HYD 2. I

M A S,_TER

L L..f«_’iAT]ON
A z,,; ATORATORY
_:ua, 3 A.Af-.u»,,,,_ FROM FLL

ER R %.-r-'-ir-*;-‘»-/-#f*‘ f-i'f--:‘*,a,-kf*}? RIS

fnmmnmn OF THE " m'rmxon
| BUREAD.OF RECLAUATION

: HIDR.AUI.IC MODEL EIPER]MENTS

'FOR THE:: DESIGN:OF Hoom DAM BOCEE
‘2 RBSULTS OF ‘VISUAL TESTS ON- 5
SEKIFINAL WD F]NLL DESIGNS S



UI-’I'I'ED "TA'I"‘TS

HZPARTMZNT OR Ldz IWTERIOR

. rmomm.: 'I'O CIiI"F _‘.nzgwmm ;:;;._,nm

| SUEJECT : _;j- Fmemc uon::L Expmnms
8 mnmmmby‘m;mcvmmm

BOOI':.

‘R.,sum-s oF vxsuu, TESTS on smurmu. :

.L.‘CHI'ICAL mon.umu'. I-To._ 35;. LT S

Denver colorado -5"

May 1z, 193:5 :




7ffxgérgféfiCOﬁrﬁﬁTsifjL?"fwfﬂﬂ”5

‘lchannel extension or 60 feet

Cross wairs of various heights

Orfaev in the channal wall on the crasfﬁjSLxh
~ Transit ion Vo. é};;f;;ﬁw};ﬁ{*“. ;
Transitiona Nos. 3 and SA .:; ;§ifF;.3T;
Transitions Noa. 4 and s ’.;};;,.,,71;};
‘Curved. wall at tha ;pper end or channeLiﬁ
Tests of bafflas and aimllar devices on  f 4

False floor sloping aeross channel

' .Trough in tho front half of channe

Deflectors attacrod to tha c}\ap

Fnlse roar wull 1n thc channe

-Gatc Sidu Channcl Sp Llwu Model: M3

Experincuts nf Lont*osc lﬁbcratory

'Flow in the oriuinal dusign*of MFS mod.c1

Curved wall at: upstroamhund‘ofithb hannolw
iExporim01t5 with the. dontatod Sﬁfflo_; a?"

.Flow vith the drum gutos ruiﬂou “ ,g;fﬂf'j' :
_ Eﬁroction or curron;s in tho sido channal slelway

. Referunce to air contont in the aide chunncl e .

*




| T4BLE OF CONTENTS (Contimuod) * *
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{Tne Tinal dosign modols B-Sifc-ﬁ and c-

Stmilarity of visual rosults on tho thrco rinal déSign°l{ﬂ;}"‘w
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Study of thc shape of downe.troam nnd or crcst plOI‘.:
Baffle at tho upper cnd of thc channol*
Effect oi‘ a cro.,a weir in thc. chazmel

Dotomrmtion of. gatc opo:rat:.ng progrm . |




| Domver, Colorado, ey 1z, 1933

MEMORAPDU” TO CHIVV E:SIGNIJG ENGINEEP

By ‘E Ianu, Research Enginecr

Subject: Hydraullc odel Exporimcnus “or the Desi:n or the Hoov

. Dan = Book 2‘— Reuults or Viuual Tests on Senlfinal and ]

‘Final Deulans. hin

'-Thn crperlncnts upon the first model types Vand pnrtlcu~:.i‘

larly the reuul s obta1ned upon the iirst modal c0nstructad at tha “::'

on the- rirst l 20 und l lOOImodels at. thenMonuroseilaboratory nor

of the channel bottom in the new modol was rlattor, in order that

‘thc dopth of_water 1n 1t would ba greutcr and the turbulonce there-hu

.fore reducod. ,'
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Imum Gate Sido channel Spillway Lodel 0-4

The prototypo of the 0-4 modol 15 ahown on Figure 13
The modol was buil+ on u sealo or l 60 ar.l‘:nch on th“model aqual
to 5 foet an the nrotetype.f It had four'drumfgatca, each 100 roat

1ong, end a side channul trough upproximatelY’45 reet deop at the ff

uppor end and 95 reot at tho 1ower and.‘ The creat and side channal

ware constructed of woodan framea covored with galvanizad 1ron. o

the first: teats the modsl did not huvo movable gatas the sulid orest

being shaped to’ rapresent the condition with the drum gates down. e

Gates which could ba regulatad ware:add;d lﬂter.i Tho transition ﬁ_;;:ﬁ”.

fram the trepez01dal ch&nnel to the circular 50-foot diamater tumnal

was made by running laths between accuratelj cu> énd spaced collers fflii f;}kx::i“
and plastoring over them with a mixtur or;quick;setting camsnt .

 limo and sand. The. tOp of the transitio wa ”'1ert-'orr' for'} some

_ lnboratory was practlcally the aame as that3$rlthe C-2 modolﬁsh;wn«_u
on Figure 4. The boiéht or the modnl croat waé sufficieut to sub—‘ ;L?ﬁ_
msrge the maasurlng welr at high dischnrgus and an extensive 30- ;; _f 7i
'ries of volumetrlc mensurements were mnde to accurétely celibrataif;i:; [

the measuring weir under: this suhmergad condi ion. The mgximum




d;scharge ovor the model was about 7.2 aecond-feet and the'corres

ponding depth on- the modnl creat about 5 inchea. Th 'head cn the'ffvf%.

with the ofrice Tile copjm of tm ra‘p‘ort.,.,
Considerable Quantitativaﬂdata wﬁs slso observed on- this “tgﬁ~ilﬁ
model, Croas- sectionu of tha rlew 1n the channsl were observad o
for a large numher or conditions. A number af . otservat1ons ware’L 3:L}“‘.~

made in the transition on. the depth of flnw.‘-Determinationsfwerei




also made of the discharge coefficlents of ‘the bzes ‘crest forma .

similar transverse i‘lcw acticn is wall shown on Plate 5'?.‘

‘believed that by blocking orr the dawnstremn so reet or the‘?‘ 'spul'

N

aides or tha channol to equalize upatream rmn t'

. eliminate the crosa flow at the tlmnel entrancs which wuld rcsultzj .

in much battem conditiomr or t].ow down tha ttm.nsl.



PLATE 53

~

8-DISCHARGE 80,000 SEC.FT.

C-DISCHARGE 1860060 SEC.FT D-DISCHARGE 200,000 SEC FT

ORIGINAL DESIGN OF DRUM GATE SPILLWAY MODEL C"tJ
TRANSITION NO.|




S

A-MODEL WITH TRANSITION NO.IA ) ] o B~ DISCHARGE 80,000 SEC.FT

=

C-DISCHARGE 160000 SEC FT D -DISCHARGE 200,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4
WITH 80 FT. CHANNEL EXTENSION-TRANSITION NO. 1A

PLATE 54
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4 - DISTHARGEL 12G600 SEC T

C-DISCHARGE 200,000 SEC. FT. D-DISCHARGE 200,000 SEC. FT.

\ P S LOOKING DOWN THE TUNNEL

7 .

AY MODEL. C-4 TRANSITION NO.2

W B

DRUM GATE SPILL




. Cbanncl thension ‘of oO Teet

,.;_;,

The sp111way modol J&S therefore modixied by moving the

'transition 60 feﬂt uownstraam, with a struight seetion having'

alativaly level bottom inaerted be'cween tna emd oI‘ the aplllway

 _ 'section and the tr:nqition as uhOJn in Wir. lé awd Platu 54 The

-1mprovements resul 1n"frm1 the addition of txc 60—foot section

- may he seen frow a compariscn of tne views on Platos 54.und 55{;1.

'-The alonguted tranuition also caused a greater depth or the water

| throu‘uout tho c}a““e*; and resulted in a smoother,rlow of the wa- '.ff_“

- ter al; n‘onp thp clannel und as it entered the aloping sectlon or
'3t“c »ranqitlon.- Tlis greater depth of water in the channel was not f].*

- sufficient to reducc the coerflcient of discharge by*creating too_;fﬁ_lg

. g;reaf a sutm!rgence oi‘ the crast at the ‘upper end. G

f; Cross Wbirs of various ﬁei{hts

'.“by cau81n5
_ac:oss~thc
with woirs ‘ot‘ Lj,jw ard. :50-foot hclght m. the cr d of . t‘lo 5o-root

 °*tcﬁ5i°n‘1n.th“~”’ﬂnnul. f”hubc tests indicutcd rat thu flow ccn-"
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‘tions improvod as ‘thc woirincroasod i Helght, as chows on Plate |

Offaot 1n Channoi "all‘on Crost'Sida

For all conditions of flow 1n the BpillWﬂj, part £ th
roction of tho'channol.‘ Tho space occupied by th_, 3

stroam end of thc ogae aectiom tho errectiva channol uroa uddenly*"%
increased to tho full width or the channol, sinco thero:waa no 
nnpye thero to reduce the section. This@nbrupt enlargJ:ent,caosed
& whirl on tha erost. sidﬂ of the' cha:unol whero 1t occm:rod and a

cross movumont of tne wator rram;tho opposito 1do"of the chﬂnnol'

the ogee sectlon (PLate SG-A), whlch tendod to make tho alde of quiw**Lﬁfu‘- i

th1s portion of: the channol mare ngarly a Pontinuation or thc of— ¥,

Tactive s1do of tho annnal upatream from it, e e., tho upper |

race of the napoo fram the ogoo wolr., ThlS offsot also ‘had tho :




aurricient haight to produce a 1oas weir or enough hcight to giva

. tho best conditions in tho channel hnwever,

the ofrset produoed
'was too large,
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'I‘ranaitiona Nos.fs nn SA

crast at “l. 11&5. : o | et =
The dimensions oi‘ the prototype oi‘ this trlanaition are
givon 1n Fig. 16.. Plate 59 ahow;.ea the model and the ccmditi.ona 01
i‘law. Thm fom of transitlon gave exceptionally smooth i‘low into
the tunnol at the manmmn?discharge. v Howover, at this diacharge 11: i
backed tho mater up in the clmmml causing suﬁ'iciant submargence
o:{‘ the crust to reducc the sp;llway capaclty ‘his transition (No.

with minor changes was :Lnr-orporated in the final'design

. way chamml and transxtion however wore not as ravorable as v

ﬁan"—’" tlun ilo,” 0"09 ahmm bY Fls..lS rras mado fram tran-

sition Ho. 3 by adding a level soct:.on oi‘ channel bottan at z.l. 1110
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PLATE 59

TRANSITION WD 3

R LA SR AL,
CAMLE GafenD .

ORUM GATE SPILLWAY MODEL C -4 wiTH TRANS

Pt




PLATE &0

B-DISCHARGE 40000 SEC. FT.

C-DISCHARGE 80,000 SEC FT D -DISCHARGE 120,000 SEC FT

DRUM GATE SPILLWAY MODEL C-~4 WITH TRANSITION NO 1A




Batiﬂfﬁctﬂry. Tranaitian#No. 5:(E§g. go) had*'”

in Plate 6;—». ”hia curved walJ 1mprovad the flow and was retained”“ ‘ A

in the fina) design.
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A-DISCHARGE 160,000 SEC. FT




B-DISCHARGE 80,000 5EC. FT

C-DISCHARGE 160,000 SEC FT D-DISCHARGE 200,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NOD. 4




C-DISCHARGE ISID,DOO SEC.FT V-DISCHARGE 200000 SEC FT

DRUM .GATE SPILLWAY MODEL ¢—4 WITH TRANSITION NO. 5




cm-ved Wall at Um)er mm or channal

S.lnce transitions Nos, 4 and 5 proved 1eaa satisractory

. than No. 3 the lattur na replaeod :ln posit*on and mtu:re taata

continued with 11:. Cur'ud wana me introduced rrcm the npstream _f_: R

end or the spnlway raue to the back or 'l:he chaxmel to mooth out
tlw flow 1n tha upper end or the channal as ahown? in Plates.&lr an

65 and Fig. 25. Tlu cond:ltion w:u;h the square ‘a m the channel

is ahown on P.'Lute ﬁs. At J.ow rlovfa an tmd.euira'b];s wama ms romsd

at the uppor end u:f ‘the channel (plmm 54-3 and ss-n) aimilnr to

that rm.md c:n the 1..-1 model CPlata 34). At blgh flowa tha emm

- wall had lt'tm oﬁ‘ect. : 'Bue mral appearanee oi‘ ths f"gpinw m
much hntteu.- with a cuz-wa upatrm enﬁ md by thﬂ prupu- sate m-

nipnhtinn 1t would nem be namanry to roa-m this mdesirahle

The uu or ﬂw throa typas had no arrect

aetim o:' the apill"'ay. Their quantitetivg errect cn ha_ discharp*"

the ﬂ.ow over ogee croata. S
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PLATE 66
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Tests of Burflea und Bimilar Davicoa on the :c-4 ModeJ

exparimonts on nuch devicea.

the. 0-4 model. Al'though conaiderablo :prngraaa wae_ made A _.improvi.ng

the flow conditions by this mans, satia:t'actory”results: were securad

without them and it wag ‘ouliaved that the addit on improvema_ did‘
not warrant tho ex‘l:'*a expense invnlved in their conatruction.___ He
ever, it is oelioved that n rscord or ‘theae oxpari.ment will be 'of

- value to ruture dnalgnara of sida channel and other spillvm e.nd‘

they are thererore briafly deacrihed ho:rein.

The tests in thia tield were very cmpmhensive tneluding_‘_‘a.'j_-.“::’j;;‘i_';;:_;;‘

a v'ariety of basic roms and a graat mnnberf'f or‘*’minor changos‘ and

cunbinatio.ns or them.- In alJ. about 100 dir:terent

fore been 1ncluded but ta prrosarve a record or ‘all tlw

opments loading to the rina.l dssie,n, and tharoraure include runs with‘ L

' barrlss using all ths various trnnaition rm-m pcreviously discusaad. L 3




In ordor: that tho devulopnents cuding_t | th. ﬁnal deaig;n might notf e :
bo obscured it waa bolmvad bottar '"_discusa thaao main Btepn Bap" :

arately rrcm tho tcs‘ts with barﬂe_s - .rathur th.nn to covar‘ tham .‘.both e

- in a chronological order.' In (uscussing' the barf:l.ea only‘;tha : tups:‘"-,' o

parison of Platoa 53 and 67. The crfect or adding cm‘ved.-fuosd bﬂt N
Tles 1n throe poaitiuns on the croas alupins rlnar, i. 0.' thn’-_l Ll

rear wall, on tha conter 11::0 and near tho creat us:i.da, m aluo : .
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-PLATE 67

A=MODEL WITH FLOOR SLOPING ACROSS
CHANNEL,96* TO REAR WALL

COISCHARGE 160000 SEC.FT. - : ~ °° D-DISCHARGE 200,000 SEC. FT.

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO.|
EFFECT OF FLOOR SLOPING ACROSS CHANNEL




: ‘tried. ‘l‘he lntter position ns gat boneficial as the ha:rﬂes tend- 5\1-5 ”
“ed to even out the flow acroea tna channel at vall "flowa axcept the‘

-very lmr ones, as shown cm Plate 68. Some of’the ther minor changeﬂ S

: ;raaulted in. unprovad candi.tions Thia rorm
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2 ATE 68

A-MODEL WITH DENTATED DEFLECTORS B-DISCHARGE 50,000 SEC.FT.
OM CREST SIDE OF SLOPING FLOOR

C=MODEL WITH DENTATED BUCKETS ON

e E X C r"
CREST SIDE OF SLOPING FLOOR ©-DISEHARCE 200000 SE

DRUM GATE SPILLWAY MUDEL C-4 TRANSITION NO.I
EFFECT OF DENTATED OEFLECTORS & BUCKETS ON SLOPING FLLOOR




FLATE o9

A-MODEL WITH TROUGH IN FRONT - B-DISCHARGE 200,000 SEC FT
HALF OF CHANNEL e PLAIN OFFSET

C-MODEL WITH TROUGH IN FRONT HALF D-OISCHARGE 200,000 SEC.FT.
OF “CHAKNEL AND DENTATED SILL QOFFSET WITH DENTATED SILL

DRUM GATE SPILLWAY MODEL C~4 TRANSITION NO !
EFFECT OF TROUGH N FRONT HA(LF OF CHANNEL & DENTATED SILL




PLATE 70

B-DISCHARGE £0000 SEC. FT

C~DISCHARGE 120,000 SEC. FT D~DISCHARGE 200000 SEC. FT

DRUM GATE SPILLWAY MODEL C-~-4 TRANSITION NO 3A
EFFECT OF DENTATED BAFFLES 8 OF CURVE IN UPPER END OF CHANNEL -




ét.bepinninf-or ff;£sitidh._ The dentatea were made b; cutting notéh-
es in the: 1ead1ng edge of the batfle var"ing frcm 10 reet tol15 reet
deeﬁ at an angle of 45 with the vertical snaced rram B reetJto 10 |
T.feet apart The overhanging blbcka were ahout two—thirds the width b
of the: dentatas.: This type of baf le was tested with all the_dif :

ferent transitlons ard cross‘weirs.r;

Gﬂ Plifa 71 is :shown thls ‘;  fof}baff16 wif§'fﬁéj:

tran31tlon, wnich Wﬂu the best forn“"'

”he flow nonditlonu for 120 OOO second-reet and 200 OOO second> eet ff i

‘nre iven on V1GWS H and C.‘ The improvement due to the barfle mny

be obuorved by cumparing thesa views”with“those given on Plates GO-D‘gfu-ﬁ

and 61-E, . As w1ll be seen tha;zarflea caused a material smoothing
out of tne flov.:_J ‘ S ‘ . s
BJ tne uct;on of thls batrle part.o ,the water:falling
over the crest wau deflected*hack'toward the.crest Blde and thus :
tended to nafo tha water lcvel more nearly cqual n‘tha two sidea
of the ;hannelr‘ ;ae bafflc face was act samowhat faanﬂangle with

thé dirébtio or’ thc ccnterﬁ“1f

At 200 OOO 5°°°qd“fe°t diSChBTSe tha wc,r at thc uppar cnd was sub-“f_:f”‘

merged so deeply th at the overflowing atreum did not diva dcwn to

the bottan of the channal but rather it paaaad ovor tho top ann |
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did not come 1nto coutuct with the baffleaT‘ Their af;ect was, there-fmﬁk‘”'

rore, not as great at the maximum diachar&e as at scnewhat lowor

Defloctoxs Attached to 0rast oidﬁ of cnah&al:

Plates 72 and 75 show aeveral‘other rorms"o 'baffles and. . R
deflectors which were exnerimanted upon. ‘ oo setigs 1

“are given on . Figure 24.3

the crest elevation.“ The deflecting actiunﬂyt lo

Plate 72~E.

channel as th Yo
On P1ates 70-& and B is shown a comb‘na ion or theso curved ‘3j

deflectors with a coolng bafrle somewhat slrilar to that teatod on

the -1 model. . This comoinatlan Fave a8 very satisfactory dissip&tion
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o o _ PLATE 72

A -MODEL WITH DEFLECTOR

' B -DISCHARGE 100,000 SEC FT.
PLAIN DEFLECTOR ON CREST FACE -TRAN

SITION NO 23

C-MODEL WITH DENTATED DEFLECTQRS

0-DISCHARGE 200,000 s8¢ 5T
CURVED FacE DENTATED REFLECTORS Ut CREST-TRANSITION NO 5

DRUM GATE SPILLWAY MODEL -4 |
DEFLECTORS ON CREST SIDE OF CHANNEL




A-MODEL WITH DEFLECTOR B-DISCHARGE 200,000 SEC FT
CURVED FACE DENTATED DEFLECTOR ON CREST AND COPING BAFFLE ON REAR WALL

C <MODEL WITH DENTATED BLOCKS ' o
DENTATED BLOCKS ON CREST FACE AND CURVED WALL IN UPPER CHANNEL

-DISCHARGE 40,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4
DEFLECTORS ON CREST SIDE OF CHANNEL




- of the energ:, of f'l.ow but 1n‘b1‘0du‘p‘

gitudina.l i‘low of‘ the wuter 1n the‘ channal that the I‘low over the

upatream end of tl:a crest war badl_; hobstructed. “n'I‘he form hovm
"”Plataa 7:5-(: and D seemed rairl satisfac .,ory :t‘or hit,h flow bu

.'lmdeairabla resulta fur low_ .'I.owa

Falae Rear wall in tha Channul‘;

In addit;on to the bni‘rle s‘cudies a few tests we" ‘made

o invautlgata the poasibilit:_aa °f changing ‘bhe channel croas sac-—.j e

'tion. This was done by inaerting a falsa rear wall 1n the ch&nnel

making an angle o;. 600 witn the horizcntal as shorm ‘on“ ' vlate '?5

croan mirs wero nl..o 1;*‘13& as shm’m ‘on Plate '75 : o.n_ th‘
provad as the hGl h* of the cross weir increased._ Tho rasult was
not as good as thu» “ith the larger cndnncl ritb wairl prudncing the”“‘"

same degree of submargenco. s




& MODEL WITH TROUGH NEAR REAR wial i

DROM CATE SPILLWAY MODEL CT~-4 TRANSITION NO &
TROUGH UON REAR SIiDE OF CHANNE!
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Drum Gate :ide channol spiluwax; Model }-5 Ex“erimanta at

f‘ Montroue Iabarutory

In ofder to- tesu out on'rilurger scalo the results uh_. s
tained on’ the 1: 50 scale drum gate model at the Colorado Agricul-l l’:
tural Callege laborator a ainilar model was consdructed'cn*ay':

1-20 scale at the ldboratory at Mcutrose;-;This model eicept‘rcr}
_acale ms the samo aa tha* teated at Fbrt Collina, using the,
'tranaition as shown hy'the prototype drawing, Figure 17 The con-v-
struction was similar to that of the u—l model previously dsscribed.

In the rear wall or this modol were placedfthree windows 1n ordﬂr

'.obaefvbd;_;.vH

Flow 1n Originﬂl‘neaign of h—3 Fodol

A number of experimants‘wers'carried out on the A-S model
to 1mprove tna conditians;oy rlow in*t e spillmay channel and through
>the tunnel. These wilﬂ‘ ‘ ‘ | 11 z paregraphs

k»*he datails of each setup ar not_given ‘n-this eport but copies_

o

‘or sl’etches oi‘ all o:t‘ tham are' ruod" :'11:11 the rfice*mlo copy
-:thu repnrt. e
. Axt§nsife qnantitative obaorvationaT rare made. 7
'.modni. Tho cross. scctians'af&the chnnnal flow ror various condi-i_
;ﬁtions wore detormincd and the presaurea on the bottom and sida

walls of tho ehannal and. on tha bottum of the trunaivicn unra ob—j T

&




iéerVEG.

' ﬁcre5t for a wide range of flowa ware obaervod and also for the drum

E gates in the vnrlous poaitlons.- Obsorvations wure 3150 made of the ﬁ53§]_ﬁ7~

: air content 1n-+ha sp;llvay channel and or the volocity ofwflow in ;. 
the 5pillvay tunnel. These quantitauive rosults are diacussediin
the later sectlons o; thia report dealing with the particular ;ea;‘ 

Ihe appearance of this model 1e ahown on the three viewu fﬁ

of Plate 76, The action oi‘ this modal for i‘lows of 40 ooo eo coo

. and. 120 OOO second—fbet are’; shoun on Plate 7 and for 160 000 and

200 OOO secondnieet on Plata 78. ‘”he similnrity of the action‘or

: the lower dis“nﬂrbea the acticn‘of these splllwujs was var" shmilar;*"'

The apnearance ror t

. Was a tondencf To* surging and thﬂ.ﬂtl

dlfferent pOiDtu in tha surgo do not show the action undar exactly

the samc condltiond. Also 1n a latcr part of thiu report the cam-‘iP‘"

'narisons-oi thm‘uculon ror taa tuo model sﬂalas will be made on a e

. quﬂntitdtlve baSIS. : B W) PR
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PLATE 77

A-DISCHARGE 40,000 SEC.FT.

B-DISCHARGE 80,000 SEC.FT.

C-DISCHARGE 120,000 SEC.FT.

“FLOW IN DRUM GATE. SIDE CHANNEL SPILLWAY
‘ - " MODEL M-3




PLATE 78

C-DISCHARGE 200000 SEC. FT.

FLOW IN DRUM GATE SIDE CHANNEL SPILLWAY
MODEL M-3




Gu.rved "c'all ut Upatream End ‘ot the Ghannal

I‘.xpariman'ts '7ere made on thia modal with cu:rvad wa.ll -'at
the upper end of the channel sinilar to thoae ‘1nvaatigatad in tha
1:60 model, Plute '79 ahows one oI‘ theae walla tin pluce and the ac- " .

tion of the spillway with & aoo ooo aecong-root discharre"”

E:gperiment with Dantated Barrle

Two i‘oms uf dsntated ‘oaffle mare axperimantad upon 1n tho

M-3 model. I'huae were similar to the overhanging dentated form a:r- A

.perimonted on in the l 60 modeJ. aa described on pagelz and Bhomn on

Plates 70 end '71. The two i‘orms testad on the ll.-l-3 modal were simuur

except that in the second fom tha alternate teeth or the firar :"rqrm o

were removed. Experiments were al.so made wi'bh the cloaely-—apacadz,_ o
teeth and the curved wall at the upper end or the cha.nnel, : R

Plate 80 view A, shows thsa ﬁrﬂt furm of d.entated barrle

experimented .upon, - Itﬁlsfan Bxact dupls ft,fqrbthat ahown“on,Pluta‘“”"

70 in the 1:60 modol “The results of this model are ahown on Platan 

80 and 81 for dxscharges of ‘10, ooo to. 200 ooo ascond—feat. The aim-*’ji_

ilarity of the action of thia modol with that ur the 1 so model may.}f-*

he seen ‘bFr comparing these v1aws with those shom on Platea 61 and ?0
- The runs on Plutes BO a.nd 81 wero made with a; square end on '

the channel as shown on Plate 75. Those on Plataa 82 and: BS wera

mado with & curved wall at the upstream und of the chmmel Tho sec-g_::,

ond rorm of d'entatcd baﬂ'le uas made f‘rom the first by remmring tha




Pt 128

CURVED WALL No, |

3 were T

- o

CURVED -WALL No 5

o reem. e vem

-+ Y

CURVED WALL No.2 '

e

CURVED WALL No. 3

mvamm )
. EEREM) &F GOrLiscateps
CANYON SO geT

‘noov:n mu-ﬂmuuc EXPMM!NTS

CURVED WaLL AT T UPPER END OF -
SP!LLWAY‘CHRNNEL MODEL C-4

CURVED WALL No 4

VAR L




A-NO FLOW B-DISCHARGE 200,000 SEC. FT
LOOKING DOWNSTREAM

- CURVED WALL AT URFQ END OF ¢ HANKL

'DRUM GATE SPILLWE | onrt o3




PLATE 80

i A=NO DESCHARGE

SISCHARGE 80,000 SEC FT

FLOW WITH FORM 3 OF DENTATED BAFFLE
IN DRUM GATE SPILLWAY MODEL M-3




A-DISCHARGE 126,000 SEC. FT.

C-DISCHARG_E 200,000 SEC F7

FLDW WITH FORM ‘3 OF DENTATED BAFFLE
!N DRUM GATE SPlLLWAY MODEL M- 3
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'PLATE &3

A -DISCHARGE 120,000 B-DISCHARGE 160,000 SEC, FT.
MODEL M-3

C-DISCHARGE 200,000 SEC F3 :D-DISCHARGE 200,000 SEC.FT.

FORM 3 OF DENITATED BAILFLF WITH CURVED WALL A
CHANNEL END DRUM GATE  SPILLWAY MODEL M 3
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altarnate teeth;. 113 barrle is sh011 on Plate 84 viaw A, and with £ 5.
a discharge of 40,000 second—reet on view B Tha action o; fbis baf-  

fle is quits aimilar to that having cloaer—spaced teeth. Both of
these bvaffles resulted 1n the amoothing out or the water aur'aca 1n :“ ‘
the channel but offered aome obatr"ctlon to the rlow._ The improve~_".
ment was nct believed to be sufficient to Justify the expensiva cOn-  ?1

gtruction naceasitatad hj tha bufrle and tnereroro nane wus uaad in

the fina} design,

A series of experimants wus made wit the‘drum g&tes raiaedﬁ:y"n

in order to determine the action or the spillway under + esaucondi~~;"

tions and to see if it were pOBBiblB to obtai"better conditions'of'—Q”f“*“V“”

flow at low dlscharses by maans of adjuati‘ﬁ

Plate 85 view A shows the conditiuns:in the: pillway when"discbarg—;

ing 31,500 second-:reet with all tha 5ﬂtes at. their maximum elevation i

(1221.7). This 18 the cond1tion which it was estimated would be

reached by the peaﬁ of a flood eoual to the 1884 rlood if the flow ”
was dlstributed equully batween the two spillways.f'mhis is the 1arg—ji‘ 
a3t rlood of whlch there is a. umab¢a-record.‘ Vlews B‘anc c of Plate

85 show the arfect of difrerent gate levels at the iirrerent ends of

tha spillway. 1In view B the graatest part of the dlacharge came - rram T

the upatream gates. ‘The upstreem gate (No. 1) was entirely down




“ y

the api llway.

“the - upstraam gates.

aiternate'taath. This baftle is shovn on Platc 34 view A,‘and with

,

a diseharge of . 40 OOO second-reet on view B."The action o‘ thia buf-: ‘

fle 1is quite aimilar to. that having cloaer-spaced teeth. noth or ;: .ii -
theae barflea reaulted 1n the smoothing out of the water aurface in £

the channel but ofrered sama obstruction toithe flow.-i

Th ‘:‘:lmyrove-‘_l;“'__‘ SR

ment ‘was not believed to be surricientwto justiry the axpenaiva con—*;}l;:z‘

struction nacesaitated by tha barfle and thererore nune was u

aed in
the fina}l design.

.‘. Flow “th D_[‘Lun gatﬁﬂ Raiﬂed

tions and to see 11‘

1t were. posaibla to obtain. better condition of

flow at: low dlscharsea by means or*adj“

!

ing 31,500 second-faet with- 511 the gates’atsthuir maximum elevation

{1221.%). ‘This’ is the condition which 1t was estimated would be

reached by the paa

ofa flood oouﬂl to the 1884 rlood 1r the flow
%as dzatributed equully between the two spillways.

; This is tha 1arg--;'

est flood cf whic’x there ia k] usable record

Views B a.uc c oI‘ Plate

B5 show the- erfect oi‘ dirrerent gate levels at the du‘i’erent ends or

“In view B the greatest part of the dlscharge came Irum G

The upatream gute (Io. 1) was entirely down

7




A-DISCHARGE 31,500 SEC FT
ALL GATE CRESTS AT KL 12217

B-DISCHARGE IAA,OOO.SEC FT

CT-DISCHARGE 144,000 587 1
LARGEST FLOW FROM UPSTREAM GATES '

LARGEST FLOW FROM DOWNSTE 2nd GATE S

FLOW WITH DRUM GATES UP. SPILLWAY MODEL M-3



Gate 2 was one ;ourth up, gate‘s one-hnlf up, and gate 4 three- :i
fourths or 1ts rull hai@ht up-, The discharge wns 144,000 seccnd~*  

; reet which was. the greatest that wnul  rlo ;fer tb:: 3
crest under thesc conditiuns with a wuter 1evel a,_
flood linu, elavation 1~53. In view C the dischargo was largeat
over the downstream gates. Gata 4; the downatream gate nns en-_'hu.w
tirely down, gate 3 one—rourth up:'gate 2 ane;halr up, and gate l =
throe~fourtha up. Theae experimonta showed thnt at lnw dischargos ‘
inprovamept in:the_flbwfqbndiﬁiq§$3cquld}b6ﬂ5¢¢ur§djbyﬂhaving #Hég
greatogt flow ovor tho downatream‘end.of; 0 $j llway hut at 1argar ;  1  ‘iVﬁ
flowa the hpat results were obtained with greater'flowa over tha .

upstream oud of the creﬂtq This is becausﬂ forxsmall dischﬂrgea

the: depth of watar at tbe 1owar end ur the channel ?frelativuly ,3 } .

this pool. At lergor dlschargcs thc dcpths,,,f h

is therefore less.g‘“'"'
: The flow conuxtiona ror gates uniformly raised ono—fourth

of the wy up are shown on ‘Plates. 86 ami 87, In this case “the ture




PLATE 8¢

C-DISCHARGE 80.000 SEC FT

[
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FLOW WITH DRUM GATES ONE-QUARTER UP
SPILLWAY MODEL M-3

A-DISCHARGE 31,500 SEC FT




"€~V JI00W ><>>|_r:&m
dN HY3LBYND-3INO SILVO Ibm_o H1lim

NOILISNYHL TINNMNL NMOGQ ONINGOT

‘L4 °235 000'0S! IDUYHISIO-D ‘L3 '23S 000'0§! IOHYHOSIA-8 . ‘ o L4238 000021 IDYVYHISIG-V




bulenco in the channal :ls alightly groater than rar theﬁ‘ gatoa down

since tho water levsl in thn roaervoir ia‘_ihighar with tho gatea up

and therorcro thp drop botwaon tho ‘rescrvoir suri‘nco nnﬂ: ?tho watez- s
lcvel in- the channol ia greater, causinglmore energy‘t" ‘bo’ disni—._ “
patad in tho sidu c‘umnol !ma ther.zi‘orefimore\ tm-buloncn to he ixro;

duco d.

‘ Direction of Currenta 1:1 Side Chaxmel Spillway

Obanrvaticma ware maﬂa on the diroction or the cl:rrent in

Rei‘emncc to Air Content in thc channel

E:ctenaivo expcrimcnts ‘Wore m:de cm the H—S model to deter“_ TN

mine the air contant in tne ..ater pass.mg dom 't:ho side channel and :
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tion seution._ Plate 89, view B, showu the apparatus used tojdeter—_fi~?

minc the air content.; View C shova a set of monometer tubea used

tien. Detailed results or:these experiments are) iven i

part or this report ‘b:f

;;periments on l 100 Scale Model~wM-4<

A model on 1 lﬁO scala was constructed of the same shapel

‘as that on. the 1: 20 scale previoualy descrlhed,” ""'f?‘.;_
‘at Fort COllins labcratory with the S—A uranaition.F_”he prototype

' dimen51ona are given an Figure 1? In thls modelfthe transitian




C-DISCHARGE BO.000 SEC FT.
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B-DISCHARGE 40,000 SEC FT

FLOW 1M1
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'peafance.or comparaﬁle testswfar.éllwéaéé _where Pood photographs
are available are shown on Plates 9° to 94 1n"lusiva.“ﬁPlate 92,
views . and B, shows tre 0—4 and ~5 models uitnout barflaa and:‘
viewas C. and D show the appearanne w1th flows corresponding ‘o

200,000 second-feet The acti "ns are 1

in the case- of the largercmodel. CQm@arison of . model and prototype 1” o
' ~ on other. ‘structures where: avuiluble‘;¥~ B
results/alao ahﬂﬂ a slmilar relaticn, as there was mc
‘foam 1in the case of fhe‘prototype.
B The same models wlth curved upatream ends_an& denta ed‘

‘ e
baffles are shown on,Plates 93-A and B. Comparable‘views fcr_flons
of 200, COO second-feet aro shown on views c an D.; Theggeneral

agreement ‘in apnearance is close but there:is scma dif‘arence in

would dlffGT sonewhat in appearanne &l though the action in- ‘he

two Spillways m;gh* be ax&ctly simllar._ For thia reason the cam-; S R

parlson on Plate 93 glves an 1mpression or less axact agreement
than really exlsted. Cumparisons of the conditions ror flows .of:

16C, 000 and 120, OOO second Teet are shown on Plate 94. “The &greemont




A-FORT COLLINS 1:60 MODEL B~MONTROSE 1:20 MODEL
c-4 M-3

A SEC. FT ' O~ DISCHARGE 200,000 SEC
MODEL M-3

COMPARISCN OF FLOW CONDITIONS IN C-4 AND M-3 MODELS
NO BAFFLE IN CHANNEL




A-FORT COLLINS 160 MODEL B'MONTROSS ;420 MODEL
c-4 -

C -DISCHARGE 200,000 SEC FT D-DISLHARGE 200.000 SEC FT
MODEL C-4 MODEL M-3

COMPARISON OF FLOW CONDITIONS IN Cc-4 AND
M~-3 MODELS WITH DENTATED BAFFLE IN CHANNEL
R N e

P




A -DISCHARGE 160,000 SEC FT B-DISCHARGE {60,000 SEC. FT.
, MODEL C-4 - " MODEL M=-3

C-DISCHARGE 120,000 SEC. FT. D-DISCHARGE 120000 SEC. FT.
MODEL € -4 : MODEL M-3

COMI4RISON OF FLOW CONDITIONS IN C~4 AND
M-3 MODELS WITH DENTATED BAFFLE |IN CHANNEL




here‘ia.also-vbiy géod. _*t ia helieved that theae three plates ;jj7

'-ahow that vary aatiafactory agreament was aecurad botweon the re-,ff,ﬁ*
! similarity waa o

‘sults of these two modela. Vbry cloée alao ob-; e

tained with thc quantitative ccmparisOns af the 1' 00 l 60 and
1:20 scalo modala; aa will bahuhown 1n Buok 3 Visual ccmpariuon “;j'”
wag not posaiblo 1n the caae of th ‘lilOO mndel:on‘accoun ot 1

lack of satistactory photographs._3ﬁ,]if§:”5*:':'”

Tho Final”SPillway Daaign

As a result of the taats of the woir nappe shapes, and

.tha Tlow over varioua ogea shapes,[ﬂsscribud 1n Book 4 or thia re—f‘

“port a fory.or ogee croat wus dnveloped whichtparmitted a greater ;jfﬂi”k“

' flow over it than the fomma uaad on tha 0-4 and-u-a?rodels._ Thia

improved form wus incorporated in tha'

‘end of the apillwny weir waa considarably_reduced.

Gt model with tha No.~3 tranaition, wnich had a croas weir at al-; Ti'

evation 1145, 5h°Wed howevar that hetter rlow conditions wcre ob_.} 1'” g

taincd in the apillway chanrel and the tunnel than with a weir at f 5.V




~'eléiatidn ‘1140 ThiB wan a conaiderabla advantage a6 11; mndo tne'

o pulaating conditiona which ware exparianced with the ~l‘model still _""

lesa likely to occur in thn prototyvo. It was found that with the

.1mprovad creat form tha dlBCh&IGB would be practlcally the sama withf,{;-

the hi@hﬂr CTOBB neir aa with the former creatirarm and‘lower nBir-ffV"

Slightly lower levels wnuld be obtainad in the réservoir by ﬁsing A
both tha improved crest and lower weir a: o1 -
amall ‘that tha advantage ci‘ better flow gom: |

the croas wair at elavation 1145 waa adoPted The.efrect of the..
cbangea incorporatad in the final deaign wﬂs theréfcra an ‘mproved

cordition of flow. rather than an increaae 1n discharg' ¢épg¢;ty. '

Tests ‘on- Models of tho Final Design :
: ﬁxtensiVB tests wnre made on the mod'lél‘.
sign, Thase fall into two general classlfications; visuallteats‘
and quantitative teqts. The visual tests consisfed of‘_
l. Observatlon of the rlow cOnditlons with all gatés down and»w.
with gates partly and cumpletely raised_
_ 2;‘ Teats to determine the'b_at foxm o:,ﬁ:i_

piars on the crest

B TeSt Ur e device for imPTOVins flow conditlons atuthe up—~“r

stream and of the channel.

4, Tests to determine the beat oparating program for the geteai”g?.m“

during a rlood.




ous polrts on the crest, channel and transit on

results on the three models. -

4.

heasurementnof:ai;}cbnteﬁfﬂof:ﬁhbfﬁaferfflow;ngfihi%héfsiaé»-7"'

channel,

quual determnnatlon of 'flav conditlons were made on. all e

three Wodeln and camparisons of tha action of the various models

was ﬁadp Py means of photographa to determine“the reliability or

the p“ln"lplas of sirilitude.,L

" The overatlng vrogram wa _worked out principall‘ on tha

testa, howaver Were made cn the 1 2C moda:u

riers were made -on; hOUh 1 GO and l BC scales.

only »n tbe l 20 model

or the Quantitative taata the crest coefxlcient determi-jfu

nationa wera mnde on all threa modela and the obaervationa or prea-' 3




. sures on the crest, channel and transition we*e mﬁdewon"he l E

and 1:60 models. The. observations on the depth of "‘"1ow 1n the

was determined only on the l 20 nodel.. The rasults of th

* The rinal design 1 20 scale model i i?at fﬁa Méntroae 
laboratory was conatracted or galvanized5sh§;t 1ron over a wood
frame in a mﬂnner somewhat similar to that of the M—l and M—3
models prev1ouelj dascrlbed Advantage was taken;}however,hof
 the experienue gained on tha early Onés and the“rraming=was da- }

51gned somewhat dir;ﬂrently. A plan und vertlcal saction of'this

model is ShOWD Dn Fi"ura 26.ﬁfA_hross section of - thi model withf“he'**;”':IH

ad jacent tcpogra'ohy is shown:: : ‘3','  igure: 27.

was used to. p*event the water rrom paasing through the ap&ce heneathli
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PLATE ‘96

WITH SEMI-FINAL PIER DESIGN

WITH FINAL PIER -’.‘tSlGN

FINAL.DESIGN 1: 60 SPILLWAY MODEL C-5 1 .




MODEL RATIO

11100 MODEL RATIO

COMPARISON OF SPILLWAY MODELS, fINAL DESIGN
- LOOKING UPSTREAM




PLATE 98

120 MODEL RATIO

COMPARISON OF SPILLWAY MODELS FINAL DESIGN
LOOKING DOWNSTREAM




the top 01‘ tha gata.. Thi : model waa providad 1th indows in the 5

side. ch&nnel to observe tha ncm. It was painted vith a mry light

‘Tious positions. The' to;:ographj in rront of: the modo _,ma construct-:g e

the uppar view, Other viewa"of this .odel are 'shoxm on la
‘end 98, e | |

The 1; 100 modol was aleo constructed ‘or‘a@alvmuzed ;.ronl,
over a woodm: r‘rame. ‘

Great care wa.s Mken to aecm-a an accth-ato
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1120 MODEL =TI

.60 MODEL RATIO

11100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS' ON
SPILLWAY MODELS, FINAL DESIGN. LOOKING UPSTREAM
DISCHARGE. 200,000 SEC. F1
" THE DESIGN CAPACITY

PLLATE 99




PLATE 100

I'60  MODEL RATIC

11100 MQDEL RATIO

-..OMPARISON QF . RESULTS OF EXF‘ERIMENTS o :
SPILLWAY MODELS, FINAL DESIGN. LOQKING DOWNSTREAM

DJSCHARGE 200000 SEC FT'
THE DESIGN CAPACITY




‘reproduction in order that the results:of‘the three mudels would be*f ,{ﬁfuhT

comparable. No rates wers uaed on thia model and the craat was_:ff; f}fJ‘ 

shaped to renresedt the shape with the drun Gates down. Views:orn

this model are also shown on Plateu 97 and_90.-i‘””

perimented‘uﬁon J&S round to be surprisingly aimilar._ This 1s atrik—‘“'

1nply shown by nomnaring the phofcgraphs of the'flow in the three

models for the corresponding dlscharges and gﬂte settingb as:shoun ‘ij"  _

on Plates 97 to 112 1nc1451v». Plates 97 and 98 are camparable

‘views of the three models with no flow. Pdatessg and 100 show the
tnree modols h dlsnharges_ﬁorrespondin to 200 OOO second-raet
the former loorlq' upstrean and the latter downstrean.; A very cloeel} Q
ccrrespondencc 1n thc goneral feuturds*"‘  §ted Fand iﬁ most casse ::

'this extends to tHe dcuails or th E".rave"&lc'tuon a

particularl truu 1n Plato lOF us‘rhOWn by uhO cloqe cor*espondence .;:fi*f

betueen the wavo. action oclow'each of tho carrosponding gatos.;3?~~
The flo, condltzons‘in t*e ﬂhannol fof~d1°cnarsosi§f ’..gg:b

'“leo ,000 cogd_‘bpt dqd over':  l; :‘f ‘ ¥. ‘é;i‘

ir uhlch COPtOlJ -orns of floﬁwpreaféd;atélntérﬁa_;; rUnloss the

'photoz;rdpuu rcrc ta cn at the s&me, tage in tho rycl; thuy. ould

appear to 1ndicdv0 d1f“crunu flow ccndlticns, cvcn 1f the cond1t10ns1”:ﬂﬁ

considcrinh he uholc ﬂjclc wero exactly the same. Fbr this ruason




PLATE 101

L - DI E ‘ _ 1 20 MODEL RATIO

I B0 MODEL RATIO

100 MODEL RATIO

SP&?%PARISON OF RESULTS OF EXPERIMENTS ON
AY MODELS, FiNAL DESIGN. LOOKING UPSTREAM
CISCHARGE 160,000 SEC FT




PLATE 102

I 60 MODEL ARATIC L

100 MODEL RAT

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS, FINAL DESIGN. LOOKING UPSTREAM

DISCHARGE 180,000 SEC. FT.

ab




PLATE 103

1: 20 MODEL RATIO

Fi00 MODEL RATIO

Sr ' ' COMPARISON OF RESULTS OF EXPERIMENTS ON
SRS SPILLWAY MODELS.FINAL DESIGN. LOOKING UPSTREAM
. DiSCHARCGE 120000 SEC FT




PLATE 104

I 60 MODLL RATIO

100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS. FINAL DESIGN LOOKING DOWNSTREAM
DISCHARGE 120,000 SEC FT




PLATE 105

1: 20 MODEL RATIO

1:60 MODEL RATIO

11100 MOBEL RATIO

- COMPARISON OF R
SPILLWAY MODELS,F

ESULTS OF EXPEFIMENTS onN
INAL DESIGN. LOOKING UPSTREAM
DISCHARGE 80,000 SEC 1.




PLATE 106

1160 MQDEL RATIO

1100 MODEL RATIO

 COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS, FINAL DESIGN. LOOKING DOWNSTREAM

DISCHARGE 80,000 SEC. FT




PLATE 107

{:60 MODEL RATIO

1100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS, FINAL DESIGN. LLOOKING DOWNSTREAM

DISCHARGE 40,000 SEC. FT.
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ST

. | the aimilarity of flow mﬂy havaha\eﬁfé?b#Ehgﬁteiithénﬂindiggtgdfb§¥;_, xV?_ )

‘the photographs.‘iﬂWW;“

R o S ey g A

(“ - 40, ooo

e in ‘Taised positionsjfﬁ'

ror the h—S and C—o-mdde;ﬁ@sh§ﬁfthé3Saméfc16§dwccfidéandeﬁEdﬁﬁrﬂrlbw§7""

; _ 1 conditions._ Plate los showa the mOdel ROE . A

is very close, in: most cases extending to theumlnor wave forms,

. ‘ .':' It 13 belleved that 8 detailed study of the results or the

comparable Tuns on the three modele as shown by these phctoGraphs




o will damonstrate concluaively the'cloae‘similarity of’the action or

‘Cutheae models the smallast o;l

flargest Thia fact together 5  h b

'iby tho quﬂntitativa comparisons of ‘the rasults*obtained n hese

-spillways,'gs glven in Books43 an’

udy of tho ohapo of Downatream End ofHCres ﬁPiers “il 

' One of the valuable rosuxts of modnl teats is the check

- which they nive of thc perrormance of the details*of‘the atructurea “ﬂg5f

'5‘53 well as. of tne main reatures.{ When the M—S and Cr models of thaf"::

‘ffkspillway wcro fir3t~t0503d it was discovored that a: partial vncuum f;f

fg;;henind tho pier_throﬁgh'whlcu‘air could rlow to‘tha spaca be,auth

i, the nappe, from which air waa continually being carried auay by'the

' -fsoverflowing nater.3 This condition ia shown,for various gate opan-fw‘_,:,"*”'

%ﬁ?ixnga and flows on Plate 113._ The nater at tha ends or tho gnte




L

"GATES RAISED FULL hEIGHT
LAKE AT EL 1232

GATES RAISED ’A-DISCHARGE 90,00C SEC FT

GATES DOWN-DISCHARGE 200,000 SEC FT

CONDITION AT DOWNSTREAM END OF GATE PIERS
"ORIGINAL DESIGN M-5 MGDEL



ness, This reaulted 1n an oi’fset at the 5downs e:‘

parallal aides of the pier. Several camhination of:radii and

extension of puxallel sides '.r'or

of them arc . shown on Plate .'L14'\

from the tc:p of the pior. ‘ mth an extonsion of 'the .parallnl sides.

thia u01nt. It sho rs 8

duce thc e:rtenaion to a minimum, in order to raduce the volume- ur

concrote in. the piers. An cxtenaion oi‘ 1.33 feet and a decraase

of pior radius or 1.0 reet trere Iinally adopted. : his shnpa closely

approximtea that shorm on view A,




Ha

A-PARALLEL SIDLS EXTENDED 1.5 FT
CYLINDER RADIUS (/3 FIER TRICKNESS-i.0 FT)

B~PARALLEL SIDES EXTENDED 2.0 FT
CYLINDER RADIUS (Y PIER THICKNESS-10 FT)

o, C~PARALLEL SIDES EXTENDED 1. FT.
CYLINDER RADIUS (Y2 PIER THICKNESS -1.5 FT.)

CONDITION AT DOWNSTREAM END OF GATE PIERS
SIDES EXTENDED,CYLINDER RADIUS DECREASED




Bafi‘le ‘at Lppor End or""crmnno

form for this purposea '
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Emc'r or CROBS wxm IN cnmm.
At the conclusion, of’ thquperiments_”on; 'the "zo?s-msaéf to

' ‘detarmine the diacharge"coefficien of ‘the sp‘illway cTest without he" i

""‘proximatvly 12 i‘t._ ‘I‘hc improvomon 1

. mado '.:i.th~r*.,':tos,at va'riou_

.:oro;a.. fol.‘l.ows- (1) L.‘L‘L g,atns movin(_z, nt ho samo rat‘

" No. . .3 c»‘capt using lO ft. drop instcc‘d of 5 ‘I‘t., _u.nd (5) :somo miscol:-

lancous ordcrc. B

.0f . thec 0 . L cvonty-fivc pror,r-ms, thrca mcm ncnrly equally

docirn ble, *nd uaroe sulocted” ror I‘urthcr c.at 1lod utudy. In progrc.;n.
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oqually ac ir*blc that it -.:r

_Prog:ram C 1*1 Wth]" all thc gatcu.

ed ror adomlon largcly bccauso of simplicity.j‘{:_ "

dluchal"‘C 'ut T ovc;r-'the splll‘mys oi‘ tho Bouldor‘-;])':m




BLATE 117

AL DISCHARGE BOOGO Sl FT

By S ARGE

GATE OPERATING PROGRAM-A
GATES | AND 4 ARE 5 FT ABOVE GATES 2 AND 3
LOOKING UPSTREAM




SECFT

C-DISCHARGE 1607200 550 FT

GATE QPERATING PROGRAM -A
GATES | AND 4 ARE 5 FT. ABOVE GATES 2 AND 3
LOOKING DOWNSTREAM




A-DISCHARGE 80,000 SEC.FT.

B-DISCHARGE 120000 SEC.FT

C~DISCHARGE #60,000 SEC.FT,

GATE OPERATING PROGRAM-B
UPSTREAM GATE 5FT ABOVE GATES 2,3 AND 4
LOOKING UPSTREAM




A- DISCHARGE B0,000 SEC.FT.

C-DISCHARGE 160,000 SEC.FT.

GATE OPERATING PROGRAM- B
UPSTREAM GATE 5 FT ABOVE GATES 2,3 AND 4
LOOKING DOWNSTREAM




C=DISCHARCE 150,000 5LC FT

ADOPTED GaATE
Al GATES A°

ot




C-DISCHARGE

160,000 sgc 1




