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INTRODUCTION 

The subject of the design of the Hea~gate Roc~ Dam to be con- 

structed on the Colorado River was discussed in detail durin6 August 23, 

24, and 25, 1938, between Messrs. P. F. Henderson az, d H. V. Clotts 

of the Y~dlan Service and engineers of the Bureau of Reclamation. The 

nature of ~he hydraulic problems involved led to the consideration of 

a hydraulic model of the entire structure. Instructions •were received 

Bel,t~aber 27, 1938, by the Bureau of Reclamation, to proceed with the 

design of the model. Through the cooperation of the officials of the 

Colorado State College Experiment Station, the model was built and 

tested in the hydraulic laboratory of the Colorado State Colle~e at 

Fort Collins, Colorado. 

SPILLWAY 

Purnoee of ~tu~ie~. The original design of the spillway provided 

for a maximum dlsoharge of about 160,000 second-feet over a cres~ 250 

feet long. A conclete apron was to extend about 255 feet dOWnstream 

from the crest to provide for the hydraulic jump. ~urther considera- 

tion of the flood characteristics on the Colorado }tLver showed that 

the spillway shoutd be designed for 200~000 second-feet with a crest 

length of about 400 feet. The hydraulic Jump as a means of dib~ipa~ing 

She energy downstream from the spillway .as ab~ndonea in favor of a 
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vertical roller partially confined in a bucket, since this .Wo~Id 

eliminate the long apron and reduce the uplift under the structure. 
:i 

It was desired, by means of themodel ;studies, to investlga~e:this 

revised design for tailwater elevations varying between thoso !prevail- 

Ing at the present time and those corresponding to amaximumTetrogres- 

sion of 35 feet. 

p escriptlon of model. A model scale ratio of 1 to 60 was fixed 

by limitations imposed by ~he floor space, available head ,below the 

laboratory weir, and the capacity of ;~e laboratory pump. The model 

was constructed in a J~- by 3A-foot metal-llned tank. The exact loca- 

tion, together with topography and other general features, is shown on 

figure I. Details of the ogee spillway, bucl~et, piers, and gates are 

shown on fi&~Are 2. Riprap on the banks extended 150 fee5 downstream 

from the sill. The downstream cha~ulel was placed at elevation 300. 

The first model ~ests were conducted on this design with the dentated 

sill and high wing walls extending:parallel .with the axis from the 

• ends of th@sill into the bs~s. The expected minimum tailwa~er curve, 

representing an ultimate retrogression of 35 feet, is shown as curve A 

on figure 3. Original COheir'orations gave maximum tallwater elevations 

immedi~,~ely after construction of the spillway as 35 ;feet ,higller than 
i 

those on curve A. With these hi~er tailwater elevations, the spillway 

was found to be completely submerged. The jet did not dive :into the 

bucket wlth the r~bult that the flow occurred entirely on the surface 

of the pool. This condition submerged the gate pins. In order to 

limit the time during which this undesirable condition will exist to 

a short period immediately after the spillway is f lrst placed in opera- 

tion: the~/width and depth of the channel <downstream from the ~spillway 

were fixed':so that the maximum tailwater elevations as ~controlled by 

the channel were those which produce satisfactory condi~.ons below the 

gates. These ~ailwater elevations are lower than those of t~e present 

river, but they will occur as soon as,a relatively small amount of ret- 

rogression has taken place in the river bed itself. The maximum tail- 

water elevations were, therefore, taken to be those ~for which the job 

flowln~ over the ci'est commenced to dive into the bucket. These limit- 

ing ~ai!water elevations, as ,de,ermined from ~the model, are shown in 

2 

'.-, ~,,;.. i-- " ~.; , • ;:~'; ~, ..... , :'~ ..~ ° . . . '  ..... ~. -.'D~': "- .;,t'."; ~ ~ ::;. ,!~-';','.,..~. ,'.. ; : . 



OO 

c u r v e  B o f  f i g u r e  3 .  Th4a cu rve  was u s e d  a s  t h e  maximum t a i l w a t e r  

c u r v e  f o r  f u t u r e  t e s t s .  The a v e r a g e  o f  t he  m~x~num ( c u r v e  B) and t h e  

minimum ( c u r v e  A) t a i l w a t e r  e l e v a t i o n s  f o r  any p a r t i c u l a r  d i s c h a r g e  

i s  r e f e r r e d  t o  as  t h e  a v e r a g e  t ~ i l w a t e r  e l e v a t i o n  f o r  t h a t  q u a n t i t y  

(curve C). 

pr@l~nAnary studies. Preliminary observations on the operation 

of the stilling pool showed that critical conditions were obtained 

with the minimum tailwater curve (curve A, figure 3). therefore, a 

series of tests were conducted using tailwater depths obtained from 

this curve. The stilling pool was rough but satisfactory except for 

horizontal eddies at the sides of the pool. These eddies caused exces- 

sive erosion on the riprapped slopes ana, at the hi~er dlscharges~ 

exposed the walls below the elevation of the sill. To correct this 

undesirable conCition, several low training wails were tried as a 

downstream extension of the end walls of the spillway. T r a i n i n g  walls 

Foe. 1 and 2 of figure 2 produced a decided improvement, wall No. 1 

being the better of the two. However, the undesirable erosion on the 

end slopes persisted at high discharges. Training wall No. 3 was the 

result of eliminating the high wing walls extending from the ends of 

the sill to the banes, raising the low training walls to elevat4.0n 365 

at the ends  of the original training walls, and extending them on a 

2 to 1 slope downstream to elevation 300. Riprap backfill was placed 

behind the walls, and the riprap on the i~ to 1 slopes extended 50 feet 

farther downstream. This errangement gave excellent stilling-pool con- 

ditions up to a discharge of 150,O00 second-feet. While erosion on 

the banks existed, for higher discharges, conditions were improved. 

It was thought that repairing some damage after an excessive flood 

• would be more economical than providing complete protection in the 

initial structure. Training wall No. 3 is accord~iGly recommended for 

incorporation in the structure and was used during subsequent model 

studles. 

Sill stuCies. The original sill (sill No. l, figure 2) produced 

a rough water surface in the stilling pool. Ho,ever, the toe of the 

bucket was not en~ngered by scouring since the major portion of the 

erosion in the river bed occurred farther downstream. As the bed of 
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~he :pool i n  ~he p ro to type  : cons i s t s  o f  h a r d  b a s a l t ,  no concern i s  ~ e l t  

For the  s t a b i l i t y  of  the  s t r u c t u r e  or  t h e  s a t i s f a c t o r y  o p e r a t i o n  of  

t h e  s t i l l i n g  p o o l  a t  minimum ~ l w a t e r  e l e v a t i o n s .  Because of  p o s s i b l e  

e r o s i o n  o f  the sharp co rne r s  o f  :the d e a t a t e s  by r i v e r - b e d  m a t e r i a l  

c a r r i e d  back in to  the s t i l l i n g  p o o l  by the  ground r o l l e r ,  i t  was deemed 

a d v i s a b l e  t o  develop a s o l i d  s i  11 which wou4d g i v e  h y d r a u l i c  c o n d i t i o n s  

equa l  t o  ~those of  the  den t~ ted  s i .L l .  Such a s t~L1 would a l s o  r e s u l t  in 

a saving  An c o n s t r u c t i o n .  The d e n t a t e d ' a n d  ~our types  o f  s o l i d  s i l l s  

i ( f i gu re  2) were a c c o r d i n g l y  t e s t e d  under  the  same p rocedure  f o r  e a t e r -  

s u r f a c e  and scour  p r o f i l e s .  F o r  each siLL, w a t e r - s u r f a c e  p r o f i l e s  were 

taken at successive discharges .of 25,000, 50,000, 100,000~ 150,000, and 

200~000 second-fbet with their  corresponding minimum ta4lwater eleva- 

t ion. P r e l i m J ~ r y  o ~ s e r v a t i o n s  showed a s t a b i l i z e d  scour  p a t t e r n  f o r  

any d i s c h a r g e  a t  the end of  a p e r i o d  o f  one  hour .  ~ach d i s c h a r g e  was, 

t h e r e f o r e ,  =mAntained f o r  t h i s  p e r i o d ,  : a f t e r  which t h e  f low was c a r e -  

f u l l y  s topped to a v o i d  d i s t u r b i n g  the  scour  p a t t e r n .  The scour p r o f i l e  

was then recorded .  The r i v e r  bed was i n i t i a l l y  p l aced  a t  e l e v a t i o n  300 

f o r  the t e s t  of each s i l ]  and  was not  d i s t u r b e d  between d i s c h a r g e s .  

The r e s u l t s  o f  these  s i l l  t e s t s  a re  shown on f i g u r e  4.  There ~as ~ t t ~ e  

dissimilarity between the results obtained with the five different 

sills. Original mmlysls of the data, made during the operation of the 

~model and influenced largely by the construction cost, lead to sill 

No. 5 being •considered as the recommended design. However, final anal- 

ysis :of the data resulted in the recommendation of s~ll No. 3 as the 

most satisfactory economical desi~. Sill No. 5 did produce slightly 

better scour conditions but gave a reduced depth of water in the bucket. 

F~pal studies. The change An the recommended sill desi~ resulted 

in the final spillway tests being made with sill No. 5. However, the 

results of these final tests, with the ~ exception of the water-surface 

and pressure profiles for the bucket, would be the same regardless of 

which sill was used. Piezometrlc pressures on the crest and bucket 

were ~btained at discharges of 50,OOO~ 1OO,OO0, 150,OOO, and •200,000 

second-feet for minimum tailwater elevations (figure 5). The water- 

surface profiles over the bucket are somewhat lower than would be ob- 

tained with tha recommenmeC desi~. Discharge curves were obtained 
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with t~,e g~tes raised, u 

e l e v a t i o n s  .(figure 3)-  .~ 

• " "  ~ ' "  ' , % t A i  

. . . .  L::, 

~:maxlmum, average, and minimum tailwater 

ooinc ded f o r  and 

average ~ai lwater  e l e v a ~  ~* For maximu~ t a i l w ~ t e r  e l e v a t i o n s ,  the 

capac i ty  o f  the sp i l lway  ' , ~  increase  as  %he channel downstream erodes .  

The f l ow  c h a r a c t o r i , ~ i o e  for  the f i n a l  design s p i l l w a y  are shown 

6 to 11, inc/~slve, ~wi:th disohargos.,of 40,000, 80,000, 120,000, in ~i ~ ~ ~ 

and 180,000 second-feet emd ~maxAmum, average, and minimum tailwater ele- 
vatlons. The maximum ,desA~n ~capacity of 200,000 second-fee~ is shown 

in figure 12 with average m~d mlnAmum te4lwater heights. 

~gcommendatlon~. In the operation of the spillway, attention is 

particularly calied to .the necessity .of maintaining ~i of the spill- 

w87 gates  a t  t h e  same , e l e v a t i o n .  ~Unequal d i s t r~but i c ,n  of  f low under 

the g a t e s  w i l l  create  eddies  in  the  8 % ~ n g  pool  o f  '~ d e s t r u c t i v e  na- 

ture ,  whioh must be avo ided .  The r o l l e r  i n  t h e  ~ c k e t  has an upstream 

v e l o o i t y  couponent which ceases  logs  and f l o a t i n g  debr i s  t o b e  re ta ined  

.on the water  surf  see  near the h i g h - v e l o c i t y  w&tMr f~o~:~:~g under t~.e 

gat4sB. .The aonstant  pounding o£ TJ~l.s f~at:~J~ 4eb¢is ~ .be des t~uc-  

r i v e  to  the downstream corners  o f  ~the ~ploreo I t  i s  : ~ E e e t e d  t h a t  

these  :corners ibe protec ted  w i t h  ~a meta l  :ifaoe, probably ankle i r o n s .  

• The recon~mdod s i l l  n~y .be .reduced ~n ~ i s e ,  ~and ~henc~ in  coSt ,  wi th-  

out £npaArl  i t s  et' Aolency steepening i ts domustream faoe.  Accord- 
ing3~r., :£t_:~e .-r.eeomaanded that the downstream face of the i~t . l  be r S ~ [ ~ e ~  

~ened u n t ~ - ~ t  ~l ies  in  .the plane deternAned t~r ~he vet, tax .of the e:Ml£ 

( e l e v a t i o n  ~ 0 0 ) a n d  the canter of  .the c i r c l e  .which ~orna the Imcket. 

Oinoe the most s e v e r e  e r o s i o n  occurred  a t  the ands of  the s t a l l i n g  

p o o l  near the 2 to  i .81oping traAnin~ . w a ~ ,  care nu~t  be e x e r c i s e d  

that  the f o o t i n g s  of  t h e s e  , e l l s  are c a r r i e d  i n t o  the ihard b a s a l t i c  

a t r a t a o f  the ~oundation.  

~tu~ieB qf e a n a l . , ~ w o r ~ ,  Two deB~jne ~we~ proposed-for  

sans1 ~headworks, one :with ',two r a d i a l  Kateo ,~(deeign A), and the o ~ e r  

u i t h  one ~adia l  g a t e  (deeiKn IB) ,(£i&~re ~ ) , 0  S i n c e  i t  may ~ n e c e s -  

8 r y  :for :~he hoaduorks to  operate  with a range of  fore  bay ' between 
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~elevations 362 and 372, it was considered advisable to study the 

action of the hydraulic Jump below the gates and the effectiveness of 

the transition immediately downstream for cash of these extreme condi- 

tions. A model of  s a s h  d e s i p  was cons t ruc t ed  and t e s t e d  to : d e t e ~ i n o  

the consistency of the formation of the Jump upstream from the transi- 

tion. Eash design was tested with varloum gate ,openings using reser- 

voir water surfaces at elevations 362 and 3?2. Discharges were meas- 

ured to  ob ta in  da t e  from Which d i s c h a r g e  cm.ves were oons t~u~ed  f o r  

both the single- and double-gate designs. :Since it was oonsldormd 

desirable that there should bee factor of safety in the des t~  of. the 

pool, tests were run with discharges somewhat in ~exce~Js of the de~ign ~~ 

capacity. Attention was given to those gate openings at which eater 

overtopped the sides of the pool. 

Design A)employing two 2~foot gates and & pool floor at eleva- 

tion 34?, o p e r a t e d  s a t i s f a c t o r i l y  f o r  a l l  gate  open ings  witJ~ the pond 

a t  e l e v a t i o n  362. With the pond a t  e l e v a t i o n  372 and t~e ga tes  OPen 

7.5 feet (discharge 7.,000 second-feet), water overtopped the sides of 

.the poo l  a n ~  a t  l a r g e r  gate openings ,  overf lowed the  canal banks 

fa r . thor  ,.downstream) with the  Jump forming c o n ~ u o u s l y  upstream from 

the  t r a n s i t i o n .  

Design B, with one 40-f0ot gat~ and a pool floor at elevation ~?p 
I~ 

also gave satisfactory operating ch~acterAstics for the norma), pond 
L ~L 

elevation. With the reservoir at ,e~,svatlon 372 and the gate raised 

five feet (discharge 4,600 second-feet), the jump swept out of the pool 

and formed in the canal downstream from the transitloa, bowering the 

floor of the pool two ,feet to elevation 345 (design C) confined the 

Jump to the pool for both pond elevations and all gate opealngs. With 

a pond at elevation 372, water overflowed the pool sides when the gate 

was raised lO feet. With the pool floor placed at elevation 346 

(design D), the jump ~id not sweep out Of the pool at the higher pond 

elevation until the gate was opened i0 feet. 

Discharge curves for the flow under the single gate in designs B) 

C, and D and the two smal le r  gnt~s An d e s i g n  A were obta ined  fo r  the  

pond a t  e l e v a t i o n s  362 an~ 372"r The r a t i n g  curve f o r  the ~rape~oidal  

camkL s e c t i o n  shows the  cond i t ions  under  which the  model wee t e s t e d .  

These curves are  shown on f i g u r e  14. 

, 
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l~ o L ~ ~  £ .  Des:Lgns £ and D a r e  both  ooneldered  s a t i s f a o -  

t o r y  so]ut£ons of  the  canal  headworks problem° F l e l d  ope~at lng o o n ~ -  

.~ons .~Lght make the s i n g l e - g a t e  des ign more desAr~blt~. ~ t h e r  desAgn 

£8 ce:r.'ta~n to give satisfactory hydraulAc conditions and ample prOt~¢- 

tlon !to the canal if operated with reasonable care. Figure ~4 indicatea 

that, with a reservolr at elevation 362, either desAgn will give~ an 

ample canal discharge. With the pond at elevation 372, gate openings 

should be about 3.0 feet and 2.5 feet for ~he slngle- and double-gate 

desiE~s, respectively, for the normal canal discharge of 2,960 second- 

f e e t .  Automatic reLn~at icn  cf  the d i s c h a r g e  might be dee i r~b lo .  I t  

i s  recom'~ended t h a t  s u f f i c i e n t  f reeboard  be a l lowed on the cana l -  

headworks s t i ~ i n g - p o o l  wal l s  to c o n f i n e  the  g r e a t e r  po r t ion  of  the  

apray and sp las  h t h a t  i n v a r i a b l y  accompany a hydra~ . t c  Jump in  t h i s  

~ype ~cf s t r u c t u r e .  I t  As f e l t  t ~ t  the v e r t i c a l  wa l l s  should be ex-  

tended up to  about e l e v a t i o n  370. Flow c o n d i t i o n s  f o r  the two reeom- 

mendea des igns  are shown on f igu re¢  i5  and 16. 
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ABSTRACT OF CORRESPONDENCE O~ THE MODEL STUDIES 

9-26-38 - T e l e g r a m  from the Commissioner of  the Bureau of Reclama- 

t ion  1~ the Denver office giving authority to cons truc t  

the model.  

12=15.38 - From Acting C~ief Engineer to Office of indian Affairs 

concerning aes ign  of  the wing wa l l s  below the sp i l lway  

and the shape of the downstream b~cket, together wi~ 

other design features including the canal headworks,, 

12-3.~8 - From Acting Chief Engineer to Paul F. Henmerson concern- 

ing re=~ults of model atilllng pool tests with the dentat~d 

sill (1~11 NO. i). Flow and. scour pictures were attached. 

12-2R-38 - Telegrl,n from Chief Bngineer to the Indian Irrigation Serv- 

ice r~luosting authority to dismantAe the model. 

12-22-38 - Telegram from the indian Irrigation ~vioe to the Bureau 

of Reclamation replying to above° A~ditional model flow 

pictures taken from the upstream and side were requested. 

1-10-39 - Fron Chief Engineer to Paul F. Henderson concerning re~,~its 

of model tests with the horizontal sill (sill No. 5, orig- 

inal recommendation). Fiow and scour p i c t u r e s  o f  the 

stilling pool together with views of the model from the 

upstream were attached. 

1-27-39 - From Chief Engineer to ~he Office of indian Affairs con- 

coming the change in the recommended sill design from sill 

40. 5 to sill No. 3. 

T 



fT,,~'?; / , ~  
+ t i :"  , , ,  ' 

; 
i' 

? 

# 

L 

i l l ,  

:+ 

r 

i 
F 

i L ~ , 

)E - o ;  

¥ 

j ' 

I 
I r l  

I lJ 

" o " r  ° . . . .  

I 
I I  
I I  

i 

i I 

i l  

I I 

Ii 
I 

l i  
I 
i 

I I  

t 

I 

i I I  
l i I I 

Jl I JI 
t_L__ I~ 
I~ ",r  " r -~ 

I ' " , , . . i  . . . . .  I-t .... EI.330.0 

. . . . . . . . . . .  7 . . . . .  r i  . . . . . . . .  ~ " ~ "  . . . . . . .  
I I  

i I I  I 
i Ii 
I I I  t 

I I 
I I .i 

I I I  [ 
l 11 I 

I I  i 
I I I  f 

' i  I I ~ ' r ~ ' .  :.:.';~ : ( !  ' 

I / ~ ' ~ _ i :  ) 

l 

t 

I 

) I  f -  i 
[ 

i 

t 

................ ~ ...... i J ................ 

. . J l  . "" 
I i  
I I 

I 
I 

. . . . . . . . . . . . . . . .  

I 

I 

] 

-." i! 
R,..~ t.I " ' " |  I , f ,  

! 

) 

l j  
I I  
I I  
I I  

I,I 

q 

I J : r E l .  3 8 8 , 0  

.o 

t 

I 
I 

_ i 

l i ' ,  j y ' l , ' ,  , , - - j . . ' "  * ] - -  
t I '., ~ / ~ ,  t ~. .  " " ' - . .  so~ r~o<,,-e I.i' 

"~.." '~_~0"; '  , I I - for d~(l,~s o~ 

I / ~ I : Y  .... I ~ ) {  . -~ ' r  I I 

) . , , ~ l I  i l l  " ~ "  ( " i . ; , -  ~"~"  
.fJ, ~l " i ' / 

" i " ~  r Y J  . I  l 

'I" ft. ! ~V---"~ '~I  ' ) 4  1 , ~  

"1!I ~ ~: 

-_ l i l  l I ~= 

I I=1,  . . . .  

" : 1 . . . . . .  E,J~o.o . . . . . .  I..t":"'"'; ! , ~ "4 ' { %~ - t -  - -  

; . . . . . . .  ~ i . . . . . . . .  ' ' " O = . . . .  i t  . . . . . .  " . . . . . . . . . . . .  i ; l < ' l  . I ,  ~ l  
I I ' 1 i  I ~ I 

Jl I I t l ~ I<---"~"--"~, I 
I . . . . . . .  ~"'~" ...... 1 . . . . . . . . . . . . . . . .  :l,.l.!..i.;..,,l ~ I 

, , , / j l l  i ,I . l  • 
: ~ , . i , I  .,., ~ I 

x 

Y 

. I n l e t ' t o  t N I o c  

t i  

El. 388.0 l 

i 
I 

l 

lii ,]-- 
1 " i  . . . . . . . . . . . .  

~I ; ~ 9~---  ' - ~ I  

_<%~1;,'7~'t¢'#1 ~ I 

: i1<::- .... i l ,  I)  , /  I 
! I l l  ~ , . I)o 
l i  I I ..... I 

• i • i . . . . . . . . . . . . .  

i ' l - I  

: J r  G l l  o ,I / 
' "~'111.-., I ..~/ t~ ] 

~ .  ~ ' " ~ " "  ' - ' :  11 
:" ~l I I 

I ~ ; L :  :-" ~ i l  

I 
I ~ I I  
I I  I I  
I II i 

• , ] . 11 
:.:.'."+1 °.'oo.o ..... ; .... I I  I ! 

I I i 1 ~  ~ 

l . . . . . . . . . . . . . . . .  I r ! - - . - , v -  . . . . . .  ~- 

4 ,, ] I 

- ( ~ l a , ~ - i ~ s s W , , i :  .... . . . . . . . . . . . . .  i - I  - 
J I l l e ~ o , o ~ . o i . ,  T 
I I " I!]  

i i I 
,i-I . . . . . . . . . .  l 

-- ';--- ~'= 6"- . . . . . . .  >'1"I 11_ 
. " , - : :  

L! ~J 

. . . .  u ~ '  . . . . .  i 

I . 

'I. i 1 

lJ 

• -. ! I  

. .i i ! .  

i 

Ii 
II  
! I  

. I I I  

I I ' ~ , '  ; I!o)! 

d ~ 

D~o I t "  

0 
l . , . . , i  ) i I 

. . . . .  ~ ~ ~ " ~ ' ~  -~_ , ~] " . . ,  P L A N  

I I 

~(.~L~ *. ~ur'roce - - - u t  . ~  i • ~ , . - - - - - - - - - , . .  , - l ~ i; !i I • , I ' ~ ; l ), ! (I:Ci: . I -  V '~ ,'o , I  ; , , - , , ,~  i r C O " < ; " ' e l i " S O "  ~ =  ~ I - -  Lore~ ' c ' ~ z O  ~ J I . . . . .  

! * ' I o s - ~  i n ! 9 I 
, @ , , " ,. . . . .  4 - .  . . . . . . . . . . . . . . . . . .  . . - ~  . . . . . . . . . .  , - . ~  i . . . . .  , . . . . . .  a ~ .  . i . ,  [ ,  ' ' 

- " -  " . , . * ' . , . . i ' ] )  . , . o . . "  

H O S e  t o  h ~ , ~ q o q o  
~ o s e  t o  t o d ~ [ i ) ' e ~  g o g e  

- S E C T I O N  E L E ' V A T I O N  I 
B 

I 

i ? ~t 4 5 
I ) ; ; 

under ,  scM,-[  I N . ~ E [ T  
N O T E  

See F*gure  ~. f o r  de~at l$  of  C r e s t , P i e r s  and Bucker  

",L 

| • 

+ - 4  

' T I  

. F I I U  ii"il;.~l 
' ! 

) 

) 

. . . .  ¥ 

D l r l l & l I T l ~ G N ?  0 I r  T N i [ "  * P I v l i l l I Q l l  
l l ~ l l C i i U  O t  l i [ ¢ L & l l l & r l o N  

C O L O l l l l Y O  l l l V l i l  J N O a A l i  *e i#61TH~l l  P l l O J £ C T - a ~ l s L  

H E A O G A T f f  R O G K  l i A M  
H Y D l i i A U L I G  M O D E L  S T U D I E S  " S G A L I ~  | : 6 0  

P L A N  A N D  S E G T I O N  ~ M O D E L  



" , . .  

•L' 

# 

S "" 

"% 

:,, • . 

."_; •. 
Crest .  EL: 342.0 - ' , ~  

- IM 
l 

t £ l . 3 3 0 . 0  • : 

E#. 305.0 

I 

I 
I . 

I 

E~. 3 4 2 . 0  

, , .  ~y ,-O.IZO4$xI* O00"/~$X~I.O.OOOSS?SX~ 
X ond y m-model l n t ~ o l  

• "; "~r  ~ ' ; .',.? 

. . . . . . . . .  P / l z o m e f e r s . ~  . . . .  

I Ir 

, t 
I 

' I 

• =,I~ 
7 
: 

" h .  

'~fPl~Et. JI,"18 I . . . o  . . . . . .  • 

,,r, . . . . . . . . . . . . . . . . .  t~-  . . . . . . . . . . . . . . . . .  ,,,j,,,,. , ~  

, , ,  . . . . . . . . . . . . . . . . . . . . . . . . .  9/1(" o . . . . . . . . . . . . . . . . . . .  

CREST 

, ;  ~ PLAN OF PIERS I , ' 3 , 5 , 7  AND 9 

;~  ~ "Got° 
I I 

- : =  

PLAN OF PIERS £ , 4 , 6  AND 8 

B-~ v-,l 

ELEVATION 

I 

I 

G Q f l  groove-, 

I 

~ - -  . . . . . . .  J,... 

1 

~r Pros-: 

_ L i _ i  . . . .  

P I E R  D E T A I L S  

' El, JZ.~.O 

"%,%% 

%% 

% ' ,% ,  

% ' ~ % %  

.(~' 

, - : - ' ; [ L  . I0 .1  ,~;' 

t ' J ~ : 

I ; .'.~ 1 'El 300.0 ~1 

Q ! 

~,';..Et JOZ.O 

. :]'-~.~,~oc, , ' , , ,o~e, , , , . . . . .  " ' "  ' "+" .~, ~oo  
. . . . . . .  , . . . . . .  "71 , ~ ":~ '." " . .  ~ " ' 

' ~ % J .  i . . . . . . . . . . . . .  ~ . . . . . . .  

= ' - . o  . . . . .  . . . . . . . . . .  o . . . .  . - - o "  

BUCKET SECTION THROUGH •MODE, L 

3 G 9 

, , I , I , , I , , 

~NODEL S C A L E  IN INCHES FOR I ~ I E R S , : C R E S T ,  
BUCKET AND S I L L S  

t ' " "  ~ i  l t ' l X  ~ *  " " 

'~. ~ ,  L : j  

,2 
I 

" : " : .  - ":E I.,J tB.0. . . '~ . .>  

P L A N  OF WALL No.Y;~ 

• ;%  , 

El .  3 7 5 . 0 - . .  1 

i " EI, 3 Z ~ , O  , i t  . . . . . . . .  "~ ~ J ZB.C 

i . .  % • % 

{ "m-. ;~"~°;'~..~d ? 
• ~, ~oo.of ;~ , , /  I I ..o,,d ,o,e,..~ 
' ' i t  o~ t" - - . f~ 

,WALL No. I 

( ~ 9 ~  " . o - -  

. . . .  ! i 

Et 3t5 0 

• ~ E~. ]070 
. . . . . . . .  "; "4" 

...... ~ ! - "  ' ~ .  t ~ ...,_c, : , ,  o 

SILL ~ No. 

". EL 300.0 
',,, ,~ ~ - ' . T  

SILL No. 3 

295.0 

. .  ~ . ~  J I  

' • (~ L .'V " -, 

~95 0 

SILL No. 4 

,P 

"% 

.E-E± .z.~ o 

...... " : i  S I L L  N,~ 

DETAILS OF SOLID S I L L S  T E S T E D  WITH W A L L  No. ;3 

. . . .  , ' ;  . . . . .  El 375.0 . . . . . . . . . .  

/ 4 

f ! ~  ..~-~'- ,;-'. 
.~  , - : .  
. ~ . . :  . . . .  ¢~. ~oo.e-.- .=. ;F-. . .  

P L A N  OF" WALL No. 3 

£1 375.0 ~>, 

.EL 3 6 5 . °  

, / -~ . -  

%- . : 

"I '  " '" ' - .~ ' -~  y E, ~ooo ~ - ' , %  ,~--sooo,..., 

. f ._  WALL No. 3 - _ 
a 

.WALL NO.e 

"" ' IA 

1 .... ;J. 
o.o I * £t.3¢ tdSand l e v e l  

0 3 IS • tl~ 
t . . I i r , , I , , i 

M O D E L  S C A L E  I N  I N C H E D  

; F O R  T R A I N I N G  W A L L S  

T R A I N I N G  WALLS 

o l [ a * & ~ ) t m l [ ~ T  t~ "  Y N I r  ~ T A [ ~ 0 C t l I t  
~UI~I [A lU ~ '  r , f ¢ ~ . & I l l A T ~ O B  

C O l . O R i l O 0 / l l V f l t  J / l O ~ / / ~ H l * ¢ l A I r ~ m  P I I O a £ ¢ T  & l l a Z  "t 

N E A O . G A T E  R O C K  { ) A M  
H' I *DRAUL. IG  M O O F . ~  S T U O I L Z ' S - S ~ k . ~  l . ~  

O l E l r A I L 6  O F  M O O ~ L  

~ A I w l l  III & • 

~ G O  • O P  u 

• c m 4 t ¢ . q a  ~ d L , J ,  . ,J~6e,eO 



r 

, %  

~F IOURE , 3  

0 
p -  

\il I o 

i 

- - "  7 i  kl I I t I I 1 1 =  I _. 
I i ,,,, 

I l , . ,  1 I I .....I ~ 

- - ' ' o  i ~ ; I" I I 1 1 / o  
a .  s0 ,t~ 

- \  
'{! " '  ! 

I:~, ~ \ i t \ ! 

0 0 0 0 0 0 

3 d A . l , O . L O U d  - 1 : 3 3 = 1  N I  N O I J ,  V A 3 " 1 3  3 0 1 ~ d U l ~ S  . E I 3 . 1 . V M  

C~ 

W 

' I ~  u) .n,, 
~i.1 W - 

I I  _ ' - - - >  " i :  i > -  t . .  . I I I o ~ m _ ~  
l l ~ _  ~ ~ 

- . . 1 ~ . . ~  , a ~  , I l ~ .  t , .  , ~  , W z < 

i 1 _ ~ e~ :_z _ - -  CI  , ' , ~ u  

"~ I ' .  ~ w l  ~ , r  . . ...i i¢. 

n~ ' X - - - -  " ~  " W  . . . .  ' - • , Z ~C~ o I .  r ~, , . , T  - ~ ' " '  ' :  ' ' i ' ~ - o  .~  

~ _  I t  : ' , I  : ~ ~- ¢nw 

0 

" o  " ~  

, , ,~ '~°  

• "~ ~ '._'2 

I , -  o o 
O ' g -  ~ E  
z > o , z ~ ° ~ . , . .  ~" 

.-'2 tc 
O 

C O  

N 



W t ! 
: : I 

' 1 

I ' ~ °  I 

__.L ~, JZ 

!~!11 I 
" t l N ~ I  

' I 

' I l l  ! 

~___111 l__ 
I 

i l i  , 
, . .  , 

i ' 

~ t 

• . ! 

I 

I 

. . . .  ipol , _ 

~ ) 1 1  

I 

i I '! : I I, ! 
t i 

i 

• , ~  / 

t 

• _ _ . _ _ _ _ & _ _  

n 

I - -  
I 

i I = 

o ~ o 

. :  ~ -  

0 

0 

~ -  . - ~ .  . . _  
! 

~ I  ' o 

., = o . ,  _ 

I '  0 ~ -  

1 °~ 

' L  °-~ 

• --~ -~ ~ _.1 

,: 0 

• , 

I 
, 0 , , ~ 

i / 
! "o . .~ 

t 

J 

\~' i E 

0 

I 

t 

,, 1 ~ - ~  

I 

f 

0 o 

1 

w 

* - - 0  
O I , q  
I-. 
O Z  
n- 0 
0. 

w o 
U z 

~ . J  

0 

[ 

I 

. I 

I 
! 

• ! 

! t 

° ~  

m 

I 

__.1_ 
I 

I 

I 
1 

I 

I 

l 

4 

o o 
=,r) 

,i 

I -,, 

I 

I 

,l 
! 

i 
I ! 

f 

! 

i i  

--¢ 

! 

. . . .  h 

1 
t 

t 

i 
! 

i 

" +  

i 
i 

i 

i 

t 
! 

1 
I 
i 

2" 

o 

|~l i  I 
- _= 

i 

M I 

,L.. 

¢ J i 
| m ! | '  

I I 1 " D-(.4 ~ . . -  

. o °  

t 

= 
] 

1 

I 
P 

i~. - 
' " l 

:1 ! 

, ~ 

p 

! t 

| 'L,.~l . . . . . .  

N 
I '  

/ 
/ .  

i o  
~ )  O I ® ,,, 
L'~ C,i 

3 d , k J . O J . O a d - , l .  3 3 ~  N I  N O i I , I .  V A 3 " I  



0 0 
~ J  0 

m 

w 
0. 
). 

0 o 

O~" 

n 

'-N 

o . j  

o:;- 
I,D 

t --lJ 
,--a ~ 

C 

t : '  
I 

I 

1 

i 

i 

0 
i i 

i i 

- .....-,.,...4- 

2_! 

0 
t '~  

l ' 3  

- i ' l l  

w 
0 . 0  

~ - 0  
01 ,3  
I -  
0 ~ ,  
r r C )  
n - -  
a 

bJ 

Z 0 

,q  . j  

> - 0  
0 - - O  
O ~  
I,.- 

I 
I -  

Z 0 

3 d A J . 0 1 0 H d - J ,  3 3 . . i  N !  N O I I V A 3 " 1 3  

o o 

i 
o 

! .  ! 

: r -  

.t 

1 

[ 

r - -  

m 

~L 

0 

~- ~ ---T 

~ w  w ~ 

- " ,.-I, . _ 2  

! " W  • ' 

~ Z 

i - -  i 

t 

l o ' 

l ' 
i 

-!----  ---4. 
1 • ~ 

,~ . 
l . 

?li -- N ¢  

m 

m 

m m ~ m m ~ m  

" 2 , , "  , ,~, , ,  

o i  9 [  ~C i t . . .~  

~'t 0 o. 
~ " . 6  

0 ~, S ,~ 

o z ~ 
._~ o o - o 

• W "(  , 

--.u 

"I:E i 
~ . 0  ~ - ~  E 

;: >" ~ o w..~ o 

, ~ - ~  

q,J t ~  ab 

, - - "  > , r  .? 
: ~ F m  v" 

b,.  t,.. I , . .  k .  k,,. 

q ~  

q r  

~ o  

--.~o 

.--v 

! 

! 

'Il l, 



+ : .  l i  

i / ,  

m l  

- i  

/ 

' /  I 

t-= 

+ 

I 

_ _  i +_  

, J 

~ I d , i l O l O ~ d - J , l ~ J l  N t  ~ O I L Y A I ' 1 3  

la 

\ 
x 

/ 

/ 

i 

+if i 
i ! 
+ 

t 

I ++ 

f 
. I I 
J 

i .i 
N rv 

F I G U R E  ~5 

- u , .  

• 0 
O~ 
O. 

o= ~E ~u 
C3 

e N I ~  -+ . ~.° 

= ~, = 2, 

u t~J ~[ 
.=) ~- 

o , ,  uJ 

Z , ;  u )  

~- uJ 

~ o 

~ g  { : °" ,..+ 

z ~ ~ o 4U 

W W 
+ o , , .  ~ " o " ~  

u ,1[ ~, 0 

~ : o ~  

o ~  - . -  ° 

W 

W 

V J  
. ~ 

W 

? 

I1: 

if) 

0 ~ P -  I0  

Q I~.l W W W 

~ + + i I 

o 

z ' z  2" 1 

~"1 !1 
11 I 

, l i l  It 

mm 

t 
i :  

J 

i 

+ • + 

+, 

• ".1 

l 



FIGTRE 6 

DIS~iRSE, 40,000 SECOND-FEET . PO~D "ELEVATION 362 
TAIIX£TER ELEVATION. 350.8 

I 

.Q 

DISCHARGE 80,000 SECOND-FEET - POND ELEVATION 362 
T~TER ELEVATION 555.7 

MAXIMUM TAIIRATER ELEVATIONS 

SECC~ED DESIGN 



FIGURE ~7 

DISCHARGE 120,000 SECOND-FEET 
TAIEAL%TER ELEVATION Z59.2 

DISCHARGE 180,000 SECOND-I~T 
TAILWATER ELEVATION 362.9 

TAI LWATER ELEVATIONS 

REC~EDDESIGN 
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I 

DISCHARGE 40,000 SEC01~)-FE~T - P01qD ELEVATION 362 
TAILWATER ELEVA~TION 3S8.2 

DISCHARGE 80,000 SECOND-FEET - POND ELEVATION 362 
~TAII~LAT~ELEVA~TION 342.5 

AVERAGE TAILWATER ELEVATIONS 

HEC~EDDESIGN 



FIGURE 9 

DISCHARGE 120,000 SECOND-FEET - I=0ND ELEVATION 362 
: TAILWATER ELEVATION 345.5 

DISCHARGE 180,000 SECOND-gS~T 
TAIL}~ATER ELEVATION 348.9 

AVERAGE TAILWATER ELEVATIONS 

REC C~ED DESIGN 



HGU~E :Xo 

DISOSLARGE 40.000 SECOND-FEET - POND ELEVATION 362 
TAILWATERELEVATION 325.6 

DISCHARGES0,000 SECOND-FEET - POND k~VATION 362 
TAI~VATEREIEVATION 329.2 

MINIMUM TAII2ZATER ELEVATIONS 

RECO~[ENDED DESIGN 



" - " ~  FIGURE ii I~ 

DISCHARGE 120,000 SECOND-FEET - P0~ID ELEVATION 382 
TAILWATER ELEVATION 531.7 

DISCHARGE 180,000 SECOND-FEET 
TAILWATER ELEVATION 334.3 

MINIMUM TATLWATER ELEVATIONS 

RECC~EDDESIGN 
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1~ IG"O'~ 12 

DISCEARGE 200. 000 SECOND--FEET 
TAILWATER ELEVATION 549.~ 

AVERAGE TAIIRA_mER ELEVATION 

DISGF~RQE 200.000 SECOND--FEET 
TAILWATERELEVATION3~5.0 

MINI~MTAIZ!~ATER~ION 

I ~ ~  DESIQ~ 
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GATES RAISED 2 ,5  FEET 

GATE8 RAISED " .5  FE~T 

EL~ATI 0N 362 

GATES RAISED 5.0 FEET 

POND ELEVATION ~"72 

4" 

GATEB CGNPLI~TE~ 

GATES RAISED 7.5 FEET 

DESIGN A - TWO 22-F00T ',~%TES 

CANAL RFAEWORK STUDIES 
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GATE P,A.XS~ ?.5 
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(}~Ln'E I~AI.BED 2.5 ~ GATE RAISED 5.0 I~ GATE I~ 9.5 

POND ELEVATION ~72 

B DESIGN D - O~ 40-FC- ~T GATE l 


