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CHAPTER I - INTRODUCTION AND SI~AARY 

Intr~ueti~n 
i i i  DUEl 

i. Location and description. The Bull Lake D~n will 
be l~ated on Bull Lake Creek, a tributary of the Wind River, 
about 40 miles northwest ~f Riverton, Wyumin~ (fi~. i). The dam 
proper consists of an ear, h-fill structure a p p r o x i m a t e l y  1,400 
feet in length and 75 feet in height at the deepest part of ~he 
creek. In addition, it will be necessary to construct approxi- 
mately 2,000 feet of earth-fill d i k e  (fig. 2). 

The outlet ~ks will consist of an intake and trash- 
rack structure connected totwo 4-f~t radius c~norete horseshoe 
tunnels (fig. 3). Each tunnel will diverge into two r~otangular 
control gate sections, having ~h a o~trol gate and an ~m~r- 
gency gate (fig. 4)o An air v~t l~ated at the d~wnstream end 
of the piers will supply air to the h@rsesho- tunnels to prevent 
the formation of a vacum~ which would cause the tunnels to fl~w 
full internittently. The section immediately downstream from the 
g a t e s  w i l l  conve rge  i n t o  two 4 - f o ~ t  r a d i u s  - conc re te  ho r seaho~  t u n -  
n e l s  which will ~t~nd tothe stilling pool. In the fin~l d~sign, 
th~ stillin~ pool (fi~. 5) will hav~ a hydraulic hump at th~ d~wn- 
stream ~nd of the ~um~uls, a d~at.~d step at th, Im~r ~nd of the 
slope, and a Rehbook sill 35 fu~t 4~. inches downstream from the 
duntat=d step. The stream bud ~ill bc riprapp~ an a sl~pu of6sl 
fr~n el~v~tion 5725.25, at the d~wnstruam base of the sill, to 
~luvation 5735.00. Riprap thru~ fe~t thick wlll ~xt~d from the 
stream bud. on a 2:1 slop~, to ulevatlon 5735.00 am th~ left side 
of the stilllnK pool, and to elevation!5750.00 on the right side. 
The outlet works willhave ~ ~apaoity of 4,000 sucon~-f~ut. 

I~ concrete, op~n-cimnn~l spillway (fig. 6) will be p r o -  
v ided  for bypassing floods. It ~ill h~v~ a designed capacity of 
I0~000 s~cond-f~t with an~acc~panying total drop of 61 f~et fr~a ! 
"%he r~s~rvoir l~v~l to tho ltailwat~r iuv~l. Xt w~ll hav~ a con- 
ste/%t width of I00 f~t sad th~flew~ill b~ c~troll~d at the in- 
~ak~ y thr~u radial [at4s, uKoh29 f~t wldu and iI fuut high. 

2. Personnel. The hydraulic m~el ~xpurimunts for the 
dosi~n of tho Bull Laku'D~m outlet ~rks and spilh~Ly, aSr d~ - 
scrlbud in th~ r~port, w jro made in ~hu Unltud Stat~s Bureau of 
Reclamation Hydraulic X~boratory at Denver, Colo~do, ~nd in th~ 
Colorado St:.to Coll~ Hydraulic' ~b~at~z~j at F~t~ C ~lli~A, C~lo- 
rcd.~, under the direction of Jc.cob E. %fcrnock, ~so~rchKngin~or. 

Th~ m@dol of th~ outlet worM~ was b~g~a m~or th~ super- 
vision of J. B. Drlsko, Assistant Ea~in~r, sm4 o@~l~t~d umd~r 
the supervh;ion of D.~P. Barn~s, Ass@eia~o K~i~o~r, F. L. Paauzic, 
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Assistant Engineer, was in immediate charge of the testln~ which 
was conducted by R. K. Vierek, Junior Engineer. C~nstruetion 
and revisions of the model were directed by N. 14 Martin, Assls- 
rant Engineer. The section of the r~ort dealing with these 
studies was prepared by Don C. Weed, Junior Engineer. 

The spillway model was initiated under the SU~ervisi~ 
of Whitney M. Berland, Associate Engineer, and completed under the 
supervision o/James W. ~all, Assistant Engineer° J. H, Bu~w~ll, 
Assistant Engineer, designed the model, supervised the construeti~ 
and testing, and p r e p a r e d  the pertinent section of the r ~ O r t ,  The 
tests were conducted by D.M~ Lancaster, Junior Engineer, with th~ 
assistance of G, R. Filler, Laboratory Aide. 

Those stu~i~s were made under the g~neral supervision of 
J. L. Savage, Chief D~signing Engineer, and Arthur Rteattg,rs, 
Senior Engineer. All ~n~ine~ring work of the Bureau of Ruolama. 
tion is~under the direction of R. F. Walter, Chief Emgin~ur, and 
all a~tiviti~s of the Bureau are under the direction of J. C. Pa~e, C~mmiss loner, 

5.  Sco~e o f  t ~ s t s .  The mode l  o f  t h e  o u t l e t  works was 
s t u d i e d  t o  p r o v i d e  a c a l i b r a t i o n  c u r v o  f o r  t h ~  g a t e ;  ~to c ~ s ¢ r v e  
and to u!~minat~ any unsatisfactory flc~ c~iti~us b~we~t~s 
gates and th~ horseshoe tummols; to duturmin~ a satisfactory atii- 
ling pool design with~cansideration fo~ thu ~sirabillty of-a hy- 
draulic hump and sill; and to detenmin~ the ~ortent of th~ ~iprap 
r~quir~d~downstr~am from tho stilling pool f~ tho proteeti~u of the structure. 

"'The spillway Was' likuwis~ s~udiud to obtain a oalib~m. 
tion curv~ for'th~ gates; to ollminato any unsatlsfactoryiflow e~m- 
ditions through the gates and down the chute; to d@vol~p a satis- 
factory stilling p~l; and to determine the ~tont of riprap re- 
quirted d~umtream, from 'the stilling pool. 

4, R~sults and canc tuslan. Taste on the outl~t works ~ 
yielded data for the Pr~paratlon of a calibration ©urvo. An ad- :~ 
vcrsd flow condltiQn dcmmstrJam £r~ the ~at~ suction was olimi, 
noted by spoolfying a gate oparating pr@gramo Th~ latter p~c~¢- !i 
duru proved to~b~ more ~conmuical than increasing th~ IQngth of 
th~ trmus£ti~n. Th~ hYdraulic humP used in th~ final.d~i~n-in ~I 
c°njunction with th~ d~ntat~d step cad R~hbcek sill p~c~u~d satis_ !~! 
factory stilling-pool conditions for all combinations of f I r~prap proposed in th~ final d --~- .... . low, T~ 

w~ASn provx~a smpi~ p ~ o t e c t i o n  to 
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the stillin~-pool structure, with very little erosion at:maximu~ 
discharge. 

The appr~ch transition, ~ate section, and chute of the 
spillway model had ample capacity for a discharge of 12,000 
second-feet, 2,000 second-feet abov~ the design m~xim~. Even 
higher discharges may be handled unless interference with the flow 
by the gate counterbalances is obJectienable. The negative pros- 
sures on the cr~st for small ~ate openings (reservoir elevation ~ 
5805°0) w~ru not considered serious b~oause of their small maEnitude 
and because of th~ remote probabilitythat the gates may be ~perat~ 
under thes~ conditions for more "th~n a short p~riod.. Th~ transverse .i 
waves in th~ chute will not affect the iaeti~ of the stillin~ p~l 
adversely or increase the erosion of ths stream b~d. The discharge 
curves included in this rsport will be helpful for determining 
the flow in the stream belo~ the dam ~ l'~ t ~ e o f flood. The still&mE ,-~ 
pool was short~ned 18 feet and its floor raised 2 ~'oert with an ad~- .! 
quote h~raulic jump still fo~min~ on the apron~ A s~otrieal . 
sill with large end tu~h was found tobo more satisfactory %ham 
an uns~m~n~trical sill with teeth a~d spaces of equal width thr~u~h- 
out. A dentat~d step plau~ whore %he ohut~ enters the pool was 
found to b~ v~ry ~ff~otiv~ in kuupin~ the Jump in the pool at ab- 
normally low tailwatcr elevations an~ t o  have practically no effect 
in preventing erosion d~n~r~am fran th~ ~ sill. Riprap place~  il ~ 
over an ar~a ~xtunding 50 feet d~vnstruem:fr~m the pool serv~ ~,s ~; 
a c~ntrol suction and prev~nte~ the J~ from ~ u e p ~  out at even i 
the l~west tail~n~ors. ' 

0 ° 

CHAPTER I I  - MODEL T~TS OF O~TLET.,W~ 

Outlet .Works Medal 
, i i | ~ I  

5, Model of outl~ .works, The model (fig, 7)~as built 
on a s e a l s ' o f  ~l:SO i n t h ~  Dmiv~r.Hydraul io 'Labo~a%ory.  The. wa te r  
was supp l iod  t o  t he  head t a n k  by pump t h r o u g h  a c i r c u l a t i n g  s y s -  
tem, A slx-inoh gat~ valv~ ca~r~rolled the flow of"watorfr~= ~hu 
h~ad tank to the mo~elo The metal dlvargin~'.transi%ion spllt th~ 
discharge from th~ slx-lnch valve equally b~two~ the %~ m~%al. 
horseshc~ %~nol~. Piozomutcrs installed in the aides .and b~%~ 
of th~ upstream horsosho~ tunnels woro, ,oonn.o%~ %0. a. ~an~or 
bo~rd~to men~uro the h~nd on %h~. ~ntus. The tl~nsitIQn-.%o~%h~ gates 
( f lgSo 7 & 8) was fo rmed  w i t h  p l a s t e r  of p a r i s  between e q u a l l y  
s p a o e d ~ t ~ p l a t ¢ s  cu t  . t o . o ~ o n n . t o  k ~  i n s i d e  of~.the t u n n e l s ,  :'Th~ 
upstream r e c t a n g u l a r  t u~n~ i~  ~oro formed %~ r ~ p r ~ e n t  . t h o . p r ~ o -  
t~o s~ion e~ntainin~ the emergency ~at~s. Tho~ will 'be ro£erT~ 
.toms gates 1, 3,  .5, and .7 numb~r~.:fr~ l o ~ t  t O , ~ r t ~ l t  Io(~i~ 
d m m s t r o ~ .  As th~so  ~atos a r e  ne t  t o  b e  o p e r a t e d  o f t e n , - e n l y  %h~ 

8 



LJ •• .  

I I 111 
I I t l l  

• ' l ' V l l , . l l l  U P I T I I I M  I ~ C T A M I I ~ I !  l l l t l l . I :  . , - .  l l l l O I l l O t i .  l A T E  • l l t c T l O  N 

. ~,.,_,..~.,.,.,,,,,~.,,,,,,,,,.,, , . ,  . . . . ~ . , , , 1 . , , , , . , . . ~ .  o ,  

z i ; , . . . ) q i ~ " .  . . . .  ' . _ . ~ - . . . : _ _ _ - I = ~ _ - _ _ ' L - ; _  - ,.. . . . . . . .  
L ~  _ , n l--'.'_',~-~==a]~..I;::: , . ' ',,. ' - . . . . .  

v . l q l U I I I T i O N  1'0 l l ¥ 1 e ~ " . ~  D O l l l l l l R i l l  I / U M ~ t ~ . ~  ' 

O O A L [  < F O R  P L A N : A N D  S E C T I O N  l - I  " m l m ~ e m " , o ~ # o . ' ~ . l v i m l  . 

MODEL" S C A L E  +iN | N ¢ I I I  " 
I I O I I  1 4  q , l  • 4 0  
i ,  I , . . , t  _ i .+..I 1 ! . 
I ' i ' l ' l  ': 1 ' I i 1 '  I ' i '+l + 

3 0  0 ' I O  4 0 " 1 0 " 1 0  I I)O l I O  - I L ~ ' A N  

P R O T O T Y P E '  S C A L E  I N  F E E T  

. . . . .  ml 

{ 

: J ' ~ 1 " r r l ~ .  +~ 

_.d 
PI,I 7 _ I -~ • 

' 1 1  " 

i l , I  

• 1 i 
I I ' I  
i l l  

I I  I 

• ! + 

l 
~t ,I i ...... 
i l l  

I I'JI 
I I/ I 
I I~ l  

<1111 I 

++ . i i  , I  - KI . 

IOI~IIDI. I . I N I [ O  l i  
; I I . ~  l ~ i . + l l I l ,  I ,  I R O N  

I ' , | i  - i "  ~"* I I ~  ,i~l" I t~" - a ~ l , i l l ~  ~..d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I t i * o l l l  ° . . .  . . . .  
{ i l l  ~ - ~ - - - - - . . ~  _' : ~ . , ~ " ~ T ' ,  lll.~',+ . . . . .  * - "~ ................................ #" 

" E : - ~  ~ • - - - ~  ":L ~. , . , , . , . , , , , . ~ R , . , . + , , - . - - . ' . ~  • - _ - , , , _ . _ , . . , _ _ ~ _  - ,  , ?" _- 

[ \  ~ L \  M I X  k i n  J t l k - ~ l  + •++ 'P--,,-- ..... , - - ~  

S E C T I O N  IP.I 

m o ' r s  

T h e  s e g m e n t s  w e r e  ;. b O l t e d  t o g e t h e r  
i w i t h . ~ "  m a c h i n e  s c r e w s ,  

E N O  Ir L E V A T m  ' - . . . . . . . . .  ~" er . . . . . . . . . . .  -.. ~r 

P I . A N  

" ~ ' O ,  "LD, ~ - El IA. IALV. l l t O ~ -  +. 

-+4 [ 
~,z.-,,-~ : ! ,  

m . ' - " ; -~i 

S E G T * O N  J - J  

O I V E l l t l | N @  T ~ A N I S T ~ N  

El i~ ~ ~. ~1 ~: 

P ~ A N  [ N O  L { L E V A T I O N  ;:,~ 

I I  l i .  I ~ L ¥ o  I N O ~ ' - - q  . . . .  
, - - 1 4 I I .  l l L V ,  l i O N  ~1 , 

m [ z .  ,~,A~0 le-- ' ~ : 

, , , , . . , , . . o  +4 
• I E G T I O N  K - K  

U P I T N I A M  • H O R I [ I H O [  ~ T U N . E ~ 8  

~ C A L E  FOR ~ [ T A I ~ S  

I d 0 D E L ' S C A L E  tN i N C H E S  
/ / - l 'dd. , ,O P .4 a o t o  

] I , . . . .  , ' i  I + ~ - - V I - 4  
.~ o 8 io 15 I o  I ~  

P R O T O T Y P [  IS&I- E IN  P E l T  

L 

r~" 

J_i 

,~i u, : 

It 

4- 

,~o.o 

!i i:! 7 / '  ~ I : r - % ~ - 1  t , ~ l ' , ,  : l  /L_l~-_+ t I ! i-I * 1 '; * ' 

I I I I ' ~ +l t :1 ' + 

l • - , ~ l  , ~ kO~ 

"END T E ~ E V A T I O N  + B [ C T I O N  M - ~  

; ' O O N Y f l O L - G A T E  I [ O T I O N  
= 

~. * l  9 4~k.  O & ~ V .  I ~ 0 ~  

~ ~ "  [ - - -  <{"l-'-'J'~ 

D I  • i l l  i l l  

• : . . . . . . .  ~ ' - . _ . .  - .  . . . .  ++~ ~ + ~ r '  

+, . . . .  L ' "  : 

, ~ I  . . . . . .  t - 4 ~ -  " +"  ~"~ '  " ~ "  ~ ~ ' ~ - t ~  " ' " ' ~ ' ° ' ~  ' * ° "  

.,I ~" - - J - - ~  - lt l l lO.Xl.i .O, liRilOS :Tl~llkml ~" - +. = 

" f l  FOR "OATE"DETAl i . ,S  + + 
B I l E  F | G . S  ,3./. ,;-- i e ~ ;  enLv~:mo*s--.. • "~ ..... ~ ' ~  : F  

! 

esm[, [ J . [ V A ' r m ~  

- - ~ # - ;  

- i  

"~-~i 

. #  

i I t 

P L A ~  

• 4 '  '* 

,%!  

,ui. i 

FOR D E V [ ' :  O P M [ N T ,  
S [ £  F IG.  S,' : 

+ - 

r 0 o m  O F  . = 

~ T R A ~ S i T I O H  T O . O ~ T ~ S  • ~ 8 T R [ A M  , R ~ T A N G ~ A R  ~ U ~ N [ ~ I  

P L A N  . . . . . .  - E : '~ ID ~ 

. . . . . . . . . . .  l £ . 4 " - - -  . . . . . . . . . .  ],+ " 

. ;+ .I" i ""~'~ 

O U T L R , T  ~ A T : [  T R A I I I I I T I O ~  

1 

. . . .  , . . . . .  ; 7 , 

" + -r.. 

G E i ~ E  R ~ L  P L A N ,  ~ £ , L [ V A T : ! O N ,  & N D :  D E T A  t L S  

~ 0 F  O U T ,  L E T  W 0 R  K S  M O D E L  

L,, 

% + :-=; 

FOR 
~ E E  F l i .  S :-, .'~ , - i  I 



) 

6 

- - r .  ~ . . . . . . . . . . . . . . . . . .  i !  ¢- | ,+ • ,~ 6 0 

" '  ' " " - g i~,~> z J  

, , i,l,, l's, =" \ - - '  , t " l '  ,,o . . . . . . . . .  I , , l  - a ! o ~,- ~ ~' 
I ~ ] I ' ~ .+= 'ao  o l l t  

" - j  4 , . o .  . ; . o.+_ .o i l l  \\ .... - il.~. a,~, + o  : " = ~  '=-, 

i . ~ o  : ' ) c  " ~ " l i d  . . . . .  I" I ,  ~ , , s i t  ', 

• I ° i i t l  @ ° i  u ' 'i ~ l i  l i t  

I .  ll.'l~l#a II1%101 u . 
; ¢ F ,  +.~T ~ ,+' + . , , i  ++o : " ~ I 

"+" ' : ' " °  + l  ' I ,  , , , \ _ L :  , + , 
- -  l I I I '_t ) ! C l  l I ~ilili,.i~i i i , ~ 

,o . . . .  o ~ , - 
• o o : p + , + + . . ~ , i l l l  . . . . . .  - L  . . . J i l l . + +  

i l  

~ % + =  
' - G  "~'~ ,,0~ .I ~ = 

01 - -  . l l  i • + +  + i l l  ~ +  . N i l  - -  ; + - . . I + +  , 

. . . . . .  ,, -++ - +:''-,o," ' - - +  . . . . . . . .  ' + '  
' ; r + - + "  : • 7 o . ,, r ,+ .  _,.~ . .  

I l l  • ~ " 

~ , \  ' ' ' '  ~ .  . 
:: , +  . .  ~ . ,+ , + ~ ; , r -  

- - ' <  + : -  f, ! I , ,  

. . , . . + , + , . , , . ~  . -_ , -++ , - . .  . .  . + ~  , _ ~ _  - . ~  J T .m . o • ~ , +  + . . . . . . . .  ++-~-.- .i 
,, , , t  " , , . .  I " i '  p = r - ~  o ! l i t o +  ~ll o + , o  , , l i ~ :  " 

. . . + . . . .  ,, l 4 Ill / + , ~ _, ~ # l , + + ' l l i + ' + + +  I L O l  I i +  ~ '. I 

,, F... ,, 
i , , l  I l l  +i+ 

I . t ~ - t  : I - + + ! 1  " i o , l+  - -  - t ,,++ . - < , , > + . l . o ,  i+, : o . I I  ,- ~ I . I l - t  . . . . . .  +_l+~..~L~__~ :7: I ° 1 

• t I : ,  ° : !  ~ - " ; ~ ' + ' + " ' - ' +  
'-"~-" _ I  I + " ° : + + " +  " 

o , : i + l  I,+,,'_: +, ~ ~' I o:- - 
+ t  + ( P '"  +" "! "+ • 

_l " ; I 

+,I  

.4  i ~  . i  ¢~+ + 

-++= ~ ,7.,] ? , r -  

: . i ~ - 

- : +, P = . . . + -  ~ g .. +..,",-.. • : ; + •+ - < r - - 1  i i i  

• ' \ -.- -+-.,,-~o,,i ' , +._.. . . . . . .  +,.,<>, , 1  o 0~ +~ o + ~ 

" - " "  '- - "  ' _ - i +  :) ++==_-._ +: .= 
t l . i O  l i l i l l l l l l i l~*~ ;~i." £1 i ~ - +  l i l l l l i l  di'~lll~l~l*' / , Ill • 

. . . . . . . . . . .  " -I"/ ~ --+...i-4 o -  -'- 

• . . . .  "'"'°-~" ' ~i" Z ---" ~-. ~ :r~n ... 
• ~ -  . . . . . . . . .  "C" . . . . . . . .  '+/' ~ - - - "  -'. .  ,+ ~ +,:--:~. ; - °"  := ~-"o'~"°" . -,,:+. 

.",~ i o g~+Zo ~ ' -  : 

b ' ' - - + "  + / i  ,.1 -" g : t ; ÷  t l  . o . 

+.~o,~77~ , + i , , ,  +-. ~iP "' : ' + ' + "  ;''+" i +  ~ :  oli l"  !l "~'[']'l":"'~l:iil i;; "~++i+I~.+: l--: + i  . . . .  [" 
~ , ~ I  ( "  ' + '  : " + ~ 1_~"~'i ~ • m " °  

• ~+ . - ,  ~ '+'< i l+ i ~  . "+- , , . .t ,  ++~ 
,-1/-" . . ' '  ~. l ro"  . i l ~  " .  J t + ~  e1~ ̀-" . ,.l+ +~.- . , I ,  . 

"%~"~ " + " ~ . . +  f - - . l O  * l l  > - -  .411 . 

#,+,-- . . . . . . . . . .  I S  . . . . . . . .  ~ . . . . . . . . .  e l  . . . . . . . .  

• #I i 
I | 

t 

i 

I 

i. 

L 

i ~, 

i 
i " ) 

T 

! - !  

l i 

i ~ J 

I J 

• I 

! /'I 

I 

I 
i 



gate Sills were constructed (fig, 7). Piezom~ters were provided 
to measu~ the head in the rectangular tunnels ~ediately up- 
stream fr@~ the gates. The operating gates, which wall be re- 
ferred to as gates 2, 4, 6, and ~ numbered from l~ft to right 
lookin 6 do~nstroam, were  constructed of brass to simulate the 
5-foot by 5-foot slide gatus of tho prototype (fi K. 8)~ 

The transition frown the g&tos was oonstruotud in 
parts (fig. 8~. The upstream portion smnaistcd of four m, tal 
turquois ~'rlth .~inch radius loather fillets; the downstream per- 
tion was formed i~ a split mold with plaster of paris poured 
around two wooden cores. The mold was cont&inod in a shot-metal 
box to which "~oru bolted the adJoining~perts. Two metal horsu- 
sho~ turmols (fi~. 7) w~ro constructed with rumovablu tops to 
permit obs,,'rvation of the flew. Thus~ ~xtendod fr@~ thu transi- 
tion to t~hc stillin~ pool b@~. 

The stilling pool b~x was 5 f~ wide by 12 fe~. , .  
inches lon~ and 1 foot, 9¼ incho~ deep, and was supported ~ a 
~oodon frmnework.. The box was llnod with 24-ga~u ~&Ivaniz~d 
sho~t metal. As ori~inally du=ign~d, th~ stillin~ poe! (fig. 7) 
was constructed mE wood supported on 2- by 4-inch Joists. The 
tailwator wao controllud with a hing ud 8atu at thu d@wnstroam ~nd 
of th~ stilling box. Tho tailwntcr elevation ~as obsurvod in a 
man~notcr mounted on th~ side of th~ tank. Tho wator passed 
ovor this hin~od tailwater gate into a r~turn flumo. Tho dAschar~o 
was m~asurod ow~r a %0-dugrou V-notch wuir looatod butw~n the 
roturn flumo and tho pump sump. 

The head on t~ weir was m~asurud with two hook g&ees 
looat~d in stillln~ wells, and the elevation of the water in the 
head tank was observed in a manometer mounted on the sldo of the 
tank. The water surface and erosion in the pool wore measured 
with a point Ea~u mounted ~ rails parallel to the m~ol. 

The hydraulic humps wuro constructed Of 24-gag~ gal- 
vanlzod sheet metal placed OVjr r~dw@od frames, ax~ the sills 
wore made of sugar pine boil~d in llnsuud oil, SaD~ ~aa ~sud tO 
represent the excavated river bud in the erosion st~tdius. 

6. Slope oorr~tlon of m~ul. Duo to the inability %o 
t r ~ u s f ~ r  t h ~  w~!uu o f  K u ~ r ' s  " ~ "  c~, %}~ p r o t o t y p e  t o  a ~ -  == : ;~, 
ically similar value on the m~Io!, it wns necessary to i~rease i i 
the slope in the model to c o r r e c t  f o r  the dissimilarity. Asst~- 
lag t h e  g a t e s  t o  ~ the control s~tion, sinoo above this point 
the water is u~ur pressure, the hydraulic losses in the proto- i 
typo =~ro oo,~ut~d a.s follows, 

(I) The cG~put~d prot~ypo loss in the t~ansltlon - 1.75 
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feet. 

(2) Th~:computud prototypu #nur~/ gradient - 0,0~74, 

(3) The lun~th of tunnul = 215,30 foot. 

(4) Huad loss in tu~_nul uquals 0,057~ x 215.30 = 8,06 fuet, 
and th~ total loss is 8,08÷1,75 ~ 9.81; 

(5). B ~imilarit , . .  ~ k ~  (prototy~=-(,Scale 
ratio)l/~. Y Y ozopu (prototype) 

Usinz zm N of O.OlO for the modul and anN o f  OeO13 for th~ 
protot~c,th~ ratio of slopes is Sm = ~0.010~2 (SO)I/$ = i.~4. 

~p vovAo 

(6) Thu imrcasc in friction slopu = (I°84 - I°00) - 0°84, 
and the oxcuss hORd. loss is 9.81 x 0.84, = 8®24 furrY. 

(7) Th~ prototype diffuroncc in ul~v~tion bctwcon tho ~ato 
sill and the tunnel outlet = 10,67 fact, and thc ncccas&rydrop An 
tho modal = (10.67+8,24)0,4 = 7.564 inchus. 

J 

~ The modal of the tunnttl'wus sl~pcd to prod~u a dr~p from 
the gct~ sill to the tunn~l outlets'of 7,564 inc,hcs. Sinco th~ 
operation of the potion of th~ modul upstroam from the gst~ sco- 
'tion was indcpcndcn,t of thu slopu, ~Ii of thu:modol was plnocd on 
thc~ samu.sl~pu =s thu d~nstruam portion to  f~cilitato oonstru~ti~%. 

f~ 

Discharge Conditions Thr .ou. ~h Control G~tc, Suction. 

• 7. Calibration of at_us7 The mod~l was initially a~s~mbled i I 
down to and includin~ the ~atu scctio~ (fig. 7 a~ plate IA). T~ ! 
control ~atus will bc ruf~rrcd t o  = s ; ~ c t ~ s  2, 4, 6, and 8 numburod ~I 
from loft to right iookin~ do~str~mn, A small V-notch wuir, pla~d 
downstrc~L from the ~_to suction, was usad t o  mcasuru the discharge i ~i 
throuo~h c=ch g.ct~, E=ch ~-tc was calibrated soparatoly with full, i~! 
thr~-quart~. 
-B~ ~C, ~nd-D)o The calibration curve (fi~. 9) sh~s th~ discharge i 
for any gato o!~crr.tin& alone, and for all g~t~s opcrntLn~ uniformly° . ~ : 

jJ 

H r ~ c  Action in Upstream Portion ~of 

8. Fl~v condition~. Th~ upstream portion of'~e outlet 
g=tc transition~gs. 7 ~ 8) w=s ~ddud to th~ gatu s~tion, oztd 
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the hydraulic action was observed for different gate openings. 
As the gate opening was increased, the transition t,Annels flowed 
froe until a gate opening of 97 percent was reached. At this 
point the tunnels flowed fuli. Figure 9 shewsthe water surfaces 
at the dc~mstream end of this portion of the transition for three 
different gate openln~s and for the tunnels flowing Free. As the 
gates were closed, the tunnels fl~ved full until an opening of 
56 percent was reached, after which the tunnels flowed free. Plate 
l-E, -F, ~G. and -H, ~']h~vs ithe flow in the tunnels for different 
conditions of discharge and gate openings. 

9. EFfect of air vents. Air vents were placed imme- 
diately dc~nstre~ from the gate section to aerate each transition 
tunnel. The t~e of several sleeves of telescope tubing provided 
a convenient method of varying the ~sAme cf the air vent. It was 
found that a tube with an ir'~i~e ~ismeter of S/16-inch wn.s the 
smallest air v.~nt ~hat ~ould allow the water in the tunnels to 
flow fr~e with gates fully open. !Plate l-I and -J sh~vs the ef- 
fects of t~m air vents on the flew characteristics. 

De str   Portion 
OF O~.~Oate~Trans Arian - ' 

I0o Flew conditicms. The ~strCam portion of t.he 
transition (flg~. 7 and'~) was-added, and the-top of the transi- 
tion ~as removed to facilitate observati~of the flew. The flew 
From tl~ t~vo center gat~ tunnels produced ~atisfactory flew ccmAi~ 
tions in th~ transition t~mne~, but the fl~ from the two outside 
gate  tuznols gave adverse flew carnations. Plate 2-A, -B~ ~C, an~ 
°D shews th~ flc~ conditions with nil gates open an equ~l am~Unto " 
Plate 2-E, -F, °G, and -H shews th~ flew with one side gate (~ato 
2) and one c~ntor gate (gate 6) set ~gua!ly at varlcus openings, 
t~ r~maining two gates being c lc~ud~ 

Tho advurso f l e w  could have b~n eliminated by Incr@asin~ 
the length of th~ transition ~/~h would have allew~d the water to 
change direction less abruptly. 9accuse ~f the increased cost of 
such a chan~e, h~ev~r, it was ccasi~ure~ pr~f~rnble to es%ablish 
a gatu-~perating schedule. As Atwill not be n~ces~ary to ~ischar~o 
4,000 second°feet contlnuously~ it is, t h e r e f o r e ,  roe 
the two Insid~ ~at~s (4 an~ ~ .... ~ _~ ^ . ~m~r~ed that 

. . . . .  - -~ ~s-~ua rer normal discharges 
and that the two outsid~ gates (2 a~ 8) be operated only when ad- 
ditional capacity is ne~, 

of ,stizz   P 

o f  t h e  or.g~nn~ s t ~ . l l i n g  poo~ ~ T T T ~ .  ~ ~  hzo 
p~ato '3) oc~h!bitcd thr~o t ~ f a v o r a b l o  flc~v Q~raotorlstlcs. 
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(I) T~+h~raulic Jt~ f o r m e d  inside th~ C u n n e l s ~ a t  mo~imu~ 
discharge wh@n %he +tailwnt~r (fi E. I0) ~ s  five feet ~bove norm~l 
(plate 4~A). Thi~ would be,he tailw~ter condition+for maximum 
discharge o v e r - t h o  spillway. The forming of the Jump in the tun- 
nels caused them t o  flow full, and duo t o  t h e  increase in frictim~, 
the tunnels continued to flow full even after th~ tailwat~r ~s 
decreased. Aeration of the horseshoe tunnels did not rmmove this 
unfavorable characteristic° 

(2) For maximum dlsohmrgo with no.~mal tailwater~ ~hejum~ 
formed at the do~nstremu end of the splitter pisr (plato 5 B)o 

Plate 4-C ~ shc~s the flow in the pool with no tailwuter. Figure 
I0+ shows the water surface profile +in t h e  stilling pool for m.,c,~i- 
mum. discharge and non~nl tailwnter electro, ion@ 

(3) Nhen the flow fr~n thin+two tunnois was ~mbalan~@d, ad- 
VOFSO fl~ L eox~itio~S ~ p r ~  in ~6h~ stillin~ pool. This 
caused the hy~ulio Jt~ to foam in ~h~ tunn~l ~arr~.Ing th~ sz~.il 
discharge. Plate 4-B shows a d i s c h ~ r g o  of 2~000 sec~nd-fe~t 
through the loft tunnel. Different types of baffle piers failed 
to decrease the holicai flow in the peel. 

To eliminate the unfav~rnble fl~ coalitions it wus 
necessary to rosart to other moan+ +of ~xpmading the Jets an~ of 
fo ro in~. tho Jump to'forn d~nst re~n ~r~ the t u n n e l  o u t l e ~ s o  

the J~ . f rom,the tunnel~ and of fo~in~,~,ho jump-to fOm~l~ - , ,: 
stream frcou the tunnels for all o~Ina~ion~ of ~te ~p~nln~ ~ ~',,:~ 
discharge wi~h the tailw~t~r 5 f~et a b o v e  normal. Ht~s I a~ +~ 
2 spread th~ jet s~tisfao~o~ily ~+~Id the J~ d~ns~re~m fr~ +]~ 
the tunn~l ~utlets. The  pool h ~ v ~ r  ~ s  very r~u~h. ~ 

A high fL~ ~ e u r ~ . a l u ~ g  ~h~ o ~  lln~ of tha p~l i ~ 
and:a!~ng e~eh ~11 wlth h u ~ 3 ,  but  :the ~ t o r  ~ ¢ ¢ 0 e  in ~ ;~  ~ 
pool (fiE. 1 1 ) ~ s  qui~ and.the h~rau~io Jm~ ~m~ ~ I i £ ~  ~" 
and ~II pl~ud. The h~ullc Ju~ fc~ h~ ~ s t ~  f~uc up- 
st~eom am~ fluetu~ted oonsid~r~bly, , ~ i l L u g . , a  very.rough,water i.~i 

pool =(fig° Ii), but the. h~raullo jump f~a~i~,t~ f~r ~ s ~  
f o r  ~tabilltyo 

~o 

• . +  
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.inth~'.m~el (5 :. feet ,.in prototype). T h o p o o l  Vms rough-with %.he 
+f!~ ~n~entr~tsd in the:  center. :Return flow occurred,along bath 
sldeS:(fig. I~). At !:certain discharges  and gat~ combinations, un- 
desirable-holloa! fl~v occurred in%he pc01. Hum~6, the semifinal 
~esign.evolvod.frcmthe foregoing studies (fi~. I0), proved satis- 
factory. 

D~tornination of Stillin~i Pool Dimensions 

'J~ ,, a '" 14. Width of stilling .pool and:divurganco,of sidewalls. 
.-Hump.,. 6 as origi~~tru~t~d wus ~Oinches, wido in .the, m~el 
(fig.. I0 and:plato 5-J~), :With.'~disohnrEe :of :4~O00:soc.~.d-feot 
(pht~5-B),.t~ j~t at the tOp.of i:%ho h'a~ ,spread to about six 
inches-on olth~r side of the m~t=r-!ino and:continued %his width 
:throughout the length ofthe pool. i~Pioe~s :of :sheet mstal p!aced~c~. 
either side of the Jot prcvod~ccnvunient ::for determining the correct 
.angle~.of flaro~for the side.walls. Plat~ 5-C ~ud'figuro 12 show 
the semifinal design with the corrected :~ido~w~ll flare. 

:15. L~ngth~c~ ' stilling pool. Studi~s :for determining :the 
proper, len~th:of--stilllng pool an~pos-itien of the sill wore mad~ ~ 
,th~ , semifinal design using, the flnr'. .~,."sidewn~. .- Is , u~,h 6. - ,a denta, te~ 
stop, and various Rehbook sills (fiE. 12). The d~r~tat,d step was 
pl~ood:',at :the: d~mastrcam end of ~he:htmmo, and .the ~istam~u frmm~the 
dontated st~p to the sillwas th~n ~aried. Plat~s 6 a~i~7.showth~ 
charact~r.~-of ~the flow an~ the soou.r prc~u~ed ::by throe di~foraut 
lungths of peel. Figure-iS shews th~ ~ water-surface profiles ~nd 
scour f~r four different le~ths of pool. :It was found %hat %he 
pool could be shortened v;itho~ dotrime~Ital.offoct,-and.this revi- 
sion vms incorporated in the ::semifinal d~si~n. Th~ behavior of thls 
revised design ~s ~atisfacto~y. 

o ~ S i  11 and., ,Revctmunt 
~R 

16. D~ta%~d step ~d Rehbock Bill. Different desists of 
Rehb~k sill #ore :t'ested~ (ccnblnation ~ dentated step (fi~o 
12). Sill G~produoud Satisfactory ~low dcmditions ~u~d this pool 
layout.w~s, then used!to, study soh~.s for .the ~idoziEn of the .~re~et- 
ment 

./;:. 

!7. Rev~m~t° With sill G:cnd=poo!,4, differsnt revet- 
ment plans ( f i g ' ~  studied, :.to :determine the oxt~nt of ~rip- 
rap necessary to insure :stability of th~ atillJ~8 pool structure. 
R~v~tm~nt sch~ 5 which w~s :constru~tud:of scud (plato 8.A ~ad-B) 
s h~s :th~ne~d of ~riprap , f ~ r p r o t e c t i o n  a@aLust ~rosion. Rev~t 
sCh~e 5 (plnt~ 8-C,and -D) was of the same type ~s:3.QX~pt.t~t 
the river bed was riprappodo P l a t o  9 ~hows the erosion and _water 
surfaces with revetm~at soh~aes 4 and 8. Figur~ IS.sho~s thu ~ter 
surface and erosion of  rlvcr b~d for r@v~tm~mt~sohemes:3, : 4 1 5 ,  

-" 18. S~fir~l d~si~a. Sill N, a modifioetien of sill 
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~tu  .'o~nbinatlons to d~t~rmln~ %ho +~Innl :~oti~n .in"~.%ho .pool* 
Figure : 16 and:.p ~te IO-B ' s~c~"~e er~Si~.:cm~ w~ter: sur£a~e ~or 
m~xim~m .discharge : end- ~orm~l .t~il~t~r ,o le~+-t £cn~ ~ ~en %he %:Ill 
~ter "~s 5, fe~t (protot~e) cb~o normnl ~(~i~..: 16) no e tea ~cn :~ 
the"rivur:be~ ooourre~e Wi%h~.~l:l~IrJ~C~9~ fl~w'Of.,'"~O00 se.oond-' 
feet (~i~. 16~"c~d pl--te 'IO=C)+,V~ry .llt~le<;~rosicn.:ocourr~ .e~d:.t~e 

£Ic~ o£ i.~,OGO.-s~ecud~£eo% (fi~ 16), no.seour o ~ e ~ r e ~ o a ~  ~ l a ~  
ec~dltlons' W~re ~sntls~a~ory. • " 

The -s~mifin~l d~si~ w~o u s ~ ' a a ' , % ~  '~i~l'~esi~:.:~o~t 
for minor ~ho~es :in the ,r~v~t.~d:s~e of the htW~® ',:S~e 
%hesu c h ~ . s : , : w ~ r ~  m ~  for oc~s%ruc~.'.~us ,~l~.nnd:©ou~d 
• produce no a~rso- ~r~ulio ~e~i 'e~" in ~%ho: m~sl, they w o r o  .nO% 

tostod. 

its ~d~pted.p~itic~ .are s ~ n  mu + - ~ ..... : . .. ~ . 
scheme I0 +is:,~h~.~in fi~e 14, ar~ plS.~e I0 i~ ,.a rp~l~apn~"~- 
the whole as ~Innlly tsst~de 1 " " 

:"I 

.?  

{!: 
~e 

:.-, . 
- . +" 

+C~APT~R I l l  -TESTS (~+SPILINAYMODEL 

20. Ccmm~ruction ,c~' mc~ei. A:~el of ,~ Bull L~ke 
spillway ~ O n S i s ~  ~'- "-' +-p-:--- O~e sectlon,~gnte ae~%ic~, 
ohute, pool ~z~i:s~-boxw~8.oc~atruoted .on P- se~Ae of I~30 (fi~. 
i17) in the Color~xdo St~te~ Coll~u ~raullc X ~ b e r ~ r Y  ~t:?Or% 
Collina, Color~+, The 'he=d :~' wns built Of wO0~l: ~ '~  !lin~::wi~h 

~£. : r o ~  ~ the  ~ ~ t ~ s  : ~ +  c ~ s t  -.oi" ~O-~=&~. ~ a l ~ i ~ i  : s h ~ / i ~ u .  

~ m l m ~  : ~ o n .  :A: lar~@ w ~ n  b ~  l~n~ . iw i~h  + : I ~ %  :~sh~% ~ I , ~  

r~u~to the .t~i!~t~r, 

~ ~%illinE w~ll ~ ~tt~h~.~, by hoa~ -':to. ~ :~ i~z~ t~ r  ,~oni~  ~ I n ~  
h¢~ %~, +..A~l~it 6~.~o w~a u~ l .+~o  +r~oor~::%~a~t=i~s~%~r~-ol~v~ = 

3~ 
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W~t~r was supplied t o  the mc~el by ~ravi%~ from ~ 30~000 
euble-f~c~ r~aervoir. FI~ from ~h~ reservoir into ,~ w~ir bern 
15.5 f~et len~, I0 fe~t wide, and 7 feet deep, w~s r~Eulated by 
hnn~-operated g~t@s° T~s qucnti~j of  w a t ~ r . w ~ s : m e a s u r e d , o ~ r  
voltm~trically calibrated 2-foot Cip~lletti w~ir, ~nd was then e~n- 
d,uoted to the m~el through a 2-foo% s~mo~ete oom~uit. After it 
had passed %hx~u~h the m~el, the ~ a t e r  was returned to the reser- 
voir through apum~ whose mm~imumo rapacity is .rated at about eight 
second-feet. 

21. ~EE/_oa=_h trait ~oi~d ~a~ s,oti~o ?h~ fl~ from 
%h~, ~serv~ir throuEh the. ~pproc, oh %rnnsi~'~-~'~'~ou~h .the :~ate 
~tlon was v~j satisfactory ~ no htt~m~t was m~e to eh~e t~ 
ori~iz~i des igne 

T~e pressure distrlbutlc~ (fiB. 18) o n - t h e  crust was 
m~asur~d beth with ~ without th~ -~atuo in ~peraticn. Sli~ht 
ne@ativ~ pressures were noted for discharges of 2,500 and 5,000 
:secun~-foet with~the rus~rvoir wntur surface at ¢luvnticn 5805,0 
om~.wi%hthe ~at~s in operation. Fro, fl~v ~vur thu ~r~st ~nv~ 
positiv~ pressures for all dischnr@,~s, W~t~r surface profi!~s (fiE° 
18) ~ the~ cunt~r llne of the middle Eats w~ru also t~ken for 
vurious dischn r~us ° 

Dischnr~ couffioiunts (fi~. 18) w~r~ obtained for fr~e 
fl~ as w~!l as for ~nri~us gato openings, ~d a disch~r~o dlagr~m 
was pr~par~(fi~. 18). Thls dia~rcm:sh~ws b~h tl~ free fl~:~n~ 
fl~ for dlff~r~nt gato ~in~s and r~su:~oir ol~%'Atlons. ~AII 
throu ~&t.~s wuro :op~,:ratcd uniformly, 

22, Tho ohuts. The suctic~ was connectud to the stilling 
'p~ol t~ouEh a Oh~ with pai-all~l s!~so The jolnin~ of th~ fl~ 
from c d ~ c ~  g~t~ !deMnstrucm frau th~ thick pi~s (fi~. 17) 
causu~ transverse wnv~s in th~ chu~s.(fi~, 19). Th~ uff~ts of 
th~se wavus cuntinu~ into the s~illin~ pool. Numerous ~csi~,.~ .of 
the dcwnstru~m unds of the piers w~r~ tested in an =ttempt to 
o!imin~ theso wavus. Sc~u improvum~nt was n~tud f~r a fow of 
th~ d~sicns (figs° 20 ~ 21). but it was netoc~sid~red suffi- 
clent to justify th~ added exp~ns~ of piur ccnstructi@n. Th~ 
~t~r surface ~croes the ~hutc at*various stations was mv~sure~ 
with the oriEinnl plers in place (fi E. 19), and a reasonably uni- 
form cross s~tlcn w~-s n ~  nt stntion~4~25oO~vh~r~ th~ jut c~xteru~ 
th~ ~i '. V~l~clty m~r.sur~m~nts ~ a r e  t~n f o r  c d i s o h ~ r ~ c  o f  
I0,000 s~on~-f~t ct station 4+25~0 with n o  slc~u correction ap- 
plied to th~ chuec~ f.loor, T~ m~asur~d m~f~ vul~Ity, found to bu 
59.4 ~u~t p~r succnd (fi E. 22) oh~k~d th~ ccleuict~d mu~n vul~ci~y 
of 59.2 f~t p~r sucond at th~ s~me s~tion~ For this r~as~n-~ho 
tosts on th~ stillin E pool w.~ru m~o wi~h no slopo eorreetion~ 
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stI'e~m-r~@~~t statlon 5+00,0 waa ~ethan ~ ~ " T o r  c ,~Is- 
~hnrge c~ I0,000 s~ccn~-fe~. ~A"~tlsf~et~y J~w~ ' f O ~  iui"~h~ 
p o o l . ~ , ~ I t h o ~ ,  %h~ use, sf & ,s%~p or.  s Ill on ~.th@ a p ~ .  

Four~te~ts were.ma~e u~in~ e a ~ - d ~ t r e n m , : ~ o m  th~ i 
apron ~to. s%ud~ the effectlv~ness i of . the  -~t~i~al ~ s l I 1 ,  don- i 
ta, ed step,_and, solid s t ep  ~(f ig .  23)::~n p : . ~ i ~ g .  ® t o n i .  ~/  ii ! 
~ h e , s t r e ~ m  bed. T~he ,ro~Ults/o£:.ith~e~,tests ,.(f i~. 23 ~,p]~%e 
11 ),sh~d .that ~th~ s~e~ri~i I ~i11/i~s '. verY' eff~tive in ~.p~e- . 
v e n t i n g  e ros ion  of ~the river, ,  b ~ ,  :~n~ .that '  ,, ~ ,ei~her  t ~  ' ~ . ~ ~  
,rSt~) n o r :  the !rSOlle step:/~i4~ed : In~c '~ur  ~rev~lon'.~O~t~%ro~m.:/frc~ ,il 

the orig~al ~n~:be~. Tl~ s~®~:~r~ ~:O~ f~tl~ ,~In, h o ~ g  the  .:~ 

more t~n sufficient pool I~.h/%~0 .~prc~.~m~ • r a i eed  :: ~ ~he ' 
pool shortened~ ~: 

f e e t  f r ~  ~ l~a%--i~-~57~.0~ ~0  ~ n ~ i o n  ~5727 ~ 0 ~  ~ .he  st~tu~e 
was shortened:f8 f~e~, ~ ' r ~  ~t~ic~5~O0~O to~4+82~0. A . % , ~ -  
t i v o  roc~g~ded~dos ig~n  h~d n ~ t o d  sg~.a~st~ien,%.25,0 
nnd nn unsymmetrical sill (fi$. i 2S) pln~ with !%~ 'd~s%~m 
edgo a t  s t~%ion:4~81,25,  The  s top .~as~us~ t  to :Meep- .~%Imj~  
~th!n tho. pool ~t ~ abnm~lly shall~ tail~t~rs i , ~  ~%hu'.m~m- 
metrical ~ sill ,~s~u~ed bocau~e it s~lifled th~ ~p~n~i~-Join~ 
spaolng. Test ii 16 on ~thi~ arr~z~;~m~t ~as ~rable to-~h~, ero- 
s!on t~sts on'the origin~l peel, snd%h~ ~eou~ d~re~m from 
th~ ap~n ~ns n ~ t : s ~ r l ~ u s  (fig° 2~). 

emitted be~at~o It~n~ i o u n d ~ h ~ ,  r~ 50-f~t~Ip e f , r i p r ~ p / ~ -  
stream f rom~%.ho ~apr~m ~ns u£~nlly offu~i~ in ] ~ . ~ ' ~ h e i ~ 6 ~ i  ~ 
in t~m pool ~t ~ahno~lly ),cw t~il~t~r @l~v~tic~s. -T~ .~ua~m- 
m~trioal sill ~s =Iso r~v,~O~i,,by %he s~trioal sill~be~u~e 

f~wm~r • 

This,de~i~n w~s s~i~f~y:fQr nll di~ha~us (pl~te 
12), Ho sco~:~red ~hen 50 feot o f , ~ h r e e - f ~  rlpr~p ~s 
p l~e~ ~vn~ro~ :f r~m the ~s il I o The: ~ai~l~ter '. OOUld~ be .~;drG~p~ 

~blu 8plnsh .~,s noted in-.~h~ p~l. nt ~he m~mm~ ~ desi~n.,,'dAs- 
e~=rgo. Small d~ops of  ~ t o r  fx, o ' q~n t ly .  ~ t a i n e ~  - h~i~h~ .of 
~,~ £oo~ (m~el) abo~e~th~ ~p of ~ho s t i l l l a g  p~!,~mll. V~i~u~ 
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