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was evidenced between July 2005 and October 2008 (Figure 67 and Figure 68). 
On the downstream side of the structure, the pool was not well developed. Within 
the pool, bed material typically ranged between 64 mm to 180 mm in diameter. A 
header rock appeared to be missing from the throat of the structure, but it was 
difficult to discern if it was initially present. Some of the crest rocks have shifted 
forward. Most of the voids present in the header were filled with gravels 
approximately 32 mm to 45 mm in diameter. This structure is tied-in to the bank 
and riprap. 
 

 
Figure 67. Structure HH3 at Hempe-Hutchinson in July 2005. 

 
Figure 68. Structure HH3 at Hempe-Hutchinson in October 2008. 
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Rock Size 
Rock size was measured to obtain a representation of the size of material used to 
construct each structure. The width (parallel to flow) and height of the rocks were 
measured along the structure arms and throat. An attempt was made to measure 
headers and footers, but all rocks could not be measured due to being partially 
buried or absent. Rocks comprising the structure arms were similar in size to 
those in the throats, with the exception of structure HH1, where the throat rocks 
were considerably larger than those along the arms. The average size of rocks in 
the arms and throats for each structure are depicted in Table 9.  
 
Table 9. Average size of rock measured in each structure at Hempe-Hutchinson (cm). 
  Arm Width (cm) Arm Depth (cm) Throat Width (cm) Throat Depth (cm)
HH1 (Downstream) 68 32 120 50 
HH2 (Middle) 72 38 71 40 
HH3 (Upstream) 79 36 74 25 

Bed Material 
Representative bed material within the reach was obtained through pebble counts. 
Two pebble counts were performed using traditional Wolman methodology. The 
first (HH_01) was collected in the channel approximately 50 feet downstream 
from structure HH1, near the cattle crossing and fish return pipe. The second 
(HH_02) was collected just downstream from the concrete diversion/fish passage 
structure, but upstream from HH3. Gradations developed from the pebble counts 
are shown in Table 10, Figure 69 and Figure 70. 
 
Table 10. Particle size distribution (mm) obtained from pebble count located upstream and 
downstream from rock weirs at Hempe-Hutchinson. 
Name of 
Sample 

Fines <6 
mm D16 D35 D50 D84 D95 % Bedrock Note 

HH_01 0% 34.7 49.8 60.7 102.8 150.9 0% 
Downstream 
Channel 

HH_02 0% 31.3 47.9 61.7 103.6 137.4 0% 
Upstream 
Channel 
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Figure 69. Grain size distribution from pebble count HH_01 at Hempe-Hutchinson. 
 

In-channel Pebble Count downstream from Concrete Weir 
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Figure 70. Grain size distribution from pebble count HH_02 at Hempe-Hutchinson. 
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Vegetation 
Vegetation in the vicinity of the Hempe-Hutchinson project consisted of 
cottonwoods, snow pea bushes, sedges, and high Johnson grasses. Due to historic 
channelization and clearing of the reach for flood protection, both banks are 
covered in riprap along the entire lengths of the structures. Riprap is comprised of 
angular basalts.  

Conclusions 

All three structures appear to be meeting their original intention of grade control, 
and it does not appear that fish have difficulty in passing through the rock weirs 
despite issues with some species passing through the concrete structure. From a 
stability standpoint, however, all three rock weirs have experienced substantial 
changes to the position of the headers and footers along the structure throat and 
arms. The hypothesized mechanism for the mobility of these rocks relates to 
geotechnical slumping of the footer rocks as a result of undermining through 
excessive scour. For structure HH1 (downstream-most structure), some of the 
mobilization may be related to sliding or rolling of the material used to construct 
the structure, as smaller sized, non-native angular rocks were present in the ramp-
like feature, where a scour pool would be expected. Gravels and cobbles have 
filled in most of the area just behind the structures. Of the three structures, the 
upstream-most rock weir (HH3) appears to have maintained the greatest stability; 
the middle structure (HH2) has the most developed scour pool, and the 
downstream structure (HH1) appears to be the most easily passable for fish 
species of all life stages.  
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Entiat River, Structures RM 3.1, RM 3.2, 
and RM 4.6 

Metadata 

Conducted by: Elaina Holburn, Chris Holmquist-Johnson, Kendra Russell, and 
Kent Collins 
Structure Type: 2 U-Weirs and 1 A-Weir 
Location, NAD83 State Plane Washington North (feet) 

• Northing: 244424 
• Easting: 1775412 
• HUC (17020010 Digit): 

o 13 Pacific Northwest Region 
o Upper Columbia Entiat 

Description: Two U-Weirs are located at river miles (RM) 3.1 and 3.2 
downstream of the Fire Station Bridge. One A-weir is located at RM 4.6 
immediately upstream of the bridge-to-bridge reach near Halhalwy Property. 

Construction Date: September, 2001 
Initial site visit on September 19-20, 2006 
Additional site visit on October 27, 2008 
Data collection conducted on September 20, 2006 and October 27, 2008 

Background 

Background information was provided by Chelan County Conservation District 
(CCCD) office through Sarah Walker, Joe Lange with the Natural Resources 
Conservation Service (NRCS), and Phil Archibald with the United States Forest 
Service (USFS) in 2006. Phil Archibald also led a field visit to examine habitat 
value of the structures on October 27, 2008. These structures were installed as 
demonstration structures to provide pools and reduce the width-to-depth ratio. 
Each structure has a slightly different design to test how the designs function.  
 
The structures were visited in September, 2006 to obtain survey data, qualitative 
information, and photo documentation (Reclamation 2006a, 2006b, and 2006c). 
Field reports from the 2006 field investigation were created for each structure. 
Seven hypotheses for structure failure were also developed. All structures were 
assumed to be in good condition until a storm in May 2006 (4,500 cfs) occurred. 
Header and footer rocks along the arms and throat experienced movement in the 
structure at RM 3.1; the cause was thought to be geotechnical slumping of the 
footer rocks. In addition the scour pool at RM 3.1 had been filling in the middle 
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but was maintaining some depth along the arms. At the RM 3.2 structure, header 
rocks in the throat moved; rocks on the arms also experienced movement due to 
undercutting of footer rocks. The deepest portion of the pool remains on the right 
side of the structure where the arm was still intact. The structure at RM 4.6 was 
determined to be intact (no movement from header rocks). However, the structure 
pool had filled in, likely because of it’s location at the downstream end of a riffle. 
In summary, based on the site visit in 2006 the two U weirs experienced 
movement of the header and footer rocks and some filling of the pre-excavated 
scour pool. Pool depths remained deepest along the arms. The A weir did not 
experience structure movement, but the scour pool did fill some with sediment. 

Data Collection 

The purpose of the  visit in 2008 was to evaluate the current performance of the 
rock structures, collect additional topographic survey data of the structures and 
surrounding features (e.g. banks, scour pools, thalweg), structure rock size 
measurements, and information on the habitat value of the structures. Habitat 
information was provided by Phil Archibald with USFS. 

Survey Data 
Surveys of the structures were collected to document current conditions of the 
structure and surrounding topographic features, including bank lines, channel 
thalweg, scour pools, and adjacent bed topography. Very limited survey data 
(partial thalweg and bankline near structure) was collected at RM 4.6 due to time 
constraints. Data collected at RM 3.1 and RM 3.2 are illustrated in Figure 71 and 
Figure 72, respectively. 
 

 
Figure 71. Survey data collected for Entiat River structure at RM 3.1. 
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Figure 72. Survey data collected for Entiat River structure at RM 3.2. 
 

Structure Condition 
Figure 73 shows a photo of the round nosed U weir structure at RM 3.1 seen in 
October 2008. The right arm is missing several header rocks and the throat is also 
missing a header rock (Figure 74 and Figure 75). The left arm is intact with some 
shifting of the footers. It appears that many of the footer rocks are offset from the 
headers with material filling in behind structure. Approximately 30% of the flow 
is going through the right arm where the header rocks dislodged. The scour pool 
has been partially filled with material consisting of cobbles and boulders with 
diameters exceeding 500 mm. Because of the filling in the middle of the scour 
pool, the majority of the scour pool is now located along the right arm upstream 
and downstream of the gap in header rocks. Based on the 2006 field visit, the 
movement of the header and footer rocks occurred before 2006. Since that visit it 
does not appear that there have been major changes in structure form.  
 
The location of the structure at RM 3.1 is between two riffles downstream of a 
slight meander bend where a pool would likely form naturally. Redds were 
present along the left arm of the structure.  
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Figure 73. Entiat River structure at RM 3.1 in October 2008. 
 

 
Figure 74. Throat of Entiat River structure at RM 3.1 showing movement of several header 
rocks. 
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Figure 75. Looking at right arm of Entiat River structure at RM 3.1 with several dislodged 
header rocks. 
 
Figure 76 shows a photo of the blunt nosed U weir structure located at RM 3.2. 
The header rocks along the throat (shown in Figure 77) are no longer intact but 
several footer rocks remain. A very small head drop is present, approximately 
four to six inches, because of the mobilization of the throat header rocks. There is 
sediment filling downstream and a pool has been created upstream of the throat. 
The upstream pool is about 40 feet long and 3 to 4 feet deep during base flow. 
The right and left arms appear to have had little mobilization of the header rocks 
except near the throat where some header rocks have been offset from the footer 
rocks (Figure 78 and Figure 79). Based on the 2006 visit, the movement of the 
throat rocks and the offset of the header rocks from the footer rocks along the arm 
occurred prior to 2006. There are gaps in the footer rocks which have been filled 
with gravel and fines. The upstream sides of both arms have filled with fines and 
gravel/cobbles. The deposition upstream of the structure arms was present in 2006 
and appears to be maintained by the structure hydraulics. A pool has formed along 
the right arm which was also present in the 2006 visit.  
 
 



 

 74

 
Figure 76. Entiat River structure at RM 3.2 in October 2008. 
 

 
Figure 77. Throat of Entiat River structure at RM 3.2 where the majority of the header 
rocks have been dislodged.  
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Figure 78. Right arm of Entiat River structure at RM 3.2 where deposition has occurred 
upstream. 
 

 
Figure 79. Left arm of Entiat River structure at RM 3.2. 
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Figure 80 shows the current configuration of the A weir structure located at RM 
4.6. The scour pool has been filling in with bedload and has buried the throat and 
cross bar producing more of a rock ramp configuration than rock weir. The throat, 
left arm, and right arm are still intact. Spawning gravel has deposited at the 
downstream extent of the right arm. Figure 81 and Figure 82 show the structure 
header rock configuration in 2005 and 2006. Between 2006 and 2008 there does 
not appear to be dramatic differences in the scour pool and the structure appears 
to have stabilized at its current configuration. Figure 83 shows the right arm; there 
appears to be little movement of the header rocks. There are pockets of fine 
sediment located between the header rocks (see Figure 84). The largest header 
rock spacing was approximately 4 inches. However, the rocks are still locked 
together.  Several pocket pools have been created along the right arm as well as a 
pool approximately 3 feet in depth downstream of the cross bar along the right 
arm.  
 

 
Figure 80. Entiat River structure configuration at RM 4.6 seen in October, 2008. 
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Figure 81. Entiat River structure configuration at RM 4.6 on October 06, 2005. 

 
Figure 82. Entiat River structure configuration at RM 4.6 on September 20, 2006. 
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Figure 83. Header rocks along right arm of Entiat River structure at RM 4.6. 
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Figure 84. Spacing between header and footer rocks has filled in with sediment at Entiat 
River structure at RM 4.6. 

Rock Size 
Rock size was measured to obtain a representation of the size of material used to 
construct each structure. The width (parallel to flow) and height of the rocks was 
measured along the structure arms and throat. An attempt was made to measure 
headers and footers, but all rocks could not be measured due to being partially 
buried or absent. Only a portion of the right arm rocks were measured at structure 
RM 4.6.  
 
The average size of the rocks used for the arms and throats for each structure are 
depicted in Table 11. The throat rocks and arm rocks were similarly sized for 
structure at RM 3.1   There were no throat rocks measured at the structure at RM 
3.2 because they had been dislodged from the structure throat and moved 
downstream. The rocks used at RM 4.6 were larger than the rocks at RM 3.1 and 
RM 3.2. A note was recorded in the field that the rock sizes at RM 4.6 were 
similar to the structures at RM 3.4 and RM 5.1 (installed after 2001). Based on the 
field notes, the throat rocks at RM 4.6 would be approximately 98 cm by 54 cm 
(using averages from the structures at RM 3.4 and RM 5.1). 
 
Table 11. Average size of rock measured in each Entiat River structure (cm). 
 Arm Width (cm) Arm Height (cm) Throat Width (cm) Throat Height (cm) 
RM 3.1 85 50 80 45 
RM 3.2 82 48 NA (missing) NA (missing) 
RM 4.6 127 66 98* 54* 
*Estimated using average rock size from structures at RM 3.4 and RM 5.1. 
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Bed Material 
Pebble counts were not performed during the site investigation. However, 
previous pebble counts had been collected in 2005 for the lower six miles by the 
United State Forest Service (Reclamation 2009).  Wolman Pebble Count 
methodology was used to collect these pebble counts. The nearest pebble counts 
to the rock weirs are shown in Table 12, Figure 85, and Figure 86. 
 
Table 12. Particle size distribution (mm) obtained from pebble counts collected by USFS on 
the Entiat River. 
Name of 
Sample 

Fines <6 
mm D16 D35 D50 D84 D95 % Bedrock Note 

RM 3.1 18% 1.9 72.9 117.2 300.6 421.9 0% Channel 
RM 4.6 10% 40.9 113.3 153.0 382.1 673.0 0% Channel 
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Figure 85. Grain size distribution from pebble count taken at RM 3.1 on the Entiat River. 
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Entiat RM 4.6
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Figure 86. Grain size distribution from pebble count taken at RM 4.6 on the Entiat River. 

Vegetation 
There is heavy vegetation along both banks at the structures at RM 3.1 and RM 
3.2. At RM 3.1 the right bank is dominated by a blueberry bush (unknown 
species) and the left bank has cottonwoods, willows, and high grasses. At RM 3.2 
both banks are dominated by cottonwoods. At RM 4.6, the right bank is heavily 
vegetated with deciduous trees but the left bank is not as heavily vegetated. Near 
the downstream end of the structure (near the bridge) there is little vegetation and 
riprap along both banks.  
 

Habitat 
The fish species that use the rock structures on the Entiat River are spring 
Chinook (both migratory and resident species), Steelhead, and late run Chinook.  
 
The structure at RM 3.1 was installed to help create pools and reduce the width-
to-depth ratio in the area. The structure was rated at approximately 75% 
performance by Phil Archibald because of the shallowness of the pool. However, 
an added and unanticipated benefit has been spawning gravel depositing along the 
edges. A gravel lens approximately 50 feet long is located on the downstream left 
bank. Holding pools, cover, high velocity feeding habitat, rearing and spawning 
habitat are all being provided by the structure. Archibald further suggested that 
large woody debris could improve the structure by providing cover for juvenile 
Chinook. In addition, some maintenance of the header rocks could be completed. 
It was also mentioned that having a notch in the throat where a header rock fell in 
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has actually been beneficial in providing constant fish passage and has added 
complexity.  
 
The structure at RM 3.2 was also installed to provide pools and reduce the width-
to-depth ratio. Spawning gravel has also deposited downstream of the structure. 
One unintended benefit is that the structure has been ice free during the winter to 
date unlike other locations in the area. The pool created by the structure provided 
better hydraulics than the structure at RM 3.1 because there are velocity seams on 
each side of the pool. Overall the structure provides holding pools, cover, high 
velocity feeding habitat, rearing habitat, and spawning habitat. Phil Archibald 
rated this structure as an 8 on a 1-to-10 scale where 1 was extremely poor and 10 
was excellent. It would have been rated higher if there were deeper depths in the 
pool, and more cover provided for hiding and high velocity areas. LWD was 
installed with the structure but was quickly buried. Suggested improvements to 
the structure include adding LWD for cover and doing some maintenance on the 
structure throat to change the throat area to be round-nosed. 
 
The objectives of the structure at RM 4.6 were the same as the other two 
structures. Portions of this structure have been filled in completely including the 
upper plunge pool and below the cross arm. However, gravel deposition has 
occurred downstream along the left arm and is providing spawning habitat. In 
addition, a small pool approximately 3 feet deep has established along the left 
arm. Phil Archibald mentioned the structure has had the most dramatic reduction 
in width-to-depth ratio, however the best habitat areas (scour pools below the 
throat and cross bar) have filled in. Therefore the structure received a 50% rating 
on meeting the intended objectives. Rearing habitat is being provided upstream of 
the structure along both arms. It was noted that the structure has still been an 
improvement over the pre-project condition, but is no longer operating with as 
much habitat as was created initially. 
 
Snorkel surveys have been collected at all three demonstration sites. The structure 
at RM 3.1 saw the most use of fish in 2003. There have been decreasing numbers 
of fish since this point which is probably due to the lack of depth in the scour 
pool. The species seen during the snorkel survey were trout, steelhead, Chinook 
and whitefish. At RM 3.2 there was no fish use prior to the installation of the 
weir. Fish use peaked in 2003 and has declined since. The same fish species were 
seen at the structure at RM 3.2 as at RM 3.1. Prior to the weir installation at RM 
4.6, 4 fish were observed. The number of fish peaked in 2002, declined after 
2003, and has rebounded slightly since then. Steelhead, bulltrout, and juvenile 
Chinook have been observed at the structure. 
 
In comparing the three structures, it was noted that the structure at RM 4.6 was 
the best executed structure in terms of design and construction. However it was 
the worst in terms of location placement because it was at the downstream end of 
a riffle and filled in with sediment. The structure at RM 3.2 is providing the best 
habitat while the structure at RM 4.6 is providing the worst habitat. 
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Conclusions 

The 2001 demonstration structures are performing similarly to their performance 
in 2006 during the first field investigation. The methods of failure (slumping of 
the footer rocks at RM 3.1, header rock movement at RM 3.2 and structure pool 
filling at RM 4.6) still appear to be valid based on the observations in 2008. The 
location of the deepest pool at the structure at RM 3.2 has shifted from the right 
arm to along the left arm. Although these structures have partially failed they are 
still providing habitat. Habitat provided includes holding pools, cover, high 
velocity feeding habitat, rearing and spawning habitat. Although the structure at 
RM 4.6 is providing the least amount of habitat it is the one structure where the 
throat and arms have remained intact. The throat and portions of the arms at 
structures at RM 3.1 and 3.2 have experienced movement. Improvements were 
suggested by Phil Archibald including performing some maintenance on re-
constructing the header rocks at RM 3.1 and 3.2 and using larger rock. It appears 
that the round nose U weir was a more stable configuration that the blunt nose U 
weir since only one throat rock became dislodged at RM 3.1 and the entire throat 
moved at RM 3.2. Comparison of existing scour pool survey data will provide 
additional information on whether the pools are continuing to fill in or have 
stabilized since 2006. 
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Entiat River, Structures RM 3.4 and RM 
5.1 

Metadata 

Conducted by: Elaina Holburn, Chris Holmquist-Johnson, Kendra Russell, and 
Kent Collins 
Structure Type: U-Weir and A-Weir 
Location, NAD83 State Plane Washington North (feet) 

• Northing: 244424 
• Easting: 1775412 
• HUC (17020010 Digit): 

o 13 Pacific Northwest Region 
o Upper Columbia Entiat 

Description: The U-Weir is located at river mile (RM) 3.4 approximately 1,000 
feet upstream of the Fire Station Bridge. The A-weir is located at RM 5.1 at 
the Hanna-Detwiler diversion channel  

Construction Date: U-weir: September, 2006, A-weir: September, 2007 
Initial site visit on October 27, 2008 
Data collection conducted on October 27, 2008 

Background 

Background information for the Entiat structures was provided by Phil Archibald 
with the United States Forest Service (USFS). Phil Archibald also led a field visit 
to examine habitat value of the structures on October 27, 2008. 
 
The U-weir structure at RM 3.4 was designed by NRCS in 2006 and installed to 
provide an irrigation diversion into the Public Utility District (PUD) No. 1 of 
Chelan County canal. The structure was built in the fall of 2006. The structure 
was designed to have an 8 foot excavated pool with 48 inch header rocks and 36 
inch footer rocks. A geotextile was placed on the upstream side of the header 
rocks. The design was modified to include a rounded apex and have increased 
rock size compared to the structures installed on the Entiat River in 2001. Eight 
rootwads were anchored along the structure arms (4 along right arm and 4 along 
left arm) to provide habitat. Project design drawings are available for this 
structure. 
 
The A-weir at RM 5.1 was designed by Reclamation and constructed in 
September 2007. The structure provides diversion into the Hanna-Detwiler ditch 
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for irrigation purposes. The original design included having footer rocks stacked 
two deep. This proved too deep for excavation, so the design was modified to 
include two rows of footer rocks for stability. The header rocks were placed 
approximately 6 inches higher than the natural bed elevation. The cross-bar of the 
A-weir was constructed at close to natural grade in order to break up the pool and 
provide additional complexity. A geotextile was placed on the upstream side of 
the header rocks. A sluice gate is located along the right arm. Two rootwads were 
anchored downstream of the arm tie-in for habitat. Both the U-weir and A-weir 
are channel spanning structures that are located in straight reaches of channel. A 
pre-project snorkel survey was completed at both sites by USFWS in 2005 and 
2006 prior to structure construction. 

Data Collection 

Data collected during the October 2008 site visit included topographic surveys of 
the structures and surrounding features (e.g. banks, scour pools, thalweg), 
structure rock size measurements, and qualitative information related to 
vegetation, bank condition, and structure performance. Information on the habitat 
value of the structures was provided by Phil Archibald with USFS. 

Survey Data 
Surveys of the structures were collected to document current conditions of the 
structure and surrounding topographic features, including bank lines, channel 
thalweg, scour pools, and adjacent bed topography. Data collected at RM 3.4 and 
RM 5.1 are illustrated in Figure 87 and Figure 88, respectively. 
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Figure 87. Survey data collected for Entiat River structure at RM 3.4.
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Figure 88. Survey data collected for Entiat River structure at RM 5.1. 
 

Structure Condition 

U-Weir 
Figure 89 shows a photo of the structure seen in October 2008. The original pool 
that was excavated during construction has largely, but not completely filled. It is 
thought that the filling is due to a construction oversight where the spoil pile was 
placed upstream of the structure during construction and quickly moved 
downstream into the pool post construction. In October, 2008  a pool 
approximately 40 feet long and 2.5 feet deep remains. Figure 90 illustrates the 
depth of the pool as the people can be used for scale. The deepest portions of the 
pool occur about one-third to one-half of the distance along both of the structure 
arms. Because of the filling of the pool, the structure is hydraulically acting more 
like a ramp rather than a drop (Figure 91). The rootwads placed in the pre-
excavated pool had very small rootballs. Two of the rootwads were unanchored 
during storm events and dislodged from the downstream pool. The remaining 
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rootwads have created depositional zones along the crest of the left arm. In 
addition, gravel has deposited upstream of the arms as shown in Figure 92. 
Upstream of the structure is a reach with a steep slope and downstream of the 
structure is a riffle. The structure throat and arm rocks are still intact. The right 
arm is tied into the bank and the left arm is tied into the diversion berm. There are 
some small spacings between rocks that allow vortex flow.  
 

 
Figure 89. Entiat River structure at RM 3.4 in October 2008.  
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Figure 90. Looking downstream at Entiat River structure at RM 3.4. The pool is 
approximately 2.5 feet deep. 
 

 
Figure 91. Throat of Entiat River structure at RM 3.4 is acting hydraulically similar to a 
ramp rather than a drop.  
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Figure 92. Gravel deposition upstream of the left arm of the Entiat River structure at RM 
3.4 
 

A-Weir 
Figure 93 shows a photo of the structure as seen in October 2008. Since 
construction, several logs have been caught on the structure. One is blocking the 
sluice gate that was constructed; therefore the gate is no longer working 
effectively; Figure 94 shows the right arm of the structure with the sluice gate 
blocked. Another log along the right arm is causing deposition at the downstream 
end of the arm. Most of the rock spacings have been sealed with gravels and finer 
sediment. The throat of this structure has an approximate 1.5 foot drop as seen in 
Figure 95. The downstream end of the pool appears to have fine gravels and sand. 
The structure does not appear to be filling rapidly which may be due to the riffle 
at the downstream end acting as a hydraulic control and the reach appears to have 
a flatter slope than other areas with rock structures. Figure 96 illustrates the depth 
of the pool as the people can be used for scale.  
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Figure 93. Entiat River structure at RM 5.1 seen in October 2008. 

 
Figure 94. Right arm of Entiat River structure at RM 5.1 with sluice gate blocked by 
naturally caught wood. 
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Figure 95. Throat of Entiat River structure at RM 5.1 which is acting hydraulically like a 
drop. 

 
Figure 96. Pool of Entiat River structure at RM 5.1. Pool was estimated to be at least 6 feet 
deep.
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Rock Size 
Rock size was measured to obtain a representation of the size of material used to 
construct each structure. The width (parallel to flow) and height of the rocks was 
measured along the structure arms and throat. An attempt was made to measure 
headers and footers, but all rocks could not be measured due to being partially 
buried or absent. The throat rocks on average were smaller than the rocks used 
along the arms for both of the structures at RM 3.4 and RM 5.1. The rocks used in 
the structure at RM 5.1 were larger than the rocks used for the structure at RM 
3.4. The average size of the rocks used for the arms and throats for each structure 
are depicted in Table 13. 
 
Table 13. Average size of rock measured in each Entiat River structure (cm). 
 Arm Width (cm) Arm Height (cm) Throat Width (cm) Throat Height (cm) 
RM 3.4 102 67 96 32 
RM 5.1 127 85 100 76 

Bed Material 
Pebble counts were not performed during the site investigation. However, 
previous pebble counts had been collected in 2005 for the lower six miles by the 
United State Forest Service (Reclamation 2009).  Wolman Pebble Count 
metholodogy was used to collect these pebble counts. The nearest pebble counts 
to the rock weirs are shown in Table 14 and Figure 97. 
 
Table 14. Particle size distribution (mm) obtained from pebble counts collected by USFS on 
the Entiat River. 
Name of 
Sample 

Fines <6 
mm D16 D35 D50 D84 D95 % Bedrock Note 

RM 3.1 18% 1.9 72.9 117.2 300.6 421.9 0% Channel 
RM 5.1 14% 29.2 101.2 162.5 368.8 500.3 0% Channel 
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Figure 97. Grain size distribution from pebble count taken at RM 5.1 on the Entiat River. 
 

Vegetation 
Vegetation in the vicinity of the structure at RM 3.4 consists of a variety of trees, 
both coniferous and deciduous. The left bank is thick with these types of trees. 
The right bank is much less dense due to a residential area which consists of 
mostly grasses with riprap, a couple of conifers, and shrubs lining the banks. 
 
Vegetation in the vicinity of the structure at RM 5.1 also consists of deciduous 
and coniferous trees. The left bank is heavily vegetated with woody, leafy 
vegetation. The right bank has a high steep embankment and is not as heavily 
vegetated as the left bank.  

Habitat 
The fish species that use the rock structures are spring Chinook (both migratory 
and resident species), Steelhead, and late run Chinook.  
 
The structure at RM 3.4 provides spawning habitat where gravel has deposited 
downstream of the arms and near the entrance to the irrigation channel. Adult 
holding and juvenile rearing habitat are also provided but to a lesser extent. These 
habitats are still limiting because there aren’t good pool depths in the scour pool 
downstream of the structure and not much cover is being provided by the 
structure. However, this structure has improved the area when compared to the 
pre-project habitats available. The year after the structure was constructed, Phil 
Archibald estimated that 300 fish spawned in the disturbed areas around the 
structure. Archibald rated this structure between a 6 and 7 on a 1-to-10 scale 
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where 1 was extremely poor and 10 was excellent. The rating was due to loss of 
depth in the pool and the minimal cover provided by the rootwads. It was noted 
that steelhead do spawn in the upstream end of the irrigation canal and that the 
structure rocks have been more stable than previous structures installed on the 
Entiat. A couple of lessons learned from previous structure installations were to 
stockpile the spoils downstream, to keep a record of the pre-excavation bed 
elevation during construction, and to place a geotextile upstream which appears to 
help stabilize the structure. 
 
The structure at RM 5.1 is providing spawning areas, holding pools, cover, high 
velocity feeding habitat, LWD recruitment, and in-channel and off-channel 
rearing habitat. Archibald rated this structure a 9 on a 1-to-10 scale where 1 was 
extremely poor and 10 was excellent. It was rated at a 9 instead of a 10 because 
the structure is only 1 year old and has not experienced many seasons of high 
flows or fish to date. Approximately 12 redds were found last year lining the 
structure. The cross bar placed at the natural bed elevation provides additional 
complexity to the structure by breaking up the pools. The LWD, header rocks and 
velocity seams downstream of the structure (dividing high and low velocity areas) 
provide cover for the fish.  

Conclusions 

The U weir at RM 3.4 is successfully working to provide diversion for irrigation 
water into the PUD canal. The footer and header rocks have stayed in place. 
However, the structure has been providing lesser habitat because the downstream 
pool has been filled in (from 8 feet depth in design to approximately 2.5 feet in 
2008). In addition the rootwads installed in the pool were undersized and do not 
provide much cover for fish; two of the rootwads were dislodged during storm 
events. The weir has provided spawning gravels on the upstream and downstream 
end of the structure arms. Because of the gravel deposition the weir has locally 
reduced the channel width-to-depth ratio which is seen as a habitat concern. 
 
The A weir at RM 5.1 is currently functioning at a high level. It is providing 
irrigation diversion as well as numerous habitats for spawners, juveniles, and 
adults. To date the structure has maintained a deep pool. In addition gravel 
deposition has occurred downstream of each of the arms. Adequate cover is 
provided by LWD and velocity seams in the downstream pool area. The sluice 
gate was blocked by natural LWD recruitment and no longer operates properly. 
Overall the structure has been functioning well but a determination of its 
effectiveness cannot occur until the structure has been in place for several years. 
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Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:  10/25/08         
Completed by:  Brad Smith, Dist Fish Bio, ODFW  brad.smith@state.or.us 
                                                            Name and title     e-mail and/or phone# 

Site information/background: 
Structure Name: Bear Creek B1  
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, LWD, Push-up 
Dam, other: ___ 
 
Structure Location (general description):  Bear Creek Wallowa Co, OR, Upper Diamond Prairie Rd 
crossing   
 
Fish species in the basin that might encounter the structure (please note species of particular importance 
or sensitivity):   See D-4  
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, irrigation diversion, 
bank protection, unknown, other: Pool habitat and improved habitat complexity and cover   
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other limiting factors of 
equal or greater importance?  1.  Yes, 2.  Yes, flow July – Sept.  
 
Performance: 
 
Description of how the structure is performing to meet its intended objectives: 
Passage good, pool developed good, cover good, channel depth above and below 
 
Description of how the structure is performing to meet additional objectives (list other objectives if 
applicable): 
 
Has the project improved overall habitat from pre-project conditions?  Yes 
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, migration, thermal 
refugia, high velocity feeding habitat, off-channel rearing habitat, other ______________________ 
 
Description of present fish use of the structure’s habitat and of the river segments just upstream and 
downstream of the structure (i.e., to what degree are fish taking advantage of the habitat provided by the 
structure and how frequent is their presence in areas surrounding the structure): 
Nice pool with good cover – assume increased juvenile Chinook use 
 
Please provide anecdotal information of species specific use pre and post project: See D-4 
 
On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the habitat provided by 
the structure compared with natural habitat configurations:  8 .        
 
Please provide justification for why you chose this value:   Structure functioning to meet objectives. 
 
Recommendations for additional mitigation: 
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How could the structure be improved to enhance the habitat value as rated above? 
Incorporation of woody material for cover.  
 
What other measures could be done to improve the site (additional cover, denser structure spacing, etc.)?  
Would a different type of structure be better suited to enhance habitat or meet habitat goals at this site? 
If so, what type? 
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Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:10/25/08       
Completed by:   Brad Smith, Dist Fish Bio   brad.smith@state.or.us 
                        Name and title    e-mail and/or phone# 

Site information/background: 
Structure Name:  Bear Creek C-1 
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, LWD, Push-up 
Dam, other:  ____     
 
Structure Location (general description):  Bear Creek, Wallow Co OR  Malfunction Junction  
 
Fish species in the basin that might encounter the structure (please note species of particular importance 
or sensitivity):   See D-1           
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, irrigation diversion, 
bank protection, unknown, other:  Pool habitat, increased cover and habitat complexity  
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other limiting factors of 
equal or greater importance?  1.  Yes;  2.  Yes, Flow – July-Sept  
 
Performance: 
 
Description of how the structure is performing to meet its intended objectives: 
passage at structure good – pool developed intermediate cover low flow good 
 
Description of how the structure is performing to meet additional objectives (list other objectives if 
applicable): Channel in this reach is narrower than upstream or downstream reaches focused flow not 
necessary 
 
Has the project improved overall habitat from pre-project conditions?  Yes  
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, migration, thermal 
refugia, high velocity feeding habitat, off-channel rearing habitat, other ______________________ 
 
Description of present fish use of the structure’s habitat and of the river segments just upstream and 
downstream of the structure (i.e., to what degree are fish taking advantage of the habitat provided by the 
structure and how frequent is their presence in areas surrounding the structure): 
Naturally recruited wood in pool, provides good pool and cover habitat without compromising passage, 
assume – increased juvenile chinook user 
 
Please provide anecdotal information of species specific use pre and post project: See D-4 
 
On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the habitat provided by 
the structure compared with natural habitat configurations:    7         
 
Please provide justification for why you chose this value:   See above 
Recommendations for additional mitigation: 
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How could the structure be improved to enhance the habitat value as rated above? 
Appears to be functioning well, could be enhanced with woody material for increased cover 
 
What other measures could be done to improve the site (additional cover, denser structure spacing, etc.)? 
 
Would a different type of structure be better suited to enhance habitat or meet habitat goals at this site? 
If so, what type?  Not sure 
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Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:10/25/08       
Completed by:   Brad Smith, Dist Fish Bio ODFW     brad.smith@state.or.us 
                        Name and title    e-mail and/or phone# 

Site information/background: 
Structure Name:   Bear Creek D-4 
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, LWD, Push-up 
Dam, other:  _____     
 
Structure Location (general description):  Bear Creek, Wallowa Co Oregon . 200 m  below Chamberlin 
Ditch Diversion 
 
Fish species in the basin that might encounter the structure (please note species of particular importance 
or sensitivity*):  *ESA listed summer steelhead*, spring Chinook* and bull trout*, whitefish, course 
scale sucker, bridgelip sucker, dace sps, cottid sps, syprinid sps   
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, irrigation diversion, 
bank protection, unknown, other:  Pool habitat, increased channel complexity  structures were intended 
to focus flow in wide shallow channel areas to provide low flow passage and create pool habitat 
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other limiting factors of 
equal or greater importance?  1.  Yes;  2.  Yes, Flow – July-Sept  
 
Performance: 
 
Description of how the structure is performing to meet its intended objectives: 
passage in reach good – but flow downstream disposed – pool development marginal  
 
Description of how the structure is performing to meet additional objectives (list other objectives if 
applicable): 
 
Has the project improved overall habitat from pre-project conditions?  It appears so on a reach basis 
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, migration, thermal 
refugia, high velocity feeding habitat, off-channel rearing habitat, other pool habitat 
 
Description of present fish use of the structure’s habitat and of the river segments just upstream and 
downstream of the structure (i.e., to what degree are fish taking advantage of the habitat provided by the 
structure and how frequent is their presence in areas surrounding the structure): 
Not sure but assumed increase rearing in pools by Spring Chinook     
 
Please provide anecdotal information of species specific use pre and post project: No reports of Spring 
Chinook adults (target species) trapped on reach by declining summer flows. 
 
On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the habitat provided by 
the structure compared with natural habitat configurations:  Existing channel modified and simplified 
by development relative to historic 4         
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Please provide justification for why you chose this value:  Structure increases complexity nd cover 
without compromising passage 
 
Recommendations for additional mitigation: 
 
How could the structure be improved to enhance the habitat value as rated above? 
Inclusion of woody material, improved pool without increasing jump height at structure 
 
What other measures could be done to improve the site (additional cover, denser structure spacing, etc.)? 
 Current structure spacing may have resulted in lack of pool formation – increased structure spacing 
  
Would a different type of structure be better suited to enhance habitat or meet habitat goals at this site? 
If so, what type?  Not sure 
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 Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:10/25/08       
Completed by:   Brad Smith, Dist Fish Bio   brad.smith@state.or.us 
                        Name and title    e-mail and/or phone# 

Site information/background: 
Structure Name:   Bear Creek D3 
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, LWD, Push-up 
Dam, other:  ____     
 
Structure Location (general description):  See D-4 
 
Fish species in the basin that might encounter the structure (please note species of particular importance 
or sensitivity):   See D-4           
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, irrigation diversion, 
bank protection, unknown, other:  Pool habitat and channel complexity and cover  
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other limiting factors of 
equal or greater importance?  1.  Yes;  2.  Yes, Flow – July-Sept  
 
Performance: 
 
Description of how the structure is performing to meet its intended objectives: 
Drop creates passage issue for smaller fish – pour pool development with limited cover flow focused in 
channel and providing increased depth relative to upstream 
 
Description of how the structure is performing to meet additional objectives (list other objectives if 
applicable): 
 
Has the project improved overall habitat from pre-project conditions?  Not much for juvenile rearing or 
passage but improved adult spring Chinook passage 
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, migration, thermal 
refugia, high velocity feeding habitat, off-channel rearing habitat, other ______________________ 
 
Description of present fish use of the structure’s habitat and of the river segments just upstream and 
downstream of the structure (i.e., to what degree are fish taking advantage of the habitat provided by the 
structure and how frequent is their presence in areas surrounding the structure): 
Improved Adult Spring Chinook passage, little benefit for rearing fish  
 
Please provide anecdotal information of species specific use pre and post project: See D-4 
 
On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the habitat provided by 
the structure compared with natural habitat configurations:    4         
 
Please provide justification for why you chose this value:   improved adult passage conditions  
Recommendations for additional mitigation: 
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How could the structure be improved to enhance the habitat value as rated above? 
Reduce drop, increased pool area, increased interaction with cover although cover provided at 3-4 times 
current flow 
 
What other measures could be done to improve the site (additional cover, denser structure spacing, etc.)? 
Inclusion of woody structure 
  
Would a different type of structure be better suited to enhance habitat or meet habitat goals at this site? 
If so, what type? Not sure 
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Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:  10/25/08         
Completed by:  Brad Smith, Dist Fish Bio, ODFW  brad.smith@state.or.us 
                                                            Name and title     e-mail and/or phone# 

Site information/background: 
Structure Name: Bear Creek D2  
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, 
LWD, Push-up Dam, other:  
 
Structure Location (general description):  See D-4 
 
Fish species in the basin that might encounter the structure (please note species of 
particular importance or sensitivity):   See D-4  
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, 
irrigation diversion, bank protection, unknown, other: Pool habitat and channel 
complexity 
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other 
limiting factors of equal or greater importance?  See D-4  
 
Performance: 
Description of how the structure is performing to meet its intended objectives: 
Drop is challenge for smaller fish, good pool developed and cover, pool extends with 
depth down 
 
Description of how the structure is performing to meet additional objectives (list other 
objectives if applicable): 
 
Has the project improved overall habitat from pre-project conditions?  Yes 
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, 
migration, thermal refugia, high velocity feeding habitat, off-channel rearing habitat, 
other ______________________ 
 
Description of present fish use of the structure’s habitat and of the river segments just 
upstream and downstream of the structure (i.e., to what degree are fish taking advantage 
of the habitat provided by the structure and how frequent is their presence in areas 
surrounding the structure): 
Adult spring Chinook passage, impound rearing habitat and assume increased use by 
rearing juri Chinook 
 
Please provide anecdotal information of species specific use pre and post project: See D-
4 
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On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the 
habitat provided by the structure compared with natural habitat configurations:    6         
 
Please provide justification for why you chose this value:   See above 
 
Recommendations for additional mitigation: 
How could the structure be improved to enhance the habitat value as rated above? 

Increased cover with inclusion of woody material – decreased drop or step to reduce 
passage issue 

 
What other measures could be done to improve the site (additional cover, denser structure 
spacing, etc.)?  
Would a different type of structure be better suited to enhance habitat or meet habitat 
goals at this site? If so, what type? Not sure 
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Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:  10/25/08         
Completed by:  Brad Smith, Dist Fish Bio, ODFW  brad.smith@state.or.us 
                                                            Name and title     e-mail and/or phone# 

Site information/background: 
Structure Name: Bear Creek D1  
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, 
LWD, Push-up Dam, other: _____ 
 
Structure Location (general description):  See D-4 
 
Fish species in the basin that might encounter the structure (please note species of 
particular importance or sensitivity):   See D-4  
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, 
irrigation diversion, bank protection, unknown, other: Pool habitat, increased 
channel complexity and cover.  See D-4. 
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other 
limiting factors of equal or greater importance?  1. Yes, 2. Yes, flow July-Sept.  
 
Performance: 
 
Description of how the structure is performing to meet its intended objectives: 
Main drop is difficult passage challenge for juvenile fish, slots on both sides functioning 
for passage. 
 
Description of how the structure is performing to meet additional objectives (list other 
objectives if applicable):    Pool development marginal and cover access fair. 
 
Has the project improved overall habitat from pre-project conditions?  Yes 
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, 
migration, thermal refugia, high velocity feeding habitat, off-channel rearing habitat, 
other ______________________ 
 
Description of present fish use of the structure’s habitat and of the river segments just 
upstream and downstream of the structure (i.e., to what degree are fish taking advantage 
of the habitat provided by the structure and how frequent is their presence in areas 
surrounding the structure): 
Improved juvenile rearing habitat, increased habitat complexity – increased juvenile 
Chinook use. 
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Please provide anecdotal information of species specific use pre and post project: See D-
4 
 
On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the 
habitat provided by the structure compared with natural habitat configurations:    5         
 
Please provide justification for why you chose this value:   Fair cover and some pool 
development passage issue mitigated by partial failure of structures margins. 
 
Recommendations for additional mitigation: 
 
How could the structure be improved to enhance the habitat value as rated above? 
Decreased center drop – increased pool development. 
 
What other measures could be done to improve the site (additional cover, denser structure 
spacing, etc.)?  
Inclusion of woody material. 
 
Would a different type of structure be better suited to enhance habitat or meet habitat 
goals at this site?  
If so, what type? 
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Habitat Value of River Spanning Rock Structures 
 
Date Evaluation Completed:__4/20/09_________________ 
Completed by: __Lyle Kuchenbecker, Project Planner_     
____lyle@grmw.org__________ 

Name and title     e-mail and/or phone# 

Site information/background: 
Structure Name:   Swackhammer 
 
Structure Type (circle all that apply): U-weir, V-weir, A-weir, W-weir, Rock Ramp, LWD, 
Push-up Dam, other       Comments apply to both W-weir and U-weir 
 
Structure Location (general description):  Below Swackhammer Diversion structure 
 
Fish species in the basin that might encounter the structure (please note species of 
particular importance or sensitivity):  ESA-listed Snake River spring Chinook, summer 
steelhead, bull trout as well as other native species 
 
Intended objective(s) of structure (circle all that apply): fish passage, grade control, 
irrigation diversion, bank protection, unknown, other   One must remember the foremost 
project objective was to improve passage through the concrete structure. Secondary 
objectives were to maintain bedload transport through the depositional zone, keep the 
channel from migrating, reduce streambank erosion and maintain the grade. 
 
Is the habitat provided by the structure a limiting factor in the area?  Are there other 
limiting factors of equal or greater importance?  The new structures do provide some 
habitat diversity, although that was not the objective.    
 
Performance: 
 
Description of how the structure is performing to meet its intended objectives:  the W-
weir obviously didn’t provide the backwater/secondary channel habitat as USFWS had 
hoped. Our objective of bedload transport through this reach I think will be met in the 
future now after all the deposition has blocked off the secondary channel. The U-weir 
seems to be transporting bedload and protecting the streambanks. 
 
Description of how the structure is performing to meet additional objectives (list other 
objectives if applicable):  NA 
 
Has the project improved overall habitat from pre-project conditions?  Probably slightly, 
initially the two channels didn’t have much structure. 
 
Types of habitat provided by structure (circle all that apply): holding pools, cover, 
migration, thermal refugia, high velocity feeding habitat, off-channel rearing habitat, 
other   small improvement in pool habitat, maybe some refuge in the lower end of the 
blocked off channel during very high flow events. 
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Description of present fish use of the structure’s habitat and of the river segments just 
upstream and downstream of the structure (i.e. to what degree are fish taking advantage 
of the habitat provided by the structure and how frequent is their presence in areas 
surrounding the structure):  Not sure, but suspect adults may find a little better holding 
water adjacent to the large rocks. 
 
Please provide anecdotal information of species specific use pre and post project:  
unknown 
 
On a scale of 1 to 10 (1= extremely poor, 10= excellent,), please rate the value of the 
habitat provided by the structure compared with natural habitat configurations:  the reach 
probably functions slightly better than prior to the project but as compared with natural 
habitat it doesn’t function very well. After all we are dealing with very unnatural 
conditions here, a diversion structure and a channelized stream reach. 
 
Please provide justification for why you chose this value: 
 
Recommendations for additional mitigation: 
 
How could the structure be improved to enhance the habitat value as rated above?  The 
real project objective was never to enhance the habitat, that was something USFWS felt 
we could do while meeting the initial objectives of keeping the channel from migrating to 
the north and maintain bedload movement through the reach.  Now that we have what we 
have I would recommend monitoring to make sure the structure continues to remain 
mostly stable and continues to move bedload. 
 
What other measures could be done to improve the site (additional cover, denser structure 
spacing, etc.)?   
I’d say nothing, let natural vegetation continue to re-establish. 
 
Would a different type of structure be better suited to enhance habitat or meet habitat 
goals at this site? If so, what type?  Not sure.  At this site, given we have a very unnatural 
chunk of concrete in the channel and the location (upper end of the City of Union) we 
should be emphasizing fish passage, keeping bedload moving and the channel stable, and 
not worry about habitat for this relatively inconsequential reach.   
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