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:Labora to ry  !Report  No..."A57 
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Compiled by: F r e d  Locher  
!Reviewed by: J, 'E .  Wa~oek 

S u b j e c t :  L a b o r a t o r y l n ~ s t i g a t i o n  o f : :p res su  . . . . .  ~s:in ~ t h e . o u t -  
lets i n  Ross=Dam .. ~City of>Seattle 

o Outlets, at elevations :I'2~O and ,126~ 'At °the ~present stage 

of construction the reservolr-at Ross~Dam,!i sbeing~i,utili,ed for - 

s t o r a g e  o n l y .  During p e r i o d s ' o f  low iflow ~.in %helJi.~k~glt~River.~:the 

impounded w~ter is released ~ through bypasse~:,;at elevations .1260~,and J~- 

12S5, r e sp~ .e~ ive ly ,  i n t o  Diablo  Reservoir-where,~the.~.'flow.produoe~ - : ~ 'ii:.~ 

power f o r  t he  ©Ity.  o f , ' : ~ a t t l e  ~-~Depar tn~nt  o f  IA . . • , 

During J a n u a r y  o f  194~,~ an attempt:i.was:::ma~de ~,to : ,ol0se ~the E a t s  ~at ~ ~ ~'' 

• l .vatio= 12 , b . t .  to -i, mst=oe.ithen..ot  :- rly  ete,- 
~ t ~ e d ,  the g a t e  f a i l e d  to  , c l o s e  oomple t e ly~and  ~ths;oable, ,~was-,ruptured 

d u r i n g t h e  p r o c e d u r e s  T h e - r e p a i r s : w e r e : , ~ d e : i n  t he  
P 

a t  wh ich  t ime i t  was found , tha t :~he  e n t i r e . ~ r o l l e r  :~train on ,one  s i d e  

o f  t h e  g a t e  was g o n e  s ~ d . t h a t  s e v e r a  1 , . r o l l e r s T r o m  t h e : o t h e r : . s l d e  were .  ,.. 
m i s ~ i n g .  

. . . . . .  ! 

~onditions~made. it impossible .to inspect,~l~ • .,by. ..::: 

p u s  p i p e s  u n t i l .  J u l y  ;194S, hat ' ,a:  ~large : s e c t i o n . i t n  

the  top o f - t h e  lower  p i p e w a s ~ ' t o r n ~ a n d  p u l l e d - ~ o u t ~ o £ ! p l a c e ~  ;Seve ra l  "'~ 

o t h e r  s m a l l . h o l e s  :a:ud p i t t e d  :areas:~were :found .~:n i b o t h p t p e s , - :  :T~:';:,:'~ , ,  ::.:::-.i 

damaged areas were rePalredbY:weldlng patthe"°ver;flw:"hOlesand : ~ : ~ " -  : " • ' :~:::i':iii! 

f i l l i n g - t h e  p i t t e d  a r e a s . w i t h  w e l d ,  " " " 

seeond inspeotlon~:was made In:Ootober .~ " ' " -194~,-~hen : l.t, was ,:~ound ~.:~ 

:.,.that the pipe was again damaged In :.the s~ne :areas;:,and,::.... -ln..addltl:on,.. :~: ~ ::~"!::~i.:i;;:" 

t h a t  f a r t h e r  down - on .~ t he  p i p e s  . o t h e r - p l a c e s  .were Showing  s i g n s  .:of 
p i t t t n g .  ::::"::. 



i~. 

At the  t ime o f  c o m p l e t i o n  o f  installatlon:of',the:bypass~!eondui,~ ' ~ "":: '~ 

w i t h o u t  downstream . c o n t r o l s ,  r i t  j: w a s . : r e a l l z e d  t h a t ~ . o p e r a t i o n ~ u n d e r  ~i -: ..i-. ;";' 

those circumstances was. not.~sound,.engineering ! buti:i~:w,,~:. 

d e c i d e d  that 81nee the , .o~i ,  ssion.~was,::,temporary" -- : :•::":" " : ::,... 

by t h e  s t o r a g e ,  o f . w a t e r : ,  behi~'d ~Rosa ~:Dam.warra~ w 

t he ~' amount o f  '.the ~'d amage' .t:~t ~-re sulted::,t~= :i: neither:the extent nor " ' 

the  o p e r a t i o n  was a n t i o i p a t e d .  : 

From.the t r a c e s  o f  pit t ing d e s c r i b e d  in :fir. ~ f f m a n  l i s t er ' -nOr  

April 8, 1 9 4 4 , i t : i s  ewldent thaithe . . . . . . . .  

is very close to thevapor pressure~o~ :~. 

Ity or protrusion In.the-plpe,.such~a: ' ~ii 

one which is slightly.:offeet, ~ wae~.,sUfj i 

that results..-fromcavltation. ,.In ,the. re. " " ~'i 

of these pipesIt is,deslrable to,have a: 

° '°"" i protrusions on the oondult :: ground :to a..reasonable:.deg~ee~of:~s~oo~h. ~ :."" :: ~i:~ 

nee.. Since: the .. fln~l:ins~allation.~In these : ,bypasses~eannot  ~be: c O ~  ~'. 

pleted f o r  .=me.time, the ::Instaliatlon-of:i-a',constrlotlon on.::~:end:. •' ~: 

o£ each b~ase :to r:ise .,the .:pressure: gradient,::in ~e:::plpe ~to ~:a::,mlni-::i/":".- .:.. ::• 

o p i "  ng ron " '':'~ - : mum o f . , o n s - h a l f  an a t~osphere~under : : - the  severest . : :  r a t i  ~:condlt l  • : 

C t i o n s  ..9 and.: , lO,::appendlx A ) .  "~'::~"~:" :~: i ha~ bes~ advlsed (:'se - - • -: 

Computation s ~- show.~:.the pre • sure condi tions ~ in ~:the : bypasse'S~~tO ~.be ':i.! ,:i':.ii: 

as  i n d i c a t e d  i n  the  u p p e r : s e t . .  

~igure I. These curves-indica~e~.~tm~:.~he.:~ypaes.:.at:.e ~I~0 " .~ .~ : l e v a t i o n  : , 

s h o u l d  n o t  be operatedwithout, either thei-:cone or ::t.~::'~Valve .: In i:p~e o : :?.:// 

.whe~ the. reservoir is below.: elevatlon:l~85 .,and :.,t-hati%~":ib~,,s:,,t / ::i::':i 4: i::. :i~!:::::: 

elevation.12e~ will re~ui-re.~a muoh::hi~her.!:reser~Ir,~leeat~on:£or' ' = 

sa~e o p e r a t i o n .  The o t h e r  :curves--on:::figure.:l-.sh~:the:pres~res,~d '.~:: . " :"': 

a t a l l e d w l t h  t h e  hood,  the  p r e s s u r e s : . w i l l ~ b e  c ~i/." 

t h e  d l s e h a r g e s  muchii'l~wer t h a n : i n d i c a t e d  o ~ " : i f l g u r o ~ ! ~ b o ~ u s e : t ] m .  :W--". : =. 
~°7 : - • 

c u r v e s  a r e  . b a s e d - o n  a v a l v e :  ooe££tcient;.of:'Oi~O,:w~ereae-~i~he.N,~lwes ;.~::-. : 

2 . . . . . . . .  ' ) '  
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% 
with the hood have a coefficient o f  0.67. 

2.  Outlets at elevation. 1340. At the ~present time construe- 

except that the conduit passlr 

and butterfly v a l v e s  will.be-u 

~imilarlty of the e n t r a n c e s  in 

in operating the 6-  by 8-foot 

to the belief thet considerable ~rouble might be, experi~ 
the new installation. ' . . . .  

'I 

Due to +,he complex mature of the problem° En~neer~j. ,E..:,Warnook 

vl sl ted ,the project to study the sltua tlon :with :the .englneerlng: sta_e~ 

of the city of 8eattleo During a serles.of conferences at Seattle - 

and at Ross Dam a program of model d wl 

p o s s i b l e  difficulties of o p e r a t i o n  nd 

modlfioatlons studied, utilizing the material iready purohesed::ifo.r . ...... 
the  project° . ,~ ~ 

aoeord ing  t o  the  d r ~ i n g s  : furnished bY . . . .  t t t l e .  T h e d e .  

s i g n  -oonsi s t ed  o f  a trashraoM ,u truc tu  re pt • 
. p't; B r ,  

and a reetLngular transltlon to s ,Y2-inoh conduit Which i re, _ _t: 

the butterfly valve. .T~ details of the original-t sig n 

and the Pb-llips .and Davis¢ transition are shown .on Eigure .'2, B, :D, ' .... 

0. d.tails the b.tterf.ly..V.lVo and the 8roo    te .ar, 

shown on figures .3 and ,4, Tests wi:th this arrangement.indicated posl- - 

tlve p r e s s u r e s  ~throughout for any head or operating 

ted  a t  Ross Dame The p r e s s u r e  oondit i :ons  :An the  t r a n s i . t i o n ~ w e r e  o b .  

trained from 19 P i e z o m e l ~ r s  and 3 p i ,~ot  t u b e s  p l a o e d  i n  a "regular 

l m t t e r n  about  the  t r a n s i t t o n ~  The : r e s u l t s  o f  t h e s e  measuresmnts are 

shown on . f i g u r e  6 .  'The s o l i d  l~ne  repreaen%s the  P r e s s u r e s  in  t h e  

:7;'•.. 

~I •i ~ 
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transltlon with the butterfly 
valve ~in.plaee,~,and th~ apeolal m~bole " 

t n d i o a t e  the Pitot~tube:mea-sursments,.  T h e / p l t o t  t u b e s  were i p l aee  d 

oppos i te  a p a r t i o u l a r  piezometer  wi th  !the dynsmJ 

stream, The pressures obtained from these tube~ • 

those from the adJaoent piezometers, .Indicating 

of the t r a n a i  t i  on t h e  f low~ along ~the/boundary was  ° o p p o s i t e t o  t h e  

~rtn :flOW :~. the t r a x  ''" oondltlo~ was::nOtob~eo~tonabie~ , 
but it does .indicate 

on ~'ent ranee ~i.=kipm ~: 
the transition sides and tbat~the " :~:~ "~ ....... 

filled by an eddyWhich reli~ 

tend to form. The ooeffIcie~ 
Lvw,. 

based on the  i n l e t  diameter  i 
;lw o v e r - a l l  c o e f f i c i e n t  of  the  4 .,'- . 

te . . . . . . .  
. , , ~ ~ l u  ~ ; Z I C R ~ I , E  ,'. - 

dlam r ,  was 0 . 5 6 8 .  

A computation of the  

rack was made as shorn on 

the o r i g i n a l  t r a s h r a c k : d e s  

the  region upstreaB:from t 

Jcrashraoks was a l ready  put. 

c o n t r a c t s  for the oonorete 

deslgns of the trashrack, ,I 

on m a t e r i a l  on hando ~~vo z 

e ~ l i p t t o a l  p:lan (figure 2C) 

P°sed ° l l i p t A c a l - t r a s h r a o k  

~,,+~aband°ned.__in_,f~v°r. of_ the :revlsed. i:°ri~nal ~de slgn:, o£ fI~re/2~. ~ The 

for  o p e r a t i o n  w i th  and wl thou t  ,the ~ b u t t e r f l y  va lve ,  . . . . . . . . . .  ,are~shown~~ onPAaee'fA - 

~= , .~uu sa~srao~ry operatlo~ v-b~ " 
expected w i t h  t M s  dost[me • :~ty:__ ...: 

4.  - ' - ~ d r ~ d o w n : f o r e o 8  on~t l~ S r o o ~ . :  T ~  Broolo 

• g a t e s w t  11 be used ~ n o r a n l l y , f o r  ~ u ~ a t e r l n g  t l~-P~,Stooks_~.a~d the  o u . t -  

-~:i.~ ~ ~ 



lets for Inspection and ,maintenance of the oondui:ts and the val:ves. " 

'Under these conditions the gate would be opened s~d closed ,under 

balanced hydrostatic pressure, ,with n o  flow t h r o u g h  the condui't. 

i= 

+ 

i: 

e m e r g e n c y  c o n d i t i o n s ,  , ,hen the  g a t e  i s  C l o s e d  ~ d e r .  a n  u n b a l a n c e d  

head on the upstream eL'de andwith maximum flow through!i%hel Oon'dUi%, 

the gate would become a definite~oontrol in the condult,-i~cauatng law - 

pres uro  on the e i  de   ' a:ddr  0n ' • , a f o r c e ,  t e r m e d  "the 
~r 

"h~rdraulic drawdown force,', occur ~- This~d~ard pull on'/~the gate 

is caused ,by the increased ve!ocl.ty under the gate which "/reauses ~he 

pressure on the bottom, thus e ' ' . i, .s tting up a differential :he 

gate which acts d~aard. ~::,Thls ~force is important In th; .:design of 

a gate hoist as it mayb~ ~of. the 

gate. The c a l c u l a t i o n  ot o n l y  

approximate. The pressure :reduotion 

function of the veloci% T head at,that 

down are  b a s e d  upon  ~the v ~ l o o i . t y  ' d i s t r  r e " a n d  ~/ 

they v a r y  with the ..~... 

The drawde~m forces on the, 6- 

termined from the model and iare~shc 

be~ computed for operation.with am 

and a r e s e r v o i r  h e a d  or coo feet. ,Ae.:.~:~thls ~rorce :is:~iProp6r~onai:::to 

the head on tb~ ~te, it my be-,:o~r.ted~,to t~ v~iue 

head by multiplying the values shown~on the : .curves ~by 

%he heada, i ' 

5~ The rectangular: bellmou~h:transition and '~traahraok,: Thei: 

rectangular bellmouth of figure 9,  iln combination, with the elIAp~ioal 

trashrack of figure 2C, was tested ;to.determine-the adw~n~ages Of 

t h i s  d e s i g n  o v e r . t h e  p r e v i o u s  d e s i g n  , i f  a n y .  ~ ' T e s t a . w ~ . ~ h - ~ -  ~'- 

arrangement _.Indicated ~posi, tive pressures .The'pi~ . 

p r e s s u r e s  a r e  :shown by  the , d a s h e d  llnes~of ~ f i g u r e  -5o The ~ o v e r ; a ~ l  

.r 
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c o e f f i c i e n t  o f  d i s c h a r g e  b a s e d  on t h e '  o o n d u i t d i a ~ t e r ~ a n d ~ , t h e  ' t o t a l  

head was  0 . 5 7 3  a s  compare  d t o  O , 5 6 3 ~ f o r  ~ the~- P l~ l l i p s~ ' and i ,Dav le s . . de -  : 

sign. This represents a Io78-percent Inorease::,In:dleoharge which 

was not sufficient ¢0 warrant~Its use in :the proposed:bypass~in view 

of the additional cOSts However, In a~turblne penetock~thei.addltlon. 

a l  s a v i n g  in head  m i g h t  J u s t i f y  t h e " i o o s t o  -: 

6@ Conclusions. The -pressure s ~obtained in! the~;,model indicate 

that the prototype outlets at elevation• 

w i l l  be  f r e e  from n e g a t i v e  p r e s s u r e s  a t  any  h e a d .  , :~ /J 

The n e g a t i v e  p r e s s u r e s  p r e v a i l i n g , a t : ~ t h e , s e a t . ~ o f  t h e ' , , . b u t t e r £ 1 y  

valve,~ a r e  not sufflclently,low to: c a u s e  oavltatlon.~ with the heads 

at Ross Dam. No negative pressures were present.whan,~:thei~va,lve~,was 

operated at full opening. The eoefficlent of:-discharge, ~based~on ~ :: ~: 

the inlet disinter and the totaLhead, was:O~604~o ~ " 

The o v e r - a l l  ooefficlent o f ' d l e o h a r g e : f o r  , t he  o r i g i n a l : d e s i g n  

w i t h  the  r e v i s e d  t r a s h r a c k  w a s  0 . 5 6 3 .  ~ ' T h i s ' w a s , ~ i n c r e a s e d ~ t o  0,57S 

w i t h  t h e  b e l l m o u t h  • e n t r a n c e ,  a n d  t h e  e l l i p t i e a l l  ~ t r a a h r a e k .  

The h y d r a u l i c  d rawd~rn  fo r ee son~ , , t he~ .Broome  g a t e s ' / a r e i ~ o f  ~au£ ~.II ~~: ~ 

f t  c i e n t  magni r u d e  t o  c a u s e  ~ . c o n s t d e r a b l ~  ~ o p e r a t i n g  ~diffi'o~ltAes~idur,: 
t n g  an e m e r g e n c y  c l o s u r e  ~unle s s : i a ~ i e  @ ; - o v i l i o n s  a re , ,made : / fo r  i t h e s e  

f o r c e s  in the deslgn-of the h o i s t t n E ~ a p p a r a ~ u s  o 

The t r a s h r a c k  v e l o c i t i e s  o f  . t h e  o r l g i n a l d e s i g n w i l l  be :~ma te -  , ,  

r t a l l y  r e d u c e d  b y  t h e  u s e : o f ! t h e  r e v i  Bed ~de8!gn::of~ f i g u r e  ~2E. - 

The c a v i t a t i  o n  a n d  ~the, p i  t t i n g  i n ,  t.he :~outIe t s ~ a t  ~e l e v a t i o n 8  

1250 and 1265 ( f i g u r e s  and~ . l l )  w e r e :  t h e  r e s u l t  , o f ~ o p e r a t ~ n ~ : : ~ h e  : 

o u t l e t s  a t  low r e s e r v o i r  e l e v a t i o n s ~ w i t h o u t  an a d e q u a t e  ~ controli~/on.i~: i:i: 

the downstream, end to raise the pressure~:gradient In the~,plpes:luf, :'I~ 

£1oiently above t.he v a p o r  p r e s s u r e . ~ O £ w a t e r .  

U n t i  l the',  Howe ~ l - B u n g e r ,  v a l v e  a ~ a r e  i n s t a l l e d ,  ~ t h e  c o r ~ i t i o n  ~ in~! !.. :: 

the outlets at elevations: 1250 •and 1265~ean~be remedied by plae{ngi~~/i:! ~:: " :- 

a 6- to  405-£oo t  dlloherge,oone 8: f e e t  long a t  the end  o~ each p i p e .  : ! i ! :  

6 
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Zround smooth.  With t b s ~ e  z o n e .  ~ t h e  bypassq c~, 

when the reeerTolr eleTatLon ~idrope.;below ,12' 

Bunger v a l v e  s ,  wJ. t h o u t / ' h o o d s . . ,  he ~bypas s ehou ld ~' not,~be ' op.erated: w i t h  t ~ 

l ~ a l l  v a l v e  o p e n i n g  w h ~ n ~ t h e  r e e e r v o t r , d r o p s ~  b e l o w  elevation,i!:1290o. ,:! 

' :  LL :  

it :~"i 



APPENDIX A 

5" 

MEMOPANDUM TO CHIEF ENGINEER (THROUGH Re F. BLANKS) 

SuOJoct: Hydraulic ~del studies of outlets at Elevatlon:l~40:'amd 
ic~'er bypass outlets in  Ross Dam- City of Seattle, 

, Washington. " i " 

signature, coverdng ai!mode I of the proposed outlet installation for 
Ross Dam at Elevation 1540. The purpose;:of the model would be~to ~ 
determine the possibility of cavitation in the outlet due to the 
flow of water under various heads betlveen!iElevation 1350 and the i 
water surface at Elevation 16S5o The foll~Ing dra~ngs were trans. .... ,.-"":~." 
m/tted by the letter: 

20548 Roller Chain, Riveted:Type ' 
~2154 16-1rich Side Casting ~ - :  i ::i. : 
52155 Guard Plate 
327~..~ Li ftr~Bars ( R e v i s e d  
s2735 Ch ! es i n  rre siti__ 
41031 Bot4~m S e a t  Casting ~:: : ~ / ~  
4105~ BroI~me Gate 

4_1815 Frame:,~,.-( Revl s ed I0-20-4~) /' 
41816 ' Tr~'sltlon . ?<,> i:' ~ ' ::i.:i, 
41822~!'r'-:::G'rout. Plates - Guards and ~oller Path r:'-:~:~ ~,~ 

" (Revised i0-20-4~) 
41855 Assembly Drawiz~ 

Pelton ~/,~tor Wheel Co__mpanyDr~vin~s_, 

City L~.Kht Drawings: 

D-lSl50-A 
D-I~I68-A 

72-1nch Butterfly Valve 
Body for 72-1nch Buttorfly Valve 

Outlet Struoture at Elev. 15~0 
Details of Outlet Structure at Elev. 1540 

L ~ ~,,~ : 
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D-13171 Steel Details - Outlet Struoture~ Elev. 1340 
(Revised to 1-19-44) 

D-13202-I Valve House 2% Elev. 1340, Plan and:~ElevatAons 
D-I3229 Details of Gate Chute Grating from Elev; ,1%50 

to Elev. 1550 for Outlet s at Elev. IS~O 

E. In a subsequent letter, following 
drawings were transmitted regardi tation and 
pitting, which had occurred in the steel bypass plpes at Elevations 
1250 and 1265 at Ross Dam: 

Philips and Davies Drmrln~s, ~ -." 

41037 Lower Transition Lin ing  (Revised  11-7-38) 
41038 Assembly Drawing (Revised 10-24&~8) " i 
41044 Upper T r a n s i t i o n  L i n i n g  ( l ~ e v l s e d 1 i - 7 , 3 S )  

Ci ty  L igh t  Drawin~ss r - 

D'I~OIO-A General Layout of Bypass":niet Struoture,,as 
Con structed 

D-I~O27°A Trash Rack Detalls i 

D-13041 

D-15054 

D-13129 

areas i n  pip, 
~ c  

Byp 
(Re . sea  to ~ 

P l a n  to  E lev .  1550 an, 
to 1-16.L~) 

_ted 

S S  ~ . 

36) 
e e t  

Also transmitted by the s 
14o9. incl.~ve, sho~i~ the break 
pipe, and photograph RD-379, showlm rs 
im the diversion tunnel. Thislnfo • , ~ 
value in making "the study and model 
Elevation I340. ........ :,:i ~!ii 

3. Based on the i n f o r m a t i o n - o o n t a A n e d  i n  t h e s e  two 
r e p l y  da t ed  A p r i l  14, 1944, o u t l i n e d / t h e i ( ~ f f i c u l t i e s  of- ~,~i 
dhiCh might be u~pected from the design whlch lS)deLineat . . . . .  
cgrta~nraWlngs listed in paragraph io The euggestionwas ale:made t~ ; 

changes be made in the deslg 
Bureau flle s before making a model s ; 
tion between Mr. W~!fendale, of the  - .- 
o f  this off~ce ~:we were informed tha 
 ,°sto  s f o r  the   l..tion out et, 
72-1rich butterfly valves have been dellvered by the Pelion Water 

2 

"'t: 

:J 

)i 



- Q 

~ . l m m  

"~i~:~ 

Wheel Company, and delivery, ell the 6-~.by 
Phi li'p s and ' 
The penstock r .  .. :".' 
the complexi tioz .,, 
writer be sent to ghl~ 

the CityTof Seattle englneers~to which Mr.~Wolfendale agreed. 

• ' , T 

4. In a serles:of conferenoes,in 'Seattle an d':at Rose:~Dam, from 
April 26 to May 4,"~with Mr.~Wolfendale~a~d hls ,engineerlng~s~ff~:a : 
program of model 'studi:es~was prepare~d, whereby the pose ..... ~ :~" ' " " " 
culties of opera'rich in the Ultimate installation 0f ~h 

chased and partly delivered. -As 
the lower~bypass outlet 
will be described later 
of the outlets at Eleva' 
as follows, 

t h e ,  p r e s e x  ~- - 
t 
~es ~on~a. ~del 

..... s~el ghti::.tests 

Test io ~ Measurer pressure distribution.in the. present:-de-- 
sign--s, ou/~let i structure 'and:butterfly- valve, as shown, on 
drawings D-I ~ISOoA~ and D-IZISS-A, ,.: 
s l o t ,  a n d . s t o p l o ~  s l o t .  i n : : . p l a c e s ~ a  . . . . .  : 
cables for Bro---: - •' =:-----'~ 

Test .i 2° S 
m o u t ~ - ~ o  e 

Test .3. M~ 
of t~tlet , 
ings D.I~ISO-A 
structure upst~ 
seat removedj , 
gate during an 
effect of thei] 

stream from. the roller~:train seat~on the-pressure oonditiO 
the outlet conduit° .... • .... 

Test 4, Same ~aB:Test?3..exoept~::usingi~a:.rectangularL:be~l,, 
mout t]~--~sition ~ instead Of t~ : Philipsrand! Davies .des~gnA 

Test 5. Measure pressu,e distribution~in..the outlet~:transi- 
tion"'and conduit with. a rectangular!bellmouth transitlon similar 
to those in the Shasta Da=:, power.pens%ock Intakes! ~wlth~;~the 
Broome gate as~..furnlshed by~:the~m~nufacturer, and with ~!trash, 
r a o k ~ c t r c u l a r  i n  p l a n  o v e r b o t h  c o n d u i t  e n t r a n c e s j  ~di i : -maeur~e 
for.tea on lifting cables for :Broome ~ates:!.durln ~ an~imr~encY 
closure, Thistest is to evaluate:the effect-of a rectangular 
b e l l m o u t h  t r a n s i t i o n  on t h e  p r e s s u r e , . o o n d i t l o n s ! i n  t h e  o u t l e t . : :  

gll : 

rJ 

e • ,4 ./. 



conduit with ~o change ~In ithe -arrangement o~ the Broome ,gate 
seat and roller train seat. /~ " ~  : 

Test 6. Same as Test 5 except :that:the r~'ller~:trainwill 
be moved forward on'the Broome gate ~unti'i the roller itrain, seat '~ 
and the gate seat will be in the~same plane at the bottom of 
the gate (Case 1, drawing'D-12~O~)° .Thepurpose~of~ithis~test 
is to d e t e r m i n e , t h e : e f f e c t ~ o f ~ t h e  :,Sharp,corners~onithe ',looai ~ ~ " 
pressure condi¢ions in the ~tramsitiono • ~ / 

~estT. Same as Test~, except ~ that the ~ller~train~will 

between the roller~.,tralnr: seat amdt 
further streamlining of~the-sldes o 

Test 8. Measure pressuredistributlon in,~n outlet design 
using~xed-wheel coaster, gate ~ similar.~,to . those for ~:~th.e YFriant 
Dam outlets, closing in: an emergency over ~a fully'developed ~bir- 
cular bel]Jmouth' transi tion and with the :Pelton~ Water Wheel iCom- 
pany 72-inch~ butterf!y~vaive on ~the dowx 

c 

mouth entrance. ~;'~ - ~ ~,i! ~ 

All of these tests should be umde,with:a wlde ran~ 
head, so that~the maximum,allowable, '~head could "be 
case. The smximum allowable/head should~ibe that: heed which would 
produce not less tha~ approximately one-half :atmosphere of 
pheric pressure a t  t h e  point of lowest 
ture. This approach is prQposed~since !m~de 
as to the future in|tallation o'f outlet hereo 
fore the maxi~Am operating head ~on: the Elev'ation 1540 outlets/oarmot 
be stated at this:timeo / " ..... 

5. In a ~ letter of May ~12, i944, iadditional drawings andlphoto- ,~/, 
graphs re que st~j d w hale I was- in Seattle iWere, transml ~te d ,,~ a s fo~l~ s, ~-~ 

Pelton. WaterWheel . . . . .  Drawings: ~ ( p h o t o s t a t s ) ~  ~ . ~ ~':: 

B-~2729-4~0~ Disc f o r  72-inch Butterfly~Valve ~ 
C-~2729-4~-O5 Disc ,Seat"Ring for 72~inch Butterfly .~Valve 

r 

-...~ 
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Ci't~ Li~;ht Vrawin~;ms 

.Brooms liars s 
D-I~OT? Details of ~Rein~oroi~ 

0 
V 

D-13132-A Pla~ 
S: 

V, 
D-13196 Valw 

D-I~217 Plan 

D-I ~242 Pro ~ • 
T r a n d ~ o n  ~te 

Two Photographs ~D2"14~ and 144, w e r e ~ a i l o ~ e n o l o s e -  
upstream face of the openings~at Elevat~on 
was transmitted for another purpose, and wll 
rate letter. 

6. A rectangular bell~ut 
adapted• from the des ign  of:the 
mouth by the City Light engines 
also been prepared, ~showAi ~ 
riages as proposed For Te 

7. According to the l  present des:l. 
sho'~" on. drawings D.-131~),,A and D'1316 

- . o ,  • 

bottom, the gate  chute extends a maximum of -A; 
the face  o£ the dam, $ inoe~ i t  app.ars h l , h l y ~ d e a i r & b ~ e i ~ i ! ~ ~ ~ d d s ~  
the s l o t s  ~ i t h  sharp corners inherent  o f~the  ~" ~ 
l o ~ i c a ]  r e v i s i o n  w o u l d b e  to e lAmi~at  he,penstocks! 

of  t h e  ubotit  
gui de hooks, attached ~ to  ~ the !Broom tbiravel~i ~ : ~ a l ~  
of  deslgn has be~m .used-sat:Ls~'aeto: o ~ u l o e / : ~ i ~ d . l i . ~ , ,  
been : insta l led  at Friant  a~d:3haeta.Da.~s .  
w i l l  e f f e c t  a cons iderable  eaw~n~, /due ~1t;0,~1 
gate  chute and eupporttn~ etrueturqe T h i s  
because if it Is made, ~It wlll:af£eot £aw~r 
tranei  t i o n  to the :penstock,  i i n a m ~ o h  as .  the 
downstream s l i g h t l y ,  provldAng+mOre room ~n ~ ~ r a o h s ~ l c i i ~ e  . i  +: 

~ V O  ••' 

] / 2 •  



8. The new 6 - b y  B-foot Broome.gates, menticnedl/in paragraph 
~, n ~ .  b e i n g  f a b r i c a t e d ,  wil l~. .be p l a c e d ~ i n ~ t h e : b y p a e s  p e n s t o e k l ~ i a t  
Elevations 1250 and 1265, •to replace ~ the ~present, gates, :ivhich~will 
be moved t o  the E l e v a t i o n  1~40 o u t l e t s .  

9. h h i s  l e t t e r  o f : A p r i l  8,  :,Rr. :Hoffman : d e s c r i b e d  dam~ge,~in : ~ ,  
the bypass pipe at Elevatio: /large~aee~on Ani'~ho 
c rown of the p i p e  w a ~ t o r n  " 
around it. The slze and looat~on~of~:the :h. 
shown on drawing - - 

also fodn~ in the L2650 ~The~otorn seotlen 
has been replaced and the p itted~areas coveredwith I/4-Anch:plates 
wel~e ~ in place. " These bypass pipes~were:inmpeoted on April:28. 
Judgin~ from the traces of pitting all t|u'ou~ i, 
dent that the preasure gradlent %hroughout~the 
to the vapor pressure of water. The.reservoir 
filled at the present time. With a decrease:in:head:shouldtthe 
reservoir be drawn icier, and:a sli~ght:~increase,~nt 
of thewater, due to summer temperatures.,~the:extent 
tion wi ll increase. Since ~it- i s~ not :~contemplated .that ~,the ~extenalon 
of these pipes and the Howell-Bunger::~lves at::the d c a v n s t r e a ~ e ~ d  ~ 
can be installed for some- time, .At:is,lrecommended-,that~ a .constr~etion 
be placed on the endof each bypas . . . .  " "" 
ant throughout the pipe. ~eo~that~t 
will be approximately one-half :at= 
i n g  c o n d i t i o n .  T h i s  o o n s t r ~ c t i o n ~  
cone to fit the present__p~pe,:.wlth 
a length of 8.0: feeto :The~present pipes should~:be~removed ;~ufflcA- 
ently far back so that :the nozzleswill not :: exteod ,~meh:fartherout 
from the supports than the present pipe. 

I0. Computations show the pressure q 
bypass conduits to be as Indicated by,the 
"existing design"on figure ii. For the r~ 

: O 

conduit, pittlng resulting from:o 
slightest chan6e in ~ect~ion.~rou~ 
at a Joint® This is evident from 
tang as most severe ,in loeali,ed, areas. : e,~to~be 
e x p e c t e d  w i t h  t h e  n o z z l e  o n : t h e  , e ~  of, ea  ~ ln~ the  
u p p e r  ~raph of figure le Pressures as low as one-half of :~n:atmos- 
phere con still exist in the upper oonduit~for~very low,heads,: .~lt 
was not thought advisable to Qonstriot the nozzle say,farther=as ~th~ 
4 . 5 = f o o t  : d i a m e t e r  r e d u c e s  t h e  d A s c h a r g e ~ o f t h e : : ~ u t l e t s  some- :40 ]~ r , -  
cen t  compared  w i t h  t h e  e x i s t i n g  bypa's . l a y o u t .  '~ - ~ 

11.  W h i l e  i t  h a s n o t  been  m e n t i o n e d  i n  p r e w l o u s e o r r o s p o n d o n o e ,  

"'6 



t h e  q u e s t i o n  was d i s c u s s e d ~ i n  t h e  c o n f e r e n c e s  i n ~ ' S e a t t l e  ~and s t r e s s  
Dam, a s  ~o the  s p r a y  c o n d i t i o n s  whiehwtll~ocour~with~:the~Howell . . . .  . 
Bunger valves discharging The 
arrangement of the valves sown 
on drawings D-iS196~.and. D- t i o n  
of shields as  developed b y  ;~Jet 
o f  t h e  w a t e r  f rom t h e  i~valv tri~,- 
mental amount  Of s p r a y  w h i c h , w i l l  oause : .bad  i c t n g i ~ c o n d i t i o n s ~ l n r ~ t ~ e  ~-~ 
a r e a  i m m e d i a t e l y  be low t h e ' d e t a i n  t h e w t n t e r ~ s e a s o n o  ~Another s o l u a : i  
tlon con s i d e r e d  o'~ have  ~'~oon~tder~ . : 
able merit, is ~t ldi~oharge un~der 
w a t e r .  I f  t h e  o . : a t ~ a p p r o ~ r ~ m t e i y  ~ 

E l e v a t i o n  1192 t h e r e , w o u l d  be f r o m , : ! 5 - t o  10 ,'feet:of:.wa~r~ovor.,.t~M~ '..,top 
o f  the  v a l v e s  d e p e n d i n ~  upon t h e . e t a  :" . ,The 
only ~pparent fault at this time is :pres- 
sures on the stationary p~rt of the ~:valve ~seat. To :oheck:thls-ife&- 
t u r e  and to s t u d y t h e ,  a c t i o n  of",the.valve.when~b~erged.~a:~.nOdel 
is proposed lee dlsoussedwith Mr. wo!fendale~ has , b e e n  

included in oontract •which i~ oe~ preparedf~ . Xt~Is 
proposed, however ,  t o  have t h e  a~.u~l, es.for~,,the-Elevationl~40.outle~ts 
have p r e c e d e n c e  o v e r  t h e  l ower  b y p a e s . . v a l v e ~ s t u ~ i e s ~ : a s i ~ t h e  f o r ~ r ~ a ~ e  
more urgent l y  neededo 

12.  A c o m p u t a t i o n  has  been  made of-  
t h e  lower  b y p a s s  ~ : c o n d u i t s  a f t e r  ~the ~Howel 
stalled. The minlm~m expeoted preseures 
pletlon a r e  as  shown in fig 
0.90 has beenassumed fort 
t he  v a l v e s  a r e  d i ~ c h a r g i n ~  suDmergedo  ~The p r e s s u r e s ~ , l n ~ , t h e  ~ lower-ou~-  . .!~ii~ 
let of this ins ta l la t lonwi l l  beieatl r 
s u r f a c e  a l t h o u g h  t h e y  can a p p r o a c h  on~ 7 ~'" i~ 
low r e s e r v o i r  e l e v a t i o n s .  Minimum prq 
h ~ e v e r ,  wi  11 a p p r o a c h  • , a b s o l u t e .  ~ero  ,~ 

r e s e r v o i r  w a t e r  s u r f a c e  dro  ! 
s i e n a  h a v e  b e e n  b a s e d  e n t i r ~  
d i s c h e r g e  o f  0 .90~based ,~on " 
v s l v e ~ .  T h a t  c o e f f i c i e n t ' J 4  
coefficient w i l l  be detormi] 
t h e  p e r f o r m a n c e ~ o f  t h e  ~ralv,  
Smi th j  d i e c h s r g i n ~ ,  submerge~ 
s h i e l d s  a r e  i n s t a l l e d ,  t h e , 1  
be i m p r o v e d  due ~t~ t h e  i n c r e a s e ,  o f  ~.fr iotAon l o s s  : i n  -,the ~ ! $ n e t a l l a t i o n .  
Dl soha rEe  c u r v e s  f o r  . t h e  u l t i n m t e  , -bypass .  l n ~ t a l l a t i o n  . a r e  ~,shown, on- 
f i g u r e  l .  These show lower.,  d i s c h a r g e s  ~ha~ the  c u r v e s  on ~ C i t y ~ L i g h t  .... 

& 
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