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Coulee Dam spillway bucket. ‘ IR R S -
1. A number of experiments have been - oompletsd during the ‘past
“month to investigate the;fensibilityvofngrious:mchods=prbpésédjfor
assing e portion of the low-water fiow ntanandiﬁouldé_Dnm{by;thé
jnestallation of temporary additibna11outlet-factlitieﬁfiﬁjthe'right;
powsrhouse turbine days. ThiS'qupplementalwoutlet caperoity will make
it possible to avoid operation of the spillway during ‘lLow=-wnter season,
thus permitting maintenance -nf the spillway gataes, faoe, and bucket,
and - avoid unequal gate dischargss whieh have cauted wddy ‘purrents mmdé
exoessive bucket erosion in-the .pasts This report is‘a deseription of
the various methods studied and the results -obtained ‘
laboratory experimenta. N e
2, Five methods of releasing the- additional flow were considered,
as followsi : B TR e e L '

{a) The first proposel wes to -seourse advance shipment of standard
Grand Coulee turbines, oomplate with spiral ‘oasen, wicket gates, L BOTEO=
motore, oil pumps, end storage teaks, bk .wi thout  runners. ~These empty
turbine oaBes mould be installed and the a:biael;é:,'bnlkhi:‘adg‘-;nt?-’ithq-.qpp_ar :
ond of the penstooks rem ;- OTi® ¢
for unwatering the .uppsr end of the penstocke .The .capacity of;each =
turbine ss determined ‘by:model-studies would be spproximately 11,000 )
gecondsfeet as ocompared to 5,200 ‘sacond-fest with the turbine “runner’ _
inatslled, A high degree: of energy dissipation would be effacted by
the vortex flew out of the scroll ocsse into ‘the draft tube andiby -re-
dustion -of valocity in the draft: tube due to. s_ﬁddé_n;;éxpm’siozw. This .
‘plan would utilize equipment already on: order ,’but -the delivery of whieh
‘hes” been ‘daferred by a War Produstion Board: stop-work order. By ‘instsll-
ing these units 4n’ the bays neerast-the -spillway, no Aifficulty ‘would:
te experienced from _ “weloc '
per .ssoond. These inatallations could be iagntrolied ‘either as:-0
outlet works or: ag synchronous bypasses.. i o R

s

'ffomﬁt§gghydranlic-.;:_: 

emoved - using one of the iregular ‘penstock gates . . -

the resulting draftstubs : loaities of -abouti20 feet -
rdgnsry




(b) A seoond propesal,’ similar to the first wuuld be to. 1nsta11 -
oversize turbine vnits, without: TURNGTS with individual capaoities
of 15,000 second-feet., , ) C

(e) A third prupoaal would be to- borrow 84-inch’ noedlo valves. from
the oanyon-wall outlet works at’ Bouldar Dam for ‘installation in ‘the
right powerhouse, conneoting them to/the power . penatockn already in’
place. One of the regular: penatook gaten ‘would ‘be- uaed for unwntering
the upper end of “the ‘penstook.and removing the steel ‘bulkhesd. In ‘the
first variation of this proposal, the neadle valves ‘would ‘be placad ‘as
a horizontal continuation of the' turbine .penetook, discharging 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 through commecting elbows into the draft tubes, ‘where an additian-jQ
al redugtion of volooity would. be ohtainsd by tha draft~tube aotion.;

(d4) A fourth schems would utilize the 84-inoh Boulder needle velves .
attached to the exposed ends of the turbine penstoeks in the right pow- . |
arhouse as in (o), ut conduits attached to the downstream ends .of the = :
valves would be placed to discharge above tha tailwater: surface. A
trensition from & oirculer *o'a ractangular oross .section and a bend
would disperss the jets of witer over a large area’ with very llttla dia-p

turbsnee in the tailwnter.

(s) In e fiftn scheme~-considered nast, practicable beoause of tha
minimm smount of oritical materiel required, the- minimum of time ro-
quired for instsllation, and the simplicity: of daaign--tha B4-inoh
Bouldar nesdle valves would be  connacted to the turbine. penstocks inia
horigontal position but with the. center -lines of the valvoa ‘interasct=
ing the vertical ocenter lines of the draft ‘tubess An 8150w attachad to
the outlet end of esch needls valve and. cmbedded in a. conoreto blook '
over the draftetube opening would divert the jet from the velve down=
ward into the draft tube, The -energy 1argely would be - dissipated 4n
ths turbulencs in the draft tube and the flow conditions in the tadle
race would ‘be similar to those from & regular turbine inatallation._"

3, To study the hydrasulic behavior of ‘the first ‘and second - (Pro-
posals, the turbine model used ‘in the atudy of the deaign of the Greand
Coulee draft tubes was reinstalled without the turbine . runner ;and dyna-ﬁ
mometer. Preliminary tests indioated the feamibility of the scheme .and
also indicated the need for comprehensive model:atudies ‘to provide ine
formation on the torque on the wicket gates- and pressure’ diatribution
within the draft tube. The model was reviaed by - shifting the speed
ring until the wickat gates and stay vanes were in line .when the: wiekat
_gatas were 80 degrees from the closed position. The conical seation at

the top of the draft tube was replaced by a oylindrical section B0 m8
to provide & audden expansion below the soroll oese, snd & filler blook g




o,

was installed in thefhofizbntal:portidnuofiths:drnftftubéjﬁ ‘provide m.
second ‘sudden expanston;’fl'éudden¢¢xpanhidniik}qnandf‘tﬁdjbést“mpﬁhoda”
of dissipating energy in ‘a 6losed condult without dsmeging the sconduit
due to cavitation and pitting. Ome wicket gate was Temounted in’ bell=
bearin; supports. and attached to spring balanoces %o provide meons of:
determining the magnitude of torque at different gate openings.  The:

shape of the wicket gates wus eltered slightly to conform to the design
in the Crand Coulee turbines. The lairwater:cone with:a veni pive to.

the atmoapherefandsn-ring-representinthheﬂrunnoéfﬁhrpudrwaro”installod;.i L

With these changas, the oapaclty of the scroll oese under h}headﬁbfa345

feot wes 11,000 second-feet when the wicket gates were 60 ‘degrees from

the clossd position, The. meximum designed opening ‘as determined.by the
stroke of the servamotor wae 60 degrees. The discharge when the wicket
gates were at 70 degrees, or 10-degrees buyond the 1limit of the merve-

motor, was 13,000 second-feet and, ‘when radial, or 80 degress open, the

diachargolwas‘lE,EOO_sacond-feet.:,Invte}mh 6f?the”prdtotypé;ﬁa*ventV;-Tf;f"

pipe with a dismeter ofﬁapproximateiy"35finchéé;Iﬂe*requirbdfthnaugh]#hbﬂg -

feirwater cone to prevent cavitating pressurss ‘in ‘the dreft-tubs. ‘Four
9-inch pipes were also needed tOjrelieveuexcesaiVQ;athatmnibﬁafl@apreq-j .
sures at the sudden expension below the .scroll:case, but no seration wis
needed at the filler tlock in the horizontal portion of the draft tube.. .
If seration wes mot provided, the vibration of the seroll case and draft.
tube was excessive and the pressurés in the prototype would ‘have. resched
vapor pressure and caused cavitation and -pitting. With serution as de=- .
soribed, there was .8light vibration at ‘all apeninge ‘of the wicket ‘gates,
it being least severe when the gates were radial, or 80 degrees, from .

the closed position. At 60 degrees the torque on ‘the wicket gates when -~

operating without the turbine rumner was six times the torgue at the po- .
sition of meximum opersting capacity when the turblne runner was ine
stalled; at 60 degrees ths torgus was 50 percent greater. To 'have.com- ..
pletely exlored the fensibility of ‘this scheme, ‘it would have been ad-
visable to conduct tests on 8 model opsrating with prototype heads, ' B
which would require B to 10 months. .The uncertainty 'of knowledge :of the. .
behavior without high-head tests, the excessive time involved :in dnsteli
1ation of the aocroll casBes, -and the excessive amount of “eritical mate-
rial required led to favorahle consideration of another scheme. Ths -

““'nstallatioﬁ;couzd_nbt[bcecémpxa;aa”* B

principal disadvantage wes that the ‘
availanle for use prior to the'low»water=geason,6f‘1945f46;ﬁ SRR

4. The hydraulic behavior of ‘the’ third proposal; in which the
HBouldar S4-inch needle valves would have heen inatalled;at'the?lowarggpdvf

of the turbine penstocks so as to.diacharge into energy absorbeara, was .

obvious .from the eatisfactory performance evolved from model :etudiés made
several years ago snd since verified in the pnototypaxingtallction'an~thn-'
turbine synchronous bypesses at Boulder Dam. The scheme, however, would
have required an excessive emount of critical material end the instella-
tion might not have been available for use during:the low-water season
of 194445, : R




6. 'In the fourth sdhems, where the Boulder Béeinch needle valves
would have discharged above the tailrace through conduits attached to -
the downstresm end of the valves, ‘the modsl indiocated no adverse be= -~~~
havior insofar as the ‘walves and ‘conduits were .concerned.  The spray . .
from the jets of water would have baen objectionnble 'and ‘considerable ' .
exoavation of eoncrate would have been required in the downatreem wall
of ‘the powerhouse in placing the conduits ‘and “later in removing them
‘whan the turbines were installed. Most ‘of "this excavation would re=
quire caissons .on ‘the downstream face.of the powerhouse to permit ex-

oavetion of the oonorete and installation ‘of the conduits -during '-h’igh_-y"
water seascne ST Co L e

_ 6. The objeotionabls features of the ‘fourth proposal were the ex-
oessive excavation of oonorete in the downstream wall of the powerhouse
in placing the comduits and later in removing them and the ocaissons res
quired to permit work during the high-water season, To utilize the draft
tubes, which were already equipped with steel bulkheads at ‘the downstresn
ond, consideration was given to the discharging ‘of the needle valves .
directly into the draft subes. To study the feasibility of this iden,
"o medel needls velve with a discharge dismeter of ‘2.8 inoches, ‘which had
been used previously as a 1130 model of the 84=inch ‘Alcove ‘valves, was
mounted in a vertioel position above & 1124 model 'of a Grand -Coulee
draft tube. With the jet from the valve tengent to the back ‘face of ‘the
elhow of the draft tube, the psrformence wes exoellent. . The flow was

woll-distribited through the three pessages of ‘the droft tube .and the dig-

turbemoe &% the tailrace water .surface did not greatly excead that with -

fiow Prom riormel turbine operation.. In the prototyps, however, the verti-
onl mounting was not struotureslly feasible; 8o, -in the subseguent test,
the model was mounted in & horizontal positiom with ‘a ‘90-degree -elbow be-
twaen 1t and: the-draft-tube opening.. A mumber.of ‘positions ‘wers ‘tried as
_to the angle between the center line of ‘the “turbine penstock :and the nes-
dle velve end as te the point of introduction of the ‘Jet into the draft

tubs. In the final design, the sngle betwsen 'the ocenter line of the pen~
stook and the valve was 41 degrees end the -genter line of sthe needls ' .-
valve intersected the vertivel center line of the draft tube. "The‘elbow B

betwesn the needle valve and draft:tube had-a transitiop from the cirous

lar -aeotion 84 inches in dismeter downstreem from the valve to = saction .
16 percent lerger in area composed of a oircle on.the beok coinciding  ~ -
with the dismeter of the draft tube ‘et "the ipoint of conneotion and & ..
straight line opposites, The circle and ‘the straight line were oonnected.
by airolss of lesser dismeter. : The 15-percant 4norease in erea was ine’ - .
trodused ‘to oreates low pressures in the elbow which would csuse & flow

of sir through a wind box betwsen the needle ‘valve .and the elbow. The ' . o

air demand was oreated to start turbulence eund energy dissipation in ‘the
Jet ae it iesued from the valve .and to prevent ‘loocel oavitation .due to

irregularities on the surfeoe of ‘the metal lininge With the valve and- S

elbow in place, trials were made-as-to the guantity and po: f intro=-

daotion of-air. Through cooperation with the mechanioal -sggti'on . e




& ='nombinend adr’ bo:: and expmsﬂ.__ 5 :
'vdll o oonneoted an: airsvent pipe et lount
‘inche

:.of tsmgcncy to thadraft ube s -
will 'be of ‘the: magn.; ude

final dezsign ‘of this .
“the tailraocas are shovm 1n 1gure




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

v, TFlow conditions in tailrace with by-pass
outlet operating.

MOIDELS USED IN TESTING OF BY-PASS OUTLEI FCR
RIGHT POWERHOUSE OF GRAND COULEE DAM




