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~: l i n g ~ p o o l  ~-for i:that ~ d i s ~  

~. f ~  q ~ e s t l o n ,  '~ho~ever ~i i~8 ~ 

,,:from ~.~the +end. o f  ~t~he ~ p e o l ,  

• f l o o r : a n d  ~d.o;~a8 t~eam ~_velr ~ 

+ .  

+ + . 

;~-reduoed ~tliat 

• ++ 
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. + . 

• . + + ,  + 

t+ - ~ ~ 
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~ . the~makl le r .  quant  t t i e s ,  

~ + I I .  

l ~ s i z  

e e t e  
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the i obsts~otton:~ omueA~,l~ ~' 

I;s~Led",~,..l~':~ the~s tst lc 

L~ou~[~~ol ler  ;: for~e~ 

-.:cont~ct~ivt~h~,the ~:Z~LTer~bed~novo•:~.: 

Thore ~: is , :~o:appaeent ~diffo,eneei~l~ 

tha~: o~eii~£oot :i the~e~IS~-an ~ e x o e 8 :  
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;, ] . e a r t h  ,*~ o f ~ ? ~ u p .  ,~A:: row :~ o f  ',:,b l o c k s  ~ 1 

: f a o o 8  7 . O ~ f o e  t~:fro=~ the ~ea~, 'of  ~:the 

anA~,a..~ mooth~:~ter~:~s~ur~aeo.  

',*,~he~: + a r ~ e n t  s ~for+ the,~+.eo~roc t 

~,~'llin:lJ~l~ t h o  ~ oo rroot,~blook' ,  +he tKht  

' / . loss • o f f o o t i v e ,  ii,1~nsse.,.an&,i;o1=~r~e 

• l o c a t ~ o a  is ,  a p p r o x ~ a t e l y ~ . ; * o n e -  t h L r  

~~pool, 

F ~ u :  

:; l O - ~ = h ~ b ;  

~.lE. 

• . ~ i  

- v ~ t e :  

and :1 8 l l l : . o b e t r u o t  the,~T10v, ~!produ¢in~: h i  

i n  t h e  p o o l .  ~ ~ '* ~ 

d e  (I;ermined when ~ the~,~ve~r~ c z ' e s t ~ e l e v a t i o n  ~ to-~*f l z e ~ ,  

at~ e l e v a t i o n  170~0 ,  ~the.~: c r i t i c a l  d e p t h  ~over i~.the,+weir ~ ts~ 

. ~ 0 0  ~ s e e o n d - f o e  t ,  a n d ~  t h e  n i n £ ~ m ~ e l e v a t t o n , - ~ o £  :~the i~ener87~Oadiemt  i a t  , i 

' - the  p o o l ~  i=~ 1 7 0 ; 0 ~ 4  i~'3/2 ~x'; 1 ,  E 2  or:lTZ,~SJ..~noooee~/..~do~ast~ 

:.. d e p t h  d o t e r n t n e d  b~ ~: t h e  I~men~un.  ~ o r u u l s  i s  ;;'8,9: F e e t .  ~'¥i~h~blocke:.: and  
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:~a :sill. 'experiments rS~Oved:~.~t 

3~ht~-five percent -.of ,!8.8 Is"~ 

;the t a i l w a t e r  : e l e v a t i o n .  wil~l '!'be 
, ~i + 

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

The first .,series +of ,-tests iwas++~wt~h:~the :ifloor ~:~t~+eleva 

m a t e l . v : e q u a l  t o , + . t ~ t  :Jaxtioated':l~z.~t~e~moaentum~formgla.~':~ 

~tO ,about .-8~j ;percent +of '..the ~theOret'ic,~l ~d2, ii~eBei:'co,~i:t:io: 

w e t  ton :-171.5. 

+ F i ~ r e  ' I ~ - B  +s~::~we : c o m p a r a t i V e - t e s t ~  j f o r  ivariouB!,ip 0 =l; i  

::found :to :,be w i t h  the  . , m e  . . . .  a s  ;;for • c h u t e  i b l o c k s  :!and .:;endr~e~11 , 

dopth.eq~l +to d2* ;b~twlth ap~on +:blocks 2.0 

from :the end .'of ~the ~ f l o o r .  .... : ~ 

A very +effectlve ~h:rdraulio Jump " fO ~ 1 
- - . , + _ 

+ t e r  :depth ,  and : i t  ~dtd :~not ,up+oar  !to ~be. par.~ .ly - i su+r~g+d i~ 

• " : + ~ + t ~ r  :,~S+timg :+.!+io~: J~p.wl t h  t h e  ..depth ..equ~l .:to '+~2 ;i,b~.: 

. I~ ;+.ew+ep, . ]u~ i+po, '.+.:I 

a ut +:+,O++ee.+. 

: d e o r o a s e s ,  .so . t ~  ++..1~;ilw~ter +deP,th+shoUla +~.#mo+~l+ss ++m~:i~ 

+.of ':the : t h e o r e t i c a l  +-dow~stre l i~ ,d l~ .m.  +: :i+: i + • ' ' +'+: 
+ " + - 

I f  +for  ..some :reason Gt~.'.~.~a~l~ter .' ~beooues  .+~,+ 
" - " - " - ' ; +  " + i  ~+~  ~ ~ : - .  

. ' :  , - ~ L - °  

: ~ r t h  +channel downst.resm :if tom . the  0pool :are ~i tO-ii]bo :;~::! ;~;' . . . . .  " 
-. ' 7  / r.. . ' ,  

:-Ylgtu'ee !13-;B ;mml ; .!~,C ilhow ~'~be ::reoolmemded;desl~s - for  ;ta~lwl~ter :;\. ;~ / 

! 1 ' 3 , .  : : S t i l l . ~ r ~ g  ~ b u ~ l m . i l e m ~ t h .  + . . . .  ~ ; + • 
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r e t a z ~ a t t o n , u n t i l  :,a p o £ n t  :; t e  ~roaohod'i.,~here ~:,the ; v d l o ' c t t i e e  ~are.' / lo~ ~ ' 

e ~ o u ~ h . n o  t to .,.cauee , e z c e  • e i r e  ~'~ ero8  i o n : o f  ~ ~he 

m 

c l e a r  of  the rtver".bed.unttl+",the:,++are'++retarded!~in~ithe;n~t~!;:courle .,+:',' 

o f  ,the "+Jump. a c t i o n . .  ~he/+ l e n ~ t h . o f  + . , ~ *  ~, or;~distanoe:downatream, 

r o q u t  red  : f o r '  f u l l  ~. r e c o v e r ~  .' v n r t e  8 ~:., a s  :. t t  • ~ , * ~ i t u d e ,  : i ~ t n c r e a s i n ~  ~ V t t h  :' 

t h e  d t s c h e r ~ e ,  t h u s  ? t h e  p c o I : l e n g t h  8hould!-.~be~,th~t,: 

m a x i m u m  d i s c h a r g e ,  i~i~ 

No. t e s t s  eere,  made ,' to : detene£ne.:~,~whether ~., the :~'; 

be  s h o r t e n e d  as  tt.~ ex ten£ed ' :  t h e  ~, f u l l  l l e n ~ t h o f  t h e  e::~naxtJtwe 

Jump b e y o n d  the , . end  of~..,.the p o o l .  ~For;~.the rr~lenKth 

,Of.:2~ f e e t  a t ,  e l e v a t t o n / l ~ O :  )1 

w a t i o n  1 7 0 . 0 t s  = e o o ~ e ~ .  

1~. 

On the,,~baete,~ o f  ~. the  ~ exper imenta l~:~data  o b t a i n e d  ~;fOr i-lt~e ~,,,meh:,:¢nrer-,~o ,~ 
c h u t e ,  e t t i l i n ~  "burn ,nodel. ~a~:chsrt  :~wae~¢ 

o r a l  w s r t a b l e 8  a r e . g i y e n : ,  f o r  the  ~d6e~t~r~' 0 

employin~,~ c h u t e  utep8,  i~floor~block~io~,~end~.:eLlle.~ 

c h e n ~ n g ~  t h e  n o d o l  . s c a l e ,  s e v e r a l .  

s~a7 b e  cow, p u t  ed ~' from ~tJae :. re  8 u l  t e~-i~ 

p l o b t e d  by.. t h £ e : m e t h o d .  

B~,~ stu.,-J~Jj~ the  ~ o x p e r i n e n t a l  d a t a .  ~ a : g e n e r a l  ~ r u l e  i ' for~eaehi~of  ~td~ 

- v ~ r / J b l a n . ,  ~mu . T d e t e r u l n e ~ .  ~ I t -  are ~ a ~ p I l -  ,- 

c a b l e  f o r  the  range  '.~of~,v~lues : t ,  •,!~?ho ~ r u l e s  f o l l o w :  " 

11. : ~ e  d£echarKoo , .q .  ~ -pers foo t  ~at i ~ . ~  p o o l ~  e n t r a n c e  i, l e  

e q u a l  .~o t h s - ~ . d e s t g n , m ~ m m  d t s o h ~ r K e ~ . d t v l d e ~  t ~ . t h e  , v t d t h . a t ~ t h o ~ p o o l  

e ~ t F a ~ c e  o 

2. ~ : ~ h e ~ t h e o r e t t c a l . ~ d e p t h ,  ~ I '  a t  ~ t h e  . p o o l  e n t r a n c e  :Le 

' computed:  ~ 7  d £ v l d t n g - q  b Y  ,,v 1 .  
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+~ + + % ++ + + +  ++ < , + +  , +  +,~+~++ • ~ • : + : ~  , ++~:~+,~ 

+.~ 

':i ¢ 

~+++ :.+ . . . .  

+'+~. + 

~i + 

.:3 

o o m p u t ~ + + b ~  

n o n e n t u n  ~: f o ~  

+, 

+ . 

o f  d:~. 

6 .  i~ae +~' r e q u f ~ d +  s t  i l l  Ln~ 

+7- fhe~required~+ 

• ~ ~+ t o  ~ ~ o r,+ , ,~o~t  ~ 2 / ,9  ~+~dm. 

.10 .  !,~ao +++hoLI;ht, bh~ 

! r: 

1 2 .  ~2~e  ++*toI 

p a r a l l  e l  ~.4+o t~o  i.,length~, o f  '~++tho :~i.basLu !'~are +°,eq 

rospec t tvo l~ r .  

"~-5. :+2the+~++vldth<~of i-~ ++teeth~iof ++the +; 

+ b locks  I s  ~+equal +~to +++,.h I ,,mad + t h e i r  ++8pac 

!+11+. +~he ~ teeth<:of  !, the ,~clmt 
+ • , ~ . . . .  • 

,,be I l t a t ~ e r e d  w i t h + n o  !.blockll +~, ,or~eth 

f loor+"-block t h a n  ! t o o t h .  

. r u m b a s  ++o  b e  t h e  : 

+!16. ++~he 

+ t~tUl ~ h o r i s o ~ t a l  +.+tO .]++i 16.: + 

~ 1 7 .  "The ~chute  i,-+slope ~enter int t  ~ t h e : p o o l  ~mLy~vary ~from ~the - 
i 

-l~:~rlsontal ~,to.~l t I. .- .... ~ . 

!i i i ~: . . . . . . .  
;ream • e x c a v a t t o m ~ m e ~ , v a  T r o a  ' ' " ~.*. . , ~  ] P T Y  .... 
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)+ i ! 
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e ~ l v o r t  

of~  700,-- s e c o n d - f o e  tr~r ] 

t s a p p r o x i a a t e l y ~ 3 0  

mponding~dovns trea~  

f l o o r  to .  b e ? a b o u t  ' i ~ f e e  

• ~ / f loer .  F o r : r e a s o n s  of-*, ~ 

~:baein f l o o r :  a t ,  oae,~eleval 

: ~ ,  d e s i r e d :  cspacl t~  

: ~ o ~ ~ e l e T a t  ion. a t  ~,,A66 ~ ~, 

~ b s c k - f l o o d i n g  ~tn~ the ~was 1 

~J a h o o ~ - p i l ~ a g  oontrol~,~vet] 

~.proviouu s t u S y , O f  ~t~e ~cnra 

tnd, t c a t o d .  ~he :reeo~Rend 

~'~re o n p l o y e d ? a n d  a ~ t e s t :  

*good Junp.:condttions'-: ,  

wastevs~r8 . ~ o  

. ~ o n o  r e . t e d  

'An :~attenapl 

walls~~be tween ~1 

oonverted.-.~ ~he ,~ 

: o x o o l l o a t  i~for/! 

van ~ a ~ z t  ~i throe  s~feet ~too ? h ~ h .  : ~ ' ~ u e e  : 

: l o w e r i n g  ?+the f l o o r . . ~ u d  ~tho ~oontc of~, . ~ p a ~ t o  

~ i ~  ~ ~rena t n i n g ~ a l  tornat lve.~vae ~ to ~effeo t t w l l ¥  ~:Lepread -~ho i soparo,~e ~~ --i ~ 

/ J o t l : o v o r  ,~ the Floor  ~eo~ that - ,~ the~vhir l s  ~iof ~separa~e~:eperat  Ion ::we~..~o ~ " ~ :  

r .  

Z 

. - -  . T  

j . " 



' . ,L 

t o  a~ minlJnum. Se~ 

a n g l e s  on .the s!o~ 

t h e  v a s t e v a y  ~.~et~s. 

,t 

f r o n t  o~ t h e w a s t e w a y  

. T~' 

l e a s t  s c o u r a n d  ~,best~, 

stilling b a s l n d e s t g ~  

t h e  no s t  e c o n o m i c a l  ~, d e s i K n  i.vhich~.WtIl.~.~ireduce ~ScouY ~to ~,a ~j 

t h i s  d e s i g n  ~ 1 

t he  end o f  ~.t~ 

l e n g t h  o f  ~the 

o f  ' t he  b a s i n  

~ a g e m e n t  ~rel 

(1)  ~stetm~vl 

be th was~ewa~ 

2he be81 

the or ig ina l  ,~IzI8 ~scale ~ mode~ 

' o f  the  bastn~vidth,~werei~also<rof 

model.  ~he.~.chute 8 tep~i .he~ ;h t  ~v~ 

s i t e  wh2r l s  on each s ide  :o f  ~:the~ 

in spreading ;the vaste~my:~l¢ 

alone. With ~larger~ch~te ~st~ 

resulted when ~the 

~r f ~ n "  ~ e  end of~, t !  

,,~]! 

2 

A low v e l o c i t y  w h i r l  ~ :exis t l  :;in t h e  . . c e n t e r o f  ~the p o o l  ~between ,~ae 

.rOw ~' of apron;:blocks- a ~  ~i~he 2 , 1  .chute ~•slol)e when rl the -culver~ts. oPer~i~ '~ 

~l,,one. :Lov~ v e l o c i  t7  ..,whirls ~.extst ~at ~ e i ~ h e r  ~mtde ~.wall~ivhen .the - o v e r c h u t e  

~, eq~erates ~a lone .  i/It -,is c o n s i d e r e d  i m p o s s i b l e  ~to e c o n o n i c a l ~  ~ e l l ~ t n a t e  
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A. 1:24 SCALE NIODEL OF OV~RCHUTE AI~D ,~ASTK~AY STILLI~G aASll;. ~0 BLOCKS OR 
SILL. DISCHarGE 2500 SECO~D-FEA~T. 



~ U  

$.  S ~  OF PLATE l l - A .  



P/AT~ 12 

&. IS24 SCALE ~I[ODEL OF kEC~J~L~DED OYER~UTE A~D NASTE~Y STILI~L~G BASI/~. 
OTE~CH~I'E OPERATING ALONE. DIS~E LSOO SECOt~B-FEET. 

B. SCOUR OF PLATE IZ-A. 



PL,,2 ; i z 

A. 1:24 SCALE ~ODEL OF ~-~EOO~DED OV~RCHVfE AI~D ~STE.~Y 3TILLII,G BASIN. 
OV~'~IJ~, OP~Ik."v[~i5 ALOi:V. D!SCHAf~;E 2500 gE$O:J%- ,FEE,~,.'f. 



Ao ILtP.A S~ALE KOI~EL O? OVE~CHLT/E A~D ;~ASTE~AY S71LLII0~, BI~SIh. i~0 i~h0~'~L 0.4 IL~D SlY 
I~STE~ATS OI~I,Y OP?~ATIi~Oo DIS~HA~GE 1290 3~hCOi,~-irgET. 

B. S~DUR OF PLATE i~-= 



~ ~ ]J~il.8~klmO~o OP Oql~mR LLID IaS'JmlAT Sa~l~,It~ SU~I. aO ~OC~ O~ ~U) SX~, 
~ ~  4gSIT QSmmLH~, HOODIEI ~ ~),H~. 



~ILT 0 ~ A ~ r ~ l ~ .  ~[~8(~AUC.~ 2500 8~011~Ir~¢~.  



;'L,L~' ; 14 

OBLT OP~d.A~I~ItIG. DISCHJ.q~E 2 5 0 0  SECOIID.-FF~W. 



IIMIN m 

A. I"-14 8~JU~E ][0DEL OF 0rEBC~A'E ~ iaS~A¥ S2qI,LI~ aa~I~,. ,~o ELOCK~ 0~ ~D ~J~b. 
0T]IIC~[0TE DISCHA~,E 2500 SEOOND.FEET ~ ~LSI~'aATS DISC~A~E ].~90 SE0~D-IRB~. 



A. I~ SCALE ~,ODZL OF 0VF~,IC~IEE AI~D ,~AST~WAY STI~,I~ ~ASI .... ~0 BLOCKS 0.~ i~D .~IL~. 
0~t,F~E DISCHARGE 2500 S~FE~'T A~ WA.~TEWAY3 DISCI~An~E 1390 SECO~D-FEET. 



A. Is~4 SteELE MOD~ OF RECO~t~qI~CD olr~cl[L'l~ A~D ~,LS2'ZV~AY STXX~ B.~X~ 
DIS~P.~E 2500 SECONI)-I~ A~D ~,AYS D I S ~  1390 S~O0~. 



PLATE 16 

A. iz24 ~. :~LE ~OD~L 0~" @Ea0~:ENIED O~FE~CHUTE A/~D ~TE~AY STILLII~G BASIL. O~EHC~i~: 
DISC~I/~@~: 2500 SE~0NF,-~ AI~D u~tSTE~ATS DISCH/~GE ]sgo SE~OIG~-FEET. 

B° SG'O~ Ol PLATE 16-~. 



:: the~, v h i r l  s , ~ c o ~ p l e t e l y . . ~ t n c e  ~ f tned  ,'ent t r e l y  

s t l l l t n ~ i . b s s i n , a n &  are , . , , lo~  ve~ ~, :. no .~sertous.  o 

the=:, ehou.ld L r b e . . ] [ ~ , t  B e d .  ~ 

' i 
lt:~ IS ! d S f f t c U l t ,  t o ~ e s t a b l i a h i i  a i~eet,  ;of:: . ,z~tle e _: 

o f  a -combined • overchute~and~.vas t eea~ :  s t i l  llnR~: baS 

f o r  1~b loh  ~no nodel.,~ s t u d i e  s . a r e  

:~overohute i:bas in.: d e s i g n ,  ahould~:b, 

; ;  o b j e c t  t o  n ' ~ : J t b  " " 

. t i o n s  as~ are  ~: i n d t c a t e d  i b~ ' t h e / r e s U l  ts,.ii~0~ 
- to ~.~,and 

r a s t e r S * b a s i n .  !"Yor c o n d i t ~ o n s ~ n o t  too:?far:rem0ved~:fro~:those~:.0f,~,the ~- 

'~etructure s tudtedo*pro~ort ton ing: .o f~  d i~ens io~  1 ~ " 
t o r c h , d e s i g n ,  d, a l a t l s f a ¢ -  

1 6 . . ~  Pters,~,, on ...the e l e v a t i o n ,  l ~ 2 . 0 0 ~ . o v e r ,  

o u t l  lned  ~2fo r ~the:  

For  the  ': naxLwum d i s c h ~ r g e  water~:c l t  

~he o r t ~ n a l  p i e r ,  ( p l a t e ? l T . A ) .  'There ahould~be~ !~,'no.o 

• c o n d i t i o n . ,  s tnce-~ the  ~ b r t d g e .  i s  ~ a b o u t  ~: 1~ L f e e t  ~above ~the ,~ove 

' . . ~ ! h e p l e r  n o s e  ,must  be:  a a d e  ,,,aharper/should ~:Lt~:be~!destrable i 

the  ! ~he i g h t :  o f  wave ag tns  t ..~ the  ~p te  r .  '~i The,: wave ~:~ ore 8 t :~ l s ":i 1 o ~ t e d  

. p i e r  i s  n e c e s s a r y  to r e d u c e  ~the~vave~heightr.to!:.  

~ r e q ~ t L r e s . i r o n  t a c i t ,  ,~.so f o r  econo~Lc,,reasons:~.s. 

~ v t l l  be a c c e p t a b l e ~ t o r  m o s t d e s l g n s  

~nade square,  as  shown i n  f l g u r e ' . l ~ , ~  

*:: / : i  ~£1uence~. on~ t h e  ~ f l o v :  c o n d i  t i o n s .  ~Vh~ 

end o f  the ipj ~ ~p n ~ 

~he e n t r a n c e  ~ so ~, t h e r e  -~. is~ no~ no t 

o tgi.al des  o - s r c h u t e  " 

~¢ondttLons a n d , I s  r e c o ~ e n d e d ~  f o r  use  ~n. thA , ,~ , , , . , .  

~.-~ 2 ~  L ¸ , • ,- 

~ S t e d r e  .L ~. 

i /~/•  ~ .i: LI 



A. O R I G I N A L - ] S ~ } ~  PI"~'~-. 1 : 2 4  SO&I~ le~)I)I~L. ~rIS~.~ARQ~ 2 6 0 0 ~ ~ .  t. 

B. AI~I~RIAgL~D(IE P'IER. It,?.~, ,;CALE MODI~IL. DISC:~A~GE 2500 ~ECOr~'D,-~"~',I '. 
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F 2 ~  : o o n d i t i o a .  :,,vere :~ r - o ~ h :  t n  

~ l s t  lu faoSor~r  ~, r e e u l  t s .  

1 ~ n ,  iderlm~ etr~ct~mLl ~.ieJmz~cter(et: 

+, p ~ o  T e  , l l i l~t t l f a O t O  , 

f l o o ~  ~0~ +~e ~ o~eroh~te++ihen +~he: + " +  +++ :+  s t rue  t u r e + l  s ~+ 

ni~ht~-i e lapse +51~fO~e ~ 2 t  ~W0111d?+be LprOvided ~++by++!= 

l i t e r a t u r e  + i t + m s  ~comcluded that+~+ithis.i+mt+r 

m = o ~  + m .  ++=, + o+++++p,0 .++,~ . .  +it+lot.+,+, 

Co d e s i g n ,  a , t L Z l f m . p o o l  +++or++t~e+iO~ermte ? : "  

only++ 6~ +percent o+++the++itheom 

2 i f a c t o r 2 1 ~  t h e . e n e r g y  conta2~ 

' ~I~+++1I~I :++obtata~d+++f~'ome ++, t h e  +++mlu +~nd++mesi,+pr;', 

+, " + o  ,: +i ; ' ,  ~:.: , .+++++i+~,+, 
+ ~ h u t s  a ~ , +  v s ,  ~ m + i + + ~ + s t ~  t = = + s + + + ~ + ~ + ? p m V e + ~ ,  

a x T + m l ~ e n t , .  ++Zt,+++.s~:poeS+ble++mro+~ii+e+~++,+~ 

m" ~ e n  t + in  + Sht s i+++°+eli~i~++e ++.+me + + 
. J ' + "~ . - + . . .  

t i l l  I I  +~+'dlll12~" "~: + 1 .... ' '+ .+ .++ *++ :+: +~ i+ 
: +  ' +  • +.+ • 

z .  
- + /  + + + . + ~  ; ,  : "  i- : :+++~ : + 

+. ,be lov t h e - m m s l  V t l l : ; ~ Y e + i a + D l m 4 m m + O ~ m i + ~  b 

d l  e P J ~ r +  • ++for.+vhlo~ i~it i, . + .  declaimed+, ?~+i+ ' ,i 

+ + + + + ~  + + ++ 
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