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a v~ir tank vrlth a i90 ° -V-notch weir ant 

. 6 I! ' , ~)o,: - , b.el~'~.the floor level, :,a ..:ccnt~ifuga] 
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Model " ~:" " !I //.. ~ " 
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• /I from entrance d ovm :to the load-off bolovr the strlling:pool. The 

. ::/ 

maximum discharge-through the model vms 2.0S o.f,.s..-qorrespon~ing 

to lO,O00 c.f.s, in the prototype. The model scale chosen ~;us the 
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The ,"discharge ::from] . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . .  ' "  . . . . . . . . . . . .  " ~  ' " . . . . . . .  • . : : i s  . . c a r . n i e d '  ! b a 6 k  ~ . ~ e  i t h e .  v = ' i r - m a ~ k . - i n  :a:"~r:-:/i:~i ' 

s h e e =  m e t a l  . r e t u r n  _ _ h e  : l a b o e a t g ~ g ~ f i ~ 0 O r , : a } ~ : . . . . i :  i / 7 : ; : > i :  : : : :  ': - .  - 

' : ., i;.. t! ' - , : -  . . : :  ' . .  % / i '  :::"::. ".: ": " .  : :.:: ::.?: % :7".i:i . . . . .  :. ' 
. T h e  g r a p h i c i ~ p i c t u r e  . ! o f  ' ~ t h } ' ~ - S p i ' ~ l v ~ y '  ~ a n ' d . . s t i : l ~ i i n g £ p c 6 1 . ~  ~ : : .  : :  :: 

ac~ion-.v~ich • e ' ' ' " -  .th .model-~pro~zded u'ms ,,~er~ ~rs .of ~:the . 

d e s i g n . s t a f f . ,  who,~'rere!~,efr.equent'.visitors.~duz:ing:..(the{~modo,l~to.S~_{n~.. ~ ~.-. ' . 

m~o snzz:~s, each ~crow~made up of :one~unior -eneineer''~a~:d:~.rO +~a~2~.a~ ~-: :- 

Model :,.:~ ~ . . - : . .  . . . .  " : '  :~ :"  

. , / .  ~ .  g >  

~The :Pine . V i e i V ,  .~aodel ,vms.~bui, lt . . ~ ; g i h  :.i~inear .!dimensiohs ~ong- . - : .  : 

~hirtieth {those-eel . . . .  ~' ' : . . . . . . . .  ' : . . . . .  : " ~~: ~ '  " .... " ' '  " " ' the iipr(ptotype, :and .iinclude~ ~the :camplete :spil'iv~y 

from entrance.,dmm :to thelilead, off '~bolow : the st~l,l:ing:ipoo1. The 

maximum !discharger through the model ~was :2;,03 :c,f.s. :corresponding 

to lO,O00 c,if,.s, in'the .prototype. The model scale choscn ~s ;~he 
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fp., 

C " 

- ~ ~ , ~  ~ ~ a r ~ e  s t  ~ ~ e r ~ t t e d  i ~ - -  . . . _ . _  " ~ - - - - - - ~  ,~'' " ': " ~ ~ - . "  " :  " ' : "  " - . . . .  " "  ";~" " " a c e . . :  ~ " "  " " .  ..""" ~, '" " '-- ' : " - "  : "  : . . - 

• The model. ~v~s ,: -the ' :s4[~2 i ; ,  • fan "V~ ~o-- '" ':"~ :::-.~,~-~ :,"::5:;~,~ : " <: 
. . . .  - - ' .  " , "  : :  " : "  " ~ ~ 4 ~ " :  . . . . .  l , - ,  ' . ~  , , . ~ '  " ' . .  

the chute .floor vmre .•:line'd,~with !She et :~,dt~ "a~,f.:*~ ,~ 2"g" ;.'~:~ :ii'~iii:~ ~:5 !: " ~ 7.,.-. 

• ' " " ' " ' : ' "  r : '  - :  . .  . . . .  ' .  : . ,  : , , : ~ ,  , ' : '  " . . i ,  :_",'",,-"~,~ .:'::'~:.: ~-.~ ~ . " .  : "  . 

~ood, ~.ln ~.the : o r m g m n a l  .model ' . . , .( ' i21ate';: i i :)~..~ . : i l n : ! t h e  lreqised.'.mo'doi:',.':~,f,(~P~ig!;.".~.'ii';: :. i . '  

) the .transzt~on ..be low..the .head. gates.-was zma~e .~ of~'~concre%e:-.., ifih~.'l~l n~;~wa ' : '. 
' ,: : : .  , . . . . . : - . . ~  ;" :, . '..:. '... ' . . . :  :Li.:}!.:'::-..;. :: ; . . , . .7 : :  ~= .. ':----~,71~..~..., - ,  i~: 

and the.rest :of .tho.m0~eliw~as :il±n6dwrZth..:she6t;mdt.~f::;!~;:excopt :rite. ~t~ .~i:; ..:. 

a t e  s e c t i o n , - a n d .  " ' - , "  " : " '  ' ' ' " ,  : ' : ]  ~ s2; ..... !":'~'ii" : :::~'!:':'1"" : : ' " : "  " " ' g " : :pmer s ,  , .~' th!ch ; v m r e  ~made ..:o£.:ne~i~o~d~,. i : . : ; :T~e..: :~teS.:~,;~¢; ~.:~.. - :-:. " 

of sheet 'metal, sliding~in grooves ,! ,the ,:plens,.. ;,..i ,..sand ,.~n ,:be'low .':. 

the stilling .po61~made. :it po,~si~io t t O ~ :  ~tudytiho':.{6ros;ioni.:,,~i.ch/.:~vl, dl.~!: .... ~;'. 

occur in the :leadoff ...channel. .... .,:.:: ... 

T1 slope of the l>-~'~s.~incre:~ .--~ le . ~ ~ : mo'dd s 05 

t h e  P r O t o t y p e  . t o ( 2 i n s u r o  :C o r r e  s p 6 n d i n g  i . v . e t o c i ~ i o S  -)at '  on t r .an61o :;.to •i~he::-.::! ",. : .  .._ 

pool. '.The .prototype ::s,lopo.:v~s ~dividod ~;i~o ~,e~~,.+.¢:~.~ ~2:..~.~::i_~_"~~_ . .... .~ 

then added ~.to the excess slope~ same :for~.modol :and:pr 0~) 

:the total model, Slope. Moam~om'onts : ~ i n  i.th~ii!:mo:d61~:sho{i,edttti~ese. ~velo~ ~ " ." ::~: 
' "~  • .' " i : . '  / . '  -::.:. ~':."i.~..i<. ' , : . , : . . ' -  " . . ~ .  - ~ ! ~ . ~ . . ?  ! : . . . . . : :  , ~ " z  < .  ,! '° ,~! - ! ' .  

ci:tios to bo w i t h i n  : a  . v e r y  ifo~per~n`~:~£~.~.~c~lc:ul.ated:~.v~c.i..%i~s..~!..:;.:~b. ~ 

!transiti one: and!. n ::~= !,.OIO!:f0r L'the ~ch%~%oi.":i h~i:!.( .. ~ i. ... : was -.n = .OT4 'for '~tho " ~ " " ' ' "~' ~ i..: L... Y~"-;,:. .,: 

uniform~i.valuo of:n/- ,.O10 .~'mS .usod~iin :~%ho:model.~ " . ' ...:. ..~-.!:-. ,.:i- '::':i":!..., 
• . . , . _ .  . ~ ~., .- :..~'_~ 

;Comparative -tes.ts)..on .... . youts.v~ro made ~at.~tho ~ 

maxi~h, an expected dischargo":.iof:,iQ,O00 .c.£,sl .~in,:.natui~,b~. a ~ :L . : " i 
~- ~ - nd :occas'~onal~ly 

~!.:, at S:~_sor':flows.' The f" ' . . . . . .  ' :~ ":: : '"" " ' " '"~ <L"~.-~:" , ~ mn~l d os%gn-.~ms -.to.sto'd :at ~',8 .:diff"rent .d~s-..~ 

charges from ?.,000 c.f.s.-:up 'to:lO,,O ' , . ~'i!:,::' • 0 , 0  ~ , c .  f . , s .  " :. 

• Each test included measurement,..ofi:t~o dischargc, through.~tho ~. 

q 

i "  
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model, the .v~tor depths ::'in 'tho."~po01 :and i!load-0ff :6ilanno'l, :"ithoih0ad": ' " ' '"~ ..... : :" " ' 

on the,. gate s, and, :for the Tuns made ,vrlth•!an~or oai'51o':~10a~Toff i:~6ha~Gl:; 

the erosion which occurred. .The iho'ight'of::tho :s~ 

stilling pool v~l, ls ~v~s also measured ~for :the :final cdos'ign. 
/..:~i ~ ' :i "~ • 

Original Data; Tailrator:Dopth :il ' ~~ :" " ~ - 

At the start .of .tho.~mo~01 :studio.' 

garding tail~mtor conditions ,,, ~'~s ~kno~.m~aboUt 

the river into r:hich the :sti'l ~' 

dam somerset do~mstrcam v~uld 

D 

los s than maximum :flood floTr, ~and ~%ho ~rivcr ,:ch~cl~r;,ould~havo %0 ~ac.% :: 

as control, thus lettering the :tailv~tor ~ole~ation.~: '.:Calculations~ ~ :;::i:) I 

wore made to dotermin0 the %ailv~ter .dlevation.:at ~f0ur 

as suming the dsma to :be r~shod, out m~d the ~ chain101 ~.!it S0] 

control. From those values a~curvo ,of tailr~tor:,olevagion!~aga2ins% / , 

~ • discharge-,ms dravm (~...!g- 5).. '.Plato 'VIIi~shor~ :..thoi.i:podi.:~:~acti0nu.~on:.` 

the tail~mtor depth:is ~insufficiont, and ~sh~-rs ..tho~:iJ~osuieing ~rav0r ~ • .... ~': 

bed s coun. ~:" 

Original iDosi~n - 

The original design :for :the ,spill~:~y proposed ~a ,v~m~:pod 

transition on a stoop slope , immediately bel~'r the gates; the ~ehuto 

then continued at the same slope to the stilling pool, ~:~ich-rms of 

trapezoidal cros~-section (Fig. 6 and plate I). ~osts of this setup 

-4- 
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A-Pool and Chute B-Headgotes ond Transition 

C-Flow Down Chute D- Flow Down Chur,- 

ORIGINAL DESIGN 

PLATE I 



@ 

@ 

@ 

shovlod :the ::flow ~throu~h:!~tho~tZansi~ion7 an~ ~do~mi"ith0 ~chut° ito i':bo ;",very ~ . 

~rom tho ~atos .to ~rfdo ;Un .in<the ~;c0~tor':;df'iith;;i;,fiumo;"~a.~orm::ia°~fHig h,, . 

the air to a hoight : '~ 

@ 

Alterations ; .. " .. . 

The s~illn~v v~s ?Lthcn-re~os~ned; ~tho ;anpzo~ch.~te Lthe . .... ...,., . .: 

;gates .~s changoci, ;tho:slopo ;:Of ?~ho }chuto~vras:~:br:ok0n; ;!.pilgo~ng'.;\thei:;?i;,;~-!::!i:.:~!"~ " :- 

t r a n s i t i o n  ,:on :a ;~flattor "glopo,..;;an'd :~ho:?pool  ,~'~s:,;m~do:~v~th:.~ne~;1.'Y,;~:; .-,..~;.~ 

vertical rn~lls., iThe ~proto~ypo~po6LU'~i'.i;~.;~G ?larzol.VL~.in;ir-6dk~;Ecut.';-i"and/ ~ • 

so this v~s on~irolylfoaSiblo. ?'%!:!';~ 

. . . . . .  ; ,revisoa :.ohui The flm-rthr o~!gh !.the 

(Plato .:II);; the ~.~vator ~surfaco -~.vms/tolorabl~ 

-@ 

t u m b l e d  o v e r  t h e  i l o w  : s i d e  o f  ! t h e  , o n t r ~ c o  c h a r m o 1  .-,(.Rla~e;it;IZiD);, ~;i: i! "~i~ ~".-i~ ~.!. 

Various :modifications ~of thc intake i design wore - nd _ ' ": 

much .better conditions wore ~obtained iby blocking ~of.f-~tho~. ~ 

Thc difficulties of construction of ~thosc .modifications~'~rc. such~that 

they rmrc not adopted. 



,g 

@ 

s h o v e d  .the flovr~'.~hrou~h `.th~:~.tran~i~i~n~:~and~.!~d~/~c~.!c~u~:d~i~t~:~!!~b.~`.~ ° r y  . " 

irregular. ,The !transition .-:caused ',the 'iast-tra~ ~i l~ng vAtor.!:comng ,/: ..~, - - 

from .the. gatos ,to ,rido : up ]~in~,tho ,~cOa~ar~!~of~hO;~ei~e:i!:anR -:;fOr~:i~iHi~H i-i.:' 

-? 

versed; the~v~tcr :rod0:~up ~tho :s'.~ .'- " • 
L 

~A 

in the center. :.The tzapoz0fd~l~ 
:(/ 

hydraulic 'jump :and itho -.~vator ~ shot ~t 

the air to a.hdight of ~about.!15,!inC 

(Plato II). • - 

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

.The sp~lh,~y',was :then-.redesigned; ~..tho :aupr, oach :~to ;'~tho ,:, :, .~ ::~ : 

gate s vras chang0d, the. s lope ': of •'~,tho .::.chute ":~'ras z.broken; '~plac ang%tho ,~: ::,. ::. 

transition on a :flatter Slope, and-!.th0~:~ip:}odl ,,~'~s :mad0:.v~,th:~ncazly%):!.,, i:::; :~ ; ' ,; 

vertical walls. The ~ mrototvoo .~oo01-vzl~li ;bo.::iar~ol~~ : e:.:~ 

so this v~s entiro_,~feaSiblo. :.. :. .... ...- _.-~- ~ .. -,:~. 

The flm', throu~-h ~tho r e v i s e d  Ci~tito ~v~s :mUat~-~imp~o.vod..-..;: :: .::,~., . : . ,  

(Plato .II) ; the v~ter surfaco:v~s :tolorably .]fiat ~a~fd:.iehb.... •. ,.,. .J~ear'(dfd,.,..,.......~~::.,~/.. . 

,@ 

tumbled over :the :low:side Of " 

Various m o d i f i c a t i o n s  of :the 
~:~ ~ i /  .-: ~ ~, /:~ :'i ,2.:i ' :  ~~ 

much bettor conditions ..~'roro obtained ?by ;blocking" " ~:of£' -.the' " :side~ " :t-)f, lov~ "~,. - 

The .difficultie s of construction :,of !the so ':Inodif.i cations .,vmro ~:sueh -that 

thcy-~ro not adopted. 
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A-Flow Down •Chute-Original Design 

B-Stilling Pool--Original Design 

C-Flow ~Through Revised 
Transition 

D-Revised Transition 
at Partial Flow 1 ~Center 
Gate •Closed. 

P L A T E  , [ i  



,A-Entrance to Gates -~ Revised design 

B-Flow Approaching ,Gates Revised design 

C-Improved Conditions~ 
Side ~FIow .Blocked Off PLA~E ~Ili 



A 

~ The ~i" ~C~on @$ ~ ~@~h O ::stoo~s~dcd~~ool'~%~'s~:much-bcttor.,' ~. '~.: ::~ 

i I# 

Tho .pool rms ~:s£~bs0qh0utly":ro~i:s6d:!.~so~er~i,li~imes:ii:~d 

ally a sand b 

the orosion, 0 -- 

Pool ~B-I ' : 

Thi 

(Frog. I.and P~ato IV). :.At :the dovmstrown:ond<:of~tho~:'pooli.~<gho ?floor :~. - : 

L~s mnclmnod uprmrd<on:,a:~.l: I ';slope, .and::flarod,::ou~°.~.to ::tho~-rNdtg.cof ,: 

the load- off :.c ~hann61 • ?.The ..jj Luup ::iC tfon iihi~-~ 

an 8"-~-foot high apron"at~tho'p001::JontrancO,~?as:Jini~;Fi~.~}:7; iimpr.0v~d . : :- 

the pool action- consfdorhbly, <(soo::also-;Fig.~:8)., :i!~ 

B- i do s ign pr educed ' irregular ..conditions .; ~' i:.tho~i0hc 

either there r.~s oxcossmvc: bubblmng:mud '.:belling, cor:~ 6.'~!!:%tandin~.i~v0':: 

it~o v~ich Ould .~dang vrith- voloc S :; . ,%7 ,: C 

source of the '.troubie,.soomod:..to: be 

the :jump-:did not-have, opportuni~y~to ~ form,:comDlotoly~:a~/d:ttHo~0, ~:~S-?ia :'): :~2.~: 

largo amo~mt :of: kinetic .0nor gy i~loft:in ::the :-outfiior~ng~ii:~2~tO:h~:!'/.~": 

Pool B-2 - ~ :~ .. ••.. ..... :~:. :• 

Poe i. B" 2 wass imilar : to B- !, i-but *ilong or :i (.".141 }it:.)}~nd :: t~orO 

• - " • 2, [. 

r~s no flaring transition:from.pool ~o :tailrace ,(Plato_~V.~.and:Fm~,. :7.).. 

Tho abrupt  chomgo r~ thou t  a . :gradual  ~tremsi t ion causod,:a-,~Vo~-y tmdo- 

sirablo, standing ~'~vo, and, after :%n'to tests, -transitions-wore :built 

• --6-- 
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"C-  Pool 
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with Apron 

POOL B - I  

B 
Q= 9 9 4 0  

D 
Q = 9 9 7 0  

PLATE I V 
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POOL B - 2  

B 
Q = 9 9 9 0  

C 

POOL ~B-3 

D 
Q = 9 9 8 0  

P L~A ~l~ \ V  ~ 



A 
Q = 5 7 8 0  

B 
Q = 7 2 0 0  

i 

Q = 8 4 0 0  

P O O L  ~B-3  

P L A T E  ~,I 



Q 

D 

into the model. 

Pool C-2 

Pool B-3 :..: . 

A •flaring transit ion i~'~s ~ ~ddodL:~ 

,v) and t a i h ~ y .  ( P i g .  ,7. a n d  i P l a t o .  ~ • .... The . s t a n d i n g  ~ m v o - , ~ a n ,  t h o .  ~ e a . ~ , ~ , ~ e  . . . . . . . . . . . .  

persisted,-althoughnot asr:~pronouncodras:b" r ..... '. , . , ' ~ , . -,~ ofo~' 0''" .,~galn,-%of ~tho•. • :., ........ . .• 

various setups tried, ' " . . . .  " .......... an apron• snovmd ,,lho best ~rosults.. 
i . ,, - • . %? 

(8½ ft.) apron vms :found ~to ,produco~nnstablo ii:c0n:d~t'i0ns :iii~ :ith0 ' : ....... 

pool• At certain florin ;'loss ~thanmaximiun,,~tho ~ :.stream ':'df :, ,... 

vmter rode ~the surface of ;the ?poe] a ;:.vory~groat !ho'ight:/,ri; 'r 

(Plato V and Vl). Undoubtcdly;a::larg~:(rol, lcrTf0rmO~d:Lbon0ath~andJ~orcd~ :'r~: 

the stretch .upv~rd. ~Becaus~ -::.tho:ii .... '--"!!: 
..7 :i. ~- : .... . :. ::.".: 0~:. '.",,:;.': 'i:"~.;i '!: 

use of an apron.~'n~s ~not :dcomcd:b.dVi~S:a~l~0.:":,:T! '.' ::i.-!,i.'!: :. :7.-:" ~: " ..... ~ ." • 

Pool C-I . ,. ...... --. ...... 

.THis :revision differed .:in':,that,ttho ~sidos "ofitho i!grad- : :-- 

ually diverged and :the floor of tJ~c :ilead2:bff ;.cham~ol 

foot, to elevation 4800 "(Fig,. :81 an'd•'~PlatO :VI;I0,. : : Th0":~Sceion:~iiin,it~i.~.:.,.i• . • :i'." 

pool vm.s not satisfactory.; ~,tho ::~ddying '.v~s "mor e ipror.ounccd:::and ::thoT:.. .:,. :. ,-~ 

pool surface -v~s much moro -:turbulent.and t u n s t a b l o .  :The '!;largor•~:iloa'd-0~f7 ~ ,;;: 

channel did not confmno the pool.:sul~,mcmont!y tto,formla ;deep 

Tho v~tor  ,in tho :pool •r~s .•shallov,.~.and ,...vory'-~turb<uloi~t. -/"t '" i  ;:. 

~:o tests v.~ro made ~wlth,a ,smal.lorAoad-off channel, .with 

only fair results (Plate VIII),. The i'pool ~ms deepen, but still vor.y 
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channel bottom~at elevation 480 

~'~ith a deeper tailrace (bottom;. 

0 

I 

noted that ~%he .isand%bin ~tos~s/dO)not~;,yl, old ~quant~tat~,vo i ~' 

results, but give only a ~nd~coTt~en.o f ~.tho~naturo;.o£~itho oresien/~ 

to bc expected, Observation of ~tho nroS'ion~n; 

rated bythe ~use of  ~a~.~lo.rge ~ • '/ii("i/"~i!i~i"i~"~""~"i:"i::~/ ~ :i~! I!I ..... " 

pantograph.i/: !,With i!Sti,ll 'v~ter ~in :.the 

sand bin and pool, sot:at'a chosen :01ovat.iOn !tho.odgo~LOf;i~l~ow~tor 

a c o n z o u r  l i n e , .  ",Those !~iinos ,wore itraCoi~ ~,~vith ~ h o  ~ p a n t o - -  ,~ndicatod ' ' • . . . . . . . .  

graph maps are shm.m ~in -FiGure .:lO.( • ~ i-"/.~i!~i/i~ 

Pool D . . . .  ~ 

Pool D, (Fig..9) vms very ~smmilar .to ~pooll ~B-3 ~oxcop~ :that 

it v~s shorter and the 'taih'~y•v~s ;sot~at-.a ~lo~er elevation. Several 

variations of this 9ool wore ~tested.-in practicaily~ail~of,~,the ~<tosts 

of Pool D, a dentated sill or some variation ~o£ ~it ~,ms-placed.at the 

dovmstream end of the pool to minimize the erosion . of ,,the sand load- 

off channel. 
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tp 

.~n :apron :at :.the :.uppof-:on~d,..'~f :<the aood :~a::f~Ir:ly :. 

good :pool :bUt. :tho ~orosion bO'lo,./~tli~.'~';ia~,!;:,, J:,'^C,~-W~.¢~ : .:il;: ;;~.~a..~~ .- 

si, l,l.~s used iSm 'this test. .":.:: ~. ":" :" "." ""~" :~:< ' ........ 

.Lead-off :Choa~no.l. ..... Sovora.l tost~ ;vmro/:~dO ',with.':a"~oopono~:>loa~aOff..":!:..::: ..,:. 

channel :immodiatoly b61o~ 

satisfactory,  -but roquir( 

ab ~no done d, 

. .'. . ~ : ,' " '.-,-'~' ,\' ~ <'-7- " ='~ '.-': "t ,: '-~ • . , "'~" 

..... Dontatod Sill. Some .f°rm ..~°f".sill"" .:-.. ~: Is",..:< .:~"noc°ssar,.."<: .... ' "<:)/"",y:.~,%o ~roduco .... ~ :'~:~ " " ' ........ :' <" ' '::<!''~tho.,.: :<~dan' '~"<:.'ig ore ,{; .": ~ > :}us: ' '~<" 

.erosion at the end of %ho .stii.'i:in "~":"' 
. . . .  g .P , . ', :~, , , :,..comment 

is the dontate~::sill ,dovised,by 

alternate :teeth • and. somi-oponinl i.~ii: 

vrith ~tho help of the :folIo~ringi~: 

I 
: p  

" " ' ." ' " ". " t  - . ' Z n . " 7 " V T T " : ; . . . ,  , 
. I .I w I 

~The :.flow near :the :surface -,is ~"~1~ifted" :~iby ,~the ,,va%Or 

tooth, .as at:A, omd tho fl~'/ivh~ich~goos through <the iJmlf-opo~ngs:.is <._~i~ 

th6' dovmstre~m velocity .up ,L~ov~r.d the sure, face-of-~ho".~ttz~iraco :and ' - - . 

permit or cause the formation :of .a :sub~rged :roller, .as C, ,v~ieh 

-o 



D 

greatly decreases the erosion, dovmstr.eam,~from,~tho ~si:ll,., ~If •.there : 

• s not suffacaont spaoe _.for .the.roller ..,9,No.~£.o.rm,. :tho.'bed ~II.:. :.~. ...... 

erode, ..xf pos s i5 io,.,.~til :;enough ~;space'.~.for ~'!.the :~rd ~lor.~i's '~pr.o~'ded.~ .~. <' :4..-;. .. 

!.I£ ,the .~ah';ay. is .,higher :..:than ~he ~.pool ;,~Ioor., ..~as ~i~n ":the :. • :::' ....... .::: 

Pi ~O iVievr, spillway case of the~ ~ '. 

The "space avai.lable, for ,a >:r611 "" "- 

.!t 

I - 

7-7"'r;; ':';'}'/--7"'," ,,, • t./"71rT.'7':.7,7 

:"lifted" ,to !the ~%op of!the i~ail 

J~. , 

of the physical .."layout. '~ In/%h: 

Rehboek sill,over other sillso- 

as in the case:of alhozizonta]:, 

co~nnendod for use in -~the ~Pino 7~ ~ 
• < . • 

pos s ibility : of :a : material -ionering :-of itho 

• . , / •. 

-.$ 

Comparative 'tests. of~n~Rohbock sfll, a/d£ffusion si~11, " : . ..... ~:: 

and a: modif, ied diffusion sill :(!Figl '~11,)showed .,very :simflar c er, oSion .... il}i!!! 
w , " - • ' 

in the taih~y. :The .action ~:of 'al'l!three '~inmin~niZing ~.er.osion;.~iS : -~:",~;:i: 

apparent ly,.very much the .same,. ]The Rohbock :s211 ~xms ,reeonm~cndod 
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because of::its:~simpler uo: 

• Slg~in ~ ~Floors. : ~!Sloping - 

on the chute 8,or i~lO.:!ft. ~ 

to the .orig 

The general ~.effect 

the pool, coupled~'~ 

studied T~xs 'a lille 

entrance ' to the ~:poO 

charge ..but ~:.produeed 

and v~s~ recommended.~.f0r%:the :!final ~:design,i •. ~: ' ,. •:/~.: • :!!i .~. •!:~:~ii?-:!%:~i!:ii:i,::,ili:.~i:,.i~.i : .~ ~ .i 

Do~mstr..es~n.. end .~of. pool,. ~.The.~:model~%ests ~;shovTed~:clearly ~.±he :!.~poztance :-~:-: i~ :'. 

of a gradunl-smo0th \transition-~'from.i~is%il~g~:po01it~21.eaaQ6:ffL[~ch~rlel~ . :.:i:~/~ :";i 

L Q 

foot _of the rzall, : aud:~:,ouL 

The gre~,t ~:turbu!e~u~ .~ ~~nAcn ~vn~ :~gv~a~n~ !~.~n.~.PraC~!ce.~ly.~-a~± i: ~.~'~:. :: ": 

of the previous .l~you%s::"lod :~to !thsi:oh~ng:~ ...... :ii~t0 ,iil~00i :iE~:~.~-~i&h'ii:d~i~fer:s:i:i~:'i::: !"~ " ' ' : ~! 

from., previous-pools. in .~it s •  ~ !.larger '-or os s-..s ection.~(:Fi~ ~ ~ : : : ' .  .. . .. , ::9 ':~and" :~.,.P.late. ~X),, ' "  '"" . . . . .  "". 

The breo_k !in. chube ..sl0Pe::at ~%he ~p0ol ~.entr~6e ~,.v~s".~r0,taine-d~i~di~i~be./: .. .. 

cause ~:of the similarity~of.~this pool.~to ipr~e~ious ~pOols,~ ~teS~s~vmre 
' ...... " 

made only for the comp~ison..of-~vari.ous.::.toothed sills ~intended !to 

reduce :the scour :..in the ilead-off...channel, - ~ .~ - ~ " " 

.It ~tas also foundthat.with the largordimensions~of:Pool~E 

- ---ll- 
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because of ~!its !~simpler !conStruc~i 

Slopin~ Floors,~ i:!Sloping ~St~iIing 

on the chute ! 8 :or ~ : ' ~ i0 ~ft. ~ above ,~%h, 

to the .originai~.!floor~at!<theYdovm 

The geners:l~ieffSct ~Jvms<,;ai~te~!i~ii • 

the ,- oup  e'a<=ith i/,i/ 

and was 

Dovmstre 

of a gra 

as shorm 

to the f 

foot of the vzall, ~ and - would i% 

P°@! E-. i Final ~De s i,~n ~. 

,The great t~urbulenc 

of the previous ilaY0Uts<~led t 

P 

I' 

b • 

cause  ~-of the simflari~y<Of i thi-s~pool~o ;Previous.~ip.oOis,:!i~!~es~tsi.~!!~ie i.~.~.-~'~ii 

made, only for the comparison of ~variohs : f t o 6 t h e d : ~ . s ~ l s  ~!int*e~ded~:i(%:O !i!~:/i i ~: " < ~/ii ~ 

reduce the, scour fin the le~d-off ~channel.: ' i </:. ~<~<:!~?L • :' 

!t was - a l s o  found <that ~rrlth ~;the ~largor -dimensions ~of.Pool~E 

t 
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- %  k r- 

and the 

original 

:respond 

:isfactor~ 

• ' 7 "  - 

7,~ •. % 

the tailv~ay (Plate~X~)i. ,:,~Thls ~ ( 

level, but v~s otherwise ~;satisfacto~yl. :L ~Th~@iPoi~i~ !~ac~iOn ~,~s ~m~ ch:: )LL): i'i 

pool. .... • 7 ': ~ ~ @%,'~":,"~ ~: ~ ~: ~ 

a small ~fillet :at ~the upstream ;en~ ~of i~.the ii!pe~i%(ar~d ~a ¢ie~tate~ ~s'~l~i~!~/~i~ 

t o  ~be , , w o r k e d  ,: out "in ~i~}i~u~g'e-d, - :~ 

!to ,the terrain. 

Gate ~Transition ~:Stu( %. 

;The or:~g~r 

~.'.4 ~ .~ 

• "& 

. . . . . . . . . . . .  ~ ~ ~:.~ : ..... ..~ . ~ -i I ~. -. 
gate ,openings. :< .i.: ~ ~ ~. . 

~Late~% -.:as: a, re sult 7of ~the.-!xtork Cdoneiii~bn .~otl~er .~spi~l~:v~.. yi~ .: ~ :~i~i~.:J~_-~i " 

models, -~it~vms decided to further impr~o,ve ~the af~lo~qccondi~it~s;~th~ ~- ...... 7 --~ 

the transition amd dovm ~the ,chute !by ~causing an~h~draulic ~jump %o~ 

-12- 
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form immediate ly: be low the ~!gate s. /dTho ~ model'vms ~ ~itored tto :~a <de sicn 

similar :-to' 

g 

various trs~ 

of the sill 

depressed f] 

T~, 

6 + 9 5 , 7 .  lower 

tests. A,  slightly d i f f e r o n t . . ~ d e s i g n . ~ . w h i c h  , ,Tas:~/sug~st4d, i i ( ,  

~'ms also tried, andLfound-~ito~reqUir6,,/ai:~Eroate.r: hoa~d:~,0n<th'~"~- ~ 

pro .v ioUs  desig :" maximum discharge t h a n .  .! m _ . .  , .?  
• , • " • • . . ,  - 4 , 

" 7  , 

commended design .. ~ ..., 

the restoration of'the~Teverso,~curvo 

inal ly recommend od, (~dottod ;:in::Fig. ?i 14~C )~i.gre~;tl~.:i . [mPr6vd~':~t~e 

c o n d i t  i on s .: a t  , 1 ow . d i  s c h a r g  o s / ( P l a t o  ,'.XI I I )?'.: i~":i':: i >I 

The .~ e s s e n t i a l  requirements,:.for,!,a,:satisfact0ry.~j~p,~bei0w/:, " 

the gates are : that ',:the~po01i'have ~-sufficiont ~leng 

jump at all flows; that:~the height oftthobstep, ~t]~e?:eleva~icni'of i?!! 

the stop, and the c ntractloncln:,.:cross :secticn,~are .so:r61atod~;and~'ii~/ :: 
2 • " " 

dimensioned as ~to croato~a~ sufficient backa'mtor,::depth~toiiform~a:',//!: :~ 

jump at 'all discharges. 

"The flow a c co icrate s tthrough !critical :~to := shoot ing ~ ve Iocity 

in the gate section. It ~.thcn,,goes tthrough~ a jump.:.and-:flOws - ~. ' - .... _ ~ out ,..of 

the transition section 'at .streaming ; (sub-critical) .velocity. '!TheIi, 

after entering the finalchute ~:so=tion, it acc01eratos and again 

passes through critical velocity to shooting flow. ~The chicf21ossos 

.'13- 
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from pond iovcl to chute are tho loss through i~ho pi, ors, 

t h e  J u m p ,  a n d  t h e  lO~S~  , d U O ~ , ~ ~ ' o ~ c h a n g o ~ n " - s 0 o t i o n  ~ i n  O n ~ o r i n g  t l ~ o i ~ L  ~ ,  '~ 

chuto. 'i. ~ ! ' ~" ~'~ ' " ' ~!'~'~ ' ~ '~  

s ecti on showed it to ~ e ac ~o~ai~ 

,:~oro L is the,not gate openly-, 

above the gate sill. 

against disehargo, Q, 

S 

" ~~ ~ ~ 11 ~ 

L 

" L  

. ~ L ;  ~ - -  

~i i;~ ~ ~!~i~ ~ i ii~i~!~ i ~ i J~ii~ ~~ ~ 

: ~ r . 
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• " °  

r !  

• - ,  . j 

from pond level to 'ohute :at ~s :,:im 

.the Jump, and ~he .~loss duo 

ohuto.o :~ 

Discharge throush ~atos i. -, 
- . / . 

section ~showed it to 

v.~oro .iL ~is ".~;ho 'not ;igc 
.u 

above the gate .s'il,l.. 

against discharge, Q, 

; .~'~,~ ~.]~ 

• i , ' i  ' -  

J-:,, 

, ' :' 5 .  :. :. :.. i! : : . :  

. • = [  - . 

, , . - .  . .  , 

- 1 4 -  



Q 

# 

~18 

17 

:16 
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~ : 15 

.' '{ :': ,:.,~" : . - . 

. . . . . .  ~ - .  ~ . . . . . .  
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£ : ) 1 4  

" 1 "  

1 2  J i " 

, :6000 

• _ ~' ,. . ,, ~ : ~ ,  

::: :: :: ;L:,: '~:i~:: ~i 

j ~  

, ' 1 

7, '~000 Y:/~:,., ':!. :~ ,8000;  

/ 

Q= 2 :~4 :1 . .H~ :5o  
Q = dischar .ge ~ in ,:c.~!f:-s. 

:::U:i:ii} 

....... , ,, r .. ..... L: : :'";, 

L:= ,Net  ~length ~of, ipier: ,  
o pen!ngs=~:51: : i  

H ,= D e p t h  O f  i l R e s e r v o i r  ::i " 
over ,~gate ~S"" 

W= Total  :,Width ,:.Of ~.gote - ' " :  ~! 
ct ion ~5!5 .... : ,  : :i!ii:~ 

L = P e r c e n t a g e  opening = . :92~ 
| I i ml II " ,,, 

~ I D I C P A R T  M E N T  ~ O F ' ~ T I - I I E .  I II N ~ E  R I O R  : .  
" : i . B U R I ~ A U ~ O F  ~ R £ C L ' A M A T I O N  - .- 1 ! 

: L O G I ) I [ N  ~ : R I V E R  F P R O Q J E C T  _ i 

: H Y D R A U L I , C  i M O D E L  ~STU_DIES i ': 
~P, I N E M L E W  ~!SP I L L ; W A - f f  

! 

I. . ,, . .:FIG. 15 ~ lo~v~n.co~.Ju,,~ 6.,~,:lZZ6-1:H-~ !1 
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APPENDIX , ,A .. 

o F  ' . . . ,  " " , 
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@ 

@ 

@ 

TEST 
~ER 

12-PV-I 

13-PV-I 

14-PV-I 
15-PV-I 

16-PV-I 
17-PV-I 
18-PV-I 
19- PV- I 

20-FV-I 

2 0 - P V - 3  
2 0 - F V - 4  
2 0 - P V - 5  

2 1 - P V - 1  

22-PV-I 

23-FV-I 

24-FV-I 

2 5 - P V - 1  

DISCHARGE POOL 

9910 

9 9 1 0  

9910 
I0000 

SETUP _ RE~'~RKS 
• . .. • . 

B-I Bare pool / ~ (!Very turbul¢ over 
" • sides. 

B-I Bare pool. /Entrance from : F10w more symmdtr, ic~l d~'m 
Reservoir rovisdd. ' :::,.:_ Chute than~i.12-PV-l:• : 

B-I Apron H,8.5'; L,16.5'1 T,27;'standing v~vo initailraco. 
0 B-I Flat fillet L,16.5';Slopo :Tailrace very r ugh, lifl°w 

.;i" f / /  

9 9 5 0  

9 9 6 0  

9 9 6 0  

9 9 9 0  

9 9 9 0  

-~" ~" " " - IL :" and fillets: H ~is he~.ght, 
is .length extending dovm- 
stream~fromR,P., T iS.dis- - ' .... 
tance of tangent point Up- 
stroomt/from R.P. (m0asurcd 
along/slop0'. ) 

B-1 Flat apron~H, 8.5'!;L, i6.5! ;:Flew ver~ 
B-1 Flat apronH, 8.5'4L,0 
B-2 Bare pool . 
B'2 Flat apron H, 8.5';L;16' 

B-3 Flat apron H,8.5';L,16. ,~ iraco, 
: b ,  

,0  

5780  
7 2 0 0  
8400  

B-3 Smnc as 20,PV-1) 
B-3 Same as 20-PV-I) 
B-5 Same as 20-FV-l~) :~ t o :  s u .  f a c e  e f : : p o o l .  

9 9 6 0  

I0000 

9930  

B-3 Bare pool ~ slops 
~, , . ... - , -  Iont!y , 

B-3 Flat apron H,6.0' ;L,:16.5'. ' )"Flow~q{iito~.turbuiO ~t bu%:/:!i 

B-3 Curved apron H , 5 . 7 5 ! ~ ; ,  
L, 3.0'; T,15.5' 

Bettor~than:anyprevious 
.run; jump-fairly quiet. 

9 9 6 0  

9 9 9 0  

B-3 Curved apron H,4.5'; 
L, 6.25'; T,12.0' 

B-3 Curved apron H,7.0'; 
L,2.0'; T,17.0' 

Conditions in pool and tail - 
race very good; no splash• 

Pool net as quiet as tests 
23 ~ 24 but better than 20; 
pool too short for height of 
apron• 

-15- 



TEST 
EUJMBER 

12-PV-I 

13-PV-I 

14- PV- 1 
15-PV-1 

, | , ,  

DISCHARGE iP00L 

~APPENDIX ~A 
. - / "  - : / ~ i  "~ >"i:! ".. . . ~  ~ " . "  .... ~ " . ::. , ~ 

~LOG"OF ~P.INE :VIEW ,TESTS .... , ~ . . : .. 

- - #  

" : S E T U P  '~.~ " "  ' ' = ?  ..... < "  : ~ . ' '  - . . . .  ! 

,9910 

9910 

9910 
i0000 

16-PV-I 
17-PV-I 
18-PV-I 
19-PV-I 

20-PV-I 

20-PV.3 
20-PV-4 
20-PV-5 

21-PV-I 

22-PV-1 

23-PV-1 

2 4 - P V -  I 

25-PV-1 

B-I .iBar 

B - 1  Bax 
~Ro~ 

B - 1  ~p~ 
B ' I  ~FI~ 

3 -.~i 
,' a D . c  

:st~ 
~ta~ 
.,st~ 

9 9 5 0  

9 9 6 0  

9 9 6 0  

9 9 9 0  

9 9 9 0  

~5780 
.7200 
8400 

9960 

10000 

9 9 3 0  

9 9 6 0  

9990 

B"I 
B-I 
~B-2 
B-2 

al, 
!FIa~ ~r ..................................... 
Elatapr 
.Bare,poe 
Flat~apz 

B'3 

B -  3 .  

B-3 
B-3 

B '3  

B-3 

B-3 

B '3  

B-3 

-'.i •, 

~Flat apz 

Same a s  ~20,P,W:I ~) • 

!.Same ~as 20-PV.:i',) 
Same,  a s . ,20~P~.:! , )  '-:.~: ' ~ '  

~Baro. p o ol : 

!Fiat ~apr on 5Hi6.. 0 '.i; L'2!16,5 ' 
4! 

' . , . :  . <.'.;~ i~,- :/  7 " -~  ~ . ' . , J " : T ~ L ~ : / :  ~ '~v  ~:,'" " 

~Cur~ed a p r o n  ,H; 5,:..75'.:; . B:o{~er!ii%han~an):;pro~ioUS}!:) ::: i"i-: 
: , o , O L  ; , . : _ , _ _ 5 . . 5  . . _ . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . ...... . .  

. Curved .apron :H,:-4,5,:; -~Cond~tions ~mn: :pool :and' ,{a.l'l- 
L, 6125., . T '  12.;O ' -race -.~0ry'~good.; ino . Splash. 

Curved,apron ;H;7~.O!.; ~Pool not as ~quic.t~as .?.t.ests ~ .: 
L;Z .O '  ; T, -17.0 '  23 & :24 : b u t i b o . t t e r - . t h a n  .20.; 

pool too .short fo r height of 

-apron. 

- 1 5 -  



TEST 
NUMBER 

DISCHARGEP00L 

..• . . .  ( ' ;  - .  • ~:. .:..• :• I . :  •. -i 

,APPENDIX ;A 

LOG OF~PI E TS ~'( ' " "  -o--.? 

;...~,.:/.<,,.~:. ,. "_~:..!.... ~-~:...:~:'.-!. '~i:.~,-. • , ,.. ! .  ~." "..:._,L~.!,..~. - . : 
, , -- , 

~i ..... i:•)ii/: j ~SETUP .' ? . .  ' : :: ~. 
} 

. , ~ : ,  _ . . l . ' : . . : . :  ~ . .  ~, - : ' . : . " ) . . .  ~ . -,?. 

2 6 - P V - 1  

2 7 - ~ f - 1  

2 8 " P V - 1  

2 9 - P V - 1  

30-PV- i 

9 9 0 0  

9 9 2 0  

' 9 9 2 0  

9 9 2 0  

9 9 6 0  

C-'l Curvod':apron~H#5~,75'~;, '-,': 
L,2.5 '!; -T, 

0-I C~r,vedil apt. 
.~ L,.I!I~75':,;IT,~14~O' , ? : 

L£!Ii.15.':; T,'?I5.0.'. • 

~:: :~ :ii•~i':•,i! !i!•::/ ~ ~•: 

C-i Curvo d apr oniE; 7~;o,~; .0ugh and :-~foamF.; 
• : :. ,.. . , it S~::al.ongli :tho , L,~IO.O ,, .T,16.,0 .. 

, :o  , , -  " C~2 Cur~o'd'apronH 61 ,:; :: . '.. ~Bd.~tor ~b~-.obser.vatmon ;,than 

3 1 - P V - 1  

32-PV- 3 

33-PV-I 

34-PV- i 

3 4 - P V - 2  

9 9 5 0  

i0110 

lO000 

I0110 

10060 

C-3 

D 

D 

D 

Curvo d • apr on :H. 
T~,22.0'.; ~Sand :1 

Scune as . o 2 - . t ~ V ' ~ .  
- " . ., ~•~i~em-oVed ~tO o b t = i n ,  e l o v a t i o n  

• " o f ' ~ t a i : l v ~ t o r ~ a %  , , W H i c h  . : j u m p  

Apron samo as 132~P.V-3 ' 
• Plain ~.triangular :sill .a.t ~ ond 
.of :poOl. Sand ',El..4790. ~ 

-~.v6ry fo~m.y~-and-splashos :o.vor :~:~ 

:Sides. - . .~_ • .... 

Sm~o. as 34-~V-,i oxcoptfor ~Flo w !10oks ~ory~gg~0d:; .v~ter ' 
.~'~rpod v~ll at end "of •pool.. sp:lashes~"ovcr ?sid6s~a ?l:ittlo ~ 

but is ~U~.to ~smo0.th :at ond 
of ~ilr~oo' " 

-16- 



O • 

q 

~R DISCHARGEPOOL 

"4 9780 D 

r..5 9780 D 

- . 6  5030 D 

- 7  2640 D 

;APPENDIX ,?A 

LOG 

::SETUP 

Same as,"39-'I:~-'2. 

Same as I~39-;PV-2 ~.exe 
that sill .v~s :'remov, 

Same ~as 39,PV-~ 

S a m e  ' a s .  3 9 - P V - 2 .  . . . . .  

J .  . . .  • : •  . • , . • • ,  

, c o , ,  r 

-8 9 9 6 0  D Same as ,39-FV-2 ~ except L~ Lo ok s.*~ b e tie r,~~!~i:h&nL jilBng e r if@i~I 
that false bottom :slopes ~:bCttom :~but!n6~£as ~!Eood !:asi~!no 
from chute at EI,'4792 ~'f~ise/[bottom at~:a.l:l., ~:;.~ !... ::~- 
t o  S t a .  8 ÷ 9 9 .  . . ,  ~. ~,~:"-~ ! ~ . - ~ " ' . i  ' " / • ,~, 

-i i0000 Velocity measurements ~at !l~ver~:end (Of,;chute,~::"',,": ~'; - "" .... 

-i 9 9 6 0  D Same , .as . 4 2 - P V - 1  '~'rith . i'~ii~ :~ ~:i., -"i . ~ !:;":: i. 
fillet removed, 

" C 

- 1 8 -  



. , . .  , ~  : . .  , • . , , - 

0 
APPENDIX ;A ,. : ...... ,_ 

i ~' ,, 

:LOG"OF~~INE VIEW 'I'ESTS ;(Cent;'), " ' " 

TEST DIS- ' . . . . . .  " '  . . . . .  ....... - . ~ : " ; ,  ' : , ' i i ' i J , , -  

44-PV-I 

45-PV-I, 
2,3,4,5, 

&6. 

46-FV-I, 
2,3,4, 
&5. 

,. 

47-PV-I, 
2,3,4, 
& 5. 

48"PV-I, 
2,3,4, 
& 5. 

49-PV-I, 
2,3,4, 
& 5. 

50-PV-I, 
2,3,4,5, 

&6. 

51-PV-I, 
2,3,4,5, 

& 6 .  

52-PV-I, 
2,3,4, 
&5. 

53~PV-I, 
&2 • 

i0000 

2000 

~iO000 

2000 

i0000 

2000 

I0000 

2000 

iO000 

2000 

10060 

7000 

9990 

6 0 8 0  

~IO060 

1970 

~.In these runs~at~ 
the upper" end ~o'f, 
just ~ below!the <gates ~:" 

Abrupt dr op, at ,~dovmst~ 
of p i e r s  and~ilong~vm.r 1 
.~'of :section. 

S i m i l a r  ' t o  ";45~PV-1 ; ,,~drop ~:move'd 
• upstream;, from :: lov~r end :of " 
piers • 

S i m i  l a r  ;,t o ~.46- PV- 1 1 m'i :?is i iEo o ~ t ~ i : n o  )c~. a s 
composed ::of v~rp:and~:smooth : i !:go6d~:as:~:previous !test ~due 

,curve. ' , ;  >~, , % t O ~ t h o ~ - c o n s % r u c t i o n , : o f i t h e  ' :  
~tranSition. /;%"i , 

, i  ¸ • . part, i t  

, Similar to,;46 ~-PV -~ 1 ;~ strai 
~line ~ trans it ion. 

~; : ~ i t i 6 n ~ a B ' o u t " ~ . t h e  ~,same ;;.as, 
; e÷ious i lte Sts . ;  . . . . . . .  

Curved :idrbp upstream~from 
Llov~r end~iof piers; :short pool ~ 
vrith ~vertic,~l~sides;:.:,and~short : . . . .  i ' : ~ ' ~ ' -  ~:- _~i 

iTests for [pond ~;elevations. 
i: Pond elevatio n all irigh t, 

• :Approach conditions ::are 
:still~:bad; ~ causing unsym- 
metrical :flow; jump at end 
: : ~ o f l p i e z s .  

.~ 

Curved ;drop as ~in~50-RV~l 

;:~short pool ~with full ilength 
vtarp ° 

; Same ~as !ISI-PV-I. 

9990 
1970  

• Same:as 51-PV-I ;except Logee 
drop in place :of~cumved. 

i Flow s light ly unsymmetrical; 
~jump about end of piers. 

-'19- 
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TEST 
NUMBER DISCHARGE POOL 

54-PV-I 10020 E 

55-PV-I i0000 E 

56-PV-I 10020 E 

57-PV-I 8000 E 

5 7 - 1 W - 2  6000 +E 

57-PVJ3 4000 E 

57-PV-4 2030 E 

58-PV~I i0000 E 

J r  

•  :00:oF  + +++ 

~SETUP ,. ++ •++ ++.++- L . ~, :+.+ . . . . . .  + . . . .  + ++REP&4RKS -,+.+..<+++++., +++;+;++ .++ ,+. 
; +  + u h  + . • • , ~  • 

Flat fillet ~ L ; ~ 2 3  +0 ':+ 
3 : I; ~ Rehbock +:S ill ;!5 ' 
sand Slopes ++2. I :+fr 
of~ sill +to E1,4807 
rmll on +~ one. side, + 
Tall on+ other~.~ " ~r~ " :. FINA5 ~IDES IGN . . . .  " 

Same +• as + 54"PV- I :, except .+ 
diffusion sill +used +in 
place of Rehbock ::sill. 

Same; as 54-PV410 except ~ -:+? 

modifie'd :diffus-ion:.:sfll- .. 

sill. 

Same as 54++F¢~1. 

i + , + 

Same+ as 54-PV-I. 

Same as. 540 PV.i. 

i , , S a m o ,  as 54.PV, I. 

Same as S4,~.I oxeep~ 
+that oxisting!protot~po 
rriver bed ~s shaped 
in sand bed. 

+ 

~CLooks imliar ss=Pv "m~ 

- . ~  - j  . < - 

~in++ - .+ +i.++ 

mi-,.+ ? +:+ :: if+++ 

" " :'Jump }~ra.ctica!lY!submergod;: ? i:: :,;!' 
~mter ?in :po01( mid ,tailrace 

. v o r y  / q u i o  t ;  ~ n o  : : . m o v e m c n t  : o  f 

m~terial. 

RiP-rap~eroded s lightly;, 
not tauch sand erosion. 

T a i h ~ t o r  h o l d  u p  + b y  h i g h  

tailv~y. 

! 
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