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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
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Hydraulic Laboratory Branch Checked by: A. J. Peterka
Denver, Colorado Reviewed by: J. W. Ball
August 10, 1960 Submitted by: H. M. Martin

Subject: Hydraulic model studies of the Trinity Dam spillway flip
bucket--Central Valley Project, California '

SUMMARY

The model studies of the Trinity Dam spillway flip bucket, described
herein, were performed on a 1:80 scale model, Figure 4. The model
included a section of the spillway tunnel, the open channel semicircular
conduit, the flip bucket, and a section of the channel downstream from
the gate structure.

In the preliminary design, Figure 5A, the upward curved deflector at
the end of the semicircular conduit did not provide sufficient lift or
dispersion of the jet. Tests were made with seven flip buckets, Fig-
ures 5, 6, 7, and 8, in which different invert and sidewall deflectors
were tried. None of the flip buckets provided adequate lift or disper-
sion of the jet.

Tests were next made on four dispersion-type buckets, Figures 10, 11,
13, and 14. These buckets used abrupt upward curved deflectors on the
conduit invert and dispersed the jet over a greater area than the flip
buckets, Figure 12. However, the lip of each bucket was from 40 to 60
feet above the foundation, and at spillway discharges of 2,000 cfs or less,
a hydraulic jump formed in the conduit and the flow pumped over the end
of the bucket, Figure 15. The energy contained in 2,000 cfs, falling 40
to 60 feet from the lip of the bucket, would no doubt, cause considerable
damage to the bucket foundation structure; tests were, therefore, con-
tinued to develop a flip bucket at a lower elevation.

To lower the bucket, the semicircular conduit was placed on a trajectory
curve, Figure 17. Several different flip- and dispersion-type buckets
were tested at the end of the trajectory curve, Figures 17, 19, 21, 23,

25, 27, and 30, before a bucket was developed to provide adequate jet
dispersion with a minimum amount of channel-bed erosion and bank scour.

The recommended bucket, Figure 33, met the requirements that small
flows be introduced into the tail water without excessive vertical drop

to prevent excessive erosion near the base of the structure, and that
large flows be flipped downstream away from the structure with as much
dispersion as possible. The recommended bucket was formed by three
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plane surfaces so placed that they spread and shaped the jet to the
surrounding topography. Large flows are spread into a thin sheet
having a contact line with the tail-water surface a considerable dis-
tance downstream, Figure 35.

A training wall was used to prevent spreading of the jet on the high, or
landside, of the bucket. There was no wall on the low or riverside of
the bucket. At flows less than 1,000 cfs, a hydraulic jump formed on
the horizontal surface of the bucket and extended part way up the slope

of the bucket, Figure 34; the flow spilled out of the low side of the bucket
into the river channel, only 4 or 5 feet above the river. At discharges
greater than 1,000 cfs, the jump swept out of the bucket and with suffi-
cient velocity that the flow was flipped well downstream away from the
structure. As the discharge increased, the jet was flipped farther down-
stream and became increasingly dispersed. The long contact line be-
tween the jet and the tail water reduced the unit forces on the tail water
and the eddies induced at the ends of the contact line were, therefore,
minimum.

INTRODUCTION

Trinity Dam, a part of the Central Valley Project, is located on the
Trinity River about 25 miles northwest of Redding, California, Figure
1. The dam is an earthfill structure approximately 2,450 feet long and
505 feet high. The principal hydraulic features of the structure are the
spillway, outlet works, and the powerplant, Figure 2.

The spillway, located in the left abutment, is an uncontrolled morning-
glory structure which discharges into a 20-foot-diameter, concrete-
lined, inclined shaft and horizontal tunnel. The crest of the morning-
glory spillway is at elevation 2370; maximum discharge is 24,000 cfs
at reservoir elevation 2387.

Where the horizontal tunnel emerges from the left abutment, it becomes
a 20-foot-diameter semicircular open-top conduit 660 fcet long which
connects to the flip bucket used to direct spillway flows into the river
channel, Figure 3. The outlet works and powerplant are also located

at the left abutment about 550 feet to the right of the spillway tunnel.
Flows from the powerplant and outlet works discharge into the river
channel upstream from the spillway. The flip~-bucket structure and the
effect of spillway flows being discharged into the river channel were the
subject of this investigation. Hydraulic model studies were also made
on the morning—glory spillway and tunnel. The results of these studies
are contained in Hydraulic Laboratory report Hyd-447, "Hydraulic Model
Studies of the Trinity Dam Morning-Glory Splllway--Trmlty River Divi-
sion --Central Valley Project, California.

THE MODEL

The model, Figure 4, built to a geometrical scale of 1:80, included a
short length of the spillway tunnel, the 20-foot-diameter semi-circular

2
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open channel from the tunnel portal to the flip bucket, the flip bucket,
the outlet works, the powerplant and about 1,500 feet of the river chan-
nel downstream from the dam. The 20-foot-diameter concrete open
channel, Section A-A in Figure 4, was represented in the model by a
3-inch~diameter specially formed sheetmetal channel. The flip bucket
was fabricated from sheetmetal and concrete. The outlet works and
powerhouse structures were made of wood. The downstream channel
was formed in concrete and river sand.

The spillway tunnel was connected directly to the laboratory water-supply
system. The depth of flow in the spillway conduit was controlled by a
vertical slide gate at the upstream end of the open channel. Various com-
binations of flow depth and discharge quantity could, therefore, be tested
by changing the discharge or slide-gate opening or both. Discharges
were measured using a calibrated orifice Venturi meter located upstream
from the vertical slide gate. Tail-water elevations were controlled by

an adjustable tailgate at the downstream end of the model; elevation was
measured by a point gage located in the channel near the tailgate.

The powerplé.nt and dutlet works were nonoperating models but were in-
stalled in the test box to determine whether spillway discharges would
create any adverse flow, scour, or wave conditions in their vicinity.

THE INVESTIGATION

In order to properly evaluate flip-bucket performance, it is necessary
that the model provide correct flow velocities at the upstream end of

the flip bucket. For structural design purposes, the velocity at the flip
bucket was computed to be 81.5 feet per second if the Manning's rough-
ness coefficient for the conduit was n = 0.014 or 121.6 feet per second

if n = 0.008. For the hydraulic model tests, a velocity of 121. 6 feet per
second was used because the higher velocity provided the most severe
conditions and it was believed that a bucket which performed satisfactorily
for high velocity would be satisfactory for lower velocities. In the model,
the vertical slide gate at the upstream end of the open-channel section
was used to regulate the flow depth. For a given discharge, velocities
were measured by a Pitot tube placed at Station 36+60. In operating the
model, the correct flow quantity was measured on the Venturi meter ma-
nometer and the flow depth was regulated by the gate until the Pitot tube
indicated the correctvelocity. Gate openingstoprovide the desired velocity
for discharges of 1,000 cfs, 5,000 cfs, 10,000 cfs, 15,000 cfs, 20,000 cfs, and
24,000 cfs were thereby determined and were recorded for use in sub-
sequent tests. In evaluating a flip bucket, a complete range of discharges
was tested, but emphasis was placed on the maximum discharge, 24,000
cfs. Tests were usually begun using the maximum flow and if the bucket
showed promise of providing satisfactory operating characteristics, tests
were also performed with smaller discharges.

The prototype channel downstream from the flip bucket has been sub-
jected over a period of many years to extensive hydraulic mining opera-
tions. As a result, most of the overburden, smaller than a nominal
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diameter of 2 inches, has been removed. Design specifications call for
the area where the jet from the flip bucket will impinge to be cleared of
the remaining loose material down to bedrock or to elevation 1890, Fig-
ure 2. The bedrock in this area is stratified and the slabs lie nearly hori-
zontal. When exposed to the atmosphere, it is expected that the slabs will
separate and will become easy to move. It is, therefore, necessary that
the flows from the spillway be dispersed more than usual to lessen the dan-
ger of moving the loose slabs of rock. The proximity of the powerhouse
and outlet works required that wave action and water surface drawdown,
produced by bucket discharges, be as small as possible. The develop-
ment of the flip bucket was directed toward satisfying these criteria.

FLIP BUCKETS

Bucket No. 1

In the initial investigations, the flip bucket was formed of a rectangular
open-channel section, 20 feet wide, 26.67 feet high, and 40 feet long, in
which various types of deflectors were placed on the floor and left wall
to direct the flow upward and to the right. The transition between the
semicircular invert of the open channel and the rectangular section was
accomplished by gradually decreasing the radius in the corners from 10
feet to nothing in a length of 20 feet, Figure 5,

The first deflector placed in the invert of the bucket was a 40-foot-long
“segment of a 240-foot-radius circle, Bucket No. 1, Figure 5A. The lip
at the end of the deflector was 3.35 feet above the floor. With this de-
flector, the jet was very compact at the point of impact in the river chan-
nel and (the jet) impinged too close to the left bank of the river channel
eroding a large hole, both in the river bed and in the riverbank. (All test
discharges in the initial investigations were 24,000 cfs). .

Bucket No. 2°

A superelevated bottom deflector was then tried, Figure 5B. This de-
flector was also 40 feet long and sloped upward, increasing the floor ele-
vation 10 feet along the left wall, but only 3. 33 feet along the right wall.
Bucket No. 2, directed part of the flow about 25 feet to the right of the
original left jet boundary, but did not move the jet sufficiently to prevent
excessive erosion of the channel bottom and left bank.

Bucket No. 3

For the third test, a horizontal floor was placed in the bucket section and
. a deflector was installed on the left wall, Figure 6A. In plan, the deflec-
tor consisted of a 40-foot-long segment of a 195~foot-radius circlg; the
point of curvature was at Station 36+66.00. The deflector, therefore,

~ displaced the end of the wall 10 feet to the right of the original pomt In
operation, the deflector turned only the left half of the jet, causing the
deflected part of the jet to fold over on top of the right half. The impact
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point of the jet was about 25 feet to the right of its original line, but due
to the fold over, the jet was more compact than ever, resulting in even
greater scour.

Bucket No. 4

For the fourth test, two changes were made. The first change was in
the channel alinement; at Station 35+81, the direction of the channel was
turned 10 degrees to the right. The second change was to remove the
right wall between Stations 36+66 and 37+06, Figure 6B. In operation,
the impact point of the jet moved about 240 feet to the right, but the
abrupt turn in the channel preventedthe jet from spreading and as a re-
sult, the jet remained in a concentrated pattern with very little disper-
sion.

When the turn at Station 35+81 was reduced to 5 degrees, the impact
point was about 160 feet to the right of the original point but the degree
of dispersion was only slightly improved.

Bucket No. 5

For Bucket No. 5, the 5-degree turn in the channel alinement was main-
tained, the right wall was replaced, and a 40-foot-long curved deflector
was placed in the floor of the bucket section, Figure 7A. The deflector
was a segment of a 123. 36-foot-radius circle with the point of curvature
at Station 36+66. The lip at the end of the deflector was 6. 67 feet above
the floor. At the point of impact, the jet covered an area of about 80 feet
square. However, the vertical angle of the jet as it struck the tail-water
surface was such that it caused a clockwise eddy to form in the dead-
water area to the right of the bucket. The eddy moved material eroded -
by the jet into a sandbar in front of the powerplant and outlet-works still-
ing basin. It was apparent that this obstruction would interfere with the
discharge from these structures.

Bucket No. 6

In order to obtain better dispersion of the jet and to move the point of
impact farther downstream, the curved bottom deflector was changed
to a segment of an 85-foot-radius circle with a total rise of 10 feet;
other features of the Bucket No. 5 were retained, Figure 7B. The jet
was thrown about 80 feet farther downstream and was considerably better
~dispersed, covering an area about 120 feet square. The magnitude of
the eddy on the right was reduced, but the jet impinged in an area of the
model molded in concrete to represent an outcropping; instead of digging
a hole, the flow raced downstream to the opposite riverbank, causing
considerable bank damage. The high velocity downstream flow also
caused a noticeable water-surface drawdown at the powerplant afterbay.

Bucket No. 7

For Bucket No. 7, Figure 8, the turn in the open channel at Station 35+81
and the subsequent 125 feet of straight channel were replaced by a curved

5
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channel. The curve was a segment of a 420-foot-radius circle with the
point of curvature at Station 35+81. In the final 40 feet of the bucket, an
upward curved deflector was placed on the floor. This curve had a 123.36-
foot radius and provided a 6.67-foot rise above the invert. The jet was

not well dispersed with this arrangement, Figure 9A, and intersected the
tail water about 120 feet closer to the bucket than with the previous ar-
rangement. The flow raced downstream crossing over to the right bank
where it turned back to the center of the channel. There was only slight
scouring action along the right bank and minor action in the eddy on the
right.

DISPERSION BUCKETS

The stratified bedrock in the prototype river channel was unprotected

by overburden and it was apparent from the preceding tests that a com-
pact jet striking the rock at a comparatively flat angle might cause slabs
to peel off. A sufficient accumulation of eroded material could thereby
produce adverse backwater conditions or flow conditions. To prevent
this, the following flip-bucket investigations were directed toward de-
veloping a dispersion-type bucket that would spread the jet horizontally
to provide a greater contact area.

Dispersion Bucket No. 1

For the Dispersion Bucket No. 1, an upward curved deflector was placed
at the end of the semicircular open channel. The curve of the deflector
was a segment of an 85-foot-radius circle with the point of curvature at
Station 36+66, Figure 10. On the left side of the channel, the length of
the curved section was 40 feet with a total rise at the lip of 10 feet. On
the right side of the channel, the curved floor was 20 feet long with a
total rise of 2. 33 feet. The elevation of the lip sloped downward in a
straight line from the left side to the right side. With this arrangement
slightly better jet dispersion was obtained. The pattern of the jet where
it struck the river channel, Figure 9B, was similar to the numeral 7;
the horizontal crossbar area was about 120 feet square and the vertical
bar area about 40 feet wide by 200 feet long. The nearest point of impact
was about 160 feet downstream from the end of the bucket. Performance
was only slightly improved over that for the previous buckets. Conse-
quently, tests were continued to develop a bucket with even greater dis-
persion characteristics. '

Dispersion Bucket No. 2

Dispersion Bucket No. 2 had its outer limits described by a quarter
circle of 40-foot radius, Figure 11. The center of the circle was on

the left wall of the channel at Station 36+66. In cross section, the up~-
ward curve of the deflector was a quarter circle with a 10-foot radius.
At Station 35+46, the alinement of the semicircular conduit was turned

5 degrees to the right, Figure 11. The deflector dispersed the jet very
well both vertically and horizontally, and the turn in thé channel directed
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the flow toward the center of the river. However, there was some con-
centration of the flow near the right center of the jet caused by the top
layer of the flow not following the right wall downstream from the turn,
and some water being forced from underneath to fill the void, Figure
12A. <

Dispersion Bucket No. 3

Two changes were made to provide more even distribution and greater

_ dispersion of the flow for Dispersion Bucket No. 3. The turn in the
channel was modified by curving the alinement to the right in a 420-foot-
radius arc with the point of curvature at Station 35+46. The bucket was
placed at the end of the curved channel and was described in plan by a
30-foot-radius quarter circle with its center on the left wall. In section
the deflector was formed by a 10-foot-high segment of a 15-foot-radius
circle, Figure 13. The jet was very well dispersed and spread over a
wide area. However, the jet was very ragged and there was some flow
concentration along the left side, Figure 12B. When the curvature of th
channel was reduced by increasing the radius to 625 feet, there was sorxr
improvement in the appearance and distribution of the flow.

Dispersion Bucket No. 4

For Dispersion Bucket No. 4, the lip of the deflector was modified by
increasing the height of the lip by adding an extension tangent to the end
of the upward curve. The length of the tangent extension was 3.33 feet
on the left side. The lip sloped downward to the existing lip on the right
Figure 14. Operation showed more lift and greater dispersion to the jet
and at the same time resulted in more equal flow distribution in the jet,
Figure 15.

Since this type of bucket seemed to provide the necessary flow condition
for satisfactory operation, a series of tests was performed to thoroughl;
investigate the effects in the river channel produced by the bucket. The;:
are discussed in the following paragraphs.

Water surface drawdown. At the time of the tests, the tail-water curve
for the river channel had not been finally determined. However, it was
known that with the powerplant operating and the spillway discharging
24,000 cfs, the tail~water elevation would be between elevations 1907
and 1922. To determine the difference between water-surface elevation:
at the powerplant and in the river channel about 1, 600 feet downstream,
an arbitrary tail-water elevation was set at the downstream station with
the spillway discharging 24,000 cfs; the tail-water elevation at the powes
plant was then measured. Tests showed that when the downstream tail
water was at elevation 1907, the powerplant tail water was about 1.3 feet
lower; for downstream tail-water elevation 1915, the powerplant tail
water was 2.0 feet lower; for downstream tail-water elevation 1922, the
powerplant tail water was about 1.8 feet lower, Figure 16.

Wave heights. For the maximum spillway discharge, 24,000 cfs, the
average height of the waves at the powerplant was about 1 foot, with a

7.
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maximum height of 2 feet. The tail-water elevation, between the limits
stated, had no effect on increasing or decreasing the wave heights.
Waves along both banks were between 3 and 4 feet high.

Eddies. The impinging jet caused a clockwise eddy to form along the
right side of the jet. The eddy carried material eroded from the banks
by wave action to the approximate intersection of the tail race and outlet
works channels forming a bar in the channel.

Low flows. For discharges between 5,000 cfs and 24,000 cfs, the bucket
performed well. The jet was well dispersed at all flows, and impinged

on the riverbed well downstream from the base of the structure. How-
ever, for flows below 5,000 cfs, the jet tended to erode the river bed close
to the base of the bucket structure. For flows less than 1,000 cfs, the
flow did not spring clear of the bucket; rather it formed a hydraulic jump
in the bucket and the flow dropped off the end of the bucket in a solid
mass. Since the lip of the bucket was about 60 feet above ground level,
the energy content in the flow at the base of the structure was sufficiently
high that the structure foundation would probably be damaged. To pre-
vent this, a secondary apron or other protective device would be required.
Several were built, tested, and modified. Those that performed satis-
factorily were impractical to build and maintain; those that were not costly
offered little protection. An alternate solution was to lower the entire
bucket structure.

Low elevation flip buckets. The semicircular open channel was lowered
by means of a trajectory curve starting at Station 36+56 and elevation
1960.17. The point of tangency of the curve was at Station 38+10.57 and
elevation 1934.21, Figure 17. Several flip-type buckets were attached
to this approach channel and investigated. The buckets were designed to
fit the rock conformation expected to be found in the bucket area. Field
data showed that rock would probably be found between elevations 1925
and 1950 in the vicinity of the proposed flip bucket.

Low Level Bucket No, 1

The development of a flip bucket at the end of the trajectory curve par-
alleled the initial studies previously described. The first bucket, Fig-
ure 17, had a 20-foot wide upward curved deflector. The radius of the
40-foot-long curve was 240 feet and the curve was tangent at Station
38+20.57. Performance of the bucket was not good since the jet was de-
flected upward only slightly and was not sufficiently dispersed to either
side.

Prior to this test, the concrete river chammel had been replaced with an
erodible sandbed to measure bed scour and to determine bank erosion
caused by éddies. To the left of the jet a bank area, about 120 feet wide
by 300 to 400 feet long, was removed by the left eddy, Figure 18, and the
jet eroded a large hole about 40 feet deep at the point of impact.
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Low Level Bucket No. 2

For Low Level Bucket No. 2, Figure 19, the radius of curvature of the
bottom deflector was reduced to 53. 33 feet, and a 40-foot-long deflector
was placed on the left wall to turn the flow to the right.

The downstream end of the wall deflector was 5 feet thick. The down-
stream 40 feet of the right wall was turned to the right at the downstrea
end. The divergence was 6.67 feet.

In operation, the jet was turned to the right and the diverging right wall
allowed the jet to spread more than had occurred with the previous buck
There also was more longitudinal dispersion in the jet, Figure 20. The
greater dispersion reduced the-depth of erosion from 40 feet to 20 feet;
however, there was considerably more bank erosion. The bank on the
left side was eroded back almost 300 feet from its original line. The
material eroded from the left bank was moved to the right where it forn
a large bar near the center of the channel. However, a sufficient width
of channel remained between the sandbar and the right riverbank to pass
normal powerplant and outlet works discharges.

Low Level Bucket No. 2A

To provide greater turning and more dispersion of the jet, the conver-
gence of the left wall and divergence of the right wall were both increas:
to 10 feet, Low Level Bucket No. 2A, Figure 19. The other features
were the same as for the previous bucket. In operation, the jet was
turned more toward the center of the channel and was better dispersed.
The depth of the channel-bed erosion was increased to 40 feet, but the
left channel-bank erosion moved the bank line only about 100 feet. The
eroded material moved farther toward the right than with the previous
buckets and formed a bar which would probably interfere with the power
plant and outlet works discharges.

Using this bucket, two tests were made to determine whether reducing
the slope on the left channel bank or adding riprap protection to the ban
would reduce the amount of bank erosion and bed scour. The tests show
that (1) a flatter bank slope reduced the depth of the bed scour to about
30 feet but increased the extent of the bank erosion, and (2) that riprap
on the banks reduced both the bed and bank erosion, but that individual
stones 30 inches or greater in diameter would be required. Since rip-
rap of this size would be difficult to acquire, no further investigations
were made.

Low Level Bucket No. 3

For Low Level Bucket No. 3, Figure 21, the 10-foot convergence of
the left wall was maintained but the divergence of the right wall was
increased to 10 feet . The floor deflector was modified by adding a
triangular fillet at the downstream end of the bucket. The fillet started
along the left wall 20 feet upstream from the end of the bucket and
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extended diagonally across to the end of the bucket on the right side. Along
the left wall, the fillet sloped upward, increasing the elevation of the lip

by 16.67 feet; the elevation of the lip on the right side was not changed,
Figure 21. For 24,000 cfs, the added superelevation turned the jet far-
ther to the right and provided greater lift and dispersion, Figure 22.

There was very little erosion of the left bank, and the channel bed ero-
sion was about 30 feet deep. The sandbar, formed from the eroded mate-
rial, extended across the channel downstream from the jet impact area,
but an adequate channel remained for normal powerplant and outlet works
flows.

Low Level Bucket No. 4

For Low Level Bucket No. 4, the right wall of the bucket was shortened
30 feet and the leading edge of the triangular fillet was moved upstream
about 5 feet, giving less superelevation in the bucket, Figure 23. Jet
dispersion was increased by this bucket because the right side of the jet
was deflected out of the open side of the bucket. However, water leaving
the right side struck the river channel near the end of the bucket. This
flow neutralized the damaging eddy previously in evidence along the right
side of the jet. The main portion of the flow from the spillway moved
downstream in a direct line, Figure 24. The contact line of the jet with
the tail water was continuous from a point to the right of the bucket to a
point about 300 feet downstream. Bank erosion on the left side was neg-
ligible. Bed scour was about 20 feet deep but a small area was eroded
an additional 10 feet deep, Figure 24.

Low Level Bucket No. 5

To provide even more turning and greater jet dispersion, the convergence
of the left wall was increased to 18.33 feet and the right wall diverged 40
feet to the right, Figure 25. The superelevation was increased so that the
lip elevation on the left side was 23. 33 feet higher than on the right side.
This alteration turned the jet farther to the right, but did not improve the
jet dispersion, Figure 26. The rock jetty shown in Figure 26 was placed
normal to the tunnel centerline about 300 feet downstream from the bucket.
The purpose of the jetty was to intercept the reverse flow of the eddy and
deflect it away from the river bank to reduce erosion. The river bed scour,
shown in Figure 26, was about the same as with Low Level Bucket No. 4.
The jetty reduced the extent of bank erosion, however, it would require
such large-size rocks that it was not practical to construct, and no further
tests using a jetty were made.

Low Level Bucket No., 6

A 10-foot-long extension was added to the sloped surface to increase the
dispersion in the bucket, Figure 27, and the alinement of the river channel
downstream from the bucket was also altered, Figure 27A. Field investi-
gations had shownthat some of the rock and gravel in the river channel was
suitable for use in the earth dam. On the assumption that most of the rock
and gravel above bedrock would be removed from the area shown in Figure-
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- 28, the left riverbank was moved to the left almost 500 feet and the right
was moved about 200 feet to the right. The modification to the bucket
greatly improved the dispersion of the jet and practically eliminated the
eddy action on both sides, Figure 29. Because of the increase in channel
width, the eddy currents were reduced and bank erosion was negligible.
Bottom scour was about 20 feet deep. The bed material removed by the
jet formed a bar downstream, butitappearedthat the bar would not inter
fere with normal flows from the powerplant.

Low Level Bucket No. 7

The flow pattern in the previous test had indicated that because of the wi
river channel it would not be necessary to turn the flow as far to the rigl
Therefore, the flip bucket was rebuilt without converging the left wall; i1
order to simplify the design, the superelevation of the floor deflector wa
accomplished with two triangular-shaped plane surfaces, Figure 30. Tk
height of the bucket lip above the ground varied from 5 feet on the right
side to 50 feet on the left side.

For flows of less than 1,000 cfs, the jet did not spring clear of the bucke
but dribbled over the bucket lip. On the right side where the drop from
the lip to ground level was not great, the action was not harmful. How-
ever, since the lip was considerably more than 5 feet above the ground
over most of the lip length, a drip apron was added to the bucket to catcl
the flow and carry it to the lower elevation. This apron was placed abot
5 feet below the lip and extended from the end of the right wall around th
end of the bucket to the left wall; the drip apron sloped downward to the
right away from the bucket.

Five-foot-high vertical sidewalls were placed on the drip apron to con-

verge to a 20-foot width at the lower end, Figure 30. The drip apron wa
very effective for low flows; all of the water that spilled over the lip edg:
" was caught and carried to the lower elevation where it entered the river
channel very smoothly, Figure 31. When the jet sprang clear of the buc]
the water was thrown completely over and past the drip apron, Figure 3.

For the larger discharges, the bucket was also very effective. The flow
was equally distributed and well dispersed over a wide area, Figure 32.
There was very little eddy action in the river channel on either side of
the jet and practically no bank erosion. Because of the wide river chann
the excellent dispersion of the jet and the relatively steep jet trajectory
at the point of contact with the tail water, there was no measurable wate:
surface drawdown in the powerplant tailrace. The waves in the powerpls
drea were negligible, seldom attaining a height of more than 6 inches.

Although the drip apron was very effective, economic analysis indicated
that it would be less costly to build the bucket at a lower elevation, even
though extensive rock excavation would be necessary.

Recommended Bucket

In order to place the bucket on sounder rock the PVC of the trajectory
curved channel, shown in Figure 17, was moved 75 feet upstream. On
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the downstream end, the channel was extended on a 3:1 slope to elevation
1912.0, 22.21 feet lower than for the previous bucket. Low Level Flip
Bucket No. 7 was placed at the end of the conduit, but the drip apron was
eliminated. The rock on the right side of the bucket was removed to form
an excavated channel leading down to river level. At the end of the bucket,
the rock was removed to provide a smooth slope into the river channel.
The recommended bucket and the surrounding topography are shown in
Figure 33.

Operation with this bucket was as good, or better, in every respect than
it had been with the bucket at the higher elevation, Figures 34 and 35.

The long contact line of the jet impinging on the water surface practically
eliminated the eddy currents. Wave heights were small. Downstream
from the jet impact area the water surface was rough but near the left
bank, the waves were about 12 to 18 inches high; near the right bank, they
averaged about 12 inches high; and in the vicinity of the powerhouse and
outlet works, the waves averaged about 6 inches in height.

The river bottom had been formed in nonerodible mortar so no scour tests
were made. However, the channel banks were formed from erodible sand
and tests performed at the maximum discharge did not cause extensive
damage to the channel banks.

At the maximum discharge the water-surface elevation in the powerplant
afterbay was about 1.5 feet lower than the downstream tailwater elevation.

This bucket was recommended for prototype construction.
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A. Dispersion Bucket No. 2

B. Dispersion Bucket No. 3
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Discharge = 5,000 cis

Discharge = 2,000 cfs
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Discharge = 24,000 cfs
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