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mum flow condition, this :VeiC -¢~ 
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river ,where , the :~bed ;met erial ~ 
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impo ssib le37~t c ~,ma~:eri~ly.::red~ 
dam,' .SO,: ih. ~ariY, c ass ~i~: "it. wil~:/ibe neC e s~y:.~:~:~i~heavi.ly;)ripr ap ~the. 
river bed for s~me distance be~.w~,~He , . ~ t . l : l , l  ~ n ~  ' n n n ~ ' ~ ! : -  : : 

: Themodel~.~s~owed,3,the. or~_, 
be inadequate"mld negative '~pressur. 
f~ce of the:dam. ,-~s~a!r~fiu~it~i~!:it:he 
and a satisfactory'..-Sti~i,lin:g;'i~o~li~iW 
~ensive series of-,t:est:s, e/;;:Nm~oug 
were tri ed.. in'; var~o~d~posi:t~on:s!.on 
draulic jump.~hat ~W~i:dlt~be eff'e'c:~i ~. 
condit ions. :' .In. sp~i:/e ~:i6f,;~he: ,faelt,!:):~i~ 
a~ron ~and sill gave..v~ry-igo0d :resu 
pool floor t~o fee~ ~:cto ::ob~aiu ii~t]~e - 

res :.were ~e 

' ~C n~, e ~$82.v 

A "slui c sway ".'(Se ctTon;i-~.6-16; ~£i~.i~ 2 '~) ~ is :.t0 b 
adjacent. ~to the :k41~-~er.z can ~:c anal ~zntake. ~to ,,.v"~:tchdr~. 
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.the w~ 
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the a~ 
that t 
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radial 
cre st 
mate c 
to :the 
elevat 
sh , 3 
cre~e 
jump ~ 
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@ 
A. ORIGINAL 3PILLILtT. B. ORIGINAL SPILLWAY, 

SHOWING SAND BED. 

L! I : 

t 
C. ~ DISOI~£RGE 86.6 8ECOIID-FE~ 

PER FOOT OF CREST. 
TAILWATER ELEVATION 167.~. 

D. ~L~IP~/ DASCKESGE 86.6 S~COND-FEET 
PER FOOT OF CREST. 

TA/LWATZR F2JEVA~ION 166.0. 

CREST LENGTH 1752 FEET. POOL FLOOR AT ELEVATION 152.0. 
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Photograph :C ,was ~ D - ~ .  
with a lower ~'tal -:- ;: 

d~.m is shown, on ~ilt- 
J, 

ably due to 
pool capable 
~mt er condit 

l ' /  ~ : )  . 

~:~ ~- As 
~t 

tion, i.t is ~. 
.,will produce 
allow the.rhy . :  

to 'rbe encoun 
~woul~ probab. "" 
is necessary 

5 
%; 

~: Fo~ 
maximum dls ch 
foot orest-le !i;i 
cons$ituted~La 
and ~he degre .,. 

the end ii!~ 

t h e  p o o l  ~: " :  

and :~lle - .  . ~ , i~  

34-minut .:.  .].,',-~ 

installe . . . .  .~5! 
in the p °~:~ 

eleva~io ~ - : ~  

by the~ f " '  ..... ! 
. r . ~ v e r  w a s  i n c r e a s e ~ ,  t r e  t g ~ n  .a r e d u c t ~ o n  o f - : f r i : c t ~ o ~ a _ _  .,. nd '":~ 
a m o r e  e f f i c i e n t  channel ,_.  " Q: :'~,~A'" ' ~. ~. .. r' , '  . r~.  :," ..1 1 ' : ~ i~-  . . . . . .  - :rL '~ 

Test :5-i (fig. r" 6 ') ' ~WaS .made::under the '~ '~" -:~'~! 
test 3-i, excep~ a Rehbock.sfll was installed~ ~-,:~ 

2.2 [':~et hic.h. The ~ater ,su~faces in the pool.:,~ere, observed .at:9, .... . " ":i~ 

' ' • ' ' ' " ' ~ . . . . . .  : -~ ' : ~ ' : i ~  

iThe length of ~he pool: floor .as~'referred to ~hrough~ut ~hisreport-~ " ~: 
will be defined as that leng,th ,of:horizontal paving from the 
point at ~,~ich the sloped apron-intersects it ~t0 the do~nstre~a ~ ~. .A i:i.i 
end of the s~ll. 

[ ~ "  . . ~ ~ ~.':. 
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effective :~ 
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In test~'6-1 (fig. 9),:! ~h~layout was Very s~£1ar tO that 
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s c o u r  a s  w o u l ' ~  b e  e x p e c t d d ~ '  T h e  : w a t e r : .  s u r f a " : c e  . ,,,,:. v:,..: . ,,:~ . . . .  . .  profiles taken ~ 37, : ' t  "~' 
54, and 59minutes.after the Start of the ~t'eSt and: the sand surfaces " ' 
measured before and after .the - i:f6r;iteS%..6a ,::- i it estl sre(:pl0 t~ted:~ ~. " 
t h i s  c a s e ,  t h e  f r o n t : o f , .  : . _~the.. : j ~ i ~  a d v a n c e d .  . . . . .  ,, . u p . , t h e ~ , d s m : " a S , . . t h e .  . . . . . .  , . ' " ,  . ~i: 

proco~,~ed, as a:dike was.:buil,t~.above~the:6ri,gin,~'i~Sa~d:surface and -~ ". 
~ u  , ~ x f e c t z v e  s r e s  o f  , t h e  c h a u n ~  ~ , . ~ a . , , ~  . . . . . . .  : , . . .  , , . .  . . . .  :.....~,, ~ . . ,  ,~ 

Te st 
upstremil, reduc 
the original, fl, 
the ~U'ax!mum dis, 
in the 9ooi and 
lowered," howevo~ 

T~ 
charze but :( 

"feel ': high~ ir 
wa~.~r surf a( 
again due t¢ 
t a i i ,.,.m I; er .va 
of 115.7 se~ 

.... Z._? '~; 
,,~" 
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this case, %h4"heigl~t of: -= 
and the sand ,bed ~,~s l~v~ 
• thou==h slightly bet%~'r., i 
t~o Zests. Test 14-I vm., 
water depth, i~',~en tlho~.t~ 

a sJcou-lary j~llp was formed and, er0sibn[~iwaS exce ~iVa2!!~ ~;~d:!q ,!-'~ i 

, , '  ' , • : .  ~ . - , ,  i " ,  ; :  .':, b , '  . . . . . .  

C.  C r e s t - l e n g t h :  t ~ 7 3 2 F e e s )  ~ "  ' " ~ :  P0ol Floor at Elevation i 5 2 - ; 0  . , , , ,  . -  - , . 

" a . ,  C o m p a r a t i v o  T e s t s  ,-.:' " . . . . . .  .. :, .~ 

. T w e n t y - s u v e n  e o m p a r a t ; i , v o  . t e S t ~ s , : ~ e r e  m a d e : : s ~ '  tti:~J,:!mSxim.~m 
d i s c ~ . i a r g o  o f  8 6 . : 6  s e c o n d - f e e t  p e r  f o o t  o f  c r e s t  f o r  ~a : l , 7 3 2 . , f o o t  
c r o s t - l o n ~ t h  ~ d t l : - t h e  p o o l  f l o o r  a t  e l e v a t i o n  1 5 2 . 0 .  T h e  r u n s  
differed only in res~:;ct. ~o minor che~iges,, suc~ as th~ t"ype of sill, 
lensth of pool, and shap~ ~ud type of the sand .b~d. The layouts for .<~ 
twelve of thu mos~ r.~presentativa runs chosen from the group .%re 
sho~n on fi~u~-e ll. The s.ills used are sho~,m in de~ail on fiGur~ 7. 
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,An accurato'~accoun~ of,, ~ic '~shaDos ~oT ~ - ~: 
~ . ' o r  ~ " "  ' . . . . .  ' l ' . ' u p u  

' 'E~ :'. :'-"~:'; 
~i~zs set of runs~ " iDtu'i.ng,:~these .runs)par.t~cular in~orest. v~s ~. . . . . .  ".:, 

;~Daidto t~o • '~{' ' , 

( 
the p o  

a ' • 
ny'oi 

C ~ v e  

/ p o o l  ( a  

, :rucond 

the d~ 

. ' C L l r ~ , ~  ! 

i'or <t~a, 

.po i nt s 

i._ '? " 

C 

. water • 

and at 

" ' . . . .  " the :.pc( 

f~gur~ .ll .zs. 17 r whlOl ~.:shows a taliVra.ter T, , '.~. ne & ~ .e~'~+ ~.I~ ,,...~ r,<% l . ,, 

: : -  :, . . . .  " . .  ~ "ai : Corn sratl%r,~ ~. ;~  . . . .  ::" : . . . .  .......... . . . .  ' ~ "  : '  : ~  ........ ; . ~  '~ : :' " '  

. . . .  o f .  t,,~ts z , ~ v - ~ o  ts]' dosc ~ b - ,  .~ . . . . . .  ,. , ~ ~ . . . . . . .  . . . . . . .  . .... : ' ~ . , . . ; P c  ; ~ y . . . . .  ~ ~ .d ,~  t n ~ : - o o o l , : < Z l o o r < ~ m s d ~ o p p o d  S f o o t  ~ ~ : - : ~ :  

- P g P , a s  r u p = a c e e l . . b y  on~ . ,  v,.±~i~, m .  s i c  ~ ,  ' : ' " -  ~ . . . .  ~- 
• " , ~ u  ' ~ . • . . . . .  ., , -.~. .... P~,. ,of,'l&_l. tO ,conf,~ne. ~. ..... ..,~ 

• . . . . . .  .. ,. +. ,.~ , ,J. _ .. to .:a: .shor,t++z-~.~io~z0n~e~L.:d~stm~ce+ . for.i~tnc,, +..v.~.~.;.-~ .....~ .... ~,:,+, .~ 
:- ; zeus azscnar~z~cs ~m'd ~ai~a!ter-.de,~.~.~..: : ':D,~.;~'~U ;,~x);,~: ,,~".~A~ ~ ~~," ~-: " ~." . ;, 

7) .. ,L . . . .  c r e a s e d  • thc~-tailvat~ ..," ~ ": ' 1~ " "~ ' ~' ..... ' " V' '' ' '~ ~"q~:'' " ; :'' ':',~ ] 'i " ~. " " .... ~= ' ' " ~ "~ 
:~': ~-.. '. v: ,. ,. ... :.. .... .. ~. r...z an~ ~ • appz.o~m~.li~3 2.~,;~;@~t:.:~'~?~.Comp~,at,~,.~e..,runs:-. :::" .~. :~ :.-:. 

.~<'. . . . . .  . . . . . . . .  .w~ro iilEi(~L~ .~ ~l.$Ei - ui~%'S rOVlSlOTi¢~in~Yol~ing: ~"solle .I 70, . " ' oo~- .... '~a "otlt s.'; ...... ~,T]~o' ' ..... ' . . . . .  : " 

.. . . . . . . .  ....... .. .......... ~.... . .. . , .-. ,, ,-P ..... ~ . .--..~ . . . . .  
,: . . . . .  s~ ,zcpr~ntat~,,ve~of ,,tNe..:, ou -a • . . . ..... . "- ., - • - .. . . . . .  . . .g~. p .  r.e. s h o ~ m  on. f~.~os ~l~ 3 .. . . . . . . . . . .  .,.. , ..... ~ , : I  . and l ~ .  . -. 
.......... - .... The l~youts d~Tferod.~n,:t e .... ~-"- ~:.-,, • - . -.. ~" ' :."~ '~.":-": - ,. .... ,.: : :: . . . . . . .  _- . • ....... ..~. s of,.~l~s,.]!re~g,tn.:of .-~ool :.f.loor, ".,~. ~s .............. 

;~.. . .  o~  - s ~ e p p o d .  a p r o n s , - . . ~ , , c o m b ~ l ~ a t ~ o n s  , o ~ . " : ~ s t ~ n o d : . a D r o n . q  ~ :  . ~ ] ]  ~"; : ~ ~  '.", .. : ~," 

~;. ~ . . : .o .  ? s n a p e . . < S n d  ~ y p o  , o f :  . t h e ~ s m ~ d .  <bedsT'b'elow::;:tL~O:~ii--1S,:-"~C]~i/~cse/co~~.~J~.:: . .  :." . . . . .  

;;~: - • ~ h  n s .  ~ ' ~ r O ! ~ u ~ @ o d  m a z n l y , . £ r . o m . : t h o  ~ W ~ ; : ) p o . i n ~ s '  P r 0 - v i : . o u s ! y  m ~ n T i " ~ o d T k ' " ) ' i  :. :" :4 ' '":'::" i 
~- . m e pOOl <ca~%~a'cGcr.is~S~cs .:for.. <thO'.{36:~bnresontJ+,i-.7~ h".-,;^,~ • ~'6~; . {: .,.7c •/ L r 117; i I 'i~ 

~., s ~ o v m  ~on ~ z g u r o  ~ o .  T h e r e  w a s a  ' ~ r i d o  ' . , ~ d r i . a t ~ 6 n : - ,  ~ ~.~,-.. ~<_,.~.Yv,~u+~,.~ . . . .  .-: . . . . . .  . . 
- .... , ~ . ' : ' . ' '7;.-. , ' .... ~ : - ! - - ~ - - - ~ - , ~ . ~ . ~ y - ~ L  . " " " 

- . . r a n g a  ~-o~ those layouts ~,h~ch~:dop~nd")not ionly o n L ~ h o . . . . l ~ n g t h " O f  : . a p ' r o n  ' • ] :  

?. an~ type of sill but a~so on t~o:shapc and olOvabion of ~h~:.sand~bed : ~- 

I @ do':,nstro~n from the sill. Cent J"; ''<~ - " .' ~ " .  " ' ' . " 
, _ . . . .  . . r a r y  { - t o . . ~ x p : e o ~ a t ~ o n s  ,,.tne~!most.:.compll_ 

)" ca~oa ~pcs of sllls:and stopped a.pr, ons .:ga).~e ;the :best r~sults. In- - 
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the ~sual case, the simwl~r ones. ar~ ~hu most satisfactory,'" '~ L a v -  

o u ~ s  4 2  ~ t ~ d  4 8  s h o v m  o n  . . . . .  • , , - " • . . . . .  ...... . , li~,ure l.i, were outstandi~%g in tll:~r rm~g~ , " 
o~ ~a',-wa~er and of,~octivcnoss~:(Ti:g. 15i),: It ~ iwill: ~:inot,/~a +,I~,~+. ' ~: ~ • ~%:ii 

_ .. eront : i~I the ! , w e .  ~ % I n  both , casgs',:,tho c0nstruct~on , ~  ' ; ; ~  

0[' the sl]is a t l d  steppqd ,aPrOns would bO cozp]/iCa¢~d'.: (irMOI,~ w i l ] ( ' I r ,  O , ' h ;  ,. ~Lr' 
aid a b o u ~  those tv,o l a y o u t s  ~ I b s  n,,~ . . . . . . . .  " . . . . .  

':- surfaces b~;10w the sill'~!ar, 
the ,aost promi sin ~/layout S 
to:~s ,21 and:~32 (~'ig, 15:)~; 
th0 shs~ of the sand:b~d I 

i "  

layout ~ 53:(f~%~. 13). A d01 (~ , 

on the end of the sloped apron and a dontated::sill "- • s 
placed on the end cf a Po01 floor, 40 fr~et'long. Th 
tended 14 f~ct do~mstream ~rom the Siil.[ and/:the bed, a 
ripr,ap to prevent them from Chanlzing shape durin ~thC runs]:/-:Test:}21 
shows the water surface pl0tted .~or" ~'~he ":maxu,mm1' ° discharge, ~!USihg i: ~ : .:i~, 
t.hree diCferent tailwater elevations; ~ namely, 169.0; ~ 166.:0 <~d ~ 
1 o. 7. Condit!ons were l qu~te satisfactory for the ZiZst ;~t~,~!~ibU t , a • ~i 
secondary jump formed when the tailwater was lowered ~O163.~,7.:)~'~%~:!; 
reference to layout 33 Ifiz;(~'i5)~sh0~is a tailwater :range of: o.0" .... feet. ': 
Plate II-A shows the layout' for{ test : 21; :/ Plates II-B and &Csh0w ~' / - ' 
the pool .in op~ati0n for a discharge of aPproximately ;ii5 seco~,~ _ 
feet per foot, el crest U~ing ~ itailwaterel;~vations; i~nanely,~ 166~o0/ 

J.±-~ is a sl~e view el the jump for thes~m/-'~- '~ - - -- 
water elevetion of 169.0, in ze--t o~ ~ e, 
was to  62. 
sill prevented the formation of/a Sec6ndary 
the bed velocities were much lhfgher in test ~-l~:than in ~est 21~,:~ : 
wl,'ich i s  a v e t -  ~ " '~ " undeslrable feature. : The high Velocities)and ~ shal- 
lov: depth are responsibl,~ fo r ~th~, surface :~mves created above the 
b e d . = i , u  t e s t  ; 2 2 - 1 ,  . . -  . - , ..+r : " ~ , ~ '  : ~ "  : ,  ' ' " ~ -  ~ . 

;est,o 21 ea~d 22, ezcept ~at :~he ::Poo~:!:Was !lengthened:t0::'.45':feet,' and: 
the ripcaF was ~;eplaced by: sahd leve]ed: to: eleVatio,i:)l'52.~'i ~ The i~:i°'~ 
te st ~,as made at "the :uaxim,/r~ di sc[large of i14.6 second-fe~t ~er .f~'g~t[ ~ 
of crest and a tailwate~, e],evat~on, " of !68.11 Aprofile yes made of 
the rive:c b,'~d at the end of a 60-~i'ir~ut~ run. 

,~.ests 36-1, 37-1, and 38-1 (fig. 17) show profiles of th9 
wate~ and san%I surfaces obtained on pier layouts for the maximtua 
disc.~azge :~m.d tai3.v, ater depth. In test 38-1, snell staggered piers 
(K-I fi~,. 7 ) , . ' ,  . , ,~,,i. v:~rtical faces uPstream were placard on the end of 
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~ PLATE II 

~. SET-UP WITH DENTATED 
STEPI~D APRON ~UCD REHSOCK 

SILL. 
II. }J~LXI~J~ DISCI~RGE 115.7 SECt-FT. 

PER FOOT OF OREST. 
TA/L~/AT~I~ ELEYATION 155.0. 

@ 

C. ~ DISG}LLRGE llb.5 U~.-FT. 
P~ FOOT OF CREST. 

T~t/LWATER ELEVATION 165.7. 

t 
D. SIDE VIEW OF ~ WITH DISOH~RGE 

OF 115o7 S~0ND-FZET p~ FOOT 
0REST. TAIL~TER ELEVATION 1G9.0. 

D~:~TATED STEP AI~D REHBOCK SILL. 
CREST LE~IGTH 1300 FEET. POOL FLOOR AT ELEVATION 150.~ 
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it can b~ 
(k 

Layout 2¢ 
5.7 fest. 

; "  ( 

@ 

e Pool floor 
to these ~es 
60-minute ru 
discaarge of 
elevation of 
fig. 7) ~ere 
floor 40.5 f, 
after ~a 60-m 
i~ v,~s leavi~ 
36-~, the s~ 
th¢~, pool flo{ 
(pla~e III-C ', 
leaving the l 
In none of t,~ 

~ -  . ~'~-- 

lica~es o 
was insta 

f.; 
31-1, ~n 
do~ustrea 
p i er s wer 

after a6~ 
a 67-minu- 
best res~ 
in st alle d 

~true f~om tl~e ~ t a ~ "  

ing tl~i s t e st ,was 
V-C. None of th~ 
runs.~ ~zere are ,~ 

29-1. Layout 38 o 

' - '  ' '. ' v 

.~ ~" 

~J 

I* 

2 

@ 

of 157.6 ~:lich is re~arded as ~'ersq:,satisfactory charect~;rlstlcs. 
Unusual results ~r~ obtained by thB use oi" variations:of. ., . the .  com~:' 
pound Rehbock s i l l~  s i l l s  F - l ,  H-l ,  S - l ,  and T-1 on f i g u r e - 7 ) .  In 
t~st 44-5 (fig° 19) sill S-1 was installed on the end of a pool~?floor 

30 
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Tests 44-2 and 
pool floor~ 46 and 40 fe 
G-I was a-,:ain in~talled 
and -C sho~the layouts 
duration. Erosion in each• case 
is similar to the layout for ,,to 
m~d sill H-I was used instead'o 
layout 4LI has a tailwator~range 
elevation of L9.1 for ,the maxil 
best layout tried. ~ ....... 
portion of the bed 
whil~ for test,:,14- 
higher bed should 
-D shows side views 
(fig. 19) for the l 
lo~.4, respectivel 

152 decreased the, ~allwa~er range by approximat'elylthroe fee - , ! ~  i - . . .  

Of  t h e  n u m e r o u s  s t i l l i n g  p o o l s  t e s t O a  ~ . . . . .  ' , b < -  : 
(fig. 14,) ' : - v  --, •~.~.~s 4~ and 48 

• had outstanding charactcristIcs ---: ....... 
to the minimum allowable tailwater and .th, 

¢q • • ,° - . ,~ - The material on ~vill,~ng pools.: 
a condensation of, the more favorable resul~ ~,u~,m,Lae~-..~:n:'a long, ~" .... 
seri~,s of tests. - - ::: , ~,~ :- . ~ .,'~ 

4 .  i%~ES~RES 0~, r DO'~:IS~]{E&~i ~ I C E  ~CF OR~G,TNAL~ DESIG[q , : / T  " ': ~:~ : 

A. Approach Floor at Elevation 154,0 ::: " " ~ " 

T~~; p r e s s u r e s  o n  . . . .  , • . , . . . .  ,.. 
tae face el the ~a were investigated b y ~ p i e z 0 ~ i t e t e r s  0 

~he in~tallation of fiC.toen n ~the dam ~.2a:ce as-:sho~ 
on f~,zure 4. The piez0:net,~r pressures and '~::ater surface meas;~ve- 
merits are plotted on f'igurc 20 for disc2~-arges ranging from 3~.45 to 
166.37 second-feet per foot o%' crest for a crest-length of 1~300 feet~ 
The maximu,,: designed discharge for that crest-length is llo. o8 = ~ sec- 
nd-,~,et per foot. 

36 
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The pressure, line d tile: dmn face for the maxlmtun 
dcsi.3ned discharge. A slight , ' :.. 
dlschar~.:e of 87.66 second-~"ee 
]css thm~ ~q7.66 second-feet par fo6t of- 
dam face are positive. - ~  

@ 

@ 

r.t~.t,~on. Tn~ e~fecT, o f  thot;  2 o v i s i o l : :  w i l l  l~'e dis:c{/~='~a"~,,~,,:,;,.,i..~-~.. 

• r r , ~ e ,  , - ,  . . . . . .  . ~ , ,  . . , ~. , y i . L . I . J .  . . . .  

tact ,>.'it:: :.a "["°m l'a,::o but. <herei:it is toalter z~ . 
~o e.lim!na-I;c them, it is believed to b,~:advi:sablc:to:do :~ 

neza ~ i v:,_ ,.).~. ~ .... ,..:z',~e,., on the o th.,r hi-ld,r: shoL~id bc ';avoided: 
iOllC~ has "" . . . . . . . . . .  

~.o,,. tLcs~ to bo rcsQC'nsib!~ for: considerable 
fac¢,~:; of sp]]l~ve~s, ~spccia].ly ~,:ion the conci.'Jze is not ofthe best 

..... : : c o :  P r o d u c e d  by  S i l t i n n  o f  R e s e r v o i r  :/ ": r : . J: ..... " .... 

. . . . .  : : :: ): ><7:: 
~ssL:±nu that the r~ "~ ; ~. .... /':' .... : : :~: 

. . ser~:o]., abo/~ imperial, Dam will .... :< : 
:~ a d'::l : ~ ~ :" l! ~ i t ~. ~rl i t ~i[:ila~:rtO' the:condition:at L~igwla:D@m corn-):: 
parative tests :'~o:'e made "~'ith th:.~ I.eservoi~,)f]:~n~, ,]@ ¢;:,~.,__::,~,fx ,,_:/ :- 
e l e v a ~ : o n s ;  a~.~ely,  154, 172 .5 ,  an'd 17 ~ . 
of 115 second-feet p~r foot off crest.'": 
on ~.'l:~urc 21, As the r.;servoir;~capaci~t 
velocity to the crest is incre;:sed; thu 
lo~':er nai~p~ I;o sprin~ frco of the 

or::ss,,z,,~ on the spill face as s!.:own in 

;. ~ "I ~I ~ ~" ~" ~ --~ '' : ~', 

! i  .: 

The . r : ~ l a t i o n  o f  !:ea~ to  di~schar:~e o / g t a i n e d o n  th.? o r i ~ i -  
nal :lode! i.'.,' plotted on I",, ' - . ' " 

1~ur.. 22 ~hh'~ curve/sho~.s that e head of 
i0.0 ~'c-:t ~]ii b~ req:]ir;d to pa~s the :~iaxi~,mL~ dlschargo of;100,000 
s..'co.ud-flceL over ~. crest' 1,30~j ~e(.~t in ]cn~:th. Thc~c t'~s -~r~, 
:nade ~,~it'~ t}:c f l o o r  o f  the . . . . . .  " .  r-.~r;o.~, at )b.:vation 154,C. ~ " 

'in:in, tho cq'~atioa .4 ~-: C L i ~, '*, the coofl'icienzs of dis- 
c,'-ar.:~c t~u~',- co::tput~d from the above results, '1'!les9 ~.. el.so Plotted 
:_:.~.ra[n~t t:: :~a.] c;] t%,~. c.rc:.,;x :IT: ~ [,.urc ;~'{. Foc th:; .~aximthn dischargu 

:~.o 
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,,.°f o150' 000 second_feet ~.. the coeffiCien.t~.0~f :di,scharge is 'approximateiy 

6. THE~,REVISED SP~I 
<i" 

The shape of the spill}'my 
that .~ho~,m on figure 23 to ~limi'nat 
downs~rea~ face of the d~m and prov 
m~.ctio~. The i~eight of the ;crest 
v~.tlon ].6~!.0, the length oi~ the cre 
the slope o f  the upstream face~-of/t 
a~d the s h a p e  of ~,he do~strea:~ i'ao :~ 
. - ppe o.1. water ~ " .~ ]. lO~Zl2,-,, over i~-for ~ ~ 
u p strea :~ and do~,:dlssre~.~ . a p r o n s ,  rema. 
tions of 15,1.0 and 150.C- 

A model: of th~ re,vised d~n was oonstructed Similar to i :,),!~' : i :  ' " : '  
the o:igina! one and placed:~'ia the: ~':~-:  ! : ~ :  

flu:no.. Twenty-four oi.. szometcrs'~ hav )'[ ..... , 

/ )  

® 

A. APproach Floo-~- at Elevation 154..,0 ' : "'~~~" 

- t. -/f .. , ] , . . . .  ~. 

Piezometric pressures"and v:ater surface' ' pr0files obtalned~ '~ ':' "~' 
Cram the r~.vised model are plottgd on; fi~,ure 25.: Tl[e Curve desig-~ , 
nated as i on figure 25 represen'~s t i ~e .  Observed p r e s s u r e s i . , o n : ; . t h e ~  ~:~.i. 
face of the dam for..the " " " maxlmum desig.ned., dis%harg e ofi 159, OOO ~ :~::: 
second-fee~, iror this discbaz;i-~,-~lezometer ~ i0 .showed ,a ~sliF~:,:: :~) .. 
negative pres,.qure, ti~'ich_ is n)}Z].i~i-;~.ible, " :.: <! .:- 

~o~ the partial t~ischar~;as, ti~e pressu/.es,.~o ~dedidedl,v :'~ '-. 
positive,,.,. , ovr~:c the ~. n.l~il,:.: f,.,ce of,; ti]o dam. :. Th~ revised .spillway. 
s,,,~,p~; shows a very clefinite J~:Iorovr~.hu~n~ over the ori-,i~a1.~,.,~he--~-~:~ "~ 

mJ.iect Produced by Siitlnf,, of Reservoir • 

U.po;~ 91ot~in{~ the ~leosure~o ' ~ ' " ~ on the revised d,'.ca face fur 
the above ~'u;~:~ v:,itn dif.t'ercnt a:)proacn degth s it t~as foun<[ that 
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the negative pressur:e :recorded at,wiezomel 
did not cha~ge 
remainder of th~ 

words, raising thai .floor of,.the reservoir 
tive pressure on the:do~ns~i~emn fac~ 

L@ 

. 

The.; h ead" d i s Char ge ::. re~iat ~0 n/, fo~ ~ J ith~ ! ~ i r e ~ i : s e d ' : ; ,  ~:,,.~ i ~ f ; ! : i O f . i , ~ : h e . ; ~ ~ : ' : "  ' '~  " ;  .i;~ : . . : , .  • - - .  ' ' --~ • 
Imperial D~n q t' 

• ~e S~-length. 0~ '  i = r" , , ,".,~,~,~ 
, ~o feet, the model :s~iowed ~hat: .a ~head; Of.~9.7..i:f-ee~ ~:~U']:d be .re~... . 

qutred on tho crestfor.,the:maximum d.ischarge/Oif.::~,.l.5O}.,:,Oi j S~e, cond_f~at ..,~. 
wh [ ch i s an improvemen.t, over. the: o'~"" ~ " " " -" ~ ~e 'i4ev:ii" ' " ! ~ '.~ . . . . . . .  ~ l,:,inal, d:~si~;n.,...~ In .~ ~ s~~ " 
u ~ s ~ n  lltl', 'dJ~-c ', ~ ' • ....... ~ " ' "-:" ' "' "" ': "" "r'~ " '" , .-- .~.~mlge ..per foot o~e~es,. -~,~.,.I.~+~, .~.~....~ ~-. -. 
~,.a ~,~s of amorc eli'Iclellt .shaDe, f" .: " ........ > : r ?; [ '$ ~ ' % ;~ '%~ r'' 

" ' '  ' ' . ' " ¢ ,  ' • ':~ ..... '.-- " %5',' " ' ""~" """ 

,.he. coef.rl czen b s el ' fllsch~tr~z.e ~.~r e. .-" ,~,~,,÷~ ~ ~'~- ~ - ~ - ~ .  ........ ....... - " ~: 

J, .. %-. ,. J~ 1!./ , an d. are suown'-on" i~gu2e :26..The coe~ETi6~,~nt .: . ,:,~: " 
Ol (/LSOJIal "e i ~ • ,i • . ...... - • • .. ...... -~... ,o ..... /. 
, . . . .  . fi' . S 0-73P,:.for :a ,,zscharge :of !50,; 000 second=feet micy.~. .:~:: ":":~ 
, , e a , ~  e l  " 9 . 7 0  f e e z .  o n ' " l ~ h ~  C r e w .  ~ ~.~ ,,~ ~ '" . . ,  ; " ,  - :  : ,  :' , . ~  , . -  _ - - _ ' . . "  " - ~ ---.::.. : . . .  ,, =~: :  ='.:";., .- :' ::b~::":. 
, ~ . . , , ,  + ,  . . . . . . . . . . . . .  . . - . .  ~ . . . , , : . ; , , + . z v n : : l ~ :  a.::.n~e~au~e;.~Onovemen~-:.:::.:v::. .~.,, 

n e a , ~  on the c r e s t  ' ,~he  c o c i ' i " z e ~ o n t  ;of-dJ ~/char~e o ~ + ~ ~ ' ;  ^ ~ ' " * ~ . :  ~;'.' . . . .  - " '  
o r i N l n ~ d ,  d e s l . . - , . n  / f i ~ . ,  ~'~% q " " ~ ' e : ~ ' ~ ' r ' ~ ' l l ' ~ "  " '  ' '  r " "  ' ' - -  "~u " ' ' '  

:g 
c , . . : -  ' : . :: ! ; T I -  . . . . . . . . .  

B .'~ . . . .  ~ " • " • : '." ' : " • ~'~- . . . .  • nzlect :Pzo~ucefl b~S, iting ofRi e, "r: ........ /' 
- , . . . . . .  eS l~rOl~ .~.~ ; . ,.~ . . ~'~: 

• scl%ar ge va~n dli..1 erent depths:..of :agproach." r i c o  ;.re[sul:ts.-..iOi;:.~I~i:s -k% ' 
stud.,, r are Plotted~on fi6~/re 27 . .:~Nitll the ..reservoir!f,i~.ied ~.~ ~.,~g .... 
va~ion 195. tlle ,curves ~ r ' , ~ - - ~ - - . $  ~ ( ~ ^ ~ : . ' ~ - - ~  , - , , ~ 4  - ~ -  ; . . T : . ~ , , ~  , : [ ~ .  ~ ' _ ~ . : :  "- 

, , . . . . . . . . . .  ~ , ~ = . ~  -~  ' ~ a t ~ .  o I  . ~ , . ' . O 1  , . I ¢ e l ; . , . , W l i U .  b e  l e e -  " " 

quzrefl on the crest for maximmn discharge and the c beffi.gient oit~ -: 
disci~arge wil3~ drop to 3 . 6 2 2 .  . . ' ; : , " ' "V. ; "  ~ . : V .  :: ' . : . :  : . .  11 ~'-".6 ~ " 

lO. STL~Y O F ~ , R / ~ r ~ q  B~D L O ; , r , ~ T R E . ~ , ~  ~ C ? , i .  S T I I , L ! N G  P o o L : . : .  .:. 

A s  a r l e f i . _ . . ; i + , e  s t u d : /  ' ' . . . .  " . . . .  " ' : " -  o n  t . a e  .effl~ct t h a t : , t h e .  Shape.  ~f , . . the  ' ~ i'iv-~r bed b e l o w = t h e  stJllin!~ . e e l  has one,he h y d r e d l i e . . c h a r a e t e r i :  ....- 
is~ics o 6  th~ ~oooi, t-en~y-one differetr~ bed layo,zts. - w e r e " - ' t r i e d ,  . ; -  r .  

thcand th~sam.eCltc.racberis~ics~ ~ ~ recorded for %~,ach. Thu pool layout rema'.~ned~ .;. ,! 
-n.'o'.~;:.,louu these Zests. aud is show.,-., ;c,s lavout lon fi~.ure " 

2 8 .  Dcn~ated s t e p  O - 1  was used i n  e o m b i n a t i ~ . q n  w i t h  s.11.! E,I ( f i g .  7) ~' 
on a pool floor 41 ~'eet long. Th.:: _., ...,, ~,%~,#en~,_on~.,~:~e ~, 1 ~ou~ 81.e .'.:ho%m 
on flis4re 28, an(l the ,.~t~ll-,n~, p'oo], characZeris%Ics for oath .~n'e 
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N O T E  
D i s c h a r g e  was  :held 

. cons tan t  at  150J~)O0 c.f.s. 
• dur ing  t h e s e  runs .  

Q = O L H 312 

L = 13335Feet ~ ~ :" 

Q = 1 5 0 ~ 0 0 0  c.#.s .  " ; , : : :  
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! :HYDRAULIC  M O D E L  S t U D I E S  
:1 I M P E R I A L  D A M  (REVISED) 
! EFFECT PRODUCED O N . H E A D A N D  

C O E F F I C I E N T  rOF DISCHARGE BY' 
v A . ~ , . 6  E L E v . r , o .  oF L , ~ E  ~ o r ~ o .  
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It was feared ~ h a t  the,,::sharu.corner~~o , 
would :: be knccked: off .~:onc e .:t~e :isP.t llway, was 

and a question arose as to"~{~hleth~r'th'e'~:pier'~;;Wou' 
tzve ~thou,t the shazp:/corners;:::;;..,For_.::,~hzs.:~:eason;. 

a n d  ' ~ h  e s 8 l , , ; e r e ,  i n s  ~ a ~ l e  d ~l i n  'ii. the:i:Ssme S~'p'6 s i l t { ' r b ' n l S  :: , i ~  

the p r e v i o u s ~ t e s t ; .  .LaYGUt'-:5?~./~(~i.~;:: 29;) 'sh~e~ ~ 
curve s on figure-32 .ishoe;!;that)/dhsmferiiig.:.tlie~] csrz 

then ..r e s9 ac ed. as shG~'=,";: i n  i~&:y~ ~ { l ~ 5 S ;~,' ~ i : t  #" t : ~ "  , ' ' ~ e';~ 
o f  t h i s  d i f f e r e n c e  ;vas r e~azned., ~:.lz:.guzre 32s~o:w, 
have a: t ailwat er I " ~ . f ~ e :  LOf : , 6~ ; .3 .1 / fee ;~ ; ( ! : . . " ; : .  , . / , ,  '.-' : : :l ~ ;' :' , l[ j ;; 

beveled in a vertica~::.~ di]~'.eCt.ion as :sbo~m - i n  ~'.~ ........ { 
tailwater z anse for.tnz s-.la:yout ..~was 6.;6feet";'..,, 

A s e t  of~.#%er 
shotm in M-2 I .... 31~)i, 
set of piers simfiar.:to 
~ere used -in:.lay0ut :6,] ~P~ 
plate VII-B. an "" ! •  th J . sma 
VIII-B shows .thep0ol:iii 
~th the maximum..discha- 
Photograph C on-t~esam~ 
maxim~n d~ scnarge. :wi~h,~;~ 
and the . . . . . . . .  i l d ' o  1 jump formin G 
that the j~np left the. ] 
The small sharp-nGsed ip: 
in that they had. ai:,~ide] 
ac$ion in ~u . . . . . . .  [ ' " 

? , " : /  

. / r 

s < r o n  , { ~ l ' : ,  

:el 

- /.j, • 

m2,. 

.... ii: 

/no ses, -(:: ,- 

;he~ 

,;,b6 S t t  ~ r e'sUltCs:/,;!; ~: ~ 

row was ac 

64, respe¢ j! 
63 showed 
slightly .~, 
IX, A, .and l: 
maximtuzL, dl 
respective • 

, oub  c b l o : c k s  

3 0 1  were no~ s a t i s f a c t o r y '  :,as'.a large~"b0i ! l  .£or~ed aSo~6~;:the~t~ .";,,~- . :  

, : .. l, ayouts 65, 66, 87,. and ~ 68 :.Were ..mame.usin~t:modifiCati:0ns :; 
• f the Rehbock st11. The sills are .~ho~,m :as • ,2~S-2'.~.T-2."' emd R~2 
on fzguz e 31. Wlth Cthe~ except lou- ,  o f  l a y o u t  67,: t he  . ,~a i lwa te r  . . . . .  4 
ranzes were quite small and the sills'showed no exceptional :quali- )~! 
ties oth.~r~se. Sill T-2 used in'layout 67, w~lich, had~.:the~widest . .~!~ 
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• s. THREE ROWS ~ '  Sl/£~. Jg~t3p 
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~. ~ DISCHJ30E 112.4 
SEOOZ~-FEET ~ER FOOT C~ CREST. 
TAILW4LTER ELE~LTION 166.0. 

c. ~ DL~HJ~tGE ILEo6 
S~OIID-Fm~ ~ FOOT (~ CREST. 
TJlSILTR ~J~r~U~IO~ 161.8. 

~ISED D~, 
CREST LEI~GTH i~55 FEET. 1:'007. FSOOR AT EIEVATION i~0.0. 



I 

@ 

(fig.~ 
t~Is'type is a 
to dro,~ th~ buc 
and-C shows tll 
the maxlm~ dis 
respectively. 
• water was lower 
wes dropped to 
be necessaryto 
ou~ st anding advant age s of-a 
stalled, is the omi~sston ', of 
this case 
and ~he i 
thickness ,of ~he 
uplift pressures 
to shorten the 1 
part in increasi 
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ted a 
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. . . . . .  ~ ~Compoun~ R er~bOc~ sill, ~,~ 

and W-2, flg. 31) were triedln ~ 
The actlon in the ~pc ~'~ 
and the ~mter leavir 
~le~ maximum t a11wat G i 
ibed at elevation 

pool in action z~£of ~neymaxlmum a~scharge,~ aslng~three~ta~iwater ~ ~! 
deptl~S; nameiy~L~ eievatiOns i68i4~,~Ll,66.0,~!~d i63.4i~ ~eSgeC~ive!y. i } :~ 
Photograph, D :Show~ ~he~Jt~mp"j(~St ~ on itJae ~ ~erge .~ Of ieav~ni~. the ,lOool. " • 

. .  ~ . . . . . .  " .: ~ . : S t  tons•. . . . . .  

. . . . . .  D u r i n g - : - % , , p o r t i o ,  n , ~ " :"" ':::, i 
a p r o n s  : chovm a s " ~ A - 2  ~ t o D w 2 ,  p~4ed'~.~: ~ 

. ( f i g . ~ 7 )  w e r e  i ; ± , n t e r m i t t e n ~ l , -  .~  _, 
determine ~hich gave the ~be 

decidedly ~ the best,of ~he group , and it is shown incorporated~in' 
.~ ~ the final design on figure 23. ~:~ . . ~:: . . . .  ' .  : ~ 

" . . . .  . . . ,  • . . . . .  , .  ~-i ~ . -  . ~ . ~ i  ~:~ ~, ' ~  ; -  

< ~ :  ~ c. Conclusions on Comparati~e:LTes~s : , ~ ' ;  : , ; _ . i , : : ,  ~ ~ i. 

Summing the second set. of tests on tho, stillin~, ~. =nool~ ,. . 
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it was again found,that the baffle pier, s [or:)some~vari;ati0n of 
them) and the" compoundRehbock sills gave %he most :,;sat:is'fact6rV ~ , 
resUlts. With the river, bed 
tailwater ranges froml 5::. ~ ; ' t o  I 

sill showed a. ran,',e from"~>n~ 
 ,as 56" th'"  
oill was gl (fig. :: 30"),,: ". So 
ticability o~' the baf£1e-p 
b o c k  sill w a s - s e l e c , t  . . ~ ' : ~ - , -  . . . . . . . .  - . . . . .  ' ....... - .  ................................... ............. 

offered by the firsl 

Duri, ug the 
sticks )%~-th nails dr 
were floated over :th 
large logs in the :!pr 
piers or ,:si;!l s. - ' S o m e  ,O.~i:.,tham.:.:rer~in - - 

of tim~ ,circulating' about i the 'stilli 
would tlltuup against 
sill, t~he sticks:-.v:er 
for theii" ,~emtlari ~=- ty ~,, . , ~ v u , , a - n ~  ~n~ 

roller and moved upstr.gam): %H~!stf~'~i 
the dlroction ,of' flow, and :upon strll 
,thi s po si,tion. 

d.~,,  ~ 

T h e  

tated step G-i 

apron and:. sill s-i ,:( f ig' 7,)was. placed, On .-~ho end(: 0f" ~ n~-;i~'~ ~~ ".i,: '.: ",i 
4 1 . 5  f e e t ) i o n g .  . . '  W a t e r  . . . . .  - ' "  • : " .  ' ' " " ' - " : - " ~ " - ~  "~ ~ " ~ ' ~ : ~ " :  

, s u r f a c e .  p r ,  o f ~  1,e  s a n d  , . p i e  z o m o . t e r  , " 0 r ~ ' S s ,  tw ~ ' s  ::i.•.~> i.: 
on t h e . p 0 o l  f l 0 0 r  a r e  st~,6vm",f%"'"," '~ '"  , " : - ~ :  - " >  " . " . - "  >' , :  . . . . . . . . . .  " . ,  ~,~:".~""' 

t a i l w a t e r  d e p t h s  On fi-..,~u~ ~ s ~  " 3~,":-~:::r-'o4..~''an~;. 

"the se profile s repre sen~ . p r o % o ~ y p e ' . ) . ~ a ~ : i  

f r o m  the mode]: resdlts. ! . : l~lator . .  sur£a.cel 

!E,~" 

p r e s s u r e s  i h  t h e  b u c k e t  ~ . e .  s h o . ~ m  , "  " , : , ~  ~: . . . . . . . . . .  ~ . . . . . . . .  : . " . - "  on i : l  gUt e 3 6. :/~:,,.,~The s~ : and .:.the".'.~>.i:; ~ :: .~ ~'.:, < 

~, of tltese .po'rt±ons 6f the structure. ........... . .... .. ,, ..: • : • 

, .  / ;  y ~ , /  , / 

- ,  . . Q , .  

e. P a i n ~ " T e s b s  o n . . . t h e  F i l i a l  S t i : l l i n g " i P g o i ~ .  -. ~ . .  " . 

A .series.of paint, tests were made on the., final• desig~,:~ • 
using the .maximtu~ discharge. These. are i'sho'¢m" on plates XII-.and! 
XIlI. Plato XII-A ,shows the. pool lobking:.do~'mstream , . and  'plate ~i-B 
shows %he nature o~. i.~he ~iow, lines along a Sicf~ .~,~l:l:"6f theifi~e.<, ' 
The extent to which :the-jet •is flared b'y the dDntated. Steps and 
how-the flow r~ses to nearly .vertical ~"mediately, upstr.eam from-. 
the sill can be. seen. Plate XII-C is an :, excellent picture of the 
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patgern fo~,ed :bY.%he ; : " " " ' '~ : divergmng.~"et as .:it flows:0ver tiie dentated 
• stePSin g bet~eg:l0cated 0n. ~he.the -~dethSloping: apro'n, The portion. 0f~.t e .:Je% passe. ~ i: ~ : 

the' f l o w . a  ~on %fia%:: f I o : ~ i : . 6 v s r  !±he ~t~ee~,h:,: ':.T~, " . . . . . .  ~ :?! 
function o fift:~~ 
the floor .... ' ..... 
increasin~ in~!i! 

. s u ~  ofthese. :s teps, ,  i.he..-iezig~h.ioZ!:::t 
tw~-thirds of::.its ~.,originai.:':ien~:~h~ili~. 
of pool .~.~ ~h..a '":c ~.e :~'o,~ i~Li':sav'i~;~: 

stresm and : :BL~ is  ~8/ :c lo se-up//oT~:~".~.he<:cc 
te.e%h "having! -Ver tic al - :~p:~r ~'~i:.,~,~:e: ~ 
w~ ~a~iT~r~"in the ~r~oz •:at!:~e<~&~ 
-plate:.~,T:.ILB~: :'" ~-::~ ........ 

tiv,ei~,Ss:.~0f -the Si'~:i.l:.-~be:. h-veio Tbe : hi'g ,, 

,seno~ ,oT.--;bhese i..linesnear ~': d0,,;m•s%: 
b e :  n o , e t a ; . .  : .  : :~i.:< . : ...i::.~:::::: .!.:::. . .  . :~ i.!' : g .::'.:~~:~ "'. 

. . , / ~ . , :  !~. 

• " d i  s m a n t l : i  
c f .  t h e  ..:sp 

..;~.: 1197.5 ~e 
from 41,5 
ReHbock s 

-.:: exp an.si.on 
The ~ina:l 

thus ~i : : in  c r : e " ~ - s :  

e 

~:o:ff. -~ 

i/~:.'~ iS :~l. r e -  :~' 

~ : : : c o n s t ~ u c t i o ~ . .  ' 
. " : i ~ . : ' .  :'.: ~ : ' .  :C.~.  • 

: ..... !!i-. : '?  ... . . . .  , 

, ,,:,.i~iOnl - the : 

.:'::be~ seen : : on  .: ' " " 

:~ii Th e ~' ab ~ .' .:!! 

o 

, 'THe effect : -  
ience., b:elieved to .be ,~.,~iI.. .... 
le.ti%ude: :b0~h in the. r.ee~h 
of the sill., . .-...........~,, 

A s  p z e v ! o u s ! y  d e . s i ~ e d , .  ~ h e  - /~:::: ' . . . . .  the . .:. 
splllwa.v was 150-000 second f&:et ..... ' " ' ' , . ~. ... ,..:.,..:or... foot ~.. " 
of length of crest, and %he .makim~u capacitv~of the"slx-gate~~sluice- 
way was 15:,000 second,fee~t, ~aki.ng a ~Otal capacity oT 185,.000 
second-fc~et. . -.:~.:. :..: " .. " .. 

At :hhe t~:n~e that tl~e length of.the spillway was reduced 
from 1335 to 1197.5 feet and its capacity from 150,000 to 134~500 
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-- 1,i :':I"~HE LABORATORY .'.(.," ~: " ? ......... :'.'.•:":- • :' 

~ model o 
and tested in the ~:,s 
locatiSn. ..A plan"o 
fl gur e ' . ...... 

'The ~ter "for ',~he 
V-no.tch weir located im ,tli~ 
deep, v&i ch ~'.was 'Partially ,b~ 
the water was.i0umped ,by ~a<~6i 
level tank ~ocated~ :near i~he ~ 
head. of water;.waslmaintaine, i 

: wei~r. ".The wat,~r !£1owed"fror : ,~ 

~ncl. calibrated.:gats~val~cs,~,~hen:!.throug~?ilarge~i~!expandlng::Cones ~.: . ~: 
into t~o ,head reservoir, s/locate~i~ire'ictl~:~@i0~-~he:~.c'~6nstau~.~v~1,i ~ . "., 
t a nk. War er ~wa s t:hen • suppl± e d % o,~ %he ~"mod e%s ~dire ~ ~t ivY ~ fr~om t~h ~ ~. ': :' 'I'~ 

fperated s~multane0usl~., ~ iThe ~i:sl~ce~i~Z mode!~[!~mSlJ~.supplled i/~dir~ctly: i~ i.i i~i! 
:om one of~these.head roservo~is~/~teri~paS-sLug-~t.hrou~:-~he~:i : :i : "::i ~"i 

model, the water coll0cted:i!n~a[~i!S~eet4metal,i~f!~ei~and:~ret~rn~d t0 ~ i~.i i!~:;~ I 

The origin "ii 
in ,the "laboratory ~o~I " 
by .shaping a pieC.e ~e :i/!i, i 
ribs and soldering i 
small ,steel... a n g l e : s . . i . i ~ i ~ , , ~  
made of. red~,ood and .~ 
were constructed of ,,".~, 
the full length of t /i 
curvature, The 6a~e ~i i 
of arms wlLich extend 
made ~t possible t0 

The model~':~ms ,co.ns~ruc~[ed :in:;a:.V, ooden 
.sheet metal. TEe upstream apzon ,wasrepre,sente~ • 
the .box. -I~.o downstream, apron, made'of %ood-abed shoe%, metai~ ' . ~.~ . . '!~i 
buiit so 'that ,change s,.co,ul d¢ibe ,.made , in this :96r~iOn };,Of ~ :the' !~S,%r~aO~:~i. ~, :. ' ~ .]-i 
t'~e. A sand box "was ~rovided :downstream from"'~he~/stiliing/pooi~ -- .: . 
s0 that th.~ effect of. urosioa for various iayo~s could be L compared, :. 
An adjustable weir was installed a.t thu downstream end of the s~l~ .... ~/~::il 
box to regulate ~he taiiwat~r depth. A 91ezomotor connec.ted .to the. ,:,~:~ 
box rc'gistored the tailwator e!ev~a~ion, Piezometers~havin@3/18- i~i..~~ 
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" mncn ..holes wore !ooatedlpn..t:he..0Vorfl0w,: secti:on. of %hB i. sluic~way.;:ii':-'~ , "~'" "' 
~'or...oh serving, th~!...:pr ~-~Or os-:on :' tho!~ ~a&e~',~ 'rh oS&; Wet ~~,ic0nne6~:~a:. 'J.' . .:i-: 
.by. rub1~er hoseS' tO"a ,!r'eading. 156&~.d~'"/. "Wat~r-s~face 'm6asUr&en~'s :'.: "' '~ " 
.wore .made ~ :wi~h. a ",point :~gage moun%od~-iOi . . . . .  :~. .o:~ 
along,tv~i:io.vol- stool "angles,,, one .on ,-, .e: : 

head reservoir;. ~, .._.. ....... ~ , ' i' ~ :  .'..~ " ""_i. ~ ...... " " 

• : " " ,-':" ;.; "" ' ':~'~"; '~ ~, :',".'~'.'~"~':: ~ ~ 'i:.-;'...L'/' ~' ':-. ' ~ "~i. '~";'ii;:' ~.'~.~ 'i ". 

s~gned 
the ,upst 
tion 147 
six radi 
slope ,we 
t ion  to,. 

stream ;a 
the me de 
on_ plate 
be~'ore~ ,a ru~ 
and.. C,,_ taken 

The model she. 
the sill for ' 
th.~ sand b~ d:.~ 
over:.it :,v~s, q 
tirely to the ,...,.. , 

ge; 
e. 

':i 

@ 

.... a. O~i~ 

~;nd of ,the horizontal apron, in an, .effort '%0 improve~~he,.~actlon in 
the stilling"~ooi and reduce er0sion downstream. ,~ ii~i.~as.found that 
stepped ~aprons (A.3 to G-3, fig, 40),instaiied a~: the ,'6-'i"sloPing 
apron were el~ asset and a number .of.these were intermittently.tried " 
in combination with .the vari.ous sills thrmoU@hout the follo~ring tests, 
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.~ ~ests 4-i ,~and ,~.-2 ,(f:gi: 41,) ',Ware ':made '%'ith the' st eppe~': 
apron: F-D, placed at th~ end of t~1~ g0ping apron andsill L'-3 ~;' 
instailed on the end .of a pool:!.Tloor.45.:5.:fo.eti..ion~l , i-~ ~mS~. "r 

iThe length of the .pool 
port willbe .defin~ a 
the !ooi::t :at ~hich!t~c 
of the si:l. .k~ 

paving, 58 Toet 'ir;i :-:. 
me di at ely do ~a~stro~s ~ 
pa~-~d vdt~ riprap: 
at elevation :150.0: 
II-A s: ' 
at a d~ 
of 155. 
dep th .( 

di ffer 
larger 
Flow co 
clov2 ti 
dropped 
to loav 
~md a s 
water, 
jump fo: 
depths. 
the tai. 

@ 

for ~:y unexpected t~ilwat6r 
it ~'~c.s thoughtbcst to 
as N~ell ~s for the id~.,I!, 
~dc rr.:n&e of tail~atd~ 
r±ed on to this end. 

pr(~p~Ire d :: 

vious!y uescrloor~, :~xo,~p. t th~~t ~a portionof _the smooth 9~iving boiow 
th~ sill was r.-.isod one foot ~o:olovatlon, I51.D. Thu:,~vater,sur, face 
profiles fox' those runs show th?.t ~a higher 9av~g below the 
sill incre,-'.sod the tail~,-_..s-r 1"'~n.:.:e "~.i~h th~ result ~hat the front 
of the j~np noved upstream. Conditions do~mstream from the pool 
wors ~orso th~n in tos~ 4, as r~.ising th~.~ ~aving increased the 
velocity over it c~d this in turn caused very 1u.rgo st~.tion~y 
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waves to form.-~ .Plate II-C [Shows ti~is, pool in :actlon~ for .i,a dls, .~ :. 
eha?~e -of i2,062 +•secondLfge~Z!.+an~ ~.a %ail:+,;atez+;/.~levati:%n , " "155.3. of. . .- 

- .Y .. • i::i/: +•... .+• ,+ 

to tha 
lo~ere 
the. si 
of :~hi 
Of ]~ 
101 
th" 
ws~ 
sh( 
th~ 

-to 
to 

re~ 
st~ 

8.:,1 +,ans ~+8+'Z on~, 
+ fee~ iand lef.t a. 
apr On•i (shorn 
and L.~he . smoo~;h  + j 
III-C i~s a ~iew ,~f 

. for~S discharge of 
+ + • " i 

158,-0: and 155. 5.,- r~ 
photograph E. • :,Ref~ 
~-i and 8~;2 ~+(flg. ,< 
much impro+vad .with 
:stream from ,the st~ 
range wasi~:increase~ 

and the pool ~short~ 
shor~ene d • conslder~ 
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• + . . . .  [ 
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,.,+ 

°+L/ 
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The c~mon ..of the :double jump w a s v e r y •  .effective, ~the Wa~ter lear:, 
ing the secondary r, oller~iwas q . . . . .  ui-~ ~d + erosion 0 f t ~ : C  s~ud . bed .iw~s 
slight (plate I'V-B')I. ~ ' .... , + ~.. + .+i~:: 

A laMout was desired which would produce a double.Jump 
for all tail.water elevations below 158,0 and one in+whlch the - " 
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secondary Jumpwould fl00d:0ut for.t~ilwater.~slev.at~,ons,,above 158,0. 
Tests were made to. develop sl,.pool ~hati%wouid hr~,ve:.,th~"~e"ehara~,er_,~ ,~ 
isticsj In test 10 (fig,. 42)i~£~t~e secondary. Jump did hot floo~ :~oh'~ 
until the t:~ilwater :reached ::elevation/164;,4; :.,"~ "~ : 1t-.,~-~ " I' ~ 4 :' % L'" ' .... 

A layohtL i iden~i 'O~,  k t o £ t e s t  t lO~'i~.~~;}u~ed}~;in ~tSSt .8 :L.(.fig° 
42)., except , that. sill L:I ~,'~was ."rei.nst~Qil.~e'd:: om?~the:::-~po6p~f~6or'.,.i%Plate 
!V-C.'"shows the • second'. 
feet and a taill i~w~bf 
the layout and z i ~ ! } / a ~ ; t i o ~ i  

in the pool was sati'sfact0ryLJbut/~'~he ~sec Ondi~y ~ Jump'-did:n0t: fi'Ood 
out u n t  i l  ~he ; . . taf . Iwa%er ' r e a e ~ e d  ~ e i e v a t i ~ ' ! . ; ; i S g , 3 . 8 %  ~ ~/~i ~-I'., ' ~ < <;,': i; .... 

. . , , .  . . . . . .  . : . ,  . ,  , < , .  , < L ' , , ~  t " . ~  ,. ; .  • .~ .~ p . : .  , . . . ~  . . . .  ~ " , , , ,  . . . ,  . ': . ~ .  

.A m~terial., change.,;~as~.made fin%the stilling.~.pooL for.; itests ;.~ 
13, 15, .and 16 (fig;..43)',/.:,.!.$~illK~31:i('fi'g.~;~./~O)/~was~Luse~:~i~oh~i th"eistiiiL 
ing pool floor f.or tests ,13~l::,.~a~d,liSr2~%~Pla~e,!V_i~:sh'6~.!ii%he~P0oi~ . ~,'~ 
in action for. a dlschargelofi::~:2iO6~-~sec0nd_fe'et~/.and,:, a}!.ta~i ;or 
elevation of. ].55,0, ;:~nd;B.;.is!.a::iVi~.W..O~'~;}the:i.laYou't~itsk~n...af~r;%he ~ ~.... 
run. in this ,case, :. the~,sec0ndaryL;%jump%floode.d :outl.i for;.i:a'tai;lwater 
elevation of 160.5. 

fin L teSti; 115-~'~. 1 ::EL~d~ ~ 15_2, :::si;ili£:~L31 i~i . . . . . . . . . . . . . . . . . .  s i n ? s t ~ i i e ' d  } i n  :: th ; ; : ; :  
primary pool. ;and :the"; S;3coni ': ........ - :.k.; .;;~6rte:~ ~ndary-p001Tloor " ned:,and~ " • - 
dropped,, to: ,~.levati:on ~139.O:£ ' ii;:! Plat.;~",i..;i~i-% Sho~:S~t1~e~i~;la~'out:~: ~,i and,.; B i ', '.~ 
and C show the ..~0oi in"a~'ti%n:::.Tor iiila ',~,di.s'~ha~ge-iof:;~i2~66.O.J seco~d- ~', :'; 
feet land tallwater : elevat'~"ons'~'0f ,.~58~;0 f~di~3;."~i:i.:~£~-i~;~",%~'.":: ' 
T~ ~ see ond~y. ; ~m~: floo'ded .o'ut ii ati!!'a"::~ a~'l~a:t~'; iere~a~ ....... .................. " .... 

::" ~ pool ,~ie~ ~d ~h:;i.ld~,.~redi:~;~;&~;rf;t'~:~s-:;.~s:idev~loo 
in t e st s i 6 - 1 :and ;16-2 :: :(if i:g';" 2~3') . }-i .i' St e PI~ ed : apr.6R.:F;3:~'W~s"! agai:n;i .!i. :-~:- 
used in combina~ion.~withiilsil.l-.:M_3, ii:r~eprim&ry~.p60il.p!:.:The.rsec 
pool floor was raised ;~ fo0t";...to ;:eievati:on,,140.;0 .... :. ~&d~: thei.:sand ::bed .; 
was elevated to 142.0., Platei:v,C:"'sh0ws:".:t~:e%:. ~o0i}i!in":':.action£!'f~ri::a"ii! : '.. ,~ 

and D shows a .view . . . . . . . . . . . . .  o .0f.::~he :iHyo'u~ i'~d F~d b~ia:'.~n ' i'a'fteri~<i~'t~e ~,. .... ~;-i~ 
Erosion was 
lar sill Th~ secondary~.:'Jt~p " :.~loo.~ded:i"out,~!:fOr .''aiitail~terliei'evation ..~ ~;~: 
of 157..5.. The hzdraul-lc rn:.;ithe L ~o0~i:.~a s ........ was.-:ver~ 
for tests 13, i~.,;: 'andf6,.: as Can b'e :seen.. from=i%h'~i!'i:pr.o 
figure 43. A profile"of .:the sand surface 6nl..the".c:ehter lin~";.of: ..... ..~ 
the s!ulceway .is shorn: aftur, the run: ~ or. test 16-2'i: on thb% S~e ÷ig 

B" EI~J;t 16-Foot"Gates - Piers ;3.5 and B:O.Feet~.Wide . .;; ...... 

a. Revised Doublerlump Pool ..... - 

The consulting board at a meeting in January 1935, recom- 
mended that .the height of Imperlel Dam be increased one foot and 

' , ' -  . .  

vationi, of, 156k8. . . . .  - 

) e d  

ondary i / /  

i< 
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PLATE V 
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A. DISC}LARGE I~,06~ S~OI~D-FEE?. 
?4IL~VATER ELEVA~IOI; l~b.O. AFTER RI]~. 

AT~ZR ROW. 

DOUBLE JUMP POOL 
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PLATE VI 

O 

A. LAYOUT FOR TEST 15. 

O 

e 

Bo DISCF.ARGE 12,000 3EC0ND-~'EE~. 
TAILWATER ~EV~TIOR 156.0. T£ILWJ~I  ~ Z V J ~ I O ~  ~ . 6 .  

DOUBLE ~UM~ POOL 
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that the slulosway be ralSed".a llke.,amount, ,~,Thi.s~,establlshed.,t,he , 
ne,w sluice~aY./crest at eleva't~on 163,O. The shelpe"iof,:~he overflow..': 
s e c t i o n  was  . c h a n g e d . , t  0 ,;that>'shown,~,on.~.fi~e'.:!.44~:..The~.u~~~0~, ... ~ 
slope was )changedi fi~om"~ ~t .-. 
portion was flattene~.con 
that eight gates ,l'6.feet i'd0d 
six as ,orig~nal.ly ~planned 
the slulceway ,by one-thlr 
from 3 feet , to:~3'-fo'et. .  8 . i  
of w hi ch '-,was ,,~incr~ase d :i%0 

~ : " " - - -  i',:~ " , ,  , ~ . -  -. 

Th~ :m( 
design. >, :The ,ap~ ..:.;..: . '"" 
correct.f0r ,th~ ¢ 

• i ! e d  .-'": on the isides o,~" 
from ~he ~rectan~ ion ".~! 

U 

' i  The  . s h a p ~ 0 f _ i t  n 
th ~t o ~ " t h  e • o r i  g l  nalJ.:..de'sl gn ,i :~,: :.Th'0 ! : i n ~ b ~ r  ? o f  
f r o m  s i x t o  el ght,'<: . instead,.:.t-he",~odoi'.i,i~.s~,ig~ 
the proto~ype'-,with t 
remove d. :The ':model 
2, 000 second-feet.~p~! 
remained at '3.:0'fse~ 

dl fference .'-bet weez 
P. view of the re~j 
operation for a ,di 
gate and a tailvm.t 
action for the ,sam 
Profiles,,of the ws 
variety .of condl.ti 

i (" floor are "ndicate 
action In ~.he ,pool 
The secondary jump 
158.0 and r: wid6 t~ 
Energy di ssipation 
.Jump was comparati. 
advantage.~ however, in tha~ii~t:,necsssi.t.~ed 
ergtc ,p-~ving. ~or thls reason,: another .t.yp~ 
gated. 

b.": ~" : " " ' - :  ~. ' ! -  ' '  ' " k)!:.olngle-Jump Pool .wi%h,'Long ,Sloping-,Apron 

Th,.~ stilling, pool ~,~s revised as sho~ on figures 48 and 
49 and @late~:V~il-A. A long~ apron wlth a slope ot 4:1 commenced 
17.9 feet do~mstream from the center llne of the crest and extended 
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i ̧ :;i 



i ~  ¸ 

" "  • ,~  : ~  ' ~ , , 

. "ii. ! ~'~ 

: U ' 

f 

~:~ .~. 

:B 

N 
L 

L~ ~ • ~ ' !  

' i  i 
/ *~Lil ~! 

L.' .  ~) 

:.F':" L" '!**:: :!i 

: . . i  ' ;~/ ~ ~ '~ '  " 

~ r i ~  ~ 

i '!  

. [  . . . . . . . . . . . . . . . . . . . . .  . . . . . £  
- . ~ Z ~  

~..~i~i ~ ~ii~. i !~i:.~ ! i"~i i ~ 

i i.i:i "! 

I r~ I ' 

, , : !  ( 



. . . . . . . . .  m 

"'X 

d 

" L~_ 

'%. , , ,  

F- 

L 

"11 

:""!I; 

.... ,.~ ~"i : : '.: . . . .  " ' 
'FIGURE 4f~ 

1 
,I 

r]'' 
II 

:1 

I .I 

~! I j | 

o 

i • 

, ,I 

w 

. ,! 

;!  . 
! 

i 

0 ' " 

! ~  ~ ,,~k~ : . ;, 

! 

,f....--...--... 

,!-,'?:ii~ I 
.,r' .... i!'~ 

2 

i.. ,... 

.:': :r J":''i i". 

I ..... 

?:!,; .... 

, cr .~ 
. • ~-~-;, , : - _ . 
,~.}"::~... : . 

,":..... ,':.. ' 'r ' .i." ; ":' "':' 

..... ~-~, .... • ..... i i 17~i~i!~ ' 

--- . ;!~:;~ i'll;: ~ ~: ~i'~ .': i: ~ ~?' ;,~i~;.ii~ I " 

!~!: f~i I ...... , ......... ~~~' , ;.~ ~ ~-. ,: ........... , :';~T',:":~".""L. 

i.iil)!i~!ii! 'ii~!~i~';~.!'! ~:~" "' :'i~'~:~' ~;:"'; ~ ~i~!~i ,~".~i " ~~i ~,/i ~ ¢,:. ~i:- ~ 

i ~:: '~ '~ ..... ir~ ~ ~ ~:)" :i'~ ~ ~"~] :'~ ~i • 
' , ~"~ r~ ": ~,'~ ir' '~ ~ "~, ~; i ~ ~/~ '~'~ ' Y 

~.~:~:~.:~i :~!;~:~ ',;~, .... ~.~:~°i~ ,:~?~, ~i:!:~:~i~ !~;~!"/'i.,i.~i~31:~.~:~, '~ ~'~:~i !~," ":""~. 

,i/!} i: '~ .? ̧̧.̧  '.~ ~,~L. ~ .,,.......~ .. , 

-~,i:~ !i ~, ~ ............. " ...... ' 

. i,- I :~; ,~::; ,:-- :,' - ~;, ~ 2 

i ''~~-' :"' 



0 

PI~L~E VZI ~ 

0 

D'J o,,o 

r ~ o  

. f  

a 

c .~. .  



I ... 

t ep 

w 

• o  

6 

'- : 'Lt~- , . . . .  
2 ,  

@ 

i 

R 

. r 

' ' u  

a,- 

I 

t 

!j 
J 

- !  
r ~ , :  

. , 0  

/ .  

~ d  

!!(!1 , , , : ;  i ,, , 

~ . ' - I  ~ . . . . .  • . 

I e: 

I m ; m ~ - - . r : , ~  ( . *  "r 

'" ! i .':, .L' ' :~:"~! 

~ n ~ 

' . '  ' ,  o *~ r ' , ;  
" /  . . . .  . . . . .  

- - ' :  " d 

.' -~/ -. " ' o~ :~  • " ' ~ '  : ' .  ' ' l ~ l ' ~  f f  

, ~ " P : . .  ~% J q : p ~ I  q ; L " t ' ~  , " 

, o  q , ~ • 

1 

I 

. ~ ,~  , . . ,  , . ~ , . ,  ~ .  

o. , 

~ .  [" . '  ' rS  + . " + 1 4 d " j ~ 

" :.ik: i~i!i d~ p 

.,•f' 
~. ! ~ .... • 

" ; 

• . .~ - .~  i 

" 8 

d ,  

, ,  , ,  . , . ( .  

d' !1,  " 
" , ~ '  11" ...... , 'J . . . . . .  

, . .  - ~  

, ; . -  , hr. '> i"  

L : '  ~ ' r ~ " q ' ' ' 
: ~ }  i ~  . .  

| . - ]  

, _ ~  

- %  . , - -  

;~o: " ~.~! *":~' '%'- ?'d ' '-',' '{.'"~.*; ~* ' 

• "' '~u'-" m - % " r  " L ' ~ ~ ~1 ' : k, ' "4' ' ~L  r -- ' ' . . . .  

.... .... ............... . ..,_o ....... 

! 
- ,~* - . - :  -. ;[:. 

• , _ - : . . .  

! 

I 

q;,!; , 

! • Z a ~  

I 



0 

O 

Q 

o .  

t l  

I 

. L "  "~ 
• l 

I. 

i 

L 
" . ~, ,  t ~ .  :.' .i'~ .', . :._::'..., . ; : ' - :  . . . . . . . . . .  ; F I ~ U ~  4 ~  

, , : '  . ,., . , - , . . . .  . ~  : 4 :  , / ' " : ~ " " "  ' "  ' " ' " ;  ' " " ; " '  ~ ' : " ~ : ' . " . . . ~ . .  " i  : 

i i  iil, " 
~ . . .  ,) • ~ : ~ ;LL~',; ~ , . )  • q 

. . . . .  , ,~,~..,~ . . . .  : , ~ L  ~ , ,  - |,=)= 

) . .  

I . ' V . , ; ) . : , ' : i ' . '  : ; " , : i . ,  ,:;; <:,:,.' :!:, '," "~< I""<'<~. w ~ n ~ "  ,' " '  • ' ' 
~ . ' .  ' ; . - -  . . . . . . . . . .  , , ~ .  , .  

. . . . .  : ~ . ..~'~ ,. 

' r : . '= ' @ * 1 . . . . . . . . . . .  r = ' ' " ~ "  ~ ' ' ~ '  = "  ~ "  ; Z ~ "  

. . . .  . , :  - > , ,  ~:. ,,. - . - : - - l ~ , ! i i :  ~ 

-i-:': '=' • " ~-- ~----li '~ ..... 
I 

• r r - - - - , , , , ,  . - ~ . . . . .  - T . . .  ~ . ~  : . ' o  , . . . .  : .  " '  -, 
. ;~,<. .. :..' (, ; "'~ ,.~ .... ~) ,.;~,.,: : . , ,.. , .. 

i . "  I :  , . . ~  '.,~_,.) . . . . .  . i .,i, : " . ~ " : :  .:E-~~:... ': L , . . : ' ! :  . . . . . .  , ~ ,:.,' . ; , . , . .  . . . . . . . . , .  .,..: . ,.,', - . < : : ~ , .  -. , :  .,~ . 

7 :  ~, ~ . . . . ,  ; .  ,~. , . .  ~..~.. 

.,' . . . . .  " "~':~ .... . il~-',)' , I~ : '.- 

. . . ,  - 4  ~ > " : : " :  ~ " : ~  ' ~ ' ~ : ' <  

. ~  : .. ; . . . .  

p. ;~ i,, .>:!., ,, . . . . . . . . . . . . . . . . . . . . . . . . . . .  , ,  , . .  . . . .  i 
- ..,., .. " "Q. I, -" :: ~ . . . . . . . . .  - '" '-' 

-"-~" w J.: .;]-. . . . .  ,;. . ~., 

.o_ ,:'i' i ' .  " . . . . . . . .  

,,< 
..-., .- :~ , ,~. , ., -.~:~ 

' ~  ~' ii ~" 

. . ,  . . ' i  



0 

0 

O + 

0 

"i o 
z ~  

& 

p~ 

0 

i 

t 
+ 
! 

• • 

.+ / - ~ -  

I • . , #  

+ / 
,,d/ 

. Q  i 

. 

I 

I 

t t  
i 4 

] 
] 

7 ! i .  : '  : . . . . .  , . !  ~ +  : f :+  " 

. - - +  

0 . © 

. + + . .  

. - ,  i f  ,~_  

n.. ' .  ~l I 
.... , i 

" : ' ' 1  

• i 

• , o 

;+ . , . .  

r 

,(. ~ :.-*+. 

3i 
#:iLa 

. . . .  + ,  4 .  

i ~'+ - '  : '  • , : __:!:.~ 
g , 

~' _] i~ix:i +?~: 
. , , .  + . .  f.i./ 

• "':::" +: • .'i. ) 

i + +~i+++ ~ :/. ~L:/:I: :~i: L: :11):?! I17/: -::~:+ 

i l  i ii,, 
! '-'L ! . , ,  . , . . '  .... i i :\ .+j +.., 

_ i L  L>..: 

• ~+, ".+.+ 

| 

L 
! 

~i ̧  • • 

", ' i  

, . ,  " i 

• / : - .  

+ . 3  

, .  

- - . ,  $ { , . ,  

+ : , .  , 
• . "+;. +h. "2,. + 

- i .  

| i  : "  + = , .  

:2 '7" '( '~ + ,*. 
/ . . . .  
/ r  ; £ '  

'~ ~, +h.',. + ,  , 

L+ " 
" ++, 

I :'.{: . .  
L~ --" ;L~ 

2'2++' 

' I  " '*"  

, ,: 7".:;R":2 

/!,i/ 

I z t, 
I g ' i  

?i;:,' , 

• " , '  a 

I'I~Y~ 1 4B 7 
+ , 

- '+ > - '  .I + ~ 

• 

' ,~.  :., ~ .: . . . .  

, }! L 
. i i  "Ill '~ . 

i i i : ,  i.i, *.i . . . .  . .  L ~ , , ,  

. . . . . .  S'~  X " 
. • , -  • , 

:i:fT'- . " : ;  

F: L'~i:i,::+';::+ +: 
i : : . . .  , +... I + 

i - ' i  

,:,i ̧ ::/i:: " "~.: 

=~ • :+7 " + 7 ~ 

~>~i f"'i- ++ :,:~ / "~ f 7 

,-~+ .~ - .; i i 

}}!"!. >:. ".:~--/.~.~f+F ~ ,i' f. 

• , oi + 

• , &..~+ ,;_, ,q ~ .,.. ~ -+ +., 

...... . ~, ~: ~.~/:{.: :, i / } ~  ,-2",. 

+-: ,:..+ 
2 . ~ +; ."  

'v ~+, 

.?+ . "  ~ ":.:. 
i L , 

~- '/ _ ;  . 

, .'~ : !~ /5 '~ -+L:.~ ,' .+ . .f~/~ 

+i ' 
+ 



• . . ,  . . ,  ~ . , ~ ,  

e 

0 

L 0 ,  ~ 

~-  j . . ,  

----r--- 
.a 

. . r  

J 

~I I . '  L, / i  ] ~ , y  

i~..,i / " l -" ~'. .~,_ ; ~ 
,. .~'. ~,I 

- 4  --~ 

H 

5 

, TS,,, . .  

• L 

J 

m 

/ 411 
f 

. +  



Q 
! 

0 

e 

0 

i 

r t  

o 

o 

0-4 

0 

~J 

l r  
E,4 

1.4 
m 



I i;: 

O 

! 

The single-Jump pool ~ ~ ,. 

tory in all respects, s 
e 

were very effective in "B, andi:~;c-Show:the,. " 7 

pool in action for a dmscnarge of.2,000 second,feet per ~h::ii~ :: 
tailwa~er elevations of: ...... . . gate"wi~ 

154'.0 .and 152."4,-respectlvely. " ~ ":~ " " . 

C ,  0 : h e  . . . . . . .  3.. ~ . . .  . . . _ - <  

A s . t h e  s i n ~  ~ , , .  : L ~ " . : ; : . . .  . . . . . .  : ' ' " ' L  : 
' a b o v e  " e e ' a u i e e d , ~  ~,a,z~.<._i.., ; . ,  : . . :  , .  very long.length of.p~ 

a a , . . . . . .  

~tempt was made.to shorten this portion ( 
stilling pool was :revised ~as shown ~.in-'~ the proffl~'s obj.:figure 50 . 
and plate I]~-A, ~ The 4:1 sloping 'apren'::~in..this CaseYeo~men~:e'di.. - . :.. 
38.7 fee~. dovaustream from theCent'er line:::Of the 
tended 40 feet downstream at .which point.it.in~e~ ~ 

zontal stiil~ng_p0ol flo0r which Was raised.:2 'fe6t: tn L-~I ~T.~+~ ~ n '~!.i 
140.0. Stepped apron B-3 ....... 
apron, sill N-3 (fig. 40) ng "~ 
pool, and the sand bed was 
shortened thesluiceway st: .snge 
were also incorporated in this ......... urea- 
of dentated steps (G-3 fig..401 set ..~. 

. \ j "  : . :  
crest upstream from the first : 
tions to the Jet. of water f]~owJ ruga- :~:~J~ 
.~horter len th ' - - -- the'L 
shali g of concrete apron do~nstre~mn:from the •crest and ~: 

placed on the downstream:- ~ ~'~'.-~u~z°n-a~'~az!"~Pmecesi.were '~'!~- ' 
IX i t^ ~,~-:-, ~ .- _ enas or %.ne :gate'~iersas-sho:.~n:::on~iniat.~;i'[ :: :~ 

piers. Profile ' - r-,, .... ~-=. ~ormeriy:present: below ~hese'.. -.:.' 
are sho~ s of the water surfaces:and piezom~ter pre"sSu:~'es . ":..~ 

i for two runs for the: final. Stilling:{~Tool " design".:onfig_ 
ure 50. The action in the pool ,.:.~s.very~satisfact2.ry.fo r all 
conditions of flow and • " .~..,):. . ... .... 

tailwater depth, ~ For ~ discharge 
°~reCOnd-feet per gate, the Jump remained in the pool for 

elevation of 150.0. This pool ,would.operate satis- 
factorily for a lower tailv.~ter elevation than this but mechanical J 
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!-~ ~ " . . ' , . , :. Ij~T I' dmffmcultmes ~prohzbmted dropping"of the ta~l.~ter" far~r". ....... " 
the model, The final s~lling-po 
iX/and X. P~0 t og.r aph I IX~~ :!sh ~ws " 
show the poo~ mn ,operatmlon. £or,~a~ 

pe~ gate :wit}~ :.tai!-wa%erl.'e le •,Vati:0, :~i 
respectively.il : ~ ~ 1 

C. ~eive 16-Foot ,Gat%s..~-.~ P. 

Q, 

the above 
prototype 
meeting, ~. .... 
length, b 
di ti onal " 

sluiceway ~,u .,,~ .possmo~e more efficient::flushir 
the latest ~'luic~v~y dosi~ n is shorn on.figure 52, 
the final iD~nver model i " ~.:; ...... • s mncluded .as ~flguz, e..5o,..,. 
the model ~presented one-half .:of~.the sluic'~,- ~v.~÷~ ~,~.I~-~.~__ ~ 

. . . . . . . . . . . . . . . . . . . . . .  ~ . ~ ~ 
the fmnal ,s~lu~c - -. , .:. .. -."U 7 "~.'" :]~ ,~"~.. ~..~ , .- ,.- eway,, . .wmll have.., :a .maxmm~n,.. capacmty . of-a~out 4S.0:O0 ~' ' " 
second-fee~. :. • ~ ": ': ~ ~~: '~ "" ..... 'li~"" -~:~"~~: 

::~ b.- Addition .of Tailoieces on Piers: ' - .... ,~, , '. .... 
' i:i . . . . .  : '- - ~ ! .i,i. :: :!..i I~:!~::i ~ :I~~ "-i ~:i .:i ~.-: ,..:~:: 

~During ~he te .j!:~: 
v~ro insta~llod on the ..d, .%~ 
to iron ou.% the/fins cr, ~.~ 
piers. Th~e.., best ~of •the~ ::~ 
parison of, plate VIII'B .~. 
plate IX-D (v~th .the ~a: 
of .these ~n the .small p.-' 
,on figurei!54 for ia pier 
%'rldth of ~he smll-.pier~, 
%'~ d~h .v~ s ~never :us o d on 

° ~i . . • .il 
~jTo simulate .,t~ 

increased !:to .6.0 fo.O.t ir 
results o~. this pier is 
figure 54.ii Plate .X-B, C 
opera%inj, i!at a .discharg e 
tailpiece ~to ..:be entirely 

'~flo~,condi~ions and~it .is " ' " " ........... ~ .... ' - - felt .that ~they are worth th6!'extra.JC0S,% i!~i :i=.,: 
nocessary~or ~heir ins~allation, i ~. . .... . - 

!~. ~ 
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lieved ~at .the r,tms:.on 

c. Pressures on Over f l ow  F(~ce ~(.Mon~ose :Model~ 

:.*:. cgmplete :model i~0f..Impe fia!:!Dam :V~ic:h '~ih'adii incor.porated i 
in it the fmnal slui.cew~y desT£n::.w~s.:eons~r, uct6d on.a.JsCa'ie~of"~l-:~0 
a~ the Bureau :of Reclama~i.on hydraulic ;Eab0ra'tory_iat.i~i0htrose, :Colo- 
rado, to studya phase of%he:~siit :.probiem:!in-,co~'ction ,v~'th the 
pr oj ect. I~8 !~s neces sary ~o~ma]ce :~he ~Tii~.l:~i~at6iiiba~iibrat~onl and. 

~" :see" :pressures on %he ioverfiow"i.face;~of,ti~.is! mod~:,i :as :%he~ '= ,y te 
ti. on of t}~e _Denver i:model:;~S ,..hover.. ~he~sed::t:0. !is'~iat6:. %he. 'final .d e- ,- ~ "i 
sign. A :photograph~!.of the!Montrose:m0dei:'..±s{:shovm~.on plater, x~iLA ., .., 
Profiles ofthe ~ter su ~ " ~ " " . . . . .  ' 
sures onthe ,.oserflow..f~ 
vaz'ious rcondi~;i, ons-of he 
In each case all !~v~ive 

conditions, that ~can prey 

~s ,a negative prossm, e .recorded on-tho.~spi~.lilace~,.. Test~l~-d - '~-" 
0 . ..~ . . . . .  . . _ : i . , V , ' 8 . S  ~ • ~ ?  ' ]  

evidently the ,v:ol.st ~ c nd.icion.:in ,the~group:v~ith,n~ximtun:head ~on i,%he :>" ..: .!~: 
crest,and a large discharge,. ' " ::" :" ~' #' %' "~r "#" ~ .' "" . . . .  m 

: i , ';: i 
d. Action in~Stillin~i~'Pool,(z.bntrose ,-Hodol') .ii 

In r addition, to the above. '~osts.., obse:rva~ions were made ,on - :] 

of : 

piers to the..~ond of" the stii.iin~, o001 ~l~'0r .~ " / ' ...... 
• _ . - . o _ ,,..,~hmch ~s not ~a f in ' . . . . oa%t~o the Denver model. .:::.: . . . . .  ... 

,The dividinc:v~lls:.ar e . :~ ~, .., ."il .i:. :: - undoub~0dl:: ,advantage ous~,:~oh~., only ~.~ ~,~ ~: 
one side ofthe sluicev~y~is 'in operation ~as is evident ;~rom..photo- )~ 
~raph C. Each four.gate soc~ion acts as':;a unit,.and%urSulenee • ' " "~ 
v~irling actionis practircally :olin~inated ;in~a.djarC.ent units, , and / 

point the jump threatens to leave ',tHe-pool. A comparison of..,thei!... 
photcgraphs on piatc XI ~Ti~h-those on iplate, s D[ and X sh0v~s little 
difference in the stillin%-p0ol action in:tl~o tyro!models.- 

.@ 
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sS,i'.i'Ow, n on ;Fig u r e  :3 9 

Al l  ga tes  ,were open an equa l  
,amount .  
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5 .  , ~C~'LIBP~TION OF GATES : 

, .  o r  i ~  i ~  , ; ~  s ~ =  ,~(~De~ve~ M o d l i  
• • " ,  ' . .  - " . - "  i '  . ' "  > .  • : , ! '  " . . . .  ' 

radiaS Near the c ommonoem0~ 
G a t e s  w e r e  c a l i l ~ a t e d  f~ 

on ~/~ Denver model. Thel cal~'brati-on ~curw 
retypes values 'by Fr/oudei~s ~.law:aro sh~-m ion 

® 

Y B , . .  'Thee F i n a l  Desi~n;i(,MontrosS:M'odoi) " " ' ~ - ,  

~e A set :of: cal~brati~on" " curves :.~or° ~ y ,  ':: 
', sign (fig. 511') obtained frc~StheilMontrose modell,is show ~on 
/~igure 57, The di'schargc~ shm,m is f0r t~-~ivo/ga~.tesj and~ for each • 
//run, all gates vmro open an 
/, comply wlth ~somo .l~mtat~on such as. this, :other~'~dso~ ~he~ nttmber ~ 
~ of possible gate .icombina.tions .would :boComo'ilendle Ss ~:i:ii ' ~ !ii ~ 

t/ : : " . r ,  . r ,  . : : h  ' . : , , i .. I : 

a ,  c omp a r i s  o n o f~:t h o ,  e a 1 i b r  ~ ~ i on'::~' c ~ : t h e  :i i'0r' ~ ~ i n ~  t :: ~:: ' : '  

design (fig:. 5 6 )  and those fo . . 
the twto sets of curves to be 
as large as five foet,.~the or 
ger discharge for ~a given ihea ! ~-ii.~'i 
greater than five feet, the. r 

~ucreased .over that of the origi:nal.~-i//Tho rounded ontrance i:S.:eV- ~-- 
idently Lnoffoctive until the gate" i . S " p r a c ~ i c a ~ I l y w ~ i d e  ' o p e n . .  ,~i~:,:: 
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