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Subjeots Hydraulio model studies far. ‘the design of the pm.w
' ‘and :antomatio lpillny gataa at Hao:ni:!alm
I-Gh P!‘Djﬁﬂtc i ‘

- mmwcmv ’i

‘easbern Uuh‘. npprumboly 82 mih,a north’ of the twmof ,Duohnn- y
Utah, and-abowt 76 miles east and :slightly ‘south 'of ‘Salt la :
Ttahe  The projsot (figure 1) was construoted to pros Yo
for storage .of the :surplus’ water in'the West *ka to be distribube
+to the irrigahdftrmhuls dmmtmm ontho ‘Iake Forl :and’ on the
Duchesne R:l.ver. : D O

The Moon Ia.ko D!un. conatruohd a.'b th. lmr end
Moon Lakw, ‘A8 ‘an earth-{ill dam. ‘The' mﬁnm hoighb th
the river: hod A8 wbout §0. r«t. ‘The ‘orest I‘n;th ‘s npprf Amhly
1,120 feets The inoresss in the ltango oapacuar .of ‘Moon Lake 18
80,000 aore~-feets The apiliwmy for ‘the’ ‘passage of t_lo_od muters has
esxtimted maximm £low: of 10.000 ucmﬂ-rut with the reserveir at
elevation 8137.0. L . & o

‘watars ws' m:lnintuu by & spray pool (ﬂgm SD): , the downatry

of the tumel. The model studiss made to. dewelop" that pnrb';ouhr
.design were .desoribed in teohnisal’ “memorandue llo. 437, "Hyds s
Modad Bxporimnta far ‘the Desigu.g ==zlbon Inh‘ SpAllwmy, " by J. Ne

_ : & i8 NOTY DOOT IO mfa:uzi “An the twnan."_ ,
for the aiﬂc-o!uml upillm. : l'hia donlo:-nt mda 11: muuy




B WCastlegste -
- Stengardvi N pHenilworth i

afield .

- Rains -

< L:Enf iansl,

R|

COLORAD O

DEFARTMENT OF THRE INTERIDA
AURIAY OF RICLAMATION
MOON LAKE PROJECT-UTAM

MOEGN LAKE DAM
LOCATION MAP




A -<ﬂ—>'8 3 3% 33 hegh-
ey - 1‘—7 ¥ *;w*{ v -ﬂrw ""-',_“ v x v pressure gotes. -
eIl onny - 4 & Gote : 2
- Sto 2+8593- Spi!lwa) . s '..‘s Chamber ‘ T T e T e @ higega gy B Sy e
._,5r Tinne: s RTStr 840097-Oulies tutnel; - & b - T
. *,Z' 50””%",’ . - -; _...:J._,:_- S ,_...:,r: :_‘.Et::‘ R L ..‘; ‘r ,
i & 2 . - ® T EN R -.‘r~wf.- T T S, o T g v T .'
5 ) ':m 9 5 23’3"":‘;’:““"‘{%" " LR T LT .3}3 OE‘;“A.H.'&, gz ,..-—n._ - T, ROCk f""p 05

i :ref

. M“-‘L—ﬂ-p e »h,.,z.:a:‘.-.
o . b HL & U%

L T
Pl ar g
Gt Lty

. \‘-x B

Rubble concrete paving gs_
directed. Werp fof i stcpe .

et e L

7 N g T
Vo P s::mu-w*‘ g
- i x
‘..\ oo
=1 £
o - Rt
3 =T — il
! T =
=3 Lﬂ"m’ (E1.8109. 71 £1 810832 .51 g1 : ik
A L - e e e { %y : :
N i e IN
N ; - Rt conc et i P e i T
Trashrack ondintake structure 3 orous cancrele o e droing /U NG L gt : smu.t_wn.v mscuAnez crs
S , " s i Ot gl i S { ‘
H.H 2% 3 Bn R g =%
! : i al Sa it S e
Brwersed =& & & & o &3

£1.804550.

~de 323X 33 hight
pressure, qofos )

-J{:gL

EL 8149.00

2 Gf‘ouf 38
-£ as d.'regf.cd

"~

]

g
" A

e

£

11
.;..:...:.;.:........-...'-..--..v..-—-...,;.._..;.33:'.
._so*- .,.!.(,‘.-...sot "'""r H .
} I




PLAN 1

C. VIEW LOOKING UPSTREAM THROUGH
PORTAL OF CHUTE




prepars new plans, An Open=channel 's"pillmy;- cmtrollad’by"twoizé-'by'_ o :

16«foot automatic radial pgates was: dosigned to he ‘looated ‘on the west

end of the dam. The new design (figure 4) Ancluded ‘a conorete, rectan ¢ -

gular chammel terminating in a churke with d ivorgin g;‘_iﬁl.l's?Fnd,"»ﬂ..f’seul'hg{,--~ : e
af i

poole The total difference in head betwsen ‘the reservoir surfao
elovation 8137.0 and the tailwater is "gppr’p:_ci._mtg’i]y‘f;os feat, -
The results prooured. rr.om'_the,'stiidi"éé‘,'o‘if"‘}théwiﬁbdél~ of ‘the open~

channel spillway are prgaantegl-hix_i.t}}j.:s"i.mmoralz;gl;.:::q,:

¢e Automtic spillway-gate: dasiy s The Hoon lake futom tio spille.
way gates are of the redisl type, 24 f,ae‘b"'f1011{;“.;.31"1'4_:;;1]._6}"f_:_E"_e."e_it'I’hig_l';f,‘ e
sigred to maintain by float control. a:."-_::';'l.jﬁot‘iballfﬁ&bnata.’r;t_}ff’p_sarvu'irj
‘water-surface elsvation for all disoharges through the gate. ' .To ‘de= -
tormine the sige of "the_rloat:‘a:ad‘i=t_he"j{'blei‘qder5=f;'£rom.zi:t;he‘-:ji'lqe\", > walls,
the problem was studled in: an hydraulic models The results are ‘daw:
soribed in sections 22 o 27, irclusive, Ll e

o iboratory squipment and porsomol. The siudies on the molel
of the open=charngl spi way wore made in ‘1936 in the -Denver hydraulic
laboratory of the Bureau of - Reclamtion, at that ‘tim . loocatad ‘in the -

basemant of the 0ld Cuatemhousse, 16th and - Araphhos sireots, Denver, '
Colorado, by F. L, Pamzlo, dJunior ‘Engineer, umer ‘the “dirdct super-
vision of J. B. Drisko, Assistant Engineer, ssisted by Ho' Moo
Assistant Enzimser, in. charge of constructian, ‘The .studies: were -

out under the direotion of Jy E. Warnook, Research Engineer. . -

The studies on ﬁhe,;‘nutor::tic"spillwa;iyvgate_; mwdol wers made in tha
mew Denver hydraulic laboratory. of the ‘Bureau of ;Reclamation ‘inthe
basement of the Customhouss, 19th and ‘Stout Streeta, ‘Denver, Colorado,
in 1957, by V. L. Sirester, Assiistent Enginger, under the ‘dirsotion: -
of J. E. Warnook, Research Bnginesr, = . 0 oo oot

Results and: édxulﬁéiaiﬁ;'éf'.:o n-ohan.nolnillwax l-ra'mi'liasu':sl _‘
The preliminary studies of the . L of "the opan=-chamnel spillway .
produced the followlng regultay” o T OETRTR

(1) The flow in the approach.and the -orest seotion end through: =
the superalsvated spiral ourve was satisfactory, but the £low Aramge
diately downstreem from the radial gates was too near oritioal. o
depth bolng such that a slight disturbense to the flow or.a small
inerecse in the disoharpe above the maximm would cause the ferme-

tlap: of an hydraulis jump whieh would interfere with the full aperas -
tlon of radlal-orest gates with the oouni_;ﬁarbahnmg.ﬁr Sl

{2) The preseures over the orest were positiva féf-nﬂll die- '
charges, and a coeffioient of disohargze of 3,27 was measured for ths
maxlemm discharge of 10,000 sgoond=fset, '
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L (5) Indiaatlcns ware thnt the ang;lu af diwrg,unoo oi‘ tno 2:1
chuta appmnhing thu stilling pou}: oould ba .‘u:oruuud. S _

(4) Tho Btilling«-pool flocr. loontod a.'b nhntion 8007.0 jg--ns
'boo h.tgh to allow:a- aatiafc,otow diuipltim. of ‘energy, wuch as: ;
prevent: exoessive -goour of - the “river bed, with'a . tailwateriof less

~.nthan elevation’ 8028.0 for the mximm”deaigud duohl.rge of 10,000
uomd-i‘eot. e ‘

(5) iTha- llopu of the' exoavation. in the stresn bed: 'domm-m
from the ntill:l.ng ‘pocl was not atabla: with tho.tmimm dinchu-ga jz
and its corroapmding milvmtar _ ; T o _

In the riml donign studicd on ths modul, tha aloye .‘.n thc
'!ranaition damsh-nm from the: radin.l gates. waa inorcuud o make R
the! £low mare su.bh :gninlt tha fmﬁm of nn hydraulio anp in S AR
'hhntudbinn. I, s e

v Difrorent anghn oi‘ d:!.wrsamq in the 2:1 ohuta 'ﬂm bolbod, And Sl
4t wap resommended . that’ the: angle be.inoreassd from @9 BTV t0 89" sz' S
from the. unt-r li.m. MB moomm-ndntian 'lu no’a moaphd, fo:r e j
ntmohartl nanm. SEERREEA : -

B:luu 'lho prnbabh nngo of mlnur nc dmbﬁ‘ul:'duo 0 _
ahnngo of yiver sontrol: bslow: tho dam, " two: poltiblo TRORS ‘wrp
+studied dn conhmetian: With the s imam: dho!mm ‘of . 10,0500,.,ncoud-
“feat, n range fran elsvation’ BO23.0 to. 802840, :and a rangs from -
elevation 8026,0 to 8028,0, In the Tirst onse, the: atinhs-pool
Tloor wee " loonttd ot olmt:lon 8002403- An the. laﬁm- ogoe o b s
elsvation 8005.0, In gither cese a stapped: tm withia hcighh oi‘

2,6 foot was . placed wt: the: toe of 211 ‘glope,  and.s: n\odlf!.td Rehboek
911l was plaeed iwith ' 113 upstrsam cd;zc 45 foot dmatr-m mm
toe of the Bl -lop-. S T

It is huhwd that the slopus of: th. l!.du of: tha nmw.hd
area, in ‘the stream bed domnstrsem from.the. ‘atl1ling pool, should
have besn devreased from:l-1/2:l to 211 to inoreass the- ‘atability -
with the nz.‘.m unﬂoipnhd dhulm-gc oi‘ 10.000 moad-tnt- B

Eamlts and - ncnoluuiom uf autmth 1. ‘.
A tlu'b-eon d ga ‘ '
uurocumoo oonbrol. "To dnign sueh a. gu'h. m mthods Hre lﬁil-
~ables (1) use of a: sonried-model,: ard: (2) solution of " the-two siml-
tangous . ammm equatdons, glvan: in seetion 25 . Fhers an hy-
draulie: labermtory 1s. available, ‘the medel. study is more satigfactury
twn-an-analytiesl - ahﬂy, od: Lor the. emount of infermmtion to be
gained, muah. oheaper, The mnalytisal msthod is. very-siow. It
mmﬂyhhl one amn 0 weeks, @ more, to- compute the setion
of ﬂnpnrwmnumdnmd. This -same flocd, . o any other
nood.,ny be _observed in a ghort tims when a Mdcl is amilabla,




The following general oonclusiom DAy be dravms

(1) Other facters rounining uonﬂtant the aenﬂitivity of the el
gate varies: ._ ‘

(a) inversely a.s the"flda'b-'mll areé‘, A
(b) directly as the longth of intaka wnir. -¢ 1y;3
(¢) inversely as the frm‘aion, g e e
(d) directly as the a.rso. of bléedar cponing, ‘umd o

(=) inversely es the volumo cn“ the pina betwaan the :.ntnko
structure and the weir, R : ,

(2) Wind waves will tend 1:.0 oha.ngo tha oontrollsd ole*ntiop nf
reservoirs This tendsney oan be effectively " roduoad by appropriata S
damping between the reservoir and the woir, A pipe with cunsidorublo:i_.,}' SR
volume (eege 100 feet of 1B-inch pipe) will provide lutiafaotq:y}‘_;; e
damping due to 1nertiu. of m’ber in ‘bhn pipo. Vj‘;k ,

Sensitivity of & g;ato rafurs to its quickmas of rosponse to E
ochanges of reservoir elevation.‘ Ir 8 gate is too aonsitivu it r.!.ll _ ;j P
hunt. If not sensitive ‘enough the reaamir w.tar surfloe will not
be controllad within s narruw range. EER RIS AR SRR

FLOW CONDITIO}IS IN GAIE CONTROL SE!uTIDN CHANHEL AND CHUTE

8. Desi
a sorle ratio of .

and construction of the s‘ 1.11"
160 (frontispiece and fipurs

model, The nodel to
J was: deeign-d using i
the informetion cantained in figure 4 as submitted’ by the design . a0
department, It was construoted of lumber au! li.md vrlf.h galnnizodl LT
iron for smoothness and mtertxghmnu. 2 i

-‘“1 TR
for the excess of frictiomal resigstance over that in the prctotype . Lol
as assumed acoarding to the lawa of hydraulic ainili*uda. Buhuqueut
studies of the flow sonditions in ‘the trsnsiticn below the gute 880~
tion indiceted the neoessity of a correction for the 0X0888 frice
tional losses so s to obtain welooltiss in the modol oampnru‘bla bo
veloocitieB at the same pointl in the prototypa.

9. Correotion for exoess rrictiaml resis . Whon thl -
model was first operated, ax hydrsuiic m ?omﬁ % the trunsition
below the radial getes, which was not indiosted by the hilraulis
ocomputations in the prototype design. This Juwzp in the model was
stable at the maximum discharge of 10,000 second-fest and extended

up to the dowmstresn erd of the gate pisr, Az the flow wes dsorsased

As orig;imlly buil'b ‘thers was no n.llmmo md- in tho
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Cthe .'JumP mved down: ths ohannel tmd t‘imlly diaappamd atias point

,*‘:_150 g”t darngtraqm t‘ram ’d'm _"-‘*p:ler, wi't:h a flow of 9y 370 suoond-feat.‘

ith this oondition pravnlen'b 11: wna considared ‘-advisablo'zto,
Aoorx-act'lﬂte modsl f'or the exoees. cf: I‘ricticnal losses" to; ohtain the T
"‘looi.aoa. The thaary and oomputatiOn to: datepnine the An~

e flat slopos. ‘For the steeper slouu a8 18 TR R
- oarrection’ is: appliud by lawering tho pool ‘floor *bha neoosur-y a.zmunt._
o Thet method: :ma.kos 1t poseible to preserve the -angle of divergense -~ .
o iin the chute, The : langth of': chute is. oi‘ nacosaity, imraasad ,but
- \»_g}l'caxa arror 1s vory mll. e T 2 ‘

SRR A Tho slope of 'bhe splral chn.nnal waa oorreoted for omes frie-
. e tional lossss: ‘to mn.ka the flow therein: dym.mioally aimiln.r, but S
o oor'reuﬂon B8 mnde :Ln the superalavation through the“ '

‘ 10. Flm ;Ln tramitim bolow gntos. W-lth t’me model.
- for excess fristion end: dynamioa.lly similar: wlooity ‘conditions -
o 'astablishad, tes'ba ‘were:made to determins  the. ‘discharge. quantiw
et which the. hydnulio Jump would form in‘the transition below the

- 'gates This critical point was found to be with'a: diuoharge oquiv-‘
~alent to-11,130 seoond-feet: in’the prototype end’ the ‘reservoir at

elevation’ 8138 «07« "With that stage .of.flow, the *Jump-would not.
oocour of its own ecoord, but a slight’ disturbanse ‘would ocause: 1t ‘to
form. - Onee formed, it would: stebilize at a point 6. to 10; feet
‘downstrean from the end of . the pler,. but ‘aould- ba: diaruvted by ,
- 8light impatus: with the hand. Thiﬂ conditian is: 111ustrated ‘.Ln
figures 6 and 7. E L SR

"With flows of greater mgnitude, ‘t'.ha ;jump wR.8 varv stable with'
- the front of the roller at the downstream tip of ‘the gnto, ag’in
figure T3. ¥With o flow of 10,160 second-feet, a. standing wave
could be formed, as shown in figure 6C, while with fiowa of less
. than 10,000 second-feat, a jump oould not be. fomad artifiocially
(figure 6D).




the :]ump moved down 'bha nha.nnal and fim.lly disappoared n'l: e point b
150 feat downstream i‘rum *lhe plar, wu.th 8 flm of 3'1’0 saoondwfeat.‘

With +this condition prevalent it was eonsidared a&vusable to
correct the model for the- ex0ess of i‘rictmnal 1ossoa to obtein: tha

oorrect velooitiess ' The ‘thaory and ocomputation to determine the ime: '

orease of the model alope over ﬂu'b in tha prototypo is disousaodf o
leter. o

It mas uoncludad, from thin nu well a8 D'ther slmihr amdios.

that in models of open channels where the flow conditioms-are’ do‘her-
mined by frictional losses, a correction should be made‘j;j:q allm""'for,: e

the excess of friotlonal resistance. Thie’ ia espaoiallly?;ﬁle ous
in flat elopes, &8 in the trensition in this modele - As tha. sl'o U
inoreesss, the effect aof gravity innreases, end it 'is belisved '}nt

the oarrection is rot as impartants For esse in. consirmtion, o
ocorrsction is usually mpplied to the- points of chanse in the - oase

of flat slopss. TFor the steepsr slopes &6 in the 2:1 chu*be the
oarrection 1s applied by lowering the pool £loor: the, nooessa.ry ammt.
Thet mgthod mekes 1t posasible to preaerva the: angle of - divargen.oo ;
in the chute. The length of chute :l.s, oi‘ neoeasity, imraasod but
-khearrorisverymall._~< ‘ L :

The slope of the sp:u-al cha.nnal wag oorraoted i‘or oxoosa frio- e 3

tional losses to make the flow thersin. dyna.m:l.cally aimi.ta.r. ‘but
ne correstion wes made in the auperolamtion th-rough e spiral
ourve because the dip of the water surfece S.n ‘that aoctirm is a.

funstion of the mean. velooity, tha radius, a.nd the i‘oroe of gravit'ya .‘ S

10, Flcw in transition below g;ates. With ﬂm model comc‘bed
for excess frictlon end dynamically similar valooity conditiome .
established, testa were made to determins the. discharge qunntiw v
at wirich the hydreulis jump would form in the transition ‘below - the
gate. This eritical point was found to be with a discharge’ oquiv- " i
alemt to 11,130 second-feet in the protctyoe and " 'bhe reservoir” at
elevation 8138.07a With that stage of flow, the - Jromp, would: not '
occour of 1ts awn aeccord, but e- al:xght dia*bur‘mmo muld causa 11: to i
farm. Onoe formsd, it would stabilize at a point 6 .to 10 feet
downstresm from the end of the pler, but oould be disrupted: by

s8light impetus with the hand. -~ Thie conditim. is 111ustrated i.n
figures 6 ond 7, : P

With flows of groaher m@itude, the - jump wes vsrv atable w.tth‘ ‘
the front of the roller at the downstream tip of the gnto. mE in -
flgure 78e With a flow of 10,150 second-feet, & standing wave
could be formed, as shown in figure 6C, while withflows of less
then 10,000 saoond-faet, a jump could not be formed artificimlly
(figure 6D).




as DISCHALGE 11,130 SECOND=-FEET
JWP, IF PORMED, IS STABLE

. DISCHARGE 11,300 SECOND=-FEET
JIZP CAN NOT BE MMOVED

C. DISCHAKGE 10,150 SECOND-F=uT
STANDING WAVE CAN BE FOiM=D

Je DISCHARUGE 8,030 SUCONDwiSaP
JIP CAn WOT BY AOHED

e THeaoooH TaaCITION BELOY GAT -
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To insure agmingt any posa:.hlla.ty oi‘unhydraulic ,jump fnrm«
g in the transition, the radius of “the vertioal’ wa.lls -on each ms _‘
inoreased fram 1,200 to 1,500 feet and the 04033 '8lope ‘of the "t Y
bottom vms corr‘-mmd 60 feet farther dcnmstro-.m before :
the 0,008 slope thrcuz;h the Bplrﬂhd Beeti.on.

Gate cragt oal:.bra ion. and
bration ourve of tha
Parod by relating 4 ,
V=notoh weir to the nea.d men.aured on':
Theao values were converted to proto
=™ 50, by the lams of sm:.litude

where Q and q are the prototypa nnd modal d n
prototype and model hsl.da, and L and 1 ¢ the :
lineer dimenaicms. N e _

The relation between the head on' the crest (prototyps).
and the diacharge in second-feet 18 shawn on figuro or d1scharg
a8 large es 17,400 seaoni-»feat. o ot

The vari?tion of the ooefficlent of disoht.rg. c':’-.?in

tilon ¢ » CIHS/2

8.

with the head on tha: or-at isl-al

Tha dimensicnleas ooefriczant G, 4n the
related to Froude's mmbez- ‘F, is: nhown in’ "1gura
number was ohbei.nod uaing tha equat‘lon

& = aculmtion dm to g-avity

The dimensioniegs. cosfficlent in terms of the d}.smgi
ooefficiont mey alsc be exuruud ' LT

S
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Plezomatsrs were. _nsta.lled in the crost to asuro ‘bh.e prou-
sures with different. diache.rgos ap . to the mxim.m for ‘the purpose
of loeating any uxiasirable negative praamzren. “The’ praasm'ua'
measursd are plottad cn figuro 9. ‘A1l prasnures wern positiw.. o

12, Angle aof divergeme in the ohu‘bo : Although thp flolr
conditions in the original design:of the sieep ohuts wers utiafnc- e
tory, studiss were: made" to deternine the’ ‘effaot of different: angles f
of divergence, since. an inorease ir the engle of divergance ‘would .
allow the use of & shorter length of ohute in whioh ‘to permit ‘the
spreading of the Jet. Visual obsemﬁ.ona nd - muurumcnta of - thn
water-surfaos profiles served as oriteria: in: determining the affeot- S
iveness of each trial. The uater-mrfaoo meuurmntﬂ_% /Are:shown .- LT
in figure 10. The greater depth. ‘of 'water. on the 1left:aide as ocm-
vared to that on the right 18 dus to - 1:ho apirahd ohumal of -; .
approach to the chute. The indisations. ‘are-that the: I.ong'bh of tb f A
diverging chute could have been reduced to :30: Ainohen:: ‘orian: anglo
. of 82 32t without mterially affao'bing ths mditionn ir tha s
atilling pool, i -

ofiles in channals - Durizg_%;i:he courae - ‘
of the test progran, profiles end sectims .of the water lurfaoo SRR
. were msasured through the antire length: iQf: ths ohunnol. qw:l.'bh £lows
of 5,885 snd 10,050 aaooud-foet (figurdj: Yo o _

13, ?later-sszaée }

FLOW OQNDITIOHS IN BTIILDJG POOL A.I\TD sm BED

original design of the stil “pool-was. hor zonbtl nt alent:\.on?
BOO7 and was €€ feut in- longth from its: Junotion with the :8lape . of :
the chute. The top of the side'walls-was st elewation 8040 and tha
wells wore parallel to the center -line of the pool and 75 fnat

aparte Tho walls extended downstrean : 10 a.podnt 6 -Leet - upstrem RV
from the end of the floar. Vo sille or other appurtonamos were B

included.

The original design (figuro wn) was duplioatod in the modol , ,

Y but with the riprap omitted. When the model was. .operated, 1t | e .
. was found that the 1-1/211 slopes in the sand bed were not mvl.. .

The materlial in the alopee mhod into the -center of the pool in . L
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very short tims, mking :Lt d.iffioult 'bo obts.in oomparntive results

~“in"the:socur: which: might oocur “4n‘the -bottom o £ the: ‘pool: imnodiatoly

~domstream’ from ‘thespron, -The 1-1/211 51lopes wore temporerily - .
'.atabil:lzed by the use ‘of wooden slopes, ‘a8’ shown 1n fig;ures;?;aB{ ‘

consecutive 15—mi:nute runs Tmsra mada to detemine thevtctnl 4 "

lang;th of ‘time ‘necessary:to: obtai:; B 1; biJ._ized condition”."
period of 45 minutes was determined as: gatisfactory, and Bubsequant_].";
~scour tests ‘Were. mde usin;_; ‘that period f itdme e P

,crosa-aeotion of tha templa‘ba ms that C
" beoams ev:.dan’c that: thia WRE R f ‘ontrol, mki.ng“
‘necessary” to remw it. The mini.nnx.'; tal mterf'obtaina.bla,

| -.wheraa.s the expoci-.ed tallwater in ‘the rototypa
',‘imately alovatitm 8028 .0 (figure 14)

In tha prelim_nun’ ﬁes s, 5 :
.aprons and sllls were tried. “ oo reaults of 'tmo typioal-; cunbina— B
-tions which were Tairly: satisrao*hory ‘ars:shown in’ figures 138 knnd SRS
"G, amd 16B and’ C. flhe data:lls ‘ofthe staps e Ant
:"'figure 16. : 1

W8 mly acoured an: amount surfinient to allow *Lh' '.E‘-ormati.on or u
~bottom roller, 'As bad been: ﬂotarminod An simih :modem P the '
5 dentabad step at tha hottom of the a'ohut sl'o 5

'_"Jets a.x:d ORUSES vc‘-am ‘bo impingo .ofthe.

" hydraulie  jump’ in the . pool nsar. the oen‘ber of the mu. 0 5 SRR
-additien, there is a’ certain. amount - of , 1088 0f enargy by ‘the 1m-
- pingement of the - ;}ata from cmo elavati.on a.ga:lnst thou of tha

lower: elmtion. L : ,

In ‘bhis series of toats '!:he ‘best poait:lon for & a111 m RRRSETER
.found .to be 45 feet downstreanm from.the “Junotion of: the : ‘chute ‘and
the pools Tho lsast scour in the- riﬂr ‘bed and the . least dis- -
-turbance in the pool-oocurred whan: using elther a’ ‘Rehbock 8411

2,8 feet high (D) or-a triangular:8ill 2.5 fest ‘high with the
vertical faoe ‘downstresn (Bj). The Rehbock sill would have besn
Preforebls, beoause of its bettar a.oticm, for the 1owar range of
t‘il'lﬁﬁl'. .




Figure 13,

B, ORIGINAL APRON WITH

C. DISCHABGE 10,234 SBCOND-FEET
TAILWATER ELEVATION 8032,0

B, APRON WITE STEP () AND P. DISCHARGE 9,986 SUSAND-~FEE?
SILL Iy AT 45=-F00T POINT TAILUATER ELEVATION 6032.0

G. APA0N WITH STEP O AND H, DISCHARGE 10,076 SEOGMND-FEET
SILL By AT 45~-FO0T POLNT TAILWATER ELE/ATION 8032.0

SCOUR AND ACTION OF POOL
ORIGINAL BED
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Sinoe 1t was beligved that the.river bed, whi .
besn assumed ws a omtrol, would nét. be, parmanant,

. beyond the Pool wma:lowersd to slevetiam B : ;

wes eld constant throughout a1l '

15.  Orizinel deaign of etil:
moft sultabls previcusly Gllowed the hydruar
Strean with the tallweter st slevatian 8026
10,000 seoond=roct, The ohange An the -
Shown by Geliled and GeMl-2 1n figure

wator at o!gﬁtiqnj 8028,0
pofat, T

_ With tha srrangament asin 6-ML-2; he - JUED: mow
domstrean as the “taddenter was' lowered watil’ :
the jump ceesed to form and the shest of water.
ly on the s111, ¢ condition which was unsutis

ron the pool floar-at elevation 6007.0 wan'at a. potat
downs esn from the juictim of the -olute snd’ the  pog

positiow of the aill either dssrensed the sffe

3 tallwator as low as slewati
Tho first method was %o lsng
- floor at slewmtian 8007,

. of 66 fost asd lower the: po
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teeth was more ef.‘:[‘autive in dissipaﬁ.ng ‘tha u“crsm of nter flowing
over it. _ N o

During the course of this aeri.s of tusu, il Dl- D1 "
Dz, D2, and D3 wore tried at. pointn 4B, 778, and 60 feet dm— : SRRSO
stream from the Junotion of the. slopo with the- i"loor of *hha pool. et e

With the teilwater at ¢levaticn BO28.0 and the 3111 at the

45-f00: 'point, the best pool sotion end least soour was obiained wi'th )

‘the 540 foot ocombinetion Rehbook #ill (10-Kl~1l, figure 18) albhough
the results using the 2,8-foot 8111 '(10~Ml~8, figure 18) were oom-
perable end practically as good, With the ‘aill at the- ‘sams point -
and the teilwater lowered to elewation 802540, ‘the hest pocl: l.ution
was shown using the 5.8=foot’ oombinn.tion Rahhook 8111 (10-1!1:-2
figure 19), while the least scour was obtained using lithor the. D],
ar Dz aill (10WMI~2 or 12), so that for alleround -ssults the fomr
wes preferable. When that sill- was' movcd. out’ to’the BO-foot point
(10-M~3), the scour was materielly inoreased and. tha jum.p i‘-.‘l.lad tn
form utist‘aatorily within the stllling bnnin- , ‘ .

Thus far in the tests a rnthnr conrase matari_a]_ (mum 1. ﬁs““

20) has been used to represent the stream bed. Thim material had boan
used only:as e basis of comparison with no-attempt to dnpliufa the
prototype materiale A firer ‘material mld have. been -oarried cnﬁrcls
away in the earlier tuta. ‘As-the pool was i.mpmcd a- refinnmt oi‘
the design was finally reaahod where 1ittle erosion was shown in the
particular materiel in uss. At that point e finsr material (ourve. 2
figure 20) was substituted and additional  exporiments wers made on
the arrangement of aprom and -elll; ‘ihiuh“'previoualy ‘had been found’ to L
be setisfactory. The results with differemt elewatims (figure 21) or
the talbvater indicated that with the pool. fluor st elmticn 8007.0
satisfactory eonditions could not be obt;ainnd with the 'tailln.tcr at :
less then elewvation 8028,0, . The . longthaning of the pool did not ip~" ‘
orease its effeotimeu. o .

17. Depth of Eool immnd. Thn leoond poui’bility _of i.n-
croasing the effectivensss o “sti1ling pool was to lowsr the:.
floor so ar t0 inocrezse the dnp‘ﬂ'x of tailwater in which the jump

sould forme The original rectanguier pool was -installed with the B

floor lowered to elevetion 8007,0., The effooti:nmu ‘of ~the dm*x:bod
step was slightly inareased by roduo:l.ng ‘the width of bubh ‘hho teeth -
end the spacing (Cg, figurv; 16). A combinstion eill, Dg , was. used
similar to D] . Preliminery runs made using the wooden §ides in the
tal lrace indiSn.'had minimm scour in Che river bed immedistely down-
etream fran the apron. The finer material (owrwe 2, figure 20) and
a variation of the teilwater from elewation 8025.0 to 8028 «0 was

used in these tests.
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18, Stebility of stream bed. - 8ince a.more or less absolute - -°
value hed . his time been obtained in the scour in the river bed, .
the wooden sides ware removed so that the .atability of  the ‘gide
slopes might be studisd during a flood.. 'Tests were made using' = =
slopes of 1~1/2:1, 2:1, and 3:’1"'cmred:.'witl:i_fatipmp{&oédc‘p;:d&ing bo o
curve 4, figure 20. - L R e B T T

With the 1~1/2:1 slope there was .#a‘ry‘fl,i{'ﬁtlre,”t'rpub}lr.‘iinf.t]';a;b‘o"tjb'_omf. U
of the river bed for ranges of talilwater fromi8020,0 t0:8025,0 dut.
the side whirls at the end of the ,__pqc'yl‘“‘.dld]:agédh:‘,;pmketa of ‘material . .. .
in the bank on the left side, By decreasing the ‘side slopss to 2iL, -
the whirl was eliminated and nothing ‘was gained ;‘iin«:}l’deo;x_-'e*ajging*?.tha‘_'f';"..._=" for
slope to 3tle The results of tests.made using ithe 2s1/slopes:are -~ .
shown in figure 21, : EREE e : T ST

18« Final recommsnded desi ".',':‘.‘Tha_‘f\_i.m‘lf;,‘r‘scmndé‘tﬂiqiiajﬂfﬁrff“-‘_']_ R
the pool design (figuwres 22 and 23) had .the vool 'floor:at ‘elewvation = - -
800240, the dentated step (g at the tos of tha -8loping.chute and. -~ = . BRI
the combination Rehboak sill D3 ,_45,i‘ee'!_:::'dma‘mm.;'froin"i;tlrg'i':§:i_nt§ré_» SRCRIES
seotion of the sloping chute.and the pool floors The .sides of the - o
riprapped pool were placed o0 8. 2t1 8lope ‘and’the riprap ‘sxtended =

75 feet downstream from the end of the -pools . The :scour. in the river . .

bed, with this arrangement, is shown 'in fizure ‘24, 'The minimm

recommnded tailwater is elevation 8023.0. -

20, Final sdopted design.  In ‘the design of the stilling p

which wes fimlly edopted, the pool floor:was;placed at elavmti

8005,0 instead of elevation 8002,0, as recommsnded. ‘This change

was mde for structural ressons. ‘With the :pool floor at.elevatien
800540, the nd.r.:i.mnn_natiqfucto;y;_,ta_ilio,’_tu"t-'.};.wil_l{.‘pe‘;_olavg‘tion?'BQZS.i ).

or a 2-foot range below the ',e;poo"bbd-:"ba_i-lmbpzj.,:.at;y_].‘eygtimﬁfa(?as

for a maximmm discharge of 10,000 second-feets = - ST

In the final adopted design ths slope ‘in ‘the ‘transition below -
the gaves was slightly inoreased (£igurs 25) 8o a3 to avoid.any
possibllity of em hydraulioc jump forming An the seotion which-would
interferes with the oownterbalances on the -radial gates. ‘Mo change
was made in the flaring chute, as suggested in the studies on that -
subjeot, ' g D e e

21, Studles of buokmt pool. A, series of tests was mde to
determine :Em.'e%dpsiubility of using a pool of -the buoket type, par- @
tioularly to handle the possible large rangs of tailwater. Buokets - -
with radii of 10, 15, and 20 feet were tried at elevations 798740, -
799642, mnd 799543, respootively, (figure 26). The results.are
shown on figwres 27 and 28, ' IR S
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effective weigit of the float ‘whon helf Bu'mnerged m be_oon=.
sidora.bly deﬂreaaed o oause movement of ‘bhe_;f;ate upward, and iho— |

movenernt of watsr surfa.ca in thn i’loa.t chambe
to the float charmbers frcrn thn raservoir vrln' ‘
1t must first £low over 6 weir and then inboiihe : ' Diacharge
into ths float chambars: 1ncrea.uea with ala'm ian o_f water urface An’
the regervoir, and is ‘2ero when elevnt:.on oi“‘ ' tor
ag, or loss ‘thaxn, alevation - of tha weir. ,‘1': : E

Draine or blesders in tha battom af the i‘loat ohambers permit o
continuous discharge from the chambers when. they contain’ watar_.».p Vihen
the ressrvolir elevation is the sazme .as tho - .olewntian of welr ¢ est il
no weter is admitted to ithe float’ chambar-s and . the bleedurs m.ll dre.i‘
the float chambers; henove the gate will olose "’"‘onpletely. “hen ithe -
elewation of reservoir is such m+t. disuharge aver;the ‘weir eqw.la
bleeder discharge with.float chambers: £121ed, ‘the gate will: ‘open. -
completely. For reservoir levels betwaen the "abo.i f oondi‘bicmn g
the gato will be mintaimd 1n any 1ntemdia‘ce' 0 in.an holdine; tha'
raservoir leval const:mb R L R

23. Theory of f;ate control. TIt ia’vossible +o focmpu'he «-opera— ‘
tion of the gate for any Eiven flood, prmded:_- :

(1) Coeffictents of gata d:.scharge a.ud bleeder yatem ar .mmm, o w

(2) Friotion. oi' the gate syntem oan ba olos«sl e

{3) Backnatar ‘on the bleeder ou*blet J.s knowng_for various. gabe
opanings., _ L :

The two diffarential *eqﬁa Ons cmtrolling the aystem are:.
{1) .idt-dit+Ard\Y
{2) Qupdt = Qyadt + Ap ,dx--

vherain:

Q) = discharge imbo reservoir = Fy f\:)

Qs = discharge through g';a?és" - Fp (x, ¥)

- y = elevation of reservoir « Fz (&) .



X « gate opening; also heigtt o
. ommbers =R ()

t = timm

Q= dischrgs over weir =Egily) . L
Qb = discharge m-ogghfb__i'.gfi@1~.-,_.."._f:r"1.f.,“;',-‘;;(",_;)j.‘ i
Ap = ,arua.of,r‘lqn‘t_'olxn_;gberﬂa“:_‘;; -F R

Thers is no gensral method ‘of solving ‘the two simul bansous. - -
differential equations. To compute gate operation Py(8) is. agsumed;
¥20 T5o Fgo Fy, axd Py are exiressad in algebraio farm . initiel con-
aft1one ave assumsd; nd Fa and Fy are.somputed. This:computation
can bs rade by approxcimate ‘methods, or:by. mumrical” integration

. " In peneral the precess is tedious,’ nd  breaks 'in the pro g8

mst be made for-ohanges ‘in directlon of motion ‘of ‘the gate. Any . =
desired accuracy may be cbtained by the mmerioal:solubien, bt the.
answer will be no betier than the assumsd cosfflclenta s | :

 24e Model comstruotiom and opersition.
of the gate, & soaie:of 13 wme selepted ‘Lo
discharge through ons of the :prototype 24-
second=fests The selected soale redused m
A foot-.which:m‘.app:q:d.mtoly-‘f.ﬂxfof-f*gﬁﬁaj;@j ;
pumps  The model, which comprised: half -of the
was zade of  galvanised ‘iron end.steel, -with _
and approaches of ‘wood. The ccunterwelght was:a 2
on both ends, “snd Loaded with merewry (figure 33). In:

float chambors:were ‘installed for both ‘gates. This

inteke box {or the ‘float chanbers to ‘be anhddomd

bleeder system was.also ‘inatalled for two)gates (figm

show the gate in place).

, During the first runs o the origimal design; the gate agtion .- . :

- - was extremsly poor. ;;E&",:mu"fﬁ‘mmifilf’h"":éﬂ“'i@nibfﬁ*h“i et o
» was intermittents It would open slightly, -0lose, ‘than :openiagain, ' ,

) somswhat more ‘the second  time and:stay open.a:few seconds. T T

. ‘would then.olose .and the procedurs ‘would ibe - repeated ‘agiine Swoh . oo %

sotion would not: ooour with the prototyps, as “the reservoir oould SR
‘not be lowsred so rapidly, ol e T T
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Figure 33.

i VIEW CF GATE MODEL.
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The forsbey for the gate, whioh was the ratlng flme of the

laboratory, was B feet wide mud 140 feet lang, or mbout 1,100 1

wguare fast in arem, If the forebay were to soale, the surfaoe

ares would have bean 114,980 square feet. Honos 1t was shout me S
poreent of its scaled sizos To improwe this sondition, much that

the gate would opermte sore nearly lilks the prototype, & shisld

with & vertical cict in the center was installed immsdiately upe = . .

atremn from the ga%e as shown in figures 34 and 86, The slot ex-

Yending from top to Bottom of the gate was equal to 1/24th the width = =

of the gate section. With this arrangement the effective forabay

in & zcale ratioc of 1:12 for the autmmtlo parbe of the gabte, such

as inbeks, weirs, floats, float chasbers, and bleeder system. The

forebay was, howewer, to e soale of 1426«  This alteration affected
the actim of the gate in changing the elsvetion of ‘resgrvoir with
raspooct o the weir orest, and in-ohanging the ‘emownt of ‘beokwanter
over the bleeder cutlet, = Without the. shield, the wabter purfece

in the forebay fluctuated greatly with gate movement, ‘With the - i

t

dhield in place the drawdoWn around the imbaks box was the sems order
of magnitude as in the’ prototyps. -The lack of ‘backwater over ‘the R A

blesder resulted in somewhat groater blesder discharges, ‘ab this v
pipss -

could be ramedied by throttling the valve m the end of the blseder

Ideal operation of an automatio ga'bomuld require t}mt gate o

discharge equal inflow into the reservoir at all timps. Thig would .

migtain the reservoir et ons ;éleva'ti'on‘.‘- Aa. g‘ptga;:':rqp,"mtj‘_a;_g?_ﬁ;a"
gate aopening is a funotion of ‘reservoir ‘elevation and timy, The

reservoir water surface mst -than rise above the ‘walr crest to.opsn

the gate. Theoretically, tha gete oould be made ‘to openwide for .
any arbitrary rise in reservoir by adjus ting the. wel |
snd bleeder cutlats. It would be ‘impractical for the gate to operate
on e very small change inréser%toir,slev;tjhim;“aguwini'_ ‘could pile -
watar up in the downstream end of the reservoir amd ouse tho -ga

to open, when actually the average elevation .of the mgmirhad L
not changeds In gate operation it 1s important that waves not opan =

In the nodsl operation water was introduced into the upstresm

end of the forebay at.a constant rate. Behavior of the gate was then

obgerved as it mdjusted 1tself to the inflow.. The inflow was then ~ -

changed mxd subsequent adjustments of the pate cbsarved. With the -
shield in place the originnl desipgn opereted satisfactorily when
there wore .no-waves on the forebsy. With waves on the forebay the
digoharge over the skimming weir in the intake box was moh greater,
Hence the gate overtravelled and the reservoir level waa drawn down
below the lewel at which it should have ‘been eontrolled. It was

therefore neocessary to apply damping betwsen the reservoir and ths

tha site of intake wolr Sl




UPSTRIAN VIEW ©F GATE MCDEL WITH SHIELD IN PLACE.
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the junction of the thru e-moh bhodgr ps,pu with m, s.g_m,h m‘h-» PR

let pipe was not knowns A uu.rch of  the 111:@;@:\ on junotim

2 o -
Josses showed that 4% oould be talen frem 008 Jo_ o0 8.0 ;g_. wh-u_,,:__‘;

25 ‘
Vg repssents tho mogn nleciw An: th out:lrb ‘plpes ﬂooffialont
ocurves obtuined from the nndel are thmln in d:lmaionleu gnph-
(Ligure 7). _ ‘

REN WS

COMPENEATION PR DISPCRTIONATE FRIC TIORAL mszsm f L L

OPEN cmmm:. ETDRAULIC- IOMLB

38, Hoanui . gor moﬂ.om Hy&nulm muloll are. om— |
struoted for purpou mting on o small ssale the - .
operating charsoterietlcs of proposed large scals’ mmhﬁma.

The informatian gemerally sought insludes such date relatiw . 'bhn ‘

protetyps as depth of water; location, sise, and perl.odia!.ty of -
weves] velooitisss snd pressures. e primary purpess of a wdol
1s to provife a meaxs of prads.uﬂ.ng soouru'hly thou pﬂtowpo
propertiss. ' . ST

In the usual lpilhny mdd., 11: u d“u-.d thM-. ﬂu flw “hﬂu

be as nesrly gemmtrieally rimiisr to that of the ototyps as

possible. The flow lines should follow geametrically similar: pai&u i

mmhlldmhwplothutﬂwdupﬁsdﬂwm'ﬁn ‘size and -

position of #he hydraulls jump axnd other standing waves ss well as :_

the hydrosietic pressurss and welceities of the prototiype can bo
‘caloulated, Swh gecmetrical similarity: toplies sixpls sosle
relations acoording to-whioh a1l siguificent dimengions of the

prototype . atmehan and. rlw lhould ho unmgp.m 1n th. mdtl. o

In prectionl hbm-bwy m&hi emstmcﬁon, 1t is rehti:nly
simple to obtein geomstilon] similarity. of the structure unless
well rougimess or wall texture 18 cmsidered as o gomltrl.etl o
propertys The foroes arising from the effeets of gravity - Mpsat,,
pressurs, centrifugsl farcs - are oonsls with the lmur scals, -
in nooordmc w!.‘hh Froudo rohﬂmihip _gu_ .- omhnt Kmvnr. e

the forges Iﬂsinz traa tht n-hm- of th- 'd:ow.l friotion .
within the flull or betmen the fluid and the boundaries are not
reduosd with the secils scotrdifng to the suw relatiomship. Cone
sequatikly, unless sane sooount is talern of this discrepancy, the
flow patterns in the modsl ‘emmmot be sald to anticipate truly
those of tha pro*homoo

In n epillwy modél, the visoous forees my bs influenced
by the six resistance at the surface, the wall resisbence whioh




is affeoted by the texture of the wall, and the viscosity of the .
fluid which is affected by the temperature and oonstituency.l,2

1Hydre.ulio liodels, Manusls of :Enginéq'ri‘r“zg_?réotiég}',‘ 110.25, Amr:.ca.n

Soolety of Clvil Engineers, pe 9e -

2Russell, Gearge A., Hydreulics, 5th sdition, 1981, pp. 91 to 99.

The resistance of' the alr, on'ths other hand, is thoupght to be ©
very different in the model from that in. the prototypes: Indiecations ' ...
are that because of the lower model velocitles, air-resistance in . R
the modele iz ocontiderably lass':them_'tha‘-_a;ppré'p:idté,-'b"q.‘luegl’.g_lf_l-‘l'klis‘ff'
tends to produce higher velooities at the b_ottpmf’c’:i_‘_-’mbdel,f'd!iutb‘a}{‘a’._zid

spillwoys than would ba in @occord with consistent similitude re-

letions. Direotly opposed to this influence ]‘i‘s.llthat:_of;_‘ﬁq.ll_ff‘x‘ja_ﬁisb-::?'-', -

ance, which in the model is usually higher ‘than appropriate, and’
which, therefors, tends to produce lower th
velooitles. o ‘

Of the two factors, air resistance, end wall registarcs, |

n oonsistent .pool . . i

which do not vary properly with the geometrios soale, only the wa.ll

resistance is subject to even epproximate enalysis in open chapnel .

work by present methods, " Whether oampense tion for the one feotor =

la adviseble in view of the imdequate information conperning the o

6-"eotes of the others is a matter .of muich disoussione .

An exeminetion of figure 388 will show that it ir impossible to
have geometrically similer flow in model and. prototrpe even ifia.

correction is applied by modifying the slope, _ t &1
of prototype chexmel OABC is rotated domnward about the point 0

uppose the seotion o

to the position ODEF. Then OABC = ODEF, and OA = OD, but when the . =
two depths are converted into pr.'_‘e_‘ssm'._ef_}_hé;gdffplgf-#l?-lm"."3 Likewise, .~ .-

the depths CB = FZ ot section 2 mre equal, but the pressure heads

which acoording to convention are represented vertiocal ly are dif= -

ferente The greater the original slops of the channel and. ‘the
larger the correction slope in the model, the greater will be the =

deviatlon in the two pressure heads et sestion 2. . Another error,

which though small ard usually neglected in mild slopes, is the = =

slent length of reach Lg. It would appear that to be ocrrect,.
section 2 should be moved upstream to sectim 2A for the model
(figure 38B), Ordinarily, this refinement ie not necessery,

1 In the case of ateep slopes - 0.5 or greater - variables enter
the problem which are not so readily understood, There is no proof,
for instence, that the channel friction continues to be propor-
tional to the squere of the velocity, Acocording to Harris,¥ "It is

3darris, C. W,, Hydrasulios, John Wiley and Sons, p. 114

quite possible, In open channels, for thy friction head to incroase
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(2). Eoglut tlu a1opa oormum in stesp chutes Wi ol
lenity approaches or is greater +mn 50 feet per sesond {prototype
a3 the model no lomger: similates the mfptotypn n

: uonditi.on. ‘With higher: voloo!.tin. tln‘“

8 lu-gl fua*bcr of- ui'u’qy. e

in opln ohnnmll !.l
Ihanciunoomtlnt ‘on the
‘-twrugc v-loonw. R th- h}'drlulia rld_l.'
lmm as tho Bhuy frrmh

'l!u va.'lua of c lna boon deteminad ‘by-

and those values ‘are presentsd in tabular or disgran formin m
stavdard taxthooks 6 on hydra.ulics. Th. two darintionl wet

TXing, Horsoe w., B‘nndbook of Hydmlica""
355—2830 T

fEruger, We P.. m Jmtin. Jo-l
Do 1R2e. - ﬁ‘: :

Booboyg a.nd ttherl ahow dia.g:'m !ihioh ocuui.' erably ai.mpllry. |

: ?s_oobey, Fred C», Flow of Water in Irrigltien 'ma smnr.c:mn-, PR
U.S. Deprbmnt af‘ Agr.tmlture, 1939 p. 86. o o

S A muoh aimpler oquatim for ¢ ia tat ot l.hnn.lngvhioh !.l -




 Russelld ang Kingsoompl the
Both ¢

formilas were. dsrivedes
tained from canals and rivers. in
than thoss _inlﬁateap'?ohﬁtt!;' ‘
et nelthior formula yields
high-veldoity rangess -

Olmtim. el —Laan
factors fixad by design oo
xove m:tuu_lly]qqhsiiﬁnﬁ»my
\ .frie;entvnuldr-r--‘u[_ltj};in;éi‘h :
- elevation, Wity these quantities
whether the velo itiss and depths or
eelected atilling pool are within.
is cne of b ; losses, v

hydraulio dita for the p

for' model ‘snalysis will be {

voir alonﬁ.ds--fixa_d, the elewation of:
ssction can be dete d by

. Using o value of € of 5.27 for the ¢
- and using 48 feet as the sff

t 0lovetion 8157,0 and -

rest was located at =

Spillway orest infioates that

Little is kmown of spillway antrsmoe loasel _lﬁéo?au‘u.f:bf,:tho R
somplioated m.ture of the flows.: It ia ocustomary thersforg to f

downs trean Trom: the orest. - -



start the calsalation oitlar with & rough uﬂnﬂb of. M‘.
down to some ptntion just below ths orest or with 4 il
estimte of tho poziticn and =magnitwds of e w&um m

The positdian of thie oritlenl ssedien gem lv& ‘ "
computing the value of ths oritical depth, Tup am&t X' 4
oritical secticn for parallel fiow arg o

T
then Qed (g)ﬁ d’W ‘

Buabstituting and solvine

Fron hydremschanios 1% is knewn that o dla triby m i
sure in a crosg-seotion of a moviry Fiudd wiil 8hay the v
leor and will be affestod only by gravily chen £flor coawd _
the fluid filements have no ascelaratiss ocmpanents $n 4o H
the crows scotiom. Mrywumnts of this tyoe are known &k M '
flow, Lw requirements of which are &a mnmu

The flaw ihrough the control ssotiem 39 thy m»ma
(figure 59) desc not eatisfy the comiltiany of FRraiiel m»m
agmuah as it 45 modified by e curved ohas@sie &wm e £
gravity that acts in perallel flov is mofdftad ey
forog of the comvex curvilinear surfasy of tha &m%’ W
the miniwmm pogalble comiont of SRETLY GoTPY :
disoharge if oot equel to the miam@mrw 5 _
fiows Blngs $his typs of flow 15 A1efioult 4o maimm _
inacoursoy of thlc oures iz 1imdded w@ o ﬁ&ﬁ;‘@ @W% '
face curw, the or..lcal costicn was dotermined v
flowe With the edditicmnl sssumptics thet tha botad i'am&
to friotdon, he, down to tho eritiond seoticn is neplSsiiler
olevation of 4w cnergy gredient Yiva a g wm& m%m
bs
EPL‘, ;30 wvzi L ﬁﬁ L4 {?}

thon dg = 13,06 foot {opamuming vas ﬁgw}

and by ogmetion § v, = (gﬁgw < 18,88 fesd por spewd
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From this aoutim on dom ’che ohu'b
. tha successive solution of aquation 6 a
onomm‘borod on the nlopa. At a.ny sta

1683, Eo benams Eb' t‘ha olmtion Of tl’; L
alovation e:E’ the. reuervuir mber mfa.oo,

On rbeep 8lopes, tho hydroab.tio p:resmo hend at any par
dspth :l.u a oosa uhoro a 18" the"’a.nglc/ :

‘lu AT 5
" method far long, ooz:tinuwc uloyu ia *bo aam
orersnt bobnen matium cf sm oom'enie 1‘m_

A°°°rdins to Kingb, N noouruy in- ol.louln'hing hhg- e, he

that this 'uloo:l’ay dif,ferenoo ‘#tould not. be. ‘greater than 'bout_
~two feet per second. If viw ummﬁ, d b-oo”

fram d = q/v, and hr s.nd may

Lge
_nhuto

' Tha dtemto mthod ll'hieh il mom gmrtlly 1pplicuble.
partioulerly to ohnnmls with frequant breaks in slope, is -
- 8eleot ua arbitrary reach based cm couvanient stations whioh fixes

Zy-ond Lge A depth 1s assumed and v and he esxeulat-d. nuttnpf_ v

. ‘ﬁo ty ct 'Bhe asaumpti:m is ohnolnad by aolving oquut!.on 7. m:
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vcoeffioitut G. '."hm
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wh:loh i th.o omdition to be utisﬁad. -
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at this point l.nd ﬂu oom:ponding vnlm[or z” v, ;,‘

~ Tevorded on that ling of the tabla. . A alope: for ‘hha

8, iz then: ulumd ror l'bt!:inn 6+29.3
dmnlie rl\diua, : '

: '7“'3021!:
u.srns 'lriﬁ: tha oumpm:cd valus. ~the ‘80 v X
‘wo do not” agres, o new valus is usumd Ilnd tho pmoosn PaDe
wtil o agresment is’ ranolad.- Th...s 'nlua of th.a inshutnmou B
slops of the hsdmue 5 301u
teble 1, The inst gmd.tg
6428.35 wre then averaged and this
lﬂaaglﬂ'anﬂ:tlhpinth ‘oomputat § ‘:
asmrmd depth of . flw at ltation 6+29,35

Mtiplying ‘bha
nmt length of section ,
for this sestim of ulmte af
shown diugrumﬂonlly in figura 393.
15 was shosen arhit"ar:lly ag it .‘..a
ssotiom due to this’ diﬂmrbn.ma.
-ob

‘ gradhnt et ntatim 6+20

!r- hydmulia e:mowmiosifor ,

ruohu of tha chute are each eomputed indivi
teirn

thus the depth mnd. 'n’ou'tw ar‘ﬂ.urviu '

: th- spinnyc

T LAl ceses
tha eonlo uﬁ.o, :

_ nmaury o immu the clopﬁ of “the chnnml rlom-, 1.,,
model (ﬁgm 38) to ob'baia proportiml voloniths und d'

m&pl and - protot-ypg. S




Sinte ths rroblem i e of sarresting the K2
of the charmel in the modal %o siwe hydraalies vonds Cens:

those in tho probotyps, aqutian 1 oddsg Mm mm A
(squetion 3) can be wribizmn ‘ S

Uning the subseript m to &aﬁgain m
nete prototype terms, the waiie Lelween m mw
slope §,, and thet of the wototyps Qw

squation 11 san bw writben
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! d Yo dupli~
oate depths and wlnoitiol 1n tha protaty'pa :La Hm Hf or K fc

length of reach L. (figur- 38B). The. oomputaticm"“‘ for_:'fﬁhis oorreotion

are shown in tebls 2, Columns 2 to 7, inolusivo, obnatltu _59;-@@0%_, S

values whioh were obtained fram tnblo
- strate the method used in obimining &
channel rlonr ‘by rolmhea in tl'n modal.

n e

P ,
oolum 9 omatituto tha nroduot of ’chm rsnpective va.luos 4n oolt
6 and 8. Valuas listed in columm 10 Trapresent the _-’friaticn ‘108
the model expreesed in ‘terms of the protatype and was’ '

the product of the valuse: in colums 4 and 5," The adﬁiticnnl frictian;

loss in the model, omused by the faot thet the surfaoe roughness in:

modsl and prototype are not to.seals, is obtained from tha- ;lirrerenuit"‘:«‘=:‘~"

between the values in columne 10 snd 7 snd thess differs ‘ 2
1isted in column 1l. Colwm 12 is n]i'-explanatory. mlues.

in colwmn 15 represent.ths oorrected drop:for the: mdel-(moum
downward from the orest) for the various stations 1isted ‘amd oon-
stitube the sum of the ruapectlw values in- colum: 5 and’ 12. “From
these values and: the stationing, the modal wan' oomtruotod. t.-olum

- 14 represants the drop in the ‘chemnel floor ‘between: ahtimq and
.columm 15 .gives the eorreuted elopes of this: floor fer. tha"mo:hl.
The mnount of oorreotion monury at the. doumatna.m eud af: *ch. ohubo
computed in this manner is.6.35 feet (expressed in’ proto*!:ypu)

0106 feet in the model construutod on 8 soale of 1 W 60,0

in the moclel were oompu‘had from messurements of. ‘the’ cros -_-uet'ion and
the discharge. The average depth of each crcse section was' detier- .

mined by  polut gage and the discharpe was méasured over the laborse -

tory Venotch weir. A comparison of the messured model volooitiol RERE

(expressed in prototype) with the computed prototyps velooitles SR

is ahcmn for a number of mtiom 1n hblo 3
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The muwod nlooitus tllmn hsi‘oro 'tho model ms oorreotod :
px0ess friotion (oolum 2) »/8Fe ‘gompared mth the . munaured -
‘nloeitiu ‘obtained ‘after ‘the correction s A
- the aomputcﬁ pruto‘bypn wlooitiu‘#(uolum

. The: ngrn-mnt botnon tha pm\totyp'o 1 1¢ ‘ v

fron the msasurements of - ‘the ‘model with: atoorruotod lope a.ndtho
 prototype velocities ‘as computed using Cheey's’ Tormula with . =

either Kuttar's or lhnns.ng'a formlu. ‘doeg:not; ‘maan - the

will7yisld earreot: Tresults tua i

discussed, Meming snd’ K

from lmlooiw data,.

‘valooity date ean be: obtumd thon

able and muwt be used: konp:lng 1n

disoussed in- this uution. R




