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"""Fi’“‘i"‘l rum of the Cotumbid,
mmon 15 the Grmd Coulee nu?s.n




'whom t.’m aiao ot t.ha !‘utm on a nodel "of th. ‘c'enp.l e otn 0 _
was too mll to y:leld dopcnduble dl.taa noroovor, um tm" "r._ mdel

'.’mg rlou phenomena. A glan panel nakoa pcaa:lbi.oz 8 viaual 'cmcopt of
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~ Tlow conditions in roller-bucket stilling pool.

. FLOW PHENOMENA VIEWED THROUGH :CLASS PANEL
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‘“*"__“Zlic proportioe as 1ndi.catad by t.hu model wore unbatiafaot.or
" "The model ‘indicated that s ‘bucket, ciirved An-section ‘and-at &
vaty Low: olevati.on, wsa bnt enit.ed to the t,opograpny a.ni tmmtor
_t‘trehtiondaip oxiating at- t-ho dm ait.e. m sneoudinx taat,o con-
-"eamd ths ratimunt of this doaign Improvmnt ot £low: and .
mur conditions resultcd fm the addltionl«_‘ "’:-n gﬁmmd lip on




f:buckot at t;he toa. It m aheet mt.al l:tzwd wobd.qn cnmtrucuon, |

‘111 t.ha buckot.. Phsmtn‘s woro mntalled in -t.he eexpoiud nmx'faces

'of 15'0 t.aof.h %o moa.mn-c pranma.
,:pmnmru on oertni.n mfacu ot tho tnath waa aubnt,u:tiatod'




\‘:'.ttw huckat up. o

A cleﬁu' ‘B

'Thia divqrgenu can bnt bc ducribad G a_prounu or' uwling

_'dua to ctmtnct with 'aho rbllér. Artrer the atreu mterafthe

_ -.emrsy r::u\:h night nf.hsrnin pme damtmcﬁivo 1 the ri ,
f ;while thn aimction ud inhuit.y og the g ound roller datomimd




| 'U:ground rcl].or dipl”d ahlmb' lnd‘ produc-d oxccuin soour nnd t.he s

mn‘:m ronnr e nndond mrroctm. Fm' nlopu ﬂnt.t-r than
1 to. 1, the aurtaco rallar 'hnd!d to mop out. ot tha huukat. and
,thl ‘ground: rollsr was. oblitwat.-d by 8 doumtrcm curmnt. uh.’mh
‘-tmin pz-oduuod excauin mnr. S

* A sigaificant fact, bmught out by the Pitot tube tram-au, e

- was that thu aotuul la.zimn velocities in t.ha cumd p.rt of t.hn _
"*-rl'bm“t ““ “t"r"“n’ 1“’ thnn misht bﬂ expectod froa t.haomtieal‘, s

‘_.,cmidsrut.iom. ‘ For anmlc, 1t- wn found r.hat with a apilluy

' 'ui.chu-ga of 500,000 cubig fnt per. aecond, t.m mdnm volocity

. "‘mamd at’ tho po.i.nt. whore thc donconding sheot. cntor-d t.ho pool

wes 133 f.p.a.l ml L Y nuomble agreomnt with the caJ.cu- SR
lated veladity of UL f.p.a. At the polat ‘of tmxenc;r or f.ho do'm-
Itﬂal tnco ,.i’ 'hho dam with She curvo of the bunket thﬁ mtn S
uumd volou.‘!.t.y m 55 £.p.e. = L -
In uld.ug obumﬁuu o t.hn aroa:s.nn of t.hc bod b-low f.hc
' _cm wu ex'm-lﬂl hfera u.oh run to rut-oro the aurrnu
i m tos predetarained profile selected to fagilitate coa-
p&r.lm !rnn Ltln dmut.mu t.no oi.‘ the buok'ot ﬂn bcd uturm

was plmd onsaltel. n:.opo %o nthulata the conmm um. pmb-

lbly exs,md following: mmu-umon. ‘It was found that as the dis-
chargs was reined gredually 2o mplcity,th' river. m -mrul vas
narri-d ‘bagk - agamt tho bmht, conplot.cly rilling tho t.ronch md -
toru:laxn depoait parallel t9:the 1ip and mugmyp.rmuc in e
nction. ﬂ:is depooit:.m q*xlto atable and not uhrinlly a;ff.act-od oo
by smmmnt vsriatim 4n ttn dinohazgo. S ,-;;._::-: o
mm bumtntl ropnnut!.u prototype radli ct 30, 50 ?5, and
‘lm fut. WEre tomd. 'ﬂm c.‘!rcular rollu 01’ t.ho BMt bucbf m
‘,-mh lcu etfootin thu the ollipt.iunl rollcr of ﬂn S&It. buuhot..
e use of & 75 or 2004, ndimrosulﬁauinonlymmmrtbw
upmquut., mumemt n Jum:y the. additlontl eut. o
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a groas hngt.h of 1,800 :l'nt., to alwan gatca, with 'A'a.~ m loacth “L
orx 1,65\2 rut. _m munlting :I.ncruu .tn hud on thw apillna' mnti
fortmtsly had no :dnru e:rfoct. !‘his chnngn pcnl.t'hd tho thﬂt»“




‘I'o !ac:l.utlte the . npmdmt.ian and: recording nf rivar bod topo- :

.b-aphy, a, prb’ilngnph was devaloped with e Eiuph horizontal and

E mrtinul gou- rauo subutituhd ftzr tha nore cnbnrlm pantogrnph. :
‘Pield dats were _Plotted to peals on the. protilograph sheet and’ t-rm--
o :fomd in, praper pmpornom to the model bed., shu-rl.v, ‘the mu-
L nrmnt of ‘the. nodnl ‘bed l.ﬂ.cr aronion had )oocurnd ua rncordtd on |
L the prorilomph ‘sheet 1n’ Prototype tenie. “Rxparimants on the 1 to
- 120:model ‘resulted :ln t!a .Imvunnt or tho desdgn of the apmm
| truning walls, ‘The. mnt of aeour mund the donsbnu eud‘l' f

m.un u originni.]; -.don:lzmd “Was roduccd t.o 2 uti-n.ctory

’ { ;mnm 1n a relstively small nusber of tasta,

In. appronehi.ng the' strmtmduign of thnn n.ua o :uu’or-  ':" |
”,n.t.ton, oither thwmthal @ amrimnm was avaid u“to thu

"‘.‘1nt0naity af th- nnbn‘!.m.d h;droatatic praaauna to ba lxpwted.

- ."‘,'-“ro_,prﬂv:l.do th- Nquarod mrmtion, ono of the -J.lc cr th- nodol
s oqnippod uth &. phmm 80 lacat-d aa tp ‘n_ thc preuuz-o '

dintﬂbution .lt nin: vortﬁ.ell ucﬁom. Th| tsnto‘ ahmd r.hat pmumff ',gf‘
" du'fsmncec nra ch. hu thm-,aasmd nnd redoaign

o ﬁwith the tra;joetoryg s ".fmo.],y falling
a .jat‘ hna m.vins *thn ‘mf.etﬂcimcy withont..tlhm prunomo or anb-— I
: " ‘ »Jh‘mi’a.in.nary deaicnwas hauduponthem.tpﬂ B
for a. a m 3 nppmch ‘alops. am
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jectivea ) (1) pravcnt.io .’ i :
conduits, (2) minimizing the fonmntion;of spray *nnd, 3"a1n1nis1n¢'

_=uul an, ror t.he upi]lu:r. Furthermora,'_.

tions.- Regardlesu of tho donirability‘of thia do.ign;‘
unber uf t.osts were noceaaary‘-'to -“o'btain tha raqnir

converging tha crown’ of t.ln Lbow towal
'or the opon trough portion,'of 'b B

; er gpra.y and becauae of- t‘m _iunplsasmt appmancc

ong -mwsaion of







iy PA’RABDLIC EQUATION

T x%44,9209X + 88 9778Y
X0 %ixis OF CREST.
COORDINATES X =0,Y 0

2:3.$LOPE~""
E1.1208.70"

AXIS OF DAM ;

\\
{CREST £| 1zso oo £1.1259.68° 3

ELIZABTE .

ElI22088:

2:3 SLOPE-A AP A o -

EL 213,087 N o — ,ooo.ooo CU.FT. PER SEC,.
¥ gl 600,000. CU.FT. PER SEC.

AXIS .OF DAM™H L e zoo.ooo CU.FT PER SEC. -

A0 & ]

e bt a
" SCALE OF FEET




Side view.

¥LOA ARQURD PISE NOSE FOHMED BY




Side view,

FLOX AROUND PIER WITH PLAY MOSE.







_ ‘of 1 to 68. ’fhe conﬂiﬁm wag. t.urmod crltir.:al t.harufur and t.eat.n "
_ were mads ‘to Temedy it. T BRI B
g f 'The ‘tentative £inal dnign for the. :Lntomdiat.o outletn

Grnnd Gouloo Dau, wmh 'll.l dgvoloped uadcr utrm urgcncy bocmu' .
of thc progrnss of omstruntion, «did not- haw durlut.oru mmr tht = R

B oumu, glﬂwngh cm!.dmtm had bun gi\ren t.o tho oxouaivo B

QW ‘m_ the apillmy flﬂl mPpinB iﬂtﬂ W mm 01' *-h‘ °“t-1'$- (-: 
1. 16 elistnate this, the trejectory of the -pmw Jet was
dnﬂoctnd abovo the opm.u 1n the !‘aoo of th- . m raind

_’ partion or daflector was mda parsbo]ie in the direct,iou of rlow
.a_d %no blandlad mbo tho npillm rmn by revarss curves. -

- With the: additien of the deflactor over the mx"t, the thick-
“",‘nua a:r cnncrate hetuun tha uon- nnd tho tace or ‘the d‘fl«etor n- ‘
 dnoreased conaidsrably beyood the ainizum of 3 fest ambn.aod et
M"‘;":'tho bogiunin; ut tho ntudiaa a. mcnnry for 'l'.he Nintorcinz 0  "°.1':.;‘ :
"_ﬁdvmtago" was t,aken o!' thoue projoctiona to amn tho elbow and cone o

“

:‘:3 ft.. horinautnlly dmman -nm chansn m"d the P°int- of 10*'01'-5, aipd

S nf.im bet-men the invert of thn chanm) and the t.« of ‘the dam -
upt.ha nlopo 13 e, raducins the oxponed oponm commcg.ion' |

rogress: prmnt.cd any ehangs in the 5.m.u-uam.o ot lets at Grend

| ﬂcnulm mpt- tho addition of th- Mlactor, but. 'I'-hﬂ uhorungd op.n_ -
: .mg nnd th 'donem mﬂ ndcptm for' tho “PP"' 1“_. S
. A m::»ntozv mw m udn pnncomi.ng nomm tnr m air-urt.

m}f.of nhtixaly umiowm- m.ar which od um- anlt. tha m
-.or‘mmt.,itm fcmﬂm ' ' ol R




nalto 1 ml. mcm. m ledel was cunm:aa in an",mulmd_ ,mu

: uhinh audat. coucuuuy axint m the fut.un. 'rne nod-i wes ouhamn-
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Trash rock movable along
foce of enfrance for
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Downstream face
i ot dam

" Bleck™C

% Ba:icu'o‘ “

" OUTLET SEGTIONAL ELEVATION

"' g Vent header . ff-"

UGEN 088,308

:'Use eQuohans No.3ond -
Nou\ for 2252 25333

. -E)c-msireom
foce of dom;

l
|
1
b

3 B!'I-mn
outiet cnndu-fs

P1-E81088.30- Top ot
& vent plpe=ins|g!=._ s

DU Between
Co o outlet cun_t_!u:'ls-’i.”

e e m"quulmNoHoroﬁz-‘M"

"UseequumnNuZ
Cifor A ST AT 7Y

SEGTiON A= -A -
{x =10.000]

DEFLEGTOR ‘COORDINATES FOR SECTIOHS

SEC‘HON A~A SECTION 8- B | SECTION (GG

X v | L X 1

16,000 0427 0 :22.000° I.TSO I) 2§3!3 2!57 0

G000} 0.417 | 1.000 [72.0001: 1.709° 1.000 {25.3331 2116 | 1.000

7 [10.000°

T0.366 | 2.000 [22.000°% 1.582'] 2000 25.3131 1.9%5° 12,000

0005 T D537 | 1,000 122,000] 13601 3,000 [25.333"] 1684 ;:3.000

TG.0007; 0.255" | 4,000 [22.000] 1.0457 1 4000 ] (25,335 1.29% 3 8,000

0.142' | 5.000"[22,000'1 0583 | 5.000° 25,1531 0.722";.5.000°

10.000°

13,0001 0.044' | 6,000 122.00071,0223" €.000°| 253331 02764 6.000°

“[w.000°

10.000°| D.D06 1 7,000 124.000°.0.02% | 7.000° 75,3331 0.032 ¢ 7.000°

Q.. | 1.500 [22.00071 ©Q 7500 125355 - 0 17500

‘Equohnr: Nni‘.x-oers(n
-Eqnomn No2:van167 (i ecos JE1 1 -cos 35T

-; - NOTES
) (1ecos B 0= cus..I

Equamn Ne.3:y =0.500 (oesa=t) [+ luncas !}g)

‘Equuhnn No.a: 1= oae?(omu-mnccs—i)

Oﬂqm -Paint in downsireom foce of dam @ £ 142010 on urhcn!
& of outlet condwl,

";Z-Qns A horizonial line in the downﬂrenm hn:e of dmn pumnq

ke origin,

¥-Anis: Line nermal to downstream !nce of dam passing thru
: _arsgin,

‘ f!t«Am Lin¢ in dm;nsirenm tu:e ot dam nomal to Z7-Anis and

nmq thru origin,

‘l.,nnndur a wmwe mlhev to right or leff of o?rgm

. aweveo. sraTes
CEPARYBENT OF FNE mnlua '
REEAU OF BECLABA -




 model, the wood wee treated With Hot, linaead o1, ‘e creot aog-‘ |
 ments were then providad wit.h holes !'or the apillwa,y gte operating .‘

uchanimn, and rast.anud t.o tho angla 4ron ben'o vd.th wood scre'na. gy
Wat.ar-tight. Jointu betmmn thp? 'atal races or t.ho haae and the crest

 with screws :Lnto t,he rabbet. ‘!ho bridge piern, aln o.t redmod o
mere bolted to. the nr-at.\,-:~~'f‘ Ve

by pins into braaa blookn sot. :Lut.o t.he cmat under ,t.h; piur-. A e

forked rod of 3/8-inch rnund ntoal and 1/B-inch pipe ttttinga was f* -
used to operate tha gnta. A thraaded mchanim nmd to propel

the z‘orked rod when rnil:tng ar lowcring tho gat.. .smoo the 'unt- :
_ preaaure on t.he gatua lmred theai whun tho fork wu wit.hdraun, it_‘
. was only noecasary to hm poti.tive action upnrdn, .o t.ha meehmiu ;

_was not att.ached to t.ho gat.u. lloz-e rscant constrnction nr a.nall- L
‘metal crest anablod pusitiw nmtrol or t.hc mte by ‘~'un rot rmks m

‘pinions, and pravided space ror including the drut. A’;ft'\ha gate -
That. portion of the t.rl.inins wa.ll betman the ‘cro-t and ntilling
- panl wu comtructed or raduood and. bolt.cd t.o the bua or tha model

after. applying white load ompound to the cantact aurface. 'I'no o

lonr part of ‘the training wﬂ.l was fmado or galvanhod 1rcn to racili-
tatn t.ha inatallnt.ion of piozqnstera. Lo L '-?'i’ o -; R
. The bottom of tha stnling pool or bucket. ua shaped by covor-
‘1ng 16-gage galvanized iron bente with light-unight sheet metal. 'f,””x,
Ths buckat nas lmlod anﬂ spat aoldored to the dmtroan faoo et '
the model ‘base. -The uoldcm lpO‘l'-l were filed snooth ud tha Jainf.a
filled with . melted: bcomx which ua dreaaod with a me.l tenplatu L
after it had coolud. "fhia mthod of joining tho metnl part.u'-pu-, |
wntod warping by kmat end nmd cona:.:brablo \,im md lé.bor.‘mo‘;_:.
my to! ohh:ln a moth luldcrcd Joint.‘ Ll o
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