spawning Habitat

Table 7 shows estimatee of steelhead spawning habitat in tributaries
affected by the pool raise. A total of 641,887 ft? is indicated. The
majinstem and North Fork provide the bulk of potential spawning area. Page
Creek contains an impassable barrier which blocks the upper 40% of the
proposed inundation zone. This barrier would be inundated at high spring
pool with the added storage project, but no spawning habitat exists above
the barrier because the tributary terminates in a series of soft-bottom
beaver ponds which eventually lead to Page Mill Pond, a soft-bottom seep.

We judge all of the small tributaries to be unsuitable for adult steelhead
trout utilization due to lack of depth, flow, and other constraints listed
in Table 7. Culvert barriers exist in Cottonwood Creek and stream 0202
which would be inundated at high spring pocl, but no suitable steelhead
spawning habitat occurs above either barrier.

Habitat Impact Aesessment

The propcsed pool raise esesentially extends the effects of seasonal
inundation observed in the existing upper basin to the propcsed areas of
inundation. In general, the dominant effects of seasonal inundation of
tributaries are: 1) subatantial reductions in vegetative cover, stream bank
stability, percent and structure of pools, and 2) increases in riffle
fines. Figuree 2 through 5 contrast HSI values for proposed and existing
inundation zones in the large and small tributaries (where available), for
both juvenile and adult life stages of the species of interest. Specific
streams are further discussed below.

We completed surveys of seasonally inundated stream reaches for all large
tributaries. However, only stream 0215 of the small streams was surveyed
within the inundation zone because only it had appreciable surface flow at
the time of survey.

HSI valuee shown in Figures 2 through 5 indicate "average" values for the
reaches in gquestion. However, the inundation effects are actually
Progressive, that is, the upper reaches of the tributaries are less
affected than the lower reaches because the upper reaches are seasonally
inundated for less time. Perhaps the most striking examples of such
progressive effects are exhibited by the mainstem and North Fork due to
their low gradients. Appendix Tables N and O indicate, for example, the
progressive loss of riparian cover as these streams descend into the
exigting reservoir basin.

There are two other implications associated with progressive inundation
effects. Firast, the proposed pool raise would further reduce habitat
suitability of the upper reaches of the existing inundation zonee surveyed,
as these areas would be subjected to longer pericds of inundation with the
pool raise. We did not explicitly assess that impact here. Second, our
within-basin surveys only covered the top 30 vertical feet of tributarijes
due to weather and flow constrainte (except Gale Creek, where we only
surveyed the top 22 vertical feet because it merged with the mainstem below
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that elevation). Our contrasts are therefore conservative, because the more
severe effects of inundation in the lowermost reaches of each stream are
not included in the HSI values shown for existing inundation zones.

In general, the proposed inundation zones of the large tributaries cffer
relatively good habitat suitability for both juveniles and adulte, with
gome exceptions (Figures 2 and 3). The mainstem has relatively little
shallow backwater area. The North Fork exhibite relatively high riffle
fines, presumably due to logging in the watershed. Page Creek in the North
Fork has an abandoned timber crib dam and extensive beaver ponds in its
upper reach (approximately the upper 40% of the proposed inundation zone,
Appendix Table F); aquatic vegetation and a shallow, soft-bottom channel
dominate its lower reach. Charley Creek‘s substrate is relatively coarse,
dominated by small-boulder and cobble {Appendix Table G).

The proposed inundation zones of the small tributaries offer generally
lower quality and more variable habitat guitability for juvenile and adult
ealmonide than large tributaries (Figures 4 and S). Stream size and depth
are limiting to large adult trout in all streams. Piling Creek ie dominated
by bedrock substrate (Appendix Table J). Except for Cottonwocod Creek, pools
in emall streams are of limited size and provide limited cover. Portions of
Cottonwood Creek were dry by late summer. Streams 0212 and 0215 exhibit a
high degree of substrate embeddedness (Appendix Tables L and M), presumably
due to logging in their drainages.

Available stream temperature data (Table 8) suggest that no salmonid life
stages of the species of interest are limited by temperature problems
within the proposed inundation zones of these streams.

With seasonal inundation of preegently non-inundated stream reaches, we
expect a marked reduction in habitat suitability. Figures 2 through 5
suggest reductions in most variables, particularly proportion and structure
of pools, vegetative cover, and streambank stability which would negatively
affect both juvenile and adult salmonids. Loss of vegetative cover would
affect small tributaries to a greater extent than large streams, as size
and depth of smaller tributaries would limit their capacity to buffer the
effects of vegetation loss as it relates to shading, erosion control, and
allochthonous input. We also suspect that losa of pools due to seasonal
inundation means shallow backwater habitat, of particular value to
overwintering cocho parr, would be eliminated or substantially reduced as
well (not through direct inundation, as winter flood elevations would not
reach tributary habitat in the proposed inundation zones, but rather
through the indirect effects of annual summer refilling).

Effects of Redd Inundation

Inundation of tributaries will result in lower water velocities, decreased
oxygen levels, and increased sediment loads in the redd envirocnment. Fine
sediment (< 0.8 mm) in spawning substrate is a major cause of embryo and
larval mortality (Iwamoto et al. 1978). When intragravel gpaces are filled
with fines, surface flows are reduced and alevins trying to emerge into the
water column become trapped.
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Increased pool levels will reduce velocity in the lower reaches of the
contributing tributaries. Such velocity reductions will no longer enable
these systeme to carry suspended loads, resulting in increased
sedimentation (Dunne and Leopold 1978). Accelerated sedimentation can be
detrimental to several growth stages of salmonids. Since survival of eggs
is dependent on a continucus supply of well-oxygenated water through the
streambed gravels, the infiltration of fine sediments can lead to
suffocation of eggs (Silver et al. 1963} and may cause immediate mortality.
Dissolved oxygen is a biological requirement for embryo development, and
intragravel waterflow transports dissolved oxygen to the embryo and removes
metabolic waste from the surroundinge (Cordone and Kelly 1961). Certain
investigatione have demonstrated the effect of low velocity, and hence its
inability to provide sufficient oxygen, on the size of steelhead and
chinock salmon embryoe (Silver et al. 1963) and coho salmon embryos
{Shumway et al. 1964). Even under conditions that are not lethal for
embryos, delay of hatching and reduction in size of fry presumably can
result in a high mortality because of emergence from the gravel of many
small and weak fry; their subsequent success in the natural environment may
be imposgsible.

Inundation of redds will result in lower dissolved oxygen levels, poeing a
wide range of problems for incubating eggs. It has been recognized that
salmonids are extremely sensitive to hypoxia (deficiency of oxygen reaching
body tissues) during early life (Shumway et al. 1964). Unless the
incubating eggs are wetted by groundwater seeps, high mortality is incurred
within a few daye after exposure to low dissclved oxygen levels (Decker-
Hess and McMullin 1983).

In addition, environmental factors such as temperature can have a
significant effect on both the course of development and the incipient
limiting level at any given stage of aquatic life (Davis 1975). Water depth
and water temperature are inversely related because as water depth
increases, water temperature decreases. Embryo development may therefore be
slowed by inundation of tributary gravels.

Benthic insects are an important salmonid food source; their reduction due
to reservoir drawdown could also negatively affect fish populations.
Benthic biomass surveys conducted in Libby and Hungry Horse Reservoirs
{Chisholm and Fraley 1986; May et al. 1988) showed that reservoir drawdown
during late summer had a negative impact on benthic insect production.
Dewatering substrate near full pool during peak insect emergence resulted
in the greatest loss of benthic production (Grimas 1961; Fillion 1967).

In summary, available scientific literature suggests that inundation of
steelhead redds would likely result in high mortality of embryos and
alevine. Although specific empirical measures of the effects of redd
inundation were not located in the literature, most evidence points to
potentially poor survival,
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buta ve Reservoir Habitat

Changes in tributary and reservoir habitat in the Howard Hanson basin are
dynamic. Available information indicates that the proposed inundation zones
would be inundated about six monthes of each year, or from approximately
early ARpril to late September. The remainder of the year the proposed
inundation zones would not even be temporarily inundated, as they lie well
above winter flcod pocl levels. A total of 3.2 miles (17,038 ft) of
tributary stream will be inundated at full pool (Table 6), versus an
average increase of about 180 surface acres of reservoir and 5.2 miles
(9,200 yd) of reservoir shoreline compared to the existing project (Table
2).

Although seasonal inundation will render tributary habitat much less
suitable during the low-pool period, as noted above, salmonids will still
use them. Dilley (1991) observed small numbers of juvenile coho and trout,
and adult steelhead in Wynoochee Reservoir’s tributaries (existing
inundation zone) during the winter low-pool period. Hosey (1990) noted that
juvenile chinook moved upstream from an Elwha River reservoir into a
tributary stream (non-inundated) during spring rearing. In this work, we
observed juvenile cohc moving upstream from Howard Hanson Reservoir into
stream 0215 during late-summer drawdown. We also noted large concentrations
of adult trout in mainstem pools only recently exposed during fall
reservoir drawdown.

Value of tributary versus lake rearing habitat during the refill pericd
probably varies by species. Of the anadromous species, ccho salmon may be
mest benefitted as they display a high affinity for pond and lake rearing
(Reeves et al. 1989; Canada Department of Fisheries and Oceans 1991). In
contrast, we suespect that juvenile chinock would be least suited for lake
rearing compared to tributary rearing due to their small size at emigration
(assumed to be late spring/summer in the Green River) although, as noted
above, late-fall chinook migrants recovered at the scoop trap (Dilley and
Wunderlich 1992) showed subetantial growth since their February planting in
the upper watershed, possibly due to reservoir rearing.

Lake-rearing trout may be benefitted by the increased reservoir which could
result in greater predation on juvenile anadromous fish. The proposed
reservoir increase occurs during the growing season, and includes
relatively shallow portions of the impoundment. These factors are known to
positively influence resident fish production (Bennet 1970). If so,
predation on anadromous fish could increase. Resident trout, for example,
were important predators in a Lewis River reservoir, causing substantial
juvenile coho mortality (Hamilton et al. 1970).

Seasonal inundation of resgervoir tributaries will also reduce their
suitability as spawning habitat for both resident and anadromous trout, and
inundation of trout redde may lead to high embryo mortality, as noted
above. No new spawning habjtat will be accessible at higher spring pool.
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SUMMARY

We evaluated the effects of inundating salmonid tributary habitat in the
Howard Hanson basin due to a proposed 36-foot raise in the summer pool. We
quantified the amount and value of tributary rearing and spawning habitat
affected by the pool raise, and qualitatively assessed the impacts of the
pool raise on this habitat in the reservoir basin.

For this assessment, we conducted monthly fish surveys by electroshocking
and/or snorkeling representative reaches of the affected tributaries during
the proposed annual inundation period (April to October), and reviewed fyke
trap catches in the mainstem and North Fork of the Green River which
occurred during the same time period for the concurrent WWFRO fish-passage
study at Howard Hanson Dam. We also performed habitat surveys during spring
and late summer in these tributaries. lLate-summer habitat surveys were
conducted in both the proposed and the existing inundation zonee of each
tributary (where possible). The latter surveys provided a basis for
estimating the impacts cof seasonally inundating reservoir tributaries.
Habitat value was primarily assessed by means of Habitat Suitability
Indices. Potential smolt production (chinook, coho, and steelhead) was
estimated with regional production indices. The scientific literature was
reviewed to assess the probable effects of inundating steelhead redds due
to the spring pool raise.

Our principal findings were:

1) Ten tributaries are affected by the proposed pool raise. Large
tributaries provide the bulk of tributary habitat in the basin and
represent the vast majority of potential anadromcus fish production. The
small tributaries offer relatively little salmonid habitat and potential
fish production.

2) Total length of tributaries potentially inundated equals
approximately 3.2 miles. Their total area at spring flow is approximately
1,350,000 ft?, and at late-summer flow, 808,000 ftl.

3) Added summer storage results in an average increase of 180 surface
acres of reservoir and 5.2 miles of reservoir shoreline.

4) Reservoir tributaries offer important short-term rearing for
juvenile chinook, which appear to emigrate from them by late spring/early
summer. We estimate potential chincok production at approximately 21,000 to
210,000 in the tributary habitat affected. No off-getting value was
developed for added reservoir habitat because of lack of appropriate
methodology.

5) Reservoir tributaries provide year-round rearing for juvenile
coho. Peak smolt emigration occurs in late May and early June. Displaced
coho fry passed through the mainstem shortly after planting. No major fry
displacement was observed in other tributaries. We estimate potential coho
smolt production to be approximately 11,700 in the tributary habitat
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affected. No off-gsetting value was developed for added reservoir habitat
because of lack of appropriate methodology.

6) We encountered very few steelhead smolts in our surveys and
collections, even though 46,000 fingerlings were planted in 1989. We
observed no evidence of juvenile steelhead displacement after fish were
Planted in August 1991, based on mainstem fyke trap catches. Potential
steelhead smolt production was estimated at 1,785 from all tributaries; no
reservoir value was developed due to lack of methods. The smolt production
estimate may be low.

7) Resident trout, primarily juvenile cutthroat, utilize all
reservoir tributaries. In late summer and early fall, we observed
gignificant increases in adult trout in the mainstem. We suspect that a
lake-rearing strain ascends the larger tributaries at this time for
eventual spawning, and their progeny rear for one to two years before
returning to the reservoir. A stream-rearing trout strain may inhabit the
small headwater tributaries, completing their life cycle totally within the
small tributaries. Brook trout inhabit the outflow from Page Mill Pond in
the North Fork.

8) Large tributaries offer about 640,000 ft? of potential steelhead
spawning habitat. Small tributaries offer none. Inundation of redds due to
spring refill would probably cause high embryoc mortality. No added spawning
habitat becomes accessible with higher spring pool.

9) Large tributaries offer relatively good habitat suitability for
both juvenile and adult salmonidse, while small tributaries offer generally
less and more variable suitability. Seasonal inundation will reduce
vegetative cover, stream bank stability, percent and structure of pools,
and increase riffle fines. Most of these effects are progressive, that is,
the upper reaches of inundation will be less affected because inundation
occurs for lese time than in downstream reaches.

10) The higher pool would typically inundate tributaries for up to six
months annually, from about early April to late September. During non-
inundation, juvenile and adult anadromous fish may use these tributaries.
Cocho may best adapt to added reservoir area; chinook the least. Resident
lake~rearing trout may increase with the added pocl, and this could cause
increased predaticn on juvenile anadromous fish.
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Figure 2. HSI values for juvenile salmonids in proposed and existing
inundation zones of large tributaries. Where no value is
shown for an existing condition, no measure was made
(there were no zero values).
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Figure 3. HSI values for adult trouts in proposed and existing

inundation zones of large tributaries. Where no value is

shown for an existing condition, no measure was made

(there were no zero values).
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Figure 4. HSI values for juvenile salmonids in proposed and
existing inundation zones in small tributaries. Where
no value is shown for an existing condition, no
measure was made (there were no zero values).
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Figure 5. HSI values for adult trouts in proposed and existing
inundation zones of small tributaries. Where no value is
shown for an existing condition, no measure was made
(there were no zero values).
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Table 1. Schedule of field activities in 1991.

Activity Apr May Jun Jul B&Aug Sep Oct

Survey and mark bounde of
proposed inundation zones
in all tributaries -

Evaluate adult steelhead
barriers - - -

Assess fieh usage in proposed
inundation zones - - - - - _ _

Qualitatively assess rearing
and spawning habitat in
proposed inundation zones -— -— -— - -

Qualitatively assess rearing
and spawning habitat in
existing inundation zones -
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Table 2. Average increase in acreage and shoreline length over winter low
pool for the propeosed and existing projects. Reserveoir area and
shoreline length were measured at elevation 1123 feet for the
proposed project (midway between summer high at 1177 feet and winter
low at 1069 feet), and at elevation 1105 feet for the existing
project (midway between summer high at 1141 feet and winter low at
1069 feet).

Project Average increase over winter low peool
condition Elevation (ft)

Acres Yards of shoreline
Proposed 1123 470 17,000
Existing 1105 280 7,800
Difference: 180 9,200
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Table 3. HSI variables and curve numbers used in assessment of juvenile
salmonid habitat. Specific chinook variables are described in Raleigh
et al. (1986), coho variables in McMahon (1983), and trout variables
in Raleigh et al. (1984) and Hickman and Raleigh (1982}.

Habitat Variable number Comment fassumption
variable
Chinocok Coho Trouts?
Instream 16 12 6 Increased instream cover
cover increases juvenile standing
crop.
Percent 10 4 10 Approximately 40-60% pools

pools results in optimal
cover and food for all
epecies, and greater or
lesser proportion of pools
results in proportionately
less cover and food.

Poocl class 5 11 15 Size and structure of pocls
influence juvenile standing
crop.

Substrate 13,14 5 2,16 Gravel-cobble results in

high autochthonous
production of aquatic
invertebrates; other
substrate sizes result in
less.

Riparian cover 9 11 The degree and type of
riparian vegetation affect
allochthonous input to the
stream.

Bank cover 12 The degree of streambank
stability (rooted
vegetation or stable rock
cover} affectes erosion
control and stream
productivity.

Canopy cover 8 Approximately 50-75%
vegetative canopy cover
provides optimal shading
and temperature control,

Backwater 13 Quiet backwater with dense
cover provides excellent
winter habitat for cohc
parr.

* Habitat variables and assumptions apply equally teo rainbow/steelhead and
cutthroat trouts.
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Table 4. HSI variables and curve numbers used in assessment of adult trout

holding and spawning habitat.

Specific steelhead-rainbow trout

variables are described in Raleigh et al. (1984) and Beecher (1986);
specific cutthroat trout variables (same variable numbers as rainbow-
steelhead) are described in Hickman and Raleigh (1982).

Habitat variable

Variable
number

Comment /assumption

Instream cover

Percent pools

Pool class

Substrate size

Riffle fines

Thalweg depth

6A

10

15

1éa

Increased instream cover of all forms
increases adult standing crop.

A 40-60% percentage maximizes cover
availability and food production.

Increased pool size and structure
positively influence adult standing
crop.

Small—-gravel to small-cobble substrate
provides optimal redd construction,
water exchange in the redd, and high
fry survival. Lesser or greater
substrate sizee result in
propertionately less redd quality and
fry survival.

Decreased levels of fines (< ~30%) are
associated with greater incubation
success.

Minimum depths of approximately 1 to 1%
foot at low flow result in the best
combinations of pools, instream cover,
and opportunity for instream movement.
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Table 5. Juvenile chinook collections in the North Fork of the Green River
in 1991. Most collections occurred in a shallow 75-yd® side-channel
site. Some collections were supplemental samples for the concurrent
fish-passage evaluation at Howard Hanson Project (Dilley and
Wunderlich 1992). Green dye-marked fish were planted as fry in the
upper North Pork on February 21, 1991.

Mean fork
Collection date Number length Comment

(mem)
Apr 25 9 50 Includes 1 green dye—-marked fish.
May 21 30 56 Includes 5 green dye-marked fish.
Jun 4 74 57 Includes 11 green dye-marked fish.
Jun 20 14 59
Jul 8 12 65
Jul 22 0 Side channel nearly dry.
Jul 25 2 61
Aug 6 2
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Table 7.

Potential steelhead spawning habitat affected by the proposed
36~-foot raise of the Howard Hanson reservoir.

Estimated

gpawning habitat is riffle area currently accessible to
steelhead during the spring months in the proposed inundation

zones.

Potential
Tributary spawning habitat Comment
(£t?)
Large tributaries
Mainstem 449,415
North Fork 115,992
Page Creek 12,818 Upper 40% of stream’s
length is blocked by timber
dam.
Charley Creek 27,418 Substrate is much larger
than optimal.
Gale Creek 36,244

Cottonwood Creek

Piling Creek

Stream 0202

Stream 0212

Stream 0215

Total:

Small tributaries

641,887

Thalweg depth, flow, and
culvert barrier are
limiting.

Thalweg depth, substrate,
and flow are limiting.
Thalweg depth, substrate,
flow, and culvert barrier
are limiting.

Thaleg depth, substrate,
flow, and extensive wocdy
downfall are limiting.
Thalweg depth, flow, and
substrate are limiting.
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Table 8. Instantaneous daytime temperatures within the proposed inundation
zone of each tributary taken during each month of survey, except asg

noted,

Tributary Daytime temperature (°F)

Apr May Jun Jul Aug Sep Oct
Mainstem* 42 44 47 59 58 53 49
North Fork 48 49 45 58 50 48
Page Creek 46
Charley Creek 48 47 60 51 48
Gail Creek ¥ 47 58 58 44
Cottonwood Cr, 48 50 51
Piling Creek 58 57 44
Stream 0202 46 60 51 43
Stream 0212 47 49 47 47 45
Stream 0215 48 54 56 43

A Mean of daytime temperatures taken daily at the fyke trap site by Howard
Hangson Dam personnel.
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Table A.

tables.

Descriptions and derivations of column headings shown in
tributary habitat survey tables (Appendix Tables D to R). Column
headings are listed in order as they appear left to right in the

Source references are U.S. Forest Service (1990), Hickman

and Raleigh (1982), McMahon (1983), and Raleigh et al. (1984; 1986).

Column Description

headi

ng

Derivation

NS0

HT

PA

LEN

Natural sequence
order
Habitat type

Habitat number

Habitat length

Habitat width

Habitat area

Pool area
Riffle area

Weighted length

AREA Weighted area

POOL

Weighted pool

38

Sequential order of habitat
types encountered in survey.

Pool {P), riffle (R), or side
channel {8).

Sequential number of each habitat
type.

Thalweg length of respective
habitat type (feet) as measured
with tape or calibrated range
finder.

Width of habitat type in feet as
measured with tape or calibrated
rangefinder. Widths taken at
least every 20 yards depending on
irregularity of the habitat type.

Area of habitat type in square
feet.

Pool area in square feet.
Riffle area in square feet.

Length of the habitat type
expressed as a percentage of the
total length of the inundation
zone in the stream.

Area of the habitat type
expresded as a percentage of the
total area of the inundation zone
of the stream.

Area of the pool habitat type
expressed as a percentage of the
total poel area in the inundation
zone of the stream.




Table A. Continued.
Column Description Derivation
heading
RIFF Weighted riffle Area of the riffle habitat type
expressed as a percentage of the
total riffle area in the
inundation zone of the stream.
MD Maximum depth Maximum depth of the habitat type
to the nearest 0.1 foot.
MDP Maximum depth Maximum depth of pool habitat
of pool type.
MDR Maximum depth Maximum depth of riffle habitat
of riffle type.
PC Pool class Visual categorization of each

39

pool into first (1)}, second (2),
or third class (3) where:

First class pool-large and deep;
more than 30% obscured due to
depth, surface turbulence, or
structures such as logs, debris
piles, boulders, or overhanging
banke or vegetation.

Second clags pool-moderate size
and depth sufficient to provide a
low velocity resting area for a
few adult trout. From 5-30% of
bottom obscured due to surface
turbulence, depth, or structures.
Typically large eddies behind
boulders and low velocity,
moderately deep areas beneath
overhanging banks and vegetation.
Third class pogol-shallow or small
or both; depth and size are
sufficient to provide a low
velocity resting area for a few
adult trout. Typically shallow
pool areas or small eddies behind
boulders, bottom visible.




Table A. Continued.

Column Description
heading

Derivation

DO Dominant substrate

5D Sub-dominant

substrate

B Brush debris

-3 Small tree

L Large tree

PR Cover proportion

DO Dominant instream
cover

5D Sub~dominant
instream cover

BFW Bank-full width

BFD Bank-full depth

40

Visual estimate of dominant

substrate (> 50%) in habitat type

where:

SA=sand, silt, & clay (<0.08
inches diameter)

GR=gravel {(0.08-2.5 inches}

CO=cobble {2.5-10 inches)

SB=small boulder (10-40 inches)

LB=large boulder (>40 inches)

BR=bedrock

Next-most dominant substrate as
abhove.

Pieces of brush > 6 inches
diameter and length > 20 feet

Tree debris > 24 inches diameter
and length > 50 feet

Tree debris > 36 inches diameter
and length > S0 feet

Visual estimate of the amount of
instream escape cover of any

form in the habitat type where 1=
0-5%, 2=6-20%, 3=21-40%, 4= >40%.

Visual estimate of dominant
instream cover in habitat type
where U=undercut banks,
S=substrate, D=depth > 1 meter,
H=overhanging vegetation, W=wood
material, T=turbulence,
A=aquatic/emergent vegetation.

Next—-most dominant instream
cover as above.

Measured width where stream would
leave channel at high flow
(nearest foot).

Measured depth at bank-full width
(nearest foot).




Table A.

Continued.

Column
heading

Description

Derivation

EMB

PR

DO

8D

GCO

CAN.

Embeddedness

Proportion

Dominant riparian

Sub~dominant

Ground cover

Canopy cover

Y (yes) or N (no) if wvisually
estimated embeddedness of the
substrate (cobble/fgravel)} is
greater than 35% by volume in the
habitat type (see U.S. Forest
Service (1990) for more detail).

Visual estimate of riparian cover
vegetative cover in 10-yard band
along both stream banks in each
habitat type where 1= 0-25%, 2=
26-50%, 3= 51-75%, and 4= 76-
100%.

Visual estimate of dominant
riparian vegetation in 10-yard
band along steam shore in each
habitat type where T= trees, S=
shrubs, and G= grass.

Visual estimate of next-most
riparian dominant riparian
vegetation as above.

Visual estimate of stream bank
ground cover (rooted vegetation
or stable rocky ground) in each
habitat type serving as erosion
control where 1= 0=25%, 2= 26-
50%, 3= 51-75%, and 4= 76-100%.

Vieual estimate of vegetative
canopy cover over gtream serving
as shading function in each
habitat type where 1= 0-25%, 2=
26-50%, 3= 51-75%, and 4= 76-
100%.
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Table B. Subyearling anadromous salmonide planted above Howard Hanson Dam.
Sources of data: Washington Departments of Fisheries and Wildlife,
and Muckleshcocot Indian Tribe.

Release Release Size Number
location date (number / released
pound)
Chincok salmon (1991)
Upper mainstem:
RM 76.5 Feb 21 449 274,326%
RM 85 Feb 25 449 150,000
RM 68.5 Feb 25 449 30,000
RM 74.8 Mar 6 515 202,653
RM 68 Mar 7 515 101,198
RM 87.2 Mar 7 515 103,773
Upper mainstem
tributaries:
Snow Cr. (RM 0.1) Peb 22 449 275,120
Friday Cr. (RM 0.1) Feb 25 449 100,000
McCain Cr (RM 0.1) Feb 25 449 50,000
Smay Cr. (RM 1.6) Feb 25 449 50,000
Canton Cr. (RM 0.3) Mar 7 515 100,940
Reserveoir
tributaries:
Gale Cr. (RM 1.0) Feb 25 449 50,000
Gale Cr. (RM 2.0) Mar 6 515 100,554
North Fork:
RM 1.0 Feb 21 515 199,382°¢
RM 3.0 Feb 25 515 50,000
RM 1.0 Mar 6 515 101,584
Total: 1,939,530
Chinook salmon (1990)
Upper mainstem:
RM 75-81 Feb 14 472 154,580
RM 68 Mar 1-6 406 363,776
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Table B. Continued.

Upper mainstem:

RM 75
RM 76
RM 79.5

Upper mainstem
tributaries:

Smay Cr.

Green Canyon Cr.
Friday Cr.
McCain Cr.
Tacoma Cr.

Apr
Apr
Apr

Apr
Apr
Apr
Apr
Apr

Releage Release Size Number
location date {number/ released
pound)

Upper mainstem

tributaries:

Sunday Cr. Feb 14 472 56,404
May Cr. Feb 28 406 20,300
Smay Cr. Feb 28 406 60,900
Elder Cr. Mar 1 406 70,542
Unnamed Cr. Feb 28 406 60,900
Canton Cr. Mar 6 406 126,672
McCain Cr. Mar 7 406 142,201
Reservoir

tributaries:

Gale Cr. via

Boundary Cr. Feb 28 400 40,600

Gale Cr. (RM 1.5) Feb 28 400 40,600
Charley Cr. (RM 0.3) Mar 1-2 406 72,208
Piling Cr. (RM 0.5) Feb 28 400 20,604
Stream 0212 (RM 0.2) Mar 2 406 40,600
Stream 0213 (RM 0.2) Mar 2 406 20,300
North Fork:

RM 1.3 Feb 14-15 472 411,702

Total: 1,702,889

Coho salmon (1991)

17 533 91,143
17 533 108,732
17 533 82,082
17 533 108,199
17 533 9,594
17 533 15,990
17 533 15,990
18 533 227,591

43




Table B. Continued.

Releage Release Size Number
location date (number/ released
pound)
Sunday Cr. Apr 19 533 143,910
Snow Cr. Apr 19 533 13,325
Reservoir
tributaries:
Gale Cr. via
Boundary Cr. Apr 18 533 128,986
North Fork:
Eagle Lake Apr 18 533 31,980
Eagle Cr. Apr 18 533 15,990
Upper No. Fk. Apr 18 533 34,645
Total: 1,028,157
Coho salmon (1990)
Upper maingstem: May 7 ag7 30,960
May 8 366 306,342
May 9 379 97,782
May 10 380 87,400
Upper mainstem
tributaries:
Smay Cr. Mar 12 670 126,630
Stream 0230 Apr 3 499 21,457
Canton Cr. hpr 3 495 14,970
Tacoma Cr. May 7 87 64,629
Twin Camp Cr. May 7 87 62,307
Smay Cr. trib. May 9 379 19,32%
Friday Cr. May 9 379 20,087
Sunday Cr. May 9 379 133,408
Reservoir
tributaries:
Charley Cr. Apr 3 499 31,437
Gale Cr. Mar 12 670 122,610
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Table B.

Continued.

Release Release Size Number
location date (number/ released
pound)
North Fork:
Eagle Lake Apr 9 448 25,088
Eagle Cr. Apr 9 448 13,440
Upper No. Fk. Apr 9 157,066

Upper mainstem:

RM 73-87

Upper mainstem
tributary:

Smay Cr.

Upper mainstem:

RM 73-87

Upper mainstem
tributaries:

McCain Cr.

Smay Cr.

Upper mainstem:

RM 65-87

Steelheaad (1991)

Aug 8 362

Aug 8 362

Steelhead (1990)

Aug 30 162
Aug 30 162
Aug 30 162

Steelhead (1989)

Aug 24 330

45

Total: 1,334,942

39,820

1,086

Total: 40,906

30,618

324

1,620

Total: 32,562

41,910




Table B. Continued.

Release Release Size Number
location date {number/ released
pound)

Upper mainstem

tributaries:

McCain Cr. Aug 24 330 330
Smay Cr. Aug 24 330 1,650
Sunday Cr. Aug 24 330 2,640

Total: 46,530

A Includee 137,163 orange-dyed chinook.
B Includes 137,560 red-dyed chinook.
¢ Includes 99,691 green-dyed chinook.
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Table . Survey data for the proposed inundation zome in the Graen River mainsten.

DATE OF SURVEY:AUG 23 19%1 SURYEY DIRECTION:  DOWHSTREAN
-NETGHTIRG-
OVERALL  AREA BY HABITAT
(3) TYPE (X) SUE. B LND INSTR, COV. RIP. COVER
RSOWT GMHL W W P R [EF JREK PUDURIFF. WO NOP WOR P DU S0 B 5 U PH UD 50 BFW BFD EWB PR DO SO 6CO CAX.

TP 1442 -84 37128 37128 b1 7 12 0 8555 0 1GRE0 0 0 1 4D 5§ HOOBGN 3T § 4 d
2R 1565 121 68385 D 68385 & 12 0 ¥ 2 0 2 oS8 0 00 IS OT OMOOMAKN 4T & 4
3P 2730 110 80300 8030 601 4 % 0 1212 0 1SAER 0 0 0 4D 5 w0 WY 4T & 4
4R T3 4§ 2 oo 1 &0 % 1.3 013 CGRCO 00 % 4T S W BN 4T § 4 2
5P 3316 61 10210 19216 [ $ 06 0 22 0 1ShGR 0 0 0 40 5 220 3Y 3T 8 41
GR 3150 25 310 4 a2 1 0t 2 0 2 (0GR 0 0 0 47 § 220 4% 27 § 41
TP 419512 14040 14040 g 3 20§ 0 4345 0 tco S8 0 0 0 4D 5 w02y Y 5§ 4 2
R 4190 T6 14D R LTE S i 0 6 25 025 spC0 0 0 O 4T 8 K27 8§ ot
9P 5696 92 64032 64032 01 1y 0 4 &0 1¢0GR 0 0 0 45 D WY 4T § 4 |
108 5170 80 13500 0 o100 3 2 0 8 1 0 f COGR 0 0D 0 4T § 280 5K 45 T 41
1P 6185 55 10915 10178 P 3 ! 3 0 4 & 0 1¢0GR 6 0 1 4D 5 WY 15 T 4
18R 6431 86 37068 0 37066 B 70 14 25 0225 COSB 0 O O 4T 5 w0 2N 15 T 4
13F 762 T2 45000 45000 ¢ 9 § 15 0 8 3 0 TGRS 0 0 1 4D § w50 WY 1§ T 4 f
R 72 50 13500 013800 4 !0 % 3 003 toGk 0 O 1 4S5 ¥ 28K 2] § 2t
5P 330 18880 38880 [ T 13 0 8% 8 0 tSAGR 0 1 0 4D 5 HEWR 21 § 21
1R 8710 11! g3r80 §oe3te0 1 15 0 3% 2 0 2 C0OOSB 0 0 2 4T § W0 KK 4T § 4 1
SIDE CHARNELS:
§8-P 1680 20 13600 13600 1.3 JOOGR 0 0 0 3§ I S T I
§6-P 2565 30 18950 16950 45 1¢0 GR ¢ 0 & 37 § R 8 4t
ADDED HABITAT AREK: 30550
-SUNNARY-
(EXCLUSIVE OF SIDE CHANNELS, EXTEPT AS NOTED)
THALWEG LERGTH 6658 SUBSTRATE- UVERA[L
HORIZ, LENGTH 6653 (o
GRADIENT X 0.8 SUE HUIIIAII G
POOL AREA 30883 PIECES LND
RIFFLE AREA 285768 BRUSH 0
FUDl{RIFFlE 0.5 SMALL TREES 1
TOTAL HABITAT AREA 564596 LARGE TREES 1
TOTAL HABLTAT ARER {¥/SIDE CHANNELS) 595146 INSTREAM COVER-QVERALL
AY NAX POOL DEPTH 8.5 PROPORTION i
AY NAX RIFFLE DEPTH 2,0 DONIRANY 0
AY STREAX NIDTH _ g8 SUB-DOKINANT §
AY MAX STREAN DEPTH 5.3 NEAN BANKFULL WIDTH 188
POOL CLASSES KEAN BANKFULL DEPTH 15
% FIRST CLASS 100 EMBEDDEBNESS- X YES
% SECOND CLASS 0 POOLS 5
4 THIRD CLASS ¢ RIFFLES !
SUBSTRATE-POOLS OVERALL #
DONTRANT A RIPARLAN COYER
SUB-DONENANT e PROPGRTION 3
SUBSTRATE-RIFFLES DOMINANT 1
DOKIKANT 0 SUB-DONINART §
SUB-DONENART 88 BAKK GROUND COYER i
PERCERT CANOPY 1
HEAR SPRING WIOTH éFIELB NOTES) 180
KEAN SPRING THALWEG DEPTH {
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Table £, Survey data for the proposed inundation zome in the Morth Ferk.

DATE OF SURVEY: AUG 26 1991

-NETGHTING-
OVERALL  AREA BY HABITAT
(3) TYPE (3)

SURYEY DIRECTION:

SuB.

UPSTREAK

$ LD

INSTR. COV,

REP, COVER

NSOKT BN WL W BA PA RK TEW NRER POOU RIFF. MO MDPWORPC OO SO B § U PR OO S0 BFW BFD EXS PR DU SD GCO CAN,
1R 13 # e 0 138 2 ? 0 3 2 b2 coSB 0 2 1 4T 5 0 fW0Y 4T 5 3 !
2P 1 3 21 8@ B2 P 2 18 0 3143y 0 1GR SA 1 2 & 4X T 160 14Y 4T 5 3 1}
IR 2 89 3 N ¢ 04 P9 7 2% 021 GRG0 2 3§ O4W T k0 0N 4T 5 4 3
dP 2 2018 W0 M 1 1 0 2 0 & 4 0 1GRC0 0 ¥ 1 4¥Y D 60 15Y 4T § 4 2
SR 3155 25 418 I TR 6 0 & 1.8 018 COGR Ot 2 4 4T § 0NN 4T § 41
§P 313 28 3780 37180 0 21 0 3535 0 &R CO 1 0 O 40 § 116 ¥N 4T § 4 0
TR 4115 15 1128 I s 4 300 & 15 0tEs GRC0 1 0 2 4T N T2 RN 45 T 41
§P 4 B4 36 302 MU 0 & 517 0 3434 0 tGR S 10 ) 4D W T22Y 3T S 11
§R 5 62 25 150 1 150 3 0 3 t 0t et 0 0 0 3T 5 8% BNO4T 5§ 41

1p 5126 30 30 3780 0 % 21 0 313 o0 fER OBk 3 1 2 40 bt 6N 4T § 4 2
1R 6721 38 27308 Do27ase M &2 0 58 15 014 R CC 0 0 4 4T 5 WY 35T 1A
1p 6187 13 3853 35E3 U § 0 0 4343 0 1R S 1 2 4D W W WY 3T § 4 3
13R 7180 10 30 117 50 6 20 2 R 2 4§ 4T N WY WM 4T § 41
e THE M W 0 1 P16 0 2828 0 @R OBAO3 26 AW S B HY 4T § 4 2
1BR 8 & 55 4620 i a0 4 T 0 1w 07 007 600 1 0 0 47 § 99N 4T § 41
SIDE CHANNELS:
T5-F 1 66 28 1513 4 18 G 1 1 3 40 % 72 8Y 4§ T 4 3
T8k 113 8 4 1 GRCO 0 0 ¢ 47 5 72 EK 31 § 3 {
062 12630 730 31 TGRSA 3 3 3 4% U 100 $Y 3T § 4 f
18-k 1 80 10 800 1.8 GRCO 1t 1T 1 30U S5 w0 9N 3T § 4
ADDED HABITAT: 3331
-SUMMARY-
{EXCLUSIVE OF SIDE CHANNELS, EXCEPT AS NOTED)
THALWEG LENGTH 2148 SUBSTRATE-OVERALL
HORTZ, LENGTH 2148 DORTXANT &R
GRADIENT § 1.68 SUB-DONTIRAKT ot
POOL AREA 8175 PIECES LWD
RIFFLE AREA #9711 BRUSH 11
POOL/RIFFLE 1.2 SHALL TREES 18
TOTAL HABITAT AREA b5152 LARGE TREES i
TOTAL HABITAT AREA (X/SIDE CHARNELS) 68484 INSTREAM COVER-OYERALL
AV NAX PGOL DEPTH 3.8 PROPORT 10K 4
AV RAX RIFFLE DEPTH 1.6 T
AY STREAN WIDTH ]l SUE-DONINANT §
AV NAX STREAN DEPTH 2.8 NEAN BAMKFUEL WIDTH 118
POOL CLASSES NEAR BANKFULL DEPTH 10
% FIRST CLASS 86 ENBEDDEDNESS- 3 YES
X SECOND CLASS L) POOLS 5
% THIRD CLASS 0 RIFFLES b2
SUBSTRATE-POOLS OVERALL i1
DONIRANT &R RIPARTAK COVER
SUB-~DONINAKT 0 PROPORTION i
SUBSTRATE-RIFFLES DORINANT T
DOKIRANT GR SUB-DOMTNANT §
SUB-DONINANT ¢ BANK GROUND COYER i
PERCENT CANOPY 1
NEAN SPRING WIBTH (FIELD ROTES) 15
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Table F. Survey data for the proposed inundation zone in Page Creek,

DATE OF SURVEY:  AUS 26 & 27 1991 SURVEY DIRECTION-  UPSTREAK
NOTE: NSO & CONTAINS OLD LOG -NEIGHTING-
CRIE DAN OVERALL AREA BY HABITAT
NOTE: PAGE CR ENTERS NORTH FORK {3) TYPE (%) 518, § LD INSTR. COY, RIP. COVER
0 0.65 FT ELEY, ABOVE FULL POOL
SO KT RN WL N WA PA RA TERWRER POOU RIFF. ND NOP WBR PC DU S0 E 5 [ FROU SU BFN BFD EMB PR 00 S0 GCO CAN.
1R 1170 38 G460 0 6460 ¢ 1 0 51 1 0 i GR 0 0 0 1 4h 5 165 12N 4T 5 4
1P { 85 23 195 1885 0 § i 0§ 025 28 0 26k Sh 1 0 0O3A T 15 12Y 47§ 4 1
TR 2 M 5 nW 0 0 1T 0 ¥ o0 2 ShoGR 1D 24A B BTN 4TS 4 3
4P 2 52 50 2600 2600 o0 3 5 7 6 3 % 0 18K G 1 0 9 4h S 60 BY A4S T 4 3
R 3 17T 0» M4 0 281 6§ 0 2 3 0 3 ShOGR 1 0 D4A B OO OBY A4S T 4 3
§P 3 435 34 AT90 wTS0 0 4 4 4 0 4 4 0 18k 1 0 1 4hA K 7810y 48T 4 3
TR 4 15 15 25 9 2% 6 0 225 045 GR Sh 5 34T R OOWY A4S T 4 4
P 4 166 15 MO0 MO0 D 9 5 1 0 § 5 0 1Sk GR 6 5 S 4D H 65 2V AT S 4 2
§P 5 65 15 918 §1% 0 4 2 3 b 3 3 0 1Sk GR 1 1 1 49 K 160 &Y A4S T 3 3
0P  § 185 22 4380 40 0 o ¢ 1% 0 %131 0 tSk GR 1 0 0 4D H 156 9V 4TS 3 2
1P 7 150 33 4050 4050 0 8 0 4 0 42 42 0 tSh OG0 Y T 4D W 200 TY 4T § 4 2
2P 8 160 20 300 30 0 9 1 ¢ 0 § 3 6 18 G 5 1t 240 D 060 8Y 4TS 4 3
=S UNNARY-
THALKEG LENGTH 1826 SUBSTRATE-OVERALL
HORTZ, LENGTH 1825.1 DONTRANT 54
ARADIENT % 1.9 SUB-DOKINANT GR
POOL AREA 15980 PIECES LWD
RIFFLE AREA 12106 3
PDUL{RIFFLE 1.13 SHALL TREES 1
TOTAL RABITAT AREA 47886 LARGE TREES - KE
AY HAX POOL DEPTH 1.1 INSTREAN COVER-OVERALL
AV NAX RIFFLE DEPTH 2.1 PROPORT 04 i
AV STREAK ¥IDTH % DONTAANT i
AV NAX STREAN DEPTH 1,0 SUB-DONINANT §
POOL CLASSES MEAN BARKFULL ¥IOTH 15
% FIRST CLASS 8 MEAN BARKFULL DEPTH 9
% SECOND CLASS 12 EMBEDDEDWESS- § YES
S THIRD CLASS 0 POOLS 100
SUBSTRATE-POOLS RIFFLES 3
DONTHANT §h OVERALL 80
SUB-DONTNANT GR RIPARIAN COVER
SUBSTRATE-REFFLES PROPORTION ‘
DONTNANT oR DONTNART i
SUB~DOMIRAKT S SUB~DONINAKT $
BANK GROUND COVER ‘
PERCENT CANDPY 3
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Table 6. Survey data for the proposed inundation zome in Charley Creek,

DATE OF SURVEY:

AUG 21 1991
ROTE: NSO 1§ IS CONFLUENCE OF STREAN D202

SURYEY DIRECTION:

-NEIGHTING-

OYERALL  AREA BY HABITAT
TYPE (%)

S4B,

UPSTREAK

19

RS0 BT HNGBL HW HA [EN. AWER POUCRIFE. M0 0P MOR PC OO 30 § 5 L PROU SU BFY BFD ENB PR DU SO GCO CAN.
1R 1 85 30 1650 b e % 5 0 & L% 0 1@ S8 (0 0 0 045 7 3. I I A T
N S N O B | 11 6 2 2 & 02t 21 0 180 §0 0 @ 0 45 T R4S T 4
IR 2 56 55 3080 g 08 5 10 0 W D 0 2.2 (8 0 0 145 7 SR 45T 4
4P 2 43 16 688 680 6 4 2 7T 0l a1 0 tBROSBO0 0 045 1 b 4
5P 3 88 2 2280 2288 ¢ ¢ 1 28 031 L7 0 1BROC00 0 24D 8 Bk 38T 4t
FR 3 80 30 2700 g 200 8 9 0 121 D24 860 0 2 ¢ 4T § 50 418 4 2
TP & 19 28 WIS 1 0 1 6 2 0 8 B 0 iBR GR 0 0 0 4D § 3 415 4
B8R 4 176 M S8 0 594 1B 19 0 A1 014 S8 €0 0 0 247 § L T O T
§F 0§ 89 1l MY b 8 5§ W 04343 0 1BR SBE 0 0 04D S L S - T
g 5§ 3% & 9 g 3 3 ¢ 516 0 1B S8 L ¢ 0 04T § 6y 4T 5 4 2

P 6 6 2 W ue ¢ 6 5 oW g9y 0 100 B O 0 045 T [ N - T N
12R 6 167 24 4008 O 4008 t4 93 0 1026 024 S8 C0 0 0 1 47 § N 4T 8 2
1y & & 20 100 o e 7 8 0 g AT 0 Al 8 €0 0 0 D45 T N 4T 5 2
1P 7 8 30 1590 1340 0 & 5 16 01218 0 36k SA 0 0 235 0 §Yy 41§ 42
wE &8 ¥ A 0 8 3 3 0 414 91d e 8 0 0 94T 5 §Y 4T § 42
E CHANNELS:
4R 1 8 11 4n ¢ 473 20 - 0 58 00 0 4§ 1 K43 ‘o
R 11687 24 4008 0 doos 9 0 - L6 026 86 00 0 7 3 N 4T Lo
ED HABITAT AREA: 4481 DT )

THALNEG LENSTH
HORIZ, LENGTH
GRADLENT X

POOL AREA

RIFFLE AREA
POﬁl{RIFFlE

TOTAL HABITAT AREA

TOTAL HABETAT AR&& (X/SIDE CHANNELS)

AY NAX POOL DEPT

AY NAX RIFFLE DEPTH

AY STREAN WIDTH

AY MAY STREAN DEPTH

POOL CLASSES
% FIRST CLASS
% SECOND CLASS
% THIRD CLASS

SUBSTRATE-POOLS
DONINANT

SUiB-~DOKITRANT
SUBSTRATE-RIFFLES

DONINANT

SUB-DOMIRANT

1182
1181
3.1
9966
20911
0.3
KILK])

~SUNNARY-
(EXCLUSIVE OF STDE CHANNELS, EXCEPT AS MOTED)

SUBSTRATE-QVERALL
DONTNAXT
SUB-DONINAXT

PIECES LMD
BRUSH
SNALL TREES
LARGE TREES

INSTREAN COVER-OVERALL
PROPORTIOK
DONINANT
SUB~OOMINART

NEAN BANKFULL NIDTH

NEA BAXKFULL DEPTH
EMBEDDEQRESS- X YES
POOLS

RIFFLES

OVERA
RIPARIAN COVER

PROPORTION

BANK GROUND COVER

PERCENT CARCPY

KEAN SPRING WEDTH éFIELU NOTES)
NEAN SPRING THALWEG DEPTH
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Table K, Survey data for the proposed inundation rome in Gale Creek.

DATE OF SURVEY:

NSO HE HNOHL B M

AUG 26 1891

-NEIGH
0¥§RALL

- SURVEY DIRECTIOR-  UPSTREAN
AREA BY HABITAT
TYPE (%)

SUB,

fo TENCJRER PUCT RIFF. KD KDP NOR PO DO 3D

T 5 [ TRT0 SO BFY BFD EWB P DU SU GCO CAN,

P Gl P £T T MY el SFP LFY i Cad T 3 0D D0 —d T LFY e € P
O T T 7 T Y kY S0 D0 A O S D O O BT T PO O St
L S D0 5 i~ O T $I E5Y e S B0 €43 P2 P ek —a

D P P P Pl e et ot e e okt e v ekl

88¢
850
1500
§800
13
§18
1260
1500
§02
1250

880
0
1500
13
0
1260
0
602
0
2964
0
132}
0
§00
!
1900
¢
3920
0

L—2

0
2820
¢
§16

—

—_—
Pal e 457 i EXF P33 Ead i —i £ 3 G o Pl o €aF B P T e P ol

—_—

—

—_
—— s FF . =l A o e P PLF cet €43 P OV KA ik CaD G —a P 53 LA PaE P

—

—

—

~
B AP O SO CI Y CI LIV —F £33 L 0 3 3 OF O3 i £3 TN £ &

—
L .~

—

—_ . > —
— —

—r P B b i R e ke P ek e D P LD
e

= P €03 a3 0 DD ek Ea3 e £ £FY L34 . €03 43 CF5 O e AP Lok EFHID 453 far

r~
O o O USS P I3 =t 3 i €3 PP €03 D23 23 £FVL S5 €3 Pl C O £ S 5

ra—

b
~

2ER A
G SA
384 GR

—
AT D ot e £ SFY P S 63 D R £ —a £t ol £ D a3 S

—
AR e £ e 3 LoD OO s o —a —a P - R e e £ €D 23 P n =

— T a3 A C5F Cad €D L3 G KN TN B 73 LD £ TN P e S8 £53 £ o 5 e
—,
a3
=y
]
[ =1
—
o e Pl P D3 EFY S OO T e —a £ £ et O iy i e £ K3 —a S O e
Cod die e o e e . . Ko P P P P a3 P g, P S i P o P o Ra >
— Y S LY AN AT I S i S ) ST ) T W — I —
O — £ O P O O B /3 I £53 CrF2 T — Er3 O S e U O/ Ery s ey mit

100

THALWEG LENGTH
LENGTH

SUB-DONINART
SBISTRATEBHIEFlig

TAL HABITAT AR
TOTAL HABITAT AREA {W/SIDE CHAKNELS)
001 DEPTH
AV MAX RIFFLE DEPTH
AY STREAN NIDTH
AV HAX STREAN DEPTH
00L CLASSES
% FIRST CLASS

% SECOND CLASS
D CLASS

2083
2083

1.13
18420
26352

0.42
3172
A

8

GR
€0

~SUNKARY-

SUBSTRATE-OYERALL
DOMINANY

SUB-DOMIKANT
PIECES {WD '
BRUSH
SHALL TREES
LARGE TREES
INSTREAN COVER-OVERALL
PROPORTION
DONIRART
SUB-COMENANT
NEAK BANKFULL WIDIH

NEAN BANKFULL DEPTH
ENBEDDEDNESS- X YES

SUB-DOMINART
BARK GROUKD COVER
PERCENT CANOPY
NEAN SPRING WIDTH (FIELD NOTES)
KEAR SPRING THALWEG DEPTH
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Tl € £58 ek €3 P L Ja O £7 OO S O &S ©9 ©F 03 OO OF € OF (23 W ==
T e e T DS e B e Tl M T i Y el SHE el M e Sk
e e e f . P TaD Pl P G D P P ol e e P Sn P P e fou d
1P —4 CFF EFS —A EF CFD 63 €D — 4 =t v il ) T E0F CFF A ——FEAF —rcf) el sl
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Table I. Survey data for the proposed inundation zone in Coltomwood Creek (0187).

DATE OF SURVEY:  AUG 28 1981 SURYEY DIRECTION:  DOWNSTREAW
NOTE: WSO #1 ABOVE CULVERT -WEIGHTING-
DRY AT SURVEY:BELOW #8 ALL ORY OVERALL  AREA BY WABITAT
NOTE: NSO 2 1S COLVERT WITHOUT FLOX (%) TYPE (%) stB. K LMD INSTR. COV. RP. COVER
NSO HT BN WL W o P R4 TEN NREKPOOL RIFF. WD WOP MOR PC DO S0 B § [ PG S0 BFW BFD Ew3 PR DO SD GCO CAX,
1R 1 45 0 0 0 0 20 0 0 0 0 0 0 G € 3 1 i 0 Y IS5 T 4 2
0 R ! 60 ! 0 0 5 6 0 0 ¢ 0 0
ip 1 19 20 380 0 0 2 2 5% 0 3.8 3.8 0 1S5A GR 1 1 0D RD W oY 3IST 4 3
ik § 3 0 3§ % 20 0 38 05 003 GR €0 2 3 § 27 & H v 3T 1 2
5p 2 % 3 8 90 0 ¥ b oW 0t 0 36RO 1 1 3 ¥y U 9y 4S5t 4|
1R ¢85 0 0 40 8§ W 0 098 008 R C0 0 1 128 ¥ 6N 45T 42
1P P8O 8 80 1 ¥ 0t 0 3B OGR OO0 2 230 U 2 5Y 45T 4 A
8 R b8 1 U 0 & 2 5 0 904 0 0d g € 0 0 137 § 28 &N 4§ {3
50 4 2% 0 0 0 c 2 0 & 0 8 0 0 A R 1 D 2 % 0 48T 42
10R § 9 0 0 0 ¢ 2 ¢ 0 0 0 0 g 121 2 N 48T 4 2
1P B! 0 0 N T T A A A | 6 S 0 10 By 4§ i
12k T 30 ! 0 6 3 ¢ ¢t ¢ 0 0 0 - T I B ¥ OEN 45T 43
1P bW 0 0 0 e 2 4 ¢ 0 0 0 9 B 112 0 7Y 45T 1 i
14 R B R 0 0 0 ¢ 1T 0 00 00 0 GR G0 2 1 3 Hoen 35T 4
15 R I 0 0 ¢ £+ 0t 0 0 0 0 GR A 2 3 % 1Y WS T 4
16 P % 0 0 0 ¢ 1T 00 0 90 0 0 GR 00 1 1 2 o1y 45T 3
TR 1 8 0 0 0 b ¢ 00 0 9 0 0 G C0 0 D 0 6N 45T 3 2
18P T 0 0 8 b7 00 0 0 0 0 shoek 1 1 4 By 45T 43
We 1 H 0 0 0 09 0 0 ¢ 0 0 0 G 0 2 {1 13 i BK 45T 4
0P % 0 0 ! P2 0 06 0 0 0 0 GR b 11 g T 4SS T 42
~SUNMARY-
THALXEG LENGTH 1218 SUBSTRATE-O¥ERALL
HORIZ, LENGTH 1211 DORINANT &R
GRADIERT X 2,9 SUB-DONTRART £0
POOL AREA §9% PIECES L¥D
RIFFLE AREA L BRUSH 20
PﬁGL{RIFFLE ¢4 SNALL TREES U
TOTAL HABITAT AREA 1614 LARGE TREES 1
TOTAL HABITAI AREA (N/SIDE CRANNELS) H{A INSTREAN COVER-OVERALL
AY MAL POOL E N/ PROPORT ION 2
AY NAX RIFFLE DE 0.5 JONTNANT S
AV STREAR WIDTH [iETTEB AREA) 1 SUB-DONIRANT H
AY WAX STREAN DEPT 0.4 NEAN BANKFULL WIDTH 3
POOL CLASSES KEAN BANKFULL DEPTH 1
4 FIRST CLASS 3 EMBEDDEDNESS- X YES (NETTED AREAS)
% SECORD CLASS 0 POOLS 100
% THIRD CLASS 61 RIFFLES 0
SUBSTRATE-POOLS OYERALL i
84 REPAREAN COVER
SUB-DOMINANT &R PROPORTION i
SUBSTRATE-RIFFLES DONINANT §
DONENANT GR SUB-DONIRANT T
SUB-DOMENANT c0 BANK GROUND Cﬂ?El {
PERﬂElT CANOPY 3
EAN SPRING WIDTH (FIELD NOTES) 20
NEAI SPRING THALNEG DEPTH 0.5
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Table J, Survey data for the proposed inundation zome in Piling Creek,

DATE OF SURYEY: AUG 29 1981

SURVEY DIRECTION- DONHSTREAN

57

~KEIGHTING-
OVERALL ~ AREA BY HABITAT
(%) TYPE (%) s, 1N INSTR. Cov, RIP. COVER
NSOHT N WL W WA Ph Rx TENGTHDREK POOL WIFFLE M0 WP XORPC D§ 50 B S FA D0 S0 BFW BFD EMB PR DG SO 6CO CAX.
PP 12 12 wwe 0 o g § LI&T 0 288 CO 0 0 0 45 T 2 1N 35T 3 d
dR1 20 12 40 0 240 ¥ 0 T .6 016 86 €0 0 0 t 45 T A 10 3T 5§ %1
3P 2 12 N 0 Py on D 848 0 258 CO 6 0 2 45 T A W ¥IT 5§ ) |
R 2 2% 10 260 0 260 L 0 T L1 01y 88 0 0 1t 47 8 o 10 2T § 31
5P 3 2T Mo 0 8 1 0 1515 0 ¥88 0 0 1 0 4% 0 20 10 2§ T 3¢
R 318 8T 18 ! i 0 2 06 006 S8 €0 0 0 0 4SS W 2 TN 25 T 31
TP 4 3% 8 i 0 3 b 0 1313 0 38 ¢ 1 2 0 45 W 2 TN 25 T 21
R4 3¢ 10 360 360 68 g W ot 0t 88 ¢ 2 3 2 45 T W% N 25 T 41
§P 5 B g o I A ¢ 0 313 0 388 €0 1 2 3 43 ¥ W 10 25 T 42
R § 5 11 616 0 616 § 0 0 i 03 008 8% S8 1 1 0 3S T 3 6N 25 T 41
mep &8 Wease o W 0 o 0 0909 0 388 S8 0 0 1t 3§ T 2 6N 25 T 4 1
2R 6 48 11 Y §3 § 4 g t5 083 008 B8R S 0O 0 Q 25 N MOSN 2§ T 4 |
1P 7 36 10 360360 0 I T V4 g 212 0 38 SB 0 0 0 25 N 3 SN 2§ T 4
Wk 7 28 10 20 0 280 b 0 1 06 006 B8R SB 0 0 1 33 N M SN 2S5 T 4 3
1P 8 1410 (0140 O ¢ 2 § 9 222 0 B8 S 0 0 O 3S M 3 6N 25 T 4 3
1R 8105 111188 01158 T 18 6 3 1 0t BB 5 6 4 3T S 65 6N 4T § 4 3
~SUNNARY-
THALYEG LENSTH 633 SUBSTRATE-OVERALL
HORTZ, LERGTH b3 DONIRART BR
GRADIEAT % 5.1 SUB-DONINANT 58
PODL AREA 2094 PIECES LARGE WOODY DEBRIS
RIFFLE AREA 348 BRUSH 0
POOL/RIFFLE 0.46 SHALL TREES 1§
TOTAL HABITAT AREA bass LARGE TREES 1§
AV KAX POOL DEPTH 1.4 INSTREAN COVER-OVERALL
AV NAX RIFFLE DERTH 0. PROPORTION $
AY STREAR ¥IDTH 10 CHTNANT $
AY HAX STREAM DEPTH 1.2 SUB-DONIRANT T
POOL CLASSES NEAN BANKFULL WIDTH i0
% FIRST CLASS 0 NEAR BARKFULL DEPTH b
il el u
SUBSTRATE-POOLS RIFFLES )
DOMINANT 5B QVERALL 0
SUB-BONINANT co RIPARIAN COYER
SUBSTRATE-RIFFLES PROPORT IO 2
DONINANT BR DONINARY §
SUB-DOXINANT 58 SUB-DONINANT I
BANK GROUND COVER §
PERCERT CANGPY 2
MEAN SPRING WIDTH {FIELD NOTES) 12
NEAN SPRING THALNEG DEPTH 1



Table K, Survev data for the preposed inundation zone in stream 020%.

DATE OF SURVEY: AUG 20 1981 SURVEY DIRECTION-
NOTE: ONLY 14,5 FT ELEVATION GAIN =NEIGHT ING-
NOTE:NSO 7 15 CULYERT (89 FT X 2 FT, QVERALL  AREA BY HABITAT

0.4 FT DEPTH) (%) TYPE (3) SUB,
NSO HT WML W A PA RA [N ARER FODL RIFF. WD MOP NOR PC DF 30

UPSTREAN

FIND

INSTR, COY,
§§ [ PROG SO bFv BFD EW3 PR DO 30 SC0 CAN.

RIP, COVER

1R 1 & 10 8 0 8 ¥ 4 0 705 008 @ S8 9 0 03T § 60 SN 2P S 4 2
3 S T T T | B |- b 4§ 01383 0 3C0 S8 0 0 03§ T &0 KM 2V 5 4 2
3R 2 w13 W 1 w0 08 00E € 8 0 0 03T § 4 SRk 2T 8 4 2
P2 MO W 1 § 1T 17 01618 0 288 LB 0 0 045 T & AN 2T § 4 3
SR 8 ¢ M o 5 5 0 9 1 0 i S8 1B 0 1 847 5 40 5K 275 3 3
P 1 19 18 M2 0 7T 17 4 0 3.9 393 ¢ 1C0 SA ¥ 2 240 W oY 1T § 4 3
ar 4 % 2 m m oW 9 0 1504 0 0d
IS T4 B | O[] oo 8 0 €0 8 0 0 Q47 5 30 8T 32
gr 418 17 1 e 0 6 § 2 01616 0 3COOSB 1t 035 T ¥WON 25T 3 3
R & 14 § 112 w8y 8 ¢ vy 00 0 S 0 0 037 § & 9N 28T 4 3
e 3 18 6 % 9 g6 8 o0 1t 0 ¥C0 S8 0 Y 04T § 0 9K 28T 3 3
-SUNNARY-
THALKEG LENGTH 261 SUBSTRATE-QVERALL
HORIZ, LENGTH 261 TONINARY ¢0
GRADIENT & 5.56 SUB-DONTNANT 8
POOL AREA 845 PIECES L¥D
RIFFLE AREA 1213 BRUSH 2
PGOL/RIFFLE 0.4 SMALL TREES ;
TOTAL BABITAT AREA 2060 LARGE TREES 2
TOTAL RABITAT AREA (N/SIDE CHAWNELS) KA INSTREAN COVER-QVERALL
AV MAL POOL DEPTH 1.9 PROPORTION . k
AY AKX RIFFLE DEPTH 0.8 DONINART |
AY STREAR KIOTH g SUB~DONINANT §
AY NAX STREAK DEPTH 13 NEAN SARRFULL WIDTH {0
POOL CLASSES NEAN BANKFULL DEPTH [
% FIRST CLASS 20 ENBEODEDNESS- 3 YES
1 SECOND CLASS i POOLS §
% THIRD CLASS 5t RIFFLES 0
SUBSTRATE-POOLS QVERALL il
DONINANT ¢0 RIPARIAN COVER
SUB-DOMINAKT 58 PROPORT IO 2
SUBSTRATE-RIFFLES NAN 1
DONTHAKT £0 SUB-DONINANT §
SUB-DONINANT 58
BARK GROUND COVER 3
PERCENT CANOPY i
NEAN SPRING ¥IDTH (FIELD NOTES) 12
NEAN SPRING THALWEG DEPTH 0.5
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Table L. Survey dsta for the proposed inundeticn zome in streas 212,

59

DATE OF SURVEY: SEP 3 1881 SURVEY DIRECTION:  UPSTREAR
-WEIGHT ING-
OVERALL  AREA BY HASITAT
(% TYPE (8) SUB. ELND INSTR. COY. RIP. COYER
NSO BT BNHL W W Pa RA TERCARER PUOUWIFF. XD w0p KDR PC DO Sp B S [ FRUO SO BFN BFD EMB PR DU SO GCO CA.
1R 1 @ 3 ¢ ¥ 4 3 0 504 00d GR Sk 20 16 T W 5 70010Y 2T § & 3
3 G B T 63 0 ¢ 4 9§ 00303 0 36k €0 00 34N U 46 6Y 35T 4 3
3RO2 W 6 168 0 168 ¢ 12 ¢ 23485 008 GR SA 5 14w U & §Y 3§ T 3 3
P2 B 64 0 5 4 9 DeT 0] 0 3G OSA 5 2 04N K & FY 48T 4 3
53 w4 it 1 9 8 0 505 D0 GR A 0 1 0 3W B W OBY 457 4 3
§P 3 M 4 1% 13 0w 9 19 0 ¢ 1 0 26 SA 3} 2 o040 U 3 OEY 4S5 T 4 3
T8 4 B 3 0 & 9 8 b 04 DA GR €0 0 0 035 H 3 §Y 45T 4 3
§F 4 4§ 2 24 g0 B 2 &£ 01141 0 1€ G 0§ 2 34N b 28 6N 45T 4
U S T T g & 3 3 0 601 0 GR 0 1 1 230 K 28 SN 45T 4 3}
we 5 13 6 18 ¢ 4 5 1 007 0T 0 FGR OCO 2 2 Q¥MWOU 2 SN 45T 4 3
He 6 % 4 0 6 5 4 0 S04 A4 00 Gk 0 0 03T 5 28 BN 4S5 T 4 |
e & 11 4 68 0 5 5 W 0 1 1 ¢ 2¢ $ 0 0 23I¥W S H SN A4S T 4 2
B3R 7 8 4 2 g 20 1T 13 0 30T 007 € 86 f 0 03T § R 6N 3IST 4 3
-SURNARY-
THALYEG LENGTH 321 SUBSTRATE-OYERALL
HORIZ, LENGTH 3% DOMIRANT GR
GRADIEXT X 11,08 SUB-DONINAKT Sh
POOL AREA 103 PIECES LND
RIFFLE AREA 132 BRUSH 55
POOL/RIFFLE 0,43 SMALL TREES H
TOTAL RABITAT AREA 1438 LARGE TREES 18
TOTAL HABITAT ARER (¥/SIDE CHAMMELS) R/A INSTREAN COYER-OYERALL
AY MAX POOL DEPTH 0.8 PROPORTLOR i
AV KAX RIFFLE DEPTH 0.5 DONINANT ¥
AY STREAM WIDTH 4 SUB-DONINANT U
AV MAX STREAK DEPTH 0.6 NEAN BAKKFULL WIDTR k)|
POOL CLASSES NEAR BARKFULL DEPTH §
% FIRST CLASS 11 ENBEDDEOKESS- § YES
% SECOND CLASS 3 POOLS 31
% THIRD CLASS 50 RIFFLES 5
SUBSTRATE-POOLS OVERALL i
DONINART £0 RIPARIAN COVER
SUB-DONTNANT &R PROPORTION 4
SUBSTRATE-RIFFLES DONTNART §
DONTNART Gk SUB-DONTNANT T
SUB-DONTHAKT 8
BAXK GROUKD COVER 4
PERCENT CANOPY §
NEAR SPRING NIDTH [FIELD OTES) §
NEAN SPRING THALNES DEPTH 1



Table W, Survey date for the proposed inundation zome in stresm 0215,

60

DATE OF SURVEY:  AUG 28 1541 — SURYEY DIRECTEON:  UPSTREAN
OVERALL AREA BY HABITAT
(%} TYPE (%) SUE, FLND TASTR. COV, RIP. COYER
NSD HT MM WL W #a  PA R TEN FREKPOUCRIFF. mp wop WOR PC B0 S0 § § U PRUOU SO BFN BFD ENB PR 0D S0 GCO CAN.
{P 1 % 6 150 150 0 3 4 13 011t 0 ISR 1 2 2 IN b W o6y 4T § 4 1}
IR T8 & 528 ¢ 58 1 % 0 2 t8§ 018 A 1 6 D30T W O6Y 45T 43
ip P b N0 0 0 ¢ 9 29 02233 0 2BAOGR 1 o0 D3UOW O 8Y 45T 4 3
1 2 1% g @ 2 & 0 404 004 ok SA 1 1 T U 2 &Y 38T 4 2
§p I8 8 W ¢4 4 1% 0t2 7 0 35k 6k 0 1 13T ¥ W &Y 3§ T O3 A
R 3o b 180 ¢ W 5 5 0 1 1 0 1 @ 8% 10 tdR 1 M o7Y 38 4
1P 123 50 b2 2 8 0t nd 0 3% R0 D3R OXO2 BY 43 b3
IR (8§ 200 ¢ 220 8 8 0 1209 008 s 1 PRl % fY 48 i 4
§? 5y 52 A S O S S O % O B I A I N O I A N i
108 & 4 3 0 3 1 ¢ 0 130y 009 GRS § 4 44T K 0 TY 4S5 [
ity b 18 3§ 9 8 2 3 8 01111 0 384 0 04k N 28 BY 4S5 T 4 ¢
12R ¢ 80 5 4RO 0 40 1 13 0 2009 0039 R S b 5 S4B M 3 §Y 45T 4
137 1 3 § 18 18 ¢ §8 5 1 0 1.3 L3 D ¥SAOGR ¥ 1T Ot 4R oW M OBY 4§ I
14 R T &6 4 ¢ w0 & & ¢ 107 007 GRS 1 2 1 4R W 3 4y 4 I
15 P g W 5 0 2 2 5 0Do8 08 0 3SA 1 140 0 30 5Y 487 &
16 R g 4 M 0 30 12 10 0 oS 00 B &t 0 O 4R T 28 6Y 33 3
1y § o 1 ¢ 3y 2 1 0t 1t 0 s 0 0 0 40 U 25 5Y IS8T 4 4
~SUKKARY-
THALXEG LENGTH 132 SUBSTRATE-QVERALL
HORLZ, LENGTH ™ DOKTNANT GR
GRADIENT § .9 SUB-DOKIAANT §A
POOL AREA 1152 PIECES LND
RIFFLE AREA 3 BRUSH 2
POOL/RIFFLE 0,32 SNALL TREES 19
TOTAL HABITAT AREA H LARGE TREES il
TOTAL HABIIAT AREA {W/SIDE CHANNELS) LI INSTREAN COVER-GYERALL
AY HAX PO 1.2 PROPORTION |
AY NAX RIFFLE DEPTH 0.9 DONTIRAKT §
AV STREAM MIDTH 5 SUB-DOMINANT ¥
AV KAX STREAM DEPTH 1.1 NEAN BANKFULL NIDTH b
POOL CLASSES KEAL BANXFULL DEPTH b
% FIRST CLASS 0 ENBEDDEDNESS- & YES
% SECOND CLASS 11 POOLS 100
§ THIRD CLASS 8 RIFFLES 100
SUBSTRATE-POOLS OVERALL 190
DONINA Sh RIPARTAN COVER
SUB-DONINANT GR PROPORTION 4
SUBSTRATE-RIFFLES DONIRANT $
DONINARY R SUB-DONIRART T
SUB-DONERANT SA
BANK GROUND COVER 4
PERCENT CANOPY 4
KEAN SPRENG WIDTH (FIELD NOTES) §
NEAK SPRING THALNEG DEPTH 0.4



Table X, Survey data for the existing inundation zone (upper 30 feet of elevation) of the Green River mainstem.

DATES OF SURVEY: SURYEY DIRECTION:  DONSTREAN
HS0 1-10: SEP 26 1991 ~NETGHTING-
K50 11-20: OCT 18 1894 OVERALL  AREA BY HABITAT
(%) TYPE (%) SUB, B LD INSTR. COV. RIP. COVER
KSOWT s W W PA RA TENC FRCR POOCRIFF. #D NOPMORPC DO S0 F § [ PR OO SU BFW BFD EMB PR DO SD 6CO CAN.
PP 1 510 87 M3T0 43N0 0 3 v 2 4 06 1GRC 0 0 0 4D U 35o¥WY 3T O§ 4
2R 1 200108 21600 0 21600 3 ¢ 0 6 1 0 f{ COSB 0 0 1 35T Mp2awy IS4
IR 2 M0 AT 13680 0 13680 4 30 4 12 005 oS8 0 0 0 47 5 28 5Y 3T OS2 |
4P 2 M5 47 20015 20815 6 1 4 13 0 222 0 1BRSA 0 0 1 4D U 320 NWY 2T § 4 |
§9 3 450 79 33550 39550 i 1 T2 o0 4 & 0 108 0 11 48 b 000y 2T § 21
6R 3 513 &1 45861 055561 ¢ 41 0 16 t2 012 CO B8 0 1t 3V OS5 ¢y &Y ¥IT 5§ 4 %
TF 4 415 B3 34445 J4dib 0 6 T 0 55 0 200088 0 3 & 3§ W 400 WY 2T 5 2 1
8R4 282 63 1776 § o1mes 4 3 0 5 5 085 o6 0 & 1 3F S 460 12Y 25 T 2 ¢
99 5 1B §¢ 8260 2 5 0 w0 1COGR 0 5 3 40 W &0 LY 25 6 2 1
10R 5 1470 120 176400 Q176400 28 3 0 81 25 0285 [0GR 0 1002 3T 5 WARAY 16 i
He & 8 21 2258 1 01 0 4545 0 1C0S8 0 2 2 4D W NANAY 16 2
12P 1 115 62 10850 10850 P 3 27 0 1A1E 0 3eR €0 2 0 1t 3% WANAY 16 ¢
3R & 75 69§ 1 um 1t ¢ 1 0.5 088 GOS0 1 0 35 NARAY 16 1
14P & 135 51 G8ES 6345 i 2 1 4 ¢ 2 2 0 3cOSB 0 2 2 3¥ S NANAY 16 21
R 7 311 11 2081 § o8y 5 & 0 & 05 005 Lok 0 0 3 27T RANAY 16 2 1
16F & 18 20 1560 1560 1 1 81 6 2 2 0 :GRE0 3OO0 ¥ NANAY 16 2 1
TR 8 188 31 13 0 5138 2 1 0 2 15 015 C0 S8 1 0 0 3§ NANAY 16 1
1R § 120 38 4560 0 4560 2 0 1 1.5 01h (0S8 0 0 0 2§ KANAY 16 2 1
1R 10 158 52 8060 0 860 2 20 2 0.9 008 €08 0 0 2 47 5 NANAY i1
R 1 40 3 15580 0 15580 6 a0 1 01 S 08 13T § MARAY 41
- SUMMARY-
THALYEG LENGTH 6423 SUBSTRATE-OVERALL
HORIZ. LENGTH 6423 DONINANT {0
GRADIENT % §.41 SUB-DONTNANT GR
POOL AREA 165103 PIECES LD
RIFFLE AREA 345082 BRUSH b
POOL/RIFFLE 8,32 SNALL TREES 33
T10TAL BARITAT AREA 510158 LARGE TREES #
TOTAL HABITAT AREA (N/SIDE CHARNELS) /A INSTREAN COVER-OVERALL
AV NAX POOL BEPTH 1 PROPORTION )
AY MAX RIFFLE DEPTH 1 DOKIKANT J
AV STREAN WEDTH 80 SUB-DONINANT §
AY NAX STREAM DEPTH a4 NEAN BANKFYULL WIDTH /A
POOL CLASSES NEAN BARKFULL DEPTH kA
X FIRST CLASS 56 ENBEDDEONESS- % YES
¥ SECORD CLASS 22 POOLS 100
% THIRD CLASS 2 RIFFLES 100
SUBSTRATE-POOLS OVERALL 180
DCKIKANT £o RIPARIAN COVER
SUB-DONINAKT 58 PROPORT ICK 1
SUBSTRATE-RIFFLES ONINART &
DONTRANT ] SUB-DONTNAKY §
SUR-DOKTRANT GR BANK GROUND COYER 2

PERCENT CANGPY
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Table 0. Survey data for the existing inundation zone (upper 30 feet of elevation) in the Korth Fork of the Green River.

DATE OF SURVEY: OCT 13

1891

SURYEY DIRECTION- DONNSTREAM

-NELGHT ING-
OVERALL RREA BY BABITAT
(4] TYPE (%) SUB.  # LMD INSTR. COV. RIP. COVER
NSGHT WM WL W B PA Ra  CENGTR ARER POOC WIFFLE o NOPNORPC D0 S0 B 5 [ PR U0 SO BFE BFOENB PR DU SO GCO CAN.
TR 1192 34 658 0 6328 y 8 0 10 1.5 ots SB B 3 0 3 4T 5 13 BY 45 T 4 2
2P 1 49 32 1566 1568 0 A S ¢ 616 0 20 SB 1 0 9 27 19 Y 4T 8 4 1
IR 2128 38 4864 0 4864 b6 0 1 66 006 CO S8 6 Q0 0 47 § 180 8Y 45 T 4 1
P 2176 25 4400 W00 0 I T p 2525 0 2¢0 SB 2 2 3 4 § 10 BY 45 T 2 1|
FR 3165 30 4050 0 4430 g0 0 T 0.9 009 0O S8 0 0 0 47 5 Mo ®wy 27 & 3 1
BP0 2 B0 el 0 | | 0 2525 0 200 B0 0 0 3§ 1m 1wy 26 A
TR 444 3313382 013382 1§ 0 0w 2 0 2 0SB0 00 4T 5 NAWAY 26 2 1
BR 583 4B QTSTE 0ASHE W M ¢ % 1§ otd €0 GR 2 0 9 IT 8 NMAWAY 1 11
~SUKMARY-
THALWEG LENGTH 2088 SUBSTRATE-OVERALL
HORIZ, LENGTH 2089 BONINANT £o
GRADTEAT % 14 SUB-DONINANT GR
POOL AREA 1744 PIECES LARGE WOODY DEBRIS
RIFFLE AREA 1249 BRUSH 1
PGBL(RIFFLE 0.13 SMALL IREES 2
TOTAL RABITAT AREA 16391 LARGE TREES b
AY KAX POOL DEPTH 2.2 INSTREAN COVER-OYERALL
AY NAX RIFFLE DEPTH 1.3 PROPORTION 2
AV STREAM NIDTH K| DONIRANT I
AY NAX STREAN DEPTH 1.6 SUB-DONINART S
POOL CLASSES NEAN BANKFULL ¥IDTH /A
X FIRST CLASS 0 NEAN BARXFULL DEPTH R/
% SECOND CLASS 100 ENBEDDEDNESS- & YES
X THIRD CLASS § POOLS 100
SUBSTRATE-POOLS RIFFLES 100
DOMINANT €0 OVERALL 100
SUB-DONINANT S8 RIPARTAN COVER
SUBSTRATE-RIFFLES FROPORT I0K ?
DONINANT £0 DONIRAKT g
SUB-DONENANT GR SUB-DONINANT 1

BANK GROUND COVER
PERCENT CANOPY
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Table P. Survey data for the existing inundation zome (upper 30 fest of elevation) in Charley Creek.

DATE OF SURVEY: 0CT 15 1991 SURVEY DIRECTIOR- DOWNSTREAX

-NEIGHTIRG-
OVERALL AREA BY HABITAT
(%) TYPE (X) SUB.  #L¥D IRSTR. {0V, RIP. COVER

NSO HT #N HL N WA PA RA  CERGTW ARER POOL RIFFLE WD MoPMDRPC DO 50 B 5 L PR DO SO 8FW BFD EMB PR OO SD 6CO CAN.

TR 1518 3719203 019203 &4 &8 0 % 2 0 2 LB OSB M #1247 § N 4T § 3 2
2P 1 B 4 b 0 L T | 0 2525 0 21B B 1 1 2 4§ T 17 5% 4T § 4 ¢
IR 2186 52 w12 0 W12 W% ¢ a1t a1 LB OGBS0 B b 4T & 130 N 4T § 4 2
4P 2 33 % f5e & 0D i 0n 0 4 4 0 218 BR 0 0 0 30 § 150 ¥k 3T § 4
§R 3230 24 S50 0 oM 1 W 0 % 18 0y LB OSB3 2 & 4T 5 Hl WK 11
§P 3 68 12 816 818 0 I S\ 9 3 3 0 280 LB 0 0 0 4D 0 w0 18K 11
TR 4 3 21 1806 0 1506 T b 1 §oo2 0 2 1B oS 0 0 1 47 5 140 18N LI
- SUMMARY -
THALKEG LENGTH 181 SUBSTRATE-OVERALL
HORIZ, LENGTH 1181 OONENANT LB
GRADIENT % 2.5 SUB-DOMINANT 58
POOL AREA 090 PIECES LARGE WOODY DEBRLS
RIFFLE AREA 201 BRUSH 25
POOLRIFFLE 0.08 SAALL TREES AU
TOTAL HABITAT AREA 39291 LARGE TREES 28
AV HAX POOL DEPTH 32 INSTREAN COVER-OVERALL
AV MAK RIFFLE DEPTH 2,0 PROPORTI0X {
AV STREAM NIDTH H DONTNART 1
AY NAX STREAM DEPTH 2.5 SUB-DOMINANT §
POOL CLASSES KEAN BANKFULL YIDTH. 132
§ FIRST CLASS ! REAN BANKFULYL DEPTH . 18
% SECOND CLASS 100 ENBEDDEDKESS- & YES
% THIRD CLASS 0 POOLS 0
SUBSTRATE-POOLS RIFFLES !
DOKINAKT L8 OYERALL 0
SUB-DONINANT 5B RIPARIAN COVER
SUBSTRATE-RIFFLES PROPORTICH 3
DONIRAKT L8 BOMINANT T
SUB-DONINANT §B SUB-DOXINANT ¥
BANK GROUKD COVER 2
PERCEKT CANOPY L
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Table Q. Survey data for the existing inundation zone (approxinately upper 22 feet of elevation) in Gale Creek.

DATES OF SURVEY:
NS0 $-3: OCT 15 1991

NSC 4-10: SEP 26 1881
NOTE: JOINS MAISTEN BELOY RS0 10

. 3
OVERALL

(%)

- SURVEY DIRECTION-
ARER BY HABITAT
TYPE (%)

UPSTREAN

S8,

$ LN

INSTR, €OV,

RIP. COVER

NSO KT WM W W #A  PA Rk TENCWRER PODCRIFF. KD WOP MOR P D0 50 B § [ FPROU SO BFW BFD ENB PR U SD GCO CAN,
1R 1 85 40 340 0 30 5 12 0 1805 005 00 R ¢ 0 631 § f o 11
2P 1130 41 5330 B3M0 g ¢ 1w 0t 1 0 300 6R 0 Q0 026 | 11
IR 2 1 15 1N 8 1n% 5 4 0 611 014 0 6k 0 0 03T § | 12
4R IoWE A N b o200 ¢ 1 0 W04 D04 0 Gk 0 0 028§ ¥ o1 '
§p 8 2 134 14 0 4 5 % 0 2 2 0 3G OGO 0 1 013 Yy 26 1 3
bR 4 40 13 5590 b 580 21 W 0 29 0.4 00 G 60 0 0 018 W NY 26 11
1P 3130 8 10 1040 ¢ 8 4 12 92525 0 Gk SA 9 0 020 M Wy 26 i1
R 3o 11 4240 0 4290 28 96 0 22 0.6 0 0.6 0 G 0 0 023 Y 1 i
§? &3 16 4 4 0 2 T Q9T AaY o6 1Ch o6k 3 o0 2 o4% 5 WY ITS§ 21

iR § 100 18 1800 0 10 6 T 0 9068 O 0.8 €0 S8 0 2 44T 5 B OEY 4TS 4 2
~SUMMARY-
THALNEG LENSTH 1584 SUBSTRATE-QVERALL
HORIZ. LEKGTA 1584 DONTHAR] 0
GRADIENT % 1.4 SUB-DOMIRANT GR
POOL AREA 8328 PIECES L¥D
RIFFLE AREA 14108 BRUSH 3
POOL/RIFFLE 0.3 SWALL TREES 3
TOTAL HABITAT AREA ) LARGE TREES b
TOTAL HABITAT AREA (¥/SIDE CHANRELS) NA INSTREAN COVER-QVERALL
AV XAX POOL DEPTH 00 PROPORT 10N 2
AY MAX RIFFLE DEPTH 0.5 DONTNANY §
AV STREAN NIDTH 11 SUB-DONINANT
AV KAX STREAN DEPTH §.2 NEAN BARKEULL WEDTH . N/
POOL CLASSES HEAN BANKFULL DEPTH KA
{ FIRST CLASS <] ENBECDEDKESS- & YES
% SECORD CLASS ! POOLS 100
% THERD CLASS T RIFFLES 100
SUBSTRATE-POOLS OVERALL 100
OONINANT i RIPARTAN COVER
SUB-DONINART aR PROPORTIOR i
SUBSTRATE-RIFFLES DOXINART &
DONINANT £0 SUB-DOMINANT §
SUB-DONIRANT ar BANK GROUND OVER 1

PERCENT CANOPY
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Table R. Survey data for the existing inundetion zone {upper 30 feet of elevation) in siream 0215,

PERCENT CANOPY

65

DATE OF SURYEY:  OCT 16 1991 —— SURVEY DIRECTION:  DOWNSTREAN
OVERALL  AREA BY HABITAT
(%) TYPE {3) SUB. § LD INSTR. COV. RIP. COVER
RSO HT AN WL N WA PA M TEN ARERFOOLRIFF. WD %0P MOR PC DO S0 B 5 [ PRDO SU BFW BFD EMB FRUD SO GCO CAN.
iR 1 140 4 560 § 560 19 & 0 § L& 0 0.6 SA &R 5 1 030 Y 20 fY 4T 8 4 4
iy 1 88 5 % 0 4 4 73 0 2 2 0 2S5h GR 2 0 03U 0 8Y 4T 6 4
iR o6 4 oM g 20 4 4 0 45 0 0.6 AR 1 0 03T 0 RANMAY 4T 5 4 4
iP 2% 4t 100 ¢ 2 t 2 ¢ 1 1t 0 25k GR 1 1 03U MARAY 4T {4
SR ERLO N R 0 00 & 83 0 88 1 0 SA 0 0 93 MARLY 16 1
~SUMKARY-
THALNEG LENGTH 1468 SUBSTRATE-OYERALL
HORIZ, LENGTH 1465 OONIRANT S
GRADIENT X 2,08 SUB-DORTIRANT
POOL AREA 18 PIECES L¥0
RIFFLE AREA 6120 BRUSH $
Pﬂﬂl{RIFFLE 0,03 SHALL TREES 2
TOTAL HABLTAT AREA 709 LARGE TREES 0
TOTAL HABITAT AREA (X/SIDE CHANNELS) U INSTREAN COVER-OVERALL
AY NAX POOL DEPTH 1.§ PROPORTLON i
A NAX RIFFLE DEPTH 0.7 DONINANT U
AY STREAN ¥IDTH § SUB-DONINANT
AY RAX STREAK DEPTH 1.0 WEAK BARKFULL WIDTH /A
POOL CLASSES NEAK BARKFULL DEPTH /A
% FIRST CLASS 0 ENBEDDEDESS- % YES
% SECOND CLASS 100 POOLS 100
% THIRD CLASS 1 RIFFLES 100
SUBSTRATE-POOLS OVERALL 100
OONINANT SA RIPARIAN COVER .
SUB-QOKINANT GR PROPORTEON 1
SUBSTRATE-RIFFLES DONINANT 6
DONIRAKT S SUB-DONIKANT
SUB-DOKIKART
BAKX GROUND COVER 2



