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Marble Bluff Diversion Dam hydraulic model test 

The subject study was made to assist in developing a satisfactoryt 
spillway structure for Marble Bluff Diversion Dam. The study's mftin 
concern was evaluation of flow conditions through the approach charinel___ _ 
over the free overflow spillway, and through the spillway stilling 
basin. The baffled apron drop was represented by a structure that had 
been built and developed in previous research. It closely, but not 
completely, modeled the prototype structure. For this reason flow 	
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conditions through the approach channel, over the free overflow spill- 
way, and through the stilling basin were considered true while flow 
conditions down the baffled drop were considered only similar to the 
prototype. The results of these studies are generally applicable only 
to structures with similar geometrical configurations but may be useful 
in initial evaluation of similar problems. The major results are as 
follows: 

1. Flow conditions over the free overflow spillway, through 
the stilling basin, and down the baffled apron drop were satis-
factory for all discharges up to 17,000 cfs with or without 
sedimentation in the approach channel. 17,000 cfs is the 100-year 
flood discharge over the 150-foot-wide spillway crest. 

2. The head-dischatTe relationships between water surface elevation 
in the approach channel at a point 36 feet upstream from the spill-
way crest and the discharge over the spillway were evaluated for 
model conditions representing the approach channel both with and 
without aggradation. For the approach channel with aggradation 
the discharge was also related to the reservoir water surface 
elevation outside the approach channel. 
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3. Both a dentated and a solid sill at the end of the stilling 
basin were evaluated. It was observed that the solid sill caused 
both higher spray on the baffled drop and lens uniform flow along 
the drop. It should also be noted that experience and previous 
research have found the dentated sill to be most effective. For 
these reasons the dentated sill is recommended. 



The scale of the model was controlled by the size of the baffled apron 
drop. The baffled drop had been previously constructed in conjunction 
with a research study. The selected model scale was 14.17:1. The width 
of the existing baffled drop was 35 inches which represents 41.32 feet 
or 27.5 percent of the 150-foot total prototype width. The model 
'included the approach channel, the free overflow spillway, the stilling 
basin with chute and baffle blocks, and the baffled apron drop (Figure 1). 
The entire model was accurately scaled elmept for the sill and the 
baffled drop. The top and upstream surfaces of the sill were correctly 
modeled. The height of the downstream edge of the sill and the dis- 
tance to the first baffles on the baffled drop were not correctly modeled; 
however, in order to minimize model construction time;the actual proto-
type length of the baffled drop was also not correctly represented. It 
was accepted that the baffled apron drop design, which had been developed 
in previous studies, was satisfactory. Flow conditions on the baffled 
drop were close to actual and may be used in cursory evaluation of the 
structure. Flow conditions over the spillway and through the basin were 
correctly represented. The flow passes through critical depth as it 
passes over the sill and this effectively isolates upstream flow condi-
tions from any downstream irregularities. 

The first step in the investigation was the evaluation of flaw condi-
tions over the proposed structure for flows representing prototype 
discharges up to 17,000 cfs (Figure 2). The observed flow conditions 
were satisfactory at all discharges. In addition to a visual evalua-
tion of this structure, data were obtained which yielded the water sur-
face elevation at a point 36 feet upstream from the spillway crest 
versus the discharge over the spillway (Figure 3). 

The model was then modified to represent the prototype structure with 
channel aggradation upstream from the overflow spillway (Figure 4). 
The bottom of the approach channel was raised from elevation 3847.5 
feet to 3853.5_ feet or 1 foot below the spillway crest. The model 
was again run at prototype discharges up to 17,000 cfs (Figure 5). At 
these various discharges, the flow was evaluated visually, discharge 

' versus reservoir elevation data were obtained, and the depth of flaw 
in the stilling basin (at a point halfway between the back of the baffle 
blocks and the start of the sill) was evaluated. Flow conditions over 
the spillway, through the stilling basin, and down the baffled drop 
were once again satisfactory for all discharges. Critical flows with 
standing waves were observed in the approach channel (Figure 5). It 
was felt that the high velocity of these flows will scour the channel 
bottom, lower the approach channel, and reduce the flow velocity. The 
obtained discharge calibration curves (Figure 6) relate the discharge 
not only to the water surface elevation in the channel at the station 
36 feet upstream from the spillway crest but also to the reservoir 
water surface elevation. Water surface elevations in the stilling basin 
for the range of discharges are shown in Figure 7. 

r 



Performance of a solid sill, as compared to the previously tested 
dentated sill, was evaluated (Figure 8). The flow was studied at 
prototype discharges up to 17,000 cfs. At moderate and law discharges 
the solid sill did not initiate a breakup of flow as the dentated sill 
did. The flow that struck the first baffles of the baffled drop was 
consequently more uniform with the solid sill. This caused the spray 
from the initial row of blocks to be both higher and more dense (Figure 9), 
which in turn caused a less uniform flow along the baffled apron drop. 
For these reasons and because previous experience and research have 
found the dentated sill to be most effective, it is recommended that 
the dentated sill be used. 

Finally, a single scour test was performed at the base of the baffled 
drop. The bed material elevation and the tailwater elevation were 
arbitrarily set with no consideration of prototype conditions. This - 
test was therefore significant only in that it evaluated the scour 
for the particular arbitrary conditions. The test does, however, establish 
an understanding of possible scour potential. The bed material was 
leveled at an elevation of 3782.9 feet. The tailwater was set at an 
elevation of 3798.2 feet. The model was run at the 50-year flood 
discharge of approximately 12,000 cfs for 2 hours. A scour hole with 
a bottom elevation of 3775.2 feet was created at a location between 
20 and 30 feet downstream from the 3782.9 feet elevation position of 
the apron face. Laterally, the hole was located below the right half of 
the modeled drop. 
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