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at the do~strcam<end ~Tlll <bo'~fltilfz':ed !it6 ~carry:,..tH6 !~Sp~:llv~y!"fl0W. '~> '. ' i 

~:,.The i:.Laborat6zy . ~-~i,i< ........ .... 

The .laboratory" ~in ,. ~'~hich ..the /m6del :Of <tl~e ~ S~m'%n0o (sPi~l~'cay~i!~a~S~ q~ <.~>< i-. ~ !i:~ 
censtructed and t0stc:d i:is !~,located ,~.<~o~basOmont.~:o.f"~th0ii~0!~d iCustbmc~,::'i::/~i)':<: :: 

• " -~ ~ "~ "- ~ :" ~ !c Ossibl0<t0~/~h6 ~do.~i~in~:stdff>.<i~<,, ' ~<: House ~n Donvo. whore .~ ~ ,c-sx!y,.a. c , ................. , .. ~ ..g ..... . .................... 
of the •Bureau <of Reclamation..SAi~pla n~0f '%~o-~laboratory :~i'S ::shcvna~n i " ' - ~. 

~ a t o r  f o r  - supo] .v in~  { t h e  mode ] .~ <{~i~:mnasurdd,':Ov.or (a  J.90q { v , ~ 6 9 c h  i <.-, ::{~{':il 
weir !oc~ted .in the end:of.: a~.~mir: ' 
deep, v~ioh .is partially-~bolow-~th~ 

8-inch centrifugal ip~np~havin~ ~. a :c 
measured v,uter up into•: a :constomt ~. 

coilin G of the laboratory ..~,~llipermi%...~")~ 
makes it possible to maint~.in:a~m6nst~Ut~h¢ . . . . . . . . . . . . . . . . . . . .  
The vm, tor flows from~the consto/%t lov61<t~n/~'-tt-br.ou~h!~'.rO.~8~inch'iC~iT - .i"~ ~ 'i: 

tarfi1-~s locat~d directly.bolow:,~h0 ~"constant'~lovcl~:<~ az/~. -Wator/!i's ,.then- ~., 
supplied -.to -the models directlyfrom ithoso ihoad%tarfi=s' iWith-!.tllis % ~ .... . 
arransozent, 'tu.-o m0d01s ~c~:,be ~opor~tod<Simultomoously;. ,'~er ,Pass{n~ " 
through the model.s, . t h o . v ~ . t o r  is<collectod.~in<sheo~<motc.lffltunes:<and - :  
returned to the .weir t~mk. ' Thus, <the .sm,ue~.%'mtor .is ~..continuously ~ . • 

- o  - "  ~,the " circulated-.through 'the system,. "i ~,m,hook ,.~ages .ar.o, uso'd ~to. bse~.vo 
head on the V.notch weir and, one i hoek.gage is ' prov~dcd for'~moasurin~ 
the elevation of .the water surface ~in cach,of tho,,head =tanl¢s. 
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Modo'Z • '•. 
i 

A model of the ~-8o~noe 
on a sealo :of i':60, :'i cLra~'f" 
in figure 4 .  iTho !appre~ch~.~ 
laborc.tory head tanks -,~n-d ~,~'T~ 
so ction .and chute .L~z.e~.c at.v( 
by 12-inch planks. ~The :~ock. ...~i~s 
facilitate .the co_rVi~ ~.0!Oratli-on, 
together. .A band sa~'~ ~.c~t :,v~s -m~dc 
w%tor surface line ;:s o ,~k~t~i.tho ~to] 
purposes. Tlie chute,.:a~d co~or ,::ca~ 
I. The piors'v:oro~n~JdC",of.:.:re'dvmoc 
soction by :small JdovmiS. iB6~ .pi:{ 

and varnished before ~'~bor ~.vras :al-. 
The ~60 .foe% of -horizo~hcl tunnol 
sheet metal, and 't~e,,160 :fo~t-'c 
r:iool. As the .T~ter ..o~tori~f. th 
supcrcritical z@olocib3;, ~:modo'] 
the ~pillv~:y ' outlet :i~l ..order ".to 
effects tho.t might ~bo ~ o ~ u c e ~  
sistod efa v~tor.ti~t':box-.~rith ........ -~ .... , ...... ,.: .... ~- . . . .  
in tho coa~¥on bolovr ~tho -dam, .~ od<at ~tno ~dovm- ... ~:_ 
stro~n en~ of ~thc box::is~rvod to 'i~le~t'i:on:~belo~;;: -~" 

the spillv~y.outlot. - 
. . . .  '• .~i/: ~/!i I.•• :::•~-:.~ i:: ::!i~i~ i/iii.'~:~;i~ill :il./i. •i~! ;i:ii :i.: : :~ 

~ight :piezometer~ ~vor~. :locat~ ........ ~6.::inv6rt .' ii 
n *' "~' of the <chute .in ergot •.tO •ebsonve ~ :T~'m ,.%'y. : 

zomotors ~Tero ~n~lod zn the r~ght h,.n~ pzon,..,.a~ ,~hmm .,n ,the .~. 
~-~,~.~ n~ ?~r,,,ze ]'~ ~ ol'dor ".to 'obtain :tho~d~o~ "in:.~ros sure ,through :the .:: 
gate section. Those u'~o~o .inst~l"ied:.on :bo.~h ~facos ,,of-",the.;~mori~mo ;the i ..'..: ._ 
readings are ropr•csoAtC.%ivc ::of-.the i.~ent-,.z.e:~!~ato•:(soc 
me asuromont s of 'the ~;~te ? -surfac0 s. vzore, d'liso:".tikOn 
the ~ato section, and.~t'.~arious.:pointsCd re'misliKe :c 
crest vms observed .,from ~% :hook-g~go:-,~-i'hich..',-ms.~com~ 
head tank. The t.~i!~',~oc ble.va~ioli~at ..~ho..,spil.l~,,w.y:.:.outlet ,:v~s ;,zogis.tened I ' 
directly ..by a piozomcb~ .~ennoc~od -'.to .the .tai~lu~ter ibex. " " - ""- ~'"-:""- ...... 

'~ ' .... - . .~,~ , ~ ~ 1%:i~i. ',~:i, 

T,he ._;Oriel Sp ~be ign ._: ,s, ,. .~ hal . i, llwa 7 s . . . .  - :" " . . . . . . . . .  ..~. -~ ,,,~ "~<~ ; :~ 
• -- .: • , '-'<~. -,* . ~, . , , ~ , , ~  , .,:~ 

~ ,! :~., 

As oriGir.a~ly.desigaed, :(see Tigure'~5) theSemiuoe.spillv~v-,vmzked : 
fairly v~ll. It ~'~s, q~i,~e ..certain, ,howe~er,, ..~.ti~at ~a ?fev[,.'.:impr, p~ve~en~s.~ ,i.:- ~i 
could be F~ade, Fio~,.r through,ithe gates.i'~S-.not<:exce'~tioi~a~l'ly~'~gOoid,~':i~ d~ :: :- 
this -in turn caused ~he ~,,~ter ,surface .in :the chute :to !be~ mz~N.egula r :.and 
unss.nametrical. In .the .oriGinal de-Si.~q%., the beginning.~df thei'~Chute~at ~ 
the dovmstrea~ end o£ :the piers, was .of horseshoe .,shape.with a~-o'~ve~ '~: .... 
botteiu, thus ~he center gate .ha d a }larger~area :~Imn either ,of .the other 
tuvo and a greater discharge ,f.lovziP~ .through-it. This :condition .caused• 
the deeper jet issuing from the center gate to predcminate in the .chute•. 
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, £ .  a ~ L m e E  MODEL. Bo LOOKINO UP CHUTE 
DISCH£RGE 50,000 CoY.S. 

C. 0RIOIN~tL ~ X  ~0TION (I,00KI~O DOWSS~RE~) 
WITH REVISED ~1~0 ~LLLS. 
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This, together ,v~th an ~ 

piers, caused a .ilargeip~ 
verge tm,~rd :the center 
center gate. As aresu" 
chute. Flow through'Jth( 
all indications v~s due 
tion. Flow in ' ~ t h e ,  ohut~ 
jectkzmble in the prototype ~as ~.vi 
the vortical curve at ~tho }lower 'end ~of ~tho~ii6hute, ~he <cehtrffugd] ~fo~.ce~ ~i: 
created in that .vicinity smoothod i:out ~i~e ~surface ~:~6f ~%ho"{v~tor/~mdking~ ~ 
possible a very :satzsfactory fl~'r ~n%tho ~horzzont~l ~tunnel, ~The~!pl~oto~ '..~ 
graphs on plate I showi~the~mod 
A is a view of the entire mode 
shows a discharge 0f!80,000~o, 
C, is a view., of the original g 

. ///- - ~i~ : r i, .... ¸-.¸-¸.i ...... ! :~,! ~' 

Installation , . ,: 

. " 3 

As a first,effort ~toimprove ithe !flow:t~ at0: 
the objectionable fin ~ do~vn :the ~iicentcr <of ~th0 
constructed identical'~Tith ithe,.or.iginal~o/~os " 
(dormstroam ~ of the gate s) ~,%'mro }~ihingO~d~to %he 
sketch on figure 8. ~ "iThe :stationary-iportions of::tho ~pi0rsj#~0ro[!m0un~ed 
on tile crest in the . v o r y  smao positfons~as" ~vmr0 ,  ho!!ior i inals. mm 
hinged tailpieces hc~':evor~,~could"be~.i~-sOt/in :any~.pOsf~ion~$des~irod i;,hflO"~'..the 
model vms in operation. It vms/found'thdt}spr0adingith6~tailpioces - 
outumrd from their original 
fin. By teeing the to.ilpieces ;in ~tovmrd i~ho o0nter ~lin0i{of!thoi~ispiIl~ay, 
the fin ~s somov.~.at Toducod in~siz0, • If ~%ho !Id~ipieces ~'Zono~t0ed~:~in z 
an extreme amount, the fin directly lb01ow~the ~gate socti0n~as fur~thcr ' 

reduced in size but objectionable ~side i fins vmro :eroa4e~':)in ~h~o ~lov;or 
portion of the chute. '~An interostingbut~aggrav~ting problom l.to itho 
test crow, vms the f&ct t~at flow conditions ~cha/%god~as ~ithe ~.%'mlter ~pro- 
grossed dorm the chute. In other words, ~vfaen,f:lo~:r conditions xmre 
satisfactory at ~.tho upper end, thoy'vrero usually ~unsatisfactory ~at !J~%e 
l~-~r end and vice versa. F~rom results :obtained on chutes of<variohs' 
designs testedin the laboratory on previous .occasions, it r~s !gonoral'ly 
found that flow dove. a chute occurs ~'rlth various surface forms; and ~if 
the chute is long enough and other conditions favorable, these forms 
may tend to repeat at intervals. 

4 
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upper pa~t of the center of the :.chute v~thsome zm~tor-~al.would~decz0a~e . 
the depth of flmv thr.Oui.sh' ,the cen%Or .~_ate; and 'norha~S i,:ai'd i~in corroc~i~n~.i '. 
the difficulties, oncountorod-..xzith :surfaco~fins,; !Plasti"cono,{.(:a ~commorciil ~ ; 
modeling clay) %vas _ pro s so~ .iinto !place :~!bolmv i.tho ~"~.c enter.-:. " ~a-'-~o ..~-~ orm~n o" ;~'~.~tho - 
fill sho~;~a on figure [6. ,Triil:runs~.vzoro'>ithen:~mado ~-rith.-i.tho-!long!hin.co d . : 

hovmvor, v~s J~lll .-unsy~mlet-z~cal. ..... ~ .... 

Revision of Wing V1~lls -.-, " " " ~ : ~ ~ ..... • 

An investigation sh~vod ithat ~aporoach ~conditions.Lto/itho ~r.igh% ~ato 
were superior to those ~to .the .lOf.t'. ~;~X c.~,.~od"r=ll:~consiSting ~of ai:. 
flexible piece of shoot motai vrhichlcouldibO ~]Scnt.i~Oi~:any~iidcsiro~'i:radius 
,'~s installed jus t . above the ~le~t gatC.Torming}:a~~continu~ion ~of":!~ho .i :: 
loft ~,mll of- the gate ~se orion. !Runs~:~}oro ithen~=ado'-Ito detOr~iho--'thc '~- 
curvature which would produce tho"best 'fiov~::thr0uzh<th A''~i~~''':~i~'~ " -"- 
found that the larger t~o r~dius _use'd, :.tho~.bottor'we~( 
approach conditions. -~s a ~conSorvative ~,li~t% ia~iwing 
radius of 16 feet v,~s.adopted..:,IAJsLmi~lar-~v~tll:~.havinc,',~1~o:samo~..radius ...!j 
was znstallod on the ,.right ..side :of:i.tIie~,gat0.:seCtibn~A ' "~TI~oi~.r0c~nm0n~dod. : :. ~ 
design on figure 5 sh~'~s a.~plan.~ Of. " .  t. h~se o. ~.lls,." '< ..... and-." "pho~o-. graphs C.. ,' _on ..... - 
plates I, II. and IV show ~vie~vs.:.of -the" same • With :~the ~fill .:in-.tho~: .-- ,: 
upper portion of the ~chuto [invent~and"~.tho Toconstruoted:',~ving...vr/:ils, ~flmv : ,.: 
through the gates and in the chute vm.S much ~:~prozod. ..,/... - 

' ' G a t e / S e c t i o n  :B - .  ~.  , , : . : :  , o  . - . 

Gate section B v~s .similar- ,to :the original~_dosisn ,.~7ith~,:the::0xc0ption:'. 
that short piers were .installe d .~od :".the :,gate s ,.~.~r o .m6.vcd:}u~str0amL~.",as • .... ~ , 
shm'm in "Gate Section 3" i(figuzo 6).,T~":Tho plasticbno f~ll.:.~'~S~.,L!16f~ilnl ~ . .. 
the invert in the upper parle-of 'the ~chuto, .Cuntrary~'Lt0 .expectations,... 
flo~7 conditions wore quito~%msatisfactory i-~z~d :.testing .vraS <.disc0n~inuc~ .. 
on this setup. . ~ 

The plasticene fill v,~ .remcvo~, the ,gate .soction>~'ms dug .:out . so ' ~:.. 
as to make the floor much flatter in cross .section ~'~thout disturbing the .::i~! 
center line elevations and the .:long hinged piers vzoro again .~n~t~llod. 
Flow was somov:~t bettor but still not very satisfactory. 

Gate Section C 

In a furthcr effort to £mprcvo the flow through the gates, the 
design department su~aitted another gate section designated as "Gate 
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Section C" (fiGure 6).wl~ich ~',~..s ~roctanGular ,in cross soction ;throughout, 
and in which the sudden ~6,hanGo./in .slopo ,iholow;th0 icont0f, ght0 wm.s",.,i61:~Im- 
inatod. The piers and :Si~0 ~'nills,v~rc <!dill ,,paralldl ~ !.to ~',tho .,center ~:;,fin6 
of the sp il h.n~y. ," Th0, rood01 . ~.~s: r oVis od "ilt o ~ c onf 0rm~'i-~h ~,itllo :~hOW i,~o sign,. 
PhotoGraph C ~(plato ~.;II,) is a viow~of ~ 
With the short piers installed , notHiz 

Lenin. .Hin~:;od. Piors Install0~d ...... " " : " " _ • . ': i: ~' ~i.:; " ::". ~. .... 

The short ~piors,j~7oro [~roplacod ib): ~thd-oz5 
In this case, the stationar.y'.pO~tions:;:0f:~%ho 
the center ~lino of ,the :spil~h'my. 

. . , ,  _ . 

pieces ,:rare adjUstod~to a~l:position /eonditfons. 
The run in .which ~.tho :bost!flowwras ~6btainc'd.~Tor~gatb..so6tion:iC:.is.!sh0-L.m i i i  
plotted a~ tc St ill'l on figure :.Z. i-iTho !%~ilpiCCo ,.oh:~',ti~O~rigl~'~pior-(vm.s 
toed in 3 • 12 foot -'.tovn~rd.~tho -center }line ;i"l" ~,;".i:i~i 
p i e c e  on t h e  l o f t  ~picr  ~vn~s~,toCd.in~'l.;88;!f, ~out - 
t h e s e  t e s t s  t h : : t  i n  . the me, j o z i t y ~ - o f ~ c a s o s  
rained when the ,ri~.ht ,tailpicc 9-.~-ms tood:i~: ;he • ~ .... 
loft. This ~'~s nocossarY~in,ondor to,-com~ 
in the approach ;structure. .Approachl icondit 
spill~'m,y of this type, ,ospocially iwb;onii~lar G 
prof'ilo of test ~ll'l ~(figt~o. Z) roprosonts,:,,.tho ~ ,~'~.tor:surfaco"~dlovat'i0n 
on the cantor line : of the • spilh;w.y, ~and.tl~0~ScCt~ons .~shm'rn'~u'ro'i'iO itakon.~Jt 
the points indict.ted. ~hl insp0ctic " ~d0r_e.blo 
amount of irregularity in tho'r~tm ~B~ :- 
(plc.to II) show a ~ischargo of .50,( ~to:,,~ith .~.," 
the long piers insto.llod in Gate ~sc 
sot as sho~'m:in test ll-l. 

Aoproach Champ01 l~loor Raisod " ' 
, ) :  ! : ' (  ; 

.T~ro , , 

~ .  ,. : :~.; ~ . 

The approach cha:mol to tho:,gato .Soction:(~'ms.~!pzosun~ably(doOpor :than :~-;::~ 
necessary and a series of runs~:,~-mro:msad0,'a s <ani,~in~os,tig~tion.~. T~:o-floor 
of the ch~ncl was r~:isod-iby moan s~0f~h :sUce0s~s~i0n~bf.,accuratoly:fitto~ i~ 

The o lo . -~ ; t ion  o f  t h e  r~ . i sod  : c h a n n e l  , f l e e r  :is:~p~l~6tt~d ~:."~.~ains~ :~:tho~?obsor~vod:i '-I~'~ 
head  on t h e  c r e s t  i n  e a c h  c a s e  : in  g r a p h  ;B,. ~fisuro:/~13; .;~/~Tho ~:cur,vol shows 
t h a t  f o r  m~ximum d i s c h a r g e  , t h e .  f l o o r , ,  o f  t h e  :cham~dl -can:~bo i :~aisodi~12,5 
f o o t  (up t o  clo,~vat ion 6 2 9 4 , 5 ) u ' r i t h o u t  , a f f e c t i n g  ,thoi~.hoad :on . t h o ~ c r o s t .  
In  a l l  s u b s e q u e n t  t e s t s ,  t h e  ~ c h a n n c l i : f l o o r  ~ , v ~ s - a t ~ h i s  o l o ~ . t i o n .  : " ; " 

The Recommended Gate Section 

Rostumo of Pier Settings. 

The Gate section ~s again revised ,to correspond to the dra~;~n G 
titled "The Rocommoudcd Design" shovm on figure "5. Photograph C (plato IV) 
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shows a view of this gate section, looking dovmstroam. ,Tho-;floor::~:0i'.~%h0 : 

cf the ",'~ator ~.pproaching .the-g~Jto 'soOrion, i " : : . : " . . i i 'Y! ]  ~. 

arc included in this report in'order :.to iim pross ;~,updh~ t~o:~rcad~r the i~im - 
• port:.~.nco of the pier.positions ;~invtl~o !propor~; :0po~ati0n-~0f :a ': Sp'il,lvm..y of 
this type. Tests ,15 1 and:16-1, ~plottod.~n~,figUl-O "8, show ~h6 :V~tor [ " '- 
surfo.cos in the gate scc~ion::and '.chute ~ r ,the 1.~.:-imum,:dischargo witCh-,the " 
ri[;ht t~.ilpiocc ~'m.s toed,in 0,47 ifeot;.and~0.9& foo~:'ir0spOCtiv01y; -The " i 
tailpiece on the lost pior'~ro~inod U_ntouc}ied :during '.those lwro .tests. 

Test 14-1 (figure :9) -.sho~vs ,a!plot ;of 'the <~-~ter .surfaCe V~en:~!b0th 
tailpiece s were toed in 0.'47 feet ~ ~_t6~-mrd ~ ..the ~cehter, L:lihel..of the ::spillh-~y. 
Test 17-1 (~ ..gure 9) sho~'ts ithe ~V~ter i,~stu{face .;for.::~imumddiscHar~.e when 
the right tailpiece ~'ms ~oed ~n-Oi9A 
in 0.47 feet. In the latter case,, :f] 

The Recommended ~ier , S e t t i n g ;  ~ ' "" " ~ " ~ "  ' ~ ':~ " ' "  

The best results using this gateL Section,.were ~Obta~ined::iv~en lboth .... ; 
pier tailpieces .we~-e toed in 019.1-~ ~feet:~:!$figure ,10~)~. ~,adva~ta~<<c. 0Z~-:tkis 
setting over the last one mehtioned.&s ..that ~he.: piers are sy~metrica,1 in 
t,~e gate section. ~ater :sur£'~Ces,are:plotted4o~gure, 10 for .dis'charges 
of 50,000, 35,000, 20,000 ,and }:iQ,o00. c.':Z, s. iTh~resuitsliact'uaI~l$!,iar,e 
a decided improvement over those ~obtbJined:~.:in~al~,~!~e~ioii~ ~:.t.~sts,.~ '.The./:; ~ i 
v~-ator ourf'aces are quJ.4:e g.r~'egular :for::.the .par~m~l :dzscnar, ges,~ ibu~ :fOr; 
t h ~ . s e ,  n o  ~ - ~ ^ - - -  . ~. , , ,  • -  ~ i , ' , :  : "  . . . . .  . . . . . .  

- , ~ , ,  consequences can-result.. 'To~-:ha~e excellent~flow~c0ndi- 
tions for all discharges would require a spillway of.differ~nt.~esi~. " ' 
Fnotographs A and B (plate. IV). ~shorr ~,tu'zo ,~iews of ~the re.c6~e.ilded, spi~lvmy 
discharging at 80,000 c.f.s, l~otographC, shows the gate s ec~i0n; ~and 
D is a view of the complete spill'~ay. A:sketch of the left pier ~as 
reco~nended is sho~'m in figure 16,. The other pier is an exact opposite.. 
It is expedient to construct them in ti';is m~ne~" in order to preserve the 
symmetry of the upper portion of the gate section. 

Piezomcter Pressu~-es in Chute 

Pressures obtained fro1~1 the eight piezometers ~.°~.ich were located alon~; 
the invert of the chdto are plotted on ~Igure~ 7 to l0 inclusive. An 

i 



PLATE I I I  

fr 

A. PI~'~S SET AS DESIGNED 
DISC'LARCZ 50,000 C.F.S. 

B. A/~OTHER VIE?,; OF SAI.TZ RUN 
DISC.~Lt.RGE ~0,000 C .F.S. 

C. FLOW APPROACHING GATE SECTION 
DISC.U.~RGE 50,000 C.F.S. 
READ ON CREST 51 FEET. 

FINAL GATE DESIGN. 
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Iq~TE IV 

A. PIF.qS TOED IN 0.94 .~'EET 
DISC}:~.RGE 50.000 C.-'.S. 

• . . : : : . - " : :  : .  7 : , J  . . . . . . . .  
- I : : 7  .:~:~;, Od,0G0 ; . .  . . . .  

C. :-'.T. :.  , . . ,  ~A~E SECTI0:: . G T M  
.~.PP.~{G.~I; ~LOOR ~ISED R~ G"~:"DED 

R~O..~.IE:!DED SPIL~WAY DESIGn:. 



exar~ination of the se shoxv %hat' al:ilipro s sure s measured Xrer e :aboveia~- 
mospherio. -: . .: .: ::. 

Piezometer Pressures on•Ri~ht~Pi ' ~ i: : 

stalled in both faces of ~%he ~richt pior.?are i:plo'tteaifo,r throe~,discha{~ges 
on figure ii. The locations%:of%hese~ipiezomet, " " ~ " "' 

one of the sketches  fi ure i n.-i  iNo i e ' 
50,280 c.f.s, the v~tor'~ 
in the righT, gate. Liko~' 
are Greater than those :it 
surface be hi[~her in :the 
tion is %0 be reduced ~to 
on the left side of :~he iI~ 
the general direction of flc~7 is not i:paral~iel :i~to ~tho~Pi~rs~, "Th:is i{':0uld ~ : :~ 
cause the oiozometors :on ~he ileft%face to,register ~some ~.veloCity ~hea'd, -~ 
while those on the right if ace probably :road :!less::!thm~ :~the:iactual!~sta~io-:/i: 
head. The piozomot0x s bel~'r the gates !f0r :discharges <of~:29;000 ~an~d~i0,'s20 
c.r.  (figure ll) verify this 
~:'hich are above the w&ter • surface., i The ,plot !for :29~;000<c.f,.s. ~il'lustrates 
this point in another nay. Althcugl I 
amount than the center Gate and the 

~u I right gate than the conter~, ~I o:pmo~' 
pressures •larger than those ,below ~t~ 
are difficult to analyze, horrevor,!~thoy/is1~ould !bo~representative :of :those 
that •actually do exist at the:points wherei:measured,:: : :::: , 

Gate • O p s r a t i n S  S c l m : • i u l o  •,'i • •• :: • • :  : . . . . .  

A gate operating schedule 
~:odo! is .s.h~'m :on ~ "  - '  ~guro 12. ;es 
so as to give ~ho best flow cona~mons,:ro r ~<var!ou s ~a!scnargos, ','l'ne 
three Gate openings v~re :then plotted~for each disclmrg0~ i In order :t 0 = 
cbtain satisfactory fleer conditions <in ~%he chute, it: iS:ino6ossary~that 
the centor ~a~o be opon a -roarer a:-ao~zft~:than th:o:/-side :'~a~:Os.:for'aill "~ 
discharges less than 40,000 c.f,.s:. :as ,can :be i0bs0r.vO 
It ~':ould sce~ that ~both,sido gates sii0uld !be :i6perat0 but i~ 
duo to the inequality oz approach i_ccnditions, :this::is ~not ~true,./Ilm 
approach to the right :gate is "superior %0 that on the lef~i, =consqquontly 
it is necessary that :the right gate be :open aEreator amount:than the ~ 
loft for discharges f lo~ ~than ~Q,000 c,f,.a. This sc)~odulo rms ~:ob- 
tair.ed using ~.~xi~maa •hea~ ~0n :the !gate ~(resorvoir elevation = 6~57..O) 
as it vms assumed that the Stoney gates xmuld not ,be opened until the 
water surface it.. the :reservoir approached this ole~v.tion. 

Verypoor fl~'r results v~mn all Gates are opened an equal amount" 
for discharges of less than 40,000 c,f.s. A side gate should not be 
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FIGURE :12 
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The Head Discharge - 

The re latio 
the .model of the 
curve showing ith 
maximum do Signed 
crest is ~:roqui~'c 
the head on the 
(fiGure 13) dO l. n . . . .  

The ' c oe ff icient s ~ Of ,dis char ~,e :i;or/~,Varlib us ~l~0a~s~i~-6n~i,~ithe .:ore st "were 
computed usin~ %he ~for: 
section exclusive .of p 
A curve shy'ring the :re 
on the crest :is plotte 
obtained .for partial 

• ~!The, original Outlet Cl~am~ei. ~ .... .... j_. 

Water leaving :the .trapezoEdal :6u~L -' " 
and this •created considerable i:dis~urban~ 
on the opposite canyon v~ll,. ..The :Canyo: 
and. any d'~m~ge :done..to ~them .~or .the.~i~r~ive: 
important ~hc~'re.ver~, ~that ithe ."disturbance 
£i c lent ly ,t o .int erfe re ,with the. _ipr ope ril, 
It i s al s o ,e s s ential ~that :~the ~ j'j et :s ha~l~l !n0±~!i~splash!~l~ig~ ~en0ugh !~on~he .i h 
far . canyon ~v~ll tO ,.end an~er ~. a ~pr opos e d :1~oa~d iiv~hi ch iii~'~fiI' ~=Un:i~a,l'0hg~-~he .-~ii ~ i; ~ 
r i v e r  t o  ~ the  ~ p m ' r e r . ~ l ~ o u ~ a . :  . A s . ~ o r i g i r ~ x ~ I i ~ y  ~e~'~:gned,li~.~thei.~[-OUt~e.ti~~ch~e~t. i ~ :..~. 
ma  de  a n .  a n g l e . ! .  0 f . i 0  ~ d e g r  e e s ,  : i ro~ a n  !:UP s t r earn-~.:d i r e  C t i o n , `  ~v / i : t h  !..t h e  ~ i :~c~nter  :~i:~ ~ ...i!i.. 
line of the sp~llv~y :in order ~to min~,iize : on !.the amount ~of .:e~xcava.tiOr,, ~ 
this open cut. • . ~. " : -  - ~-::i ' . . " }  : " .~ '~-~ . . . . . .  -- 

T h e  . m o d e l  . - sho r ted  t h a t  : t h e  . . . .  " - " "'" ~ ~"" " ..... ' "  ' • ' ,cur~red . c h a r n e l  T~lo : i n e Z ~ - . e c . ~ e  ~as~ .~a r  :~as :. 
steering the Stream :.of :r~ter -.was ~concern'ed. .The , vmter cl~bed :up !,~h~ 
. iglht ~-~ll, only i~'.te~.,iitten~ly .contaot~ing.l.the left, ~and ,s.~ot ,0U~~iinto 
the .river as .a ~et .ccnce~.%rated :in ~a ,,ver,.tical plane, .T~is -inci~erit • 
again demonstrates the .fact %hat !it is impossible to successfully defleo.t 
r~ter in a honizontal direction v~hen 'it 'is flaring ;at a velocity .above 
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critical in an open,channel. 
not extend,as far upstrear 
no harm can:result. ~Phot~ 

~ ~i ̧•II • •~i̧  ~ Lk i~ ., 

crea-bed i~.in <the ~rlver!.4~ ¢~ ~ iThe/,disturbance '~ " : " '  . . . . . .  ' . . . . . .  : " 

The ;'Recommended ~iOdtl~ 

The original 'trapezoidal .cha: 
be rotated in a horlzontAl~',Pl e~- 
set at various angles;~and ~th~ 

) 

i6h..~'coul'd ..... -.:.. 
the:~:chann41 "' ' '-~';'~; 

v~ll ~'~s measure~d. Fig ure~14 
c a n y o n ' .  ~ ' r a l l  ~-~ith ~sp la Sh i~ he i'ght . . . . . . . . .  ~ .  . . . .  . . . . . . . . .  , . . . .  

a n d  3 0  0 0 0  ~ c , f .  s .  " T h e  s e  ~"ar  e .  p l o t t e  d ~ i : ; f o r . i . % h ~ r e e  ' ~ p o s i  ~ ' ; i ° n s  i"i d f  ; " t h e ; ~ ' ~ h a n n ~  l ' ,  

nsznely; I0 ;degrees upstremn, 
respect to the center=~iline;~o'f 
idea as to a sa'fe ~elevation~;¢ 
that for a. discharge~ 0f~ 50;0( 
~with the channe i ~turne d ~ilO ~ 

With it set at I0 degrees~up ~ ..... . 
0°, it is about 45:foOt;h~gh, i Eori;~ko ~sam, 
practicall¥ : identical .~ for [ the ' chamr~oi ~ S st ~ 
dovmstream. As'~;tho : splash "!is ', much !.re:duced ~ ,! 

the outletmore pleasing to ~the~:eye~;men~,t. , , 
coincides vzi th the ~ center ~line ~0f the;?s~p~ll~'aY,-;~hi~s?lay 0~itSisirec°m i 
mended. :Photographs A i and) B (plate ,V) ::snort ~the ~ot ~dxschazglng .into ~+/qe 
river f or maximtu,~ di s char ge ~'riT~: tho'i)c hs_nn61 up s~ie am, i : ~i 
and photographs C and~iD sh0w:thol ,same !jet~di r~iver ; 
vrith the channel and spillway ~on~!ine'~s I rec -. - . . .  

~O 

• • i •  il ~'~'~I ;•i~•%r • ~T 

~AII laboratory ~'~ork is "under the genordl~,!di r~Biion ;~o~f.~E. ~w' ~Lane. :. 
• The cor.struction and testing of the ~ Sominoe Btor-eY~Gate~.~sp~llwaY ~s 

Engineer s }I. ~. ];iarti~":a~i; ;,L. R, Brooks,~-ho :vzere ;in :charg, e ~:of :'construc- 
tion and J. "~. Buswell V~"~o~diroctod the ~%ost crevl. !.!The ~office :compu- 
tations and the fizur,~'s/in this report v;oro:made by~H. ~V;. Brev/or., ~R. ~K. 
Vierek, A. H. Noal, • told E. IC. ,Parks, 'The photographs ;rote .prepared},by 

J. E. Warnock at Fort Collins. 
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