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PREFAGE

.~ The idea of appl,ying t.he theory oi‘ auperelevstion to
ourved spillways was suggested by Raymond A. Hill, (Consulting
Enginser, Quinton, Code and Hill - Leeds and Barmard, Los
Angeles, California. 'This idea was suggested by hin while re-
tained by the ‘Salt River Valley Water-Users Assoclation of .
Arizona in the capaciiy of Consulting Ehgineer on designs made .
by the Bureau 01' Raclmmt.ion.

To date s gix designs oi‘ curved and supereleva:bed spill-
yay channele have ‘been prepared in the apillway section, division
‘of dams, of the Bureau of Reclamation under the direction of :
D. 0. McConaughy, ‘Senior Enginesr, and under the supervision of - - -
K. B. Keener, Senior Enginaer. ‘Particular cradit. is due Do Ao
Dedel, Engineer, D. V. C. Birrell, Associate Engineer, €. J,
Hoffman, Associate Engineer, and 4. W. Garnell, Junior mgineer,
‘who severally contributed much to the davalopmant of the desiyl
theory. : : _

. The modela of the Bart,lat.t a.nd Vauacito api].l.waya de- :
‘scribed in this memorandum were .designed -and tested, and the v
.data analywzed ‘in ‘the hydraulic laboratory of the Bureau of Recla~
‘mation by the writer under the- direction of J. E. Warnock, - '
Engineer in charge of ‘the laboratory, All laboratories are -
under the supervision of Arthur Ruettgers, Senior Engineer,. a.ndw o
R. F. Blanks, Engineer. .41l design .work 1s under the supervision
of J. % Savage, ‘Chief Dasigning Engineer, and all work of the -
Bureau of Reclamation-is directed by R. F. Walter, Chief Ehgu.neort
The activities of the Buresu of Reclamtion are d:!rected by
:John C.: Page, Commisaioner. . ‘ ‘

' All the mterial, text, data., equations, figu.reu, 11-
lustre.tions, etc., :are the propert-y .of the Bureau of Reclamation
and may not be reproduced 1n whole .or any part without the .
written pemission or the Bureau of Reclama.t:.on. Lo
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Subjecu The flow of wnter in curvud and superelev&tad channels at both
: subcritical and supercritical velocities. .

1. General Theogx and Develonnent of Formﬁlas.':This dis;

cussion of” the flow in open channels, curved in plan and superele—
vated in cross section, is divided into three parts. The {irst deals

with flow .2t subcritical wvelocities in channels with parallel gides;
the second concerns flow at supercritical velocities in chamnels of
parallel sides; and the third ‘concerns flow in. tapering channels at
supercritical velocities. R

. In these developments, conslderation of the effect of friction
will be first omitted then later added.. i

The assumptions made are-_,

1. The anergy gradient across any section normal to the center :
line is horizontal. ) : ‘ : :

2. gThe discharge per foot of channel width 1s constantn_j“
l The symbols used - 1n thiq discussion are delined as follows‘ﬂ_”

: valocity.. .
: velocity head, ' ‘ ‘ '
- radius measured from center of curvature to the poinx e
considered. . . - S : : R
the ‘hydrostatic preasure._ - S e L “
the discharge per foot of channel width. B e
= elevation of any ‘particile abova the daium plane.
the weight per unit :volume ‘of.the ‘fluid,. R :
- ‘the -angle that the tangent Lo’ the water surrace makea _
" with the horizontal., . SR : e
g = the. acceleration of pravity.
C, By 02, ang - 33 are constanta.~,_

" n‘gA
"y

@ E Rrog
wonann

From the first aasumntion it is obvious that

- ;E_ T Y constanm.‘ (Sae rigura l)
.-23 W _




In ‘any horiscmtal plane & 4is sonstant, so
-%:—-4--%-' . Qonsﬁﬁtaf'
Differentisting with respoct to ¥, .
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'::"Then,
o hra- 01 o o- . .':o bi; t;" ;'-'; ;- cae d .:o'b'o po.on .o oo o uuo- e e .(2) ‘
leing 'l:he log oi‘ both aides,

105 h + 2*105 r _ log cl_;.‘._ Ll

| ,mrforantntmg, R

j.'l‘herorara.
Froan the seoond wswmption x:lt fullm that .
q’f-av-ﬂ(lud)v-dov-rcz

' But from eqmi‘vic'n (1). , 

e

‘~‘;';-‘ﬁ"- cs i secensee oﬁc‘o‘ svases . q- .r -“u . -‘-'b - .enum ﬁ;.'nai.L.O' --(4) T

ixqmtion (8): my be- dori.vod also frozn 8 frao-bw amlyais of &
;particle; .and :then. 1qmtions (1) tnd (2) my be obtained i‘rom :
uf‘oqmtiem (S). o ‘ ‘ ‘ SRR

2. Bubcritiml Flmvr. ‘.l'he application uf tho abava »thoo:y
and - mticzm to: : lgn -0 "8 .obannel - :in -whieh the fleur ia bolcw
-oritieal . ﬂvolouity ny be ﬂluatntod :ln m mmpls. e

5



N Spoeiﬁeutim of c!mmelz

EWi.dﬂl ef: cmj- q....lﬂ..al...‘l.".OO‘.‘UbO. 50 fﬂ’to e
*Rl.di'at Of conter 11119 o.coo-l--nu-uoa-.oooi 150 f“t.r .
ﬁupth cf -ember on:. conter: line at:aeotiom . SR
conaidorod .O&.t'.'l..'llu‘.t"!li.l.n.'.' 5 fﬂﬂt. o

‘V@loeity ot gentser ‘1ine jof : soction e ‘

. :sonsidered’ .oo.ootoacou---.-on-npatool-..0 “4 ‘ft. 5950
Eﬁsrgy mdion’b ‘t amtian ommidbred .ot-- 100 zfm. :

Griti.oal dopth u.ndor ‘thaao conditiona 13 2.52 !'wt. The

, ;elm of the: oomputatians are: arra.ngod Antabular form:and - aypur DA
4nitable I, In'thias:exmmple, ‘aemputations ‘are made at five points, .

“inoludingthe" .sertter ‘1ine, "butin- u:ldor ohumalu 11: n;lght rbo advia- L
l:able '!:G inclu&o ‘MOTE points. o ‘ . L o

Suporolmtion Gmputntians for Suboritical Flnrw

B 1Insides _Eaﬁ.e tﬁenter: ﬁntsido r:OutsHo -
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whore S e .
Yo véloolty at: écﬁtexﬁfim;-
_ r° - ndiuu At oenter nne,
@y e depth ut eentar lina.

TI‘bem NO. 4 is obtained frmn oquation (4).- I

S

ro g

S e In item No. 9. the suporelmtion ie the distmoe that
ATy point onthe:channel ;floor:lsabave (plus) or: be].ow (minus)
“the* flnor olmtion at vthe oenter lina. = :

Figure 27 shmm 'bhe mrber aurface and cha.nnel I‘J.oor plot:tad -

~iine gofréct relation 4o ~each- other.- It is interesting to note :that

‘the ‘superelevation oocurs .on the:inside. of :the ‘ourve, which’ ,is:the

- ;reverse:of ‘the condition: obtalnsd, a8 wiil be :shown, -when ;the ‘flow:

- soceurs-at:a:velocity above ithat of coritical, : Tho:theory ‘An the: ﬂ.bOFQ" :
- design: has: not been varified.in: the hbora.‘cory, Inithe: experimental o

_‘;inves‘l:igntion -on ;the:approssh ‘oanal -of -the Green’ Mountain Dam:gpille ' i

ey, CBORS superolmtiun, a8 inddosted. by ‘the:above: ;theory. wms tried
- ‘in'the model. Theory*indimted -a’total: ofroight foat of : auparolm- s
itien; ahhe equivu].mt of ‘four; feet RS tried iinthe: model -and [foupd - to'

S sdleturd. flow conditions ‘down ‘the -chute .even: mors than oscurred -with
R - F superalmtion, . However, :a5.will;be seen by inspeotion of sthe. e
" ;plen.of ‘the ‘approach:channel ‘(£4gure 4), ‘this-could netibe: os:nsidered‘

o ‘A fair-tost of “the’ theory. Figure -5.gives fnmnparism -of - the tlow
) __'--oonditiom with: md ﬂthmzk supero:lmtion. L :
8u oreritieal Flew consia.ma‘ Ho Frio‘hion. =,In thin

":f..idon'tiua.l with those~in mmplo*l exoept that tho ,valoaity cn‘the
‘;asnter lins 13 -above ozitinll. :
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Spocifisations of' urmmel:

3 width ﬂr QMJ. .‘occoooooccocu-oo'o.-o : ;

. ‘,‘/:Bn.dius of: ﬁmﬂr {115.0 .oa.saoooo.ulumuvto‘_ 6000 fﬁﬂt'
i Depth Of 'Ilter at m lino voo.»oooet‘.."“ 5.03!'06‘1‘--» RS -
“Velogity at: mtqr ‘Iine Wesesrrrenannaavse 8040, N'/wn' poen

En@m Emdimt ‘0!‘0‘3 80“101! t-oc-o.na oo 100.0 fﬂﬂt.<

Gritiue.l doptin ‘under ‘thase" o:mditions wuuld Oocur i-:k:

8,88 fdﬁ:. iAs ‘Snithe pmiws onmplo,. the -élements ‘of the *cm—v‘ |

pmﬁmu are smngod in ‘tabular Torm:eud- appnrwin mﬂem. e .

S"Pmlmﬁﬂn ﬂﬂmpﬁﬁﬁms fov Supmritioal :Flw b

T ‘, —Tniae Dside  Oeert Ontaido ;Ontnida

Woes - Teem. g %11 :Qurbw-?eintx Liu sQuarhsr-Poinh: wm.
i = ; DA g i Ty v . N“. . ln’ .
.+Radius 128001 137.50 xlso.oo; oA
aReBx 0 1.20»; - 08y :

:Nelooity‘ '- 3. 862001 82.73_ 137804
aDepth ¢ 4.l7: . A8 B a
zizﬂdloaity head .’ 20.15:?‘ N 18488 1’
1EnerEY ! grudimt:lO0.00: 100.00 B

'.'“'wo Sa: 91'7. F i) B8 e B4 ;
:tBotbom elev, it THe CT8IT6 .

LI 1]

"1
2
‘3
‘B
8
. 8

TR e
opes 0w ev er

:itSugerslmtion g -5.33: s \-’2&25 Cip r0.003. +1.6§5‘-" ;

Vo The mults of the omp!rta.tima ahmm :'m table ILare s
plot'tod in figure $. .89 solid 1lines, Supor:lmposed ‘for’ CBEY . compnri- s
-son-are the-water surface: and chamxel floor ourvos ror tho sub-
‘ ari-bioll rlmr ccfnditioa., SR - EPRA

Ay iSug mritinlzflw Gons.‘!.dor Fricﬁiéﬁa “To: raolpiim- B

_‘late, in an:ideel g A 700 [ friction: present the- mlnciiqr, dopth,

o ato. con i the cmor lim :are:cemputed: wa iif :the .ohdrmel: mremtmight.;_,;[ R
- With-a given lengitudinkl bottom profile -onthe:aenter line, ‘the

'_ -‘volooity &t any -station san'be. wﬂ:&d by sinal'hnoous solutim

‘Bernculli‘s equation :and theirelation-v = g/, :where - -ic itis &1
* .oharge parfoot of :width . and is: Assurad aonetant :ROrose. [BNY Oross.

- :seetion,; Then, having ‘determined ‘ths :eleaments cof :Clow :for ‘the \cméx‘--‘??‘f :
3ine:at any .eress section, the .elements :of :flow can’'be determined ; tox- R

a8 many -ather points in ths.oross. ‘section as desired: by .using the . :
formmles Wy e .4 constent and. d/r =8 constant, . aince ‘the -energy ; gm&i- _

- sent a-a horizontal, L.plane for an 1deal fluid:with no Ariotion.




: Hmvor, whan fr.‘l.ot;lnn 13 1ntroduoed 1nto the computa-
*tiuna, tm: h;yﬂmu.‘l io- conditions /st ihe uatisried simzlmously:ﬁ he

: :}thg relut:!.m; tn.n g 'T (aqmtim 3) -must hold tmo; mnd tho

‘ -aqmtion of m&y £low between ; :susceagive; stations: mast 8180 ve" ;'3;"# .
‘satiafied, This is probably: ‘most usilymcompliahud i ithe ol L -
lowing mumner, ‘With: ‘the ;planof the ‘oharmel ‘and the ' langituwl ’f g

profils: iof 'the iflaer at ithe center line: given. the weloality, = W

'valmity :head, d@pth iPriotion head, /and water surface: elmtian “H
:@t ithe -eenter 'lins.eaz be: emnputcd e AL the: :ghiznel -were. nat B
. -ourved, by meking mee of ¢ rulo:bi d w q/fv and, ‘for instance,

o ‘Marning!s formula s ™ (nv) /% 2082 . Bhe ‘latter equation : ex-

‘presses iEhe loas: afahud por foot rof; r-&nh, (a), H4n- ‘texms of “the !

.coaffidient of rmgimass. {{n); “the ‘velotity, (w); and the’ hydmu]ié e

radina, - (r)o It iz:apparent that .the less per foot will tbe’ highlfl‘
‘om ithe inside . of 't é;ehnmol,vlmre ‘the -velocity ‘is ‘higher exd thnf By
: mdmul'io radius -emaller, “than on' ithe ;outside "of ‘the .channel, The

energy fgradiwrb agross the ‘section is: ‘therefore no louger: horium- \ ‘

tal, Yoiaatlsfy the two: nbmra-mmtioned hydmulio conditions in’

ems . aqun&tim imelvea ummgoabla mtegrala; 80 the p:'oaodure S

'mﬂ:linmd belmr m i‘ollovmd o S
(s.) *Fz.rst":u.asming the ensrg;y gmdient to ‘b hnrixonual
segross ‘the -cress section, ‘the water surfage :and ‘bottem roles
. “vntiens are amaputed ‘at “the -sides ‘and ‘the quarter points by
' g"itlm matlmd:uwd in ‘tatles 'I1, "“Then ithe - trnwnarse .slape- of

“ithe wmaber surface is: ccmpm-.ed at -each .of “these pdints by ﬂm‘f?-f] ‘

Porsmla ‘lan e ZH/B ~where ‘R is the radius to the poimt S
4 f_esnd - ﬂ.s tlw velecity hoad ut, _.e poin't fran the abm ctm- S

(b) Hext, the ensrgy: gmdims at the sides and the |

*qmrher ‘pointsiare computed in ' ‘manner aixilar to the: aa:thor- "';

. “Yime: amapru'u“bionu. ‘Having, trcm ithese" um:putntions, 1. umr

‘velosity head for each point, -a new value.of tan:a.= 2H/Rx ln.s

then coyputed : ‘for the: gides: and the :quarter. points, CWARR G
- ohazmel width as ebscissas and ‘values of ‘tan-a found dnisub=
: ,4;pmgmph (a) ins .ordinates, :a 'mooth curve was plotted, In -

“the same: mumm'. ‘e :smooth eurve was: plo't*bod 'bhraugh the "

~points (of ‘tan '@ found-in: mlhp&m;mph (b). “The nres ' bmﬂndsd“

* by ‘the eenter<line ordinste, “the cordinate .of .any .element -~
- edthesr. ﬁm,:‘;’m the X-axis: .‘.t equiwlmt 40 'the: diffeman
~ointhe whiker wurface ‘elevebion betwwen’ thmcmtor Xine: and
Y Hkhmt almtﬂ ‘The -differense :betwasn the areas -under ithe lm
-ourves represents ‘the amount by -which ‘the water surface ieleva-

“tion mask bo adjusted in order that ‘the ‘two'hydraulic emdi~ =

 kions way be more nearly . satia.ﬁ.ed. The bottom-elswntiond are
’ ‘thsn ud,juataﬂ aecotding to tho indicated oormtions n.nd m:o




' fuampu"-:atim ?rcputed amtil A8 cloae ugroment a8 d¢sirod

s obtdned. Kfter the bottm élmt:!.ms at ct'.he !ﬂrat m— R
ff"tian are: deteminod, the antirrprounsu s ropu.tcd for tho-;{_“-*’-.-,;' o
‘next staticn, ‘When the ibottan :slevations ‘for ‘the entire '
_apillemy ‘have been: ‘computed, 4t is’ inecessary ‘to: lot the =

; longitudinal: proﬁ.ha through ‘the jpoints ‘at which compute~ -+

_itions were:made for ‘each oross ‘sectiom; that ‘is, left: sido.

S Rleft qm.rhar point, right: qmrhcr ;point, right sids, and’

‘others, ‘1f other’ ‘points ;were:used in the: cmputations. If e
-all tthe - raaul‘cing 1ongi'tudiml protiles ‘do ot show:a igon- " ..
timious: am!]:rogmsive ‘deorsase ‘in ‘elevation from: upstrqam e
4o downstrean, or, :Af ey’ prorila indicates s radius oL uum- i o
“ture ‘in:the werticdl plape iemill ‘enough ‘to result.(due teo . S
‘oentrifugal fores) idnau ‘tppreciable ‘change ‘in the *vartioal |
 ’forge:on s prism of ‘water from. rhydrostatio to ‘either greater

or ‘lese than ' hydros'h"'in, fdepending .on:whether ‘the " eumtura‘

‘48 .conoave-or :sonvex, 'respectively, ‘then ‘the -profile :on-the -
‘senter line: must ‘be :revised until :these ecnditions iare: olimi«_' -
-pR%ed or their effect:minimized. With :the revised: eenter ERRA
,'Lilim, the m‘birexemputationa m\mt ba repea.ted.' s S E

I Thsmbave outline 1ndicates tha prouadure followed in
‘the 'so=called ‘Yexaot” method iof design. In'this “exact" ‘method,
-howsver, ‘the design assunes three-conditions to be true: . first,
that ‘the velosity distributmfcntering :the ‘ourved ‘obamne} is .
uniform; - ‘second, that the; ;average velacity «of an element ‘dn:e wer- =~
tieal: phne -cen:be-taken ito ‘represeunt "the true: velooity of dhat oo
elmt; ‘and tHird, “that the /disebarge por foot of width ds.eon- = |
~.gtent ‘xoyoss ‘the - aootim. These assumptions . an],y -approximate the .
“frue: oondition. mrbhemnre, ‘R ourved. cha;mel .oan be- designod for_‘ s ,
¢ cnly cne.discharge; when gperating at any icthsr discharge,there = -
*“will be“either more :or jless ;superslewation ‘than theory indioates. h
:Becauee .of ‘these ‘feots :and ‘beeauss the: cmputo.i:ions in-the: so- ‘
.. ealled “exact® mathod. ere ‘somewbat-lsborious, an an Tepproxizate”
‘method :of dmign RS propoud :4n ‘whioh the’ sinplifying tasmptinn ‘
WAy made that ‘the onergy gradient-was ; hnrizontnl ‘in:eny :cross nec-
‘tiom, “Fhis: ‘essuzpiion ;greatly deoreases the labor dnvelved dn. -
- camputing the :battem elevations :and rdoes :not ‘result dnxolmtiom
- varying greatly :from thome indioatsd by ‘the Teamct" :aethod, Tuble Sl
- /III shows ithis cooparison :for ons saee .studied 4n- ‘whioh the iohamnel =
- width was 266 feet, 'the :discharge 160,000 . nocnd-faet, n.nd the. m.x:i- :
B valocity npprox:l.w.tcly 55 foet .per aooond. e R _ :




‘.l'ABI.E III

Di.ﬁ‘erem:es in Feot of Floor Elmtiona Ohtl.inud by 1"0 Hothoda; ‘
’Approximte' Floor liinua "E'xnot" quor,Equalg Diffwm“ S

ﬁittormoe In -loor ﬁmtiona
Insidn “i0utslde .
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llodela whose prototypou have bean deslgned ‘ny both

nmethods | ‘haive .besn ibullt end tested ‘in this" hbnmtory. ZAn exa.mple S o
-of ‘the "exact" method ‘is ‘the ‘Bartlett spillway; -an ‘example iof ‘the 7"

‘second :method 'is the Valleoito ispillwey,. General jplans:and’ sen-’ j
-tions -of ‘bath spillways ‘are given ‘in the. nppamﬁx Ftogether with
;photographs of ‘the models, water vsurfucs profilas amd velcnitioa

‘ datarmined from the modols. i, T , S

R In oomction wi‘hh studies or tho spillmya by useof
umodels, :it :ghould be" noted that the: asaumption s made thet .tr\a
‘model :could be- designed by - :application of ‘the ‘theory and AL the T
‘model operated :satisfaotorily, “then the pro‘botypefoould ‘be’; deaigned o

‘also by ithe -sams:thaory.and ‘it, too, would operats so.tisfactorily. o

" To. obtain e model whioh iz both. .gecmetrically:-and ‘dynamicelly .
‘similar ‘to the: prototype. the:model must be: A gamnetrica : eduotium o
-of :the :prototype -and alse ‘have foumaponding wolocitles, To: u.tisfy o

the latter - ‘sondition, ‘the cosfficients of roughness-‘in ‘the two . stmg-' B "

| 'tures nmst bear the follwing_ ralationship 'bo :aach othen
nm Fl np

nm_‘:" *the moﬁa]. coorfioiont of*roughmsa, =
nig;,:l{’*th‘ Pmme ooafficiant cf roughnass,

Hu- the saale




‘..vos thu mdal eoa.le whinh will give *the oon-e_ut mn&el
voiocity corrnpsmdjmg b0 the prcrl:otypev wlaoity for varzl.ous model I
and nrototype rouglmnaa mlueu. 4 T L

Taluos of‘ Eoﬂel ETe
0.010' .. '

S 1 7‘?2," i
2,986
44827
7‘530“ ot

11 8911

A8
X
EL A
T
R

 From-thits table 4 is. evidat ‘that saven with the lowest model s
:roughness  fuctor and:a: ;comparatively: high va.lue ‘@ "the nrototypa:-_'

}.factor, the scale mtio 13 rathor 1o1t°

S In tho case: n:E‘ tha Burt;latt apillway,‘ <rpughnosa 'fac'bor
raf 0.014 s asa\med ‘for ‘the prototype and 0,010 ifor “themodel. .. -
"“This:would. Toguire o se&le ratio of 1. 407353,  Beoause ‘the: de-‘

~ -signed discharge ‘for the: prototype WS 1’:‘8,000 socond-i’eot ithe"
‘requirsd.modsl - discharge for the indioated :acale ‘retio would be .

1,126 fwon\\-feet. “With - this value .of ithe aeale mtio, tha avcil-‘

:able, lnbomtory capao:lty WAS ; omeeded ANy timos Gver, both YR to e

. ‘discharge:and necessary - ﬂ.oor -5pece, The :goale .chosan was 1’-to‘"
100 .2nd :required 11,75 ‘second-feet :for ithe ‘designs "di' ”ohnrge and

. 2.50,8esond-feet ‘Tor ‘the maximum £lood. -oondition,. If:was decided =
to’dssign e prototype spillmy which would hav ‘e value:of rough= .
. :pess -oorresponding +o:a:model: value (0f (0,010 so*that.a modél .coudd . i
. ibe built which weuld be ‘both: geomatrlc&lly and ‘dynamically similar ©

40 the prototype. “If the model of this . :prototype structure:(which /"

‘hms s roughness ;factor: :oorrespending ‘to.the model -value -0 2.010)
~operated: satisfactor:.ly, At was mssumed . +that the ;other” pratotyps

.structure, -designed :by the same theo would :operate equally le."‘fg o -

. iSince the ‘two-prototype struotures were to’ “bs - identical in .every

.r‘;;fi'espao‘t exoept for:the :roughness- coeffioient, “them the ' only ohange o

%0'be.made in:designing the :seocad ‘strusture -would ibe s :relooation °
:0f the’ .energy gradient and - -adjuatment of “the ‘bottam . elmﬂmn ‘
‘This-amounts-to.sorreoting the .model for fric‘l'.lon. ‘Sample .compu~ .

: éta‘bions fﬁ!‘ the Bnrtlott apillny follour. S Bl M e




: I'b 'urill be ‘sesn in f‘igure ‘6.rof the appendix that ‘the
‘ourved :part of the ‘spillway ‘atarts at.station 2460 with -an-AR.E.
= A. spiral . on the- center ‘line. 'This spiral: continues ‘to atation
'l '4400. ‘Bsyond ‘this ‘point there are 25 feet of 600=foot radius
L ‘ourve and from ‘there ‘on ito the -end, the. radius ‘of ‘the ‘center line -
- 'is 600 feet. To simplify computations, ‘the ‘walls rof ‘the spillwayr -
B _ , ‘were assumed vertioal ‘throughout; and : in 'the : ‘spiral part of the '
i ~ dhannel, the rs.diua at any ‘point ‘in:e:eross aectlon ‘wes ‘taken:ag
the ‘radius. of the ocenter line plus:or mims the distance :from. ‘the
center 'Lline. The radiug:of ‘the spiral at: an,y point of “the - center
ilina WaS eomputed by the I'ormula T :

'wwhere:<

R_I - rachus oi‘ spiml at any paint
'Ly '= length from start ‘to pomt x,
po " Rg = terminal -radius ‘of ‘spirel, |
- | Lb~-'tota1ilsngth}of.spiral.a‘:.]:

i ' In‘the Bartlett spilimay, Rg ® 600 Tost; Ln - 150 feot- :Theyrédiuéf
R ' of ‘the oentar 1ine at 'station 3+00 i3 then ‘ w

600 . 150

‘ »Rsmo . _T_ -] ,‘300 'foQt-’

_The sides and the quartor—points were - chosen as ‘the - points nt vrhich :
to make uompuha.tions. :Sections at §0-foot tzn‘bervuls -on ‘the ‘center
‘1ine ware investigated. ‘Within the .reach of the sp:.ral. ‘the. lengths
of elements. along the sides and quarter-poinﬁa .were determimd by
the aquati.onm ‘ , , '

AL = L*z L,

: o, A

" .wthe total length from the start of the spiral
 to :the station.under consideration, = .

un



Lx withe! torbal lcngth from ‘the start of tho spirll
"™ 4oithe; prwioua nhationa,_‘ AT S
‘ : _ N
Lg = 'hho totllilongth of tho spiro.l oonter 1ina to L
‘the:station: mvoetiga'ced, _ ‘

o. - tho d:latanco fran tho omtor lino +0 tho elomont L
- under oonnidant.ton. ‘ R

Bc = the: rndiua of zthe oentor *’li.na B.t tho -'I:Ation
aomidered, B )

AI. the »lmgth of tho element bctmon sto:bions.
‘!'he caupututiom of tho lmgthu nf elmem:s bet'uen sutiona 2+50 lnd
8+00 are: amugod in: to.ble V. : : ,
L ﬂBLE v
Cauputaticma for Longitudiml Length of Elementa ‘

. _:;s fl.hsids 4 .' : Outsidei IR
:‘Insi“dq it Quurter-~: 1/ Quarter- 1 Outaide :
."ilall-"“"- Point ‘tCentor: Limn ‘Point %: Fall

g R
1757.50 41 1800.00 ",::.1,*8!:2&50
/42,50 -g‘*'\,50~- P o4zie0

.0.01280; . -0 L:» 10,01180,

0.98820,?' 1,00000, ¥ 011
49.41 so.oo o 50,89

e
1 :
0 ot 0 oo
H

I'

171.5.00

85.00
0.02361

10497689,
48,82 °

‘0

1885.@0

- :86400 }
10502361 -
1.02381
1.18 '
0

m
. I
1 t-@/h R,

ey = L (1 “'fvw

Ooumutatim ‘were .next mdo along the: oentor line ae if tho s
~-ohammel were straight. :Blevations of the bottcm were taken from-the pro-
-posed longitudinel profile.along ‘the aenter line, as: shown ‘in figurs 6 of
“the appendix. ' Computations having. almdy been carried down to; ntation
24-50. “the foue-:lng qmutities at thﬁ: st&tim were lmamz PR T

lf,48.32
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‘Bottom: elevaticn st 2450, ‘By = 1737,33

Velosity,'V.w 48,120 . -
,_‘Vélodity‘hd‘rl. By 37.526

‘Depth, 74 20,946 L

K Hydra.ulie ra.dlus, T 16.804 _

“Energy gradient, ‘E(G, = 1795.80

"‘ll‘id-l-h af: oha.tmel. Wom 1?0 feot B ‘ ‘

‘ Diuaharge ‘for: doai@, Q ="175, 000 aacond-rfect
‘Discharge:per: fqot. q. 1,029 aecond-fe«t
Prototy'po roughnoﬂs i‘aotor, n-m 0.014

The . computationa ‘for. ato.tion 3400 ars; ‘given . in uble VI which

“.represents the solution by trial of: Mnnningfs ‘formula, ‘An: n.ltar- _ .
‘native solution is’ given by 8 aombimtion of Bemoulli's und o

Manning's formnhs.

2 g A8 a‘
-3" - m—'(qv*-r) v
+Eb nf“-1795.eo-o. |

e,

I a.ddition %0 -the above: definad aymbola, V ‘A8 ‘the

Vvelooitjr atthe .station under consideration; 'V, iz’the- velocity at
‘the: tdjaoent upstronm ntations and Hf 13 \the nmuticn of ‘head

~_lomses from station: 2+50 down through “he a.d;!a.oent upntrum uta’cion.‘ g
‘The above squation oan, of -course, ‘be solved by Newton's method, . -
‘but ~the -trial.solution, as represented by table VI, is mors :simple
-and faster. ‘The procedure followed is tc assume:a depth at station -
-x, -sompute -the -corresponding -ensrgy - gmdient, ;and then readjust the e
‘assumed depth. until the ‘computed ensrgy gradient at :station 2+60 S
(whick equals:the .enargy gradientimt station -x .plus-ZBp from -~ .

-~ .atation 2+50 down through ‘stat:ion x): npproxirutes the sctual energy. o
- gredlent at:station 2450, ‘Couputations are referred %o the .onergy . o
;-gmdion-h At 2+50 ao tha.t “thare nill be no cumulntive error. o Lo




TARLEVI

Hydru.ulic Gomputa.ti.ons Along " Can'ter L:.ns of Chp.zmel
: ‘Station 5400 - ‘

Nogs .-~ - Ttem :Trial No. 1:'frhl No. 2:'.1':'1&.1 Ho. :
e Tl ‘ : :Q. : 4

1 ;aﬁ.ssmocl depth, a - g 7‘19059
‘< aCorresponding velooity, N. ‘ -:5‘6.069_ I'_
-8 ;iVeloolity ‘head, H,' 43,786

4 .V-Valucity at prav:loun SRR

*f19.41
43695

f19¢40
434740 -

- tistatien, Wy ‘
o Average velooity th.rough-
| out remoh, Vg .

6 yHydraulic radius, v =

! _T,Hyd.mulio radius &t pre- .
g vious ststion, xg -
j:hmgo ‘hydreulie mdiua
't "f:iuroughout Tench, rs

' ﬁl/h.zoaz rh -k ~ 0,010964

8 ‘2

'.:k(n V‘) g 5‘_:!0.005611
a * length of ronch - AHf 5 - 042806
‘,jj Allp +. an: + eiee ™ IHp " ‘042806
_"Bottom elsvutiqn,,Eb=  ] :173 .40
B, v as B e . L

: oomputed E.G. ‘at - st&.
12460 ‘, 1795.85?

SActual SNSTEY g;radient-
1 at sta, 2460 o 1795.80 :

' ?Differsnoe 4n] E.G.'u L +o.57

~494129' 49,129 'f49;izg
61,085
1B.T95

51,099
16,788

61,072
154802
<1648041j

1:1'16-804.: ._-.;16.8047;:-3-;.;_._“;- E

e ...u- sk s B e ey e 3;-«_..

?«f5-5005" iﬁls.sosi~7

'_"}.0.0058053 00005802 '
10,2808 ° ‘0.2801
|10.2805 |, 0.2801

1732.40 S 1732.40

j:16.295‘~f

e ew e eebe e e e R

1795. 820

1795 80
.016

1795.80
+0.20

-
1
s
3
3
15
R
L3
1
2
.-
1

. - - u » " l! L, 0‘ w er 4p s mp !Il - n B8 (88 as A8 80 K 44 A He S 4 . ew
: . R . B

| : ’].‘ho next stop 1n the’ computations 18 1:0 a.sauma the mnergy' o
__,-gradisnt 80roas A section to be horizomtal ard: oompute the water
:surface end ‘botten’ elmtions &t the . a;ldos and- querter pointe, and .
then the transverse: ‘water .slope:at those points.a Table VII illus-
trates the ommbionn at sta.tion 3-4-00. s e




T.A.BLEVII

Flour Elmtion compututionu, Aasuning s Hof’izazﬂ::ilﬁ'Er:zorér}“Q:Qdi@ﬁt -
‘ . w:v’__Stution 34»00 L T e A R

e TmTis T Tae T

Inaide X3 ertar- :

MJ. 13 Point
E 1?15.00 t1757.50

l 1016 1.0489

111‘ ‘
iam)®
’H::

o ZHx.

WS, ‘eley. .

:Line 1 Pcint i Wall
e v
1842,50 % 1865 .00

1300;00“;:

1.000‘ . 0.95439: ; .91185

48,188 - 43, 695 ?

‘445 ‘.975 ‘

;41;é82

45,832 59.845

;434414.f :546:112

: 1751 aaa'
s 8102

|

1)
1?47 .386 { l1749 688
e
'3
'3
!
t

6 .9379

1753 818 17550577

6 7399 5.4.;77 ‘.‘15.’3121-

128.5503‘35

5185493 éﬁ 18.952 e 19.410 ; :19:335 ;20;327.7

’ﬂ:
thrttom elw. o ::51728.893 -:1750 735 ;;~:1732.40 g
‘3 SRR X O T | L ig R :
::Ta.n"n:";' 2 *"”.Bxe .05513: 0.052163 0.04855: .0452’? 0.04227 ’

uquu-on_-'f‘"n-cn-oui-uuu-i‘ln
u 0- Can -c n".a 5- -ouno-n'nn

SR
;’3
i ]
$
..‘.;
iy
3
B 1
3
2 5
L%
:
ag
8
\: .
8 |
g

17.‘:5 .950 1735 350

lnn.n'unn‘ﬂ.ta““nlonn

In table VII item 3 18 computed i‘rom equatic:n (2.) and “oecumes
2 ‘

By
H'n Bvo (—-—) where Hve i.a 43, 695 (mlue from table VI) ! and the

Jcént‘e‘r t lerter- 3 Outaido '

ioglaa o

last: tom is itam 2 4 t&ble VII. ; Item 4: m table VII 18- taken from table : “

VI (item '12), :Item '5:in -teble VII 'is found by subtra.ctwg walues -of ‘item -
4 from the ensrgy gradient at -station 2+50 (179548C), Ttem’7, table. vII; .
is derived by« cmnbining equa.tions (2) nnd (4), the genera.l}h orm of whioh

in. dx - d (E%/Ek) “Them: 9, tahla 711. 1sequntion (3)..

Gcmpubations are: next mde bsrtween stations -along longitudiml

:alements ‘located:at the ‘sides and: qtarber-poixrba. :The-velosity: headﬂ, .
 -emergy gradients, etc,, rre: canpubed ‘and -then -new- wvalues of tan-aat - ‘
~each-point, based onithe new-values.of ‘the welosity head, are: found, - '.l'ho «

" value-of ten G At the center line does ot change. Using that -value.snd

- ‘the new values -of tan a &t the- qua,rbox'—peints ‘and-.gides, the water surfsce.
~:;‘elmtiona are computed by the method outlined below., Keferriog:to figs
‘ure’ ?, ‘it ‘is -evident thnt b v is the difforenae in the: watar surface

16




elevations’ betlrean paintn 1 anid 2 and also equal to the diiffereme
in the values-of - the velmity hoqu at the two points,__ F‘urther- :
moro, : : S , :

‘4H --,,;17'l=nn:ql "‘2 'bnn az - Hl - Hz

_ ﬁ*% % %‘ S o

g :'Assuming that the vulues oi‘ h.xl al and tan uz a.m «]mom. m than
~have two: oqmt;lonﬂ involving throe unicnms. To: uolva “for tho e
~value of 'AH we must ASsume-one:condition, There: ‘are two. ohoiees
available: first, ‘to-agsume the:water ‘surface ‘to be: campoaed ‘of
‘parabolic: curves’ between “the points: under 1n~vest1g;ntion, ‘in which
0886 ‘1 LF azg teoond, ‘to-assume the. ensrgy gradient harizon'ba.l m

"*.whioh "case: aquationa (2) a.nd (5) will: hold, a.nd ‘an: expression fO“ - _' ‘
‘the : ra.tio or ‘l *to: ‘2 .can ‘be- found iin: tsrxns of R a.nd R2 ‘The '

| ‘lutter -.ssumption is uzled in 'l:he darivation that followar

‘}I-‘rcm equntion (5): '

B .'fh'om eqmtion (2)1

ﬂi H1

. Therefore, =




2,53

~ By Ryucnnins




o Table VIII gi‘ws ‘mlues ‘o:f.‘ %fcwresponding d:ow&lues
""oi'"'K. Valucs ef £ 38 a.nd a.a are then Tound: from*the 'nlue ‘of ; tho
el 5 ,
mtio “1 and "1 e ”'2 R2 "'Rl '.the value af AH Ty i‘.hon ’fcrw;d

i‘rom»‘t.ha equaticms '

&Hnal tmal-ra ‘mﬂ




The m.ter surface elevatiana at vhe‘ “"’s:l.dea 'and quartsr- points ’are
“them found byi{suhtracting th,e s of AH_ Er g ‘Aﬂf fmm“the

e ‘hydraulic:gradient ‘at: station: 2480, Tha' hottom.'lévatianarat; oa'f},
o thaao p-oints!m »i‘ound by subtnoting ths depths a‘l; 1'l:hla 'quarter-

0@97419':',
b 10496123
S 10694889 1 S

‘0095703 RN ‘
7092826 .

A 0a915?5"_ SRR

- 0.90248 "
oiselda .
{'Q.‘"QBQGB'

. paints a.nd sidcs f‘rom ﬂze mter *uurfmse elava’hions &t those;:poin’@.
-~ If:these -elevaticns ‘do ‘not: ng*&e with the: ‘hottom - elmt 'qms'ueed
~inthe longi‘t:udiml 6lement . computations, ithe latter m:,r .
- sinithree: wayss firat, .h"f tria.l; ‘that 48, Assmm I
~¥vationg second, plot :smooth :curves through ths. Two e
. i(at sides, ‘guarter points, -end center :1ins) using tan aas ordim-baz
ciand -ehamel -width.as abgzeisea, rtaking ‘the differonce 1in amssumler
the. aurves. as the -correstion; fmtnra;'.third, take: 88 ‘ha ;
Factor the differencs. bef:wmn ‘the computed: v gide
end quarter:peints, using the valuss (of ‘tan- n.found from Mble: gy

., “-6nd the; walues -of | 4H fé:_n_rx “frm values of ta.n‘ &, fmm ﬁtha ;

'-_--rml element cmnputa ‘
‘ lobﬁ.ﬂad. :

E'be abwe P weduro 1s Ellt.atmted by nample computations'i?”:

“for:the: Bartlutt :apillwmy, Inadditlon to. samplﬁ: omputations far _;;:;“_j"

ithe prototype.struoture, tha-serrestion for " ‘exoess Frietlon®™ dn"
ithe:-model ds . also; rshowm, To.._.enrz:eotii‘or*"mess ‘modal :Friction¥ &
pmtotypa stmmre ﬁas dosig:wd, uuing T w.lm_pf roughne—ss fae:tw'-;




o *down o tthe model svilue, “Then: prdtotype;a;n;,p-; S

s \sionn me‘radni«d inthe ususl.wsy ‘to cobbtain eorrespending
»dj.menaimso i.ﬁnm.lly. .’m“the ease of ‘the’ hrtlett"apilluy

/prototype .wms ‘desizned.using a roughress Pastor of 0,014, :and :m '
‘the model doslsn 4 value. of"?eaccoss ff‘rtotion aZtoaa WRE ineluded.:"

This vilde:of" "e:leass friotiozi
Ang: m.nner; L A

o
£

,dmm to thga model\v&lu‘e bf rm.;ghné&s’” LR
tha model ?rouglmes.s.fanto T

i H!.‘ the heaﬁ J.oss due Jho .ffriction Hn L'he hypo- i
P '!;hehioalbprototype tructure, e

iHa o the:Lhe&d' ilogs-due ita friation sin’ stha.:,gctufatl_.’;““”
P protdtype j;atnxctum. S G el

';,pmtotype atmtms whiah _are idm’cica.l 1n wery ,reapoctmxoept
for :the -roughness - fau‘bom the;mtiq cr tha friotion_zlonaea ’mnes

, ﬂ.imetlyr as: ths"_nqaare : ; :
ifr 3 3BE™: tha hypothetioal prototype «~structure,sis‘_ &
3 emputed and shm in: table “no s ‘ Lo




In. nmpnting hblza II thn‘ vnluan} of Z HI a,ro‘tnkun i‘rom tab‘la
'VI i‘tmlﬁ._.‘ R : . e S
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‘Ind hblo x‘ e ; 1 \ :

oomes frm‘t@.blo 8 & ?he“m:;tmtieal hﬂtmmlm’(;i@m( e
%) 1s the sorresponding -dlevation in'the: ‘second protoType - atma-» B
Aure whish nas:the seme plen and: -gorreppending oyélositiws-as the -~ .

(8 Lral: ﬁpm’hetyp@ ‘stragburg, ‘but 1% hagim: ‘wilue 1of (rougimess. fagkor
ket will reduse ko the: madal vulue: ascording to' %hwwimil..tu&o )
.relation, The wlmﬂer‘thn hypohmiml botten dlswmtion iz
i‘m&hynm’%rm:l ‘e 2 (franiitenil, "Sho:pertiatepiie ke
-sacume-s welootty ‘hwad- (item 4)rand. run: .throughithe ensulng oame -
 putations {in mmeh the Seme PRIMEr: s wnei'done iin table VI: Terithe
rrydraulic: empmt&.m ‘down i the ceentar iline: Gfthe obsonel. I£.
“the. sorrect velesity: hoead: were:aosumsd, (tho' ampubed M'dmmllc CRTLE
cgradient at-statisn 2450 (4%em 15) wAll cehaak the actudl | (1795.30).‘
(3L 5% does: m -ahesk 1w valoeity ! -hond 18 uamd,md the ga=.
putt;tim ‘ave Topaated until ‘a5 3lose; an‘agreenent A8 - dseirad ‘ds
.obtained:before preseading with iy - reat ol thwcaompumtime xIn R
Ates 7,4t 4u: nesumed that the vetiorof the hydrailic Fedins:et any
poin!s o tus hydeavlis redius-at the: -ognter line varfas diveetly .
&8 the retio-of the: ‘depths -t the: eormuponding points, Item:8iis .
intwpommd tm m%‘b'ml or -mlmu o2k uarmsponﬁ:}zxg t@w&lm

.h.

1$tmh o mble :La givan .m“’mz:dbec.k of Eyﬁmmioﬁ" By H. H. Kf.ng S

tah?.e A0T, B 830, _thtrd. mum_ﬂ,naamw-mng 1989,

of Fe I‘&m lﬁ S,a “khee mremgo fﬂction ‘Loss per faot thrmgmuﬁ L
~theirench, @ ‘being bakenifrom iiten 9, iend 34 ffreon thevadjaem;;j i
-upstyean -staticn.atithe: eorresponding ‘poirt in ‘the cross gsectden, -
-:In- this: partiounlst exnuple the adjecent: ‘upstreem station ie 2450, -

ot whioh the:{ioer is level :in aruss sesticn-and ithe frietion less
- per: fact:is contbant aoros: the destion, Ttem:1l:is taksnifres .
%able V. Them 13:is the :emmrtion of wbha iPristicn ‘lozses fvom: ah— b
don 2+50 down: o mud; MIudmg e st&tion sinder: iwsﬂimtieno o
After ths deeired: mgmant bebumen  the  vmuputed -and The iactusl
nydreulic gradisit et station 2450 | (1ten 16) hes ‘been obtained,
- items 1640 2], duslusive, -are vthon oileulatod,  (In iten 16-the B
-volooity hemd: Povmd i im Ltem: %ifpiunet, "ha qmput&tims “Por item» R
A%, .&H..mmﬂshm inkable X1, ‘Tnlwes.of AL, wenithe right.side
of the cember i mppmrmammgmzim qm.u,ﬁi o heeause AH g
defingd ms the diiferouse botween ithe: Zalue ‘ol Lhs: velmity»hmﬁ IR e
-at the peint investigated.and that atkhe qeater line, Thewvafer . -
-surfess olevetien {itew119) is fomdity: subbeaoting . itm 38 ifren.”
the eneTEY gmdimbmt ;2660 (1795450}, Tbem720 4o the eeme G,
‘Lound 4mitem G, ‘The:bobtbon aléwmilon (item 21 s, of ioguese, - 7

i the mber curfacs alevation minge ke dopth,  2If ithis botteni: ml@-"a_, N
wation does mot agres.olosely . mm%gﬁxmith x:hba mmem‘uw e
;gﬂ:wan in:ibem 8, o0 reviaion of the bottean. elmtion (is meeamry.~ REERDEEA
:Bush:a revisisn was; ‘inddentad aftor ithe  Liret Srial: @mputm;,om
far tha imma QM@W@M miy. ':In thsm Wutw!;ﬂmn, r’thﬁ




: reviaion of tha- buttmn elavn'bion S mdo by trial. instead of by
weking oorrsctions as i.ndioated by p.u.ctting; ourves :of ‘tan:a found
in tables VII sxd X, or: cmrputing new values of ‘AE from the
walues of tan a from table VII, It is:evident that the order. of
 oemputations must be fromithe canter line progressively cutward

sinoe the AH 'for the outside poirts imsludes the - AH for: 'bhs
: quartsr-pcinta.- (Sm table II) . el

~ The- forego:‘mg illus'tutas tha mATNeT. in whigh the ho+tam
elm’cions at sach section were computsd for: the Bartlett spillwey .
- and aleo how the’ cumpubatians wero mde for the hypothetical pro-
totype structure,’ the values of which reduce directly to:a 1:100
ecale model, ‘As previcusly poimted out, the abave computations
must be:repeated for esch section, working progressively. dmmstmsm._ ;
Aleo, when'6ll computations have been completed, it 1s necessaryto
inveatigate the. 1engitudiml profiles through esch of the cross-
sectiopal poists determined. I amy profile does not’ show a ‘pro-
grossive decreace in slevation from upstresm to ‘downstream, or if
eny profile indicates a radius of ourvature in the .vertiocal plane
small: enough to rasult in.an: ag;preoi&ble ‘ohangs in force'en a prism
‘of water from hydrostatic to grsater or less than Tydrostatio, ‘dus
to centrifugal feree, it will be nscewsary to revise-the cent@r-‘
line profils and. repaat the entire:set- of amnputatione until 8
-aatisi‘actow deaign is ob'ba.ined. L :

: Figum 8 in the appendix gives & oanpﬂrison hatween th:a
gotual vater surfaces:as detormined by 8 1:100:s06le model:and the -
‘theoretical water surfuoss; alsc, the velosities as. determined from
the nodel, and as ipdicated by: theory. “The sestions ahown in fig=
ura S ars for the origiml model befora it wms deocided toiincor~
porate a buoket at the cnd of ’che limd sectian, 6. snawn in figura
§ of the n.ppemdix, o g

: Figﬂraa 8 ko 11, imlusive. shcw tha model in opers.tioxx
under varioua oonditions of 'discharge, Figure 12 shows the flow .
pattern on the betton - end .gides for the designed.discharge. The
‘flow pattern indiostes oross flow on the bottom toward the inside ,
-of the curve. This oondit:lon iz to be expacted - beoavde the channel .
~was ‘desizned for:the wesn velooity iz a vertical Pplans: ‘and becsuse
the normal veloeity distriwution in the wvertical plane indisates '
that the velocity on 'the floor:is sonsidersbly’ below the meéen valus, .
- Could & similer pattern have boen taken along a auri‘me passing
“through points. of gmximum velosity iz the vertisal plens, oyoss

£1lcw to the outside of the curve would o doudt have been: il’rﬂiﬂ&t@d;f o

' ‘These points ars brought out to. iil\mtrate ‘the inherent.snd insure
meuntable. objecticueble property of curved. spillmyn; mely, that
‘the cpillusy will operate. completely satiafactorily only when' the :
-aetusl veloolty at uny. point egross with the valnei‘cy usnu in de~

-lig;ning the apillm;r at that poi.n'h. : ; ‘ _ co

bt
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) . ‘e Flow'at Supercritical Velccities in Channels Tapered .
‘in FPlan., It be recalled that the Bartlett spillesy was:an
‘ezample of the ourved spill\my with parallel malls designed by the
so-oalled "exast” method. The discussion that follows deals with
curved epillways which are tapered in plan and designed by the sow~
.oalled “approximate™ methed in which the. aimplifying assumption is.
made that the-energy. ‘gradient. &Qross & -section is. horizontdl, The
Vallseito spillway will:be: used as an example of this type, .In =
this cese it was necessary to.use two- spirals on' the center: ine,
- one from the start of the ourvature and sxtendmg down te: the nide .
 point end the second from the midpoint down to the tmgent. Arter
the desired loeation of the- gate: structure.and the dmmstream
tangent part of- ‘I:he spillway channal had been: laca-ted, the dwin
spirals that would best fit the: topography were looated on the
center line, Then, by = cut—und-try process, ‘twin spirdle which
would appreximate the side walls and. quarter—points. taking into ~ .
-mecount the desired taper in width, were evclved, ‘Making the assump-
tion that the discharge per foot of width is- oonsta.nt across any S
section, the BROTEY gradients on the center line are computed for :
81l stations as if the channel were:straight. These computations
- are similar to those of table V1. “Then,et uch station,the. radii .
of cumture for: ‘each- desired point in ‘the ‘cross secticm are cqmputud o

Ra L-
Sl
at the point. .‘;Rg is +the" 'bemml rad:.us of the splml, ,':Ls‘ is the :
total lemgth of the apiral, and ‘L ‘is the: length: ‘from-the starc of

the spirsl to the: point aonsi.dered. (Having ‘these date, the vater
- surface apd botiom: elevations for. the quarter points and the. side
mlla are camputed. by ‘the fomula whose development follows. '

Lrom tha formula R -, whare 'R 15 the mdius of cumture

The devulopmen’c of 'the i‘crmuh Tor. computing the mter -
- surface uapends upon‘two assumptions: firat. that the energy .
- gradient asross a ‘section is: horiz.ontal; :and .second, ‘that the mte'r
. surface between verticels may be: considered parabolice ' From the .
“latter assumption:it follows that the: tangan’cs to the mter surface
at vertloals'l and 2 (figure 13) will intersect at the midpoint of
the Anterval between the. verticala » or.at b/8 frem ei‘cher one.

From tha figure

Hz x+z
X .Bl. Tt&ntxl‘




. Thoreforas .

‘,;rm.s fomla s uagﬂ in cmpuﬂing the ‘3'&11108 ai‘ *":e ve,looity,,head
.8t the various poim;a 4n each orees. nwtian oi‘ the Valleoito: api.ll-
Y Thq .procedure’ 48 o work ‘from the-aenter 1ine p ogxasaivulzr '
- %o .adther: -gides “When -working ‘te the 3eft of the center. 1ine. Hhe
“.yalue of | By ‘1s the.upknown; ‘whon working :to ‘the .right, H; s tho

L urimawge Whag he - ?iqus values of Lhe- vslccit,g hmds'hnw hm

.aompubed,” %heo: wmter surface ﬂmtim ean'be’ complited by mbtmot-— :
Ang ' Fhe: velo@ity m& ifrom tha BBITEY . gmdienta ‘The :velqcity iﬁ

- foumd: Irr the ‘formiia oy g8 o5 and the depth is Lo
dem g/ .where . :q .equels:the: .discharge per fout of - width, ihe batm
.&almtimz eqmla f;ha -mter aurfaca mmticn mimxs the depth. BUE

: Qza




: - Thi.s metkma of eomputing the mter sm‘face ‘ani ‘cha M’htm‘ -
,elmtions at t;he crman aeetigrna ms vndopted bv thﬁ ueeignars iin

‘prai‘arema to uaing '!;he lomuln Hz Hl ("fg""") for the mllow:ing

ireuson., In 1&5d.ng uv:t. tha plﬁn Lor u tapsrad"”crm sp:.mi spillmy.,
At Ac prectiocally :impossiu‘le, i 1ot thwrof.!.cnlly 80, to have the
start of the. spirals rapresanting “he walle, - ‘quArter-peints, &ed’, ‘
‘oenter 1ine pocur at ‘the samg sto.tion :np ‘referrdd to 'the canter. linog g
“Paus the start of the spiml for the outside Wil for Vallecito
cogurs at stetion 54»97.7&; while the nemtar-l:l.ne aplml start '"Bfl:

- etetion 6+16.33 .and the inside =il nniml e‘burts ‘ot stati,on\

6+481.41, At sbation 7400, “%he r;.dius of the Anside’ £k .spiml :18

abowt- 5,760 Peety Tor the canter line it ie 1,020 feety and for' thu_ j‘ |

cutedde wall 4% 45 819 feet,. .In an: ordj.nary surve, ‘the. mﬁius of
ourmture at the mm». 45 less 'blw.n 4hat st the od‘bsida. Hare tho A
. reverse is true, It -is midant “that undnr th.!.s eondi*i:ion %the

welooity hesis at varfous points ‘dne cross section, figured by “t'm N

equation E&z - -aenstant, .would ‘be inerror, - It m.s for: th;ls Teason
Ghat the: mﬂthad used . :ln uw\pu'bino tha varioue elmt:lona fcr "mlfleaito =
wes davelnnedo A ‘ ‘ G

' Figura 14Jahawa thm gsneral plan nna; estions of'the S
Ve.llac;to spillway, A model cf the spidlvey was built end rwﬂ.ued
twioe to diminish the affect of . oontrifugal foros due. to 'eu'wturs
‘in the. vzrtienl ‘plans, Figure L5 :shows oross—sectiomal weter aurfa,ce
profiles as. detemined from the model cnmparad with the thwremmal
weter surfaces at the varicus sections, Tha Final bottom elmtians '
‘&t vach section are showa in'solid lires; the eorigival nnd firat
- mlterations are shomm dotted. »Devit‘-ion from the tham etical. wakmr
- -surface is-due in: part, et leaet, to the dlaturbence os.uaed by the.

- plers at ‘the crest; and thiz: effect is mgnifie& by the. cmverging
wlle, - mwre p“:mtiaa.l, plers should. be <elimnstaﬁ &0d ‘the rets of

sonvergence mede as -snull &s possible. In the appendix Za. fignws s
18 to 20 are Bhown piotures of ‘transition No, 8 'with no Alow, nee

-:.qt‘mrbe:, ane-ha.lf 'hhrae-qm"ters, and full deugned ﬁsohargea '

: ) ‘“hﬂ demuiio ;em:ures of t;he desmgn csf murvad rt-nnmla,, S
-’-with parsliel valils for botk mberitival snd- ‘supercritioal velacitim, A
~have bean herein trexted in considerable . dm:il; and the desipgn of

ourved apillweye, *b@,pmd An pl&ﬂ a.m }mvj.ng a.zpa crxtioa,. velacitim,
s bean eublixmd. SR e S
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View from Side

v

Figure. 16, Views of the Model iof Transition Ko, 3. No Flow.
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View from Side

Figure 17, Views of the Model of Transition No. 3. Designed Discharge
of 30.000 Second~Feet. No Gates Useda '
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View from Side

- Figure 18. Viewé. of the :Model of Trensition No. 3. -Three-’-Quarte'ra
Maximum Discharge, 22,600 Second-Feet, All Gates Equally Opemn.
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‘View from Side

‘Figure 19, Views of the Model of Trensition No. 3.  Half Maximum
Discharge, 15,000 Second-Feei, All Gates Equally Open,
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View fram Side

Figure 20. Views of the Model of Trensition No. 3. .One-Quartel
Dissharge, 7,600 Sesond-Feet: '4l1 Gates Equally - Open,:
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