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Executive Summary

Field measurements of depths and velocities were made during the April-July 2003 time period

at eight representative stations along the river just downstream of the Marengo bridge crossing.

Flows ranged from a high of 181 cfsin April to alow of approximately 59 cfsin July. Based on
thisinformation, Weighted Usable Area (WUA) values were developed for the Tucannon River
using the PHABSIM model for steelhead, chinook and bull trout. These results are summarized
in the following figures and table.
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Table. Summary of WUA Results

Steelhead Chinook Bull Trout
Flow Spawn Fry Juvenile Spawn  Juvenile Spawn Adult
20.0 1,503 5,759 831 3,754 2,239 10,016 1,972
25.0 2,482 6,054 1,044 5,146 2,546 10,825 2,785
30.0 3,492 6,064 1,248 6,389 2,794 11,454 3,425
35.0 4,470 5,851 1,427 7,518 2,980 12,139 3,916
40.0 5,411 5,637 1,588 8,526 3,089 12,733 4,379
45.0 6,255 5,210 1,720 9,384 3,141 13,194 4,912
50.0 6,985 4,823 1,847 10,163 3,201 13,670 5,458
55.0 7,613 4,533 1,971 10,859 3,247 14,096 5,912
59.2 8,027 4,365 2,064 11,410 3,305 14,432 6,156
65.0 8,468 4,166 2,173 12,129 3,383 14,793 6,430
70.0 8,872 4,078 2,268 12,661 3,444 15,036 6,784
75.0 9,333 3,999 2,360 13,170 3,504 15,223 7,097

80.0 10,533 4,715 2,392 14,299 3,236 15,207 7,503

90.0 11,251 4,553 2,473 15,010 3,231 15,402 7,749
100.0 11,859 4,248 2,539 15,339 3,232 15,487 7,907
1111 12,305 3,773 2,633 15,328 3,267 15,435 8,172
120.0 12,362 3,472 2,700 15,226 3,285 15,368 8,525
135.0 12,175 3,152 2,819 14,805 3,330 15,115 8,816
150.0 12,254 3,963 3,009 14,271 3,439 14,896 8,669
175.0 11,613 3,463 3,191 13,307 3,533 14,160 8,528
181.6 11,313 3,381 3,241 13,032 3,573 13,976 8,448
200.0 10,591 3,178 3,381 12,227 3,689 13,454 8,338
225.0 9,636 3,216 3,564 11,332 3,846 12,712 8,182
250.0 9,109 3,384 3,722 10,591 3,946 11,980 8,080

Vi




The results of the PHABSIM investigation were relatively consistent with the results
found by Caldwell (1995) at the mouth of the Tucannon. Caldwell found that steelhead spawning
potential was highest at 105 cfs versus the 120 cfs found in this study. Similarly, Caldwell found
that 85 cfs was needed to maximize Chinook spawning versus 100 cfsin this study. Given the
change in channel characteristics between the mouth and the reach at Marengo, this small
variation appears to be a reasonabl e expectation.

Based on thisinformation as well as on the timing of fish utilization, temperatures, and
historic gage flows at Starbuck, the following preliminary discussion flow recommendations
were made. It isimportant to note that these flows are intended to be initial starting points for
setting minimum instream flow recommendations. Actual setting of such flows requires complex
negotiation among stakeholders and State regulatory and resource agencies and may
consequently be quite different than those shown here.

Table. Preliminary discussion flow recommendations.

Discussion

Flow
Month (cfs)
October 90
November 100
December 110
January 110
February 120
March 120
April 120
May 120
June 100
July 70
August 60
September 65

vii



Minimum Instream Flow Study of Tucannon River at Marengo

1.0 Introduction

The Tucannon River is an important aguatic resource in that empties into the Snake River
at River Mile 62.2 between Little Goose and Lower Monumental dams approximately 386 miles
from the mouth of the Columbia River. Because of increasing concerns for resident bull trout and
anadromous salmonid speciesin WRIA 35, minimum instream flows are needed to protect
several important rearing and spawning reaches in the river system. Additional data are also
needed to help make management decisions regarding the implementation and prioritization of
watershed restoration activities. In 1972, the Washington Department of Fisheries recommended
aminimum instream flow of 50 cfs at the mouth of the Tucannon River. A subsequent study in
1993 by the Washington Department of Ecology used the USGS gaging data at Starbuck (River
Mile 7.9) asthe basis for arecommended 65 cfs minimum instream flow requirement during the
summer irrigation season (Covert et al. 1995). Consequently, surface water rights issued between
1972 and 1993 are subject to the 50 cfs low flow recommendation while rights after 1993 must
abide by the higher flow requirement. Caldwell (1995) performed an Instream Flow Incremental
Methodology (IFIM) study at River Mile 5.8 of the Tucannon approximately 500 feet upstream
of the Starbuck dam. The study found flow requirements of 40 to 160 cfs to maximize weighted
usable area (WUA) estimates depending of fish species and life stage.

While flow requirements at the mouth of the watershed may protect threatened and
endangered fish species, except for Fall Chinook, most of the actual usable spawning habitat on
the Tucannon is considerably upstream of the Starbuck location. A newly installed gage on the
Tucannon River at River Mile 24 immediately downstream of the Turner Road Bridge near
Marengo, Washington may permit better management of the watershed as the Starbuck gage
includes potentially significant inflows from the Pataha Creek basin. As aresult, an assessment
of flow requirements was conducted near this new gage location. The approximate study site
location is shown in Figure 1. This report documents the results of the PHABSIM analysis
performed on data collected during three field trips in water year 2003.

Eight representative cross-sections were selected at each of the seven stream segments
based on thisinitial field reconnaissance survey. Care was taken to include pool, spawning,
riffle and other unique stream characteristics. Depth and velocity profiles were measured at each
of the cross-sections. Data collection involved measuring these parameters at three different
water stages: high, medium, and low. Substrate grab samples were taken along each of the eight
reaches for subsequent analysis. Temperature data were also recorded during sampling. An
assessment of vegetative cover was also performed. Photographs of each site were taken in order
to help document items such as cover, stream conditions, and site characteristics. Minimum
instream flow modeling and analysis were conducted using the PHABSIM/IFIM technique for
the Tucannon River at Marengo site. Habitat suitability indices were assigned to each stream
cell. Thisreport documents the assumptions, procedures, and results of this investigation.
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2.0 Background

2.1 PHABSIM Approach

The quantity of water needed for minimum instream flow is determined by considering
existing data, the hydrology of a stream and its natural variations in flow over the year, fish
requirements and other related factors. A wide range of procedures are available for determining
minimum flow requirements, ranging from standard-setting techniques to incremental
techniques. The three most commonly used methods are the: (1) IFIM, (2) toe-width, and (3)
Tennant (aka “Montana’) method (Rushton 2000). In keeping with the format adopted by the
WDOE, the IFIM technigque was adopted for each of the three river segments listed above. IFIM
was originally developed by the U.S. Fish and Wildlife Service (Trihey and Stalnaker 1985)
primarily as a means of determining flow requirements downstream of hydropower relicensing
efforts. The methodology integrated water supply requirements with analytical models from
hydraulic and water quality engineering and empirically derived habitat versus flow functions.
Over aperiod of 15 years, IFIM has developed into ariver network analysis that incorporates
fish habitat, recreational opportunity, and woody vegetation response to alternative water
management schemes (Stalnaker et al. 1995).

There are five critical stepsto conducting an IFIM analysis:

1) Problem Identification,
2) Study Planning,

3) Study Implementation,
4) Alternative Analysis, and
5) Problem Resolution.

These steps interact to form the basis for the watershed plan. For example, under “ Problem
Identification” it was assumed that minimum instream flows are necessary to protect and restore
anadromous fish runs and bull trout in the Tucannon River system. There may be additional
reasons or other species needing protection, but those would not necessarily be accounted for in
the current investigation. Similarly, segments of the river other than those identified in the study
planning meeting may prove to be more important.

The Physical HABItat Simulation (PHABSIM) computer model was used in this
investigation. PHABSIM is commonly used to calculate the “weighted usable area’ (WUA) for
each cross-section over arange of flows. The WUA can essentially be computed using an
eguation in the form of:

N
WA= A = (PF,*PF, * PF. - PF) ®

i=1

where A isthe cell area, PRy is a depth preference or weighting factor, PF, isavelocity
preference factor, PFs is a substrate preference factor, PF. is a cover preference factor, and N is
the number of cellsin the cross-section.

The components of ariver system that determine fisheries productivity can be
summarized into four major categories. These are:



1) flow regime,

2) physical habitat structure-channel form, substrate distribution, and riparian vegetation,
3) water quality, and

4) watershed energy inputs (sediments, nutrients and organic matter).

Often, IFIM is equated only to the PHABSIM model. The intended purpose of PHABSIM isto
simulate streamflow and physical habitat relationships for various life stages or recreational
activities. Consequently, many of the other factors are routinely overlooked. The cost of
obtaining meaningful datafor each of the categorieslisted as Items 3 and 4 (quality and energy)
can be enormous for complex or large watersheds. To the maximum extent possible, these
factors are included in the analysis. However, except for some additional flow and temperature
data, new information was not collected as part of this study. Decisions were drawn from
existing studies and local experience.

Although IFIM isthe most widely used approach for setting instream flow requirements,
there are several underlying assumptions that must be considered to fully understand the
recommendations and values proposed in thisreport. Stein (1997) examined the implications of
these assumptions for a particular watershed and concluded that they were valid under many
circumstances. Nevertheless, readers should be aware of the three most significant assumptions
when interpreting IFIM results. First, IFIM is governed by scientific evidence demonstrating
that fish prefer water with a certain depth and velocity. Second, it also assumes a direct positive
correlation between the WUA and fish abundance. Third, it is also posits that the preference
curves are more accurate predictors of fish distribution than utilization curves.

While each of these suppositions appears valid for the Tucannon River system, the body
of evidence supporting these assumptionsis far from complete. For example, preference curves
have generally been determined by snorkeling or observing the location of fish during daylight
hours and usually for a narrow range of flow rates. Behavior under nighttime conditions or
extrapolating to different water levels may introduce uncertainty into the analysis. Moreover, the
entire premise of the second assumptions is that fish populations are limited primarily by habitat
availability. The consequences of downstream impacts are not considered. Consequently, factors
such as the operation of Columbia River dams are not seen as impacting fish populations.

In spite of these issues, the IFIM procedure appears to represent the best tool currently
available for predicting flow requirements. The remainder of this report describes the historic
information, data collection, and analytical techniques used to implement the study.

2.2 Fisheries Concerns

While there are a number of important species potentially present in the Tucannon
watershed, this study focuses on spawning and rearing requirements for steelhead, chinook, and
bull trout. Understanding the interpretation and limitations of the WUA modeling requires a brief
overview of the life history patterns of these species. For example, it is critical to realize that
flow without proper water temperatures will not achieve the desired results. It is also important
to realize that when looking at WUA flows for spawning that spawning may take place only for a
relatively short period of time. A complete review of fisheriesis beyond the scope of this project.
For readers wanting more information concerning Tucannon fish populations, a thorough
description of salmonid and bull trout utilization can be found in the Ecosystem Analysis
conducted by the US Forest Service (Bassett et al. 2002).




Seelhead

Although severely depressed from historic levels, steelhead continue to be an important
anadromous fish species in the Tucannon. Steelhead begin entering the stream in September once
temperatures begin to fall. However, exceeding cold water temperatures in December and
January often significantly reduce upstream adult migration. Asillustrated in Table 1, spawning
begins in February and typically runs through May. In some years spawning has continued into
early June, but peak spawning occursin March, April and May. Fry generaly emerge April
through early June. Juvenile steelhead rear in the watershed for up to two years before migrating
out to the ocean (WDF, 1990).

Table 1. Freshwater life history patterns (LHP) of steelhead.

LHP Oct |Nov |Dec |Jan |Feb [Mar [Apr |[May |Jun |Jul |Aug |Sep
Afjultgpstream Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes Yes
migration

Spawning Yes| Yes| Yes| Yes| Yes

Incubation/ Yes| Yes| Yes| Yes| Yes

emergence

;]:;/fzge Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes

[

Adult/Jduvenile

! - Yes| Yes| Yes| Yes| Yes | Yes
out migration

Chinook

The spawning window for Spring Chinook in the Tucannon is limited to late August
through mid-September, a period when flows and temperature may limit movement of adult fish
into spawning beds. Insufficient flows during the onset of incubation may severely limit survival
since redds require adequate flushing and oxygenation. Table 2 indicates that the lower reaches
of the Tucannon are temperature limited and therefore provide little to no viable habitat. Reports
also indicate the sedimentation and lack of deep pools may also limit the usability of lower
stream segments.

Table 2. Description of Five Spring Chinook Stratain Tucannon River
(after Gillinat et al. 2001)

Strata Land Ownership/Usage Spring Chinook Habitat River Mile
Lower Private/ Agriculture & Ranching Not Usable (temperature) 0.0-125
Marengo Private/ Agriculture & Ranching Marginal (temperature) 125-25.0
Hartsock Private/Agriculture & Ranching Fair to Good 25.0-35.5
HMA State and Forest Service/ Recreation Good to Excellent 35.5-46.3
Wilderness Forest Service/Recreation Excellent 46.3 - 53.6




Thelife history pattern of Spring Chinook is quite different than steelhead. Table 3
summarizes the LHP of Spring Chinook in the Tucannon. Asindicated, Chinook arrive later
April through mid-June and spawning begins in late August. Emergence occurs in the following
spring. Reports indicate that smolt out migration may occur as early as November although April
and May are still regarded as the peak months.

Table 3. Freshwater life history patterns (LHP) of Spring Chinook

LHP Oct |Nov |Dec |Jan |Feb [Mar [Apr |[May |Jun |Jul |Aug |Sep

Adult upstream
migration

Yes| Yes| Yes

Spawning Yes | Yes

I ncubation/
emergence

Yes | Yes

Juvenile
rearing

Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes| Yes

Juvenile/Smolt Yes| Yes| Yes| Yes| Yes | Yes | Yes
out migration

Bull Trout
According to the US Fish and Wildlife Service, the Critical Habitat Subunits include the

Tucannon River, Little Tucannon River, and Pataha Creek watersheds and their upstream
tributaries. Bull trout have been observed using the entire length of the Tucannon River as
rearing habitat. Cummings Creek is the most downstream of the upper Tucannon tributaries
containing bull trout (WDFW, 1998). As summarized in Table 4, spawning starts in September
and continues through October and sometimes into early November. Bull trout are susceptible to
mortality during unstable channel and flow conditions as aresult of their extended residencein
the substrate. Successful reproduction requires channel and substrate stability and adequate
winter water flow to prevent the substrate from freezing. A considerable amount of work remains
to be done to firm up our understanding of Bull Trout LHP in the Tucannon River.



Table 4. Freshwater life history patterns (LHP) of bull trout.

LHP Oct [Nov |Dec [Jan |Feb [Mar |Apr [May |Jun [Jul |Aug [Sep
Adult upstream

migration

Ferrs ]
I ncubation/

emergence

Juvenile

rearing

Adult/sub-adult
migration and
overwintering

2.3 Existing Stream Flow and Water Temperature Data

The elevation of the Tucannon rises from 500 ft at the mouth to nearly 6,840 ft at the
headwaters. The total watershed areais approximately 502 miZ and generates a mean annual flow
of 166 cfs at the Starbuck gage. Because of the elevation differences, much of the runoff is
generated at higher levelsin the basin. Thisisindicated by the high flows generated by snowmelt
in May and June. Average daily flow data for the USGS Tucannon River gage at Starbuck is
available. Figure 2 illustrates the temporal change in discharge for the most recent period.
Intermittent records have been kept on the stream since 1914 but to sparsely to add to the figure.

USGS 13344500 TUCANHOM RIYER HERR STARBUCK, HA
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Figure 2. Average daily flow at Tucannon River gage at Starbuck.



In order to provide readers with more useful information on the annual fluctuations, a
subset of the datarecord is provided in Figure 3. Asillustrated, the flows vary considerably over
the course of awater year (Oct — Sep).

USGS 13344500 TUCAHHON RIYER HEAR STARBUCK,. HA
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Figure 3. Average daily flow at Starbuck gage since 1995

It isevident from Figure 3 that average daily streamflows in four of the past five years
have fallen below 50 and 65 cfs values recommended by Ecology at least briefly during the
summer months. Figure 4 provides alook at summertime averages (July 1 through October 31)
for al 47 years of record at the gage. While the average minimum daily flow hovers just below
60 cfs during mid-August (low of 57.3 cfson August 11), there are numerous years when the
flow is considerably lower than the average. For example, also shown in the Figure, are the 90 %
exceedance flows as computed by the USGS. These are statistically generated values that would
theoretically be exceeded in nine out of ten years based on the historic record. The corresponding
90% exceedance flow on August 11 is 37.2 cfs and the worst case is 34.7 cfs severa dayslater.

The average monthly flows are shown in Figure 5. Thisfigure illustrates the rapid decline
in streamflows as soon as the snowmelt ends. Given the scarcity of summer precipitation, thisis
typical of all streamsin the area. It also demonstrates the need for temporary off-stream storage
as winter and spring flows are more than sufficient to meet Ecology flow requirements.

One pattern not available from the USGS datais the daily fluctuations. There are
currently 67 state-issued surface water rights and 54 state-issued ground water rights on file with
Ecology for the Tucannon Watershed. Surface water rights amount to a cumulative instantaneous
diversion of 60 cfs (Covert et al. 1995). Because many diversions occur only during daylight
hours, there is often a diurnal fluctuation in streamflows that could exacerbate low flows.
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Temperature is acritical water quality parameter affecting the suitability of river
segments for spawning and rearing purposes. Table 5 summarizes typical water temperature
requirements for various life history patterns of species of interest in the basin. These values
should not be taken as absolutes. Fisheries experts are continuing to study refugiaissues and
thresholds that are unique to local species, however the temperatures are indicative of acceptable
norms.

Table 5. Temperature (°F) requirements of key fish species in the Tucannon watershed.

Spring
Life History Pattern Steelhead Bull Trout Chinook Lamprey®
Spawning migration < 63.5° 50.0-54.0 38.0-56.0° <68.0
Spawning 39.0-49.0° 39.0-50.0 42.0-57.0° <68.0
Embryonic devel opment
& emergence 473-57.2* | 34.0-430 | 41.0-580" N/A
Juvenile rearing 45.1 -58.3° 39.0-50.0 < 62.6% <68.0
Juvenile migration < 58.0% N/A <62.6% N/A
# Hicks, 1999
P Bell, 1986
“Beschtaet al., 1987
d Buchanan and Gregory, 1997
®Mallatt, 1983

Based on a single season of water temperature data, temperature is a problem on the
lower reaches of the Tucannon. Figure 6 represents the average maximum temperature as well as
the maximum temperature and the average minimum temperature from May through October,
2001. Average maximum temperatures near the mouth of the river exceed 67°F (19°C).
Maximum temperatures are even higher; approaching 80°F (27°C). These temperatures are too
warm for most of the LHP of salmonids. Additional flows, from aquifer storage and recovery
projects or any other remediation/mitigation measure, may help address this problem. It is clear,
however, that solutions to increasing flow for enhancing fish habitat should also include
temperature considerations.

10



Figure 6. Temperature profile on Tucannon River.
(after Gallinat et al. 2002)

2.4 Preference Factors

Asindicated in Equation 1, depth, velocity, substrate and cover preference factors are
needed for the three species being considered in the IFIM analysis. steelhead, chinook, and bull
trout. Ideally, localized factors could be developed by performing snorkeling surveys of the
streams during various life phases. However, thisis a costly and time consuming process that
was outside the scope of the current project. Instead, default valuesin line with those devel oped
by Hal Beecher (WDFW) and Brad Caldwell (WDOE) were used. Appendix A1l contains the
tables for these curves. Table A1-1 contains the depth and velocity preference factors for
steelhead during spawning. The depth and velocity preference factors for steelhead fry are given
in Table A1-2. Similar valuesfor juvenile steelhead are shown in Table A1-3. Chinook depth
and velocity preference factors are presented in Table A1-4. Similar curves for juvenile chinook
rearing are presented in Table A1-5. Depth and velocity preference factors for spawning and
juvenile/adult bull trout arein Appendix A1 Tables A1-6 and A1-7, respectively. Substrate
preference codes are given in Table A1-8. Cover codes are presented in Table A1-9.
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3.0 Data Collection

On three separate occasions (April, June, and July), depth and velocity data were
collected at eight representative sites at River Mile 24 immediately downstream of the Turner
Road Bridge near Marengo, Washington. The eight cross-sections were sel ected to represent
pools, riffles, and glide areas deemed typical of the river reach. The transect weighting
(i.e., what % of the reach each cross-section represents) was based on the midpoint distance to
the upstream and downstream cross-sections. The locations of the cross-sections were selected to
insure that this assumption was reasonable. Steel pins were driven into each stream bank so
consistent measurement points could be established for the three sampling events. The GPS
coordinates of the sections are shown in Table 6. Vel ocity measurements were taken using
standard procedures for use with Price and Pygmy current meters. Appendix B contains the raw
data from the stream surveys. Table 7 contains a summary of the velocity data converted into
discharge data for each cross-section. As can be seen, there is very good agreement between each
of the measurements with deviations from the mean flow value within 10-15 percent.

Table 6. GPS coordinates of cross-sections on Tucannon River

Cross-Section | GPS Coordinates

N 46° 26.464 —W 117° 45.186’
N 46° 26.433 —W 117° 45.185'
N 46° 26.430° — W 117° 45.139
N 46° 26.433 —W 117° 45.136’
N 46° 26.423 —W 117° 45.139
N 46° 26.411 —W 117° 45.109
N 46° 26.414 —W 117° 45.083'
N 46° 25.830° — W 117° 45.063’

O IN|O|OT A WIN -

Table 7. Summary of stream discharge measurements (in cfs)

Cross-Section Field Trip No. 1 Field Trip No. 2 Field Trip No. 3
April 29, 2003 June 15, 2003 July 29, 2003
1 189.5 105.0 57.3
2 197.3 116.3 54.4
3 177.1 104.1 60.0
4 180.0 111.0 61.6
5 174.4 126.3 60.2
6 167.4 113.7 60.0
7 179.7 111.2 58.6
8 187.6 101.5 61.5
Average 181.6 cfs 111.1 cfs 59.2 cfs
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During the collection of depth and velocity data, water temperatures were also measured
at the upstream cross-section just downstream of the bridge. Table 8 indicates temperature and
time. Time is significant because the stream became noticeably warmer in the afternoon. A
measurement made during the July trip before and after the cross-sections data were collected
indicated that the water temperature increased by nearly 11 °F.

Table 8. Summary of stream temperature at Cross-Section 8 (in °F)

Field Trip No. 1 Field Trip No. 2 Field Trip No. 3
April 29, 2003 June 15, 2003 July 29, 2003
49.1 @ 11:30 am 56.5 @ 9:30 am 64.0 @ 10:00 am

74.8 @ 4.00 pm

Substrate data were also examined at each station on all eight cross-sections during a
period of low flow when observations could be readily made. The typical procedureisshownin
Figure 7. These values are presented in Appendix B3 Table B3-1. Using the weighing factorsin
Appendix Al Table A1-8, these values were converted into numeric preference factors and input
into the PHABSIM model.

Figure 7. Examining substrate data at cross-section No. 8 on Tucannon

13



4.0 Analysisand Results

The PHABSIM model requires detailed velocity and discharge measurements as well as
various preference factors that were collected and reported previously in this study. Three main
PHABSIM Version 1.2 modules used to determine the recommended instream flow
requirements: (1) WSL (water surface level), (2) Velocity, and (3) Habtae. Results from each of
the component are presented below.

4.1 Water Surface Level (WSL)

The WSL module was run using the average discharges shown in Table 7 from all eight
cross-sections for the three field events. The observed versus simulated results for the reach are
shownin Tables 9, 10, and 11. The stage-discharge (STGQ) option was used to calculate the
water surface levels along with the “Best Estimated Discharge” (average of flow measurements
at all eight cross-sections). The simulated depths corresponded closely to the measured results at
all three calibration flows. Since the model is adjusting velocity to fit the measured water surface
elevation the fact that the surface elevations agree to within a small tolerance was expected. It
should be explicitly stated that the elevations shown this report are in reference to an arbitrary
elevation established during the original cross-section survey. No attempt was ever made to link
these values to actual Mean Sea L evel measurements.

Table 9. Observed versus simulated WSL on the Tucannon at low flow.

Flow =59.2 cfs
) Observed Simulated
Station | ywater Surface | Water Surface
Level Level Difference
(feet) (feet) (feet)
0.00 90.03 90.009 -0.021
181.88 92.32 92.328 -0.002
289.88 92.90 92.884 -0.016
310.81 93.35 93.321 -0.029
332.06 93.38 93.332 -0.048
453.19 95.92 95.917 -0.003
596.31 98.00 97.991 -0.009
707.94 99.33 99.315 -0.015
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Table 10. Observed versus simulated WSL on the Tucannon at intermediate flow.

Flow = 111.1 cfs
_ Observed Simulated
Station | \water Surface | Water Surface
Level Level Difference
(feet) (feet) (feet)
0.00 90.31 90.357 0.047
181.88 92.70 92.705 0.005
289.88 93.22 93.258 0.038
310.81 93.69 93.751 0.061
332.06 93.69 93.785 0.095
453.19 96.20 96.209 0.009
596.31 98.29 98.313 0.023
707.94 99.60 99.634 0.034

Table 11. Observed versus simulated WSL on the Tucannon at high flow

Flow = 181.6 cfs
_ Observed Simulated
Station | \water Surface | Water Surface
Level Level Difference
(feet) (feet) (feet)
0.00 90.71 90.684 -0.026
181.88 93.07 93.006 -0.004
289.88 93.63 93.608 -0.022
310.81 94.18 94.147 -0.033
332.06 94.25 94.205 -0.045
453.19 96.49 96.484 -0.006
596.31 98.63 98.616 -0.014
707.94 99.94 99.921 -0.019
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The plotting option in PHABSIM was used to graphically illustrate the longitudinal
profile throughout the study reach. Figure 8 illustrates what is essentialy shown in Table 11. An
inspection of the smulated water surface levels at al discharges was performed to verify that the
results were valid for the entire flow range. Although somewhat compressed in Figure 9, the
simulated results all follow asimilar pattern indicating that no modeling anomalies (such as

water flowing uphill) were present.
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Figure 8. Observed versus simulated flow depths at high flow
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Figure 9. Summary of al simulated water surface elevations

4.2 Velocity Calibration

Once the water surface elevations are established, the process of matching simulated to
measured velocities begins through the “Velocity” model of PHABSIM. The objective of this
phase is to select the best combination of calibration velocity(s) and simulation options to
represent the velocity profiles at each cross section over the range of simulated flows. The degree
to which the Velocity Adjustment Factor (VAF) departs from 1.0 at a particular calibration flow
isafunction of the difference between the calculated discharge and the “ best estimate of
discharge”, as well as the difference between predicted and observed WSLs. However,
developing velocity profiles that reasonably approach the measured values is the most important
component of the model. The program predicts VAFs at flows other than those that were
measured but these are only trends as there is no data to support the actual value. Since the effect
of bottom roughness decreases with increasing discharge, VAFs should be less than 1.0 for flows
below the calibration flow and greater than 1.0 for flows above the calibration flow.

Figure 10 illustrates the Velocity Simulation module contained in PHABSIM. The user
selects computational options and velocity calibration set assignments and examines the trendsin
the VAF values generated. Before discussing the effects of varying the computational options, a
brief description of the implicationsisin order. Asillustrated in Figure 10, the user can check
four “option” boxes. Checking the first option box, “Use Velocity Adjustment Factor (10C 11)",
simply allows the simulated velocities to be adjusted so that the resulting discharge is equal to
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the specified discharge. Turning this option OFF is sometimes referred to as “turning off mass
balancing” and is therefore not recommended. Consequently, all simulations used at least this
option. The second option, “Limit Manning’s N”, allows the user to limit the range of Manning's
roughness coefficient (n) to the region shown in the two boxes. Several combinations of this
option were investigated. The third box, “Use Variable Roughness Coefficient (I0C 16)”, makes
it possible to adjust the roughness in each cell as afunction of the water depth in that cell. While
this option helps aleviate the problem of overly high roughness coefficients along the shallow
bank regions of the cross-section, little guidance is available for selection of the appropriate beta
coefficient. The beta coefficient is generally between 0.0 and -2.04, with typical valuesin the -
0.3 to -0.8 range. Three runs were made with this option (-0.3, -0.5 and -0.8) to determine the
sengitivity. The fourth option, “Calculate N for Wet Cells (10C 12)” alows the program to use
calculated Manning’ s roughness coefficients if the user did not supply the values. The default is
OFF. If ON, the model uses calculated roughness values for cells with water and specified
roughness values provided on the Edit/Cross-section data set for dry cells (those bel ow the WSL
for which no observed velocity was measured). When checked OFF, the program uses the
supplied roughness values or calculates aroughness if the supplied value is zero.

¥Yelocity Simulation x|

Optionz I‘-.feln:n::it_lrl Calibration Set .ﬁ.ssignmentsl Welocity Hegressianl Hesultsl WAF I

— Output Optionz — Computational Options
¥ Computational Details (I0C 1] ¥ Use Velocity Adjustment Factor [IOC 11]
¥ wihite ZWAFF [10C13) [ Limit Manning's W [1OC 15]

[~ wiite CALO Table (10C 19
rie able | | Wi |n_unn M IEI.EIEIEI

[T UseVariable Roughness Coefficient [10C 1
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1 20,000 2im p_ - [T Calculate M for ‘et Cells 10C 12
2 25,000 sim =
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Figure 10. PHABSIM screen capture of Velocity Calibration Options
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The “best” combination of options can only be determined by examining model
performance and the objectives of the particular study. Consequently, numerous possible
combinations of the calibration velocity sets and computational limits were explored during the
calibration phase.

One final comment must be made concerning the interpretation of VAFs for shallow
mountain streams such as those in the Tucannon watershed. Unlike deeper rivers or streams with
nearly uniform bottom sediments, the stream examined in this study was shallow (seldom greater
than 2.0 feet degp) and contained many upstream and downstream anomalies such as large
submerged rocks, submerged logs, vegetation and gravelbars. As such, the measured vel ocity
profiles were quite variable from cell to cell. The PHABSIM model does not specifically account
for any of these factors. Asaresult, it isto be expected that the VAFs are somewhat larger than
those generated for deeper streams where the velocity profiles are more logarithmic. The
potential negative impact of channel geometry heterogeneity was specifically pointed out in the
sample problem provided with the model. So, whileit is desirable to have the VAFs for the three
calibration flows between 0.8 and 1.2 for all of the cross-sections, it may not always be possible.

After completing and examining numerous options, afinal calibrated velocity model was
created. Table 12 presents the final velocity calibration assignments for the range of discharge
values used in the model. Asillustrated, al three flow events were used in the final analysis of
WUA. Flows bracketing changes in the assignment sets (e.g., the transitions occurs between 75
and 80 and between 135 and 150 cfs) are shown. All flows between the values shown have the
same combination as those presented on either side. For example, the set associated with 30 cfs
uses the same values as those shown in Table 12 for 20 and 59.2 cfs. Table 13 summarizes the
VAFsfor thismodel. Asillustrated in the table, all but one of the values falls within the desired
range. Figures 11, 12, 13 and 14 illustrate typical examples of the excellent agreement between
simulated and observed velocities generally observed at high, intermediate and low discharges.

Table 12. Velocity calibration set assignments

Velocity Assignment Set
Station (f) Discharges (cfs)

20 59.2 75 80 1111 | 135 150 | 1816 | 250

0.00 1 1 1 2 2 2 3 3 3
181.88 1 1 1 2 2 2 3 3 3
289.88 1 1 1 2 2 2 3 3 3
310.81 1 1 1 2 2 2 3 3 3
332.06 3 3 3 3 3 3 3 3 3
453.19 1 1 1 2 2 2 3 3 3
596.31 1 1 1 2 2 2 3 3 3
707.94 3 3 3 2 2 2 3 3 3

Notes: BOLD values represent measured flow velocities and discharges
1 represents the low flow, 2 the medium flow, and 3 is the high flow calibration set
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Table 13. Final VAF values from velocity calibration

Station (ft) VAF
Q=059.2cfs Q=1111cfs | Q=1816¢cfs

0.00 1.0279 1.0173 0.9856
181.88 1.0149 0.9227 0.9212
289.88 1.0768 1.0291 1.0493
310.81 0.9628 0.9359 1.1077
332.06 0.6927 0.8810 1.0559
453.19 1.0018 0.9650 1.1274
596.31 1.0155 0.9965 1.0541
707.94 0.8065 0.9903 0.8721
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At low flow, the VAF for Station 332.06 is below the minimum target value. Severd
attemptsto find calibration parameters that would alleviate this problem were evaluated without
success. Examination of the input data provided a plausible explanation of the deviation. The
cross-section at this location (Station 332.06) is at the top of arelatively large pool. The
upstream rock configuration channels a great deal of water towards an opening at the head of the
pool. There are large stagnant zones on either side of the opening. Over the measurement period
of April through July, rock movements varied the location of peak flow from upstream. This
phenomenon isillustrated in Figure 15. Notice that during high flow conditions the measured
peak velocity occurs 30 ft from the headpin, while at low flow the peak has shifted to 21 ft. Asa
result, the observed velocities were in a different location than the simulated results.
Furthermore, the velocities were higher and more narrowly confined than predicted. Figure 16
illustrates the difference between observed and simulated velocities. It is believed that this
change caused the calibration difficulties at this cross-section during low flow. Because the head
of the pool and the underlying substrate of rock does not make for good spawning habitat and the
high velocities do not encourage juvenile rearing, this calibration discrepancy was not believed
to materially affect the modeling results.
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The simulated velocity results in this study were obtained without modifying the
measured data. It is generally considered acceptable to slightly adjust the measured velocities
within the accuracy of field measurements if necessary to eliminate anomalies that may occur.
Thisis particularly true for measurements taken in shallow areas where backwater eddies,
vegetation, and small shiftsin channel geometry over time can lead to erroneous velocity
measurements. As was reported in a memorandum to EES by Kaje (2004), the adjustments
should be no more than 20% or 0.2 ft/sec. However, the philosophy employed in this study was
to use the data as recorded rather than attempt to justify changes for the sake of better model
performance. The potential downside to this approach is that in some instances the regressions
could produce inconsistent velocity predictions at interpolated flow values. Examination of
modeling results did not reveal such as situation. Asillustrated in Figure 17, the entire range of
discharges ssmulated produced a well-behaved family of velocity curves. Although not included
in this report, inspection other predicted velocities at all other discharges revealed similar
patterns of behavior.
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4.3 Habtae

The PHABSIM Habtae module was run using the calibrated vel ocity model described
previously in this report. Block-centered preference factor curves were utilized in the study for
all three species: steelhead, chinook, and bull trout. These curves were developed by the
Washington State Department of Ecology and the Washington Department of Fish and Game.
The model produced the following Weighted Usable Area (WUA) curves. Graphicaly WUA
results for the three species are presented in Figures 18, 19, and 20. A numerical summary is
presented in Table 14. Astypical in such simulations, there are significant differencesin
optimum flows depending on species and life stage.

The results of the PHABSIM investigation were relatively consistent with the results
found by Caldwell (1995) at the mouth of the Tucannon. Caldwell found that steelhead spawning
potential was highest at 105 cfs versus the 120 cfsfound in this study. Similarly, Caldwell found
that 85 cfs was needed to maximize Chinook spawning versus 100 cfsin this study. Given the
change in channel characteristics between the mouth and the reach at Marengo, this small
variation appears to be a reasonabl e expectation.
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Table 14. Summary of WUA Results

Flow

20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
59.2
65.0
70.0
75.0
80.0
90.0
100.0
1111
120.0
135.0
150.0
175.0
181.6
200.0
225.0
250.0

Spawn

1,503
2,482
3,492
4,470
5,411
6,255
6,985
7,613
8,027
8,468
8,872
9,333
10,533
11,251
11,859
12,305
12,362
12,175
12,254
11,613
11,313
10,591
9,636
9,109

Steelhead
Fry

5,759
6,054
6,064
5,851
5,637
5,210
4,823
4,533
4,365
4,166
4,078
3,999
4,715
4,553
4,248
3,773
3,472
3,152
3,963
3,463
3,381
3,178
3,216
3,384

Juvenile

831
1,044
1,248
1,427
1,588
1,720
1,847
1,971
2,064
2,173
2,268
2,360
2,392
2,473
2,539
2,633
2,700
2,819
3,009
3,191
3,241
3,381
3,564
3,722

Chinook
Spawn  Juvenile

3,754 2,239

5,146 2,546

6,389 2,794

7,518 2,980

8,526 3,089

9,384 3,141
10,163 3,201
10,859 3,247
11,410 3,305
12,129 3,383
12,661 3,444
13,170 3,504
14,299 3,236
15,010 3,231
15,339 3,232
15,328 3,267
15,226 3,285
14,805 3,330
14,271 3,439
13,307 3,533
13,032 3,573
12,227 3,689
11,332 3,846
10,591 3,946

Bull Trout
Spawn Adult
10,016 1,972
10,825 2,785
11,454 3,425
12,139 3,916
12,733 4,379
13,194 4,912
13,670 5,458
14,096 5,912
14,432 6,156
14,793 6,430
15,036 6,784
15,223 7,097
15,207 7,503
15,402 7,749
15,487 7,907
15,435 8,172
15,368 8,525
15,115 8,816
14,896 8,669
14,160 8,528
13,976 8,448
13,454 8,338
12,712 8,182
11,980 8,080

Figures 21 and 22 demonstrate the spatial variability in usable habitat. At low flows,

thereis very little high quality habitat (asindicated by the red color) whereas at high flows, not
only isthere more WUA but it is better connected. Also, as discussed in the velocity calibration
section, the pool head reach centered around Station 322.06 does not contribute significantly to
the WUA results at either flow thereby substantiating the hypothesis that the relatively poor VAF

at the low discharge point does not materially impact the results.
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Figure 21. Spatial distribution of WUA for Steelhead Spawning at low flow measurement
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Figure 22. Spatial distribution of WUA for Steelhead Spawning at high flow measurement
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5.0 Recommendations

Converting the WUA values in Figures 18 through 20 into recommendations for
minimum instream flow values involves negotiations and consideration of other factors that the
stakeholders of the watershed deem important. It should not be perceived as simply picking the
flows corresponding to the maximum WUA values. To the maximum extent possible, al of the
major stakeholdersin the basin need to be involved in the decision making process as well as the
implementation phase if this exercise isto succeed. Nevertheless, a starting point for discussing
isneeded. Table 15 suggests twelve seasonally varying “discussion” flows based on the life
cycles of sailmonids (steelhead, Chinook and bull trout), water temperature, and flow.

Table 15. Preliminary discussion flow recommendations.

Discussion

Flow
Month (cf9)
October 90
November 100
December 110
January 110
February 120
March 120
April 120
May 120
June 100
July 70
August 60
September 65

It seems important to talk about limiting factors influencing fish populationsin the
Tucannon River. Much of the literature points to the excessive stream temperature and sediment
deposition as constraints to downstream channel use. Thereisadirect link between flow and
temperature so improving flow may facilitate the lowering of temperature. Studies should be
conducted to quantify this relationship so that the impacts of future water right purchases or
conservation practices can be determined. Riparian vegetation may help temperature and reduce
sediment. Riparian vegetation also leads to large woody debris and subsequent pools. However,
intermediate steps may be necessary to help preserve the fish populations. A study of sediment
yield may also be warranted. This could help identify areas that need sediment traps or riparian
areas. The flows at the new gage should be used to help quantify all of these efforts. It seems that
opportunities for off-channel storage or other conservation practices should be examined.

29



6.0 References

Bassett, J., C. Busskohl, C. Clifton, V. Erickson, C. Gobar, D. Justice, D. Powell, S. Riley, J.
Sanchez, and C. Vickery, (2002). “ Tucannon Ecosystem Analysis,” US Forest Service, Umatilla
National Forest, Pomeroy Ranger Station, http://www.fs.fed.us/r6/uma/nepal/thetuc.pdf

Bell, M.C. (1986). “Fisheries Handbook of Engineering Requirements and Biological Criteria,”
U.S. Army Corps of Engineers, Office of the Chief of Engineers, Fish Passage Devel opment and
Evaluation Program, Portland, Oregon.

Beschta, R. L., R.E. Bilby, G.W. Brown, L.B. Holtby, and T.D. Hofstra. (1987). “ Stream
Temperature and Aquatic Habitat: Fisheries and Forestry Interactions,” In: Streamside
Management: Forestry and Fishery Interactions. E. O. Salo and T. W. Cundy (Eds.). University
of Washington, Institute of Forest Resources, Seattle, Washington.

Buchanan, D.V. and S.V. Gregory. (1997). “Development of Water Temperature Standards to
Protect and Restore Habitat for Bull Trout and other Cold Water Speciesin Oregon.”
Proceedings of the Friends of Bull Trout Conference. Calgary, Alberta, Canada.

Caldwell, B. (1995). “Tucannon River Fish Habitat Analysis using the Instream Flow
Incremental Methodology,” Department of Ecology, Open File Report #95-167,
http://www.ecy.wa.gov/pubs/95167.pdf

Covert, J., J. Lyerla, and M. Ader, (1995). “Initial Watershed Assessment - Tucannon River
Watershed,” Open File Report 95-04, Washington Department of Ecology, Spokane, WA.

Gallinat, M.P., L. Ross, and M. Varney, (2001). “Tucannon River Spring Chinook Salmon
Hatchery Evaluation Program - 2001 Annual Report,” Washington Department of Fish and
Wildlife, Olympia, WA, http://www.wa.gov/wdfw/hat/reports/tucannon_chinook 2001.pdf.

Hicks, M. (1999). “Evaluating Standards for Protecting Aquatic Life in Washington's Surface
Water Quality Standards: Temperature Criteria,” Preliminary Review Draft Discussion Paper.
Washington Department of Ecology, Water Quality Program, Olympia, Washington.

Kaje, J. (2004). “Preliminary Comments on Tucannon River Instream Flow Study,” internal
memorandum from Steward and Associates to Ben Floyd at Economic and Engineering Services,
dated May 5, 2004.

Mallatt, J. (1983). “Laboratory Growth of Larval Lampreys [Lampertra (Entosphenus) tridentata
Richardson] at Different Food Concentrations and Animal Densities,” Journal of Fish Biology,
22; pp 293-301.

Rushton, C.D. (2000). “Instream Flows in Washington State: Past, Present and Future”
Washington Department of Ecology, Olympia, Washington.

30



Stalnaker, C.B., B.L. Lamb, J. Henriksen, K. Bovee, and J. Bartholow. (1995). “The Instream
Flow Incremental Methodology: A Primer for IFIM,” National Biological Service, US
Department of the Interior, Report 29, Washington, DC.

Stein, J. (1997). “An Evaluation of Instream Flow Incremental Method: A Testing of the Validity
of Several Key Assumptions and Suggestions for Improving the Model,” Claremont McKenna
College, http://134.173.104.204/roberts/Biol %20165/Jeff/I FIM FIN.html

Trihey, EW. and C.B. Stalnaker. (1985). “Evolution and application of instream flow
methodologies to small hydropower development: An overview of the issues,” in Proceedings of
the Symposium on Small Hydropower and Fisheries, edited by Olson, White and Hamre, The
American Fisheries Society, Denver, Colorado.

Washington Department of Fisheries, (1990). “Tucannon River Subbasin Salmon and Steelhead
Production Plan,” Olympia, WA http://www.streamnet.org/subbasi n/Tucannon.pdf

WDFW, (1998). “1998 Samonid Stock Inventory,” Washington Department of Fish and
Wildlife, Olympia, WA http://www.wa.gov/wdfw/fish/sassi/bull _4.pdf

31



Appendix A1 — Preference Factors

Table A1-1. Depth and velocity preference factors for spawning steelhead.

Depth Depth Recommended | Velocity Velocity | Recommended
Interval Composite Depth Interval Composite Velocity
(ft) Preference Preference (ft/sec) Preference Preference

0.00-0.59 0.00 0.00 0.00-1.09 0.00 0.00
0.60 - 0.69 0.00 0.00 1.10-2.09 0.44 0.45
0.70-0.99 0.48 0.50 2.10-2.89 0.97 0.97
1.00-1.49 1.00 1.00 2.90-3.19 1.00 1.00
1.50-1.59 1.00 1.00 3.20-3.29 1.00 1.00
1.60-2.19 0.73 0.75 3.30-3.59 0.62 0.62
2.20-2.39 0.58 0.60 3.60-3.99 0.62 0.40
2.40" 0.06 0.50 4.00 - 4.49 0.62 0.20
4.50-4.99 0.62 0.10
5.00" 0.62 0.00
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Table A1-2. Depth and velocity preference factors for steelhead fry.

Depth Depth Recommended | Velocity Velocity | Recommended
Interva Composite Depth Interval Composite Velocity
(ft) Preference Preference (ft/sec) Preference Preference
0.00 - 0.09 0.00 0.00 0.00-0.09 0.55 0.55
0.10-0.19 0.90 0.90 0.10-0.19 1.00 1.00
0.20-0.69 1.00 1.00 0.20-0.29 0.60 0.87
0.70-1.09 0.12 0.30 0.30-0.39 0.47 0.73
1.10-1.39 0.03 0.30 0.40-0.59 0.60 0.60
1.40-1.99 0.27 0.30 0.60 - 0.69 0.64 0.50
2.00 - 2.69 0.41 0.30 0.70-0.79 0.40 0.40
2.70- 4.99 0.29 0.30 0.80-0.89 0.17 0.30
5.00" 0.01 0.01 0.90-0.99 0.21 0.20
1.00-1.09 0.39 0.18
1.10-1.19 0.71 0.16
1.20-1.29 0.54 0.14
1.30-1.39 0.55 0.12
1.40-1.49 0.43 0.10
1.50- 1.69 0.42 0.08
1.70-1.79 0.41 0.05
1.80-3.29 0.51 0.02
3.30" 0.51 0.00
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Table A1-3. Depth and velocity preference factors for juvenile steelhead.

Depth Depth Recommended || Velocity Velocity Recommended
Interval Composite Depth Interval Composite Velocity
(ft) Preference Preference (ft/sec) Preference Preference

0.00 - 0.49 0.00 0.00 0.00 - 0.09 0.23 0.23
0.50 - 0.59 0.03 0.03 0.10-0.19 0.26 0.26
0.60 - 0.69 0.04 0.05 0.20- 0.29 0.32 0.30
0.70- 0.79 0.07 0.07 0.30-0.39 0.29 0.37
0.80-0.89 0.11 0.09 0.40- 0.49 0.43 0.43
0.90- 0.99 0.10 0.11 0.50 - 0.59 0.50 0.50
1.00- 1.09 0.24 0.18 0.60 - 0.69 0.60 0.58
1.10-1.29 0.26 0.25 0.70-0.79 0.65 0.65
1.30-1.49 0.30 0.28 0.80- 0.89 0.81 0.72
1.50-1.59 0.32 0.31 0.90 - 0.99 0.78 0.80
1.60- 1.69 0.37 0.35 1.00- 1.09 0.85 0.85
1.70-1.89 0.39 0.37 1.10-1.19 0.72 0.90
1.90-1.99 0.41 0.40 1.20-1.29 0.74 0.95
2.00- 2.09 0.69 0.52 1.30-1.39 1.00 1.00
2.10-2.19 0.65 0.65 1.40-1.49 0.99 0.98
2.20-2.49 0.84 0.85 1.50-1.59 0.97 0.97
2.50-2.59 0.89 0.90 1.60- 1.69 0.81 0.94
2.60 - 2.99 1.00 1.00 1.70-1.89 0.77 0.92
3.00-3.19 0.80 0.95 1.90-1.99 0.75 0.90
3.20-3.39 0.79 0.90 2.00- 2.09 0.66 0.88
3.40- 3.99 0.86 0.86 2.10- 219 0.71 0.86
4.00 - 4.49 0.69 0.75 2.20-2.29 0.93 0.84
450" 0.64 0.64 2.30-2.39 0.92 0.82
240 259 0.23 0.80

2.60 _2.69 0.26 0.73

2.70_2.79 0.32 0.67

2.80 _2.89 0.29 0.60




Table A1-3. Depth and velocity preference factors for juvenile steelhead (continued).

Depth Depth Recommended || Velocity Velocity Recommended
Interval Composite Depth Interval Composite Velocity
(ft) Preference Preference (ft/sec) Preference Preference
2.90-2.99 0.39 0.48
3.00-3.19 0.38 0.35
3.20- 3.49 0.34 0.31
3.50 - 3.59 0.28 0.26
3.60 - 3.69 0.22 0.22
3.70-4.99 0.19 0.19
5.00 - 5.99 0.16 0.16
6.00" 0.00 0.00

Table A1-4. Depth and velocity preference factors for spawning chinook

Depth Recolgn mtinded Velocity Recomm(_ended
() ep (ft/sec) Velocity
Preference Preference

0.00 0.00 0.00 0.00
0.50 0.00 0.50 0.00
1.00 0.75 1.00 0.10
1.20 1.00 1.30 0.70
3.40 1.00 1.75 1.00
5.00 0.00 3.00 1.00
100.00 0.00 3.50 0.70
4.00 0.00
100.00 0.00
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Table A1-5. Depth and velocity preference factors for juvenile chinook

Depth Recolgn mtinded Velocity Recommgnded
(f) ep (Ft/se0) Velocity
Preference Preference

0.00 0.00 0.00 0.30
0.49 0.00 0.50 1.00
0.80 0.28 0.90 1.00
1.20 0.75 1.80 0.60
1.60 1.00 2.20 0.15
5.00 1.00 3.60 0.00
100.00 1.00 5.00 0.00
6.00 0.00
100.00 0.00

Table A1-6. Depth and velocity preference factors for spawning bull trout.

Depth Depth Recommended Velocity Velocity | Recommended
Interval Composite Depth Interval Composite Velocity
(ft) Preference Preference (ft/sec) Preference Preference

0.00-0.39 0.00 0.00 0.00-0.59 1.00 1.00
0.40-0.89 1.00 1.00 0.60 - 0.99 0.89 0.91
0.90" 0.93 0.93 1.00- 1.09 0.78 0.83
1.10-1.39 0.75 0.75
140-2.49 0.59 0.62
2.50 - 3.49 0.59 0.50
3.50-4.49 0.59 0.25
450" 0.00




Table A1-7. Depth and velocity preference factors for juvenile and adult bull trout.

Depth Depth Recommended || Velocity Velocity Recommended
Interval Composite Depth Interval Composite Velocity
(ft) Preference Preference (ft/sec) Preference Preference

0.00-0.49 0.00 0.00 0.00-0.29 0.22 0.22
0.50- 0.69 0.01 0.02 0.30-0.39 0.26 0.26
0.70-0.79 0.17 0.17 0.40-0.59 0.74 0.74
0.80-0.99 0.27 0.27 0.60 - 0.89 0.83 0.83
1.00 1.00 1.00 0.90-1.29 0.48 0.92
1.30-3.29 1.00 1.00
3.30-3.49 0.76 0.76
3.50-4.99 0.46 0.46
450" 0.46 0.00
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Table A1-8. Substrate preference factors for the State of Washington
(after WDFW/DOE, 1996)

Substrate | Description Spawning Rearing/Holding
Code -
Q 5 =
c | > & o 2 % c
o | & = O < o
= 3 E 3 B E= T =
g |3 5312 |2 B 5 |% |3
- — c as = o = =
3 = =] =23 4 S O S )
s |8 |S |68|3 |3 Bs |B |8
organic detritus
0 fine organic 0.00 | 0.00 | 000 | 0.00 | 0.10 | 0.10 | 020 | 0.10 | 0.0
silt, clay
1 0.00 | 0.00 | 0.00 | 0.00 | 0.10 | 040 | 020 | 0.10 | 0.0
sand
2 0.00 | 0.00 | 0.00 | 0.00 | 0.10 | 040 | 020 | 0.10 | 0.0
small gravel
3 (0.1-0.51in) 050 | 1.00 | 0.80 | 0.30 | 1.00 | 040 | 0.20 | 0.10 | 0.0
medium gravel
4 (0.5-1.5in) 1.00 | 1.00 | 1.00 [ 1.00 | 1.00 | 050 | 0.20 | 0.20 | 0.30
large gravel
5 (1.5-3.0in) 1.00 | 1.00 | 0.80 [ 1.00 | 1.00 | 050 | 0.30 | 0.30 | 0.30
small cobble
6 (3.0-6.0in) 1.00 [ 0.70 | 050 | 1.00 | 1.00 | 0.70 | 050 | 0.30 | 0.30
large cabble
7 (6-12in) 030 | 0.70 | 0.00 | 050 | 1.00 | 0.80 | 0.70 | 0.30 | 0.30
boulder
8 (>12in) 0.00 | 0.00 | 000 | 0.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
bedrock
9 0.00 | 0.00 | 0.00 | 0.00 | 0.10 | 0.30 | 030 | 0.30 | 0.30
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Table A1-9. Cover preference factors for rearing and holding

Rearing/Holding
2| |
B35 |3
Cover :E) E E é
Code  |Description 2 3 2 2 7
0.0 |organic detritus/fine organic 010 | 0.10 | 0.10 | 0.10 | 0.0
0.1 |undercut bank 100 { 1.00 | 1.00 | 1.00 | 1.00
0.2 |overhanging vegetation touching water 1.00 | 1.00 | 1.00 | 1.00 | 1.00
0.3 |rootwad (including partly undercut) 1.00 | 1.00 | 1.00 | 1.00 | 1.00
0.4 |logjam or submerged brush pile 1.00 | 1.00 | 1.00 | 1.00 | 1.00
0.5 |log(s) parallel to bank 030 | 080 | 0.80 | 0.80 | 0.80
0.6 |submerged aquatic vegetation 1.00 | 1.00 | 0.80 | 0.60 | 0.80
0.7 [submerged terrestria grass 040 | 010 | 0.20 | 0.10 | 0O.10
0.8 |overhead cover not touching water 0.20 0.20 | 0.20
0.9 |fine organic substrate 0.10 | 0.10 | 0.10 | 0.20 | 0.0
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Appendix B1 — Tucannon Streamflow Data

Table B1-1. Tucannon Streamflow Gaging Data from Field Trip No 1 (page 1 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 1 - Riffle (Downstream end) Time: 5:25 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total : .
Stsg(.)n Position Depth Depth Rev Tg)e V?:tc;gty
(ft) (ft)
L. Bank 3.7 0
1 6.0 0.80 0.32 0 0 0.00
2 8.0 1.10 0.44 0 0 0.00
3 10.0 0.40 0.16 10 83.00 0.28
4 12.0 1.00 0.40 20 67.56 0.67
5 14.0 1.25 0.50 20 38.93 1.14
6 16.0 1.90 0.76 40 37.90 2.32
7 18.0 2.20 0.88 40 39.50 2.23
8 20.0 2.10 0.84 40 19.18 4.56
9 22.0 2.10 0.84 40 22.28 3.93
10 24.0 2.00 0.80 40 18.45 4.74
11 26.0 1.80 0.72 40 19.21 4.55
12 28.0 1.70 0.68 40 19.30 4.53
13 30.0 1.70 0.68 40 18.20 4.81
14 32.0 1.90 0.76 40 31.64 2.77
15 34.0 2.10 0.84 40 20.25 4.32
16 36.0 1.80 0.72 40 29.78 2.95
17 38.0 1.60 0.64 40 28.53 3.07
18 40.0 1.60 0.64 40 41.53 2.12
19 42.0 1.50 0.60 20 44.71 1.00
20 44.0 1.10 0.44 20 53.52 0.83
21 46.0 0.80 0.32 20 46.42 0.96
R. Bank 48.0 0 0 0 0.00
Pin 52.5
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Table B1-1. Tucannon Streamflow Gaging Data from Field Trip No 1 (continued page 2 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 2 — Riffle and side pool Time: 4:40 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 3 0
1 4 0.35 0.14 20 34.21 0.00
2 6 0.40 0.16 40 41.21 0.00
3 8 0.90 0.36 40 38.61 2.28
4 10 1.20 0.48 40 27.43 3.20
5 12 1.20 0.48 40 26.06 3.36
6 14 1.30 0.52 40 21.77 4.02
7 16 1.20 0.48 40 22.05 3.97
8 18 1.40 0.56 40 19.58 4.47
9 20 1.70 0.68 40 17.37 5.03
10 22 2.00 0.80 40 15.53 5.63
11 24 2.10 0.84 40 15.64 5.59
12 26 2.20 0.88 40 21.43 4.08
13 28 2.00 0.80 40 17.77 4.92
14 30 2.00 0.80 40 17.52 4.99
15 32 1.70 0.68 40 29.45 2.98
16 34 1.90 0.76 40 33.30 2.64
17 36 1.70 0.68 30 76.78 0.87
18 38 1.20 0.48 10 89.08 0.26
19 40 0.70 0.28 10 69.16 0.34
20 42 0.90 0.00 0 0 0.00
21 44 0.30 0.12 0 0 0.00
R. Bank 45.3 0
Pin 52.5
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Table B1-1. Tucannon Streamflow Gaging Datafrom Field Trip No 1 (continued page 3 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 3 — Pool Tail Time: 3:20 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsg?n Position Depth Depth Rev Tge V((eflt(;gty
(ft) (ft)
LB Pin 3
L. Bank 5.7 0
1 7 1.0 0.40 0 0 0.00
2 8 0.9 0.36 10 42.25 0.54
3 10 11 0.44 40 41.34 2.13
4 12 11 0.44 40 33.33 2.64
5 14 15 0.60 40 31.95 2.75
6 15 15 0.60 40 37.28 2.36
7 16 1.6 0.64 40 41.23 2.14
8 18 1.8 0.72 40 34.00 2.58
9 20 2.3 0.92 40 34.61 2.54
10 22 2.1 0.84 40 18.84 4.64
11 24 2.2 0.88 40 22.36 3.92
12 26 2.4 0.96 40 14.86 5.88
13 28 2.3 0.92 40 18.27 4.79
14 30 2.0 0.8 40 21.84 4.01
15 31 1.8 0.72 40 25.31 3.46
16 32 1.8 0.72 40 28.30 3.10
17 34 1.3 0.52 40 36.98 2.38
18 36 1.2 0.48 40 42.46 2.07
19 38 1.0 0.40 40 43.34 2.03
20 40 0.5 0 40 71.37 1.24
21 42 0.1 0.04 0 0 0.00
R. Bank 43.4 0
Pin 47.7
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Table B1-1. Tucannon Streamflow Gaging Datafrom Field Trip No 1 (continued page 4 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 4 — Middle of pool Time: 2:40 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 1.8 0
1 3.0 0.5 0.20 0 0.00
2 5.0 15 0.60 20 60.30 0.35
3 7.0 2.0 0.80 40 62.43 0.65
4 9.0 2.3 0.92 40 45.77 0.88
5 12.0 2.6 1.04 40 18.03 2.20
6 14.0 2.9 1.16 40 25.98 3.37
7 15.0 3.1 1.24 40 16.55 5.28
8 16.0 31le 5.09
9 17.0 31le 4.90
10 18.0 3le 471
11 19.0 3le 4.52
12 20.0 31le 4.33
13 21.0 3.1 1.24 40 21.17 4.13
14 22.0 3.0 1.20 40 21.21 4.13
15 24.0 2.3 0.92 45 38.59 2.56
16 26.0 2.0 0.80 40 30.33 1.32
17 28.0 1.7 0.68 40 42.81 0.94
18 30.0 11 0.44 20 35.42 0.58
19 32.0 0.3 0.12 0 0.00
R. Bank 33.7 0 0 0.00
Pin 374

Note: e — estimated: depth/velocity too large to safely gage: averaged between Sta7 & 13
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Table B1-1. Tucannon Streamflow Gaging Data from Field Trip No 1 (continued page 5 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: #5 — Top of Pool Time: 1:50 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 2.0 0
1 6.0 0.4 0.16 0.00
2 8.0 0.8 0.32 20 98.23 0.23
3 10.0 2.3 0.92 20 185.46 0.13
4 12.0 3.7 1.48 20 126.92 0.18
5 14.0 3.6 1.44 20 61.93 0.34
6 16.0 2.7 1.08 40 64.27 0.64
7 18.0 2.6 1.04 10 59.15 0.39
8 20.0 14 0.56 40 49.31 1.79
9 22.0 2.7 1.08 40 36.00 2.44
10 23.0 2.8 1.12 40 21.53 4.07
11 30.0 2.8 1.12 40 17.08 5.12
12 32.0 25 1.00 40 23.55 3.72
13 34.0 2.3 0.92 40 28.70 3.06
14 36.0 1.6 0.64 40 84.40 1.06
15 38.0 0.9 0.36 10 69.28 0.33
16 40.0 0.3 0.12 40 20.27 1.96
17 42.0 0.4 0.16 40 22.90 1.73
R. Bank 44.0 0 0.00
Pin 52.3

Note: Flow depth/velocity between Sta 10 and 11 unsafe to gage.




Table B1-1. Tucannon Streamflow Gaging Datafrom Field Trip No 1 (continued page 6 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 6 — Riffle Time: 1:00 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 1.9 0.00
1 4 0.50 0.20 0 0 0.00
2 7 1.10 0.44 40 54.96 1.61
3 10 1.60 0.64 40 33.58 2.62
4 12 1.80 0.72 40 28.09 3.12
5 14 1.50 0.60 40 32.12 2.73
6 16 1.40 0.56 40 39.81 2.21
7 18 1.70 0.68 40 50.56 1.75
8 20 1.70 0.68 40 60.83 1.46
9 22 1.20 0.48 40 21.67 4.04
10 24 1.60 0.64 40 25.39 3.45
11 26 1.65 0.66 40 22.30 3.93
12 28 1.10 0.44 40 30.68 2.86
13 30 1.20 0.48 40 40.13 2.19
14 32 1.30 0.52 40 18.98 4.61
15 34 1.10 0.44 40 19.48 4.49
16 36 1.30 0.52 40 31.02 2.83
17 38 1.30 0.52 40 27.21 3.22
18 40 1.30 0.52 40 23.17 3.78
19 43 0.80 0.32 40 28.05 3.13
20 46 1.00 0.00 40 33.98 2.59
21 49 0.60 0.24 10 21.90 1.02
22 52 0.40 0.16 10 49.33 0.46
R. Bank 54 0 0.00
Pin 61.6
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Table B1-1. Tucannon Streamflow Gaging Datafrom Field Trip No 1 (continued page 7 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 7 — Bank Cut and Shelf Time: 12:10 PM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 7.5 0.00
1 8.5 1.30 0.52 40 57.39 1.54
2 10 1.70 0.68 40 23.30 3.76
3 11 1.70 0.68 40 20.15 4.34
4 12 1.90 0.76 40 21.21 4.13
5 13 2.00 0.80 40 26.18 3.35
6 14 1.85 0.74 40 16.70 5.23
7 15 2.00 0.80 40 15.02 5.82
8 16 1.90 0.76 40 18.45 4.74
9 18 2.00 0.80 40 16.50 5.30
10 20 1.70 0.68 40 19.71 4.44
11 22 1.60 0.64 40 25.34 3.46
12 24 1.60 0.64 40 36.43 241
13 27 1.00 0.40 40 73.98 1.20
14 30 1.05 0.42 40 53.83 1.64
15 33 0.75 0.30 40 44.42 1.98
16 36 0.60 0.24 40 129.83 0.70
17 44 0.50 0.20 40 47.64 1.85
18 47 0.80 0.32 40 29.71 2.95
19 50 0.90 0.36 40 29.33 2.99
20 53 1.60 0 40 27.53 3.19
21 56 1.40 0.56 40 121.20 0.74
R. Bank 61.5 0 0 0.00
Pin 66.6
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Table B1-1. Tucannon Streamflow Gaging Datafrom Field Trip No 1 (continued page 8 of 8).

Stream Segment: Tucannon River at Marengo Date: 4/29/2003
Cross-Section & Description: # 8 — Upstream Log and Riffle Time: 11:30 AM
Sampling Crew: T. Hauser and M. Barber
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 17.6 0
1 20 1.10 0.44 40 33.78 2.60
2 22 1.20 0.48 40 28.93 3.03
3 24 1.20 0.48 40 25.45 3.44
4 26 1.20 0.48 40 24.43 3.59
5 28 1.25 0.50 40 22.86 3.83
6 30 1.10 0.44 40 20.68 4.23
7 32 1.10 0.44 40 23.9 3.67
8 34 1.00 0.40 40 20.93 4.18
9 36 1.10 0.44 40 19.64 4.45
10 38 1.30 0.52 40 25.55 3.43
11 40 1.20 0.48 40 21.36 4.10
12 42 1.30 0.52 40 21.36 4.10
13 44 1.25 0.50 40 16.81 5.20
14 46 1.20 0.48 40 20.25 4.32
15 48 1.10 0.44 40 17.28 5.06
16 50 1.20 0.48 40 20.96 4.18
17 52 1.45 0.58 40 22.89 3.83
18 54 1.60 0.64 40 19.46 4.50
19 56 1.80 0.72 40 23.68 3.70
20 58 1.80 0.72 40 56.52 1.56
21 60 2.20 0.88 0.00
22 61.5 2.55 1.02 0.00
23 63.3 2.35 0.94 0.00
R. Bank 64.2 0 0 0.00
Pin 68

Note: Sta 21, 22, and 23 behind large boulder, deep but little/no velocity
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Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No. 2

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 1 - Riffle (Downstream end) Time: 2:45 PM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 4.5
1 7.0 0.85 0.34 0 0 0.00
2 13.0 0.70 0.28 10 25.3 0.88
3 16.0 1.60 0.64 30 36.8 1.80
4 18.0 1.80 0.72 40 33.8 2.60
5 20.0 1.70 0.68 40 30.9 2.84
6 21.0 1.60 0.64 40 29.8 2.94
7 22.0 1.50 0.60 40 28.8 3.05
8 23.0 1.40 0.56 40 26.8 3.27
9 24.0 1.50 0.60 40 23.6 3.71
10 25.0 1.40 0.56 40 24.6 3.56
11 26.0 1.40 0.56 40 27.4 3.20
12 27.0 1.50 0.60 40 26.9 3.26
13 29.0 1.40 0.56 40 29.1 3.01
14 31.0 1.50 0.60 40 30.1 2.92
15 33.0 1.50 0.60 40 44.6 1.98
16 35.0 1.60 0.64 40 37.8 2.33
17 37.0 1.40 0.56 30 40.1 1.65
18 39.0 1.20 0.48 30 46 1.44
19 41.0 1.20 0.48 20 45.1 0.99
20 43.0 0.95 0.38 10 40.5 0.56
21 45.5 0.60 0.24 5 24.4 0.47
R. Bank 46.8 0.00 0.00 0.00
Pin 52.4
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Table B1-2. Tucannon Streamflow Gaging Datafrom Field Trip No 2 (continued page 2 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 2 — Riffle and side pool Time: 2:00 PM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tzl;r;e V((aflt(;gty
' (ft) (ft)
L. Bank 4.3
1 6.0 0.10 0.04 20 62.8 0.71
2 8.5 0.60 0.24 0 0 0.00
3 10.0 0.80 0.32 40 45.7 1.93
4 12.0 0.75 0.30 40 39.9 2.21
5 14.0 0.75 0.30 40 38.5 2.28
6 16.0 0.65 0.26 40 34.2 2.57
7 17.0 0.90 0.36 40 31.1 2.82
8 18.0 1.10 0.44 40 23.4 3.74
9 19.0 1.00 0.40 40 38.2 2.30
10 20.0 1.40 0.56 40 19.5 4.49
11 21.0 1.40 0.56 40 28.1 3.12
12 22.0 1.50 0.60 40 21.4 4.09
13 23.0 1.60 0.64 40 15.9 5.50
14 23.5 1.70 0.68 40 18.4 4.75
15 24.0 1.80 0.72 40 18.9 4.63
16 25.0 1.90 0.76 40 22.2 3.94
17 26.0 1.90 0.76 40 24.9 3.52
18 27.0 1.80 0.72 40 17.9 4.89
19 28.0 1.80 0.72 40 21.6 4.05
20 29.0 1.60 0.00 40 19.5 4.49
21 30.0 1.65 0.66 40 26.8 3.27
22 32.0 1.30 0.52 40 27.6 3.18
23 34.0 1.50 0.60 30 35.6 1.86
24 37.0 1.2 0.48 5 47.8 0.25
25 39.0 0.9 0.36 0 0 0.00
R. Bank 441
Pin 52.4
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Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No 2 (continued page 3 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 3 — Pool Tail Time: 1:20 PM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
LB Pin 3.0
L. Bank 6.4
1 7.0 0.55 0.22 0 0.0 0.00
2 9.0 0.30 0.12 20 32.6 1.36
3 11.0 0.80 0.32 20 26.6 1.66
4 13.0 1.00 0.40 30 33.7 1.96
5 15.0 1.10 0.44 40 48.2 1.83
6 17.0 1.30 0.52 40 41.8 211
7 18.5 1.70 0.68 40 29.0 3.03
8 20.0 1.85 0.74 40 23.5 3.73
9 215 1.75 0.70 40 26.7 3.28
10 23.0 1.80 0.72 40 23.9 3.67
11 24.5 1.75 0.70 40 26.2 3.35
12 26.0 1.85 0.74 40 29.7 2.95
13 27.5 1.75 0.70 40 27.2 3.22
14 29.0 1.70 0.68 40 32.3 2.72
15 30.5 1.45 0.58 40 32.2 2.73
16 32.0 1.20 0.48 40 36.0 2.44
17 34.0 1.15 0.46 30 40.6 1.63
18 36.0 0.85 0.34 20 314 141
19 38.0 0.60 0.24 20 48.2 0.92
R. Bank 40.8
Pin 47.9
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Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No 2 (continued page 4 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 4 — Middle of pool Time: 12:50 PM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 25
1 4.0 0.75 0.30 5 47.7 0.25
2 6.0 1.50 0.60 10 58.4 0.39
3 8.0 1.80 0.72 10 41.3 0.55
4 10.0 1.75 0.70 20 45 0.99
5 12.0 1.95 0.78 40 44 2.00
6 14.0 2.30 0.92 40 22.3 3.93
7 15.0 2.50 1.00 40 21.5 4.07
8 16.0 2.60 1.04 40 19.9 4.40
9 17.0 2.50 1.00 40 23.4 3.74
10 18.0 2.40 0.96 40 25.3 3.46
11 19.0 2.50 1.00 40 25.3 3.46
12 20.0 2.45 0.98 45 25.3 3.89
13 21.0 2.60 1.04 40 27 3.25
14 22.0 2.50 1.00 40 35.7 2.46
15 23.0 2.40 0.96 30 34.6 1.91
16 24.0 2.10 0.84 20 36 1.23
17 26.0 1.60 0.64 10 45.4 0.50
18 28.0 1.30 0.52 5 58.1 0.21
19 30.0 0.65 0.26 0 0 0.00
R. Bank 32.1
Pin 37.7
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Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No 2 (continued page 5 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: #5 — Top of Pool Time: 11:45 AM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 15
1 3.0 0.30 0.12 0 0 0.00
2 4.0 0.00 0.00 0 0 0.00
3 8.0 1.90 0.76 5 60.0 0.20
4 12.0 3.60 1.44 5 35.6 0.33
5 15.0 4.50 1.80 10 80.0 0.29
6 17.0 2.00 0.80 30 61.2 1.09
7 19.0 1.90 0.76 30 50.0 1.33
8 20.0 1.90 0.76 40 24.8 3.53
9 21.0 2.40 0.96 40 15.6 5.60
10 22.0 2.40 0.96 40 16.4 5.33
11 23.0 2.10 0.84 40 15.0 5.83
12 24.0 2.00 0.80 40 14.2 6.15
13 25.0 1.90 0.76 40 19.8 4.42
14 26.0 1.95 0.78 40 17.8 4.91
15 27.0 2.00 0.80 40 16.6 5.27
16 28.0 2.00 0.80 40 19.1 4.58
17 29.0 2.10 0.84 40 28.3 3.10
18 30.0 1.90 0.76 30 35.4 1.87
19 31.0 1.80 0.72 30 35.8 1.85
20 32.0 1.40 0.56 10 45.1 0.50
21 33.0 1.20 0.48 0 0.0 0.00
22 34.0 1.10 0.44 0 0.0 0.00
23 35.0 0.50 0.20 0 0.0 0.00
R. Bank 36.6
Pin 50.3
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Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No 2 (continued page 6 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 6 — Riffle Time: 10:49 AM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 2.8
1 5.0 0.35 0.14 10 37.0 0.61
2 7.0 1.00 0.40 20 65.9 0.68
3 9.0 1.20 0.48 30 43.1 1.54
4 11.0 1.35 0.54 30 435 1.52
5 13.0 1.20 0.48 40 30.6 2.87
6 15.0 1.10 0.44 40 42.4 2.08
7 17.0 1.10 0.44 40 45.0 1.96
8 19.0 1.55 0.62 20 29.2 1.51
9 21.0 1.25 0.50 40 27.0 3.25
10 22.0 0.90 0.36 40 20.4 4.29
11 23.0 1.10 0.44 40 21.4 4.09
12 24.0 1.20 0.48 40 25.6 3.42
13 25.0 1.25 0.50 50 26.3 4.16
14 26.0 1.40 0.56 40 22.3 3.93
15 27.0 1.25 0.50 40 34.0 2.58
16 28.0 1.10 0.44 40 31.1 2.82
17 29.0 0.85 0.34 40 31.0 2.83
18 30.0 0.80 0.32 40 34.4 2.55
19 32.0 0.85 0.34 40 23.9 3.67
20 34.0 0.75 0.00 40 315 2.79
21 36.0 0.85 0.34 40 31.8 2.76
22 38.0 1.00 0.40 40 30.1 2.92
23 41.0 0.90 0.36 40 31.1 2.82
24 44.0 0.70 0.28 40 30.0 2.93
25 48.0 0.55 0.22 40 48.3 1.83
R. Bank 53.2 0.00
Pin 61.7
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Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No 2 (continued page 7 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 7 — Bank Cut and Shelf Time: 10:05 AM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 7.5
1 9.0 1.20 0.48 40 46.4 1.90
2 10.0 1.40 0.56 40 29.5 2.97
3 11.0 1.40 0.56 40 26.8 3.27
4 12.0 1.60 0.64 40 25.0 351
5 13.0 1.50 0.60 40 29.2 3.00
6 14.0 1.50 0.60 40 19.9 4.40
7 15.0 1.50 0.60 40 24.1 3.63
8 16.0 1.40 0.56 40 24.6 3.56
9 17.0 1.35 0.54 40 23.9 3.67
10 18.0 1.50 0.60 45 25.3 3.89
11 19.0 1.50 0.60 40 25.5 3.44
12 20.0 1.30 0.52 40 25.4 3.45
13 21.0 1.35 0.54 40 27.8 3.15
14 22.0 1.25 0.50 40 29.8 2.94
15 24.0 1.30 0.52 40 35.9 2.45
16 26.0 0.90 0.36 30 31.1 2.12
17 28.0 0.70 0.28 30 35.7 1.85
18 30.0 0.60 0.24 20 32.1 1.38
19 32.0 0.30 0.12 20 40.9 1.09
20 34.0 0.55 0.00 20 32.7 1.35
21 36.0 0.25 0.10 20 57.7 0.78
22 38.0 0.25 0.10 0 0.0 0.00
23 40.0 0.10 0.04 0 0.0 0.00
24 42.0 0.20 0.08 0 0.0 0.00
25 43.0 0.40 0.16 20 325 1.36
26 45.0 0.45 0.18 40 36.4 2.42
27 49.0 0.80 0.32 40 39.1 2.25
28 52.0 0.90 0.36 40 31.6 2.78
29 54.0 1.45 0.58 40 43.3 2.03
30 56.0 1.15 0.46 20 54.3 0.82
R. Bank 59.9 0




Table B1-2. Tucannon Streamflow Gaging Data from Field Trip No 2 (continued page 8 of 8).

Stream Segment: Tucannon River at Marengo Date: 6/15/2003
Cross-Section & Description: # 8 — Upstream Log and Riffle Time: 9:30 AM
Sampling Crew: T. Hauser and P. Flanagan
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((aflt(;gty
' (ft) (ft)
L. Bank 18.0
1 20.0 0.50 0.20 40 52.1 1.69
2 22.0 0.80 0.32 40 32.0 2.74
3 24.0 0.90 0.36 40 39.5 2.23
4 26.0 0.70 0.28 40 33.9 2.59
5 28.0 0.80 0.32 40 38.8 2.27
6 30.0 1.00 0.40 40 30.0 2.93
7 32.0 0.90 0.36 40 36.0 2.44
8 34.0 0.80 0.32 40 313 2.80
9 36.0 0.70 0.28 40 28.4 3.09
10 38.0 0.90 0.36 40 27.7 3.17
11 40.0 0.75 0.30 40 28.6 3.07
12 42.0 0.90 0.36 40 28.6 3.07
13 44.0 1.10 0.44 40 30.3 2.90
14 45.0 1.00 0.40 40 27.1 3.24
15 46.0 1.00 0.40 40 29.7 2.95
16 47.0 1.10 0.44 40 25.6 3.42
17 48.0 0.90 0.36 40 27.3 3.21
18 49.0 0.70 0.28 40 26.5 3.31
19 50.0 0.70 0.28 40 22.8 3.84
20 51.0 0.90 0.36 40 32.2 2.73
21 52.0 0.90 0.36 40 27.8 3.15
22 53.0 1.10 0.44 40 26.5 3.31
23 54.0 1.40 0.56 40 24.6 3.56
24 55.0 1.40 0.56 40 34.8 2.53
25 57.0 1.65 0.66 40 49.8 1.77
26 59.0 1.80 0.72 30 35.1 1.88
27 61.0 1.95 0.78 5 81.0 0.15
R. Bank 63.4
Pin 68.2
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No. 3

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 1 - Riffle (Downstream end) Time: 3:37 PM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 4.8
1 7.0 0.60 0.24 0 0 0.00
2 10.0 0.00 0.00 0 0 0.00
3 12.0 0.50 0.20 10 57.6 0.40
4 14.0 0.60 0.24 10 42.3 0.54
5 16.0 1.30 0.52 30 59.4 1.12
6 18.0 1.50 0.60 40 54.7 1.62
7 20.0 1.40 0.56 45 47.7 2.08
8 22.0 1.20 0.48 40 36.4 2.42
9 23.0 1.10 0.44 40 39.3 2.24
10 24.0 1.10 0.44 40 335 2.62
11 25.0 1.10 0.44 40 25.5 3.44
12 26.0 1.10 0.44 40 42.4 2.08
13 27.0 1.10 0.44 40 43.9 2.01
14 28.0 1.10 0.44 40 45.1 1.95
15 30.0 1.10 0.44 40 36.2 2.43
16 32.0 1.10 0.44 40 46.3 1.90
17 34.0 1.30 0.52 40 52.7 1.68
18 36.0 1.20 0.48 30 51 1.30
19 39.0 0.80 0.32 30 58.5 1.14
20 42.0 0.80 0.32 10 68.5 0.34
R. Bank 46.4 0.00 0.00 0.00
Pin 52.5
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 2 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 2 — Riffle and side pool Time: 2:47 PM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((aflt(;gty
' (ft) (ft)
L. Bank 5.1
1 7.0 0.30 0.12 15 33.1 1.01
2 9.0 0.40 0.16 10 36.8 0.61
3 11.0 0.50 0.20 30 53.2 1.25
4 14.0 0.40 0.16 20 43.9 1.01
5 17.0 0.50 0.20 40 43.5 2.03
6 18.0 0.70 0.28 20 49.7 0.90
7 18.5 0.30 0.12 40 55.9 1.58
8 19.0 1.00 0.40 40 22.7 3.86
9 19.5 0.90 0.36 45 30.6 3.22
10 20.0 1.00 0.40 40 42 2.10
11 21.0 1.20 0.48 40 24.4 3.59
12 22.0 1.15 0.46 40 24.4 3.59
13 23.0 1.10 0.44 40 27.7 3.17
14 24.0 1.30 0.52 40 26.6 3.30
15 25.0 1.20 0.48 40 30.6 2.87
16 26.0 1.30 0.52 40 25.9 3.38
17 27.0 0.80 0.32 40 24.5 3.58
18 28.0 1.30 0.52 40 29.4 2.98
19 29.0 1.10 0.44 40 31.2 2.81
20 30.0 1.20 0.00 40 37.3 2.36
21 33.0 1.00 0.40 10 38.4 0.59
22 35.0 1.00 0.40 0 0 0.00
23 37.0 0.75 0.30 5 65.9 0.19
24 40.0 0.25 0.10 0 0 0.00
25 43.0 0.15 0.06 0 0 0.00
R. Bank 44.0
Pin 52.4
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 3 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 3 — Pool Tail Time: 2:07 PM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((aflt(;gty
' (ft) (ft)
L. Bank 3.7
1 5.0 0.20 0.08 0 0.0 0.00
2 7.0 0.30 0.12 20 39.0 1.14
3 9.0 0.60 0.24 20 36.2 1.22
4 11.0 0.80 0.32 40 49.4 1.79
5 13.0 0.80 0.32 30 60.4 1.10
6 15.0 1.00 0.40 20 46.4 0.96
7 16.0 1.50 0.60 40 43.2 2.04
8 17.0 1.40 0.56 40 37.6 2.34
9 18.0 1.30 0.52 40 36.0 2.44
10 19.0 1.30 0.52 40 33.9 2.59
40
11 20.0 1.40 0.56 40 31.8 2.76
12 21.0 1.50 0.60 40 33.2 2.65
13 22.0 1.60 0.64 40 35.7 2.46
14 23.0 1.60 0.64 40 35.6 2.47
15 24.0 1.40 0.56 40 35.7 2.46
16 25.0 1.40 0.56 40 38.8 2.27
17 26.0 1.40 0.56 40 42.9 2.05
18 27.0 1.10 0.44 40 48.7 1.81
19 28.0 1.05 0.42 40 42.2 2.09
20 29.0 0.90 0.36 40 47.1 1.87
21 31.0 0.90 0.36 40 55.2 1.60
22 33.0 0.50 0.20 40 67.0 1.32
23 35.0 0.20 0.08 15 43.2 0.78
R. Bank 36.5
Pin 45.0
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 4 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 4 — Middle of pool Time: 1:35PM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 2.8
1 5.0 0.65 0.26 5 63.9 0.19
2 7.0 1.30 0.52 10 56.3 0.41
3 9.0 1.50 0.60 10 25.4 0.88
4 11.0 1.55 0.62 20 34.2 1.29
5 12.0 1.60 0.64 40 44.2 1.99
6 13.0 1.70 0.68 40 39.1 2.25
7 13.5 1.90 0.76 40 32.9 2.67
8 14.0 2.10 0.84 40 32.0 2.74
9 145 2.10 0.84 40 32.1 2.74
10 15.0 2.30 0.92 40 30.8 2.85
11 15.5 2.10 0.84 40 30.9 2.84
12 16.0 2.40 0.96 40 31.6 2.78
13 16.5 2.10 0.84 40 34.7 2.53
14 17.0 2.20 0.88 40 33.9 2.59
15 18.0 2.10 0.84 40 38.4 2.29
16 19.0 2.00 0.80 40 41.7 211
17 20.0 2.10 0.84 40 45.1 1.95
18 21.0 2.20 0.88 40 58.7 1.51
19 22.0 2.20 0.88 20 41.7 1.07
20 23.0 1.90 0.76 15 44.8 0.75
21 24 1.70 0.68 10 46.2 0.49
22 26 1.25 0.50 0 0 0.00
23 28 0.90 0.36 0 0 0.00
R. Bank 30.9
Pin 37.7
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 5 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: #5 — Top of Pool Time: 12:25PM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((aflt(;gty
' (ft) (ft)
L. Bank 25
1 4.0 0.00
2 5.0 0.00
3 6.0 0.10 0.04 0 0 0.00
4 7.0 1.50 0.60 0 0 0.00
5 8.0 1.70 0.68 0 0 0.00
6 9.0 1.90 0.76 0 0 0.00
7 10.0 3.00 1.20 0 0 0.00
8 11.0 3.10 1.24 0 0 0.00
9 12.0 3.30 1.32 0 0 0.00
10 13.0 3.90 1.56 0 0 0.00
0.00
11 14.0 1.90 0.76 0 0 0.00
12 15.0 4.00 1.60 0 0 0.00
13 16.0 1.90 0.76 5 47.4 0.25
14 17.0 1.80 0.72 10 40.5 0.56
15 18.0 1.60 0.64 20 33.1 1.34
16 19.0 1.65 0.66 40 46.5 1.90
17 19.5 1.80 0.72 40 25.1 3.49
18 20.0 1.90 0.76 40 21.9 4.00
19 20.5 2.10 0.84 40 16.8 5.20
20 21.0 2.10 0.84 40 16.8 5.20
21 21.5 2.20 0.88 40 17.5 5.00
22 22.0 2.10 0.84 40 21.1 4.15
23 22.5 1.60 0.64 40 27.8 3.15
24 23.0 1.90 0.76 40 311 2.82
25 24.0 1.90 0.76 50 33.5 3.27
26 25.0 1.60 0.64 40 27.5 3.19
27 26.0 1.65 0.66 40 36.7 2.40
28 27.0 1.80 0.72 40 52.2 1.69
29 28.0 1.50 0.60 10 33.6 0.67
30 29.0 1.70 0.68 10 90.9 0.26
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 6 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: #5 — Top of Pool (CONTINUED) Time: 12:25PM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
Cont.
31 31.0 1.40 0.56 0 0.0 0.00
32 33.0 1.00 0.40 0 0.0 0.00
R. Bank 35.8
Pin 50.3
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 7 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 6 — Riffle Time: 10:49 AM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((aflt(;gty
' (ft) (ft)
L. Bank 3.7
1 5.2 0.15 0.06 20 75.1 0.60
2 8.0 0.85 0.34 20 56.2 0.80
3 10.0 1.00 0.40 40 55.9 1.58
4 12.0 1.00 0.40 40 53.2 1.66
5 14.0 0.70 0.28 40 56.4 1.57
6 16.0 0.80 0.32 40 53.7 1.65
7 18.0 1.00 0.40 40 56.7 1.56
8 20.0 1.15 0.46 40 34.1 2.58
9 21.0 1.20 0.48 40 25.6 3.42
10 22.0 1.00 0.40 40 26.9 3.26
11 23.0 1.00 0.40 40 33.7 2.61
12 24.0 1.00 0.40 40 30.1 2.92
13 25.0 0.90 0.36 50 30.1 3.63
14 26.0 0.90 0.36 40 57.0 1.55
15 28.0 0.60 0.24 40 435 2.03
16 30.0 0.50 0.20 10 48.0 0.47
17 33.0 0.50 0.20 40 34.9 2.52
18 35.0 0.60 0.24 40 38.8 2.27
19 38.0 0.70 0.28 40 34.7 2.53
20 41.0 0.60 0.00 40 44.0 2.00
21 44.0 0.30 0.12 15 50.0 0.67
22 48.0 0.30 0.12 40 54.0 1.64
23 50.0 0.00 0.00 0 0.0 0.00
R. Bank 52.4
Pin 61.6
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 8 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 7 — Bank Cut and Shelf Time: 10:45 AM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 7.6
1 9.0 0.90 0.36 40 40.2 2.19
2 10.0 0.90 0.36 40 38.8 2.27
3 11.0 1.10 0.44 40 40.0 2.20
4 12.0 1.20 0.48 40 374 2.35
5 13.0 1.20 0.48 40 32.7 2.69
6 14.0 1.20 0.48 40 27.3 3.21
7 15.0 1.20 0.48 40 34.2 2.57
8 16.0 1.10 0.44 40 29.7 2.95
9 17.0 1.00 0.40 40 25.9 3.38
10 18.0 1.20 0.48 40 27.6 3.18
11 20.0 1.00 0.40 40 33.9 2.59
12 22.0 0.90 0.36 50 46.7 2.35
13 24.0 0.90 0.36 40 48.6 1.82
14 26.0 0.55 0.22 15 35.3 0.95
15 29.0 0.20 0.08 20 30.6 1.44
16 30.0 0.20 0.08 20 31.8 1.39
17 32.0 0.20 0.08 20 29.4 1.50
18 34.0 0.30 0.12 20 51.2 0.87
19 36.0 0.20 0.08 10 41.3 0.55
20 38.0 0.20 0.00 10 31.1 0.72
21 40.0 0.00 0.00 0 0.0 0.00
22 43.0 0.20 0.08 10 324 0.00
23 45.0 0.2 0.08 10 26.6 0.00
24 47.0 0.5 0.20 40 63.9 0.00
25 49.0 0.6 0.24 40 55.2 1.60
26 51.0 0.5 0.20 40 45.4 1.94
27 53.2 11 0.44 40 54.3 1.63
28 55.0 1.3 0.52 10 24.3 0.92
29 57.0 0.6 0.24 0 0.0 0.00
R. Bank 59.1 0
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Table B1-3. Tucannon Streamflow Gaging Data from Field Trip No 3 (continued page 9 of 9).

Stream Segment: Tucannon River at Marengo Date: 7/29/2003
Cross-Section & Description: # 8 — Upstream Log and Riffle Time: 10:00 AM
Sampling Crew: T. Hauser and L. Olinde
. Station Total . .
Stsgon Position Depth Depth Rev Tge V((eflt(;gty
' (ft) (ft)
L. Bank 18.9
1 21.0 0.50 0.20 40 42.5 2.07
2 23.0 0.60 0.24 40 40.8 2.16
3 25.0 0.30 0.12 40 42.9 2.05
4 27.0 0.60 0.24 40 35.9 2.45
5 29.0 0.60 0.24 40 56.1 1.58
6 31.0 0.65 0.26 40 50.8 1.74
7 33.0 0.70 0.28 40 43.3 2.03
8 35.0 0.55 0.22 40 39.7 2.22
9 37.0 0.55 0.22 40 42.5 2.07
10 39.0 0.70 0.28 40 36.5 241
11 41.0 0.60 0.24 40 50.3 1.75
12 43.0 0.65 0.26 40 34.8 2.53
13 45.0 0.80 0.32 40 46.1 1.91
14 47.0 0.70 0.28 40 51.7 1.71
15 49.0 0.50 0.20 40 48.6 1.82
16 51.0 0.70 0.28 40 35.3 2.49
17 52.0 0.70 0.28 40 36.9 2.38
18 53.0 1.00 0.40 40 36.4 2.42
19 54.0 1.10 0.44 40 34.6 2.54
20 56.0 1.30 0.52 50 39.8 2.76
21 58.0 1.40 0.56 40 54.3 1.63
22 60.5 1.90 0.76 15 78.2 0.44
23 62.0 0.00 0.00 0 0.0 0.00
R. Bank 62.9
Pin 68.0




Appendix B2 — Tucannon Survey Data

TABLE B-1. SURVEY DATA FOR THE TUCANNON RIVER (PG 1 OF 2).

Field Personnel: P. Flanagan, T. Hauser, and L. Olinde Date:_ June 2003
Horizontal [ Vertical | Distance Height X Y
Location Angle Angle (ft) (ft) (ft) (ft)
Instrument| Rod
TP No. 1 5.35 100.00
Cross section 8 - RB pin 0.000 88.423 116.695 8.00 116.65 100.56
Cross section 8 - LB pin 28.099 89.891 142.925 500 14292  100.62
Cross section 7 - LB pin 78.588 90.510f 74.495 5.60 74.49 99.09
Cross section 7 - RB pin 57.070 90.726 8.695 5.60 8.69 99.64
Cross section 6 - LB pin 172.962 91.205 158.955 480 158.92 97.21
TP No. 2 221.387 90.332 156.020 4.80 156.02 99.65
Backsiteto TP No. 1 0.000 89.825 155.970 5.28 530 155.97 100.10
Cross section 6 - RB pin 43.553 90.658  84.875 4.80 84.87 99.15
Cross section 5- RB pin 138.909 98.544  27.920 5.28 4.80 27.61 95.98
Cross section5- LB pin 135.048 90.899  77.455 8.00 77.45 95.71

Notes:
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TABLE B-1. SURVEY DATA FOR THE TUCANNON RIVER (CONTINUED PG 2 OF 2).

Field Personnel: P. Flanagan, T. Hauser, and L. Olinde Date:_ June 2003
Horizontal | Vertica | Distance Height X Y
Location Angle Angle (ft) (ft) (ft) (ft)
Instrument| Rod
Cross section 4 - RB pin 169.965 98.205  40.700 4.80 40.28 94.32
Cross section 4 - LB pin 151.514 90.793  73.545 8.00 73.54 95.91]
Cross section 3 - RB pin 192.519 95.899 53.935 4.80 53.65 94.59
Cross section 3- LB pin 164.768 93.113 84.770 4.80 84.64 95.52,
Cross section 2 - RB pin 207.824 90.095 163.305 850 163.30 96.16
Cross section 2 - LB pin 190.106 91.841 172.455 5300 172.37 94.09
TP No. 3 221.105 92.022 136.545 5.28 500 136.46 95.11]
Backsiteto TP No. 2 0.000 88.350 136.520 5.53 4771  136.46 99.80
TP No. 4 163.889 89.8841 162.390 5.53 500 162.39 95.97|
Backsiteto TP No. 3 0.000 90.535 162.495 5.55 477  162.49 95.23
Cross section 1 - RB pin 168.513 88.959  50.130 5.55 8.00 50.12] 94.43
Crosssection 1 - LB pin 133.705 92.6060  85.005 5.55 5.00 84.92) 92.66

Notes:
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Appendix B3 — Substrate Data

Table B3-1. Substrate Codes for Tucannon River at Marengo

Cross-Section

Cell | Downstream Upstream
No. No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8
LB 01.9 73.8 80.8 84.8 25.8 75.8 45.8 45.9
1 01.9 73.8 80.8 84.8 25.8 75.8 56.8 45.9
2 01.9 64.8 83.8 56.8 98.9 75.8 56.8 54.8
3 01.9 64.8 83.8 36.8 219 87.9 56.8 54.8
4 45.8 64.8 53.8 34.5 219 86.9 64.9 45.9
5 45.8 54.8 53.8 34.5 98.9 86.9 64.8 45.9
6 85.7 54.8 37.8 53.8 98.9 45.8 65.8 56.8
7 56.8 54.8 37.8 53.8 98.9 35.8 65.8 56.8
8 56.8 45.8 57.8 56.8 48.8 46.8 65.8 56.8
9 45.8 45.8 57.8 56.8 48.8 86.8 64.6 56.6
10 45.8 64.8 34.6 75.8 98.9 98.9 64.6 56.8
11 45.7 64.8 63.8 75.8 98.9 98.9 46.8 56.8
12 45.7 64.8 63.8 65.8 98.9 98.9 45.8 56.8
13 45.7 76.8 75.8 65.8 78.8 98.9 45.8 56.6
14 45.8 76.8 75.8 65.8 78.8 46.8 45.8 56.5
15 45.8 76.8 56.5 75.8 65.9 46.8 45.8 56.5
16 45.8 65.8 56.5 75.6 65.9 46.8 45.8 65.8
17 53.8 65.8 64.8 85.9 65.8 56.8 65.8 65.8
18 53.8 57.8 64.8 56.8 76.8 56.8 65.8 57.8
19 45.6 56.8 64.8 56.8 85.8 45.8 65.8 57.8
20 45.8 56.8 64.8 73.8 89.9 46.6 65.8 65.8
21 45.8 56.8 65.8 715 57.8 46.7 65.8 65.8
22 54.8 56.8 65.8 01.9 57.8 45.8 65.8 57.8
23 54.8 57.8 75.6 46.8 24.8 45.8 65.8 56.8
24 54.8 85.9 75.6 35.8 89.9 98.9 65.8 56.8
25 75.8 75.8 63.8 03.8 56.8 65.8 56.8
26 65.8 56.8 46.8 03.8 45.8 56.7 56.8
27 60.9 64.8 46.8 45.8 45.8 46.8 56.8
28 60.9 45.7 46.8 45.8 43.8 65.9 65.8
29 72.8 36.8 54.8 76.8 65.8
30 95.8 36.8 65.8 65.8
31 09.8 35.8 65.8 65.8
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