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Denver, Col �·r•1110, ,June 1, 1 �1-to. 

Subject i Hydraulic raodel $tur1;.r of Ui.c cont"·olJ.i11 ;·.ork·· 1" Jl i.,lw 
Shoshone Cru1yon cond'J.it, !:iho��llone p1·ojcci-., ,yOJ.1i L ·• 

1. Introdnctl.ou. The :;ho:s'ione Do.m, loe'l r,ed i1 ''01·l'.H,r-t '.':;:u­
rtin. ·, ei,·h-t ::dle:., Gvut'rwcst o;' Cocl;/ on L .. �" .S•w:-1,0!1··, ··iv,.r, ,vr·s 
tu�lt, by th,J Bureau of .P-clm.ie:tion frm.1. lDO�, to l'llC). T:li:, con.-
31-,ruction has supplieci. elec�r.ic ]YFX'l" �i.nd irri :atlo�l tc, t.'1c �reri 
n.orthoa.::-t of Cody, with lhc ir1·i,r;ntio"l ,Jeiw· li•'1:i.t,";,', ·: t•�,·:rn�., Lo 
thA lef;s 0levated lr:md•; ad,'.'l..et 'lt tJ the. .:',o�.hmc ,1:ivr,r ,:1, u.ri s l 
and 2). In ;:1ore recent �rear:: i.i, haf· b •::n 1�0H' -; dci·u1 10:i· r � l 1.; 
.fur·n_in11 �.-1atnr to the }1i t �)1er "-'01u1.: __ .r�r �1.o·rt11 , 1'1li. e8 'JL o .• Co�.... 'l1 in 
will ho q:,.de y:-ossible ':)� t.'ic p1·c-:_;ent construction of t1·,(· .,i,oshc,·,1.c 
Can�:on conduit ,,_rl1ich will de,liver ·;ratt:,r ±'!·.-, 1 t,'1e m1os1101w :.u:.:;crvoir 
Lo 1__;he iieart Mountain canal ( f5. ,�re 1). A divi:.; i JE wor:�s ut t'.,c 
end of the Shoshon(-, Car1Jon con'.111.i.t will ,,ivLdc. Llie ·:o.:ter n, t-l'le(.n 
the I:eart Mo unto.in ca.."18.l and t11e Orer:on Basi11 cuprl:' co.n,11, the 
11.tter bei"lg a f\;.ture devBlop::tcnt tu e:�tend to the south of' C:xly 
(fi_;ure ?) • 

In order to regt•la.te tho supply of �·:ater to the 8:wd10ne Cnn­
yon c;onunit, there w:i.11 he provide•l \mderr.round wHi.r' t'1e ri ·.t 
a.b,tt·1.ent of the de;Tl, o. c--,ntrollin,...· works Y;it'-, '1 ria :i. ,11.!"'i r i. c� ar_·e 
of 1;;00 second-feet u.T1der a he,vi of anpr;)z:'..r:1-a::ely lbO ,'eet. 'I'!·e 
reconnendod desic:n of the controllin,s works ht.au; its Lil, t i.n \ lie 
stee:tJ �J-L."1.k of' t'1e reservoir, 'l':ith th.c !'101-'l _Jr'JC6{,dinr f'r0 1 -t--.', i.s 
po·lnt to tl,e coi1troll.:".1[ w· rl:s proper i"'l a 10-fo,)t ci.:.•:iHeter c r;'.'-i­

c,·et:,•-lj_ned tunnel (sc0 ction t.-:i .. , fi,;m·c· 3). f\.t the entr.,.rce to 
t',e 'iotton of l:he c-)ntrollin , \.t:•rl·s a trrL":.:.i t; on i.:i �,A.de to a ::;hort 
len·t':. 'Jf rcct8.n,�ula.r section, G'-0" b�- 7,_.-..,,,, lYro·,_,i:led ,,·ith rm 
audliarv slide r·ate nt ti•e dm.nstre::-:.1 enr1 • Ti1e l'lo,: t,tc-n enters 
a t::.>e o·" scroll- ca::;e ''ividod i.'1to six pacsa�es ( •'i ·,u·e 1) Pn.J 
pa. �es i ..,to ·, '",ate cha:.1bcr. Tll':.· flo\" f'r·on the :;crol l t'-b.se is rer,n-
le:t:ed L1 the ,ute clu.w"l.b, r f1'1 a 10-foot cti1i.net8r c·•lind!..r !1.l,c ( se(1-
tlon • -,•, ['i ,.,_;re ::: ; �'i, ·urc •,,,' E, 8-T'lfl G). A·,_; t},.·· flo�r len'lP.S 't 1e ,crol L 
c•\sc, i I; •iasses 11n ier- and up,v:-.-1rds tl r01 1 , h the cyiintlP.r- · .. · :..e :1n-·l en­
ter 11 1 �- by 21- "oot chr-v >"r nro•rlried w·j_ th t.wo c0nm·ete buff'le!; 
de.rE'lop0<l f'ro0 1 the .11o·'cl stud;· (.sect.'ton -·-. • f:l·:1u·e �-;). J\.t; the t0p 



o:f.' this cho.l!lber the flow enter s a transition rmd f inally iro c:eeds 
into the Sho shone Canyon conduit . 

Hhen it i s  co ns idered that the h i e;h velocity jet s  i s s"inr i'ro:ll 
the scroll co se i!n.pinse on ea.ch other , it l s  evident that u on s ic1 er­
able ti.u,bulence wi ll occur. Thi s  tnrbulence , furthermore , nust be 
p revented froTn c ontinuin� to the top o f  th<"3 stilling clio.mbcr , s i�ce 
it i s  required 'chat the wate1· s urfac e nnd the flow be freo from tur­
bulence and waves as it enters t.1e Sho shon e Ca.I1yon cond uit.  'l' o ac­
compli sh thi s , it i:., evident th at s ome means must be provi ded for 
di ssipating a la rge part of the ene r,:.;y o f  flovr a s  it r i s e !:l  in t'1e 
sti ll inc chamber. S ince it waA not possible during the dc s i [71  of 
the controlling works to accurately p redict the flow behtwior or to 
deterriine what should be plac ed in the stilling chambe r for di s si­
pating the enerrs of the flow, 1 t  was nec e s sary to solve the problem 
by mea."'ls o f  a hydraul ic· model study. Ac cordinely, thi s report 
treats the study made or the o ontrollinc works with partic'il ar re­
ference to the stillil16 chambe r, cylinder gate , and transition to 
the Shoshone Canyon conduit. 

The des ie;n o f  the Sho shone Canyon c ond iit ., controllinc works , 
and tunnels •1/8.S :made under the general supervi s ion o f  H . n. 
McBirney. senior engineer, snd C .  P. Vetter ,  en�inee r . The cylin­
der ":ate and its appurtenanc e s  rere de si Q1ed under, the general ll5.­
recti on of' w. c .  Beatty, senior engineer,  !!\nd. P. A . Kinz ie , en gi­
neer. 

2. S i:ni litude between model and nrototype. In mo st ,odel 
stud i e s  o f  hydraulic structure s the gravitational ( i,·;e iEht) force s 
are o f  more importance th an the vi soous or surface ten s i on force s .  
Because of thi s  the relati on between the tl. ow characteristics of2a 
model end prototype may be d etermined. by Froude ' s crite r ion , .::!::.La. , 
where V = veloc ity; a = any l inear d ime nsion ; and � • g 
aocelaration due to �ravity whi ch is  cons idered to be the sarie fur 
model and prototype . 

From Fronde ' s criterion we c an develop the ft.mdamental rel -
tions between mode l  and prototype veloc ity ., di soharse , and other 
characteri stics wh ioh form the bas i s  of s imi litude in hyd raulic 
model studies. F'or e xample ., if we d enote the prototype terms by 
the subscript, p, and the modal terms by the s.ubsoript, m, it 5. s 
poss ible to wr ite : 

_v_2p}_a_P_ • _v_2_�-�-

� � 
• • • • • • • • • • • • • • • • • • • • • • • • • • ( 1) 
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A 

and s ince YTe may consider � = Gm• we obtain : 

v2 

p 
v2 

m 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 2 )  

Now let the ratio � in equation ( 2) be  the ratio of linear di­
a 

mensions ( soale r atio) between model and prototype , then : 

n a _i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3)  
� 

hence from equation ( 2 ) : 

• 

or 

v2 

_..,.P_ • n 
v2 m 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 4) 

Equation ( 4) represents  the fundament�l relation bet, en odel 
and prototype velocities  based on the r'roude criterion, which takes 
into consideration only the gravitational forces and i s  independent 
of the fluid used in the model . In a s i�i lar n<mn€r it can be show.n 
.from equation ( .1,) and the relati on Q • A • V,  that the discharge of 
the raodel and prototype a.re related as follows : 

5/2 
Qp = (n) • � • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 5) 

Although only gravitati onal forces are usually �onsidered to 
be the i portant forces in a model study o f  a h�rdraul ic structure , 
consideration must sometimes be given to the effeot of  vi scous 
foroea .  Thi s  requires that a definite relat ion be maintained be­
tween the kinematic viscosity of the model and prototyp , fluids . 
The ld.nem.ntic vi aoo sitY' i s  defined as v = µ , where µ i s  the 
absolute vi cosity ( coeffi cient of  viscosity)� and p i s  the den­
sity of the fluid . In the W..T system the kinematic vi sconity has 
the dimension +· so it can be ,n-itten in model and prototype 

terms that : 
L2 m 

V. - ---m 'rm • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 6) 

3 



V: -m 
0 .01145 

( 12)3/2 
� 0 .000275 stokes 

Obviously, any model f'luid having this viscosity, even if available, 
would not be a practical one for model te st s .  

As a matter of  interest i t  c an  also be shown viha.t the prototype 
fluid should be if the model and prototype performance is  to be 
similar .  From equation ( 10 )  considering the model fluid to be water , 
we o btain , 

Glycerine at 26 .5° c .  has a kinematio viscosity v = 3 . 92 : hence ,  
the prototype fluid should be highly vi scous , but this condition i s  
obviously impos sible to satisfy.  

From this brief analysi s  it may be  seen that for the model 
study of' the controlling works it i s  impos sible to have exaot si.ni­
l itude relativ. to viscosity botl'leen. model and prototype . Gravita­
tional and visoous forces cannot be considered together , and only 
the flow characteristics due to �r vita.t ional forces based on 
Froude ' s  eriterion can be me.inta.ined in ri;orous s imilitude . It 
may al so be evident that since the "lodel f luid was water , the pro­
totype fluid ahould be a highly visoou::; one if the prototypo i s  to 
perform in a manner s imilar to  the model . Because of this  there i s  
reason t o  believe that the t urbulence i n  the prototype may be more 
severe than the turbulence ob served in the �odel .  Ao a result the 
water surface at the top o f  the prototype stilling chamber m.e.y be 
rougher than that indicated by the model .  

On the other hand, there are reasons to bEllieve tha.t the protatype 
will operate sati sfactori ly ree;ardles s  of the lack of oonro.lete s imi­
litude . It i s  thou.�ht , for ex&.itple,  that when a. · :::;iven vulume of 
turl>ulent flow in the model i s  increased to the prototype vol ume ,  
the eddies will be necesse.rily more develop d and  more intense , en­
abling reater dissipation o f  energy to occur . If thi s  should be 
true , it is  reasonable to assume that the smoothness  o f  the proto-
type , ter surface at the t op o f  the s·tilling che.mbor vdll bo near-
ly simi l ar  to that o f  the model . 

The hydraulic  junp i s  also a phenomenon based on energy dissi­
pation by turbulence and eddi B J  and it i s  lmown by oai--npa ri son that 
hydraulio jump stilling pools  designed · rrom model studies operate 
satisfactorily in the prototype . Since the model a.nd prototype 
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agreement i s  g;ood i n  this c ase , except for spray in  the prototype.  
it  is  reasonable to  as sume that other turbulent phenomena wil l  
show good a�;reemont i f  the sra.vi t:7 force s  and not the vi scous forc e s  
p l n.y the ,.10 st Laporte.nt pa.rt . 

Hel '.ti vo to s:L..tll i  tude o.nd the role  of vi sco s ity in ener._:y 
d i s s ip at i on ,  Profe ssor Esca.nde , As z istant Director o f  the �lectro­
Technical Institute and o f  tho �'luid · ec'1.anic s Institute o f  Totilouse , 
Franc e .  s tated on page 429 in an art i cle in Le G�nie Civi l 1 • 

"We are a.c oua.inted with the r o l e  played i n  hydrauli c  in­
stal l at ions o f  enerr:y dis s ipati on , the u se o f  whi ch require s  
that the re b e  di s sipated , at oner: , in turbulence an d  eddies 
in e.s l i .1ited a spac e  as po s .,i:1le , the exc e s s  ener _,'Y of  a 
l i quid flowinG at a h igh vcloci  ty or p;ush ing f'l:-011 a s�rstem 
under pre s sure . " 

" The e :i.c inecr ce..n scarcely e stab l i sh the the oretical ele­
ment s for the deterninat i on of  t�1 i s  phenomenon. Acc ordin13ly, 
the study by nod e l s  const itut e s  tl:c netho<l no st conorally 
used .i'.'·)r dctenaining the r.iit'1en si on:1 rmd in fore seei11.g the 
func tioning o f  it . In  th is re gard , it  vras .i.nt c;re stins to u. 
C auichel and to us , in o ompnring re r.earch no..de on an i ndus­
trial i..-.1stal lation t o  a model spe c i al ly con structed for the 
purpo se , t o  see i f  this method i s  j u;:,t i f i e  1 ; ·u1d , in pnrtict•­
l�r ,  to see if the applicnt i on o f  the l aws o f  sbi.il i  tucle fur­
ni sh quantitative re sult s :rni'fici ontly apr,ro ached . " 

Si!'.l.0, litude appl icable to cnerp;y di e s iput ion . 

11 l.'he di s sipation occ ur s ,  in >:1o st c ase s . ill a st illinr.; he.sin 
ha.vin": e. free surface in c rmtact w ith the rd..::w sphere . The 
laws o f  hydrodynarn.ic s bii l. i  tude of incoinpres sible fluid s  ind i­
cate that , under these condit i ::mn , i f  the vL cos ity interferes 
in an appreciable way, its l rifluencc mal:e s th e exi stence of 1t 

rie;orous s i! ilitude impos s ible . r'urthennon, . the s e  laws of  
sinilitude concern inc ompre s sible flu.id s  rmd they do  not -tE-.ke 
into account tl 1 e  phenomnnon o f' air ontra.innent and the fol'I"la­
t ion of e.ir-',mter emul 3ions , which ali:i.ost n.lwo. ·s ac co�1pon:' t--ie 
f1mc tionins o f  enere;:,r d i s s i_ ation instal lations . '1.-.....ro c lcr:1.ents 
exi st , t he refore , t he vis c o s ity of  the ;rat er imd the c ntrC1. in­
ment o f  a ir which are capa.ble  o f  d i sturbin0 tho s :im.i. litucic . u 

1 I I 
" L '  .. tu.de Sur Podele :ledui c De s (Juvra. --:e s De :upture De Cllnr�e . 

Exptr lences  de l ' u ;ine du Carce.net . "  C :odel ..;;tu.ly o f' i�m rr;y 
Di s nip ntion . Lxneriment s on an irn ustri " l  plant at Ce.rcanet) 
L • •. , cf.k·•v,e ; Le GiJnie Civi l ; Dec . lfi , 1 92, 9 ; pp . 423-433 . 
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�o le of visco sity. 

11 .'lctu a.l ly the visco sity effect i s  not to be fBared , be­
c ause the tumultuous character o f  the f loY1 oorro apond s to an 
a6itat :i. on of extreme turbulenc e� ,  putting in.to play the energ;y 
l o s s e s  by impact and che.nee s o f  kinetic eneri:;y; on the other 
hand . the simpl e slippine; of l i quid particles ono on another 
plays an entirely negligible role . As we and U. Ca.":'lichel 
have shown in previous studie :; ,  the l o s s e s  of head vary as 
the s quare o f  the ve lo city and are pra.ctioally independent o f  
the p rope r viscosity o f  the l i quid , entirely concealed by the 
fictitious viscosity o f  turbulence . " 

In any event, it i s  nece s sary to depend on the be st model ar­
rangement and as sume that o.rratl£elllent will be the b e st one fo r the 
prototype . As a nece ssary precaution, mo reover. the model w�s 
te sted for heads in exce s s  o f  the de sign head . 

3 .  The model. The model of' the original de si gn o f  the con­
trol ling wo rks was built to a sonle of 1 : 12 ( figure 7) . The oon­
dui t lead in.� to the control ling works wa s me.de of sheet metal . 
with piezometers being installed just upstream from the transition 
to the scroll case to measure the head on the model . The scroll 
case at the bottom of the stilling chambe r was c ut into a lar�e 
block o f  cypress , made into two sections ,  with the j o int occurring 
at the center line of the scroll ( section D-D, figure 7 ;  upper block 
shown on �lgure 9A) . The cyl inder gate , which fits into the g ate 
chamber of the scroll case . vms made of l ight-e;age galvanneal wHh 
a lifting mechanism attached ( side elevat ion fi�ure 7) . This en­
abl ed the cylinder gate to be moved up a.nd down pa.st the r rl s  of 
the scroll case to regulate the discharge . The side walls of the 
stillinf� c hamber were made o f  pyral in to permit obse rvation of the 
fl ow. At the top of the stil ling chamber a sheet-met al transition 
·was inste.lled and a suffi cient length of tunnel , open at the top 
for ob servation purpo ses ,  was added to repre s ent the Sho shone Can­
yon conduit . 

The d :i.m.ensions given on mo st o f  the model drawin�s are in feet 
and inches in tens of the nodel . Protot;y71e d im.ensions a.re r'>adi ly 
obtained from the se , sinc e one inch on the model equal :;  ontJ foot on 
the prototype . 

4.  Performance of oricinal des ign-_ The model o f  the orl �inal 
de sign cl early demonstrated tha.t little P.nerr;y dis sipation occ ·uTed . 
resultinc in e xcessive turbul enc e extending to the top of the still­
ing chamber. For the maximum di scho.r,;c and for various head s , the 
water shot upward s  in the model stil linp; chamber in l aree ::niout n  
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and s pilled over the top of the stil linc cl.rn.:nbt r  wall s. Thi s  con­
dition was due to the extreme turbulenc e dev ,loped just e.bovc the 
gate charnb r o f  the scroll case as the i s suing j ets  impin�:ed on 
ea.ch other ; and , with only lUl open chamber above , t 11 l s  turbulcn�e 
c ontinued undiminished to the top o f  the chamber. Thi3 prove.iled 
for all operating conditions :  ful l gate op0nin6 and various dis­
charge s up to the maximum o f  1 , 200 second-feet , or for pa rli E'.l ;ate 
opening and various discha r�es. 

Careful observations \Wre not made of the other parts o f  the 
c ontrol ling ,,1,'0 rks ; that i s , the scroll ce.se  prope r ,  the cylinder 
gate , and tra..Ylsi tlon, until the unfavorable flow condi t:ions in the 
stilling c hamber had been rec tifi e d . 

5 . Tes:t "'  on scroll case 4a.te oh M.Lber . Fron t he study o.f the 
mode l  o f  the original de sign ,  it ,a.s evident that the e xtreme dis­
turbance in and immediately above the g ate chamber o f  the scroll 
case should be prevented from reaching the top of the stil lin� 
ohember . Since there was nothing to prevent this d isturbance from 
c ontinuing upwa � ,  it was thought tha.t if the r.;a.te chambe r of the 
scroll  oase were deepened ., the added space would pernit more energy 
dissipation . At the s ame time ,  it was believed that if part of the 
flow could be forced downward into thi s  cha.rn.ber and then el lo: ed to 
pas s throufjl holes ph.ced , in the , c roll case piers ., the turbulence 
would be di stributed over a greater area instead of bein6 conc en­
trated in end above the gate chamber . Acc ordingly, a pt'lrforated 
plate was placed a.t the top of the ;ate c•iamber and a. metal pot 
1ith adj ustable depth was added below the chumber ( fi�ure c!A) .  In 
addition, holes  were drilled through the pier s o f  the scroll case 
into the pot below. 

This de sign did not prove uooe ssful because the h ich-veloc ity 
j ets flowing throu h the hole s  in the perforated plate and in the 
scroll case piers shot upward to the surface of the s til ling chwnber 
and e used nearly as much disturbance as o riginal ly obtained. No 
improvonent was noted with an inc rease in the depth o f'  gate chal!lbor. 
It ras noticed, particularly, that for all operating conditions the 
head to pas s  a given discharge was greatly inc reased. If' moro holen 
could have been pl aced in the ::;croll  case piers this desig;n 1'.lic;ht 
have operated better, but additional hole s viere impo s sible b 'c s.u e 
of structural limit tions . 

6 .  Baffle study. When change s to the gate chamber did not 
p ro du ce sati•· fa.ctory re ult·i, the most apparent procodure to fol­
low 1as to nl aoe pe rforated horizontal baffles  in the stilling 
chamber. I-'oreing the flo r to pas s  th rough many hole s ·would evidf3nt­
ly reduce the exces sive turbulence arisine; from the go.ta chamber 
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a....11d wo ul d  al so c a.use ene rgy di s sipation. Ti ii r exp edient proved 
suc c e s sf'ul , and extens ive stud ie s were made to dete n,u.ne a s ati s­
factory arran�ement of baffles. 

The procedure in testing the baffles consisted of pl�c in� a 
baffle at various elevations above the Gate chamber ( figure SB ) , 
and o bserving the flow cond itions at the surfE\Ce for various heads 
and discharge s . Because the flow d istribution was exceedingly un­
balanc ed ,  many types of baffles were tried (figure BD) in order to 
spread uniformly the boi ling at the water surf ce o f  the still ing 
cha..'llber . All baffles  were tested for head s  in exce s s  of tho se an­
tici!)ated in the prototype. , due to the aforementi oned lMk of exaet 
s imil itude . Thero was l ittle di fferenc e , however , in the perfor:n.a.11ce 
o f  a given ba.ffle between normn.l and e xc e s s  head . In fact , more 
turbulence was noted et the top of the still ing ehamber for full · 
gate opening a.nd l ower he ads than fo r oth"'r co,'lbinations o f  partial 
opening and exc e s s  head. 

After a baffle had been sat i sfac.torily dev- loped on the model 
of t he o rit�inal des i gn t o  elininat e exces s ive boil inr at the vm.ter 
s urf o� of the still in[ ohamber , it wa s  snec i f'ied that in o rder to 
allow the c yl inder gate to be :removed in sect ions for repair � , a 
hole 4 ' -6"  by 4 1 -on should be placed in t 10 baf'.f'l€ at the up streaL1 
,vall of' the stilling chamber . ' .11en thi s �ate pas sa..c:e mm e .. dded, 
part of it extended over the Z,nte chanbr r . As a rc svlt , a majority 
of the turbulent flow e scnped thro ur;h thi s openin · <i nd  psct the 
provi oualy establi shed smooth s urface condit ions. To el iminate 
thi s  un:f'avorable condit ion and to provide a.dd ition<.il space f'or 
energy di ssipation , the stillins ch&nbe r was increased to 16 b� 21 
feet in plan and deepened by 2 1  feet . This chan::;e ( fit;ure SC) re­
moved the 0ate openinc in t he baffle from directly e.bove t:1e c; te 
chanber and !\trni shed additional space for te sting the baffl es . 
The inc rease in the depth of the ctill int c hambe r, in addition to 
furni sh ing a larger volu,ue fo r enarc;y d i s <::ipa.tion, sirapl ified the 
under ,round excnvation by brin. ·in:,; the bottom of t '.ie exc avati on 
und the acc e s s  tunnel more nearly to the s ame elevation ( section 
A-A, figure 3) • 

The larger stilling c hamber containin!; a baffle . operated ,nore 
sat i sfactorily than the srn.all ,r c hamber with a bnf'fl • Thi s  i s  
somevm.a.t analogous to a. j et o f  wat er flowing dmm re.rd iuto a sh 1-
l ow vc s s  l ,  such as e. drinking glas s . In th.is  cnse t�1e flo:ir s Jill s 
out of the e;lar;s  ·tith exc e s s ive disturbance ; but i f  the same j t 
w re to flow downwe.rd into a much larg· r ve s sel , su ch " a pot , the 
turbulence \\o uld be c;reatly reduc ed. 
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The baffle d eveloped in the small er sti l ling chamber of the 
o ri · ino.l de si 6:a. was adopted for use in the. lar ger chs.mber. I ore 
hole s had to be added a.nd their arranc;ome nt changed to produc e the 
desired smoothne s s  of water surface. In addit ion # the gate open­
ine; 1.n t he baffle , al thou,:;h removed from over the e;atc chaabor , 
had to be partially plugged by adding cro s s  pieces . These were re­
quired b ecause the flow sti ll e so aped up the back -wa.11 and c reat ed 
exces sive boilinb at the water surfac e .  

Although only one baffle had been studi ed at different posi­
tion s  in the sti lling chamber o f  the original d e s i gn, the lar ber 
cha"l\bcr allowed spa.ca fo r t :o baffle s , one above the other ( fi f;ure s 
BC and 9B) . Thi s was tried and proved to �ive evon better s ur fac e 
c ondit ions. Extensive· testa were made until the p roper si ze and 
spacing of holes and po sition o f  baff le s  provided � minimum surface 
disturbance . With t-wo baffles, it ras only nece s sary to place cro s s  
pieo e s  in th e  gate opening of the upper baffle ( secti on (.-G . figure 
11 ) . Pigure 10 shows the model of  the recommended design with two 
baffles in the still� chamber . It wil l  be noted that the flow 
conditions are nearly identioal for full and p artial gate opening . 

Recal ling again that exact s imilitude uas not po s sible in thi s  
study, and oo ns idering that the flow distributi on in the st illing 
ohanber s of the model and prototyne may not be exactly simi lar , the 
design using two baffles was accepted. not only because o f  its good 
perf'o :nn a:n oe but because it of:f'ered a. f0.0tor o f  safety. 

A.fter a satisfactory b affle arre.n.Gement had been developed , 
piezomoters were inst al led to determine the pre s s ure s on the bottom 
o f.  the baffles . The pre s s ure s obtained in the model for maximum 
operat ine cond ition � ,  converted to prototype . varied from 2 ,347 to 
6 . 172 pound s  per sqllfl.re foot on the lower baffle nd from 1 , 515 to 
1 , 882 pounds per s quare foot on the upper baffle . The se pre s s ures 
required the lower baffle to be 4 ' -011 thi ck ( in the prototypu) , 
and the upp ,r baffle to be 2 1 -10 11 t1i ck. Pro ssures were al o me s­
i.:red on t.li.e beok v1all o f  the stilling ch€!r.J.ber between the bai'f'le s 
end under the lower baffle ,. The se pre s sure s  var i ed from 1, 700 to 
2, 700 pounds per square foot . The baffle s .in the model were then 
rebui lt usi nr; the correct thickne ss. Heretofore they had been 
throe-fourths of an inch thick ( 9  inche s prototype) to expedite 
c onstruction . The added thi ckne s s  affected the pe 1 fo rnumco of the 
baffle s, requiring further study of t he i r  arrangement and lo cuti on 
of hol e s . A. c omb ination re.s finally obtai ned wh i ch gnve the de sired 
�urfaoe c ondit i on s  and . ich eJ.lo �ed the cylinder gate stems to ass  
throur)l opening s o f  the baffles ( fi�ure 1 1) .  This final combinat ion 
of.' baffle s was at;ain ch eked for p re s sure s and their thickne s s  was 
found to be ampl . 

10 



,\lthouch th e :,.ole s or opcnin; ; s  C 1 J.t in th" l la. .�f' l c :: i 1  i. :.. s  
sti.,d·: we1·0 c q ua.re or l'f';Ctan;··nl 'll' ( in ole.n) , , ; t LX '° .i. s , 1 0 reas,, ,1 -i:;') 
beli eve tlv-1t t. 1.e s e  s :1ape s are t '1e be :,t . C i  re · . l ·: u · 11nle s v1o ulll pr c,1:,­
e.bly ··10:rk e aually a s  well , ?.ltho uz.h tr. c i r  1 or:1- orL H<Y1tL1 � ,e  10.·e 
invc,l vu(.!. The holes  in t: :e bftffle s coul.1 :J. so Le ,:1., . e  , i t  1 :-. • •  e 
openin,o- <l iverr,in.r; upward s . In i'ac t, a. be.:�·1·3 , r· t t i s t �r · ,e  · :, :., 
trieo. and it v.o rl-:ed ne arl:'  a s  1:re l l  <:ls tY:o l;a•·· · 'l , s to · r0tJ-.e r . ','; .i. ,; 
t:"Pe o f  openin;;, howeve r, i r.: not ar, ener :y d. i · ,· ip :· t,1r :, .LlH" <' , i: ' t.. , _ 
retie,  lly, 1ecJ.d. i s  re ,�e.i r,ed ; j\.rl-, it,; · · o  > d  n•·r · 'o;-1.8J1 r, ,, ,_ . ,  th,, r · · ,Hk 1 
i c; 1x st e xplained by the reduct ion i"l v,'lo t:' i t · - u cc 1 ,r r .i.;v · ·.Jct :EHm 
the lo'l're.t and the u-oner s ide of a ::1o ''flr: . \..' l 1 i\ · ·"; ·;n· .. t e l: , t .:. .1n did 
not ryermit a further study of t1 1 i s  'ua..'.'fl e, : 1 , 1t i t  ·a. s bc t i t: \rc, .1_ t· , t 
even i f  one ha.ffle would operate S8.t i. s !"actorll;, , tv:c., bn i' .'l e r,  •to · , _� d  
fu_rni �h "\ de sired factor o f  sa fet�r 1 as Jr f_�vi olA ;) l:r 1 E. nt ioned . �(e­
c,r1.rdle s s  o f  t.hc t �,1-p0 of openin,; s u seci , sh ,1r�) eci ·r i,; at t- ' 1 e  ey1t !· i:mce 
Here d e- c:i rable to ind ,ice lo s ses  in additi ,n t 'l , '.1e l o s se s  obt.:., i.n.cd 
by the s ucce s s ive enlru·r,>'."mcmt s n.,11.r1 coritrac c ion :::, a. s t he : l ,J'F/ r '· . :::.c s 
tl1rau1_;h t1,c b afi'l e c;. 

7 .  Chn.n,�e i n  scrol l C " S0 ')!\ ' Sf\ :e s n.11'1 C ' rl i.,1d , I' ",te . Aftnr 
the be.1.'fle S Jw_,f tW C'1 J ei.un-,_ine":i7Tt�,�;c.r;·;,·;r-�, tl e.: •,e7:tr: ,'. -�J:·• t 
the 1--ic:'.l.::l re quired t:.r; �,a s s  the 1.11.:i nnr.. : i s ch· i.r -- ··' ·)f 1 ,  no s ; · c o 1 11·1 -
feet wa c " reatcr t11an co1_1 l r1 ;io :; :· ibly be ibt � i ,w,  i '1 Vt·- H' .> i, r1t - ; r . 
'l'o re ,·, 1:c,· th.e 1·,ead to t11 at \11h i, ., c ,.) ,1 ,' r.Yc 0·' 1ti..i. 11 1  · , t : .c _ ,as .cf\ c s  
and norts o f  th e s croll c rtse -were incr'" <1 sed co 1 - J 1 1 lw 3 ' -.c::'1 

( fi .,ures 4 and 1 1 ) . ?rtviously t }i e  s i z e  wa s  '. ' -. '. "  by �'. ' - ·h11  ( fi ·>.u.·,:, 
7) , and a r eduction in the s i z e of t l te port s h n.d bef:'n r1 a c,e C ,1ro f' i .l e  
alon:� Y-Z , f'iEure 7) ¥Jhi ch '.1!e s al�0 8lirni!'.8t ed. 

At tl i i s  point i n  the stu,] y the c:1l inder ·" ,t-· · on r1_ tl : i., s ;mne o f  
,�ate chiarn.i)er B.lso chan.::,ed (Ci ,_;ur e 1 1 ) . At tno st�u· t o f  tJ·, e 1· i .. ud :i. E c" 
tl-ie d o ::,i r;n  of the ,,;ate had not been fu l ly C '."!:'1plete0 , q r , t l  the one 
used in the ori :;innl nodel ( •' :i.r: ur e  7) i· apre :· <'mt,;c1 1 :, . e  d(' s i . ·n P. :·!'li 1-
a.bl e at the t ino. T) 1e  ch �:1'.:e of cyli11 d cr ,- nte ri i d  ,v·,t n. ,'fec t t' e 
perfor.r:mnce of t. 11e bal'i'lE u. See parn.:--r-aph �J 1 nr 8. 6 -i c 1.,$ .� ·. o:-· 0 . 
tests Oi'l the c yJ.ind e r  ::;e te . 

8 . Tra.n s iti. 0 ,1 :--t1 1d •;. Upo •1 cnrc.plE·tion o f  t :1e br> lTle ..; t ;l. ' :,', 
tho sr.1.oot}me c s  o i' ';, n w·1ter n urfn.ce ,, i.; t!;e +;o J of +; 1-J.., s t i l l i.n,:: 
chamber rP r:.1itted ,, ,; t rnty to be ;r1.&de o r  t;..;e ti·n.n r.i tion t,) tb.J r; : ,  ,_ 
shone C a.'1.: 'on c ond1, i t . The or · ' :i:1.al tr,1ns ition \ ·a �: i rrt; e j1c1 ed �;o 11ro­
ch1ce a nearly hor i 2,c,nte.l '11t1tcr s ,.u· far: e, v.t1 i c l1 t-n ::; nri.,1 c 10 , s i },l  ', · 
pl·rnin['. a V«'> ir in  -(:',1e f loor o f'  th l tr :. S i t i .)l" t ,  Ir..c. i ·1tfd r1 P.,_ (' ,: , ,  -

sta�it area ( ,' i i::;u.- c 7). Tr i. ::: d e s i  n, h'n 'e v0r , d ie· r ,,t · , ·r.2 , r-, 1' A. ,, 

dee ired bec a. 1 1::::e t he re l 0tiv<'ly hi ·,h v• · l ) � i ,  :' ef; P Ei . 1 ·r i 1 l.' , .., l;i- .r -
s it i u!l ror•\ the l" t i l J !� l l  dll)J:1,b , r, t 1·_: t·-LL 1

• !' , i ;;' ' · ' 1 0  �' , o • ·t · c ·� :; ,,r 
the trruud. t�.on, p1·od ,,c ,·,c1 a st,1.�1c1 in vro.v, i. t �. n • , 1 1 111:! , ::  1 , . J "'11 ,-�;r, ,_ '1 
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from the end of' the transition. Thi s oa.used a. s eries  of waves in 
the tunnel do .nstroe.m w-doh, i f  they extended to the orown, would 
entrap air m.d oause n gulping ."  

A new transition was then de s igned to produce a longitudinal 
parabolic water s urface ( figure . 11 ) . In this transition a lenc;tL 
of 40 feet was ohosen to eliminat e au abrupt break at the end of 
the transition and the ste.rt o f  the tunnel proper ( secti on c-c , 
figure 11) . By a s suming e. water surface for the maximum discharge 
El.Ild kno :.ing the elevation of the energy gradient at each end of tho 
transit ion, it .�as then pos s ible ,  t various s ections ,  to  determine 
the velocity head , velo city, and finally the area to produce the de­
sired wat ,r surf oe . This transition operat ed sat isfactorily vrith 
only snall av s de-.reloping in the t 1.mnel ,  'Which would be too small 
to s eal ae;ainst the orown and cause gulping . " 

9 .  Pres sures  on c,rlinder �ate.  During the test s  of the model 
of the oontrollinG orks. and after the cylinder gate and scroll 
ease had been changed (paragraph 7) , a rattl ing sound was heard in 
the region of the gate oham½er.  Th · s sound was particularly promi• 
nent vmen the "!lodel was opersted mder the higher heads and smaller 
gate openings . The resemblance of thi s sound to the severe rattling 
obtained in pipe flow developing cavit�tion caused r,ome ooneern and 
led to a study of the pressures  on the cylinder gate . 

Test 1. figure 12 ,  ehows the cylinder gate installed in the 
model after the scroll  case had been changed. Baca.use the lip on 
the bottom of thi s gate diverged five degrees from the bottom 
shoulder of the gate chamber ( section A-A, figure 12 ) ,  it was be­
l ieved tlult c vitation would dev�lop in a diverving section of thi s 
type ,  especially at small gate openings . Accordingly, piezometers 
were inutalled in the gate oppo site the center line o f  the ports of 
the scroll oase on one aide of the scroll . The oiezometera VMre 
pl oed in the outs:i.de suri'aoe of the uate ( seoti�n B-B ,  fieure 12)  1 
in the lip of the gate (detail A, figw·e 1 2 ) ; and in the inside sur­
:faoe of the gate just above the edge of the lip ( section C-C , figure 
12) . The mo t important one s were those on t he lip,  so the pres­
sures ind icated at these point were carefully inve stig ted in de­
oidini:; the bast design. Pressures ·•ere recorded f'or a di scharge of 
1 , 200 seoond•feet for tl't'O gate openine;s 1 20 and 40 percent . For 
the 20-peroent G te opening the head exceeded the head obtainable 
in the prototvpe , but all the pr asuroa ,  rel t ive to atmospheric 
pre s sure , 11l8r · positive ( eee t able , test 1 ,  fi[:,�e u: ) .  The res­
sur s . re loo po sitive for the 40-neroent ry.te openini; . It \'as 
believed, ther fore , that s ince the prensures were positive for ex-
tr o rating conditions, even though the rattlinr, noi se prevai led , 
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no c avitation would occur for normal head s and e;a.t e  opening s . On 
the o th,,,1· hand , concern vm.s felt ove r the r,res sure s th•tt mig;ht b e  
deve loped ,.n on the gat e  i s  rai sed but one or two i nche s. I n  thi s 
re:::;a rd , it would h ave been di ffi cult to mnke faC C 1 u·ate te st a  on tho 
model for such small gate op0nin:1;::;. f'urther tests were then con­
tinued for 20- and 4O-pHrcent gate ope'1.inr;s in the belief that t· , e  
be st de s i gn  so obtained would al s o  b e  s ati sfR.ctory for smaller co.te 
openin�s . 

T o  e l i.mil1fl.te the tendency f or cavi ta.ti on to occur at smal l cato 
openinc; s ,  the d ivergence of the bottom lip with the bottom shoulder 
o f  the g'l.te c hamber was doc rea.sed to one de;_;ree ( test 2 ,  f igure 12) . 
Ar;ai.n t he pre s sures were all po sitive n.lthoui;h s omewhat L;reater than 
the p re s sures on the gate in te st l ( see t abl e ,  t e st 2 ) .  This was 
p1·oba.bly due to the lip being rotated dovmwa..rd into t,he flow to re­
duce the d iver�ence . 

Teat 3 was then ma.de t ,.,  see \\.'110.t e f fect there would b e  on t},a 
pre s sure s if a surface in the diverging s ection were removed . This 
was accompli a.lied by renoving the bottom shoul der of the e;ate cham.bor 
( te st 3 �  fi6ure 12) .  The pre s sure s o bt . i.."'"l.ed were all po si tive and 
were greH.ter than tho se o f  tho preoedi n t:.;  t e st e  ( seo table , test 3 ) . 
This de :;ign would probably have developed higher pre ssures for gate 
openings of six inche s or le s s, but it was obj ected to b e cause of 
otruetural limitations requiring a bottom shoulder in the gate 
chamber ,  -.hioh had been removed in t1rl s t e st .  

From these tests it was evident thnt no negat ive pre ssures 
,rould ooeur for normnl operating oondit ions ,  whether the divorgence 
was five de grees  ( te st l ,  figure 12) or l'Jhether i t  wn.s only one de• 
r;ree ( te st z, figure 12 ) ; but to e limina.t e e.ny tendency for c ,;ita.­
tion to ocour at very small �ate openings , the divergence between 
the lip of the gate and the bottom shoulder of the e;a.te chambsir was 
reduoed to one degree � In the mode l , the e.nble or the lip was 
placed at 29 degree s , test 2 ,  figure 12 ) �md t he slope o f  the bottom 
shoulder of  the gate chamber was placed at 30 degree s . By some mis­
understanding , the final design of th e r,v:te -..�s ma.do , i th the 811,::.le 
of the lip at 25 degree s en,1 the should e r  of the gat e chambf:l" ,Wls 
changad tc 26 degree s ( figure 5) . The diver;;enoe o f'  one de gree was 
the same in both case s ,  howev•vr. and it i s  not believed that thi s  
difference will cause eny und e s iro.ble re sult s. 

The deci si on to use a. d iveri_;ence of one de gree was made after 
the model had been rem.o�d from the laboratory, so the final de s i r,n 
of the model shows the cylinder gate to have a di ver�enc0 of five 
de groes ( i'i (:;1.n·o 1 1 ) .  In thi s re6nrd , the calibrat i on o f  the cyl in-
der gate wi l l  nppl) only approximately to the prototJTe (paragraph 10) . 
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Anot:·1c r p ro:Jl em o f  i "lportr..nc e in t .e (l ::, �  -r1 c :t ' t.l1 e c l _ _i _v: q  
�-,utc ·. u. s  t o  }�<'-'- ,:; the ·1ro j E. c teC '1.rea. o .�· t1:c l i ·, o ... t'.1 , ·  " t  <> ,, , �: 'Tc, •., . . 
:·r01 , the point of c1 e ·.t; to a. 1L-1i �U"' .. I '' t ' � �; · ·J� •' 8 i · l , ,·· t' o 
full l ·.c ac1 :,.ctin _; on t' .i s  arou _11·0 H!c e s  n l •) r;t• , ,_·,l j_ ' . r:1 ·, <''. ·, 1 •· ,: 
be t aken c a re o f  i.1 the d e r; i ·_:n o f  the t'l c ·· ':. o . . i • •  T v :t 1 , .· , s 1 ' ,  

for rm.de o n  o. [ate cl ,- s i f7ied t o  r •;Juc" t' , :. s  ' 1� > 1 .i. f' ' . T ·i ,. ' ,,, � 
1.tn::;at i sfa.cto r; 1Je c ...,uso s 0'·1r ne :c ti  r ',re i , •, :: r  :: · ,  . ,  1 : ·1 ,  ,1 1 ' · · e  1:· 
of t he rioc1 1 ·tate fo 1� ;x)-;:ierc"'-1:t ;"<te� opr •1in · ( :, • · t · J � ,  !; . .• , ,1 ) • 
In r e n cral ., th e pre s ·· 1 ;r u:1 v.Kl rc lower ,JY1 -� ' 10 l .i. 1 ·1 · 1 · , 1 u-
where t)'Wll frD S SllrC S ohta.i:10 d OD t he pr,,c -::. r] in, :• tr � . f' . · · : :· 
probn.blJ dt,e to t: 1e incroa.s i in ·� ivcr: t· ,1 c �  to 2° :�(; 1 , ·:.'' , 1 " rJ '·o 
the cxten s ior1 o r.·· t1,P lmtt or,1 o "  t0 te r,,:,r t·, tn i , ' • c  i ·' .  �- c· , rl _e --, " · ' n  
• ;at e y,h i ch red1 •ce(1 t,,n c' L:c'. 1::tr ,�e r�.r• · ', ( ·� t c.' · i un - 7,  +. c . · t  11 ,  · IJ"O 
1 :�:) . Thi s 0�ll O'·'ecl t'10 i : : 1·ult1.r : j "!tc t 0  j ,:; , ,  i , f l i r·. i_ ., ·, J ,  , · n , · , 
Other Wl thOUt 1 ,S i > l� ' ir�t d e f' } ,, C; ;c,r, cl i ''tl / .,.(; I , . .  r (' ;_), I } !_ :� . C: 
the other L;at e :::  -:;e f.'ted . 

Test :3 , us ln.� ci . .  _'/' te vri t, t a h o :r i z , it. 1 l i , ·, , 1 • ;.• , , . 1 . 1 ( .L '  
uplif t� , b1l.'t replaci:ir; 't ?,0-cle;;rel� iw V·o·0 s· td t t ld  ,.· . • 1 ' 1 , c  • t r  
ch�\I' lb( r ,  w11 s nv.1dc t o  :i ncreit s e  :;;H c j_ ; c ·  · r · ,, ·1 r- " 1 1  t .:· r � ·1 

ti1e:. t:a-c t· e 3 iric e  t,1 1 �  di·:..rf! �'"' r ·;t; 1� C  \,:n s ��l'*"__, �-ttl . .-i_c r ' f:;  ' \, i l �, r -
f i 71 , sone ol' the nre s :::  m·e s on ,· w l i 7 () "' L> f" " "·· �- , ·e 1, -.-,.t ;, v , 
a s.,f 1.tic j_:rnted ( se �  t8 ble , te i,t :-5 ) . �.o . ·ev r, t ' 11.· 11< . .. (4 i;n r-l s '  t; , ,e 
ma.;·i0r1ttr.'. di sc1-10..1.·0e fo r e ach 0c:t e op eni 1. : t e s · , c ,l ,;a ,, r,"J tl, · r· · ,1 , .c e r . 

S :inc o te :o t s  �' and !.i showod 'Lende'Yl.c:\. , s f'or 1K �d; · Vt\ : r,· r, .  : 1 rc ::,; 
to d')velo.,., for :;()- n nd 110-0 e . c ent :ate · ,p , i. :r, .' ,  1 1 

:- : ' C  t'. t. , 
lift on t.- 1e ,<_; ,�L e S (;lected ( i nre : ; )  · ,a.: ,10t r .'c e s r" :i  vcl .  · l 11' ,' , n.) 
addi t ional t c c t s  were nl\de on t 1e c .,-l in,i e r  ,ytc . 

A study o f  thes e  te sts on tLo c.' lind e r  _; EJ:t ( 1' , 'V•. : l s f,' e ; 'ul :l o' -
.ln:; 3cnen1l cone lw.: i ons : 

( 1) The j ets i s s ,.tin,; i'ron t he oort s J, · c· ie � c · .,11 r - se ri 1 ( • 1 1
(; 

:iv-en a. dowrtwRrd (E rection at t' .e b )tto' 1 o f'  t}, , f, ,, . · r , . -1 ·1 · . '. 1 
i,.1pi1pem.cn.t ,,·la:,.' incr .. ,i se t.1e 11 e1vi re q11 .i 1· :(i t :: 
c. '.v.r 1:; e ;  

( 2) Tl 1e J.iver --0nce het.wceu the botton o , '  t�1 r: ··1 i'e - .-1 t. · 1e d -1 )­
i:n -: sho uld1:1 r in the gate clianbl·r ehoul ·1 li hJ_ t t )  r, . 'li'd :i t 

( ", )  'l'he �ate s e · ,t ::;'10 1 11d 'oe ,• l o se t ei  
·�F.i:L e to reduce unl if't ; 

( 4) 'J.'he li!J at the bottor1 of �he 
."Hrd into tLe floi. r to E; li. tinqt, e 0.,1.:· 

to rlcvclop ; 
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( 5 )  The pre s sure due to the flo •, i s  e;rcat er on the out side than 
on the insidB s urf"ce o f  the r, ate ; 

( 6 )  The ;:eneral reduction o f  p rA s sure on the ca.te surfrc e s  op u­
s ite the different ports around. the �at e  chamber indic,.te s unequ•• l 
flon di stribution i n  the pas sn:;e s of the s oroll c a se ; 

( 7) Pre s sure s  on the inside surfr:tcc o f  the gate just above tho 
l i p  A.re , in :�enere.l , s l i ,_;htly l o s s  than tho st8.tic  head above t' , i s  
point . 

10 . Calibrati on o f  mol:el . The model was crn.l ibra.ted ,-rlth the 
cylind �·r rute  sho,·,n on rf-:uro 11 and figure 12 , te st 1 ln t he 
scroll-c 't;e �ate chai::-iber . As explained in p ara::;raph 9 ,  the final 
de si i;n of the protot/pe r-;e.te , \vhich was r1.ade a.f·tor the aodel had 
been removed from the l aboro.tt;ry, hud a.n an;-: le  o f  c:i vorccnc o ,,t the 
lip  o f  t 11e cate  of one de gree ( fir,ure 5) ; vrhereas , the final deEJif.?1 
of the gate i ,1 the r.iode l hn.d a divergenc0 of  five dep;ree s ( fj_ ;ure 
1 1 ) . :'.s a result o f  thi s d ifference , tlw calib:r·at ion curve s sho m 
on f ir_;ure 13 1:rill  apply only approxj_mately to the prototype .  

Fi ;:;1u·e 13;'-. i:;:i.ve s , for vari ous e;a.te openittCf , tile  d is che.r ce 
throu,;h the oontrol lin,; works ver sus the pre s sm•e-head in feet o f  
mi.tar at stat ion 1+99 . G9 ( a ide elevation, f igure 1 1 ) . 1-'ir,ure 13 B 
g:i ve s e.'mro;-:: innte roservoir  e levot ions  versus oros sure-head s a-t; 
stat ion 1+99 . � 9 , the re servo ir e levat ions b( int: apnro:c htate becl'tuse  
of  the neee s sity in obtainin� them t o  a.ssune losses  froH stru:. ion 
1+99 . 6 9  to the reserroir .  

11 . Stunmarv o f  te sts n.nd the final rl e d. :�n . To c reate e:..'fec­
ti ve onorw· d i  s s ip_  t ion and t') rechice the-. o :  ... ce G S i  v J turbulenc0 in 
the st illinc� C, \runbEr of the c ontrol l int works . t rrn s-Li  llin · cha.;'lber 
1<ro.s enla.rc:;0d and two baffle s  were pl aced i '1.  it above the cyl inC.: t.r 
e;ate cha.m�)er . The ·1odel o i' the ori ;: :i.nnl desi  :n, ciiown on f i  :urc 7 $ 

vm.s dc:v0loped frot1. the d e  s i :,ns r,i ven on fi::_:nrt, 8 to the final d-�­
::: i_;n A s  :;ho\m on fi1�uro 11 . Fi__;1.,re 9 sl10,·:s the nodo l  in  the labo­
ratory,  and tl ,, e fft.. ct iv-"nc s s  o f t.he fi11e.l cle ui  ,n of  t lie sti l l in ;  
chEllnl>er nay h e  S 'Jcn o.'."l f i r;ure 10 . ',fl1en the sti l lln,� du.v.1be r L 0 d 
been sntis  ·n c t')ri ly evolved , improver·1cnt s were made o:;1 the tr !!J 3i­
t i on b tween J._;;, ,, top of the sti l lin� chamber rmd Shoshone Crmym1 
c onJ1..;. it . By c-he.n::inc th e len,::;t 1 a.nd shc..pe TI' Uie trons .i.tion, s i;a.nd­
in.0: ,!llvo s wore e li--:1inated in the tunnel d.0,,1.str 0..""'1 ( cot1rr ro i'it:�'.re c 
7 fuld 11)  • 

Pre n sureo were measured o n  the cylinder r,ate to detornin0 lf 
the1· e ·.'Ould bo any tendency f'or neg:ative pre s sure s to develop on. 
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the ho ctom lip, · s:nd to e stabli sh the optirrn.t.71 di vcr::_:E>nce b t1Yeen the 
liry 8Wi the bottom shoulder of che ,_:;13.te chamber . The r e sult s o f  
th�se t e ::i t s  may bo seen on fir;ure 1 2 , with general c oncl us ions fr.:>r.1 
tho se t e s·i., s o utlined in p arar.;raph 3 . The f inal de si ,::;n of  the cyl :;..11-
der ;:;a.tu i s  s'.lo .rn on fi ,;ure 5 , Eind the protot:rpe sc1·ol l  c ase  rmd 
cylinder -:;::.te a s  a.ssesbl ed in tho fa.bricet ing, sho p s  mfl.y be seen in 
fi,_:;ure 6 • Other prototype uetr i 1 s a.re sh01-m on fi ur, s 3 , " , a.nd 
5 ,  with 3.dclition!.1.l inf'orF.iation ,:;lvcn in spe c if i c rttio"ls l<o . 798 , 
n sho rfrwne Canyon Conduit Co!l.troll inc Works and 't'unrv;l s . " 

A c al ibre.tion 'li'Jt\ 3 made in the ,10 1e l  o f  the c:·rlin'.-tei- ;:;Hte nhovm 
on fi gure 1 1  and on fi c;ure 1 2 , t e st l .  As st:1.ted in pnra TB.Qh 10 , 
thi s  go.ta repre sented one dii'ferent fro7� t he sate o f  t!l.o final <ie­
�ic;n, so that th:i..s c alibration ( fi /';1.tre 13)  wilJ. apply onl:r approxi­
.zr..ately . 

1 2 .  C o  c l "s i on s . Al·:;hou:;h i t  0:tas :rece s s e.r:,r t o  so lve c ert�in 
hydraul ic problems .9crh inin; to t'1e de s i ,;n of the c o'1.troll ino; wo rks 
, ri t'7 the aid of o. nodel stud:', i L nay be true t',1r1.t t 10 probtype be­
:1xvior �·tl ll  be  cl ifforent /roi-1 t'1::i:i; -' ncl jcatcd by the ·1ock l . 11,'len 
onl:,r ,]a.vi t·,tional fo rce s  ure i ·1po rt:,.nt , it i :-; ren r  )tc"b ly eri:rtr.in 
that the nod e l  'me protot:,,rpe beha.vio. wi l l  be :; i:,d l. •..r . In tr i s  
st,.,idy , "  .:10wev0r , vi scous forc e s  al s o  pl a;;.•· "l. rart , nf' , :.. -;; · ' i f:c 1w sed 
in pt r �1.cr .ph 2 1 if' the sU!rio flnid i s  uted in t'1 e .,10,k l cl ad +)rn pro­
totype , and if  r .vitat j_on3.l n.nc.l vi scous :l.'orc <> s  P l' •' c ,J ' .s i,1 ercc t0-
i;etl-1er ,  cx3.ci.; si_J,j_litudc i s  i po  siblc . 1levcrt: e l e c:, :; ,  ror ·v .o 
rca.sons pi-1.:vi,.:usl.,· d i seus sed in ;:ara0;raph 2 , there l s  r�'"-S c;n·0 ble e. s­
sura.nce t:la.t t'. , e  prototype ,:i l l  operate se.ti sfa.ctoril:r • 

It i s  be li eved that t'1is t ,pe m� c ontrollin.,  v.(wk s  i ::;  uni que in 
its use oi' a type of ::; c rol l case , c�rlinder c;ate , and baffled sti ll­
ine; ch.amber to c onduct ,;-ater under a hi,�.h head into a tun.nel .  Fer­
ha.1., s tho ::i ti J. linc chamber v.ould have operated sa.t i sf,·· ctori l;r wi tl:­
out baffles if the cimnber were ·:iuch deeper • but t'-"1is  d o;?th would 
hrnre been oxc o s sive, jud::;in�; fr,:,.1 t. ; 1e munm.,r in  1::L ich the vrate1· shot 
up"iD.rd s  in t he stillin_; chambPr o f  tac ori ·in!.tl dc• d ;11 . The ei'fec­
t .:vone s :,  01' the f inc.1 de ci 01 den· ncl "' • therefor ,, on t ' 1e b0• L'les ,. 

T _e p�·oblo.ma i,1 the desirn o f  the c:;li,-ir1 or  0<1.te vc1·e rmch -10:re 
d i f '':i.c 11::: in t .. c selection 0f "1etal to  'he userl a'1u t'ie ,et' 1od of 
fabr ' c t i on 1/1an were the hytlra.,;lic  robler1:-i . The OJ·ohlmn of ,a.'�c 
vibrntion i s  be lieved to be solv ,d by the u�e  . ,r· r1 bbc•r  bri.c' · 1'1� on 
the gate slides . Cavit , t i on of the ,)o ttom. l i , i •· not exroc ', •ci be­
c ause of the use of a. mi hmm an ·lo of  div<.. r ;0 c0  ".Jetw e 1 t he l ip 
of' th<: cntc ar:d. the :-;lopin, r.fl'n l rler at trir• botto·n of the tu 
c'l-ia:nber . 
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ntE CANALS AND RESERVOIRS SHOWN ON THIS MAP AS ,R()fl()S(D 
SM0UL.D NOT 9£ CONSIDERED OEfl/'CITEl.T LOCATED. AS THEY AR£ SUBJECT 
TO CHANGE Oft AaANDOfUIENT UPON FURTHER INVESJK.ATION. 

EXPLANATION 

----- Canal c:onstnded, U. S. 8. R Power transmission line (33,000 volts) 
Lands under U. S. 8. R. canals, irrigable from 

works comS,,eted or under construction 
----- Canal constructed, private " 
------ Canal pn)l)()Sed, U.S. B. R. 
+-+-+-+ Telephone line, U. S. B. R. 
+-+------+----+ Telephone line, private 
-- Highway (oil surf&ce) 
� Highway (improved) 

Trails 

Lands irrigable under proposed but 
not yet authorized wo,ks 

� Boundary of Shoshone irris.:ition district 

� Boundary of Oe,ver irrigation dtstrict 
���'%.� - Boundary of Shoshone National Forest 

R. 99 w. 
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John C. Pact, Commiuionu R. F. Walt.er, Chief Enst...-

FIGURE. 2 

SHOSHONE IRRIGATION PROJECT 
WYOMING - MONTANA 

L. J. Windle, At:Unc Saparintndnt 
llap No. 88-180 

Prepued in the Wuhlost,on Otficl 
A. II. Smith, A.cdac OiW Dn.t'tuu.a 
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SECTION A-A (Developed ) 
Symmetrical about � 

TA BLE OF OFFSETS AND ELEVA TI ONS 

X y Bottom El. a Dist. 
o· 7'·6" 5 2 1 5 . 3 3  0 
I '  7'-5" 5.? 1 5 . 3 7  0.9 9 '  
2· 7'·Ji" 521 5 .51 1 . 9 8 '  
3 '  6'·8" 5215 . 75 2.96' 
4' 6'-1/;' 521 6.03 3.94' 
5' 5'-6j" 5 2 1 6 .31 4.9 / '  
6' 5'·0t" 52/6.56 5.88' 
7' 4'-8i" 52 /6. 74 6.83' 
8' 4•-44• 5216.90 7. 78'  
9' 4'·01· 521 7.06 8.12'  
/0' 3' ·9!"  521 7 . 18 9.65' 
II' 3'-6t" 521 7.31 

I--'--
/0.57' 

12' 3•-4!" 521 7 .38 1 1. 48 ' 
1 3' 3'·4" 5ZI  7.41 IZ.38' 
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S ECTION E-E 
(Developed ) 
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SECTION B·B 
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S EC TION C - C  

NOTE 
Steel lininq plates not shown. 

o a ,aA,.TM�HT 0� TH• INTa,uo 
8U1' E A. U  o, lt a CLAMATION 

S H O SH O N E  PROJECT · WY O M / N 6  

H E A R T  MOUNTAIN orvrs,oN 

' 

S H OS H O N E  CAN YON CONDUI T  
CONTROLL I N G  WORKS - TUNNELS 

I0'CYLI NO£R GATE - SCROLL CASE 
OIM£NSI ONAL DRAWI NG 
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