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MEMORAndUM TO CHIEF DESIGNING ENGINEER 
" (J. H. Douma,' AssistantEngineer) 

Subjects Model study r:Of Wiokiup Dam outletworks, Deschutes 
project, Oregon. 

I. I.ntroduction. Wickiup Dam will be an 87-foot high 
earth structure located ou the Deschutes River about 35 miles 
southwest of Bend, Oregon (figure I). The outlet works, desi@ued 
to discharge 3,950 second.feet at the normal full reservoir ele- 
vation 4339.00. will provide for emergency release of floodwater 
during flood periods. In addition to the emergency requirement, 
by valve control the outlet works will have frequent use in regu- 
lat±ng the flow dova~stream from the•dam. 

The outlet works is ~ocated a short distance to the 
right of the river bed so the conduits will rest on an excavated 
fnundation (figure 2). A short oneu channel excavated to eleva- 
tion 4289.00 leads to the conduit entrances which are protected 
by a s~andard trashrack structure. A 284-foot length of twin, 
9-foot O'imch diameter, reinforced concrete, •horseshoe conduit 
,~l~a-ds to a gate chaml-er located a short distance upstream from 
the axis of the dam. Two 96.inch rin~-foll~ver ~ates placed in 
a gate chamber provide closure of the~conduits for inspection or 
repairs of the 90-inch tube vales, whimh are located at the ends 
of the two 96-inch I.D. steel pipes. Eleven-foot lon~ dis=bar e 
guide vanes extend from the valve exits to a chute Which leads to 
a rectangular sli lling basin. A dividing wall aloag the center 
line of thslohute and stilling basin provides a separate stillin~ 
basin for each valve. 

2. Neeessit~ for model study. Nhile several model 
studies have been conducted in tl~e Bureau of IReclamation labora. 
tory of outlet structures of the ~pe in which the needle valve 
or tunnel discharged directly into the ri~ver channel downstream 
from the dam and one !'case where a hydraulic ~hump andlstilillng 
hasin were employed, no studies have been Dr0viously made of the 
chute stilling-basin type of outlet works," The designs of several 
features of t~is type of s=ructure were uncertain. The necessity 
of a center-line dividiu~ wall and the required height and length 
o~ such a wall were particularly in doubt. Other questions of de- 
sign requiring investiEati0n were: (i) Whether the Jets would 
spread properly in the short chute section before reaching th~ 
stilling basin; (2) Whether a solid end sill is needed at the end 
of the level floor of the stilling basin when a sloped concrete 
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apron is provided at the .end of the :basin; (S) Whether when both 
valves :operate at maximum capaoity the .additlonal tailwater in 
excess of the still~ing.basin design tailwater for one v~Ive operat- 
in~ ,at maximum capacity will re s u! t in a s ubmer ged, ine~fe Ctive 
hydraulic jump; :(4) Whether destructive ~ourrents would form down- 

basin is required. -' 

chart (appendix I, figure 17~), constructed in the :hy- 
draulic labor~tory Trom exnerimental results of the model 'studies 
of five stilling basins, :in which ~the relations between variables ~ the design 'of rectangular s~ti,ll~in~ basins are given. ~was used 
y the outlet-works-designings ection in the initia,l design of %he 

Wickiup Dam outlet-works 'stilling ~basin. Itwas desired ~to oh~ck 
the. validity of the des'i~n~.. . ~chart. :by,a..modul..st~dy of the stilling ' 
• basin in which the most effmcient dimensions would be determined. 
F~.rthermore, such a study~would insure the incorporation,of the 
most,efficient •still~ing basin in the final ~desi~n ~of the proposed 
structure, 

. [- 

• • The model._ Space and pump capacity in the laborator 
:the  scalo 1 ,20 . :co  ;spoidi   .oa  

~ :-.~.~:I ana cischar~e scale ~ 1.%vno ,~- - ~ ~ . .~ -- 
flood of -3,950 :second-feet for rese~voi.r ~.elev~ti:on 4s39,00 ~and 'both 
valves I00 .percent open "is :represented by 2.207 second-fee~ in the 
model. 

To faci'litate construction~of ~ the model, :~,o short outs 
were~,~. '!taken.~ .~..~__•First'~ .... .the. structure.. ~ up '~o the v~Ives was eliminated 

tubes, ~The jet .from a :short tube:and that por, tion of '~he Jet from 
atube or needle ,~v~Ive ~beyond :~the ~.v~na oontracta are approximately 
simS" ~the :model ..short ~ubes of the same alia- 
mete --- Jet vena ,0bntracta the proper mean _jet 
~veloc'ity for any discharge ,wi!l be jgiven"~by the short ~tubes. Par- 
• ial ~ive openingsmay be ~simiiarly represented by ~smal~ler dia~/ 
meter tubes. 

Materials used ,required ..value s ~of!Manulng, s N for pro- 
%otype andmodel .of O.Ol4~.and OoOlO,~respeetively. Neglecting-such 
minor,effects as those due :to viscosity and surface ,tensiou of the 
fluidj ~thel,relative roughness of prototype and model surfaces fixes 
%he scale ~t ~which stric~ geometric and hydraulic s~militude .may be 
achieved simultaneously. .Lack of s~ 

red scale of (' ce ..and pump oan~oity p r o h i b i t e d u s e  ~of the des 
i Nm/Np.) or 1:.7,52 , necessitatlng sacrifice of either geometric or hydraulic similitude° 
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In the design ~of a ~chute and stil~ling basin by~a model 
. study, hydraulic similitude normally is of most importance. When 
prototype and ; model ~rou ghne s s are une qua I, hyd rau l~i o slmll itude 
requires a friction ~eoz.rection which i~s attained ~by either ~a 
grea~er ~length of chute or increase in ~slope. 

;For ~the present study, ihydraulie Similitude exists in 
regard ~o the Jet ~elooity at the !tube exits, since any di£feren~e 
Inmodel and protot~rpe losses up to this !point is absorbed in the 
head on the model ~tubes, Probable dissimilarity of flow p a t , ' ~ : m  
within tube and valve jets is oonsidered insignificant to the :study. 

The Tric~ion correction ~for the Short ,chute will be 
slight, warranting no correction for !t~is ,model, ~ Since ~the model 
velocities will then be slightly higher than those required for 
hydraulic :similitUde, the dssi~:wilii be on the safe side. The 
model was geometrioally similar ~to :the prototype, but lacked ~striet 
hydraulic similitude. Figure ~ shows the original model design. 

.̂ el F.ming "1 ~ ~ ~ r --~1:section, ~Y prooerly_. _ evaluating a l l _  rlOS See from the reservoir 

, v a l u e .  Tests 'also!show ~the coefficient t o  be oons=.tant for a . l O 0 -  

percent ~valve opening and :variable ;head lot both types ~of valves. 

energy head given fence in va~ive ,center line :and reser- 
voir wa%er-surfaoe Computations for ~he total ~head 
lose up to ~the ~ives are given iu table i, and figure 4B :shows the 

ohar~'e. The ~relationship is applicable to any valve opeaing,• i since 
~ive openin~ Is nO~ra funoSion,~of ~he loss up ~to the valves° 
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TABLE 1 

ReservoirgTotal 'head,.gin :c.f.,s..,, :re, ~in  ~=hB, ~in feet,;= loss, ;hf, 
w a t e r -  :sH, in feet,: for t~o : f,.p.s.,,,=~vailable'in. ~.n ft., 
:surfaoe =abovo valve ~ :vaives =-t -.val-ve~= ;f~ront .of := ,up to 
elev~tionscenter line#lOO~.iopen..-~ ~exi~ts ~: ~a.'Ives ~= valves 

4547 ., 
.4339 .: 
-4330 :~ 
4320 
4 5  i0 .= 
4300 

':84 .:, ' 4 , 1 5 0  jg ~ : 4 7 , 0  := 
76 . ~: . 5 , 9 5 0  ., : 4 4 . 7  : 

' .67 = ; 3 ; 7 0 0  ~= 41,9 -: 
,:57 = 13,,'410 := ;58',6 ~= 
':47 . . . . .  = 5.~I'i0 , 3 5 . 2  ~g 

I 

',56.4 "' ;= j:27,,:6 

51,0 : 2 5 . 0  ~ i 
-4~,8 ,: ::22;2 i 
3 8 . 0  ~ .~.:  ~19.0. i 
3 1 . 7  := . i16 ;5 ~ " 

; 3 7  := , 2 , ' . 7 6 0  :: / 5 1 . 2  ~:= ~ 2 4 , 8  , : ~12;2  
4 2 9 0  :-, 2 7  ' .g .2 , ;570 ~:: 26.~8 :: 1118.5 .: 8;~7 
4280 , . 17 := '1,900 :: ::21,5 : i'I.8 = 5,2 = 
4 2 7 0  ~:= 7 ~, 1;200: : 1 5 . 6  = 4 . 7  ::: / 2 , 5  

;! :I g ~; -| 
,, i i 

.The .mean ~contracta is ..given ~by " 
Vvc =:C " ~ ,  icient C has :been 
found to ~be e~u~l ::%o .0,98. and ih E is :!the ,energy ~head :.in T.~ront of 

h e  ..valves. The :required model '.tube d.i~meter ~to ,correspond :to ~the • . 
alvo ~e.t .vena o o n t r a o t a  diameters for several discharges a.t ~nor- 

msl.ma:~mzm reservo~r.w~ter-su~faee :elevation 4539 .00 ~is determined 
in table :2. The ~~Ol~-inch tube ..die'hater ~ropresents 'lO0 ~ercent 
v~.ive opening, and.all sm~ller diameters represent parti~i:valve 
openings. 

TABLE 2 

Computations for model ~tube d, iameter ~ Proto~pe valve :openin~ ~re- p 

- i , m  , ~m • ~ , l - -  

"= : ,* . ' P r o t o  , T e n a - D i a .  o £ :  % ~ o f  :: % ;of il 
Prototype :hf ~up ~to sh E at s Tel.. of ~s :contraeta.: .~model ....= 'full, av~!l~e 
-: .... :~alvesgjets, v ,t area'in :tube .in: dis, go en :i 

gin f.t.~=in f.p.:s . . . .  g .sq. ft. g inches :charge= ':ing 

3,950 ~s :125.0 ~.. .,,~.:.~ 0 :." 56,1 ::4.014 .i00 :I00 
3.,600 .s 19.8 : 66.2 = ~68.9 : 3.69 = !88.6 = •73.,0 
3 , ; 0 0 0  .= -14 ,5  : 61,.7 ~= . ' 6 1 , 5 :  :, 4 . 8 . 7 6  ~= .3, ;34 ~= 75.1.9 . g - 5 6 . 0  

2 , 5 0 0  = 9 . 7  a 6 6 . 3  := ~'64.0 : ,  . 3 9 . 0 5  ~: 2 , 9 9  , ' 6 3 . 5  = 4 5 . 6  
2 , 0 0 0  g ; 5 . 9  : ' 70¢1  s 6 5 , 8  , 5 0 . 4 0  ,: 2 . 6 4  : ,  5 0 . 6  == 5 6 , 7  

1 . 5 . 0 0  -g 3 . 4  .: 7 3 . 6  a 6 7 . 4  ., 2 2 . 2 6  = ; 2 . 2 6  j 6 8 . 0 : :  2 , 7 . 6  
'~ ~ 000 I I = 8 : 74 Q 2 = :'~* e'~ i: r~E''Ta~ "g /1"84 ':' 25"3 :: 18"6 

500 ~: ! 0 . 7  g ?75,3  ~t 68. .2  ~: 7 . 3 3  :g 1 . 2 9 6  , . t 2 . 7  : 1 0 . 4  
200 : : 0 , 2  = 7 6 ; 8  : 6 8 . 4  , 2 . 9 2  :: 0 , 8 1 8  .: 5 . 0 6 : 4 . 5  

= := = ~| ,= I = • 
, , e ,  • , | '  . . . . . . .  . H ~ "  
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The model tube diameter can be reYatsd ire the percent 
val2 opening by use o~ the percent va~e o nln~ -percent full 
d i s charge re lations ~ip (Tigure ~4C~)~, which was obtained from ~ tests 
on ~hei5-inch model needlean~ thbevalvesaudlaher checkedby 

figure ;4D. Prototype values far the ;four mo~el tube diameters 
~tested ;are shown in !table ~. 

,TABLE S 
7 

Pro~o t3me qu.antfties fgr ~model tubes ~ested - ~ R e s e r v o i r  elevation ~3~9 : 
• " : ." : Proton. jet- • 

M o d e l  i tube ~: % ~Of :: % of : P r o t o t y p e  d i scha r~ .e  = V e l . ,  r y e ,  
diameter : ;l~r~l~e : Tull : in c.f.s. ~ in :~ ! 
in inches : openinz= :: rdischarge :: ~'9_ ,valve'S' ,: i ~v~l~e f.p.s. _ i 

56.1 
60,2 
66 '3  ' : 

4.014 " ~: ~I00 : I00 : 3~,950 : ~!,975 ,: 
3 .540  : 64 ,8  : 8 3 . 4  : ~5,295 : ~1 ,647 : : :  
2.480 ." 52;6 : 44.9 "~ o: ~I,774 
1.605 : 14 .9  . t 9 . 3  . 762 

5 :: : : := .... 

5, 0riginal stil'lin~Tbasin ~design. The ?.original =6esign, 
as presented b~ the desi'gning~ ~section to the ~hydraulle laboratory 
for testing, is shown in Tigure 5. The stflllng basin dimensions for 
this desi~u were determined by the previously developed ~ehart pre- 
sented in,appendix I, !ifigure 17. 

tubes. This entrance condi~tion~as ,so ;unfavorable ;to :smooth flow 
th~ t • the jets expanded considerably iimmediately ~beyond the %ube exits. 
With the high degree of turbulence, ~expansionof the jeta, and an 
exis ring mean jet velocity ~n the model of 13; 2 n~ 
dltions ~were Tavorable !for air entrainment, ~and 

,:!% 

the prototype je~s :and the effect ~on flo~" In the chute and ihydraUlic- 
jump formation. Figure 5C shows ~bett6r depth distribution for ~the 
aerated jet than for a solid jet. The solid jet was ;obtained by 
using !a smooth bel,lmouth entrance ~to the tubes. Due to the ~lower 
mean velocity of the aerated Jet, ~the jump is located farther up- 
stream ~(fiEure 5B), Except for. slight difference in ~frictiou loss, 
theore~ioal!y the momenta of ~the aerated and solid jets are equal, 
which is demonsiTated experlmenta113, iby ~the agreement Of the 
hydraulic-Jump formations for :the :two cases. It is apparent that 



air entrainment ~has but small effect onthe hydraulic-Jump for, ra- 
tion and that on the safe side, Except for possible increased 

on the right and the solid jet on the rleft. 

7. Chute floor, is impossible to establish a ririd 
rule f o r  the proper~desi~n of the chute f l o o r  t r a j e c t o r y ;  a lo'n~ ° 
trajectory is more effective i n  spreading the jets than a short 
trajectory, but the shor%i one is more economical. It is desirable 
that the ~ghest velocity jet for ~a ~ery Small valve openi~ and 
maximum reservoir elevat~ion str~ke %he chute floor before reaching 
the chute blocks. This ir:equires a longer floor than ~iven by the 
maximum jet trajectory, Since the origin of%he floor ~raJectory 
is lower. However, in almost all oases there %ili be at least 

. . . . . . . .  _ v w _ w  w 

which ..... e~bles the chute floor to be shortened. WThe ~der s~face 

r 

floor moves upstream as valve~opening increases, ~in accordance with 
the decrease in head at the valves° Since particlesnear the sur- 

o f  the jets s ll r ve loc i t ies  the j e t  velooi , 
=~ experimental Jets s~rike the ~ioor upstre~ from the theoretical 
jets. which allows further reduction in chUteilength. For best 
economy and good distri bution of the 
chute floor should be,aboutequal~to 
trajeotory for.~.the maximum velocity j _ ~ 
to~ for this case is X 2 =-S0~.Sy, and the recontmended floor ~ 
trajectory is x2 = -290.Iy. 

8. Chutewall alinement. Spreading of~the Jets with 
parallel ~chute walls ~ms not entirely satisfactory.. A high fin ex- 
isted at each wall and at the dividing wall. as rC . 
Al~hough there is sufficient if~eboard ~o preventSb " -" 
overtopping, smoother chute f i~ow~was desired. 
feasible a lls was ~ 

walls flar, end of the chute. The flared 
walls result in a uniform depth disbribution and i elimination of the 
fins the chute (figure ?C land the Jump is located ~ farther up- 
stream ( f i gu re s  lOA .and IOC~ and p l a t e s  l'B and 1C ),  An i m p o r t a n t  d i s -  

tory for this design. 
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~. ~cnar~e .~ulce . ~ane .  The original discharge guide ~;i 
vanes (figure 8Aand lates~ ~ = , ' ~ 

• ..... P and P-C) seemed excessively large; 
so ~to reduce .cost their dimensions were ~'reduced to those shown in 
figure 8B, 'cozresponding closely ~o the Boulder designs whlch i have ~ 
recently, uroven satisfactory, underl field tests. If the vanes are 
too ,~small, the jets ~iI be disturbed .due to improper aeration. ~ 
There was some argument ~n fa~or of elimlnating the vanes, but they "/' 
were considered necessary to i-faeil~ate removal of the val yes for ~::..i 
repai:rs. ' - -~ 

The distance from center line i.:.to center .lime 'of ~ val yes 
fro I   eet feet .  and  eo, e ee. 

,::" ~p~ ces z~ and P.D) were tested for the~new soac~n~.. In ula%e 2D, 
'/ the right jetlis solid and the left jet is aerated. Com~rat~e 

operation of the original a n d  recommended vanes . a n d  valve s~aoing ~.: 

~(figure 9) indicates essentially .no ,.difference in chute :flow or 
Jump formation, but the recommend@d design is the most economical. 

~ f i g u r e  SB,  . . . . . . . . . . . . . . . . . .  .L~,~ L,u • t h e  s e p a r a t e  ,.chute f o r  e a c h  ~ l v e  i s  n o t  s y m m e t r i c a l  
~about the valve c e n t e r  line. The result is slightly hizher fins 
at .the ,:side ~ ,,walls than a± the .di~ d~:~ , ~-..,I ~ '~-~- -~-----~ ' ' ; • . - . • , --.-"-.--v~ ' ,~ .~ .ana s-lgnzly~uns ez- 
rical -conditmons withmn: the 4umD. ~he"A ---~. ~-:-- ~,, ~ymm 

, - .... " J _ , ~.. o~ ~v~l~!un~ were no~ con- 
sidered severe and the chute width.us not increased te obtain ~ 
symmetry. The basin wid±h: could have been increased from 51 feet 
to :36 which. ~according :to apoendix I. ~figurel lq~ would allow the 
basln floor to be raised I°8 feet. i~.~n some ~cases. the broader and 
shal'lower basi.n may .'.be the most economical, i,lt is recommended that 
symmetry be adhered to in future designs, so~hat the basin-width 
will be ~ice ,the valve spacinm. Due%o the re!ative!~ small valve 
spacing, the chute width will probably"in .no ease be excessive for 
proper spreading of ,the jets~ 

IOA and pl ~re 

~247 is too hl~ 

valve operating at ,maximum d~scharge. $atiS~factory conditions 
(figure 10B and pl ,re ~$A~ 
foe.t ~o elevation ~46. 
that the floor ~should be 
first determined. The a~ 

v a l v e s  operating at maximum d' excessive, resulting 
in no submerged Jump for this 

12. Length of stillin~ basin. The len~.thof stilling 
basin required, so that the J'ump ~s completely within the basin, as 
given by the design char~, is .68.4 feet. In the original d~esign 



the concrete transition was 'considered T~ ~functdon as part i of the : 

b~sin ,so" that the length of level floor was reduced to 5S feet. 
f ib re  lO. the o 

c o n c r e t e  trans~t]n~ . . ~ , , - . , +  ~r~ ,d i n  the 
oasin.:, This cond~*~ ...... , ...... _ .... I vel floor 
' l e n ~ % ; / ' j .  o I  ~ j u r a  ~ a s  o . 4 v . , . , ~  1...~ ~ _ _  . ~  . . . . . .  - / .  • , ~ - - . ~  - - ~  . . , n U ¢ . W . B  T, r t ~  

. Critical 'oneratin~ condition. To eliminate uzmeces- :~ 
,. one-- set of .tests ~ 

made to determine the most 
sev, ere operating condition, and all :subsequent comparative tests ' - ~ 

wer.e based on this condO%ion. The proper tailwater ~or any ". 

~,, ..... ,-, ~ ~-= ~z. uoserva~ion of flows lees 
~u~n luu percenz val~e ooenlng and maximum reservoir elevation, in. / 
dicated; that :operation under theseconditlons was less severe ~han ~; 
~for full val~e opening and head, .... : ::i! 
~more se~re than" wi:th'bO~h ~Ives m Wa s [ ~x~?~r 

.Jump water surfaces ~are shown in scour and 
both valves o-crate-- .~_ . ~, and 

. • r ~ -  -z-no 3UmD _.. 
o r  single ~al~e o,~a~-~--- ~ - - - ~  t _ . - ..... nCltions )' 

' ~ - ,  . ~ ,  uu~ cue "Co the unsym~netrieal ishape o f  

channel downstream from ~he basin; more severe scour resulted from 
the ri~ht valve operation0 whichoondition was therefore° used 
further oomparati~ : ~es is, i ° for 

I~. Length and heii,;ht of ~dividiar, wal 1. Plate 3B :sh 
the basin w~thout a ,oenter-iline dividing wall. The umsatisfaet:j, 
condition existing in the basin Tot single ~alve operation leads 
to the requirement of the di~'idin~ wal--" 
conditions without a dividing wall :~ exl 
pera czon (.plate 4A~, .but it :is.unlike 

always prevail. I 

In d, 
made of a:.wall ~II, ±ests were first 

. _r th~n the original 
~II. This wall ~zs too. short, a~lowi~u~ considerable water.to flow 
around the end of ~ 
ins side of the ba.~ 
feet lower than the - ": 
the jump ,formation :standpoint of /: 

- co ur.~as only 
slightly more severe than for the,~ori~nal .wall. The water surface 
in ~he half of the basin not operatingwas one foot lower than the 
wa i I height, allowing for some wave action° ! 
should a small amount rOf water :spill .o~er .the ] 
operation and from su| >f ~he 

operating under, maxim~ ;e 4D), : A general rule for 
design :is to make th~ ~o-thirds the length of the 
:basin, with top elevation equal to the tailwater elevation for the 
maximum discharge of a single valve. 
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15. Basin end sill.. ~ith"the 4:l:,coacrete :slope a% ~the " 

dov~astream and scour is more severe (lizure 13A).. ?~hen 'the st11 
becomes too :Kig.h, as ~he 4-foot h~.h Si~11 tezted, ~he v~ter surface 
o~r :the sill ;becomes' :rQugh and scouring, increases° The i~2-foot !9- 
inch ~Hi~h sill £s more sa'tisfact6ry ,than the 4'foot .high..sill,~or.lno 
sill. 

16. ~.Conc.re~e-s'iope end si.l,l .... A~ithoug.~ 'there is very 
,llttle ~influenoe on the jump, a 12-inch ~hil-;h Sil'l atthe end of 
the 4 :I, concrete si0pe. '. is ~ , ~ e f f e c t i v e  in reducin, g; the . ' s c o u r  (fi:gure 

IT. Basin .floor blocks. For ~n ,basin floor blocks the 
jump is looated'-too far downstream and the scour is :more severe 
than •when the :blocks ~are @resent (fi:,~ure 15C), ' .The" ibest jump 
formation and'scour c0i.ditions ~re zi~en.for 'blocks placed.ebout 

h a . t a c t ,  r e s  u l t i ,  ny~ : J in :  a ~ rou  ~ ' ,her  j u m p  :~_nd : : d e e P e r  s c o u r ;  a n d  , w h e n  l o -  

c a t e d  farther downstream, the Jump .moves :downstream, ~resuIting in : 
deeper scou - . . . . . . .  . ,  

t h e  , j u m p  b e  

scour :(:figu 
6 inches :'hi: 

18, Chute blocks., :That ,chute blocks are effeetive-~.as " 
• , ,, t 

ener ~ : dis s I pater s - is~ s hewn ~bp s c our ..~ith 
and without the ,use of ~hhese b. no 'blocks. 
the " " s 3 u m p  :1 located farther d c  and ~the.soour .i 

is deeper. Two .feet 6 inches prov~d to be the best :block :height 
i(f'igure 15B) o " " 

], 

;19, Combined effect of 'blocks ~and sills, ~ .Tn" e .effec:tive- 
mess .of block 
and .  reducing -~ 
and sil.ls ~and ks 
or sills:, one-.val,ze dischargin~ 1,9r/5 second-feet:and tailwater 
elevation .4264,4, the .j~np :is sv~pt out of ~the basin. Due%o in. ~ ° 
sufficient depth ~in the .°river ohanne!, s.tandin~o; .wRites instead era 
jump are formed, resulting in sever.e scour; ~ raising the tail- 
water 3 feet .elevation 4267,.4, ,a.. juno is fo~ned in the baslin alt .: 
.the same position as for ';the icase using" blocks .and .silZs .with tail- 
water elevation 4264.4, Wi.~;Imut the ~use .of blocks and sills, it 
.would then be necessary to :!.im~'er .the basin .floor !5 ,'feet to obtain 
a satisfactory "jt~SP. Scour conditions, however_, .would not be as 
favorable as for 'the case ..using blocks and sills, The advantages 
,of reduced cost and improved stilling-basin performance fully Justl- 
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" fies '.N~ use:of blocks and sil:,is. :..i:~ 

20; Slope:grOin basi:n'floor elevation .~2~6 t6 r*iver-h~ 
, , .  ,, , . . . . .  , . . . . . .  :. 

e le,vation '4P.60 . . . . .  The .,lenF, th of"~channel whose :bott.~.n s~n~.~ e.nm ~I~. 

va~zon ~',4246 .to e levation ~47-60 ,is an :outlet transition. The :purpose }! 
of ,an <outlet transigibn ;is to :uniTormlv ~re'duc~ ~.~ v~1 ~+~t,,: e,.,~,. ~= . . . . . .  

deoreasin~ mean velocities from sections-1 " Table 
4 ,shows the '.computations ~for,:'mean ~eloci,ty for ~one . 
and :i~o valves operating ,at maximum ,,~el oci<ty and-~for ,:~ :I .and 6=I ,~ 
slope ,rock excavation-at,:the end of the ,concrete slope., ~For :the .4:I " ...... 
:'slope the mean velocity-at :sed~ion 5 for-the maximum ~ischarge :is 
.~reater than at ~sec~ion ,4, andsection 5 ,would-then :become a-~oontrol. .~,-, ,:~ 
To ~eliminate the ,unfavorable f l o w  :conditions :accompanying a ~oontrol, 
the ,6 :I slope rook:exoavatioff ~ ~S recommended. ;If ~hs ~river ~bed were 
of sand and gravel, ~the 4:l,slope~would soon scour ,sufficiently,~:~ 
*eli,nin~tia~ ~any control. .~ 

TABLE a_ 

! 

| 

Section :: ~I := 2 '  ~" ,4 ~:S= 4 = 6-.q • 1 . ~3 

',~.S. ~EI. := 4268.5,4269,!1~:~269;0,:4267~.8: 
• r - 

BOto:EI. ~. 4~ :~258.3 :4248.5:,4251.5 :425( 
Depth : . . 9  5, 13.2: ~: • : ' , ' ' 1 7 . -  
B o ; c . . w i d t h :  Z i ' O :  :131,0: 31~0~: ,62 14 ; ;3 :  i22,0.:  ~ 1 . 0 : ~ / 6 2 . 4 : 5 5 . 6  
W . . S . w i d t h :  : S l . O :  ' 3 1 . 0 :  6 6 . 0 :  87  .. ~55-/-8::"~ ' 8 0 . 2 :  7 9 . 0  
Meanwidth, el;0: ~Si.0: 48.5: 75.0-. 71.O= : 4~,.4: 171.$: 67.5 

W a t e r  a r e a .  6 2 0  : :620; : 6 5 1  : 5 8 5  . 675 ~. :250 ~ :  
Meanvel. : ,6.36'= ,6..36,: 6 ;25: :  6 . ,75 :  ~ 5 . 8 5 :  .7,;88: 

, .  , , , , ,  . _ . _ , . .  • ' ,  =o  . . . . .  

2 1 .  
and elevation 

figures 16A and 16B :and plate ~SA. ~he scour,a: or one-~ 
and twc--~alve operation are shown in fi ~Ire: 161 7D. in- 
clue ire° 

~,S= 4=I~- 6:1 

= 4 2 6 4 . 4 , 4 2 6 4 . 4  

~0.0:4258 .~ 
4.4: 6.1 

22. Conclusious. Questions regardin Z the Uncertain features 
of the aeslon prevzously oublinedwere,answeredsatisfactori!yby ~he 
model study. The Tollowin~ conclusions should serve as useful guides 
for future model studies and prototype'designs~: 

l0 
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L,F. 

~.~ 

a. Needle ~or tube valve flowcan besatisfactorily duplicated 
byshort tubes in the model;study. 

::b. Entrainment of ~air :bY. ~the :prototype valve Jets has little 
~: effect on the hydraulic,jump formation, and the effect will be on 

:the safe side. 

~o. ~The chute-floor trajectory Should :~be approximately similar 
to :the trajectory of the maximum ve~locity valve jet. 

~L. ,Chute walls ~should ,be parallel to :the direction of the 
,valve ~ets, 

~e,- The discharge .guide ~.vane should have an.an~le ..of divergence 
of not less than about 9 degrees iand .need inot be longer .than a:5out 
I0/feet. .:. 

f. :~ The:width ~of stiff,ling !basin,,shouid -be twice t h e  -valve spac- 
ing. Insuring satisfaOto~j :spreading ~of ~valve Sets. 

g. A ~enter-line dividin~ wa~ll :is required for satisfacto~j 
s~le-,valve :operation. In length, the wall ,shottld .extend to ~one- 
,third :~the,_ ~_~, __ ~length_ ,, o~. .... 'the basin ifrom the.end of the Basin. (The-basin 

mulmum :single-valve operation. ~ .................. 

.:h. The length of ibasin may ,be reduced :somewhat when ,a ,concrete 
transi:%ion exists ~et ~the end .of the basin. ; The ,transi tion is then 
considered °~o .function in conjunction wi th the bas:in. 

i. ,slope ~end: sill are required for economy and efficient hy- 
concrete ,Proper ,'size :chute iblockso ~basin blocks j basin,,end sillo and 

draulic qpera~ion of the stilling basin. 

j- ::The still:ling-basin d~,ensions may be ~reliably de,ermined %y 
figure 1.7, appendix I. " -. ' ~ - 

k. Under no conditions ~of operation do aestructi~e currents 
form i n  the uns~Lme~rical channel downstream T~om the stilling basin. 

# 
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APPENDIX I 

HYDRATYLICDESIGN OF RECTANGUI2uR;STILLING BASINS 

I. Introduction. Hydraulic experiments in the past ~hree 
years at the Bur saul of Reclmnationhydraulic laboratory have shown 
the rectangular Stillinz basin :incorporating chute blocks, basin 
blocks, andan~end sill to be superior to other tD~es for~use with 
the usu~l spillway channel. Onithe basis of ltheexperimenta! data 
obtained from theadopted stillin~basins for the Boca, DeerCreek, 
Vallecito, and All-Americancanal wash overchute spil~waylstructuresj 
a chart(figure 17),:was constructed inwhich theseveral ~riables 
are~given ,in the designof rectangular stil~lin~ basins, 

Bystudyin~ the experimental data of the mentioned models, 
a general n~e for each of the variables was~detennined to agree 
with the experimental measurements. The agreement was so\good over 
the completerange of available data that it is believed these rules 
are without serious error universally anolicable to the designof 
stilling basins of the type heroin considered. 

The discharge nor foot of width at the pool entrance from 
which the chart was constructed varied ~rom 41.7 :to 240 second-feet, 
and the velocity at the pool entrance varied ~rom 34 to 75 feet per 
second. Action of the hydraulic jump for ~he higher discharGeaad 
velocityindicated that the rules could be safely extended to at 
least a discharge of 450 second-feet per foot of width at the pool 
entrance and a pool entrance velocity of i00 feet per second. These 
~alues have therefore been taken as t~ upper;l~uits of the chart. 

2. Rules for the. design of a rectangular stilling~ basin. 

I. The width, w, of the basin is dete,m~ined to result in 
the most economical structure. 

2. The discharge, q. per foot of width at the pool eatrance 
is equal to the desio~nmaximum flood discharge divided bythe 
width at thepoolentrance. 

3. The theoretical velocity. YI' at the pool entrance is 
is computed from theavailable ene~r~y head and properly evaluated 
losses. (Forspillway chutes useKing's formula for ~fluw in 
steep chutes.) 

4. The theoretical depth, di, at the pool entrance is equal 
to q/v I . 
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5. The theoretical jump, d 2, depth is computed by the 
momentum formula. 

• ! 

6. 'The experimental Jump, d2, depth Is 'equal to 85 per- 
c e n t o f d  2 • 

7. The .required ~stilling.basin :floor :eieva%ion is equal 
• ! 

:tO %he msximnm~disch~rge t~ilwater elevation minus d2.. 

:8. The ~:required -stilling basin-length, L, :is equal to 
3d 2 • 

9 .  T h e  ~hei~ht. ~h l, ............................. or 
i/9 d 2,  :whichever is l a r g e r .  

10. The ~height, ~h2. of basin ~blocks is equal to I/4 d 2 

for ?a!ues of~d2:from 0 to 8 feet, follows a 'strai'ght-line 

variation~of 'I/4 d2 to I/8d2 f r o m  8 to ,24 feet, and is e q u a l  

t o  I/8d~:for values of.d2~above~24 feet. 

!II. The heiv, ht, h3, of solid end sill is equal of 1/8 d 2. 

12. The.distance, a..from'the end,of the:stilling~basin 
to the vertical upstream faces of the basin blocks is equal 
to 1/3 L. 

13. The maximum widths of "blocks and spaces between them 
are equal to hi' and-the minimumwidth 'is l.imlted to about 
18 inches. 

14. The top,dimensions ..of .the floor blocks and the end 
si~ll, p.ar~l.lel to .the .basin c e n t e r  line .are equal to 1/4 :h 2 
and 1/4 h~, :respectively, with a minimum value of about 8 
. i n c h e s .  

18. Chute and basin blocks should be staggered with no 
blocks against the :side walls and<one more basin block than 
chute block. 

16. The :back slope of the -basin blocks and the end :s~ll 
may be such.as to ~be most economical, usually i:I, and for 
economical reasons the :end sill may be rectangular in cross 
section~when less than 3 feet high. 

17. The slope of the transition bottom at the end ~ of the 
basin may .v~ry from horizontal to :6:1 when of earth, rock ex- 
cavation, or riprap, and ~upto 5:1 when of concrete. 

18. The chute slope entering the basin may vary from 
horizontal to 1 :i. 



3. Comparison of desi,.-,n ch.'~.rt_ and exDerimental ~ata,.  The 
good agreement-between ~~.lues ziven by the desi'@~ "chart'and.those 
determined. . experimentally is shovrn b.v,. the comparisons ,of ,~ble 5. In 

necessary except tb~t by  u s e  O f ; a  ~concrete transition at ~$he end ,of 
the. . basin., the. length .of .basin cou~Id ~be reduced about I0 feet. While it 

,~ 

length ~basln .or 4-~oot and 4-foot .......... G-inch high Blocks or sills for a 
given set of ~conditions. 

TABLE :5 

Stilling-basin dimensions L.'iven by design chart compared 
with ,experimental, data. 

: :: .: , Wash - ' 
Model : Boca : :Deer Creek - Valleoi~o : Overchute :: ~Wi.okiup 

q :106.7 : - :160.0 : -:240.0 ~: -: 41-~7" - :140.0 ~: ~. 

v 1 • 73.2 : - : 75.1 • -: 76.4 :: - s 34.0 • - : 61.6 : - 

d I : 1.46: - : 2.15: - : 3,14:: - : I.23.: - : [2,27: - 

: - , 21, : 2.0: 28.0: - - : 8.9, - ,  1.8 
: 18.4 : 18.5". :2 : i~2.1:~0.0 : ~27.6: 7.7 : L7.6:18.4 • 18.5 

~ 
~. : 58.7 : 63.9:75.0 : 78.0:: 92.6 : 97.5s 25.0 : 26.7:55.0 : 65.4 
a : 20,0 • 21.$: 25.0 , 26,0. 27.0 , 52,5, 9.0 ~ 8.91:18.5 : 81.8 
h 1 " 2 . 0  : 2 . 4 - :  5 , 0  : 2 . 9 .  4 , 0  • 3 , ' -  • . ~ S. 2.0 , 1.2i 2, ;5  : 2.5 
h 2 , 3.0 : 2.7:$.0 : 5.25:a5.0 : ~.I: :2.0 : 2,11: 2.Y5, 2.8 

h~ z ~,,0 : 2 . 8 :  ,.-5.0 : 3~.25: t'5..O : 4,1: 1.0 : I.I~: :2.75s 2.9 
i um m,, 

• C ons erva tive. 
e~ 

Concrete transition all.red reduction of basin length. 

4. The influence of entrained air. The above rules and fig- 
ure '17 arc applica'ble ,to'the case ,of ntrained-a~Ir, provided ~the proper 

other ,var ia bl e.~ ° 
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APPENDIX II 

DES I GN OF OUTLET-WORKS S TILLING HAS I ~ 

i 

I. Introduction. Energy dissipation bel~ outlet works 
throughearth-f'ili dams';frequently Toads to the problem of ~seour 
prevention. If the canyon dov~stream from the outlet ~works is not 
of sound rock, or if damage would result from anticipated scour,/it 
is necessary to provide a stilling basin to control the action ~of 
the high velocity valve ~ets. The t3gpes ~ofstill~ng basins may be 
classed as free jet, chute, hump, and'impact ibasins. The designs 
wil:l ~be developed ~for %he usual ~case of two ~outlet conduits. 

~2. Appli, o.ation of, it.s of ~outlet-works stillin~ basins. 
By ~a series of experiments, the limits of application of each type 
of outlet-works sti'll~ing basin ~has been fairly Well ~established A' 
The use ef each :is determined ~by the relative lo~a~ion o f~the outlet 
gates or ~v~lves ~with :respect ~to ,the maximum i ltailv~ter elevation stud 
by ~he oharacter of thm downstream river ~ohannel. 

Where the outlet invert is above the maximum tailwater and 
the ohannel below comparatively stable, a pool into whioh the jets 
will plunge is sufficient. According to a few ~prelimir~ry tests 
(plates 8 and 9), when the valve invert is the same or lower than 
the tailwater~elsvation, the jets remain ~en the pool surface, develop- 
ing severe reverse ~currents on the sides of the ~basin. By raising 
the ~valve invert to at least the maximum tailwater elevation, the jets 
attain ~sufficient dovamvard d~rection !to cause their submergence By the 
pool, ~The reverse ~currents at the sides of the ~basin, and immediately 
in front of thedischarge guide ~ne a~d splashing~ in the basin are 
then ~redueed. 

~If the ~ohannel is ~narrow and erodible..vJhere scouring might 
be dangerous to the structure, a .chute basin should be used for all 
conditions ,with the,outlets above the baiiwater. The ehute :basin 
should also be used for'all cases ~:between ,va~Ive invert at maximum 
tailwater ~elevation:and valve ,center line at :the:river°bed elevation. 
Tests (plates i0 and ~I~! .) to determine the :lower 
ration for satisf'actory flc~' conditions indicate 
center l~ine is lower ~than the river-bed elevation, thehydraulio 
jump will move up to the outlet valves, causin~ undesirable flow ~eon- 
ditions. Furthermore, the hydraulic jump is satislaotory forall 
valve openings ~and ,valve center line at or ~above the river-bed ele- 
vation (figures 18A and ;18B); but ~when the valve center line is lower 
than the river ibed, ~the formation of the hydraulic jump is not satis- 
factory for all valve openings (figure I18C), and the hump basin should 
then be used to maintain the jump downstream from the outlet valves. 

i7 



In certain ~cases, when the head is rela~ive,ly small, it 
may be desirable and economical to use slide gates in place of 
valves. With the ga~es the free jet, chute, and hump basins can 
be used for the conditions described above; in addition, an impact 
type of basin may !be ~used for the ~oondition defined for the~hump 
basin. This type of basin is essentially a rectangular ~s%il~lin 
basin plaoed a~ins~ the outlet gates wi'th a ~level floor at the ~ 
same elevation as the gate sills. A ~Jump will form at .t}~ ~tes 
or ~Ii !be completely submerged, deoe~ling on %he %ai lw~ter eleva- 
tion. Due to ~the Ic~ head and the small disturbance of the gate jets, 
su~rgenoe~ of. the jets is considered permissible° 

3. Des ion of free ~S,7% basin. The construction features 
of ~ h~s type of basin de sends ~on several conditions, Nhen &he walls 
and bottom of the ri~er ~channel are of sound rock,-the jets may be 
allowed to discharge freely ~into. the cauyon without "%eking. any meas- 
ures for scour preventlon. In some cases the Channe1~may consist of 
erodible gravel and rock, but scouring willnot endanger a~y part of 
the :structure. A natural Basin ~ il~l then ~be excavated by tie scour- 
ing action r O f  the Jets; thersmall gravel ~Will .be carried downstream 
and rthe large material left to cover the basinas riprapping, When 
scouring of the channel will be dangerous to the structure, 
and riprappin~ ~ shaping 

of an already wide ~channel as part of the construction 

basin ..:is required ,where channel scour :would :be dangerous ° 

The proper design iof a riprapped, free jet basin was de- 
%ermined by the ~Deer Creek Dam outlet works model study. The ~- 
portent features in design of such a basin are shown in figure 19A, 
in which dimensions outlined are ntinimum value s for good perform- 
anoe of the basin. Since least cost is ~iven by the dimensions most 
nearly fitting the river channel, i~imenSions greater ~han those 
shown in figure 19A may be used, and good ~basin performance can be 
expected provided the ibasin is sym~tetrieal wi ~' 
In some oases an:unsymmetrical basin becomes s. 
heavy riprapping on the °wider side to provide 
s e v e r e  currents ~resulting from the unsymmetrical conditions. 

Rules for designing theriprapped free lJe~ basin: 

.elevations ° This .................. -~ ~.~ ~nu~r-surrace 
depth may be reduced somewhat when the basin 

bottom is of good rook. 

(b), The width at the maximum w a t e r  line should be four times 
the depth of pool. 
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'(C) The level basin bottom should extend to the point Where 
the maximum jet trajectory reaches ~he basln bottom elevation, 

;(d) The do~mward slope from ithe valves to the basin bottola 
may be 5:1 :or greater. 

(e) The u~.~rd slops from ~the basin ~bottom to the river-bed 
elevation may be 3:1 or 6maller. 

side slopes ,should bei~.l, ( f )  B a s i n  " 1 .  

(~) For best basin performance~:'~wi~th single-~alve operation, 
the alinement o£ vaives should be such that their center lines inter- 
sect at the:end of ~the basin. 

4. Desi.~n of ~chutei:basin. !The chute/basin consists of 
a ~rectangular chute ~and stilling ~ba~in. The following rules out- 
line the procedure of .design :i(~igure 19B): 

(a) A dividin g w~ll along the :spillway center line is required 
~for • satisfactory jump formation :for one-valve ~opmration. The iltop of 
the wall should be a~ the maximum tailwa:~er eleva~ion for one valve 

chute • and~ -tWro thirds the length ~of :~the ~s~til~lin a . g  b sin 

(b) Each i half of ithe basinshould !be syr.Lmetrical with respect 
to the valve center line. so ~the basin width should be twice ~he valve 
spacing. 

(c) Chute and basso ~lls should be ~parailel to the ~direction 
of the jets. 

to 

, the application of 
the r~_ ach half of the :basin 
functions separately, the maximum t~ilwater elevation for one-val,ve 
ooeration should ~be used in determining, the proper basin floor ele- 
vation. 

maximum j e t t r a j e c t o r y  a t  t h e  dovms t r e a m  end .  The c o s t  d e c r e a s e s  a s  
t h e  : r a d i u s  o f  s i m p l e  cu rve  d e c r e a s e s ,  b u t  t h e  j e t  w i i 1  ~not be d e -  
f l e c t e d  upwards smoothly if the radius is .made excessively small. 
The radius and mean jet velocity canbe related by a consideration 
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of the Jet acceleration introduced by the curve toward the center 
of curvature. The expression for acceleration, in tcnus of velocity 

and radius, is a = -~--- It canoe specified that the allo~ble ac- 

celeration toward ~he center.f curvature should be some proportion 
o~ the acceleration of gravity; a --kg. 

The maximum value of k for satisfactory operationmust 
be determ~ined;by model tests. A preliminary test for k = 1.0 
proved satisfactory, and indications were that k could be increased 
to a value be~een 1.8 aud 2.0. Due to urgency of other ~ork and 
l~mited laboratory space, further testing was delayed. For the pres- 
ent, k = I.~ can be safelyused. 

the head, thus velocity, the ,value of k increases for the design~ 
curve, and the ma~imum value of k for satisfactory operation can 
be determined. The radius of simple curve~ can then be determined by 

= ~ • . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . .  - . . . . . . . . . . .  ( i )  " 

Refer r ing  t o f i ~ u r e  IBD,: the ecust ion~of ±be hump traJec-. 
torywill now be de,ermined. Consider point ..0, the. beginning of 
the simple curve, as origin of the coordinate system; point A as 
point of tangenoy o f  simple curve and trajectory; point C as highest 
point of trajectory; and point D as end of trajectory. The coordi- 
nates of the simple curve 0A ~are determined by 

y ooe.e.,.eeodlmle,,o#ooo~eeeo.~.oeoeq 

The equation of the!/trajeotory must be found in terms of 
x and y..Known conditions a~t point A are: ..... 

x ~ .  ,,,, R ~ ,~ i .n~ . . .  . . . . . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . . .  . . . . ( S 3  

Y A  ~ . @ ~ s o o e , m e e e ~ e a , @ , @ @ , , , ,  e o , = = e e e m e  

EX A 
Velocity in X, direc~ion, ~ = v A cos ~ ,. ....... ..(5) 

Veloci~. in Y-directlon, dYA = v A sin ~ .. o........(6) 
dt 

At any point, C. on the trajectory: 

<~ d2x 
Ac eleration in X-direction = 0 (7) 

c , d t  2 . . . . . . . . . . . . . . .  

2 0  
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A ~'-~ 

Acceleration in Y-direction, = -g .......... ... (8) 
dt 2 

lutegratin~ (7)and (8) for velocities inX- and Y-directions, 

= C; when t = 0, C -v A cos 
dt 

t " -gt + Cj when t = O, C =v A sin 

The second integration.of (?)and (8) gives the Xamd Y.coordinates: 

x,- tv A cos # + C; when t = O, C = R sin,~ 

z "~A oo~ ~ ÷ R si~ ¢ (93 • e,ee,eeooeeeeoeeeeeeoeeee@meeoo. 

y - t v  A s i n  ~ - 1 / 2  g t  2 + C,  . h e n  t - O .  C - ~ (I - c o s  ~) 

y" ~A s~# ÷ R (I -cos ~0, z/2 ~2 .' .......... ,.(lO) 

The equation of the trajectory, obtained by eliminating t and solv- 
ing (9) and (I0), is 

2 
y = tan ~ ~x - R sin ~ - 

R (l s~O ,.: .... ' .... <'.- ...... (11) ÷ : -- CO e o o e e @ e e , e e e e e e o e  

" "k 

Therefore, m% point C 

. -~[- .--  ~ n  # - ~  ( " "  R ,,in ,¢' ) . 0 
VA 2 . ~ o , 2 ' ¢ '  . 

from which 

f ~  e Q m o ~ e @ e e o @ o e e e @ e o e Q  

, . . ~  ,i,,, 2 ,g ( YC " 11 ~g . ÷ R l- cos ............... (13) 

In equation (IS), all values are knowm except v A andS. By writing 

k 
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Bernoulll,s equation, neglecting friction loss, between points 0 
and B, vA,oa n be found in terms of the known meam Jet velocity, 
~ at O, 

VA~ • 2 
2g ~g " ~ (Z-co,~fi) 

fr~mwhioh 

v A - .~ . -  o o ~  ~ )  . i . . ,  . . . . .  , . . , . .  
• . . . . . . . . . .  (1.,.) 

~ - R  O . - o 0 " ~ )  , , ~ 2 ~  " ~' 2g  

* ~ (l - oo, ~) . (I~) 
WW@ @ @ @ O e @ @IBeOQWP@ @ @ @@iQ @ @ e @ @@e Of@ W) 

( 1 ~ ) ~ e d U O  eS  ~ 0 1 I 1 [ 

; ( ~  " ' ~ )  " 0 ..... " " " " " " " " ( ~ ~ ) 

andThe ther°°ts of (16)~ay be determ_Ined= ~ J o s  ~ det'ermlnedNeWt°n's method of solution, 

Let x - isan approxlm~ 

" x 2 is a second approximation. 

fO~llo - - ---~-~,~- j ~ A u n  ~an De writte~ in ~he 

Y'Ax2 + Bx + C 
""'"'''''""" .... "''"" "~..-.----. (17) 

By ~t~ducing (14) ~d ~(I) ~ (ll) m the ooeffioi~ts of (17)are: 

A - -L 
.............(18) 

B -~¢C~+ i 
co. ~ (k , z  , 2 ooa~) J -........(19) 

c - ~ CI- o0~ ~- ,~ ~ ~ ~. ~2 ¢ 

The hum~ dimensions .z~y be detez~Lued by the ,above ® q ~ .  
tions~ provided the ihu~ cres t  eleTation i s  known. The c r e s t  e l e -  
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vation must b6determined to satisfy three condit~.ous: (a) To 
propenly s p r e a d  ~he jets from the i tunnels  fora~l con~in~tions of 
discharge; (:b) to 1oroe the j~mp to form downstream from the valves 
for ~a~ll :combinations of discharge; (c:) to form a~quiet s~able hy- 
draulic jt~:ip in the sti:llin~ basin. 

The extent 0f jet-spreading will deper~ ~on the :height, H, 
of the hump. ?~en H is sma~l :the je.ts ~II not soread effectively, 
and the center-line~dividin~ ~I~ :v~il~.then be required. :When H 
is .large the ~ets V~ill spre~Ad :so t}~t they are of fairly uniform 
depth for all combinations ~of ~:discharge over-th~ hump .crest, and the 
di~idin S wall .will not be require~,. 'Sufficient tests to establish 
_the proper height ~of ih~np requ:ired :for good ;je~ spreadin~ .have not 
as yet been conducted, ~but a preliminary test :indicated a height of 
14 feet :satisfactory ,for the .Wickiup basin, provided the :basin width 
be made 2 I/2:times the ~valv~ spacing, Until.more Ldefinite informa- 
tion is .a~ailable reg~rdinz the spreading of jets :by :a hump, it is 
advisable to use.the 'center-!ice dividing wa'll.. 

In order to force the jump downstream from the vslves for 
:a small valve opening, the ~hump ~crest"eleva:~ion mustbeat leas~ at 
the river-bed elevation; :other~,Jise, the ta-f,lvn~t~r would flood the 
valves. As the :basin floor elevation will, fin-almost all cases., be 
l~er ~}mn :the river-bed .e!e~tion, the jump for larger discharges - 
will form on 'the ~:mstream ~side of the ih~np for the hump •crest e!e 
ration equal ,to river, bed :elevation. 

A quie,t ,stable hydraulic jump will .form ,downstream. from 
the hump crest .for all combinations :of discharge, :prow-ideal the depth 
of jet enterimg the .pool :is~relative~ly ~un:ilform. 

.Since .the ~r0per ,design .of ,a~ hump basln has not •been defi- 
nitely established ~by model tests,~no ,set Of design rules will be 
given. T} - esign 
which may ~aid of~ 
a model s~' ~ _~ _he hump 
basin in ithe-fUture should prove I definite rules 
for designing ~.he hump chute, :The rectangular stilli~ig~ basin ,can 
a~ain be ~esigned according to appendix I. 

~6. Design of 5~naet basin, Fio~ure ~9 ~ sho~s an'impact 
t~e of .basin ~ith s~o m~uch su~pergence ±~t na j~p is formed. This 
type of basin can also be used for no submergence, -in which case a 
ih~draulic jlunp fo~as a~ains t the ,,a.tes ~ ~ • ,. ~.~- ~,~ latter ~case, the i 
basin should .be desi.~ed the same as outlined fo~r the :,chute basin, '. 
with the chute section omitted. When the Jump becomes submerged, the 
basin remains essentially .the s~Lme except that the dividin5 wall top ! 
elevation should be the s~me as the top of the outlet @onduits, and ! 
an arrangement :of larger blocks should be used, as shown in figure 
19C, 
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E~TE 5 

i: 

% 

(ii 

A. RECOMMENDED DESIGN. B. RECOM}a~I~DED DESIGN; RIGHT ' 
VALVE 1975 SECOND-FEKT. 

r 

r m 
~, .j ° 

/ 

C. REC0)~KENDED DESIGN; RIG~I' VALVE 1975 SEC0h~-FEET. 



PLATE 6 

i 

A. REC0~UANDED DESIGN; SCOUR FOR 
R!~T VALVE;"_975 SECOND-FEET. 

B. REC01V~ENDED DESIGN; LEFT 
VALVE 1 9 7 5  SECOND-I~INT, 

i 

C, RECOMMENDED DESIGN; LEI~T VALVE 1975 SECOND-FEET. 



PlaTE 7 
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I~ATE 8 

A. 1975 SECOND-FEEI~; VALVE CENTERI~NE EL. 4260; TAII2/ATER EL. 4264,4,. 

B. 1975 SECOND-I~EET: VALVE GENTESIINE EL. 4263; TAIlgATER EL. 4264.4. 

C. 1975 SECOND-FEET; VAL~E CENTERLINE EL. 4268; TAILWATER EL. 4264,4. 

FREE JEt HmL. 



PLATE 9 

, e ~ ,  ,~ ? ~ ~ ~ .  - " - _ - - -  _ - - - - _ - _  

A. 3950 SECON]>-FEET; VALVE C~VIVERLTI~ EL. 4260; TAIIRATER EL. 4,264.4. 

[ ;! , 

B: 3950 8ECONI)-FEET; E~kLVE C~NTERLINE EL. 4~651 TAI/I/LTER EL. 4~i6&,4. 

e 

C. 3950 SECOND-FEET; VALVE CENTERLII~E EL. 4268; TAIIRATER EL. 4264.4. 

FREE ~ POOL. 



L! i ~ i ~I ~I~ /ii: A 

: I=L~T E I0 

A. ONE VALVE 14.9% OPEN; CENTEPJ/NE EL. 4258; DISCHARGE 381 S. =. ;T.W. EL. 4260.3. 

B. ONE VALVE 14.'9% O~':EN; CENTERLINE EL. 4260; DISCHARGE 381 S.F. ; T.W. EL. 4260.3 

C. 01~E VALVE 14.9% OPEN; CENTERLINE EL. 4263; DISCI~RGE 381 S.F. ; T.W. EL. 4260.5 

D ONE- VALVE 32.6% 01:'EN; CENTERLINE EL. 4263; DISCHARGE 887 S.F. ; T.W. EL. 4261.8. 

E. ONE VALVE 32.6% OPEN; CENTERLINE EL. 4260; DISCHARGE 887 S.F. ; T.W. EL. 4261.8. 

CHUTE STILLING BASIN 
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PLATE ii 

ii, 
i ̧  ~ ,- • ~i ~ 

A. ONE VALVE 32.6% OPEN; CENTERLINE EL. 4258; DISCHARGE 887 S.F. ; T.W. EL. 4261.8. 

'i 

B. ONE VALVE 100% 01~EN; CENTEPJ~INE EL. 4263; DISCHARGE 1975 S.F. ; T,W, EL, 4264.4. 

C. ONE VALVE 100% OPEN; CENTERLINE EL. 4260; DISCHARGE i975 S.F. ; T.W. ~EL. 4264.4. 

D. ONE VALVE 100% OPEN: GENTERLINE EL. 4258; DISCHARGE 1975 S.F. ; T.W. EL. 4264.4. 

CHUTE STILLING BASIN 


