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SmbJeet~ Hydraulic model studies on repairs and maintenance of Grand 

Coulee Dam spillway bucket. 

i. Anumber of experiments have ~en completed durin~ .~the °past 
month to investigate the feasibility of various methods proposed ifor 
bypassing a portion of the low-water flow at Grand Coulee Dam by the 
installation of temporary additional outl et faci~litles in the right- 
powerhouse turbine bays. This supplementaloutlet capaelty will make 

. . . . .  ~ ~e s~illw "~ durlng ~I°w'water season, 

raltt" maintenance ~or ~r~ .p ~ . 5  . .,. ~ . - 
thus pc. ID~ ...... -~'--~ -as .which have caus~.~ eddy~curren~s :.eric 

excessive bucket e r o s i o n  in,the past. This~report .is *a desoriptlon of 
the various methods studied and the results obtained from the hydraulio- 

l ~ b o r a t o r y  experiments • 

~ ,  Five.metA~ods o f  r e l e a e i ~  t h e  a d d i t i o n a l  f l o w  were  c o n s i d e r e d ,  

as  f o l l o w s  I : ~,,~ 

( a )  The f i r s t  . p r o p o s a l . w a s  t o  s e c u r e  a d v a n c e  ~ s h i ~  e n t ~ o f -  s t a n d a r d  
Grand Co, lee turbines, complete with spiral .-cases, .wleket*gat~a, se~vo- 
motors, ell pumps, end storage tenhe, b~ .wlthout. runners • These empty 

ne o a s e s  w o u l d  ~be~ i n s t a l l e d  end t h e  s~ee ' l  ~ b u l k ~ d s ~  a t~~ the  u p p e r  . 
turbi . - - • ~ -~ -~- ~-~ular ~ , ~ n s t o o k  ~ a t e s  
-=d  of the penstocks r e m o v e a ,  usln~ :one v-~,,o" .... ~ =- ~ . . 

turbine as determlned.by~moae ~ ~ • 
s e c o n d - f e e t  as  compared  ~ t o  5 , 2 0 0  . s e  c o n d - f e e t  ~wt th  t h e  . t u r b i n e  --runner 
i n s t a l l e d .  A,,h:i~h d e E r e e - o f  e n e r g y  d i s s i p a t i o n w o u l d  be a f f e c t e d - b y  
t h e  v e r t e x  .fl-ow. o u t  o~ the scroll c a s e  into%he drai~ tube *and~'~ r ' . r ° -  
d u o t i o n ~ o f  v e l o c i t y  i n  t h e  d r a f t ,  t u b e  d u e  ~o, s u d d e n ~ : e x p a n s i o n -  T h i s  
p l a n  m o u l d  u t i l i z e  e q u ~ l m e n t  a l r e a d y  o n , o r d e r , ~ b u t  t h e  d e l i v e r y  o f  w h i c h  

s ~ e n / d e f e r r e d  "bY a War ; P r o d u e , t i o n  Bo~r@ s t o p - w o r k  o r d e r .  By i n s t a l l -  
ha ~ ~ -. . ~... ---~- ~ ..... t-,the s-~lwa~, no Ldiffioulty~would 
{~ . ~ o s e  ~ l ; S  ~ n -  ~ n e  o a y a  n~--~ ~ " ~" . . . . .  ' ~ -  --- " ~' -~---~:R~ f e e t  

~ -  - = - - - ~  ~ - 8  : ~ i n e ~ a l l a t i o n s  c o u l d  " ~ e ~ .  ~:~::. . 



~,~ ~. 

i/ 

~! .~. 

(b) A second proposal, similar to the first, would be to install 
oversize turbine t~its, without runners, wi~h individual capacities 
of 15,000 aecond-£eet. 

(o) A third proposal would be to borrow 84-inchneedle valves from 
the canyon-wall ou~let works at Boulder Dam ~or installation in the 
ri~:ht powerhouse, eo~necti~ them to :the ;powerpenstooks ~!already in 
p l a c e .  One o f  t h e  r e g u l a r  p e n s t o c k  g a t e s w o u l d  ~be use~d~for u n w a t e r i n ~  
t h e  u p p e r  end o f ° t h e  p e n s t o c k  and removin~ t h e  s t e e l  b u l k h e a d .  In  t h e  
first variation o f  this!proposal, the needle valves would be placed as 
a horizontal continuation of the turbine~penstook, discharsing into en- 
ergy absorbers similar to :those on the turbine ~synehronous bypasses at 
Boulder Dam. The water at a greatly reduced velocity and head would 
flow thr~'~h conneotlr~ elbows into the ~ draft tubes, where an addition-: 
el reduction of velocity would be obtained by the draft-tube action. 

(d) A fourth scheme would utilize the 84-inch Boulder needle valves 
attached to the exposed ends of the turbine penstocks in the right pow- 
erhouse as in (c), but conduits attached to the downstream ends of the 
valves would be placed to discharge above the tailwatersurface. A 
transition from a circular ~o a rectangular cross section and a bend 
would disperse the Jets of water over a large area with very little dis- 
t u r b ~ o e  in  the tailw,+~r. 

(e) In a fifth scheme--consldered most practicable because of ~the 
minimum amount of critical material required, the minimum of time re- 
quired for installation, and the simplicity of design--the 84-inch 
Boulder needle valves would be connected to the turbine penstocks in a 
horizontal position but with the center lines of the ~Ives intersect- 
ing the vertical center lines of the draft tubes. An~elbow attached to 
t h e  o u t l e t  end  o f  each  n e e d l e  va lve  and embedded  ~in ~a c o n c r e t e  ~blook 
over the draft-tube opening ~uld/divert the Jet from the valve down- 
ward into the draft tube. The energy largely would be dissipated in 
the turbulence in the draft tube and the f l o w  conditions in the tail- 
race would be similar to those from a regular turbine installation. 

3. To s~udy the hydraulic behavior of the first and second ~pro- 
posals, the turbine model used in the study Of the design of thei,~Grand 
Coulee draft tubes was reinstalled without the turbine runner ~and dyna- 
mometer. Preliminary teats indicated the feasibility of the scheme and 
also indloated the need for comprehensivemodel ~studies ire provide ~In- 
formation on the torque on the wicket gates and pressure ~dlstrib~ion 
within the draft tube. The model was revised by shifting the speed 
ring until the wicket gates and stay vanes ~re in line when the ~wioket 
gates ~sre 60 degrees from the cl~sed position. The conical section at 
the top of the draft tube was replaced by a cylindrical section so as 
to provide e sudden expansion below the scroll ease. and e filler ~block 
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was i n s t a l l e d  i n  :the r h o r i z o n t a l  p o r t l o n o f .  %he d r ~ t • : t u b e  -i~o ! p r o v i d e  a.  
s e c o n d  s u d d e n  e x p a n s i o n °  A 6 u d d e n e x p s n s i ~  ,.is , o n e o f  tt~a"~i~i~st"ms.~hods 
o f  d i s s i p a t i n ~  e n e r g y  in  a c l o s e d  ~ o n d u l t  :wi%hou% dsms~In~ thd.!~'~oondu~t 
due to cavitation and pit~ir~. One wicket gate '~a Temoun%ed i"im ~ bal~- 
bearin/- supports and attached to sprin~ balances to provide means Of ~ 
determining the magnitude of torque at different ga~e openi~se:~The 
shape of the wicket gates was altered slightly %0 conform to the dosign 
in the Orand Coulee turbines. The fairw~ter~:eone ii~h :a ven~ pipe to 
the atmosphere and • ring representin~ the ~runner shroud were installed. 
With these chen~es, the eapacity of the scroll case under a head Of ~545 
feet was II,000 second-feet when the wicket 6ares were 60 degrees from 
the closed position. The maximum desi~ned,openin~ :as determined by the 
stroke of the servomotor was 60 degrees. The discharse when the wicket 
gates were at 70 degrees, or I0 de~rees ~¥ond the limit of the serve_- 
motor, wee 15,000 second-feet 8nd,~:when radial, or 80 de~rees open,. 
discharge was 12,~00 second-feet. In terms of the prototype, avent 
pipe with a diameter of approximately 33 inches w~s required-.through ~ h e  
fairweter cone to prevent oavitatin~ pressures in the draf,t~'tube. Four 
9-inch pipes were also needed to relieve excessive su~batmospheric pres- 
sures at the sudden expansion belowthe scroll.case, but no aeration w~s 
needed at the filler block in the horizontal portion of the draft tnabe. 
If aeration was not provided, the vibration of the scroll case and draft 
tube was excessive and the pressures in,he prototype would have reached 
vapor pressure and caused cavitation andpittin~. With aeration as ~e- .. 
scribed, there was slight vibration ,t all openings of the wicket ga~es~ 
it bein~ least severe when the ~ates were radial, or 80 de, tees, from 
the closed position. At 60 de~rees the torque on :~he wickets, gates ~when 
opera~in~ without the turbine runner was s~x times the torque at %he po- 
sition of maximum operatin~ capacity when the turbine r.unner:wa~"~n-i 
stalled! at 80 de~rees the torque was 50~pereent!~rea~er. To 'have oom- 
~lete~, e~Iored the feesibillty of :this scheme, it would have been ad- 
visable to conduct tests on a model operatin~ with prototype heads, 
which would require 8 to I0 months, The uncertainty of knowle~e-of ~he 
behavior without hIv~h-head test~, the excessive ti~ involved in Ina~e~ 
lotion of the scroll cases, and the excessive amount of~critical mate- 
rial required led to f~vorable consideretlc~ of another seheme. The 
principal disadvantaze was that the installation could not be ~oomplete~ 
available for use prior to the low-water •season of Ig~5-46. 

4. The hydraulic behavior of the ~third proposal, in whleh the " "" 
Boul~r 84-inch needle valves would have been installed at the lower end 
of the turbine penstocks so  as t o . d i s ~ h a r ~ e  into energy a b s o r b e r s ,  was 
obvious ,from the sati~f~c~ory performance •evolved from model :studies m~de 
several years a~o and since verified in the prototype installation on-t]'~ 
turbine synchronous bypasses at Boulder Dam. The scheme, however, wo~Id 
have required an excessive amount of critical material and the installa- 
tion might not have been available for use durin~-_the low-water se~en 
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5. 'In the fourth s~heme, where the Boulder 84-1nch needle v~Ives 
would have discharged above the tailrace through conduits attached te 
the downetremn end of the valves, ~the model indicated no adverse be- 
havior insofar as the v~Ives and ~conduits were concerned. The spray 
from the .jets of water would have been objectionable and considerable 
excavation of concrete would have been required in the downstream wall 
of the powerhouse in plaoir~ the conduits and later in removin~ them 
when the turbines were installed. Most of this excavation would ,re- 
quire caissons on ~he downstream face of the powerhouse to permit ex- 
cavation of the concrete and installation of the conduits durin~ high- 

~ter semis 

6. The objectionable features of the fourth proposal were the ex- 
cessive excavation of concrete in the downstream wall of the powerhouse 
in placing the conduits end later in removing them and the caissons re- 
quired to permit w~rk durin~ the high-water season. To utilize ~the draft 
tubes, which were alresdy equipped wlth steel bulkheads at the downstream 
end, consideration was given to the dlaehargin~ of the needle val~ea 
directly into the draft tubes. To study the feeslbility of ~this idea, .... • 
m model needle valve with a discharge diameter 0~2.8 inches, wh~ioh had 
been used previously as a I:,~0 model cf the ~84-inch Alcove valves, was 
mounted i n  a v e r t i c a l  . p o s i t i o n  above a l l 2 4  mode l  o f  a Grand Coulee 
dra~ tube. With the Jet from the valve tangent to the back face Of the 
elbow of the draft tube, the performance was excellent. The flow was 
will,distrlbuted through the three passages of the draft tube and the dis- 
turbe~ee at the tailra@e water .surface did not greatly exceed 'that wi, th 
flow from norms/ turbine ope ration. In the prototype, however, ~ ~he Ve~, 
cal mounti~ was not structurally feasible,~eo:~, ~ in the subsequent test, ~ 

 ael mou. ,d a hori,.ont  . th . o' ei ree e  0w - 
~w~en it, mad' the draft-tube .openin~ • A number o~. positions were ~;~trled as 
to the e~!e between the center line of the ~rbine penstock and the nee- 
rile valve and,~as to the point of introduction cf the ~Je% into the dr~ft 
~beo In the final desisn, the angle between the center line iof the pen- 
stock and the valve was 41 degrees and the ~center line of the needle 
valve intersected :the verti~oal center li~e of the draft tube. The elbow 
be~en the needle valve and draft.tube ~had I a transition~from ~he iOirou" 
l~r faction 84 inches in diameter do~stream ~from the ~alve t o  a sees,rich. 
15 percent le~Eer in area composed cf a circle on :the back ~coinoidln~ 
mlth ~ diameter of the draft tube et the~point of connection ands 
straight llne roppesi~e. The ~ circle and the Btrai~ht llne were connec~d 
by circles o~ lesser diameter. The ~lS-pereant ~increase :in area was in- 
~:rodueed~to e~eate low pressures in the elbowwhlch would cause a flow 
of ~ir through a wind box be~en theneedle v~Ive and the elbow. The 
a l r . dems~d  w ~  ~ereated to star~ turbulence and ener&Y dissipation in ~he 
Jet as it issued from the valve and to prevent local osvltstion lChae I t 0 
irre uleritles on the surface of the .metal finis, frith ~ ~valve end 
e l b o w  i n  , p l a c e .  t r i a l s  were made .aS, ~ , t o  the  :qUant i ty  and .  po~i 0£ i : t r o -  
d ~ o t i o n  oP:,?airo Through c o o p e r a t i o n  wi th  t he  ~ e c h a n i o a l  eQ.Q~l;~..rOn, 
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Figure i 

a. 1:30 model of a single by-pass outlet for 
right powerhouse - Draft tube of 1:24 model 

b. Flow conditions in tailrace with by-pass 
outlet operat in~. 

MO~ELS USED IN TESTING OF BY-PASS OLrfLE~ FOR 
RIGHT POWERHOUSE OF GRAND COULEE DAM 


