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The :Bureau -o f~ . ,Roo lama~ibn-has i~ : io0~s.  .... ,-..~ .~ . . . . . . .  - ~ructod.,,chu'h~ ~l~nn.~ ~ n ~  ...... 
, , I ;  • . 

many, of .the .~r  r~ga~: 
capacity :depending u 
t h e m  are ,similar ,"in 
proven itself !~o ,be 
changes Of ~slopo .<in 
feotivoly, and ~roqui] 
tures s crying, a 'si.m~ 
siderable amount of,' 

@ 

earth) similar ~to -the ,/one ,sh~ 
rectm'..gular in ~sec~ion, ~tho :~f~'. 
width as the chute, ,the ,s~idc ~ 

1 : 1 .with ithe .result .'.tho~t ~tho ~"pool¢is ~o ry ~wide fin ~comoar~is On~iv~,~£h 
the 'inclined : chute, i,~n~ ,a~vory ~ abru ~t -~ 
connect the two. 'The ~esign :6f~a'!~pic 
.which was proposed ~or the ~Mi!l:l i~Coiiee ~-~ 
~as submit%ed ~for m6ddl!toSts. ~} .. . .... 

?. model of I - 
a scale of i'£I0 in :bh~ 
sho~rn in figure i and 
Figure 2 ~-shows n plan 
the model was '0,@4 o,i 
prototype. .The .chute 
with sheet metal. ,[Ra~ 
which would necessita~ 

lower .p or~ ion was repros en~ea in '~%e ~model i~l<ing ~i~ ~poss~il~le:~i~O~: ~ i..:,, ,i 
u s e  a ^ m u o h L l a r g e r  m0dei_:is~ca.!O i ! i•/A:i:sp.e~i~li!y~i. lmade is~ua.r~:~.ga~e. .~ l .ve. . . i . i i~  " . .  

see  .~-~g. a ) , b y - m e a n s - o f  i .w ] i i oh  :,th e~ dep, th : ,Of ,  ~f,-low.~:o'0ul~d~i~e :~cont r ,  o l ~ l ~ ,  ::: / : .  ,.. j 
was instal, led iin-~the : c h u t e  i a t  s ~ a ' ~ i o n  :i2SS, jT~,~3~ .' ::j:ii:T]~e::..,de.-:p.~h ! iaf'i:i~fliOw-~ Y:-.,I!:. " .:L 
a n d  the velocity at " . . th is  - p o i n t  ~iwo~-0 .-c0mpu,te.d,-~•a~ , p i o t t ~o .d  ' ifor : , ,v .~r i0us : : . . .  ':. Jii! 

- d i ' ~ , - : ha rges ,  s o ~that ~in o r d e r . . i t o ,  d u p i i c a t e : : o r S t ' O ~ ' o : , ,  co~ . :d l l t i i ons ; , . ' ~ t  ~.'::.,,~-:.!:" 
w,,~ ~ e r e l y  n e c e s s a r y  ! to  p r m ) o r l Y , a d ~ u s t  t h e  ::ga'to-~fOr": i~ihe : /o6r~oS~:o~:d-  : :  ":~"~.-"' 
i n  d o e t h - o f  f l o v , , ~ n d .  -. " ,' ' . . . . .  " " . '  ,.~::, . . . .  '" ~ ' -  .... ~ - - :  • g , ,regulate .~he :a~ount ~-of ~:pressure i beh ind :~ ,~ ' t . i t o  . , - ., . 
g~ve the desired velocity. . .  " . .  " ' i . : ,~~i~-~.ii!i:ij:!',i~i~q./~/. ,,.~ -~ .-' 

W a t e r  f o r  . the mode l . ; ' ¢as  m e a s u r e 6 . : o v e r  .,a ' . V - n o t c h  .vze i r . ,and  - 
then pumped :into.a ~large steel pressure "~ank, 'A 4~inch~:pi.pe carried ' 
the water from this t~]k to the model, A sheet meto:l ~transition. 
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tr,%.ns,,.olnned !the oil- ~ .... :. <" '- ~'- " :- ' " ' .... :" ~':" ' : ' : ."- ~" :f" '" : : ~,~:'" " '. • • . ,, - • cular:,p!pe >sec~on.%nto:c,,,r,..,reetanF, ul-ar,~seCt'.~on ::-,,~-, . ' ,, ,., 
j u..,,, a ~ g v  e , ,he g a t e  v o . l ~ e .  ;F, ou!~,ip~ozqmoters ~ n s t a ' ~ l o d  :~n : : ' h~e  ~sa~e  ~;! :~:,  

] . ~ 3 : e n  ' w e r e  iocr.,Sed " "  - " ~ ; "  . . . .  :~ ,  :~ ~ . ~ "  ' . :::~. ' : ~ ~-  , , ! }  ~ , ! u ~ t  aoove ~h~ ~,w'~!ve.:~<:Lach ~p%ezometo r ~ m s ; , c o n - ,  
n e c ' ~ e d ~  t o  a s e p a l - - a t e  m m o m e t o r .  : ~ h e  a v o ~ . ~  ~ ' ~ t ~  ;~'~ . , , , ~ ,  ~ , , 2  '~C'~ ..... 

; ; a = o r , ~ r o s e  in t ! i e  f o u r  m a s o ,  n e t e r s  above t h e . ' t ~ . e ~ ' r :  i ~ :  : ~ ; !  " : .... ~ i : : : ~ ; :  . : 

o p e n ~ . g  w a s  c o n s i d e r e d  t h e  o r e s s u ~ - e  : ; b e K i ~ ' d ' ; ~ t h  ~ +.~" i ~ . e A ~ + .  ~ ; ~  • ;::~!~ : 

u , .o  m o d e l ,  t h e  ~ Y a t o r  l c a ~  r e  u u r n o d  t o  .~he  m e a s u r i n g .  -, ~ a ~  '+~-,,~ . . . .  . 

va. 1oolroul..ted thru .the svs ~om., .Tho';'.~.~'n3%vr+'~.:,,,'la~rr:4~.;-,~",..--~.:~^=~, L" "'r "''' '~ 

servei~ ~rom a plezometor',w~ich'w~as~,cOrm, eo~e~ :tO lho ~a'ihv&~-~ ' ~ 

' D~s;cus di'on ,of' iResuIts : ~ '; r #'' " @:~ ''" " ~ "~ ~ ' " '~''': '" 

T h ~ s  c h u t e  h a s  a n  O b " e  • . . . . . . . .  ~ . . . .  ' :~" ......... : ~ E 3 c~.onablo,,feature ,f, rom.-a 'h~ d~o,u ~ " ~ . . . . .  

Y - - u P, a r, rap~zold..l .noel .wh~'cn ha~ ~ u e  s ...... :-~- , " .~ . . . .  ~ . . . . .  . ~..~ l o u o s  a s  f l . . . ~  .... . 
as i,~.!i a ~,d cope c~al ly : s o :~non :the v~L~th "of :~the~ chute ~s :,sn~a'l~l '~ ', ~' 
compared v:ith the width of ~the Ooo~. ~!i'!q'he i ~kO~.~h ~ ~T,~,., i-;i;~'~o~i~X!il ~ ~> ...... 

. n o  ac;_z.~ou w.~.~oh ~ s  i n e v i t a b l y  ~ o u n d  ! i n : s t i ~ l l ~ i n g  p o o l s  : o f ! t h : i s  :'~ : ~::':: ;~ : ;  

- .u 

i;g "~ " " :,~7 '"'- /i{ "; :';':" " " " ~.' .... '~ " - iC~ .... ; ,~.' .,, 

. ~$,'. ~; . . ,,~. 

..... . ~" : ":" :'-' ..:. ;~ " • -[I~, '<~ , " " i~ 

Th~ narrow jet of .water .i-ssu~n,~.. :. from :the ~chute }does not moread; ~con- ~:~ 
sequontly, the j~mp is effective only in the center .of ,~he pool."' iDue " 
to the dif.fe~'once in olew~tion bet~'mon the tail~tater anclthe ~water 
surface:at the front of the jump, a.'oontinual flow in an upstream ~ - 
direction persists on both sides of the pool ~s there is .no Corco 
;3resent to oppose it,. The potent:ial energyitlnate in the t~ilwater ~ 
causes a portion of the w~:ter leaving the ,jump to part in opoosite 
directions• turn, ~md flow back along the sides of the pool. -~ 
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• This wate r again :conta'c~ i:,t]~0 ijet::~vhi6h!~iS//eh~'0?i~f~ '~he ~ip0:61,:<i:gdes ? -i:: ~ 
thru the..~ump, mad.:a !porte:on ,'of ~m.t ~,agaln:-.~pturns ~by~way~:of'~thei~s~es.-. ,.., 

o s s I .m : 

indicated by ,t] 

' !~:en 
o c c a s i o n a l l y  w] 
motion v~ith a 
it persistdd .w: 
motion. 

Anot] 
with .return fl( 
for s p l a s ! ~ i n g  .~ 
creating :very. ,] 
earth canal ~o~ 
similar to the" 
wave s ~ form : on •: 
of %he body :of 
simulate the b( 
arc transl~ted 
vmter, surf~ce :: 
bhat follow '.show convincing. rovfdonco ~:Of:~,th0::"c~d~on ;:jUs~i~'desc~rfbe'd':';![~~I ":il 

:",.: :.Discussion~..of~iStilling::;Po61i~ests:. :".;:,.. £~.. :.:i[~ ,! i :': : ' ,: ' .- •.. 

., ~ he ~,ooraph~ . 04 ~,m.:or..momn~.l.~des%gn !.are .:.sno~vn:,..~n::~ews.,.!'A.:.::. ' :.:- .:i~:,~: °' 
and B, Ol=bo ,I.-. Photograi~h,A.i-sh6~vs.::~ith e :.~mOddl.:,~s.::~z[~in~:llv~bs'i~_ne'd !- -.' 7.~;.': 
and photograph:~B . .  . . . . . .  shows. '~ho ,:stillin,~::.uool -~in.;or?dration. for.". the < maximmm '. ' :: 
d:lscharge end ...corrospondiz " 1 ' :::2-1 

on thc sloping :floor,:a-b :.tl ~. 
keeping the ij~uup '..in '~he :2( -" ' 
photograph :B •that the .;jum~ 1 ': " :~ ~:: 
pC01" Also notice :.:bhe,v'a% .. 

- %, Test 2-1 (figure ~l).,she :s: 1 ~ ~ " -- __ l r~ : : ': :: 

measured..,al°ng_ .the , cen be-_ .iino..~ . . : :The. . .' bozjinnin._. ,.V- -:a~d-{6nd ',to~"it he ,i:ZoI.lor"-: -: • .:~ 

:is indic~J%0d i n  t h i s  and ,:~hC : f d I l o w i n g ,  p i~0f f l (  
of the •roller ":ras :located from 'inspection ~and 
bv drou)in : a Chio of wood on the .~ter unt~l :a"::~int"~vas ? ~0und .-{t" 
which it ~,v.~,s carried :Art-either direction, VelocitY measUrements. '.-~. 
were 'taken on .,the center ?line of ,the ;po01".by :means iof -a :p~'tot"tube, 
and these results a~;e ~io~ted to i-sc~!e-on ~the profile drawings:. !: 
The photographs :in:some .cases .are of . mo re ,.value "than :the plaitted 1 ' "I ~ " ) ~ 

profiles as they show the gen6ral .action over.the :entire pool, .;~i::! 
while the prof.tles indic.~te conditions :on the ;center linev,'here 'the 
action is at .its best. -,.-. ~1 
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T.OWER PORTION OF CHUTE. B. DISOEAROE i , ~ 8 . 0  SECOND-FEET. 

ORIGI]~LL DESIGIq ~. 

(:. SLOPE D~RE~E,.D .LT 
l~mD OF OH~E ~0 SPB3£D M .  

D. DISGHLRGE i~9  3EOO3D-FELT. 
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,' " i ,  - ,  ; 

. A n  ex+.ensive am0uz~t :of/.igg, s ~ i l n g :  :'" ..... ' ...... :: 
e f f o r t  :to ; i m p r o v e  1;obl i'colXd'it~ons ~:by:merd! lv . . : , .m.~king  ~rd 

. . . .  ., "- ~ Z " . : 2 .  ' As the -¢elocity, on .the ~floor:'of -the"podl ::~n. ~est . -I 
_ 'In nt ~:ttomot :wr-s made :to :improve ,th'is ~(d'iS~ibu~ion.. . 

the .~10pe at 'the :end Of the ~ehute:rr..s meduceZ :~or,::th 
spre.'~d ing the jet :in-"t~. !lateral ~'d:irect:ion i',~aefO:~e .:!~it ,e 
A piece of sheet :metal ,.co.mmencing 'at :s~itg~0n :2615+~!~81,: 
in :the model on i a,slope ~Of :~ {I -'-as ;sho~v~ in :~test <:3~ 1 

O 

of 1~9 c.~.s. . ,.,, . ...: ... . . . . . .  . . :~:., 

The :false .s lope was remove d:?ar~d~:'a ~ "~smaiI;l :R6hb6ckil s'i',l~l I~:&S ~,~ , ~ : i' :~!~} 
installed on the :pool :floor<s.t 'station "266+03:[~0 ,,as ::shovm ,:in :test ~;7,~I~, ,,:~ ! 

figure 4. The Sil:l v=s:=very eff ective:~in(,impr0~ing ~the-~i~veloi>i~iy /~ • ~.:~ 

the s~me back floN condzz_on~ exl~ed.~long, the:,s_d~ :~;a~,).s ..... Pho,o ........... 
graph A :(plate 3).:shows ~the .!s,!-ll::insfcaq.led~,~and:~:~,hotosraph~B2shows :. ~D:~: :::% 

~ t  o;. f t a e  f l o o r , ,  a s~.ep.pe~ : a p r o n w a s  ~ b ~ z l t  : , ~ n t o : t a e = E o w e r  end ~oF~ 7= 
t h e  c h u t e  as s h o v m / i n  ; t e s t  ; :1,1 ~ ( ' f i z u r e  ,;5:):~'and.~i)]'~o'bog~'a~;h]'][;;:(,i;i~.te~2i);. i :~ ' ,  
The : , ) :  
,. v o r  y g o o d -;re 1 o C i ~ y  d i s  t r ~but-;. on ~.,~va ~ i:O~b ~:i'~_e a'i::~;Zf'bh:~!tli~ S ~ S~ e p~ e ~  i i :  : / :  i 
a p r o n  b u t ,  c o n t r a ~  E t o  e x p e c t e . t f o n s  ;::!!~ahe ; ! iength:~Of: : . i thb :i~r:o:i',ter:(-~',;as':/:ii:: i :  ' 
exceptionally long. Photo graph :C ; ' i ( p l a te  2;).L-shod', S ; t lX is  ;-.,~o0'1 ,)ini!!::gct~on : . :  
f o r  t h e  .~t:=imum d i s  c h a r g e .  : '~d t ' i oe  i : b [ ~  ;Jc~le3i~n;p, is :~S:;,~iil!i :eOmq!'h'~d i : : ': 
to the cenfier .of :tlm :pool .'.uld thc.t :~I.i :, ,~i; : : 
f a "  ..u . 4 -  ~ " , A ~ , t - ,£ .  , ,  ~, " :  . , . ! , ,  . -  , , . / ~ . i . : , : . , . e , , .  v : , ,  , i , ,  ,: : i .  , " ' :  ' '  :, . l i e d  uo 2 r e v c n ,  t h ,  oa~] .. . .  l o w  n e a r  , t h e : : s ! d e s . ; , :  ::: ~,:. ..... : :  : ,-  • ~ .  , ; . ,  

t h e  . p o o l  d u r i n g  . t e s t  : :~-1  a n d  ] . : h o . g o g r a p h  D:;(W~S:.takgn"!dnr;ing~test/!.5~}%, " ' i .. ;:~:;'.:' 
There  i s  a n e g l i r { i b l e  ~ l i f f o r o n c o  =,beVy:con ; t hasc  t e s t s :  ah ,can be : 6 5 '  ,:;,~ 
served f r o m  t]~e p r o f i : l e  p iO. ts . .  :~ho l o n g ' t h : , o f  j ~ p  : : i s i , s h 0 r t o r  i l { , i~the = ' ~  :! 
latter tree tests than ~in ::test l-l, )out thc--ve;lodity:.distribUtion ~in . . . .  
the center of the l~'ool us-n 5 ,,ne,n,anes~ apron:~s..pre.,..orabIe,. (} . ::::.! 

• • ' " ?;i 
.n another a'btsmpt to improve 2ooi :cond:i:l;ions, a ::fa:Iss.~f~!o0r :.~.~! 

• '" " "- " " ~.ae o r _ 6 ~ , a l  ~ e e l  ~ f l o o r  as shovm o n  t h e  : ~:]~} was i n s t ~ ] , l e d  0 . 8 0  , e e b  aoovo ~ ~ ' ,  ,9 " ' ' 
proeilo for test 16-i :(f.i~ure G)"and in photosra')h C ,(pla,,e 3),. Photo- ";~ 
grai,h D sho-,';s the pc01 ~ action :for-maximtt,n discharge with tl.e.,alse :i 
floor installed. ~A slight improvement was noticeable but pool con- i 
ditions in general wore n~.toriallv unchan~ed. " i 
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PLATE 2 

@ 

A. STEPPED APRON INSTALLED 
AT LOWER END OF CHUTE. 

B. DISCHARGE 159 SECOTD-FF~T. 
STEPPED APRON 0.83 FOOT 

ABOVE ~OCL FLOOR. 

@ 

0 
C. DISCH;6RCE i~8.5 SECOND-FEk?. 

STEP."ED APRON 1.0 FOCT 
A.BCVE rCOL FLOCR 

• ~ . ~  ..... I Z 8 . 5  S~.2O~:D-FE~T. 
~.E:.,D AFRON 0.62 FOOT 

.,207E POOL FLOOR. 



PLATE 3 

@ 

:}. DISCHARGE i:~8.5 aECO..D-~E... 
R"~IBOC}; SILL IJ~.~d.-~D. 

@ 

O 
C. FALSE FLOCR INS?ALLED 

0.83 FOOT ABOVE 
ORIGINAL POOL FLOOR. 

5.  DISC!L%RGE 138.5 SECO';D-.v~E?. 
FALSE FLOOR INSTALLED. 
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The motive bch:ind p:-actically all revisions ithus far 
described was to spread the jet mn some wayor another. Water flow- 
in S at super critical velocities such as in ~his case elm be spread 
in a lateral dircci~ion only very gradually unless , an ap;)reciablo i 
amount of centrifugal force is: created in tl~e z0no whore tho, s!i0pe 

• • j .  . " • 

force vms small and, the jet ,9axled ~o spread. ~-~ : :~, -~, 

Erosion Studies Dovmstream:from Stilling Pool~ ~ . .  - 
. . . . . . . . . . .  !i 

As chutes of this type usually :lead:~C6,ear~ch:or gravel 
sections izm~edi~tte).y downstream, it is ~important that water:leaving . i 
the stilling pool be quiet. Choppy surface disturbances oriturbulent 
conditions in an earth chamlel.will~ilundoncU~:L"the! :is~ides ~,I .CaU!iing ~hem 
to cave in, and this v~.ll recui~-e umlecessary maintenhnCe'. Lit is 
therefore ex~?edient to desitju chutes :and :stilling,~po01s which will be 
effective in" their action so" that:,!~che water~:,leaving ithe ' jump will be 

@ previous test was removed .so %he m~odel ~.again:"re~resented.:ithe/ori~inal 
desi.sn except for the •addition .of the-sand :bOx;:~..iBeforeeach ..test,if.. : I ..... 
the sand in the box v~s troweled to the same shape ~hat the sheet -i:~ 
metal asstuned in the fonner ws !the 
profile of a run made at max eviSedi 
A topographic plot of the sa had , :: : 

can be observed, most of the erosion occurred direct%y:dovalsi~ream 
from the stilling pool. " " "i::-i:O ;:i.: .~.! 

, - . . .... , , 

Test 8-2 plotted/0"- f5 gUl-e ,6 :much:!,resembled ,thepnovious '.,. ' ,. " 
test 8-I. The only difference between.the 5W0 ~being:th~.~t the ,vertical 
chute walls ended at station 265+B0:in test/8-1 and in all.previous 
,,e~-~-~, v.~lile in test 8-2 those walls were extended dova~stream~o 
station 205+04.00. The results obtained fromthis test were practically 
identical with those witnessed for test 8 " 1 ,  t h e r e f o r e ,  t h e y w i l l  n o t  
be discussed further. 

O 
5 
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PL~.~E 4 

@ 
A. ~IS'~'.~.=,GE 139 SECO':D-F~T. 

LO'.VER :ORTIO:I CF ?OOL 
REr-ACED BY 3;~'{r, BOX. 

i:. ;'I";:. ~ ~,i;L ~ZD ~FTZz, ,% Z-!i6UR 
2I;~ AT IALr.][:~U... 'J'S ...... ~'' 

0 
2 .  C:;/'. ~ ~':i-". ~A/"F ,E  ,&LL,...S 

3AFFLE ,~ALL S'~C~C~ IN 
IHOTCGR,~I'}{ C. !::STALLED. 
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Baffle 

' . ..... ~ .... - -.. '~ ~:::'i':'~:i~:i •i!:::~: ' ..... ~ : 

@ 

@ 

di~.:charge of 138 c.f,:s. -~%e~::topogr~phy:of %he'~sand .suz.face ~,H~ch ...... ............. 
v:as taken after a two 
As the baffle %~11 ob: 
increased o.t this poi2 
"J. %. ~_ . ~ • ," • : • . , ~ ~'~.~_ .. . ~. ........ 
m ~, ~ao very pl onounced. 3hoto~raph jD ~.(.plate i@) ,~ho~,~..the ~¢at,0r .... .! ".~r: 
surface in the pool .to be ~.very turbdlent.:i.wit1~'ii~Kisib~aff,lei.:.'inS!~al~,l~e~., ~ i: .! 

I%':o othe r baffles cl0soiy :resdm~ling!!~hei~ione ~US,t .~deScr~bed'~:.i .~! ;' :.i 
wore installed consecutively in the :s~ 

are shov~ in dotal,1 as sketches Cand 
wore very simi].a:- to those 0brained for ~test !~iO'I. .". .~ .... 

.A fourth baffle.azrangoment:v~}iiiCh~v,~s. !~ried ~.iS. Shoval :as ' " " 
sketch A on Ci~ure 8. It is :shown .~:ns~ 
graph A, plate 5. Photo~raph-B/shovrs.~ ~ i-. " 

A fifth design som~vrhat :.simi,lar, to-.~he laSt ione"v~s ~a ':- 
baffl~ box w~ich is.shown ~ .--'~" ~'~,":~ • as .~Le ~cn .,~ .on~figuro!B,, ,..i~P.hotbgraph C ,,. 'i..:. 
(pl~te 5) shows thisbo:-,:~ui!t ~into ~' :"-'" " ~' ~he ~model.....,The .purpose~ of ~tHe~ :-~.:~/: : 
box vms to turn the jet ;of wa.tef:~;Zsulng,~ifrom"th 
itself and then chtt~l~e ~;ho dxroc,~ioh:iOf.~,fiov~'. I,~T 's _ 
in the box but most ,.of the 'v~atei-.sq~:irtedi~i0ut~!!of .... 
dovrn~tre~nm.as can be :seen"in phoh0 i 
~.ver~: so concentrated that ib ~:ras ,no 
metal on the sides ~ ~ • ..... ........... :" " of oho ~oh.mnel :be .keeo ~the .w~.ter .from.,shootmng :. 

blocked olaf and .~ho .box porfon~cd .somewha:~be~.ber,..:i~!Consider.db:io::i: ::.~: i,!i~'i : 
disturbance however,, -v~s .again pr0dUced:..when ~lie ~ilv~.tor .dep%li~.i,i:::;';. ' i : 
%~.s decreased. . :. ....... . , ~.. ::.::.. 

There ~re three disadvantages :%o :b~fflo :~:.oirS :.and::iboxos ~ 
of this ~pe in Stilling pools. First., :tl~e F are: expensive:~to ,const.mct. 
Second, this t3q)o of baffle is-a t~vash col~Ioctor ~ospoci~tI.ly~.whon it is 
small such as this one. Cleaning would 'be necessary .;u:d.~.this:-~would " . .- 
involve increased mainte.~%neo costs. Third, baffle..weirs and ~boxes 
of this type would be a detriment to life. If.a :m:'.n .or an ~.nima~ 
accidentally fell into-a chute ~%nd .vms carried thru one of these, 1~e 
would be fortunate to emerge alS.vo. It is easily possible for a-man 
to be carried thru an open hydraulic jump, if not too largo, .v~thout 
injury. 

6 



O 

O 

• • ' ' ~"'.: . ~ '  '. , I ~ 

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

i I, ~ \ \  i~ E I ; . ~ , ~ \  ' ' ~ :  " :'. ~: .? " ':- '~.--/. '~;~.~'/~X-~ ~: ~ :  ~: ~ ~ - ~ U ~ . ~ _  ~ = ~ . .  

. . . . . . . .  ~ _  o ~ ' "'~ ~ o : . . . . . . . . . . . . . . . . .  • .... - . . . . . . . . .  ~ It - • .  

I ~ . . . . .  : ' i ' , :  , .  'i:'. , - , ~ : t % " ~  ' ~ ; " ~ ; . ~  ;, L: ~,  , , ' . ~ J . = l  ~ ' ~ ; l  

~!ii~!ii} ~, / ~ ,~ ~i~ ~ 

.... i 

m 
M 

" i  

Jli 

, r - I  

J 

5 

i . , 1 o  • i 7 ~" . "  

• I 

~i:!i!i i'r~i:/̧  .~ ivl: 

~iL~]" • ~ ~,!~, ~.~: 

, ,  : | , d  ' "  

. . : :  O )  
~'4: l l J  

L~:4: 



FT-~E 6 

C S ' ) ~  
P',4 

C ~ M  
I -4C~ 
r,~l m 

O 

o-I 

~4 

f n  

I-4 



@ 

A oerios of expe1~imonts~,wero made on the rood01 ~as ,originalily 
dosign,~d in order to determine tho~hydraulic jump charaCterist~ics f6r 
a t~apezoida! channel of bhis nature, .... Duo toth~ r0ug~u~eSS,~of-tho 
~tor surface in the ]7601, it~was ~ory difficult .to accuratoly lmeasuro 
the depth at the bcgiPn~ing aud,~nd.of the j~unp, Due t6~tho~indofinito 
nature of the jump, v~.ich.£onnedl only ~.: ' i 
measurements concerning~its length, were;sli~htlybetter~%han a_,~uess ~. 
Velocity measurements .tOo;:i.~'Vsi-e .'ivery ~ confusi~ng .eXce~)t::.vihen:~itL~!:en~n'ear 
the center of the pool .as water ~vas::cont~uuc{!ily: f:lowmng upst~'eam ~- 

@ 
~' ~', ' : i: ~ '~i 

• - ~ '7~i .~ 
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6hut e ':dro~ ~.v~as ~ e S:igne'd~,:it 0 :~i-e !~:~.ac, ": "::' ~' i.-i :.~ 
have b e c ome.:exC o S sively ~iVo r.n .~on::! ~he.~S ~u~h inc"~ 
of the OfiginEl ,deS:i.~n 'wHi6h ....... ......... ..!is ~s ho~vn: i~in, ~p~bt c 
constructed: and :teS:%ed Jin :the .~liborato .: :,.:I~S 
the drawing, :the !general,:i.Sh~Pe .,,.Of~i<~h'i;S:~':i~}:mte :~ 
t1~e one previ-ously<~eScnibe-d.:!on..the:i~Mi.l;~::!,~COdi~ 
were als o .vozy .s.im~!:a r .itqi.~t]~i~e. .!o-6t~ine~,ii'0n !,,~ 

i .he: i ........ ii( ~ict'ing ~.upon- "~ " " iilure.itO i::0~ 
this .and ;the previous~ly!':~ides~f-~:%e~.::~3"d@'is~,:...to~s 
made by ~the !];aooratory.:forCe,:'~a::re'de~ign@a:-6H~ 
testing, .i ~ra~.~in:/':of.:,~he ~nev:,:'des:i.~:!is".i.si~Own 
In this .case. , :the .oh: 
throughout. ~odel:.'~'i 
and the st:ilI~ng POe: 
flow .in the sloPing,'~ ......... 
tical 13, n~tHing, at. [,t}ie ~ sides ,,~a~d '~ :~'hA ~ t~o ~,. v~ 
in the center.-of ~the Sti~.%l:in :q~06i.,t~:~ear'::i~ 
was subjected !t o ~s ome ~,~irlin~:!,mbt:iOn ~-and:"~he "; 

spite Of floral, 
ment over =the' : o rm" gmna" "l.~""de si. gn. ..... ~~ :'.. ~.!i II' ::~ .......... :':~ ~-:. : :,:], i'-.i i: 

¢,. 

"~" :.'" . ". "/.: ;, ~'.'~, ;/'~:..'t.:. . ,. ' .,'!.. " i~ ~ 

.The ~p eel ~was ~tb.en :contract ed !~r.om ;!.a?~v~ideH~ of 

Design B., .figure 9 " . ~ " : .....~e !~pread. ': 
more uniform and.pc61 condi%'i.ons 
coura ~ing ~resuits :lea up :tO ~-anot 
satisfactory, 

This .~third de Sign ..w~i'c 
is sho~vn-as chute C on .figure 9, 
and in ~his case, !it ,continued ~t 
The chute a~d ~ooi ~remained ..rect 
floor for this~:design was .:in two 

. . % 

L" ' "}" 

! [. '. t~ 

..chute ?before .lit reaches !the :~ti~I.rinN~pool:; '.. ' -" ; 

J .: , , " :. 

:(2) The jump forms with nearly equa.l:..effectiveness :a-cross the ;~ 
entire pool; 'and : 

(3) }~%irling motion is totally eliminated, . . ,? 

8 
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A prototype drawing of the !chute as :recommenil6d:'iS ?shovm !in:~i'gurO410. 
Results up to "this point wore :judge dimain!y. Drom ~visua'l,'obse~ations,-::: ~, 
No actual measurements were rocorde~'. . . . . . . .  ' ' "  : : : " " "  

. The -- Model ,of 't~e :;Roco~aonded, : Chute,- i ' . ' i  : i " 
. . . . . .  ~ - , . . :7 ' ,~ ~"  , / : "  : 

@ 

@, 

forebay walls. A rectangular tare'was Iocated~.at~tHiS)~int~bv,wh~ch ':, 
the depth of ~e-low~ :. in the chute. C°uld ibe rot ulat~d, i ' Aftel'z:P~iss'ing v~. ~ : 
thru the modol~'¢the water a~ain:cntored :the :small\we'ir:box,and~',thus ~ 
commenced another cycle thru "the system. Y.~$ater ,surgaco~tmoahuroments 
do~ the chute and in the cool ,were ~mado,with a .point.gage. ! ~,,Vdloci,~ios 
in the chute were obtained'from pitot ~tube roadings£ !'~TailWat~ordlova-il, 
tions- were observed from a ~piezometei-,. ?, , , ~,~:~ii!i'i/-/i~ 

• i:ii ( ~ 
11 J.~ los ~ ~.on ~the !Re cor,~ended iOhute . . . .  " . . . . . . . .  " " 

The recc~aended,~des ign ~is ~sh0wn :in ":Prototype ~ dimens ions 
on figure lO. iPhotographs illustrating ~the-construc~i 

profiles of the water ~surf~ces ~.in:the ~chut, e~an'd~ in ~,the ipool :f0r !,the ..... .... 
~.~ximum d i s  c h a r g e  of  9.50 o . f . s . ~ n S  ing  ~tl{~e~e . ! t a i h . m t e r  io levat ions ,~: :  ~!ii'i 
name ly ,  6422 .7 ,  ,8~23;:3, and G~21ig,  ..: :.As, : t h e : : t ~ i l W a t 0 r , l i t h a t  ~:~wi~iI ~be , 
e n c o u n t e r e d  i n  : t h e  f i e l d  . i s  s o m e w h a t  :.•UnOO~~ain~,:.i,:~i~:.WaST.~hoqgh~iT::i.~oxpediont iii::!!!! 

to use a range of tailwater denlths. :'f0r,each"'~iheharge. '.:':Th0 :,d0t~ted :'!~, i :i. ~ j: 
line plotted in.+,he chute ~reprosen~si!:,theiW0.tor:surface:molsured on.ii:~, ~ ' 
the center line and the full :line ~indicates/tho-water~,:suzface mear, ,)i!i~ii':", i:::~i:, 
the oidos. Allwater surface measuremen'Ss ~in~ithe:po611wo~e -,t&k0n,near, ,:i!:i! 
the ,~ide walls. :Photographs showing 'the,chute'~!~inioporati0n for !~he ! 
three tailwater,depths just mentioned are :shov~q iniviews,C :and D: 
(plate 8). and A (plate 7). The profiles and ,photographs!bothshow 
the jump to be of moderate length and ve~j effectiv0 ~in ~its ,action. 
Notice that%he water directly below the jump is :quiet. 

This particular chute will ,be locatednear the~Iontrose 
hydraulic laboratory, and it is intended tha~ after mits completion 
the laboratory staff ~_ll take measurements on ~he protut~#po structure. 
This will afford an excellent opportunity be compare results from 
model and prototype. . ~-,'::-~:~.~::_~=.. 
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O 
As the Chute was Shori;oned I eonsiderably i:in ith0 m0~ ~: 

prototype conditions wore duplicatod :by adjusbing :the "discharge': : ~ ::~ 
to~other with either the depth of .floyd:or ~' ' " "" '~ " • ~:ho, v e l o c ' ,  "by ~a b:.'stat ~,on 
32+63.85 so as to ~:correspon~ wi~h:f, ho ',computed ~ :~: 
tests, the discharge and depth of flow.wore ~adji 

was measured. T h e  measured ,.vo!o,cities :,:cho6ked-,~ho comouted-values ~ 
9 a . i . r l y  well. " : : ~. " ."i..: i. . .... - - ~.:..... 

Tests 4,..:5, a n d  6 w e z ' o  .mad'e.~:~Et dis~charmes ,:Of,.about 8 2 5 :  c:"!f /s 
.for tailwator elo%-at=ons 0f..8422.,'~;i; :6~21.~¢6,.:.:and. i-S~22.i:9 '. , , l ~ ro f i , lOs :  o f "  " 

@ 

@ 

of 60G and 300 c.f..s, v;ith t~il~?ator :C;Iovations o,C ~6~21.'0 ,.~nd ~64.18.:9 
respectively. In those ~;i'ro: ~;osts just~,6ne '~ailvti~;er~do,~'th Wr~uS6~d - 
for each dzsch~rge, z~hoto~ra~hs r~ .und B ~(.~i .... x~n'~,~.. ~:-~ ,,.~ .... 
for those t w o  test~. . " " '::ii. " / , : . : _  !.:::j: : -?,! ":I,C~:;:: .', ; -  ,- 

A d d i t i o n  of s i.].l~ :on n no]. floor i " - i " ! :  i '~ -.::~ 

In order to investigate ',the :.morite 
this ~in.d, a few wore tried. Tests i~I, ila_-~ 
made at various d iscb~rgos and ta'i'lwator elc - 
stremm edge o9 a ,rectangu!ar-isi,Ii.:2,O :f . . . .  
placed across the pool:at statical:33+58 
C (plate 9) show the water :surfaceLin tl e' 

tests just mentioned. This ,sill pnoduced~ery ::litti~e~,h~.n~e ~n t h e -  
shal~e ~ ,. ~ , .. ~ .:'.'...-... ,.....'. .... !.. ~.. - ~-., : off ,he ,~a~er surface zn ~hepool ,and :ver~z Izttle~,~dzfference 
in the !en3th of jump but .it :did aid ~.~ "~I,i it~i.1-~ .:, 
water deoths. " .. 

Test 18 (fi~%uze 14) vms ~made ..~ 
and ~. tailwater elevation-of ~r8~'18'9 ,witl' 

feeb high and 2.0 Ceet-,wide placed ..with 

st,:~zon 80+58.85. ;A photograph o£~he pool '~,al:en during .this ,tes~i 
is shovm ao D on plate :9. The.sill ~!aised:ithe~wi-ber~ :s~,ri!ac6~siiGhtly • : 
bu~ ~,,~de possz~)le a 3t~.~p wh~ch-,:ras :st~b~le in character and Very .... .... " 
effective in :its action. - . . . ...... . . :... .. • 

Tests i0 ~'-ud 13 (figure 13)were ccnducted using each of 
the tv;o sills previously described, modified so thE:t the up:t~,eam 
faces were beveled at an angle of 45 degr, ees as shoran. Photographs 
of the two teshs :~e shovm in picbures C ~md D, plate 8. Tl~ese t~'~o 
sills were not as effective as the former ones in confining the 
j~n,2 to the pool for the lower tailwater depths. 
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figure 14 indicate ,these lslopes., 
-odel revised to represent ~the -s 
B shows the chute in .operaticn~ 
(figure 14) shows a p.uofi~le ~of ~ 
can be observed .both f.rom the ' 
actu~tlly sprung clear of the 
Notice the fins .near the Side 
were practieal~ly unchanged .~i 

Test 18-i ,(figure ,14) ,shov;s~:a.:.prof~le ,of ;the~,~vater.~surface 
using an intermediate, s lope-and, photo g,rraph~ C 1((,, ~late .... .i0 ) i~shows, 'a i .View, " 
taken during this %est. Notice ~in'~pho~ograph(C.~th~a't.~,the ~fdns ~v~ere 
still present in the Chute..T!~is islOpe~:!i:~iso.~proved"~toibe ' ~iightiy~ '~i i ".i 
exces slYe, 

As a _continuation of ~study ~along, ~this ...line, ~a:serieS .of . .- 
general experiments were-performediin ';the !libori~tO~./On(chutes~<having '~: • 
various slopes. ~m account, of ~tnese experlment~ Is included :',n -:th~s.~. 
re1~ort under the " "" ~ ' ~ " headlng of General ..Chu ~e'~Tests,.+. ~ ~ ~''~.,~, ~ ~~' ~J-.i ,".'~ i..-."' ~ " ' ,  .~" . 

The mo~lel  o f  t h e  c h u t e  .tmown ~as - . the  
f i g u r e  9 was  v e r y  sat~sfactcry.(÷(with~iior,,witho~ ... 
b e l i e v e d  t h a t  t h i s  d e s i g n  (wf, i,1 pro%e~v~e~.,sat~is~ac~ory'~Lnder:~al~l i c o n  ~ 
ditions encotmtered in the field, 'The ~bureau .consbruc~ts .a.~n6mber<of. .. 
canal chutes~ ~each .year, and .for. L;/,~his .reaS On i~""iS fel,.b ~lth~a~ ~the ~,modei " ~ 
studies on these smallstruetur~,s have '~b~en~:.i~jUS~tif~a1~le, AComp~ris6n 
of the costs of .the original an/'d..recomme1~d~d ,~designs Lfor. ti~e Uncom- 
pahgre chute drop showed -very~];ittle .difDerence~, .~.whi,le ~the ~Dferonce 
in the hydraulic action in t~Le t~vo w."~s remar~qb~le., i 
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~everc 
effect produced 
the slope of th~ 
consisted ~of two 
to one another c 
right looking ~dc 
to as .Chute ~.A, .:v 
throughout ".the ~f 
pool "and was use 
A profile of th~ 
for a discharge 
The .length Of ~t~ 
chutewith the.~_ 
as "0" to the ~i" 
.When the tailv~. 
swept out .of th4 
in mind as .the :~" 
the results obt, 

iTest 

i":~ J 

from the .point 0 to ,the :dovcnstream :end of, i<~he .......... 
practica~iy the same as ~that Cor.~chute:~., ;Again; !!in .th~s ~CaSel,.'~.ii'~.~.:~.~.. '- i 
the jump "left the .pool ~.when !tl~o ~i~.iwater-del'~th i~aS ~..reduc6d ~ :~o i/~ ~:" (." :: 
5 inches. .- ....... -.- ~... -: ..-: 

In test :6~, :the ;slope ..of chute B '~leading !to":.the :pool-.%'~s 
further increased and the length-of the .jump ,measured dova~stream 
from point 0 was somewhat longer~than .n test 5.:although zhe d~s.tauce 
fr¢~ point 0 to the beginning ~of .the roller .:'~s less in tes~ .6. 
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In test ~Z, .%hO:~:siope "of i.the Oh% 
the length of :the Jump'measuredJf, rom):p0iz 
than in test 6 although ~the:tota,l !',.l ength , ,. 
In %hi s -c as e, .the i~ et "-ac~tuai:ly ~sprang/el eari-,,0f,~ilthe iTl:00r ion}":the(.li-':l::: 
~lope. :Ph0tograph~:~C ~.~(plate/%~Y,)!~i"sh6Ws!~61~u~es.}~Aii~and"~!Biol 
a tai:iv~ter.dopth-cof fS.::inches,:~ !I~ :can:~be -:obs6r~@d:.!fr6~ ......... • 

length of jump in -each:case ~!is sensibly ~;he :same.. 

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

@ 

@ 

The jump .with this layout ~hei:,tailw~ter '' . 
%vas dropped-to 3 ~ -  inches, ~hei~a~d~age . 

of ~a depressedpodl ~,floor. ....... ' . . . . . .  ' ' 

Test 3 was s omewh~t ~s imi:!~r ~to ~tho- onei:~just :~!dos cribdd: 
except a sharp break vms m~de :in!~the. p60!/floon,~, i~'A ,~p0ztion.; 0f <the ( : - 
floor of chute B was droo~.edii~2~i/8 iincHes ~ as ~,sho~,a~i-~in/fi~urei~!lS.! ~ .- 
Photograph A (plate 12) 
two chutes in opero, tion 
Notice that the jump haL, 
operating ve!~ nicely. • ... 
was the lowest tried in ~this ~,t ost, ~tho .~ump.~iin ~c}~ute :B~!iremained ~in ' 
the pool. -..~ (~ ii:> -.:..:,.~/ :.- < • .. 

Test 4 was ver_v ,s'imi:lar :to-:.t0st :~3~ceBt :!in. ~tHisi".~Case ~a ~ " '"" 
portion of the pool .f.loor .v~s :dropped i:i ~±nch. !Photograph:-~.Ci!(plato(~12~) :. 
shows the layout for this test,and photbgraph ~D sh0wsi~0hutos<iA'iand . • : !: 
B operating with a tai, lwater depth :of ~inchos. <Chut e:B.waslimor.e : " 
effectS_re in its action S or a , epth of inches, ,  0ii  ilv  ter 
v~s dropped to a depth of '2 inches 'bolero %he ~jump ishowed~:,any, i~ondancy 
toward leaving the pool~whilein Chute :A, the jump':was- -,swept: out:~a~ • 
a tailwater depth of 5 inches. I~;otico in the ~last t~o,-tests .'that 
the downstream end of .the .relierwas dirc.etly.above the :break ::in 
the floor. Also observe the superiority of this -type of pool with 
a sharp break in the floor to the one in test 2 where .the change 
in elevation is gradual. 
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PLATE 12 

0 

A. SEI'- UP B. TOT£1 DISCHARGE 0.570 SECOND-I~EET. 
TAILWATER 4-7/16 I}~CHE3. 

C. SET-U1 ~. D. TOT~L DISCHARGE 0.~70 $EC0~D-FEET. 
TAILW.&T~R 6-i/2 I~CHY~S. 
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Conclusions :on ..Gonor~l. Tos'~s -- .,-. " .~ -..., ..... - 

T h e  p r e c e d i n g  < ~ o S t s i , . s h o w - : t h a b  ' t h e  ::d:lopo.:iOf./:!ithd.!chu~e~:.i~ i~:i.i • : :":. 
:loading to the pool seems:>~o :u~ke noaoprediab]ie d~ifforenc0 !in:i~he : 
total length of t h e  ~ump. " ~ : :i :;,,~: .. 

P, ools :. 
more desirable thani%hose 
depths are involved. : ,Tho~ ! 
vm'tta5e over the one with 
the jump will stay :in ~the . 
w i t h  the sharp break in th :': :::.:..:<i:ii! 
within a certain :limited r 
S~l'O8.~1, 

" ' .  t"" ' ,  , 

A. complete : s l a m ~ % r y  o f . , : a ]  ! i d d o , o n  ":~Ide:/:Ct%tltos.)dOs 
in this report can be: found in~apl /A.'~and ;B..,i..J:~.i: " : 

L .  

All work .in..the ihydrauiio..] 
general dirooti on .:of E. W.:iLano. - The 
the models described :in this :.report a~ 
J. B. Drisko. :He was:assisto~iby~ ~ Junic 
and L. R. Brooks who were !in eharEe!:of 
who directed the :test orgy. Th0 "o('eicc 
following Junior Engineers,: H,:?¢~. 
and E. J. Nelm~,ors. 

. . . . ,  " /  

Strootor., " ;• 

• • ,77" ~ " 

' • .! -,; ~ • :•" ;4 

@ 
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