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The purpose of these studles was to develop an; efflc:lent economlcal

o .stilling basin :for use with slide gate control for: hlgh—nead outlet WOI‘kS

Design curves: were developed for-a rectangular plunge- basin to- deter-
“mine basin-depth-and-len helght of ‘the gate above the-basin floor,
< and magnitude:of impact: ads onthe basin floor. 'Comparisons were .
~made with corresponding:basins of the: hydraulic jump type designed.
according:to Engineering; Monograph 25, . Tentative design-curves were
“obtained for the hydrautlic jump basin: based on data derived from gen- -
- .eral'model studies. of four particular. st:llmg basins. - Recommenda-
- tions-for: contmumg work in 'thlS studyr are presented :

'DESCRIPTORS-- *slide gates/ *outlet works/ +stilling basins/ *hydrau-
lic jumps/ *model tests/ hydraulic models/ research:and development/: -
-7design criteria/ hydraulic structures/ high pressure gates/: closed con- =

.duits/ control structures/ Froude:number/ jets/ turbulentflow/ pres- .

sure: measurmg eqmp/ piezometers/ Water pressures/ appurtenances/ -
vibrations. @ : S
]DENI‘IF_]ERS—- plunge basm/ 1mpact head/ ]‘lep basms/ d1v1dmg walls/ i
Jetf_spreadmg/ J.mpact pressure T :




UNTI‘ED STATES

DEPAR'I‘MENT OF THE INTE]EQIOR _:_::__: e e

BUREAU OF RECLAMATION -

- .;._.fi.-.-LOfflc-e of Chief Engmeer . Report: No. : . Hyd-544
< Division of Research « ot GAuthor et D, L ng
i '_.'Hydrauhcs Branch. . - ,__r-Cheoked_T:by 2Tl Rhone

~Denver, Colorado o -+ . “Reviewed by: W. E. Wagner

' Nayl 1965 .Submltted by: H. M Martln

S PROGRESS REPORT V]I—-RESEARCH STUDY
ON STILLING. ‘BASINS, ‘ENERGY DISSIPATORS, - AND

- : e ASSOCIATED APPURTENAN CES--SECTION 13, STILLING
iBz’-\LS]I‘JS‘FOR HIGH HEAD OUTLET WORKS WITH. SLIDE-GATE

CONTROL (PRELMINARY STUDIES)
_ _ G - PURPOSE _ : 4
""'*""I'he purpose of these studles was to develop an eff1c1ent economlcal

7 “hydravlic jump:stilling basin-or, where practlcable, a: snnple plunge-
| i’]-‘_type energy chss1patmg pool. T SN IO
. A { :

AN CONCLUSIONS - N
1 'Ihe plunge basm mdlcates an advanta.ge over: the hydraullc ]u.mp

._-'flbasm in:the necessary length to.contain the hydraulic jump.. - Approx=--- PR

"..1mate1y -the. same tailwater depth isnecessary.to keep.the: “jump from. -’
sweepmg from elther type of basm ,Data are presented m-..Flgures 12 ‘

{2 \_r_1d1ng Walls are. necessary for sat1sfactory operat1on 0 ;-,_.a'plunge
‘basin when moreithan one outlet:gate-discharges into the samebasin. -
Baffle;plers.and chute blocks Were not cons1dered 1n order to main- -

: -impact forces. on* the ﬂoo - of th
‘the, de31gn' An mcrease




-i.‘_wéx'-_é*aziaiy'z'e'd. _"'Téii%é.ti\fe des]ign_"cvi"_ires'f:ﬁv'ex_"e;:obtajned,_ Figures 5, = R
.6, 7, -and 8, 'but should be verified by generalization tests in a glass-.

. slded flume.

6. ‘Future work should ‘ficlude (in addition to the proposals listed’in =
--the preceding paragrzphs) determination of pressures on the training. - -

- ./wais for both.basin types, determination of optimum basin'width;"a” ..

-....study .of.thé-hydraulic characteristics of .plunge basins with other.. than -

... rectangular shapes, ‘and refinement-of the design:curves forboth ~.:".
“basin types. ‘Data presented:in this re reliminary. . Final -
-designs: d-on : ' by hydraulic model studies

_“These studies are being conducted in/the hydraulic laboratory of the = .

. :Buresu of Reclamation in.Denver, Colorado. Much of tha.early work" e
:isicredited to T, J. Rhone, Supervising Hydraulic Engineer, WM.

~Kopp, ~an-Australian engineer formerly in training in the Hydraulics A

*:Branch, :and:D. ‘K.;Gill, ‘who at that time:was a-rotation engineeriin -~
‘thelaboratory, - .o ., 07 I T T

P

Ede:gatev{:rasdevelopedasarelatlvehmexpenswe device for .. T
dllmgz=hit§h%hea;d-z'outlet’a_Wbrks;:‘diSCharges. ~Studies of a stilling FE P

slide:gate controlled outlets'were initiated to obtain-infor-"~ -~
spreading characteristicsi of éfflux jets on sloping:aprons’.- -~ oo L
ally curved chutes which discharge into hydraulic jump'still- - %~
‘hese tests'led to theddea to develop. a:simple plunge~ - .
Although this report is slanted \oward development of a plunge-type |~
tilling basin, ‘it also contains cata concerned: with the design:of'the . -~ - =
onventional hydraulic jump bagin. ~ =0 TR T
discussionof the initial tests of the hydraulic jump stilling basin

pears: first, followed:b .a:treatment. ‘the plungebasin. = -0




TheModel o ,’

 The first model, Flc_mr(2 o conslsted of twin Pallsades—tYPe slide gates L

‘mounted on:a 2:1 slope --34' below horizontal) and discharging onto
:afloor with the same slope. ' The basin consisted of a 32- -3/8-inch~wide
glass-walled flume to facilitate obserwvation of ‘the hydraullc Jjump. The .
“flume width was based on an estimated spreading angle of 8° on-each -

- side of the jet in a distance of 38.9 inches and allowance for a 1-inch- '
thick center dividing wall. Water was supplied to the model througha = . .
recirculating system by a centrifugal pump, and discharges were meas-
ured with volumetrically calibrated Venturi meters. ‘Taflwater depths +
_Were set with an a.d;ustable taalgate at the downstrea.m end of the model..

The Investmatlon ;

o}

Jet sgread].ncr characterlstlcs —-Initlal tests of the st:llmg basm Were o
concerned prim E’ﬂ!y with the spreading charactertistics of the jetson = =
- the sloping apron.  The purpose of these tests was to determine the .
_-configuration of diverging. walls that would. gulde the jet smoothly into
‘the stilling basin. - The spreading .characteristi¢s of the efflix from -
- -one gate .were measured for gate openings of 25 and .50 percent with ™
~varying heads and discharges. Figure.2 shows the outer boundaries =
. .of the jet on the sloping apron, and Figure 3. shows the cross-sectional . .+
‘shape of the jet at various stations. These data clearly indicate that if ' .

7 wall divergence and basin width are designed for one’gate opening, they L

: may not be suitable for a different gate opening, . For specific ranges
of low . heads and relatively large gate openings, -the flow spreads quite

~ rapidly upon leaving the gate. For high heads and relatively small gate SARS
- ‘openings, the jet tends to remain concentrated. ' This condition was also = - '
" observed.in model ‘studies of Norton Dam QOutlet Works. 1/ At this point .

- in the'model study it was apparent that departure from the conventional: " SR

| - “design’of ‘a hydraulic jump stilling basin would be advantageous and that . S
© - ‘a'more, practical approach to the: problem would be to- develop a des1gn
. _;j:;_f.for a plunge-pool-type stﬂlmg basm R el

ol ;Data irom prolect model studies of hydraullc 1u_n:m stﬂlmq basms L ;' .
.. - During the course.of model studies of hydraulic jump-stilling basins: for

ol several: slide gate controlled outlet works, general data were. obtamed
“ . to'ald in future designs of basins of this type.. - The structures studied:
" were Bully Creek Dam Outlet Works, ‘Bully Creek Dam Canal Outlet: o
... Works, -Causey Dam:Outlet Works, and Norton Dam-Outlet Works..: These
¢ .. .studies’are described in Hydraulics Branch Reports Hyd-494, -495, ~-496,

: and -497 respectlvely - The. basm conﬁgurations are shown 1n Flgu.re 4,

R/ “H_Vdrauhc Model Sudies of Norton Dam Outlet Works, " by D I.. ng, e
eport No.-, Hyd-497 ‘October 1963 o e | | .




L 'Ihe d.unensmns of. the hydraullc Jump were. measured for heads and

o i.fdlscnarges within and beycnd:the range of normal operation. .The

~ data in Figures 5 through 8 do not provide a sufficient'basis for gen-

' eralization and should be used with discretion, The: general model

‘studies, from ‘which the'data were obtained, did not facilitate ade-
. quate observation:of the hydraulic jump. . ‘More prec1se de51gn data
W'.'ll be developed by tests ina glass-51ded ﬂume B

_ All curves are based on 100 percent gate opemng -'I‘he Froude num-

) :ber, _F (ai the toe of the Jump) is equal to the term L. N v isthe -

. ' : \}gﬁl T :
:-'computed velocity through the gate and dl is the flow depth obtamea

o “by assuming uniform flow distribution and by using the gate flow veloc-"

ity at'the bottom of the chute, assummg no losses. Dg, Dg, and L.are

" sthe 0ptnnum tailwater depth, sweepout taflwater: depth, and ]ump 1ength,
. ‘respectively. W isthe des1gned ‘width of the stilling basin in each case. -
- Optimum: tailwater depth is defined as the lowest depth at: ‘which the hydrau-

7 co die” jump’ appears to be stable and free from excessive.surging and splashing.
. After determination of ‘the sweepout depth, the ta.tlwater ‘was ralsed slowly

untJl the optlmum condltlon was. eXhlbltEd

- Flgure 5. shows that the data for- Bully Creek’ Outlet Works for optlmum =

o “tailwater:depth lie considerably below those for the other three studies.

' 'This'basin was designed to operate with tailwater. depths less than opti-

- mum for the-maximum discharge, because operation at maximum dis- *
- -charge is.only’ rernotely possible,” The Bully Creek Qutlet Werks curve

" _shouldnotbe used in des:_gnjng’ abasin. Flgu.re Balsoreflects this conclus:.ons;

_7,_._‘,-.:_Examp1e Ap@lcatlon

}f,‘_:Gate d1mens1ons 3 feet squa.re S : e ' B

- ‘Design-discharge for 100 percent gate openmg' 400 cub1c feet per second -
. .Assumed basin width: - 10 t'eet : R ‘

- Gate area, A 9 square feet :

S % %)Q-M 4 feet per second s

L__f-_At entrance to stﬂlmg basm, dl _.% %ﬁ"— 0 9 feet




:Thus, the safety margm agamst sweepout 1s 2 4 feet. ]':E addltlonal-‘; b
_:-sa:!ie’q,r margm is reqmred, the taleater depth may 'fbe lncreas ed.

_'fFrom Figu:r.'e 7 --—ﬂe— 4 05 L 4 05 (11 5) = 46.J6 feet
; é

.Recaluatlon "on';baszts of new Froude,number wﬂl not greatly alter the
ba.sm dn:n.ensions. .Thus a ba.sm 10. 5 feet w1de and’ 47 feet long mth

e' slopin :=apron Wa.s removed from the. glass-mded ﬂume, 1eavmg‘ -
‘arectangqular box as'the stillingbasin, ‘Plezometers weére installed -
in‘thefloor-of the' mpdel to! determme the magmtude of pressures due




_unaf_fected by the addltlon of a 3-foot-long center. d1v1d.mg waJ_l g

. .Figures 9-and 10, Figure 10 indicates:a trend toward a reduction -

- in the ‘jump length without the dividing wall at larger gate. opemngs, P
o however, the limited. data do not warrant this. conclusmn. e SRS

The minimum taalwater depth was also apparently uncha.nged by R

. ‘addition of a:short sloping apron J.mmedlately downstream from the .

- gates (with the center dividing wall in place), Figure 11. However,
“the:apron:.caused the flow to: spread rapldly and climb the walls of

- ‘the stilling basin, resulting in excessive splashing. ~Theuse of a.

~ sloping-apron was therefore.abandoned for this particular basin -

' “width.  ‘However, ‘operation with the apron might be satisfactory in

~rw.a'wider basin, Use of a short apron of this type would reduce exca-
wyation under and immediately downstrean from the gate and reduce
““the height of the walls at the upstrea.m end of the basin, - This appur- .
“‘tenance: will be mvestlgated further in future tests ina varlable w1dth ’
'ﬂu.meh R . R L PR :

- _»-A dlvidmg waJl is. recommended for inclusmn in the deS1gn of a. plunge :
“basin with: :more than one gate‘to improve stilling basin performance -
" during single-gate operation and'to eliminate’ the: possibility of reso- o
- nant transverse surging. The length of the wall should be one=half. to- .

" ‘three~fourths of the basin length, as determined in-the’ hollow-jet =

~¥alve basin studies. 2/ The designer might.also wish to include an = =

end sill'to reduce the- poss1b1.hty of stream bed material moving .

upstream into the. basgin. This appurten.ame ‘was not.investigated and I

" itsiuse-should be contingent:upon a’ hydraullc model study of the pa.r- A
_'1cula.r msta.]latlon bemg desngned . S : e

; —-Data were: taken to construct pre.tlmmary des1gn curves S
1ing the corifiguration of the hydraulic jump in the plunge—t%rp
.:No appurtenances were:included. The curves, Fiqures 1 13
ontaininformation onthe jump: length (L), -optimum: taalwater
;=,sweepout taijlwater depth (Dy), ‘and.depth of water under: the RENE
ctions:of thé'Froude nuniber. ‘at'the gate (F@).  The length,‘-,;_,: S
Was: ‘difficult to: measure, thus the data. points’ - o
thls shidy ‘the projected’ horizontal jump . . - o
Jetinn pact pomt on the floor to the top of ;T] e




: Wldth of 3. 5 times the. gaJ:e width ('7 0 tlmeq the gate width plus dividing
© -wall width for a two-gate basin} is’ ‘recommended for deS1gn 'Ihese '
criteria will be flnahzed in future tests. : .

Jet 1mpact pressures. -—Because of the conflguratlon of the basm, the
- - magnitude of impact pressures occurring on the floor and walls of ‘the - -

‘basin might be a controlling factor in designing a plunge basin, The .. . .
primary problem appearsto be determination of the allowable value of

- maximum impact on the basin floor to avoid structural failure or erosion
~of the concrete lining. I impact pressures are excessive for the given
conditions, the tailwater depth should be increased to reduce the magni--
‘tude of the impact pressures. As mentioned. previously, piezometers
‘were installed in the floor of the stilling basinto determine the magnitude
and degree of ﬂuctuatlon of the pressures due to- the 1mpact of the Jets. _

_The pressure d1str1but10n on the basm ﬂoor was. determmed for’ gate open- .
. - ings of 25, 50, 75, and 100 percent and was used to estimate the maximum {' N
- instantaneous pressure occurring on the floor for various percentages of . -
the ideal tajlwater depth, Data were obtained with electronic pressure
- transducers connected to a direct-writing oscillograph. = To.determine the
- .- . reduction in maximum impact with an increase in ta:lwater adimension-.
% 'less ratio of impact head (HJ) over tailwater depth (TW) was plotted against
.. the ratio of tajlwater depth'to optimum tailwater depth:(Dg3}, -Figure 15. .
* The optimum tailwater was deterfilined from Figure 12. A curve is J.ncluded
.. - for each of three values of the Froude number of the gate flow. Theoret- )
“:.ically, the curves approach an Hi/TW value of 1,0, which correspondsto 7 8
- ~the head due to the tailwater depth alone, ‘with.no. addltlorual head dueto = .
“jmpact.  The oscillegraph data: showed that the maximum impact occurred
‘at a distance downstream from the gate equivalent to between 1.1 and 1.5
. fimes the height of the. bottom of the gate frame above the floor, forthe =~ ..
particulds gate angle tested.- The: material presented by the curves:is . i -
intended as.a. gu.tde for the designer to determine the magnitude 'of. 1mpact v
i De e"pected u_nderﬁvarmus operatmg COndlthIlS ol

Gu1de :'to the use of the- data. -=To use these data. to de31gn a plunge basm,. i
ﬁrst compute the Froude humber of the gate efflux - .

’Q d]_scharge thl'OllC!’h 0ne g’ate ! ;-. - ol
A area. of: gate openmg SE




-_.'I'hese.compuiations apply to symmetncal opera.t:u.on of :two ga.tes or’ to
‘one-gate operating alone,. at-full or partial ‘openings, 'with a'center dl‘.’ld_-
ing wall:inclided ‘in the ‘basin, - The contractlon of the ]et is not mcludedff=
in. determination of the a.rea.' .

‘ a.ls.lwater;depth for best
si— ta.ilwatgr depth at Whlch

The center.diirviding wéll for a: tﬁo-gai:e basm, and an' end sﬂl ”;may be

a.dde' if




o
—

5 TW
From Flgure 15;le-_ 3.0,for 5~ = 1.23 and ¥ = 4.5

 Hy=3.0 (12) 36 feet of water _'

- Thus, a plunge ba.sm 28 feet long and 10. b feet W1de Wlth a ta:lwater
depth of 12 feet is requ:red.

' Flgures 16 through 19 show the proflle of the hydraullc jump for vary-

- ing gate Froude numbers, at the optimum tailwater depth (Ds) (deter-
mined from Figure 12) and at the maximum tailWater possible without
submerging the gates (Dg max). Figure 19B approx_mates the. stallmg
"basm ﬂow condltlons for the above example _

| o Vibration tests. --’Prehm:.nz-)r};r tests were performed to. determme the -
. _‘feamﬁﬂlty of measuring vibration characteristics of the plunge stﬂlmg
. ‘basin.. 'Dissimilarity between the materizl of the model (glass and wood)

and the: prototype (concrete and steel) walls made a quantitative predic~
tion of prototype vibraticn impracticable. However, the model yielded:

- qualitative information on the variation of vibration amplitude w1th loca— B

~tion.on t.he wal}. Froude number and ta:llwater depth

A m:Lnlature 1mear accelerometer (1-inch. dlameter) was mounted at ¥
several positions on‘the right wall of the model. Minute deflections of B

- ‘the wall restlt in movement of 2 mass in a magnetic field withinthe -

-accelerometer and generation of voltages: which are recorded onan

‘oscillograph. : -‘The: data indicated that the Lgre:a.test amplitude of vibra- .
e

- ‘tion occurred near the point of impact of" jets and decreased steadily
in'a downstream:direction. ‘The amplitude increased as the Froude num-
ber of the-gate fibw increased and:decreased as the tailwater depth-in- -

~creased. These fmdmgs only substantiate what might bée predicted in a-

. ‘basin-of this type and are very geueral innature, The frequency of v1bra-. C .
" tion'was‘in:all:cases véry high and ‘could not be accurately recorded; how- =
¢ .ever, the'trend.of the frequency 'was the same as that observed for the T
R ,:amplitude. ‘Futuire ‘work will-inc¢lude a more comprehensive measure-

- ment of vibration ‘characteristics, comparison of these characteristics .~

with those’'of-the: hydrauhc-;ump st:]lmg basm, a.nd correlatmn Wlth pres—

_fzsu.re ﬂuctuatmns. T

il 'f__-.Com arison of ‘the p(lunge basin with existing hydrauhc-mmp stilling S
rbasing, =~T0o: er determine-the acceptability of-a plunge basin, com= .

“.-puu.at'ions were made to .compare:design dimensions:(without regard to

Aimpact: pressures) with dimensions of existing:stilling basins for:slide "

gate: ‘controlled-outlet-works which had ‘been designed as Type I hydrauhc-'-
ump basms through the use of Engmeermg Monograph No. 25.§/ ]?c_;Ls

3 7"Hydra.u11c De31gn of Stﬂlmg Basms a.nd Energy Dlsmpators n; by A
P eterka, _Engmeermg Monograph No. -:25'_ Remsed Prmtmg, _.Tu.ly 1963




b .rlmportant to note that these compar:sons inno ‘way reflect upon the
.- - -design-of the existing structures. The plunge basin is a relatively
..~ ~mew-concept for use with slide gates and has not been proved in the
-+~ -field.” In many cases topography or other factors will not permit
B~ theuse.of a plunge basin. “Comparative dimensions of ‘the various
i . struchires-are shown'in Table 1, The hydraulic Jump basms were
= equipped with chute blocks and dentated end sills, - - :

Table 1

L COMP.ARISON OF PLUN E BAS]N DMENSIONS
WTI'H DHVIENSIONS OoF EXISI‘]NG HYDRAULIC d UM'D BAS]NS

Percent gate Dlscharg’e Eydrasﬂm jump basm 'Plunnre- = basin R
open‘ng - Do b iDg | D2 {Ds | L | D

ey 100 (orie gate) | sa | 18 | 14 _'_:-‘_]54? 1514 | a6 | ¢
100 (two Ogates) o =784 gpoe 187 o 1l F B4} 11 )10 129 |

100 | e | 14 | 10 | e 1fi0ls2| e

' L’I‘he close simila.rity between sweepout ta.ilwater depths for any pro;ect _
“is: noteworthy, considering thatithe data were-obtained from two: diJ‘:Eerent .
‘models. -This. similarity verifies: the accuracy of the plunge basin design e
‘curves for the Dy dimension. . The design curves:give an: optimu.m tail- - - UL
water:depth-whic i does not allow an }adequate safety margin against sweep~
ut. :D2:would therefore be increased:and would. approach the values: shown
orithe hydraulic jump: ba.sin The phm e basin shows no- advantage W1th
*“egard ito: tailwater depth .

Chid : 'reductlon 4n’ the necessary basm length for thenplunge 5
Th impa.ct of the’ jet on the ba.sm ﬂoor ca.uses the jet to turn upwa.rd

, Report NO. ; | R

B‘.’]:lfgggeek Dam;" Bully Creek "Outlet Works, L




4‘ ;:é\

:’f_rom the ﬂoor in less distance than in the’ hydranhc jump basin. An
. .apparent reduction in length of 8feet (15 percent) could be made for
~:Causey Outlet Works (the design.of the hydraulic’jump basin was based
-on-one gate operation); Norton Outlet Works and Bully Creek Outlet: - -
~ 7 Works:show a possible reduction of 4 feet (12 percent) and 13 feet (20
... -percent), respectively. Bully Creek Canal Outlet Works indicates'a
_i'reductlon ‘0f 18 feet; however, ‘the model studies indicated that approx1—
e .rmately half the length of the hydraulic jump basin was occupied by:the -
“jump. - 1t should be noted that the Norton Qutlet Works included a: slop]ng
s ,_._«:-'apron downstream from the end sill. It is concluded that the four basins -
i ‘-;___‘;-Jndicated a:ppssible basin. length reduct1on of 10 to. 20 percent Wlﬂ'] the -
- ruseiofia plunge‘hasm.

j e

:,'Recommendatmns for futu.re work --The follow:ng mvestlgatmns are .
- recommended for continuing studies of stilling basins for. high—head
s _;'slide gates. _ Some have been ment1oned earl1er in t.he report. SR

1 Generahzatlon tests of the hydraullc Jump basm ina glass-s1ded
g;_:‘.:ﬂume :including:an investigation of jet spreading characterlst1cs for
-_;:va.rymg degrees of ]et impmgement on.a slopmg apron. .- S

: 2 Comparlson of vibration- characterlstics of the hyd_rauhc ]ump basm
. with the correspondmg plunge basm and correlat1on W1th pressure e
S ;@-ﬂuctuatmus. R ;7 : . o

2, _:_ 3,5 Trammg wall pressures for«both basm types. -

.'-3:4 Determination of optimum basin w1dth for both ty'pes. -

5. ___f.Refmement of design curves for both basin types. .

6 Development of Specﬁlc de31gn criteria for appurtenances such as
slopmg aprom, d1v1dmg wall -and end sﬂl. ER e -

.. Study of: hydraullcl characteristlcs of plunge basms w1th shapes other
than: rectangular forusein ‘connection’ w1th unlmed ba.sms. RS AL
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