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PUR POSE

The purpose of th1s study was to. determme the eff1c1ency of the S
hydraulic jump stilling basin and to observe flow conditions on'the -
chute and in the channel downstream from the stllhn':r basm 5

CONCLUSIONS

1. Initial operation of: the model 1nd1cated undes1rab1e flow cond1— :
tions in the stilling basin for the max1mum dlscharge of 283 second--
feet, Figure 8. ‘ ‘ : L e ; ‘

2. Good flow conditions were observed in the stilling’ basm for the . ¢
normal discharge of 90.second-feet, Figure'9, and for discharges
at maximum reservoir elevat1on W1th gate opemngs of 75 50 -and
25 percent. o

3. Sand erosion tests indicated that- matemal would‘be depos1ted -
immediately downstream from the basin, Flgure 10. Also some .
material was depos1ted 1n51de the: basm '

4, Further stud1es 1ndlcated that the add1t1on of baffle p1ers 10 feet
downstream from the.chute blocks would:greatly 1mprove the per-.
formance of the stilling basin.for maximum.or near-maximum dis-
charges, Figure 11. No material was: deposued in the basin w1th
baffle piers installed ' Lo . :

5. Studies showed that the proposed r1prap would g1ve adequate
protection against scour in the downstream channel for all’ ‘operat-
ing condmons with no baf"le p1ers in the basm, F1gure 12.

6. In sp1te of the unde31rab1e operatmg characterxstlcs of- the maxi-
mum discharge, the operation-of the stilling basin as originally




designed was considered acceptable. ‘A discharge of more than

90 cubic feet per second is not a design requirement and will occur
only if the gates are inadvertently opened too far. Also, the dy-
namic forces on the baffle piers would probably cause destruction
of the piers in a short time. The riprap will provide: adequate pro-
tection against scour in the downstream channel if the ‘maximum
discharge accidentally occurs. ‘

7. Flow conditions on the 2:1 slopmg chute were found to be satis-
factory for all discharges.

8. The angle of inclination of the gate with respect to the 2:1 slop-
ing chute had little effect on the flow distribution downstream from
the gate. ;

9. Piezometers placed at selected points on the chute and in the
stilling basin showed that pressures in‘the structure would be within
allowable limits. :

10. Waves in the downstream channel had a max1mum he1ght of less
than 1 foot. ‘

11. Tailwater sweepout tests indicated a safety i'nargin of approxi- -
mately 4 feet between the expected minimum degraded tailwater and
the tailwater elevation at which the hydraulic jump first exposed the

chute blocks at the upstream end of the stilling basin.  This safety
margin was determined for the maximum discharge of 283 second-
feet. :

INTRODUCTION
Bully Creek Dam is one of the principal features of the Vale Proj-
ect and is located about 8 miles west of Vale, Oregon, Figure 1.
The dam is a rolled earthfill structure about 104 feet high and = -
3,000 feet long. The principal hydraulic features of the dam are a
splllway located in the right abutment, and an outlet works located
to the left of the spillway. The outlet works conduit is divided by a
wye branch into a creek outlet works and a canal outlet works, Fig-' -
ures 2 and 3. The model studies described herein are for the creek
outlet works. Model studies of the canal outlet works are d1scussed
in Hydraulic Laboratory Report No. Hyd-495.

The Bully Creek outlet works, controlled by & single 2-foot 3-inch
square high pressure slide gate, Figure 4, has-a maximum dis-
charge capac1ty of 283 second-feet, and a normal operating dis-
charge of 90 second-feet. :The gate discharges on to a 2:1 sloping
diverging chute, into a hydraulic jump stilling basin, Figure 5, and




then into the river channel. Operating criteria specify that for usual
‘operation the gate will be part1a11y opened to pass the normal dis- ‘
charge of 90 second-feet at maximum reservoir elevation. The out-
let works will not pass the maximum discharge of 283 second-feet
unless the gate is inadvertently opened.: to 100 percent with the res-
ervoir at maximum elevation. ‘

- THE MODEL

The Bully Creek outlet works model, bu11t toa geometmcal iy ale of
1:6.75, consisted of the high pressure slide gate, the 2:1 slopmg
diverging chute, the hydraulic. jump stilling basin, and a portlon of
the downstream river channel, Flgures 6 and 7.

\]"' e,
"‘-,, '7

The chute and stilling basin were constructed of plywood ’freated to
resist swelling and the stilling basin included chute blocks 'and a_
dentated end sill. - The outlet channel was formed with sand having
an-average size of 0.8 mllllmeter

Nineteen p1ezometers were placed at selected pomts in the chute and
stilling basin to investigate the possible occurrence of adverse sub-
atmospheric pressures or excessively high impact pressures.

Water was distributed to the hlgh pressure gate from a baffled mani-
fold connected directly to the laboratory supply system. Model dis-
charges were measured using volumetrically calibrated Venturi me-.
ters which are permanent laboratory installations.

The head on the gate was measured with three pressure taps located
immediately upstream from the miter bend, approximately 5 diam-
eters downstream from the baffled manifold, Figure 6. The pressure
taps, connected to a mercury pot gage manometer, ‘were located on
the sides and bottom of the conduit to measure the average pressure.

Tailwater elevations were controlled w1th an adJustable tallgate and
were measured with a staff gage located near the center of the chan-
nel at approx1mate1y Station 16+40 : ~ @

THE INVESTIGATION

The investigation was conducted to determine the efficiency and oper-
ating characteristics of the chute and stilling basin for the maximum
discharge and the normal discharge, with both normal and degraded
tailwater. The tailwater is expected to'be lowered 2.8 feet due to
degradation of the downstream channel. The discharge tailwater
curve for the degraded channel-is shown in Flgure 3.




~The Preliminary Stilling Basin

Initial operation of the model indicated that undesirable flow condi-
tions existed in the stilling basin for the maximum d1scharge of .
283 second-feet. The boil at the end of the hydraulic jump occurred -
in the channel downstream from the st1111ng basin, Figure 8, and
violent surging occurred at the toe of the jump. Performance of

the stilling basin for the normal discharge of 90 second-feet was
found to be satisfactory, Figure 9. The stilling basin was also sat-
isfactory for discharges at the maximum reservoir elevation for

gate openings of 75, 50, and 25 percent. A sand erosion test was
made to determine the erosive tendencies of the maximum dlscharge
The downstream channel was formed using sand with an average size
of 0. 8 millimeter, Figure 10A, and was subjected to 4 hours' opera- -
tion (correspondmg to 10 hours' prototype operation) with the maxi-
mum discharge of 283 second-feet, tailwater elevation 2422.3, Fig- -
ure 10B. The turbulence beyond the end of the basin resulted in a_
deposition of material near the end of the basin, with a small amount
of material being deposited inside the basin, Figures 10C and D.

This material was apparently pulled down: from the side slopes of the
channel by wave action then depos1ted by the actlon of the turbulence

Baffle piers. ~-In an attempt to improve the performance of the
stilling basin for the maximum discharge, baffle piers were in-
stalled 10 feet downstream from the chute blocks. Several sizes
and shapes of piers, as shown in the following table, were tested.

Trial

No. of
piers

Height

Width

Spacing
between

Spacing
from

-~ Shape*

3

2

3

10
10
10
10
10
10

10

16
24

8
16
16
20
16

piers |

16
24
24

32

21-1/3
18"2/3
16 |

walls
8
12
12
16
21-1/3
18-2/3
g

Square
Square‘
Square
Squafe
Squére

6-inch R rounding

4-inch R rounding

Trial 7 piers placed 30 feet downstream from chute blocks

*With reference to upstream corners.

Note: All dimensions are in prototype inches.




The piers used in Trials 1 and 2 eliminated the turbulent boil
which previously occurred beyond the end of the basin. How-
ever, the piers intercepted too much of the high velocity flow on
the floor of the basin, causing a high boil which overtopped the
walls. Trials 3 through 6 eliminated this condition but the tur-
bulence beyond the end of the basin'again became prevalent. The
Trial 7 piers, Figure 11 (Trial 1 piers with rounded upstream
corners), eliminated the turbulence in the channel without caus-.
ing adverse flow conditions within the basin. However, the abil-
ity of the Trial 7 piers to withstand the dynamic forces of the high
velocity flow on the floor at their proposed location was questioned.
Therefore, for Trial 8 the piers were moved to a point 30 feet.
downstream from the chute blocks or two-thirds the length of the .
basin. The piers were found to be ineffective in this location be-
cause apparently the high velocity flow on the floor turns upward
before reaching this point, thus bypassmg the plers

Riprap test. -~Geometrical representatlon of the prototype rip-:
rap would require about 3-1/2~-inch rock in the model. Rock
about one-half the required size was placed in the model with the
assurance that adequacy of the smaller riprap would ensure the
adequacy of the larger riprap. The riprap remained in place
after 4 hours' model operation with no baffle blocks in the basin,
with a discharge of 283 second-feet and a tailwater elevation of
2422.3. Some sand was removed from under the riprap by the
wave action at the water surface and deposited downstream from
the basin'as shown in Figure 12. 'This action may or may not
occur in the prototype, dependmg upon the character of the bed-
ding materlal : . :

The Recommended Design

Since the maximum discharge is more than three times the normal
discharge and will probably never occur except by accident, and

also considering the results of the baffle pier studies and the riprap
test, it was decided that the original design ‘of the st1111ng basin was
acceptable. Additional data were then taken concernmg the hydrauhc
characteristics of the recommended- des:.gn B

Pressure determ1nat1ons --Nmeueen p1ezometers were 1nsta11ed
in the model, 10 on the chute floor and right wall and 9 on the
stilling basin right wall, Figure 13. Water manometer pressures
were determined for all piezometers and instantaneous dynamic
pressures were measured by means of electronic pressure trans-
ducers for 5 piezometers in the very turbulent region at the toe
of the jump. These pressures are shown in Tables 1, 2, and 3.

The minimum water manometer pressure of 1.2 feet of water be-
low atmospheric was observed at Piezometer 1 on the chute wall




approximately 9 feet downstream from the gate. This pressure
was recorded for a dlscharge of 90 second feet '

The minimum instantaneous pressure recorded was 8. 4 feet of
water below atmospheric and occurred at Piezometer 10 on the
chute floor about 1 foot from the wall and below the toe of the hy-
draulic jump, for a discharge of 283 second-feet. Osc1110graph
traces of the instantaneous pressure ﬂuctuatlons are shown in
Figure 14. ‘

Water surface profiles. --The water surface profiles in the basin
were taken in conjunction with pressure readings for use in the
structural design of the basin training walls. The water surface
profiles, shown on Figure 13, were measured for the maximum
discharge of 283 second-feet and the normal discharge of 90 second-
feet for the normal and degraded tailwater conditions. Profiles
for the maximum discharge could only be estimated because of the
violent surging in the basin.

Water surface profiles on the chute were measured for informa-
tion on the shape of the jet and to aid in determining the effect of ..

changing the angle of the gate with respect to the chute. 'The pro- /-

files were measured for the maximum discharge of 283 second-
feet and the normal discharge of 90 second feet, F1gure 13 ’

Effect of gate angle. --Flow condltlons on the chute were observed ‘
with the gate mounted at an angle of 2° below the 2:1 slope, as
shown in the preliminary design, Figure 4, and then with the gate
mounted parallel with the 2:1 slope. No visually detectable differ-
ence in the chute flow conditions was noted. The water surface
profiles, Figure 13, showed a negligible difference in the depth of
flow on the centerline of the chute. With the gate mounted parallel
to the 2:1 slope the pressure at Piezometer 2, Figure 13, was
found to be 0. 5 foot of water lower than the pressure observed at
that poirt with the gate mounted 2° below the 2:1 slope The 2°°
angle was retainead in the recommended design.

Waves. --The maximum height of wavesoccurring*in the'down- -
stream channel was determined for the maximum discharge of
283 second-feet with both normal and degraded tailwater eleva-
tions. The maximum wave height, measured on the right bank of
the channel, was found to be about 0.7 foot. This height was about
the same for both the normal and degraded tailwater elevations. '
Waves of all sizes encroached on the bank at a frequency of 40 to
45 waves per minute with the larger waves reaching the bank at
random intervals. The lapping action of the waves had some ef-
fect in removing sand from beneath the riprap, thus allowmg the
sand to be deposited at the bottom of the slopes, as shown in Fig-
ure 12. However, no movement of the riprap was noted.




Taiiwater sweepout test. --To determme the saf c‘cy margm be- . -
tween the expected minimum degraded tailwater and the sweepout.
tailwater, the tailgate was lowered until the chute blocks at the
upstream- end of the stilling ‘basin'became. .exposed. The safety
margin was determined to be about 4 feet for the maximum dis- -
charge of 283 second-feet. .Sweepout could not be ach1eved for
discharges less than maximum due to the physmal conflguratlon

of the downstream channel. ‘However, previous experience has g

shown that the safety margm 1ncreases ‘as-the dlscharge decreases., :

i ,us"‘




Table 1

WATER MANOMETER PRESSURES IN THE CHUTE AND STILLING
BASIN--Q = 90 SECOND-FEET--PROTOTYPE FEET OF WATER _
Tailwater elevation 2424.5 | Tailwater elevation 2421.7
Piezometer|maximum|minimum |average |maximum |[minimum |average -
No. pressure | pressure|pressure| pressure | pressure pressure

1 .0 12 | o-n1 | s10 | -2 o1
4 | s 3.4 | 34 | 3.4 3.
0. 0.3 | 0.3 0.3 | 0.

2

3

4 : . 3.0 5.0 | 3.0
5 |

6

0.7 | 0.2
2.0 | 1.4

7 . . ST Abofre Wafc'er surface
53 | 4

9 .0 : 6| 11,0 110.5
10 : 12.4 8 | 102 | 9.4
11 . . . Above Water surface
12 . ; 8. 5.9 o 5.0
13 : : . 2.1 | 12,0
14 . . s .‘ | Ahove water surfaée .
15 o8 .6 | 6.1 5.1
16 7| 154 |15, 1 130 | 125
17 . L6 .7 | Above water surface f

18 . 8.5 6 | 6.1 5.8

19 - 15. 15. 6 . .1 13.0

Piezometer locations shown on Figui‘e 13
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Table 2

WATER MANOMETER PRESSURES IN THE CHUTE AND STILLING
'BASIN--Q = 283 SECOND-FEET--PROTOTYPE FEET OF WATER

Piezometer
‘ No.

Tailwater elevation 2425, 1.

Tailwater elevation 2422, 3

maximum

minimum

average .

maximum

minimum

average

1 .
2

10
11
12,
13
14
15
16
17
18

19

pressure

0.7

2.0
1.6

2.0

2.7
25 ¢

pressure’

0.7

2.0 |

1.6
2.0

1.9

2.2 |

Above water surface

6.4
13.3

10.9

Above water surface!

7.0

12.8

Above water surface|

7.8 .|

13.6
2.6
8.6

16.3

5.1
12.0
9.7
5.3

11.4

5.

12.0
1.4
7.0

14.5

9 | 8.

pressure
o

1.6

pressure
0.7

10.9

13.8

6.2

:  13.

pressure
0.7
2.0

1L

.3

9.5

Above water surface

4.8

0

pressure
,2.:0 S

1.6

Piezometer locations shown on Figure 13,




INSTANTANEOUS DYNAMIC PRESSURE
AT THE TOE OF THE HYDRAULIC JUMP-~

Table 3

S IN THE TURBULENT REGION
PROTOTYPE FEET OF WATER

Discharge

Tallwater
elevation

No.

Piezometer -

Maximum ::
pressure -

Minimum
pressure.

| -Average
pressure

283

2425.1

5
6

138

1t |
2.4
21.9

-2

- “‘5.6‘:.‘

0.2

5.1

i

- 0.8
1.2
6.3

111,

Piezometer locations shown on Figure 13.
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B. Tailwater Elevation 2422. 3. C. Tailwater Elevation 2425.1.
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B. Tailwater Elevation 2421. 7. C. Tailwater Elevation 2424.5.
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View of basin with Trial 7 baffle
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from chute blocks. Deposited mate-
rial at end of basin was due to slough-

ing of the sand during drainage of the
model.

Flow conditions with the Trail 7 baffle blocks
in the basin.. Q = 283 cfs; Tailwater Eleva-
tion 2425.1. Compare with Figure # -C.

BULLY CREEK DAM
BULLY CREEK OUTLET WORKS
1:6.75 Scale Model

Baffle Pier Studies

[1 2an8tg

¥6¥-PAH 1a0day




Flgui‘e 12
Report Hyd~494

Condition of. riprap after 4 hours' operation with :
Q = 283 cfs; Tailwater Elevation 2422. 3. /Note dep-
osition of sand which was pulled down the ‘slopes due
to wave action at the surface. AT

BULLY . CREEK DAM ~
BULLY CREEK OUTLET WORKS
1:6.75 Scale Model '

Riprap Test



EL244753..
* -1 4

7

¢

peL

/27510, 14 ¢51.93

’

o

No.2 on < floor..]

No. 4 on € fioor._' B

EXPLANATION
o7 etc. Denotes piezometer focations
Water surfoce profile
—~——— Pressure profile

Pressure profiles determined from
averoge water monometer pressures

_--Woter surface profilewith l
{ gote mounted of 231

.- Water surface profile with

#. ~.qote mounted 2* below 211 -

f»\ :

/.~EI. 2426.00

A—L - El.2424.5

P
Le~El. 242800
'f N
ey . o o4 an.
o S e Ve o

A

*Sta.15+3098+%

N

P g

-

L sta.15+7598 =<
Y

1 Viokent sur .
{~ surface ‘profile estimated. -

o °'9° G.F.S.

ging. Water

4

\,
~,

g

o T~-Minimum tailw

s

Magimum tail

: e
" No.6 on € floor/

No.10 on floor 133

ot piezometers 6.10.9.!3.16,and 19, =

0

from wall - _—-~*

oy

S ) Vﬁn

N4
5 B : R

T ELz4e223

~EI. 2408,
,520800

Q=283 C.F.S.

. BULLY GREEK DAM
BULLY CREEK OUTLET WORKS

T e 1:6.76 5GALE MODEL
WATER SURFAGE AND PRESSURE PROFILES FOR RECOMMENDED DESIGN

SRS

EL2425)..

~=-Moximum tailwater

ater
“El24217

f

water

s,

~Minimum . tailwgter. .

¥6¥% 'GAH . LHOJIY

€t 3unold




$6¥ "OAH lHOQ3M
R 4R DIE]

| - .'2‘ : -
TIME IN SECONDS . ‘ TIME IN SECONDS \
PIEZOMETER NO. 5 - TAILWATER EL.2425.| S ‘ PIEZOMETER NO. 6 - TAILWAT ER EL. 2425 l

1 .3 . 4 . ’ 1 ' 3 B 4
TIME IN SECONDS ‘ TIME IN SECONDS
PlEZOMETER NO. 8 - TAILWATER EL 24223 . PIEZOMETER NO 9 - TAILWATER EL. 2422 3

PRESSURE ~-PROTOTYPE FEET OF WATER

”AWK’LE s ] | ’ Piezom‘e‘fe’r locations shown on figure 13 k

1 i BULLY CREEK DAM
TIME IN SECONDS
PIEZOMETER NO. 10~ TAILWATER EL.2422.3 BULLY CREEK OUTLET WORKS

1:6.75 SCALE MODEL

DYNAMIG PRESSURES AT .CRITICAL PIEZOMETERS
DISCHARGE =283 GCFS

6590£8 OdD




