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Hydraulic design guideline• for rafts to suppress vortex action - I 
Grand Coulee Third Powerplant l------------
Thia memoraudum describes pertinent hydraulic model obaervationa ~ _ _________ _ 
vort x action in the forebay of the subject structure and provides 
guidelines for designing rafta to suppress the vortex action. 

Introduction 

Hydr&\lU.c atudiea conducted on a 1:120 scale model of the forebay 
and penstock8 of Grand Coulee Third Powerplant indicated that objec­
tionable, air-entraining vortic s may occur in the forebay channel 
over the penatoclt intakea . Although it waa recognized that the 
model waa extr ly small for detailed vortex etudiea • a more inten­
sive vortex investigation vaa undertaken . Because conatruction of 
the forebay dam was already in progress at the time of the atudtea, 
corrective sure• were limited to developing a raft ayat which 

ght be used to control vortex formation . 

'l'bis memorand discus•• the results of these qualitative studies 
and include• essential feature• to be considered in the raft deai n . 
A comprehen•ive report describing all the vortex studies ind tail 
ia preaently being prepared. 

Gen ral Obaervationa and Conaiderationa 

fta teated in the hydraulic aoclel prevented the formation of air­
entraining vortices. Various areas, grid spacings, and depths of 
raft were tried (Figure 1) . One 8-foot-deep raft was teated and did 
not appear to work any better than a 4-foot-deep raft . Thereafter, 
only 4~foot•deep rafts were test d . 

'nae rafts worked equally •• well when the top of the raft was just 
belo.. the water surface (submerged) . In fact, it appeared the rafts 
may bt! • effective when submerged . The 1110at effective submergence 
deptha w re &el"Ved between 20 to 60 feet. 
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of grid-to-water Mfirl ar ... ia •illilar to the deairable ar .. 
abOWII in Jiaur• 8. A VOl'tex ha• a laraer cireulatioa area at 
tlae water awface tha below the water avface. 'l'hi• 1• why a 
•u'bller&ed raft ahOllld have a ... 11ar arid apactng thau a floattna 
raft. 

lecaue tlae degru to 'lllltcll tlae ac,4el reprea•t• the prototype 1• 
abOIWII, the bydrauU.c aodel vortex teat• _.t be con1idared ctual­
it&tive. lt will he uceaaary to obaene prototype vortex coa­
diU.ou in tlae fore'bay c:haamel to deteraine how well the IIOdel 
repreaeuted the prototype and whether a vortex probl .. exi•t•. 

lltitial operation of the prototype probably will not exhibit the 
aoat aevere vortex action. The h7draulic aoclel teat• iadicated 
that the vortex ••verity iaereaNd aa tile uaber of operatila& 
uaita iacreuect. 'l'he areate•t chaa• io vortex aeverlty occurred 
with an iDCr••• fr• oae to three operatiq Uliita . A further 
irlcreaae in the .... r of operatiq uaita 0taly aligbtly increa•ed 
vortex ••verity. laft• that work well for lea• •••ere cooditiou 
.. , be iude41uate for the ••t aevere coaditiona at NIie later 
date. 

1f9111!1;1nded Guideltu• for the l,ff~ 

Baaed on the preced1q obaervationa, the followtog 111ideline1 are 
rec,o-nded for the raft deaign: 

1 . Grid 1pact111 between atnactural COllpC)llant• of the raft 
can vary fr• 10 to 20 fMt, bvt abould not be 1••• than 
10 fMt (lipre l) • 

2. the depth of the raft ahould be •uch that 4 feet of the 
floatiq raft ext-4• IHtlow the water aurface (Ji.pre 2). 

3. 'l'lle area of vortex fonatin ia 60 by 400 feet (ft.pre 3) . 
'fht• ie for a three-mit iutallation. 'l'be preUainary raft 
daaip oo.ld provide raft proteetloo to thia area . 

4. For ae1tbetic reaaou, the raft covld be coapletely nb• 
aug-1. lit the aodel te1t1, raft• IUllerged 20 to 60 feet 
wre aliptly •r• effective tlllR floatlq rafta . It ii 
reCOIIINlldecl that a 10-foot raft grid apactna be ued fn a 
nbMqed raft • 

.5. !he raft aho.ld be dealpecl to vithataod noraal water 
••face wlocitio wllicb occur in the foreky channel ad 
the rotatloul wlocltie• of vortex action, which_,. reach 
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15 feet per aecoad . The hipe1t 'DOftlal water aurface wloeitiea 
expected are froa 6 to 9 fHt per ••coad. Thi• coadit:loo ia for 
12 Ullita operating at• water ••face elevation of 1208 fHt . !/ 

!/ ''Hydraulic Model Stud.ie1 for Grand Coulee Third Powerplaat," 
by D. L. Xiii& (to be pv.bli1hed) . 

Copy to: l~O 
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F7:~u.re 3. - Forebay area where voy-f/cies rl';ay form, 

Figure 4. - Water surface elevation 1290 feet and units number 19, 
20, and 21 operating, each vi.th 3-1/3 times the model Froude Number 
discharge. 
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Figure 60 - Water surface elevation 1290 feet and units number 19, 
23, and 24 operating, each with 3-1/3 times the model Froude Number 
discharge. 
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