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: Jucoh E W m'nuok . -
H\'dramlm Rewmch Pngmeer Burv.m uf Rcclnmntmn. _
: Denver (‘olorndo e ‘ CR

Tyvres: (w L:\'l-'m.\' ]‘)Mm\rm\

In the demgn of hvdmuh(- s:tructurow- hpes of cnuwr\ dnssnm-.'
tion ‘may ‘he recngnued as fo]low-- ‘ S L
1. External frietion. such . a8 betwcen tlu- \\ator and ‘the chan-
nel or hetween the \\'mm"und thc air, o
2, Impmgcmem wnoh a8 a0 ]et of wntcr ‘ih‘lklll" i p_oul,uf water
or g xolid ohjeet. _ = : IR
3. Internal frietion or mt!mlvneu : su(:h'::ns".m?ri"ill's within a hy-
drautie jump or:af mllm' SR e T

].\'rr.n\' Al Fm("nu\'

L\tmu.x] fn(-tmn i he unl\ p.ntmlh «nntrullod nml e e
depended upon 1o .1hwrl; anly a fraction of the cnergy. hm in eer-
tain instances it may he important, In ‘the : cense of meedle valves or
conduits dlsch.n'ﬂm-r- atoa cmmdm.xhlo hmtrht nlmvo the: stilling ponil,
the Trietion between: tho wt of water ind: tllo ,ur lncl.lll\' d:smtpgnﬂm '
the stream hefore ‘it - strikes: thc witfer siv'am-o helow. \1 the:Owxhee
Dam (Fig. 1) the 48 ineh: ucedh‘ \'ﬂ]\'{‘\ (llwlhmrv Iun mnmlll\" ||110, 
-the air 110 feet. .tlmvo the tailwater, The : dmmtorrunmn of ‘the |el~
" has to be seen to he. u-.nh.rcd “The “in In-nmﬂl thom m]ll.llk inan-
tensity the dm\upmn- during a clmldlmur .md i falls ull alotigthe aren.
heneath the jets,. The: sncun ‘itself ‘shows very. Titthe solid witter hut
instead resembles o dense spray, Ax it strikes - the water surfuee. if
appears to riesehet and strike a- se«-nnd time tavther dawnstreim rathy
er than plinge mto ‘the ponl Thl‘- i wmilwt is due to the losser den.

sity of the air-water mixture as. mmp.ned ta tho solid water in the -

pool. The ahsorption of air.due to frietion emises ‘the | Jet 1o impinge

over a- wlde area .md with far: less foree than a jetof solid water.
142 : .
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IsiixarMENT

Dircet inpingement” s . ineans of
zed exeept as i last resort when other
of o desipn for tlm Conehas Dam irrig

ed in mnpnurvrm-nl as o solution, 1
bottom of the ¢

euerEy, dmnp.mon is ot uti-
methods fail, A recent btudv
mou outlet \\m'l\a (Fig. 2) end-
ENCOSSIVe dll\\.llt‘l catsed by ‘the
anal duwmncuu flum the omlv s being mcuicd hl.,\"
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cral feet ubove tho «-onduns rmdu-cd it h\'druuhc Jump or a roller

design out of the qlu-qtmn., Eaeh of the:two conduits will dlschnrge S

350 second-feet under u muximum hend of 64 fect, or one outlet may
cliseharge 700 qecond foel lmdcr thc mu\:lmum Thead. Wlth these con-

‘ R A900 | R "
I Lo ] N g
e TP SHUR AL R At —— AL e o
o TN etoocrs L

A Y = P
STl 4157387

‘ IR (14184 80 -
I =
k [ ; R [l p
ANz oo - H. vl ‘E AN =

[

- Sl LAy ]
‘ 'SECTION A-A -

‘e, 2~—8T1LriNn Pool Fon lllRlﬂA'l‘lﬂ'd-O'l"l'[FT \Volucn AT Comcum Dawm,
) ‘ Tuctmc.uu Pno.mc'r . . i

ditions the exit velocltv will be very hlgh and .t.mce exeessuc tull-' '
‘water ])rcvmltﬁ the formation-of ' hydraulie Jump, buffle piers were
loented in‘the path: of the lugh-valocm' Jet to disperse the velocity. The

eenter training wall is necessary to prevent -return .eddies when one

gate only is operating. The: ehlef objeetion to- 1mpmgement as an on-
ergy dissipator is ‘the difficulty of inspection and mainténance ‘of
~the impact surfaces. In' this case, the pool ean be unwatered- read:]v .
during the wmter monthe and necessary. repairs made. The upstream B
face of the piers will be armored with- st.mdard 18 mch channelu w1th- :
-the legs lmbedded in the pn.rs : 2 S

] -INTEBNAL FRIC‘I‘ION

: Two of the most convement nnd practma! methods of ehmmatmgl__ :
the energy of ﬂowmg ‘water are the roller and the hydra.uhc Jllmp ‘
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‘The npphcutxon of :the hvdraullm mmp ds morc gcncrul becuuse the
- roller. wqmn-\ an_exeess, of . (ailwaiter to: torm propcrlv

RoriLEr b'rn LING POOL

CAn. example of a mller SUNTILNCANS of cnergv dlssmahon 18 thef", :
stilling pool - destgned - for Gr.llld ‘Coulee Dum., The :details ‘of ‘the de-
sign of this str uvnm- were: cuut:uncd FHENE uruclc in thc ullthm' m'
the November 1036 wm(, of - (, i Immnemnu ) IR

Hnm\t*l l('—-i]l?.\ll’ S'ruil.mu l’um,

The most. wideiy uwd method ui dl\sl]mtmn l\etlll’,‘ hydrauhc«_]ump -
stllilug pnol Iwcel]cut E*{.lmple% of lts nppiu,utlon m recunt v-.urs

e E1.548 5.0

¥, 3—-!~‘1NAL DuawN oF q'ru,x.mo Poor t-‘on s".\s'm D.ul

.are the Norris Daim, cmmtructed by the Tem:essee Vﬁlle,w Authorny ;o £

-the Madden Dam, built ‘by the ‘Panama Canal" Zone ‘and the ‘Shasta

‘Dam . (Fig. 3), now under. cofistruetion: b‘y the Bureau of Beclamatlon.f S
-The .all-important .criterion in ‘the desum of a hydrauhc-;ump“ .

:ﬁpool i8 to obtain, insofar as’ feaslble an: agreement ‘between ‘the tail-

wvater for a-given discharge and the: heaght of mater necessury toform

& .perfect ‘hydraulic jump. Nature séldom " is 80 ‘kind :as ;to provxde;f
.conditions -whereby this ugreement -can he: exactlv attamed JA8s ian

“alternative, ‘the floor of the ool :may ‘be located -80 a8 :to pmduce an ; S
:approximate - comcldence between the tmlwuter curve and the Jump-:

theight curve,

At Shu.'«zm Dum if @ hornzontal floor ‘were plaeed ut mnffzewnt"" '
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dopth to tm m a:perfeet Jump at- m.mmum dlschargo, there would be
CHIE eXeess of d(-plh at ilesser. th«-imrgd-.s. In-st udying the: pmflle of the ‘
stilling: pool, three: methady of: .mul\ sis were nwed ;

1. ‘Visunl Johgery vation of ‘the: béhzuion' as; seen thmugh the klans alde
ota ‘sectional model, > .
e Pltot—tube wlncity moaaurementu in: tha- modﬂl atithe: dnwnstl‘eam -

“end ot the Jpuolsto. df‘lt’lmlnP Lhe depth !'m ' "‘ven dlsclmrg'e at‘
“which : maumum reduction : or aemcitg occuned
o L.ompul.nion of. the slom' at llw'rlom b)"a:ssumim. ratlo between :
engthior Jump-ang; depth at thn downslwnm end . of pon! and nnd '
axlu: the ](JLllh of. the dnwnstrvnm depth E ;

‘In the original mmlel Ilw Tloor was- imu/omnl wnt!n u .'.!J 1 slupe
“at:the upstream end, - o - :
JIncthe first. mothod of’ mmlvsis the mnl“mm Jwa *'\'nrxeu lmh! th(. '
'hvdmuhc Jump appeared: most: ofhm(-m ' 7 : e
“In the second method, a; point: of mitiimum: \'elocuv uc«urred when

the jump was most. efficient. A deercase. i’ !:ulwmcr eiused: the: JdJump i

- tomove downstream, thus j nereasing: flm \elocm' while an: inerease in
‘tailwater. olevalxon drtmned the . ]ump mnsuw the -jet ‘to:dive under
‘and-retain more: of its. initia| ~elocity, "The: clevntmus ‘determivied ‘for
_various dlh(-lmx,;es by b(nh methods were: plotted and: the: results: found.'-
‘toheithe sumc- ‘for. nll practical- purpm&q-"l‘he Jump:height. eurve: gb-
tained in this manner was considerably ‘above .the: normil ‘tailwater. B

ceurve for the high: diseharges and lwlow forithe: low. dxsehargeb “This

‘faet ' indicated rthat the original apron was pluced too high fol' imost
cfficient. upcmhon -at.the high daqc-hargeu 0n13 at: mtermedmte Tlows.
did an’ efficient jump f‘mm \Iorenvcr, the ponl surtacv waq rough at
all: dmr‘lmgcs : R
' An 81 wk:;un .:prun lmprm'ed the .wimu 80 ﬂmt the Jump cuuld o
ot be drowned :on the model and the - tmlwuter ut wluch mmlmumf \
_ ‘\clocxlv ocearred. could-not be rcﬂch«cd Hven:, so the velocltv at:the
.end-of: the. apron wus equal to or'less: than ‘the: mmnmum for: ’the :orig-
'mrll deslgn “The Jump -height curve. obtamedfvmunllv eomc:de(! wnth i
‘the:natural - tullw.lter curve for all, flow- cxeept.,thm;c near‘the: max-

‘imum of 250 000 Necond:feet: where five; feet uddmmm] demh waq fmmd T

nccewnr'v~1o gw _‘satlsfaci’orv condmom

A12:1 apron, which devpem-d t}u”pool nt the upstream end cor-

rected ‘this. -condition. The - sjump had;an: eﬂment appenrmwe for .all -

dnsdmrgu and it was. nmod that. any. u pprecmble inerease:in’ 1a|lwutel e

‘depth for the . maxlmum dls(-lmrm- zve rou,;lwr ;mol surface._ Jt
was noted -also :that - eonsidcm:hle reduehon in Iul!wmer depth gnve
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rough but 8 untacton 2c(m(htnmn»:, thus: mdwahng n im :m- of:safety,
" Inthe’ computahon (1*‘1--' 4)of thc slope of ‘the; apren,the. lcnwth‘
aof Jumpoway eonservnm vh- a%umcd ito: be!four: tinw» the- (ic\pth do“ n-
-stream ‘fromthe: Jllm]l ‘meg tho nmmonmm lormulu for thc hv
dl‘-lll]l(:']llmp

/_ ..__'u. -

2D,
T

ch \.1]1.;5« of : 1, for dlﬁ'mcm dlwh.u'gm were: compurcd \\ :th the -

pooi onrrmce as: orig‘m 'longth of - pool as.iibsei AR _uu].‘c.lcvnhon a8 o

zfi%b.Odd‘s‘_f. :
1 =187,0005 ¢

Twm
Tw £ TWE'

DISTANGE ABOVE DATUMN

0 e 58s 340 TE80 e

 DISTANCE FROM. Pom_ eummczuq FOR- EAGH mscmnss)ff -

OTE
Ro.Rr, Rz.Rg Re: and R_o. are equal to 1he vulues of Dz
ifor The respechve duschorqes o.,,a. efc ’

i I"lt~ -l -—Drmu\' m-' Sl.oww .-\l'll(‘l\ ml: \m\u'rA lJAM

ordnwte the !arh‘;atcr vlevmun for Cd(!h dl's('lhl]'“‘!‘ w.n plottod ‘a dls--
tance of 4D, from. the origin. “With thow .points: s ﬂ-nlors e mdn
“equal to the. respectm' ‘D, ares. were dl'.nvn bolow Al line: tangem fo
: these arey is the ‘profile of:the stilling ; apron to be. nwd The. .slopo of: ihe
Shasta apron. computed hy this method: was:12.5 . i1 A qlope ot' 12 ] had
“heen. prevmmh' detornnncd by the mcdol wtudws ) : R

I)rsmmuwok 'or f‘l!‘uow

£ ot xpemencc has: !aught u<: tha? 10 . seeure a, smi)lo nnd umform
,]ump the water . emermg a hydrauhc-,)ump Slt“mg pool musi bc
- ariformly, dxslr:bmed with. no, return;flow: a]ong the. sndeq of; the :pool.
- This requn-ement in the case of small. strneturos partwularlv in: canal;s,
: has led to a ‘certain ‘“smount . of conﬂxct bet“een the struclural and

g '\.»,, -
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:the hydmulu-\cngmeer lt s (.hcapcr tn pave the Sldes of thezcmml
'to form a so-ealled “trape.zmdnl pool i tlmn 1t is 10 constmct vertlcal
‘,rfetummg walls. : DN
“In 1937, the: prohlem of thc splllwuv for thc sDoq lmeasJ‘Mm ‘be.
'mg conatrncted 'by-‘the Rural’ J"!eotnhcatmn Division ‘of 'the. fPuertc--;‘

Rico. Recon'-ztru('tmn Admmlstratwn W.IS undertakcn ‘by ‘the Bureuu ‘
of Reelamnhon supon the reonmmehdntmn of ‘the : consultmg’bourrl';i‘i'

i)pcraiwn “’l“’l ﬂ:e orignml .1butmcnt entr.mct. dewrn wus verv‘ un-j

N .4.: 3

I mm.-_'

. «PLAN

3300 Ei3esgg.

€:29500 | AN 629500

ELEVATION ,_."HV L ELEVATION
ORIGINAL DESIGN : RECOMMENDED DESIGN
ABUTMENT ENxTRANCE :

l-‘:r.. u—(,mm:ﬂ-' OI-‘ 2 D] NTIMACP Comn'rm\' 0N Dos Bo-cas ‘DAM."" ER NI

'mttsfdctorv ’I‘he squsn'e entr.mm"a ense d the shect Of- wnter to 'sprlm.,"
free. from ‘the. splllw.w sides, resultm"' n:a much . reduced flow at ithe o
‘side walls: and 4 concentrited- ﬂmv m the center of thc su!lmg puo]

“This unbalanced eonditioi: .eaused . severe whlrl ‘on:cach side of ithe - 1
" peol. These.wliirls éaused dwrnptmn of ithe: hvdmuh«' mmp furmutmu._ s
The introduetion. of a ('lll\'(!ll enlrmwe at- em:h uhmmcm (Fig. :5) and
‘1he strcumlm.n ofithe: upwtrc.am mose-of ; thc ]Jl‘i(l;.tl"plcls ohmm.ﬂcdﬂ-%‘-, :
Ahis undesxmblc condltmn Ay the . \;tudles ‘progresseil, “a position -of

. the stilling- floor .was. develnped whu'h pmduced unlnclv»sumfm'tm' ot
ﬂnw vonditions for:the maximim . dc«u.:m-d ¢1Hchnrgo of 1200, 000 Noe

~ond-feet .and for:all. othcr tIl‘-schargo«, ‘ox ('GI” m the lt{zmn of 50 060
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e

second- foct A severe: wlurl on ch lof! sulv nl the .mmn \ms anmedf

I)\”two distinet f-ondlllom .mtm,r.v, tﬂf.',‘(‘”l(‘l ‘the ‘elimin: ationof. mthe: cor '

hoth’ heing. dlﬁmnlt The whirl'y A\.ls (-mmder(‘d nunhlvsmm* THH Mmu h '
cas any loose rovk or. gmvcl lmmcdn.tel\ dm\mn'v.nm hum the 1|n'un'
would be h.lm]mrtcd ontu: tho aprow :to- erode i the. conerete - surface.
The first cause of ‘this whirl was that even with the change of
~design on the bridee piers and. abutmom entranee there was-still some -
lack of uniform distribution ni flow . over ‘the extreme cmls of ‘the
i spillway Becondly,: at flows of less ‘than ' m,OOO seeonil-feet, the: ‘top-. ‘
',ographvdownsire.xm on the left side aeted a8 control fmcmg the
L stream over into the' miin-.channel. e Asa 1’("4!1“.‘.1 ' deul S avea was
. formed from which: water: ﬂm\'od lmck into:the jump .nm dhrupnng
the jump and: fm‘mnw the whirl, Sills, (]cm ates, and.vari istlions. of ‘the
l.lpmn ‘elevation did: little: tmwn'd elimination: of - the \\hn'l “The flll«ll"
‘solution (Figs. 6.and 7). (-ommh'd of shiftitise: the: entive 4|»|II“‘1\' vrest
fifteen feet to the right. and: (-ml\'er-rm-r the \]nll“.n and .sulhn«r-poni
walls toward the dow mtredm end.of: Iim apron.. The: step=hy-step-an-
alvsm of this" chango % as fal]uw iy mtmn-r the 1o w Al about
‘ its interseetion with ‘the erest line .o that the- d(mmno.un end was -
‘:ﬁfu*en feet:to: the right. oi' the. m'u.zm.ll Sposition,: it AWUR i‘mmd that -the =
deﬁelem,v of ‘water was: ehmnmlod Cand 1hc'~.1w|'fn SO0 ducMod 0.
“ward the origindl channel: t!mt tho “doen] avea inowhich fthe: whirl
[formcd Wi ehmmntod o again. (‘st.nblmh sv mmv!r\- ol 4]v~ngn. Hu-v
xrurht wall- was: mt.nod a simil; i amotmt to 1he h-H \Iu .n!wl‘w (‘F
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feet was notcd dnc the flow cnndmonv in fnet ere wase :sum(, ‘ime.
-‘provemem despnc the ‘faet : that ‘the | (lm\'w-.n'c,lm -end- of ‘the “apron
‘had ‘been’ comtrlcted a-total of 1hnt\' icc: j[mn,\m', tho mt.mon of . |
the Tight wall moved it fltteen Ioet uut into: The x'nol"dmnnol To
hring it ‘baeck 1o its. m'wnml pmmnn ‘which wis’ mmv desie |hle S om
a wtrucmrul stamdpomt thc cmm- erest’ was slutted to thc right a

- 0 =
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distance of ﬁfteen fem whmh in effeet mm cd the. duwnstremn cml nf'_ ‘
the left training’ wul! thirty feet-to: Hw vight. T hh eh.mgo ui sposition
‘not-only appr(-clablv improved: Ihe hvdr.lulu- conditions in the. stilling .
~- pool ‘but produeed a decided. cconomy by reducing . the deep roek ex-
“cavation on- the left side.” The depth.of excavation at the downstream .
end ‘of. !he left trammg wull was, reduc-ml fl om: 45 1o ‘70 feet,

.

.MASONR\' D.qu OUTLE'I‘ Wonxs

An - lmportanf plobipm in recent dvvolopmvnts is tho pm-_‘
_ vision of dnschur[ze vnpaclty to.r *leuso \-.ah-r in cwew of the power-




WARNOUK m. HI'III\\‘\\\ \\n Ewnm. Dl'ihll“.\'l‘ﬂﬂﬂ ‘ o 1:.1'

~demand. At Girand: Loulee :Dam- (l'lg 18). three tiers: oi twcnty 8: mm; :
“G-inch outlets are: bemg provided to: release: 225,000: secmul feet, and
" at Shasta: Dam, atotal of 'seventeen: outléts of the: ‘sante:size: wxl! ‘he _
‘provided .in: three tiers-to release a flow:of 63, 000 wcuud feet. “The
two - um!d]lntmn'»vh.we‘thn ‘studied ;pry u-tu-n!lv--ts une prohlmn.so"
; that theit tentative.design’ Im- '\hﬂ&hl l)mn IS nleutu-a] toithat of ‘the
upperticr at (.mml Coulee. (‘mt.un Iast iminute chamges vould notibe
i‘uwludvd at Grand ¢ oulm- hﬂ-:uwo ol the: wn%iructmn p'-ugress. o
In the m-lgm.ll d(“:l,.l‘ll nt tluw.o uondluts they*were placed hor-.".

3

eoMOTWS EL129LES
" Crevt E1126001y |
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ssm-nm. DESIGN Em . FINAL" DESIGN it
g FLOW OVER SPILLVAV :

. Awis of Domero]

e ws o5

T i i

o SECTION THRU: DAk
"FLOW THROUGH OUTLETS .
. L (PN H—~—I)rsu.x OF ! ltn m: On'n.nc'rx Fagr: l.u.\sn Com.n. DA\!. .

=

Hzontally so ﬂmt 1he; _]et wonld plungo mtn tlw tmlwa!er dowmtream
Arom the shlhng pool. ‘The model- shmwd thmv scour conditions,

iparticularly along the. npmppcd bhanks-of- the: poworhuusq- tailrades.

fIn‘the next design, thv conduits - were: pluwd on:a-parabola: thrnugh -

‘the. dam so that: the Jetow uulcl phm;zv into: ﬂlc\spl“\\'ﬂ\ shllmg puol

“The dissipation of energy: in. the! ﬂowifrum itheéiupperitier was: satis-

ifaetory, hul with:a- lup:h tmlwmcr the jet from ‘the ‘middle tier. wuq__‘
dlvmied over tlw bucket Jip: anid: miu tho ermllhlq-‘rner bt-d Hm\-_ ‘

‘over, an-error in. -assumption was: made- which wais Inuuuht to: luzht‘

iin a subsequent. model, “1f the cnntrol is atthe: dowus‘n‘n'am cnd of

ithe conduit, the pressure- ;rr-uhcnt w above the.conduit and: thc pres..
xsurox in‘the. conduit are all positive. .\c-luallv the control was at the . :

jupstream. enil nnd the preswurv gr adaem l)etwucn the inlet: and out-;
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et droppml helow: the conduit il maximun of 46 m-t orithe dnloroneo
i elevation hetween: the inlét and- outlet. Ohviously, ‘that: ('mulmnn
is-an - impossibilityin the prototype sinee absolute pressure is ap.
pm\mmtc-lg 33 feet below atmospheric pntmu'c- To prevent-eavita. .
tion this: m-g.runw hvnl shm:l(l not-execed the! hwul ut wluvh t-m'lt.l-
ol oeeurs, : ‘

With these ]ll!lllaltlunh. a new: uh--n-rn ul mnlvt WA v\uiwcl
wlm-h e elhow way: p].uwl .v-. el the: face ofithe dam as .,tluvhn'
.i“V Feasiblo and® the water was: (ilh(‘lldl‘“‘l*(l dowi the face of “the -
dam o the spnllw.w \ll”lll"’-punl thueket. Htumlm'ul llmn.limm hael
‘:lu- .uwl Homaximum Eu-.ul al 250 feet on' lh(‘ nuiloi unm'ul iles, A
Sminimum head of 50 et WS .|hsunu-(l rone: ut ‘the vml ol the
elhow redieed lhv-tlmm(h-r from 8 Feet h un-hm. o7 Teet:9 nulws
This: reduetion o diameter made-the oxit’ the: eontrol illl'l aH heads i in
oxecess of D Teet cand vmnph-lulv'n lmun.atml Hhe negative pressures.
The Htl”lll"’ [uml Dbueket owith o the umIMs dnst-h.lrcrnw will Funetion.
CUS UNepergy dhslputm- na m.mm-r sn:ul:n' to thm «Iur'm" tho spill-
way. discharges, e " : S

dunter siu(lu-s of the! omlols m'-.t.lllul ina mmlvl of. H:v splliwnv
showed o mither savere spl.nln and. spray: cu.ulm(m whmv-ihu sheet
ol water dowi: Hn--s]nllx V‘nnpqu-d inhe.opening of ﬂw-oull(-
I‘lns vumh!mn v\lstml at flows ol Jess: thun-.;(NHJUll second-feet dis-
Sfributed: uunmmly over the cntire. erest at (Imml (uulw A e
Heetor ‘was. et ailed to-divert this: How: aver thv:upvnm«r This ad-
ditional wtr'lu-nlr'c? pmmmml moving the . mmlmi elbow lew-'ieet
downstream,: im-u'ln \Imrtvmn-r the. n|n ning. nn Ilw "I.mv m Hu- d.lm .1
dlsl,nwv ol ] et : : :

Low-ran l)l\l le.sm\ I)ms

\n ml(u-slm" .nnl a!hu st.uihn«r IIIL'MI('II! llllp(hsli)l(' In ob-
serve ot The! prototy pe hecanse ul Ahetarhid: coudition- ol the: flood -
"\l..ner, SWHS. ‘wnm-.s;(-d in, |- maodel Ra 0y w‘ Aol !Iw I’n\\m"-T _;1«III‘.II':-“1-
version ‘Dam on the Salt l{n'vr l’ruu-c i :\rmnm. i

The dam, mi-rin‘lllv bmll 1903 to- (Iwmi \\utcr lm' pmw-r d(,-,. '
velopment in conneetion wnh the. comtrm-hun of [iuoqc-ve!t ‘Dam,
Was p.nlly :lvumllshml by aiflood in !‘)lb ln 1‘3.!5 pl.ulq were; form-

alated: to rebutdd  the: d.nn usm" 2.;0 sumn ¢ oSN seetion as lemc e,u- P

that the portions of the.old d.’llll;‘()ll.ll];]N‘,.lil.lllﬂl‘_!] ‘ _
The river:above the dam carries a heavy hed load, anid during
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a-flood, bars: form across:-the dam «completely covering it 'for:short
“intervals. In the cleavawater of the model, it couldl be seenthat holes
~were-scoured, often:to.a depth of ‘12 feot along the upstream face
‘of the spillway crest. “The veloeity of approach was high, due/to the .
shallow: channel, and.as the water passed over the crest:an eddy was
formed below the upstream edge. This eddy picked up bed material -
near the upstream:face of the dam and: earried it downstrean. The
pocket inereased insize until t he intensity of the eddy was deereased
~and:it’ could no- longer pick up material, The hole ‘then gradually -

‘Upstream asge of crest

T T e
E:;!,;‘z";‘\ :

. N

= hoprowwmate 5 N o4

PARTPLAN | " SECTION THROUGH Daw

_ - UPSTREAMIEROSION T
. FI0..9,—ERrosion: Upsthram - Fronm CREST 0F SALT: RIVER  POWRR' CANAL .
i o B g DlvunnloN\Dag.f. e Ve T
i filled again from the material being. moved- along: by the stream, but
*while.a partiéulnr hole was filling another:would  be forming else.
‘Peated. ‘Examination of the:portions-of the original dam remaining
in place disclosed svourito a depth sufficient to. go;jfiml ‘the. obgewu-. T

~tions'in the model, =~ = S Lo e
‘Based on thesc facts, there is reason:to believe ‘that one of the
‘major factors of the failure was piping under the. dam due ‘to:the -
‘reduction of pereolation length by the -formation Qo‘f_;:the ‘holes up-

"from. its original pouitipn{ingtht'f_dx;m. 1 "‘Assumixigﬁfh’;.;_u‘(_he,majo.}, cause
‘was piping, the¢ one -section was . undermined and tliterally skidded
frdowns!ream,:whero if‘enmezmsres_tetilted ‘npstream. o

i
t

~where (Fig. ‘10, A& a hole becare filled, the. cyele would ‘be 'irg.'_ o

i stream. Only one seetion: of 'thc'.;-gpi_l]w;i.'y.-,:wa:{:mm\ea ‘any . distance”




Fri T Thones Seorgnn Ursrera st rros CREST o Banr Riveer Powee Gaxal,
Ireviesios Ty,

Ml 11—="1a81" SEeTion or ORIGINAL Sa0r s Powst Caxa0, DIvRESion Daat,

dnthe redesign, the viver bed was heavily viprapped upstream
' - from the dam to stabilize it againg! @ recurrence of 1he Faibire.: With-
: i a few days after the completion of the veconstrnétion in 4939, a

flood. ‘equal or greater in magnitude to the ene which had caused
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- the: prev ous- t.nluu- pnw-cl ithe tl.lm Rulm-uuvut v\.nnnmtlon uf the ‘_

riprapping showed no disturbatiee” hadaceurred. ‘ ‘ _
The - seetion of ‘the unuln.xl dani (e, T »mnwd nlm\ nslrvam R

during the tailwre wis llm-mmml by fthe 19T Hood |’1u\luusl\ '_ B
Dad heen reported Tas lost”! ‘smlmlnlgh hv]m\' tho ‘voeonstruet w]"
dam after this flood »«Iumml uh-vp sconr ‘hetween the - dan .mtl thv:'
“lost: seetion . Model stwldies ol this! mmlnn.mml vhvulwd the fictd o
measurentents and showed “that umtlnuml Tlood flow wailld mm'c-._' '
the **lost ™" seetion shot dow nstrei. hm up-.trunn lmlm‘nmuug :11“'
the upstream side woulilsilisturh irs: vthlmmn amdeanse it tovoll

Ctoward the dam. T other words. ansahjeet too heavy 1o e moyed

downstreantamight voll upstream by uderniining. - Topreventsuéh
an ineident at the prototypeanudits: consequent l‘“d-lll"l rment of the
reconstructed dam, the nhl '-.m‘nnn WiNi u'mmul h\ hlasting. |

STIHLLING insl*w FOR .\\lul \mu |1 RN

So far, this diseussion has: Qealt primat llv W lth m.n]m‘ stnu'nlrvs.

but the prineiples involved ave .1])pl|cthlq' tn tln- Alesizn - of small

- struetures, Two groups of small \trudm‘c\ TR hu'h consideralie

study has heen made are. ontlet w ml\s Im' T uth hll;thm 'nul drnp
- aml chute struetnpes Torieanals. 00 T :

FEakti-Das O \\'nul\§

The problem of sconp prey t'lllltm len\\ v.n'th d.un uutlvt \\ml\s'
is heing encountered with nercasing frogue ey Labaratory. experi-
Cments have evolved ot general dypesial h1|"lll"‘ poalss (1Y) tree
Jet, (2) chute. G5 hump! .nul (B cimpaet, '!‘Iu-‘xpplu-:nmu of each
is established by the relative, pnsmun ol |iu- ontiet and the:tailwater:
“hy thetype ol outlet, “Ilctlu-r xlulv--,r.nn m- m-mlio»\.ﬂw vunlml and
Ji the eharacter ol -the 1ln\\l|\h‘v.|m Fiver ehs innel. '
By a series of experiments. Ilu- hmn:s ut-npplwlhun nl weach: Lype
“have been faivly well ostablished. Where i ontlet is above the
tailwater and the channel below i l‘ﬂll"l]li!l'ﬂt'i\'.i?!.\' ﬁl:\hlv.;.l_;pml! inte.
~which the jetsowill-plange s \utTwn-ni Shithe ease-of he Ticton
~Dan the pool Was excavatod: by the aetion-of dhe jets: tlwmwl\'o\ o
SA natueal wrading earvied aw Ay Ahesmatler umivrml .lll(l deft ‘the
Harge wravel and: Imuhh'ls HTE rlpr.l])pln" Recentiy. anotdel studies of ;
,-tho.‘qnllo works for Grassy ,-.l‘.lkt' anied Deer Creck d.lmx were mad('..
»husv‘«l ot the results at Tieton:Dam.. ;\ \ll"lll"’ puul w h.edv\'olopod
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 “A-PLAN CHUTE.BASIN '

i Tep ot b woll

p——c Is'drw-ﬂ!m ageesting
- lign W& for one yafve operatin
.Imr e

. '”B_o"g-mmq ot uﬁmlm

: Cllulummwy - Rlcrmulortm‘linq borin -
o Be ELEVATION CHUTE BASlN

g Ton'nf um wll e )

; ) - - :lSM!-a-mnnwn'
mmpms'mmmwn - R m";_m;l )

as rieer ded.

b

Deséharr qunde ving
-

Nalve

8 aéginn;nq of tropctory . o AN
S G Vo b tropectory — - Recongulor stlliey bawn =
' ' . C-ELEVATION HUMP BASIN:

P'm.- l::.i-—l,)v:sxxn:Q\- or Ot:'n.r:'r-\.\'nmm STILLING 1°001.,

“to he (-mﬂvatvd and nprappwl as; p.nt of  the. com‘huvtmn prom‘am .
"The hasin: was s:mp]v designed’ hy ‘determining the pattern.of the '
_eddies formed: by the jets: m tho pool -and. dotormmlug thc cxtent of i
riprap required. : =

If the channel is narrow. ancl ('l‘()dlbll’ - “hmo Reouring. ma}' bo
- dangerous to the structure,:a: chute: hasin . (l*u: 12) should*be- ased
for_all conditions: with- the’ nutlots abmo ‘the- wnter surfa('e ‘The =~
chute hasin can also be tised for: all: cases. bot\\een om‘lvt invert.at
tailwater elevation’ .and ‘outlet- oonterlmc nt river-bed e]evailon af.
- the .outlet ecenterline s lower than ‘the 'river-bed- elev mon, ‘the hy-
draulic jump- will ‘move: ‘back: ngalmt ‘the: outlet ‘causing: undemrablv )
flow conditions. The: hump hasm (Kig: 12) Rhould ‘then be- used to
form the jump downstream from:the outletr. 'Tf the: ountlets are: ex-
tremely low and:the control-is; hv slide. ;zateu an; |mpnct poo] can bc
~used as was described’ in- the: first: part:of this: . paper. '

“The-floor of .a chute basin is. domgncd to fit i the: maximum tra...

Jccton of the valve jet. The pool should be. symmotru-al with: respect
to the.valve centerlines, with.a width equa] to twice the valve: ‘spac-
mg A dividing. wa]l alon;z the. centerhno of the pool is requxred for
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Ratisfactory Jump farmation with one valvc opcmnng le top of
~ this wall should be at the maximum tailwator, elevation for one:

" valve operating and it may terminate at a point two. thmh down the
f‘; hasm. The lwdmulu--;ump hasin is designed in the same mansier gy

m a spzllwav atl]lmg pool,  For single-valve operation; each half of

“the basin functions as a unit, so the |
maximum tatlwater, for ono valve
“operating should he used in deter-.
mining the floar olv\'.ntmn., ' '
The flogr in i hump hasin eon.
sists of o simple enrve at the \'.11\'
end and g n,l]cﬂun dowlgnvd 1o fir
the maxinum jot at the stilling- -
hasin end,  The PIPWIHOII of 1he.
hump erest should e about river
“bed level. 1n this eiase, i dmdm--
wall is not essential 1o stit isfae “ory
flow  for single- valve  aperation. o
i BE  since the  hump CIN oﬂ'm'tno in.
| & — ¥ spreading the jel over tlu- width of

< F1a. 13.—Poon Frow C‘n\'m-nown I8 A the ])d\m and actsto ln'f“ (‘ll! return .

oo Tnu-b:mmu. lh.cl.mrn Dnor o
“flow.” The dlmonslnns may. he’ de-

: iermmed as prenouhh’ outlmed using the Mmaximum: taul\mu‘r for ali -
i valve'-: operating to dotcrmme 1he ﬂoor cle\'anon m 1hlb cmc. ERE

I

i

Mmon hPll.r,wwh (,\:\u. (mf'n' ,wn I)nm's :3

In- 1r1gn'rmn systems mamv dmp strm-turvs .m* 'cqmrod at
changes in grade in'a canal. :md at mrnouts ‘into the ldtemls ‘The
i total drop in wator tmrfnvt* at these ! htl’ll(hll‘('\ miy. be: only a fow!
feei OT it may be several hundred feet. but - in any event it is neeos.
Esary to provide some ‘means at the lower lovel: for dmsnpatuux .
i large part of the energy of ﬂow 'and for, n-duung the \-clouty befot e
i‘ho ﬂow proveeds ‘along itg natm-al Course, ‘

it + ey RS e s

I

1t has heen rovogmzvd on]v reeontlv that the hvdmuhc Jump is

| ope of the best means of obtammg eﬂ‘ectn'e enorg‘y dmsxpatlou and

veloc:ty reduetwn

rineipally because of its economy of construction, js the trnpezo:dal: o

-

P One type of htructum which . haq been. qmte extensn'elv used '
F
{

nelmed drop (an ]3) The desxgn from a h}draulic st_an'dpoil_r_lt:iﬂ-'

r
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fundumenml]v wrong! ThL hu:h veloeity jet. (lrm n the qlopo of ﬂl I
drop is t-om-omr-m-d in the center of the st ricture by the e]opmg
- sides, The jet provmh througlh tlu- s!lihnu-h.nsm strueture with very
i - -11t1|c dissipation of cnergy. 'l’lns is . ﬁnull\ ace mnp]ls]wd h} vhmmnl;‘ e
. S 1 ction and the semblance of 4 hy dranilie j jump, hut the turbulent. Zome
: . continues fm‘ i uunsu]u.lhlv distancee downstrean with quﬂu-wnt ‘
: " force to scour the bunks oven at flows helow capacity. ‘
R - N In'the ease illustrated. where, approximately 7 75 per cent nt ﬂu-':
: | : ‘ maximun capacity of 114 seeond-feet is flowing w ith drup of only!
‘ 7 fect, the original riprap was piled by the water intothe center of g
~the canal Iu,hn\ the struduru Hv W u-r rlpmp did not. sm\' in pl.u-‘

1 4.;(_i(k|| ] .,}“1.0 W

R ) TP *L(nm’rm\m ux A Clll"n \\ 1Tl I{I-‘("!'A\(.l LA H'mr NG ool

hu,auac the sc\'u-e ‘iurl)u]encv ot vnrrvd downstreatn from. the strue-
ture. instead of on ﬂm conerete apron. The mprap was hn,:lh grouted

to hold it. The (-xtc-m of. ﬂu, nuunh-u.lme cili lw seen, inthe l”uh-‘ ‘

t.rutmn . : . v . . . LR

In: (-()nfl'l-st to thc uhm’c c'.l.w,'.: (-hul(- (!*'lg 14) N \huv.n wnh’ ‘

i total drop of 75 fm't and with-a flow of T per cent of its total |-

capacity of 26 wv(md feet, . The flow dow n the. vlmh' Al 1hr0ugh '
the: hydruulu- Jump was: \\«H dwt mhm('d \\nh no: u-!mn flow in, the' ‘
pool.. Even ﬂmugh the water is turned 90 deurm-s a bllﬂl' :hm anee -

downstream from the Ml]lmu puol 1here was o oromon cxvcpt a

. little ““beaching’’ duc 1o surfaee waves, o : o
“The length and: dept]: necessary to fonn A hwhdu!w Jump has .

* been redue vd in, wnml utruc-tur'(-u nml mmur wplllwmn by ﬂm L.s.e of
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~ehuted blocks. oori hlocks, and:end sills, v ol hm-.\\‘dmlq; impinue.
sment-has heen eombine dowith the h\ch"mlu--;nmp (Fie. 10), Wit
Sthese deviees {he dt p\h m crssaryto: produee h\dt.mhv U Olkn
Clevel floor isabont-Xa per cenr of the llu-un-lu-wl uh*plh ns d(tnllmnvd '
" by the monmcuting rurmul L. ||H\ nwnn tiat Thes hasin: flaor may he
raised 15 per m-nl of the A hicoretieal depth,  Eurthirmore, the: -lcn"lh_ _
of the hasin may e n-qlm-ml .|lmu| e |"u-m ol it required for
fevel floor ._\\-xtll\-.lm Bloéks o siil Hu-=lum-1mn At e ehute: hloeks

ix-tarhreak the high- \vlm itvsheet ui \\.m-l nmnu" thv hasin into
i mumber: a: wmalt: |(-I\ m. 1|| «ilut uwlv.m‘ Ilu- thmll al! llw ente e

) “C\ T W EF"'
G Muxlmum deblgn vclJe' ‘

Chme blocks -

e b eERAT :

Froer “fil“"‘?s . ‘ ‘excavanon
. ‘ : : CLLr At iwall e
|"I|.:.‘ l'r I m:\'ui:{:,yl' e HHI"I',\ Nl:l"l..\yl‘:. N'I‘Il‘.lk.l:ui“'l?.\:ﬂ \.' .

1o the 'iump The ine n.w -«f. -u'pl || }mulm o8 "I vatertur hnlvm-v i Iwnw'
cgreater energy d[s\q‘rllmn |Iu- Ilum hloe lv-. amd: the 1ll!| sillaid. in

;(hm'lxml' the hiwh- velocity andsinsang nnl iy thv unup “withing Hu

hasin, W The end. sill 1\ .|l.-.n vflwll\t' i ilc'\tln[llll;: .l oy nuntl E‘nlh'!‘ B
Hu' end ot the: In.mn W hicl not unlys ]llt'\'q'm muu!‘niu. Sk Ihu vmultc

wall but aetu l“\' v.mws ds\h pu\muu i .m.m i l.ll du\\n\tu*.nn Imm.,;’_
”‘H'NI]] : e e e T .

( ONCLE \ln\:

H i not 4IIHIt||)¢|H'(| it Ilu-rnv.n Inmlw\\til puullht"m.mvg »

Cstruetures of 1qunnawnnmlv ol Bouller, . LHE mdo’ ,uuh'v. and -Shasta
(Luw-. but - from:ihes, |;ap]n-s|mu\ which h.lw just: “heen c]|~.«~u-~-u|..n

san he seen that the methods ol desien unplu\ul i heorefinement
iof their: hydreanlie p:u)unl!m miy lw,-.nppln.l ta ~.n|.|!l stmctum- |
“This Tacl is heing: recognized by d(‘\l"‘!llll*" engingerssand, ax acresult,
-strm-luu'\ formerly designed. l'l]fll(l\ l»vplun-dvm .nwnm\ lu'nw
;I'('h‘rlvtl tn ||!v Il\qlt':mln' l.)lmrhtm\'




