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I ' 1 [  " r ITH the deve lopmet] t  .°f  f / ~ r / r l r tZgrea tadvanccs .  . . in  the size atut While the ea r l y  studies were ill 
W ~ a ~ r d s t r t : e ~ l u r ~ z ' ~ d t h ~ a r g n  r ~lgfnede:s'g*:e~Tg'net~riz~t;UlCat~res, progress, reports came from the 

qumatities o f  wa te r  involved have tory i n c r e ~ i n @ ,  u s ;~u l  ~l ._  , .  b o r a . . M a d d e n _ D a r n  on the Chagres River 
made  tlie roblerns • . ~ ' r  ~. ~ nc taoorator~: an the /Jan P of.outlet, demgn fills a u m  ue I • . . . tttna Canal Zone, that  a 
.more complex. I n  t h e  case o f  :one "large e.x.,,,,7~/,,, need 2 ,] ._supply ,ng to a Portion of t h e  conduit r o o f  in th 
l a rge  dam a l ready constructed,  a n  de f f t s  i'l'tat'do'5)ot~f.~t-°.a"*tute,f°r'.pre, ce" outlets:  immediately downstre~m~ 

' ~ $ g ,  . l n  I l lZ$  outlet  t l irough t h e  snillwav de ~ - = . = ,  . . . . . .  . .  ; .  paper ,  ~rorn the entrance had , 
• t .  . r  *- ut~gcuur~y presel t tea 'be or been de- veloped an excessive seepage leak d m  i c c D ; ~ , ; e ; , ~ , - , -  'J' .e the  .t-.ty- stroyed after  onl a few - 

n , _ ul._. . . . . .  ~-.. m.'tne So t ,  el s D : • Y~ weeks ear tJ leupstreamendafter  . y enver O eratmn operatm Conve P • Apparentl  sub-aim ~-- onl a few week .... g n lwn ,  M r .  W a r n o c k  presen t s  c o n -  h " Y .  . o~ __ Y ... ~ . .  Improper  shape cretely the story o f  the sucr,,~;,,~ . . . . . .  :-- p erie pressures and cawtatlon were 
anct posmon :o~ the en t r ance  .had encotJntered in~e~--,.'---.-~'~"YT~,ur. W~~-es prouucea .l~y an incorrect s h a  e o f  
caused severe cavitation and the loss o f  the wo - 'a  - '2 . . . .  ,o_[,~n~. o u u e t s y o r  one entrance and b y  a osition ap the 

• 'd r t ~  a g r e t l g e $ ~  a a ~ l l s .  ' • • P 
of considerablernaterml in the roof of : conarnt at an Elevation too near the 
twh2se_Onduits. ' In auotner case, the sprayfrorn the outlets To avoid - ..fl.oor of  file reservoir. 
c a se ; ; ?~c~ss iveas  to forb,d :release o f  ,water except i n  Cotflee, a s~i~sr2fPeet~. °n .o~. tltes.e conditions at Grand 
. ente necessity. : ;i . . . .  ; . , rxance mvestigatmns was instituted. 

• ~ . . . .  z~. .e l l n u r i c a l ,  r - ' , • • . .  In prepaxmg for t h e G r a u d  Couiee outlets, how wer,. ~ ,]Y,---- - p essure tank (Fag. 2) 3 f t m  diameter and 
,, ,~ ,u ,g  was constructed with concentric distributin 

in~iiSbi'i~u~mfp~!t: to; ~b2s~;teoC~ed~voH°~, wl~r2c2~ehnet : c°n~isa~d ~hSoti~hingtlraeCkto produce appr0aeh condition g 
sslsrance. The 0nly e-xpedient rernainin- . . . . . .  . =. 2~ ' p o to type .  A sharp-edged orifice 

g wa~ piacea at  m e  downstream: end of the tank; and a 
was the use of models for a step-by-step design, detailed survey of the jet  from this orifice was rnacle witJl 

At Grand Coulee Darn, sixty 8-ft6-in.  outlets in tiers a s eciall " 
ot 20 eacl~:have, been provided t o  release 225,000 eu ft sff~Pa-- e~Y-des!g, ned  rnstrume~) t" T h e  slope of the up-  

ter:s ' , , , ,  ,~tce Ol me aarn ana the position of the control 
p .  e~ onp~e!!nnnarY~a~.vrngs, F~g. . l (a) , . theout le ts  gates for th.e outlets had been es tab l i shed  reviousl . were rectangular rn cross section (o ft  8 rn. w~deby 10 ft With thes . • P Y 
6 rn. tugh), longitudrnal in plan, horizotatal "m se__etig,,, .~,,~,o-.~ __ . e hrn|tat|ons, .and wath the .surveyed shape of 
unlined. One tier of 20 . . . .  t_he free jet, a bell-rnouthea entrance with a converging 

ontlets was a't approximatelf  El. elbow was developed.  A model .was installed in the pres- 935.00 and the other tier of 20 at  El. 1,110.00. 
sure ' tank in place of  the orifice, and detailed pressure [ 

Severe splash and erosion were found, to  resul t - f rom measurements showed that  the pressures throughout the  ti~is design when i twas  tested in  a 1:120 

• ue out~ets were next changed f rom 
- • F , rectangular to cwcular in cross section (a' Strai . . . .  I.e. L EaaL~ Dssm~s Fo R Ga^ND Com;~p Ore-LeTs 

' t I gi l t :  I J I S e l l a r g e  k. ;a t lsed P r o  " " " 
a n d  p l a c e d  o n  p a r a b o l i c  , - o t h s  t h r o u r ,  h rh ,  v . .  • , . . ,  ~ . .  , .  h t b l t l v e  D i s t u r b a n c e s  D o w n s t r e a  

• ~ ' -  . ' ,  - o , - )  = - , a o o u e  I t o m e s  ALso a~ "s . Ill f ro l l ]  t l u e k e t  
the darn (see Fag. I,  b) so that  the i e t s  x~sed Bucket, Produced Cawtatulg Pressures in Conduits 
would plunge into the spillwm ""~" 
pool. :The  invert of the lower ~ 
was placed tangent to the 
bucket, anti pairs o f  outlets we 
to diverge in plan to irnpr, 
energy dissipation. This beca 
final design o f  the lower 
Grand Coulee except for a la ter ,  
refinement to prevent sub-atmospheric 
pressures. FIG 2. PRRSSURE T.~NK FOP. STUDY OF JBT &ND ENTRANCES 

Trash Rack for Test of Entrances De-~igned from Modification of Free Jet Profile 
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COnduit Diseharz~-',-," -~" " ' 7 " - , = K  or" utrrLt~rs was r e e s t a b l i s h e d  to  -7~-- "L2- 'v ' : ' '  : r a y a r a u l i c ~ b a l a n c e  
• ~ l r c e t | y t n t o  Spillway Buck^. v e r t i c a l  in*n-^-:--  .'- , ~ - g e  a e g r e e  by' ,DraVl r l ;n~ ,  

?, ~sonnallySubmer ed ~ " =t, • - ~ - ~ u m m u n l c a t i n  ' as  " - : -  . . . . . . .  s ~ 
bell  . m o u t h  a,-- '  - - : - ,  g l ea f  m t h e g a t e  bonnetand.?rgamPo mg.ewa_y b e h i n d  ' t i l e  
phe r i c  ,, ,  ~vax e r g i n g  sec t ion  w e r e .  a b o v e  ' . . . .  p r e s su re ,  a b o v e  ::the l ea f  t o  e s c a - -  ~n !  s a!l.ows t h e  excess  

• . . . . .  a t u lo s -  conctui t  d o w n s t r  . . . .  ¢ _ : _  , , :  ,tlT,e i n t o  t i l e  to  o 
S ince  the  t r a  . . . . . . . . . .  ~ ' ~ "  " ° m ' ~ m e  ~ a , • P . f t h e  s h r a c k  s t r u c t u  • • . d t t ton  whx " ' . .g  t e  a n d  a l levt  p re s su res  • re  m i g h t  a f fec t  t h e  e , ch  m t h e  o p e r a t i o n  o a t e s  a con 

p r o x l m i t ; '  " tPoar~cU~aar2cY ' faOretphleclOW: £out ls tea~lbecaur t r~ni~:  beffn ~e~t ~OUsr~dTefs~Ua~h)~ief.f t h e  p r o t o t Y p e w o u l  d h a v e  

m o d e l  as  ind i  . . cl in t h e h  - t h  . f e n m a d e  o f t /  • c a t e d  t u f a  9 , Y e c o n d u t t ' b  , m p e r f o r m  t h a t t h e  ostt" g . . . .  T h e  t e s t s  r e v  e t w e e n  the  e n t r a  , a n c e  o f  • P ion  o f  the  b u t t  . e a l e d  of  t he  co :. . . nee  a n d : t h e e x "  • 
m o s t  m f l u e n c , ,  , . .) .:,  . . . .  o m  of title t r a s h r a c k  had  r r ec t  r e s ide  d i a m e t e r  an  it. A .pipe 

• . ~ . . . .  u , u  tJxe e u e c t  0 • t h e  P r o f i l e  f o ~  the ' .  , d . f o r m e d  t o t h e  
n e g h g l b l e .  A d e c r e " ~ -  : - -  f r i b  p l a c e m e n t  w a s  m _ . l o w e r  o u t l e t  w a s  mst~ . . . .  p r o p e r  
e n t  • ~ "o~ m - p r e s s u r e  a inu  ~ ~ od.el o f  f i r e , e n t r a n c e  a i led  o n  .the 1:17 : 

rm!ce  r e su l t ed  w h e n  t l ,e:  g the  t o p o f  t he  g n ' a d t e n t s  . . a n d  :. con t ro l  ga tes .  T 
m o v e a  t o w  ~ h  . . . . .  -. b o t t o m  o L t h e t r a s n r a c k  w . t h r o u g h 0 u t . t h e , c o n d u i  t . . h e p r e s s u r e  

a rd  . . . , :  v p e m n  . A • • a s  w a t e r  w e r e  ab  , . .wi th t h e : c o r r e e  " 
chgsen  t h a t  ~ a v e  no~;~; . . . . .  g pos.mon ~was f i n a l l y  n ~ o t ~ a . t ~ : ~  , , ° v e a t m o s p h e r t e  Dress r o  no h ~  ~ t t a d -  : 
vein  ;*,, .~;..~--'~ W ~,~.*~: p re s su res  In t h e  ntro,* . . . . .  , " " '~ . . . . . . .  k't'*B" ° )  • M O W e r  ' -  U _, _.~ ,*au o e e n  ex-  

C".r uxSetlutlt lOll SUC]l e . . . . . . .  ~ m m  a w i t h o t  . er, .when . the  m o d e  " 
d o w n s t r e a m  t h a t  no t r o u b l e  s h o u l d  a . . . . . .  - , -  t t  t h e  t a l l w a t e r t o  s i m u l - ) , ~  ^..--,-... l was  o p e r a t e d  

• : ,-,,-,~m t ae~.upper  t iers,  . t h e  r e su l t s  ...-~,'~ ~ouuj .uons i n  e i t h e r o f  
. - . ' p h e r i c  : p re s su re s .  r e v  " .,vere S t a r u m g :  S u b - a t m o s ,  stDO~vN PULL" ON ~. . . . .  P a i l e d ,  m GATEs E C t h e  m • . L I M l b l A T r t  o n v e r t e d  . . . .  ode l  w 

:Fhe ac  u is i t ion  ' o t o t h e  p r o t o t y p e ,  would~ • hxch, w h e n  
fo r  t h e  stuld,~ ,~f ,,...of.hlg!i-pr.essure.pumpin~ e n - ; ~ , - -  . . . .  z.e.r.o p ressu re  t h r o u g h  a cons'dor,),have'ca.used.absolute 

• d ~ x  t.Ltt.7. U U  o "-I~alJx,tXt=l~.l. t a l l  • • l - - ~ * ~ t t -  I ~ mx , t rot  e n t r a u c e  for. th  - • ~ c .  o e v e r e  cavx e n g t n . o t  t h e  :con-  
. ,  t t e d  a l a b o r a t o r y  inw~e ; , , - - "  . e f i rs t  t m l e  he r -  n r , ~ f , , * . ~  .1- . tahon w o u l d  ~have . . . . . . . . . . . .  
r.ae ini  ial  too+.. - - - ' - ,  . . . . . . .  6ttLlOI1 o l  con t ro l  ~a to -  - - -  z ~ . - - . r p e ,  n a m p e r l n ~  ' o,,.~ . . . . . .  , v ~ , - - , t c u  i n  t i le  

t . . . . .  oL:~) l l l a d e  o n  a , o - - ~ o .  . i n  s n c c e s  * ~ , o r  : ~ w t _ t t  : t d o m  l e te l  .~ • 
s t o c k  i n l e t  t r a o t n ,  ~.~,^- m o d e l  ol the  N o r r m  D a m  n o ,  ; .  , , ._sful  O l ~ . a t i o n .  T h e  faet~ p _t.y p r e v e n t i n g  

- . . . .  ~,,te~, m e :  r e s e n  r - . . -  :,,, .u~e c o n d u i t  ~ . . . . t h a t  the- f rac t iona l  1 m e n t e d  d o w  P c e  o f  a e a t l  . w e r e  msuf l tcx  . osses  n w a r d  fo r  • g r  y au  - eel  • e n t  to  o ce  w a s  n g e r a t m  -f v e r c o m  a p p r o a c h e d  ,~ ~ . . . . . .  o h e e d  w h e n  t h e  r,a • )o~¢ L _ ,  g o rce  i n t r o d u c e d  b v , t h o  .L  .. . . . .  e t he  ac -  
. th~ , - ~ v ~ c u  pos i t i on  o r  " o t e . ~ , ,  u a a  a a r e u t  . . ' ~ . . . . .  r ~,ope o I  m e  • 

t h e  o p e n i n g  cyc le  d u r i n g  the  f i rs t  p a r t  o f  a _ ~ P _  IY been  o v e r l o o k e d  , c o n d u i t  
- '  • ' - - , * o u t e r  conu i t i  • " ' : ' 

T h e c o n t r o l  a res  fo r  fo  " on t h a t T e q m r e d  f u r t h  
a r e  of  t ~ .  t,,~g_~ ,.., t he  l o w e r  o u t l e t s  a t  G r a - n  c,=. . ,  ' re . rat ion of  s p r a  o n t h e  ¢-,--~'-~# -,- - e r : s t u d y  was  t h e  ' 
^ _. :;';.~ " :  v ~ .  t i m  u p s t r e a m  . . . . . . .  ~ . . . .  v m e e  wal l .  o u t l e t s  a t , U ~ a . L Z  .~  " '~'~ o ,  ,.ne £1am.. T h  c 
~ r i ng - fo l lower  g a t e  ooerat ,~a h, ,  k.~ ~;'*erg,ency c o n t r o l  is f r i c t i o n  ^ ¢  , E - ' ~ . " Y ' ~ S r ' ~ a m : l ~ a d  d e m o n ¢ ~ , ~ + , ~ . ~ a t w  °n"  ... 
d o w n s t r e a m  ^~ . . . .  . -  - ' - 7  ~ ' v a n y a r a m i c n i s t o n  -q -u_  _, - - - - , u ~ t a e  : J e t , w i t h  t h e ~  . . . . . . . . . . .  ~ - - - -~u  cha t  t he  - . '  
. . . . . . . . .  • . ,  : , , -  ~ r v ,  ce  c o n t r o l  is. - ~  na,,a,Z___ - , ,  " * ,~c  ' u e u s e  spra~r. ,wh'leh was  '~ :~  ~ , . , , u .uaumg a i r  e r e a t e d a  : .... ~" 

v ~ teu  o m o t  r . r ~,,,, r u u e r  a t e  c a r r , e d u  m • - . Y o a n d  g e a r t r a m  conn  g p o w e r  : house ,  caus i  , • ' p e c a n Y o n . t o w a r d  : , .  
sic_ms. I he  g a t e  l e a v e s  in ~ - ~  . . . .  f e t e d  t o : t h e  g a t e  a c t u a l  tin, ^ n g  u n d e s ! r a b l e . c o n d i t i o n s  t h e  ..; 
ta l l  - alia- . . . . . . .  :~,vo t y p e s  a r e  I - i m a g e  t,,  t h e  0w  . and  SOme Y ..e in t h  u n d a m e n  P e r i a o u s e  : • a t  e a c h  h a s  - T h e  s . , door s  . . . . .  
w h i c h  c o m e s  in to  ~^-:--: a t . t h e  b o t t o m  a f o l l o w e r r i n , ,  ,. . ,~ . . , s u b s e q u e n t  r edes ign  o f  t h e  c 0 n d , , ; ~  ¢~L . , _ . ,  ..  " i 

v u ~ , u o n  w a e n  the  ~ a t e  i~ ¢. .---  ~ ,  ~,, ,u~upper t ie rs  a t  G r a  d: ' . .-.2 . . . .  'y~ c a e m l a a l e  : ~  

_ ;' '~"~o~ w*,,, so,,,,, t, t ~90.0 ~ i :I : : : : :  ° ! e n '  ! t h r e e  ° Y : : : : : :  es  (1) n P C °if lx! i :~as°  ~ ! e r ~ l ° : ~ n b ° ~ d e ° n  ; i !  

F I G ,  4 : U P P E R  O U T L I ~ T S  D I S C I I A R G t ~  P A R A L L I g L  T O  F A C E  X \ 

( a )  Horizontal Profile and Constriction at  Outlet-Prevent Sub:AtmosPheri c Pressure in Conduit 
(b) Steps in Design of Elbow and Constriction 
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V O L .  I 0 }  No.  x 2  

pressures within t h e  condui t s ,  (2) minimizing, the forma-  
t ion of spray,  and (3) minimizing the r iver-bed erosion, 

T h e  ideal solution for the condui t  between the ,control  
gates and  the  face o f  the dana was: to:  bring the  out le ts  
th rough  the  d a m  on a horizontal  profile and to in t roduce 
an elbow a t  the d o w n s t r e a m  end," forcing the jets to flow 
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at t h e  intersection Of the  f rus t rum with the open channel .  ~, 
T h e  pressures t h roughou t  the  conduit  were posit ive for all 

:neads in excess Of 40 f t  on t h e  cen ter:line of~ the entrance,  i 
The  sub-a tmospher i c  pressures that:will  occur ,when ~ the 
ou t l e t ' i s  opera t ing  u n d e r  a head  of less tlmn 4 0  fl: Should : i 
d o  no daniagel in~ the short:  period Of operatiOn necessary  : 
during c o n s t r u c t i o n .  ! 

~ U N E X P E C T E D  " D I S T U R I 3 A N C E S  A T ~  O U T L E T  , T i P  

• The  trough,, o r  apron, '  port ion :of; t he  out le ts ;presented 
\ a p rob lem o f  g r e a t e r :  magmitude than:  originally antici-  

Fro. 5. U.~EXP~CrED LOW PRESSURES ENCOUNTERED AT TIP pated.  As the solution of the elbow and exit  Ch~nel~un t 
ov Ovl~n Ca^~nEL SLOT fo lded , : the  impor tance  of, t h e s h a p e  0 f t h e  open c h a n n e l  

became i increasingly a p p a r e n t .  I n , t h e  case Of o rd ina ry  
parallel to  the face of  the dam, as shox~m in Fig. 4 (a). A open-channel  flow, m i n o r . s u r f a c e  :irregularities a r e  of  
educt ion of  area in the elbow would reduce the  discharge, relat ively ~little i importance,  bu t  ~ this pr0blem' , requi red  
ecreasing t h e  veloci ty  and : increasing t h e  pressure  a discharge• s u r f a c e : t h a t  would : reasonably ~fit a je t  of 

t h roughou t  the conduit .  Wi th  this a r rangement ;  t h e  water  ~wit]r i a d i a m e t e r  0f=7 i ft  9 h i  and a max imum 
ajets flowing down the spilhvay face w o u l d  be less,con- veloci ty o f l l 0  f t p e r  sec. A n y  non-conformit  : tendin 
ducive ; to . the  format ion  of sp ray  than those fal l ing f r e e l y  : to chan~e the  direction of  th i s  ~onder,~,,~,;~ ,~,~,Y,n . . . . .  tff 
u-Iron I1 m e  air and the • ,  . • . . ~ . . r -...-o.a~ , ,vu,u , ~us t  

. . g: , . ,, . . . .  m er bed erosion w o u l d  b e  m unfavorab le  flow c o n d t t m n s .  As m the  case 0 f ' t h e  
mmlmlzea  since m e  ducker  a t  the toe of  the d a m  would  elbow, a s t e p ' b y - s t e p t r i a l  m e t h o d  was used~to a r r ive ,a t  
funct ion as an energy dissipator for the out lets  as well the final design: 
as for the spi l lway.  The  proximi ty  of the elbow t o  fire In  the  first trial, a sl ight b u t d i s t i n c t  break w a s f o r m e d  
face of the spillwa3r would be de te rmined  b y  the  thickness between the cone and t h e  a p r o n  and:be tween,  the apron  
of m a t e r i a l ~ c e e s s a r y  for  s t ructural  purpo.ses: . . .  and t h e  f a c e  of t l re  dam.  The  pressure ~ immedia te ly  
, ~., tJue e~uow..were omi t t e r ,  aamwmg m e  je t  to dmelaarge d o w n s t r e a m  from the  cone w a s  slightly above  a tmos-  
hOrizontally into t h e  a i r ,  sub :a tmospher ic  pressures : p h e r i e ,  which w a s  eont ra  - to  ex 
would be ent i rely el iminated T h e r  ,~0 ,~n ~.^~.~.~ : -  . . . . . . . .  ~ . r y . . .  pectatlons.  However ,  

. . . • , efo... ~,,. ~,.uv~u, ~v~ rue, corn fete su rlse was tIic exc • reduced to , . . . p r p  ., . ~ . esslvely l o w  ressure 
the deslgnlng of an elbo~ w l t h  a cons tnc t lon  on the apron Immedia te ly  a b o v e , t h e  in tersec tPn with 

to maintainl the pos i t ive  pressures in the conduit ,  aud  an the face of  the  dam. 
exit channel  i n t h e  face of the  spi l lway t h a t  would mini-  A number, of  changes  in curva tu re  and:profile (Fig. 5) 
mize ~ s p r a y ,  and fiver-bed erosion• :SuCcessix~e stages w e r e  made~im a t t empt ing .  ~to s o l v e t h i s  problem. None  
in the d e v e l o p m e n t  of this design are  i l lustrated in 'Fig,  was 'successful, :When :the solution .was :found, i t  was. 
4 (b) .  

qui te~by aceident.  Pressures in t h e  elbow, c o n e ;  and  
Since a sudden change  i n ' t h e  al inement  of, a condui t  , u p p e r  i~ortiou of' the. channel  were sat isfactory.  ; the je t  

m a y  c a u s e  unfavorable:  local,  p ressure  d i s t r i bu t ion ,  the  o f  water  was s tab le  and  undis turbed;  tile designa o L t h e  
redu.ction: i n  a r e a  i n f ire  first(txial :was  ,effected!by i c o n -  ,condui t  down to t h e e n d  of the cone had b 
ver  n the c r o w n  . ~. . een released to " • ga. g of  the elbow, t o w a r d  the Invert .  A th . . . . . .  . • • • : . . . e design d e p a r t m e n t  for deta lhn , the s lm  hclt  f m l m m u m  dis tance of  3 f t  was e . . . g p y o . . . . . .  , . .  -. . stabhslled, between . the t h e  design so far, was encouragnng. ~But what  wasi to be 
ekoow aria tne race o~ uae arm! to  a l low m r  p iadement  of , done with this one remaining low-pressure condit ion ? I t  
adequa t e  re inforcing s tee l in  the coucrete.  T h e  inve r t  of appeared  t h a t  t h e : o p t i m u m  design had b e e n  r e a c h e d  so 
the open-channel  por t ion of file ou t le t .was  lnade  c i rcular  f a r  as  structural~ t r ea tmen t  a n d  visual observat ions  were  
in cross sectiou and carr ied in tangent~ to  the  i n v e r t  Of t h e  concerned 
elbow. • 

One morn iug ,  af ter  several weeks of s tudy,  Lhe sinffle The  pressures in the 'elbow were above  a tmos  heric l e ,  " , . - " " 
• ~ , • .... .P. . . . .  g g!ass ;pmzometer  ,tubes were.being re laced wi th  U,  

b u t  the discharge was m a t e r i a l l y  decreased. ~Ylns of t u b e s  t o  el iminate,  t h e  necessit of es[~Plish" - 
water  formed on bo th  sides of the le t  i n t h e  un,-or ,~,.,4 . , _ , . _  _,__= _t . . . . . .  ~Y . . . . .  n ! g a  n.ew 

r . ,  . . . . . .  ~ . ~ V ~  .. ~ . a a u  ' u a L u i i i  . p t a t l t : : .  a l t e r  e a C l l  c n a n e  I n  ~,tLle: r u o f l e l .  D u r l n  

ox m e  open  t rough.  T h e / i n s  were objec t ionable  because the changing  of  the  rubber  con~ections,  i t w a s  rioted th~gt 
Ofpearauce.the spraythatreleasedwould resultand becaUSewhen allof40rite unpleasm~t ap- the ~pressure downstreain  froin a u y  disconnected tube w~;~ 

out lets  were discharging. /x,x_ Invert ot Outlet increased. Air flowing into the discon- 
In  an effort  to  p reven t  the  format ion ,,,,e, ne t t ed  : tube  a e r a t e d  .the 10w-pressure 

region. Wh3r~ n o t  install a i r  v e n t s  for  
of : these fins, a long succession of revi- 5 t~ t h a t p u r p o s e ?  . 
sions in .the shape of  the  open channel  ~ s 0  T h e  air s u p p l y  was. t a k e n  from t h e  ~ii 
were u n d e r t a k e n . .  I 'he solution finally ~ ~:;~ 

face o f  the danr  a t  a sufficient distance 
ob ta ined  eomprised a conica] constric= on both  sides o f  the channe l  to p reven t  
t ion symmetr ica l  abou t  the center  line. Fro. 6. Axa Sv~va.v P,ema a r  L o w ~  the  out le t  jets from cove r ing  the open -  

T h i s  formed a slight, bu t  definite, break E~D ov d o t t e r  lugs. The  size of t h e a i r  condui ts  was  
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downstream. This change moved the point of inter, 
section between the invert of the channel and the  face of 
the danl up the slope 18 ft, reducing the exposed open- 
ing. Construction progress prevented a n y  change in the 
intermediate outlets at Grand 'Coulee  except the ad- "- 
dition of the defector,  but  the shortened opening and 
deflector were adopted for the upper tier in Grand Coulee 
and all outlets in Shasta Dam. 

PROTOTY'PF~ STUDIES  P L A N N R D  " ,~ 

The rapid completion of the  prototype is expected to 
provide unusual opportunities :for the comparison of 
field and laboratory work. The  ;photograph, Fig .  9 ,  
shows the outlets operating a t  a reeent stage of construc- 
tion. Piezometer openings have been placed in the lining 
of the right outlet  of block 51 in both t he  intermediate 
and upper tiers. A piping system connects these  opeal- :~ 
ings to terminal boards conveniently located in the inspec- 
tion galleries. 

Visually, the action of the prototype flow from t h e  
intermediate tier thus far observed has corresponded 
favorably with the model. The  intake of  air th rough  i 
the vents at  the intersection of t h e  apron w i t h  the face 
of the spillway also substantiated the model  studies. 
Although the action of  the deflectors with respect to the 
spillway flow cannot be ascertained until the dam is com- 
pleted, their location with respect to the outlet  jet  per- 
mits ample inflow of air beneath the deflector. Fur ther  
detailed comparisons between model and prototype re- ] 
sults are to be expected after the dam is placed in regular 

i operation. ~i 
The hydraulic labora tory  fii::which these studies were  

made is a section of the Materials, Test ing, -and Control 
Division, supervised b y  R. F .  Blanks and Ar thu r  Ruett-  

FIG. S. : COMPLETED EXIT PORTALS AT GRAND COULEE gers, b o t h  Members Am. Soc. C.E., senior eng ineers  in 
D e f l e c t o r s  a t  Top ;  V e n t i l a t i n g  H o l e s J u s t  D i s c e r n i b l e  a t  B o t t o m  the Denver o f f i c e  o f  t i l e  Bureau of Reclamation. Design 

d . . . . . . . .  . . _ studies and investigations a r e  made under the direction 
etermanea on me moael oy  trml. I n  the prototype the of J. L ~Savage, M. Am. Soc.' C : E ,  chief desi in en~-  

headerlines have a diameter of 6 in whilethe ' feederl ines  neer S O Har~,.r ~r ~.~ o__ " ,- , ,  • .:g~. g .  ~' 
• ' . . . .  r ~ - ,  . . . . . .  , .~,. o o c .  k . . ~ . ,  lS c n x e I  engnneer 

are 4 in= in diameter (Fig.' 6). for the Bureau, and J. C. Page, M.  Am. Soc. C.E. ,  is 
The  supposedly final design for the  intermediate out- Commissioner of Reclamation. 

lets a t  Grand Coulee Dam, which 
w a s  developed u n d e r  extrea 
gencv because of the prog~ 
cons[ruction, did not  have def 
over the outlets (Figs. 7 and 
though consideration had beet: 
to the excessive spray from the 
dropping into the channel 
outlet. : Later  tests, however, s 
tha t  for the condition in whiq 
spillway operated alone such 
formation would be critical. 

To ehminate this, the traj, 
of the spillway jet  • was. det 
above the opening in the face 
dam. The raised portion, c 
rector ,  was made paxabohc j 
direction of flow and was blende 
the spillway face b y  reverse ct 

With the addition of the det 
over  the outlet, the thickness c 
crete between the cone and th, 
of the deflector- was  increased 
siderably beyond the minimu 
tablished at  the beg inn ing  c 
studies, as necessary for the 
forcing steel. Advantage was 
of these.projections to move the 
elbow and cone 3 ft  horizontally 

Fzo .  9. PROTOTYPE ACTION CA)NFIRMS MODEL RESULTS 
Bol l s  a n d  S p r a y  in  F o r e g r o u n d  S u g g e s t  T r e m e n d o u s  Vio l ence  of  E n e r g y  D i s s i p a t i o n  


