i - .‘ A‘ = HYD-252

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

HYDRAULIC MODEL STUDIES OF THE
ENDERS DAM SPILLWAY AND OUTLET
WORKS--MISSOURI BASIN PROJECT

Hydraulic Laboratory Report No. Hyd-252

RESEARGH AND GEOLOGY ‘DIVISION

BRANCH OF DESIGN AND CONSTRUCTION
DENVER, COLORADO

DEGEMBER 15,1948




CONTENTS

Spillway Studies .
Qutlet Works Studies

PART I~——SPILLIWAY

Introduction . . . . . . . . .
The 1:72 Scale Model . . . .
The Investigation . . , . .

Spillway Stilling=-Basin Studies

Test .
Test
Test
Test
Test
Test
Test
Test 8

. & . . L] . e 0 »
e @& » o & o & e
¢ a * s o &« & e »
. ] . . [} [ * L] -
e ® 8 3 & w » & ¢
- - . L] L] - - L3 -
L a @ " o e 0 .

e & o, = % s ® e ®

Recommended design

Spillway Structure Studies

Left training-wall nose . . . .
Effect of ice-prevention nozzles
Crest pressures . . . . , « . &
Calibration of spillway . . .

II--OUTLET WORKS

Introduction . » . . . .
The 1:20 Scale Model . .

Desi@ - . L ] . » L] L] L] - 1 ] l‘ L [ ] »
Operation . « . . + . + « &

. * L . .

Investigation of Outlet Works Stilling-Basin

Initial Studies . .

e o e ® . »

Basin Study No. 1 . . . .
Basin Study No. 2 e o s
Basin Study No. 3 . e

Development of Hecommended Design .

* [y . L] ] L] L] » L[]

e o ® ¢ ® & & o @
‘

e e & & & e & e @

e % o ® e e & o @

W®R-30 08 OCNOMTVIUTWEd & FWW




P'a'ge
." : Basiﬂ Study NO. L} ® & o0 2 o 4 & O o e @ s o e & I € o 11
B Basin StU.QY NO. 5 Bnd 6 o 1. 6 & & & o ¢« ® 2 o. s 0 s o ll
» Basin Studb’ NO. 7 and 8 s 4 e & 9 8 € 2 e e o o s o @ 11
! Basirl StU.dy No. 9 . 1) o ° e. e . . . ] . [ 2 L 4 ° . 0 . . ]-2
Basin Study No. 10 and 11 . ¢ 2 2« v ¢ ¢ o .o oo o o 12
Récomended Des igl e © e 0 o © 6 ® s e o 6 & o+ o e .6 e @ @ lh
?
©




LIST OF FIGURES

Part I
Spillway Studies

Number

=
Cw~JowmEWN R

F & KE

General vicinity map showing location of Enders Dam

General plan and sections of Enders Dam

Piping for spillway ice prevention system

Outlet Works, general plan and sections

Extent and layout of 1:72 scale model of spillway
Stilling-basin designs tested, plan and sections

Stilling-basin Test 1-—Original design

Tailwater curves-—Original and final

Test 2~-Operation and scour test with 45° wing-wall

Test 3——Operation and scour test with chute blocks removed
and lowered apron

Test L--Scour test with solid end sill

Test 5—Operation and scour test with lowered apron and -
original chute blocks and end sill

Test b6e—Operation and scour test with high end sill and

no chute blocks

Test T~Operation and scour test with.90° wing-wall and
no chute blocks

Test 8—Operation and scour test with original chute blocks
and end sill and reduced basin width

Recommended spillway design, plan and section

Spillway entrance-—Original design

Water surface profiles over controlled crest -

Riprapped dike at left side of spillway entrance

Spillway entrance—Operation with dike installed

Spillway entrance—Ice prevention system -

Crest pressures--Controlled and uncontrolled crest
Discharge capacity curve for uncontrolled crest

Discharge capacity curves for controlled and uncontrolled crests

, Part IT - - :
Outlet Works Studies

Extent and layout of 1:20 model of outlet works
Outlet Works stilling-basin, original design
Study No. l—One and two valves discha.rging
Study No. l—=Scour test results
Stilling~basin studies No., 2, 3, 4, and 5
Study No. 2=-One and two valves discharging
Study No, 3—One and two valves discharging
Study No. 4—One and two valves discharging
Study No. 5——One and two valves discharging
Stilling-basin studies No. 6, 7, 8, and 9
Study No, 6~=One and two valves discharging
Study No, 7-=One and two valves discharging
Study No. 8—Cne and two valves discharging
Longitudinal profiles of upper nappe of Jet
Study No, 9—One and two valves discharging
Stilling-basin studies No, 10 and 11




LIST OF FIGURES {Continued)

Number

Ll
42
L3
Ll
45
46
47
48

L9
50

51
52

Study No. 10-~One and two valves discharging

Study No. 10--Side view of two valves discharging

Study No, 10--Scour test results

Study No. ll--Side view of one and two valves discharging

Recommended stilling-basin design

Recommended design--One and two valves discharging )

Recommended design——Side view of one end two valves discharging

Recommended design--Velocity distribution at end of stllling-
basin

Recommended design—~Pressures in st1111ng-basin with two valves
discharging as shown on manometer boards ‘

Recommended design——Pressures in stilling-basin with one valve
discharging as shown .on manometer boards

Recommended design-~Scour test results

Recommended design~-Scour test results




UNITED STATES
DEPARTMENT OF THE INTERICR
BUREAU OF RECLAMATION

Branch of Design and Construction Laboratory Report No, 252
Research and Geology Division Hydraulic Laboratory
Denver, Colorado ' Compiled by: E, J. Rusho
December 15, 1948 Reviewed by: 4. J. Peterka

Subject: Hydraulic model studies of the Enders Dam Spillway
and Outlet Works—Missouri Basin Project

SUMMARY

Spillway Studies

The spillway studies described in this report were made to develop a
structure that would provide satisfactory performance ower the expected
rangss of operation. All tests were made on a model built to a scale of
1:72, Figures 5 and 7A.

The spillway “ests were divided into two distinct parts consisting
of the stilling~pasin studies and the spillway-structure-studies. In the
investigation of the stilling-basin, tests were run on eight different
designs, Figure 6. After completion of tests on the original design the
or:glnal tailwater curve was revised, resulting in lower tailwater elevaticns

for a given discharge, Figure 8. As a result, it was found necessary to lower
~he apron elevation 5 feet, Test 3 Figure 6,.

In subsequent tests with the lowered apron, a solid end sill was found
unsatisfactory, Test 4 Figure 6 and Figure 11, Best performance was obtained
with a dentated end sill 12 feet high, Test 6 Figure 6., Performance of the
basin without chute blocks was found acceptable, Test 3 Figure.6 and Figure 10,
Keducing the apron width resulted in less satisfactory operation than with the
original width of LOO feet, Test 8 Figure 6 and Figure 15, A 45° wing-wall
at the downsiream end of the right training-wall resulted in less scour in the
river channel, Flgure 7B and 9B, but results were considered satlsfactory with
a less costly 90° wing-wall. The recommended stilling-basin, Figure 16,

differed from the-original in having a 5-foot lower apron elevation snd a
3-foot higher end sill.

In the studies on the spillway structure, a contraction occurred at the
left training-wall nose, Figure 17B, which resulted in a rise in water surface
under the counterweight of the radial gate, Figure 18, A riprap fill extending
upstream from the training-wall nose, Figures 19 and 20, reduced this contraction
until the water surface did not interfere with the counterweight, Figure 18,
However, it was found morc economical to re-design the counterweight to clear
the water surface resulting from the contraction than to construct the
riprap fill,

The projecting covers over the ice-prevention-system nozzles on the
upstream face of the controlled crest, Figures 3 and 21 did not cause any
lmeasurable interference with flow over the spillway,




Pressures were measured on the controlled and uncontrolled crests,
Figure 22, and were above atmospheric pressure for all ranges of operation.

Spillway—capacity curves were obtained for the uncontrolled crest
operating alone, Figure 23, and for the uncontrolled and controlled crests
operating together for free flow and also for various gate openings,
Figure 24.

Outlet Works Studies

Tests on the outlet works, employing an entirely separate 1:20 scale
wodel, Figure 25, were concerned primarily with the development of a
satlsfactory and economical stilling~basin,

Although the performance cf the original design, which made use of a
hydraulic jump type of energy dissipator was not entirely satisfactory,
any degree of perfection could have been obtained by making the basin
longer. This would have added to the cost of the structure, It was felt
by the laboratory however, that if the hydraulic jump type of dissipator
was abandoned that equal perfection in nerformance could also be obtained
with a much smaller and more economical structure. Tests indicated. that
this contention was sound .and the basin recommended for construction was
less than half as long as the original basin, had no expensive center
dividing wall, and required less depth as well as quantity of excavation.

Initial tests were conducted on the original basin design, Figure 26,
and on Basin Studies No. 2 and 3, Figure 29. The center dividing wall was
used only in Basin Study No. 1., Performance of these designs proved
unsatisfactory, but did suggest the basic principles used in the recommended
design., .

The next series of eight basin studies were made to develop the
recommended design. In these tests a deflector plate or hood was placed
over the jets from the valves. Basin Study MNo. 4, the first of this
series, Figure 29, used a flat deflector plate with the hollow-jet valves
tilted downward 15°, This design showed great improvement over the
preliminary tests. Basin Studies No. 5, Figure 29, and No, 6, Figure 34,
employing a convex deflector plate showed little improvement over the flat
plate deflector, Basin Study No. 7, and the following tests employed
a concave deflector plate which resulted in better performance of the .
stilling~basin, The concave deflector plate of Basin Study No, 9, Figure 34,
was found to be the most satisfactory. The remaining studies, No. 10 and 11,
were made to obtain a satisfactory shape for the stilling-basin downstream
from the deflector. : )

Basin Study No. 10, Figure 40, was found to give the best operation
with the least scour for any of the schemes tested, but in the interest of
economy the recommended basin, Figure 45, was developed The recommended
basin with valves set horizontally had an offset floor with the downstream
section 9 feet higher than the upstream section. Operation with either
one or two valves'upen resulted in good distribution of velocity at the
downstream end of the basin, Figure 48. The water surface in the river
channel was fairly smooth and scour was slight, Figures 46, 51, and 52,




PART I--SPILIWAY

Introduction

knders Dam is located on Frenchman Creek, 1 mile south of Enders,
Nebraska, Figure 1. The resulting reservoir is linked with Medicine Creek
Reservoir for flood control and irrigation storage. The dam is a compacted
earth structure with a protective cover of rock riprap, The major dimen-
sions are: crest length 2,750 feet; thickness at base 600 feet; and
height 100 feet.

Flood discharges are released through an open-channel spillway at the
right or south abutment of the dam. It has a capacity of 200,000 second-
feet and discharges into a concrete stilling-basin, Figure 2, The spill-
way has a controlled crest of six bays and an uncontrolled crest of one
bay. The controlled crest at elevation 3097 feet has each bay regulated
by a 30~ by 50-foot radial gate., The uncontrolled crest at elevation 3112
feet has a width of 13 feet. Overall width of the spillway at the crest is
361 feet., The stilling-basin apron is horizontal and has a constant width
of 4LOO feet,

The outlet works, Figure 4, for release of irrigation water is
located 200 feet to the left of the spillway. The structure consists of
a tunnel through the base of the dam terminating in two 60-inch hollow-jet
valves, The valves discharge into a stilling-basin, which was developed
from model studies discussed in Part II of this report.

The 1:72 Scale Model

The hydraulic model of the spillway, Figure 5, was built to a scale
of 1:72. It consisted of the spillway and stilling-basin structure
together with an approach section of the reservoir and a portion of the
river channel downstream from the basin., The spillway crest and radial
gates were made of sheet metal and the piers were made of wood, The spill-
way chute and the stilling-basin apron were of concrete formed to sheet
metal templates, Training-walls were of wood covered with sheet metal,
The downstream river channel was molded in find sand. A portable é-inch’
punp supplied water to the model through an 8-~inch line containing an
orifice meter for measuring the flow. A rock baffle smoothed out the flow
before it entered the spillway-approach section., A point gage located
upstream from the crest a distance of 550 feet, prototype, was used to
measure the reservoir elevation and a point gage near the downstream end
of the tailbox was employed to set the tailwater elevation. Piezometers,
installed in the uncontrolled crest and in one bay of the controlled
crest, were used to measure the crest pressures, Figure 22,




The Investigation

The spillway studies were divided into two parts: (1) the stilling-
.basin; and (2) the spillway structure, The stilling-basin tests were
planned so that performance data on the basin could be used to evaluate
individual parts of the structure, From these results the most effective
design was determined, consistent with construction cost. In determining
the effectiveness of the stilling~basin, the factors used to judge its '’
performance were: (1) location and appearance of the } (2) depth
and extent of the scour downstream from the apron; and (3§ height of waves
in the river channel, '

In the studies on the spillway structure, various lengths of dike were
constructed upstream from the nose of the left training-wall, The dikes
were for the purpose of reducing the height of the water-surface profile
in the vicinity of the radial gates,

Tests were made with the ice-prevention nozzle hoods installed on the
crest to determine whether they had any effect on flow conditions or
capacity of the spillway. Pressures on both the controlled and uncontrolled
crests were measured for various discharges and the discharge capacity of
the spillway was obtained for the full range of headwater elevation.

Spillway Stilling-Basin Studies

Test 1. In the study on the original design, Test 1, Figure 6,
the apron was at elevation 3021 feet. The model before operation is shown
in Figure 7A, Coarse gravel was used to mold the first 100 feet of river
channel below the apron and the remainder was formed in sand. The spillway
was operated at discharges up to the maximum of 200,000 second-feet,
using tailwater elevations from Curve A, Figure 8, This curve was obtained
from the United States tngineers,

For all discharges the lccation and appearance of the jump was
satisfactory. After 95 minutes of operation at 200,000 second-feet, the
scour was observed and measured, Zrosion was slight with the greatest
depth of scour occurring just downstream from the right training-wall,
Figure 7B, where there was a tendency to undermine the spillway apron.
Erosion would have been deeper if a finer bed material had been used at
the end of the epron.

Test 2. To reduce the scour tendencies at the downstream end of the
right training-wall, a 45° wing-wall was installed, Test 2, Figure 6. The
second tailweter Curve B, Figure 8, submitted by the design section was
used for setting the tailwater elevation in this and all subsequent tests.,
Also, the coarse gravel at the end of the stilling-basin was removed and
sand was used throughout the river channel, Other features remained as
in the test on the original design, Test 1.




At a discharge of 200,000 second-feet, Figure 94, the water surface
was slightly rougher in the river channel than in Test 1, and the jump
moved downstream exposing the chute blocks. //Both effects were caused
by the lower tailwater elevation indicated c¢n Curve B and used in this
test. Lowering the tailwater 3 feet caused the jump to sweep off the
apron., Scour after 30 minutes operation, Figure 9B, was excessive
downstream from the left training-wall where there was a tendency to
undermine the apron. Absence of scour at the right training-wall was
attributed to the presence of the 45° wing-wall., Also, the erosion

in general was more extensive because of the removal of the coarse .
gravel and the uc:'of a lower tailwater elevation, : T

Test 3. The downstream position of the jump in Test 2 indicated
that the apron elevation was too high. Consequently, it was lowered

5 feet to elevation 3016, Test 3, Figure 6, and the chute blocks were
also removed.

The appearance and location of the jump at maximum discharge,
Figure 104, were satisfactory. The jump remained on the apron even
after lowering the tailwater 6 feet. Erosion, Figure 10B, after 45 min-
utes of operation at 200,000 second-feet was slight and the tendency
to undermine the end of the apron was eliminated, The deepest erosion
hole, elevation 3005; was 5 feet higher than the lowest point of Test 2,
hesults of this test showed that the apron elevation was satisfactory,
but additional studies were made on chute blocks, and sills, training-

walls, and wing-walls to be certain of obtaining the most economicel
and satisfactory design.

Test 4. For Test 4, the dentated end sill was replaced with a AP
solid sill of the same height, Figure 6. The action of the basin at a ‘

discharge of 200,000 second~feet was unsatisfactory because of a high
boil over the end sill. Scour wns more severe than in any of the L
previous tests, Figure 1l.. The deepest erosion hole, elevation 2996, M
was 9 feet below the lowest elevation of Test 3.

Test 5. In Test 5, the chute blocks and dentated sill of the
original design were re-installed, Figure 6. The appearance of the
Jump, Figure 12&, was very similar to that of Test 3, The jump remained
on the apron after lowering the tailwater 7 feet, indicating the chute
blocks were of value in holding the jump on the apron, The chute blocks
had a negligible effect on the erosion pattern; however, as the results =
of a 45-minute scour test at a discharge of 200 5000 second-feet, Figure 12B, '"'13

were practically the same as Test 3, with the chute blocks removed
Figure 10B.

Test, 6. In Test 6 the chute blocks were removed and the height of
the dentated sill was increased to 12 feet, Figure 6., The appearance of
the jump and the flow conditions in the river channel at 200,000 second- R
feet, Figure 13A, were similar to Teat 5. Results of the jump sweep-out o~
tests were the same as Test 5; the tailwater was lowered 7 feet and the .
jump remained on the apron. “Scour after a discharge of 200,000 second-feet



for 45 minutes, Figure 13B, was satisfactory. The lowest riverbed
elevation was one foot higher than that of Test 5. "

Test The 45° w1ng~wall was replaced by a 90° wing-wall,
Figure b, For Test 7, since the designers decided that a 45° wing-wall
was too expensive for the improvement it produced. The appearance of
the flow, Figure 14A, was unchanged from that of Test 6, except for a
slight eddy at the end of the right training-wall. Scour, Figure 14B,
was similar for the two tests, except for some increase in erosion at the
end of the right training-wall. This was not objectlonable, however, since
the geour was no deeper than at the end of the left training-wall where
a 45° wing-wall could not be used because of the presence of the outlet
WOrkKs.

Test 8. In previous tests it appeared that the stilling=-basin was
too wide, and the purposes of Test 8 was to determine whether a reduction
in width was possible. Auxiliary walls were installed in the stilling-
basin, and extended upstream until they intersected the diverging
training-walls of the spillway chute. Because the training-walls were
suf ficiently far apart that the alinement of one would not affect flow
along the other, each wall was moved toward the centerline of the basin
a different amount. The.right wall was moved in 9.9 feet and ‘the left
wall 19.5 feet as showm in Figure 6.

At 200,000 second-feet, the flow along each training-wall appeared
to be satisfactory, Figures 15A and 15B. Scour, however, was heavy after
45 minutes of operation, Figure 15C, and there was more tendency toward
undermining the apron at the left training-wall. From these results it
was decided that no reduction in the width of the st1111ng—basmn should
be made,

Recommended desigz_1_. The recommended stilling-basin, Figure 16, was
the same as that used in Test 8, with the addition of chute blocks. - The
chute blocks were included to help hold the jump on the apron in event .of
damage to the end sill or of decreased tailwater due to retrogression of the
streambed. Tests were not made with the 12-foot sill and the chute blocks
in place at the same time, since it was necessary to disassemble the model
before the decision was made to retain the chute blocks. Also, it had
been demonstrated that conditions of flow and erosion would be as good or
better than those of Test 8.

Spillway Stricture Studigé

Left training—wall nose. The original spillway entrance was installed
in the model with a 40«~foot radius nose at the upstream end of each
training-wall as shown in Figures 174 and B. With the gates partially .
opened, flow entering the spillway was smooth at all discharges, but with
the gates raised free of the water surface, a noticeable contraction
existed at the left nose for flows above 100,000 second=-feet. The
depressed water surface caused by this contraction for a discharge of
200,000 second-feet is shown in Figure 17B. A rise in water surface




resulted downstream from the crest along the training-wall as shown by
water surface Profile B, Figure 18, :This surface was higher than the
lowest portion of the gate counterweight when the radial gate was fully
open., The water surface, Profile A, Figure 18, along the centerline

of the second gate bay is a normal water suri‘ace profile, una.fi‘ected by .
the contraction.

To lower the water surface in the vicinity of the counterweight
required a reduction of the contraction in the flow around the training-
wall nose. This was accomplished by constructing a dike or wall upstream
from the existing structure. A concrete structure was not prac.t:.ca.l,.
because of inadequate foundat:.on, 80 an earth fill faced with rock riprap
was investigated., The model riprap represented rock from ons<half cubic
foot to one~half cubic yard in the prototype, By trial the earth fill was
made the minimum length consistent with good performance. Shorier lengths
did not correct the depressed water surface and were eroded by the higher—
approach velocities close to the spillway crest. .The design found satis~
factory, Figure 19, had a total length of 150 feet. The dike in place
in the model is shown in Figure 20A. Operation at maximum discharge,
Figure 20B, was satisfactary since the water surface was lower ‘than the
counterwe::.ght as shown by Profile C, Figure 18.

Slight disturbance of the water surface was visible at the upstream

. end of the dike, but had no measurable effect on the flow. Along the

riprap face, a maximum velocity of about 17 feet per second prototype
occurred in the vicinity of the disturbance, This veiocity was not suf-
ficient to move the model riprap.

Because of the difficulty of obtaining riprap of sufficient size for
prototype use, and because the dike reduced the elevation of the water
surface under the counterweight only about 2 feet, it was decided not to
construct the dike, but to solve the problem by the alternative of :
re~designing the gate counterweight to clear the high water surface result-
ing from the contraction. Thus, by reducing the depth of the counterweight,.
until it cleared the water surface, the original entrance des:.gn could
be used, .

Effect of ice-prevention nozzles. Installation of the ice-prevention -
system in the prototype will result in the placing of 'six air nozzles in
each gate bay on the upstream face of the controlled crest., Each nozzle:
will be protected by a partially streamlined cover 15 inches in height
which projects into the flow area, Figure 3. Since the effect of these
prcjections on spillway discharges was unknown, they were installed in the
model, Figure 21A. Operation at flows from near zero to maximum produced
no visible disturbance to the water flowing over the crest as shown in
Figure 21B. Careful tests showed that there was no measurable change in
the spillway discharge coefficient with the nozzles in place. Accordingly,
it was concluded that no adverse hydraulic effects would be produced by
the ice-prevention nozzles,




Crest pressures. Ten pilezometers were installed along the centerline
of the uncontrolled crest and ten along the centerline of the controlled
crest of the second gate bay from the right side of the spillway. Each
piezometer was connected to an open water-manometer. Pressures for ali’
piezometers were recorded simultaneously by photographing the manometer '
board at discharges of 50,000, 100,000, 150,000, and 200,000 second-feet

. with the radial gates fully open, Pressure curves for both crests are
shown in Figure 22, All pressures were above atmospheric for the dis-
charges tested, with the magnitude generally increasing with the discharge."
Lowest pressures were found for the combination of maximum reservoir
elevation with small gate openings on the controlled crest. However,
since all pressures were greater than atmospheric, the crest designs were
considered satisfactory.

Calibration of spillway. The spillway was caiibrated for various
combinations of flow conditions. An orifice meter was used to measure
the discharge for flows above 2,000 second-feet. For low flows, a weighing
tank was employed. The reservoir elevation was measured with a point
gage, located 550 feet upstream from the crest, Figure 5.

With all control gates closed, a curve was obtained of reservoir
elevation versus discharge for the uncontrolled crest, Figure 23. From
these results thp/%?efflcient of discharge C was computed from the formula

Q = CL (H. A hv\ The curve C versus reservoir elevation is shown

3 in Figure 23. ‘ue expression (H £ h,) in this formula is the total head

. on the spillway crest and includes the measured height H of the water surface
above the spillway crest; and the velocity head, h;, The head measured
in the -model represented the total head since the point gage was upstream
550 feet in a region of extremely low velocity,

R

The discharge curve of the spillway for all gates fuily open and for
gate openings at L-foot intervals is shown in Figure 24. Above headwater
elevation 3112, flow over the uncontrolled crest has been included in the
discharges. The coefficient of discharge C versus reservoir elevation for
discharge over the controlled crest only with the gates raised free of
the water surface, is also shown in Figure 24,




PART 1I—OUTLET WORKS

Introduction

A 1:20 scale model entirely separate from the epillway model was
used in the study of the outlet works. The two 60-inch hollow-jet valves
of the prototype were represented by 3-inch hollow=jet valve's"ig' the
model. Provisions were made in the model to pass the maximum prototype
discharge of 930 second-feet with one valve operat:.ng and 1, 360 second-
feet with both valves operating. ‘

The model studies were in two parts. In the first or initial studies
the original design, Figure 26, was tested., Also in.the initial tests
were Basin Studies No. 2, and No. 3, Figure 29. The remaining studies
were made to develop a design employing a deflector plate or valve hood,
Figures 29, 34, and 40. Although some of the designs appeared satisfactory,
others were tested to be certain of obtaining the greatest poss.l.ble
improvement. .

The 1:20 Scale Model

Desigu

The original 1:20 scale model of the outlet works is shown in
Figure 25. The stilling-~basin training-walls were of wood covered with
sheet metal and the apron was of concrete formed to sheet metal templates.
The dividing wall was made of wood. The tailbox, lined with sheet metal,
contained sand molded to represent the bottom of the river channel. Two
3~inch model hollow-jet valves were located at the upstream end of the
basin. Water to the model was supplied by a é-inch pump connected to an
orifice meter for measuring the flow, The pipe from the meter terminated
in an 8-inch~diameter header to which was connected two 3~inch p:.pes which
supplied water to the hollow-jet valves.

Operation

In the stilhng—bas:.n tests .the maximm discharges used were 930 second-
feet for one valve operating and 1,360 second-feet for both valves Operatlng.
Piezometers were used to measure the pressure head at the valves., This
head was set to the corresponding prototype pressure head calculated for
the given discharges. A point gage was used to measure the tailwater
elevation, which was set at elevation 3038 for the two discharges.

After tlie test on the original design, the cemter dividing wall was
removed and was nét used again on any of the remsining studies. The model
was rebuilt and the stilling~basin shortened after campleting Basin Study
No. 9. At this time a glass window was also installed in the left training-
wall to observe flow conditions under the hood and in the section down-
stream from the hood,




Investigation of Outlet Works Stilling-Basin

Investigation of the outlet works was concerned primarily with
studies of the stilling-basin. Three factors were used in judging the
effectiveness of the designs tested. They were: (1) roughness and
general appearance of the water surface in the river channel; (2) velocity
distribution in the downstream section of the basin; and (3) \scour in the
river channel, As the tests progressed toward the final design, piezo-
meters were installed in the model and pressures determined on those
parts of the structure in contact with high-velocity flow.

Initial Studies

Basin Study No, 1. The original stilling-basin design, Figare 26,
had a total length of 175 feet with a center dividing wall 22 feet high.
Uperation with oné and two valves at the maximum discharges is shown in
Figures 27A and B, The location of the jump and resulting flow in the
river channel was unsatisfactory with two valves operating. With one
valve discharging the jump moved toco far downstream, resulting in incom-
plete energy dissipation.

Erosion after l-hour operation with one wvalve at 930 second-feet,
Figure 28A, was not excessive, but showed a tendency to undermine the
apron. A hole 5 feet deep occurred at the end of the basin, Scour from
the operation of both valves was slight, Figure 28B,

Basin Study No, 2. It was desirable to eliminate the center dividing
wall, since it was expensive to construct and was only for the purpose of
gilving good flow conditions when operating one valve, In Basin Study
No. 2, Figure 29, a hood was substituted for the wall, The hood was -
placed over the full width of the stilling~basin to spread the jets so that
even with one valve operating, flow would be uniformly distributed wover
the width of the basin.

Sufficient spreading of the jet did not occur with one valve operating
at 930 second-feet, Figure 304, because of the high velocity of the jet.
Lecreasing the opening between the lower end of the hood and the basin
floor to cbtain greater spreading of the jet only created backwater:‘which
submerged the valves. Operation of both valves with a total discha. ie of
1,360 second-feet showed some improvement over that for the original
design. o

Basin Study No. 3. In Basin Study No, 3, a raised floor in the
upstream end of the basin, Figure 29, was used to intercept and spread the
jets from the valves., Unsatisfactory flow resulted with either one or
" two valves operating, Figures 31A and E. Verv little spreading of the jets
occurred because of the short length of raised floor, and flow was corcen-
trated on the surface of the basin and river channel, Lowering the down-
stream end of the raised floor, caused an even rougher water surface in
the river channel,




Development of liecommended Design

Basin Study No. 4. In this test s hood or deflector plate was
placed above the valves, and the floor was placed at elevation 3020,
for the.full length of the basin, Figure 29, The hollow-~jet valves
were tilted downward at an angle of 150 Operatj_gn of one and two
valves, Figures 324 and B, showed marked improvement over previous
de51gns. With two valves Operatlng, a fairly uniform distribution
of velocity occurred in the downstream end of the basin as well as a
smooth water surface. This was true to a lesser extent with one valve
open, In fact, flow conditions at the end of the stilling-basin had
been improved sufficiently to allow a 50-foot reduction in the basin
length.

By experiment, the most effective height of the opening between
the hood and basin floor was found to be between 3 and 4 feet. With
larger openings, spreading of the jet was insufficient and with smaller
openings, the flow backed up under the hood and partially submerged the
valves.

The results of Basin Study No. 4 indicated the hood principle could
be used to provide an efficient and economical stilling-basin; conse-
quently further tests were made to improve this design.

Basin Study No. 5 and 6. In Basin Study No. 5 a convex deflector
plate was used with a 4-foot opening at the lower end and the valves
were depressed 30° below horizontal, Figure 29, Performance with one
and two valves at maximum discharge, Figure 33A and B, was similar to Basin
ostudy No. 4. However, the design section decided the 30 angle of the
valves could not be used in the prototype because it would require raising
the tunnel to a higher elevation,

For Basin Study No, 6, the valves were depressed 11° below horizontal
since the designers had indicated that this was the maximum permissible
angle for the given tunnel elevation. The convex plate deflector was
changed to fit the 11° valve ‘angle, Figure 34, and piezometers were
installed. Conditions of flow for one and two valves discharging,
Figure 35A and B, was good and indicated that a reduction of 60 feet in
the basin length was possible. Pressures on the deflector, Figure 34, .
were above atmospheric for both tests, The pressures varied from a
minimum of 1 foot of water at Piezometer No. 3, when one valve was
operating, to a maximum of 15 feet of water at piezometer No. 8, when
both valves were operating. The elevation of the water surface upstream
from the hood was lower than the tailwater elevation, indicating that
there was no tendency for the valves to become submerged.

Basin Study No, 7 and 8. A concave hood was installed for Basin
Study No. 7, since it was necessary to explore all possible deflector
shapes before selecting any design. The 11° valve angle was maintained,
best operation was obtained with the lower end of the deflector, placed
5.50 feet above the basin floor, Figure 34. Performance of the stilling-
basin for the two maximum operating conditions, Figure 36A and B, was
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much better than any of the previous tests. Pressures on the deflector
were all above atmospheric, and generally higher than those in Study No, 6,
Figure 34. The pressures shown are plotted to the same scale as the
stilling-basin drawings. The maximum pressure was 28 feet of water at
Piezometer No. 6, and the minimum was 4 feet of water at Piezometer No, 3,
both occurring with one valve operating., Since the concave shape of the
hood provided considerable improvement in basin performance, the concave
shape was maintained in subsequent designs.

In Basin Study No. 8, the 11° depression of the valves was eliminated
at the request of the designers because of .structural considerations. In
addition, part of the space beneath the deflector was filled in, as shown
in Figure 34.

Satisfactory transverse flow distribution resulted with this design,
Figures 37A and B, but the valves were partially submerged st maximum
discharges. In the prototype this might produce dangerous negative
pressures within the valve. The submergence was not relieved by increasing
the opening between the lower end of the deflector and the floor from
5 to 6 feet because of the steep angle at which the jets were directed toward
the floor.

Basin Study No, 9. It was believed that the most suitable hood
shape could be determined from the shape of the jets issuing from the
valves., Consequently the upper nappe profile was determined, Figure 38,
and the hood curve fitted to it. The filled~in area beneath the jets
was also modified, end tests were made first with a sloping, and then
with a curved floor, Figure 34.

Uniform flow and a smooth water surface in the river channel was
obtained for all test conditions, Figures 39A and B. Tests showed the
height of the opening at the downstream end of the deflector could be
reduced from 6 feet to 4.5 feet without causing sufficient backwater to
submerge the valves, This was a favorable characteristic of the design
since it demonstrated that close tolerances 1n dimensions would not be
necessary when building the deflector.

The curved floor shown by the dashed line, Figure 34, restricted the
amount of turbulent action of the water under the deflector and required
wore stilling-basin length than the straight floor with a 1.5:1 slope.
Again, all pressures on the deflector were above atmospheric, Figure 34,
but were less than those of Basin Study No. 7. The maximum pressure,
which occurred, was 18 feet of water at Piezometer No, 4, when one valve
was operating. ‘fhe minimum pressure which occurred was 1 foot of water
at Piezometer No, 2, when both valves were operating.

Basin Study No, 10 and 11. The model was rebuilt and a glass panel was
installed in a section of the left training wall., The length of the stilling-
basin was also reduced 60 feet. Basin Study No. 10, Figure 40, used a
parabolic hood in which piezometers were installed. Piezometers were
also placed in the floor of the stilling-basin.




Performance at maximum flow with one and two valves operating,
Figure 41A and B, was unchanged from Basin Study No., 9, Pressures on
the.deflector and floor, Figure 4O, were above atmospheric in all
tests., The maximum pressure on the hood was 17 feet of water at
Piezometer No, 6, when one valve was operating snd the minimum was
3 feet of water at Piezometer No. 4, when both valves were operating.
Flow in the stilling-basin as seen through the glass wall is shown in
Figure 42. &gntrained air in the water and the path of the turbulence
along the floor is shown in the photogrephs, The high speed photograph,
Figure 42B, stopped the motion of flow and shows the character of the
jet issuing from the valves.

Very slight scour resulted after 1 hour of operation with one valve
discharging 930 second-feet, Figure 43A, With two valves discharging
1,360 second-feet, practically no erosion occurred, Figure 43B. Velocity
distribution was good with a smooth water surface in the river channel.
The designers, after viewing these tests, decided that better stilling
action occurred than was considered necessary. Upon consultation with
the structural designers, it was decided that considerable savings in cost
could be made by raising the stilling-basin floor downstream from the
deflector. Further tests were made to develop the basin with a higher
floor,

The downstream section of floor was raised 9 feet, Figure 40,
Subsequent trials indicated that this was the maximum height the floor could
be raised and still maintain good hydraulic performance. The deflector
of Basin Study No. 10 was used in Basin Study No. 11, and all remaining
tests. Figure 44A and B show the flow at the two maximum flow con-
ditions, as seen through the glass window, For all discharges the water
was directed upward, creating a high boil, which‘smoothed out to some
extent upon reaching the river channel, but the surface velocity in the
channe} was relatively high. ‘

The length of the basin was reduced an additional 4O feet, making
the total length 100 feet less than the original design, and 5 additional
tests were made, designated as Basin Studies No, 11A through 1l1E,

Figure 40. In Study No. 114 the downstream floor elevation was 3026;
and for the following four studies, it was 3029, As shown in Figure 40,
the two floo: elevations were connected by sloping and vertical walls
and various blocks were placed against these walls for three of the
studies.

Results of these tests indicated that the boil intensity on the
water surface was affected by the shape of the surface between the two
horizontal floors. With a vertical wall, the velocity was directed
parallel to the wall, resulting in a higher boil., With the sloping
wall, the boil was directed farther downstream, and a greater stilling-
basin length was required. The use of baffle~type blocks placed against
the face of the wall reduced the height of the boil by spreading it over
a larger area.




Recommended Design

The recommended stilling-basin, Figure .45, employed two blocks
located downstream from the end of the deflector. With maximum
discharge from one and two valves, Figure 46A and B, the boil was
vell distributed over the surface of the stilling-basin. Flow
conditions as seen through the glass window for these discharges,
are shown in Figure 47A and B. Velocity distribution at the down-
stream end of the stilling-basin was satisfactory as shown by the
velocity contours plotted in Figure 48, Surface velocities were
higher than those on the bottom, but were not objectionable. With
one valve operating, higher velocities occurred on the side with the
valve discharging.

The table of Figure 45 shows pressures on the deflector and floor
at the locations indicated. All pressures were sbove atmospheric for
every operating condition with the highest pressures occurring on the
deflector hood. Photographs of the manometer boards used in determining
these pressures, Figures 49 and 50, show the water-column heights for
one and two valves discharging. The zero for each piezometer is
indicated by the short horizontal lines.

Erosion after 1 hour operation with one and two valves discharging
was slight, using bank-run sand, Figures 51A and B. Greater scour
occurred when using 50-100- and 100-200-mesh sand atf, the downstream
end of the stilling-basin, Figures 52A and B, with two valves discharging

1,360 second-feet. Even with the 100-200-mesh sand, however, the
results were considered satisfactory, and this design was recommended :
for construction in the field.
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FIGURE

A. o flow, looking upstream

Scour at end of right training wall
fter 99 minuteg operation sat

200, 000
aucond -f'eet,

tal lwnter curve A

TEST 1. 1:7< MODEL ENDERS SFRIILWAY
ORIGINAL DESIGN '
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Operation et 200,000 second-feet discharge

Scour after %0 minutes operaiion
et 200,000 second-feet

TEST 2. 1:72 MODEL ENDERS SPILIWAY ORICTNAL
DESIGN WITH 45 DEGREE WING WALL




FIGURE 10

A.

B. Scour after 45 minutes operation
at 200,000 second-feet

TEST %Z. 1:72 MODEL ENDERS SPILIWAY APRON
ELEVATION %016, NO CHUTE BLOCKS




Scour after 5 minutes operation
at 200,000 second-feet

TEST 4. 1:72 MODEL ENDERS SPILLWAY
SO0LID SILL NO CHUTE BLOCKS




Scour after 45 minutes opermtion
at 200,000 second-feet

TEST 5. 1:72 MODEL ENDERS SPIIIWAY
ORIGINAL SILL AND CHUTE BLOCKS




B. Scour after 45 minutes operation
at 200,000 second-feet

TEST 6. 1:72 MODEL ENDERS SPILLWAY
HIGH SILL NO CHUTE BLOCKS




Scour af'ter 4% minutes operation
at 200,000 second-feet

TEST 7. 1:72 MODEL ENDERS SPILLWAY
RECOMMENDED DES IGN




A. TFlow at
right train-
ing wall for
200,000 second-
feet discharge

C. Scour
after L5
minutes
operation
at 200,000
gsecond-feet

TEST 8.

1:72 MODEL ENDERS SPILIWAY
REDUCED BASIN WIDTH

B. Flow at
left train-
ing wall for
200,000 second-
feet discharge
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A. Original design, no flow

Drawdown at left training wall nose with
a discharge of 200,000 second-feet

1:72 MODEL ENDERS SPITIWAY ENTRANCE
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FIGURE I9
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Riprepped dike upstream from left
training wall nose, no flow

Conditions of flow &t discharge
of 200,000 second-feet

1:72 MODEL ENDERS SPILIWAY ENTRANCE




FIGURE 21

Installation on

Operation at 50,000 second-feet

1:72 MODEL ENDERS SPILIWAY
ICE PREVENTION SYSTEM
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ENDERS DAM
UNCONTROLLED CREST
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A. Left valve - 930 gecond-feet B. Both valves - 1360 second-feet

ENDERS DAM
OUTLET WORKS - 1:20 MODEL
BASIN STUDY KRO. 1 ORIGINAL DESIGN, LOOKING DOWNSTREAM

L2 DNOTE




Scour after 1 hour operation at left
valve at 930 second-feet

Scour after 1 hour operation of both
valves at 1%50 second-feet

ENDERS DAM
OUTLET WORKS - 1:20 MODEL
BASIN STUDY NO. 1 ORIGINAL DESIGN, LOOKING UPSTREAM




FIGURE 29
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FIGURE 30

Both valves - 1360 second-feet

B.
ENDERS DAM
OUTLET WORKS - 1:20 MODEL

é
:
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Left valve - 930 second-feet

A.




FIGURE 31

Both valves - 1360 second-feet

B.
20 MODEL

BASIN STUDY NO. 3, LOOKING DOWNSTREAM

ENDERS DAM

OUTLET WORKS - 1

Left valve - 930 second-feet
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4. Left valve - 930 second-feet B. Both valves - 1360 gecond-feet

ENDERS DAM
OUTLET WORKS - 1:20 MODEL
BASIN STUDY NO. 6, LOOKING UPSTREAM
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FIGURE 38
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FIGURE 41
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A. Scour after 1 hour operation of
left valve at 930 second-feet

e
g V“p.- RN
AR A

et

B. Scour after 1 hour operation of
both valves at 1360 second-feet

ENDERS DAM
OUTLET WORKS ~ 1:20 MODEL
BASIN STUDY NO. 10, LOOKIN; UPSTREAM




B. Both valves -~ 1360 second-feet

ENDERS DAM
OUTLET WORKS - 1:20 MODEL
BASIN STUDY NO 11, SIDEVIEW
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SECTION C-C

PRESSURE IN FEET OF WATER_ ABOVE EL 302000

DEELECIOR PIEZCVETER 4 2 1 4 5 13 7 8 9 0
Botn valies-1360CFS 131 § 385 ) 2715 260 3 355 | 259 321|223 f (95 4 190
Left vahe-930CFS. 189 | 328 | 286 252 §:353 | 302 § 33 ] 213 | 194 § a0
FLOOR PEZONETER i 2 3 4 5 & 7 g 9 io’
Botn volves-i360CF 5 192 7 25t .§ 332 253 70 ) 170 | 170 | 68
Left valve-330CF S 305 | 356 | 28% 185 160 163 J 171 | 170 | 68

-
£1 305050,

-~Locators of Piezometirs on parobolic’ detlector
identical wmih those on the porobolc dellettor
Nt Bosia Study NG 9

=90 e
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. . SECTION 0-B
SECTION A-A
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I
: A. Left valve - 930 second-feet
L 1
L B. Both valves - 1360 second-feet

OUTLET WORKS =~ 1:20 MODEL
RECOMMENDED DESIGN, SIDEVIEW
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BOTH VALVES DISCHAR\GING 1360 SEG.-FT.

ENDERS DAM OUTLET WORKS

VELOCITY DISTRIBUTION-AT END STA. Il + 94.00
RECOMMENDED DESIGN
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Pletometer readings on deflector hood B. Piezometer readings on floor

ENDERS DAM
OUTLET WORKS -~ 1:20 MODEL
RECOMMENDED DESIGN, BOTH VALVES - 1360 SECOND-FEET

64 MNOLL
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Scour after 1 hour operation of
left valve st 930 second-feet

Scour after 1 hour operation of
both valves at 1360 second-feet

ENDERS DAM
OUTLET WORKS - 1.:20 MODEL
RECOMMENDED DESIGN, LOOKING UPSTREAM

FIGURE 51
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A. 50 - 100 mesh-sand - Both valves,
discharge 1360 second-feet

B. 100 - 200 + mesh-sand - Both valves,
discharge 1360 second-feet

ENDERS DAM
OUTLET WORKS - 1:20, MODEL
RECOMMENDED DESIGN, SCOUR AFTER 1 HOUR OPERATION




