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Preventing stilling Basin Abrasion 

R. A. Dodge and B. W. Mefford, A.M. ASCE1 , 

D. H. Merritt, M. ASCE2 , and Dr. P. F. Lagasse, M. ASCE3 

Abstract 

A 1:10 scale physical hydraulic model of Taylor Draw Dam 
outlet works was used to develop modifications to prevent 
back flow intake of rock into the stilling basin. Much of 
the back flow was caused by poor flow conditions entering 
the basin . Poor flow conditions were caused by a 
bifurcating wye branch located a short distance upstream of 
the outlet control gate. These approach conditions caused 
the flow on the stilling basin chute to be skewed to one 
side and lift off the floor. To correct the problem, a 
slightly curved flow deflector was mounted in the chute to 
spread the jet laterally and force it down along the chute 
floor. A second flat flow deflector was mounted near the 
end of the basin to force flow down onto the end sill, thus 
causing a continuous downstream velocity over the sill. 

Background 

Taylor Draw Dam is owned and operated by Water User's 
Association No. 1, Rio Blanco County, Colorado. The outlet 
works is fed by a 96-in conduit that bifurcates into a 
blind flanged 96-in penstock and a 78-in outlet pipe just 
upstream of a 6.5-ft by 6.5-ft slide gate, figure 1. The 
outlet gate discharges flow into a hydraulic jump stilling 
basin similar to a Reclamation Type III Basin (Peterka, 
1987). Af ter passing through the stilling basin, the water 
flows over a r i prapped transition back up to the original 
river channel elevation. After the first 2 years of 
operation the chute and the stilling basin experienced 
considerable rock abrasion damage. It was suspected rocks 
were entering the basin by falling or being thrown in. The 
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basin was · repaired with silica-fume concrete and a metal 
roof was placed over the entire stilling basin. 

Two years after the first repair divers again found rocks 
in the basin and significant damage to the concrete 
surfaces. It appeared likely rock was being moved upstream 
into the basin by the flow. As investigated by Zeigler 
(1990), rock and debris from downstream of hydraulic jump 
stilling basins can be moved into basins by return flows 
moving upstream along the basin apron and floor. To 
determine the damage causes and solutions, a physical model 
investigation of the outlet works was .conducted. 

A 1:10 Froude scale hydraulic model of the outlet works 
structures was constructed. The model included the 96-in 
pipe, bifurcation, control gate, stilling basin and 
riprapped return channel. A piezometer ring was placed on 
the model outlet conduit upstream of the gate to measure 
piezometric head for setting the model reservoir elevation. 
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Figure 1. - Plan view of the outlet works. 

Model Measurements and Observations 

Venturi meters with mercury manometers were used to 
measured flow rates. Basin flow velocities were measured 
using a 3/4-in electromagnetic current meter. A water 
surface probability probe was used to establish the average 
flow surface elevation. Piezometers were used to measure 
pressures on the basin chute and floor. Pressure 
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transducers were used to measure fluctuating pressures on 
the flow deflectors tested. Rock smaller than the actual 
design riprap (representative of material found in the 
basin during inspections) was placed in the model 
downstream of the basin end sill to allow observation of 
material movement. 

Tests of As-built structure 

The jet exiting the control gate is visibly skewed across 
the chute. starting at the upstream bifurcation, a strong 
longitudinal eddy forms along the inside left wall of the 
outlet pipe. The eddy persists to the control gate, 
causing a strong skewness in the jet entering the basin. 

In addition to the flow disturbances due to the 
bifurcation, - concerns were raised about the effects of 
large vertical slots upstream of the control gate. During 
construction a blockout wider than the control gate was . 
formed to provide room to install the gate. After 
installation the remaining blackout area was not filled 
with concrete. Thus, large vertical slots remained in each 
wall (roughly 1.25-ft wide by 1.0-ft deep) upstream of the 
gate frame. The large slots created vertical eddies 
suspected of adding to the skewness of the jet observed 
downstream of the control gate. 

Up to roughly 50 percent gate opening, flow entering the 
stilling basin was concentrated to the left side of the 
chute and generally lifted off the chute floor. Downstream 
of the chute the flow remained concentrated along the upper 
left side of the basin. This created a strong .upstream 
flow (back into the basin) over the sill and along the 
basin floor. Along the right side of the structure 
(looking downstream) the back flow carried up the chute to 
nearly the toe of the hydraulic jump. 

For gate openings from approximately 15 to 40 percent, back 
flow ve l ocities measured just above the basin ·end sill were 
sufficie nt to move 9-in-diameter rock from the riprap apron 
over the end sill and into the basin. Large material 
generally moved about on the basin floor. Smaller material 
(rocks up to roughly 4-in diameter) were drawn up the right 
side of the chute floor to approximately the toe of the 
hydraulic jump before being thrust down the left side by 
the skewed flow. 

With the exception of filling the gate blockout slots, 
correcting the flow through modifications within the 
conduit was considered difficult and less desirable than 
within the chute and basin. Therefore, the model study 
concentrated on improving the flow within the basin and 
downstream apron. 
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Modifications Tested 

Modifications to the structure were evaluated by observing 
flow conditions, material movement and measuring flow 
velocities over the basin end sill. 

Tests with the gate blackout slots filled were conducted in 
the model. Filling the slots reduced the severity of the 
flow skewness, al though the influence of the upstream 
bifurcation continued to be the major contributor. Some 
rock material was again drawn onto the stilling basin floor 
and moved onto the chute. 

To force the flow down along the chute floor and reduce the 
lateral skewness, a downward deflecting vane was placed in 
the stilling basin chute. The location and angle of the 
deflector were varied to determine if it could be used to 
adjust the flow profile. The location of the chute 

· deflector was determined by adjusting its position until 
achieving the greatest improvement in flow. The chute 
deflector was then curved slightly to align the leading 
edge with the flow to reduce impact spray, figure 2. 
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Figure 2 . - Loca t i on and details o f de fl e ctors in the 
stilling basin. 
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The chute deflector was observed with and without the slots 
upstream of the gate. These observations indicated that 
filling the slots noticeably improved the flow action . 
downstream of the chute deflector. The combined effects of 
the chute deflector and the filling of the blockout slots 
greatly improved the flow within the basin, but did not 
prevent back flow for all operating conditions. To 
eliminate back flow a second flat plate flow deflector was 
added near the end of the basin, figure 2. 

The flat downstream basin deflector was used to force the 
higher elevation flow in the basin down onto the end sill, 
thus forcing a continuous forward velocity over the basin 
end sill and adjacent apron. To find the best position and 
inclination for the basin deflector short, strings were 
attached to downstream edge of the sloped stilling basin 
end sill to indicate the direction of flow. The final 
position (figure 2) produced the best flow stability and 
symmetry over the sill. 

For each modification tested, flow velocities at 25 percent 
gate opening were measured above the end sill. This 
operation represented the worst case conditions for back 
flow and material movement into the basin for the as-built 
structure. Velocities were measured near each side .wall 
and at the center just above the interface between the sill 
and riprap apron. Results of these tests were as follows., 
With only the blockout slots filled, there was back flow 
over the entire sill with velocities ranging from 4.4 ft/s 
on the left to 2 .1 ft/s on the right side (looking 
downstream) . Smaller sizes of the riprap material fr.om 
3-3/4 to 7-1/2 inches moved into the model basin. Adding 
the chute deflector reduced the back flow velocities by 
about 75 percent on the left side and middle. The flow 
d irection reversed to downstream with a velocity of about 
2.1 ft/son the right side. Some material up to 3-3/4-in 
diameter was drawn into the basin. With the addition of 
the downstream basin deflector, all the flow over the top 
of the sill moved downstream with velocities of about 4 
ft/s. No material was drawn into the basin. Following 
these tests the deflectors were removed and material again 
moved quickly back into the basin. 

A final test series covering all gate operations was 
conducted with all three modifications installed. These 
tests were run for extended lengths of time. During these 
tests no indication of reverse flow or movement of material 
over the end sill was observed. 

Pressure measurements at 100 percent gate opening were 
obtained on both sides of each deflector to determine 
maximum net loadings for structural design. The thickness 
of each deflector was revised (increased) to meet 
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structural requirements and then retested. Several 
refinements in the deflector shape and position were again 
determined. The major problem encountered was the design 
of the chute deflector nose. The initial chute deflector 
structural design included a 2.5-inch-radius pipe at the 
nose. The round nose caused spray at low gate openings and 
a strong upward rising sheet of water at large gate 
openings. To obtain acceptable flow around the chute 
deflector required a sharp 45 • nose be added to the leading 
edge. The final recommended deflector shape is shown in 
figure 2. 

Conclusions 

The results of this study demonstrate the importance of 
having good approach flow conditions to stilling basins. If 
the high velocity flow entering a hydraulic jump basin is 
unevenly distributed· across or lifts off the chute floor, 
strong back flow conditions over the end sill are likely to 
occur. For the specific case of Taylor Draw Dam, the poor 
stilling basin flow and the severe abrasion problems can be 
corrected by grouting existing control gate blackouts and 
installing two downward deflecting vanes in the stilling 
basin. 

For other structures where approach conditions may be 
adequate, yet back flow and abrasion occur, a single basin 
flow deflector located near the end sill could be used to 
prevent back flow and transport of material into a stilling 
basin. 

The present study of flow deflector vanes in stilling 
basins has shown vanes can prevent back flow and material 
movement into a basin, but by themselves do not ensure a 
self-cleaning basin. Rock entering a basin by other means 
can still cause considerable damage to concrete surfaces. 
Periodic diver inspections or dewatering of basins should 
be conducted to check for and remove trapped material. 
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Appendix II.- SI Conversions 

in= 0.0254 m 
ft= 0.3048 m 
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