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Abstract

Stream temperature monitoring and spawning gravel sampling were conducted within the largest
non-glacial tributaries to the upper White River in the summer of 1995. The purpose of this
monitoring was to provide information on selected habitat parameters in support of plans to
improve habitat conditions for the only remaining spring Chinook salmon stoek in south Puget
Sound Water temperatures monitored in the Clearwater River, Huckleberry Creek, the
Greenwater River, and tributaries to the Greenwater River revealed that some reaches of these
streams exceeded water temperature criteria established in the state Water Quality Standards,
while other reaches met the criteria during the summer of 1995, Sampling of stream substrate
within salmon spawning habitat revealed that 93%, 71%, and 42% of the 1995 gravel samples
collected from the Clearwater River, Huckleberry Creek, and the Greenwater River, respectively,
~had fine sediment levels characterized as “Good” according to the Watershed Analysis resource

condition index, with the remainder characterized as “Fair™ o1 “Poor.” The results of additional
water ternperature monitoring, conducted during the summer of 1996, and streambed scour
monitoring over the 1995/96 winter period, will be reported on in a later report.
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Introduction

The Washington State Department of Ecology (Ecology) conducted habitat monitoring surveys
within three non-glacial tributary streams of the upper White River during the summer of 1995. The
purpose of these surveys was to assess certain habitat parameters within the Clearwater River,
Greenwater River, and Huckleberry Creek that could adversely affect survival of White River spring
Chinook salmon These streams have been identified as supporting spawning, rearing, and adult
maturation for White River spring Chinook salmon. This race of fish is the sole remaining spring
Chinook stock within south Puget Sound. Due to low numbers of returning adult fish, this stock has
been identified as critical by the 1992 Washington State Salmon and Steelhead Stock Inventory
report (WDFW, 1994). In addition, these fish have been petitioned to the National Marine Fisheries
Service (INMFS) foz listing under the Federal Endangered Species Act (ESA). State and federal
agencies, as well as four treaty tribes (Muckleshoot, Nisqually, Puyallup, and Squaxin) have
collabotated to protect the genetic integrity of these fish and restore them to their historical habitat
within the upper White River.

During 1995 scoping for the South Puget Water Quality Management Area by Ecology's Southwest
Regional Office, focusing on water quality concerns within those areas utilized by White River
spring Chinook salmon emerged as a top priority. The White/Puyallup River system has been
impacted in many ways. Some of the impacts in the White River below Mud Mountain Dam have
included channelizing, discharges from industrial and municipal activities, riparian cover removal,
low instream flows, diversion of flow for power generation, flood control projects (Mud Mountain
Dam), and gravel bar scalping. The upper White River (above Mud Mountain Reservoir) also has
suffered human-caused impacts. Most of the lands within the upper White River watershed are
managed for timber production, which has resulted in increased runoff, increased sediment
production and transport, debris flows, and loss of riparian habitat.

The Clearwater and Greenwater Rivets have been listed under section 303(d) of the Federal Clean
Water Act for exceeding water quality standards for temperature. Temperature monitoring during
1989, 1990, and 1992 established that temperatures were exceeding the state's Class AA water
quality standard for these streams (16.0°C). Temperature impairments within forested watersheds
can be indicative of past management practices that degraded riparian habitat and channel
morphology. Section 303(d) also requires that Washington State and the federal Environmental
Protection Agency (EPA) establish total maximum daily loads (TMDL) for listed water bodies. In
response to these listings and the need to protect critical fish habitat, Ecology has initiated phased-
IMDL assessment woik in the upper White River watershed. A proposed phased-TMDL would
provide a structure for combining Washington Forest Practices Board Watershed Analysis (WA}
with specific water quality based salmonid habitat targets, restoration needs and associated
timelines, and post-implementation monitoring.

A WA was conducted within the Clearwater River watershed during the summer/fall of 1996. A
team of interested parties (the Upper White River Chinook TMDL Framework Team) has been
formed by Ecology to assess past and present monitoring efforts, participate and provide analysis in
the Clearwater River WA, and provide direction and expertise on phased-IMDL needs.
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This interim report presents the results of stream temperature and spawning gravel fine sediment
monitoring conducted by Ecology and other watershed parties during the summer of 1995, as well
as earlier spawning gravel sampling conducted by the Muckleshoot Indian Tribe. In addition to the
results presented in this Interim Report, additional field studies were conducted by Ecology and
other cooperators as a part of the overall project. These included scour monitoring and cross-section
studies in the Clearwater River, conducted by Ecology during fail 1995 to late winter 1996, and
follow-up temperature monitoring conducted during the summer of 1996. The combination of
temperature, spawning gravel composition, and stream bed scour studies are intended to allow for a
more focused view of stream physical habitat, and how well they support the beneficial uses of
salmonid spawning and incubation as per the Water Quality Standards. Future TMDL development
for Chinook habitat related parameters for streams in the upper White River watershed will benefit
from results of field studies and other watershed assessments for determining the most appropriate
target habitat parameters and conditions.

Study Objectives

The purpose of this report is to summarize data collected during the summer of 1995 for habitat
parameters. Field studies were conducted to:

1. Monitor air and water temperatures regimes within the Clearwater River, Greenwater River and
Huckleberry Creek and provide a temperature assessment of riparian conditions within the
Greenwater River adjacent to managed and unmanaged lands; and

2. Evaluate fine sediment levels in gravel samples collected within salmon spawning areas.

Field studies were conducted to assess these habitat parameters as they existed during the summer
and fall of 1995, and to provide information for the Clearwater River WA and to assist the Upper
White River Chinook TMDL Framework Team in developing an approach for a phased-TMDL. In
addition to summarizing habitat information collected in 1995 by Ecology and cooperators fiom the
Puyallup Tribe (PT), Muckleshoot Tribe (MT), and the United States Forest Service (USES) during
1995, this report summarizes certain existing habitat data collected within the upper White River.
This report also includes a comparison of past stream temperature monitoring efforts related to
303(d) listings with temperature assessments completed during 1995, :

Study Area

The Cléarwater River, Greenwater River, and Huckleberry Creek are tributary streams to the upper
White River (Figure 1). Each watershed is characterized as flowing from mountainous areas
(approximately 3500-4000 feet elevation) into narrow and steep forested valleys Lower valleys
gradually broaden and stream gradients moderate before entering the White River. Other than the
small town of Greenwater, located at the mouth of the Greenwater River as it flows into the White
River, few people live within these watersheds

Page 2 Upper White River Habitat
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Land use is heavily dominated by timber production. Within the upper White River watershed, the
USFS, Weyerhaeuser Corporation, and Washington Department of Natural Resources own 109,000,
68,000, and 7,000 acres, respectively. Logging began early in this century and accelerated during
the 1940's with the advent of truck logging. Much of the watershed is in second growth production
with patches of old growth conifers remaining. Currently, the three streams support populations of
spring Chinook salmon, winter steelhead trout, coho salmon, and resident cutthroat and rainbow
trout. During the fall of 1995, pink salmon were observed for the first time spawning in the
Clearwater River.
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Methods

Data on air and water temperatures, stream flow, stream channel characteristics, riparian condition,
and spawning gravel composition were collected from the three largest non-glacial tributary streams
flowing into the upper White River: Greenwater River, Huckleberry Creek, and the Clearwater
River. Data collecting activities within selected streams are summarized in Table 1.

Stream Segmentation and Reference Points

Established location markers are needed to conduct ambient monitoring surveys (Schuett-Hames et
al., 1994a) All three streams were divided into segments. Reference points were established within
those segments where monitoring surveys were performed. Segments divide streams into suzvey
units based on stream gradient, channel confinement, and location of tributary streams. These
segments can be used for consistent reference locations so that past, present, and future data
collection can be referenced back to the segment locations. Segments were delineated using United
States Geological Survey 7.5 minute topographic maps, and they vary in length. Reference points
are a series of markers established at 100-meter intervals upstream of a segment. Reference points
can be used for locating and describing channel and adjacent habitat features, locating specific
sampling locations, and providing permanent locations for photo point surveys of the stream
channel over time. Both segment and reference points are marked with survey tape (varying
colors) and aluminum tags nailed (aluminum nails) to the nearest large tree (preferable conifer).
Longevity of these markers is subject to flooding events Information provided on the tapes and
tags were date of survey, segment numbers, and reference point numbers.

Site Selection

Temperature Assessment

All three streams were monitored for air and water temperatures. Recording thermographs were
deployed within the three streams to measure temperature variability within varying habitat units.
Background temperatures within the Clearwater River and Huckleberry Creek were recorded within
riparian zones consisting of old growth conifers. These background temperatures were recorded
within or just downstream of designated wilderness areas. Thermographs within all three streams
were also placed adjacent to and below managed and unmanaged lands. All three streams had
thermographs deployed within approximately one mile of the confluence to the White River. In
addition, MT and USFS in 1995 monitored stream water temperatures within the Clearwater and
Greenwater River basins, respectively.
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Spawning Gravel Composition

Collection of spawning gravel was accomplished on all three streams. Site selection criteria for
gravel collection included accessibility, gradient, spawning habitat, and known locations of previous
spawning activity. MT and PT were helpful in locating those specific locations where spawning
salmon have been observed.

Thermograph Deployment

Hobo temperature data loggers (programmed and deployed by Ecology) were used to record air and
water temperatures within Greenwater River and Huckleberry Creek. PT programmed and deployed
four Optic Stow Away data loggers in the Clearwater River. The lone air thermograph (Hobo) in
the Clearwater River was programmed by Ecology and deployed by PT. In 1995, MT also deployed
four maximum-minimum thermometers within the Clearwater River basin (data are unavailable at
this time) and the USES deployed water thermographs within the Greenwater River basin (methods
described below). Airand water thermographs were programmed to record hourly temperatures.
Thermographs were placed into shaded pools and anchored by rocks or rebar at approximately one-
half to two-thirds of pool depth, flowing water Air thermographs were placed adjacent to these
pools, tied to tree limbs or beneath logs, and placed within 10 feet landward of the wetted perimeter
and 4-6 feet above the ground taped to a trunk or branch. All thermogtaphs were placed in shade to
avoid direct sunlight.

Date of deployment and retrieval varied Most thermographs were deployed prior to July 15 and
retrieved by mid to late-September. Data were analyzed for two recording periods. The period
between July 15 to August 15 (known hereafter as the critical monitoring period) was monitored to
determine the maximum annual temperatures; the monitoring period between early July to late
September (known hereafter as the entire monitoring period) allowed a broader assessment of
temperatures over a longer monitoring period. Recording temperatures into late-September allowed
a better understanding of temperatures during the anticipated spring Chinook spawning period.

Pre- and post-calibrations wete performed on all thermographs using a calibration thermometer and
an ice bath. Manufacturer's specifications (for the Hobo & Optic) gave these thermogzaphs a
resolution accuracy of + 0.2°C. '

During the summer and early fall of 1995, Greg Lawrie of the USFS, Enumclaw, WA, deployed
seven water thermographs: six within tributary streams to the Greenwater River and one within the
mainstem Greenwater River in the wilderness area near George Creek (Figure 2). The six tributary
streams monitored were Burns Creek, Forest Lake Creek, Pyramid Creek, Slide Creek, Straight
Creek, and Whistler Creek. Thermographs were adjacent to forested lands previously harvested or
within sections of streams that are flowing through or from harvested areas. All probes were set to
record for 100 days, from June 22-September 29, 1995.

With the exception of the upper Greenwater River probe, all probes were placed within the first
half-mile of each stream. All probes, with the exception of the Whistler Creek thermograph, were
set to record the maximum temperature every 2.6 hours (156 minutes); the Whistler Creek
thermograph was set to record every 2.4 hours (144 minutes).

Upper White River Habitat Page 7
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Temperature Reach Assessment

Due to time restraints, temperature reach assessments were conducted on the Greenwater River
only. Thermal reaches were chosen that reflected relatively uniform stream and riparian vegetative
zone conditions. Monitoring temperatures at the lower end of a reach consisting of similar habitats
increases the possibility that recorded temperatures characterize the entire reach rather than only
local conditions. The length of each reach targeted was approximately 600 meters. The TFW
Ambient Monitoring Program Manual's Stream Temperature Module (Rashin et al., 1994) protocols
were used to assess water and air temperatures.

Other Habitat Characteristics of Temperature Reach
Assessments Study Sites

Additional habitat variables were collected and analyzed to assess local habitat conditions within the
temperature reach assessment sites on the Greenwater River. These variables are described in the
TFW Ambient Monitoring Program Manual's Levels 2 and 3 Methods (Rashin ef @l 1994). Not all
variables contained in Levels 2 and 3 were collected for this study. All of the following varables,
except for discharge, were taken at each 1eference point and for both the left and right banks

Riparian Vegetative Zone Width — Visually determined if riparian zone width greater than or less
than 30 meters from the wetted perimeter.

Dominant Tree Species and Age —Visual observation of dominant tree species and tree age as
determined using guidance contained in Watershed Analysis Manual 2.1. The tree species that
provided upper canopy shade was considered the dominant species.

Riparian Zone Condition — Visual observation of stream banks being intact or impacted by
windthrown trees, bank erosion, debris flows, etc.

Canopy Closure/Stream Shade — A spherical densiometer (Forest Densiometer, Model C) was
used. Standing in the center of the wetted perimeter, measurements were taken facing downstream,
upstream, and then to the left and right banks. The four readings were added and then multiplied by

the correction factor of 1.04.

Bankfull Width & Depth — A fiberglass tape was stretched as tightly as possible between the left
and right bankfull height of the stream channel. Measurements weére taken every meter of bankfull
width and then averaged. A stadiaiod was used to measure depths.

Wetted Width and Depth —Wetted widths and depths were taken similar to the bankfull
measurements and at the identical stations. Measurements were taken every meter of the wetted
width and then averaged.

Upper White River Habitat Page 9
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Discharge — Stteamflow measurements were taken at the upper and lower ends of each temperature
reach. A Marsh-McBirney or Swoffer flow meter was used to measure flows in cubic feet per
second (cfs.) A minimum of 15 velocity and depth measurements was taken at each site. Two flow
readings were taken at each station and averaged. Flow data were entered into a computer program
to determine discharge Flow measurements for both reaches were taken during summer low flows,
but measurements taken for the upper reach occurred 20 days later than the flow measurements for

the lower reach.

Additional information on temperature monitoring and 1each assessment procedures are summarized
in Appendix A.1.

Spawning Gravel Composition

Gravel was collected within one segment in each of the three streams, according to TFW Ambient
Monitoring Program Manual protocols (Schuett-Hames et al , 1994¢). Specific locations of
individual samples were recorded in relationship to the nearest downstream reference point. A
minimum of 12 to 18 samples were required within each segment to maximize sampling of within
riffle and between 1iffle variability. Potential spawning gravel within suitable riffle crests (RC) and
patches (P) were inventoried (identified by a specific RC or P number) and then sampled. For each
RC and P, we attempted to collect 2-3 and 1-3 samples, respectively. Gravel was collected using a
McNeil gravel sampler. Most gravel samples were contained within one five-gallon plastic bucket.
Samples collected in deeper water (up to 12 inches) sometimes required two buckets due to
increased water volume. Each bucket was marked with a permanent pen recording the specific RC
or P number, and the segment and reference point where samples were collected. Samples were
processed using the Nisqually Tribal Fishery’s mobile gravel sampling station. A volumetric
method was used for sorting of gravels. Gravel was poured through twelve varying sized sieves
(range greater than 75.0 mm: to less than 0.106 mm.) The smallest sieve (greater than

0.106 mm.) allowed the clays and silts to settle into a graduated cylinder. The smallest of particles
sat for one hour before recording the volume. ' '

Additional information regarding study designs and methods for spawning gravel composition is
summarized in Appendix A.2.

The Muckleshoot T1ibe collected 13 gravel samples from the Clearwater River during the summer
and fall of 1993 from segments located upstream of the samples collected in 1995. These samples
were collected according to 1993 TEW Ambient Monitoring Protocols.

Page 10 Upper White River Habitat
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Results and Discussion

‘Water Temperature Assessment

Recorded air and stream temperatures are summarized in various appendices and tables. Stream
temperatures are summarized by number of days, number of hours, percent of days, and percent of
hours exceeding the water temperature criterion in the State Water Quality Standards. For analysis
purposes, percent days exceeding criterion are emphasized. Criteria excursions are summarized for
two different monitoring periods. The highest water temperatures can generally be expected
between July 15-August 15 (Rashin ef al , 1994), which is referred to as the critical monitoring
period because it encompasses the highest solar radiation and air temperature influences. The
secondary monitoring period varies from site to site (depending on depioyment time), and occurs
between the first week in July to mid/late-September (approx. 5-10 weeks for most sites) and is
referred to hereafter as the entire monitoring period. For each site, the dates that temperatures
exceeded 16.0°C, the approximate time of day when maximum temperatures were recorded, and
approximately the number of hours/day that water temperatures exceeded 16.0°C are summarized in
Appendix B. The approximate hours/day that temperatures exceeded 16.0°C were based on total
recorded hours when temperatures exceeded 16.0°C. Also included in this estimate is one-half hour
prior to the first recorded hourly excursion and one-half hour after the last hourly-recorded
excursion. The mean of daily maximum air and water temperatures are anatyzed for the critical
period only (July 15-August 15)

Greenwater River Basin

Locations of the three mainstem sites monitored by Ecology are shown in Figure 2. Temperature
data were collected within the mainstem Greenwater River at Segment 2, river mile (RM) 1.2,
(Site 1), Segment 7, RM 5.3, (Site 2), and Segment 8, RM 5.8 (Site 3). The three thermographs
were deployed on July 12, 1995 and removed September 14, 1995, Site 1 is located near the
confluence with the White River. Riparian vegetation adjacent to this site consisted of second
growth conifers. Site 2 lies adjacent to lands having different land uses. The right bank had been
harvested within the last 15-20 years; the riparian zone is dominated by young deciduous trees and
10 to 15 foot conifers. The left riparian zone is dominated by young deciduous trees within

15 meters of the wetted perimeter, with mature and old growth conifers dominating from 15 meters
of the wetted perimeter to the valley walls. Site 3 lies within a riparian zone consisting largely of
old growth conifers, with some areas where young deciduous trees dominate the riparian zone
within 5 meters of the wetted perimeter. Those pottions of the Greenwater River within Segment 7
(RM 5.3-5.6) and Segment 8 (RM 5.7-6.0) were analyzed for the temperature reach assessment of
riparian zone and channel conditions, which is discussed later.

Hourly air and water temperatures for the thiee mainstern Greenwater River sites are displayed in
Appendices C.1, C.2, and C.3. No air thermograph was deployed at Site 1. Site 1 recorded the
highest water temperatures (Appendix B.1), between 18.9°C and 18.5°C, during the second and
fourth week of July. Sites 2 and 3 recorded maximum water temperatures between 17.3°C® and
16.7°C during the same time period. At Sites 2 and 3, the maximum air temperatures of 28.3°C and

Upper White River Habitat Page 11
1995 Data Report



25.1°C were recorded on July 16 and on July 13-14, respectively. The means of daily maximum air
and water temperatures for the critical monitoring petiod between July 15-August 15 are included in
Table 2.

Table 2. Mean maximum air and water temperatures for the
period of July 15 to August 15, 1993

Mean Maximum Mean NMaximum

Site & Location Air Temperature Water Temperature
Greenwater River
Site 1, Segment 2, RM 12 N/A 15.6°C
Site 2, Segment2; RM 1.2 18.0°C 14 2°C
Site 3, Segment 8; RM &5 8 16.5°C ' 14 1°C
Huckleberry Creek
Site 1, Segment 1; RM 07 17.3°C 112°C
Site 2, Segment 7: RM 57 15.8°C 8.4°C
Clearwater River
Site 1, Segment 1, RM 0.5 N/A 14 5°C
Site 2, Segment 2; RM 2.3 16 5°C 14 7°C
Site 3, Segment 4; RM 3.8 N/A 14 8°C
Site 4, Segment 6; RM 5.7 N/A 12.2°C

Hou:ly water temperatures collected in 1995 by USES for the one mainstem Greenwater River and
six Greenwater River tributary sites are displayed in Appendices C. 4, C 9,C. 10, C. 11,

C.12,C. 13, and C. 14. The thermographs within Burns Creek, Forest Lake Creek, Slide Creek
and the upper Greenwater River sites did not record water temperatures exceeding 16.0°C. The
Pyramid Creek thermograph recorded maximum water temperatures of 16.7°C on July 19 and 20,
1995 (Appendix B. 1). The Straight Creek thermograph recorded maximum temperatures of 17.7°C
and 17.5°C on July 20 and July 19, 1995, respectively. The Whistler Creek thermograph recorded
maximum water temperatures of 19.9°C during July 16-19, and on August 4, 1995,

Temperature Criteria

Mainstem Greenwater River

During the critical monitoring period, 47 percent (15 of 32 days) of the days recorded temperatures
that exceeded the criterion at Site 1 (Table 3) By comparison, 22 percent and 19 percent (7 and

6 days) of the days recorded temperatures that exceeded the criterion at Sites 2 and 3, respectively.
During the entire monitoring period, 48 percent (31 of 65 days) of the days recorded water
temperatures that exceeded the criterion at Site 1 (Table 4). By comparison, 14 percent and

12 percent (9 and 8 days) of the days recorded temperatures that exceeded the criterion, at Sites 2

and 3, respectively
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Table 3. Stream temperature results in reiationship to the Class AA water quality
criteria of 16.0°C; for the sub-sample days during the critical monitoring
period of July 15 to August 15, 1995

No. of days No. of days % days
sampled {no. of hours) {% hours)
(no. of hours greater than greater than
Site and location monitored) 16.0°C 16.0°C
GREENWATER RIVER
Site 1, Segment 2; RM 1.2 32(768) 15(73) 47(10)
Site 2, Segment 7, RM 5 3 32(768) 7(22) 22(3)
Site 3, Segment 8, RM 58 32(768) 8(14) 19(2)
HUCKLEBERRY CREEK
Site 1, Segment 1 RM 0.7 32(768) 0(0) oo
Site 2, Segment 7, RM 5.7 32(768) 0{0) 0(0)
CLEARWATER RIVER
Site 1, Segment 1; RM 0.5 32 (768) 4(9) 12(1)
Site 2, Ségment 2; RM 2.3 32(768) 6(38) 19(5)
Site 3, Segment4; RM 3.8 32(768) 11(51) 34(7)
Site 4, Segment 6, RM 5.7 32(788) o 0(0)
BURNS CREEK
RM 0.3 32(768) 0(0) 0(0)
FOREST LAKE CREEK
RMO 8 32(768) 0(0) 0(0)
PYRAMID CREEK
' RM 04 32(768) 4(21) 13(3)
SLIDE CREEK o
RM 0.1 32(768) 0(Q) 0(0)
STRAIGHT CREEK
RM 0.3 32(768) 8(59) 25(8)
UPPER GREENWATER RIVER
RM 117 32(768) 0(0) o)
WHISTLER CREEK
RM 0.4 32(768) 19(62) 59(8)

Greenwater River tributary streams

During the critical monitoring period, 13 percent (4 of 32 days), 25 percent (8 of 32 days), and
59 percent (19 of 32 days) of the days recorded water temperatures exceeding the criterion at
Pyramid Creek, Straight Creek, and Whistler Creek, respectively (Table 3). During the entire
monitoring period, 4 percent (4 of 100 days), 9 percent (9 of 100 days), and 42 percent

(42 of 100 days) of the days exceeded the criterion at Pyramid Creek, Straight Creek, and Whistler

Creek, respectively (Table 4). Whistler Creek had the most number of days exceeding criteria,
totaling 42 days (June 23-September 29), with average duration of excursions for all days at

approximately 3 hours (Appendix B. 1). Water temperatures at this site reached a high of 19.9°C on

July 16-19, and August 4, 1995 Nineteen of the 42 days exceeding criteria occurred during the

critical monitoring period.

Upper White River Habitat
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Table 4. Stream temperature results in relationship to the Class AA water
quality criteria of 16.0°C for the entire monitoring period from June to
mid-August/mid-September 1995

June 22 to September 28, 1995

No. of days No. of days % days
sampled (no. of hours) (% hours)

Site, location and {no. of hours greater than greater than
monitoring period sampled) 16.0°C 16.0°C
GREENWATER RIVER
Site 1, Segment 2; RM 1.2 65(1533) 31(128) 48(8)
July 12 to September 14, 1995
Site 2, Segment 7, RM 5.3 65(1527) 9(31) 14{2)
July 12 to September 14, 1995
Site 3, Segment 8; RM 58 B85(1528) 8(19) 12(1)
July 12 to September 14, 1995
HUCKLEBERRY CREEK
Site 1, Segment 1; RM 0.7 67 (1585) 0(0) 0(0)
July 14 to September 17, 1995
Site 2, Segment 7; RM 5.7 41 (959) ef(v)] 0(0)
July 14 to August 19, 1995
CLEARWATERRIVER
Site 1, Segment 1, RM 05 79 (1884) 4(9) 5(1)
July 14 to September 30, 1855
Site 2, Segment 2; RM 2.3 87(2075) 6(38) 7(2)
July 6 to September 30, 1995
Site 3, Segment 4; RM 3.8 87(2075) 11(51) 12(2)
July 6 to September 30, 1995
Site 4, Segment 6; RM 5.7 79 (1884) 0(0) C(0)
July 14 to September 30, 1995
BURNS CREEK

RM 03 100(2386} 0(0) o)

June 22 to September 28, 1995

FOREST LAKE CREEK

RMOS8 100(2387) C(0) 0(0)

June 22 to September 28, 1995

PYRAMID CREEK .

RMO4 100(2387) 4(21) 13(3)

Page 14
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Table 4 (cont’d)}

SLIDE CREEK
RM 0.1 100(2386) 0(0) 0(0)
June 22 to September 28, 1995

STRAIGHT CREEK
RMO0O3 100(23886) 8(61) 9(3)
June 22 to September 28, 19985

UPPER GREENWATER RIVER
RM 117 100(2387) o0 00y -
June 22 to September 28, 1995

WHISTLER CREEK
RM 04 100(2386) 42(118) 42(5)

June 22 to September 28, 1995

Huckleberry Creek

Locations of the two monitored sites are shown in Figure 3. Temperatures were recorded within the
mainstem of Huckleberry Creek at Segment 1, RM 0.7 (Site 1) and Segment 7, RM 5.7

(Site 2). Both riparian zones at this site consist of mature to old growth conifers; lands lying outside
the left bank ripatian zone had been harvested. Site 2 lies upstream of the wilderness boundary, and
both ziparian zones and adjacent forest consisted of old growth conifers. Both thermographs were
deployed on July 14, 1995, and removed on September 18 and August 19, 1993, respectively.

Hourly maximum air and water temperatures for the two sites are displayed in Appendices C. 15
and C. 16. No water temperatures exceeded 16.0°C. Sites 1 and 2 recorded maximum water
temperatures of 13.2°C and 10.3°C on July 30 and July 15, 1995 respectively. At both sites, the
lowest water temperatures recorded were 7.0°C and 5.7°C on September 17 and August 8, 1995
1espectively. The highest air temperature recorded at both sites was 27.1°C on July 14 and 15,
1995. The mean of daily maximum air and water temperatures for the critical monitoring period ate

shown in Table 2.

Clearwater River

Locations of the four mainstem Clearwater River sites, (monitored by PT), and the Lyle Creek site
(monitored by MT) are shown in Figure 4. Temperatures were monitored within the Clearwater
River at Segment 1, RM 0.5 (Site 1); Segment 2, RM 2.3 (Site 2); Segment 4, RM 3.8 (Site 3); and
Segment 6, RM 5.7 (Site 4). Thermographs at Sites 1 and 4 were deployed on July 14, 1995,
Thermographs located at Sites 2 and 3 were deployed July 6, 1995. Only one air thermograph was
deployed (Site 2). All thermographs were removed October 22, 1995, but for purposes of this
study, only temperature data collected through September 30, 1995 were analyzed Thermographs
at Sites 1, 2, and 3 were deployed at locations within riparian zones consisting of young deciduous
trees within 5 to 10 meters of the wetted perimeter, with mature and old growth conifers
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dominating outside this range. In some areas, mature and old growth conifers were also present
adjacent to the wetted perimeter. The thermograph at Site 4 was located adjacent to an oid growth-
dominated riparian zone.

MT deployed a thermograph within Lyle Creek (Figure 4) located approximately 0.4 mile upstream
of the creek’s confluence to the Clearwater River. The thermograph was deployed August 9 to
December 5, 1995 Lands adjacent to this monitoring site had vegetation consisting of young and
second growth conifers.

Hourly maximum air and water temperatures for the four mainstem Clearwater River and

Lyle Creek sites are displayed in Appendices C. 17, C 18, C 19, C. 20, C. 21, and C. 22 Site 3
recorded the highest maximum water temperatures, ranging between 17.7°C and 18.0°C (Table 2).
Site 2 recorded the next highest water temperatures between 17.0°C and 17.4°C, and Site 1 recorded
maximum water temperatures between 16.1°C, and 16 5°C. The maximum water temperatures
recorded for these three sites occurred during the week of July 16-20, 1995. Site 4 recorded no
temperatures exceeding 16 0°C. The maximum water temperatures recorded at Site 4 were 14.8°C
and 15.1°C, on July 19 and 20, 1995 respectively. The maximum recorded air temperature at Site 2
was 26.7°C on July 9, 1995. The mean of daily maximum air and water temperatures for the critical
monitoring period are included in Table 2. No temperatures above criteria were recorded at the
Lyle Creek site during 1995.

Temperature Criteria

During the critical monitoring period, 34 percent (11 of 32 days) of the days had temperatures

~ exceeding the criterion at Site 3 (Table 3) By comparison, at Sites 1 and 2 respectively,

12 percent and 19 percent (4 and 6 days) of the days had temperatures exceeding the criterion.
During the entire monitoring period, 7 percent and 12 percent (6 and 11 days out of 87 total) of the
days had temperatures exceeding the criterion, at Sites 2 and 3, respectively (Table 4). During a
similar monitoring period, 5 percent (4 of 79 days) of the days recorded temperatuzes that exceeded
the criterion at Site 1. Neither Site 4 nor Lyle Creek had recorded temperatures exceeding 16.0°C

during the 1996 monitoring period.

Discussion of Temperature Results

Water temperatures within the mainstem Clearwater and Greenwater Rivers (except those
monitoring sites within wilderness areas) and some of the Greenwater River tributary streams
exceeded the state's Class AA water quality standard at various times during the monitoring period.
During the critical monitoring period, three of four monitoring sites on the mainstem Greenwater
River, three of six monitoring sites within Greenwater River tributary streams, and three of four
monitoring sites on the mainstemn Clearwater River recorded stream temperatures exceeding the
standard. Weather data from the Regional Climate Center at the Desert Research Institute,
University of Nevada, were checked for July, August, and September to determine if abnormal
climatic conditions had occurred. The nearest recording station is located at Mud Mountain Dam,
located approximately 12 miles west of the confluence of the Greenwater and White Rivers.
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Average air temperatures during the 1995 monitoring period were 3.8°C higher, 1.9°C lower and
6.7°C higher for the months of July, August, and September, respectively. USGS flow data from
the Greenwater River (gage located at RM 0.7) were reviewed and compared to flows recorded
during 1995. The historical data (monthly mean for years 1929-1994; 49 years of record) averaged
147, 66, and 53 cfs for the months of July, August, and September. Compared to the historical data,
flows recorded during these same months in 1995 were 107, 56, and 42 cfs. All three average
monthly flows were below the historical mean flows.

The Muckleshoot Tribe has recorded stream temperatures in past years. Martin Fox, Muckleshoot
Tribal Fisheries, deployed thermographs within the mainstem Greenwater River (1989 and 1990)
and the mainstem Clearwater River (1992) (Figure 2). Stream temperatures are summarized both
for those individual days recording temperature criteria excursions and for the number of days,
number of hours, percent of days, and percent of hours exceeding the temperature criterion
(Appendix B. 2).

MT deployed thermographs at three mainstem Greenwater River locations (Figure 2). Hourly air
and water temperatures recorded during August 10 to September 22, 1989, at RM 2.2, 8.5, and 11.0,
are displayed in Appendices C.5, C.6, and C.7. During 1989, the lowest monitoring site on the
Greenwater River (RM 2.2) recorded no temperature criteria excursions. At RM 8.5 water
temperatures were exceeded on 8 days and at RM 11.0 temperatures were exceeded on 12 days
(Appendix B.2). Generally, the station at RM 11.0 recorded the highest water temperatures, ranging
between 16.8°C and 17.3°C, during mid- to late August 1989. At RM 8.5 maximum temperatures
between 16.3°C and 16.8°C were recorded during mid-August. During this monitoiing period,

18 percent (8 days) and 27 percent (12 days) of the total days at RM 8.5 and RM 11.0, respectively,
exceeded the criterion (Table 5).

One site on the mainstem Greenwater River (RM 8.5) was monitored during May 30-September 30,
1990 (Figure 2). Hourly water temperatures recorded during this period are displayed in Appendix
C.8 Maximum water temperatures between 16.8°C and 17.3°C were recorded during eatly to mid-
August 1990 {Appendix B.2). During the entire 1990 monitoring period, 12 percent (15 days) of the
days exceeded the criterion (Table 5).

The mainstem Clearwater River was monitored at RM 1.2 during the summer of 1992 (Figure 4).
Maximum recorded water temperatures between 17.3°C, and 17.6°C occurred between mid-July
and mid-August (Appendix B.2). During the 55 monitored days, 29 percent (22 days) of the days
exceeded the criterion (Table 5).
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Table 5. Stream temperature results in relationship to the Class AA water
quality criteria of 16.0°C, late spring, summer and early fali,
1989, 1990, 1992, and 1995

# of days # of days % days
sampled {# of hours) (% hours)
Site, location and (# of hours greater than greater than
monitoring period sampled) 16.0°C 16.0°C
GREENWATER RIVER
Segment 3; RM 22 44 (1056) 0 0O
August 10 to September 22, 1988 '
GREENWATER RIVER
Segment9; RM 85 44 (1056) 8(10) 18 (1)
| August 10 to September 22, 1989
GREENWATER RIVER
RM 11.0 44 (1056) 12 (31) 27 (3)
August 10 to September 22, 1989
GREENWATER RIVER
Segment 8, RM 8.5 124 (2976) 15 (44) 12 (15)
May 30 to September 30, 1980 :
CLEARWATER RIVER '
Segment 2; RM 1.2 55 (1320) 22 (67) _ 40 (5)
July 17 to September 9, 1992
LYLE CREEK
RM G 1 52 (1248) 0(0) 0O
August 9 to September 30, 1995

Stream temperatures collected in 1995 were compared to past stream monitoring efforts to
determine if temperature regimes have changed Both Ecology and MT monitored stream
temperatures between July 17-September 9, during years 1992 (MT) and 1995 (Ecology) at RM 0.4
and 1.2 on the Clearwater River. Even though these sites are approximately 0.8 miles apart, the
lower two miles of the Clearwater River exhibit similar channel morphology and riparian zones.
Stream temperatures recorded during 1992 were significantly higher than those monitored during
1995. During 1992, 22 of the 55 monitored days (40 percent) had water tempezatures exceeding the
water quality standard. During 1995, criteria excursions were recorded on 4 of the 55 monitored
days (7%) Why recorded temperatures were significantly cooler during 1995 as compared to the
temperatures during 1992 are unknown. Information needed to assess those processes that might
affect stream temperatures was not collected during 1992, '

The mainstem Greenwater River was monitored for stream temperatures by MT at RM 2.2 and

8 5 during August 10-September 22, 1989 and May 30-November 14, 1990 (Figure 2). Stream
temperatures recorded during 1995 within the lower Greenwater River (RM 1.2 to 2.2) were
significantly higher than those 1ecorded during 1989 and 1990. The water quality standard was
exceeded on 14 of the 36 monitored days in 1995 at RM 1.2, while no recorded water temperatures
exceeded 16.0°C at RM 2.2 in 1989. During 1990 at RM 8.5, 8 days (22%) of the 36 monitored
days exceeded the standard.
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While these two sites are approximately one mile apart, the sites are comparable in terms of their
channel moiphology, riparian zones, and adjacent land use. As previously discussed above, the
reason for temperature differences recorded during different years is unknown.

Elevated summer water temperatures can have detrimental effects on spring Chinook salmon and
other salmonid species A general guideline for optimal temperatures for all salmonid life stages is
approximately 12 - 14°C (Bjornn and Reiser, 1991). Adult upstream migration and reproductive
success can be adversely affected by elevated water temperatures. Upstream migration can be
delayed if temperatures are too warm. Delayed migration can cause returning adult salmon to use
up energy reserves before reaching their spawning destination leading to disease outbreaks and/or
lessened physical fitness. Bell (1986) cites a temperature range of 3.3-13.3°C that enables upstream
migration of returning adult spring Chinook salmon and a suitable temperature range between 5.6-
13.9°C for spawning. Berman and Quinn (1990) found that elevated temperatures in the range of
19.0°C can lead to greater numbers of pre-hatch mortalities and developmental abnormalities
Elevated water temperatures can also affect yearling resident fish. Elevated water temperatures can
stress young fish leading to reduced fitness and limit growth as metabolic rates rise.

Temperature Reach Assessment

Two adjoining sections of the Greenwater River were used for the temperature reach assessments of
riparian zone and channel condition (Figure 2). The two reach assessment areas were chosen to
reflect different land uses. The lower temperature assessment reach within Segment 7 (RM 5.3 to
5.6) is characterized by the right bank having been recently harvested. The left bank is virtually
intact with mature and old growth conifers. Due to the recent harvest along one bank, the
assessment reach within Segment 7 is referred to as the impacted reach. The upper témperature
assessment reach within Segment 8 (RM 5 7 to 6.0) that flows adjacent to lands consisting of
mature and old growth conifers is hereafter known as the control reach.

Both reach assessment lengths where originally 600 meters long but due to a large deep pool that
made physical measurements difficult the lower length was shortened to 550 meters. The lower
200 meters of the upper reach was not included in the assessment reach due to a braided channel.
The upper reach began 250 meters upsticam of the lower boundary of Segment 8 (RM 5 6). The
downstream thermograph within the upper reach was located 200 meters upstream of the
downstream end of Segment 8, within a split channel near the left bank. The upper reach begins
50 meters upstream of the thermograph location and then extends upstream 600 meters. The
thermograph within the lower temperature reach was located seven meters upstream of the
downstream end of the reach

Even though the effects of high flows and debris flows appeared to prevent conifers from re-
establishing within the riparian zone, it does not appear that these events physically caused stream
bank erosion and undercutting of tree roots. The stream channel and adjacent floodplain up to the
valley walls is somewhat uniformly flat with low gradients (approximately 1-2 percent). River flows
have not incised the stream bed, and most of the channel, 1s wide and shallow. Generally, the path
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of river flows is toward the center of the active channel, thus reducing bank erosion and tree falls
that otherwise might occur if the river flowed adjacent to the upper banks. Due to the shallow and
wide channel and lack of vertical river banks, high water flows and associated debris appear to flow
over the gently sloped banks and onto the floodplain, thus reducing bank scouring.

Table 6 summarizes riparian zones and channel conditions for these two assessment reaches.
Dominant tree species, tree age class, percent shading, and condition and widths of riparian zones
are summarized. Measurements of wetted and bankfull widths and depths are also evaluated. The
left bank riparian zone within the impacted reach is characterized by young deciduous trees (less
than 40 years old) sporadically mixed with young conifers. Dominant trees on the valley wall and
that portion of the riparian zone adjacent to the valley wall are mature and old growth conifers. The
lands adjacent to the right bank riparian zone have been harvested and replanted, leaving a stand of
conifers and deciduous trees approximately 10 to 15 years old. Within the riparian zone of the
control reach, mature and old growth conifers dominate both banks with some young deciduous

trees also present.

Within the impacted reach, shade varied between 2 to 14 percent with an average of 8 percent.

For the control reach, shade varied between 4 to 89 percent with an average of 44 percent. Wetted
widths and depths for the study reaches are indicative of a wide and shallow stream channel. Within
the impacted and control reaches, width to depth 1atios of the wetted perimeters are 71.6 and 47.9,
respectively. Bankfull width to depth ratios for the impacted and control reaches are 34.2 and 25.2,

respectively.

Streamflow measurements are shown in Table 7. Both reaches lost flow between their respective
upstream and downstream flow measurement sites. In the control reach, the loss was 0.5 cfs

(35.2 to 34.8 cfs), or 1.4 percent of the incoming flow. In the impacted reach, the loss was 4.8 cfs
(28.3 to 23.5 cfs), or 17 percent of the incoming flow. Note the loss of flow between the
downstream flow site of the control reach compared to the upstream flow site of the impacted reach
(34.8 t0 28.3 cfs). The loss of 6.5 cfs within this section of stream occurred within 300 meters of
stream that included a 200 meter long split channel All flow measurements were conducted on the

same day.

Discussion of Temperature Reach Assessment

To better understand the riparian zone and channel characteristics within these two temperature
assessment reaches, a general habitat description is needed. The effects of timber harvests (increased
runoff, sedimentation, and debris flows) on lands upstream of Segment 8 have mfluenced the
riparian zones within both temperature assessment reaches. Our observations indicate that increases
in over-bank flows, sediment transport, and debris flows from upstream activities have adversely
altered the riparian zones within the conifer-dominated forest. Riparian and channel disturbance
zones (habitat alteration due to increased runoff, sedimentation, and debris flows) greater than
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Table 6. Riparian and channel characteristics for the Greenwater River

SEGMENT 7; RM

5.3 to 5.6

Station | Percent Wetted Wetted Bankfull { Bankfull |Riparian Characteristics**
{m)* Shade | Width {m)| Depth (m) Width Depth Left Bank Right Bank
0 5 16.5 02 184 05 4AD 7JAD
50 4 145 0.1 235 03 4AD 1AD
100 3 12.8 02 22.4 0.3 4AD 7AD
150 7 17.7 02 20.3 06 7AD 4AD
200 5 9.7 0.2 222 0.3 4AD 4AD
250 14 16.6 02 21 0.6 - 4AD 4AD
300 1 88 02 18.2 65 4AD 1AD
350 4 17 8 0.1 245 0.6 7AD 4AD
400 12 11.5 03 16.1 09 7AD 4AD
450 3 16.5 0.2 19.9 06 4AD 4AD
500 2 14 02 187 1 4AD 7AD
550 14 12.4 0.2 21.1 0.7 4AD 4AD
. MEAN 8 14.1 0.2 20.5 0.6
SEGMENT 8; RM 5.7 to 6.0
Station {| Percent Wetted Wetted Bankfull | Bankfull Riparian Characteristics**
(m)* Shade | Width (m)| Depth (m) | Width (m)| Depth {m)| Left Bank Right Bank
50 9 16 02 C 267 0.5 SAD 4AD
100 30 11.5 0.2 14.6 0.5 7AD 7AD
150 76 67 03 12.8 0.9 2AD 4AD
200 8% 8 02 13.2 0.6 8AD TAD
250 84 6.4 02 114 0.5 7AD TAD
300 31 11.4 0.2 17.% 06 7AD 7AD
350 38 10.9 0.2 13.5 09 TAD 7AD
400 82 10.6 62 14.1 04 8AD 7AD
450 53 7.1 02 9.8 0.5 7AD - 7AD
500 6.1 03 99 09 TAD 7AD
550 5 17 6 0.1 22.3 03 TAD TAD
600 17 14.3 0.2 20.8 0.4 7AD 7AD
MEAN 43 10.3 0.2 15.1 0.6

* Distance upstream of thermograph
** Riparian characteristics key:

Iree Age

Coniferous species: 1 = less than 40 years; 2 = 40 to 120 years; 3 = greater than 120 years.
Deciduous species: 4 = less than 40 years; 5 = 40 to 80 years; 6 = greater than 80 years.

Mixed species: 7 = less than 40 years; 8 = 40 to 80 years; 9 = greater than 80 years.

Riparian Management Zone information

A {intact RMZ)

B (impacted RMZ, - e g. blowdown or bank erosion)

RMZ width
C(<30m)
D(>30m)

Upper White River Habitat
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Table 7. Greenwater flow measurements at upper and lower
ends of the temperature assessment reaches

Station (m)* | Date | Time | Flow (cfs)
Greenwater River, Segment 7; RM 5.3
550 8/24/95 1600 28.3
0 8/24/95 | 1145 235
 Greenwater River; Segment 8; RM 5.7
600 g/11/95 1400 352
0 9/11/95 1100 34.8
* Distance upstream of data logger

30 meters from the wetted perimeter exists in many areas within both assessment reaches. High
flows, sediment transport, and debris flows have scoured and deposited sediment throughout much
of the riparian zones, preventing recruitment of conifers within this zone. Fast growmg trees such
as alder and maple have re-established within these disturbance zones.

For this study, field observations of dominant tree species and age classes were based on the age and
species of those upper canopy trees that provide measurable streamside shade. In those locations
where stream banks have not shifted, mature and old growth conifers exist within the riparian zone
and adjacent to the wetted perimeter. This condition exists adjacent to the left bank within the
control reach. The mature and old growth conifers (up to approximately 200 feet tall) existing on
the left bank provide the measurable shade observed within this assessment reach. Even though
mature and old growth conifers exist in the right bank riparian zone in the control reach and the left
bank riparian zone within the impacted reach, these trees are set back from the wetted perimeter to
the extent that their canopies are not reflected in the shade measurements. Measurable shade was
generally lacking within Segment 7 due to the dominance of young conifer and deciduous trees
adjacent to the wetted perimeter.

Certain 1iparian and stream channel characteristics within the Greenwater River temperature reach
study sites may contribute to elevated stream temperatures:

e Low levels of shade were observed in both temperature reaches. The impacted reach recorded
the lowest percent measurable shade. The Washington Forest Practices Board Manual (1995)
indicates that a minimum of 52 percent shade is needed for temperature protection for a Class
AA stream at an elevation of approximately 1800 feet. Percent shade within the impacted reach
ranged from 2 to 14 percent, averaging 8 percent. Within the control reach measurable shade
varied between 4 to 89 percent with an average of 44 percent shade, which is close to the
minimum shade required. Aerial photos within these two reaches show open channels allowing
direct solar input into the wetted channel between the late morning hours and the late
afternoon/early evening time period (within these two reaches the stream flows in a westerly
direction). Even though the adjacent riparian zone consists of mature and old growth conifers,
increased peak flows, sediment transport, and debris flows resulting from upstream activities
have widened the stream channel and reduced the number and/or proximity of conifers available
to shade the wetted channel.
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» Bankfull width to depth ratios were 34.2 and 25.2 within the impacted reach and control reach,
respectively. Pfankuch (1978) rates these ratios as "poor." These bankfull width to depth ratios
indicate wide, shallow, sediment rich systems. The wide, shallow, and exposed channel allows
greater temperature increases through direct solar input and through changes in the microclimate
adjacent to the water surface. These ratios indicate channel capacity to transport peak flows is
minimal and that overbank flows are frequent.

» Groundwater inflow can be an important local factor in cooling stream temperatures. Limited
stream flow measurements found no evidence of groundwater inflow into the stream.
Evaporation and subsurface flow loss to the wide, shallow, gravel-rich channel are indicated by
our streamflow measurements (Table 7).

e Another factor that may contribute to elevated water temperatures within the control reach is the
influence of riparian modification and stream temperature increases within managed lands above
this reach. Aerial photos from 1989 show canopy removal from portions of the riparian zone
upstream of the control reach. Water temperatures exceeding the standard most likely existed
above the upper temperature reach. The thermograph, within the lower end of the control reach,
recorded water temperatures exceeding the criteria even though the water had an opportunity to
"cool" when flowing through the 600 meter reach. These criteria excursions probably reflect
elevated water temperatures entering the control reach from managed lands located upstream,
combined with the effects of solar radiation within the moderately low shade of the control
reach.

Spawning Gravel Composition

Forty-five gravel samples collected during the summer of 1993 and 1995 from the Clearwater River,
Greenwater River, and Huckleberry Creek were processed by Ecology in the fall and winter of
1995. In 1993, MT collected 13 samples from three upper segments of the Clearwater River, which
were processed by Ecology. In 1995, Ecology collected 13 samples from a lower segment of the
Clearwater River, 7 fiom Huckleberry Creek and 12 from the Greenwater River. Each of the
samples were removed fiom potential salmonid spawning sites (either riffle crests or gravel patches)
as described in the 1994 TFW Ambient Monitoring Manual (Schuett-Hames et al., 1994c). The
results of the analysis are summarized below for each segment studied. All of the spawning gravel
composition data (1993 and 1995) are presented by site and segment in Appendix D.

The spawning gravel data have been characterized in three ways:
e Percentage of fines less than 0.85 mm (fines);

» Percentage and total number of samples in each segment that fall into the categozries less than
12 percent fines, 12-17 percent fines, and greater than 17 percent fines; and

o Cumulative particle size distribution. Figure 5 shows the level of fines as percent of sample
volume for each sample, as well as the mean and standard deviation for each of the six
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segments. Figure 6 shows the percentage and number of samples failing into the three
categories of "good" (less than 12 percent), "fair" (12-17 percent), and "poor" (greater than

17 percent), for each of the six segments based on the percent fines less than 0.85 mm as defined
for indices of resource conditions in the Fish Habitat module of Watershed Analysis (WFPB,
1995). Figure 7 shows the mean cumulative particle size as percent of total volume for each of
the six segments. In addition, Table § shows the sampling level of effort for each of the 19935
segments. The sample identification number for each sample indicates the river or stream,
segment number, patch or riffle number, and the individual sample number, as illustrated below.

Stream —— C3R1-1—— Individual Sample Number

Segment Number  Riffle or Patch Number

Clearwater Segment 3 (1995)

For the 13 samples collected in segment C3, the mean was 5.2 percent fines with a standard
deviation of 6.1. The samples ranged from 0.6 to 23 percent fines (Figure 5). Ninety-three percent
(12 of 13) of the samples were in the good resource condition category, with 6 percent (1 of 13)
falling in the poor category (Figure 6). The median particle size estimated from the mean particle
size distribution (Figure 7) was 32 mm. The level of sampling effort required to remove the

13 samples is indicative of the overall character of the substrate, which was dominated by large
cobbles and boulders in most spawning habitat areas. These large grains, plus the tight particle
packing, limited the depth to which the McNeil sampler could be inserted. For each sample
obtained, the average level of effort was 4.4 sampling attempts per sample collected (Table 8).
Meany of the habitat units identified during reconnaissance of the segment could not be successfully
sampled, though attempts were made at each habitat unit

Clearwater Segments 5, 6 and 7 (1993)

In October 1993, MT collected 13 samples from segments C5, C6, and C7. In segment C3, the five
samples had a mean of 14.6 percent fines with a standard deviation of 10.6. The samples ranged
from 4.2 to 25.6 percent fines (Figure 5). Sixty percent (3 of 5) of the samples were in the good
resource condition category, with 40 percent (2 of 5) falling in the poor category (Figure 6). The
median particle size estimated from the mean particle size distribution was 10 mm (Figure 7).

In segment C6, the five samples had a mean of 16.9 percent fines with a standard deviation of 13.3.
The samples ranged from 5.6 to 38.7 percent fines (Figure 5). Forty percent (2 of 5) of the samples
were in the good resource condition category, 20 percent (1 of 5) were in the fair category, and

40 percent (2 of 5) were in the poor category (Figure 6) The median particle size estimated from the
mean particle size distribution (Figure 7) was 8 2 mm.

In segment C7, the mean was 12.1 percent fines with a standard deviation of 7.8. The three samples
ranged from 6.2 to 21 percent fines (Figure 5). Sixty-seven percent (2 of 3) of the samples were in
the good resource condition category with 33 percent (1 of 3) falling in the poor category (Figure 6).
The median particle size estimated from the mean particle size distribution (Figure 7) was 13 mm.
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Table 8. Sampling level of effort showing the number of attempts and percentage of
successful attempts per habitat unit and per segment

‘No. of No.of Percent of

Samples No. of Attempts Successful

Habitat Unit ** Collected Attempts Per Sample Attempts
C3P1 1 5 5 20%
C3P2 [{] 3 n/a 0%
C3KR1 0 3 nia 0%
C3P3 1 4 4 25%
C3P4 1 2. 2 50%
C3P5 1 3 5 20%
C3R2 0 5 n/a 0%
C3P6 1 1 1 100%
C3iP7 0 2 n/a 0%
C3P8 0 5 n/a 0%
C3P¢ 2 2 i 100%
C3P10 0 1 n/a 0%
C3P11 1 1 1 100%
C3R3 2 2 1 100%
C3P12 I 1 1 T00%

C3P13° 2 2 1 1060% .
C3R4 g 8 n/a 0%
C3P15 0 3 n/a 0%
>ummary 13 37 4.4 23%
GlP1 1 8 8 13%
GiP2 0 6 n/a 0%
GIP> 0 8 n/a 0%
G1iP6 2 [ 3 33%
G1FP7 2 9 4.5 22%
G1PS8 0 5 n/a 0%
G1R1 2 9 4.5 22%
“G1R2 0 13 n/a 0%
G1P9 1] 11 n/a 0%
"G1P10 0 10 n/a 0%
G1PI11 3 9 3 33%
GIR3 2 17 8.5 12%
Summary b2 1B 9.3 1%
HiR! 0 10 n/a 0%
HIP1 1 1 i 100%
HIiP2 1 5 5 20%
H1R2 2 7 35 29%
HIR3 3 5 1.7 - 60%
HIP3 0 10 n/a 0%
H1R4 0 10 n/a 0%
H1P4 0 6 n/a 0%
HIRS3 0 10 n/a 0%
H1R6 0 6 n/a 0%
HIR7Y 0 6 n/a 0%
HIPS 0 10 n/a 0%
HIRS 0 8 n/a 0%
Summary 7 94 13.4 7 %

*% Habitat unit numbers are a combination of the stream, segment number and patch or rifle number
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Huckleberry Creek Segment 1 (1985)

From segment H1, the seven samples had a mean of 9.6 percent fines with a standard deviation of
4.2, The samples ranged fiom 4.2 to 16.6 percent fines (Figure 5). Seventy-one (5 of 7) of the
samples were in the good resource condition category and 29 percent (2 of 7) were in the fair
category (Figure 6). The median particle size estimated from the mean particle size distribution
(Figure 7) was 14.5 mm. The level of sampling effort required to remove the seven samples is
indicative of the overall character of the substrate which, even more so than the Clearwater, was
very difficult to sample due to tight particle packing and large grains. For each sample obtained, the
average level of effort was 13.4 sampling attempts per sample collected (Table 8). The difficulty of
obtaining gravel samples exhibits a general lack of spawning gravel in this stream. '

Discussion of Gravel Composition Results

Of the three streams where gravel was collected during 1995, the Greenwater River samples
contained the highest percent fines less than 0.85 mm (Table 9). Of the 12 samples taken within the
Greenwater River (Segment 1, RM 0.0-0 6), the mean percent fines for the 12 samples was

14 2 percent. For the 13 Clearwater River samples (Segment 3, RM 2.4-3.1) and 7 Huckleberry
Creek samples (Segment 1, RM 0.0-1.0), the mean percent fines were 5.2 and 9.6 percent,
respectively. The Clearwater River, Greenwater River, and Huckleberry Creek had percent fines
1anging from 0.6 to 23.0 percent, 8.8 to 23.8 percent, and 4 2 to 16.6 percent, respectively. The
Watershed Analysis resource condition index for spawning habitat quality genezally rated gravel
quality for samples (collected in 1995) as good or fair. Seven of the 32 samples collected in 1995
had a fair rating (12-17 percent fines), while the remaining 22 samples were rated good (less than
12 percent fines). The median particle size (50th percentile) ranged from 9.2 mm (Greenwater
River), to 14.5 mm (Huckleberry Creek), and 32 mm (Clearwater River, Segment 3), indicating
overall finer substrate in the lower Greenwater River than the lower portion of the two other

streams.

However, median particle sizes were 8.2 mm to 13 mm in the upper Clearwater River based on
1993 samples. Clearwater River gravels collected during 1993 also had higher mean percent fines
than those collected in 1995 (Table 9) The percent fines (5.2 percent) observed in gravels collected
in Segment 3 in 1995 were substantially lower than those collected in upstream samples in 1993
(14.6 percent, 16.9 percent, and 12.1 percent). Also noteworthy is that the median particle size in
samples collected in 1995 (32 mm) was substantially larger than the median particle size from 1993
samples (10, 8.2, and 13 mm). Note that mean percent fines in Segment 7 (within unmanaged
lands) exceeded 10 percent, however, only three samples were obtained from this segment. The
range for percent fines, within these three segments, was quite variable, ranging fiom 4.2 to

38.7 percent. The Watershed Analysis resource condition index for spawning habitat quality
generally rated these samples as good or poor. Of the 13 samples collected in 1993 in Segments 5,
6, and 7 of the Clearwater River, seven (54 percent) were rated good, one (8 percent) was rated fair,
and five (38 percent) were rated poor.
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Differences between the upper and lower Clearwater River gravel samples may be attributed to
combined differences between the locations and the years of sampling. Mass wasting sediment
sources in the Milky Creek basin are a possible reason for high levels of fines found in two of the

five samples collected in Segment 5 (Ladley, 1995).

Table 9. Summary of gravel sampling results

, Mean Percent Median
Site, Location & | ercent fines|Standard |  fines Particle
A # of Samples (<0.85mm) ; Deviation range Size (mm)
gl Greenwater River
Segment 1; RM00to 0. 142 46 88-238 92
12 samples™
Huckleberry Creek
4 Segment1, RM0O.0-10 g8 42 42-1686 14.5
‘ 7 samples * ‘
_ Clearwater River
Segment 3; RM24- 31 52 6.1 06-230 32
13 samples*
:  |segment5;RM42-49| 146 106 | 42-256 10
: 5 samples **
4 Segment6; RM49-59 169 13.3 56-387 82
: 5 samples **
Segment 7, RM58-68 121 78 62-21.0 13
3 samples **

*  Samples collected by Ecology, 1995. _
** Samples collected by Muckleshoot Tribal Fisheries, 1993.
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Appendix A.

Quality Assurance/Quality Control (QA/QC)
Plans |

A1  QA\QC plan for 1995 temperature assessment of White River drainages.

A2  QA\WQC plan for 1995 spawning gravel samples in the White River drainages.
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APPENDIX A.1
September 19, 1995

TO: White River Spawning Temperature Assessment Sample Files
FROM: Joanne Schuett-Hames, SWRO Water Quality Program
RE: Finalized QA/QC plan for 1995 temperature assessment of White River

drainages.

This memo and attached or associated documents comstitutes the QA/QC
documentation for temperature assessment studies lead by DOE in the
upper White River in 1995. These studies are being done in cooperation
with other parties in the White River. The Puyallup Tribal Fisheries
department is the lead on temperature data collection for the Clearwater
River. They deployed water thermographs in four locations in the
Clearwater; we provided an air thermograph for one of these lccations
and will do upstream thermal reach assesgsment work where possible at
their thermographs. The USFS is additionally doing temperature anlaysis
in upper tributaries of the Greenwater River.

Sampling purpose: The Greenwater and Clearwater Rivers are documented as
temperature impaired on the state's 2034 list. These rivers and others
in the upper Whiter River drainge are important historical habitat for
White River Spring Chinook, a state critical species. Water temperature
is important to the health of spring chinock. Also of importance to
chinook are the physical habitat aspects of riparian health and channel
morphology that are manifested in temperature exceedences. For example,
channelg that have become wider and shallower due to landslides and loes
of riparian integrity are likely to have higher temperatures. These
channel characteristics may alsc reflect other impairments of figh
habitat. Because of this, studies other than temperature are also
" occurring (fine sediment levels and spawning gravel scour) and
additional streams within the White River drainage important to chinook
are being assesged. In particular, Huckleberry Creek was choosen for
temperature assessment work.

The purpose of temperature assessment work in 1%95 is two-fold:

1. To take thermograph readings to better understand the extent,
locations, and nature of temperature impairments; and,

2. To assess thermal reaches upstream of locations where thermographs
are deployed for riparian and channel morpological factors that
influence temperature.

Thermograph and thermal reach data collection and analysis has three
components:

1. Sample design and data collectlon,
2. Data analysis; and,
3. Equipment callbratlon”

These components and their respective QA/QC measures are described
below.

1, Sample Design and bata Collection.

Methodolegy -

Study site selection.--

Study site stratification is based on dividing spawning streams into
segments based on gradient, tributaries and valley confinement according
to Schuett-Hames et al. (1994). Segments for sampling are chosen based
primarily on locations where a thermal reach of approximately 600m
upstream of the thermograph will provide similar shade characteristics.
Of interest are shade characteristics reflecting forest management, and
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additionally those reflecting unmanaged conditiomns. This, however, is
not intended as a paired watershed study; instead the focus is to learn
as much as possible about temperature regimes within differring canopy,
channel and watershed locations.

Thermographs Deployment.--

Thermographs used are Hobo tempmentors, model __ H20 and model _ air.
The water tempmentors come with a small white, water-tight canister.
This equipment does not use an external probe. Before deployment the
canister is spray painted with a concealment pattern to lessen chances
of vandalism.’

Air tempmentors come with several feet of cord and an external probe.

To lessen chances of animal and weather damage, the cord and thermograph
are concealed in a spray painted water-tight plastic zip-lock bag. The
prcbe is made to protrude from the bag.

Water thermographs are located in shaded pool or glide habitat recieving
a steady .flow of mixed water from the stream. A combination of wire,
rocks and/or rebar is used to locate the thermograph at 1/3 to 1/2 the
water depth from the bottom of the stream. This is done to prevent air
exposure at lower stream flows.

Air tempmentor packages are attached with duck tape about 1 to 1.5
meters in bank vegetation near the water thermographs.

The following site information was taken at the time of installation:

* Date

¢ Crew

e Weather

¢ Site number and identification

¢ Themograph ID number

e DProbe site description including water depth at probe and prcobe depth
e Air probe height and site description

* Shade descripticn

s Time of installation for air and for water

» Air and water temperature with hand held thermometer

Photographs
s Location on map or aerial photo
¢ Elevation of the monitoring site {using GPS or topographic map)

Similar information will be taken at thermograph removal along with any
observations that may be relevant to data interpretation.

Thermographs are deployed prior to July 15, 1995 to decument the primary
July 15 to BAugust 15 temperature data collection window. They are left
as long as possible into September (before flows rise and make retrieval
difficult) to continue collection through the time peried of spring
chincok spawning.

Temperature Reach Agsessments.--

Within chosen sampling segments, reference points according to TFW
ambient monitoring protocols (Schuett-Hames et al. 1994) are
established at 100 meter intervals for future comparison and for sample
design layout. Starting at the thermograph deployment location, and then
consecutively at 50 meter intervals (coinciding with reference points
and half way points} for a thermal reach of 600m, the following
information is gathered (note: reference for methods or method specifics
are in parenthesis):

¢ Reference point number and distance
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¢ Bankful width and depth {(Schuett-Hames et al. 1994)

Wetted channel width and depth {measurements taken similar to bankful
width and depth, but measurement interval doubled)

* Observations of areas where flow may have been gained or lost
Observationg of channel disturbance factors such as landslides that
may have affected channel morphology
Canopy closure taken by densiometer {Schuett-Hames et al. 1994)

RMZ width each side of stream (measured or if over 30m estimated as
>30m)

¢ Dominant REMZ trees each side of stream (Watershed Analysis Manual
2.1)

= Seral stage of RMZ trees each side of stream (Watershed Analysis
Manual 2.1)

* RMZ condition each side of stream (either intact, or impacted by
blowdown, bank erosion, debris flows etc.)}

Streamflow measurements are takem at the thermograph location and at the
upstream end of the thermal assessment reach {usually 600m) using a
Swoffer flow meter. The meter is located on a wading rod and adjusted to
register flow at .6 of the water depth for each station. At least 15
flow, depth and cell width measurements spaced across the wetted channel
are taken for each streamflow measurement.

Due to time and locational constraiats, it may not be possible to assess
upstream reaches for each thermograph site. In this case, sites will be
priorxitized based on upcoming watershed analyses for the Clearwater and
Greenwater, site accessabliity, and expected importance of the site for
understanding watershed management relationships to stream temperature.

Training - Thermograph deployment and temperature reach data collection
will be accomplighed by lead Ecology personnel with training and/or
experience in methods being used. Interns and additional parties
supporting accomplisghment of field work will be given in-field briefing
and training on metheds.

Quality Control - Sample layout and sample collection will be done by,
or under the supervision of experienced Ecology lead staff.

After deployment all thermographs will be checked at least once to
determine that they are still correctly deployed (i.e. shaded with water
over them).

211 finished field data forms will be reviewed by lead staff for
completenes. If errors occur that can not be rectified, affected
portions of the data set will be discarded.

2. Data Analysis.

Methodology - Water temperature data will be analyzed for adherance to
state water guality temperature criteria, for watershed specific
relationships important for TMDL development, and to meet needs of use
for Chapter 222 WAC Watershed Analysis. Some specific factors to be
locked at are: :

* Percent of and number of days exceeding standard {July 1S to Aug. 15
as well as full length of study)

* Percent of time exceeding standards(July 15 to Aug. 15 as well
as full 1length of study)

* Relevance of temperature reach conditions to documented temperature
regime



* 1995 climatic anag streamflow conditionsg relative to study results and
historical conditiong

®* Recommendationg for future temperature monitoring, watershed based
temperature needs, and TMDL needg,

temperature data being gathered by others this year, and in past years,
in this analysis to Provide a comprehensive Overview of exigting

Training - pata analysis will be accomplished by or under the
Supervision of experience Ecology lead staff.

3. Equipment Calibration,

As pér TFW ambient monitoring Protocels, equipment will be calibrated
and Periodically inspected for accuracy, Thermographs will receive pre
and post deployment calibration. Attached gheets will be used to
record calibration information.

REFERENCES CITED:

Schuettmﬂames, D., A, Pleus, 1. Bullchild and g. Hall, 1994 Timber-
Fish-Wildlife ambient monitoring Program manual . Northwest Indian
Fisheries Commission, Olympia.

Watershed anlaysis - complete citation

Attachmetnsg - Calibration form(s)
Map of monitoring locations

file: tpgas-gs



APPENDIX A.2
august 8§, 1995

TO: White River Spawning Gravel Sample Files ) e H
FROM: Joanne Schuett-Hames, SWRO Water Quality Program 3

RE: QA/QC plan for 1995 spawning gravel samples in the White River
drainages.

This memo and attached or associated documents constitutes the QA/QC
documentation for spawning gravel studies lead by DOE SWRO in the upper

White River in 19%95.

Sampling purpeose: To develop replicable spawning gravel fine sediment
data useful as baseline water guality information for upper White River

tributaries.

Spawning gravel fine sediment sampling and analysis has four components:

. Sample design and collection;
Sample preocessing;

Data analysis; and,

Equipment calibzation.

L VI oG

These components and their respective QA/QC measures are described
below.

1. Sample design and collection.

Methedology - Sampling will be accomplished according to standard
methodologies in Schuett-Hames et al, (1994). Study site selection is
done based on dividing spawning streams into segments based on gradient,
tributaries and valley confinement. Appropriate segments for sampling
are chosen based on accessibility, gradient and spawning habitat and or
use. Within chosen sampling segments, reference points are established
for future comparative needs and for sample design layout. Riffle
crests and in some cases spawning gravel patches are inventoried to
develop a statistically based sampling design that insures 12 to 18
samples are taken in a manner to maximize sampling of within riffle and
between riffle variability.

Samples are taken with a 6 inch diameter McNeil gravel sampler adapted
with a plunger to capture fine suspended sediments. The sampler is
inserted tc a depth of 9 inches following strict adherence to measures
which promote an undisturbed sample from being taken. Samples are
transferred in the field to a five gallon bucket with tight lid and
labeling and remain in the bucket until sieving.

Training - Each sampling day will be lead by Ecology regional personnel
with training and experience in gravel sample methodclogy. Interns
working with sampling have additionally attended gravel sample training
in July 1995 put on by the Northwest Indian Fisheries Commission.

Quality Control - Sample layout and sample collection will be done by,
or under the supervision of experienced Ecology lead staff. Any samples
that deviate from the sampling procedure will be discarded and redone.
All samples will be labeled at the time of collection for positive
identification during processing.
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2. Sample processing.

Methodology - Volumetric sample processing adhering to methodologies in
Schuett-Hames et al. (1994) will be done. Each sample will be wet sieved
through the recommended series of 12 inch diameter Tyler Sieves. After
sieve contents are allowed to drain to remove excess water, contents are
placed in a volume displacement flask for volumetric measurement. Silt
passing through the finest sieve will be allowed to settle one hour
before its volume is read.

Praining - Lead staff working on sample processing will either have
prior experience and training, or will receive training on
methodologies. Several regional staff have received training from the

Northwest Indian Fisheries Conmission.

Quality Control - All samples will be processed by, or under the
supervision of experienced, trained Ecology staff. In instances where
deviations from proscribed processes may occur, all information will be
noted; if such deviations compromise sample guality, those samples will
be discarded.

3. Data analysis.

Methodology - Data will be analyzed for mean percent fine sediments less
than .85mm for individual samples and as a composite for complete stream
segments ; other specific data analysis may also be accomplished.
Analysis meeting needs for Chapter 222 WAC Watershed Analysis will be

done.

Quality control - Data processing and analysis will be done by or under
supervision of lead Ecology staff. All data will be error-checked, and
calculations repeated to identify potential errors.

4. Equipment calibration.

As per TFW ambient monitoring protocols, eguipment will be calibrated
and periodically inspected for accuracy. Attached sheets will indicate

calibration information.

REFERENCE CITED:

Schuett-Hames, D., A. Pleus, L. Bullchild and S. Hall. 1994, Timber-
Fish-Wildlife ambient monitoring program manual. Northwest Indian
Fisheries Commission. Olympia.

file: sggag-95
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1995 Daily Stream Temperatures that Exceeded |
the Class AA Water Quality Criterion of 16.0°C






Appendix B.1
Daily stream temperatures that exceeded the Class AA water quality criteria of 16.0°C.

| Approx. time Approx.
Site & location Date |Daily maximum{ daily max. hours/day
high (°C) - high greater than16.0°C
{ GREENWATER RIVER
Segment 2; RM 1.2 t o Jul12 177 1530 5
Site No.1 . _Ju-13 ;185 1530 7
= July 12 to September 14, 1995 = Jul-14 | 18.6 ‘ 1530 7
- D Jul-15 18.8 . 1530 7
[ Jul-16 18.9 1430 7
I Jul-20 16.5 1430 4
; Jul-21 17.8 . 1530 6
Jui-23 178 | 1430 6
S Jui-24 17.5 : 1430 5
f ~ Jul-26 | 172 1430 4
Jul-27 175 © 1430 5
Jui-28 180 =~ 1430 6
| Jul-29 18.5 1430 6
D Jul-30 186 1430 7
- Jul-31 18.9 1430 | 2
§ . Aug-1 | 16.4 1430 | 2
' | Aug-5 17.0 L 1430 | 4
Aug-15 | 16.4 1430 2
Aug-16 17.0 ' 1430 4
) Aug-17 - 16.9 . 1430 4
| Aug-18 - 170 = 1330 4
- Aug-27 | 165 - 1530 2
- Aug-28 | 17.2 - 1530 4
CAug-28 ¢ 17.3 . 1530 4
: Aug-30 16.2 i 1430 2
 Sep-5 | 16.2 1430 2
" Sep-6 | 16.2 L1430 2
Sep-7 | 16.2 . 1430 2
Sep-10 | 165 1530 2
Sep-11 | 16.4 1430 2
| ‘ : Sep-12 | 16.1 1330 | 2
i | | i
Segment7; RM 53 Jul-13 16.9 ! 1330 4 ]
: Site No. 2 P Jul-14 17.2 P 1330 ! 5
’ July 12 to September 14, 1995 Jul-15 17.2 1330 5
' Jul-16 17 3 1330 5
; Jul-21 16.2 C 1330 2
Jui-28 16.2 - 1330 2
Jui-29 16 2 1330 2
Jul-30 167 1230 3
Jul-31 16.9 . 1330 3
|




Appendix B.1
Daily stream temperatures that exceeded the Class AA water quality criteria of 16.0°C.

Segment 8, RM 5.8 LN 16.7 1330 2
Site No. 3 L Ju-14 17.0 1330 3
July 12 to September 14, 1995 . Jul-15 172 | 1330 3
~Jul-16 . 17.3 . 1330 4
S Jui21 ] 16.1 . 1330 1 o
CJul-29 16.2 - 1330 K
L Jul-30 16.5 1330 2
P Jul-31 16.7 ; 1330 3
HUCKLEBERRY CREEK
Segment 1, RM 07 | ‘
. Site 1 No exceedences greater than 16.0°c
July 14 to September 18, 1995 | ‘ ‘
|
Segment7; RM 5.7 :
Site 2 - :No exceedences greater than 16.0°C |
July 14 to August 23, 1995 * ! ’ ;
|
CLEARWATER RIVER : L ;
Segment 1; RM 0.5  Jul17 | 16.1 ‘ 1230 T
Site 1 © Jul-18 ! 16.5 1230 3
July 14 to September 30, 1995 = Jul-19 @  1B8.5 : 1230 3
Jul-20 | 16.5 1230 2
| ;
Segment2; RM 2.3 ©Jul-17 16.9 1600 : 8
Site 2 - Jul-18 | 17.3 - 1600 7
July 6 to September 30, 1995 | Jui-19 | 17.3 - 1700 8 ]
- Jul-20 17.4 . 1600 8
- Aug-3 | 16.5 . 1400 4
i Aug-4 16.6 f 1600 5
Segment 4; RM 3.8 - Jul-16 16.6 1600 3
Site 3 ‘ Juk17 177 1 1800 3
July 6 to Septmber 30, 1995 | Jul-18 17.9 . 1600 . 8
' . Jul-19 18.0 1800 | 8
Jul-20 18.0 . 1800 8
- Jul25 ¢ 16.4 1600 3
CJul27 16.1 . 1600 1
- Aug-1 ° 16.2 . 1600 1
! Aug-2 | 16.4 . 1600 3
o Aug-3 ! 16.7 L1600 4
T Aug4 17.2 1600 6




Appendix B.1
Daily stream temperatures that exceeded the Class AA water quality criteria of 16.0°C.

Segment 8, RM 57 ; : | ;
Site 4 . No exceedences greater than 16.0 °C

July 14 to September 30, 1995

BURNS CREEK o
RM 0.3 ; ‘ : '
June 22 to September 29, 1885 No exceedences greater than 16.0°C

FOREST LAKE CREEK
RM 0.8 : ‘ :
June 22 to September 29, 1995 §No exceedences greater than 16.0°C

PYRAMID CREEK _ | ; ' _
RM 0.4 u17 T 164 1735 3
June 22 to September 29, 1995 : Jul-18 | 16.5 ! 1735 | 3
CJul-19 16.7 L 1800 ; 8
Juk-20 | 16.7 ‘ 1425 | 8
H |
i 5 - 1
SLIDE CREEK ? o |
RM 0.1 o i o
June 22 to September 29, 1985 | No exceedences greater than 16.0°C
STRAIGHT CREEK g
RM 0.3 - Jul-1 _16.2 : 1600 3
June 22 to September 29, 1995 | Jul-16 16.4 i 1600 -8
' CJul-17 16.9 1600 8
D Jul-18 17.3 1425 1 10
CoJui-19 17.5 1425 : 10
Jul-20 ¢ 17.7 - 1425 ; 10
i Aug-2 16.4 1600 5
! Aug-3 | 16.1 ! 1600 i 3
. Aug-4 16.5 j 1600 5

UPPER GREENWATER RIVER
RM 11.7 ]
June 22 to September 29, 1985  No exceedences greater than 16 0°C




JEE T TR

Appendix B.1 _
Daily stream temperatures that exceeded the Class AA water quality criteria of 16.0°C.

WHISTLER CREEK | T !
RM 0.4 | Jun-23 - 16.9 1640 3
June 22 to September 29, 1995 Jun-24 | 181 1640 3
- Jun-25 ; 18.5 , 1640 i 3
Jun-26 17.8 L 1640 3
- . Jun-27 | 18.3 1640 3
B " Jun-28 17.8 1640 3
- ~Jun-29 ! 17.5 © 1640 3 N
 Jun-30 183 . 1640 3
Jui-1 17.0 T 1640 3
Jul-5 | 180 1640 3
Jul-12 180 - 1640 3
Jul-13 | 17.3 1640 3
Juk15 " 19.3 . 1640 3
Jul-16 199 - 1425 5
Jul-17 | 19.9 1425 5
Jul-18 19.9 . 1425 - 5
Jul-19 19.9 1425 5
) Jui-20 ¢ 19.4 T 1425 5
T Julk25 16.2 © 1425 5
Jul-26 - 16.9 - 1425 3
Jul-27 17.3 1425 5
Jul-28 17.0 1425 3 T
Jul-30 16.1 1425 3
N Jui-at | 16.7 1425 3
Aug-1 | 18.1 C 1425 3
 Aug2 | 191 | 1425 3
T . Aug-3 19.4 f 1425 3
Aug-4  19.8 : 1425 3
Aug-5 | 17.2 1640 3
1 Aug-9 ! 183 1640 3
T P Aug-13 16.4 T 1640 3
" Aug-19 . 17.5 1640 3 |
" Aug-20 17.8 1640 3
Aug-21 | 17.5 . 1640 3
 Aug-22 | 17.3 1640 3
. Aug-24 165 © 1640 3
Aug-25 . 16.2 ‘ 1640 3
" Aug-26 : 16.2 1640 3
- Aug-31 16.4 1640 3
Sep-1 - 16.1 . 1640 3
. Sep-2 16.9 : 1640 ; 3
| Sep-3 | 16.7 . 1640 3
LYLE CREEK ; : !
RM 0.1 ‘No exceedences greater than 16 0°C
August 9 to December 5, 1995




Appendix B.2

Stream Temperatures that Excéeded the Class
AA Water Quality Criterion of 16.0°C during
1989, 1990, and 1992






Appendix B.2
Stream temperatures that exceeded the Class AA water quality criteria of 16.0°C

during 1989, 1990 and 1992.

Approx. time Approx.
Site, location and Date Daily maximum | daily maximum hours/day
monitoring period ‘ high (°C) high greater than 16.0°C

GREENWATER RIVER | ;

i

Segment 3; RM 2.2

August 10 to September 22, 1989 iNo exceede;)ces greater than 16 0°C
| i

GREENWATER RIVER ;
Segment 9; RM 8.5 11-Aug 16.3 1500 ’ 1.0
August 10 to September 22, 1989 ' 12-Aug 16.1 1500 E 1.0
- 13-Aug | 16.3 1500 . 1.0
17-Aug 16.1 . 1500 | 1.0
18-Aug 16.8 5 1500 9 30
" 28-Aug | 16.1 1500 1.0
| 27-Aug 16.1 1500 1.0
| 29-Aug 16.1 1500 ! 10
GREENWATER RIVER

‘ ] i
RM 11.0 . 11°Aug | 16.6 i 1600 _ 3.0
August 10 to September 22, 1988 | 12-Aug 16.1 ‘ 1600 f 1.0
©13-Aug | 16.6 : 1500 3.0
17-Aug | 16.6 1600 : 3.0
18-Aug 17.3 1600 : 5.0
20-Aug 16.1 1600 10
25-Aug | 16.3 @' 1600 " 20
26-Aug | 17.1 ; 1600 40
27-Aug | 16.6 . 1600 | 2.0
28-Aug 16.6 1500 ; 2.0
29-Aug 16.8 1600 4.0

8-Sep | 16.1 1600 T 1.0




Vet o o

il

Appendix B.2

Stream temperatures that exceeded the Class AA water quality criteria of 16.0°C

during 1989, 1990 and 1992.

GREENWATER RIVER
Segment 9; RM 8.5 30-Jul 16.3 1300 1.0
May 30 to November 11, 1990 31-Jul 16.3 1400 2.0
1-Aug 16.1 1400 1.0
2-Aug 16.1 1400 1.0
3-Aug - 16.3 1400 2.0
4-Aug 16.8 1400 4.0
5-Aug 17.3 1400 5.0
6-Aug 16.8 1400 4.0
N 7-Aug 16.8 1400 3.0 N
8-Aug 16.6 1500 2.0
10-Aug 16 8 1400 1.0
11-Aug 16.3 1200 40
12-Aug 171 1300 5.0
14-Aug 16.6 1400 3.0
5-Sep 16.1 1400 1.0
CLEARWATER RIVER -
Segment 2; RM1.2 18-Jui 17.6 1512 4.0
July 17 to September 9, 1992 19-Jul 16.8 1512 3.0
26-Jul 16.6 1512 20
27-Jul 16:3 1424 1.0
28-Jul 16.6 1512 2.0
29-Jul 16.6 1512 2.0
30-Jul 16.8 1512 3.0
31-Jul 17.3 1424 40
1-Aug 17.3 1512 6.0
4-Aug 16.6 1512 2.0
10-Aug 16.1 1512 1.0
11-Aug 16.6 1424 2.0
i 12-Aug 17.1 1424 3.0
13-Aug 16.8 1424 30
i 14-Aug 176 1424 6.0
15-Aug 17.3 1424 5.0
16-Aug 16.8 1424 4.0
17-Aug 16.8 1512 30
18-Aug 17.1 1512 4.0
19-Aug 16.8 1424 3.0
20-Aug 16.6 1424 3.0
21-Aug 16.1 1424 1.0




Appendix C.

Temperature Graphs
(Hourly maximum air and water temperatures)

C.1  Greenwater River (Segment 2; RM 1.2) 1995
C.2  Greenwater River (Segment 7; RM 5.3) 1995
C.3  Greenwater River (Segment 8; RM 5.8) 1995
C.4  Greenwater River (RM 11.7) 1995

C5  Greenwater River (RM 2.2) 1989

C6  Greenwater River (RM 8.5) 1989
C.7  Greenwater River (RM 11.0) 1989
C8  Greenwater River (RM 8.5) 1990
C.9  Bumns Creek (RM 0.3) 1995

C.10 Forest Lake Creek (RM 0.8) 1995

C.11  Pyramid Creek (RM 0.4) 1995

C.12  Slide Creek (RM 0.1) 1995

C.13  Straight Creek (RM 0.3) 1995

C.14 Whistler Creek (RM 0.4) 1995

C.15 Huckleberry Creek (Segment 1; RM 0.7) 1995

C.16 Huckleberry Creek (Segment 7; RM 5.7) 1995
C17 Clearwater River (Segment 1; RM 0.4) 1995
C.18 Clearwater River (Segment 3; RM 2.3) 1995
C.19 Clearwater River (Segment 4; RM 3.1) 1995
C20 Clearwater River (Segment 7; RM 4.1) 1995

C.21 Clearwater River (RM 1.2) 1992
C.22 Lyle Creek (RM 0.1) 1995
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Appendix D.

Summary of Spawning Gravel Composition Data
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Appendix D. Huckleberry Creek Segment #1

*Sample Volume in ml. ' % Fines  Total Sample
Stream | Segment} Number | Year |<0.106:>0.106| >0.25 . >0,50 | >0.85 : >2.00 ; »3.35| >4.00 | »8,00 | >9.50 |>26,50; >75.00] <0.85 | Volume (mi)
Huckleberry Ht i HiR2-3 - 1995 45 7 i 15 | 35 88 90 38 | 165 ! 80 | 590 970 { 300 ! 424 2423
Huckleberry H1 H1R2-4 ' 1985! 120 41 | 80 | 105 380 275 ¢ 130 | 503 145 ; 830 {14701 0 | 10.03 4149
Huckleberry H1 | HIR3-5 | 1995 | &0 15 | 50 | 85 | 215 122 | 52 | 195 70 | 555 : 1500 0 7.19 2919
Hucklebeamy =4} , H1R3-7.1995; 200 ;: 40 ! 170 . 350 : 895 , 525 175 . 540 115 910 | 1700 0 13.52 5620
Huckleberry H1 H1R3-6 1995 120 ' 28 . 85 140 450 | 325 130 ! 500 | 125 ! 850 \ 1550 o] 8.67 4303
Huckleberry H1 H1P1-1 1995 100 35 ; 112 12 74 | 88 38 | 235 105 . 1100 4 1910 o 6.8 3809
Huckleberry Hi H1P2-211995| 215 @ 33 | 205 340 490 440 130 @ 465 125 | 810 ; 1510, 0 = 1665 4753
Mean 132.86| 28.43 | 102.43| 152.43 370.23 266.43! 99 }3?1.86 109.291 806.43| 1515.?5 42.86 9.58 3958
Std. Dev, 69.27 { 12.88 | 66.3 |138.25| 285.1 | 175.27 55.24 ,165.01] 26.52 | 186.83| 286 [113.38. 4.26 1081.09
CV. % _ 5214 | 45.31 64.73 | 90.7 | 76.99 | 65.18 558 | 44.37 | 24.27 | 23.17 | 16.87 . 264.58] 44.45 27.04
Sample Individual Percent Volume : % Fines | Total Sample
Stream Segrnent | Number| Year | <0.106:>0.106; >0.25 | >0.50 | >0.85 | >2.00 ' >3.35 | >4.00 : »8.00 | >9.50 | >26.50;>75.00] <0.85 | Volume (ml)
Huckieberry | H1  H1R2-3| 1995: 186 ' 029 , D62 ;. 144 | 363 371 | 1.57 | 681 ' 4.8 | 2435 4008 1238 | 4.21 2423
Huckieberry Hi i H1IR24 11995 458 = 0.99 | 183 253 | 918 663 | 313 ;1212 349 20 3543 ¢ 10.03 4149
Huckleberry : H1 | H1R3-5:19895| 206 @ 0,51 171+ 291 ; 7.37 © 418 178 | 658 P24 1190115139 0 719 2919
Huckleberry H1 i HTR3-7 | 1985} 3.56 10N 302 | 623 | 15.935 834 i 3.11 9.61 205 ! 16191 30.25: O 13.52 | 5520
Huckleberry RH1 H1R3-6 | 1995 | 279 | 065 198 | 3.25 | 1046 7.55 3.02 (1162, 29 (1875!3602: O 867 | 4303
Huckleberry |. H1 H1P1-1 | 1995 | 263 | 092 { 294 | 032 ;: 1.94 | 231 1 617 | 276 i 2888:5014; O 68 | 3809
Huckleberry H1 H1P2-2 | 1995 | 4.51 069 | 43 714 11028 | 924 | 273 | 976 | 262 | 17.01 ) 317 o] 16.85 4763
Mean T 312 | 068 : 236 | 34 | 84 | 6.14 : 234 | 8.07 | 2.79 | 20.74 | 3928 | 177 | 958 3998
Std. Dev, ] 111 024 118 | 246 | 466 | 278 | 0.87 | 244 05 [ 444 | 846 | 468 | 426 | 108109
CV.% 3524 | 3469 5001 723 | 5555 4534 1 37.31 | 27.22 ! 17.97 | 21.42 | 21.54 |264.58] 44.45 | 27.04
Sample Cumuiative Percent Volume - 1% Fines | Total Sample
Stream Segment | Number | Year | <0.106; >0.106| »0,25 ! >0,50 | >0.85 ! 2,00 >3.35 | >4.00 | >8.00 f >9,50 | >26.80 >75.00’ <0.85 | Volume (mf)
Huckleberry ! H1 H1R2-3 1 1995 | 1.86 : 215 | 277 | 4.21 7.84 1 1156 131211893 | 2324 | 4759 ) 8762} 100 : 421 2423
Huckleberry H1 H1R2-4 | 1995 | 458 : 557 75 ;1003 1919 2581 | 28.95 | 41.07 | 44,56 | 64.57 | 100 100 ¢ 16.03 4149
Huckieberry H1 HIR3-5 1995] 2,06 | 257 | 428 | 719 | 1456 1874 | 20.52. 272 | 296 | 4861 | 100 | 100 7.18 2919
Huckleberry H1 | HIR3-7 © 1995 3.56 | 4.27 7.3 | 1352 29451 38.79 | 41.9 : 51.51 ) 53.56 | 69.75, 100 : 100 13.52 5620
Hucklebeny H1 IMIR3-6: 1995 | 279 | 344 | 541 | 8567 | 19.13 2668 | 267 | 4132 | 4422 :63.98] 100 | 100 . 8.67 4303
Huckieberry H1 H1P1-1 1885 263 | 3,54 ; 648 63 874 : 11.05 | 12,05, 18221 20,98 4986 100 100 68 3809
Huckleberry Ht H1P2-2 1895 | 451 | 521 ' 951 | 1665 | 26,94 | 3617 | 38.9 | 4867 | 51.29: 683 | 100 100 16.85 4763
Mean ; 314 | 382 | 618 | 958 | 17.98| 2412 | 2645 | 3542 | 38.21 | 5895 98.23; 100 9.58 3998
Std. Dev. \ TA1 ; 1.28 | 2.08 ; 4.28 | 831 | 11.01 | 11.77 | 1357 | 1341 983 | 466 | 0 4.26 | 1081.09
CV. % } 35.24 | 33,39 | 36.2 | 44.45 | 46.23 | 45.66 | 4449 | 38.31 | 35.00 | 1667 476 | 0 4445 | 27.04

* Segment number is a combination of segment number rifffie or patch number followed by the sample number within that rifle or patch



Appendix D. Greenwater River Segment #1

*Sample Vofume in mi. % Fines] Total Sample
Stream ) Segment| Number} Year }<0.106>0.106 >0.25 >0.50. >0.85 | >2. 00{ >3.35'>4.00. >8.00 | >9.00 >26. 50>75 O <0.85 1 Volume (ml)
Greenwate; G1  'G1R1-9/ 19951 65 | 45 | 165 | 230 | 485 | 315 | 115 . 400 105 825 0 930 . O , 13.72 | 3680
Greenwate: Gt |GIR1-10 1995 | 170 | 100 ; 420 | 370 | 320 | 135 . 68 345 ;120 | 1155 935 | 310 | 23.83 | 4448
Greenwate! G1  'GIR3-12 1995 105 | 48 | 13 | 175 | 518 335 | 105 | 460 | 115 | 790 j1200,‘ 0 , 883 ; 3854
Greenwate.  G1  (GIR3-11/ 1995 80 | 49 [ 180 : 230 | 340 | 240 @ 85 | 125 1 115 920 11205! 0 | 151 ° . 3569 |
Greenwate,  G1_G1P1-1/1995 100 48 | 140 150 | 195 | 165 | 70 | 340 | 120 . 715 ;1630E 655 | 10.12 = 4328
Greenwate] G1  |G1P6-13 1995 200 , 40 ; 145 | 195 | 465 435 415 | 420 | 115 | 810 | 760 | 280 | 1355 | 4280 |
Greenwate|  G1  IG1P6-14 1995 | 75 . 38 | 120 175 | 450 | 200 | 105 | 420 | 115 | 880 1255 0 1042 | 3924
Greenwate!  G1  G1P7-7] 1995| 145 ~ 50 | 115 | 195 | 620 440 | 95 | 420 | 140 | 790 1370 0 | 11.53 4380
Greenwate.  G1 - GIP7-8 1995 165 : 75 | 165 | 260 | 600 L 405 | 120 | 470 | 140 12507 1230 0 @ 13.63 4880
Greenwate] Gt 1P11-1/ 1995 180 | 90 . 270 | 365 | 495 415 | 170 | 660 185 | 815 485 : 0 . 21.91 ;4130
Greenwate!  G1  1P11-1'1995° 75 | 29 : 175 | 290 | 570 | 495 | 165 | 465 | 90 | 740 ' 405 . 0 @ 1626 | 3499
Greenwate| G1 | 1P11-1/ 1995, 90 | 35 & 140 ; 170 | 275 @ 245 i 100 | 395 | 145 . 825 055 | 415 | 11.48 | . 3780
Mean P 1208] 54 1707|2338 444.41326.3/134.4| 410 1254 876311030 1383 14.2 | 4064.33
Std. Dev. j * 48 |22.27:97.83)74.26, 134.2: 115 | 93.9 [121.6/24.35 163 1 358.2:222.8 46 | . 413.44
CV. % ] 39.72(41.24{57.32|31.77 30.2 | 35.25 69.86)| 20.65| 19.42 18.6 : 34.77 1611 32.39 [ 1017
*Sampl Individual Percent Volume 7 % Fines] Total Sample
Stream ) Segment{ Number| Year | <.106>0.106] >0.25] >0.50] >0.85 >2.00 >3.35|>4.00| >8.00 : >9.00 >26.50>75.00f <0.85 | Volume (ml)
Greenwate.  G1  {GIR1-9/ 19951 1.77 | 1.22 | 448 | 6.25 | 13.18| 8.56 | 3.13 1 10.87| 285 |22.42i2527; 0 | 1372 3680
Greenwatel  G1  IGIR1-10 1995 | 3.82 1225 944 | 832|719 | 304 | 153 7.76 27 |2597{21.02! 697 | 2383 | 4448
Greenwate!  G1  |G1R3-12 1995 272 | 1.24 | 0.34 | 4.53 1341] 867 | 272 ' 11.9 . 298 |2045,31.06, 0 | 883 | 3864
Greenwate] G1  |G1R3-11 1995, 2.24 | 137 . 504 | 644 953 672 | 2.38 | 35 1322 2578/33.76] 0 | 151 3569 |
Greenwate! G1 | G1P1-1] 1995 | 2.31 | 1.11 | . 3.23 | 347 ' 451 381 162 7.86 | 277 16.52|37.66)1513| 1012 | 4328
Greenwate,  G1 1G1P6-131995 | 4.67 | 0,93 ! 339 | 4.56 {10.86/10.16] 97 | 9.81 | 269 | 18.93 17.76| 6.54 | 1355 | 4280
Greenwate| G1 _'G1P6-14/ 1995 | 1.91 | 0.99 | 3.06 | 446 | 11.47] 7.39 | 2.68 | 10.7 | 2.93 12243:31.98] 0 | 1042 3924
Greenwate) G1  G1P7-7 1995 3.31 | 1.14 | 263 | 445 | 1416|1005 2.17 | 9.59 | 32 18043128, 0 | 1153 | 4380
Greenwate]  G1 G1P7-83/ 1995 3.38 | 154  3.38 1533 [ 123 ] 83 | 246 | 963 | 287 l2561, 252" o0 | 1363 | 4880
Creenwate)  G1 | '1P11-1) 1995] 4.36 | 2.18 | 6.54 | 8.84 | 11.99|10.05 4.12 1598 4.48 | 19 73.E 11.74° 0 | 21.91 4130
Greenwate; G1 | 1P11-1] 1995 214 | 0.83 ' 5 | 8.29 | 16.29 1415] 472 | 13.20] 257 (2115, 11.67] 0 | 1626 3499
Greenwate]  G1 | 1P11-1] 1995 | 2.37 | 0.92 ' 3.60 | 4.49 | 7.26 | 6.46 | 2.64 |10.42] 3.83 r21-77! 25.2 | 10. 95= 11.48 | 3790
Mean ! 2.92 | 1.31 . 4.19 | 578 [11.01] 8.11 | 3.32 | 10.11] 3.09 {21.57/25.28' 33 | 142 ; 4064.33
Std. Dev. ! 0.87 | 047 | 2.25 | 1.82 | 3.35 | 2.99 ' 2.21| 3.07 | 0.55 : 3.08 | 8.45 531 46 413.44
CV. % : 33391 3558'5372\31 51/30.52| 36.81 66.47 | 30.37 | 17.8 . 14.3 ‘33.41,160.8 32.39 -10.17
*Sampl Cumuiative Percent Volume| i | j ' i ! % Fines] TotalSample |
Stream | Segment] Number] Year | <106 >0.106 >0.25 | >0.50 | >0.85 >2.003>3.35§>4.00!>8 00/ >9.00 >26.50>75.000 <0.85 | volume (mi)
Greenwate] G1  [GTR1-9: 1985 | 1.77 ' 299 7.47 ,13.72] 26.9 | 3546 38.59, 49.46 52.31!74.73, 100 | 100 | 13.72 i 3680
Greenwate]  G1 [G1R1-10 1995 | 3.82 6.07  15.51 ,23.83 31.03{34.06 35.59: 4335  46.04 72.01 ' 93. 03, 100 | 2383 4448
Greenwate,  G1  |G1R3-12 1995 | 2.72 | 395 | 4.3 | 8.83 {22.23| 30.9 | 3362 4552 485 !68.94. 100 | 100 | 883 3864
Greenwate; G1  |G1R3-11) 1995, 2.24 | 361 866 . 15.1 | 24.63 31.35/33.73137.24 4046 6624/ 100 | 100 | 151 3569
Greenwate  G1 | G1P1-1) 1995 2.31 342 : 665 10.12) 14.63| 18.44/20.06 27.91 30.68! 47.2 | 84.87| 100 | 10.12 4328
Greenwate  G1 |[G1P6-13 1995 467 561 9 1 13.55!24.42]34.58 | 44.28 54.09. 56.78: 75.7 {9346/ 100 | 1355 4280
Creenwate'.  G1 [G1P6-14 1995 1.91 291 595 1042 21 89129.28/31.96 42.66. 45.59|68.02| 100 | 100 | 1042 3924
Greenwate,  G1 [ G1P7-7!1995. 331 ' 445 7.08 . 11.53{ 2568 3573 37.9 ,47.49 50.68|68.72; 100 | 100 | 11.53 4380
Greenwate:  G1 !G1P7-8, 1995 3,38  4.92 83 [13.63/ 2592 3422| 36,68 4631, 49.18 74.8 1100 | 100 | 1363 | 4880
Greenwate:  G1 | 1P11-1] 1935 4.36 | 654  13.08| 21.91, 33.9 143.9548.06 64.04 68.52]88.26! 100 ' 100 | 21.91 . 4130
Creenwate.  G1  : 1P14-1] 1995 . 214 | 2.97 7.97 | 16.26132.56| 46.7 | 51.41. 847 167.28(88.43! 100 . 100 1626 ; 3499
Greenwate| G1_ 1P11-1{ 19851 2.37 . 3.3 . 6.99 1148 18.73 252 |27.84 38.26/42.08(63.85 89.05. 100 ;| 1148 3790
Mean 292 - 423 841 142 2521/33.32|36.64|46.75| 49.84 | 71.41. 96.7 100 | 142 | 4064.33
Std. Dev. ] 087 (128 307 46 557 7.5 | 856 1058|1069 10.91 531 . 0 | 46 | 413.44
CV.% : 33.39/30.24:36.45)32.39 22.11/22.51: 2336 22.62| 2145 15.28 549 ' 0 . 32.39 | 10.17

* Sample number is a combination of segment number riffle or patch number  followed by the sample number within that rifile or patch,



Appendix D. Clearwater River Segment #3

* Sample Volume in mi. % Fines] Total Sample
Stream | Segment | Number | Year [<0.106>0.106 >0.25' >0.50 ' >0.85 >2.00 >3.35|>4.00 >8.00 >9.50/>26.50>75.000 <0.85 [ Volume {ml)
Clearwater © C3 ' C3R3-8/ 1995 40 | 13 = 5 3 3 12 10 i 16 . 22 | 257 (2315 305.. 203 . 3001
Clearwater | C3 [ C3R3-9,1995 15 | 1 . 1 1 1 B 0 12 6 ! 145 | 725 | 1880 064 | 2793
Clearwater | C3 C3P1-13/ 1995 150 | 22 ! 48 ~ 79 ; 210 . 215 105 | 440 , 130 840 : 860 ' 335 | 873 3435
Clearwater C3 . C3P3-1/1995. 475 | 75 7 3 0 4 4 7 .8 ; 9 | 3501480 0 | 2312 ! 2422
Clearwater i €3 | C3P42! 1995 30 : 3 2 { 18 ! 90 1120 140 | 350 | 150 ' 940 | 900 ! 300 { 1.74 | 3043 .
Clearwater ; C3 | C3P5-3 1995 | 30 23 1 55 | 210 165 67 | 200 | 65 . 590 : 975 : 445 | 403 2831
Clearwater ; C3 : C3P64 1995 140 | 48 . 135 | 170 | 385 ' 355 172 580 145 | 780 1425 410 | 1039 | 4745
Clearwater . C3 [ C3P9-6.1985 80 4 . 7 | 20 | 45 48 = 30 195 | 110 /1200 1235! 0 | 362 3064
Clearwater | C3 | C3P9-5' 1995 30 | 2 2 2 30170 0 1 0 ! 0 | 560 :2080 405 | 116 3101
Clearwater | €3 C3P11-7/ 1995 60 . 5 | 14 | 25 | 27 | 20 | 24 115 60 ' 890 1870 0O 334 3110
Clearwater | C3 (C3P12-10 1995 . 50 , 20 | 40 | 60 | 230 | 180 ' 90 | 370 | 115 . 760 | 1610 0 & 482 3525
Clearwater | C3  C3P13-11] 1995 ' 50 | 3 3 3 3 0110 14 1 8 | 70 625 1360} 543 | 213 2770
Clearwater | €3  C3P13-12 1995 ° 45 ! 1 3 7 | 145 1 180 75 i85 | 40 ; 750 720 : 670 | 1.99 2821 .
Mean ' 3 91.92115.62| 22.38 | 34.31| 104.3| 102.5: 56.46 | 196.6 | 70.92: 675.2| 1350 : 407.2] 5.21 3127.77
Std. Dev. 122,31 22.2 | 37.18|48.21] 122.4] 110 i 56.86  187.1|54.23 306.9/517.1:495.7| 6.1 563.94
CV. % : 133 1 142.2]166.1] 140.5| 117.4| 107.3: 100.71 95.15| 76.46 | 45.45 ' 38.29| 121.7| 117.08 18.03
* Sarple] Individual Percent Volume | 5 ‘ g j % Fines| Total Sample
Stream Segment Numberl Year |<0.106>0.106 >0.2_5!>0.50 >0.85|>2.00;: »3.35! >4.00| >8.00| >9.50 >26.50>75.000] <0.85 | Volume {ml)
Clearwater | C3 | C3R3-8, 1995133043 /017 01 | 01 [ 04 | 033 053! 073|856 :77.14/1016| 203 | 300
Clearwater | €3 |C3R3-9.1995)| 054|004 004 004! 004|021 0 043 021! 519 2596/67.31! 064 | 2793
Clearwater | C3 (C3P1-13/ 1995 | 4.37 | 0.64 : 1.43 23 | 6.11 | 626 ' 3.06 | 12.81| 3.78 | 24.45 2504] 9.75 | 873 3435
Clearwater | €3 C3P3-1| 1995 |19.61| 3.1 | 029 1 0.12 | 0.17 | 0.17 | 0.29 ' 0.33 | 0.37 | 14.45 61.11| 0 | 2312 2422
Clearwater  C3  C3P42|1995| 099 01 : 007 059 | 296 | 3.94 | 46 . 115 493 |30.89/2058 986 | 174 ' 3043
Clearwater | C3 [ C3P5-3| 1995| 1.06 1 0.21 1 0.81 | 1.4 | 7.42 | 583 | 237 | 7.06 | 23 |2084,34.4411572{ 403 2831
Clearwater €3  C3P6-4| 1995 | 295 1.01 | 285! 3.58 | 811 | 7.48 | 3.62 [12.22! 3.06 | 16.44:30.03| 864 | 10.39 4745
Clearwater; C3 C3P9-6 | 1995 | 261 ; 0.13 | 0.23 065 147 | 157 | 098 ' 636 . 359! 421 4031] 0 | 362 3084
Clearwater | €3 | C3P9-5) 1995|097 ; 0.06 : 0.06 | 006 01 055 0 | © o |is.06 67.08/13.08] 1.16 3101
Clearwater | €3 |C3P11-7) 1995 193 ' 016 | 045 | 0.8 . 087 | 064 | 0.77 37 193 28626013 0 | 334 3110
Clearwater | €3 (C3P12-10 1995 | 142 | 057 | 113 | 1.7 ; 652 | 511 | 255 | 105 3.26 | 21.56:4567 0 | 482 3525
Clearwater | C3  IC3P13-11/ 1995 | 1.81  0.11 | 011 { 0.11 | 011 | 0.4 | 0.51 ' 3.07 | 253 2256|491 196 | 213 2770
Clearwater | C3 [C3P13-12 1995 16 | 0.04 0.1 | 025 514 | 638 | 2.66 | 656 | 1.42 ' 26.59!25.52: 23.75| 1.99 2821
Mean : 317 | 051 | 0.59 ; 0.94 | 3.01 : 2.99 1.67 | 578 | 2.16 | 21.56| 43.93| 13.68| 5.21 3127.77
Std. Dev. 505|083 081 1.11 | 318 286 1541 483 | 155! 966 | 17.67,17.87 6.1 563.94
CV.% 159.3] 164 1136.2 117.7|105.7 9562 9214 83.56 | 71.66' 44.8 |40.22] 130.6 117.08 18.03
* Sample Cumulative Percent Volume % Fines] Total Sample
Stream | Segment | Number | Year {<0.106>0.106 >0.25] >0.50| >0.85: >2.00| >3.35| >4.00| >8.00 ' >8.50 .>26.50>75.0]] <0.85 } Volume (ml)
Clearwater | C3 C3R3-8 1995 1.33 177! 2 | 203 | 213 253 : 287 | 3.4 | 413 | 127 ; 8984, 100 | 203 3001
Clearwater . C3 | C3R39' 1995 054 057 061|064 068 09 . 09 | 132 1.54. 673 13269 100 | 0.64 2793
Clearwater | €3 . C3P1-13! 1995 4.37 | 501 643 | 8.73  14.85 2111 24.16:36.97 40.76|65.21:90.25. 100 | 873 3435
Clearwater ' C3  C3P3-1 ' 1995 19.61;2271 23 !23.12 23.29 2345 2374 2407 24.44|3889| 100 - 100 | 2312 | 2422
Clearwater - €3 C3P4-2 1995 0.99 : 1.08 . 1.15 | 1.74 47 | 8.64 1324 24.75/29.67!60.57 90.14 100 | 1.74 3043
Clearwater - €3 C3P5-3 1995 106 | 1.27 208 403 11.44/17.27{1964 267 29 |49.84/8428 100 | 4.03 2831
Clearwater | €3 | C3P6-4 . 1995 295 | 3.96 : 6.81 . 10.39; 18.5 | 25.99 29.61. 41.83144.89 61.33/91.36, 100 | 10.39 : 4745
Clearwater | C3 ; C3P96 1995 261 | 274 297 362|500 666 764 14 |1759 5969 100 ; 100 | 3.62 & 3064
Clearwater © C3 | C3P9-5 1995 097 [ 103 11 116126 181  1.81 | 1.81 | 1.81 19.86/86.94] 100 | 1.16 3101
Clearwater €3 [C3P11-7; 1995 | 1.93 | 209 254 334 421 486 563|932 [11.25 39.87. 100 | 100 | 3.34 3110
Clearwater €3 C3P12-10 1995 142 { 199 : 312 482 1135 1645 1901 205 3277 5433, 100 ' 100 | 4.82 ! 3525
Clearwater €3 C3P13-11 1995 181 191202 | 213 224, 264 314 621 874 313 804 100 ; 213 : 2770
Clearwater | C3  C3P13-12 1995 - 1.6 1.63 @ 1.74 | 1.99 7.13 [13.51;16.16 2272 24.14 50.73:76.25| 100 | 1.88 | 2821
Mean ' 317 | 367 . 427 - 521 8.22 {11.22]12.89; 18.66]20.83 4239 86,321 100 | 521 | 3127.77
Std. Dev. 505585 594 61 | 716 8.88 ' 9.84 | 136 | 1457 1953°17.87° 0 @ 61 | 553.94
CV. % 159.3; 159.2| 139 . 117.1 87.05 79.21 76.32| 72.86!60.96 46.08 20.71. 0  117.08 1803

= Segment number is @ combination of segment number riffle or patch number followed by tha sampfe number within that rifle or patch
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Appendix D. Clearwater River Segm.ent #5 - 1993 Muckleshoot Tribe Data

lSamp]e Volume in mil. % Fines | Total Sample

Stream Segmenthumber Year [<0.106>0.106 >0.25i>0.50§>0.85?>2.00§>3.35§>4.00:>8-00§>9.50 >26.50>75.004 >0.85 | Volume (mi)
Clearwater, C5 (C5R1-1/1963| 40 ' 13 | 25 | 110 | 145 : 165 [ 85 | 535 . 145 {1070, 730 | 275 | 56 3338
Clearwater. C5 C5R1-2/1993: 40 @ 19 | 28 | 40 | 215 260 15 | 525 110 | 750 | 1010 © | 4.2 3012
Clearwater C5 C5R5-1; 1993 140 | 145 | 485 i 325 240 | 70 | 35 | 230 | 150 1150, 1025| 550 | 24 4545
Clearwater), C5 C5R5-2/1993: 70 ~ 13 = 40 | 90 - 470 | 140 . 90 | 365 : 90 600 1145, O ' 69 | 3083
Clearwater] C5 :C5R7-1 1993 170 60 | 225 | 523 ;1075 395 | 100 | 365 | o5 ' 480 | 325 | 0 | 26 | 3813
Mean 92 . 50 :180.6|2176] 429 , 206 | 65 | 101 ' 118 | 810 , 841 : 165 | 13 . 3558
Std. Dev. 60 | 57 {199.9]|2026{381.2;1257| 38 |127.6 28 29153225 246 . 11 | 6347
CV. % ? B5 {113.2:1245! 93 | 89 | 61 | 58 | 32 | 24 © 38 | 38 | 149 80 7.4

Samplef Individual Percent Volume % Fines | Totat Sample

Stream [SegmentfNumber] Year |<0.106/>0.106 >0.251>0.50§>0.85'>2.00 >3.35| >4.00: »8.00; >9.50 »26.50>75.0Q >0.85 | Volume (ml)
Clearwater] C5 C5R1-1/1993] 1.2 | 0390. 08 . 33 | 43 | 49 | 26 | 16 : 434 321|219 |824| 56 3338
Clearwater] C5 [CSR1-2{ 1993|1337 063 09 | 13 | 71 86 05 | 17 365,249 /335 0 | 4.2 3012
Clearwater] C5 {C5R5-1) 1993|308 3.49; 11 . 72 | 53 | 1.5 | 0.8 | 51 3.3 | 253 | 226 | 121 24 4545
Clearwater] C5 (C5R5-2/ 1993|227 !042! 13 29 | 15 | 45| 29 | 12 292 195!362| © 6.9 3083
Clearwaterl C5 CS5R7-1/1993! 4461571 59 14 | 28 | 10 ; 26 | 96 | 249 | 126 | 852 O 26 3813
Mean 2 1 416 1261 2 1121 3 | 23] 25 41 13 | 3558
Std. Dev. ; 1 01 : 4, 5 (10 4! 1! 58] 7 0 11 57 1t 6347
CV. % | 55 . 95 {1111 838 | 83 | 58 : 61 : 42 | 21 | 32 | 45 ;| 141 80 17.84

Sample Cumulative Percent Volume ' % Fines | Total Sample

Stream | SegmentfNumber] Year |<0.106>0.106) >0.25 | >0.50 ' >0.85| >2.00 ' >3.35 >4.00 | >8.00: >8.50:>26.50>75.00 >0.85 | Volume (ml)
Clearwaterl C5 [C5R1-1/1993| 1.2 159 23 | 56 | 10 | 156 [ 175! 33 | 3781699 918 100 ; 58 3338
Clearwater, C5 |C5R1-2/1993!1.33 1.96| 29 | 42 | 11 ' 20 : 205, 38 | 416 665 100 100 | 4.2 3012
Clearwater C5 (CS5R5-1 1993 308 627 17 | 24 | 29 | 31 | 317! 37 | 40 ‘654 87.9 100 24 4545
Clearwater; C5 {C5R5-2: 1993|227 269 4 | 69 | 22 | 27 | 206 41 [ 444,638 100 100 | 6.9 3083
Clearwater, C5 [(C5R7-1/1993{ 446 603 12 | 26 | 54 642 668|764 789915 100 | 100 | 26 3813
Mean ' : 2 | 4 8 {13 | 25 | 31 | 33 | 45 | 43 | 71 | 9 | 100 13 ; 3558
Std. Dev. : 121 9 11 18| 18 20 18 | 17 | 11 o | 11 | 6347
CV.% o 55 | 61 | 8 | 80 . 70 | 62 ; 59 | 39 | 35 . 16 | B 0o | 8 | 1784

* Sample number is a combination of segment number riffle or patch number followed by the sample number within that rifle or patch




Appendix D. Clearwater River Segment #7 - 1993 Muckleshoot Tribe Data

RS PP

* Sample] Volume in ml. Total Samﬁl
Stream | Segment] Number ] Year }<0.108>0.106 >0.25! >0.50! >0.85! >2.00; >3.35 >4.00| 8.00 >9.50 >26.50/>75.0( Volume {mi)
Clearwater| C7 |C7R1-1|1993| 65 | 25 | 105 | 95 | 124 | 77 | 35 | 125 | 255 | 915 | 1370! O 3191
Clearwater] C7 |C7R3-111993| 50 | 8 | 32 | 115 | 325 | 260 | 75 | 330 | 80 | 680 | 1040 315 ©3310
Clearwater, C7 C7R3-2: 1993 455 | 234 | 110 / 100 | 190 | 255 : 100 | 405 | 75 ! 570 ! 655 | 380 3329
Mean | ‘ 190 [ 22.33|82.33/103.31 213 [197.3) 70 !286.7 136.7|721.7. 1022 |231.7| 3278.67
Std. Dev. _ 2296| 13.2 | 43.66 10.41:102.5]104.2| 32.79; 144.9; 102.5] 176.2| 357.9| 203.2 74.8
CV.% ; 1209 59.121 63,031 10,07 | 48.1 : 52.83] 46.84 | 50.58 | 75.01124.42!35.03 | 87.73 2.28
* Sample} Individual Percent Volume _ Total Sample]
Stream [ Segment| Number{ Year [ <106(>0.108 >0.25 1 >0.50 >0.85| >2.00| >3.35. >4.00: >8.00  >9.50 [>26,50/>75.04) Volume (mi)
Clearwater]! C7 |C7R1-1! 1993|204 | 0.78 329298 389 241 | 11 [ 382! 7.99/2867/4293; 0 3191
Clearwater| C7 | C7R3-1 1993 151 | 0.24 097 | 347 | 982 | 785 227 | 997 | 2.42 ,20.54,31.42| 952 ° 3310
Clearwater| €7 | C7R3-2; 1993 1367|102 33 | 3 | 5711766 3 (1217 2.25|17.12]19.68| 11.41] © 3329
Mean 6 | 068) 252 315; 6 [598| 2 | 868 422{2211/31.34 6.98| 1208 | 327667
Std. Dev. 687 04 :135/028) 304309096 427 327593 1163 6.12. 74.8
CV.% 119.8| 58.57 | 53.39] 8.87 | 46.97|51.66145.31 49.19; 77.4 | 26.83] 37.1 |87.66| 6488 @ 2.28
* Sample} Cumutative Percent Volume , Total Sample}
Stream | Segment| Number{ Year | <.1061>0.106/ >0.25] >0.50{ >0.85 >2.00] >3.35| >4.00| >8.00! >9.50 1>26.50'>75.04 Volume {ml)
Clearwater]| C7 [ C7R1-1| 1993 | 2.04 | 2.82 | 6.11 | 9.09 | 12.97|15.39] 16,48/ 204 ' 28.39/57.07| 100 ; 100 | 3191
Clearwater] C7 |C7R3-1) 1993 | 151 | 1.75 | 2.72 | 619 | 16.01 23.87|26.13| 36.1 | 38.5250.06,90.48| 100 3310
Clearwater| ~C7 | C7R3-2 | 1993 |13.67|14:69{17.99} 21 | 267 34.35]37.37]49.53|51.79168.9188.59 ' 100 3329
Mean : 6 | 642894 1209 19 |24.54| 27 |3535]30.57 61.68]93.02, 100 | 3276.67
Std. Dev. 6.87 7.18 802 | 7.85 | 7.21 | 9.51 | 10.45!14.58{11.73| 634 | 612 0 74.8
CV.% | 119.8/ 111.8|89.71, 64.88 | 38.85|38.74 | 39.2 141.25/29.65/10.28! 658 | 0 2.28

* Sample number is a combinaticn of segment number riffle or paich number followed by the sample number withir that riffle or patch.



Appendix D. Clearwater River Segment #6 - 1993 Muckleshoot Tribe Data

> Samplel Volume in ml. I % Fines| Total Sample
Stream § Segment | Number| Year |<0.1061>0.106 >0.25/ >0.50| >0.85 | >2.00 >3.35' >4.00>8.00{ >9.50>26.50/>75.00] <0.85 | Voiume (mi)
Clearwater | C6 | C6R1-1! 1993 | 530 | 135 | 185 | 175 | 440 | 355 . 102 410 ] 70 1180 | 34 | 0 | 3871 | 2596
Clearwater | C6 |CBR3-1.1993 | 35 | 6 | 32 | 115 295 195 70 | 300 | 110 | 665 | 1495 0O 567 | 3318
Clearwater | €6 (C6R3-2! 1993} 60 | 13 | 75 | 155 | 510 1 370 | 110 385 96 | 810 | 1025 555 ' 7.28 4164
: Clearwater | C8 |C6RS5-1/ 1993 | 75 | 315 | 35 | 120 | 420 | 335 . 140 | 490 : 123 | 1032 965 | 0 13.46 4050
Clearwater | C6 |C6R5-2| 1993 | 230 | 92 | 265 | 245 | 280 | 225 125 | 62 - 180 : 1055|1160 355 | 1947 4274
; Mean ; ‘ 186 | 112 | 114 | 162 : 389 | 2956 | 109 i 329 : 116 |748.4i 9358} 182 | 1692 |  3680.4
: Std. Dev. } 206.9 125.799.86 52.6398.641 27 12413 164.1140.92]356.5/544.3 250.1 | 1335 = 712.41
CV. % | 111.31 112 | 87.29. 32.49]25.36| 80.19/ 26.4 | 49.83 | 3533 47.63|58.16 142.3| 7893 . 19.36
* * Samplie} Individual Percent Volume % Fines| Tofal Sample
Stream | Segment | Number| Year | <.106|>0.108] >0.25]| >0.50; >0.85 >2.00|>3.35. >4.00: >8.00; >9.50{>26.50>75.00] <0.85 | Volume (mj)
Clearwater | C6 | C6R1-1, 1993 (2042 52 | 6.36 | 6.74 | 16.95 13.67| 3.93 :1578| 27 | 6983 [ 131! 0 3871 2596
Clearwater ;. C6 :C6R3-1' 1993  1.05 [ 0.18 . 0.95 | 347 | 8.89 | 5838 211 | 9.04 | 332 |2004{4506° 0O | 567 3318
L Clearwater C6 CBR3-2; 1993 | 1.44 031 1.8 | 3.7212.25) 8.89 264 | 9.25 ' 231 | 19.45/24.62 1333} 7.28 4164
i Clearwater | ©6 | CG6R5-1| 1993 | 1.85 | 7.78 | 0.86 | 2.96 | 10.37| 8.27 | 3.46 | 121 304 25482383 0 | 13.46 4050
: Clearwater | C6 | C6R5-2| 1993 538 | 215| 62 : 573 | 6.55 | 526 | 2.82 | 1.45 | 421 |24.68]27.14] 831 . 1947 | 4274
Mean 6.03: 312|324 | 452 11 1830 3.01] 953! 3.11 |19.32[24.39! 433 1692 | 36804
Std. Dev. ; 823 33| 28 | 1633982333 071528072 7431555 619 | 13.35 712.41
' CV.% ] 136.41 105.5| 86.5 | 35.93| 35.67 | 39.63| 23.46] 554 |23.161 38.45,63.77] 143 | 78.93 19.36
* Sampley | Cumulative Percent Volume % Fines{ Total Sample
Stream | Segment | Number| Year | <106]>0.106 >0.25] >0.50; >0.85] >2.00! >3.35 >4.00| >8.00 | >9.50 >26.50/>75.00] <0.85 | Volume (m))
Clearwater | C6 | C6R1-1! 1993 | 20.42 25.62!31.97|38.71! 55.66| 69.34: 73.27  80.06| 91.76 | 98.69| 100 ' 100 | 38.71 2506
Clearwater C6 CBR3-1: 1993 | 1.05° 1.24 , 22 | 567 |14.56! 20.43: 22,54 3159, 349 |54.94! 100 | 100 | 567 3318
. Clearwater | €6 ' CB6R3-2/ 1993 | 1.44 | 175 | 355 | 7.28 | 19.52:28.41:3105| 40.3.| 426 | 62,06/ 86.67| 100 | 728 = 4164
' Clearwater | C6 | C6R5-1| 1993 | 1.85 | 9.63 |10.49/ 13.46]23 83 321 | 35.56|47.65|50.69} 76.17| 100 | 100 & 1346 4050
Clearwater © C6 | CBR5-2 1993 : 538 | 7.53 | 13.73( 19.47  26.0231.28 ' 34.21 ' 35.66 | 30.87| 64.55|91.69! 100 | 19.47 4274
Mean i 6.03 | 9.15 ' 12.39| 16.92|27.92| 36.31] 39.32| 48.85/ 51.96 ' 71.28/9567| 100 | 1692 |  3680.4
Std. Dev. |- 8.23 ; 9.89 | 11.95: 13.351 16.12: 19.03| 19.64|23.26|22.97,;17.12| 619 | © | 13.35 712.41
~ CV. % ' 136.41108,1| 96.4 | 78.93 57.73| 524 149.94 4761 442 (24021646 0 | 7893 |  19.36

* Sample number is a combination of segment number riffle or patch number followed by the sample number within that riffle or patch




