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Subjects Hydraulic model studies of the spillway and outlet for Shadow
Mountain Dam - Colorado-Big Thompson Project, Colorado.

l. Introduction. Shadow Mountain Dam will be an earth-fill dam

across the Colorado River at a site about three miles south of the town
of Grand Lake, Colorado. The principal hydramlic feature of this dem

will be the concrete-lined, open-channel spillway at the right abutment
whose discharge will be controlled by two 18- by 18.5-foot radial gates.
Details of the spillway are shown in figure 1. Incorporated within the
spillway will be an outlet which will function to pass small flows when

the radial gates are closed.

A hydraulic model study was made, using a model constructed to a
geome®ric scale of 1 to 30, modpl to prototype, to verify the adequacy
of the spillway design.

2. Summary. The model tests indicated that the entrance transi-
tion functioned smoothly both with and without the outlet operating.
It was found that the crest had to be lowered one-half foot, prototype,
to achieve the required discharge capacity. The stilling pool was raised
and shortened, and the dentates were revised. The lower part of the out-
let was relocated so that it discharged into the chute instead of into
the stilling pool, and a design was developed which did not affect flow
conditions in the chute. Special tests were made to study the possibi-
lities of dissipating the energy of the water spilling down the chute by

means8 of sills placed transverse to the direction of flow.

3« Model details. The extent of the model, which was constructed
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to a geometric scale of 1 to 30, is indicated in figure 1. Water was
supplied to the model by a laboratory pump through a venturi meter
which served as a means for measuring the model discharge. After pass-
ing through the model, the water was returned to the pump sump over an
adjustable tail gate which provided the means for controlling the tail-
water level. Soms of the details of the model construction appear in

figuge 3.

4., Test of original design. In order to highlight any possible

defects in the original design, a test was made with a discharge corres-
ponding to 10,000 second-feet, prototype, which represents the maximum
prototype flood. Entrance conditions were satisfaotory, as shown in
figure 3. There was some disturbance on the surface of the water, par-
ticularly in the vicinity of the pier nose, but it was minor in magni-
tude.

In order to pass the 10,000 second-feet, it was necessary to in-
crease the elevation of the reservoir water surface above the designed

maximum.

Flow down the chute was quite smooth, as shown in figure 3, and
the freeboard was ample, as shown by the water surface profile in fig-

ure 4.

The stilling pool proved to be more than adequate. The tailwater
was lowered 4 feet from its normal elevation without materially effect-

ing the action of the pool.

More detailed studies of each component part were made, and they

will be discussed under separate headings.

5. Entrance studies. The pertinent details of the original en-

trance are shown in figure 1, and an enlarged detail of the left side
is shown in figure 2. 1In the model the transition section was con-
structed by screeding medium gravel with a straightedge between the
apex at elevation 8370.08 and a parabolic curve laid out at elevation
8345.0 according to the dimensions shown in figure 2. This entrance
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was satisfactory in the high-discharge test, and, for smaller discharges,
with the-.radial gates lowered to maintain the reservoir level at eleva-
tion 8367.0 which corresponds to the proposed prototype operation, en-
trance conditions were even better. With the gates completely closed

and the outlet opened, the disturbance at the entrance of the outlet con-

duit which is located in the nose of the pier, was nardly noticeable.

6. Crest capacity studies. The capacity and the characteristics

of the crest were studied by varying the discharge; first, with the
spillway uncontrolled, and secondly, with the reservoir water surface
maintained at its desipgned maximum by lowering the gates. The discharge
of the uncontrolled spillway scaled up from the model measurements is
shown in figure 5, with the spillway crest at elevation 8348.5. It is
apparent that the crest coefficient was lower than assumed in the de-
sign studies, since the reservoir water surface required to pass 10,000
second-feet was elevation 8367.5 instead of the designed value of ele-
vation 8367.0. Based on the calipered net length of model crest, the
coefficient of discharge was 3.34 for a discharge of 1G,000 second-feet.
The coefficient of the same crest without piers as determined by other
model experiments was 3.50, which was the value used in designing the
crest. This decrease in coefficient was undoubtedly due to the changes
in flow pattern caused by the presence of tne pier. The required capac-
ity of the spillway was restored in the final design by lowering the
crest one-half foot, prototype, to elevation 8348.0, as shown in figure
6. Other revisions necessitated by this change are also shown in figure
6.

Although the model was not designed for a calibration test of the
radial gates in that no provision was made for holding the water level
in the head box at a given constaut level, some data which might be use-
ful for operation of the prototype were obtained. For any given dis-
charge the two gates were adjusted to the same opening such that the
reservoir water surface stabilized at an elevation 19 feet, prototype,

above the elevation of the spillway crest. The data are shown in graph-



ical form in figure 6. Since the model crest was located at elevation
8348.5, the maximum water surface is shown as 8367.5. With the proto-
type crest lowered to elovation 8348.0, the 19-foot head would corres-
pond to the required maximum water surface of elevation 8367.0. There
was a range of operation in the model corresponding to discharges
greater than 8,000 second-feet wherein the gate position could not be
determined accurately because of the lack of refinement in the gate-
adjusting device and the restricted forebay area. For example, with a
discharge of 9,000 second-feet, prototype, the gates were lowered until
the bottom edge just touched the water surface. Water piled against
the gate intermittently until, finally, enough water accumulated against
the gate to change the coefficient of discharge, and the gate assumed
control of the flow with an attendant rise of about 1 foot, prototype,
in the reservoir level. When the gates were then raised 0.006 foot,
model, or 0.2 foot, prototype, the reservoir level gradually lowered
until the gate bottom was clear of the water surface. Because of this
difficulty no data were obtained for discharges greater than 8,000
second-feet, prototype, and the curve is shown as approximate in this

region.

7. Stilling-pool studies. During the test of the original design

it was demonstrated that the tailwater level could be lowered 4 feet
without affecting appreciatly the action of the pool. Accordingly, the
floor of the pool basin was raissd 3 feet to elevation 8313.0, and the
length was shortened from €64 to 56 feet. The change in the floor moved
its iMtersection with the chute upstream a distance of 6 feet. 4As a
result of both changes, the vertical walls were cut back a total of 14
feet, as shown in figure 4. The performance of the revised stilling
pool was equal to that of the original design. When the tailwater level

was lowered 4 feet, the pool stayed full, as shown in figure 3.

Dentates and a dentated sill, of s new type, developed in the

studies of the spillway for Scofield Dam” were installed, and a test

*"Hydraulic Model Studies of the Spillway and Outlet Works for Scofield
Dam - Scofield Project, Utah,™ Hydraulic Laboratory Report No. 160.
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with 10,000 second-feet showed no adverse effect on the pool action.
The new type of block which is shown in figure 6, details U and H, was
developed to eliminate cavitation erosion without changing its effec-
tiveness in the stilling-pool action. Since the stilling-pool action
was not affected by the change, the revised blocks were adopted for the
final design,

8. Studies of 8cour. The tendency of the water to scour the bed

of the tailbay was not pronounced, and was limited for the most part
to a small area on each side of the stilling pool at the point where
the water entered the tailbay. This localized. scouring action was

caused by an eddy which formed as the jet of water from the stilling
pool plunged into the tailbay, and may e offset in the prototype by

increasing the size of the riprap in these two areas.

In an effort to eliminate the cause of the erosion, the dentates
next to each vertical wall were removed, but the scouring action
appeared to have been increased by the change. Attempts to eliminate
the rollers by extending the vertical side walls into the tailbay were
equally fruitless from a practical standpoint. In order to have an
appreciable effect, the wall extensions had to be 15 feet high and 15
feet long. With extensions of this height and length the erosion was
eliminated at the end of the dentated sill, but a new scour pocket of

reduced size was created at the end of each extension.

9. Outlet studies. In the original design of outlet the dis-

charge end was located in the center dentate at the toe of the chute,
as shown in figure 1. Before any tests were mede for this location,
the outlet was changed from a 30-inch diameter pipe to a 2-foot square,
reinforced-concrete conduit, and its discharge end was shifted to a new
location on the chute with an opening 24 by 43 inches at elevation
8323.0. In the first design the opening had sharp edges which created
a disturbence at low spillway discharges. When the downstream edge was
rounded as shown in figure 6, detail K, the disturbance was eliminated

for all flows. It was also established by the tests that the outlet
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would be under pressure for all spillway discharges, and therefore air
relief would not be required. 1In the final design the outlet size and
width of opening were increased to 30 inches and its location was

shifted to elevation 8326.0, as shown in figure 6.

10. Special tests of enerpgy dissipation by sills. The chute of

this model was used, in connection with another study, to investigate
the drop in pressure downstream from a sill when placed in a stream of
water flowing down an inclined plane. It was noted while measuring
velocities upstream and downstream from the sill that an appreciable
decrease in energy occurred. To exploit the possibilities of such dis=-
sipation, a series of tests was made in which the number and the size
of the sills were varied. These sills were triangular in cross section
and were placed so that they extended from wall to wall normal to the
center line of the chute, with the upper faces horizontal and the down-
stream faces vertical. 1In the two sizes which were used, the height of
the vertical face was 1/4 inch and 3/8 inch, respectively. The length
of the horizontal face varied with the slope of the chute where the
sill was located. The dissipating effect was determined by measuring
the energy head at a point just upstream from the toe of the chute both
with and without sills. The measurements were made with a small pitot
tube placed parallel to the slope. Since this tube had a single impact
opening, only the total energy head was indicated. The sills were in-
stalled, starting at station 3+71.75, with the locations shown in figure
4., The energy heads and the velocities for different numbers and combi-
nations of sills, where the count began at station 3+71.75, are shown
in the followlng tabulation for an uncontrolled spillway with a dis-
charge corresponding to 9,000 second-feet, prototype.
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Model Energy Model
ensrgy head, in velocity,
Condition inches percent ft.[}ec.
No sills 17.69 100.0 9.75
2 sills at 1/4 inch 15.26 86.2 9.10
4 sills at 1/4 inch 14.06 79.5 8.68
5 sills at 1/4 inoh 13.75 77.7 8.60
6 sills at 1/4 inch 13.26 74 .9 8.42
7 sills at 1/4 inch 13.69 77 .4 8.60
(3 sills at 3/8 inch
7- 13.50 76.3 8.55
(4 sills at 1/4 inch i

The velocity in the last column was obtained by assuming that by com-
parison with the total energy head, the depth of flow was negligible
and the measured energy head was equal to the velocity head. Although
the flow in the chute was rough, with the sills in place, it was ac-
ceptable for all discharges. When the flow was controlled by the gates
so that the water entered the chute with a small depth and a high
velocity, the sill made the flow very rough, with coneiderable spray.
Although it was evident that the use of 8ills was not applicable for a
gate-controlled crest, the possibilities of dissipating some of the
ensrgy of an uncontrolled spillway by sills placed on the chute, with
the resultant saving in stilling pool cost by virtue of a reduction of

its size, would bear further investigation.
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FIGURE 2
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FIGURE 3

(A) Flow conditions at spillway entrance.

(B) Stilling pool - tailwater El. 8332,50 (C) Stilling pool - tailwater El. 8328.50

MODEL STUDY - SHADOW MOUNTAIN DAM SPILLWAY
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