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Subje ct, 

i. Introduction. Scofield Dw 

the Price River at a point approxi~ 

It will have a length of 575 feet al ..... 

above the original river bed. The 

dam will be an uncontrolled spillwa 

which is located at the right ~butm 

structure consistin~ of a tranaitio 

stilling pool, as shown in figure "i 

function only during floods which h 

mum of 6,200 second-feet by the Bur 

Army Engineers. The outlet works w 

a horseshoe-shaped concrete conduit 

hy a ~ate structure; ~nd a sti~l~l.in~ 

are ~Iso shown in figure I. The pu~ ..... 

divert the flow of the river durln& construction~Land t6 re isLes ri~er 

flow after completion of the ~ dam. '~These two features ~ware s~ 

~zn hydr&ulic model built to a scale of ,l~to ~0 i ! ~ , : 

2. Scope of studies. The principal ~obJeetive~of the mo~l |~u4L%es " 

was to check the designs of the various fe~%~res of ~he~Ipii1~lwly, i~h~ ~ ~z~' 

as the entrance, the crest, the chute, and . t h e . e t ~ l ~ i n g  pool~,-i.~O ~Ona.re~. ~/~',-~ 
that ~hey would ~p~e~form their required .; ~otlona of pms8in£ ~he p~e-- • ~ ~ ::~ r. 

dieted flood ~t the designed reservoir e v~atio~'w~ ~" ~ fiow e~d~- 

tions and a minimum of scour in the ~i~l~ c ~ o ~ . ,  ~ratlo ~hloh Ra 



,]:; 

selected for this purpose made the outlet'works so small that onlyvisual 

observations were practical. Despite this limitation, the studies led to 

an improv~Jment in the design of the stillin~, po°l for the ou~ 

3. The model.  wriou  features tobe studied Were 

to a geometric scale of i to 30 in such a~way ithat Ne~isions could be 

made quickly and easily. Water was supplied to the~model Jby oriel oF the 

laboratery pumps through a yen 

meter. After passing through ~ 

the water was returned to the 

end of the tail box. The tmilwater was controlled to the 

ration by manipulation of this !gate. Since ~he out-let s~ - 

sidereal as more or less incidental, onlythe i stilling poc 

built to scale. The outlet upstream from th~ stilling pool was repre- 

sented in the model by an equivalent cireul~r pipe. 

• Spillway_studies. In ~order t, 

cies, the model ~th the or2~inal desi; 

I, was operated at discharges correspo~ 

of 6,200 and I0,000 second-feet. The ~I 

unsatisfactory because of the very rou 

at the left side. The ~eloci~y~of the 

a direction parallel to the face of th, 

a contraction at the beginning of the 

the water surface and the :rise which f. 
~f 

velocity head, are'~evident in the phot. 

surface profi!.-z in figure 3. The~ieRu~e operatec 

discharge ~of 6,200 second-feet, but the ~reeboar~ 

ishing point for a discharge of ~I0,000 second-fe~ 

files in figure 3. The operation~of ~he ~sti~llinglpoelw~ 

at even the highest discharge, The disch~rgeLcapacity ~0 

was more than adequate.. The maximum design ~dieoh~rjge Of 6,200 isecond- 

~eet was passed with a reservoir e;levatioz~ 0,5 ~foot flower t~n tha.t esti- 

mated for the p~o.totype , as shown in fi~ur.e 4, The scour ~ipa~er~e ~ehown 
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in figure S are exaggerated because no riprap ~s installed :for ~ this 

preliminary test. From the se p re limin~ry tests it ,was evid e~t ~ ' ~halt I t e ~!:!~i 

entranee needed revision which might affect the action of ~ theohUte and ~ ~:~ 

that the dimensions of.the-:sti~lllng ,basin were ~oo conservatoire, ..... :In .~ . :~:~ 

order to faci,litate disousslon ,of ~he revis.ions-!~n the :iv~rliou~s ' !featUres, ~ - ,=~i~ ~: 

t h e y  will b e  t r e a t e d  , u n d e r  ~ s e p a r a t e ' ~ h e a d i n  

5. Entrance design. ! The . .o r ig i ,  n a l  ~'on 

bet i, and .sub sequent -revlsions were nu~be" 

to the order iu whichthey'were ,tes~ed.:.'/J,,~.D 

aions are shown in fibulae J,5., a n d  ~eference 

• plied as each .re~ision:is dlsouesed. 

Wi~h . . entrance••  1 ;in place,,'-~a. £~'la e:iic~~e 

t r e t n c e  , w h i c h  were :reasons. bly::gOOd:~in::.the~X 
,. " •3 

those, a% the l~f.t aide .were..not, .:•~fected :a 

Entrance 2, where •a: aharp-ed~ei 

face of the dam.,, repr~esented the~iul:: 

than th~ee for entrance i~ but i~the ~i 

lower. The r~ght side .o-f .the entrai 

which, origln~]~ly extended :fr~m .~the.., 

ollned 45 !i 

ohan~e ,did not ~af.feot ~the Ilow~ s~Id 

o o n s t ~ c  on  ~c , ~:~ 

.o.f ~,he entrance.. .~. - . . .  : , . :  :,::. 

:It :~ the sh~rpi~e ,? 

" , o h ~ l .  " T h i s  e n t r e , n e e ,  ~,l~th• ' e h e ~ : o r  

:.improve .oondLtlons at .~he left side, 

WIB.6 :,t 

s ~revi- . ¢'.::i i/ 

3 - i 

o r s e  ~ 

..~ 

: :."- .'4;•, 

--.:= 
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Entrano, 4 represented an adaptation of,the design-developed, by : °'- 

model studies of the spill~nay for Granby Dam ! Wherein the entramoe'.i:'. " '- 

Hydraulic model s:udies of Granby Dam spillway:, Colorado-BigThompson - ,,,ii 
project, Hydraulic Laboratory .Report 

the transition plane intersected.the face of :th'e:~d~m. 

fa~e was oha~ged:%o a slope of I/2,i and 

a portion of a .cylinder. .Flow: oondltiona 

chugs, especi 11y the i'loca ion ;,of 
~aoes ,of  all th~ entr~ce transitions -up 

either i n  cement or sheetmetal. Both o f  

too smooth ~o A"ai~h/~ 

:used to  f o r m , t h e  .pro: 

this sitUation by fo~ 

plane in ~ravel whi!c~ 

expected that , the.in¢ 

face would act !to .de: 

,the en tranoe  i l o n g  th 

.w~,,S apparently too sm 

Was moved .up~%r~e~m :tO>the 

-conditions atthe r 'F ~'h~ ~ .8i 

at the l.e~%~:~.~ide.~ Wlth-'the.ezcepti 

• ur#ace ele~att.on~ - ' • 

. ;, / L I, I 

. . . .  - . -  = . . . .  . . z  

,i s!ops,!;of { 

u~ 

ut.' 



the transition plane was ma~e parallel to%he axis nd #~hs 

toe of the slope wa~ m~de coincident with the exten nter- 

~eotion or ~e left ~l~ ~d ~e ricer. ~hi, c~n~e made:f1,~ oondi- ::i~: 

tions worse; so it .was abandoned. •~! ~' '''~ ":~"~:~- 

In the caa~ of en.tranoe 7 anattempt ~amade 

pletely the roll which perai, sted~a% the left:side- y.an entirely.dif- • ...... 

ferent type of entrance which would reduce;i~the ef£~cts off.the cross ~i .~.~i 

ili i•-i  

••2. 

(figure 5C), where B is the 

half of distance DB. The cur- 

p - PIx/L) 2 where p ia~a 

located, in plan, at .the interseetlon, of .the normals:.atl.pei 

C and at elevation 7635.45. The desired %ransiti~n s~pe 

obtained by ..creeding g~vel with a:.str~igh~ted~e::b~e~-.:t] 

the parabolic curve previ~,ly Jl&id :Ou'%:."~ : :, CerotaLin; ~ ":~.,Othe ':r,;.:c~ ":~ ~': 

r e q u i r e d  to accommodate th~s<emtr~ce In':t~e :•s::~ 

-~r, . o n  beyond the :erfe~,t or the entrance .  •~ey•~re•u~i 

slight ehan~e was appro~ch to :th~'i.;entran~ 

• " 3, , b  

in the conditions at the l~ft Side. had been obtain~di:by.'~'°*i 

left boundary more ~nd more-.into::the!~ f.orebav, and. ent.~noe 

sented the practical limit .of %hie~'-'.deviCe..~. ,: Fue.%her~./f.educt~ 

preach v e t o c i t y  could be::aocomplishe:d~i..on'iy :~::~:incre~eing %~ 

~pproaoh channel~ in the m~e:i, the same effect w~s-:~,obtainec 

n t ~  A! and 

was - t hen 



 /ip p 
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discharge. Although there was a substantial improvement in i'ic~ condi- 

tlons at the left side , it is probable that the necessary excavation 

would not be Justified in the prototYPe. : 

6. Crest studies. 9etail~d measu 

in only two cases; first, with the oriel 

the final design of entrance a n d  crest 

section under entrance 5. Any~other isolated determinat!onslof spill- 

way capacity have already been discus~ 
o 

cular entrance desl~n to which they a[ 

various reservoir surface elevations, 

moved upstream to the m 

ficient of discharge o~ 

curve for the relocate~ 

Whereas the capacity of 

inal design, it was on] 

stead ,of l~ssin~ 6,200 

76~0°0, the c a p a c i t y  ~w~ 

second-feet, as well a~ 

has been scaled uP fro~ 

because Of the dispropc 

would be expected that 

of the prototype would'reach 6,200 second-fee~ for a~ 

of elevation 76~0.0,! ~ ~ !  "~'~ 

I n  ,an e f f o r t  to  i n c r e a s e . ~ h e  c o e r f i c i e n t ~ ' c f  ~ 

t h e  mar~in  o f  s a f e t y ,  t h e - u p s ~ r e a m  f a c e  o f  t h e  ~c!i 

to a 45-~legree slope. Since the increase in>coal 

accuracy ~f the model measurements, ~ this devif, e ~was abandoned. .... ~ • 

7. Chute studies. The action of the ohu~te in the i ori~iDAl~desi~n 

was satisfactory except for the splash ag~im~t the side walls by the ~, 

waves ~ene~ated by the disturbance at the lef~ entrance./Water surface 
• . j  . 

; 



r, / 

<i.' 

-~: ~ ~;, .~ . 

J 

profiles for discharges. Of 2,000, ~ " ~ ' ~-i" 3.000, and 6,'200 second,feet, proto- 

type, are ~shown in figure S. One point:on the water surface profile 

for I0,000 second-feet is also-shown. Except<for %'he: spl: ":i::~!~ 

a problem in entrance design rather than in chute design, the freeboard 

w~, adequate for the:':m~xlmum design 

When the crest was moved'upetr, 

w~s extended upstream and i~Jolned to 

vertical curve. The water.Surface i 

entrance 5 with the de,i'g  

is shown ~i~n flgure 7. Due toltheimprc 

the flow ~own the chute ........ 

height. Some of thews, 

capillary type which wel 

would ,have smoother fl01 

depend on a physical pr: 

no larger ~han in t~ m' 

of stillin~" basin, the 

eluding the Army. floodl 

was apparent that ~he 9001 

The |~mouht ~y'. hi~ch-th 
L 

te~ts in .which ~he.:'%aiiw~%~ 

e I e~a~ i on "-unti 

dis ch~rKe oorr~ 

was iowered %h~ 

ne~8 of the po~ 

and ~at t h e  sam~ 

Of the aye.rage dim~nsionsj .of o~h~:~ stillin~...,- pool S~ 

"n ........ o c t  aJ~ ~ld  

, . . . . . . . .  , f "  . 

j 
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one  f o o t  to e l e v a t £ o n  7 5 6 4 ,  

i n  f i ~ ' u r e  7 .  I n  a d d i t i o n )  t t h e  down 

t h e  pool was  r a i s e d  o n e  i f o o t ,  a s  ahow~: 

in diamete  f om to 1.1/4:ia   
the oontemplated protot l:i~yi from °S 

yard. The pool operated effectivelyatnormal,:~aii~ter 

stayed full for a total ~ e r ' ~  of:/t~ee e t ~ ' ~ d  t l  '~ ~e r e  

s h e e t  of w a t e r  from t h e " : o h u t e  imp£n~'ed~ '%l'y : " ~  

the e n d  of ~he pool a n d  Was":~hro~n i~to :% a i r : : ~ a s :  aho~' 

which is a photograph ~en wlth:the tailwater' :i~oWere,~ 

totype. A considerable amount, of:, scour re'd:i!~here • o c c u r  

w a t e r  p l u n g e d  i n t o  ~he  ~ i  l r a o e ,  ~ ~. /::  .,,.." ..... :~,.,. :. ~ " : " ~  ' .~i~: 

9. Dentates and. i~en%a%ed, . . . s i - l i : i  ~ : r ; ~  i~evisi'on_, 

sill at the downatream end :or the: s%ili£ng ~pool:.consl 

entire sill one foo t  ~er.th~:p'oO~:: ifl~or ::.~a~ii:bee~i:ra~se 

onalhei t kll four feet. This additi ..... ........ [g tt"afs~ ,s£ded~!}in:~,in.~n 

p o o l  ao.ti on when the. %a£1Wieer wa,s lowere!: eS:~'dh:!~:'i" ~ < ~  :: ,~s,-< :,:~ t~i 

A ~'" ~ "" r ~ "  " ~ h  :" the den 'emov.ed:; i~i "~''~" : '<:' ' ' '  

with the denote, in 'p~o~. ~he:pooi-:.:<di:d:no~,: .i~ p':~ou"i~iil 

. ter .as fo r foet. ate,  

p o o l  was f u l l ,  the aoti on was s t ~ a d i e f " . a n d ~ ' : ~ : i :  ""' ...... " 

with the dents tea in place-,'.- '~: 

In an attempt t o  
o 

were revised io ~hat ,ghe:~pper?ifsoe ~dl =n/i~lin~tio~::o 

r.islng in th..dlreetion of."fli~ .,.~h~:%he',.~ges:of Cho'~go 
, .  - . ~ -  ~ . . - .  ." . ' ,  " t: '~, '~ ":i-,.," 

slightly., as shown in ri:~ur.e:-'~,/!:~A~:::~O:mot~: " o0.able Impro.v I 

; . " .: - -  • ::0-: < . ' :  

t o , ~  60 f e e t  a s ;~Sho l  

..... i 

• '7-'. 

of%lO:de~ 
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ExperienOe has demonst 

sills of ~his type are subJ 

erosion and pitting o.f  the 

"i :+ ?' 

, s  a n d  d e n t i t e d  (' .{d:+i : "  :~ 

o f  t h e  d e n t a t e s .  I n t h e  c o u r s e  o f ~ + l a b o r a t o r y , : : s + t u d i e ~  

projects of the Bureau, .it has been ;found that the nc 
• il 

which produce the cavlta~'on that is responsible f~ t~ 

eliminated by rounding the leading edges of lthe :dentat~ 

was done in the earlier studies~ howeyer, t~e,e~fec'~ive 

tates in forming and stabilizing t h e : ~ t ' :  + + +: o f ~ t h ~  ~ 1 . . . . . . .  Lo~ . • ~ooJ. 

The reasons for ~h:s:.decrease inthe effectiveness of( t 

n o t  c l e a r ,  b u g  t h e r e  s e e m s  t o , b e  l i t t l e + / d o u b t ! : i t B A t : : , ! i ~ + i :  p _ _ _  
!} ,:+ . . . . . .  . • , .  

was due to the fact that wlth:the leading eSges iro~ded 

the individual jets i s s u i n  c f r o m  a n y / : t w o : d e h t a t : e s  , :was : i :  
. ~. + . ~ .  

tue of a decree.so in the Contraction ~t thei entranc e, to 
" 7 " ~!~ : / ' 7 ,  .:':% ;i~,~:: , :~.':~ ~ 

tween the two}identates. In an attempt to capi~l'ile?6n 

r o u n d i n g  t h e  . e d g e s  w i t h o u t  i n t r o d u c i m g ~ . +  the,~e: u n d s s i r : a b I ~ : , / m ~  

" I ,  
of jet, the dent ates were revised,as } s h o w n - : i n . ~ i ,  g u r e . ~ S Z  

~oted that instead of roundi~ the;~°edges+of3thei.:mori~i~a ~ 

dentates were widened-in Suchama~e~~at,!ia,i~s-~o~i{~n.~p~ 

• ito +i ,:~ slope of the chute shows the addition~ be(:,a:~i.q , . .  

!yl,~g e~tirely outside the limits Of t~birigiJna'li51 0 
sions of the ellipse+ were based 

a large area ratio .so that . • • ~':: ~.!,'~ .. p l  e S  s u r e . :  + ¢ 

a r e a  r a t i o ,  a s  d e t e r m i n e d  b,. l .... i~aoing' i+~og 

No tests were = d e  to v e r i f y  th- i . s  ' 8 : o n + c l u s i o n  b i i { , ~ s e , : t h e  

p o i n t  i n  - q u e s t i o n w a s  w h e t . h e r  7br  n o t  , t h e  a o t ~  o n  +'~o~,. + n e " s  

t + ,  , , . ~ , + w o u l d  b e  a f f e c t e d  ~ y  " ' ~ ~ . . . . .  : - n e  •change :2.n :,de s~ g n  o~ denta,~te ~ ~ }i~i:I 

! +  the revised dentates appeared to-be thei~i!equiva~en, lt.~nT.ev 

sharp-edged blocks which they repla.oed. - ::,: ~'~!:"" 

The dentated sill at the end of the!:.atillin,,,, n¢~i>i' 

~ "  + +i L 
- +  

. . -  

. , .  / .  ' 

+ , _ . "  

i e c r e a s e  .' ::~./f, "7::? 

+:., i,!. %,~ 

' . ~ : ~  +L. -%" 

+ . 

~ d  T,I'IO:/+ . 7 .  :+%::.: 
i i+',, +,2+, ~ : ' -  • ": ~ :  ':+~ . +  
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effect was determined by comparin~ ~he scour~ in the t'ailrace after the 

model was operated for 'one hour with a discharge equivalent to 6,2QQ I • 

second-feet, prototype, 

sill. A comparison of t i : i 

that the scour with ~ the 

original sill. It was a 

the dentates and the den 

described, did not detra 

it will be noted that most of the scour, as shown~i 

and 9, occurred at the left aide of the pool. Thls was eddy ..~ 

which formed in.the tailwater hay at the left sfde ~where • no. 

obstructions to inhibitits formation. This.ilwaS proved:by,:stoppin~:,:the 

t ~ p o r ~ , ~ l  ~ , ~  a lwhc--ih ~ "" ..... :~":~: :'~'~ ~ ':~ " eddy with eliminated'this localized~scour. A~,. ° :/":~:. : .. & 

o 
few attempts were made to ,.appr0ximate %he.action 0f a wa!! with. cones 'i'.~ " 

of various shapes that couldbe constructed fromemba~&t~erial, i!:'~ • 
!i 

that the de- but these attempts were abandoned when it became evident ' '~ 

sired damping .of the eddy woul'd requi " ~ii~.i::. 

sion into the tailrace. ' " ~. - 

I0. Outlet s%udies..~a pointec 

outlet and its stilling pool was i.nc] 

or less as a matter of course, and it was too~ ~mall for de ~: 

dies. However, 'with the design di 

was evident from visual inspection 

let was ineorrectly designed. Inr 

~:.., the transition, un~er the influenc, 

% throu@ the e~p~der ~ ~ ~ d  velocity '~d cre~t~d hi 

Y:':.-=.-~. as shown in Pigure:.SE,"the:aotion ~was ~reatly improved:and was satis-i 

!. nesa.of<~e, fl.cw ~.%hrou~h .~ne pool., and. ~he lowne:sS"<Of ::the ~ re~~l 

velocity as the: ~ter entered ibm .ii~!Iraee are e,,ident In-~f~ure. 8A " " ~:~ 
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FIGURE 2 

(A) Entrance i, 
original design, looking 
downstream, discharge 
6,200 second-feet. 

(B) Entrance 5, looking 
downstre am. 

(C) Entrance 5, looking 
upstre~n. 

FLO?J CONDITIONS IN ORIGINAL ENTRanCE AATD E.~,,~:CE 5. 
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FIGURE 6 

(A) Entrance 7, looking downstream. 

(B) Entrance 7, looking upstream. 

FLOW CONDITIONS IN E~rRANCE 7, 
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FIGURE 8 

(A) Normal tailwater: Spillway Q=6,200 s.f.; outlet Q=600 s.f 

I 

(B) Tailwater 3.7 ft. below normal, same discharges. 

POOL ACTION AND TAILWATER C0h~DITIONSo 
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