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ABSTRACT

Studies of a 1:18 scale model were made primarily to determine
possible effects of operation of the outlet works on flow conditions
in the downstream channel when the neighboring spillway is not
operating, Also, operating characteristics of the outlet works
stilling basin were observed and recorded. Coneclusions of the
study were: (1) Operation of the outlet works had no serious
effects on flow conditions in the downstream channel. (2) The
outlet works stilling basin performed satisfactorily for the test
discharges. (3) Erosion in the simulated channel was moderate
and the model indicated that the prototype riprap would give ade-
quate protection against scour. (4) Pressures along the walls of
the stilling basin were within safe limits of operation. (5) Water
surface profiles indicated adequate freeboard against overtopping
of the basin walls. (6) Waves in the downstream channel were

1 foot or less in height. (7) For the maximum outlet works dis-
charge a safety margin of 2.7 feet was measured between the
tailwater elevation with degraded channel and the tailwater eleva-
tion at which the hydraulic jump moves downstream and initially
exposes the chute blocks.

DESCRIPTORS--*outlet works/*model tests/*stilling basins/
hydraulic jumps/hydraulics/hydraulic structures/scour/riprap/
eddies/wave action/water pressures/piezometers/pressure
measuring equipment/recording systems/water surface profiles /
hydraulic models/ spillways/ backwater/ erosion/ negative pres-
sures/ hydrostatic pressures/ discharge measurement/ free-
board/ safety factors/ operations

IDENTIFIERS--Arbuckle Project, Oklahoma/ Arbuckle Dam
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HYDRAULIC MODEL STUDIES OF ARBUCKLE DAM
OUTLET WORKS--ARBUCKLE PROJECT, OKLAHOMA

PURPOSE

The primary purpose of these studies was to determine poss'ible
effects of operation of the outlet works on flow conditions in the
downstream channel when the neighboring spillway is not operating.
In addition, operating characteristics of the outlet works stilling
basin were observed and recorded.

CONCLTUSIONS

1. Operation of the outlet works had no serious effects on flow
conditions in the downstream channel. Eddy currents were weak
and caused no damage to the slopes of the channel. Some fine
material was deposited in the spillway basin, Figure 6, which was
believed to consist of suspended particles which settled to the
bottom of the spillway basin pool.

2. The outlet works stilling basin performed satisfactorily for a
discharge of 2, 340 cfs (cubic feet per second), Figure 7 (spillway
not operating), and a maximum discharge of 2, 665 cfs, Figure 8

(during which the prototype spillway would also operate), for both
initial and degraded channel conditions.

3. Sand erosion tests indicated that after 3 hours model operation
(equivalent of 12 hours in the prototype) at a discharge of 2, 340 cfs,
tailwater for degraded channel, about 2 feet of erosion occurred at
the right corner of the outlet works basin end sill and about 0.5 foot
at the left corner of the spillway basin end sill, Figure 9(a). For

a discharge of 2,665 cfs, degraded channel, about 3 feet of erosion
occurred at the right corner of the outlet works basin end sill,
Figure 9(b). Erosion was negligible at the left corner of the out-
let works basin. Coarse material was also deposited on the down-
stream side of the spillway stilling basin end sill, Figure 6, A
3-hour riprap test at a discharge of 2,665 cfs, degraded channel,
Figure 10, showed that the prototype riprap would give adequate
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protection against bottom erosion and deposition of material on
the spillway basin end sill, Wave action pulled some material
from beneath the riprap at the top of the slopes which was depos-
ited farther down the slopes.

4, Water manometer pressures along the right wall of the stilling
basin, Figure 11, exhibited no high impact forces or excessively
subatmospheric pressures. However, a record of instantaneous
pressures showed very large pressure fluctuations in the turbulent
region near the toe of the hydraulic jump.

5. Water surface profiles in the stilling basin, Figure 12, were
similar to the pressure profiles and indicated adequate freeboard
against overtopping of the basin walls,

6. Waves measured in the downstream channel at Station 11+92
were 9 inches high for a discharge of 2, 340 cfs and 13.5 inches high
for 2,665 cfs, with tailwater for either normal or degraded channel
conditions, Table 2.

7. The model indicated a safety margin of 3.0 feet between the
minimum tailwater (degraded channel) and the tailwater at which
the chute blocks initially became exposed for the 2, 340 cfs dis-
charge, A safety margin of 2.7 feet was determined for the 2, 665
cfs discharge, Table 3.

ACKNOWLEDGMENT

The model studies were accomplished through the cooperation of
the Spillways and Outlet Works Section of the Dams Branch, Divi-
sion of Design, and the Hydraulics Branch, Division of Research,

METRIC EQUIVALENTS

A summary of metric equivalents of important quantities used in
this report is included as Table 1,

INTRODUCTION

Arbuckle Dam, the principal feature of the Arbuckle Project in
southern Oklahoma, Figure 1, is 140 feet high and about 1, 900 feet
long and contains approximately 2, 750, 000 cubic yards of fill mate-
rial, Figure 2. The spillway and outlet works are the primary
hydraulic features and are located in the right abutment of the dam,
The intake structures are approximately 300 feet apart in the reser-
voir and the conduits converge at a 15° angle so that the centerlines
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of the stilling basins are only about 40 feet apart at the downstream
ends of the basins. The convergence of the structures and the prox-
imity of the stilling basins gave concern as to the possible effects

of operation of one structure on the other.

The spillway consists of a drop inlet, a 9-foot 6-inch diameter cir-
cular conduit, a vertically curved chute, and a hydraulic jump still-
ing basin. Only the downstream portion of the 30-foot-wide basin

was represented in the model. The uncontrolled spillway has a
maximum discharge capacity of 3, 410 cfs at reservoir elevation 914, 2,

The outlet works, Figure 3, includes a drop inlet, a 7-foot 6-inch
diameter circular conduit, followed by regulating gates, a 9-foot-
wide flat bottom conduit, vertically curved chute, and a 20-foot-
wide hydraulic jump stilling basin, Figure 4. Both basins discharge
into a 100-foot-wide curved channel. The outlet works discharge is
2, 340 cfs with the reservoir at the brink of the spillway crest or
elevation 885, 3; the maximum discharge is 2,665 cfs at reservoir
elevation 914.2. Since the spillway is uncontrolled, the spillway
also will be discharging when the reservoir elevation exceeds 885, 3.
Both stilling basins are USBR Type II, with chute blocks and den-
tated end sills.1/

THE MODEL

The 1:18 scale model included a portion of the flat-bottomed conduit

of the outlet works, the vertically curved diverging chute, the hydrau-
lic jump stilling basin, and approximately 250 feet of downstream
channel. A nonoperating portion of the spillway stilling basin was
also represented.

The chute and stilling basins were constructed of plywood with pie-
zometers installed in the right wall of the outlet works stilling basin,
Sand with an average size of about 0.8 mm (millimeter) was used to
form the downstream channel, a portion of which was later covered
with rock with a maximuwmn size of about 2 inches to simulate riprap
protection,

Water was supplied to the outlet works through a recirculating dis-
tribution system, with the flow rate measured by permanent volumet-
rically calibrated Venturi meters. Correct velocities in the chute

1/MHydraulic Design of Stilling Basins and Energy Dissipators, "'
Engineering Monograph No. 25, U.S. Department of the Interior,
Bureau of Reclamation. _
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were maintained by adjusting a thin-leaf slide gate to give the
proper relationship between discharge and pressure head in the
conduit upstream from the gate. This relationship was determined
by computing head losses occurring between the prototype reser-
voir and the pressure measuring section. The discharges were
based on a Manning's "'n'' value of 0,008 for both concrete and
steel.

Tailwater elevations were adjusted with a movable tajlgate accord-
ing to the tailwater curves in Figure 5. Water surface elevations
were determined by a staff gage on one wall of the nonoperating
spillway stilling basin, in which a relatively quiet water surface
was maintained,

THE INVESTIGATION

The outlet works discharge of 2, 340 cfs occurs when the reser-
voir water surface is at the spillway crest, just before the spill-
way begins to operate, The effect of this outlet works discharge
on flow conditions in the downstream channel was of primary con-
cern, with special attention given to the possibility of material
being swept into and deposited in the nonoperating spillway basin,
Such deposited material could cause abrasion of the concrete sur-
faces during subsequent operation of the spillway, Data were also
taken for an outlet works discharge of 2, 665 cfs, during which the
maximum spillway discharge would also occur, However, since
the model spillway stilling basin was inoperable, conditions in the
model channel downstream from the basins were unrealistic. Data
taken within the outlet works stilling basin for the 2, 665 cfs dis-
charge were, however, truly representative. Performance was
evaluated for both initial and degraded channel conditions.

The Preliminary Stilling Basin--(Recommended)

Effects of outlet works operation on the spillway stilling basin and
the downstream channel. --The outlet works was operated at a dis-
charge of 2, 340 cfs to determine the flow conditions in the down-
stream channel with particular regard to the possibility of riverbed
material being swept into the nonoperating spillway stilling basin.
The model showed that the outlet works flow was effectively directed
in a downstream direction and no strong eddy currents existed
along the banks of the channel. However, bottom currents resulted
in some coarse material being swept against the downstream side
of the dentated end still of the spillway stilling basin, Figure 6,
after a period of operation equivalent to 12 prototype hours (about

3 hours model time), It should be noted that this test was made
with sand forming the channel bed. Riprap tests, described later
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in this report, indicated that the rock protection eliminated this
condition,

Some fine material was deposited in the spillway basin, Figure 6,
during operation both with and without riprap protection. It was
believed that this material consisted of suspended particles which
settled in the quiet pool of the spillway basin. In this case, it
would be incorrect to assume that this mat_:rial represented a
prototype size based on the model scale, It is likely that material
deposited,in the prototype basin would be of the same size as the
model particles and would not result in abrasive damage during
subsequent operation of the spillway. Howcver, riprap should be
carefully placed in the immediate vicinity of the end sills to insure
against deposition of coarse material on the spillway basin end
sill, as previously described.

Stilling basin operation. --The outlet works stilling basin performed
satisfactorily for a discharge of 2, 340 cfs (spillway not operating)
and a maximum discharge of 2, 665 cfs (during which the prototype
spillway would also operate) for both initial and degraded channel
conditions. For the 2, 340 cfs discharge the difference between
initial and degraded channel had little effect on the basin operation,
Figure 7.

The turbulence of the hydraulic jump was confined to the stilling
basin., Rapid expansion of the flow took place immediately beyond
the.end of the basin, resulting in an upstream surge into the spill-
way basin, This condition probably also existed along the bottom
of the channel, which explains the deposition of material on the
spillway basin end sill.

The maximum discharge of 2, 665 cfs, Figure 8, represented the
flow conditions only in the outlet works stilling basin. Since the
spillway will be operating during this outlet works discharge flow
conditions in the downstream channel, including eddies near the
spillway stilling basin, were not truly represented in the model.
Surging in the outlet works stilling basin was markedly stronger
than that observed for the lesser discharge, and some turbulence
prevailed beyond the end of the basin, espetially during operation
with the degraded tailwater condition, The upstream surge into
the spillway basin was again noted but would not exist during oper-
ation of the spillway.

Sand erosion and riprap tests.--The channel bed was initially shaped
in sand with an average size of 0.8 mm and was reshaped after each
test run, Each test was continued for about 3 hours model time,
equivalent to 12 hours prototype time. The tests were conducted
only with the degraded channel condition.
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For a discharge of 2, 340 cfs, erosion to a depth of about 2 feet
occurred at the right corner (looking downstream) of the outlet
works basin end sill and about 0.5 foot of erosion was noted at

the left corner of the spillway basin end sill, Figure 9(a). The
erosion was negligible at the left corner of the outlet works basin,
For the 2,665 cfs discharge the scour pattern was very similar

to that for the lesser discharge, with about 3 feet of erosion at the
right corner of the outlet works basin, Figure 9(b). The asymmetry
of the pattern is due to the deposition, in front of the left half of the
basin, of material which was pulled down from the left channel
slope. The amount of scour was not excessive and was confined

to the area immediately downstream from the stilling basin. Wave
action caused the beaching along the tops of the channel slopes,
which is evident in the photographs.

Rock with maximum size pieces of about 2 inches was placed on the

~ sand bed to simulate the 1/2- to 1-cubic-yard prototype riprap. The
riprap was subjected to approximately 3 hours of model operation

at a discharge of 2, 665 cfs, degraded channel, to represent the

most severe operating condition. Figure 10 shows that no apparent
movement of the rock took place. However, sand was pulled from
beneath the riprap by wave action and deposited lower on the slopes,
which was probably the source of the fine material deposited in the
spillway basin, This leaching action may or may not occur in the
prototype, depending on the nature of the material beneath the riprap.

Pressures., --Piezometers were placed beneath the water surface of
the hydraulic jump along the right training wall of the outlet works
stilling basin, Figure 11. Water manometer readings exhibited no
high impact pressures or severe subatmospheric pressures and no
large fluctuations in pressure. Pressure profiles based on average
water manometer pressures are also shown in Figure 11, along with
the supporting data. Instantaneous pressures were recorded in the
very turbulent region near the toe of the hydraulic jump using elec-
tronic pressure transducers connected to a direct writing oscillo-
graph, Other model studies have indicated very large instantaneous
fluctuations in pressure in this region, similar to those observed

in this model. The pressures are listed in the table of Figure 11,
The effect of these large pressure fluctuations is unknown and stud-
ies are continuing to determine their possible cause and effect.
Average water manometer pressures agree quite closely with the
average instantaneous pressures, which supports the accuracy of
either method of measurement. Instantaneous pressures on the
downstream portion of the training wall were not recorded because
previous studies have shown them to be nearly identical to the water
manometer pressures, which can be used to determine forces acting
on the wall,
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Water surface profiles. --Water surface profiles, measured for
discharges of 2, 340 and 2, 665 cfs with both initial and degraded
channel conditions are shown in Figure 12. The profiles show the
maximum and minimum water surface, indicating the amount of
surging in the basin. These profiles, when compared to Figure 11,
show similarity with the pressure profiles, indicating essentially
hydrostatic pressure distribution on the wall,

Waves, --Waves were measured at approximately Station 11+92 in
the downstream channel as an additional means of evaluating the
efficiency of the hydraulic jump stilling basin., Waves were rela-
tively small, approximately 1 foot or less in height for all test
conditions, Table 2.

Tailwater sweepout tests, --Tests were conducted to determine the
margin of safety between the minimum tailwater elevation (degraded
channel) and the tailwater elevation at which the toe of the jump
moves downstream and initially exposes the chute blocks. This
safety margin was found to be 3.0 feet for a discharge of 2, 340 cfs,
and 2.7 feet for the 2, 665 cfs discharge when the spillway is oper-
ating at maximum flow, Table 3, It was difficult to determine the
tailwater elevation at which the hydraulic jump completely swept
from this basin, but other studies have indicated that complete
sweepout will occur at a tailwater elevation 1 to 2 feet below the
elevation at which the chute blocks become exposed.
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Table 1

‘METRIC EQUIVALENTS OF IMPORTANT

QUANTITIES USED IN THIS REPORT

‘English Metric
Feature units units
Height of dam, riverbed to crest 140 ft 42,7 m
Length of dam 1,900 ft 579 m
Dam fill volume 2,750, 000 2, 103, 000
cubic yards cubic meters
Spillway discharge at maximum 3, 410 cfs 96.5 cms
reservoir
Maximum reservoir elevation 914,.2 ft 278,.6 m
Outlet works discharge at 2,665 cfs 75.4 cms
maximum reservoir
Outlet works discharge with 2, 340 cfs 66.2 cms
reservoir at spillway crest
Spillway stilling basin width 30 ft 9.1m
Outlet works stilling basin width 20 ft 6.1m
Initial tailwater depth at end of 23.9 ft 7.3 m
basin for outlet works
Q = 2, 340 cfs
Degraded tailwater depth for 21.9 ft 6.7 m
outlet works Q = 2, 340 cfs
Initial tailwater depth for outlet 26,1 ft 8.0m
works @ = 2,665 cfs
Degraded tailwater depth for 24,1 ft 7.3 m

outlet works Q = 2,665 cfs
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Table 2

WAVE HEIGHTS AT STATION 11+92 IN PROTOTYPE FEET

Q Tailwater Wave height
cfs elevation (feet)
2, 340 781.9 0.75
2, 340 783.9 0.75
2,665 784.1 1.13
2,665 786.1 1.13
Table 3
TAILWATER SWEEPOUT TESTS v
Minimum Safety
Q tailwater Initial margin
cfs (degraded channel) sweepout* (feet)
2, 340 781.9 778.9 3.0
2,665 784.1 781.4 2.7

*Tailwater elevation at which chute blocks initially become exposed.

10
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RS P N FTe%0 e O iy 7 “i0utlet Sto. 6+22.05 S\/\//i E1.910-. E1.910
SH—24— { e WY \n.402.343.98 ., 24c - 55 20!
. ¥ - o T T I EE AN \E.2.292.968.2/ {Sta. 0+00
E —& Crest of dom-S. 1i° 00 Ex e~ oy \E. 2, . 968. \‘;‘:N 402, 912'6%
Ty S0 Y Lrest £1.520.0 g € Spilway~ N, \€.2.292,657.66
- v Y .‘ ;_,‘,‘\Q‘b, ‘:‘.“\ - - /9-51 )/’>}y RESERVOIR AREA IN THOUSANDS OF ACRES
Graut cap- 1 S % ‘Dom Sta 4+00.00" % 0 \ 2 3 4 5 6
~ L‘/E Tiver 333 Spitlwoy Sta. 3+60.00 EMBANKMENT EXPLANATION RESERVOIR CAPACITY IN THDUSANDS OF ACRE - FEET
s [ )
F—X J,” et Works- N. 402. 520,00 @ Selected clay, silt, and sond compacted by tamping ° 50 10D 150 200 250 300
" )/1\7/ raliers ta 6-inch loyers. I I
; Selected tapsail campacted by tamping rollers to 920 1—Max. W.S. £1.914.2-7C
—E1.822. 3;1’1’/ 6-inch layers. . ] =7 // e
==t ; Selected clay, silt, sond, ond grovel compacted by o , / A 1
Intake structures--<_ tomping rollers to 6-inch iayers. = Splllvay\‘ //// /,
: ] ] terial co ted b Ses0 Y
“Excovate ta firm ~ Selected miscellaneous material campacted by — V =
\\\ fgl)'maﬁan o, -Reservair 0reo- tamping roilers to 12-inch layers w w
{ A " “ Capaciry-\/ /
4 \\ oA /ﬂ"c S b/(-~Area
{rsgDisposol area-” -€ Crest of dike L %80 T
)‘4‘ - P 2" Gravel surfacing. ol g -
§ - - R ' @ / A --River outlet works
Y e L~ 307 ~Crest E1.920.0 .
) \ Vi — Mox. W.S. E1914.2- ) + @ / [
:—_\j \ \ R EE* // ‘ T Y as0
{ A \ e R p Originol ground surface- -~ N / / /
. 'P1.Sta. 35+35 \\ 4 \ GENERAL PLAN //’ “o* s Assumed firm farmation ----- --Stripping . /
7 S 00 E % PN IITY SNA L e 1 : e € Crest of dik S
B P . 2,294, .71 N Livws liaaal 1 I ) " . . rest of dike
] - 7 3 ) ‘\\\ { HoSCate oF FEET yd ¢ 2" Grovel surfocing, . DIKE NO. 2 Eeoo
ey PANGL Voo ’// 12" Min. hariz. width.. \=30"5  Crest £.920.0 o
d Yoo Pt Mox. W.S. E/.914.2- . I ) H
/\J\/& (I - . _(18) 12" Min. harz. width
Vo SN T ! 3 :
\ oo Original graund surface- g rEe 0% \ 2 3 4 5 6
N~ Assumed firm farmation --- Strippin SPILLWAY DISCHARGE IN THOUSANDS OF C.F S,
v ~— pping RESERVOIR STORAGE ALLOCATIONS RivER OUTLET WORKS DISCHARGE IN THOUSANOS OF C.F.S.
DIKE NO. | PURPOSE ELEVATIONS Ag;g"fﬁggr AREA-CAPACITY-DISCHARGE CURVES
Fiaad cantral 872.0 to 685.3 36,440
1000 " 0
Sto. 22+60-.... \«--Sta. 20+00 Crest with camber £1.921.5-., S5t0.7+00--™ s ‘ /St 3+00 Active conservation | 827.0 10 8§72.0 62.571
_Crest £l 920.0-.. : S — %757 ~ Inactive 800.0 10 627.0 9,049 D) auwavs THink SAFETY
R ey /\/ﬂr\ {otrest £1.920.0 if- 18 Mox comber - i7 Dead Streambed ta 800.0 779 UNITED STATES
m £ Y N N % OEPARTMENT OF THE INTERIOR
900 Total reservair capacity 108.839
3 ) 5 ” E River autlet warkS~ z %< - BUREAU OF RECLAMATION
AN 1 Original graund surface _ " ,9_ Include_s_ 7.500 a.f. ollawance for 100 years sediment ARBUCKLE PROJECT- OKLAHOMA
€ Municipal outlet works--. " depasitian between streambed and £1.872.0.
Grout cop , *M/ > A surchorge of 123,185 o.f. (Max. W.s. £1.914.2) in ARBUCKLE DAM
DIKE NO. 2 DIKE NO. I “Rack Creek e e T - combinagtian with.a spillway discharge of 3410 c.f.s.
/ 00 w ond o river autlet discharge of 2340 c.f.s. is pravided GENERAL PLAN AND SECTIONS
- N ta pratect against the inflaw design fiaad which has
i ‘ " e3.
- I .. 1“Bottom af foundatian excavation a peok of 166,500 c.f.5. and a 3-day volume of 138,300 a. f. "‘“""::i """ SUEMITTES - - ) }“MM"
ﬂ'l || “~.|-.Assumed firm formation rTRaceo . W8 mecommences . (L. {é«/ e L
700 crneckepiil fow AWN, arprOVED S
40 35 30 25 20 15 0 5 STATIONS o ‘cmiar sdeinzun
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FIGURE 3
REPORT HYD-528

=~ & Ditches N~

~ - ~—
\\ /// oy -
\\\ - Slope ditches 2/
~ -7 .01 '/ \
M. - a
) £1822 - [.-E1.920 /[ BN
> R 4 € [access road-, iy A
3y 4 W) Y R
, [ £1.850. a4t 4 200 %,
¢ Intake structure . & S aq N
+22--. 20" £1.870.. N E1.800< . N
@ Sta. 3r22 h M 2 ; 3 Riprop over ' &
¢ Intake structure” - — o, i 18" bedding.. 2"
Sto. 1499 € Gaote chaomber Sto. 6+21. ~30° \21 Iy !
; nicipal outlet works [,/ fDam Sto. 60885
EL7B7.5. 17960 y € Mu Oop . (i [ow Stos2768 il

568

Sto. 1+80-.._

24 R:prap over'
12" bedding - -

-1€ Splllway
s 53’00 W’

3 Riprap aver
18" bedding- ..

T—e2s

__568°00W
LA

N 402,314.98
-E 2,292.97385

—————— ‘Dam Sta.5+79. 37
.o W Gta. 6+22.05
N.402,343,98

i€ . 2.292.966.2!

“£.841.5
~
Dam Sta. 4+00

{E. 2,292.934.00

T

Y
PLAN

00 o 100
Loaaatas o] 1

SpINWaySfa 3'80 2/ In overburden /
4
!N, 402,520.00 =

PI

. h P
78NS TN E
o ~
Q Surface droinage di
' Sigpe as directed S 53°00'W

| ;Begmnmg af ditch
*(N.402,430.00
£.2,292.500.00

300
J

SCALE OF FEET

Mox. W.5.914.2-.

Top ftood cantral

'€ Crest of dam
/\River outlet works Sta. 6+22,05

T £1.920

. eiN. 402,092.11
R 550'30" i£.2.292.357.97

Xisting sTATE HIGHWAY NO. 110
// in formation S - 15TINg sTATE WIGHRAT 22 = ———

[ “3"Gravel ar crushed
rock surface

SECTION A-A
Megsuring flume
ond we/l hause-

3" Galv. pipes-" 3

& Intoke structure
/Sta. 3e22

Sill E1.851.00--

2. S5 Sill E1. 826.00--- . /Orlgmal ground surface 2—2‘—9"12'—9"H.Rgafes\ _& Gate chomber Sto. 621 ;}36.10 SteaT ) | 2 KZ
e o I L O || e R et e ey Ay 1/ -] SRS el S /
£1.790.0 &0 G e G | R S S £1.8002 ¢ 3 eeo —
T E\ﬂe' , , “River outlet works
: S P 830
24 Riprop T \ \ ) /
over 17" bedding . 8" 29-6"Conduit sections & 9-4-6" closure SE'C;)I‘OH , | »-<~~7 30 6 Conduit sections & 8-4-6"closure sec tions=zgt65 | oo ez0 7
"\ [S5t0. 3431 ! 06407501/ /St Sto. 9+13 5 . {Sto.9+31 ato
$00 ‘invert E1789.00 \ Invert €1.789.00 lnverf E’ 78688 Invert £178632%" f\E £1.78994 == -Sitt £1.800.00
€ £1.789.94 800 } 1

Protective coating ta be applied 5
to finished excavoted shale surfaces”
€ Municipol outlet works-._

3 Riprop over
12" bedding

of curve'

'N.402.110.72
£.2.292,390.87

<“Twin conduits with 36"1.0. steel pipe liners

PROFILE ALONG € MUNICIPAL OUTLET WORKS
-¢ R:ver auf/ef works

& Crest of dam
-“\Municipal outlet warks Sta 6+27.68

73" Dio. H.S. conduit-

-Optional construction-._
,-Cancrete poy line-. _
€2-36 1.0 sfee/plpe

<-....-~Cannect surface drainage
825 ditch to existing state
tch highway ditch

A& Ditch

r Ground surface

€ Municipal autlet works--._

24" Min--~
SURFACE DRAINAGE DITCH

DETAIL

OUTLET WORKS UPSTREAM CONDUITS

lo" l _.-& River autlet works

18" Dig. air
inlet pip

Top canservation pool E"aasi“ __
poal E1.872,0--~
’(csflgfﬁk:g sfrucfurey Riprap aver ‘,i Gate chamber Sta. 6+21 AOriginal graund surface ‘p170.00'vVC 18" From Sta. 6434 to
£1.826.00 2 - “z begdmg ; £ ASta 9+45.74 Sta. 7+78.50,15" from
TN ' 2-3-0"x 6-6" H.P emerg. gates,| -2-3-0'x6%6"H.P reg. gates ,' £1.603.75 ;’ £1.785.38 Sta. 7+ 78,50 to Sta. 9+13-
Sil e1.800.00-. (M| [0 70 _ Sheowmsm™ - ——mmm T S R Tt dtuibuty Begin TG S m S e e
_____ - Grout co 0 Dia. flat battom candun‘ o ;f . i 'Sta. 9+96.50-, Tap of perwous backfill £1.789.5 A 57 /
- Y E + - ; ) g
£1.767.5- i 5 oot e PR d »EL.793.00 iad 3 [nvert elevation \,
= I T = T S e s B S e S i il N AN R e e, 510.10+92 £1.779.0-, [ D L it “Qutline of cutoff / U g e I
36"x 36" Slide afe'; 11\ /Sta. 2+08.96 SRR ¥ § ¥ == T b‘f' e N S/ﬁ - - e g ~L ASta. 36" 1.0, Steel pipe supports utline o r >|L Invert elevotion b4 |
g g i1 invert £1.786.00 -5 Cutaff callars @ 380" crs- ~i2/0" =21 0"k<a Cutoff callars @3:0¢rs ~ pe = | s ‘q/\.;_ - ~. not shawn, see Dwg. 882-0-20 e e T
e R ELEEEPEEP PP 10-33- 6" Conduit sections & 10- 4-6" closure sectigns ===~ -- - | ~-6-33'6"Conduit sections &7-4-6"closure sectians---= 280" /.~ T—\——‘ . ;
N N ' a [
“-4-64" Closure section Sta. 549350 .iSta. 6+4750 | Sta. 9+08 % .- D,,’,;’,‘T,,‘f,","s‘i,ffw"n"f £1.760.00 3 Riprap over OUTLET WORKS DOWNSTREAM CONDUITS

€ Inlet structure

Invert £178

& Crest of dam

6.00] ‘Invert £1.785.98

PROFILE ALONG € RIVER OUTLET WORKS

Invert £1.785,46 / 18"bedding

““Pratective coating to be applied !

Rubberized seoling
compaund covered
with i5*gsbestos felt,

Concrete pratective coating ta be
opplied to finished excovated shole
surfoces between Sta. 9+13 ond Sto. 9+43h

Access and contral house.

| 15" From Sta. 2+08.96 to
~{Stg. 3+99, 21" fram Sta.
13+99 ta Sta. 5+93.50

(] I

370 Fram Sta. 6+47.50 to
", Sta. 8+04,2°3" fram

 Sto. 8+04 to Sto. 8+80

to Sto.8+04,18" from
Sta.g+04 1o Sto. 8:80

Canduit
Joints----7

ta. 2400 --. - ta finished excavated shale surfaces'
Sta. 2+00--.. £1.920-- ,“iSpiliway Sto. 3+80 ! Limits of special
EI.9/5.00-~\ .3' Riprop aver One reference paint " qurlage bolt compaction,
{ 18" bedding | instolled in each conduit " ix23" brass Ve
. AHIS section 12" from u sfream'
Crest £1885.30-~ | L £1875.0 l e [rom upsTrean”. g
N N - =TT - —~— R b.
2l 1= - ,9-6"Dia. circ. conduit T T— 1 7000V o
b1 BN g Grout cop,  Stope=06762 T~ 2 --E1. 845.00 iSta 7405.94 REFERENCE POINT DETAIL g
LEAON ' ¥ m i H‘*‘“‘“‘:‘H—* =2k {E1.818.78 . s
Sta. 2+13.19 :’;:..,.h58 0o -~7C S i 4 i .#\M\:‘\t: — o /,—Or/gma/ ground surface Sk
Invert £1.852.10] e-ve.._ ”'0” collors @ 370" crs. .. TR = 3 N T e e __ I &
*9-32-6" Conduit sections & 1p- 4 o NG h TN Tap of pervious bockfill El 789.5 N
4“6"clasure sections----. 0% . iSta. 5+80 K R N ~S5t0. 8+2350 -£1.793.00 | |
PR Jnvert E1.827.30 SSye—t—p St 9v08 £1.779.0 Outline of | S :
in t itian- L, Iy . .Sta. 9+ : - 2 P4
Begin transitian S\ 5to. 5449.92 ‘Drains ond anchor R=Ey e cutoff co/lar-,\’j =TT Rererence point |
~\1/nverf 829.33 bars ngt shawn - - .77 5 3 ! Ps. Ny ]
Sel m—— = —<% S LN T B ]
“---Protective caating ta be applied / L 766,00 -3 Riprap over

PROFILE ALONG & SPILLWAY

ta finished excovated shole surfaces--*

18" bedding SPILLWAY CONDUIT

Mt
. 3" Preformed
Type '8 " rubber A b/fummous_/

woterstop-----~

Y, or 12" Mox--

Concrete in closure section Y
ta be ploced not less than 1o Reference paint”
doys of ter adjocent sections-

“-See Detail Z

TYPICAL CUTOFF

TYPICAL CLOSURE
SECTION

COLLAR

[ ] I

Mox WS E19142° 23] 1 __
910 E 2 T /
/
900
Spiliway-,
890 A /
880 I

Crest £/.88530

RESERVOIR WATER SURFACE ELEVATION

» . . T
-3}6 x 36 !Shde r?afe ]

-

[ 20 30
DISCHARGE IN 100 C_F. 5.

DISCHARGE CURVES

Rubberized sealing
compound covered with
15%asbestos felt.

$" Preformed bn‘ummous
Jomf filler---~---- -

€ Cutoff caltar._ | “|“Formed surfoces

DETAIL Z

NOTES
Far general notes see Dwgs. 40-D-5530 & 40-D-5586

REFERENCE DRAWINGS
QAM:

GENERAL PLAN ANO SECTIONS ..___.__.___...__882-D-4
SPiLLWAY:

INLET STRUCTURE _ . ..
CHUTE __ ... . __._.__
STILLING BASIN. . _ _.
SPILLWAY AND RIVER DUTLET WAaRKS:

882-D-6

INTAKE STRUCTURE ..882-D-10
GATE CHAMBER . 882-D-11
CHUTE . ..882-p-12
STILLING BASIN . _.882-D-13
MUNICIPAL QUTLET WARKS

INTAKE STRUCTURE . _ ... ... _.___ ....882-D-14
GATE CHAMBER ... _ ... ____... e-...-882-0-15
ACCESS ANQ CONTROL HOUSE. _ _____ .. _.____. 882-D-16
QUTLET CHANNEL:

MEASURING FLUME ANO WELL HDUSE_ .. _.___ . 882-0-17

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

ARBUCKLE PROJVECT - OKLAHOMA

ARBUCKLE DAM

SPILLWAY AND OUTLET WORKS
PLAN, PROFILES AND SECTIONS

omawn_ . _EC.R.

TRACED. L MECOMMENOED _ . Q- 3

cmecneo 0{#./44 armmoveo. Q/%

CriEF O8BiaNINO ENSINERR
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FIGURE 4aA
REPORT HYD-528

./—-S

ta. 9 +96.50

Sto.t .50 -~
0+67.50

. - B s ~1C
15109467 1 ! ---Type"B"rubber waterstap--~..__ % ] 5
] Id S~
H AR S §
S Hi L Yo
| I S e |
o ¥ 18 = ! |
--Xn-uﬂ . I X I I
g K& — y - .
' s =2 - | 2 6"Perforated S.P drains - - -t i i € 6"Perforated
R . I S N P drains sl 6"Perforated .
; € 6"Perfarated ;- <1K___;,10"_ — fm-"'s ,-Symm. about € :.: :I 2 S.P drains --
A o S.Rdrains.—---* ) $ / outlet works i ol N
- 6'x6"Single tees---. g0 [ a : il i
! L 8 R B
| \ T 1 A J " e .
: 4.y D =0 o 6% 6"Dauble fee © I 6'x6"Single tees--_. __
F: i 7 | s 11
‘_}““’" < ==y hF . ey Ty
9 -4 - < |
% s 28 2 H
Yoo h k)
X U ¥
A
o
4_] B A.JC
PLAN
L o 5 10 15 20
[ 1 ) L S
SCALE OF FEET
:‘,f~5f0~9f67 -Sta.9+96.50 /‘—sra. 10+32 -Sta. 10467 50
i " o ":
e . 296" e e 3556 o ____ e o e e !
£1.796.58, - i EL 793.00, | 36 = -EL793.00
i SN Yoo -
o ': ~Tap af pervigus backfill £1.789.5 !} _.--See reference paint detail (12)--=~~~.__ ' H
e r—t L ¥ n--¥-
Tre——— : A Tap of perviaus backFill
E178800° T ~—~~—J__N N __ [ Right side only)
4 ) - . , - N
s i ___---4"Air vent pipes, ! S
L ™ | I‘_"""”‘_—_T__ v see Defail Z / N _-~Tap of riprap
Batter 5 per fr.ﬁf: H J/ n ’/ \\é; (Left side anly)
o - | | M e R ~
AN ;)1"_,‘,,'_0"__5, "lb,yu “Batter £"per ft.£f -~ > RN
£1.774.08 i l h S~
[ l|'| } Contraction ioinf 7 S
[/ antraction jaints --=-~~-~----~ ~
PT S5t0.9+80.74  |er ian igint——- - ~
€6 Perforated - Hifl- 767 68 ‘{1 Cantraction joint-—=---.__ ]
S.Rdrains--—--- -7 i H
v /E1.764.75 ; i i
See Detail Y- : L] . . --Reinforcement continuous thru cantraction
/ ~yd }--€ 6 S.R drain autlets /| jointsin f‘gaar anly @ Sta's 9+67,9196.50,
i *ig" Ty . 10+32 ond 10+67.50.
s foptsesaser s mmes oo |
T 10" Min- ‘ T

¥ Anchor bors @6'# spes. embedded ! ; B
g'inta farmatian, Adjust ta clear R I R A i ettt € m s
af drains by (8" Min - —c— oo SRSl . N o S
€ of drains by sg'm T ] 10" Min. Adjust to pravide ~-€ 6"Perforated . l
drainage withaut adverse slapes. S.R drains----~
Type "B"rubber waterstap. SECTION A-aA

Burlap - . -3 Offset between inner faces af walls. " |

R ; R -0 - s

/
Y Nt

7

Sand-.___

-~ AN
Crushed rackar gra velx,\ i

3"Continvous leon .~
cancrete pad~---"" T
e

€ 6"Perfarated S.P drain---"49" |

---%9 Anchar bor

DETAIL Y

l\/rTaoled round

S.P drain.

6'5. P drain autlet :
with calked joints- \

)
Type “B"rubber waterstap-'

SECTION D-D

TH o By 2 e
W
R

Va b e e

4°Air vent pipe, see +"
Detgil Z------- 2"~

Vit

A
I w,
Batter § per ft -~
i Ty e e

(\3‘.‘\“3“ AN L ,,.
LYWW Sl g

/'\;,/;“5 LRIV
A NIRZ
Perviaus backfill-.
SLW Ty
P AR

;‘jv|'| ,6°S.Pdrain
Sfe [y outlefs
=4l

»

£1.760.00 -,

t

Sl S peryiaus backfill

P
LG

---Varies fram *2-6"@ St0.9+67
to*3-¢"@ Sta.9+96.50

7

SR
€ ¢"Perforated S.R drains—~"" N

ol
5

Perviaus
backfill--._

v
)
)

;

€ 6" Perforated
S.P drains-~., _

I ’m[y >124]

| _.--E1793.00

adFd

_.-"Batter I" per ft.

3'Riprap aver
18 bedding ~

~--Perviaus backfill

/r” y
N

A
diget 14

__.~#9 Anchor bars @6'+ spCs.

SECTION ¢C-C

6"SPdrain autlet with
catked joints.~

\
¥

- 24"

v
'
'
'
|
|

6"Stroiner’ ;
6'x6""Y "Branch’
6"Perforated S.P drains-~---"""

SECTION E-E

F--Sta 9+96.50
---Contractian joint

"o r -E1.760.00
I

. -Crushed rack

ar gravel
~-~==Burlap

-.--3"Continuaus lean

concrete pad.

E iliptical surfoce

X2 ye
Pl P ALY B
56 o e,

{XandY in inches )“\‘

6"S.P drain outlet-+"

SECTION F-F

«Braze 3-"brass rods flush
_with end of pipe, equally spaced.

E1.788.06-~_7" -

4"0.D. steel pipe,
#0 go. woll,

End plate ¢§"1.0.x 73"
0.D.x *10 go., tack

weld ta pipe~--~~~-——._

6's.p drain -~

DETAIL Z

NOTES
For general nates and reference drawings, see Dwg, 882 -0~5.
% Measured narmal ta surface of flaor

@ aLwavs THink SAFETY

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

ARBUCKLE PROVECT -OKLAMOMA

ARBUCKLE DAM
RIVER OUTLET WORKS
STILLING BASIN

STA.9+67 TO STA.10+67.50

DRAWN__ V.|

TRACED _ H.M.Q.

DENVER, COLORADO, NOVEMBER R7,/963 I 8 e 2 _D_ i 3
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FIGURE 4B
REPORT HYD-528

D|->-
Sta. 10+ 67.50-, , ~See reference point detoil (7)., --Oullet works I :Slo. 8+84.50 ;‘Spillway Sto. 9+08
-St0. 10 + 6750 oF He st 10+ 52, | k2" g
e 2456t _--Ousf’lsflzar;; H y,—'fl- 793.00 L EL 79300~ i , EL793.00
vy ' 10 f t ia k
L ¥ 9 ‘ £1789.5 jﬁ E1.789.5 |
) I:d' ¥ —:; 13 = -2~ 6" Pl R u| ///_.,'./,;_‘ [ y —}
co= P - i N RN —-=;=-6" S.P drains 4
Controction ¥ H ¥ . YV £e I;erf_orufed \ ,u \\\' L see detail . 7e !
Jjoint. -_---»-:,‘ o — ik S.P droins ~Botter " per. ft. 1 £~ -Botter 5 per ft ff- ll
N (S . N B 5
S T’: b < ! Controction joint-._ Y -~~E1.780.00 ¥ |
S Il e 9 | N < o |
€ Outlet works-. & ' .! [ Controction joint., |
Ul 5 | A h l
Il -
(St Y ® | —4 |
A I| al - | -Surf f ri {
IS v B D | -Surface of riprap. |
= & 15 - 43 i
[ o IS P . o
it A N S D TN 9%l e 10M0%— ]
v | v T"’- -=6 Single tee 9;\\ i i 9"ﬁ~9."i !<-—n'-0'11-—>
o ¥ '~2> ~ —"; ol 762 69. 3 R’p”’p over BEN | | -1 762.69
St & ' " K .
e ;‘ ® 1 \ -£1.760.00 % (E1.760.00 | 18" beading -E1. 760,00
© is +0p- ! R} ) - ; 1
! h otersTor S —B Seedetoil Z---._ i ; 5 --3' Riprap over 18" ) 3"
—{_}J ?% » ubbe w \\ _é . e - . ; bedding. ) 9 See detoil Z~-. S 3 Ig.’.pbm:da.v"
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FIGURE 5
REPORT HYD-528
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Figure 6
Report Hyd-528

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model

Spillway stilling basin after operation of
outlet works for 12 hours (prototype) at
Q = 2, 340 cfs, tailwater elevation 781.9
(degraded channel). Note coarse mate-
rial swept against end sill and fine mate-
rial deposited in basin. No riprap pro-
tection in channel,
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Figure 7
Report Hyd-528

A. Tailwater elevation 781.9 (degraded
channel)

B. Tailwater elevdtion 783.9 (initial channel)

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model

Stilling Basin operation and flow conditions
in the downstream channel for outlet works
Q = 2,340 cfs. Note upstream surge at end
of spillway basin.
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A. Tailwater elevation 784.1 (degraded
channel)

B, Tailwater elevation 786.1 (initial
channel)

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model

Stilling basin operation and flow conditions
in the downstream channel for outlet works
Q = 2,665 cfs.

Figure 8
Report Hyd-528
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A. Sand bed before erosion test

B. Q = 2,349 cfs, tailwater elevation 781.9
{degraded chaane?)

C. Erosion after equivalent of 12 prototype hours
operation at flow shown in B

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model
Erosion Test

Sheet 1 of 2
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Figure 9(b.)
Report Hyd-528

A, Q = 2,665 cfs, tailwater elevation 784.1
(degraded channel)

B. Erosion after equivalent of 12 prototype hours
operation at flow shown in A

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model
Erosion Test

Sheet 2 of 2
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Figure 10
Report Hyd-528

A. Riprap before test.

B. Riprap after equivalent of 12 prototype hours
at Q = 2,665 cfs, tailwater elevation 784,1
(degraded channel)

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model
Riprap Test
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Q= 2340 G.F.S.
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B 92 | 7.2 8.2 | 33. | 65| 97 133 | 1.3 [ 123 | 388 -5.2 | 133
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HYDRAULIC MODEL STUDIES OF ARBUCKLE DAM OUTLET
WORKS, ARBUCKLE PROJECT, OKLAHOMA
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ABSTRACT

Studies of a 1:18 scale model were made primarily to determine
possible effects of operation of the outlet works on flow conditions
in the downstream channel when the neighboring spillway is not
operating, Also, operating characteristics of the outlet works
stilling basin were observed and recorded. Conclusions of the
study were: (1) Operation of the outlet works had no serious
effects on flow conditions in the downstream channel. (2) The
outlet works stilling basin performed satisfactorily for the test
discharges. (3) Erosion in the simulated channel was moderate
and the model indicated that the prototype riprap would give ade-
quate protection against scour. (4) Pressures along the walls of
the stilling basin were within safe limits of operation. (5) Water
surface profiles indicated adequate freeboard against overtopping
of the basin walls, (6) Waves in the downstream channel were

1 foot or less in height. (7) For the maximum outlet works dis-
charge a safety margin of 2.7 feet was measured between the
tajilwater elevation with degraded channel and the tailwater eleva-
tion at which the hydraulic jump moves downstream and initially
exposes the chute blocks.

ABSTRACT

Studies of a 1:18 scale model were made primarily to determine
possible effects of operation of the outlet works on flow conditions
in the downstream channel when the neighboring spillway is not
operating. Also, operating characteristics of the outlet works
stilling basin were observed and recorded, Conclusions of the
study were: (1) Operation of the outlet works had no serious
effects on flow conditions in the downstream channel. (2) The
outlet works stilling basin performed satisfactorily for the test
discharges. (3) Erosion in the simulated channel was moderate
and the model indicated that the prototype riprap would give ade-
quate protection against scour, (4) Pressures along the walls of
the stilling basin were within safe limits of operation. (5) Water
surface profiles indicated adequate freeboard against overtopping
of the basin walls, (6) Waves in the downstream channel were

1 foot or less in height. (7) For the maximum outlet works dis-
charge a safety margin of 2.7 feet was measured between the
tailwater elevation with degraded channel and the tailwater eleva-
tion at which the hydraulic jump moves downstream and initially
exposes the chute blocks,

ABSTRACT

Studies of a 1:18 scale model were made primarily to determine
possible effects of operation of the outlet works on flow conditions
in the downstream channel when the neighboring spillway is not
operating. Also, operating characteristics of the outlet works
stilling basin were observed and recorded. Conclusions of the
study were: (1) Operation of the outlet works had no serious
effects on flow conditions in the downstream channel. (2) The
outlet works stilling basin performed satisfactorily for the test
discharges. (3) Erosion in the simulated channel was moderate
and the model indicated that the prototype riprap would give ade-
quate protection against scour. (4) Pressures along the walls of
the stilling basin were within safe limits of operation. (5) Water
surface profiles indicated adequate freeboard against overtopping
of the basin walls, (6) Waves in the downstream channel were

1 foot or less in height. (7) For the maximum outlet works dis-
charge a safety margin of 2.7 feet was measured between the
tajilwater elevation with degraded channel and the tailwater eleva-
tion at which the hydraulic jump moves downstream and initially
exposes the chute blocks,

ABSTRACT

Studies of a 1:18 scale model were made primarily to determine
possible effects of operation of the outlet works on flow conditions
in the downstream channel when the neighboring spillway is not
operating, Also, operating characteristics of the outlet works
stilling basin were observed and recorded. Conclusions of the
study were: (1) Operation of the outlet works had no serious
effects on flow conditions in the downstream channel., (2) The
outlet works stilling basin performed satisfactorily for the test
discharges, (3) Erosion in the simulated channel was moderate
and the model indicated that the prototype riprap would give ade-
quate protection against scour., (4) Pressures along the walls of
the stilling basin were within safe limits of operation. (5) Water
surface profiles indicated adequate freeboard against overtopping
of the basin walls. (6) Waves in the downstream channel were

1 foot or less in height. (7) For the maximum outlet works dis-
charge a safety margin of 2,7 feet was measured between the
tailwater elevation with degraded channel and the tailwater eleva-
tion at which the hydraulic jump moves downstream and initially
exposes the chute blocks.,
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