
~. '. ~e~hsioaX Librat~ 

~',~/ Bureau. of Reolaaation 
~Denver, Colo:~l~ 

rl 

@ 

-M- 

.M- 

.M- 

.-'.4- 

.M- 

.M- 

@ 

UNi~ STATES * 
D~PARTM~NT ~/TH~ .~NTERIOR,~ 
BUREAU OF-'RECLAMATION 

HYDRAULIC ~LABORATORYREPORTNO. :~66 

m "W. m 

Hydraulic model stu~es for ~the des±gn~of 
sluice entrances for ,Grand Coulee Dam 

L. Reid 

Denver, .Colorado 

September 15, 1:)39, 

L . t ~ -  

@ 

@ 

t1" " 

1 

/ 

Techm~aal~Library 
Buronu,ofReolamati: 

De~zJ C01orade 



/",<7:17 

J 

UN'~T FD ;:,R~,ATFS 

'B U RF~ U .:0F..I R ~cCUA ~tAT.~ ON . . . .  

Branch of !Desi~n and ,Constru ;~i, on i;~abors'~i 

:~f','!:L,. !'~ ' ':<~ ?~", .'.'i -<7 7~!'; 

. < 

• " :. ,,,.~.,~o~,a~ ~ . " 

.171 
, J e ,  

Denver, Colorado " 
Sentember Y5, '19q9 _ ;R~..v~.eweB. .. . . ~bv:'.. .~D,. .~.. iHeber%.. : 

'!Sub'jeer: "forHyarR":]i'Gr~n~1° ao~loou~,e.;Dem.:-~ua'ios ;for :t-he. ;i~es~. O'f ~g~u~;ce. - .. ant:fences : ILI: 

, = 

7.- 

SU",,I',T~;RY . .." . . . ' " 

,A bel'Imouth ent renc~. ' ~ s  ~ev~ope~ ,Wh~.ch i ; t  .:l:s ~be!ieV~d"i~/i~II 
comniet~ly 'e!im~In,~'te ~'th~ -~snger :'of +ca.v~:~ieitiOn.. '~hi's :en~6~nce." ;~".s :;;: 

mouth is 0.509 ,a~d:~the c'ontractlon OX~ODI, ~n o.r~r i::! jiil 
ii ~ to ] esBen ~hp '~tenaencv for ~ower~d oressu~esie~on~:~the inner rm~ius 
/!:~ i;. ~ • of the ,~elbo~ 'i~ ,:con~r, glng ,~Ibow ~immed~stely .dO',~nst'eea~ "f~rom 'the " " ' "!~,!ii :~:ii~i 

• ent fence ":i s ,r-.comm~nd~d.. ~,T,he ".:des:~.r~b ~, .<,:~i 

' : . :  . - o u e s t ~ o n ~ b l e  ,an(~ ~ f u r ~ h ~ r  : s t ud i o :as  :a : re- "~  _ • " '~ 

o~ e t  o f  ~ 1 9 3 7 ,  " - "" 

.. :Puruo,~e Of Studies. : .. . " " 

s re ~one  'to cSV.i~'a'.to ~'a~eSs.,. ,the ~oroDer..D,.>., ~ce'.It~on~....ar. :~o ,~ ,,. ~ .o  : ~/,.. ~ 
i/7;/ ;~.n.~ure 'e R~"-" n ~ t  : i t .  !-by n r ~ p R ~  , ~ e s i  ~ n .  :.. ~,81.nce ¢,.h~ " ..:- : 

cci~"ste '~esi-~n in format~bn if o f  %his 6i)-no~e~i 
• . con~ .uc%ed  . t o  ..~u,~61~ ± M ~ .  ~ . n e e d ,  " ' " 

• , ,  ; i .  . 

'~ ~1i~:Ie th~se i~tud~o~.:a:re ..concerned :spec~:fica~.y wj~,h Gt~Bnd 
~. Coulee FDem, it iis .~.vo~ct.e~ tba't ~he" resu~l~,s , ~ ' 

the ~,enet~ case.. _ [.!:, ..~":i ~ 

~ ~ . x o ~ i m ~ n t ~ , l  ~ A 0 o e ~ r s t u s  : : .  " .... --':::.ii' i : .  / :  :! ii:~.:~:-. 

T h ~  .objectJ:~ ~. .set"",-~..~:s ~,he~.t i t . he  . D r e s s u . ~ s : , s ~ o n ~ . ~ h e .  t s u r f a c e  .:0f' ~, . . : :  
i: -~he ciecul.e.r sluice ,en t,~..nce ;s.hlou'I4 ~not ;~zI,!: "belo<': :atmo~he:ci¢ under --~:.. 
,ii ~, the ~ost sev~ ooer..et<ing:.6on~.d~t~ions:. :'In .o.-.der:.~O:~Ccomollsh ~his 

objectd=e .:it ~.8. = :n~cess~ r~ :to .~now :the ;exact .sba r,e .of ,e ;Jet ~iSsu~.ng 
m '  s h~ rn-ed ~ ,  , o ,"if~ 5e;. " " 

:;;.:i:'_.:7,L- :' C: i- " ' HSX'J n { insfm~led ~ l'P.-:~:nch .. 9tlmo.i{e~ o~.blp o C d~l~ ve:~j.ng the .~L~ 
.n~cesse.~-., :8~ ~ch~. r~e over .8 -,iae ~-~n_~e,,, of -h,ads, J..t ~8 ? -.noc~.ss~.ry ..... _~ 

~< ' ,  . 7 : -  ' • , ,, 

7 ' , ; [  + !  L • 
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% n , e o n s t + ~ , c %  a ~ r e s s u r +  , ;8 .uk . .which wOU~ ,., 0 + , , . -  ' +  . :  . . . .  ". . 
the sl u~ ee entrm ne~ ~n +n m.nner ,+8s. :ne~,>,r:ly ,~s~mi&e r :to :oro~-o~o ,. ; 
eonSiti~ons as n÷~ ctlcsbl~. +,Aceor+d'imgl~+,. B.,cvlsnd:r~,:ca~ %ank '~ :feet : 
in ~diameter end .5 :Ce.~t ],ong wss enngt-ucte¢l. : 

'The w s t ~ r  e n t e r e d  . t  ,'one++~+nd 0 r  +'+~h~.s ,t.:tlk, ~f~hr~gh~a":ser~eS O+,£::,, 
eonc~.ntrie di st r.i ~ut+in~..+ con~'s:i ~.#+ssea "mbrou+h + ', .~.s+ec±~+m~::+onsb+m,~ 

t h e n c e  o u t  ~t h r o u  Eh t h e o r+£f ice: :+~n '~h~ i+::0 ~po s£t+e :,;:2jnd ::of .:~.he: %:a~d~,.. ~ 

/As ~he Grand :Coul~e is]u' , t~,~s ' ~,;re .'to ;:be ~:C~r.C d: 
the Orifice w~,s ,mr~,e Ci-rcu]:~.r.. ,l~.+,~s :m~ae-of"beess :and s,~t"'<~in ;~ 
£1ost',$n~. steel nl~te .which ~as "dbsip~ied.,Ito ~rema,4 ne_ 
r e g r - , r d ~ , e s s  of b u l g i n g  o f  : t h e  t a n k  h e e d  "~ue ~to h~ s.. 

'i nsi de .+~he ::t.nk • :. - - 

,In 0r~er to-de,, e...hine t,h~ shP.oe ~of' ~he ~ et. :i.ssuimg ,fr6m J~he. 
_ . " . . . .  ~.= _ _ ,  . , _ L  . . - a  +~e  :oo.~~%ion o f  . the . , , ven~ : icont i r~e . ' " "  

• L .  +[. L "  

" ,  • 

+ . ?  

+ ,-ii 

the di~henee ,'8]onR theiBxis ~to on~ ithoussnc ...... 
;arc .aro~D~ :the circum£er~'nce ~or Shy sect:i6n .+in ~egrees+. / '  :':i I :" ' ! - .  : 

through :Zhe entitle ~test .:B':o8 rstus is mhown .in !~i.P=~e .'i. 

'Test Pt~rS'm_ " " " r " 

The first ~tests consist-d of moasurements+~o~ ~,tbe ~et.~r.om s 
• 9-inch .she ~D-e•dge~ oPi'•fiee ;ruder ,.ve:r~ o.us }hob 

, o f , e . v B i & e ~ & e  :hea~s  d s  ,shown on F i £ ~ r e g & ; . "  . , T . h e , ; # o m ~ l e t e  i t ~ s ~  .aP~a :: :: 

+ere shm:m on ,Fi:m.~re P,. 

The. cont;~ ct~-on 'Cactor., of . . . . .  I o  ,of .~he~:si~eB - 
+n£ ~,the ~t1{:m'i ~ s~ot:ion .to .the ".:as ~f0und,?,~o ~be " 

' 0 .598 .  'T, his ~3 nr~ !i~ clos~ ~t i'~1~ch ~m/S u, '~/ i : '  : 
~bv +nrofi=ssor ,Ob~s, ,  :tie rri, s ~in -some +work ,,on ~or.: i~icel~ +:9~rlf~irmed +e.t+ the 

: + " 3  " + " " . . . .  "+ " • : [[ " 

,ent . rane~- - . l iZh: .  , r~d i~s  so££..~,e~.ent ~o r e d u c e d t . h e m . e e  m 7  
. + £ ~c0n+~.ct~n+ . t h e , . + ! J e  t ~bou~d 'ib.e +;~Ccom~ the r~&~o ~.61 :-' :the nrob ~m c 

+.+3 . . . . . .  i s h e d ,  q u i t e  s~mol+E, - T ~  s ,  d e P i g n  ~<~,S +~ried +but.:".:BttbVed+ . . . .  L~_ -+ __+'+t° ~.+^!ide/, +:•iii ..I :+ :̀ - 

• >+, 

L 

.o , /, "' 

wp s -abe ndonod. i. • " ' 

~ormer ,test:s -+at the:.:FO~t ,Col]ins ".,iSbO~torv".hed -shown :that 

.+r.~1 :el~l:i ~tlcsl +~.~,ofil~ d efine~ ~bv ~tho :eo.uP.ti on 

,in the ~sl,a~ce ,entrance gave cromir, ing :r~sults. +Th~s moOpl which 
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/ 
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had b~en t~te~ at mort Co~.lin~z ,vss th~.n ~nStalled ,sod tesh.~ " " 
under h~.b heeds. ~l~g~;t~,,~ nressurmS w@Fe lmeas,ire~ [nmsr the begfln- 
nS,ng of the entrnnce. Uoon ~xsmine%ion of %;he model built ~.t Fort 
Collins it ~s obs~rv~ that t'he,elllo;~cal pr0file dldnot end 

• ~ ~ tangent to ,h~ _~ce of +the Or+~f~tce...A new entt'ance :(called ~-fiodel 
~) b:~llt ~.ccordlng to tb~ sa~,~ eq~1~t~0n , s~tisfi~d t;he)c0nd~tlon 
o'f tang~nc~. -T~sts showe~ thfls ~ntr~,nce %0 ~be no :~moroveme.n~ov~r 
% e ~orm~r on, [~s.~e Ffi~.t, re 5):~ 

~nde] ',.~" .~s the:' ,sed in+conn+ctfion ".it h v~r~ous elbo.vs 
which wou].d turn tb~ '-,stor th.ough '~m de~,r~es ~2 mint~tes. This was 
necessary because the face of th~ dam has ~ slope Of O.15 and the 
axis o~ the s]ulce .nt-~nce :~s set normml %o th~s f~ce. Two elbows '::'~ 
were t~sted, one with s r~d~us of?AD ~nd one :w/th a redi~s of :~ 
q.?70D, the former c~lle~ %he ,short r~dius ~e~bow, the latter ~csll!ed +17:+!i+ 
the l onv radius 41bow ('see!F~gure ~). 

The •tests on these t.~'o =]bo~.s showed ~th~% a ne~tlve pressure 
nxizted slon~, the inn-r sur~,ce of the ~bend which w~,s caused by the " 
cent .-I fugsl ~ctJon,of tb~ water Dss~n~ a ro.nd thebend:. The 
megnltude;~ of' thls~decre~.~e ~n pressure at the inner ro4!us as•we]i . 
• 8.s t~, excess of Dress.re st the o~ter rad~ss i:s shov.~!~on::F~gure 6, : 
It c~n b~. s=en that the dtawdow~ ~of nr~-~--,,-~ ~==~ ~=~s J•n ÷,he long 
radius elbow. 

Since it v,~s d~cfld~d to neglect the back ,qre~:'sure whlch v,'ou]d 
be ~resent in the n~n%,ot~.'n= d,,]e to frictional loss in the 9iDa 
beyond +he ent-rnce, to.. arrangements te~t~d un to t-his noint can 
be classfified es unzstisf~ctorv. 

~t 8,nne~r~d that the surest way to scco~n_!sh :a condition 
of 6osi%ive nr~ss,1-~- +,hron_=,hout %he s].~u~ce ~ent.rnnce and el,bow 
-~s to s.t '~-~ ~ ~o~Jt~v~ nr~ssur~ g~Jent ~by~co~ergSn~ith~ con- - " 
du~t through th~ elbow in th~ d~rect~on,of flow. 'This m~%hod bf "" 
8ttack necess~tPted s ,~Idenin~ of %he 0nenJn~ in ihe:ol~ne 0f the =i 
~ece of. the dam. In ~. confer~.nce with the mechanicai~s%ct~ion-it 
• ~s foun~ uer~ss~hl~ %,o ~ucreese the d~ameter ,~'~om l~ ,inches to 
i~8 inches (orototvne). From th~s diameter the inew ~ntranc~ called , 

~odel "F" was formed hv revo~,vln~• " " . th~ e]linse XP + Z2 1 J .I~I 

which glv~s st ~verV ooint s slightly sm~ller diameter %:han the ' : 
m~asured orof~l~ of the :Jet, .ntil %:he ho~izont~l tangent Is ~reach~.d i 
~(see Figure 3(b ~.). The ratio 6f the area of the jet %,he ~Inal 
diameter of !OA inch~ (PrototYPe) to ~ the ares of the Orifice v,ss ::i 
made ,equal to 0.590 ss ege~n.o/c 0.598 for %he free Je,t. T:he ,decrease 
~om th~s dlemeter to the f~nsl d~am-ter of I~2 inches was ~.ccon- ~ii 
,nl:~shed •by ~.ens .of .~. conv~r~InE e]bo,,. In order %o retain •the 
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:Ini.t~s~ lengtb~ of th~ seCf;~on of steel %~n~rs, ~Z% -,as n~cessa~,: 
' t o  ~ n ~ - t  ~ ~ h o - t  t a n ~ , ~ n t  ~ . ~ n g t h  ~b~t,,ve~n the :  d i a c h e r g ~ -  en.~ ~ o f ~ t h  ~ .... 
e l ! ~ n t i c ~ l  ~ n f ; ~ s n c ~  a n ~  ~t.he ~ b ~ g ~ n n ~ n g  o f  t h ~  e ~ l b o w .  /A : s h o r t  l ~ , n g t h  
,of 'nen~zon+,~l n~n ~ wes ebt.~ch~d to the on~ of the converging ,~2.bo~: 
,~o +..bet ~nv %onr~oncv oP the r~.d~ce~ .~r~s~nr~ To .'carry fhrongh it'h~ 

° , ~ h i  • T h ~  t ~ , ~ t . - r ~ s n l t ~  ~o r  ~, c o m b i n e r , i o n  .~ r~  ,sho~m ,on : F i g n e e  :5.. 
~t i~ ~v~d~nt ~ro~ th~ C~gnr= that no infest:ire are ~'''"~¢ ~xi,~t 
nn¢~.r n head n~lS°~ ?~et m09=3.. T h~s:h~d is'more ~th~n ,the~bea~ 
co~resDnnding to ~55 feet in the orotot~roe. Under :e h~.sd.Of 65 
feet ,nod~.l (nee Figur~ 7~, a :neg~.t'ive pressure ~s .vet ,In ~ahow'±ng: 
%~hst -;~th no b~ck nressure i~t ~on!d:~be mossib.%e, 'in.'~T]he ,grOte#,vnel, 
-to set nn ~ n~gative ore=sl~re in the~elbow ~by •running the ~heed iup 

to ~O0 feet or more,. 

A o~c~ nf n~o~ of sn~f.icient l~n.~Sh ~to ~insu~e ~n 8nor~c~bble 
fr~ct~nn~l vesistrnc~ was attachedto f~h~%end of-the :setup in order 

-%0 obs"rve tb¢-  e~fect 0C "bsck-nressure .on +~he~:nr~su~. . .  , . . . .  : con~.~t'~ons 
~n th~ -ntr~mce. It ceil '.b~ seen ((Figure 7) that '.i the oressure st 
snv ooint ~n th~-entr~nce is ~ra~sed 'b7¢ ~the amount . o f  the 'bsck- 
nressnre. It w~!'l he not.ed~, ~hs'h •even et the di.stonted besS.of 

non ~ntirelY nosi ~t~ive- 65 T~et in the ~o~el +he oressnr~s s.e • •: . . . .  

Since t,b~ effect of hack--oressnre has-no~, been est~bTJ-shod., 
th~ frict:~ onr] loss -co~m~f,~ ,<or 't~he ,'.~rototv~e ,can be ~apnlied ~to 
the mod~l nressnres .,ehich h~ve been scai~4 ~o.:to DFotot'r~>e d]m~nsi~ns.. 

Botto~ Sluice 

The. sluice d o ~ n s t r e e m  ~ r o m  t h e  entrenc~ ,'and ,converging ~Ibow 
~e s ~el linod conduit, ~hich includes t,~o ~, con , - - i . ~ t s  o f  , :43.5  f e e t  ~ : . t . , .  - . .. . 

ring-fOl lo~'er gates, follo~-ed 'by ,'62~;79 ::feet ~or st.,raight concrete ~, 
' _ . . . . . .  - . =  - x - - - i ' . ~ . .  + ^  ÷ ' ~  ,.-~.,m.~n],m ' ', 

• ~C.~ 

j .  

J 

-'~a.x/ml~m heed,~ster .elevatlon !P90 -feet 
~in~mum te.ll--'~ter ~l~vat~on 9~5 ,eet 
Mex~mnm difference in head = '455 f~e~ 

T o t a l  ~ r ~ m 1 - ~  d r o , ~  i s  cnm.- .ut . , '~  , a s  fo!%o:',s~: 

+ + o . 0 o 6  x ]] .~n~VP/2g 

l.~@VP'/Pg = ~55 feet 

A 
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V ? =?G5..~P feet 

Pg 

V = ,I~q.65 Te~t per second 

:t~2!>,',~ . 

- ~,.~.~. 
T h e  ].osS " i n  "the T ) i n e  will . ' be  . .  - 

~ ~" The dro9 ..in nrecsure to .the end ~o[' the..conver~ing ,elbow= 

% 
• I,.I x..26§ .!? .= '~55 L":6~,15 = ~91 .S5 'feet 

A model %,est war run ~ith the-oresm~re e,t .the-end of 
i:: the elbo-,,.sooroximstely equal to the o~ne :resistance of the pro- 

totyne scaled do..~n to mo~el-~imensions which com~utes ,as 

: 6~.~15 = I. ~ f~et, ~ctuel]y t. ~s back nressure could not:be 

~5.~,536 
!i accomnlish~d ~at the orone.r head of .355/~5..45q6 = I0.01 ~eet~, so 

the[~hesd ,.was raised to 10.,C~3 feet, .~l~ich gave ?, ibsck-or.essure 
~om.the pipe resistrnce oCI..799 feet°. In .order.,to a~,sUst this. 
.back--oressnre to 1.7,q, it was :necess8 r.v ;to subt~mCt 'O.OO9:f~mom 
the observed nmesSures. Tl~i:~ ,subtraction resu l'tsSiI~ ~" ;hea~ ~of 
.IO.0~-- O.nOg. .. = IO.OPl feet.. That tHi'~ figure ~is"~ver..v..,...~close~... .can. .... 

'be most clearly seen :.by comoaring ,its :scale~-~n valve o~ ~(!O.O,'l .x ,,;r.~ 

"~5.45"~6) or ~55.P ~ feet ~:ith "'~55 9eet. - 

i:i'i ':"" • Effect or :Placing.. S] uicp,~ in ,.~mi-rs . 

~/!" " 'The ~tests described ~in.~the orece(iing oa~,s ,,were concerne~ .:oh!v 
. "":~ with 'a single :ent ra nce, hsving mndi stu rb~,d .a onroach ,cond i%Ibn s ~P,.n~ 

" " so the-res,,~Itm e. ~.e. 'not di-reot!y :,Boplicsble ~to the dou~l ~ :~lu.ij.ces 
• " , " '  '. ' ' ,~" e " ~ - , , ~ s t . r ~ a t e d  : ~ i - r ~  
.;!.~ . . . .  ; : i n - t h e  [ G ~ n d C o u l e e  D a m ,  . T h e  ~ , i n g ] . e  , o n . n m n . ~  . . . . . . . .  

" .beceuse.!It :~.~s felt 'that ~.t .reoresented .th~ Cundsmeht~-I .c.se :which _. 
:i#i"i{!i~: . . . . .  , c o ~ l ~  , b e ~ o  d j . f i e d  b y - t h e  .,vs.rio{,s . c o n t l i t i o n S  :,~hich c o m p r i s e  : 8 .  

~.: i! '/: " rt'icul~ r 

~ ~!~ ~luice 
;~- With.s~kno~l~dg~? o f  .th~ flow ~hrough fihe . - , ,~ , , -  ' . . .  • 

results ;.by ,theoretical ..... 
".it ' =o u!~ :he ~e ,been no s s ~ b! e .t o mod if'~ t he 
m e  ~ n  " ma.k~  t h e m . a o p l v  : t o  t h e  G r e n ~ . C o u l  ~.:~ -. ,.~.-:~ ' 

-s .~urround~a 'by ~ :%"rP. shrsck .st ruc%u.re. ~Howe~er.,: :~.he . . 
: e ~ . , . :  . . . . . . .  _ "  _ . . . . . . . . . . . . . . . .  e ~,,,wnr into~l~r - 

and ~tested. 

%. 

~,~ ~÷.~tion oC th~ ~v.,~r~m~nte.1 setuo :,it wes n~cps~arv 

%o reduc  . . . . .  . . - ~  ~ -  ' ^ d p l  "~: '  wo jc , l  gev~ 
S made t o  t h e  same . . ] . l ~ o t ~ c ~ , i  c ~ v e  o~ u~,~ ~,~ .- • . . . .  . W ~  • - " . . . . . .  
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sst.i sfiectorv ~es'.*Tts for the. single ~Slu~ce. :[.Insteoc]:<of ~,he conver.gi~ng..- ~. 
~Ibo~ used ~in t.h~ (former c~s%, th:e ,some Conve~-g~nce iwas accomoTi~sh~d " 
bv e st rs~.ht :ts oer~n~, ~cone, /AS in ithe•Cormer ~c~ise, 1~the ba'ck--oressu~e 
due to the .~r~ ctj on~,l .Toss .in .~H,S' conduit :was :neglecte~ nnd ~Zhe 
~et discharge~ under atmosoher~c nressure .:st 5.he .:end ~ of ithe.~:cone. 
This set,In reoresents."the.sctlml cond%~÷;'~ons .eM~st:~ng in the Drototvne 
.ent.r~nc~ ~xce~t~n~ only ~che "t'rsshrsck, {the ~@Ibow,; ~8n~ the back-- 
n~ezs:~re. Th~ !oc~tJon of Oiezometer~.~end ÷he,results of 'fhe test 
re shown on F~ure 4,. The most ~'imnor~,snt ,:change -~ni.:.tbe ,Oressw~e 

coudJtion occurre~ et the .side Of .the. sluices .fiart'h~st rem~v~.d .i 
from the axis o~ :swnm~trv. Here !the pressure-decreases :clue to the 
fact that there ~-s more contraction at .this Side 'because Of :.t~he 
remov~] off th~ helsncing fierce '.frhm the .:oonosite s~de. Desoi't~ :the 
lo~,,ered nressure, t.h~ -cond~t[ion of nressur, e dJ stribut'~on .can be 
considered setisf~ctor.v since there-s~e ~no ne~a'tJ~e ,uressures.. The 
nresence of the. cone .s~ems to exe~ ~a st~.bi].izing effect wh~ "~" 
e~u~]izes the ~r~ssur~ before the end .o~ the. cone is resche~ 
the result :that the double stream ] e.~ving the mo~el :h~ ~'a ns 
Kood confi~,~r~t~on, ~For th,: Ci~rst sa~lT clinch :the two Jet, s ~ere 
very cle~- end smooth a-s ~Tlas ~rslle!. ,- 

~fifiect off Tr~.~hrsck 

.moael off th~ ~tre_.~hrsck stm~ctuce .we s :fihen ~nstsL~&ed..in~such 
s manner that it could ~be moved vert'Jc~.-~l~ly <through ~a -dist~nce .eousl 
to the m~scin~ nf the horizontsl r}bs.. '~hjs was..done ~in order Zo 
stn~v th.~ .effect ~of-the locm t~ on of the- ~r.ibs relative <to the center- 
lin~ of the sluice.~ntrsnce. 

The tests with ~th~ ~tr~.shrsck in olece in~ico'bed that, ,the ,~i11 
oo~tion of %he bottom ~as ~he moot .~eff~ective feature. As,:the '~ 
bottom move~ cl.oser 'to ~f.he o~ening,~ t'~e creasers s~]onff:~h = ~,oo of " (~, 
the entrance decreased. Th~ .treshre, ckwas moved to,a oositJon on~- " ~:.~,' i 

h~If the rib s~'~ncing e-bov~ .r.nd one-hnlC .the .same soscin~ be]ou, ~tne 
designed oosltion .to sbo'~"th~t ~8t th~ desi'gned oosition:Zhe ~bottom 
did J ~fl,]~ncp t,h~ nr~.-.",,~- ":is elon~ the .top ~ofi~the ~:~sluice ,:enbr~ance. i'/ 
',~ov~n~ hh~ r~ck tbro,]~h th~ di.-st~nce .caused <the pressure ~8~t~,.e ~,-,-~ 
se]~.cted .niezo,n~t~r (located s!on~ ~the ton surface ~of ~<th~i~.tientranc~ ') ;i_~i~ ~.~ 
• ,to thongs by~apnrox~mete]vtwo 'fleet Off .water orototyDe,, i~;In:~her " ,~',.~,~ 
Words, moving the reck toe oos.~tion ~be'lo~ the designed oosit~on ? ~  
':by on~-h~if the r~.b s~CJ.n£ .rsJ,ses ~the pressure g . - ~ .~ 
• the.,too of th~ entr~;nce b~aonro~dmstely.one foe or-yea. ~},./. 
The'. efif~ot :~fi rJ b ol~cement w8 s,vemz .smell .and can ~ safe!.v ..be neF~leCt~d.. -. 
Wit.h the -treshrack dn ol~ce ~s ~designed, -.the .oressur~s.~hrou~hpu.t - ' "' 
t1~ ~ntr~rc~ '-er~ e]l no~,Jt.~v~ nnd tb-[discharge condltdons .Were " 
~suCh thPt no trouble is exo~.cted .downstream due .to ooor  ~v.el~oc~ty .~:~ n- 

ddstr.~b,.Ition. It should 'be remembered •that .dll :these.:p.ressur~s "~,J~!l.. 
.be increased ~v the. amount, o p bec~-oress~re. Ji) 

• ".(' 

' ?i 
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~I nt.ermediB t %~.S!~/uio e e 

The inte~m~r~late s l~ ioes dl f f e r  f,'rom tthe'~botto~a ,sl~ioes, 
only  i n  the curve to  ,vhieh t h e ' c o n d u i t s  8~,e Is, i d  dO,~stream-: f ,~os 

, t  he g~ t e s, . IT he - condi t ion s ~ under ~ whi ch ~ hey oDe rs t e> ~ '! hob.eve ~, 
n re different 'in '~.hst 'the exit of !the interme~iSte 
Or m~Y not be sul>mer[, ed by the ~ts!il~mter..~It .is n 
fore, to study the Intermediste 'slu~oe for vo~ious conditions 'of 

,tel ~ ,:,nter . . . . .  ,: ~ . -. 

'~sximum h~e~,~,.~ter elevation- - • ",,..IPgo,.O0 
Invert. ' at ,~Xit. : elevation ............ . .97%.q7 .... ~;: i~i' :' 

" -~-"-n.. • •. • jlOl1.00 
Maximum ~tsilws~er ~e±evau~u ' i ; "  , i ~ ,  0 "  
Minimum ;ta[l'"ater L elevstion ...... :--,- -~:~ • <' 
Fl~vst~on ta~lwster 'to ~seal exit .... .986.87 

Take the cond~tlon of hea~wBter ~st elevet~i°n. ,). ~he1290itotalsndheBdtailwster•will 

at elcvst ion~ 9a'7, ~( s~e ~:Figure 9, ~ketch ~"e": 

be l, P.90 - 9~7 = ~ .  !feet, , ,  " . . . .  . . . .  

Assume losses ~as .follows: " 

IOSS in entrance snd elbow...O' ~lOv .J2~ 
~elocity hesd-~st-entrance......V2/2~ 

. . 2 . ; ,  2 

L o s s  d u e  to £r.letion . . . . . . . . . .  !..0 ,0075 .:~, ,V .7:g 

To derive th~ ~x-.resSlon Cot the l~n~th of :s nsrabole~take 

the ~ener~l form eqnation: 

~.7, p = - Cy ~' 

2 I.6X 
I =  % l  = .2[- 

C 

C 4 ~ . 

~- ....... v~u~ of "X~" of?08,3 feet, the ilen~th:;i,. ~I,] 
Using '~: '~- , ~ o  . . . . .  A ' ' " " 

f e e t .  T h e  t o t ~ - I  l e n ~ h  o f  con .# , . u t t  . i s  2 1 7 , + .  . "55. ! I1  . o r , , s p u r o x i m s t e l y  

2,72 :~feet, so: 

• ' ~R - 1 5  " ..- 

? ?  = 1'340 V / g ~0~ f e e t  

• rJ•~ 

7 

2"" 
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~P/~.g = ~-26.,I feet 

V = I~0.'5 feet per second 

Head lost due to friction is: 

0,243 x :226.1 = :55 feet 

D~op in nloe from ,cent erl:ine ~t orig~n ~to ,ele~at:ion 'of 
tailwater :~s iO34 - 9~ = k5 :feet 

!Fhe head loss from or~in o f  parabola to ex~%~i~s: 

0.0075'x way x 226.1= 43.3 feet " - 
8.5 

Therefore the ~ressure-~r~dient ~Is: 

/,.7- 43.9 = ~.7 ~fee't be~ou~ the centerline .st the section where 

the trajectory begins. 

A sketch of the ~ressure distribution is .'.Shown on Fi~ure 9, : 
• "° " "'I n ~Sketch "b". The assumotion iis made that ~the ,graaie t .is :a 'st.r~ight 

~l~ne, ~hich is very nearly correct ,as seen 'frOG :the small differ- 
ence b~tween the ~horizontal ~Istsnce sn~ ~he ~en~th::0f the eondu~Z. 
The distsnce~"P" frOG the gradient to th~ centerline of~the " 
conduit will vary thus: " 

p = 43_..~X + 3.7.- ~X ~. 
;202  816 

dX ~0~ ~08 

setting ~ = 0 for maximum 
dY = ~ 

IC .= ~ . ,m  , x 4 0 8  ,. = 86.Z/fe.t 

sndP~( s% X =86.4) = 19,.06fee% 

f . 

The distance :"P" renresents the pressure in feet .of ~water 
balD',, atmosoheric so the pressure on the center!ine sZ~a dist~/nce ~ 
~f~,om the orlgin of 86J& feet is (-I~.Ii~ feet of water ~Kage. T.he 
neKstlve .9ressure !at the too of the conduit, :P, oint ~, ~at ~ia sectlon 
throt~eh ~o~nt B oeroendiculer to tiie ~ cente~iine ,wi!ll ~be ~3.~I ' 91us 
a co~noonent of the radius of the Dine. The ~sl0pe ::of %he .cond:llt 
et % = m6.4feet is: 

W,L' 

; .:!: 

,.,:" 

. j , .. ; 
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L' 

d~ - "~g,'4 =i~an.~ =., 0..212 " " 

" dX 4~18 '.i 

ao ,,C(, the shale ~bet-.'een the norm8~ t o  t ~e :curve :and .~'he vevt:icai /' 
_ i s  t.~n-i O.21P=.~2~egrees. ~ h e  ~ , e ' f f t i c a ~  component o_P ,%ih~ ,rsd~u S ' / / ;  

is th~n emml tn 4,25 cos'in~ IP ?~ogrees= ~,25:,x 0.978 =.4.15-T.eet. :i 
' T h e  . ~ r e s s . r e - s t  " A "  wi:]...l ' t h e n  b e - ( : i . ' I 5  +~I\3..,I~). := - 1 : 7 . " 2 5  f e e t .  "-:;i i 

~It hms b.~on ..",ho~ :in t'h~ ~or~Eoing com~ut,~tion :th~.t a ne.~ative .~ 
nressu~e of sOnreciebl~ magnftu~e ,e~ists. .:l!f,.!~Zhe head,~sf.,e r is • : ,:. 
lowers; +'~,i ~, "con,.l .,ion;" +: '}Jecomes ~,,orne %ec~use t~he head lost in :" 
overcomin~ f~ ct'i on decree see ~ h ~ f ' ] . e  ithe dro p !in. ;elevstli On of ~ h e  ., ii'i~ 
Conrlui't .-e'n~ins %,be ssme. :In-view of :t~his.~conslderstion it ':~ould ;~." 
.seem thot r... furth~r~::~nve~ti~'tion, "~nd:~erh6ns !a model study, in ,.,-. 
ina.d-c~t~d. . . .. ,. 

. T o o  Sluice ." " 

In th~ cP. ce of th~ %oD sluice,--8 :situation.::s~imi.l~ r ,~..o :thst of ../ ~: 
the Int~rm~,iste :i ~- ,~nconntere~ -~i'~h th- ~exceot'iOn ~hst ~he end "' :/<- :":: • - . . ' ~ .  , i!~ 

.the f..~ct-,,on is n~ver .se,~l~d. Assu~in~ :f, b e t  .the"condu'it.:f;lows ~fuLl.) ,"•:; 

!loss ~s .comouted as 'fol.:!o,m: . :,. %.1%:: ~ , 9 ~ , 

H ~  ~-,~,. t ~ r e l ~ v ~ ' t : l  on ....... . . . . . . . . . . . . .  ' . .  ,.:,4 .... 12qO, , 0  " " :  " : '..~ 
Fl~v~tJ.on ~nve~t ~t :ev.it ele~stion...~l;10-3..:8 "::" ~' 
Hend. ,on sl~dce 186.'P .feet " ~'~"" 
Leng'nt 'of .con~u.it •16-9 fe~t ": ,:k: ~, 

2~ + 0.9075 - '" 
.... 8~5 -:. - 

= 

V2/2g = 149.~0 f~.et  .. 

.V = ~.98,.0 fe~t .oer ..second 
Fricti on loss = '.0..i149 ,x 149,~0 = 22,~2~feet. 
Droo in Oerahols = 26;0 feet 

S i n c e  t..h~ .a t o o  . e x c e e d s - t h e  f r i e t ~ o n ~ % o s s ,  ~ h e r e  . ~ i ~ l  ~ 'b~ an  
' e c c ~ l e r . ~ t J n ~  f o t ' c e , ~ n d  ~ ,hen  t h e  ..end i ' s ,~open  , t h i s  f o r c e  ~ w f l l . ~ . t e n d  
towards mnkin~ the ~a~er breek ~,~ay ~rom'"the sides, oC ,*.;he-conduit 
~nd-sd..,n.Jt etmo.~nheric ~r=ss,, " ' r~, -~rom %~he: dischs,rge end.. T.hi s : col ht - "  

,would.-s'is.o bee ~ ,'furthe.- :investigation. - ~ . ,  
. : . 

~9 
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TEST APPARATUS - CALIBRATION OF FREE YET 
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.# 

~. .............................................. ~ . . . . .  7 " 0 " -  ........................................... ">; 

• 12"PiPe to vo I ve %, 

cnd 12" pump 

B a f f l e  rack . . . . . . . .  " 

f 
I 

i 

~ r  

,;'/ 
Concentric cones for/,:' 
water  d istr ibut ion ..~'" 

I 
! 

F ) i e z o m e f e r  ¢~Jbes 
d i a m e t r i c a l l y  p laced 
at 45  ~ with .vertical 
for inve st igot ing 
ve loc i t ies  

1; 

T r a s h , r a c k  moving r o d - - - .  

as rack m o v a b l e  a long 
face: of  e n t r a n c e  f o r  
~est ing effect" o f  i t s  
re la t ive  pos i t ion . -  . . . . .  " ' "  

S L U I C E  E N T R 4 1 V G E  4IVD T R A S H  RACK M O D E { .  T E S T S  

GRAND COULEE DAM 
S E C T I O N A L  v I E W S  O F  T E S T  S E T - U P S  

L 

s,, 

, i (  

-S tor re f t  vernier deDth gouge 

S e t - u p  far measuring o shooe of 
stream from a s h a r p  edged arifice 

">: ~- ~,419" 

"-Elbow 
'. n fro n ce 

. . . . .  t - - - 3 6 .  I " 

4 . . . . .  . V ,  2 -  . . . . . . . . . . . . . .  , 

'~  . . . . . .  Pipe 

oo 

- S e t -  up far testing entrances w~fh 
various e lbows and pipes 

2.: ~ 

' : r  " , ,  

4 

4 

i ' 

ES.G. 1 - 2 6 - 3 8  . . . .  
ii i J IB  I I I II I I  r l l r  " 
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DISTANCE DIAMETERS IN V~ 
"~ FR()M PLANE PLANES 

OFOn.:~CE OEO~EES FRO. Vl 
,NCHES ' 0 ~0 I 

B [ I 

• 0 1 3  2 , 9 5 2  2 . 9 3 9  I 

• 0 2 3  2 . 9 2 4  2 . 9 2 0 1  

To~-~ 2 .890 2 .883 i  

. . . . . . . . . . . . .  Z ............. i 

.... ~ 5 ~ -  . . . .  2 .~ .2  2 . 8 ~ .  
: 0 7 3  2 . 8 0 2  2 . 7 9 8  

• 0 9 3  2 . 7 6 2  2 . 7 5 9 !  

• 1 1 3  2 . 7 4 0  2 . 7 4 5  I 

• n63 2 . 6 6 8  2 6 7 4  
................................. " .......... J 

-- " - ~ l  "3'-- " - - ' 21632  2 .Co2"9- 

r . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 3  I 3 2 . 5 5 2  

. 5  [ 2, 2 , 4 5 8  

. 7 3 2 . 4 0 6  

• 96..3 2 . 5 5 4  

I. 2 3 2 . 3 2 2  

1 . 4 6 3  2 .316  

1 . 7 1 3  2 . 3 1 4  

". . . . . .  .:.~ ',,L . F I G U R E  2 
. . . . . .  [ I  [ I I I l l l  I I I I I I  I 

' I I  C A L I B R A T : I O N  O F  J E T  F R O M  3 O R I F I C E  
D I A M E T E R S  ,AT V A R I O U S  H E A D S  

HEAD 11.657 FT, ' HEAD ~2,45'7 FT. HEAD 9 2 . 7 4 6  FT. 

2 .7 .96  . 0 6 4  

2.  7 5 0  . 0 8 4  

2,7,:32 . 1 0 4  

. 1 2 4  

2 . 6 6 7  . 14 4 

t 9 4  

2 . 6 ' , 9  

2 . 5 7 6  

2 . 8 2 2  . 0 6 5  

2 . 7 8 8  . 0 8 5  

: ' . ,  2 . 7 6 6  

~, 2 . 7 3 0  

Z . 6 8 8  . 1 3 5  

2 . 6 , 4 2  . 1 8 5  

• 2 , 3 5  

. 2 8 5  

2 . 5 5 0 j 2 , 5 4 8  . 3 0 4  2 . 5 5 8  

2.4  55  I 2 . 4  52 .4  ~} ;, ;-' . 4 ~  
[ 

2 . 4 0 0 1 2 . 3 9 2  . 7 1 5  2 . 3 9 8  . 6 ~ 5  T'.~'  6 
| 

2 . 3 6 3  2 . 3 5 4  . 9 3 5  . . 3 6  

2 .34J  2 . 3 3 6  I. 185 : . ',i:' 9 

2 . 3 2 5  i 2 . 3 0 6  q 8 9  2 . 3 3 6  

2 . 3 2 6  i 2 . 3  ~5  . ~ ; ~  , . : .3  E(5 

i 

t 

i n | i , , I  
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I l l )  
i ~ l  

[:: I 1 
• ,, ; i  

I .  4 6  - / . . . . . . . .  
. . . . . .  _ . .  " .. . 

. L d 2 L I  " 
l l l l  

,z_ ' "=.  . , , ,  . . . .  P r o f i l e  : o f  j e ¢ .  u r  e n t s  f o r  o 3 . 0 0 0 ?  o r i f i c e  
1 . 4 2  " " - -  - - -  • ' ' " " '  ,.., " 

-" - - , ,' " " L _  
.... ~ _  - _ _ ~  " 1 .  0 _ ® . , ~ .  , ~ . _ ~  

' I 

"!!?, . 

' t  

i . . . . . . .  

I ~ i " ® I n d i c o f e s , h e a d  o f  i l . 6 5 7 f f .  , 
i l l  • t 1 : 
(3 .... - - ~ - - - = ~ - -  , , , _  ; . . . .  m I n d i c a l - e s  h e a d  o f  4 2 . 4 5 7  f f .  

~- i , ; ' i l :': l n d i c o ~ r e s  h e a d  o f  9 3 . 0 2 8  f ~  ' ' 'r) 

i ~". i ' 
i 1 * 

I I , ' 
• , I I I 

] i , I I " 

' ~ °  1 - r  ........... 7 . . . . . . .  - - ~ - - -  . . . . . .  - - 4 -  . . . .  - - - - q -  ' I .... '~  t 7 l - / t  

, . . . . . . . . . .  i ............... I i 

I " ! ; 

<,> , , - T  7 ................................... 
1 . 9 4 6 .  l ~ ~ t , 

- \ ' ~  ; ', i . -  P r o  f i l e  o f  j e t  f o r  ~ . 8 9 2  i n c h  o r i f i c e  s c a l e d  f r o m  . ; i ' • 
z ...,.\'~'~,_.~..., , j m e o s u r e m e n f s  on.  l ' h e  5 . 0 0 0  i n c h  o r i f i c e  ' '; . . . . . . . . . .  L -  ........... ~.. : . ,  . . . .  - 

1 , 8 0  ~ %  ................................................................ r . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . . . . . .  * - -  . . . . . . .  " - - ' I  . . . . . . . . . . .  " f  . . . . . . . . . .  " ~  

X ~.  t~ I ~ ~ 
• I 

" ~ ~  D e s i g n  s h a p e  o f  " e n t r a n c e  m o d e l  ~'" 

" ~ 6 o  ............................... - ' r  . . . . . . . . . . . .  1- . . . . .  ~ E l h p s e  e q u a t i o n  , - - + -  = I 

z 1 

4 0  ~ ' " - -  . . . . . .  = I 

0 , 2 0  . 4 0  . 6 0  . 8 0  I O 0  1 2 0  I , ' 40  1~60 t , 8 0  2 0 0  2 2 0  

D I S T A N C E  F R O M  P L A N E  O F  O ~ I F I C E  i N  I N C H E S  

E S , G  I - 1 ~ ' 3 8  



QO 

: t 
i 

M o d e /  '14"., '  
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L . . . ' R "  ET, BI  • 9 . E T O D  

- ' . L  . . . . .  , . . . .  " ~ ,  " ' "  2.4,19'" - - ~ I  - 
, . t . I 

! , I I 
. . . .  

/ 

¢ 

~r~ 

" I. 6 ~ 6 , ,  ..~Wl 
' M O D E L " A "  E N T R A N C E  ~IVD L O N G  R A D I U S  

, ~  . .  R= tl. 5 0 B  ''= 4 . 0 , D  

F" I t . . . .  2 . 4 , 9 "  " ~  

E L B O W  

{ Length 

I .. , Tongenf  section 
% ,, 

. . . . . . . . . . . . . . .  =e  -,- . . . .  N O T E  

..... ~ Dimensions  a long  
i 

f ' , p r o f i l e s  ore p i e z o -  
! 

m e t e r  I o c o t i o n s .  

p 

M O D E L .  "A" E N T R A N C E  AND S H O R T  R A D I U S  E L B O W  
~.-- R=27 .81"  = 9 , 2 7 0 D  

; r. . . . . . . . . . . .  L -  
p ' . ' ~  . . . . . . . . . .  ~ . . . . . . . . .  I 1.68 ? AND 3 6 . 1 8 "  " . . . . . . . .  

' I" 

- e  .z ,.j.h ~- 

: ' 

- ~ f L--~-.~" Length 4.14 I I  

- I " . . .  , I O~ 

' ! "  / ~ 

, _ - - " ( "  . . ~ 4 ¢ ; " T  . . . .  
1 8~ZO,, ~, / " , u n b e n t  

~ n g f h  

,., Tangent s e c t i o n  .~! 

i 
l 

i 

i in 

M O D E L  " F "  E N T R A N C E  
~ IVD 

C O N V E R G I N G  E L B O W  
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= 4  ~ ....... -1 '  
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r . . . . . . . . . .  1 

I **~ I 

:1 

: S T A T I C  H E A D  FT.  W A T E R  
, , , ,  , . . . . . .  - 

L E G E N D : M o d e l ' S "  Mode l  "A" M o d e l . F " i  
J 5 ~  , i  

' , S - o r t R  Long  R COnver 'g, i  i ,.. , ,,, , . . . . .  , 

L O W  h o o d ;  ' : I L o .  O O  ' ' ' /  J I . 3 5  • , :~ ,1 '0  i 6 0  ' , 
_ _  .~ i , i ,  ~ . . . .  , 

- - - - "  e o  e 9  . ~  65"- High head,  : 7 0  . 0 0  

L " \ !  ' . . ~ l  ,.~ ~ ¸ '  , L ' I i r l  i J . . . . . . . .  ~ I I  i " ~ 1 , , " • • : ~ ! • - IL* i ¸: . ~  . ~ i ' /:'~." / k' ' : .  :~r ; . /i::~ ~" ~. i. ' :'~ "' 

, t t i . . . . .  - 

~ "  ": "~ ~ : " : '  . . . .  i :  ~ % ' ~ I  ,i i ~ . i  ~ '' "~~ ~ ', E n d  of~entronces  and  • 

l~,--i'l,' " [ ~ l 'l - -  ~ . . . . .  ~ ~ ~  " ~ . . . . . . .  " : '" ' '" °l'Ong~eir"innerrod';':"t"~"'~~[" 
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PRESSU'R,E,S AT  M, IDPOINTS,OFELBOWS 
i , 

' i T O  , H E A D  lrN F E E ! T ,  ,T-',OP . ' B : O ~  M. 

E L  B O W S  ~ O F  W A ~ E R  ~ I N N E R  R A D I U S  t ~ C U ~ E R  R A D I U S  
, , |  , ,  

S t ] o F t  ,~ w,'t *~ ,'//Od.'~" H I G H  HE'AD 7 0 , 8 0  - IC.JO "~ , 1 ' 0 . 9 0  

lengt ,~ ! . 75 ' "  ,'LOW I 0 . : 0 0  , - ~ , 6 C  ' "  ; l , 5 O  

• 0 . . . . . . . . . . . . . . . . . . . . . . . .  G-J• "'" - ng R. ~ i th  M o d , " , ~ "  HIGH 'HE~D 6 9 . 3 5  ,! .: _ 4 . . / 0 ~ {  . . . . . . .  T 7 . 0 0 ' "  
I " ""  I _ 0 : 6 0 " ) ~ r  j : ~(- : e n g , h  4 , , ' . . ,  L L O W  , H E ; ~ D  1 t . ~ . 5  { • _ J :•I•.2 5 "  

"~ 'O ,b ta in  e d  b y  i n f e r p o l a ~ i o n  

£ 

I i ; I ' 

j , - g n d  of entrances ,,and 
• b e g i n n i n g .  " of'~.elbows 

__2~2, i 

. |  • ' , ,  • . 

ilJ~ •~: i • :: •: ~i 

:i 
{ 

• i 

,:1~.0 ~2 , :4  ~ ; 2 ,:8 3 , . 6  ' ~ , , 0  4 ~4 
> . 

LEGEND 

I ' 
} 

- i 

" N  

• ~ . 0  

| • 

~#;,GURE 6 ":/: 

k -• 

, V t~•9••• 

( " "~ 

/ :  

! !i.i. r • ,~;' 

. 4 .  

L' ." 

r"  

i~ %• 

"G "' 



r2'~ 

I'Li2¢ 
:11: 

• i l l  

2: 

0 Sl 
I,-- 
< i ' I E  

o 

Iii 

i,i 

I- 

0 : 

L~ 

,I 

-..rEnd ,'Of =en't'~:~nce ,and 
~ t ) e ~ i n n i n g  o f  e l b o w  

I , • 
, !  

' i 

I i 

• 1 

i 

• . .  . : 

I , 

i 
! . r  i 

• I , /  

.. ,4 I =",!.. 
I L ~  

I t .  / 

~ i  ¸ - o o  ~ ~ - :  ~ - ~  

! 
t 

13 

: I I , . . , *  I I  ~ / , : ,  ,. I .  

- - ~ i ~  ~ ~{~  . . . .  
" '  II 

" I 

i i ! 

w 

i 

I 

4 

. ~ r ) .  ~" l ie+'. ,  l u r *  ~ 

r /  I ' " ~ " ,  

=- i " i I/L-~ 

- i . 

J ~ I b , L 

, < o n n e r  , r a d i u s  , a n d  

beginni g of pipes ~ : * • t "L - -  i l  ' 

MO DE;L ~:~, ~ / . ~ N V I  ~RGI:~ .G E ~- 

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

. 6 5  ' H o o a  . . . . .  " ~*' ' 

i • 

• W' , 

.., • } 

+': 

tO, W 

%- 

i ~ ii :~:}:~ , , 

" ' i? : • I ]I 

, . i ~ - ~ . , , , L  2 , ?, = 

~L ~ 

/ * 

. . . . .  

3 8  4 0  4 2  

i:it ¸ * i 
L " • 

~, I :: 1 0 . 6  " 

f 

- -  ~ ~ _ , . ~  1 . . 

_ • : 1  ' ' " i ' " , I • ' ,  | 

, 1 | 

• | 
• I [ 

. . . .  • I , ,  I _ . n . . ,  ' 5 1  • . i  , I _ j .  

6 S ~0 ~2 a4 06 'aS 20 36 *,,:~ 

D I S T A N C E  A L O N G  S U R F A C E  O F S L U t . C E  F R O M  P O I N T  O F  T A N G E N C Y : W J T H  F A C E  IN  , I N C H E S  ": 

v 

_ i  

E . S . G .  I -  / 5 -  3 8  

b 3 . . . .  ~ r j  

w 



F r G U R E  8 

i,I 

/ '  
I 

/ 

I 

\ 

\ 
\ 

"k 

"-% 

\ .  

.~• ,  , . . . . . . .  - -  ~ -  - ~.~ t ~ • ' j "  

, E  , 

F ~I'E~,9METER 
t~Ut/BER5 

~ o _ _ _ _ _  

, , 5 , E  

2 , 5 , ;  

.~ . 7 ,  G 

4 , ~ , ~ "  

~ . t O ,  .~ 

. . [  

DiS, T ?. N ~,c =r 
:'ROM F4C£; 

' , o  - -  

: :  ; ,.,' ~ (% 

5 / .3 :i '" 

31/" 6 ~ ;  ' 

0 97"7 

z~ 

.!, 
~J 

.ii 
f 

4 " ;  

I 

!:i• 

T A B L E  / 

P R E S S U R E  D I S T R I B U : T I O N  I,N E N . T R 4 N C E  

P R E S S U R E  I N  F E E T  O F  W A T E R  
i1 PIEZOMETER 

NUMBER 

I 

,2 

3 
' 1  • 1 4 

- I 0  

.D 

E 

• F 

G 

H 

WITHOUT I WITH R4CK 
TR4SH-  t R i B 
R A C K 0,~4::~051TE Cp. 

2 , 4 4 , 4  

0 . 6 1 0  

0. ,658 

/ . 7 8 9  

1 . 9 2 0  

15. 136 

t. 79 ,4  

E . 8 3 7  - 

1 . 9 2 0  

i : 2 6 5  

t 9 : 8 4 7  

fL 

4 0 7 9  

" 7 2 . 7  4 

2:051 

/ . 7 " 8 9  

t 5 . 3 9 B  15. 79 /  

S~,4CE I TOP oPPbS,Te ~,! oOs,r,o,,J 

4 . 0 7 9  

I . 9 2 0  

Z. 7 0 6  

2 , 0 3 9  

t . 8 4 4  

, . o z 6  T76~iisE- .............. 0~0~:~ 

l 

19.847  " t9.'7~84 

7. 5 4 8  7 . 6  79  

DESIGN~:D i BOTTOM 
p c O . , / T I O N  [ POSITION 

I 

i 

'I 
............ t 

.... 

, 057 

r 

f 

. . . . . . . . .  i 
_ -1 



--4, - -4r  / 
,if . . . . . . . .  ~ 5 , 1 1 '  " " ' ' ~  . . . . . . . . . . . . . . . . . . . . . . . . .  

2~.._ 
I 

• ~ ,  . . . . .  . . , _ . ~ _ . .  . ,,# . . . . . . . . . . . . .  . . . . . . . .  ..... 

I Or ig in  of - ' "  " ~  . . . .  . . ,  

I p a r a b o l a  . . . .  
I X 2 :  - .8 i6Y 

I 
.<;  

L 
/""-UpstreGm ~(ace 

i Of d a m  

face 

2 0 2 '  

. . . . . . .  ' ~ "  X '  

, ~ l  i I 

" E l  l l d . ~  - \ , ' 

% 

\ 

- , .  ~ . t  . . . . . . . .  
"-. ._. ~ ; ~ 4 . .  - : 

S K E T C  H " 0 "  

Y 

,% 
-\\ ,,- D o w n s t r e a m  , , face 

o f  d a m  
202" . . . . . . . . . . . . . . . . . . . . . . . .  

O r i g m  o f  - -  ....... 

parabola  

Pressure 
grod~enf 

\ 

\ 

#!b OI S K E T C H  : 

0-59 


