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Executive Summary 
As part of ongoing construction activities relating to the Cle Elum dam fish 
passage and protection projects a dividing wall is required in the energy 
dissipation basin to isolate outlet works discharges from the entrance and exit of 
the fish passage facilities.  The original design was a vertical splitter wall around 
3.5-ft-thick.  A cost savings gravity wall design was recommended by the design 
team that would save significant time and construction costs but adds significant 
concrete to the energy dissipation basin and reduces the overall volume of the 
basin to dissipate energy.  Concerns regarding the performance of the basin with 
the gravity wall in place were raised by some members of the design team.  A 
1:52 scale physical model was proposed to analyze the effects of both the gravity 
wall and the originally designed splitter wall to determine the hydraulic 
performance of both features and if they pose any hydraulic or scour concerns.   

This report summarized the physical model results.  Three configurations of the 
energy dissipation basin were modeled including the as-built basin, the basin with 
the splitter wall and the basin with the gravity wall.  The model was operated at 
flows up through the maximum 40,000 ft3/sec design capacity of the spillway for 
each configuration.  Bed elevation contour maps were created before the tests 
were operated and after each configuration was operated at each flow for 1-hour 
model time (7.2 hours real time). Results show that either configuration of the 
dividing wall will function hydraulically with minimal impacts to the existing 
structures.  Slight scour occurred at the toe of the gravity wall where it starts to 
extend beyond the basin’s apron.  To prevent this slight scour from potentially 
causing concerns it is recommended that a 3-foot-deep cutoff wall be added to the 
existing design of the gravity wall. 

Background 
Cle Elum Dam, located on the Cle Elum River about 8 miles northwest of Cle 
Elum, Washington USA was built in 1933.  The dam was originally constructed 
without fish passage facilities.  The dam expanded a natural lake that historically 
supported Sockeye, Coho, and spring Chinook salmon with other resident fish 
populations.  Construction of the dam blocked historical access to the lake and 
upstream habitat for anadromous salmonids and has impacted the salmon runs in 
the Yakima River basin. 

Fish recovery efforts have been in effect since the 1980s. Starting in 2003, the 
U.S. Bureau of Reclamation (Reclamation) made significant strides in providing 
fish passage on many Reclamation facilities in the Yakima River basin.  Cle Elum 
dam was selected for a major construction project adding upstream and 
downstream fish passage at the dam.  Construction began in 2015 with roadways 
and bridges and is projected to continue through 2025. 
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During a 2014 physical modeling effort, a splitter wall in the stilling basin was 
designed to separate outlet work flows from the fish passage entrance and exit 
(Hanna, 2015).  Subsequently, to save construction time and costs, it was 
suggested to redesign the original splitter wall as a gravity wall.  This re-designed 
wall takes additional volume in the energy dissipation basin compared to the 
original vertical splitter wall that was tested in the model study.  Reducing the 
volume of the basin may prevent the basin from functioning as originally 
designed.  The Reclamation design team approached the Hydraulic Investigations 
and Laboratory Services group to analyze the potential implications of 
constructing a gravity wall instead of the original splitter wall.  Due to the large 
footprint of the proposed gravity wall and the corresponding reduced volume of 
the energy dissipation basin, a physical model of the basin was recommended to 
ensure that the energy dissipation basin would still function as originally 
designed. 

Model Description 

Model Objectives 
The 1:52 Cle Elum Dam energy dissipation basin model study focused on the 
following objectives: 
 

• Evaluate the hydraulics in the energy dissipation basin for three 
configurations: 

o As built conditions (to verify the performance of the existing basin) 
o Proposed vertical splitter wall (see drawings 33-D-60282 through 

33-D-60287 in Appendix A) 
o Proposed gravity wall (see drawing 33-D-60285b in Appendix A) 

• Suggest modifications to the basin if: 
o The basin does not perform adequately to protect the downstream 

channel 
o If scour develops around the structures that might impact their 

structural integrity. 
• For each configuration evaluate flows of: 

o 5,000 ft3/sec 
o 10,000 ft3/sec 
o 20,000 ft3/sec 
o 40,000 ft3/sec  

• For each configuration evaluate the extent and location of any scour that 
occurs in the downstream river channel. 
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Figure 1. The three energy dissipation basin configurations tested in the physical model, 
as built (left), splitter wall (center), gravity wall (right). 

Model Scale 
Similitude between the model and the prototype is achieved when the ratios of the 
major forces controlling the physical processes are equal in the model and 
prototype.  Since gravitational and inertial forces typically dominate open channel 
flow, Froude-scale similitude was used to establish a kinematic relationship 
between the model and the prototype.  The Froude number is defined as 

gd
vFr =  

where v = velocity, g = gravitational acceleration, and d = flow depth.  When 
Froude-scale similitude is used for a 1:52 scale, the following relationships exist 
between the model and prototype where the r subscript refers to the ratio of model 
to prototype: 

Length ratio:  Lr = Lmodel/Lprototype = 1:52 
Pressure ratio:  Pr = Lr = (52) = 1:52 
Velocity ratio:   Vr = Lr1/2 = (52)1/2 = 1:7.21 
Time ratio:  Tr = Lr1/2 = (52)1/2 = 1:7.21 
Discharge ratio:  Qr = Lr5/2 = (52)5/2 = 1:19498.80 
A critical component of this model is the riprap and the downstream rock channel.  
In order to most appropriately model these features geometric scaling was 
selected due to the large size of the riprap and channel rock.  Scaling the rock 
features in this way makes the density of the rock in the model slightly higher 
than it should be, but the scour mechanisms of non-cohesive particle transport are 
similar between the prototype and the model. This approach was considered 
adequate for the intended model purpose.  
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Model Features 
A 1:52 scale physical hydraulic model was tested at Reclamation’s Hydraulics 
Laboratory in Denver, Colorado to ensure that the energy dissipation basin of the 
Cle Elum dam spillway would function as originally intended.  The model was 
constructed of wood and plastic materials and represented part of the upstream 
reservoir, the entrance channel, crest, piers (Figure 2), spillway chute with 
training walls (Figure 3), energy dissipation basin (Figure 4), and the downstream 
river to the existing gauging station. 

Prototype bed material sizes downstream of the stilling basin transition from 12- 
to 36-in angular riprap to 6-in nominal rounded river rock.  To size the riprap in 
the model simple geometric scaling was used.  Accordingly, 0.25- to 0.75-in 
angular gravel and 0.125-in pea gravel were used to model the downstream river 
channel.  Topography templates were created from LiDAR and bathymetry data 
provided by the TSC design team and were used to represent the geometry of the 
downstream channel.  Once the topography was leveled between templates the top 
two inches of the templates were removed and filled with material to provide a 
uniform bed without templates impacting the flow and turbulence.  The light 
grey/blue color material in Figure 4 is the zone of angular riprap represented as 
gravel and the brown/yellow colored material is the river rock represented by pea 
gravel. 

 
Figure 2. Photograph of upstream reservoir, entrance channel, crest and piers of the Cle 
Elum spillway model (flow will be from lower right to upper left). 
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Figure 3. Photograph of entrance channel, crest, piers and upper section of the spillway 
(flow will be from upper right to lower left). 

 
Figure 4. Photograph of spillway, energy dissipation basin with baffle blocks and gravity 
wall installed and downstream river channel. 
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Instrumentation 

A 240,000-gallon storage reservoir under the laboratory floor supplied water for 
the hydraulic model through an automated flow delivery and measurement 
system.  Inflow to the model was measured with venturi meters.  A 44,000-pound 
weigh-tank facility was used to calibrate the laboratory venturi meters at regular 
intervals to an accuracy of ± 0.25%.  

One piezometer tap was attached to a stilling well (Figure 5) and was equipped 
with a lory point gauge accurate to 0.001-ft.  The piezometer tap was in the center 
of the downstream channel at the approximate location where the river gauge 
would be located.  This piezometer tap was utilized to set the necessary tailwater 
in the channel. 

Tailwater was set with a downstream adjustable overflow weir (Figure 6). 

 
Figure 5. Photograph of 
stilling well attached to 
piezometer tap in the 
center of the downstream 
river channel. 

 
Figure 6. Photograph of downstream overflow weir used 
to set the tailwater depth of the model. 

Model Results 
For each configuration pre-test bed elevations were collected using a Laser 
Scanner.  The scanner was able to collect a point cloud of the topography and the 
energy dissipation basin.  Four flow rates and corresponding tailwater elevations 
were established in the model as outlined in Table 1.  Each flow was allowed to 
operate in the model for about 1 hour model time (7.2 hour prototype time) after 
which the flow was stopped and the energy dissipation basin and downstream 
topography were drained.  Post-test bed elevations were collected using the laser 
scanner. 
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Table 1. Flow rates and corresponding tailwater elevations in prototype units that were 
modeled for each of the three model configurations. 

Flow 
Rate 

Tailwater 
Elevation 

(ft3/sec) (ft) 
5,000 2,113.9 

10,000 2,116.2 
25,000 2,123.1 
40,000 2,130.0 

The remainder of this section provides images, pre- and post-test contour maps, 
and difference contour maps when it provides relevant information for each flow 
and configuration. 

Configuration 1 – As Built 
Figure 7 through Figure 10 provide photographs of each of the four flow rates 
tested for the as built configuration from a right bank and plan view perspective.  
Figure 11 provides a pre-test contour map of bed elevations in prototype feet and 
represents the undisturbed bed topography prior to any flow entering the model.  
Figure 12 provides a post-test contour map of the bed topography in prototype 
feet.  Comparing the two contour plots shows that only a very small amount of 
surface particles immediately downstream of the baffle blocks mobilized over the 
duration of the testing, and no scour was present after the testing was completed.  
The basin functions properly through the design 40,000 ft3/sec. 

 
Figure 7. Photographs of as built configuration for 5,000 ft3/sec the left image is looking 
from the downstream river right, and the right image is looking at a plan view with flow 
from left to right. 
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Figure 8. Photograph of as built configuration for 10,000 ft3/sec, the left image is looking 
from the downstream river right, and the right image is looking at a plan view with flow 
from left to right. 

 
Figure 9. Photograph of as built configuration for 25,000 ft3/sec, the left image is looking 
from the downstream river right, and the right image is looking at a plan view with flow 
from left to right. 

 
Figure 10. Photograph of as built configuration for 40,000 ft3/sec, the left image is looking 
from the downstream river right, and the right image is looking at a plan view with flow 
from left to right. 
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Figure 11. As built configuration pre-test prototype bed elevation contours, flow  
direction is from the bottom to the top of the image and the contours start just 
downstream of the energy dissipation basin and extend to the downstream gauge  
site. 

 
Figure 12. As built configuration post-test prototype bed elevation contours, flow  
direction is from the bottom to the top of the image and the contours start just 
downstream of the energy dissipation basin and extend to the downstream gauge  
site. 
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Configuration 2 – Splitter Wall 
Figure 13 and Figure 14 show the splitter wall installed prior to any flow being 
introduced into the model. Figure 15 through Figure 18 provide photographs from 
the right bank and plan view of each of the four flow rates tested for the splitter 
wall configuration.  Figure 19 provides a pre-test contour map of bed elevations in 
prototype feet and represents the undisturbed bed contours prior to any flow 
entering the model.  Note that the bed had been re-graded after the as-built tests 
and installation of the splitter wall.  Figure 20 provides a post-test contour map of 
the bed elevations in prototype feet and represents the disturbed bed contours after 
the model was operated.  Comparing the two models shows no difference, which 
indicates that the bed has not scoured or deposited.  Figure 21 is an image taken 
after the flow drained from the basin, a few rocks are present that have moved 
upstream onto the apron that extends beyond the energy dissipation blocks.  These 
few rocks are not alarming and indicate that separation off the dissipation blocks 
is causing an upstream velocity over the riprap section of the downstream 
channel. 

 
Figure 13. Photograph of splitter wall pre-test image looking from the downstream river 
right. 
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Figure 14. Photograph of splitter wall pre-test plan view the flow is from right to left. 

 
Figure 15. Photograph of splitter wall configuration for 5,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 

 
Figure 16. Photograph of splitter wall configuration for 10,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 
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Figure 17. Photograph of splitter wall configuration for 25,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 

 
Figure 18. Photograph of splitter wall configuration for 40,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 

 
Figure 19. Splitter wall pre-test prototype bed elevation contours, flow direction is  
from the bottom to the top of the image and the contours start just downstream of  
the energy dissipation basin and extend to the downstream gauge site. 
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Figure 20. Splitter wall post-test prototype bed elevation contours, flow direction is  
from the bottom to the top of the image and the contours start just downstream of  
the energy dissipation basin and extend to the downstream gauge site. 

 
Figure 21. Photograph of splitter wall post-test downstream bed showing that a few rocks 
moved upstream onto the apron that extends beyond the energy dissipation blocks in the 
basin. 
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Configuration 3 – Gravity Wall 
Figure 22 and Figure 23 show the gravity wall installed prior to any flow being 
introduced into the model. Figure 24 through Figure 27 provide photographs from 
the right bank and plan view of each of the four flow rates tested for the gravity 
wall configuration.  Figure 28 and Figure 29 provide post-test images of the 
downstream channel after the water was drained from the model. Figure 30 is the 
pre-test contour map of bed elevations in prototype feet and represents the 
undisturbed bed contours prior to any flow entering the model.  As with the 
splitter-wall testing, the downstream bed was regraded following the installation 
of the gravity wall.  Figure 31 provides a post-test contour map of the bed 
elevations in prototype feet and represents the disturbed downstream channel after 
the simulations were modeled.   

 
Figure 22. Photograph of gravity wall pre-test installation viewed from downstream river 
right. 
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Figure 23. Photograph of gravity wall pre-test installation viewed from upstream center of 
spillway. 

 
Figure 24. Photograph of gravity wall configuration for 5,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 

 
Figure 25. Photograph of gravity wall configuration for 10,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 
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Figure 26. Photograph of gravity Wall configuration for 25,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 

 
Figure 27. Photograph of gravity wall configuration for 40,000 ft3/sec, the left image is 
looking from the downstream river right, and the right image is looking at a plan view with 
flow from left to right. 

 
Figure 28. Photograph of gravity wall post-test viewed from downstream river right. 

Comparing the two models show slight differences at the downstream end of the 
energy dissipation basin, just downstream of the dissipation blocks.  Doing 
difference mapping between the two sets of contour maps did not result in a good 
synapsis of where scour and deposition occurred.  Photogrammetry was utilized to 
develop a difference map between the pre- and post-test topography. Figure 32 
provides an ortho plan photo of the downstream river channel and the difference 
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map (in feet prototype) side by side.  The difference map clearly shows that some 
of the riprap downstream of the basin was relocated to the apron that extends 
beyond the energy dissipation blocks in the basin.  The rocks that did move up 
onto the apron were pulled from the toe of the gravity wall just as it transitions 
from the apron (red circle in Figure 29) and from the right bank side slope. While 
no rocks were observed to enter the stilling basin, there would still be a slight 
concern of ball milling leading to damage of the stilling basin apron if it were to 
be operated for long durations with riprap on the concrete apron.   

The area immediately downstream of the stilling basin apron experienced scour 
depths up to approximately 1 foot deep prototype. While much of this area 
experienced some scour, the primary scour was concentrated at the joining of the 
apron and the toe of the gravity wall. To prevent this scour from undermining the 
gravity wall, it is recommended to install a cutoff wall (a minimum of 3-ft-deep) 
that extends along the bottom of the gravity wall a distance of at least 10 feet.  A 
cutoff wall already exists at the end of the stilling basin apron. 

 

 
Figure 29. Photograph of gravity wall post-test viewed from river right, red circle indicates 
location of scour that should be mitigated with a shallow cutoff wall. 
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Figure 30. Gravity wall configuration pre-test prototype bed elevation contours,  
flow direction is from the bottom to the top of the image and the contours start just 
downstream of the energy dissipation basin and extend to the downstream gauge  
site. 

 
Figure 31. Gravity wall configuration post-test prototype bed elevation contours,  
flow direction is from the bottom to the top of the image and the contours start just 
downstream of the energy dissipation basin and extend to the downstream gauge  
site. 



 

 23 

 

 
Figure 32. Gravity wall post-test plan view orthophoto (left) with corresponding difference 
map (right) showing the bed elevation change in prototype feet, deposition is red, scour is 
blue. 

Conclusions 
A 1:52 Froude scale physical model of Cle Elum dam spillway and energy 
dissipation basin was constructed by the Hydraulic Investigations and Laboratory 
Services Group of the Bureau of Reclamation’s Technical Service Center.  The 
model contained a portion of the upstream reservoir, the spillway crest, piers, 
chute, training walls, energy dissipation basin and a portion of the downstream 
river channel.  The model was operated at four discharges and three different 
configurations of the energy dissipations basin including the as-built, splitter wall 
and gravity wall.  Bed elevation contour maps were generated for each of the 
configurations before and after discharges were modeled.  The as-built 
configuration operated as expected with minimal energy being transferred into the 
downstream river.  The splitter wall configuration did not show significant signs 
of scour or deposition, a few rocks were pulled from the riprap area onto the 
basins apron that extends beyond the dissipation blocks.  These rocks are not 
alarming and indicate that the turbulence created by the baffle blocks is causing 
upstream velocities near the riprap area.   

The gravity wall also performed adequately over the range of tests investigated.  
A slight scour hole was observed at the location where the toe of the gravity wall 
crossed over the existing stilling basin apron, and a few additional rocks were 
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moved onto the stilling basin’s apron and remained downstream of the baffle 
blocks. Neither the observed scour nor deposition of rock on the apron is a major 
concern to the structural integrity.  If the gravity wall is the preferred option, it is 
recommended that a cutoff wall be added to the toe of the wall where it extends 
past the basin’s apron to prevent the gravity wall from being undermined. 
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APPENDIX A – Draft Design Drawings 
The following pages contain the draft design drawings that were used to generate 
the splitter and gravity walls that were modeled during this study. 
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