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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 X
. 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, B SRR S R

' 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 pressuras/ discharge measurement/ free-

‘board/ safety factors/ operations

 IDENTIFIERS--Arbuckle Project, Oklahoma/ ArbucKle Dam -
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PURPO SE

;The prunary purpose of these studles was to determme posc_uble_
‘effects of operation of the outletiworks on flow conditions in the

downstream channel when the ne1ghbor1ng spillway is not operatmg. B

o ~In addition, operating. characterlstlcs of the outlet works stlllmg
' '_'_lbasln were: observed and- recorded _

CONC LUSIONS

.:.‘:1 Operatlon of’ the outlet works had 1 no  serious’ effects on flow o
. .=cond1t10ns in the downstream channel. "BEddy currents were: weak
and-caused no.damage to the slopes of the channel, ‘Some fine -

- ‘material- ‘was depos1ted in'the spillway basin,  Figure 8, which' was

- believed to:-consist of suspended part1c1es Wthh settled to the L o

'f-f‘f“efbottom of the Spﬂlway basm pool

: _‘.2 The outlet Works stllllng basm performed sat1sfactor11y for a-
.:-‘.,‘_'.‘dlscharge of 2,340. cfs (cubic feet per second), Figure 7 (spillway .

[

ot operating),’ ‘and’a maximum disgharge of 2, 665 cfs, Figure 8

. . (during which the prototype spillway would also operate) for both
.1n1t1a1 and degraded channel cond1t1ons.‘ T : L e

3 ':;'EﬁSa.nd erosion’ tests 1nd1cated ‘that after 3 hours model operatlon _
:'(eqmvalent of 12 hours in. the: prototype) at’ a; dlscha.rge of 2,:340 cfs,

?taalwater for degraded channel--' bout 2. feet of erosion occurred at oo




_:protectlon agamst bottom erosmn a.nd dep051tlon of materlal on”
. the ‘spillway basin end.sill, ‘Wave action pulled some material”
" from beneath the riprap at the" t0p .of the slopes Wthh was depos-
G :1ted farther down the- slopes. S ,

--*4 Water manometer pressures a.'long the r1ght wa]_l of the st1111ng
“‘basin,- Figure 11, -exhibited no high' impact forces or-excessively .

'”',‘J.‘subatmospherlc ‘pressures, However, a record’of instantaneous

.;}‘ - pressures showed very. large pressure ﬂuctuat1ons in the turbulent
o zreglon near: the toe of the. hydrauhc Jump :

; Water surface proflles in. the stllllng basm Flgure 12 were
' '-:sz,mllar 1o the pressure; prof11es and 1ndlcated adequate freeboard

i .i‘-agalnst overt0pp1ng of the basm wa.'lls. :

" -"6 Waves measured in the downstream channel at’ Statlon 11+92

£ ,were 9 inches: ‘high for a dlscharge of:2, 340 cfs and 13.5 inches hlgh

. for:2, 665 cfs, ‘with: taﬂwater for elther normal or: degraded chan.nel
eondltlons Tableg,z : : , ‘ .

The model 1nd1cated;a afety margm of 3 0 feet between the
z_‘,mmlmum ‘tailwater (degraded channel) and the tailwater at. which
“the chute blocks initially: became exposed for the 2,340 cfs dis-" +

. ¢harge.: A safety margin. of 2.7 feet was determmed for the 2 665
'iﬁ,cfs dlscharge, Table 3. :

he model stuoles were accompllshed through the cooperatlon of

the’ Spﬂlways and Outlet/Works ‘Section of the Dams Branch, ‘Divi- =

‘sion f.'De51gn, ‘ and the Hydraullcs Branch -.zD1v1$1on of Research"f :

_ ETRIC EQU'IVALENTS e

'f "‘mportant quantltles 'used in-




o --‘."of the stlllmg basins are only about 40 téet 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 poseuble effects

- of operatlon of one: structure on the other

':‘The Splllway coneusts of a drop mlet ‘al 9-foot 8- 1nch dlameter c1r-“-[ L

‘cular conduit, ‘a vertically curved chute, ‘and a hydraulic jump still- .~

_ - -ing-basin; " Only the ‘downstream portion of the 30-foot-wide basin
Lwas. represented in the model;  ‘The uncontrolled: spﬂlway has-a

mammum dlscharge capamty of 3 410 cfs at reservmr elevahon 914 2.- '.

S The outlet works F1gure 3 mcludes a: drop mlet ‘a 7 foot B-mch

. diameter circular conduit, followed. by regulating gates, ‘a 8-foot- ... E

< -wide flat bottom conduit, ver“tlcale curved:chute,. and a 20-foot- -

b  wide hydraulic jump stilling’ basm, F1gure 4, Both basgins- d1scharge e

i:;mto a 100-foot-wide curved channel "The outlet works- dlscharge 1s B

i :'2 . 340 cfs w1th the" Teservoir’ at ‘the brink" of the spﬂlway crest or-
~elevation 885. 33 the maximum- dlscharge ig 2,665 cfs:at reservmr

" elevation 914.2. Since‘the: ‘spillwayis: uncontrolled “the sp111way
. alsowill:be: dlschargmg when the Teservoir elevation exceeds:885, 3

- Both.stilling 'basins: -are USBR Type H w1th chute blocks and den—
:,-i-.tated:end sﬂls 1/ SIS i

'I‘I—IE lMODEL

s ':.Thn 1: 18 scale model 1nc1ude a Por'tlon of 't e-ﬂat bottomed condurc R

- of:the'outlet. works, .the vertlcally curved- divergmg chute; the! hydrali
o liekjump st:lhng ‘basin, ‘and’approximately 250:feet:of downstream

“:.channel, "A: nonoperatmg portwn:of the 'S "111way~stﬂ1mg 'basm Was
"galso repr sented _' : .

‘he- chut ,and stllhng basiny were. coristructed of plywood W1th p1e—.i‘
ometers installed in the. r1ght wall: of‘the outlet works st].llmg ‘basin,
and with'an average size .of. abou_t_ao ‘8- mm (millimeter) was used to
orm the%downstream channel ‘a portlon of which:was' later covered

eclamation




were maintained by adjusting a thin-leaf slide gate to give the
proper relatlonshlp 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 o o .

: Tallwater elevatlons were adJusted w1th a movable ta.llgate 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 relatlvely 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 splllway crest, just before the spill-
‘way begins to operate. The effect of this outlet works dlscharge
- .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,
Stich deposited material could cause abrasion of the concrete sur-
faces during subsequent operation of the a nillwer, Data were also
. taken for an outlet works discharge of 3; 665 cfs, during which the =
. maximum spillway discharge would aise 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, fruly representative, Performa.nce was
' eva.luated for both mltlal and degraded chan.nel cond1t1ons.

. 'The Prehnnna.ry St1111ng Basm-—-(Recommended)

: Effects of outlet works operatlon on the spililway - stlllmg basm a.nd :
- 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. materlal bemg swept against the downstream side .

- of'the: dentated end still of the spillway stilling basin, Figure 6, .

. after.a: permd of operatmn equivalent to 12 .prototype hours (about
... 3 hours model time), . It.should be noted that this test- was made . . -
*Wlth sand. formmg the channel bed.: Rlprap tests, deSCI‘lbed later




~in thls report, 1nd1cated that the rock protectlon eliminated this
condltion ' .

‘Some me materlal was dep051ted in the splllway basm Flgure 6,
- during ¢peration 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 samecaize ‘as the =

.model partlcles and would not result in abrasive damage during
subsequent operation of the spillway. However, riprap should be

' carefully placed in the immediate vicinity of the end sills to insure ..
against deposition of coarse material on the. spﬂlway basm end

-sill, -as prewously descr1bed ' -

Stilling basin operatmn. ~~The outlet works st11_'l1ng basm performed

e sat1sfactor11y for.a discharge of .2, 340 cfs {spillway not operating)

- and a maximumn 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 dlscharge the difference between

- initial- a.nd degraded channel had 11tt1e effect on the be sin operatlon, .

"Flgure 7

..The turbulence of the hydrauhc Jump was conflned to the st1111ng N

basin. Rapid expansion of the flow took place immiediately 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 explams the dep051t10n of ma.terlal on. the T

:‘Q:"*:splllway basm end sill.

: ‘The ma.xlrnum dlscharge of 2 665 cfs Flgure 8 represented the |
" flow conditions: only in the: outlet works stilling. basm .Bince the .
spillway will be operating during this outlet-works dlscharge flow

- “conditions in the downstream channel, including eddies near the -

. spillway stilling ‘basin, were not truly represented. m’rthe model.

_Surging in the outlet works stilling basin was marke:! iy stronger
‘than that obseTived: for the lesser discharge, and some: turbulence .
prevailed. beyond thé end of the basin, - espemally durmg operation .

‘with the degraded tailwater condition:. The.upstream surge into
..the spillway bagin was. again: noted but would not: ex1st durmg oper— -
-ation of the: splllway I 0N Sy : . L

[XEENE

i }Sa.nd erosion: and r1prap tests. --The cha.nnel bed was 1n1t1311y shaped |

.In-sand with7an- average size of. 0.8 mm and was reshaped after each.

CiFtestirim.,. ‘Each test was contlnued for:about 3 hours-model: ‘time,

-. i “equlvalent to 12 hours prototype time. . The’ tests were conducted ‘
"ﬂ.“only with the degl"aded channel cond1t10n- T




_ For a discharge of 2, 340 cfs erosionto a depth of about 2 feet

" oceurred at the: rlght corner (lookmg 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,
whichis evident in the photographs -

Rock w1th maximum size pleces 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

o most severe operating condltlon -Figure 10 shows that no apparent

movement of the rock took place. However, sand-was pulled irom
‘beneath the. riprap by wave action and deposited lower on the slopes, «
. which was probably the source of the fine material dep051ted in the
-spillway basin. -This leaching action may or may ngt occur in the
prototype, dependmg on the nature of the materlal oeneath the rlprap. '

" Pressures —-Plezometers were. plqced beneatb/the water surface of
the hydraulic jump along the right training wail of the outlet works -

. -stilling-basin, Figure 11. Water manometet readings exhibited no -

high impact pressures. or severe subatmo.apherlc pressures and no
- large fluctuations in pressure, Pressupe proflles based on average
water manometer pressures are-also shown in Figure 11, alongwith .
- the supporting data. Instantaneous ,,ressures were recorded in the
very turbilent region near the .toe ©f the hydraulic jurnp using elec--

" ‘tronic pressure transducers connected to a direct writing oscillo-

graph. Other model studies have indicated very large instantaneous.
L fluctuations in pressure in this region, 51mllar to those:observed
~in this model, The pressures are lisfed in: ithe table of Figure 11.
- The:effect of these:large pressure ﬂuctuatmns is unknown: and stud-
o St
‘ies are continuing’ ‘to; determine their possible c.ause and effect.”
Average water manometer pressures agree qu,r!:e ‘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

5 previous: studies: have- shown them to be'nearly identical to’the water -

" manometer pressures, whlch can be used to determme forces actmg '

on the wall.




- . Water surface proﬁles. -—-Water surfd.ce profiles, measured for
- discharges of 2, 340 and .2, 665 cfs withibcth 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, 1nd1cat1ng essentlally '
hydrostatlc pressure dlstrlbutlon on-the’ wall SR

Waves, --Waves ‘were measured at approxunately Statmn 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, approx1mate1y 1 foot or less in height for all test -
cond1t10ns Table 2. S
_ .'Ta11water sweepout tests --Tests were conducted to determme the
- “margin of safety between the minimum tailwater elevation: (degraded
o 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 dlfflcult 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:l to 2 feet. below the
; "elevatlon at’ Whlch the chute: blocks become exposed




Table 1

METRIC EQUIVALENTS OF IMPORTAN'T

. QUAN TIT]ES ‘USED IN THIS REPCRT :
RN s Engl:.sh ' Metric
Feature - ' " units : anits

' "'Helght of dam r1verbed to crest S 140 ft o o o 420 Tme e
- Length'of dam - = S 1,900 1t ~ - 579 m
" Dam: fﬂ_‘[ volume. S _-3 12,750,000 - 2,103, 000 _
ARSI .|~ eubic yards | cublc meters -
Spﬂlway dlscharge at maxlmum | 3,410 cfs -} -96.5 cms.
“reservoir - - o T
. Maximum reservoir: elevatlon 9142t . | T 278.6m .
© ~‘Outlet works discharge at> -~ |+ 2,665 efs” - - "75.4 cms
© .7 -maximum reservoir - .. el T oo EERPERTEY
© - Outlet works-discharge: w1th | 2,340 cfs | 66 .2 cms -
. “reservoir at-spillway crest | o o 1- B
o o 'Spillway: st1111ng basin width -~ . - :30.ft. . | 9
U iOutlet works sstilling basinwidth | . 20ft. p o 6,
' Initial tailwater depth at end of c23.9ft ) T,
© -basin for outlet: works SRR T TRRPRVE IR
Q=2,340°cfs. o oy e RN
-»Degraded tailwater: depth for Cobo2109ft | B.Tm
v outlet works @ = 2,340 cfs. | o [P
.~ :Initial:tailwater depth for outlet 26018t 0 0 8.0m
. works'Q =2,665 cfs 2 e R

e :f'Degraded tailwater: depth for i g 24 1 | 7.3 m
oo -outlet. works Q =.2,665 cfs - .o ' RS

‘ '3‘-‘"'{( Bt
R ¢




Table 2

. -.WAVE I{EIGI-ITS AT STATION 11+92 IN PROTOTYPE FEET
o » S Tallwater SERL AN Wave ‘height
- 'elevatmn Do (feet)

-—-781 9 K RS o 75
,‘..783..9 BT IR PO - I
RN £:7: V00 SR PENRSETREI DO &
q86,1. o 113

?.Mm:.mum_ e e Séfe'ty
= tailwater. Imtlal . margin
(degraded channel) -gweepout¥ . - . (feet)

"~781 9

ome exposed.
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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
{(deg-aded channel), Note coarse mate-
g rial swept against end sill and fine mate-
rial deposited in basin. No riprap pro-
tection in channel.




e

78

B, Tailwater elevation 783.9 (initial channel}

ARBUCKLE DAM OQUTLET WORKS
1:18 Scale Model

Stilling Basin operation and flow conditions
in the downstream channel for outlet works
@ = 2, 340 cfs, Note upstream surge at end
of spillway basin,




Figure 8
Report Hyd-528

A, Tailwater clevation 784.1 (degraded
channetl)

[

B. Tailwater elevation 786.1 (initial
channel)

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model

Stilling basin operation and flow conditions
in “he.downsiream channel for outlet works
Q = 2,665 cfs,




_ S Figure g{a.} .
- : e e : Report-Hyd-528

i B. Q = 2,340 cfs, tailwater elevation 781.9
: : {degraded channel} '

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

‘3 ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model
{ Erosion Test

Sheet 1 of 2




Figure 9(b.)
Report Hyd-528

L T ———te

A. Q = 2,665 cfs, tailwater elevation 784.1
{degraded channel}

AT

AT AT ACt

S

]
i
a

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

ARBUCKLE DAM OUTLET WORKS
1:18 Scale Model
Brosion Test

Sheet 2 of 2




Report Hyd-528

Figure 10
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