BURELU OF RETL.MATION
UNITED STATES e IR
DEPARTMENT OF THE INTERIOR HYCRAULIC LABCTATORY
BUREAU OF RECLAMATION NOT TC BE RENOVED ¥ROM FILES

HYDRAULIC MODEL STUDIES OF THE SPILLWAY
AND OUTLET WORKS--HEART BUTTE DAM
MISSOURI RIVER BASIN PROJECT

Hydraulic Laborétory Report No. Hyd-326

ENGINEERING LABORATORIES BRANCH

DESIGN AND CONSTRUCTION DIVISION
DENVER, COLORADO

January 16, 1852




o N -
i CONTENTS
Summary . . . . . . e e e e e e e e e e e e e e e e e 1
. Introduction . . . . . . .. .. ... 0. e e e e 2
S The 1:21.5 Scale Model . . . . . . . . . . . . o v v v e 2
The Investigation . .. . . . .. ... ... .. e e e e e e e 3
Y Preliminary Spillway Entrance . . . . .. .. . ... 3
Operations . . . . . . . . v v o v v e v o v o 0 3
Pier Studies . . . .. . ... .. e e e e e e -3
Pressure Tests 1 through 7 . . . . .. .. . ... 4
Calibration . . . .. . ... .. ... ... 6
Spillway Entrance 2 . . . . . .. . . ... .. .... 6
i Operatioan . . . . . . . . . v v v i v e e s e 6
L Pressure Tests 8 through 10 . . . . . ... ... 6
Calibration . . . .. . .. ... ... ... ... 7
Spillway Entrance 3 . . . . .. . . . ... ... e 7
Operation . . . . .. . ... . . ... ... ... 7
Pressure Tests 11 through 13 . . .. . . .. .. 7
Calibration: . . . . . . . . . . . . .. .. ... 8
= Air Supply Tests 1through 7 . . . .. ... ... 8
! Outlet Works Studies . . . . . . . . . . v v v v v o . . 9
L Qutlet Tunnel Transition1 . . . ... ... ... 9
Outlet Tunnel Transition 2 . . . . .. .. . ... 10
Stilling Basin Studies . . . . . . . . . .. .t ... 10
Stilling Basin 1 . . . . . . . . . . .. ... ... 10
Stilling Basin 2 . . . . . .. . . ... ... ... 10
N Stilling Basin'3 . .. . . .. .. e e e e e e e 1
Stilling Basin 4 . . . . . . .. . ... .. .... 11
Stilling Basin§ . . . . ... .. ... ... ... 11
:  Stilling Basin 6 . . . . .. ... ... 000 ... 11
Stilling Basin 7 . . . . . . . .. ... ... ... 12
Stilling Basin 8 . . . . . . . . . ... ...... 12
v




UNITED STATES
D EPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Design and Construction Division Laboratory Report No. Hyd-236

Engineering Laboratories Branch Hydraulic Laboratory

Denver, Colorado Compiled by: E. J. Rusho

January 16, 1852 Reviewed by: A. J. Peterka and
J. N. Bradley

Subject: Hydraulic model studies of the spillway and outlet works--Heart
Butte Dam--Missouri River Basin Project

SUMMARY

The hydraulic model studies of the spillway and outlet works of
Heart Butte Dam were made with a model built to a scale of 1:21.5. The
parts of structure investigated were the spillway entrance structure, the
tunnel, the outlet tunnel transition, and the stilling basin.

Tests were started using the preliminary spillway entrance shown
in Figure 6A. With the crest submerged, vortex action occurred over the
entrance and the tunnel ran.full while subatmospheric pressures occurred
in the spillway shaft. Tests showed six piers placed on the crest reduced
the vortex action to minor proportions. Studies were made on modifications
to the shape of the crest, the shaft, and the vertical bend. The tunnel was
prevented from flowing full by using a flow deflector at the base of the shaft.
This also prevented dangerously low pressures from occurring in the shaft.
The elevation of inlet crest for the outlet works was lowered 12 feet to in-
crease the amount of water available for irrigation. The basic entrance
shape selected from these studies is shown in Figure 6C.

Special investigations were made to develop air deflectors for the
purpose of introducing a flow of air into the spiliway water. These air de-
flectors consisted of projections placed at the top of the shaft above air
ports in the shaft wall, They were successful in causing a flow of air into
the water which it was believed would cushion the surfaces of the bend from
the impact of water and reduce damage if this should occur. The selected
air deflectors as installed on the recommended entrance are shown in
Figure 25. .

Tests showed the tunnel structure to be satisfactory except for
the transition at the junction of the outlet works, Figure 34. Operation of
the outlet works caused the tunnel at the downstream end of the transition
to fill so that with the spillway also discharging, the entire tunnel ran full,
A longer transition, Figures 34 and 35, did not correct this ccndition. Be-
cause of the resulting economy, the short transition was recommended for
construction with the provision that the outlet be closed during operation of
the spillway.




Eight stilling basins at the downstream portal of the tunnel were
rsted, Figures 36 and 41. High flow concentration occurred with the

.17 5t basin because of its narrow width. Studies were made with modifica-
tions to the basin length, width, and chute design. A wide basin gave
-utisfactory operation when provided with spreader walls on the chute to
«zpand the flow to the sides of the basin. Pressure tests were made on the
nose of the spreader walls and on the baffle piers to develop shapes that
would prevent low pressures. The recommended basin, No. 8, Figure 41,
w55 the minimura size that would give good performance. The tail water
~zuld be lowered 4 feet below the design tail-water elevation of 2012 for

. 800 second feet before the jump would sweep out of the basin.

INTRODUCTION

Heart Butte Dam is located on the Heart River, 60 miles west of
..:smarck, North Dakota, Figure 1, and is a structure of the Heart River
{init of the Missouri River Basin Project. The dam is a compacted earth
'il! protected with a covering of rock riprap and the crest height above stream
ed is 135 feet, Figure 2.

The flood control spillway, located on the right abutment, consists
©f a 32-foot 6-inch outside diameter mcrning glory entrance which discharges
1.0 a vertical shaft and bend connected to a 14-foot-diameter horizontal
tunnel., This in turn discharges into a hydraulic jump stilling basin, Figure 3.
“he crest is 59. ¢ feet above the inveri of the tunnel and is uncontrolled.
o Lst which operates submerged when the reservoir elevation is about §
'=~¢t above the crest.

An unusual feature of the structure is the combining of the outlet
works with the spillway. The entrance to the irrigation outlet encircles
ine spitlway shaft and connects to a 5-foot 3-inch-diameter conduit con-
trolled by a 4- by 5-foot high pressure slide gate. This then discharges
into the spillway tunnel as shown in Figure 3. The capacity of the outlet
: 800 second feet with the reservoir at the crest elevation 2064. 50 and the
f"'pacnv of the spillway is 5, 600 second feet at reservoir elevation 2118. 2,
or a head of 53. 7 feet over the crest. The complete spillway and outlet
structure was investigated with a hydraulic model built to a scale of 1:21. 5.

THE 1:21.5 SCALE MODEL .

The 1:21. 5 scale model of the spillway and outlet structure is
»hown in Figure 4, The model was contained in two boxes built of wood
and lined with sheet metal. The spillway entrance and surrounding reser-
voir area were in the head box, while the stilling basin and downstream
channel were in the tail box. The tunnel portion of the spillway, between the
two boxes, comnnected the entrance structure and the stilling basin.




Various materials and methods were used to reproduce the
different parts of the spillway structure, The entrance structure, bend,
tunnel, and transition were made of transparent plastic so that the flow
could be observed, Figure 5. Reservoir topography in the head box was
built of concrete plastered on metal lath held in place with wooden supports.
This method was also used in the tail box for the banks of the river channel
with allowance made for a 3-inch cover of sand. A 12-inch depth of sand
was used for the riverbed. This movable material permitted erosion studies
to be made downstream from the stilling basin, - All floor surfaces of the
stilling basin were made of concrete screeded to sheet metal templates,
and the training walls were built of wood covered with sheet metal. Wood
treated with oil was used for small parts such as piers, sills, and chute
blocks,

Water was supplied to the model by a portable pump, and an
orifice meter in the line was used to measure the discharge. A rock
baffle in the head box smoothed out the flow from the inlet pipe. The reser-
voir elevation was read from a scale on an open-tube manometer connected
to the head box. A hinged gate on the tail box was used to regulate the tail-
water elevation which was observed from a staff gage.

Two rows of piezometers were placed along the morning-glory
entrance and shaft, Figure 12, and piezometers were also used for pressure
studies on the stilling basin chute, spreader walls, and baffle piers,

Figures 45 and 48.
THE INVESTIGATION

Preliminary Spillway Entrance

Operation. ‘The preliminary morning-glory spillway entrance,
Figure 6, had a maximum diameter of 32 feet 6 inches. The shaft, with a
diameter of 11 feet, was connected by a transition bend to the 14-foot-
diameter tunnel, There were nine air inlets equally spaced around the
shaft at elevation 2053. 0. The spillway was operated throughout all ranges
of discharge up to the maximum of 5, 600 second feet, and the appearance
of the flow through the entrance, bend and tunnel was satisfactory. Figure 7
shows the flow in the bend and tunnel with the maximum discharge of 5, 600
second feet. The tunnel is only partially full, but by closing the air inlets
the tunnel would run full and open channel flow could not be re-established
without reducing the spillway discharge. Full tunnel operation in the proto-
type must be avoided since the spillway would act as a siphon which would
increase the head and result in excessive discharge. Low pressures would
occur which, together with the large flow, might endanger the spillway
structure. Methods used to insure against the tunnel running full are dis-
cussed in the pressure tests on the spillway entrance.

Pier studies. When the spillway entrance became submerged at-
reservoir elevalion 2070, vortices occurred and remained {0 reservoir
elevation 2084; above this elevation the water surface was smooth.




The photograph, Figure 8A, shows the upper portion of the vortex which
extended down the shaft and bend to the horizontal tunnel. A vortex,
especially a large one, is undesirable because it reduces the spillway
discharge, and being subject to change in size it produces unsteady flow
which can result in vibration to the structure.

According to the theory of hydraulic models, the vortex could
be expected to occur in the prototype, so studies were made with five pier
structures to determine the most practical means of eliminating or reduc-
ing the vortex. The first arrangement tested, Pier 1, consisted of two
intersecting walls placed on the crest as shown in Figure 9. The vortex
action occurred over the same range of reservoir elevation as occurred
without piers, but the size of the vortex was reduced, Figure 8B. The use
of a single wall was of little value in vortex reduction.

Pier 2 had four piers supporting a conical-shaped cover plate,
Figure 9, Vortex action was minor at all reservoir elevations as shown in
Figure 10A with a discharge of 3, 750 second feet. The cover plate, while
giving good suppression to vortex action, was not a practical structure, so
the studies were continued using only piers on the crest.

Pier 3, Figure 9, consisted of four piers 14 feet high. Vortex
action occurred at the same reservoir elevations as it had in the previous
tests, The size of the vortex was less than that occurring with Pier 1 and
it was located over the center of the entrance as shown in Figure 10B with
a discharge of 3, 750 second feet.

For Pier 4, six piers were installed on the crest, Figure 9, and
a cover plate was used in the central area of the piers., Vortex action
occurred as in all previous tests, but the size of the vortex was smaller
than that with Pier 3, and it was located at the edge of the cover plate as
shown in Figure 11A with a discharge of 3, 750 second feet. The test of
Pier 4 demonstrated for the second time that a cover plate, though giving
good results, would not eliminate vortex action, since a vortex formed at
the edge of the plate and extended down the shaft. '

For Pier 5, Figure 9, six piers were used similar to Pier 4,
but without' a central cover plaie. With the entrance submerged, vortex
action occurred over the center of the spillway similar to that with Pier 3,
but the vortex was smaller. Flow conditions at a discharge of 3,750 second
feet, Figure 11B, were considered satisfactory so Fier 5 was recommended
for construction on the prototype.

Pressure Tests 1 through 7. With Spillway 1, pressures were
measured on the crest and shatt at the piezometer locations shown in
Figure 12 to determine if there was danger of cavitation due to low pres-
sures. The curves in Figure 12 show the pressures obtained at discharges
of 3,200 and 5, 600 second feet with the air-supply ports at elevation 2053.0
both open and closed. With air ports open, the lowest pressure nbtained




was 4 feet of water below atmospheric near the top of the vertical shaft.
With the air vents closed, the tunnel ran full and the lowest pressure was
about 30 feet of water below atmospheric at a discharge of 5, 600 second
feet. This low pressure occurred near the top of the shaft and would re-
sult in cavitation in the prototype.

A series of tests were made¢ to determine the alteration to the
shaft necessary to prevent low pressures and insure against the tunnel
flowing full. One means known to be effective for this purpose was a
flow deflector consisting of a projection at the base of the sha.ft on the
inside of the bend.

Pressure Test 2 was made with Deflector 1, 8 feet Jong, installed
as shown in Figure 13. Pressures were measured with the model operating
at discharges of 3,500 and 4, 840 second feet and the results are plotted
in Figure 13. Air was supplied and the lowest pressure was 4 feet of water
below atmospheric at Piezometers 3 and 11 located just above the air inlets.
The use of the deflector prevented the tunnel from running full even with the
air ports closed.

For Pressure Test 3, the length of the deflector was increased
to 9 feet and the pressures obtained for three discharges are plotted in
Figure 14. The values of the pressures were similar to those obtained in
the test with Deflector 2. A test was made with the air vents closed and
the lowest pressure was 8 feet of water below atmospheric at a discharge
of 3,480 second feet. This was considered an unsatisfactory condition,
so tests were continued to find a design that would prevent low pressure.

To determine the effect of length, Deflector 3, Figure 15, with
a length of 5 feet, was installed for Pressure Test 4, Pressures were
again recorded both with the air vents open and closed and the results are
shown in Figure 15, The lowest pressure occurred near the air inlets
and was 11 feet of water below atmospheric at a discharge of 3, 890 second
feet with the air vents closed. With the air vents open at this discharge,
the lowest pressure was 5 feet of water below atmospheric. The shorter
length deflector was less effective than the two longer deflectors.

A change in deflector shape was made for Pressure Test 5.
Deflector 4 had a thickness of 2 feet projecting into the shaft, Figure 186,
The straight edge presented to the flow resulted in a smooth water surface
in the tunnel which was an improvement over the results with the previous
curved deflectors. Pressures throughout the inlet structure were higher
than any obtained in the preceding tests. The lowest pressure was 1 foot
of water below atmospheric with a discharge of 3, 740 second feet and the
air vents closed, Figure 16,

The length of the deflector was increased, Figure 17, for Test 6.
Flow conditions were similar to that of Test 5, but the shaft pressures
were lower. The lowest pressure was 8 feet of water below atmospheric
at a discharge of 3, 200 second feet with the air vents closed, Figure 17.
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In Test 7, two deflectors proposed by the design section were
studied. These deflectors, 6 and 7, Figure 18, were installed on the

o upstream side of the shaft, covering the piezometers so pressures were
not measured on Piezometers 1 through 8. The minimum pressures were
5 feet of water below atmospheric, but the water surface in the tunnel
was not as smooth as that obtained when the deflectors were located on
the downstream side of the shaft.

Calibration. During the pressure tests on the spillway entrance,
the reservoir water-surface elevations and discharges were observed.
The capacity of the spillway without deflectors exceeded the required dis-
charge of 5, 600 second feet at reservoir elevation 2118, 2, as this quantity
of flow was reached at reservoir elevation 2107.0. The deflectors installed
on the lower end of the shaft decreased the spillway capacity according to
the effective reduction in cross-sectional area of the shaft.

A discharge capacity curve is shown in Figure 19, Curve 1, with
Deflector 3 installed. The general performance of the spillway was fair,
and the discharge at reservoir elevation 2118, 2 was 5, 800 second feet,
or 200 second feet greater than the required discharge. Free flow over
. the crest occurs up to reservoir elevation 2070, the change in the slope
' of the discharge curve at this point is due to submergence of the crest

which continues for all higher reservoir elevations.

Spillway Entrance 2

Operation. Entrance 2 was changed from the preliminary by in-
stalling a gend of constant diameter, Figure 6, instead of the transition
bend. Flow through the entrance and shaft appeared similar to that which
occurred with the preliminary entrance; however, the water surface in the
tunnel was rough due to the disturbance created by the abrupt increase in
diameter at the junction of the bend and tunnel. - The smaller diameter of
the bend, at the downstream end, prevented the horizontal tunnel from
running full since the water surface could not strike the roof of the 14-foot
tunnel. The constant diameter bend was not accepted because of the rough
flow in the tunnel, but pressure studies on the bend were made both with
and without flow deflectors on the downstream side of the shaft.

Pressure Tests 8 through 10 With Entrance 2, pressure curves
for four conditions of flow, without a deflector installed, are shewn in
Figure 20, Pressure Test 8. The lowest pressure was 15 feet of water
below atmospheric at a discharge of 3, 200 second feet with the air vents
closed, or 15 feet of water greater than the lowest pressure obtained in
Pressure Test 1 with the diverging bend. Thus, higher pressures resulted
with the constant diameter bend since the tunnel could not run full,

Deflector 4 was installed at the bottom of the shaft as shown in
Figure 21 for Pressure Test 9. Thle minimum pressure was 7 feet of water
below atmospheric at a discharge of 3, 200 second feet with the air vents Y




closed, Figure 21. Flow in the tunnel was rough, showing little improve-
ment over that occurring when the deflector was not used.

For Test 10, Deflector 5 was used with the constant diameter
elbow, Figure 22, Pressures were increased over those obtained with
Deflector 4 with the lowest pressure being 4 feet of water below atmos-
pheric at a discharge of 3, 200 second feet with the air vents closed,
Figure 22, Flow in the tunnel was visually unchanged from Test 9 and was
considered unsatisfactory. ‘

Calibration. A dlacharge capacity curve was obtained with
Deflector b installed in the shaft of Inlet Structure 2.. The result, Curve 2
of Figure 19, shows that up to the point of the crest submergence the-
discharge was the same as obtained with Inlet Structure 1. At higher
reservoir elevations, the discharge was less than obtained with the first
calibration curve by about 200 second feet, but the discharge at reservoir
elevation 2118. 2 was shghtly above the requ1red value of 5, 600 second
feet.

Spillway Entrance 3

Operation. The transition bend was reinstalled for Entrance 3
since this gave better flow conditions in the tunnel. The spillway throat

was increased to a diameter of 11 feet 8 inches at elevation 2053, 85,

This made it necessary to modify the crest shape and a tapered shaft

was used, Figure 6. The increase in throat size was made to compensate

for the loss in area at this point resulting from air deflectors placed above

the air vents to increase the air flowing into the water. Development of

the air deflectors is discussed under the section of air supply test. Opera-

tion of the model showed flow conditions throughout the inlet structure and o
tunnel to be satisfactory and practically unchanged from those observed .
when operating spillway Enirance 1. Further tests consisted of pressure B
studies with two different deflectors at the bottom of the shaft in combina-

tion with two sizes of air deflectors over the air inlets.

Pressure Tests 11 through 13, For Pressure Test 11, using
Entrance 3, Deillecior 8 was installed at the start of the bend and Air
Deflector 23 was placed at the top of the tapered shaft, Figure 23, Pres-
sures were similar to those measured in the tests with deflectors on
Entrances 1 and 2. The lowest pressure was 14 feet of water below
atmospheric at a discharge of 3, 200 second feet and the air vents closed,
Figure 23. This low pressure was only in the vicinity of the air deflector
and would be expected in order to cause a flow of air into the shaft.

For Test 12, the width of the 120° section of Air Deflector
24 was 2 feet, Iigure 24, Other features of the structure were unchanged. o
The lowest pressure of 18 feet of water below atmospheric occurred at Ik
a discharge of 3, 210 second feet with the air vents closed, Figure 24.
This was 4 feet of water lower than occurred when using Air Deflector 23
and resulted from the increase in width of the air deflector, s




In Test 13, Figure 25, Air Deflector 23 was used and Deflector
9, with a width of 9 inches, replaced Deflector 8. The lowest pressure
obta.ined with air supplied was 9 feet of water below atmospheric, Figure
25, Pressures in the vertical shaft showed only small variation with a
change in flow as indicated by the convergence of the pressure lines for
the four discharges.

Calibration. A discharge capacity curve was obtained for Entrance

3 with Deflecior U and Air Deflector 23, Curve 3 of Figure 19. This was
the selected entrance. The discharge at reservoir elevation 2118, 2 was

5, 450 second feet or 150 less than the required value of 5, 600 second feet.
However, the design section decided to construct this inlet structure be-
cause pressures were satisfactory, considerable air was supplied to the
shaft, and flow was smooth in the bend and tunnel. With the six piers 14
feet, high vortex action was not serious at any reservoir elevation.

Air Supply Tests 1 through 7. During development of the inlet
structure the design section requesied studies on an air supply system
to obtain a maximum flow of air into the vertical shaft. Air deflectors
investigated were projections on the upstream side of the shaft, Air was
admitted to the underside of the deflectors through a pipe which originated
above the reservoir water surface. The air flow was determined by observ-
ing the pressure drop across an orifice at the entrance to the pipe.

The first four air tests were made to determine the effect of
the deflector design on the quantity of air supplied. The features studied
were the area of the air slot, the width of the deflector, the vertical
position of the deflector, and the angle of the face of the deflector with the
wall of the shaft. Air Test 1 used Air Deflector 10, extendlng 1200 around
the shaft with a width of 9 inches, Figure 26. Four sizes of air openings
were used at the bottom of the deflector. There was no appreciable differ-
ence in the quantity of air due to changing the area of the air slot as shown
by the air-supply curves in the figure. The air supply was greater at
the lower reservoir elevation 2080.

Air Test 2 used Deflectors 11 and 12, Figure 27, having widths
of 1.6 and 2. 5 feet, respectively. The results of this study, Figure 27,
showed that the quantity of air increased with greater deflector widths.
More air was supplied at the lower reservoir elevation 2080, as had
occurred in Test 1. ‘

The elevation of Air Deflector 13 was varied in Air Test 3,
Figure 28. As shown in the figure, the greatest quantity of air was
admitted with the deflector near the top of the shaft. As before, more air
flow occurred at reservoir elevation 2080, but with the deflector near the
top of the shaft the air supplied varied less with an increase in reservoir
elevation.

In Air Test 4, nine deflectors were studied, Figure 29. There
were three deflector widths, and with each width three angles of the
deflector face to the shaft were tried. The results plotted in the figure




show only a slight variatlion in air discharge with different widths, With

a deflector angle of 7. 5°, the quantity of air showed only a small variation
with changes in reservoir elevation. Using a 0° angle, the air discharge
deereased with an increase in reservoir elevation, but with a 15° angle
the air discharge increased with higher reservoir elevations, The four
air tests just described showed that for the greatest fiow of air the
deflector should be at the top of the shaft, and that the face of the deflector
should make an angle of at least 10° with the shaft.

An inlet structure with a side entrance was proposed by the Jesign
section to obtain a spillway that would discharge air in addition to water.
This side entrance inlet was studied in Air Tests 5 and 6. An air opening
was provided above an orifice at elevation 2038. 5 which admitted water,
Figure 30. Air and water discharge curves are shown in the figure both
with the side water inlet open and closed. With water flowing through the
side inlet, a maximum air discharge of 134 cfs occurred at a reservoir
elevation of 2070, but the air discharge decreased for higher reservoir
elevations and remained at 20 cfs when the reservoir elevation was above
2085. Closing the side inlet to the flow of water increased the air discharge
to 207 cfs at reservoir elevation 2070, but with the main crest submerged,
the air discharge became zero. The intake was changed for Test 6 as
shown in Figure 31, Alterations A and B. In both tests there was no air
flow into the spillway for any operating condition. Pressures were measured
at various points in the structure as shown in the figure. The lowest pres-
sure obtained was 22 feet of water below atmospheric at Piezometer 1 when
testing Alteration A. The discharge capacity curves, Figure 31, showed
the discharge to be about 30 percent too low with Alteration B. Since no
air was supplied and flow conditions were not satisfactory, the side inlet
structure was discarded as a means of supplying air to the spillway.

Test 7, Figure 32, used Air Deflector 23 which was installed on
the recommended intake structure. Air capacity curves were obtained
using Deflectors 8 and 9 at the bottom of the shaft. The curves, Figure 32,
showed an increase in air discharge with an increase in reservoir elevation.
More air was supplied with Deflector 9, and this deflector was recommended
because the water discharge was also greater. From the model results,
the air discharge using Deflector 9 was 1 percent of the value of the water
discharge. The air contained in the water flowing through the bend is
shown in Figure 33.

Due to the extremely small size of the air ducts and ports, the
model results are not expected to indicate the true air flow in the proto-
type. The model results were used strictly on a comparative basis. A
further discussion of this subject may be found in Hydraulic Laboratory
Report Hyd-332 '""Performance tests on the prototype and model of the
Heart Butte spillway and outlet works. "

Outlet Works Studies

Outlet Tunnel Transition 1. The outlet works, Figure 3, is
regulated by a 4~ by 5-foot high pressure slide gate. Transition 1,




connecting the outlet tunnel with the spillway tunnel, is shown in Figure 34.
The transition’was 54 feet long to provide room for the jet from the outlet
conduit. Flow in the transition section and tunnel is shown in Figure 35A
with the outlet discharging 850 second feet. The 4- by 5-foot outlet gate
was fully open with the reservoir water surface at the spillway crest
elevation 2064.5, and no flow from the spillway. As shown in the photograph,
the wave occurring from the jet striking the floor filled the tunnel section
at the end of the transition. This flow condition was not objectionable
except that it sealed the tunnel to the free passage of air, snd when the
model was operated with both the spillway and outlets discharging, the
tunnel ran full with resulting low pressures in the spillway shaft. However,
this condition would not occur in the prototype since it was not intended

that the spillway and outlet works would operate simultaneously.

Outlet Tunnel Transition 2. Transition 2 had a 34-foot length of
14- by 2Z-foot 9-1/2-inch tunnel installed at the upstream end of the
transition, Figure 34. This increased the length of the transition, and it
was expected that the wave from the outlet jet would occur upstream from
the circular tunnel section, so that the tunnel would not be sealed.  Flow
in the transition and tunnel with a discharge of 850 second feet through
the outlet with no flow from the spillway is shown in Figure 35B. The
first wave occurred upstream in the transition section, but subsequent
waves extended downstream into the tunnel. With the spillway and outlets
discharging, the tunnel was sealed and ran full, causing subatmospheric
pressures as with Transition 1. Since no improvement resulted with
Transition 2, it was decided to use the more economical Transition 1
with the restriction that the outlet be closed during operation of the spill-
way.

Stilling Basin Studies

Stilling Basin 1, Stilling Basin 1 is shown in Figure 36. A transi-
tion section at the end of the tunnel gave a horseshoe-shaped portal 14 feet
wide at the bottom. The stilling-basin width was 26. 5 feet, and a chute
with a hump rising 5 feet above the tunnel portal connected the tunnel and
stilling basin. Operation of the basin at the maximum discharge of 5, 600
second feet, Figure 37A, showed high velocities and a rough water surface
in the stilling basin and river channel., Lowering the tail water 1-1/2 feet
caused the jump to sweep out of the basin. Scour was severe after 1/2-hour
operation at 5, 600 second feet with the tail water at elevation 2012, Figure
37B. The 3-inch layer of sand covering the right bank was washed off by
the wave action, and in the stream bed the greatest depth of scour was 12
feet lower than the end of the basin. In this basin, the 3:1 sloping floor
at the downstream end reduced the area so that the average velocity at
the sill was 17. 6 feet per second, which contributed to the rough water
surface in the river channel.

Stilling Basin 2. For Stilling Basin 2, the sloping floor at the
downstream end of the basin was removed, resulting in a decrease in length
of 38.5 feet, Figure 36. The remainder of the basin was unchanged. Opera-
tion at 5, 600 second feet, Figure 38A, showed a reduction in velocity and




wave height in the ri~or channel over thut occurring with Basin 1. Scour
after 1/2-hour operation at 5, 600 second feet and tail-water elevation
2012, showed the lowesi stream bed elevation to be 1988, Figure 38B.
This was the same as the'elevation of the lowest scour obtained with
Basin 1. Though Basin 2 showed an improvement in flow conditions, the
scour test showed the basin was unsatisfactory.

Stilling Basin 3. The hump in the stilling basin chute was unnec~-
essary for spreading the flow from a width of 14 feet to 26.5 feet, so a
shorter chule was installed, giving an increase of 35 feet in length of the
horizontal floor, Figure 36. Flow in the basin and river channel was im-
proved with a discharge of 5, 600 second feet, Figure 38A. The water
spread to the sides of the basin as effectively as it did with the hump.
Scour, Figure 39B, after a discharge of 5, 600 second feet for 1/2 hour
at tail-water elevation 2012, was very similar to that of Basin 2, showing
that the energy dissipation of the two basins was about equal.

Stilling Basin 4. The width of the stilling basin was increased to
31. 50 feet at the downsiream end by increasing the length of the diverging
walls as shown in Figure 36. The total length was unchanged, but baffle
blocks were installed, and the end sill was modified. Operation, Figure 404,
showed the increased width gave lower velocities and a smoother water
surface in the river channel than occurred in previous tests. Lowest eleva-
tion of the riverbed was 1988 after 1/2-hour operation at 5, 600 second feet,
Figure 40B. This was 1/2 foot above the apron, but the eroded area was
confined to the first 60 feet of the river channel. The remainder of the
channel was only slightly disturbed.

Stilling Basin 5. A width of 42,50 feet was used for Basin 5. The
horizontal apron was at elevation 1987. 50 and had a length of 102, 30 feet.
Two spreader walls, Figure 41, were installed on the chute to spread the
flow to the greater basin width of 42. 50 feet, Very good operation occurred
for all discharges with uniform distribution of flow across the width of the
basin. The performance at a discharge of 5, 600 second feet, is shown in
Figure 42A. Scour, Figure 42B, was light, with practically no stream-bed
erosion after operating at a discharge of 5, 600 second feet for 1/2 hour.
The operation and scour tests showed the basin performance was better
than necessary. The remaining studies consisted. of a progressive re-
duction in the basin length until a minimum size was obtained consistent
with good performance.

Stilling Basin 6. The length of the horizontal floor of the basin
was reduced 22.3 feet and the floor raised 2-1/2 feet to elevation 1990, 00,
Figure 41. Performance at the maximum discharge of 5, 600 second feet,
Figure 43A, was similar to that of Basin 5, but there was a slight increase
in the roughness of the water surface. The 1/2-hour scour test at maxi-
mum discharge, Figure 43B, showed some increase in erosion over that
obtained with Basin 5, but it was still considered very good.
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Stilling Basin 7, ¥or Basin 7, an addiiional 15 feet was removed
from the downistream end, leaving 65 feet of horizontal apron, Figure 41.
Operation at the maximum discharge, Figure 44A, showed the water surface
in the river channel to be rougher than occurred with Basins 5 or £, and
lowering the tail water 1-1/2 feet caused the jump to sweep out of the basin.
Erosion after 1/2-hour operation at 5, 600 second feet, Figure 4!B, was
greater than obtained with Basin 6, and more sand was washed off the right
bank. '

Piezometers were installed on the upstream end of one spreader
wall and on one of the 4- by 4- by 4-foot baffle blocks. FPressures obtained
for three discharges are tabulated on Figure 45 which also shows the location
of the piezometers. At maximum discharge, a pressure of 18 feet of water
below stmospheric occurred on the spreader wall nose and 10. 5 feet of
water below atmospheric on the side of the baffle block.

The spreader walls on the chute were removed to determine their
effectiveness. Operations of theé’stilling basin showed the flow was more
concentrated in the center of the basin, Figure 46A. Scour in the river
channel was more scvere, Figure 46B, than occurred with the spreader
walls installed, :

Stilling Basin 8. The basin length was increased 10 feet, result-
ing in a 75-foot length of horizontal apron. The floor elevation was lowered
to 1987. 50, Figure 41, and spreader walls were used. Operation at 5,600

second feet, Figure 47A, was satisfactory and was similar to Basin 7 with
spreader walls. Scour was confined to the channel at the end of the basin,
Figure 47B, and a small bar was built up in the channel. From the operation
and erosion test results, the basin was considered satisfactory.

Pressure tests were run on a new spreader wall nose and bafile
block as well as on the floor of the chute. Results obtained for a discharge
of 5, 600 and 3, 200 second feet are shown in Figure 48. The water-suriace
profile through the stilling basin is also shown in the figures for a discharge
of 5, 600 second feet. Lowest pressure on the curved floor of the chute was
3.5 feet of water below atmospheric, and on the spreader wall nose the
lowest pressure was 2. 8 feet of water below atmospheric, All pressures
were above atm~ “pheric on the baffle pier. '

At the maximum discharge of 5, 600 second feet the tail water
could be lowered 4 feet before the jump would sweep out of the stilling
basin, These tesis on Stilling Basin 8 indicated the basin was satisfactory,
and it was recommended for construction.
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A. Crest without piers
Discharge 3, 750 second-feet
Reservoir at Elevation 2077

B. Crest with Pier No. 1
Discharge 3, 750 second -feet
Reservoir Elevation 2077
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A. Crest with Pier No. 2
Discharge 3, 750 second feet

B. Crest with Pier No. 3
Dischargs 3, 7150 second-feet

SPILLWAY ENTRANCE
1:21-1/2 MODEL HEART BUTTE_ DAM




FIGURE 11

A. Crest with Pier No. 4
Discharge 3, 750 second-feet

B. Crest with Pier No, 5--Recommended
Discharge 3, 750 second-feet
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FIGURE 33

Discharge 5, 450 second-feet

Flow of water and air through hend.

RECOMMENDED TRANSITION BEND
1:21-1/2 MODEL HEART BUTTE DAM




FIGURE 34
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FIGURE 35

A. Transition No. 1, Outlet discharge 850
second-feet

B. Transition No. 2, Outlet discharge 850
second -feet

OUTLET TRANSITIONS
1:21-1/2 MODEL HEART BUTTE DAM
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FIGURE 37

Scour after 1/2 hour at 5, 600 second -feet
T.W, 2012

STILLING BASIN NO, 1
1:21-1/2 MODEL HEART BUTTE DAM




FIGURE 38

A. Discharge 5, 800 second-feet

B. Scour after 1/2 hour at 5, 800 second -feet
T.W. 2012

STILLING BASIN NO, 2
1:21-1/2 MODEL HEART BUTTE DAM
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FIGURE 39

A. Discharge 5, 600 second-feet

Scour after 1/2 hour at 5, 600 second -feet
T.W. 2012

STILLING BASIN NO, 3
1:21-1/2 MODEL HEART BUTTE DAM




FIGURE 40

A. Discharge 5, 600 second-feet

B. Scour after 1/2 hour at 5,600 second-feet
T.W. 2012

STILLING BASIN NO. 4
1:21-1/2 MODEL HEART BUTTE DAM
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Scour after 1/2 hour at §, 600 second -feet
T.W. 2012

STILLING BASINM NO, §
1:21-1/2 MODEL HEART BUTTE DAM




A. Discharge 5, 600 second-feet

B. Scour after 1/2 hour at 5, 600 second-feet
T.W. 2012

STILLING BASIN NO. 6
1:21-1/2 MODEL HEART BUTTE DAM




B. Scour after 1/2 hour at 5, 600 second-feet
T.W. 2012

STILLING BASIN NO. 7
1:21-1/2 MODEL HEART BUTTE DAM




FIGURE 45
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FIGURE 46

Scour after 1/2 hour at 5, 600 second -feet
T.W.2012

STILLING BASIN NO, 7
Without Spreader Walls
1:21-1/2 MODEL HEART BUTTE DAM




FIGURE 47 |

A. Discharge 5, 800 second-feet

B. Scour after 1/2 hour at 5, 600 second -feet
T.W. 2012

STILLING BASIN NO, 8--RECOMMENDED
1:21-1/2 MODEL HEART BUTTE DAM
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