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WDFW-Ecology Wind River Instream Flow Study 

 

 

During spring and summer, 2007, staff from Washington Department of Fish and 

Wildlife (WDFW: Hal Beecher, Steve Boessow, Donna Hale Bighouse, Jonathan Kohr, 

Paul LaRiviere, Ryan Murphy, Bob Vadas, Alan Wald) and Washington Department of 

Ecology (Brad Caldwell and Jim Pacheco) conducted an instream flow study in the Wind 

River in an area we believe to be most sensitive to low flows.  Mr. W.D. Pruitt, a member 

of the WRIA 29 (west) watershed planning unit provided guidance in finding our study 

site.   

 

The purpose of the instream flow study was to evaluate how much physical habitat 

(suitable combinations of depth, velocity, substrate, and cover) for different life stages of 

different fish species occurs at different flows.  We know that a dry streambed is bad for 

fish, but how much more or less habitat is provided by different amounts of flow?  We 

provide suggestions on instream flows, but these are to provide a starting point for 

discussion.  Others may have insights into fish ecology of Wind River fishes that we 

lacked or didnôt consider.  Different entities may have different priorities for different 

fish stocks and those priorities should be considered before finalizing instream flows. 

 

The basis of instream flow studies to evaluate habitat is stream area and habitat quality.  

Higher flow leads to a wider stream with greater area.  Habitat quality varies with flow, 

too.  A patch of stream habitat can be too shallow, too deep, or just right.  It can be too 

stagnant, too swift, or just right.  And other attributes (substrate or channel bed material 

or cover, as well as water quality) can be suitable, somewhat suitable, or unsuitable.  

What combinations of these features are best for what fish at what flows?   

 

Instream flows discussed in this report are limits on future water rights.  They would not 

affect existing rights.  They would not guarantee the instream flow, but would merely 

prohibit new water rights from being exercised when flow is less than the instream flow.  

They would also constitute a limit, so that when flow drops below the instream flow, new 

junior water rights would be required to cut back until the instream flow was met.  

Natural flows in natural channels provide the habitat to which native fishes have adapted.  

Any recommendations provided in this report are intended to minimize adverse impact to 

fish habitat, not to improve upon nature.  Instream flows are a means to try to fulfill 

peopleôs needs for water while protecting fish and other instream resources valued by 

people.                                                                                 

 

The Wind River supports a number of both resident and anadromous fish species (WDF 

and WDW 1993; WCC 1999; Blakley et al. 2000; LCFRB 2004; WDFW 2004).  

Historically, summer and winter steelhead, coho, fall Chinook, chum, sea-run cutthroat, 

and resident rainbow and cutthroat trout were present in the basin
1
.  Bull trout/Dolly 

                                                 
1Fall Chinook, coho, and winter steelhead donôt get above Shipherd Falls.  Although sea-run 

cutthroat trout arenôt abundant above Bonneville Dam, they are still found in the Wind and Hood 

(Oregon) rivers. 
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Varden char do not spawn in the Wind River
2
.  Chinook, steelhead, coho, and chum 

salmon have been listed as Threatened under the Endangered Species Act (ESA).  Spring 

Chinook were introduced as a non-native hatchery stock in the 1950ôs.  They are not 

included in the Chinook ESA listing.   

 

Shipherd Falls, actually a set of four 10-15 foot falls, is located at approximately RM 2 

and historically blocked all anadromous fish except for summer steelhead (WCC 1999).  

A ladder was constructed at the falls in 1956, as part of the spring Chinook introduction 

program to provide fish access to the upper watershed.  Currently, natural spawning of 

spring Chinook occurs in limited numbers from the mouth of Paradise Creek (RM 25) 

downstream approximately 10 miles (WDF and WDW 1993; LCFRB 2004).  

 

Besides instream passage constraints via these falls, a mainstem dam, and tributary 

culverts, anadromous salmonid migrations here are affected by Columbia River pollution, 

habitat, and Bonneville Dam passage problems (WDF and WDW 1993; WCC 1999; 

LCFRB 2004).  Given the canyon conditions downstream, natural limiting factors include 

winter flooding and spawning gravel abundance, as affected to some extent by Gifford 

Pinchot National Forest logging/snagging operations.  The present study addresses the 

potential for instream flow as a limiting factor for anadromous salmonids. 

 

Study Site Selection and Field Measurements 

In 1998, Brad Caldwell and Hal Beecher attempted to conduct an instream flow study for 

the Wind River.  Their objectives were to find a location near the lower end of the 

watershed that was representative of the Wind River and that was reasonably accessible.  

But much of the lower Wind River is bedrock canyon, a fish habitat type that is usually 

less sensitive to flow reduction than habitat in less confined reaches.  They abandoned 

efforts to conduct the study because accessible sites near the mouth were either 

unmeasurable without a combination of mountaineering and white water boating 

approaches, or were unrepresentative of the reach of interest.   

 

For this study, we broadened our focus to flow-sensitive reaches that were not too far 

upstream from the mouth.  Far upstream sites would be relatively immune to effects of 

future withdrawals, as most such withdrawals would be downstream where human use is 

most concentrated; a site subject to effects of withdrawal is more indicative of the 

impacts of future water use on fish habitat.  A previously operated streamflow gage in the 

more flow-sensitive reach also allows comparison to the existing gage and flows 

measured there.  The two gages were operated concurrently for a number of years, thus 

allowing direct comparison. 

 

Criteria for site selection were (1) minimal bank confinement by bedrock or cliffs and (2) 

to be downstream of most diversions that might be authorized after completion of the 

flow study.  The site chosen was where the Pacific Crest Trail crosses the Wind River at 

                                                 
 
2But char can be found in low numbers rearing there. 
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river mile 12.4.  The site coincides with the site of a previous streamflow gage 

(14127000; see Figure 1 for location of study site and other landmarks in the basin). 

 

Steps in the study include: 

(1) site selection; 

(2) transect (cross-section) selection and marking; 

(3) survey elevations of bed at transects; 

(4) survey water surface elevations (WSELs) at three or more measured flows, usually 

with each at about half the discharge of the previously surveyed flow; 

(5) measure depths and velocities at consistent locations across each transect at three or 

more discharges; 

(6) record substrate composition and cover at each point where velocity and depth are 

measured; 

(7) measure distances between transects; 

(8) enter the data into RHABSIM or similar instream flow computer model;  

(9) calibrate stage-discharge relationships for each transect;  

(10) calibrate velocity model; 

(11) enter habitat suitability criteria for species and life stages of interest;  

(12) generate the relationships between habitat indices (weighted usable area or WUA) 

and flow for each species and life stage of interest; and 

(13) evaluate different water management options through time by considering WUA 

vs. flow, life history timing, and hydrology. 

The dates and discharges when each of these activities was done are shown in Table 1. 

 

We established 10 transects over about half a mile of the Wind River upstream and 

downstream of the Pacific Crest Trail bridge.  We numbered them from 1 at the 

downstream end to 10 at the upstream end.  At the higher (May) flow that we measured 

in detail, about 25-35 measurement points (where we took depth and velocity) were in the 

water at each transect.  We measured at the same points (determined from distances on a 

measuring tape tied off at the same points each time) at each of the three calibration 

flows.  Tapes were anchored so that the end of the tape was on the left bank (defined as  

facing downstream).  Depth and velocity measurements were taken by wading with a 

Swoffer propeller current meter attached to a top-setting wading rod calibrated in 0.1 foot 

increments.  Fewer points were measured at low flow, when some points were out of 

water.  Transects are characterized in Table 2.  Photographs of transects and an aerial 

view of the site are shown in Appendix A. 
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Figure 1.  Wind River basin showing study site. 
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Table 1.  Study activities by date and discharge.  Study activities are indicated as 1-13 (see page 

6 of text). 

 

Study 

Activity  

Late 

summer 

2006 

April 4, 

2007 

600 cfs 

May 30, 

2007 

250 cfs 

June 20, 

2007 

142 cfs 

August 6, 

2007 

73 cfs 

After 

August 

6, 2007 

1 + With 

W.D. Truitt 

     

2  +     

3    + +  

4  + + + +  

5   + + +  

6     +  

7    +   

8      + 

9      + 

10      + 

11      + 

12      + 

13      + 

 
Table 2.  Transects where instream flow study calibration was conducted.  See Appendix A for 

photos. 

  

Transect Description Average distance 

(ft) from next 

downstream 

transect (actual 

transect weighting 

in parentheses) 

Hydraulic control 

elevation (ft - 

relative, not MSL) 

1 Diagonal, steep riffle with 

bedrock control on left bank  

0 (110) 89.01 on transect 

2 Pool tail-out (pool tail run) with 

side channel on right bank 

79 (114.5) 89.01  (T1) 

3 Pool tail-out (pool tail run) 150 (141.75) 89.09  

4 Deep pool 133.5 (264.5) 89.09  

5 Deep pool head run 73.5 (78.25) 89.09 

6 Riffle/cascade with modest 

logjam on right bank 

83 (76.5) 89.72 

7 Broad shallow riffle/run 338 (97.5) 91.74 

8 Broad pool-tail run with 

longitudinal gravel bar and side 

channel on right bank 

195 (701.5) 93.40 

9 Broad, shallow pool 380 (157.5) 94.28 

10 Downstream end of 

riffle/cascade above pool 

280 (113.5) 94.28  
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Instream Flow Model Development and Calibration 

The data gathered at the river were entered into spreadsheets in the office.  They were 

then entered into the RHABSIM (Riverine HABitat SIMulation) program from Thomas 

R. Payne and Associates (Arcata, CA).  Subsequently, we calibrated the model.   

 

The RHABSIM program consists of several parts.  The hydraulic model predicts water 

depth and velocity at each of a number of locations (all points on all transects) at each 

flow modeled over a range of flows.  Substrate or cover is identified at each point and is 

assumed to be constant over all flows.  The habitat model (a) compares the depth, 

velocity, and substrate or cover at each point to habitat suitability criteria for each species 

and life stage of interest and (b) calculates weighted usable area (WUA) for each life 

stage of each species at each flow of interest (see below).  It then sums the WUA for all 

points on all transects, where each point is weighted by distances between itself and 

adjacent and upstream and downstream points
3
.  When transects are farther apart 

(because habitat is fairly uniform over a large length of stream), measurement points are 

weighted more heavily than when transects are close together. 

 

Hydraulic Model 

The hydraulic model is made up of a stage-discharge regression model and a velocity 

regression model; other options are available, but our approach requires the least 

assumptions and is the most transparent.  The stage-discharge relationship determines 

how deep the water is at each transect and modeled point.  The velocity model determines 

how fast the water in the model flows at each point for each flow of interest. 

 

Stage-Discharge Relationship 

The stage-discharge model is a log-log regression of plotting stage vs. discharge (flow) at 

each transect
4
.  Plotting stage equals WSEL ï SZF, where SZF is stage of zero flow, the 

water surface elevation at the instant the stream stops flowing; in a pool, SZF is level 

with the lowest point on the top of the downstream riffle-gravel bar.  Stage-discharge 

relationships should be nearly parallel lines, but at extremes these regressions may imply 

that a downstream WSEL is higher than an upstream WSEL, which is seldom true and 

suggests that the stage-discharge relationship is not valid at that extreme discharge.  If a 

downstream WSEL is substantially higher than an upstream WSEL, the hydraulic model 

should be considered invalid over the range of flows where this condition exists.   

Calibration of the stage-discharge relationship consists of comparing predicted WSELs  

with measured WSELs
5
.  

                                                 
3Intermediary, unsampled habitats of redundant nature were included with the weighting for two 

transects (4 and 8). 

 
4The stage was usually the average of the left and right bank WSELs, except where notable 

WSEL differences across a transect occurred via channel complexity (see below). 

 
5Calibration made sure that the model was realistic, in that (a) water flowed downhill (from 

transect 10 to 1) at all flows and (b) stage increased with discharge. 
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 In Table 3, WSELs at transects (from 1 ï downstream-most ï to 10 ï upstream-most) are 

shown for a series of modeled flows as well as the measured WSELs.  Bold numbers 

indicate some deviation from expected patterns.  Underlined bold numbers indicate 

surveyed (measured) differences that deviated from expected patterns.  Bold italic 

numbers are different enough that the model should not be used at that flow (1500 cfs 

only).   

 

Modeled WSELs should be close to measured WSELS; for transects 2 and 7 at 73 cfs; 

and for 1, 2, and 8 at 250 cfs they differ by more than 0.1 ft (slightly more than an inch).  

At each flow WSEL should increase from transect 1 through 10, or at least not decrease; 

at 29.2 cfs and 73 cfs, transects 9 and 10 are out of sequence; at 250 cfs, 600 cfs, and 

1500 cfs, transects 1 and 2 and transects 4 and 5 are out of sequence.  With the exception 

of 1500 cfs, we consider the errors to be acceptable, with negligible consequences to 

subsequent computations of fish habitat.   

 
Table 3.  Comparison of measured and modeled waters surface elevations (WSELs) at transects.  

Elevations are related to an arbitrarily assigned elevation of 100.00 feet at the benchmark.  

Actual elevation relative to mean sea level is above 900 feet.  Bold numbers indicate some 

deviation from expected patterns.  Underlined bold numbers indicate surveyed (measured) 

differences that deviated from expected patterns.   

 

WSELs 

modeled 

at 

Transects 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

29.2 cfs - 

modeled 

90.18 90.45 90.50 90.54 90.59 90.79 92.62 94.44 94.98 94.94 

           

73 cfs ï 

modeled 

90.53 90.76 90.90 90.97 91.00 91.20 92.89 94.76 95.28 95.26 

73 cfs ï 

measured 

90.54 90.63 90.94 91.02 91.02 91.20 93.01 94.69 95.29 95.25 

           

142 cfs ï 

modeled 

90.84 91.03 91.25 91.37 91.37 91.59 93.14 95.05 95.58 95.58 

142 cfs ï 

measured 

90.81 91.05 91.27 91.32 91.35 91.62 93.14 94.99 95.60 95.62 

           

250 cfs ï 

modeled 

91.16 91.29 91.61 91.76 91.75 92.00 93.40 95.35 95.91 95.94 

250 cfs ï 

measured 

91.04 91.16 91.54 91.72 91.69 91.97 93.39 95.17 95.83 95.89 

           

600 cfs ï 

modeled 

91.76 91.75 92.28 92.52 92.45 92.84 93.90 95.93 96.59 96.70 
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600 cfs 

measured 

91.84 91.79 92.34 92.55 92.46 92.92 93.92 95.88 96.64 96.71 

           

1500 cfs ï 

modeled 

92.57 92.34 93.17 93.54 93.37 94.03 94.57 96.71 97.59 97.86 

 

 
Bed Elevation and Water Surface Elevation Calibration 

The RHABSIM model operates on the assumption that the surface of the water across a 

transect is flat (i.e., a single WSEL applies across each transect).  In real rivers, 

particularly in riffles and rapids or where there is more than one channel, water surfaces 

are not flat across a transect.  Our surveys and our eyes show that the surfaces are not flat, 

but we need to make the model work by calibration adjustments.  Where differences 

across a transect are small, taking an average water surface elevation may suffice.  Where 

differences are large (>0.5 ft), the bed may be adjusted to accommodate the discrepancy; 

this is most likely where a gravel bar separates a side channel from the main channel (as 

for transect 8).  

 

Table 4 summarizes bed elevation changes made in the course of model calibration.  A 

complete table of all original and final bed elevations is provided in Appendix B. 

 
Table 4.  Calibration changes to measured bed elevations 

 

Transect Number of points 

on transect where 

bed elevations are 

specified 

Number of 

bed 

elevation 

changes in 

calibration 

Reason for bed elevation changes 

1 46 3 Added 0.40 ft to bed, because the 

model put water in it at flows where 

we found no water 

2 47 1  

3 46 0  

4 48 0  

5 46 1  

6 49 1  

7 56 3  

8 73 15 Right bank side channel much lower 

than main channel; raised bed 

elevations by 1.55 ft to (a) keep 

WSELs and (b) depths similar 

9 62 1  

10 55 0  
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Velocity Simulation and Calibration 

The velocity model option that we used is based on a 3-point log-log regression of 

velocity and stage.  If only two points are available, a 2-point line (log-log regression) is 

run
6
.  If only a single point is provided (i.e., velocity at other two flows are 0, including 

dry or unmeasured), a Manningôs equation is fit to the single velocity and that is used to 

estimate velocities at other stages (discharges).  If no velocities are provided for a point, 

the Manningôs equation that applies to the nearest measured point is applied. 

 

Velocity calibration entails adjusting model input with the goals of (1) having the model 

predict velocities close to what was measured and (2) having the model make realistic 

extrapolations to flows above and below the measured flows.  These two goals sometimes 

conflict, but at flows where both goals are met, we consider the model to be reliable.  

Number of changes made to the model input are shown in Table 5 below, and a complete 

list of changes is provided in Appendix C.  

 

Our standard for having the model predict velocities close to what was measured is that a 

predicted velocity should be within 20% and/or 0.20 feet per second (fps) of the 

measured velocity.  If we measure a velocity of 0.35 fps, then a modeled velocity from 

0.15-0.55 fps (+0.20 fps) would be considered satisfactory model performance at that 

point (cell).  If we measured 1.00 fps, then a modeled velocity from 0.8-1.2 fps (+0.20 fps 

and +20%) would be considered satisfactory performance.  If we measured 5.00 fps, then 

a modeled velocity from 4.00-6.00 fps (+20%) would be considered satisfactory.   

 

Our standard for model predictions within 20% and/or 0.20 fps is based on fish 

sensitivity.  Small fish commonly occupy low velocities (<1 fps) and an error of 0.20 fps 

would not have severe consequences for fish.  Adult trout and salmon often occupy 

velocities up to 2.5 fps, and spawning fish use even faster water up to 3.5 fps.  Above 4.0 

fps, fish use declines abruptly, so 20% errors, even though larger absolute values, would 

be unlikely to greatly affect computations of fish habitat. 

 

Table 5.  Changes to input water velocities during calibration 

 

Transect Wet cells 

@ 250 cfs 

Velocities 

changed in 

250 cfs 

input  

Wet cells 

@ 142 cfs 

Velocities 

changed 

in 142 cfs 

input  

Wet cells 

@ 72 cfs 

Velocities 

changed 

in 72 cfs 

input  

1 27 8 26 8 24 11 

2 36 1 35 3 30 8 

3 27 0 25 0 23 1 

4 23+6 too 

deep/fast 

0 29 1 28 0 

                                                 
6For the deep pool of transect 4, we couldnôt measure the deepest, fastest cells out in the middle 

on May 30, such that two-point regressions were used to estimate velocities at a flow of 250 cfs 

(for WUA calculations).  As the velocity regressions werenôt overly steep, the estimated 

discharge was similar to that measured at other transects, thus validating this method.  Depths 

there were estimated via the transect's stage-discharge relationship relative to bed elevations.    
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5 21+3 too 

deep/fast 

8+2 

estimates of 

unmeasured 

velocities 

28 8 27 8 

6 20 4 20 3 20 4 

7 34 4 33 2 29 4 

8 49 0 40 3 30 4 

9 35 0 30 2 27 2 

10 42 1 37 3 31 4 

 

Normally, WDFW standards are to put a priority on keeping cell velocity predictions at 

least as good as measured.  For the Wind River study, we believe that the model will be 

most useful to the planning unit if it covers a wider range of flows, as indicated by the 

Velocity Adjustment Factors (VAFs), provided the velocity predictions do not decline too 

drastically.  We achieved a mix of some transects where the calibrated velocity 

predictions were an improvement (e.g., transects 2, 3, 5, and 6 at 250 and 142 cfs; 

transects 7, 8, and 10 at 250 cfs; transect 4 at 73 cfs), but at the expense of several 

transects (transects 1, 5, and 8 at 142 and 73 cfs; transects 2, 3, 6, 7 at 73 cfs; transects 4 

and 10 at 142 cfs; transect 9 at 250, 142, and 73 cfs), as shown in Table 6.  In all cases, 

well over half the measured cells had simulated velocities within the preferred range, and 

most deviations from the preferred range were generally small (within 30% of measured 

velocities). 

 
Table 6.  Accuracy of velocity modeling in raw and final hydraulic model 

 

Transects Proportion of cells within 20% and/or 0.20 fps of measured 

velocities 

250 cfs 142 cfs 73 cfs 

1 ï raw 0.888889 0.807692 0.88 

1 ï calibrated 0.888889 0.615385 0.84 

    

2 ï raw 0.861111 0.8 0.966667 

2 ï calibrated 0.972222 0.885714 0.833333 

    

3 ï raw 0.925926 0.92 1 

3 ï calibrated 0.962963 0.96 0.956522 

    

4 ï raw 1 1 0.964286 

4 ï calibrated 1 0.965517 1 

    

5 ï raw 0.809524 0.785714 0.925926 

5 ï calibrated 1 0.821429 0.888889 

    

6 ï raw 0.8 0.7 1 

6 ï calibrated 0.95 0.75 0.95 
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7 ï raw 0.911765 0.794118 0.821429 

7 ï calibrated 0.941176 0.794118 0.785714 

    

8 ï raw 0.959184 0.804878 0.896552 

8 ï calibrated 0.897959 0.780488 0.862069 

    

9 ï raw 0.742857 1 1 

9 ï calibrated 0.657143 0.933333 0.962963 

    

10 ï raw 0.809524 0.815789 0.870968 

10 ïcalibrated 0.833333 0.789474 0.870968 

 

In some cases, extrapolation of a velocity-discharge relationship would result in 

unrealistic velocities at higher or lower flows.  Velocities much above 10.00 fps are 

suspect, but they can occur (and commonly occur in large rivers).  Unusual distributions 

of velocities across a transect are also signals for caution.  The model generates an 

indicator of model reliability, the VAF (Table 7), at each transect at each flow.  When 

VAFs are close to 1.00, the model is performing well, given that VAF is the comparison 

ratio for two different ways of calculating discharge.  We consider a VAF between 

0.8000 and 1.2000 to be acceptable, consistent with our velocity standards. 

 

 
Table 7.  Velocity Adjustment Factors (VAFs) at each transect with initial and calibrated 

hydraulic models.  Flows in parentheses indicate missing data at more extreme discharges.  

 

Transect  Flow 

(cfs) 

and 

VAF 

at low 

end of 

model 

VAF 

29.2 

cfs 

VAF 

73 cfs 

ï low  

VAF 

142 cfs 

ï 

medium 

VAF 

250 cfs 

ï high 

VAF 

600 cfs 

Flow 

(cfs) 

and 

VAF 

at 

high 

end of 

model 

VAF 

1500 

cfs 

1 ï raw   0.9367 1.0245 0.8493 0.0455  0.0002 

1 ï 

calibrated 

20 cfs 

0.8272 

0.8124 0.8180 0.8628 0.8818 0.8058 (600 

cfs) 

0.5851 

         

2 ï raw   0.9469 0.9696 0.9023 0.4405  0.0605 

2 ï 

calibrated 

(29.2 

cfs) 

0.8046 0.9289 0.9447 0.9368 0.8522 800 

cfs 

0.8072 

0.6835 

         

3 ï raw   0.9420 0.9638 0.9419 0.7049  0.2491 

3 ï 

calibrated 

20 cfs 

0.8642 

0.8922 0.9354 0.9548 0.9535 0.8810 900 

cfs 

0.8026 

0.6634 
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4 ï raw   0.9725 1.0154 0.9933 0.8460  0.5947 

4 ï 

calibrated 

(29.2 

cfs) 

0.8133 0.9686 1.0125 0.9908 0.8443 700 

cfs 

0.8065 

0.5935 

         

5 ï raw   1.1663 1.2186 1.1857 1.0215  0.7712 

5 ï 

calibrated 

40 cfs 

0.8413 

0.7751 0.9560 1.0564 1.1126 1.1376 1600 

cfs 

1.0767 

1.0833 

         

6 ï raw   0.9925 0.9733 0.9093 0.6616  0.2610 

6 ï 

calibrated 

20 cfs 

1.1198 

1.0314 1.0980 0.9923 0.9530 0.8331 700 

cfs 

0.8055 

0.6451 

         

7 ï raw   1.1646 1.1368 1.0996 0.7460  0.1093 

7 ï 

calibrated 

50 cfs 

1.1842 

1.3143 1.1644 1.1349 1.1265 1.1230 1600 

cfs 

1.1091 

1.1113 

         

8 ï raw   0.9065 0.9469 0.9616 0.6838  0.0387 

8 ï 

calibrated 

20 cfs 

0.8402 

0.8651 0.9442 0.9955 01.0202 0.9964 1600 

cfs 

.8474 

0.8394 

         

9 ï raw   1.0725 1.1254 1.1234 0.9107  0.1700 

9 ï 

calibrated 

20 cfs 

0.8706 

0.9374 1.0668 1.1171 1.1235 1.0477 1600 

cfs 

..8895 

0.9004 

         

10 ï raw   1.0879 1.1472 1.0738 0.6591  0.1868 

10 ï

calibrated 

40 cfs 

0.8566 

0.7701 1.0014 1.0934 1.0936 0.9122 800 

cfs 

0.8103 

0.5600 

 

 

Hydrology of the Wind River 

The U.S. Geological Survey (USGS) has operated two stream gages on the Wind River, 

and one of those, located near the mouth (14128500 ï Wind River near Carson at RM 

1.9, drainage area = 225 square miles), is currently operating and has operated since 

October 1, 1934.  The other gage (1412700 ï Wind River above Trout Creek at RM 12.4, 

drainage area = 108 square miles) was operated from October 1, 1944, through 

September 1969 at our study site.  Both gages were operated concurrently during the 

1940s-1960s, allowing comparison of the two gages.  We compared daily flows at the 

two gages from October 1944-December 1948 and January 1968-September 1969.  Over 
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all dates, discharge at the upper gage (1412700) was 45.6% of the discharge at the lower 

gage, and if the daily percentages are averaged, is 46.25%, with individual values ranging 

from 26.2% to 67.1%, but most are clustered near the means.  Drainage area of the upper 

gage is 48% of the drainage area of the lower gage. 

 

WIND RIVER NEAR CARSON, WA

Combined Flow Exceedence Probability Hydrograph
USGS 14128500; RM 1.9; Period of Record: 1934 - 1980

with US Forest Service Gage RM 1.9; 2005-2007
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Figure 2.  Hydrology of the Wind River near Carson (USGS gage 14128500).   

 

High flows begin in the fall with fall rains and continue through March, then decline 

gradually with snowmelt through spring and early summer, reaching low flows in late 

summer and early fall (Figure 2).  Over the six years when daily discharges (cfs) were 

compared, discharges at 1412700 were tabulated by month in Table 8.  More extreme 

maxima and minima are likely if more years are reviewed, but these figures should reflect 

recent hydrology reasonably well.  See Appendix D for monthly summaries of mean, 

median, low, and high flows at both gages during water years 1945-1948 and 1968-1969. 

 



 17 

Table 8.  Discharges (cfs) at the study site measured October 1944-December 1948 and January 

1968-September 1969 

 

Month Mean daily 

discharge 

(cfs) 

Median 

daily 

discharge 

Maximum 

daily 

discharge 

Minimum 

daily 

discharge 

Proportion 

of daily 

discharges 

less than 

1,000 cfs 

October 271 103 2440 52 0.952 

November 672 477 3460 72 0.822 

December 914 754 6210 174 0.737 

January 901 676 2720 174 0.694 

February 956 685 5500 258 0.771 

March 740 677 1690 243 0.806 

April  744 660 1640 342 0.944 

May 725 778 1700 185 0.790 

June 391 355 1390 137 0.994 

July 173 158 466 97 1.000 

August 114 109 514 72 1.000 

September 113 94 304 68 1.000 

 

 

Fish Habitat Available at Different Flows 

 

Calculation of habitat (WUA) 

The instream flow model calculates the amount of physical microhabitat at each rectangle 

or cell of stream at each flow (discharge) of interest, then it sums all these small 

increments of microhabitat to yield the weighted usable area (WUA) for the stream reach.  

The units for WUA are square feet of habitat per 1,000 feet of stream length.  Although 

each cell (rectangular area of stream centered on and characterized by a measurement 

point) has its own WUA at each flow (where WUA is the area of the cell multiplied by 

the quality of the habitat), when WUA results are presented they represent the sum of all 

cells in the study site.  Cell area is its width multiplied by its length.  The width of the cell 

is determined by the distance along each transect to measurement points (sometimes 

called ñverticalsò).  In Appendix C, the left column gives distances along each transect.  

Cells are centered on these measurement points and extend laterally halfway to the next 

measurement point on either side.  Cell lengths typically extend halfway to the next 

transect upstream and downstream (see above)
7
. 

 

Habitat quality of each cell is a product of habitat suitability of depth multiplied by 

habitat suitability of velocity multiplied by habitat suitability of substrate or cover. 

                                                 
7Cell lengths extend to the end of the habitat units that contain the terminal transects (1 and 10). 
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Whereas substrate suitability was used for spawners
8
, the higher of substrate or cover 

suitability was used for juveniles.   Habitat suitabilities are listed as habitat suitability 

criteria, sometimes called habitat preference curves (WDFW and WDOE 2004).  Habitat 

suitabilities range between 0.00 and 1.00, with 1.00 being the most preferred habitat 

condition and 0.00 being unusable.  Habitat suitabilities are determined by comparing 

habitat conditions used by fish to habitat conditions available to fish.  Although 0.8 seems 

quite good habitat suitability, if all three suitabilities are 0.8, then the combined 

suitability is only 0.8 x 0.8 x 0.8 = 0.512. 

 

Spawning habitat 

Spawning habitat as a function of discharge is shown on Figure 3 and in Table 9.   

 

Chinook salmon in the Wind River spawn during August through October, although 

above Shipherd Falls (i.e., at the study site) only spring Chinook spawn and their 

reproduction is completed by September (WDF and WDW 1993; WCC 1999).  Spring 

Chinook spawn during the lowest flow months.  Spawning habitat for Chinook salmon is 

maximized at 250-300 cfs at the study site, when mean daily flows are about 110-115 cfs 

and median daily flows are about 100 cfs during August and September; however, flows 

can exceed 300 cfs or be less than 70 cfs.  In these months, any additional withdrawal of 

water from the river, either directly or indirectly, would reduce the amount of spawning 

habitat for Chinook salmon.  Fall Chinook spawn downstream from Shipherd Falls
9
.  

Although the habitat is different below Shipherd Falls compared to what we modeled, we 

expect that flows to provide Chinook spawning habitat at our study site would provide 

fall Chinook spawning habitat below Shipherd Falls, because our study site was chosen to 

be sensitive to flow. 

 

Coho salmon spawn during October through December below Shipherd Falls, and they 

spawn more frequently in tributaries than in the mainstem (WCC 1999)
10

.  In the Wind 

River basin, coho salmon are known to spawn in the Little Wind River, and they may 

also spawn in other parts of the lower Wind River basin.  To the degree that our study site 

represents coho salmon spawning habitat response to flow, 200 cfs maximizes coho 

spawning habitat at a season when flows usually exceed 200 cfs. 

 

Steelhead spawn in spring (primarily March-May, but some pairs may spawn earlier or 

later) (WDF and WDW 1993; WCC 1999), with maximum spawning habitat at 400 cfs.  

During this season, flow is often 600-800 cfs.  Cutthroat trout are also spring spawners
11

, 

                                                 
8Substrate was used when cover did not clog the bed to make it inaccessible for spawning (not an 

issue at our Wind River site). 

 
9Including both tule and bright fall Chinook runs. 

 
10Wild coho production does occur in the Wind River (Johnson et al. 1991). 

 
11Spawning occurs during January-June for anadromous and resident cutthroat runs near 

Bonneville Dam (Blakley et al. 2000). 
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but they generally spawn in small tributaries, such that their optimal flow (150 cfs) is 

more relevant to their mainstem needs during upstream migration (see below).   
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Figure 3.  Spawning habitat (WUA) at different flows in the Wind River at the Pacific Crest Trail.   
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Table 9.  Spawning habitat (WUA) and percent of maximum habitat at different flows in the Wind 

River at the Pacific Crest Trail.  Maximum habitat flows are boldfaced for each species and life 

stage 

 

Flow 

(cfs) 

Chinook 

Spawning 

WUA 

Coho 

Spawning 

WUA 

Steelhead 

Spawning 

WUA 

Cutthroat 

Spawning 

WUA 

Chinook 

Spawning 

% WUA  

Coho 

Spawning 

% WUA  

Steelhead 

Spawning 

% WUA  

Cutthroat 

Spawning 

WUA 

12.5 394 2855 42 1212 1% 17% 0% 19% 

25 1930 4798 313 1841 7% 29% 1% 28% 

50 7338 9194 1594 3071 26% 55% 6% 47% 

75 12621 12305 3984 3965 45% 73% 16% 61% 

100 17338 14553 6712 5007 62% 87% 27% 77% 

150 24129 16552 12745 6475 86% 99% 52% 100% 

200 26730 16804 17975 5921 95% 100% 73% 91% 

250 28035 16703 21406 5057 100% 99% 87% 78% 

300 28073 16216 23602 3763 100% 96% 96% 58% 

350 27115 15256 24555 2654 97% 91% 100% 41% 

400 25740 14221 24668 2010 92% 85% 100% 31% 

450 23814 13013 23529 1572 85% 77% 95% 24% 

500 21767 11915 22415 1347 78% 71% 91% 21% 

550 20387 11111 21054 1220 73% 66% 85% 19% 

600 18869 10439 19651 1113 67% 62% 80% 17% 

650 17534 9848 18104 968 62% 59% 73% 15% 

700 16390 9433 17022 781 58% 56% 69% 12% 

750 15544 9150 16054 666 55% 54% 65% 10% 

800 14847 9006 15216 582 53% 54% 62% 9% 

 

 

Incubation 

Suitable incubation flows are determined by spawning flows.  Flow should not decrease 

much below spawning flows during the incubation period, depending on the depth of 

spawning.  If spawning occurs in deep water, then considerable reduction in flow can 

occur without risking dewatering of the eggs, but most salmon and trout spawn in 

riffle/run habitats that only cover the backs of the adults.  As a rule of thumb, we 

recommend that incubation flow should not be less than 2/3 of the spawning flow.  For 

Chinook salmon, flows generally increase during incubation, except during the early 

stages.  For coho salmon, flows during incubation are variable.  For steelhead and 

cutthroat trout, flows decline during incubation, so they are vulnerable to any actions that 

worsen the drop in flows during spring and early summer. 

 

Rearing 

Juveniles of steelhead, cutthroat trout, coho salmon, and spring Chinook salmon rear for 

extended periods in streams and rivers.  Steelhead and cutthroat have the longest 

freshwater rearing, typically two years for steelhead and sea-run cutthroat (below 

Shipherd Falls) and lifelong for resident cutthroat.  Coho salmon rear for an entire year or 
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more, and spring Chinook may rear for as long as a year (but usually less for fall 

Chinook). 

 

Steelhead rearing habitat is maximized at 550-600 cfs (Figure 3 and Table 10).  In June-

October, when temperature is warmest and fish are most active and defend the largest 

territories, flow is usually less than 550 cfs.  Any reduction of flow during this season 

will reduce the habitat for rearing steelhead. 
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Figure 4.  Rearing habitat (WUA) at different flows in the Wind River at the Pacific Crest Trail 

 

Cutthroat rearing habitat is maximized at 300 cfs (Figure 3 and Table 10).  In July-

October, when temperature is warmest and fish are most active and defend the largest 

territories, flow is usually less than 300 cfs.  Any reduction of flow during this season 

will reduce the habitat for rearing cutthroat trout. 
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Coho salmon rearing habitat is maximized at 25 cfs, reflecting their preference for 

smaller tributaries (Figure 3 and Table 10) that are below Shipherd Falls. 

 

Chinook salmon rearing habitat is maximized at 100 cfs (Figure 3 and Table 10).  The 

lowest flows, which coincide with the warmest temperatures, can be less than 100 cfs, as 

we measured in late summer.  Thus, low flows can limit Chinook rearing habitat and 

additional water withdrawal could reduce juvenile habitat. 

 
Table 10.  Rearing habitat (WUA) and percent of maximum habitat at different flows in the Wind 

River at the Pacific Crest Trail 

 

Flow 

(cfs) 

Chinook 

Rearing 

WUA 

Coho 

Rearing 

WUA 

Steelhead 

Rearing 

WUA 

Cutthroat 

Rearing 

WUA 

Chinook 

Rearing % 

WUA 

Coho 

Rearing 

% WUA  

Steelhead 

Rearing % 

WUA 

Cutthroat 

Rearing % 

WUA 

12.5 1688 8553 1860 1412 19% 94% 17% 22% 

25 3241 8710 2869 2553 36% 95% 26% 40% 

50 6876 7817 4776 3996 76% 86% 43% 62% 

75 8297 7700 6321 4973 92% 84% 57% 77% 

100 9010 7537 7591 5618 100% 83% 68% 87% 

150 8807 6853 9538 6217 98% 75% 86% 97% 

200 8255 6639 10820 6272 92% 73% 97% 98% 

250 7880 6736 11071 6356 87% 74% 99% 99% 

300 7437 6812 10953 6432 83% 75% 98% 100% 

350 6878 6883 10864 6368 76% 75% 98% 99% 

400 6496 6820 10869 6370 72% 75% 98% 99% 

450 6392 6780 10946 6283 71% 74% 98% 98% 

500 6213 6930 11063 6022 69% 76% 99% 94% 

550 6125 7328 11142 5867 68% 80% 100% 91% 

600 6066 7750 11099 5757 67% 85% 100% 90% 

650 6018 7997 10989 5676 67% 88% 99% 88% 

700 5988 8347 10889 5645 66% 91% 98% 88% 

750 5987 8750 10840 5637 66% 96% 97% 88% 

800 5987 9129 10748 5622 66% 100% 96% 87% 

 

 

Migration 

Migration flows are not modeled, but they must be considered as part of instream flow 

management.  Salmon and steelhead migrate downstream to sea as juveniles (smolts) and 

upstream to spawn as adults.  Higher flows are generally associated with upstream 

migrations, and also for downstream migrations in the dam-impacted Columbia/Snake 

River mainstem system. 

 

Most salmon and steelhead smolts migrate to sea during spring snowmelt during March 

through May.  Small fish move downstream with the current.  Chinook salmon out-
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migration is often prolonged into the summer, so these smolts are particularly vulnerable 

to conditions associated with lower flows in the Columbia River. 

 

Upstream migration is also associated with higher (at least spawning-level) flows.  Spring 

Chinook migrate in the spring before flows decline and temperatures rise, allowing them 

to get upstream of partial barriers (e.g., rapids and waterfalls) before flow is too low for 

them to pass into cooler holding waters near spawning grounds.  Many summer-run 

steelhead also migrate upstream in spring, along with spring Chinook.  Winter-run 

steelhead have winter high flows to aid their migration, whereas coho salmon migrate 

upstream with fall freshets. 

 

Wetted width 

A simple index of the amount of habitat is wetted width (Figure 5), the average width of 

water.  The threshold flow for sudden habitat loss, i.e., the ñinflectionò point, appears to 

be 75 cfs, which is lower than most rearing and all spawning, habitat maxima for 

salmonids (Tables 9-10).   This index does not factor in other components of habitat 

quality, such as depth, velocity, cover, or substrate, but is a habitat index that is easy to 

visualize. 

 

Integration of Instream Flows by Season 

Several different salmonid life stages and species inhabit the Wind River together.  Flows 

that maximize habitat for one life stage of one species may not maximize habitat for 

another.  Although hydrologists use the water year beginning on October 1, we begin our 

analysis in August, when spring Chinook salmon begin to spawn. 

 

August-September 

Flows are lowest and temperatures are highest, meaning that metabolic needs for food 

and territory are high for all rearing species.  Spring Chinook are spawning.  Typical 

flows are around 100 cfs (Table 8), often less, in contrast to flows that maximize habitat 

for Chinook spawning (250-300 cfs; about 550-660 cfs at gage 14128500) and steelhead 

(550-600 cfs; about 1210-1320 cfs at gage 14128500) and cutthroat rearing (300 cfs; 

about 660 cfs at gage 14128500). 

 

So what are consequences of less rearing habitat?  It is not instantaneous death, but stress, 

that leads to poorer growth and lower likelihood of survival.  Some fish will be chased 

out of territories and pushed downstream, searching for vacant habitat.  But they stand 

little chance of claiming occupied territory, as occupants of territories have a significant 

advantage in the face of challenges.  The territory that might be unclaimed is likely to be 

poor quality, making it difficult for the fish to gain enough weight to be able to survive 

the winter.  For steelhead and coho, rearing habitat and associated flow has been related 

to overall production in terms of returning adult numbers.   
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Figure 5.  Wetted width at different flows in the Wind River at the Pacific Crest Trail 

 

Less spawning habitat could cause crowding of Chinook on spawning grounds, 

potentially leading to fighting, exhaustion, and incomplete spawning.  To the extent that 

natural production is important for the population, then spawning habitat could become a 

limiting factor. 

 

Although steelhead rearing habitat is maximized at 550-600 cfs, 200 cfs provides 97% of 

maximum steelhead rearing habitat; below 200 cfs, steelhead rearing habitat declines 

abruptly.  Steelhead rearing is probably the most critical consideration in this season for 

the Wind River, with flow reductions likely to affect this habitat, and ultimately, the 

steelhead population more than other probable effects.  In the years examined, flows at 

our study site were about 100 cfs, but flows over 400 cfs can occur.  Although 100-120 

cfs is a typical flow at this season (250-270 cfs at gage 14128500), higher flows occur; 

e.g., in 1968, the typical flows were around 160-170 cfs (220-400 cfs at gage 14128500).   

Setting an instream flow of 200 cfs (440 cfs at gage 14128500) during August and 
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September appears to be reasonably protective of steelhead rearing (97%), Chinook 

rearing (91%), Chinook spawning (95%), and cutthroat rearing (95%).  

 

It is also an option to set instream flows as 10% exceedance flows, when optimal 

(maximum-habitat) flows are higher than this flow level for a given time interval (usually 

month or half-month) (WDOE 2004).   Such 10% exceedance flows, which are based on 

historical data, are exceeded only 10% of the time for a given time interval.  

 

October-December 

Flows change from summer-fall low flows (100-270 cfs; 250-650 cfs at gage 14128500) 

to rainfall-driven high flows during late fall (480-670 cfs; 1225-1600 cfs at gage 

14128500) and early winter (750-900 cfs; 1600-2000 cfs at gage 14128500).  In the lower 

basin, fall Chinook and coho spawn.  As temperature drops, rearing is ñquietò, with 

young fish hiding in cobble/boulder crevices during the day and foraging at low levels at 

night in calm water.  The increasing flows provide favorable incubation conditions for 

Chinook eggs buried in the gravel; only extreme floods scour and kill eggs. 

 

High flows facilitate upstream migration of adult steelhead and cutthroat trout and coho 

salmon.  These flows also (a) contribute to groundwater recharge in areas lateral to the 

channel and (b) maintain channel habitat and riparian vegetation while keeping the latter 

from encroaching into the active channel.   

 

If coho salmon and fall Chinook spawning habitat below Shipherd Falls responds to flow 

similarly to habitat at the study site, then flows of 200-250 cfs (440-550 cfs at gage 

14128500) would be suitable instream flows, including adequate incubation.  However, 

to preserve natural high flow functions, some management strategy such as an allocation 

limit should be employed (WDOE 2004).  An allocation limit would identify a total 

amount of water rights that could be issued, so that the instream flow would not become 

the maximum flow.  An allocation limit would allow some reduction from high flows 

while maintaining a significant part of the high flow events that are important for channel 

maintenance
12

. 

 

January-February 

The description of October-December conditions also applies to January-February, but 

without any spawning; winter rearing activity is low and eggs of fall-spawned salmon 

incubate.  Emergence of Chinook salmon fry occurs as incubation is completed.  

Emergent fry begin rearing immediately, seeking quiet waters on the edge of the channel.  

Typical flows are 675-950 cfs (1400-2200 cfs at gage 14128500).  Instream flows of 200 

cfs (440 cfs at gage 14128500) would provide for continued incubation and rearing; 

natural high flows should also be protected.  

 

March-May 

Snowmelt begins in spring, resulting in sustained higher flows (650-750 cfs; 780-1660 

cfs at gage 14128500).  Steelhead (400 cfs maximizes habitat; 880 cfs at gage 14128500) 

                                                 
12An approach often used is to set an allocation limit as 10% of the 50% (median) exceedance 

flow (WDOE 2004). 
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and cutthroat trout (150 cfs maximizes habitat; 330 cfs at gage 14128500) spawn, salmon 

fry complete emergence, young fish (smolts) commence their seaward migrations, and 

adult spring Chinook salmon and summer-run steelhead migrate upstream.  As with 

salmon, once spawning occurs, flow reduction can be lethal to developing steelhead or 

cutthroat trout eggs if the reduction is too great and the eggs become dewatered; this is a 

very real concern as flows begin to decline following the peak of snowmelt.  Instream 

flows of 400 cfs (880 cfs at gage 14128500) would protect spawning, incubation, rearing, 

and natural freshets to help smolts out-migrations as well as in-migrations of returning 

adult spring Chinook and summer steelhead.   

 

June-July 

Flows decline (160-400 cfs; 320-730 cfs at gage 14128500) throughout June and July.  

Incubation and emergence of steelhead occurs.  Rearing by juvenile steelhead (550-600 

cfs; about 1210-1320 cfs at gage 14128500) and cutthroat trout (300 cfs; about 660 cfs at 

gage 14128500), as well as Chinook (100 cfs; about 220 cfs at gage 14128500) and coho 

salmon (25 cfs, but only in tributaries below Shipherd Falls; 55 cfs at gage 14128500) are 

the species and life stages of greatest sensitivity for which WUA is calculated.  Rising 

temperature ensures that rearing is an active life stage at this season, and the concerns 

listed for August and September also apply during June-July.  As steelhead are the 

predominant rearing species and this is a critical life history stage, setting an instream 

flow of 550 cfs (approximately 1210 cfs at gage 14128500) would protect rearing habitat 

when it occurs (higher flows occurred in four of the six Junes examined and one of the 

six Julys).  The longer that favorable rearing conditions last, the better the fish will be 

able to survive subsequent low flow stresses during late summer.   

 

As mentioned previously, it is also an option to set, as a maximum, the 10% exceedance 

flow. 

 

Summary of flows suggested 

Combining the recommendations above, Table 11 summarizes our instream flow 

suggestions. It does not take into account other methods such as the toe-width method, 

just this PHABSIM study. 

 
Table 11.  Suggested instream flows for the Wind River using PHABSIM study 

 

 Suggested instream flow 

(cfs) 

Monthly mean & median 

flows (cfs): October 1944-

December 1948 & October 

1968-September 1969 

 

Month At gage 

14127000 

above Trout 

Creek 

At gage 

14128500 

near Carson 

At gage 

14127000 

above Trout 

Creek 

At gage 

14128500 

near Carson 

Primary 

salmon & 

steelhead 

concerns 

August 200 440 114 & 109 250 & 227 Steelhead 
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September 200 440 113 & 94 266 & 211 rearing, 

Chinook 

spawning 

October 200-250 440-550 271 & 103 658 & 251 Chinook 

incubation, 

fall Chinook 

& coho 

spawning 

November 200-250 440-550 672 & 477 1610 & 

1255 

December 200-250 440-550 914 & 754 2034 & 

1660 

January 200 440 901 & 675 2041 & 

1415 

Chinook 

incubation, 

channel 

maintenance 
February 200 440 956 & 685 2196 & 

1497 

March 400 880 740 & 677 1659 & 

1475 

Steelhead 

spawning & 

incubation, 

smolts out-

migration 

April  400 880 744 & 660 1557 & 

1460 

May 400 880 725 & 775 1371 & 777 

June 550 1210 391 & 355 730 & 355 Steelhead 

rearing, 

incubation 
July 550 1210 173 & 158 364 & 317 

 

 

Water Quality  

 

Department of Ecology water quality information for the Wind River 

(http://www.ecy.wa.gov/programs/wq/tmdl/wind_rvr-tmdl.html) indicates that water 

temperature at a number of locations in the basin often exceed water quality standards.  

Temperatures in lower Trout Creek often exceeded 24
O
C, a lethal temperature for 

steelhead.  Low summer flows are one of three factors listed as contributing to the high 

temperatures.  Instream flow modeling conducted for this study does not address the role 

of flow in temperature, but any further reduction in flow will adversely affect 

temperature, even without consideration of climate change.  Panther Creek flows are 

considered essential for maintaining suitable temperatures in the Wind River below it for 

much of the steelhead rearing season in the Wind River basin; any reduction of Panther 

Creek flows during summer would be detrimental to mainstem steelhead production. 

 

 

 

 

http://www.ecy.wa.gov/programs/wq/tmdl/wind_rvr-tmdl.html
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Appendix A.  Map and photographs of the study site and transects 

 

 
Figure A-1. Topographic map of study site with transects indicated (figure by Ryan Murphy, 

WDFW) 
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Figure A-2.  View of study site upstream of Pacific Crest Trail bridge (transects 7-10) at 600 cfs 

on April 4, 2007.  Transect 10 is the most distant point visible.  Transect 8 crosses the gravel 

island on the left. 

   

 
 

Figure A-3.  Transects downstream from Pacific Crest Trail at 600 cfs on April 4, 2007.  

Transect 6 crosses the cascade.  Transect 5 crosses the bedrock point downstream of the cascade.  

Transect 4 crosses the middle of the pool below the cascade 
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Figure A-4.  View of the lower transects, looking downstream from the right bank at transect 4 to 

transect 1 (near the bedrock outcrop with whitewater on right) at 600 cfs on April 4, 2007.   

 

 
Figure A-5.  Looking downstream to transect 1 that is being measured by Alan Wald and Donna 

Bighouse on June 20, 2007, at 142 cfs.  Right headpin for both transects 1 and 2 are the same, 

with the two transects fanning from this point.  Transect 1 is a hydraulic control.  The tape across 

the transect is visible against the right bank. 
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Figure A-6.  Transect 4 at 600 cfs on April 4, 2007, looking from the right to left bank.  From 

upstream to downstream (left to right), crew members are Jim Pacheco, Bob Vadas, Hal Beecher, 

Donna Bighouse, and Ryan Murphy.  The floodplain habitat in the foreground is a small tributary 

(see also Figure A-7). 

 

 
Figure A-7.  Transect 5 on April 4, 2007 at 600 cfs.  


