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_-Subaect: nodel study of Wlokiup Dnm outlet works, Deschutes'ijrgl'
: project Oregon. S LT, e SR

o 1. Introduction. Wickiup Dam:will be an 87-foot high
-aarth atructure looated on the Deschutes River about 35 miles -
“gsouthwest of Bend Orogon (fiyure 1), The .outlet works. uesigned
“to discharge 3,960 ‘second=feet: at ithe normal full reservoir ele=
‘vation 4339,00, will provide for. emerrency release. of floodnater
during flood periods., In addition to the emergencv requirement
by ‘valve control the outlet works will have: frequent use in regu-

i jlatlng the flow dcwnstream from the dam.“'*

N . The outlet works is ;ocated a short dlstance to the ‘
© iright of the river hed: 50 the conduits will rest on an. exeavntad
_V’Nundatlon (figure 2)." A short open: chﬂnnel exoavatea “to: eleva-u
 tion 4259,00 leads to. ‘the ‘conduit entranoes which are protected
by 8 :standard trashrack. atructure. £ 2B84-foot length of twin,
S=foot: 0-1nch diameter, relnforced ooncrete, horaeshoe ‘condult”
2Zads to a gete chamiér located e short distance upstream’ from ‘
the. axis of the dam. - Two 96=inch rinp=follower pates placed in -
21 vate chamber provide closure of ‘the. conduitsﬁfor dnspection or:

‘_;repalrs of the 90-inch tube valves, ‘which are located et the" ends' 

-of the two 96-inch I.D. steel pipes. Eleven-foot 1t>'z<r dlscbarge
guide ‘vanes .axtend from the valve exits tc a chute wnich lemds: ‘to-

a restangular s£3i1ling. basxn.‘ 'y div;ding wall alonF thz center L
line’of the chute .and stilling basin pr0videa a separate stllllng B
'“ba811 for aach valva._': e

2. Hecessity for model study.g While several model ,
studies ‘have been ‘condueted. in the Bureau of: Reclamatlou labora-,] L
tory of outlet atructuras of the type in'which the needle valve
or tunnel. dischnrged dlrectly 1nto ‘the “river channel downstream
- from the dam ‘and -one case where & hydraulic bump and. st;lling .
‘besin were employad ‘no studies have been: nreviously nede ‘of - the
chute stilling-basin type of outlet works. The designs of several
features of .this type .of structure were uncertain, The nec9381ty, '
of a center~line d1v1d1ng well and the reguired helght and length
" of sucha wall were particulsrly in. ‘doubt.  Other questions of de-:
sign requiring invastigation were: (1) Whether the jets would
. spread properly in the short chute section before resohing the :
- 8tilling basin; (2) Vhether & solid end sill is needed at the end
of the levﬁl floor of the stlllinrr basin when a sloped concrete
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é.prb_ii_- ";La._.j;.p':‘-"cnr‘i‘d"qadl‘.‘jqﬁlz'-tifle',";;eh_‘d of the ":ba_s'i‘n'; gl 3) iWhe'*Eh_er l'_(w‘hlen' both'

. yalves ‘operate ‘at maximum oa paoity the additions] tailwater in

8xcess ‘of ‘the 5tilling~basin design ‘tailwater for one valve :operat-
ing ‘at meximun capacity will ‘result in & submerged, Aineffective = =
“hydraulic - jump; (4) Whether destructive currents would form down-
- Btream ‘from the 8¢1114ag basin for one-valve operati one  Finally, . -
) nk of ‘the ‘channel downstream from ths 8ti1ling

' “basin is to be of £111 -:mp.tqr'_igl.,'}ﬁ. _tpe.ift;l§'1i-lé.,r1y_j_ej£-ficien-t &tilling ¢

besin ‘is reguired.’ L

. Achart '.,(a,ppendix:fI;'-,“figux-,:cs’,:1 7), :constructed ‘in the thy~

' '-'drdull’ibﬂlaibd_raytory:'f.?roni"Lgxpafimente;-l"f:re'sults of ‘the model studies
“'of ‘five ‘8ti1ling -basins, iin ‘which the relations ‘between variables .
“in'the design of ?:réc'tgngu'lar?-,:s?ti"»lvl’ing basins are given, was used -
by the ._outle'b'-'\:-ro_rl_csgdegiignin_g'=s';éb',tion-‘}i-‘n the injitial desi gn of' the
Wickiup Dam outlet-works stilling ‘basin, Tt was desired ‘toicheck
- the ‘validity of '-thﬁ‘id_?,‘é'ign/chlirt “by /& modul study -of. the 'stilling .~
- basin .in which the most ‘efi‘f:i‘c'ient:d.imeﬁsit?ns~wo'ul_d;‘l:~b‘e"-ﬁdgi:enninéd'.' e
. -Furthermore, such ‘e study would ‘Ansure "ai;heu“’inpohporaﬁi'bn'fof‘v;ﬂ:hé e
- ‘most-efficient 8tilling besin in the final -desipgn-of the ‘proposed .
. 8trueture, T Tl T e e e T

*ﬂ?s;'-ihé"modei;~spaoéfanag§umpgqéﬁqcityyihﬁﬁhe{1aborat65y.f.

- ‘limited ‘the length :seale to 120. " The .corresponding welocity sogle . .
“is}144}47,and]&ischargeTSbalé[i§#131789AjfEhé,mAximumwpfotoﬁypBL R

1 :flood-of 5,950 second-feet ;fo‘r'f:tre‘se@bixf‘-;_e-lel"vu?ti:bn‘,43«.’59.’00 and ‘both’ S

~ “velves 100 peroent ;open is ‘represented by ‘24207 second-feet in the' ..o

Cmedeke sl S T B e R P PR

L ”’*'VToffdcilit&taﬂdonstfuction:ofqthéﬂmOdélgftwolshprtwputs

. :were taken. “First, the structure up to the ‘valves was ¢limineted .
from the study by ‘making the model “head ‘correspond o the effective
“heed =t the valves; 'second, ‘the -valves were ‘represented by short . N

. ‘tﬁbes;‘ $he‘jetﬁfrom;aJshort“tubé;and*th&tquntionﬁbf¥¢h§;jét’ﬂrﬁmf ‘

& tube ‘or needle ‘valve ‘beyond <the ,a,vem,-*:co'x_:tra;ctba"..ﬂarg;'gpp;:@xi'piatély U

 'ﬂimilﬁr,ﬁﬂﬁwthat‘byfﬁgkingfthe;@odql¢QHthg$ubes;ofuthe1Samé;di§-_.

-~ meter &5 ‘that of ‘the wvalve jet vena soniracta the proper mean Jet

e “¥elooity for any ‘discharge will ‘be :&iven by the. short -tubes. = Pare

. itiel welve -openings may be ‘similarly represented by smaller dia~.. .
o meter tubes. o T T Td 08 e L T T

LA lln'terialsuaed mquiredmluesorhfanning'sNf'orpro- =
- totype and umodel .of :0.0] 4,8nd :0.010, ‘res pectively. Neglec ting such

" minor effects as ‘those duej;‘t;‘),.vi's,oo's;i«_ty-:anq-.,s,urface tension of the

fluid, the reletive ‘Toughness of prototype and model surfaces fixes

the soale .at which :strict.geometric and hydraulie similitude may be:

":achiawd,'aimu-l’t:arieously. Lack .of space angd ‘pump caracity prohibited - -

‘use of the desired scale of (Mm/Mp)° or 1:7.52 , ‘necessitating
sacrifice of either geometric or hydraulic similitude. -
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i in:model ‘and prototype

. In‘the desigh of a chute ‘and 8tilling ‘basin by «a model
-study, hydraulic is’imilituda.j;nprma*l:ly-fis‘r_o‘f.‘;zmos.t_;:impoxjtanca-.‘ When -
prototype ‘and ‘model ‘roughness are unequal, hydraulic sinilitude
- -requires & friction:correation which s ‘attained by -either @a

greater ‘length of -chute ‘or inorease ‘in slope. o

. :For ‘the ‘present study, ‘hydraulic' similitude exists in

”:;r'ag-é;rd to ;thefj'jet_':yé};o'city:--aft.fjthe ‘tube -exits, since ,;é;ny‘-“d'ifi'er_enué‘: A
losses wup to thi S ;point.'is absorbed. Ain-the.

~ heed-on ‘the model “tubes. -'Pi'.oh'ableﬂdigsjimflatirty!?ofI-ffrldw'_::paff:‘bé}"xis R
~Within ‘tube and valve Jets is cbns‘iﬂezjegi ,1-1ﬁs_‘_j;gm-r-;;§antr!tp the study. .

. .The friction correction for the short chute will be
-~ slight, "vra'r.r"&'nting”:no;~:'oorreb‘tion‘,fdr;,-s._thijsf';r"no&e“ll:-"- ‘§inoe ‘the model -
"velocities will ‘then be 'slightly higher ‘than those .reguired for
hydraulioc 8imilitude, ‘the:desirn will ‘be.on the -safe side, ‘The’ o
- model .was .geometrically similar :to ‘the :prototype, ‘but lacked :strict
“hydraulic similitude, Figurs 3 shows the original model design.

o 4. Relationship between model tube diameter .and proto~ - -
type {val've";‘op'ening.;_ _ :The;«di_schg:ge-resemoir-='a=leqva‘.tion eurve ‘
“(figure ‘4a) for two ;80=inch “tube valves ~was-"ade‘ter:r}ined‘j:by the de-
'signing ‘section by ‘properly evaluating all ‘losses from the reservoir
to ‘the -valve iexits. The walve -discharge coefficient, based on the -
valve ‘exit cross-sectional area ((90=inch diameter .for the Wickiup
velves), as deteniined from ‘tests -on one’ Bd—ingh ‘Boulder ‘prototype
:needle :valve and & 5-inch ] ulder-Aleova model needle velve, is =~
" ‘Subsequent btests on o ‘5~inch model tibe ‘valve ‘gave ‘the :same
value. Tests also show the -aoefficient ‘to be constant for .2 100=
_‘percent valve oponing -and variable ‘head for ‘both - types ‘of valves, S

© -, The energy head available in front of ‘the valves is = .
given by hp =(0.78)2 v 2/2g, where v, is the valve exit velooity.
The ‘head ;;jlga's wup ‘to ‘the walves, Afor any.discharge, 1s. the .differ-
. -enge ‘in energy head. 'ront.of .the valves and -f:_the_—-:;tqtdl“;af:vn'-iwla;blp‘ EO

‘energy ‘head given by ‘the difference in ‘walve ‘center line and reser-
.yoir water-surface elevations. Computations for ‘the total thead :
loss up to the velves are given in table 1, and figure 4B :Shows.'the

‘totdl head loas up ‘to velves-discharge relationship, whick :allows.

o ‘the-energy head in front -of ‘the valves to ‘be .computed for any dis-

chargs. “The irelationship is applicable to any walve opening 8ince
velve .opening 'is ot a funetion’of ‘the loss up to ‘the _:yg.lyb's;,jﬁ s
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‘ The - mean Jet valooity at the rens. . contracta 15 glven by
1w ‘"%fzgﬁg ', wheTe the disoharge ‘egefficient C fhas ‘been.
" ‘found ‘to ibe iequal to0 0.98, and hg'is ‘the ‘energy head ‘infront of .

i .the valves. “The . rGQulred ‘model “‘tube: diameter ito correspond. to the
. valve jet.wena contracta dismeters for :several . dlscharges at nor= .
omed’ maXximum ‘reservoir wateres urface elevation 4339.00 “is determined
- in table 2. 'The ‘4. 014—1nch tube’ dlareter rcpresentu 100 ‘percent
‘”,r-valve opaning, and all smaller diameters represent partial valve :
_ gopenings.j_ A : A ‘ W, D s :

1Cumnutations for model tube dlameter - Prototvpe vnlve openln,‘ o
lationship.“ Constant ‘reservoir. elevatlon 4339,00 =2 wvalve qpenudon
- E 10 a0 0T rProte vena:Diae of: %08 :‘ﬁrgf
f\‘Prntotype hf up- to:hE atig Vel. of 1 contracta; model it full ‘ive _
. discharges valvesrwvalves;jats, Vvo-l ‘area’in’ -tube insidis .gopan--?
‘;‘Izn c.f.s-..in ft.;:in ft-gin f.p.s.‘; 8Q. ft. R E inches chatgag 1ng -
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S S The model tube diameter can be rEl&qu to the neroent
’ valva opening by use .of “the perocent. vnlve ‘opening « percent full -
”uisaharge relationshmp (figure ‘4C?),, ‘whioh was: obtalned from’ tests

- onithe Beinah modsl needle ‘and-‘tube valves and later .checked by -

,nratotvﬁe ‘tests on’ the ‘§4-inch: Bnulder needle valve. The proto-
.« type -valve ropening - model tube dlametar relationqnlp is ishown in-
- Ligure 4D, Prototype vulues far the four model tuLe dlameters 4

\-teﬂted are shmm 1n table 3. e ] AR AER

IAbLE 3

.;_ 'Prototg,me guantl*'les :['or mndel tubes ‘hested - Reservox*-elevatié:ﬁ@SEQ.‘
2] o Proto. Jot

% of % of 2 Prototyne dlscharge

Y vel., Vvo- _; g
! vulve :“;‘full S i c.f.s. ’ i

Coodim
qpeninr discharge : 2 valvas ”f,p.s. ;

v ed

Model tube
~ diameter’.
. in inohes -

LIS T 'ci-,‘c's .n’
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- 5. Or{ginal stilling-babln dasign.u The orivinal d681gn. R
as. preaented bJ ‘the ‘designing :section to :the ‘hydraulic: laboratory S
“for testlng. iAs shown in= flgure e The stllling basin dimensions for.
this- design were determlned by the . previuusly developed ehart pre-“
=usented 1n appendlx I 'flfure 17-‘~.- P '

. 6.- Influence of jet aerntlon\on hydraullofjump formatlon.
. The firsf tests of the model were ‘made .with-squere.entrances: to the
‘-tubes. This entrance condl*bion MRS 50 unfavorable to smcoth flow '
cothat: the Jets expanded GOnsldarably 1mmediately beynnﬂ the tube exits;.
- With the ‘high degrée ‘of ‘turbulence, -expansion’ of the' jets, 'snd: an :
exlsting mean  jet welocity. 1n.the model-of. 13 2 Teet per aeconﬂ conr('f
ditions were favorabtle for air entrainmant wand from the appearance .
of the “jets ‘there " undoubtedl was Some a'r entrapped dn the flow. It
is expected ‘that con31derable alr&will ‘be entra ined by the - prototypa o
Jets. ‘The expanded model jet gives en, 4ndication’ of the ‘behevior of

.  the prototype jets .and the affect ‘on ‘flow ‘in the .chute &nd hydraullc— e
*Jump fonmatlon.- Flgura 6C shows better .depth distrlbution for the

aerated jet: than for a solld Jete The 'solid jet was obteined by
using:a smooth ‘bellmouth entrance to ‘tie tubes. Due.to the 10wer'
mean veloclty ‘of the aerated Jet, the Jump is 1ooated farther AP
stream :(figure SB). Exoept for-slight difference in fiiction loss,
theoretioelly the momenta ‘of ‘the aerated and solid jets are equal

" which isdemonstreted experimentally’ by the agreement of the o
. hydnaulic-dump formationa for the WO, oases-* It is apparent that: - .




o {air entrainment has but small effect on’ the hydraulic Jumb forma-’”

" tdon and’ that’ ‘on ‘the safe’ side, Except for ‘possidle increased

splashing, eir entraiment in the flow of the Vickiup structure o
will improve the low conditions, Plate 1A’ shows the aerated jet;“
"cn the rzght and the solid Jet on the left..“v = o

. : 7 Chute floorm;'It is 1mp0351ble to establish a rizidj :
rula for tha proper -design.of ‘the chute floor trajactory; a long -
Jtrajectory 1s more efrectnva 4in spreadlng ‘the jets than B ghort _

trajectory, but the ‘short one ‘is ‘more ‘economisal. It is deairabls=:
“that ‘the highest. velocl*y jet for a very small valve opeping and - .
meximum’ reservoir celevation strike the chute ' Tloor before rsaohing#*j‘ﬁ

. the chute. ‘blocks. ‘This Tequires a 1onger floor than given by the
-.‘ max1mum jet tragectory, 'since the orlgin of “the floor: trajeetory :

is lower. However, in almost 21l omnses: there will: be at least J
severel feet nepth of wﬁter dn’ the h&bln for Small valve openings,]
50 that ‘the Jets. strike the. ‘pool ‘before - reaching the chute nlocks.}"

- which enables the-chute floor to ‘be. shortened.- The undey surface

“of the- theoretical trajectorzes. based on mean, velocltiea, is; shuyn N
“in fipure €A and the experlmental trajeutorle n_flgure 6B-for
‘several’ valve openlnys. The poznt Bt wh;ch‘*he jet strikes the

: floor moves' upstream ‘a5 valve opening 1nc“eases, in. nccordance-with 5
‘- the: decraase in ‘head at the . velves. - Since: particles near the sur- -

”.face of the  jets have smeller velocities than. ‘the mean’ jet’ valocltyt?,?f'~
the experimental ‘Jets strike the’floor: upatré from the. theuratioal =

= Jets which allows:further reduction in chute:l ,ngth. For best

. -economy and good" distritution of - the’ jets, the " tra]ectory of the .

- chute ‘floor should be about.equalto or slightly smeller than the

. trageotory for ths mnxlmum velocity jet. The -maximim Jet. tra;ec-» B
tory for ‘this case is X2 = =307. 5y"’and the reeommendaa f100r f‘;*-' "
'tragectorv is x2 =-—299.1y.‘- : g ‘ ‘

Ghute wall allnsment.‘ Spreading of the jats with

: -clp&railel chute ‘walls ‘was not entirely satlsfactorv. A high” Fin. ex- ufﬂr
.isted at each. wall ‘and &t the dlviding'wall a5 _shown in’ Tigure 7c._

Although there is. sufflclent frosboard to prevent any’ damnge by«
.overtopping, ‘smoother -chute fiow'was desired.  The: only . other -

" feasible’ alternative to the parallel wells was considered to be

walls flared from the velve eXit to the end ‘of the chute. - The rlai?ad
 wa1ls result in’ & uniform depth distrlbutlon and elimlnation of the
--fins in the chute (figure 7€), -and the Jump is: 1ocated farther up= "

stream (fipur&leA and 10C. and plates 1B and: 1c) AR iMPortant dis- o

o advantage .of ‘the’ flared walls ‘is. that excessive’ negative pressuresp

: resultlng in cavltatlon, ‘near the valva exits will exist for opera~..
tioh near 100 peroent valve openinge - Further, sirce flaring ‘the..

“walls increases the cost, parallel walls ‘were con81derad satlsf&c-
tory ror thls des1gn. S : A :




: : 9., Dlscharfe guiae Tane. The OTl“ln&l dmscharge EUIdB
- vanea (ilgure ‘BA and plates- 2A. ‘and ac) seemed excessivaly large-

g:1.] to reduce: cost their dzmsnsions ware reduced to. those shawn in j_  :2¢
imgure ‘8B, correspondlng olusely to the Boulder.: designs whlch hnvm”;ﬂ‘“
'ﬁreoentlv nroven aatlsfactory under field tests. T If the’ vanes. are ¢

too small,  the. Je'ts will be dlaturbed ‘due: to- Aimproper meration.
. Thers was soms argument An: favor af ellminating the vanes, cbut thsy
were considerad necessary to faoilitate remaval of the vdlves for

The distance from center lina to canter 1ine of valves

o wﬁs 1ncr-asen from .18 feet to 19 feet -and the’ ‘recommended . . vanes

“(plates 2B and :2D) were tested for the new specing. In. Dlats 2D
the right jet is-s0lid and the" et Jst is’ aerated. ‘Comperative

. operation .of the origlnnl and’ recomended ‘vines and valve snaclngﬁ:‘f-“

(figure 9) indicmtes ‘essentially no difference in chute flow or = ..
jump fcrmatiun but the recommended d951gn is the most econOmical.;

: o 10. Width or chute and stillina b&bln- Referring to
!0f1vure :8B, the separate chute for each . valve 1s not symmetrical
“about the walve .center line,” The result is sllrhtly higher: fins

at the ‘side-wells than at the divldlng will ‘and slightly unsymmet~T”‘
ricel - conditlona within the Jump. ~These condlﬁions were not: cone‘; S
‘,slderad severs and ‘the :chute width was not increased to obtain.” o
symmetry, The basin width could have ‘been increased from 31 feet S

to 36" wh1ch accoralng “to- apnendlx I, flgure 17 ‘would ellow: the
,ba81n f1oor to- be raised 1.5 eet. In somne’ cases, the broader and

“shallower besin may be the most economiaal. It is recommended that ;§ ;;

‘.symmetry ‘be adhered to. in future. dasigns, so'that’ the ' bas:n'width

will be twice the valve: spacing. Due to the re‘ativelv Small- valvwf”{{ ,_
'SpacinFo the .chute- w1dth will- probably n?no o&se be exoesszve for Lo

i'_proper spreadiny of the Jetso;y_;;

110 S+illlqr besin, floor elavation. ‘Referring to figuregﬂ -

10A and plate 1D, it 1s seen.that the coriginal ‘floor: elevation 4247

is too hizh for satisfaotory Fump formation in the besin with' one-

walve operating at. maxinum disecharge, Satisfactory couditions
(figure 108 and plate EA) are.obtained. by luwering the . floor one’
foot to elevation 4246. A" close check of. the design chart showa'g
that the floor should be at elevation 4246 rather than | 4247, a8
first detarmlned.Q "The. addition&l 304 feet of tailwater for both
valves operating at maximum ulsoharge was*not exceSslva. rssulting
;in ne. Suhmerged jump for thzs condltion.:f‘},:;-u. L

:; ' 12. Length of stlllinw b&szn. The length of stilllng :
. basin reguired, so that the. 3umn is: GOmpletely within the basin- ash~*'
givan by the d551gn chart 15 65, 4 feet.;;In the originsl’ design




';was'6dﬁ5ider6¢fﬁo5functi¢ﬁjéé?pdfffﬁffﬁhég A
1 of level-flobrqus'redpced[td‘ss feet.;;ﬂ_ﬂ

- basi j$hisjddnditianbrq#ed1éhtir¢1yf$g£isfgctdry°aﬁd:phsckﬁthe”-
'%fg leng£y of* Jump EsTgivgnibygthé;designﬁghartsj_ﬂ‘;“as:‘f“‘ i

ST “15.f5Critica1zonerating“conhitibni7}ijeliminategunnecesé;

.,sa:yﬁtestingjfoue;setyof.tegtsnma;gmade{tO“determinégtheﬁmost Sl
‘_,Sevﬁ&eqopsrati;gjpbnditiOn,fandj&ll:shbsequéht gdmpafativeﬁtésts1ﬁf1
‘*=we§é,bnsedvonjthiSncdndition;:5Thefprqpér tailweter for any candi-

'tiﬁnltested”w&sgdsterm;ned:by-figure‘ll._fObsérvationof'flcws less

A

" than 100 percSnt?vﬂlte"bpenipgband}maximqmﬂreserVoir:éléﬁaﬁiqnfin-

- qicated{thgt.opqratibpfuﬁdér .h&ép}conditins.was1essﬁseverecthah~'
{iorlfull'valyé{qpeﬁingéghd;hbad;?Enquinglgljﬁlye operation was &
‘mo) W “hoth : ‘1-'\?'65 ,o;’.g'ergﬁi_ng;.“ﬁ ' ccmparative ‘Sdpurf‘f:a,hd .

Hfjump.wafefAsurfapesﬂgréEShbwn3iﬁ figﬁreflzgfforfygghﬁfﬁléfﬁ;ﬁahglj
i both valves bperati@g;;;Th@_jumpqwgsﬁidenﬁicalf£or*both'copditiops.
[ ef sihsle”vﬁlv2w°96riti¢n-;but‘@ue;tthhe;gnsymmétrisal.shﬂpﬁ of ..

2818, more severe ad L1 >
igh;Qonditlpn:was,;tharafone,ausaduror- o

‘Plate 3B shows '
- The unsatisfactory.: .
111 (plate. Satisfactory:
ndit di exist for symiotrical wilve =
_qparatiqn_(pldte]éAﬂ;fbut\itgis:unlikelygthaf”thisfboﬁqiﬁionfwillifl
Shways prevadl. i Taiowln G T S e

| In5d¢tefhiﬁiﬁééfhé;ﬁrdber*léngth~or~wa11:"f##téfﬁbre'rirst

evseva;qasaaui resﬁ1ted;fraﬁ“.;_,

‘-w311730]feetﬂ$hbrterf&nd?4'féet:1qwqr thdnthe.grigin;1*:“uﬁ.m-
'_Thiswall_wasﬁtbo;Short;lglipwingpganidetable“w&tgréto;flow' i

"'ﬁf°uﬂd;thﬂ'end-Of“the=wa11.£whi°h‘§isrﬁp#édithﬂ:Jumphoh.theiqperaté,_'7"

-ing‘sidé;QﬂchéﬁbakiﬁfﬁpIategﬁﬁ)}EfA‘wgllxzoffbetZShé{térfénﬂfé T

‘_feetflgwérgthan*the“originalfwas pajisfactbxyhfroa[thdfﬁtandpbintLﬁff L
the_jump:fo?mgtionV(pldteQC]andjfiguréglzB);,andtﬁesqour?ﬁas3oﬁly"-

: _siightly;mqre'sevsre*xhan;fqy;thgfgrigingzgnall.‘{Tpe;wgte:;sur

' ,_in;thaghglr;bf;tﬁqwb@@iqfndtjgpepdtin

._qperating’unden’m&ximum[conditipns'(pxgtel4nj}iA“ggnergl.rﬁle_forf__
,degign‘is_tb;makq7theﬁﬁa1i extead;oyer,two-thidegthellength‘df\therf

-baSin;&ﬁith-tcp_glevﬁtién equal to~the-@dilwgte: g1gva%i6n_fcr'the‘;

. maximum.diséhargq“ofia.Single:yal#eQ:




_ 15.5 Basxn end 5111._ Wlth-the 4 l concrete slope at the L
end “of ‘the ‘basin,. there was ‘HOME question regardlng the- requi*ement
~of & basin end 5111- Por no»end 8311, the gumn‘ls looated farthar
‘,downstream and ‘scour 15 more severe\(fivure 13A) : hen the sill
becumes ‘too high, as the 4~foot high sill tected, the water surface
over the '5ill ‘becomes’ ‘rough and. scourlng "ncreases..‘mhe 2=foot 9-‘~
inch hl h sill is’ more satlsfactory than uhe 4-foot hlgh 5111 or no e
‘Slll. ST : R S R ‘ R S

15. Concrete-slqpn end sill. Although there is very
e 1itt1e influence on the jump, & A2-imeh ‘high sill at the end of = .
: the 4:1 concrete aloae 1s effectlve 1n reduning the scour (fxgura A

E 17. Basin Fleor hlocks. “For ma basin floor blocks the 2
© jump s looated too far downstrean and: the: :seour is more;'severe"
/than whon these blocks are ‘present (fizure 13C).  The best Jump
‘formation and” scour covd;t;ons>are ‘ziven for blocks placed about
" one-third ‘the basin ‘length from the end of the ‘basin (fisure- 140)
“When the blocks are 1ocated further upotream,_thcy .receive exoeasive

" impact, ‘resulting dn’ a1rourher .Jjump -and -deeper :scour; .and whnn lo-"

" cated Larther: downstrean, “the’ jump TOVES downstream, rcsultlng 4n"

“deeper scours’ L1kev1se, when ‘the block% ‘are itoo large or . ‘too: small,?~‘ 

the jump ‘becomes rough or moves dcwnstremn. resulting din, deepar A

_ 'scour (flgure ISA) Best’ condltloqs ners. obtained By ‘blocks 2 feet _ 

6 1nches hl"h placed 18 feet 4U;nches fram the enﬂfof the basmn.ﬁ, o

_ 18.‘ Lhute blocks ‘_That onu*e blocks ”rd affective asl{“‘
eqerUJ dlsslpators -isi shown hy :comparing the: jump ‘and scour with -

and vithout the. use of bheae ‘blogdks (flyure l&A) For ne’ blouks

the jump is located farther: downstream and’ is- rougher -and -the: seoﬁri; T,
is deeper, . Two fe‘gt 6. 1nohes provad to be the best: ileck’ helvht.__’?""“

(flgure lSB)

- 19. Comblned effect of blocks and 31113. Tne effectivan‘
ness of blocks and 51115 in maintaining -bhe ;Jump. within- tna basin -

- and - reduclng -sgour s determined by comnarat;ve tasts w1th blocks

~ and sills:and with no bloeks or 5ills (figure 14B).  With no blocks
.or 8ills, one “yalve - dxscharglnv 1,978 sacondafeet and t&ilw&ter

° .elevation 4264.4; ~the jump ‘is swept out -of ‘the basin.  Due ‘to ln—nf e
. .8ufficient depth “in the river. ohannel, staqdinw-waves 1nstead of 4

~jump.ere formed, resulting in .severe sccur.t:By "aielnb the tail-;. \
water 3 Teet ‘to.elevation 4267 4, e jumo is formed in the basin -at: :
‘the 'same position'es for the case.uslnz Hlocks and $i¥ls with' tall--'

water elevation 4264.44 W “hout the mse.of “loeics. and: 31118,,it

would. #then be. nscesearv ogloner “the basin floor 5. fest to obtain
- satlsfactory Jump. Scour conditions, ‘however, -would -not" be a5’

i “favoreble -as- for the case using ‘blocks: and s3)Y1s. " The advantagos

/of reduced cost and ¢mproved etllllnv-ba51n performance fully justi-'

R
WL




‘ 5ff165 the use of blocks and silis.mw o
- 20.- blope.fron bablnrfloor elevuulon 42&5 to rlver-bed
‘elevatlon 4260, The ‘length of *channel ‘whese bottom slopes-from. ele-'ﬁWﬁ
" ivation 4246 to: elev&tion 4260 is dn- outlet transztwon.; ‘The - purpose’. :

. ofen’ outlat tranaltlon is to: uniformly reduce the | v31001ty5from 8
highvalue ‘to ‘B dower values: “A' proper des 1enwould n*require 7
f:decreaslng mean: VBchltlas fron -sections 1 to 5 (fi‘ e 15C). Teble -

. 4'shows “the: oomputatlnns forjmean velocity 8t the~s»sectlons for ons

~and. two valves operatlng &t maxinum: velocltg and: fDr*411 and 64l
:slope. rock: excavation &t ‘the end of 'the concrete sloae. ‘For ‘the 4 31
- ‘Slope ‘the meéan- veloclty at sectlon 5 for the maximum dlschnrge 18 ‘
fwgreater ‘than-at :8ection 4, -end section 5 would: then ‘tecome & oontrels -
. 'Te eliminate “the unfavorable flow condltlons accaupanylng a’ oontrol
J"the 631" slope rook'excnvatlon s racommended. If ‘the river: bed were .
~of send end ~gravel, the 4l - slone would soon sccur sufflclently,»ﬁ,ﬁ_,
1zellﬁ1nat1u5 an) control..*7 : o

! " Nean. velocitles a+ sectiana 1 to 5 (flvure 150) ; '
. 332 V'B.lves ,on 950 N2 'f‘i T.atv: . ..;l 04207 8 :1 anve ,Q"l 9?5 T-w El 04264 4
e R L TR IR A L SR R T 5j St *Sf'“,
::'Vf f*":A -S= 4 1:S= 6 1 ”fi f'“f;“- 4 :S= :le- 6 1
- i) v ,, R | - " » '
4268.5:4269 1:4209 0:4261-8 4267 8_4265.6r42o4 5:4255.0:4264 4:4204.4f
4248.5'4249 1:4256 014260.0'4258,5

Sectlon

S .‘U‘S.l Elo
iDepth . 5
"Bot. widths
WS width:
‘»Meanvwidtha-”j_
Water area:
Mean vel.

¥ ‘
" s u‘u e e

and | elévatlon 0 tha :recommended stilling-tasin. deslgn are’ shown on *~?
f-flguras 16A and 16B and plate BAL “PHe.iscour jand- hydraulic jump for one

_ - oand two-valve opera+1on are shown dn fiwur_ilﬁc amd¥p1ates oB to 7Dn'",
: ,clusive. S . : S Cere Fo S

T 22.‘ Conclu51ous."$uest10ns regardlno the uneertuln,features'
"of ‘the . aeslvn previovsly outlined -were- answered satxsfacnorily by the.
- .model ‘study. ‘The following concluslons should’ ‘Serve.as useful guldes
for future model atudies and prototype d351gnss R




el Nbadle or tuba valve flaw ‘oan be satlsfacttrilyﬁdupliégted

~  ffby short tubes in’ the model BtUdy'-ﬂﬁ

I b. Entrn:.nmant of air by the prototype valve jets has lz.ttle
: _affect ion ‘the hydraullc—gump formation, and the effect-will be on
. jthe safe side. ‘ ‘ S nSEe 5 =

0. The chute-floor trajectory should te apprnx:matﬁly simllarV
* ,to the trajectory of the maxlmum velocitv vnlve Jet-:_ 1_ Rty

‘ d. Chute walls should be parallel to the d1rect1on of the o
valve jets.; : L : R . DR

: o The dischnrge guide vune should have an anzle of divargenoa‘”‘
of not less than abnut 9 degrees and nsed not be longer thaa about :

| - 10feet.

£ “The width «of . sti.r.ling tbasin should be bwice th&-’-;'r_a';fﬁg’:_sﬁgoi.

.Llring, insuring satlsfactory sPreading of vulve jets."j;fj'

A uenter-line d1v1d1nﬂ wall is reqaired for satlsfactory

’lsingle-valve opsretion. In length, the wall should extend to one~
othirdathe. 1ength of the: basxn from the end of the basin.,](“he ‘basin .

- ds.definied as the. 1evel floor .section of the. outlet structure.) .. The
v hop of “the ‘wall Bhould ‘be.at ‘the .same" elevatioa as the tallwater for:'
;mnximum 51ngle—valve oper&tlon._ ,'.~ Lo ‘ Gt

h. The length of basln may be reduoed somawhat when A concretef

:"‘transiticn exists.at. the . end’of the basin. The transition is, then

'con81dered tn functlon in eonaunctlon wzth the basid.’i_~-\

‘ i. PTaperfsize chute blocks basin blocks, ba51ngend sill &nd'
-conorete .slope .end : 8111 ‘Ere required for eccnomy and efficient hy-u
;draullc operatlon of the stllling ba51n.-p;y‘ .

J. The stlllinv—ba51n dlmensiona may'téftelidbiy;détafﬁiﬁééﬁﬁy L
ﬁflgure 17 appendlx I. U T j;,””j "f”“”‘,“” S B

R k., Under no coqdltlons of operatlon do destructive currents
E *form in the unsymmetrical ohanuel downstream from the stilling basin.-
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AP“ENDIX I

HYDRAULIC DESIGN OF RECTANGULAR STILLINh HASIWS

l. Introduction. Uydraulic expariments in the past thraa N

_;years .at the Bureau .ol ‘Reclamation hydraulic laboratory ‘have Bhowg .
the reotangular stilllng basin 1ncorpcrnting chute blocks, basin
“blocks, ‘and -an-end 8ilY to be 'superior to other types for use with

“the usual ‘spillway ohannel. On ‘the ‘basis of the experimental data
obtained ‘from the adopted stilling ‘basins for the Boca, Deer ‘Creek,
‘Vallecito, and All~American canal wash overchute spillway struestures,

a’chart (fipure 17) was ‘constructed in which' the several wvariables

'are given 1n the deaign of rect&ngular stillinv baslne.;‘§f

AR By studying the ezperimental data of the ment;oned mndals,
‘a ‘peneral ‘rile for each.of the variables. was’determlnad to. .Bgree ”
with the experimentdl measurements., = The agreement was ' so-good ‘over
“‘the ‘complete range -of availablo .data that it is’believed these ‘rules
are without serious error universally apnlicable to the’ design of
ustilling ‘basins -of the tvpa herein cons;dared. R

‘ : The dlscharge ner foot of width a2t - the. nool entraﬁca from _
which the chart wasg. conutructed varied from 41.7. to 240 second-feet.
and ‘the velocity. a ‘the ‘pool entrunoe varied from 34 to 75 feet per
-second. Action of ‘the hydraulic jump for the higher discharge and
velocity 1nd1c&ted that the rules: could be sefely extended to at.

- least a discharge of 450 second-feet per foot -of width et the pool
entrance and & -pool entrance velocity of: 100 feet per second. These
values have therefore baen taken a8 the upper anits of the chart.

‘:2.' ‘Rules for the daqigp of o reotgggular stillingﬁbasin. L

‘ 1. The wudth> w, of ‘the. basin is determined to reSult in ,PH'
the most aconomlcal structure.;" ek ; : SO U

2. “The discharge, q, per foot of . w1dth at the pool entranco :
18 equal 1o the dasmgn meximum flood discharge divided by the ;'.;‘\
~ width at the pool entrance.r‘ . S

3. 'The thaoretlcal veloclty, Vl' at the pool entrnnce is
is oomputed from the avallable energy ‘head ‘and. properly evaluatad‘
- losses. (For Splllﬂ&j chutes use King's formula for flow in
' steep ohutes.) ‘ T o g

_'né. The theoretical depth d~, et tha pool entrance is equal ffi _




5+ The' theoretloal jump, dz, depth is computed by fhe B
: momentum formula. L R g

. 5, The experimental 1ump, dz, depth is equal to 85 porsf“
"oort nf dz.f-' @ R L £ o . -

. 7._ The reqnired stiliing-ba in rloor elevation 1s eaualz
‘to the maxlmum dlaoha.rge tailwa.ter elavatlon rainus dg-,. o

; _‘;B.- Tho required stilling basin length L, is equal to
Bdge | LR
9. The height By, of ohute blooks is equal to d1 or o
o 1/@ dz, whiohovar is 1arger._;'; S S _t.fj
0. Tho hoight hz, ‘of “basin. hluoks i ocual to 1/& dg
-Lfor valuos of dg from 0:to 8 Teet, follows 8 strazght-lino .

_varzat1on of 1/@ dz to l/@ dz fram ‘8 to 24 feet nnd is. oqual
to 1/@ dn for valuea of : d2 ‘above 24 feet. o

yLl.‘ The height hs, of solld ond 3111 is oqual cr 1/% dz.

12. The dlstanoe, a; from,the ‘end -of the stllling basin
¥ to “the vertloal upstream faoes of the basiu blocks is equol
-_,to.lyz L.‘“ : \

S 13. The ‘maximum wzdths of blocks and spaoes between thom :
g_are -equal to ‘hy;, ‘and tho minimum width‘i*l‘dmitod to about
‘18 1nohes.-_ S Ot e R ‘

14.‘ Thﬁ tou dlmensions of tho floor blooks and . the end
edll ‘pArallel to the basin ‘center line-are egual to 1/4 hp -
and’1/4 hg,‘respeotlvoly. with & minimum value ‘of! about |
1,1nohos.' : N Ll - ‘ﬁ o
L 15. Chnta and baain blocks should be. staggered w1th o S
.. blocks mgainst the side walls and ;one more - basin block than"'y' '
-chute block. . : o e =

H 16- The baok slope of tho basin blooka and the end aill;’”f

~~may ‘be, such &s ‘to ‘be ‘most economioal, usually 1:l, and for = .

~econ0m10a1 ‘reasons ‘the end $ill mey be rectangular in crossj:ff
';“seotion when less than 3 foet high. L X

AT The slope of the tran51tion bottom at the and of the
"basin ‘may vary {from horizontal t0. 811 when ‘of earth rock. ex- .
Wcavation, or rlprap,_and up to 3:1 when of’ oOnorete. DR

e 18._ The ohuto slope entaring the ba51n may'vary from
5:ihorizontal to 1 1. N

14




3. Compa*;son o” aesi*v churt and exnerlnental da.e. The
,5ood ubrecment between wmilues given by the design chart and those
‘determined: exﬁerlmenually ‘is showm by the COmparlbon ‘of table Do In
alnost every .case, the chart-~1ves -llﬂhtl\ conservative vilues. “The
dimencions of the Vickiup £4illing besin, orlrlnally determlﬂed from -
the :design chert, were checked Ly sxtenslve ‘tests, and no chanpes were
necessary .oxcept that by use ol @ ‘concrete trensition at ‘the end.of
- the ‘basin 'the length. of basin coula be reduced ebout 10 Test., ~¥hile it
~is bellevea that t"e use, of. dimensions: glver by the :chart Wlll Tesult :
in u good- deqlvn,‘ slight “VEristion in. Gimensiors, ‘ons way or ‘the other, R
will heve little .or no effect on ‘the porformance of the basin. For ex—.
eqple, - there would ‘be. 11ttle alffarance between 890~ ‘and ‘85-Toot -
denzth ‘basin or 4~foot and 4-foot - 6-1nch hlgh blocks or 51115 for a’
glven SEt of coualtlons.' : : RO e

TABLE 5

Stillxng—b&smn ulmensxons glven by deszgn chart cOmpared '
. w;th,experlmentel dete. R

C ',_‘-:¢ ‘ HIS : ;, Wash i oo
‘Modal t. . Boem . 2 Deer Craek 3 Valleclto t Overchute'w”“WickiQp -
Chart

N
-

varlable Egp :Chart Exn Gh&rt Exp.':Chart:T , eChnrt: Exp. 2
28 [R+ R T : R ':
| 41 :;«-«140.0 1
- £ 2. 2 73
BN
{3

‘ﬂ:106 T °5.~- 2160 0 2]
MB2 4w 7501 e
1 46 : ; 2,13
21 Sr -2
18. 3;,22;0~..1
83-9:8 75-0 &
21.8: 2540
2edr 8.0 g
.2-7: ‘ 3.0 i ‘ N
z;a=a«s.ohg\3"

“‘8#9! “ :
063 1804
26.7 55.0 s 65.4
8,91 18.5 21.8
1.21“2.5 j .‘2.5
2-12 075! ' 2.8 A
cdelu 2.751 249§

'u-i'n

18.6 A

o N s
R o

*
w7 T R i
.y -** s ll‘ .. -y “ Ll -

T a"u.i- ‘." A‘c‘o‘b
)

b se a8 ws Wk e

*
=

Lunservative.

Concrete tran31taon allowed reduotlon of ba31n length. G

SR - ) The influence of entrainad air.; The above rules and fig-
*Wure 17 are ‘applicable ‘to the .case .of -entrained.: nir, provzded the - pr0per
¥y and:d) velues are used for the weter-air mixture &t the pool entrance.
_,-”Tﬁe influcnce of’ en+ra1ned air ia to. increase g and dl and r&duce all

);other varzablec A R :







APPLNDIK II

DESIGN OF OUTLETJhDRKS STILLING BASIVS

- 1._ Introduct4on. Energy'diSS1patlon belaw outlet works.
'through earth—flll ‘dams frequently leads to ‘the problem of ‘soour
prevention. - if the canyon downstream from the outlet works: is not
“of ! sound rock or if damage ‘would. result £rom- anticipated soour, it
- is: nnoessary to provide .a. stllllng basin to ieontrol- the action of. .
~ the high -velocity valve ‘jets. “The types -of stilling basins may be
¢classed :as” free :jet, chute, ‘hump, and ‘impact: besins. The dasigns 5
.w111 be developed for the usunl case of two outlet condults._ﬁ*

s 2. Applic&tlon of types of outlet—works stllling b&niﬂSo
‘;By 1% series of ‘experiments, ‘the "limits of -applicetion of ‘each type "
.of outlet—works 'stilling ‘basin has | been fairly well established,‘_
.The ‘use .of :each is determined by the relative location .of the outlet
getes or valves: with rrespect to ithe maximum. tnllwater elevation and
éby *he ohara.ctar of the dmmstraam river channel. : :

s thre “the outlet invert is above the maximum tallwater and
the channel” below . oomparatively stable, - pool into which the: JetB
‘will plunge 'is-:sufficient. &ccordlnb to'a few prellm;nary tests-
(plates ‘8 and9), when the walve invert is ‘the .same .or lower then
-~ the: tailwater elevatlon, the 3ets remaln :on “the, pool surface, develop—‘
/ing .severe .reverse currents- ‘on the 31des of -the ‘beasin.: By ralsing
~the velve invertite at least ‘the maximuwm tailwater elevatlon, the jetsj'

- attain sufriclent downward dlrection to ‘cause their submergence by the

-;pool.‘ “The. reverse currents ‘at the sides of" ‘the basin.angd 1mmsd1ately
- in front of the dzscharge rulde vane and splashing in. the basmn are’
o -then reduoed..jg;,, S gy S .

If the ohannel is nArrow. and GrOdlhlE, mhere scouring mlght‘

be dangerous to ‘the ‘structure, & chute basin :should. be used for all _L“’ﬁ'

conditions with the outlets above the: tallwater. ~"The .chute basin
should ‘also te used for &ll casés ‘betweern valve invert at: maxxmum TR
“tailwater slevatlon and valve .center line et :the - 1ver-bed elevation.]  -
Tests (plates 10 .and’ 11). to determine the lower limit of ‘valve ele-. :

vetion for satlsfactory flow coudltlons indicated that when ‘the valveft"

‘genter ‘Line’ is lower than- the river-bed" elevatlon, the ‘hydraulic’

jump-will move up ‘to the: outlet: valves, causing undesirable flow don-‘f'

ditions.  Furthermore, the hydrnulio Jump is. satisiuotory for all .’
- valve openings end valve center line’'nt‘or above “the rivar—bed ele-'
vation: (flgures 18Aand. 1BB), ‘but when the valve' oanter line ‘is lower.

- ‘than the . river. bed,. the Lormation .of ~the hydraulie. jump is not satis-

factory for all velve: open;ngs*(flgure a8c), and the hump basin should
then be ‘used to maintaln ‘the jump dawns+ream frum the outlet valves. :




R In. cartain uases,~when +he Heau is relatlvaly small it LR
may be dasirable and ‘economioeal “to use slide gates in place of

. valves.  With the pates the Tree. Jet, ‘chute, and hump besins can

‘be -used for- the condltions dascrloed abovb; in &ddlulon, an impact .-
“type of ‘basin may be used for the :condition defined Tor tha ‘hump
basin. This type ‘of ‘basin is ESSBntlallV a- rectengular stilling
‘basgin: pleced against the outlet gntes with s . Jlevel floor st the-

‘f'same elevation as the gate 81115- A jump ¥will form at the gates.:f

or'will :be- completely ‘Bubmerged,,: densnﬂing on the . tallwater eleva~ -
tion. Due to the low ‘head ‘end ‘the' small’ disturbance of the gate Jats,
suhnergenoe of the'’s jets lS considered per-nlssible. et , 2

AR _‘ 3,; Deslgn of free jet basin.: The oonstruction faaturas e
Wof thzs type of ‘basin: depends ‘on ‘Beveral conditions. When the walls'

-In some cases the channel: mey consist of

.erodlble gravel and rock but scouring will not endanger any. part of
“the’ structure. A natural ‘basin will then. be excavated by the seour-
dng:action of the Jets; ‘the small gravel will be -carried downstresm .
.-:and “the large material- left to :cover the basin as. rlprapplng.. When -
Lsoourlng of the channel will be dangarous to the” structure, shaplng ;
and riprappln" of ‘an’ already wide ohannal a8 part of the: construction
‘Program.1s required. At previously stated,‘whan the .ohannel. is - ‘very

- marrow and :erodible, a free Jetbasin is not fea81ale -and.e. ohuta SIS

;basxn is required where channel soour would be. dangerousﬁ T

The proper da51gn of a rlprapped free Jet baain'was de-.'

. termzﬁad Dy the Deer Creek Dam outlet works model study. ‘The ime .

portant features 4n. design .of such a basin are shown ‘in flgure 194a;
“dn whlch.dimenslons outllned are mlnlmum velues for. rood performr
~‘enee ‘of the’ baszn.- s given: by +the dimensions mOSt
o ";aﬁimenaionsﬁgraater@than}mhose” £

N is .symmetrieal with respect to'the’ valves. o
- In some cases ‘an unsymmetrical basin becomes fea51ble by placing

‘heavy rlprapping on-the wider side 'to prov1de proteotlon,agalnst the
f:savera currents resultin" from the unsymmetrical 001dltxons. e

RII].GS fOI‘ designj_ng the Tlprﬁ-pped frae jet b&sin-:.? B

(n) The depth of pool for MBX irum. tallwatar should be about
_ ‘"one-fifth ‘the difference in maximum reservoir ‘andspool - wnter-surfaee
- .elevations. This depth nay ‘be reduced somewhat when tha basin
bottom is. of good raok. o AR : o :

0 (b). The width at the maximumiwat‘ér-'1i§{6}-shbu1dJbe' ;;ro_umes;l*- o
"the depth of pool. o ST e i e T




(o) The leval hasin ‘bottom shouln extend to the oolnt vhere
e ‘tha mnximum jet tragectory raaohes “the. basin bottom elevatlon. o

(d) The downward slope from tho valvas to the bas*n bottmn
may be 3:1 or greater.‘_” S P S

o (e) “The uoward slope from tha basin bottom to tne rxver-bed
: Flevn tion may be 3 1 or smaller.*‘ R R T W

(f) Ba51n 51de‘slones should be lgzl.‘

. (g) For belt ba31n norrormance with singlo~valve operation.;u}(
wthe alinoment ‘of ‘valves. ‘should: be suoh that their oeuter llnas 1ntar¥
. sect at the. end of the basin.J_:g‘ : Bl : R

T 4. Dasggp of chute baain- Tha ohuua haaln consists of 4
B rectangular chute .and stllling besin. . The’ followlng rules out-'."
-llne the pronedure of ueslgn (flgurs 19B) R AL RTINS PR SR

‘ (a) A d1v1d1ng‘wall alonv the splllway center 1ine 13 requlred :
for satisfactory Jump:. formation Tor one=velve operation. : The top of
‘the welll should 'be -at ‘the maximum tallwater .elevation for one valve

N operating. ‘and the wail should extend -over: the full length of tho T
o ohute and two—thlrds the length of the still;nr basin.w;-_‘m“ i

. (b) anh half of the b&31n should be synmetrlcal with respect
0 the valve oentar llns so the basln.wldth should be twiue the valve‘

: Spaclng.

o (c) Chuto and ba51n walls should be parallel to the dlrection
olxof the Jets. P ST : LA e e :

o (d) “The - ohute floor trajactory should be approxlmately simllar _) 3
to the tragectory for the maxlmum velocity aet.f- ‘ A .

(e) The stilling>basln mu; “be d651gnad by the nppllcatlon of
“the. -rules. and. flgure 27 of . appandlx 1. Since each helf of .the basln
‘ffunot;ons;separately, ‘the maximum tailwater. elevatlon for one-valve .
.operation should be usad 1n determlnlng the proper ba51n floor ele- S
'vatlon. ‘ o o : : e e =

D 5. Desiqn of humo basin. Thls type o; ba31n~consists of
;o;ﬂa rectangular stilling basin and. hump .chute with o simple .curve: at
- “..the -upstrean .end of ‘the: chute and a parabola, designed to £it the
meximun jet trajectory at the’ dovnstream,end.‘ The cost decreases as
- :the radiue .of simple. curve decreasea, but the - jet will: not-be- dew'
~Tleeted upwards Smoothly if the radius is maae -excessively small.
- The radxus and nean Jet velocity oan be related ly - con51deration

FrE




o af the jet aeceleratlon 1ntroduced by the ourve: toward tha oedter .

| ool curvature. The ergression fnr &CGEl@r&»lOn,‘ln tern s of velocity

.
'nnd rndlus, is a = R It can be Spec1fied that the allowable ac=

_ﬂ celeration toward “the canter of curvature should be some nroportlon “‘
"of tha aaoelerution Gf grav1ty, 2w kg.- G ;

o The maximum value of k for satlsiactory oneratlun must
be determined by model tests.. A preliminary test for k = 1.0

"lproved satlsfactory, end’ 1ndlcat10ns were thet k- could be 1ncreasad :
‘to s value between 1. 5 ‘and 2.0.  Due to. urgcncy of other work and Cea

‘ llmited laborauory space, further. testing Vs delnyad. Pcr the pres-
i ent X = 1 5 «can- be safely usad._.a‘ : Fo e i ‘ :

‘ e A complete 1nvestlga+1cn oi the value of k can be ob-
tained by tostlng ‘one ocurve" des*gnen Por 'k = 1.0 and a velocltv
well ‘below the maximun: attalnable in: the model.; Then by 1nnre&sing

' the 'head “thus velocity, the value of "'k iincressss for the designed :

~ curve, and the mectd mum vulue of "k for satlsfactory operatlcn CAD
be determined. The radlus of 51mple curve; can then be determ;ned by

_ }§2953*-."

SR ‘ —— NPT --o ‘e 'ov “ 0w t- p voe vee -- - ll c-- rl"",l‘ig:' ..- .llll{l) .

"kELfJ‘

AR Referring to figure 1BD +he ecuatlon of the hump trajeo- B
V_tory will now be’ detormlnﬁd. Conslder ‘point 0, the beginning of
. the slmple curva, as or;gin of the coordmnate system, point A as:

: - point of “tangenoy of - -simple curve: and trajectory; point C es hzghest

: - point. of traaeotorv, and point ‘D as end of tr&jectory.- The coordi—  g
nates of ‘the - SJmple curve :QA.,are detarmined By ool .
y ﬂ R -""7‘3 Rz 22 ..‘."-‘.‘.‘."-‘. l.‘l’.‘.‘.‘.l“’ a‘coob“o"o0-“000‘000‘.0‘(2‘.)::.
: The equation of thef'ragectory must be found 4n terms of 5'ff o

x -and y. Known condltlons at point A are- TR T D e
A o R Sin g‘ l-oaro-o-aqoo.aaan a.l.-‘o -- --n--

YA el R (1 - GOB ﬁ) Ol.ll"ll..n'll.lllll‘...."..‘.'.“(4),““:: g ‘
dt ”ﬂ VA cOS p’ v'oonv-ltlt(s):.-‘;"{-“:",.. G
€ "}i."A' stn Foonsdininan(6) 0

Veloclty in xsdirectlon,

.Vélccity in.Y-dirgciion;

At any point C _on ihéffrﬁjectdfy§ ~‘*

‘ e 2. . S
Acceleration in Ihd1reotlon,4.d ;v\-_c .,.J.,;.;,.;,.(7)
- S : dat o E FUE

':J 20ﬁ" '




"‘Aglc'éiéra'ti_o'ﬁ" iri‘;.Y-dire_‘éﬁbﬂ,"—i:_d‘ 2"" g .. '.‘.'. . .. .--(B)
: _Integrahng, (7) and (B) for veloclties m X- and Y-direct:.ons,

'—d?- €3 when t = 0 C = vA ©08 p’

__L--gt+cgwhent=0 C=vA81n§2f

'."The seoond in’cegration of (7) and (B) g:wes he I and Y coordznateé- :
._:x-thcosd+c;whent=0 C-Rs:mﬁ’ . _ s

| x=tv, cos fe Rsin ﬁ' (9)
j_,'_y-thmnﬁf-l/th +C;whent-0 C -R (l-cosﬁ')

| j,r- th sinp’-a- R (1 - cos p') - 1/2 g‘b .............(10)

-The oquation of the. tragectory, obtamed by elj_vnmatlng t and solv-.

' _ing (9) and (10), is

y mta.n,d(x- RsinP’) -—E"{' ( x;-ci‘ss;‘nﬁ)

+ R (l - cos 52{) -“”'““;'“”‘"'””“.'.'.”‘-‘”'.'”(11)

An expression mus't be o.etermned for the unkncwn angle ﬂ -

" of (11). The first derivative of (11) gives the lope of the teagest |
~to the trajectory at amy po:.nt 'f'hich is equal to ‘zero ‘when y -+ H'.-‘ﬂ R

‘Therefare, at p01nt (R

from whioh - |
xc ﬂ é sinﬁcosg'*asinﬁ ....""'.'-.-...‘..(12)
“and by placln-r (12“ :i.n 11), s R
T— Sinzﬁ‘*R(l-cosm ll.ﬂ.llllll..l. 13)
In edmﬁon (13), all vaiues' are known je..xd‘ept v, and ,d By .ﬁri.ting |

21




,’

Bamoulli's oquation, negleeting friction lons, bé‘bﬁeéi& polnts 0

and B, » ¥a 'oan be :E‘ound in ‘terms of the kncmn meanr ‘Jet veloeity, -

:[‘rmnwhiuh

——

\tfzf. ZER (12098 ) oo ()

Plao:lng (14) in (13)

H - -‘ar-:-. ain3 ﬁ R (1 - oos ,d) uin2 ,d . e

. 4 R (1 - ODﬁ p’) .-..;-.;.ol..:...l:.i....'.l..‘..'..;..Q.--(iﬁ) ‘

Raplacing l;:i.n2 ﬂ oy (J. - cosa ﬂ') a.nd reaalling tha.t '2 - kgR

(15) raduoes to ERRTER KR S B T T
C‘.ms;3 ﬂ * (T 1) 00!2 ﬂ' +: (--- -"T) a

.The roots of (16) may 'be determined by Nmrton"s method oi‘ solution.

~and the proper: ‘value of .co s 8 determined for'any spaciflc design, L

. Le't x . “eos, ﬁ; t.hen :J.:" xl :Ls an’ approximnt.* f'—alue of 8 root
i} ll s xa is a seoond tpproxinmtion. g e
TR Finnlly, the tmjectory equation can be written in tha
y sz + Bx + C .00.!!.00‘0‘.‘.:‘...0'00.......0@0...0-‘0.(17) ‘l
o 4"By mtmduoing (14) and (1) i (11). the coeﬂ‘icients of (17) are;
ZRcos ﬁ(k-2+2oos,d) ‘
B 1 + " ..‘G..l’l 19
-t&n,ﬂ'[ noaﬂ(k-z-chOst ( )

....‘.....';.;....;;..(18)

.'. ‘ . ~ o 'ha.nzﬁ‘ _ ',&-
c 3[1 oa}f sin.ﬁ.'futﬂ;l > (k-2+2mm ]...(zo)_

_‘ , Tha hmnp dimﬁmiona may be determined by tho lbove eque.- .
o ‘tions, provided the hump corest elmtion_ is k:nmm. The_ or_eat_ ele-




;vatlon must be aetermand to o&uley ‘three condlt:ons- (a) To .
'properly ‘spread’ ths “jets from the ‘“tunnels for: all ‘conhing tions of
discharge; (b) to force the jump to form downstraam {rom the. valves
for a1l combinations of discharge; . (c) to. form & quiet stable hy- X
mdrnulic Jump ‘ﬁ tne stilliﬁv basln. S L

_ e The extent of jet snreadlng w111 depend ‘on +he haight H, ;
of ‘the hump. Yhen H''is small the jets will not ‘spread’ effactlvely,f

'._”and the center—llne diVldan wnll will then be requlrsd.‘ VYhen 'H

is larre the jets will sprend so thet thq; are of feirly unlform SR
depth for all cumhlnutlons ol dlscharge ‘over the humn crest, and “the -
'dlvzdlnr wall w111 not be: regulreﬁ.,rcuf¢1cient ‘tests to. establish o
- the. proper height of hump requlred flor spod- jet spreadin# have not

‘as yet baen conducted ‘but. & nrelimlnary best lndic&tad g height of
14 feot .satisfactory for ‘the Wickiup basin, prOV1ded ‘the besin width
be made 2-1/2 times the walve: spacing. ~Until more definite informa-
tion ‘is available regardlnﬂ-uhe -spreading.of jets. Hy a8, hump, it 1s'
'advnsaale to use - the oenter-llqe divmdln»'wall.," S

‘ _ In order o foroe the Jump dcwnstream from the vnlves for
8 small velve ‘opening, the nump;crest elevation must be- at least at
+he rlvar-ned elevation; otherw133, the . ta]lwater would f’ood the
valves. - As the hasin floor elevation w111, in a2lmost all cases, be.
"lower. than the river=bed elev&tloq, the - Junmp: for lorger - d*sch&rges..

will form ‘on ‘the dovms treax :side of the. hunp for- tbe Humn eresu ele-,;mi~ 

vatlon equal to 1'-fL*\'ex---m;-.c‘. elevatlon._~;

: S quiet stable hydrnullc Junn will form aorns+ream frOm i
the hump erest for all. cmnblqatLOns ‘of discharge prov1ded the depth .
of jet. ente:; g the pool is. relatlvelj unlxorm.;.__‘

a hump basln has not baen defl— o

,nltely establlsned by model tests..no set ‘of design rules will be e..ﬂf“"

~glven. The’ dlscusSﬁon merely outlines the - fea*ures ‘of .the design
which mdy" be useful in attemnting {future d681gns without the jeid. of
o model study. & comhlete 1nxest19ation by model shidy’ of the hump

basin in 4the ‘future should . prove wseful -in’ ‘developing definite: ‘Tules SR

for designing the. hump chutes The ‘rectangular stilllng. asin‘can 77 
Qavaln be deSJgned aooordlng to anpendzx I.;¢.- : S

.}SL{ Des;gg of Ampoct ba::.m.':‘w Flwure 19u shows an.impact

S typa of ‘begin with so much suhnergence that na jump -is formed. Thia -

“type .of" baSLnAoan alao be used for no:- submergenoe,‘ln which case’a

. hydravlic jump forss against ‘the. gates- For tho latter case, ‘the .

- ‘basin should be desivnsd the same. as.outlined for the chute basin, .
-with the chute sectlon Omlttec._ When ‘the jump becomes" submerged, the -
‘basin remains essentially ‘the sume except that the divicing wall top
. elevation should be the same. as the top of the outlet 5onduits, and
- ;an arrangemant of larger blocks should’ be used as ohewn in f;gure
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JNALLS;

4247,

D. 1975 SECOND-FEET
FLARED CHUT
FLOCR EL.

i
:

FLARED CHUI'E WALLS

B. ORIGINAL DESICN;

A. 1975 SECOND-FEET PER VALVE;
TGHY JET AERATED; LEFT
JET SOLID.
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RECONM

B. RECOMMENDED DISCEARGE GUIDE VANE.
ENDED DISCHARGE GUIDE VANE;
1975 SECOND-FEET TER VALVE; LEFT JET ARRATED.
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VANE

1975 SECOND-FEZT PER VALVE.
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CRIGINAL DISCHARG
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1975 SECOND-FEET.

C. NO DIVIDING

:
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4246,

A. 1975 SBECOND-FEET;
FLOOR EL.




1975

SECOND-FE-T PER VALVE.

3

« 20 FEET SHORTER AND 4
LOWER DIVIDING WALL

WALL; 1975 SECOND-FEET.

FEET LOWER DIVIDING

:
;%,
&
:
s_w

1975 SECOND-FEET.

3

FEET LOWER DIVIDING

WALL

B. 30 FEET SHCORTER AND 4

1975 SECCND-FEET FER VALVE.

A. NO DIVIDING WALL;




B. RECOMMENDED DESIGN; RIGRT '
VALVE 1975 SECOND-FEET. -




RECOMVENDED DESIGN; SCOUR FOR ' B. RECOMMENDED DESIGN; LEFT
RIGET VALVE;1975 SECOND-FEET. _VALVE 1875 SECOND-FEET.
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EL. 4268; TAILWATER EL. 4264.4.

" €. 1975 SECOND~FEET; VALVE CENTERLINE

FREE JET POOL.




CENTERLINE EL. 4258; TATINATER EL. 4264.4.

FREE JET POOL.




B. ONE VALVE 14.9% CFEN; CENTERLINE EL. 4260; DISCHARGEL 381 S.F.; T.W. EL. 4260.3

OFEN; CENTERLINE EL. 4263; DISCHARGE 381 S.F

s T.W, EL. 4261.8.
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