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UNITED STATES S
DEPARTHENT OF THE INTERIQR
BUREAU GF RLCLAHATION

REPORT OF MODEL STUDILS Ob'THE%S'ILLWnY AND STILLING HAS;NFfiQ_‘"

CHERRY CREIK DAM, AND‘RESERVOIR"COLORADO

1 i INTRODUCTIO AND:SUHHAR

Introduetion

1. Purpose and scopa of model studies

The purpose of the model studies of tha ipillwny and stilling*='

basin, Cherry Croek Dnm nnd Resarvolr Colorado, waa to vorify;

design nnd by adjuutmant, dovolop & satisractory hydrnulio struo-; _g;‘

as- origxnnl desxgn A, flgura 3.

Thﬂ other'de!ign‘ a

of crest end. sizo of© notch requirad to produce a predaterminod hosd-,‘;f-7
dlsoharge curVe at the wexr; to determina a suztable shlpe fbr the

sp1l;-ay chute; to d031gn & aatiafaotory stilling basin for the an-(

ticipatsd variation in tailwatar; .and to determina th9 differonoe.
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reads, in part, ns rolluwa:

'SEG. 3. That tho follawingwworksﬁof
for the benefit of. navigation ‘and’ths .control: of:doltruo
tive floodwaters. and. ‘ather- purposea are horqby ndoptod
and aithoriszed in’ the intormst of ‘national: security:and
the stabilisation of. employmont;ﬁandwahnll’bo 'roaecuted
&8 speodily as may:be: oonuistcntewithﬂbuq" /. regu
ments, under the direction.of the: :Secretary ‘of ‘War and’the
‘uuporviaionuof the Chief: f;nnsinaora in: tooqrdunu
‘the plans in the respective Teports hereinsfter i
and aubjaot to the: oonditions lot forth thoroin “

| Wliaauuri Rivor Baaing- Tho canprohonsi "plan for
the: improvument of" Cherry Creek- and tributaries. 601orado,ﬁ
for flood comtrol and: other purposes. in: accordance with
‘the rocommandntions of 'the Chief. u_ngineora in House:
Document Numbered 426, Seventy-utxta congrocn, firnt
'aeaaion, is: upprovod -and- there isfhorcby nuthoriuod
$3,000,000 for ‘the: 1n1t1;tion and . nrtinl uoeompliahmant
of the projeot. SN o o

3. The-definito»proaee€?b1i53 f f? 

(n) COmplete flood protaotion for the city of anvcr byfl.”'
the construotion of a. rolled-ocrth dam, - inoluding an. outlot- 5ﬁf
control atruetureAthrough;thu dnm‘nearéthe rightanbﬁqunxjdun‘”

. . . ,




‘‘‘‘‘

other water. uus ATe’ do‘rolopod

4. QGeneral

total of lppronmtely 414 uquaro m.tlea.

:;_'.l‘he arn ’upntram frcm ;tho

proposed Chorry Crook Dan’ oontntns 586 uquu-e mil.ou.

The proposed spillmy u.nd tho sﬁllin&buin are looatad

upprox-”v RO

imately 1.2 miles from tha Chorry crook Ruervo:l.r. Tho floodntorl

will flow from the ressrvoir via.s cenal:to- tho apillm uhioh vill

-3



"In the initial to-u of tho ongiml dasign (figur :‘z),.‘z,__

"disoovered that the dtloharga cnpncitv of both the notnh*and"‘h

soour downstronm. &u . ramady ror thnx

Jeotion to tho ltanding unva fonnod in the ‘area’ botwoen the aroit
and the side wull. To olininat- ths ltnnding 'IYO thefuurﬁad oido
walls wers replaced by vertionl walla which' oonatriatad ‘the - opon-rf
ings between the longitudinal parts of the orest ‘and tha aido ualla
(figure '3). This lubnarged tha stnnding wave nnd 1mproved thn rlow
.4n the chute. Th.rc s no lorioul objootionl t0 the flow pattsrn
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in this structure, and the srrangemont*of fibure 3 e iq&hg{d&?;&“;i;;,ﬁ_u

satisfactorv from an hydraulic viewpoint.

6. Undas1rable £low characterxstlcs and remedial
measures in. the alternate d931gn

The first testa with alterna e,designrA'(flgura 5) indicated

that in addxtion to decraas;ng the: capacxty, ezther7truin1ng wal

or some other device was requirad_to,keap.tho notch_flow from spread- -

ing laterally and ovartoppzng the sid walla.\;The soour of rlprnp irQlf'“~

along the slde walls due ta this overtoppin is shown i
The dlechargeucapacl y of tho structure was r«duced by;aho tqning

the crast length and varying the notoh wndth unt11 B predetermined H f5

There being Littla flow along the s;dos, low wulls could be used_ i

along most of the len"th of the. chute (figure 15) Attompts to de-,‘_"

oreass the hei’ht of the Standing “lve. aueh a8 using three notches,_- 7'”

~bafflas, or a deflectzng block were not sucuoasful and in ‘some. uauos o

they actually made flaw conditions in the: pool unat&ble. :Ihe;deuign-; li

as shown in figures § and 8 was consldored satisfactory.




The uuggestion wns mada tnat thﬂ heightgofiftanding uave might A

be reduced by wnrping the :ide walls aa shown in rigureu 9 and 10.ﬁf175Lf3”*:%

This did not improve the flow cn the apron., Howuver 7the ontranooﬂflzai.f

A

condltions to the notchas wbre improved and the;e iﬂBLCOHSidarablqﬁ'”~

improwment in thg gppoaramQ of' the 5tmﬂt11ro,_.f:;;.'jr e e L
This arrangement was aoleoted ‘i- h§{fina1 dosign,: i#;;;?.;:{

superior to the °rig1nal deslgn A fr‘;‘ﬁ P

viewpointu. The diffarenoe in energy d1581pmt

basing of the two deSivns ia shown cloarlyﬂin ,igure 1l-iii_:““

II - uonm. TESTS j :

7. Praliminary considerationa' b

A thorough. study of the origlnal design (figuregz)awau mad
in an attempt to antlcipate its hydraulio performanoezbefor
modesl wes uonstructod.. conclunions, blled upon previous fi;ld?nnd ~f
laboratory - sxporienoe, were that the stilling baain wxahfoo sh#rt
‘for the exlsting ontrance uonditions. Followin : ‘_
the hydﬂaulio oharactoriatios through the splllwny.chute .
ing basin was langthanad 28 feet‘tofobtain ﬁdouirable hydraulio:

Jump end. suffzcient onergy dissipntionbin.tha poolr

section was also. developod in: the laborntory from pravious axperi- f”"”"‘“'

mental data. : _ %
in the initial dcvelopmont, although the apillwqy and the still-‘{
ing basin will not be. oonstructed, a cunal from ‘the . resarvoir to wast.

Tollzate Creelk will be exdavatsdfto,elevation 5698.00. In?the‘




water. alavation uurves were submitte

to;the hydraulid‘lnboratory,=“twff“Q5éf

representing conditlons both beforedan_:_ftar retrOgrasaion. The f“zs"

outlet chnnnel 1n the model wau builvxto ropresent conditions‘indi- o

l.nd..wit e bottom width such that’

cated to exisu~after retrogresai

the tailwmter: in the: model could be loweru to thekfe ired elevu-

was constructod ”

tions. Otherwise. ‘the modal of the originaladosi

according to plan.

leboratory is‘shdwn:on'figuréié. The same doaign of stilliag bnain e

and cutlet ehannol was uuod in both modelsf

and aleo make it moreeoconomloal. The over-all length of tha ohnta

was redused, and a new. floor shape wns de:e}oped:;f?f‘;_::_ i5?$v.i“

of the approach: oanal s reduced from 170 to 7q feet.; The mndel

as it WRS. first constructed As: shown on; figuros 5 and TA.

8. Initial tests of original deaign

EEE

The model was operated with flows. of rrom 3,000,:%0 - 45, ooo soaond--':‘.

feet (figure 13).

There was.a fairly -avon dlstribution of flaw ovor

7




the lower part or the apron at all dischargeu. ‘ gh is.
charges, the water passing’ throagh the ﬂotoh lproad and,ulimbed th,ﬂxllf‘:li;;
chute walls Just abovo the stilling baain. Jl s | s

The entire: hoad dincharge curve fall bolaw thntf hown A figurgnl;l It
12, indioating surplus onpnoity. The flaw ovar thu aootion' . " 
crest parallel to the longitudinal nxis of the chute was oonsidorahly‘Tf_ﬁfi?
loss than that over- the aoctiona nomal o the lonsitudiml.uxika.

The dopth over the crest vnriad from’uﬁminimum ‘o lapproximatol EZ,E

the axis of the crest., The effioienoy of the longitudinulmsootions ’

was reduced ﬁhereij 2

ing along the ' bottom,. COnnequently3 there was 1nsufficien
dissipation -and considarablulsl‘:lf.:Fkt’ Ly o
pool. C : ‘7: : -
‘A very high standing wave was formed.in’the aide ehannals
below the crest. The choking aotion accompnny;ng the wave ~ave an ;:ﬁliﬁ"
impression of 1nsuffioient channel capacity for the wnter pnssing
over the crest. |

9. ‘Revisions of original dosign

Several ohanges wers sugs asted 1n nttampting to improva the

8




hydraulic porformanoe of the utructure (figure 3)‘a[h‘ o

at.thémnogqh *0 a: height of 6 25 teet nt n“point 105 feot balow: the

notoh. :"T.‘h:\.‘u r.duced tho lateral: nmr and: minimized thektend‘eno f

the water %o climb the chute nn-.;_ The flow pnttarn on tho {pron

was also improved. V' '
As a meane of - rai;ing.the head-dlscha,g

tions were. moved. toward tho oontur of tho nhuteﬁ

bottom width of 12 feet (figura 3) The soctxo 28 of orest;plra<

fest.  The resulting hond-dinohargarcurvo”

roquired curve. The dolirod dianharga uurve

the dapreaeion in tho approadh' loor‘tas filladiwith no change 1n

the diaohargs curvo.‘ﬂ.

A row of dentatas and anfend sill«woro built 1nwthoflt1111ng

basin to bresk up: tho Jat rlcwing along tho botton (figurours anﬁ \‘"
13). A good. hydraulic jump was: croated thus disuipating 'onlider-‘t
able energy. Scouring wus maxerially roduced; but\the soour puttorn

(figure 11A) showa that the leotion immodiately below tho bauin ro-LI»V:“

quires riprapping. The aoqurupatternnmaagobtainedapy;replaoing;;bq
riprap with fine sand and operating the modelwwith .the. maximum . -

]
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discharge of 46, 000 lecond-tont until'tha‘ohannolshad>atgyﬁiigép
This required ome hour und fiftoun minutas. ;- |

The belief v oxprollod th;t oonoidoruble lavingioould"e'

the sides of the. ltilling bunin. The rolultvwla poor*.n.rsy,.

stilling btsin. No furthor oonlidorntion I&;*givqn to thilftypd of:

standing wmve, Au this chango unn or little valuo;ntha lovel floor_

was replaced. T :
The wnrpod wnlls of the ohute wure raplaoed by‘atrnight,_

walls set in auch positionn thnt they constrictod the+aidofohannnll

(figures 3. nnd 14) Thi‘ chnng, roaultod 1n submorgonou cf‘thn ltlnd"f""“

ing wave. A smoother: and a: unre:ovun diatributiun of rluw along thn
apron was also obtained. It oould be ‘sesn. thnt the chuto unllu wuuld
hava to be raised considerably to provida -suffieient. froebonrd. ?15- :

.ure. 18" is & water-surface profile along the chute walls for:.a

10




revised lnborntory dolign of. figqu 5.r Tho rirst tsets uith‘tha;de-gﬁi‘

sign - on- figuro 5 showod thnt -.t u11 flawa tha d.tccharge from the

center noteh spread la.ttrnlly until H; impinged ‘on! the nlla “and do 5

flected dowi the ohute (figure 7) iAt the higher di-ah.rgou, tho;w;

loteral componout of velooity vru nurtioiont to oarry the} lavr "ov'or e

the walls, thua reaulting 1n loour kor thu udjoining‘jripmp.:

ovident " fron. . close inupootion of figur‘ 7 -
the arsa over the: notoh. pauod ‘more \uta
assumed. Au a: ruult At ns neceuury_to decreass,

ucoomplishod 'by moving the sido nlls_ onrd tho contor and ultor-— T

ing the npproach oha.nnol to utiufy the new raquirunpnta '/’:“Tha' hape"

the curvntura, a.nd the loont:l.on of the:;i"_rut romined unchnmgod.“

_‘1).. Rav:i.sions of the nlteruate doe_ﬂ

To roduce ‘the lu.toral flow o.nd thus olimimte tho Aundaaira.bla
flow over tha oh:ute nlla, ~two - -chemes Wers tried. In the ﬂut
- one, training walls of .variqus‘;‘_ho_ightjwéi:o@;pl_a‘eed,;at;,e_a_c,h-;g_aj.'.da_;,of_

11




splashed over - onto tba riprapped banka

‘The second- nttampt uns more suooenuful. It oonsiatadt

at all diaoharges. Fowover, thero wns*utill a tendenoy for.x
walls near. the atilling basin. The upron could:hnva been_ n1scd
nating the aido-wnll fin entiroly.- Howevar,

to olavation 5598 00. ﬂith part of ths apronsl chi

" bullt on backfill._ Aa thore wua conszderabla objoctio

in tbat diroctian.

12. ' Tests leading’ to*the Pinal design

From the roaults or tho provioua teata,Ait appocrod thnt tho rj}@l;_
design could be mndo workable . 1 tha notchﬁwns dividod und half aeu-l9f fff“:
tions placed at the enda of - tho orost with ‘the'- channel wall foruing

one. aida of -each notoh. Anoord1ngly, tha centor opuning wns-pluggod

12




ST PR v g A e, LS R R " AR s o

-

downstrean !‘_ro_zn:tho:ﬁ_ti1v1_ing;;bn_s_ip.
flow along the ohﬁto s't't"l’.].:l.a‘? : ei&ipt z 1nz:ftha i
notch. This.was.a- diutinot udn.ntage 88 1t~wa.s 'now_r

wallas of oonsiderably lesa height»*than in nnyf of tho previo :

‘It was nuggutod thnt throe notohgs,rone .ﬂati;
orest and.one. in- t.he Roontar, bektoated in a.n nttempt to~ red ;
belght of the standing wave. and obtain a: better dutribution'
flow on the apron at low dmchnrges.b mith;,this nrrangemmt 8 lt e
ing wave of: the same/height YV E boforo ns fomed on‘eaoh .aide of tho "
csnter line, in-the-area. bot.woem udjuunt notohes. . Au thou ;uns

~spread -on-.the. apron, part ‘of 'bho f'low roturmd to tho oanter li.m of

‘13




nlls. “The lootions bctwoan +he notuhe a.nd "hh . . ha

tended: woll above® tha top of tho nn. *The uohane'na ahandoned  5

and the notohos -Were: roturnad to their fomer poaitions. | : :
At this point t.ho llternate design‘ with s otches 4 the -ends A

ths orests. RS ucoeptod n the final. osign,ﬁm the lahorrbory

prooeodod to: m.kn refinomants to improve »’che ..o.ppeurnnc

the chute w.lla to cunform mre»marlv %o the flow po.ttarn (Tigurs : 6) _‘:-T‘j‘g ,

13. Fiml design

In- ‘the. nrrc.ngamant aho\vﬁ on; figuro 6y rthc a.;rvatura“of-ﬂu' cﬁut§
"walle was oued, the entranoes to the notohea woro atreml:lmd a.nd |
‘the transition above the: oreat consisted of phne dsurf:co-. Thiu _
‘change did not nﬂ‘oct the flow p-.ttern (figure: 8) or the r«hnd-diachnrgof;_

_-__14




Gurvo.. Therefore. ths doaigﬁxfn; considored satii‘nctorj.’ Huw.v:;.f':”
two more attemptu ‘were- nudo to raduco tha hnight_ £NVhe.standln“
wave. In tha tirst triul fnur rows: of hnlf-olliptionl?hnrfleaswuf;f:‘
placed on the: apron, oxtanding from the foot of thn*craat to t pointiE

75 feet dounutronm.’ Tio rowa waro pluoed 1n‘line with tho inlido

faces of the notohos tnd tho othora wore plnced parallol to th-m andf ‘f R

10 feot nearer ths oantor lina of tho ntruature.- Tho major,axoa of

the baffles were plaoed Ln tha direction of flow?thraugh@tha not.he ”ﬂﬁ”".'

and companion rows wore upcaod luch thnt th :

This scheme aocomplinhed tho purposu to lons_oxtunt hut thn improvo-‘Jw»¥ '%

ment was not nuffioiant to wnrr-nt thoir uf ”J*

In the sooond trinl & trinngular blook;lz foot high'waa pln _

on the ocenter lino of the npron Iith tho ;pcx ‘Elinst,th, o to “ .

deflect ths flow from the cruat into that from tho notcheu.';Thia
reduced the height of the atnnding uuve oonnidernbly.: Howcior. thu
resulting flow into tha atilling baain did not produc§ a stublo Jump.
30 the plen was- nbnndonad. 3 _' “” ‘ ' | ., | q‘r-“-‘h
It was auggaltod that an improvemont in tho flow pat£ern could ;ﬁ”lk
be obtained by wnrping thn 'llls rram a point in tha canal to aqn-

point downstream from‘tho~crolt. Tha mndal tua roviuad na lhown on

figure 9. Thoro wasz no improvcment 1n tho rluw pnttern on tho apron f

(figuro 10) - However, - tho entranee oonditions to the notohen wers
inprovod to the extent thnt thpir bottom widths were roduood rron 10 )

to 9 feet.
This structure preasented a !oro'ploasing nppdnrnnoe:than the

15




previous arrangmnt, und 11: nl uloctcd us tho finnl ::doai‘gn.
head-dischargo ‘ourve 1- nhown on figure 12. Tho raaulting » o
pattern, after: nn nquivnlont prototype flaw.of’45 000 socond-foot .
for 1.25 hours in the nodol 18 lhm ‘on’ figuro 13.4.; The® aoour.toat
was not coatinuad for . grentsr poriod or time becauaofﬁ" G

bed in the nodo]. had Itlbilil.dr-

111 - Rgsums'mwconcwsmns

4. Analysis of the rosults i

The hydraulio porformnnce of original dosign A wua antisfaotory.iif ‘

However, from an oconomic vioupoint it did not comparu fn fnbly-“ 1

with the fimal dosign.v The depth of wator on the chuto at the’wulla";f;”A”“

of the rirst deslgn was oonlidernbly dcopor than thn 'ut‘tha lnllsu 53 V:"“

of the final dasign, necelnitnting highor Inlla ove iggqatq:@lapg#hff:_ ':

(figures 15 and 18). ) S 7 o
Original delign A al-o raquirud a grontar longth of croat than

WS necessary on- tho final delign, due to 'ha unfnvortblo ontranoo. -'

In the longitudinal aectiou of: the crolt tho*wntar flowed dingonnllyJ ;f .f{¥

to the orest axin, cuusing nn npprooiable roduotion 1n thn ooofti— :“'
oiont of disohargo. Ia additian thn do-natrenn,portiom auffered ac

redustion in h-ud due to . drn-duun in vutcr aurfnou in tho

twaen tha croltu whioh alao contributod tawnrd roducing the ovar-:11. f='

eoafticient. The width of thn notoh roquirod to plll 10.000 looonda |
feot at slovation 5623.00 WS nuch less for original dosign A thnn

for the final design. Thiu was due to more favornblo approgoh oon~

16




stilling basins nnd viaual obaervntionu did ot'indicato ;ny ifrer-‘f

ence in performnnou._ Howover, a noour tost reVualod<thnt ri'

design A loourod muoh moro ucvoroly nonr th- pool unlll than did

final design (figure 11) Thiﬁ night havo boa cnusad byi‘he oonvorg-%*i'ﬁ::”

ing ochute wulls of- tho or;ginnl dosign 1h1ch oonoantratud tha flaw nnd};n'

reduced the offootive width of tho pool nt mnximum dilohargo.:

At the- early stagos of retrogresaion in thebdawuntroam ehlnnel_:“?f!f:'Jn

leading into T°11£‘t° Creuk ths wntar surfnca w111 he thirt to ST

forty feet above the ltilling-pool nlls at na.ximm dil-ohn g

condition will mot produoe lny unfuvornhle OOnditionl lt tha struo--3‘
ture ir auffioiant b;nk protoot‘en : provido ngaiﬁut -nvo uotion in
the v1cinity of the struoturo.‘ Au retrogrouaiOn rogressos.and tho .

tailwater nppro;chos the top of the stilling;buainarglls,

will form on eaoh aide of the pool nnd thare will be uonaidorgbl.rk ?f.‘“ o

return flow into th‘ 'tilling basin. The volocity of thia roburn‘flaw”f}

is sufficient to cause scour. und lloughing of the banks. If this ia
to be prevented, protection nnat ‘be - pravided for relooitios of npprox- '

imatsly 12 feet por second.

-




15. Conclusions -

(a) The stilling pool for . the rinal deaign, as shown on figuro f' 

9, is aatiafactory for dilcharga

nation with the correaponding tﬁabuater oleva*ionlvas Ghawn n iguro L

(b) The rinal dosign (figuro 9) is luporiof”wfi:A.
figure 8, from an. nesthutic viewpoint.;'h .
ference in their hydruulic proportien.”f_but |

(6) For the final dcsigns tho bottom valociti;w doun tr;:ﬁé “f {j”li“ T
ths pool are lesa oonducive to auour thnn tho-e at tho originll do
sign A. Any deorolse 1n tho ohunnel aroa innediuuoly duwnstrenm fronsl
the pool will have 8 tondonoy o 1norenae the nuour."”' ‘"ﬁ i;\‘ -

(a) The variation in tho alternate design, ns nhawn on figure ‘ .j
16, oould be mado workabla._ It uns not considared praqticll for £
structural renuonu."' o LR

(e} The throo-natch arrangqment could huva been:msdoﬁ_lti tno;:rh"
tory, and the hoight of tha atnnding wnve ould have 'ocnhroduo.d; '
but the narrowness of thp cunter notch Iould 5§ve‘proooﬁtod n-olog;iﬁ;‘g; ff ~

hazard.
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B.

C. Discharge 25,000 C,F.S. Discharge 45,000 C.F.S.

ALTERNATE DESIGN A




Dischearge 25,000 C.F.S. D, Discharge 15,000 C.F.S.

ALTERNATE IESIGN B
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B.

Discharge 25,000 C,F.S. De Discharge 45,000 C.F,S.

ALTERNATE DESIGN C




FIGURE 11

A

Bs Scour after flow 45,000 C.F.S. Alternate Design C.

SCOUR PATTERNS.
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B. Discharge 45,000 C.F.S.

ORIGINAL DESIGN




FIGURE 14

A. Model arrangement

B, Tlow conditions with discherge
of 45,000 C.F.S.

ORIGINAL IESIGN A
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C. Discharge 25,000 C.F.S. D. Discharge 45,000 C,F.S.

SECOND VARTATION OF ALTERNATE DESIGN A.




Discharge 45,000 C,F.S.

VARIATION OF ALTERNATE IESIGN B.
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FIGURE 19

N | | Betors retragression:
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