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Erarlch of 1)esi.lrn a?d Conrjt,ruction Laboratory j2eport No, 207 
I h ~ i n e e r i n g  anc! q 5 e o l o ~ i c n l  Contra1 !Iy d raul-ic Laboratory 

and Ylesenrc h :':vision Compiled by: A .  J .  Pe terka  
!)envex-, !:olororic? 2eviewed hg: J. E. darnock 
iiur(tl,st 21, 19/46 and J .  K. Bradley 

Sub J e c t  : f!ydraulic norlel s t u c i i e s  on t h e  sp i l lways  :in? t h e  i!owell-3unger 
va lve  koodn :~nd  n proooscd ice-prevent,ion system f a r  Ross Dam, 
Z i . t ,  of' S e a t t l r  , i::as\:i!lg t . 0 ~  . 

The s:~ill;iag stn{!ics c icscr ib~r!  in t ' - in  re;lort were ~ n d e  t o  C ~ t r m i n e  

t!-,e elements of a spil1wa.y c r e s t  rind d:?flect,or f o r  t h e  i:oss ;jam w i t h  

s n i l l w c ~ y  cr-est, a:, r.!~vst,ion 1.5"2 rind t o  ~ e v i s e  t h e  S t s p  3 nro?osals  where 

necess-1 r-:: t,o ins:ire pooci 0pi11:'ra)' ?-.ri'ot-rn:c-ice under :111 condit . ions of 

c:isci:,?r&e. 

I'ies11lt.a and reco~mendations conti i incd : ,erein rire based on t e s t s  of 

hytiraulic models construc t,ed t,o ~.or,rf>:x-is?,e scales. 1: 317 S C Z ~ F ?  model of 

p a r t  nf  one m i l ? _ w a Y  was used t.0 !etc,niinc  IF! crest. :ind r',eflect.or shanes 

and ot.l;cyr Ijetrtil s , ;. 1:90 scale model o:' t l.u t-rll,i *"c arch dark, i nc lud ing  

the  spill-dn::s, r a l ev~ t io r ,  1340 03.t.lets, and t .11~  r!nlr~-nstrea111 to?ogr&??~y was 

user! t o  st,u+t + he ovf? ra l l  wrfarmr:nsc o!' +.lie snillwa: s n;ld chites .  

.'t s ? i l l w r ~ .  crest. an.! def!~>c tmr were deveioncd, Ovcrrflow :jecti on 9, 
". r l c u r e s  e and (;, wi.-ict: w?.en used t,o~atbc?r, prevent,ad excessive negat ive  

presstir.es on t k  c s?illway face wit.imut. causiny e:<cessive aosit,ive pressures  

on +.he d e f l e c t o r ,  'She spillway crs:j:, w s s  t hen  rnodi!'j.er! s l i g h t l y ,  Cverf low 

iect.ion 10, 'irrllr-e 22, so  t k : l t  i t  Joi.?ed t.%r p o r t i ~ l l y  conplete Stage 3 
spillwajr chutes ,  ..nri c h ~ n ~ e s  i n  t,Pe f i n i s k e d  p o r t i q n s  of t . 1 ~  c5utes are 



.,. 
:;tJ+ pe 3, ' i .,Ire 12, hcacaunr !mar rock f'ounrirrtion was e w o u n t c r e d  in the 

f ' i r l d .  

,'. cl:wi_~c: i n  t ! ~ e  ~ l y s t r e m  ? i e r  nose r:iciius a t  t,he ends of t h e  

s?illw:q :i ~ 2 s  :'ounc', t o  reducr? t,he encl cont,r:ictions, ?artlcularl: ;  a t  high 
3 .  : q l s c h : ~ r ~ e s ,  . :ltl t,"c :! o>mstrea.n ends  of t , !o  piers were s t r e aml ined  w h ~ r e  

t !:r: :~:*cl Jec t bcyonc! l . \ i~  end of' \+be de f l ec  Lor, t.o prevent f i.n f orinntion 

anti resultin;. :?:way on t,bc? face c?C t,k(? spi l lway.  The p ie rs  beneat,h t h e  

::i.:ures 4 ~ l l d  9. Z f ~;+~rcii GI- t  111 e r s  :.:'.: used i : ~  1 . 1 7 ~  :x-~t.ot.;:pe in ? l ace  of 

t.he cu!-vt~C! ~ i e r s ,  ; i :.-i?i be n ~ c r ~ c ; z - r ! '  t o  rc.i:ic! e n o r t  i.sn of t 5 e  outs ide  

t . ra in ing  V I  '1.1 x s  In? ;.cnt,e? t\y ' 4  l-l:-e 10 .  

. . . rosion t rs t  :- in,! ;c  nte.! t' .:. cnl-isicc.r.at l r ?  ir.;.t,erl; 'l w i l l  be c~roded 

;it ! 1.1. base of t i 7 0  :;;>i3-l.~~:y C?.II* PI; ,  tw t  r1o;lP :it t h e  base t h p  rircf.~ d m .  

'T5ls t h e  ~ a f e t ! ~  of t h e  c;in i s  C ~ S R I ~ ~ C ~  i'rr .11 t l inch .~rpes .  I;xtcnsi.ve 

e ros ion  s t u r ; l a s  nn khczes  ?, a774 ? were wide t,o aid i n  c i e t ~ r n i n i n p ,  t.be 

best  m~b'tor!  nf  r ivnr 'ned  ..nd nz11lwa:,. c ! : t ~ t ~  n ra t ec t ion .  ! - ' i i t l c t l  d ec i s ion  as 

t o  t,he mot,;loc! !,<I \ 1 ~  11se(! rests .:;tl- ' . 'T  .:It,:: of 3eattle t a d  cannot, be 

g-ivsn here, d i . ~ c t l ~ s i o n  cf &,klese !,csr,s Is z?;lven on pages I1 t o  1 1 4 .  

T h e  bcst ordi3r 1-f ~ n a n i n i ;  t . k r s  s?il'.~ii!~ ~ R ~ C . S  was i n v c ~ t ~ i g ~ t e d  t o  

prevcnt  ovc.rt,oooinp of t h e  traf ri.:;~? w n l i s  w'-e? on ly  a few s a t e s  were open. 

? h e  5est 3rrier v m s  :'ou!lc? t o  be 11, 7, 7, 1, 5 ,  6 .  S a t , ~ s  on H A C ~  spi?l~.:ay 

are n~l~t\r ,rei j  c:onsecutivelp, frntr! ne-r 7 he ccnt,r.r of t h e  a r c h  and cont inuing  

ontlrrarr!. . ' i gu~-e  29 s'lows t;i:e rrecsssit,:~ f o r  foll.owi.np, t h l . ~  sc>ee\;le. 

,': s p i . l l w i q  r a t i n?  cul-ve w s s  dot,c>rmined f rov  a a i r y l e  ~5;its on t h e  

1 :30 scale  model anti mi l l . t i p l i e3  t y  1.3 t.o y ive  h ? ~ !  f,ot.: 1 disc!-:irge f o r  bo th  

spillwa::s,  b'1~11re :':I. '?he t'ret? lisci?:?:.ge tl.lrvcl. r.'.u.is t.'.:>t t? ,n  s p S l l w a ~ - s  

will. pans Lht: r i ~ a ~ ~ l . : n  ? i zc!?,, l.i?r, 127,900 sc?con,<-'eet, w.i t.k l;be ~ e ~ ~ r v ~ i r  

at ~ ' l  evat.lon 160". . 
i ? ressure  sean?lrcrnonts were made on t , i e  f 5.921 sp i l lway shape, 

C.vcrflow :;ectlor? 10, i'i:.l~re 22,  Lo ob ta in  ?ata  on t ? e  rnodel qill.d::y c:nd 



+ o b- oklt.,i?fi?c! lat1.r. l i  ?l:res : 3 :ind 21, FI!-OW t,ie 1ocrtti.on or t.br piezo:nctcrs  

i n  t h t ?  .!:odr:l i ~ l l r !  t bfi ;x-essut'es obtained f o r  a range of bisch?.rces ,  

: ; t l ldies 1 o r!ct.onni!le a s a t i s f a c t o r y  hood f'or j e t  c o n t r o l  on the 
!!ow.?ll-Rtln~sr valves w e r e  made on a 1:12 scn1.e model. A model of t, h e  ?%-inch 

p ro to type  va lve  was cons t ruc  t od  and t e s t e d  i n  conSinetA on wj t h t h r e e  3 i f f  ersnt 

hcod scbernes. Tests wt?r.e made over  :! c o n s i d e r a b l e  riince o r  d i s chn rges  and 

v a l v e  openinf:s t'or klc?ads up t o  410 feel,. Of t h e  f o u r  schemes cons idered ,  

?!ooc! ::, 7 i . p r e  27, w a s  f m n d  t o  be s a t i s f a c t o r y  i n  t b o t  i t  was effect ive 

i n  co::trollin.o; spray from t, l ~ e  v a l v e s  an? w;is n o t  su t~ . j c c t  t o  c a v i t a t i o n  

dri:n;ige, s ince  :.I1 nrcnsureo  : ~ e a r j ~ ~ r e d  i n s  idc i.11e hood were pos i t 3  ve, ?i,qurc 29, 
.!, .f:ere wan no un'ral.::?ccrl t b r u s t  OR tOhr! v:!~vF: s i n c e  t,h.e h o d  was an  independent  

u n i t  arlii was ir. no bin:; nhy si crii 1:: connactoc! Lo t h e  vn lve  . 

:.s a resu l f .  of t,hr t e s t s  nlade bjt t h e  I lydraul ic  i ,aboratory ol' t h e  

Fjureau t o  detsl?:,lna !,LC ef : ' ec t~vencsn  o!' t h e  air-1i:'t systom of ice  

p r even t i on  f o r  Zranr! Coulee :;ant, t h e  1ahor:ltory w n s  ren~iested t o  det,r>rmine 

t h c  euscnt.i:il l'entu:.es of an ice-prevont. ion s;.stern f o r  i n s t a l l a t i o n  a t  
.. 
..OYS "m. ' i t ~ l d i e s  r,r t 9 e  Cr:!nc! 'Joulec s;st.em were made an;' some of its 

re3ture .s  ririnnte:! f o r  use a t  ':ass ;';an. ::odif'ic:.tions wcre made where 

::Pcc.ss~T.:--, bhser! on experl.enccs .: t, nf,ricr d : ~ n o ,  ::r,;j t,!ic resul t  inp, prsoposed 
,". , sys? ; *=n 's  :iLovm oil ':?,:rlre 30. i ~ z s  aciren~nf.ic. liacr:i;n fi90uIJ be cons idered  

as rt nrel5ainam -1r030sa1 -r:?ti,t'r t,k.:in a : ' inal design. 

r.4 ~ h e s c  i sves t  if:? t. i ons were c:onducted b:: the nersonnel of trbe ':':;draulic 

Zaabnrat.or: of t V f i  T-?~reriu ?f ?eel q ~ c t ~ o n .  ' ;escrivlt.i  ons cf tcs ts  and t.h? 



.. ~lo:;s '~m i s 1 ocnt,cc! on t.k'c .Ykni:it '&ivt.r i n  tCtc ::t:it,p o r  'astti.ncton 

ahnut. 3-1/2 mile:. \\~nstre:.!m from l!iablo 1)m and i lbn~i t  7 rciles.  u3strearn f ~ o m  
" .v. . 
, ,CY?;A ?ai, r 2 r11r.c 1, a l l  of  wt i:.k c o n s t i t ~ l t e  n ro , j ec t s  undertnlcen bj' t h e  
i' ' .,.~t.:,' of' 5 e a t t . l ~ .  ''owrr :)ro!ects Are i n  operation i n  connec t ion  with t h e  

l x t . t e r  two damn,  anr? z powqrnlant is a l so  ?rouosed ?t 303s ijam. 
I 

I!, ,,:as planrlad orir7i::ally t.o bu i ld  5os s  !lam i n  fo~: r  t j t ~ t q ~ ? ~ ,  w i t h  

r e s a rvo i  r surface:; oi' an-wo:-:.lnately e1evaf;ions 1365, 1550, 1635,  nrld 1.725, 

?.esnect,i v e ly .  Tbeso trc:-e cxllec! :It,aces I., 2 ,  3, an3 ul.tdj:rint,e, r e s ? e c t i v e l y .  
7 1 ;  e (!:am, a t h i n  arch-tyne s t ruc tn t . e ,  was compl~t.oci t o  S t s p e  1, 7jLwr-e 2, 

3t::'ore tht:  ::ydrai~lic I.abor:~tc:ry of the? !?urezu of :reclnnat,ion was author.ized 

:.a w:-kr xocel s t u d i o s  oi' t,hr s p i l l d a y s  cf S t a ~ e s  2 and 3 in 1943. The 

,-e:;ults r>f t.hc t,cst.s on Citagcs 2 :!:.id 3 are con t a ined  I.n F!;.drnnlic LJaboratory 

e n a ~ t  No. 136 ,  

I n  S t ages  2 and 3,  ?ronti : ;piece,  t h e  drm was t o  be increese:! i n  !)eight 

h u t  not, tP.iclcened. I n  t h t ?  ~1Ltirnat.e stape, :.he dam was t o  1% i n c r ea sed  i n  

?;ni,qt,t. ,in:: a lso  t.hicksned. Zo:lstn~ct, ion of Stage 3 hnd b e w n  when t r i a l  

I c a !  ;;t,u 'ic?s ind 'catee  tt!. +, t.he s t r e s s~s  i n  t J~c  t.%n arch of %age 3 were 

{-i;.,:c?r t.! an WAS t t I t c ~ 1 ~ ? ~ t ,  des i ra l . l e .  .;s n r e s u l t ,  t .h is  sta,ye was rrrodif i e d  

2:;. :i s ac t i o r .  user:* k:i r.5 t,'-c, n;-illw:ly crest, at, clev'  t i o n  ISr? r a t h e r  t h a n  

a t  e l  nvnt.i:;n 1613 ..a? n o r x i 1  r e s r r v a i r  sl~rf ace  c l e v a t  ion 1600. ,:ith t h i s  

: ;ecticn,  i t  :i.ou?c? n3t. 1,s nccer;sary t o  t.!:icken t h e  ~ C ' L T .  At *.be s:!mR time, 

on the. b; is i s  of recomenda t . ions  by tlie Federa3 !'07der Comvlssion, t,t+ s - i l l zmys  

wnr.: destr7ne.ri f yr. a r.!a>tinrlm :! i sc!v rge  of 127,000 second-fee t instead of 

123,900 second-fect  cons ide rcc !  f o r  f )>e  'itaze 3 model tests. 

.;ince cons tn lc t , ion  n f  t hc: ' ; t c ~ e  3 s n i l l + i ~ ~ :  chut,es w r ? ~  :---11 u3dc.r way 

I n  t . ' ~  f ;  rlr! wht?:~ f ).it; i:rvestiflq t i o n  was st.:irte:', , c e r t a i n  obvious mod i f ica-  

': i c m s  ir? 1 \ - ( .  :;ojll;i.?:: c hlltcs col l d  n o t  be rnncle s i n c c  i t  was necessa ry  t , h ~ t  

t h e  new s?i l1.w~:; crr:st-s an:i chrltes J o i n  t.hc alrocid:. corist.ructed r)ort,i.ons of 

:itn,~,e 3. instnnc!, ;nod i f i  c:. t.~ions srel-e 1:i;jde at, t'ric? unper  e n d  CJ!' 1 b-? svili WP.) s 

'II;.P~'~ C O ~ ? ! . ~ I C ~ , ~ O : I  : id n e t  brtc!n st.iirt,er'. T'-e:;e :gt.,rp 'ojln:j t.0 bq sati:.f ' trctory. 



. i L i t h  t,hc s - i l l w - y  c r e s t  lowered from e1ev;:tlon 1612 t o  e l e v - ? t i o n  1582, 

it wa? ~ o s s i b l e  t o  7rovide a f l a t t e r  c r e s t ,  s i n c e  t h r  a r c h  r l n r ,  i s  t h i c k e r  

a t  e l e v a t i o n  15.92 t h a n  a t  e l e v a t i o n  1612, t h e  c r e s t  e l e v ~ t i c ! n  f o r  S tape  ?. 
The t h i c k n e s s  D!' :.he a r c h  : n:! t h r  head on t h -  c r e s t  sn.de I t  ~ o s s i b l e  t o  

d e s i r n  t h c  c r e s t  -~nd  r i e f l e c t o r  s o  t h z t  t h e  t h e o r e t i c a l  n r e s a u r e s  on t h e  

s?il l tr :?y f a c e  wot:ld n o t  exceed minus 9 f e e t  o f  wa tc r  f o r  sny  r i l a c h c r ~ e ,  as 
4' 

ccrnpared tc  a ~: in imun~ l r e s s u r e  of  minus 1? f e e t  for t b c  e a r l i e r  d e s i m .  

deflector was ncccsasFy to ?revent ~ r e a t ~ c r  n e g a t i v e  Jressures, and for  t h e  

l a r g e r  disch:+ryes, t o  > r e v e n t  t h e  Slow ::on1 l e s v i n p  t h e  s.;lllwa.y face 

a l t o g e t h e r .  

? r a c t i c a l l y  a l l  of ~ ? i e  t e s t s  cn both t h e  l:3O and 1:PO scale  models 
m were ::4dc on C v e r f : J l  !;ecticn 9.  his was t h e  s e c t i o n  reconnended by t h e  

- .  
--rureau f o r  p r o t o t y ~ c  c o n s t r u c t i o n ,  iiorrevpr, c o n s t r u c t i c n  in t h e  Yield 

con t inued  < i t .  silt:? a r a 3 i d  r a t e  i u r i n r  t h ~  rriodel t e s t s  t h a t  it was necessary 

f o r  t h e  C i t v  of .;eattlc t o  r e v i s e  Clvcrfcill S e c t l o n  9 s l i r h t l y  t o  f i t  it t o  

the  a l r e a d y  c o n s t r u c t e d  n c r t i o n  o f  t h e  s p i l l w a y .  The d l  f f e r e n c e s  i n  t h e s e  

s e c t i ~ n s  o r e  minor f o r  n r a c t i c a l l y  a l l  purposes  a r e  t h e  sane. Z a t h e r  

than r e l y  ugon judm~~cnt  r i  one ,  howevcr, C v e r f a l l  S e c t ?  on 10 w 2 5  c c n s t r u c t e d  

t o  a s c a l e  o f  1:?0 ~ n <  r e t e s t e d .  i xce.1: t'er the  d j s t r j b u t i o n  of r e s n u r e  

on the s n i l l w a y  f a c e  <md d e f l e c t o r ,  the  s e c t j c n s  werc i 5 c n t i c a l  jn 7er- 

for:li:ince . 

1 : q O  scale nodel. A 1: 20 scale: :>iodel of t h e  pro7oaed s ~ i l l w a ; ~  and d-- 

d e f i - e c t o r  w3s cor l s t ruc ted  w i t h  one f u l l   ate, on w h i c h  s p i l l w a y  fnce and 

I - 

d e f l e c t o r  WJressuros werc measured, rind a h a l f  m t e  on e i t h s r  s i d e  t o  i n s u r e  

p r o p r  fiow c o n d i t i o n s  in t h e  v i c i n i t ? ?  of t h e  p iezomete rs ,  F i ru re  1+!3. The 

! - s p i l l w a y  was naho of c o n c r e t e ,  t h e  n i e r s  o f  wood, and t h e  d e f l e c t o r  and r a t e  

I of shee t  :ilctal. The c r e s t  md hood were e q u i p m d  wj th  p iezcmete rs  a t  close 
I I n t e r v c J s  above e l -eva t ion  1515, i2 i ru re  L. The model was i n s t a l l e d  i n  the 

headbox of t h e  l:QC s c e l e  nodel f o r  t e s t i n g ,  ? i m r e  5 .  



- 
c ? n ~ t : - u c t e d  of t h e  entire a r c h  dr:r:. Firurea 6 rind? s h ~ w  the nodel 3 s  

c o n s t r u c t e d ,  i2i,-ure 5 shows t,hc :,ode1 lilhits end topo7rnnhy. Crest and 
T 

d e f l e c t o r  detai ls  were  bescd on r ~ e s l t s  o f  t e s t s  ~ n d e  on th.c 1:30 sczle 

'i~odel, Fiqur-es 3 rnd 9. C t h e r  diinensions :)rid rlet,qil s of conr ; t ruc t ion  were 

taker. fro;,! f i e l d  construct , ion -3racinrs supp l i ed  by t h e  Gitv of S e a t t l e .  The 

a rch  :'IAS c o n s t r u c t e d  of wood .-ind l i n e d  with  sheet  ineta1 on the  unstream s i d e .  

The  headbox was of siinilar con : ; t n~c t i c \ n ,  cons5 st in^ of  a wnodpn box lined 

with  s h e e t  i r o n  ctnd b u i l t  i n t ~ ~ r a l  : ~ i t h  t h e  cpstrew. face of the darri. The 

d o w n s t r e x ~  - 7 o r t i m  cf t h e  rriod~l darn nnd ad j a ccn t  tonovr:::>hy c c n s i  s t e d  o f  

met.;fl l a t h  co! int ruct jon,  faced w i t h  :-a inch of sand-cezent surface coat in^. 

The rnetal l a t h  vraa he ld  i n    lace bv wooden sunoorts .  The box below t h e  daq  

xas ::l3o l i n c d  1crit.h s h e e t  n c t a l  above t h e  rnaxirnurr, tailwatcr l e v e l .  ?he 

sp i l l t r ay  crest wis c a s t  in r i z h  c ~ n c ~ e t e  ntLxturs ant! f i n i s h e d  t o  a smooth 

s u r f n c e .  'I'hc i a f l c c t a r  >ras c a s t  i n  the  smle ::,ixture and fastened t o  t h c  

wood .; iers.  The? s-jllwa: ~ a t e s  were :mde of s h e e t  n c t a l .  The 72-inch 

o u t l t t s  ~c e l e v a t i o n  1565 c o n s i s t e d  cf i c n ~ t h s  of 1-inch ~ i ? e ,  reduced t o  

t h e  ?ro?er size . t  the outlet. These outlets ozcrateb c;n!y i.i,?e onen, and 

no atteiii?t was ~nade t o  i r v c s t i ~ ; t e  n a r t i n l  va lve  open inrs .  

S o i i l w ; ~ ~  ;in5 ; ; e f l e c t o r  Tcst,~, b v e r f a l l  : .ec t ion 9, 1:30 ' ~ c s l e  $;ode1 

~ e s i r . .  F'rr:::; c o n a l d ~ r z t i o n s  0:' t h c  head, -!ischnrpe Tu~d t!?i.ckness of 

the  a r c h ,  it, was in,,?ossi.ble t o  3rovSde a c r e s t  shnpe t h ? t  siou?d r i v e  sa t i s -  

f a c t o r y  s:>iLl\rn!: f::ce .,ressu:.es for- the i z r r e r  d ; s c h ~ t r ~ e s  wl tnout  t h e  use 

of n de fLec to r .  ;n f ac t ,  withclu:, t h e  d e f l e c t ~ r ,  t h e  n a p e  s?;ur,? clecr of 

the s ~ i l l w z y  f o r  3i s c h a r ~ e s  atlove 53,!)00 second-feet .  ti! t h e  d e f l e c t q r  

i n  ~ l : : c e ,  satl:.f ilc, t3ry , x r f .~mnncc!  f o r  all d i s cha rpes  was o b t ~ i n e d .  

Us.inr previous ly  d e t .  r:ninecl ex-lrri:n.!nt:rl lata,~/ rho  snil1v:-r c r e s t  

::as c i e s i ~ r i e d  t,o :yrovide t h e ~ r e t i c : S ,  nan8t:ve F re s su re s  z l o n r  t h e  snillwap 

fttce, equi . l  t c  70 : ~ ' r c ~ r . t  ?f head, or  ,ihout !ol:lus ': f e e t  o f  w:!ter i n  t h e  

;.bztr.ict of . tu?: nc: c?f  Jr(i3rrt.s f'cr C v r r f P * i l  '>:?:r#s, ! 'art  '.'I, --- - --- - 
Fiv-ir~u? l r :nvest,i;.atj ons ,  Bo1~lc ' .~r  Cr,nyon Final Pe?o r t s ,  Hyr?.-llP by 



?be sr)i?lk'it:t7 .Ieflect,cr ~ ; i s  de?-$cncC! ',o h o l d  the sheet of %dater sp,a.jnst, t h e  . . 
s?il>rr.;iy f ~ c e  for ~!<scF:;?r!.es above 50,000 second-reeta, and z , t  t h e  saqle 

t i n e  nrgvent eyc-ssivr? ?os l?  i v r  nrcss~lres on tt-e de f l ec to r .  lfef.r.ils of 

tL.o recon:as:lded c r e s t  -n:i 3e:'lector sh:!~es '.re stown on Fj.gures Q an6 9 .  

*, '~s.l!t*s of t e s t  S. : ressure t e s t s  h?ic&tec! t.b: t !'or ~ : F s c ? : i r ~ e s  -- 
?:t.twrcn 22,393 pnd 127,000 second-feet over  -. ? r e ~  crest , ,  t 1 - 1 %  rl?.i?ximurn 

n r , y ~ t i v ~  p r e ~ 9 1 1 r . n  n x t ~ r r e d  ~ i . .  '.ie;:omctpr 10, F i p r e  10. The maximan 

r A e ~ a ; i v e  3 r e s ~ ~ ~ r e  : :>s t L c '  e q u i ~ ; ~ l c n t  of m i n u s  10 feet  ~f water prototype, 

--?:i occ'lrreci ?'or : t3 .?a-<intrrn f!Sr,ci :-rg~. l" r e s su res  rneasrlrec! on t?-e 

deflector f o r  ?,b:r? s a x  r:in@e of ( ! i r , c b ~ ~ r ~ o s  sLowed a m r r x i m u n  of p1l.s 

17  f e e t  of' w 3 t c . r  To:. ? !.e ma,'irnum d i  scb. rce. Tbe corn~ le te  s e t  of pressures  

ar f i  shonn p l n t t . e d  on ''i:*t:rs 19. I n  c r d e r  tti?.t t.hc d c f l c c t o r  nressures  

7 ~ t  exc-eC! tb pv* l* :es  sl own, ' . 'e !-3;-i.=o?t:.l rilstqnces bett.;r~n tF.e s p i l l -  

. .. , - .  
r* . race  m.;.i.;' t, '  ra r?ef1ect 21- 4 ;  05-3 on :. :cures ^ an.1 sbould  h o t  bc reducal . 
? t -,zg 5e w o n  tL.-t :'CT 43,007 ~ e c c n d - f e e t  on ly  t i - e  extre:n~ 'nott,ox end of 

r j e p ! ~ ~ + ; 3 \ r -  is  iq :ont;lct, xi; , ) .  + b e  !'law. "or ].;"7,OOO saconri-feet t i ; e  
. . 

323-r 2 s  ' ~ n  ~ ~ q t i c c i .  :..; tL" t t i c f l r?cf .nr  fro:n hholit elev~..t ion '1545 t o  t h e  

+,XI r l f  ',: + + o o ~ .  
. . - 

The ?:Ic+ l', - + - 9  i n  ''qp ~ ~ o d ~ l ,  ? h ~  \.~nter f i r s t  -ontact,cd t h e  'rood at, 

ah?li+ ~ i c v a t ' o n  !C,'q does not xe-n t';t t , h  ! c ~ T o ~ o ~ ! . ~ ~ c ?  hood i n a ~  h? ~ ~ f e l y  

r.1: i-l ' f  :t. t h i s  r?:~v;~tior,. :n a 1j1;741i ~ c a l ?  !?odel, it i s  not nossible 

t,? rp?roc?.:cr t h r :  $nsuff la?!on,  or- b u l k i n p ,  w! icl-  I S  k a - ~ n  t , ~  e x i s t  t,o 

sDT?ra * : ~ E Y ~ A P  ' 5  t '-.. rrrci,ot:;rll-, - 5  i: rc*i ; . , l t .  n f  t,l-is -.rid ot,',c,r unccrtafnties,  
. . 
~t : s -ecox.,e.l:pri tL '& : L e  c!eflect,cr bc oxt,cnded i i k ~ v e  1585 t o  elcv;ation 

1',3/3. 17 ! t.c -..o.!e) , wit;? ' ; -e  boor! at, elcv.  t i o n  1639, the s t n r c t \ ~ ~ . e  was 

ca::&'-\lc> * ' i scl-. :.,~l:i;. 1!,0,')99 s ~ c n n , { - f ~ c * t  x i t  ! ; r tc~t ,  ovort.oppin,p. 

P,, : y e  sy-il:i:ag. f ~ c e  nrc;:;.:t;res : ) l ~ t t f > d  on I ' i p r e  19 arc rcinirn~rn 
., r.r-,C, c,. ..PC- . , , -  .. <':..+,. i f ic+ f r9.n s !'?l~c+l;~t;:n:: c c ' t l * ? ~ ~  PC x ~ t ~ ~ r .  i n  t,t.:e :nodel 

, r P S " ' . ' " ' . .  1.. .,. T . t  t. ): (2 .z ' .... 
. 1 ' 4 .  ._, . , ,. I ;  : ... J , t t . t ;  d e f l e c t o r  were also i n v e s t i -  

,-. t e  ""7 l'ioh' .j!]*jar , ~ ~ . , r t ! ; . l 3 j .  r:-: s6.i gF:te. l'besr? nressures .dr?re not 



on 1,t.c. s:,illw,-y fncc  w o r e  found t o  occur f o r  disc!:. r p s  over A f r a e  

crest , .  

?be const:-lctlon at. t h e  6-nd of t,be clef lector ,  b-.twepn t,'-e d c f ? o c t o r  

an(-! the 5-illway !'ace, wbs jncor70rnt~ed i n t o  t h i s  d e s i p n  on tF?c basis of 

? r e v i a l s  ?,ests wV. l  c h  in2icc ted  t.b;lt "dr ibbl ing ,  ' I  t h a t  3t5cmi se occurred, 

was :onsi?eraSlg re*-ii:ced :.:i.t,h t,t:e cons t . r ic t ion  i n  place.  

.';-illw:iy Tests, i v r r f ~ l l  s e c t i o n  9, 1:e3 .;cnle Kodcl  - -- 
" e n ~ r a l .  Ti-e n?il lw:iy .nd L"3eTIsctor c h - n e s ,  I:verflot: ; iection 9 ,  

ott;ainer! fro.. . tLc :  ! : 3 0  sca le  t.est.5 were i n c o r p o r a t e d  i n t o  t h e  1:43 sca le  

X O ~ F ? ~ ,  jcinc-i t o  t h e  .;t.sge 3 sn i l l l .~ny  cbuts, and f n r t P c r  t.est.5 t o  determine 

t t - e  nerforrr;nnce c f t, ibe str?:~ t u ~ e ,  i.5 a wb'31c, were n&e.  Sone refinements 

in ~ jes . :~T  were psunr! t.c tie necessary,  anr' tLbsse a r e  ~ s c u s s e d  under 
.. . a ~ : > ~ o ? r i - i t ~  '.e;l:!inps. ..lglre 5 shows t h e  node l  ! i m i t s ,  L 7 i ~ u r e s  ?? rmd 9 

+ t ~ f  ?et: i ! g  :!. t i ( - .  qni l lwn!  :,ni: c b u t e e ,  2nd Yigres 11 mr! 12 the l ayout  

o' t h c  s~)i l l t : ' )  s wi' FI :-esnect t o  +,be arch. 

Snillwa:, z i e r  ncsps. '?he c f f e c t  -f v a r i c c s  r a d i i  on t " ~  : : p ~ t  rean 

-j r!r ~ C S P S  : a t  : :\( (?:I,.?S of t5 0 : - ~ i l ] * n ) ; d y s  was tboroug!'ly i n v e s t i ~ a t ~ e d .  The 

 nor:'^! v7as  h i l t  :cJ+,h a 13-foot r a . ; i u s  noso, as oro?oscrl fr)r : t i ize 3, and 

: :o - : s i?e rah l~  soq5rac t i -n  was e v i d e n t  f o r  bict i  disc?-: rrps 1-1; t L  t ' ~  g&t,cs 

rc=( S P ~  f ~ ~ r ?  of ; h c .  w  at.^^ S I I ~ ~ Z C C ~ .  I n  an  cit.te.nnt t o  red:.icc t,>c cor~tract , ion,  

f hp ra ' i i - IS  clirv.>tu:'e wan ,! :libled, but, o n l y  a sin; 11 xmotlnt r,f improve- 

xpr.? Ta~as nvi:jpr!t,. .- t,bur r a d i i  and ::rrangcmwts were t r i e d ,  anti f i n a l l - .  the 

curvet' - d ~ ' i t !  on qn tab- i l ns t reaz~ : l f~ce  o: t,he d m  was r e l ; r r ~ ~ ~ f d  c n t i r e l y  and 

A ',-foot T ~ I . ! ~ ' ; s  CUFJC was :r,x:.de t a n q ~ n t  t,o the face of thp dam 2nd t b e  face 
.. . of t Lr ?ier7 , :rll--s 2 ,and $. T'.i s arrance;ncnt nrcved e n t i r e l y  s n t i r , f a c t n r y  

x i - :  I s  rr?cornnen~cd a s  bpinc t h ~  b e s t ,  cons lu ten t .  w i t ! -  c o s t .  'j'he r-n<ius 

s; ,)wn i s  b5 l a r g e  :?s can br  -1se1: .d:ltt:out i n t u r f e r i n g  ~ r . l f h  t,>e ga te  s e a l ,  

: , t?f lectoy~. i ier  noses, ?he d ~ f ' e ~ 1 , c r  ?i.ers were 'Jrst inut,::lled w i t h  

;j scuare nose or1 t..'.r: ilo.mstre*-nr *-:16. :.:peration of t F e :nodel at 50,000 second- 

f e e t  or rriore s!-o-file:: tl--::t, t ;,(? S ~ ~ ~ ~ ~ C ~ ! ~  e:.::~-insion of t a k e  ' e t9 ,  i ift2,r leaving 

b 



i n  tk.7 ~ o i , o t y ? ~ ~ ~  wr.)ulc! catlsp neec!lcss ssnray on t t . p  o w n  s?;)illway face.  

Taprr inp t!.e mod01 n i e r s ,  a s  sbmm on ? i ? ~ r e s  41 and 9, retl i~ced t,Ps s i z e  

of t h c  f i x  unt ' i l  t,Fr:. were b~nr r i ly  ; i iscf,rniblt? on 1 PC model, a n d  t.Fe water 

s.lrr*acc f'or ? u i t e  socle I ? i s t ance  below t 5 e  p i e r s  :-vezire+ mlch smootker. 

T h i s  e f f e c t  was n a r t j  c \ i l a r ly  noticeable f c r  127,000 second-f ee t ,  ? i ~ l r e  6. 
Thus, t.L*e ?ic,r nnnso %re cssentlnl i n  t he  one ra t lon  cf a vacuum crest. 

Lieflectrr  ~ ~ i c r  cu rva tu re .  ;,n e>:m\ination of t k e  2i : ; t r ibu t ion  of f low -- 
nt t t - e  end -5C t 1 r~ r t  ~ k t  sp i l lway chute  silowe5 tkSr:t t,tp . ipi l lw: .~ d iscbarge  

xa:; zonccnt,rr t e d  a long t h e  sl~?crelev:ltec! side nf  .the cb11t.e. About one- 

t ; : i rd oi' ! \-.. : : i c i t h  of t h t ?  chute  F E ~ P  cyrry ing  n3?ro;ri~::t,el-; two-thirds of 

t.) c: ?.ot.al r!i schnrge. :.s a result, t ? t ~ r e  was a txndcncy fo;. t.t- uisc\!nrce 

:.? s;:i:I avf:r th r  t ra in i .nc  w a l l  at.or.,t hal f  way down t l -c !  chu te .  

.. . 
,:l?ct 2.t ttrc t i n e  o f  tF.ese t e s t s  L1.c nroto tyne  cF.*.ite ;:n2 t ra , inj .ng 

iiallls wcre cornpletcd un t c  elev .  t l  on 1490, it W H S  not  zossihle t o  change 

:.i r: c!:rvat.u r e  :,r supcrel  eva t ion  of  t t * ~  c h ~ t c ,  r? n.! tm?rovec! flow cond i t i ons  

co~i;:: 3, cbt .ained only by z'aking c!;:!n~ez above e2cv:~ticn 1490. 'The 
. , n o s s ~ o l 1 i t . i  r:s :'rir nrev-nt,ing crv~rtonnt3i: of t be 53+nsl.rea.m t r a i n i n g  wall 

were ~ , " ~ r c f c r e  very l i m i t F e d .  

Imoroverne?t i n  +.L~ d i e t r l \ ~ l i t  ton o!' flo.~! M R S  ev;c?cnt. ; l one  t'c r .r i t ire 

l e n q t h  and : t 1,>p -.I.! -f tL.e  c h u * ~  +:'on tt.c - i i e r s  7;nrler t;! e "?lector 
' 7 .  

'-!OF? :\!' t a k e  r:rbt q p i l l w a y  iarcre curve-! 1:1 rr1.m as s\o**m i n  ~ y i l r e  9. 

e ide ,  ,l-i;j t b ~ r e  was no bedenc:; :.o snill ovr r t b p  tr.ein!np w a l l ,  1 7 i ~ ~ r e  13A. 
Z 

l ' i s t r i  b::t i s n  - t t.' t 1  ca?d 0:' t L.~. cbut,e  as s t i l l  not  qc+rfect ,  but, t l - u  

:.n : tZr. '::.~rve(! n ie r s .  I f ,  f'or : ~ n y  rer.sog, ?,be c ~ l y v r d  9lcx-s :<re not  

const,r:~cbx! on t!.e :..ir-.'rt, 3?11.3w:,y o!. t.'.+ * r o t o t g : ~ e ,  t! c t r n i n i : ~ g  wall on 
. . 

t.1.e superelrv::t~!c! r;:i:e . f !.' c ricL I,, i;piJ.li:::y c!-.irt,, batween e l ev . : t i ons  

1715 :.:I.! 1395, sLou!d he r : l isr , l  t o  :~rev.zr,t ,'lo:: vvr !,be :JAI~. 



Fu:.l..b r innrolrcr:;~sn!. :n i rh t  have D ~ o n  oh t  ,.ine:! by jqc rensini;  t.he 

cu rve  t.!l19e or '  t.1 c nie rs ,  but .  it hvr.s fou:lr! ti: t, t,'is '~lc-llr! reduce t ,hc 

ce~r;acit.:: o!' t.!\e nni  llw. y, s ince  t.r-c? c o n t r o l  in t,i.t, ha:. s t' . t, were made 

riarrc.wr!r ~,!ould he 7;oved f ron t,te g r t e  to : , !?p  end 0:' :hi: c?ef lec tor .  The 
6 . T :  

k2.y~ t.' :it, rw-e  made w i d e r  w ~ r ~ l  d ant corn;~cns~ite f'or t . h i s  reduct ion,  s i n c e  

in t.'-o:je bays tble c ~ n t r o l  woul:! rcmairl :ti, t.be g;.te. 

'.'ln.,: co:i-!! t ions on t? ,c  l e f t  spil;w:~y shute  were found t,o be b y t t e r  

t h a n  :I ose on t,F:t ~ j ~ ~ t  ~ f ~ ~ t e .  Some concen t r . , t i on  r f  flow on the  su:)er- 

elev::t.~.', :.ir!e of +.kc l e f t ,  chute was :.l:;o ev idcn t  , h t .  tbr? i n s t a l l a t ~ o n  of 

curved n i e r s  w ~ s  ncit c?nsidcrec! necessary s ince  there  was no tendency for 

t k  r !'low t o  s.nit l over  t 3 ~  tr t i i r i i  : I ?  ~011, ;-'i E1;res 13P and 16. 

S p i l 1 w : t y  c h l ~ t e s .  ;nlrinc f ie l t f  cor,st,ruction of 3tap,e 3, -3oor rock 
, ,,AS ,. founri t:; exist .:t. I ! ! + *  eqds  r3f t ) , e  . e ; ' ~ i l l w a >  c h u t e s .  I:.ccordin$ly, it 

w;;:; i.o:l eved a :v! s ~ h l c  t.c nbort,en t.? e c%t~tt- :s i,o a : i o i ~ t  whrre sound rcck 

w . . s  c.vic',c*nt. Tt *d,-s nIr?;lned t 9  S + O T . ~ P ~  eaci: cfir1t.e ::bout. 1:: f e e t  in plan, 

. ri,: : f - i z  .no:!i:':c't,lor. ~s Into.=->or-tod i3t.o t.! e model  fo r  test in^. The 

ends c.t' t k.r - ' f ir?+%: ?911t,i=s j e f c r ~ !  ::~?r:'i f: c:.t: on, t~otrev~ r, w r e  not  !>:lilt 

accordiny, t4c :,he p l a n s  p;iven i n  tiqe nreviously-ment.ionnd '-epart ':o. 1%. 

2 nsteac! o!' +,f>e naifom: s lope  shown i n  t.bir i rr*?art,  t,t-e encia (I:' 1 . k ~  

c r ? ~ t , ~ s  ws:.e tumrc sl i.f!hr.lg u p ~ n r c ?  w: tt, r e s ~ c t ,  t c ~  th un'; :'~r:n grade. 

V:is f e a t u r e  LrLd been i-xornorated i:lto tf e : I t y  cf :ieat.tln drawings 

:-.fter iLr:,orI, ' ;o .  13;) ?ad bean i ssued .  

T e s t s  on the ~l lo r t cned  c h u t ~ s  w i t h  t , ! ~  u?tt irned en2s sbowod t!.nt, 

f o r  ::I1 ? i scL::.rp,es, esch jet was c!i~.ect,c?d so  as to cause  excessive 

pros ive  a c t i o n  k t .  t i  c- bass of tb r. oprlosi Lc chute.  .,].so, i t  was roan4 t h a t  

t,' c act. on i n  1 . 1 . ~  s t i l l i n r - p o o l  x: 3 slSr-'~!.1~ unstatil p ,  ni~lsati:lp from si .le 

t.0 7:" re,qul&r i n t . ~ r v ; ~ l s .  !.t x.ax be; i e w d  t ; - . - t  fin:(>r.*;ining r;t' tbL-e 

st. ~ t c t , , .  r e s  \-~r:!l! ..! unc!oubtccllg. w c : l r  :.n ! t.' ',t n01.e st,:.bl e r~~ . sy : ; (  -;on ~31;:,! 

1-!P . , ) \ t ; l  : ; f t r.? I J I ? ~ ! ]  q l p r j  ] i 39 :.:+>re :-P:lnVrd 





on ' ! r t  -.r;ciel. : 0 101 1.~?st,s, :XI p e r l ~ r a l ,  ; i re  no t  concli;sivr! :!s t.o tShc e x a c t  

i~r:~ol~nl, ol' .,';t ~ . ~ r i . ]  1 '  : i will  be ::loved or t,ht: do.;l1 k t,o ~ : ~ j c l :  s r o ~ j i n r i  v l i l l  

.:rovr~t;:i. : D:\IPV( r . i n ~ : ! c ' l  s c$c conc lus ive l :  s! ow v;k)ore t."? c r o s i o n ,  i f  any, 

oc,c:lr , - 1 9 :  :..' rtre c!c;~ositj ons of erode:j .natz,rir!: , I f anj, w i l l  be made. 
5 

: rn: ; j  on + cr;t.:; w+*r.c ir,?c!e !'or d i  scb* recs 31' pTj,OQO, 40,030, 6Q,0130, 

O r : ,  379, ,on$! 1 ?7,300 second-f r-et>. I'f~o.toy;rn@-IS ol' t h e  test, r e s ~ l l t , s  were 

n n d c  wit . ' ,  10-foot con tour  l i n e s  inc:icat.ins the - !c?~t ,F .  :.n:l cxt,ent o!' t h e  

e r o s l o n ,  !"r::?c 17. Zt :;!c/ul? he not.e:l t'-- t no c r o s i o n  occ\~rrecl n r ? r  {,he 

b:tst! n!' t.!-c - r c h  dn:n.  :.iax-Lxm~ d r n t h s  ::I? y;:rdnges warme  de t smined  Tor each 

t.cst, nnr. ar,. r;koi.m ? l o t t e d  :cci.inst d i s cha rge  on :'i,ruru 1 R .  

?!bc ero:lec! aatcrl . : i l  was de?os l t ed  iXne3 i e  t e l y  dc:mstream from t,te 

sc-i:rc:? l ~ s l e  2nl- :::? t,! t. test o r q r e s s e d ,  moved downst,ream slowly.  The i,op 

:' t.ke .iepor,it w a s  i:s\lall:~ at olev.dtion 1200 or  t,t~creabnrst.s. 

'Tilt: r f r e c t  r ' '  t .hv clcv;jt.jon 13L10  outlet,^ was inves t i en tec !  :!tiring: t h e  

t7rnsj.cn t.er,t,s, :.'i i'll!'t? 0 .  TJ.* ollt l  et.s were oncnec! bn th  w i  t t ~  and ~ l . t , h o u t  

+ - 93: 117t!11.5 o:)ern.tinr. : 3t.rat.i on w i t  " t h e  spillways sL.owed th;. t .  t h y .  bacl 

no  ~ n a s x r ; ? : l ~  - f f o c t  on t , b ~  a c t  icn i n  t.t .: s t j l l i n ~ r - 3 0 0 1 .  Cpera t iny  :ilont?, i.n 

->it.,c* r ) l '  t,s g1 ~gqc~.:-?,r-t,j on *::. Slow, t,he nct,ioVl :In t,Pc st.llll<.ng-no01 i-;?is v r r y  

r,j :pi .::I,, c - . ~ ~ s p ~ '  I P Q , ' ~  nror,j.on t,\s'-r. l 'PC' s~ : i  llwa: s : ' i s c h . , r g i n ~  20,030 ~ ~ c c ? ? d - f  p e t .  

t ~ . l n ~  1 i.r: 7 ~d !-: ! :qe Sott,or7 cf t '  c? o t i t l o t  hc:i. Ha? t,br.i rraval ext,cndec 

d e  e;)er,+ ' r tr  pros  ion , ! c ; l l i l  h , ~ v p  ht-an d e e p r r  fqr r: I ..ic" r p s  a h w e  A?, 3.33 

sc~~:on, i -fr(*t , ,  .r. inri ic; i tad by ' i n~r . e  17 .  :n detd-::r,inir.p tk:. !i,axim~un e r o s i o n  

. !I .. t , b l r *  C O I - ~ ( ? S ~  (2, ;lr ;.-, , rfl- A l . r e s  !':br I;?rp~. d i ~ c h : ~ r ? e s ,  t h e  3rob~bl.t: 1393th 

i,o w t  i -'- 1- rzs ion  wa*.! ci k,:~vc - r o~ re s seC!  w ; : ~  used. ?'Pi n was f 3unc! 52 

!~ro.',ect inf; 1 . 8 %  -/i :;t i : ? ~  slorles fa:' t: c? ~ ~ r ? s i o n  t c ? e  i l n t i i  t,t?ay m ~ t  . '*'ora 

xnn~lnt  of erosi.on I..! be r::.,.rt:ct~>c! j.11 t,l!c! r,r.ototyoe, k ~ t l t  :!(; ~ ! V C  a corn- 

: - ~ , ; r ; s ? ~ r  of' C,ibn rslat.i.ve :~n~, .v~n tg  c!f' :.rgsion t o  bt? c?x?ect.ec! for veric>us 



r?om unknown e l  t ~ : ?  t j.on hcnc?nt\l r? l a y e r  of r e l n t i  va ly  l o o s e  n:tteri:!l. The 

s o l i c  rnck w i l l  nrotls s lower  tP,?n t k r - !  l o o s e  m n t ? r i ; ~ l ,  rn-1 s o  sone 

c ::c;:lsitiornt,ir:n sho~ilc! ha qlver, t ,h ia  conc!it ion.  i:n t b ~  otb7-r hand, if 

t , t ~  ele,nc?nt. of ti.:!e i s  I-emovec! fyom consi .dcrot ion:  o r ,  i n  o t h e r  wards, 

i f  t h e  :~ ro to t ; :~ )e  i s  operntptj  f o r  n s u l ' f i c i c n t  1ent;th of k i a e ,  t h e  

c r o s i o n  r%:ill a!;nroach t h x t  indicated by the rnodcl, regar3lcss of t h e  t ype  

of aat.erii l i n  t,be n ro to tyns  r i v e r  chrlnnel. 

, . . ros ion  tests--.;cf?enr: !?. .?ro:ri t h e  e r o s i o n  stuciies made on Scheme I ; ,  

i t  i.::is concJ.usi.v~l.y shown t h a t  no r f r o ~ i o n  was sv5 rIr:r;t, t t h e  base of t h e  

;irch 11:::; i'nr 2n:yr ~ i s c h a r y a ,  finri I,}~F: safe ty  of  t.bc r ! m  i s  assured f o r  cill 

op . - a t i n r ;  ::ondit ions .  The 6rente.lst tendency towarc: e!-osion f s i n  the c e n t e r  

of t h e  r i v e r  cil ' nnc l  nt:ar- t h e  clownstrer?m edce of t '  t? sp i l lway chu t e s .  A. 

l e s s e r  tendency towc.;+d e r o s i o n  i s  e v i d e n t  !lenr t h e  stecn s i d e w a l l s  1.f t h e  

nhnnnel.  T h r ~ s ,  any p rog re s s ive  e r c s i c n  t , h ~ t  would tend t o  undernine the 

splllwa;; chu te s  o robsb ly  w i l l  n o t  % c u r  u n t i l  t h e  sidewalls  have been 

exuosec! 'ty; t,he c r c s io r .  of ttie channe l  hottom. 

; i t . i ~  iIhrt n ~ > i l l w ; ~ y s  i n  oncr=t, ion, i t  WHS ev iden t  t.b-:  t as e r o s j o n  

; > r o ~ r c . : j r ; e t j ,  encryy 12 i r;slnat,f orr !n tf-c st,ill in?-no01 bt-c:>me more s a t i s f  a c t o r j ,  

'?h:r; let! t o  t , h ~  conc lus ion  that i t  would bc d e s i r a b l e  t o  excava te  and c r e a t e  

a decn s t . i l l i nv -poo l  wkile conotruct i .on e q ~ l p n e n t  was st.ill on tho  s i te.  

T h e  ' i t y  of .yent t lc  felt, t h a t  tkis would c o s t  less the-n removing t h e  eroded 

n;tt,c<!-::.I from t,)ic: c ? c n n ~ l  at so:ne l a t e r  date  a f t e r  t b e  c o n s t r ~ i c t i o n  equip- 

:i;cni. !ZI! k1.n removed. 'ft- is p r o c e d ~ i r e ,  hc;.revcr, would exnos2 1,Po channe l  

n i t c w r ~ l l n  t,n tk.9 im,l*t.'ir.t;e e r o s i v e  e f f e c t s  nf  t.hc t'irst ri ischnrgc t h ~ t  

passec! ov$-r t k r  n 3 j  1 lwny , rcgz.rtiless of size. To reduce t h e  o o s s i b i l i t ) ~  

~f ~~nt ie rn in inf r ,  t , t ) ~  c h u t e s ,  it, wss augl;ested th:ct ri hole or r-ctunp he 

e ~ c a v n t e d  c!ownstr.r?;.~: fron t,he area w h q r e  e r o s i o n  would nornnll;. occur. 
,1,, ~r:en, :IS 62rcrn ion nrozresserl ,  t,!.e eroded matr?ri;l'l r.lcrlld be dcnosited I n  t,be 

eycav.lt,erl smn, .~n:? t h e  rock a i d e w a l l s  i n  t k e  vic ini t . :  o r  t,!>e suill.way 

c h u t e s  r~nrllr! not, b~ ex!loser! t o  erosive a c t i o n  u n t i l  nwne of t.be bottom 

n a t p r i :  1 bad a c t . u ~ l l y  'nr:c;.t! croclell ..I; 1 moved. 





Cperat.ion of t h e  model i n d i c a t e d  t h a t ,  a l t h o u ~ h  it,  5.s p r e f e r a b l ~  t.o 

n!,erat.e. b o t h  s7illwn:1s t,;geth&.r-, e i ther  may be oparntnd a l one  w j  t h o u t  

c a u s i n g  c-:ccessivc c r o s i o n .  1.n opora t ine ,  e j  l,br'r s p i l l w q ~ ,  t,he ? rocedure  

::!vrn t)t.lo!\r s h o u l d  ho fol lowed . The s p i l l w a y  r a t i n p  c u r v e ,  F l t y r e  21, 

r e s p r v o i r  cl.ev:ltion v v r s u s  dj.scb;irp;e, rnsy be useri t o  g i r l  i n  r e g u l . a t i n ~  

5~ i ll.'b*'2;r i?! ~ ~ h a r ~ e s ,  

';ate I . ~ r . r a t i n ~  Sc t!edule 

>.n invast , i  ,r;ntl on of tL!c o r d e r  of open inc  t,hr : ipil lway gates was  

xade , nnr? i t  was f oi.lncl' tt-:it. c o n s i d e r a b l y  b e t t e r  Slow condj t . ions are 

obtn ined i f  t '70 lJro?er sefluenca i r; f c l l  owed ir. oneninc ?nd s l n s i n g  tt.!le 

c;nill.;:a., ~ R ~ S S .  S c r t s i n  y:!t,c?s, c r  ,::.ou~s cf g a t e s ,  : ~ r c d u c e  !'lox con:!lt,?ons 

xbic5 are  not, l e c 5 r r t k l e ,  znd h r t t c r  c o n d i t t o n s  may be obtci-ned by f o l l o w i n g  

t,hc o o c n i n ~  o r d e r  L ,  3, ?, l9 5, 6, r e e a r d l r s s  of t k c  numb1.r of p t e s  t .hnt  

are t o  !'i.nc*lly res ls in  m e n .  T h e  c l o s i n g  o r d e r  shoul:! f o l l ow  ?,!-is sequence 

i n  r.t:verse. The e a t ~ s  on e p c h  nr~illwa:.' era nrt.rih+.rec! c o ~ s e c u t i v ~ l y  from 

t h e  c e n t e r  0:' the z r c b  t , ~ k ~ i t r ( f  t h e  ahutlnnnts. I:ip~rc! 2(3A S ~ ~ O W S  t . t~e  f low 
". 

c o n c e n t r a t i o n  caused '.:! opsni ny ;ate 1, r lp,u:-c 2013 shows  t,Pe i-nnrovemont 

obtaine-! when %t,e !, i s  o n ~ n e d  f i r s t .  F i ~ ~ i r e  2N: shm:.fs t,!-.. co;lcentre?,lon 

of f low s l n n r  t.hc t,r:iinI:~g 7d~.11 ?nr! a t  t h e  end o f  t,!$r?. ch\i t , r~ w i t k  Gates 4 ,  

5 ,  and 5 m e n .  2 n t t f l r  d i s t r i h u t . l o n  i s  ~ v i c i ~ n t  with "liites 4, 3, and 2 
,? . oprn,  :.ln.ure 737). S i m i l ~ r  stuciies of ~t,!ifar cornhinnt,ioris, n o t  i i l > ~ s t r a t e d  

t~ re, showed t-k:. t t.hs oneninw o r d e r  g i v e n  above was ':IDSL s a t i s f ~ c t o l y  . 
7'1-c f i g u r e s  show tL,e r'i s b t  ~ n i l l w n ; ?  oocrat:infr,, hut t h ~  t,r?st resu1t.s  a r e  

n l s c  anul ic : .h le  t o  t . h ~  laTt, sp i lb rey  . 
;;l,illway :? r l t . . in~  ::LITV~ 

. . 
s r i  llwa;; rat,: ny, crlrve, r e s ~ r v c : i . r  cl f~v:;:.ic.)n vb.r.;?ls .:isckar!:o, Tc;r 

hot:? s ~ i l l w n y n  l*t:ts obt:ii!led Crom ;,llc3 :;.in~le 'cay o f  t.he 1:33 sc r : l c  model. 

'!'he s i n g l e  s;.t,~ di schrirqr:, c ? e t ~ ~ , l i  ne:! for Overfc.13 5ec t . i  on Q nri3 chocked  

for. ;:vfirt':ill . k t , :  nc 10, w 2 s  r,:a:i,i.olicd ty 12 !.o ,?ivp I hc. :-'i s c h : r r g ~  for  



sn .' 1608, ! l ; . i I ~  03 t o 1 : 4.3 r.s? 1 r! -ric):!-!_, + c!.:ed reasonable ap-earnerit. 

'i YiIre 71 s' ov: , + '1c s')ill'sr-.s rilt. i n r  cu rve  obt,nined. The s ~ i l l w a y  

cnc!.!'icimt ci i rv .  1 s  i l l s ~  sb;?\,n ~ i v i n i  in .. = 1 i n  terns of 

r-esnrvoir  f:1 sv-t  ion .  Jn t , l s i  s cquat,i on, , is f,ile :!i ~ i ~ k i ~ r e e  i n  second-f eet ,  

t,'le 7enytb o r  c r e t ; t  .nc:sqiired hf*t,wr?en p i e r s ,  and  H t h e  d i f f c r s n c c  i n  

el ev; t :l .nn !.14.:.rr>r t i - 6 3  c r e s t  .G-I~! t.bi? reservoi r surface .  :It r e s t r v o i r  

c . 1 ~ ~ -  t ;on 153q, t 0-1 of c .  1 s ,  1.'-t= .;trimurn disc' erce u; s 70,500 second-feet. 
r-. '-c ~,::>:i nivm !iesi ?.I :! i S C I  ~ r ~ e ,  17'7,030 s e c o n d - f e ~ t  , occurs  t:i t! t,?e 

'.ei~~-!writ i.r at .  ,+! t?vPt: i or1 ljQ9. 

, - t ~ t , ~ ~ ~ , r ~ i ~ ~ ? T !  ?r vc'rf. 3.1 t-.c+ ' cn 1.0 ::: ! ;I I ' onocoq~~e cate i n s t , n l l e d  
. . 

; ~ P P ~ ) . ~ : :  I?.- + : I '  ty~!nrl:ic)n lcrc;.t i o n  yJ vcln f o r  . vcrf- 11 3ect ton 3 ,  

' yc'ra111j.c - 07. tc;r;; e:lr!rt ' : o .  l+jO. 

' ; . ile +t .e  .nocl(ll !,+.sts on v + * r f P  11 ,ec6 j:tn c. hrgrr, nro~res::, con- 

2': rut' . o n  <)!' " I- -rot  ot. j  :>c s-.il3.w-l:; cFqrt,ps ::pnt,inilee, :'el lowine; t h e  

a!:~.n 1'r.r + f> itare 3 !zy? '~ t .  i rl 21119 :':, 1C:i,L>, ;s-i-.lle Z k r l  1 :30 sc:,le 

n;,cld~?l cl!' vcr'lct: 'act,ion 9 was Ssin,r  ?,e:;tn:i, :.I-e ?rototy9e cor~struct . ion 

: r v t  1 .  The 1 : r a ; y i : i ~ ~  q:1 v - r f . l o ~  3rct.ion 9 ,  f igu res  

' 1 .  ' C ' r rrrp .-.;do t.o t ie 1.n t.0 t., P ~t:>;e c'nut.es at rjlev;;tion 1430, 

j . ~ t ,  i.;. ,f-,..t "? . f .,, l9i,F,, ! + e  6-y  t , ; ~  :i t,y of ;;eatt,le rcce:vad t.hese 
. rrtq..!i nj:n, cn-~nt,~.ilct i on '-:id : I raac!; :lro~resse.! t o  P I  cv- , t ion  1500. Thus, 

i t  .:is nacez: -I-. f o r  t L f s  : J t y  of' ;eatt.lt- t o  modi fy  :.vrrflo-*. . i e c t i o n  9 
:, L. . , t l y  ' r, t,-!l. t+ 6. two s ~ c t  i ons  t ,eret , t~er.  Tbe -"incr c '  *?ces  made in 

, , :;:-?QC. ?ozr!ls?,rt-an f':.o~ tt-e c res t . ,  an,: 3 he:: will not 



believrc! t,o be of s l i r r i c i en t  irnport:!rce i.o ? r ~ v n n +  :i s t r i c t  corngarison of 

pres5lii.an b@twc?rn Lt.9 moc!rll. of C;v~r!'lor.~ Szc t.5 on ': :.n=i t h e  nodi  X e d  sec t ion  

belnp c o n s t r u c t o r !  i n t ' le  nrototype. :;ubsequant tes1,s skeower! l , t  i s  t o  be true. 

-#. 

:)lncr: jt i~ t,"e q r a c t i c e  of t?-e Fbrefiu i,o i n s t a l l  necessnq equip- 

ment, i n  r)rot.ot;17~e stnic tlires t o  enable ve r i f  i c : ~  t i o n  nf: model s tud ies ,  

t h e  Cit: of f Jea t t .1~  was request,ed, and 1,key agrced,  t o  i n s t a l l  a s e r i e s  

of niezo:nat.ers i n  1 . k ~  ].eft s-~ill.way facc; zn. def lec t ,or  between J o i n t s  22 

2nd 33 ,  :?ipure, 3 .  Thc 2i t .g of. :;cattle vms r e q u e s t e h l s o  t o  s c r h i t  t o  

t h e  fiu.-~nu t.? r s7111wl:y scc t ion  w:,ic!i :.hc:. ?l;ln:~d t o  a c t u a l l ~  ? o n s t  ruc t  

i n  t he  vi .-,in; t.:, nf j o i n t s  22 :!tic! 23, ' , c r ea f t e r  re fer red  t o  a5 Overfa l l  

Sec t ion  10 ,  so  t n t i t  i: inoc!cl o r  ::is sec t ion  could be t.estc.? i n  the 

l a b o r -  t.ory. 2resnllrcs nieasr~rer! on t h i s  :nocel. coulc! then be ce~~pa. red  

wit,k tL,e n r e s s r ~ r e s  ohl.:sined 3.t some l : , te r  d a t e  on t h c  ~-ir.~t,oty_ne. 

Press11 re I:easurenient,s on : ; r ~ s t  arid I)ef lector 

IJ. model of : vcrflow .-;ecLion 10, Fjf t i re  z7, ~ l s o  r e fe r red  t o  J.n tbie 

correspondence ;is rilt.prvn.te 2 ,  was zonstrijcted t o  n sc:,le of 1:30, 

equip?ec! wit.!- oiezoineters, an shown on 'I'ii-ure ;?I,, :knd pressllres on the  

spillway .kn.i rie r l o c ? . ~ ~ .  :!,e;islirei f o r  e r;:nEF: of d i sc ' r ; , r~es  titl f r e e  f low 

over ti-IF c r e s t ,  Vis!~al i n v e s t i g a t i o n  of pressu:.es undc%r 2 >: r t i a l l y  

reise:! ~ c l t t ?  inijicrLt,ed tL:?t t 5 i p  con-:j t i o n  was not, as severe as  f o r  f r ee  

' '1 r~w o ~ ~ f ' r  t,? e c r e s t  . The res1ilt.s ot' thc f r e e  flow ter,t,s e r c  shown O~I 

" .  
1- ! 7 ; f L s  : 3 32:: 7h, 

-, .. . res~3.1 7-es on + :.r, s ~ j  1 li+.~j?.' f'lctf '.re shotin on : .:: re 1'3 i n  !'f,et of 

~ d a t ~ r ,  ? ro t , c ty3~ ,  qq-15 . - r ~  qlot.ter! ap,ai n s t  t-',P ?iezo:!~etb r nunher.  ?or  

" r ' ~  i ;"I - Y J : - P Q ~ ~ s ,  f 1 - P  7 ~ e s s u r e ~  a r c  :lot r,i pni f ' i can t l :  .?l f'f'd~rent. t h i n  
L I I* ose !'nr ' v t3 r fa l l  ;r?ct,i r, c ,  4: f f n r i n ~  onl;, ' n c?ep,rcc. ?or  d ischarp?s  

iln t o  15,000 secorlcf-feet., 7 : - e ~ ~ i . ~ : . ~ 2 ~  nn t.f e c f - i l lwa-  race wrbre  wsitjve 

SV.-~!, ' ; I G S ~  f"' ' h r ~  :nlrface, SPCQ:II~*I(~ s l i r L * t l y  \ ? r $ l o w  :ttmfis;lbcric I n  +."e 

-e(- i~)3 nr '3 P Z O ~ ~ I ~ ~ ~ . P Y P  '., 10,  : :\I' 11 . '.s the j i  sc,? . r,rr? L!L?S L ~ c T - ~ s c ? ~ ,  w r e  

l a  was ~ ; l ~ t  i -~tc?r!  1 c :-e+~cp:! Ir~ssi.i:'ur: ur,! ! 3 f o r  !.27,OC1C) 

.;rcoqr?-fec.t., 7r.l:~ t ica?.l.r- t.5e e:ltir*o !'ace b p l ~ w  t,hy :~_'es+, .:as helow 





l n t r o d u c  L i o n  -- -. 
T ' r e ~ i i ) ~ ~ s  !I*) :.?',- t ~ s t  R 6escribed in 1.' I,? ~c.?crt, ot ,hrr  t e s t s  on tbe 

' 

iTowell-!'unp,r v - : l v ~  : n s t n l 2 i l t . i ~ n ~  ; t  t,l.tc iioss : :trn wcre made by t ! -e  Twreat~fs 

1:ydraulic la50rn t .oray  rtynort.cd i n  %yc!raulic J.abor:itoq r:eoorts r:os. 156 
T 

anc', 168. In t L c s e  rent r t s ,  tt? o ; l c : r n t i ~ ~  ~ k n r s c t n r i s t ~ i c s  nf the v .~ lves  

m d  tdblr merits cl!' t w o  hoods discussotl. TI-a boods nro-3oscd by 
" t  

t.'rlt. 1;. 1orcr.n :nit FI '':oVn.>any were unusat.11 e 'Dccn~~sa of excessive unbalanced 

i , : - * .c  . t l ~ .  3 ; t. rif .;e:?tt.le reques t5d  t.11. t a d d l  t ion i l l  t .csts be made 

t o beveiov, i: wr,:.iraf;i e 400': I'r,r c o n t r o l  oZ t ; ~  j e t s  halow thy  v z l v e s .  

:'95 ,:et, ernit,t:.i;; from. t,1?cy v.;Sve without a Food, snreads at an 

wi - l e  of :.b@tlt 145 de,qrees .*.it.} t+'-o c e r l t e r l i n e  cf +,l-e va lve  nnd nroduces  

e.,cessive snrily, Fi i~ure  72;.  i n  t v i c i n j  t,; cf t.r::rhsfzr.rtrrs r;r ~ t h e r  

PI nct , r i  c a l  i t ,  e s o e c i n l l y  i n  cold weat,ber when ice Corns, tLis i s  

v+ r1 ~kl . :~c t* i  cmahi e. ':'hbr V I S E !  { I ! '  I ;-r ho3l *ill :~iev?nt  excessive spreading 

3:' I h e  iet Pni' t.hereb:: : - e d ~ ~ c e s  the  spray,  ':igure 2BP.  

,..& , P ::cciels - 
?'pd.s 5 0  d e t , ~ r r . i n e  t h e  ef f i -c lency t - i p  t CP ?sc\ods :lade i t  n a c e s s q  t 0 

- 'rfwica ,i v;lve. c c r r e c t  i n  ever:! d e t a i l ,  t,o properly d i r e c t  t L e  discbarge 

t L ~ ~ ~ ! r - ' :  + he ~ o o C ! ,  'I'&e 5-inck mr>del v;:Ive G:::s ~i:!de o f  bronze md macbinod 

:.- l!j-iensions f u r n j . s t ? n  5;. l e t t e r  5-cvn 2. ::gr~-! S m i t h  Corn?clny, d a t e d  
. , 
.arc\, 2, 2 9 L 5 .  .\ nhoto:tat. :' t 1- ~ t ,  1ei.ti.r is ~ c r q t a i n e d  in :i:~c!rauli.c 

!,aLorat.or.y :!enort ;Jo. 168- The va lve  wss C O * I S ~ : ~ J C ~ D ~  SO t h e  t it was 



r . ? ! - P  c ri t r ' r i  rt u:rc!? to f:v;il.uatf: t , b  d e s i r s b i l  i t,y of tr -- 
par: i 0 . 1 1 '  :I r t!no:! Iq t*rsr !  i 1 ) Lhc c f f cc t ivene t i s  n 7 t 5t? )?oo:l j.n i~ rcvrn t ing  

::?rec?t?in[: o!' t h ~  j e t  , s f to r  t h e  -?(!~sc\-T.T!:c: left. t-he ! .sad nnci ( 2 )  tho 

nr?rj?urtJs rccurrinq insic!#. trlr t - r r ~ : !  r t ~ i r i n ~  operr.\tAi on. C 'hse rv '~ t ion  of 

v:~(dr-jl s in orwrnt l on war{ sltf i ' ic ient  l,o r!et,f*rrnine t l - 2  t :ill ~ O O C ~ S  tes ted  
7 w o r i  c?:'ectivc i n  con t ro l l i n t ;  tk.1 J e t .  , r e s s u r e s  nht,ninc:! from ?iczc;nster 

rc:i.u'int;n wcre user! t o  c!et(~mlinc rr '+t! t i  t*r cavi tn t  ion rniq!.t occur In t h o  

p r o i o t y p e  struc Lure. 

;,rawin: Yo. 1:-i3132-1? :a:! cr.lnsist~!r! of two ~ e r t ~ i c . 4 1  w . a l 1 . s  ?n<i a roof, 

~.nc io r , in :~  hot,!- v ~ l v c s  ir: n co.?m-v: . r , A - r . . r t ~ ~ r e .  TP1',s I-nr7r(, wtis not, t e s t e d  

.?;r!ce s ~ i ;  cne .: .?/-; lve  ria.; I w n d  i i t . 0 3 ~  avai 1 ah1 0 ,  an.1 it >ro!:ld "sve 

bt.f'r; nccessnry t o  <:onst,ruct nnotP.r ..,:dcl v;tlvcv I.ef ,rr t h e  t,ests cocld 

bo :-In. ?ef ore co:?st.~!cf,jrlc: : ~ n o t , ~ l s r  valve, i t, wrin (IQ:)S :;!"red advisable 

t,cj t e s r ,  -rr .osnls wb.ic!l 719da 11se of indivitftr:jl I-oods c i ~ c h  

z;ilve . 
. . :load 1'. !:ooc? ? consint,ed o f  t i  c y l i n d r r  13 feet. i n  c j i % m e t b : r  and 

- 3  . It) fwt  Ion!:, : i? l i re  25, h e l d  i n  oir,cc by indcponderlt su?portr;, an:! I n  

nc, wa.\- ::onnecte(! t.o t i?e valve . Tba j e t  i t i s u i n ~  !'rc:n the dc~~:nstream 
. -. 

la!;,+ (.. L h ~ >  I?ct>C! W ~ S  ~juit,e ~ ; ~ t i s f : i c t ~ r : ,  :in(: >:cis vcr:; efr'ect.ive i n  ccn- 

t r o l l  fnf-  ! \-a :r?t . ' i ~ w c v v ,  t ke pro:..,i-i~i L:J - 7 f  t kc f ! ~ c d  pcr i !>k~r j ,  t o  t, t~ 

v d v n  c;useb 2 cor is idornbl r !  :!mount of watr*r t o  iw f~lrce:? out. cf t ,he  

l:p3t re.:!: rnri of' t,blr: !$ooc!, cof!:r?l e te l .7  sut-rac:rr:'nf: trb2 vaI.ve, ,urj  rlg t h e  

;ti!~t.-&r- ::.orita*.s ntc:"icie:it ice  3i.r; L t " o r ~  o!? t!:e v-lve t,o r?-ke i t d i r f ' i . c u l t ,  

1:' nc-;t ill:-nsr;'.i.? cn , t.o oot2riitr.. .:o:~seyc:rit! ;: , t,!-t 3 s'csi r?n was aba::cioned. 

Fioo.! : . Tn t: i s  t-ie::itm, t,!~. 1-ooti wcin connectel! t o  \.he v: lvc, makine -- 
t'7c. ? o m ?  ;ntl ir:.lvc a ? o : n n l e t ~  unLt si:nilar. t,o t b ~ r .  or  i 5.innl boqtf .iroposad 

h:/ t.17e 5. :'or:ynn Smi tF. Co.npanJ+. .?hanges i n  t , , e  qiqctnui ons wtBra made, 

7 i ~ u r e  26 ,  t-o inr renst. t.i t-, *Gress i i r t t s  i:!nir!n ~ . F P  i -LQO~.  !inrIthr t e s t  



' i t  t .Pett  !-oa%< t h e  rma:ciallm neigntfvo nrcsn~ire insifit. tllc 40014 was r7inus 

17 f ee t  of watcr. 

9 . t  +,his str+pr? o:' t h o  t ea t iny , ,  tbt? I .atsorntoqp wss int'or:ned ti?: t the 

valve was t,o he oV7l:ratcs! a t  heads 11p t o  3.95 f e e t .  Tl i s  zosed nn e ~ l t i r c l y  

nosr nroblcm, since a t  t.'-in Psht? t k e  p - r c s s ~ ~ r c s  wot11.a he so low t h a t  

c-vi t , r  t,ion ~srr,~il.d ~lndoubt,cdl;- occlir. '?" e t h r u s t  tgc1:l d be i n c r ea sed ,  

making i t  c ! l f f i c ~ ~ l t ,  i:' not. -IrnoosxiDlo, to  close the valve a f t e r  i t  bad 

b e p ~  nnener? . 
!iood 'I-final d e s i n .  As a r e s u l t  of the t r o t s  on Ivooc! C ,  the 

p5:rsicnl connect ion between t"ie val 2nd ?be hood ~ i i 3  e l im ina t ed ,  n ~ r i  

eacp, v;*lvcx ::as co:~nir!ered aa zn i n d i v i d ~ l a l  unit . iiltkol~g!. on ly  one valve 
.* 

-n -?  3oo.i rcas cons t ruc t ed ,  i~ e f f e c t ,  .i stwarirtr! bood w:i3 ?I-ovided f o r  

ca", valve. The Loot! was rn:ide l?:; la rgc  os n o s s l b l a ,  t.q.kint: i n t o  account 

cln,?r7ncc between v~lvc: ; ,  . n:? ii:ts aqckorec! t.o a founc?ntion locsted 

helow t,bp v::.lvas, ? i , ~ r r c  27. 'This a r r rngnaen t  w:ts ii conbination of t b e  

s c h ~  2 usec? by t h e  Tennessee ' Jalley . u t . k r i t y  and +,h+l nroposa l  suhn i t t ed  

T t  should bc n o t e d ,  P i ~ r e  7 7 ,  f b - t  t,ke cle.!r'nce h+,weon t h e  nodel  

va lve-s lesvp  C l a n ~ c  :in? t h e  i n n e r  ring of tbe hood is ver-; s:n.tll.. The 

co-res:,ondirii; nrototyne sle:ir?nce s\~culci al:io !Y ?ten t  t o  3 t~iniiiium, 

t -.ki:;~ iqtc  conc;idcr;t, i on b o l t  3e::dn a r  oi?-*.r :>rc,jectirlg s11rf:~css thn t  

rnirb+ a!'!"cct t b i s  dimension. TLc ~ ! i n a ~ t ~ ~ + r  or t h ?  ir.nr!r hood r i r ? ~  should 

!iot, 'C.p I=! r\:lspd, ':v~t t hp zinir?.:.? clcsqr:incc n;-c,tlld be obt,nineri b:; c?.-ctcnr!ing - , ,-, f l . r n y ~  ni' t . b c  V~IVF! s l e e v e .  Tf ,  in snit0 cf ':ol~:'irlt. t o  ninirnum 

' 
~ 0 ~ n l e t e  set c;!' nre:;s-ires nvvr t,b? un:-,t?r r.::cc of h e a d s  was 

ohC,a iv~~d  fnr t b i  ti dt*9 i  nn, 1'Fe n i e s o n ~ i ? t ~ r  1oc::t. i ans :+nr! t,kl.: o ~ e r a t i r ~ e  



"1 I .ncq . : ~ F ? S S I I ~ G  cllrvtfs 01' iTi~1lre  were obt;zined froin t e s t s  i n  wk,icb 

+bo hear! variec! frorn 173 t n  1410 f e e t  pro to tyns ,  and indica ted  t h a t  all 

pres su res  are p o s i t i v e  ovtjr t h e  entire operating ranye. Accordingl.y, 1x0 

cavI.t- ? t i o n  i s e:cpectec! in t t - r !  nrototype. Sirlce t b c  wive hood is 
in:ie;)cn4<cr.t o!* t. + P valve, no unb;ilancac! t b n ~ s t  can a f f e c t  t h e  normal 

:'arcs3 neces:: :r;; t o  open =:(I c l o s e  t k c  v;:lvc.. S ince  t i ~ c  hood i n  mounted 

on xi inclenetltient !'oS!:!:!.iti.on an(.! i s  nnt dr::cildeni, on t ! : c  v:l.ve f o r  

s t r ; c t a ~ i r * c l  sunport,,  ?.if-  vibrat, lon of tl.,, ~ n t i r c ?  .st,ructure sboulb be con- 

-, i d e r o h l y  re : ! l l c~e .  

'!'be ?it,: of :;eatt!ca rc!qlrsst,ed, tit:-nllqh t h ~  i i yd ra~ l l i c  L R ~ O I - a t o q ,  
t F  . t  P u r e u  cL3ec'rt t.t-eir oro!?osal t o  11% 1-inch t l - i c k  s t e e l   plat^ !'or 

c o ! " ~ s t ~ ~ c t i ! l ~ ~  Iioor! ! . d s  5 r ~ s % : l t ,  t're Technical  ::n=inoer;np Ano]->.sis 
Ject ' cn mr fe  x stres.; a n a l y s i s  of t,hq hood, ~ ~ s ( n g  tile d ; ~ t s  from 

Tbe followinp; :;t,uay war; wide a t  yorlr req~leet to 
d e t e r 7 j c e  if cne incb s tep3 n1nt.f. i s  , . d e q u n t e  f o r  fabrication 
cf v;.lve ''00135 f:?r t h e  I:owt?l.l--3ungc~r 'J5lvp3 :,t ;tons :.,am. 

"2. ::onclusi ens 

"'I a one inch f ,b i ck  end plate as  ..;Foqnn i n  t-he sketch 
! ' ~ ~ r n i s '  e!! t o  t l - - i n  o f f  ice i s  iiot otl.onb7 enou15h t o  w i t h s t i i r 7 6  
t t e  bydra1~ll.c loads ohtniner! Crorn t h e  ,nodel t e a t , s  :+rid at the  
saw tiw 4 r v ~  t-hc .~r?-xirnurn unit s t r e s s  at a d e s i r a b l e  f i g r e .  



The r!ra5din? i'ilrnis'red t;' i.s off ice i tr only  a s k e t c h  
;In not  P cn:n:)l~t,c :le!; i v n  Irnwinp, howevcr, rro.? t!*c d a t e  a t  
tiiind, i t  ~ n n e n r - J  t h e t t  r a d i a l  s t r e s s e s  i n  t k l  end nlnt ,e due 
t,o h y d r a u l i c  1o:~ds ohtnined fro;! tb t ?  mode l  s t ~ ~ . t j e n  ;nay r e ach  
~ : ~ l ~ i e s  00 li f t r*  O T C I E ? ~  of 2i),'j00 no~lrlds l l n r  square inch. 

If t L t -  ~ n d  plrt te t,k.icknnss be i n c r e a s ~ d  t o  l-3/8 
i w ! - a s ,  t,he rcr! i -11 s t r e s s e s  i n  the end n l a t e  can  he r e d u c ~ d  
t,o v:,l:~es below 16,000 pounds ner  square  i n c h ,  

r L ~  a l t l , m X t , i v e  design, s n t i n f a c t ~ r : ~  f r o a  t.hc noint 
of s t r e s s  c ~ n 5 i : ! c r a t ' o n s ,  c o i ~ l d  be a f fec ted  by u s i n e  a 
1-3/8 i n c h  t ? > i c k  dilr! nla te  wjt,b an outr r c y l i a d r i c a l  shel l  
3/8-incb t,!:ick. T;:i:: d e s l  ,:ti i r c ~ i i l : !  reqrli .*e t,$.* t n 1/2- by 
5-inc1. s t i l - .?cncr  r ing  bt. :icldec! t o  t. \ itt hood r;!lcll a t  i t s  
r i i sc9 ,ar~e  ti:::i. This  st,iTf encr xc1111ci ! ' w e .  t o  be :inchoreti to 
t4hp concrc+,tl t c  bc ef:'ectivc. 

. Radius of hood . . . . . . . . . . . . 72 i n c k s  
3. ?:a:rimum 9rbesollrc on i n s i d e  of +ood . . 62.1 l b s / i n  2 . E!a~Amun svp~:?ge.  prer;surap on c:~:i ;?l;ite. 16 l.bs,/in2 

T':e n ~ u i m r m  s t r c s s  J.n tLc c y l i n d r i c i ~ l  nort ion of t h e  
n h e l l  ti\;e 4.0 ;in in t~an: : l  nressure of 62.1 poilnds ?er square 
inch  was comrlut.etl fro?! t';e fornl.11~ S = ?r/t w h e r e  S is t,bc 
t e n s i l e  un i t . - s t rcss  in  t j i e  shell. i n  :)ounds n p r  sqirnro Inch, 
p i s  tlle i n t c l r n a l  b~drau1j .c  p:.es.are i n  noundtj osr sqr~are 
inch,  r is t h e  r a d i u s  of Lbe cy1i:ldrical shell i n  inches, and 
t i n t . h  t,5icknoss of the s h e l l  i n  inches. The nrcssure p 
was comout,ed fron? v ~ l u o s  of p./H o b t n i n e d  .',n the moc!e? studies. 
The v;.iaes O T  n/!i were m u l t i ~ l i c c '  hy 410 and C).L33 l o  o b t a i n  
t.i.e equivn3 q n t  ' n t  r . r n ; ! l  p r e s s l ~ r e s .  

The c::d ? l a t e  w r i ~  *i-~riIyzcc! ns a c i rc l t l ,  r. Clcmqe 
f i):~!! :::I;: .rl~l?-orte.d at ,  t 'PC o u t c r  ed5e w i  t '  t,' r Inns:' e4ge 
f ixe r !  :.c":r~st. rot:lt lgn,  .;it': :: l t j ec te2  t o  unifoz-17 nressure 
over 1 . k  act.11 :I surfiice. 



1.1 -v;) I ' nn I?@.?, + n>l: i :~ :  o ~ c r . o \ i n t  na:~irnum f lood  ;:npi P "  rt,hcjlnke st,rr:sses 

1 1 7 1  i r : c . c~ l i~  ~ c Q ~ o ' + c !  stresses.  T? is foI.lowcrJ the r e q u e s t  of t,l?e 

? e f l e r n l  r'ower ';o:mjis:-,: on t,! fit i ce  bp nrever l ted  front f o.-mifip: i n  the 

it, was h~lieved : ~ v i s a b l r  t.o not, on ly  prevent i ce  from fo?.niing i t 1  tho 

i 

i rev io l~s  rirt,c:ln i V P  I nv(r:;t j.cn!.ions of -n ice-prevent :  on s ~ s t n r n  f o r  

7r.;inc! .:c;rllen e n  3'Oh'Ori  :.!-..?, t '?e*  nir-lift s s t e m  was t ! 7 ( ?  C ~ O S ~ ,  s ~ t f ~ f ~ c t o r y .  

TLi.s r:vrst,rrn . i : ~ k ~ s  lise ~f :. cwrios  of I I O Z Z ~ C S  on the 1qstrer.n side of t h e  

c'wt, c i . s c b a r ~ i - t ~  s i r  i 2 t o  tk1c renfirvrir  10 P e ~ t  o r  more below t t - f :  surf:ice. 

'The :.esli! t inr. c: rc i : l i \ t inn  b r i n ~ i y ,  brnrcr.c,r fro;? he low t,r t. '-F: su~*:'ace, 

:)rovmr;t,s t,lc " ~ r ; ~ . t , i o n  of '  ice n e a r  t i - c  unst.re~n; f:tcr? r ~ t '  t,bp 6:x-i. 

"1 
1 l 7 c  Jest nn  of ',be Sran:! ':oulec* :y:;ten was based on t v s t s  :nade on a 

1.:1 s c a l e  modal  h-: 1.1-fi ?ureouls !i:;t!raullc ; , ~ b o r n t o r y .  From t) .ese t e s t s ,  

b.hf: t.::?~! 0.' rtc:.:::lr, f,;*e n i r e c t i o n  a:' + ; F ?  a i . ~  jc t ,  t , ! ~  quant,it,:,* of a i r  

11ecsss.7q.- a t  each nozzle, t L ~ c  i n s i c i r  .!ic'trnet++~ :;'-::re of t,he i iozxle  

i t s e l f ,  tbc? v r ~ r e i c s l  snacins; o!' t,hp n ~ z z l r i s ,  an:? ot!-. r d e t ~ i l s  were 

kci.ti.r:aincli. I,'s'lr,r~ : h i s  ;+rlrI ot!r*-r fL!iit,h, tihe d e t ~ j l s  oi.' + ~ : c ~  Gril.nd Coulee 

ins:.: I liit.icn Vrrrre -rc.yrtret! . 
. . hen an ice-0:-t.v~r?t,ion s:Is';.Q-I !'or i:oss : J X ~  wa.5 ~cuq:~ested, tile 

i;.;drar;] ic ;,n?lnr::t,ory wris renr:pntc-:i to makr :I ?rt?li~In*!-:  invel:tig:it!,.on 

f o d e t t % r : ~ i n c  '.kc. cnsent  i :.I s od' 1 c. s. r.t.am. : urinl: the : : i n t e r  s e a s o n  

when freezinc t ro~~! , '  occur ,  t t e  r ~ s r r v o i r  will be h c t w ~ ~ ~  elevations 1500 

9-11! 1550. 'WP i ce -nrcvcn t ion  s: stern oilt.lined i~? t h i s  r roor t  i s  si:nilxr 

t o  t.I1r. ? r ? r l : !  n o u l e ~  system n:r:! :.s de1:igned t o  protlplct t h~ ~ n f , i  rbe arch 

from ict. ? r f ? R S l I i ' ~ '  w : + . ~  ! ,be I . -Ps~*~vo:  I. above elevrt lon 3-500. 

:,iuck of t'.!: .",ra*.!+ ̂  , 3 ~ l c o  -.:a i ce- r~revent~ion  ~y : i t~ : i i  may be ntl:.?t.f?d f o r  

use a t  :?ass 1 ':oq.iev(:r, c d b r ! :  i - i  :!l.s:;irnS.l:.rit.ies ; n  t.'lc sLrllct,urcs 



Thc I.ttck cf .-n fns . rec t jon  o r  aporn t , . i n~  p l l+?ry  at. (1 convenient elevtcitian 

i n  I * O E S  :kun intr-otIuces n rob lcns  n o t  p resent  i*t Grznc? Coulee. %cause 

G= o r  t.he t.L;.i.ri a r c h  scct i -on,  it w i l l  n c t  ha f e a s i h l n  t,o const . ruct  n ga l le ry  

i n  i toss 3 1 : ~  f o r  t ! ,~  inst;~llnf.ion of  coinnrcssors,  p i p e s ,  .:nd benders. 

Thus, i t  h.i 1.1 be nc?c.e,s:c:ry t,o irist:il.l t . h ~  compressors  :it tklc: ro:~dwtly 

o l ~ v  t,lon, srfy, i? onr ~f t 5 e  ahut,merit.s, 2nd run n i n i n e  t h r o u t L .  t h e  :rch 

t o  t he no::xlcs on :! e u?stsxserc:n race of t.he dm. 

The  t '.in ::rcb sac t .i on a lso intro:!l~ces r i n o t h ~ r  ;~:.obl nm i n  t L : i t t  t lur in~r ;  

sevcre ::lnt.:.r ccm:'i t .  i ons,  :,hp tcntacrature g rad ien t ,  Yroq ittie f r o n t  t.o t h e  

'rack , y r  t 5 6 :  Ictm :r:n:; .)lace tF,e ttir su.?:>ly n i n e s  i n  n f r e e - i n c  zone. The 

nipinp; sk11:d t:r 1oc;lteri nep r  t.he u n s t r e v ~ m  f:!ce of r:rch :.n:f a r r m p e d  

sc! tl - t free2i.n;-, ,1' i-,3ndcnsctd mois ture  i.n t,bc nines bc e l i l n i r i ~ t e d .  

Two hor! zont,al rows of n w z l e s  a re  cona i  dered n e c e s s a q ,  the lower 

comnl.~?tn n r o t e c t !  nn a.qr;;: ;.15t f ormot.i on of i c e  f o r  res-rvoir  el  cvat Ions  

; 5'33 tto 1550 u-13 n f  53 foi" ritrr c:.:s-s wi~er r :  t h e  resr:rv:>lr :nS yS.t bo above 

e l + - : v ~ t  ion 1550 f!\lrint- t . % r a  w i q t ~ r  gpasofi. Two rows are .lecessar?: to 

-. ?ro~!l act.1: 3 ~ x n ~ r i l s n c c ?  on !'eokuk .:nd other d:at?!s, it b y b ~  Scb-n found 

r:r:.;irnt-:p t o  ?l*.cp t.F:o 7077l95 bq t~ iecn  1.3 H : I ' ~  13 f ~ ~ t ,  i i p i ~ r t ,  l a t e r a l l y ,  

5::  epic': row. T9us,  a t  ',ass '':u.r,, vl-ere td3t,r?r co-ldi l ions  car^ he severe, 

the 13-f oot I;:IRC i TIP, was xcessary.  
1 

,issuminq 1,900 f ee t  ::f a r c h  t o  be  nrotezlec!, t.hvre wo~l ld  be 

100 n o z z l e s  i n  vacf; rc.tf, o r  a t o t  , r l  o f  20C1 noe71s!s on t , tc ~~ns t rem 
fscp nf + ) , , a  dam. I f  #:tic;. iioz;.le d? szi.r~rp,ss 7 cubic Yeet n:' f'rec air 

n c r  frlinuti , t,his woul.~! -n?ke :. t 3 t a l  mc'l lr~aximwn d i  s c ' l v r ~ e  of 237 cr1't.f~ 

:'~et. cf f r ee  2 j . r  ocr rt!inut.e, si.qce on ly  :\ne r o w  a!' noz: l . l~s wou ld  h e  

d ischarc . in i .  at any  one t. ive. ;,!r wo?!ld h~ ~i:?:,lied bv- two c o x n r c s s o r s .  



.7ri 1,3ulr: ! I . *  i n i . ~ ~ r c n n ~ ~ a c t . c ~ l  t o  t . b  ~t,)71 r :tro. i t  is S*!-.~-CS~,F?C! t t  :.t t c p s e  

7 : : m ~ . r ' ~  ;r.t-r:; i l m  - f t '-(. .:I& cr -dr iven  iii r-coolcd rotat-:% t.: -la sixi l a r  t o  

: ~ s c  %nnr'e hy + I . "eo:a;l t~' i i?uf;1ct1lrinr ?on ;~ i r~y .  roli::iin:+r;t! e s t ' z a t c s  

- - t t c ~ x ~ > ~ ~ s ~ o T . . R  t)~1 cr?j7%b1 u of  ;nnintsin;nf. - ?ciinc!' sqr  

C , ~ . . ~ ~  .re incl-  r a  .P -\rc9s9;re r!ririnr: o l w r a t  ion of t .k  I- s;;sten. 

,: - ,1jr+ ? S&P,V F; a ; ~ k e ~ n ? f  !c .1:1!1(%111 ~ . f  ;L T , I I : T ~ S S ?  qC! ills+ . , l ia t  i n n  f o r  

0s' L., , ,:if:', of' t w o  finc-rati?i:-  ~ o - ~ ~ ~ r c ~ ~ o f * ~  : i~$~ ' . r r : c s  i n t o  a 

) , - I  "~~ii~:(~;' t n >:bjc'  n r e  C C \ ~ ~ P C :  r'c? f o u r  1-1 /'1,-incb ~ o r m c r  :jj ~ t r j  k t t l t , in~  

3j;-'es, eacfl S P ~ . : ~ I -  .ppr-:.-i:3&t-ly one-c>irl;bt'.l r;.* ! T I ;  :ir-'- , " 3 ~ ' ;  !Tstri 5rlCion 

: I 're 0111~' GSrvp a1-f-~it 32,  -z=i no? .Fore +,ban 15, noz- ley . The nozzles 

s"c>ul,! hc z c ; n n ~ c t r d  t o : he ist,ri h i t  i ~ + -  " i p e ~  .v;-i! t, 1/2-inch c o g r ) e r  n i n e .  

,'ust %low " P Lf2ac!er, em?-  !1; ~ f . r i b i ~ t i n i ;  l i n ~  s:~~~ilCi br? e x i  nned 

,. j t i -. ~ 0 . 7 1 ;  .* t iq.- v: l v e  2.j~: a 3ordon-+,:;,.;e Rare. 2le:1nr?ut.s rrklnulc:' k:c 
.... . , ,,vi n ?v.! - t e ; r c t~  P-IC: of f \  ;. o i s t  r i h u t  i q ~  1 inss, i n  t p * p  5.ei:der, ax! at 

t., -IC ;, r, c 7 :: 1 F . 

t,c:n'!~e~';l+ : : I ' ~ s ,  i t  j s not, r)c#~ic;l.f%j r 1  t 0 -!re$? i c t  : i~rr l r ;Lt~ly t . i q  $ r fec t ;vcYf?ss  

, .' L;, t i  6, s ~ ~ ~ ~ c s +  c"! S. stel? :;~,oi;lr! ~ ~ r c ~ v ( \ r ~ t ,  I L  !'srm:=tien c f  i ce  Tor a 

: i s t . ~qce  of 13 f e e t  ~irr;+ rc::., r:-o.n e 13 .1 ,  xi 1 ' )  i n t  ~ r x j :  +.enf, o.sr:r:~tiun of 

r > ,  ),'ere are sr,r*ir! .-r.'~c.?i!t io:is t o  l r f v  clr-: nrvt?c! f q  cr..: 1rt$?j7 t i  r; ?psi!- 

ST this systevl:. 7 . i r ~ .  ~.:-,0!11:? iw t,::i~:n!j 1.0 i n r j t l r~  ?,! .;t, no noz-lc: tilsc'.. r.cr;es 

I - 
a,:?reciat.)ly no-..c t 1~:tn ;? C I I ~ J C  f~7f:i. *f " re0 :3ir C . C ~  ~ l i r l ~ ~ t  i . 7  r'i.,j.c: S S  

. . c .  ' c ,  m!*l~r- \ :  f rrezi.,?!- 1 i?::? ie !.? , I :  r\ozs:le :rrl":,' 5 3  t r ?  *,rri~r'::t, 
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FIGURE! 14 

V. 

ROSS DAlrl 
STILLING POOL OPERATION 



ROSS DAIA 
ST:; t i L O  d i n  LLLiiA'i DISC!iAHGII:C 63,500 SECOIID-FEET 





E. After G0,000 second- 
feet. 

A. After  '10.000 :iecond- 
feet. 

ROSS DAM 
EROSIOI'I TESTS 



DISCHARGE IN THOUSANDS -SEC. FT. 

ROSS DAM -EROSION T E S T  RESULTS 
1:80 S S A L E  M O D E L  



A. Excuvutt~d hole  200 f e e t  
fro:!. :I; :llwu:~s. 

8. Revu l t in r  ero313n. 
pnttorrl  uf t e r  60,000 
socond-feet. 

G. Husul t inp ~ r o ~ l o r l  
p a t t e r n  n i t e r  60,000 
second-feet.  

ROSS DAlri 
EROSION EXPERIlfaNT 



A .  Flow concentratad.  
Gate 1 opon. 

C. Flow c l i m b s  t r a i n i n g -  
w a l l .  Gates  4 ,  5 ,  6 
opon. 

B. Flow w e l l  d i s t r i b u t e d .  
Gate 4 open. 

D .  Flow w e l l  d l s t r l b u t e d .  
Gates  4 ,  3 ,  2 open. 

ROSS 
TESTS TO DETERMINE 0 

DAM 
RDER OF OPENING GATES 









ROSS DAM 
DEFLECTOR PRESSURES 

OVER FALL SECTION-I0 









8. Valvo dlschargirle with 
Hoad D i n  ylcce. 

ROSS DAM 
HOWELL-BUN GER VALVE OPERATION 



E L E V A T I O N  SECT / O N  

LOCATION OF PIEZOMETERS 

P 
NOTES 

,- Volues obtoined from 1:12 model tests 
H range was from 173 to 410 feet o f  
proto type heod. Toobfoin prototype 
pressures multiply ,$ by prototype head 

ROSS DAM 
HOWELL- BUNGER VALVE HOOO 

HOOD O - FINAL DESIGN 
PlEZOMETER LOCATIONS AND HOOO PRESSURES 



compressor  f o r  l e f )  s r d e  

I h" Copper d r s t r ~ b u t i o n  Irnes--.. c o m p r e s s o r  f o r  r r q h t  s ide  

S t a n d - b y  c o m p r e  ~ s o r  
rn te rconnec ted  t o  o p e r o t ~ n g  compressors  

- - - - C o m p r e s s o r  house 

N O T E S  

Comprersors vo lved t o  o p e r o t e  e r t h e r  t h e  e l e v o t ~ o n  1 5 3 0  
row o r  t h e  e l e v o t ~ o n  1490  row.  

, & " C o p p e r  d ~ s t r l b u t l o n  l rnes h o v e  1 2  o n d  m o r e  f h o n  15 
nozz les  p e r  l i n e .  

P L  A  N . Compressor  - m o t o r  d r i v e n  r o t o r y -  t y p e ,  110 C u . l t .  o f  
f r e e  a i r  p e r  m i n u t e  of 40  p  s i goge p ress .  

P r o v i d e  c l e o n o u t s  o f  ends o f  e o c h  n o z z l e  and  a t  end o f  
eoch d i s t r i b u t i o n  l i n e .  

- :";;3 :,: . - ,  -- ;>*$:J, 

"3 + .w:.fl.*, .. '< *:. 

L. 

,.-Top of dom El. 1 6 1 s  

I 

- i ,.-~~f.~~~~2.0 -. / 
--c 

" " - *-+,@::- P R O S S  D A M  
- - . - - -d - r -~ - - - - - - - - . - - . -  ~ ~ " ~ o z r ~ c s  on 1 0 ' ~ ~ ~ t ~ ~ f - - - - - - - - - - - - - - - - d w - - - - - - - - - C ,  -_ 

'k ' S C H E M A T I C  D I A G R A M  O F  
..*<: 'A. . 

, - -  PROPOSED I C E  P R E V E N T I O N  S Y S T E M  

- ...& 
--o - UPSTREAM LLLWArlON OF @A& -.- ..* -..&i3.sFr. ,. 

:::: .a. : .< - .- - - fO/vg~OPtpl  - I =. -,-:... - ". . .. .\ #. ; -,-- ...+ :-a , , --.*<..,.. . 2 
. . . , - W ' P  r ' -.t ~.pd.:- _ , -:, e .  . - I&. . . - . ,.da-+:;.. . . 7 -  '+ .,... .. - . 

.5. -.*. *.: 2+ ;. -- ?+,. .. -- - " t 



, Fcr 4 " ncir  o l r  n e o g e r  

, z t e  Dwq 222.D.4299 

., f IP .13r"  conrrrcted to '0 V) * .n m y1 
V) VI VI V) m 

0, 
51 

h ., m ~ ' t i ~ r  keodt f  cr ,v r@rbtc  !G 2' 
+ . h i o h  p r e r s u r c  o l r  Irne from F 5 . I : '  ~ o m p r r s s u r  

m 2 m E 5 .ti' ~ ~ . P ? ~ P S S L T  h171) pressure o f r  hne t rgm 

i h a v b e r  S t a  10t71.50 f f  rt 'P h -.. 0 2 * V1 
n, 'D Cr m 

0 
"r 

m 
~ O W , V  plang 510 7.oe 92 '? rU P" r~ - c q g r n b e r  $!a U+66 00 future p o w e r p i o 7 !  S fo  37.80 $9, 

- - - .- . " - , j !  ... . ..*. 0 2 --. 2 --.. 20 ,O - ---- z- . - 0 .----- - - -  2 ..--- . .-2 - - -  . _- I-_-_I._.___ ___I- _____--- 
V) VI 1" 6-i VI w .  L R VI w .  w Y - -I \ <  - 

6'.  B ' i n s p e : t ~ o r  .. . - w - ~ - ~ c o n ~ r ~ : * * o f i  j o ~ n t s  ' * - . , 
q 3 / / ~ ~ ' /  F: 1203 3C 

: ," 
. i. 

- E P ~ e r r  ; . . . . 
3 5 6 13 I1 

. . 0 -  
N 

t! ,D > 7 C ' . " :  r. T r * :,,,, 4, m vl "7 vr "l v r .  . 8. - J ~  w, ~i VI v 2 5% E Si.vtAle corrrer -rJ c 
and qo!e f rocks 

S E C T I O N  A-A S E C T I O N  6 - 8  S E C T I O N  C - C  S E C T I O N  D - D  
T Y P I C A L  SECTIONAL ELCVATION T Y P I C A L  SECTIONAL ELEVATION 

7 D # A N h :  S u 8 U . 1 7 C  
T v i ' : C i .  S T ' f 7 l 0 ' i l l  E ~ t V d T , o h .  TYPICAL SLCTrOHAL ELLVATION 

WAiN  UNt7  T X A S H U I C *  S T I I Y C l U P C S  D P U M  GATE SPILLWAY h Y D A C C O  *I. Q ~ C O H U L  
i u b . P , H G  r . A t . -  '~'L:,.,"Ac. S ' Z U C T ~ I ) L S  S T A T I D N  ZCRVICL  T R A S H R A C K  S T R U C l U R E S  *. ,: i*rcsco 4. 9 ~ P P ~ O I L D  

: O C * Y I ~ . C O ~ D R I D O  l,,crT, w : r p T  as, 'D'* I222-~4281 





- - * - .  
;Gr~l l  4 hoks GV 3; 

I 4 2  - -,, blc2 6 c t-w /! .j: - 2: - 

1 oose rt l  ofi >? 

Dm// d hob ." 

. .II,.i - ' 
22 * -  

FLANGED AIR NOZZLE 
BRONZE -192 R E O U I I E D  

INSTALLATION NOTES 
All pipe ihreads and flarqe foces sboll be c o o h d  

wrth o thm coat of r e d  lead. 
hefore plocrnp concrete close nozzle outlets with 

tne countersunk plugs a o r a  ona protect 
face o f  flanqc 2 so flange o r  nozzle a 
moy be properly rnstolleo 

Durinq concrefrnq and pressure qrouf~nq mo~n to~n  
h)'drosfatrc pressure rn all embedded pipes as 
drrected by tne confroctmg :Tflcer. 

After mstoliolron rcch ~ n r t  ofp~plng snaN be ' 
arr-fested at 50%' internal pressure 

Ali exposed ;older and threaded jornts to be 
SOD& fested whrle :he prpe rs under 
arr pressure 
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UN17CU 3 T I T L S  

D C P A R T M I N T  OF T H C  INTEI1IOI)  
B U l l h I r i  OF R E C L A M I T I O N  

COLUMBIA BASIN P R O J E C T -  WASHIUGTON 
G R A N D  COULEE DAM I ICE  PREYENTION-AIR SYSTCW I 




