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~b[OP~JlDU~4 TO ~IEF DESIGNING m~a~;0~ 
.... . Wey., : X r : )  . . . .  

Subject, Second progress report - The design and m~el study of 
the trLusition and exit of the 102-inoh river outlets- 
Friant Dam, Central Valley:pro~ect, C~lifornla. 

i. Introduction. The preliminary design for regulating 
the flow of water in the Sa~z Jeaquln iRi~r, and alto for diverting 
the river flow during construction, included four 102"inoh outlets 
to be installed in the Friant Dam i(figure l~) '. The outlets would 
be placed in two Groups .and would discharge onto an apron and into 
the main stilli:~ pc01 at ,the toe of the dam. ~The d.~:scharge through 
the outlets would be regulated by tube ~lves at the upstream end 
of the 102-inoh conduits; the. ~ximum discharge :being 4,100 ~seoond- 
feet through each outlet, under a head of  220 feet. ' = 

It is desirable tl~t a jet issui~ fromam outlet of 
this type should spread quickly on an apron ~so as to forms :h~raulic 
ju-~ in the pool ~mmediately below. If the flow is not spread, 
but is allowed to enter the stiliin C pool as ~a solid Jet, ~severe 
eddies :~y form and these, together with excessive surface ~am~ 
bottom velocities, may cause ~u~desirable flew conditions ~in'the 
pool. This dlsturban~e may even continue far enough d~rarb~eam ~o 
cause scouring beyond the apron. 

Previous model studies of the Grand Coulee .,and Shasta 
Dams did not include any outlets from :which the issu~ jet ~hm~ 
to be spread ~ immediately. The outlets in these .studies ~were looate,~ 
.higher on the face ~of the dam than.those of the Fria~ D~ ~thun - 
enabli~ the jets to spread of their own accord'as ~they ~lowe~l 
down the face of ~the dam into t h e  stillln~ pool.. The ~f~ ~st p~o1~lem~ 
requi:-ing immediate spreading of a Jet issuing from an outlet 
occurred during the model studies of the outlets for the Marshall 
Ford Dam. From. this study it was fou~i tlmt to spread a jet 
quickly and efficiently :a transition should be placed in the ou~- 
let proper, followed by an exit trough or "beaver-tail" eu~ in 
the face of the dam. 

The transition designed f o r  the 102-inoh ri~er outlets of 
the Friant Dam :(figure 2') e~bodied ~he prino'iples of .the Marshall 
Ford Dam outlet studies, btrb instead of zm~intalning ocnsto~t are~ 
throughout the length of the transition, the area b as ibsen gradually 
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reduced until the area of the extreme ,'end section of the trLnsi- 
tion is 85 percent of the area of the 102-inoh outlet. 'The method 
of designing the transition for the Friant Dam outlets and the 
basic assumptions made are described in full in the ~ppendix. 

Model studies were incorporated with the ,design of the 
Friant Dam outlet transition and exit to deter~_/ine, i(I') The pres- 
sures within the transition under different heads; (2) the 
~pread of the issuin~ Jet on the~apron, and other 'flow .~oo,,titionm~ " 
(3~) the velocity 'distribution in the flow at the ~ex~oreme ~end see- 
tics of the tra~sition, at the end of the exit. and on the .~hori- 
sontal part of the apron; and (~):the calibration 'eur~res for ~the 
transition, treating it as ,an orifice. 

The first" progress report, .October 12, _lESS, included ; osi  of:th. 
u. ~A*~ ~pr~ssures wx~nxn ~ne ;~ransition :(figures ~A~ ~_ an~ " 

40), as.  determined fr~n a :study of ,a ~I t o  2 4 .  scale seott,  ona l  model 
(see parEg~aph 2) . The ~tests on this :model ,have now been completed 
and a r e  d i s o u s s e d  i n  ,~his repo~t- ,  - 

Additional tests ~were m~de on a complete ~ %o 60 scale 
model .(as .oompared t o  t e s t s  on~a  .1 t o  2 4  s e a l s  ~ s e ~ i o n a l  mode l  / 
d e s o r i b e d  i n  t h i s  r e p o r t . ) t o d e t e r m i n e  a . o o r r e o t  h o r i s o n t a l  s o i  
o f  t h e  o u t l e t s  on the  , o . . i  _~, .,.,__/, . . • . ,  / •: pa  ng '/ 
........ ~ ~-~0 ,~u= .,unu ~..~m, a.n~ ~;o /J, ooate trainim~-walls } 
~-u ~ne s~illi~ :pool-for ~-'rovi-- th-'--J" '- - '---' " I 
. --~- ~, ,, ~,*yarau~ic 3umps rormed dur ' - .  operatio  or the outl  a. ,tu , J 
dosed, as the preliminary deslgn"~Of the~ outlet s l~s ,been o~n~ed. 

Because of the difficulty ~of regulating the flow iin , the  
outlets by tube 9alves at :the upstream end. ~the ,o~lets have been 
rein. eyed from the mpillway and have been rplaO ~ tO the left of the • i ~ 
~In stilling pool. ~The tube ~ l v e s ,  ~:mor,eover. :have been placed " i- 
at the downstream end of the outlets, elimlz, Ltin~ the ~outl~t tran- 
litlon and exit. This design requires a separate sti.lli~ ,pool • 
below the tube ~alves. since it is im~tioal ~;e place ~th6 ~ ~tube 
valVeSsoale modelat thestu~yfaee,~Ofis nowthe main spillw%y. Aooordi~ly. .... :a 'I to ,~4.~75 

• in progress to evolVe ~a satisfactory de- 
sign of this separate stillir~ pool. 'Upon completion ,of the~ 
tests, a report •will be submitted ooverin~ the detai~is of the design. 

2. Themodel. Preliminary ~ests on th~ ~Shasta Dam --J~ 
spill~ay were ~e on al to 40 scale ,sectional model. Upon com- 
pletion of these tests, the ~sams model ~was adapted for tests of 
the Friant Dam spillway. ,but on a scale Of l~to 24 ( f i g u r e  $). ~ne 
of the four river outlets was installed on this model, ~but lack 



of sufficient depth of the head box made it necessary ~to place 
a reverse~ curve at ~he upstream e~i of the outlet (Seotionon 
0enter Line, figure ~S ). 

The ~ model transition w~s ~made ,Of ~m~tal ten, lets, which 
were :o~d; to ~,eorreOt .s~pe Lnd placed at ~equ~l ;inter~als ,alon~ the 
transi~i0n (Enlarged Detail of Transition, ~fi~ure ~ ). Piezometer| 
were attachedto each templet and were made flush with ~the ~i~er 
surface ~of the transition, formed ~by placing oement-pl~ster mortar 
between the templets .and .-soreeding to ~-a -smooth .surfaOee ,-Additloha~ 
piezemeters were placed a lon~ ~the floor ~of the ~exit, 

~, .  ~Pressures in°transition. ~Pressures within the trano 
:sitien were recorded for heads of 220, 150, ~50, ~ 25 ~feet~above 
elevation ~58.00 (center line of 102-inch outlet). :Since there 
wall  no upstrea~control .in the model ~ou~l~t, ;the.discharges for 
these hea~Is were greater ~han for the aetu~l uomzlitiana, i~ ;~tu~y 
Of figures ~/A, ~B, and 4C reveals that ,the pressures wlthin~the 
transition are satisfactory. The ~reatest negative pressure ~oe curs 
"at pie~ometer 18 ~on the ~oro~, but ~it !is ~0r~y .slightly ~re~ter than 
-I0 feet of water, prototype. It ?is ibel~ie~d~ that the pressure| 
within the transition ~,ould be satisfactory for ~all ;oper~t ing con- 
ditions, even though the tests were ,made for a greater discl,~rge 
than will exist in .the prototype, :and the ~inement ~e no~ ~exaot. 

@ 

I~aulio lit~ 
of a jet on a horizontal ,or sloping surface. Moreover, ~a mathe- 
matical analysis is particularly difficult bec~.use flow <of this 
type is three-dimensional. One of the most ~reoent ;studies Of '..the 
~pread era jet on a horizontal ~surfaee was made atthe ~Ur~i~rsity 

i'" Spreading ofa ,,water Jet ~on ~a ~at Floor '(at :$uper~oritim~l ' i 
Vel0cities); .a thesis by Enver ~uratzade; ;Auo~u st, 1939; ;Univer- ~ 
sit.y of Iowa. Copy on file in .U.81.B,R. ~technioal library,. 

No attempt was J~Ae during the .s~iy, of ~theiiFri~t ;river . ! 
outlets to make a mathe~tioal analysis of the .spread ~of the jet, i 
but data were tsdceu to rec0rd'the a:nount of spread. I t  ;is planu~i, ~; 

Lt so re s  IAter date. to make an attempt at .& mathematical analysis ; i 
of the sprea4ing of the Jet. ! 

It was previously noted t}~t,;t o spread a jet effec~ive!y ./~i 1 
a.transition should be placed in the outlet proper. ~ Thisenablea ii 
the flow to diverge under pressure. The addition of an exit cut ,,.~ 
in the face of the dam is required because Of the necessity to em- 
bed the transition in the concrete of the dsm~. Accordingly, the -H i 
spreading ~_ithe jet is i still confined in the exit and does not i 
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spread freely:until the flow•~eaohes the apron. !Figure ~4E shows 
cross sections of the ~low at various points in the ~'exit. It o~u 
be seen that a fln.forms-:along the side wa~Is o f  ithe exit (figures 
~4E and 6A) • These fins were not excessive and could ~not :be elim- 
inated, because, when a high-v~loolty Jet Is allowed ~to expect 
spread, fins will fcrm,~lon~ :the walls ,,which , c o n f i n e  'the ~et. ~JU~y 
further o onver~enee • of 'the o onfi~i~ walls "rWill ~ O Z L ~ y  : a~ra~te,, ! t h i s  
oonditic~o It is impo~nt, therefore, ~to z~ake :proper ~aliowanee 
for d i v e r g e n c e  ,.in the ~ exit ~:below the transition. 

Figures 5 and 6B ~sho w ~the sprea~ ,',of the ~issuAng Jet ~on 
t h e  a p r o n  p r o p e r  . ~U~der n o r s ~ l  : p r ~ o ~ y p e  o o n d i t i o n s  , ~the ~ i ~ l w a ~ e r  
will be ~onaiderably. greater ~.than ~that used ~!during ithese ~tes~s. 
H~eve~, a ~oblem may develop 'in the :future ~whieh ~will require ~a 
i jet issui~ from a n  outlet t o :be spread ove r  a n  apron : a~ i  °enter :a 
s t i l l i ~  p o o l  u n i f o r m l y  enough t o  a l l ow~a  h y d r a u l i o  J u ~  t o  f o r a .  
Accordingly, the spread of~the jet ~was reoo~ied:aseumin~ :free flow 
on the apron. By ~.atudyin~ ~figure 5, it m~y be s e e n  ~that the ~st 
spreads unlfoz~aly, :and on ;the horizontal :part ~ of r~the ~a'pron :i(Seotion 
D.D, figure 5), t.~e ,Jet : i s  of ~nearly ~niform d e p t h ~  ~exeept .~for ~the 
side fins caused bythe i~terseoti~n~of the ~sprea~ing ,~Jet ,s~ain~t 
the side ,walls ~of ~ he pool ~(f1~ure ~S~)o 

Obser,  v a t f o n s ,  o ~ . ~ ,  ~.were m ~ i e  o f  ~the ~:flow: on.,-i~he ~apron 
'for .normal tailwater ~oon~Lf'~tons. These ~re~ealed :that ~as ~the :spread- ~ ,~ 
i~ jet plume4 into ~the tailwate~, return ~flow ooourre~ alc~ ~the 
si~e .~alls. This oondition~was ~also !prevalent in ~%he ~,i '~0 .~60 scale 
m~iel, bu~ it was~elim~ by ~training ~rW~IIs iplaeed ~in the ~still- 
i n g  p o o l .  T h e s o  t e  s t  s w holl~'W~rr, 1 ~  n: ~ ~oomple•tod. ,i~ 

Unfavorable flow-conditioms ~.ha~ ~.been i f o ~  ,~o ~exi~ ' ~ :~' ~, 
wheniflow Inca:spillway i passes o~r~an~.6utlet:exit. SiSuoh~oon~i- / 
~tions ~were ~ found during the model steadies ~of ~the ~8hasta !Dam. !In 
~hese ~studie8, ~after the . o u t l e t s .  had ;been spaee~ ~prope~l~, !it~waa . .  
ne~esssa'y to:~td~ a ~,streamlined deflector or~"eyebrow" :on ithe ;faoe, ~ 
o f  t h e  ~.da~ ~immediate!y ~ a b o ~  ~the ~,exit. By ~doing ~-,this,"~.the ~flc~ 
l ~ s s i ~  i over ~the ~ exit ~was deflected'* upwa~, ,~hus ~eliminating ex- 
co ssi~o ::splash and ~s~ay, norm~lly caused bY !.the ~spillway ,flow i : 
plm~ing ~into ~the ~exlt. ~It ~was ~also :foumi~with ,no ~flow ~t~ou@h 
the outlet, bu~i~wi%h flow~o~r the~spillwa~, ~that~ho flow l~eS- 
ing .over ~the exit evacuated ~the ~air from ithe outle~. With ~%he 
pressure in the ou~let ~less ithan ~a~mospherio, ithe ~spillway ~flow 
~mas pulled down into the :exi t, causing excessive :spray. ~This con- 
dition, however,, was ~ readily e limi~ate~ by aerating ~the ~ outlet s. 

4 :i 
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~similar ~study ~ made of :the .~Friant Dam :river ~out~lete 
to determine if any ,of :the unfavorable oondit~ione were preeor~ j, 
which h~d ex is ted  on ,~he ~Bba, sta ~am: fo r  ~flow over t h e  ,mpiXlwe~:. ,j' 
! F o r t u n a t e l y ,  ~.the ~Fricut ~Dam,ou~le t s  w e r e  much ' n e a ~ r . ~ h e  u t ~ l : l ! ~  ~:: 
:pool ~han %hose on the ~Shas~ ~D~m. ;As !~he spiil l~y i£1ow :i~oreased 
(no flow :in ithe outle~!), ithe ~:water !plungir~ i n t o .  '%he ,e~t ~wal ~de- . 
fleeted ~upward at the ,floor of the ~ex~t ~ulltll its I~%~@~;OX~WM 
nea~:~ly pa~llel with ~tHe slope iof ~%he ~apron. i <The~ i~f~le~ ~hen ~e~er- 
ed the tsi:lwa~er immediately wi%heu~ ,er ea~i~ ~ar~y undeaira~le ~s- 
%urbance. !~t~w~e necessar~, ~moreeven, to/supply ~alr :i~o ~i~he ~eu~le~ / 
when ~he spi~1~lway flow :approached ~its :maximum !(figure ~TA~). iWA'~X~ou~ / . 
air. the flew pl~gi~ into %he ~ex~t was ibadlYdieiz~egr~ted eaul~ ~ ' 
xn¢ c o~s iderab le  ~:spray. 

The :-flow conditions "~were ,also ,found ~to ~be s&tisfao~ory 
for/flow ~ho~h in 'rthe spillway ~and ~in %he ~outlet. iNo ~etzeam2ined 
deflectors or :"eyebrows" were ~required as :~iin :the ~o~se of,the .Sbas~ 
Dm~. The interse@~ion ~of %he ~spillway ~flow ~wi%h %he :ou~le~ flow ~ ' 
caused ithe ~Ormer ~ito be :deflected ~Upwcrd; ~bu~ ~he ~%wo J f lows , : ap -  
.peax~-to ~blend together ~ami ~entered "-the ~tai!lwa%er ,'.wi%hout a ~ [  .:ex/~ 
oessive~ disturbance !(figure 7B), ~The :ipresenoe o~ ~sp~ll~a~ :~l~ow ', 
has pra~tioal!y no e fleet on the :spreadi~ of ithe ~et ~leeuix~; fr,~m 
the o u t l e t .  

It~oeo~be oonolu~edf~m a oomps~ison of the ~studies:~de ' 
on the Shas~& Dma-a_nd FrAsnt !D~u outlets ~,that 
spillway flow which is deflected !from an ~e~it 
and arches :away from the :face of ~a dam. ~ceordin~ly, ~he !hi~her ' 

%he o u t l e t s  are on  ' the :face of a/dam, ~the ~more ~pronounoe~ ~ie-the 
disturbance caused bY the deflected water i before :it enters ~a ~s~ill- 
ing pool. 

15. Velocit~r distributioxl. Figure ~ 8 m shows :the velocity 
distributi~u, "i~ terms of the prototype, at %he downstream ~exal Of 
%he :t~ition, at :the end :of the ,exit. a~d on :~he h6riaontal 
: P a r t  of .the apron. "The velocities :are greater on the lef~,aide 
of the model, which is probab~ due to !%h~ reversed eu~ww ~iu ,:the . 
model ~outle% i(figure ~3). ~and may ~e ,due ~to ~a ~s light error in ~model ": I~ 
~oonstruotien. In any event., ~the:~eloei%y distribution ~il ~ui~e 
-un i ' f oz~  f o r  :!flow ~hrough "~his t~ ~of tc~cnsiti on. ~i:~ 

6. ~ ! i b r a t i e ,  n ~.ef i~i~io~. The transitio~ ~w¢~l 
o~f I brated t o '  ~ t e ~ ' i ~ a  i h e a ' d ~ , 6 h ~ / ' r g e  o u r ~  . and  ~a ~hes~t, oOefA~i c i e n t  - .  

axson~rge .curve ~fig~me :ig) o : ~The ~ a d ,  H, ,,wa~ t~ken  t o  ' the  
oe~er llne of ~the +ex~re~e end Se~+~T~ of ~the ~ransi%ion, ,a~d ~he i: 
area ~i~ +the re.rich ~ ,-p~ ~ ~ S  t+mt of +the same section. • 
:The +coefficient of discharge, C, ,varied from 0.80 ¢o ~0,85 ~i~h an 
i n o r e s u l e  i n  ~head £rom 35 ire ~2S0 feedc.  ,_ 

i I 
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~l%hough ~,~here,~ ~no ups~relm.eontr01 in the model - 
The prototype ,flow~,wi,ll be oon~rolle~',by lO2"inoh ~ube ~von - 
~his o~llbz~J=ion ii ~pi~tioula~ly ,~L~uable i~smuoh~&o '.~h~i ~'Ire 
little ~ ~no da~a a~i~lable ~on .the ooeffioien~ -oS d'isoharEe for 
,1~hi| p~leuls~ %ype ~ransitiano 

,7. Oonolusions* 
., • u . . 

Ou~l~ quioEl~ and effioien~l,7 ~ a iJ;~it{on ~simill~ ~o ,the o~e 
~iaousu(l ihould ~:~e ;,pl~oed in t h e  outlet ~p~oper~. ,'This ~ill pro- 
duoe, under pressure, ~a di~rgenoe oT .the ;flow ~ h ~ o h  wi~! ~oon- 
%'inu~ i%o spread laterally in~he open . b o y . ~ l ' t h e  'transi%icm, 

(2) To p r e v e n t  eddies and !~igh-~loe'i~yIlOW in ~st~'llin£ / 
poole dul'in~ ol~er&~ion ~of ~o~le~s, i~ is ~esirable ~o o~Ln ,& 
h~raullo ;~,m~ as ~he islUi=~ ~e~ on%ors ~:he ~%ailw~e~.. If-the 
~e~ enters ~wi~e pO0!', it ~'8 ~neoeai~y ,~o oon~ine ~he/hy~r~Ulie 
Jumpj otherwise ,~return fl~ will .drown the -Jump,, and ,e~d~o8 ~r~ll 

formo ~ I 

,:(3) Outlets Should ibe :plaoed ,'as ,nsu r'~S possible ',%o %he 
hott~ of a spillway or (l.a.m,' Submergence of .the :ou%lets, however~, . 
is .no% .reoomms~ed, 

.-! 



;APPENDIX 

DESIG~ OF :OUTLET ~TP~SITII~ "" 

1. I ~ l  r o d u o t i o n . . . T h e  ~purpose ~ofa  ~ s i ~ i o n  ;1placed i ~  
an outlet :and its i~performanoe for ~ious Hlow~o0ndi~Jonn :has ~bo®n ' <:~ii 
dlsousse,i In detail in th® ~preoodli~:!:~eSe; ~ ~o~I~ ~u~* /I 
i n , h e  ides i~n  o f  t h e  t r a n s i t i o n  fo r  t h e  F ~ i a n t  ~ d~ l ~  O ~ l ~  j 
is disousse~ in this ~append.ix~to fa,~i!it~o :lust f ~ u ' b e d e , ~  ~of r % ' ~[~ 
,this type. For oonvenienae, a smm~ry :of ~he deslgn iprooea~ £o : -'~ 
~iwn ..in paragraph 1.'I. ~' i 

2.  B a s i o  a s s u m l ~ i o n s .  B e f o r e  the ~ r a n s i t i o n  e an ~be i 
designed, it is ~neoesse~-y ~o :mahe ..the following asgu~ions Oon-  
,eorn.tz~ the transition ~ i 

; Reduotion in : a r~ l .~ f r l~  beginnimg to end .l o f ~ranSitlon. i 
(c) Total drop from l ~ ~ of outlet ~o end of transitione 
(d?) ! 
~(e) Amount :of oonorete ~botween :crown o f  '~tr~11~It±l~ ( a t d ~  " ~' 

stream end) and faoe of dam. 
(f) Fillet radius. :i!ili. 

(a) Length~alonE invert. ~The length ~of ~ansition is deter. ~ 
minsd by inspeo~ion ~ its o h o l o e  is ~des@ribod l~ ~ ~ fully , in parm~ 
graph ~6. Howe~," the~len~h should b e  ik~pt ~t.ila x.~"~'m"% ~espeo- i 

~ouAa oe avuided~ s tnoe  a , shor t  d i v e r g ~ u ~  ~ r a n s i t i o n ~ n ~ y  ide~elop 
high ne~tlve pressures alon~ its inner surf~oo. 1 j ~ ~ 

The reduotion in a r e a  from ~he ~beginuin~ to-the ~ ~of ,the transi- ~i 
tion lmay be taken as  15 percent ~ that is, r'~ '' ~ ' Of "%~ ~r~ ." ~ 

end seotlon of the transition will ~be ?85 pe~oer~ ~ ~of ~he'area of 
th~  oirou_l~r : o u t l e t ,  T h i s  ~ e a  reduot~ion .'is .~0o~f~,  ~b~x~ "iS ~ 
n o o e s s a ~ i ! y  a s t r a t ~ h T , - l i ~ e  v ~ r i a t i o n  ! ~ n ; B e o ~ i o ~  , e ~ - l y  " 
spaoe~ a A o ~  t h e  i n v ~ .  ?~ne , v ~ l ~  o f  ~ e d u e ~ t e ~  ~15 , p e r o e ~ ,  ~ ~: i  
de~orminsd from a~udies~mad~ on  ~the ou~le%a :of t h e  Oz~0d Ooulee  
Dam. In  ~ny e v e n t ,  some roduo~ton,  i s  r e q u i ~ d  t o  ipreven% e x o e s -  
sire negative pressurel :from o o o u r T i ~  ,UPStremn i n  lthe ,O1/~ete ;:! 
However, :iS the Slow throug~ the outlet ~wil! -be ,oontrol~led feu~h~ " " I~ 
upstream ~by a ...~elve, ,the amount of -reduotion :used :must no~ .oau~e - ~,~ 
the transition to aot am a oontrol (figure ~.9')@ 1 ~ 

:(o) To ta!_ drop  from In~t o f  OUtlet-:to.~.en~ o f  tra~_-i~ion, i 
The total drop in invert is a~b~trary~a~ is dePenle~% on t~e o~u ~- ~:~ 
oumstanoes of any pa~ieular problem. Any oonsiderable d r o p  may . :::! 
oreate negative pressures in the transition ~unless the area ~f i~he .... 
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end ,section. of the trensition :is -.reduee.~ -eorresp~i~ly. +In 
most, cases the +radius ', of '~Che -invert .w~ll ':be ,~large ~en,~u~hl 'to :~n- 
form +to the ne~e~mm-~-:taz~ent .~'r.e~u~ts -~t~",~f,~,~ 'oZ~the'.~'~, 
thus pre~nti~ ~ exsess ,drop i,ln :in~r~ ~'.or 'a :tOo +rapi~ 'd~re~ 

',(d ) .S~_~ ~e ~Jhape :o~ the '%~i~ion auI~-+cause :%hl-..:..issui~. 
Jet %0 spread. ::Zt !is +evident :tb~t a ::Jet 1 :Of::iir.ot,~J~ ~:oroas"iioki"o~ " 

ly, hu :teen 'roum~, tm~t. a.tran~ition ~Shoola i-~ ia ,seetlon w~toh" 
is elliptical above <~he center line ~"~otm~!~l~r :~below,- the, ' :~n-  
ter  l l m e  ~ i t h  f i l l e ~ ; s  ::in :.the •oorner  , o f t h e  :~eot~U1~r part ,:i(Seo- 
t ion :B-B figure .10). This ~shape ,te~s .,to flatten %Me Je% +a~ ...~o' 
accelerate spreadir@. " - 

The loz~it~i imAl Iha~e ,m~y :eotmsist of a ~ + o o ~ - P I ~ i ~ I  .~i~- 
vet% .with. a l~r~bolio :crown; or 'a, e~m~im~tion,,.IMP anti,Pc +at +~hl + 

to the+end of th, transition+ 

I 

The amount of !divergence, .+in plan, may~be\be~ween-fi~,i~ 
eight :degrees; tm excessive di~rgemoe .ma~v oauu ~he .'flow~o :se.~Im- 
-ate .+from ~he .~,l.ls i~ml :,create ~negative !pre~ssures. ~Sinoe'%he~xit 
out - in the face of + ~he .!~ :is : made ":%an~em~ ~%o i,~2~e +wal, ii, of %he " 
transition at.:.%he start .of -,the ~e~It. -the -(dLtwrgenoe ~.~L%-al~ ~.be 

,.gove~n~l by ~e .distance ~be%ween outle%s~ ~.~T~I-:ex£tl m~It"-no~ 
.the  :o mm e e,,i  ' 

of i~erseoti~m~ -- 

:~ream ,:e~i}, ,,a, ml, :'fa, oe .+~o,f :: ,da~,.. !Tnls ~:amou~k rams% ~no~ +:be,..lesa..~tha~' 
three feet, :+uniess-a deflector or ~".eyeb~w . ~il .~l&ee<~ :alx~ve %h~ 
.traas~ion .on"..the dam. +Xn ~thxs iU~ ~th~ ..three :-feet'.:,wo~be 
m~asured from ~the ~faee :of .the deflector %0 ".%he-crown+ 

to Ieetion .is :s'- -straigh~-"lim~ .V~r~atlon. ~he Yfi.llet ~-ra~ius.i&t ~.~hI .... 
i~ax%, of the ~trsmsltion-+wiil .'.be :-the. ~a~ u~: of ~.the .: e ir..ou~r -ou~l~, 
I~d.the .~fillet radius ~:at ..th~ ezml ;of :~he ~i.+%Pansltion -ma.y ?be ,taken i:I~I 
three or six troches. 

• ~. Equatlons .used ~in.:~sig~, The.-desi~ ,of ~a.~.%rlaIitlo~ - 
: requires.aer~in e~uatlons :~ well ~mown ~relationl from~aa~Ip~iei/ : 
gea~e~ry, 

"(a) :Y'-:.Ml -.m, the ~equation~for a .~Strlight llne, ~.~bm~e ..t~ 

-B 
/ +. /+ ~I .+r+ 



• ° 

.poim~ P ~(~i, Yl ') is known, a~d m is the" Slope of the l~ne. 

o s t l e r  ~ (h, E). and i%s ~axls ,Imm~llel ~o , . y ! , 

(e) if t~o 'limes ~are norm~l ~o eaoh other thelr slopes are 

me~at~ve reoip ro~Is~ 
u~ 

~ent is shown ~gure I. It !is ~required ,,~o ~desxg~ ~ne 

stream oe~enter li~ of ~the oU~le~s, ~slope o f  ~is~,  a n n  r~zus .x.u,~ 
of '~%he 
ipool are ~s~rn.  The ~followi~ assumptions ~re m~de: 

Reducti0n/ofare~ " 15 ~-een%, 
(0) 'Drop i, ln invert = ..~0 fee" re,%smile..-~ 

Diwrgenoe ~about 6 d~g,zeea. 
(e) ~m~un% of ,,oonorete between orown ,of ~ex~1 section ~am~ ~.~aoe 

• of.dam - 5 :feet minimum. 
,(f) F~l,let ra~iius .~raight-llue ,, .v~ri~len. ~R~dius in e:~. 

8eeti on .= ,0,50 leo%. 

5. Oo.,mpu~. ~io~'~ .for .,.~d ,8eg~ion 'of. ~r~m~i%ion-- 'The ame~ 

Of the -102-~ outlet is kn~: 

Ao. ~(8.5) 2 - ~ e , 7 ' ~  , ~ .  f~. 

~ o n ~ e ~  Of e ~  seot lon  ~I~ i~(b) l a ,  

A e .= ;0 .~  x 56o745-  .~ ,25~ s q . / f t .  

Referrin~ ~to figure ~I0., ,~he ,,width of ',the ie~'~seo~ ~o n m~y ,be doter- 
mined* ~Projeot the~ix~mrt on the ~ohord, ~s-~,sh°w~, ~ami &ssu~e :chord 
lem~th is equal ~o len~thiof tr~usltion, or [.~4 feet. This is neo- 
carry sino.e :~he invert :re~li~s and :the :oentr~l -~angle ~are ,~ot 'kno~n,~ 
Assumi~, ~s i~4(d), that the div~r~enoe is 6 de~rees, thon:re- 

ferri~ to ~fi~ure I0, 

o r  x ,,, ~14 .zO.1051 -~i.47 

~hen-W/~ ":1.47 +. 4,25 ® ~5,72 ;Z.ee~* 



p e 

This is oruly approx~te sinoe % 
on the pro~e~tion of the i ~ v e r t  
length of this projection is not  
will be less t}~ 14 feet,, if the ori~l :~u~le ,of dlvergenee . 
assumed is net tee great, then ~he ~etual !divergemoe Will be ~rl%h 
in 5 to 8 ,degrees:, as is desired, This approxim~ti~u w~l then 
suffioe. .... , 

~:N~W on:Sect ion  B~B, figu~ I0,, w/~ is :known am~ hem~O w, 
and the fillet ..r~dius ~e.8 ..&ssumod to be 0.50 i ' ~  ~.S "in 4(f). . ~ -  
ring a = b, and knowing t~ area .of ~he end oeo%i~ A~ = 48,~ 
'square feet, it .is possible %~.:find a r~ ~ , ~h~ *" 

A o = t . 7 8 5 ~ W b -  0.4282rZ.,  whi~/is deri~md ~omsl~rim~ general  
terms ~of %he end aeo t to~ ,  m ~ i i ~  ~Uea o f e l l i p s e  and z ~ o ~ l e - w i ~ h  - 
fillet s .  

Therefore 48.~S -~,~8~ x (2 = 5,75)b - ,0.4292 (0~50) ~ 

.e b " a = 2 0 3 5  fee%. 
v 

Now .the en~ seoti~ is ~.oom~letel.y determi~d ,as i~lieate~i o n  f~%u-e .I0, " 
/ 

be made .to .seals,- lo~atin~ .the o,~ets .~md .faoe of dam ~.r~u!...- " 
!~ the pool, ,~S s h o w n o n  figUre.-:ll, .~ ~ h o ~ i s o n t ~ l  . l ine  IS~i'~Wn':'lO " 
f e e t  below "~invert ,of o u t l e t  ~i(elev..S4S.:.YS) repr.eS~re~i~B t o t a l  : '~ .::_ 
drop "of i~verti~) a s  ~ss~m~i in 4 (o'/)' "~ioU8 ll, m s ':are then ~a~,m " ..... 
.ts~ent to th~ 100-~oot i~adius a~u a~ ma~e to iutermeot ~ : 
line at e le~ti~ ~3.75. -The di~ee A i~ now kn~ ,(:figure iI)~ :~/ 

t h e  l i n e  a t  e l e v A t i o ~  ~3.~'T5 ~0 the  0,..7 %0 i1 :slope ,of ~ ,  t i l t 8  
value of A oom.'~be satisfied! howe~.~r,  for so.ke of .simpli~e!¢'~, mike 
slope :.of ta~u~er~ ~line am.even a n ~ l e  ~suoh .~B %he Sg-degre@/'81Ope" 

is looated, exten~-:it :to i~rse~ ~elev~ti~ ~353.,?6, 1~he~ " 
election of the ,outlet. Then Jfi~ 6enter of au~u~/8o ~h~ 

&n@le will bet.he :same ~value .as ~he ~sa~le :for slope o t ~ ~  
li~,~ or 39 de~;rses as on flgure lle 

It i8 m~:!possible ,.to .ea~pu~e t h o , ~ d i ~  at ~ InvQ~'~ 
+and ~m~l other d ~ t ~  ~ .  i~io&~e~ :on figure "IS, The~ eom~i~ 

I0 

.... :'% 



o%ry.,, .The point of imterseotion of%~e line ~;hrou~h ;:t.ho oz]~l 
se~ion with .the 0.7 i~o I ,SlOpe ,of the ~ is ~mt f,.~ ~ ~4+.. 
in~ equations ~of eaoh'-line, i.ta!~m~ e~lev~%ion S08#8T 8 ~as~]the ~ ]. 
o r i g i n ,  a n d  s o l v i n g  the equa%i'ons for .the ipOi~ t  of :i~seo~iom, 

If the assumed i.:le~th of %ransition ~appoars to be %00 
sho~, it oeal be'made to..suit .by'~ri~l On ;a 8~oh :similar %0 ~' 
figures I'i ,or 12. ~t is ~r~obably.~esir~Io.:,%o.,r~ake,%he le~h :me ~ ! 
as to ~ve ~he ,oont~l :angle :equal ~ ~&b~u%.@me-h~If ~ to~al ' 
esntral a~le. 'If the leng~h.i~ ~~ e~ ~hen".% .. - - - , .. ,:~.._. . ,  he di~ergenee ,. 

oorrect value of l~ver%' le~g~ .~o~ie~e~ on"h~Is~tal s ~-Z, ' 'r ~- 
t ~ d~mons~o~s of the end 'seotmen,mus~ ,be reeompu~ ,as ~ { (5 )  
abc::,v'e o ~: , 

In this l~ioular problem ~ h e - a o % u a l  ho~.i~on%81 ..lem~th .... ~,!., 
of,, i n v o r %  is 12.068 .~eet, henue ~'%he an~le of :div~rgene®-@ :may Be " ...- .:~.:;~ 
o h e o ~ e d t  ! 

t ~ n  @ - 5 . 7 5  . -  ~ , 2 S  , " ;@- -" .7o-6 .3 , . . .  " 

In the ori~imal ,assuredly. "usi~ %.he method as on ~igure ~0. the - " ':~':'i 
~le ,of divergm~oe ~a ,@ r= '6 0 " The aet~l ~i~rgenoe ..is ther~- "'~J 
fore ~iil .within ~he .limits ,of 5 %o 8 degrees. i 

7. ~s~ablishimg ,eide-~l-I ,survey. A% this~polm~.,i~ :::- i 
the :desi ~-n, the position ,:of,%he ;tz~ns'~tion " h a s  .ib.een e~c~bl.lsh~. 

~shown on figure 12. 'It .is now:.~eeesnary ,to d~b~:.%he 
o~S for ~he side walls. !By proJeoti~ the inve~ .-on,a :her. ! 
i~onte, l ipla~e,,-it is poss~,ble ,to wri%e e~Uat.i-~s for ~he,'iside - ~ " i 
~.lIs, ~en~l .:at the -8~ne .time .%o ,obtain .true widths Orf:,%he~.- Se.~. 
%ions, rinse"true .width.will sh~w fin ~h~.8 :' iguZ~ i ~  %: 

: , . _ ,c 

o " " T h~ sldo-wall .surges ~m~..:be ...,taken ae para~o~s wi%h :~m~ " .'i 
: rmg~n.am ShOWn on figure .L~Bo T h e . v . e ~ e x  ~of .the :]~ra~la.:i~ &% . "i 
the origin-and the l~mabol~ :must So .~hrough,.the :po£~b P :(= = i~,068, ii i 
y = !,80,). 

]i 

• ' "  K = 97.0911. ~,~',.~;~ 

; ;i~. i 

eu~ m 2 - 97.0911 y. 

11 
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+ /  . . . . .  , ,  . : , '= : ~ , + i  :+ ,+  + , . ~ '  >~ 

+ 

The WaXls Of ~ :exit must ~be ~mmgent ++'t,o :the + . ~ b o + l a  

8 lope  o f  :l:,are,bo:~A :a~ P, 

then ~x = 0+2486 

F~i~u of .st'raigh~ li~e :is 

Y - Yl - m  ' t  
i i 

- ~X I ,~ ;~ 
+ + . 

or  +F-+!+80 .+0+248S 
x-12.068- 

+h4moe z + - 4 , 0 ~ I ~  +- 6 , 0 ~  ~-O,  a & + i s f i e s  :the o o m i i t i o n s .  

Zt is now +~oesml~y to fi~ the wi~0h of ~the ~e~ at its ~a~geno~ 
t o  - t ~  . ~ o n  ~.&~ ~.p1P'l i ( f i~u r~  .lSB,). . ++~ i ~ h i s  :poin t  :x - . ~ , . B ~ 2  . f e e t ,  
.whioh Lis f o ~ l .  + f~m .The. ~a~a ,on  :~ . ~ u r ~  i ~ .  

Henoe, usim6 the equmtlon ;Just +fo~, 

: -4.02Z~- 6.0~I~ - 0  

~ud for x - 44.872, i t  is :found +that ~ = 9 , 6 8 5 1 .  Henoe, width .:Prow. 
oen~er Ltu~ to ~PI or P'I +~ ~ 

• + 

./+ - 9.6651 .+-4+P.~ + + 

.w/2 -+13,90510 

+8. D e ~ e P m i ~ t A e n  +of ,orolm o f  + r a ~ i + i ~ ,  ~ h e  .orolm ++~ 

other +mt :ra a e~L ~ ~hl~+i~y bran the +e~i~ni~ a~i + .lind of +he ¢r~ 
sitio~. ++A oonvemier{c-,origin is +,~homen f o r  them+ ~u'abo l~s as, ~+shom~ 

+he dat~ +on figure 12, +but m+rO~iz~ ~hene data +o ~MJ new ~!~lu + 
of figure I~. It remalns to de~e~ the ooordlna+es of poiut P2 
where .~the t~m'&bo~lui will +,be taz~ew4:~ 

Ip 

l i  



On figure| 15JM &~i 14, .the t rans i t+ ion h~l been-~f+~tdt~ 
i n t o  ten equs~ &to  ~!~th8 ~alo~ the.in~r~, a~d ,eaoh ~seohlon 
is dr~w~ r a d i l / ,  liP/umin~ the d~ta on f1~re !~, i t  +£m possible 
%0 e ~  ~b~ +~]~va~ion a~d t h e  d i s~ tuem Prom the a Z i |  of  .dmn 
for the point on the i n e r t  at oeoti0m;5, ,or for++~nlze length 
of +7 feet. It i S  +foun~ with refePenoe to+thin ~+in om ~i~ur~ 
]ZB that x -60+068  +(15.Eu~ +I3A), To d e t e r m i n e  t h e  wid th  i n  plan+ 
at the midsection, we +-let x = 6,$066 in P - 97,0911~ +(figure +ISB). 

Henoe y -  0.4097 

Then wid th  o f  m i d s e o t i o n  - 8050 ÷ r 2 X + 0 ~40~ 

o~ W ? 9 '3194,  

I t  i8 ~ssumed +t~t +the area .of the ~ideeotion w i l l  be  .the average 
of the a rea  of the ..begi~-~amd end s e c t i o n s ,  ihenee: 

- I/2 (~  + .~..~d fro= ~ ~ p h  . 

AM - 1/2 ~(ss.?~s + 4e,zms) 
@ 

• . AM - 6 2 ~ 8 e  s q .  ~ .  

_Sinoe area o f  ~ Notion !~e~oept elroula~ only+)is +iSPom 
pems~z~ph 5. A +-:Io7854Wb - o.429~r+ ,see oa~ fitM+~. +But r, fill~ 
rmliu5 for mldmmo~im% is I/~ (4.2S +~0.50) = ~-,STS .tee%. 

Henoe 5 2 . 4 8 9  - 1 . 7 8 5 4  x 9 . 3 1 9 4 b  - 0 . 4 2 9 ~  ( ~ . 3 7 5 )  2 

from whioh b - a  -+3,325 f e e t .  

And d - 2 x + 3 , S P ~  - 6.65 (fig~e 14). 

From f i g u r e  14 i t  i s  now poss ib l e  t o  ocmpu~ the  o o o r d i ~ o 8  
of po in t  ~ .  The angle ~ ' to a e e t l o n 5  i a  ~-69o6.6,16,0"+ whioh : ~  
be obta~ued from the  data on f igure  l e ,  ~ ~ point R ,(rig~e 14)  
to point P2+ t~e+ dis+~uoe is 4~.872 ÷ 5,325 x;.2 -51,522.;  then 
x -+51,52~ Cos i(59OS~V16eS") "25*809;  ~mad PPom'R~ ¥. ~-51e522-81n 
( s s ° s ~ ' i s , o  ") - ~ 4 , s 9 1 ,  ~ . ~ e f e r ~  .to t ~  o,.,-i~i= ,+(n~m~ ;~4), 
y - -0 .~81;  hemoe t h e  eoor 'd im. teso f  l ~ a r e  ~ ( ~ . 8 0 9 ,  +-0*281), 

To r e n e w ,  I t  :is r e q u ~ d  t o  paso  a parabola  ~(f~uro 14.) 
through the  ' p o t ~  ~+.~mi~o~t~ngent t o  t h e  o r - - , o f  t h e  o t ~ l a r  o u t -  
l e t  at that p o t ~ ,  i p ~  th rough  ~bm po in t  ~ ;  furthermn1~ 
another pe.rabola i.aJ to l ~ U  ~hrough I~ ,  be in~  ~t~ent  to the +fi.r+~,; 

p u ~  zone should be  o~r r i ed  t o  a t  le4s~ f o u r  e ign t f i e an~  p laoe8  

15 



past the deeim~l .point. !f %his .is m~t:~e, ~a ,check is diTfi- 
cult to m~ke. F i n a l  ~bUlatienp ~howwver, ~'s :on~ ,necessary ~o 
two si~niflcant ple~eO. 

~The c o o r d ~ t e s  o f  ,%he ~knmm !po~z~s a t ' e  ~(i~lgure 14>)~, 

z~ (19 .=~ ,  4,91s) 

(2s,s09. -o.~ez) 

(sz .m9%-6.s47)  

The equa%-t on of the ~l~rabo~ through P1 and ip2 i ~  11 be,  

(x-',h) z -.= (y - x),...:.. . . . . . . . . .  .,. - , . .  • .  ~I(Z:) 

subs~itu~iz~, 

)9 -=(~,gu -:z) (2) ,(X~.ZU.- h 

= ~  (zs.soz• ~ h ) Z - = ( = o . = S Z - X )  . . . . . . . . . . .  . . (S) 

in .which.ih, :K, ar~  ~ ~'~" ~ue::~, I% has  '~been specified %hat 
this l ~ r a ~ l a  mus~ :be ':tangent L %0 the ,outlet for'own a t - ' P i ,  ~henee %he 
,,lope at-thls point w~l be :the m~gati~z~o~pz,.oo~l -.of -the .slope 
of the 1line ex~endiz~ 'throu~hR a~d.see~ien<0 ~(fi~ure '14). 

The slope of thls .'llne In, therefore= 

m - ~ .~ = 4.91~ * 44,~872 ==:2,58825. 
z g ~ =  

Now s lope  o f  l ~ r a b o l a a t  PI' 

m ,,.- .i _ =-0 .386~6 .  
- 2 . 5 8 8 2 5  

Yro~ the :general. equation of %he :~parabolaa 

(x --h) 2 --a'(y .--IK) the-slope.lt any. point-is., 

m - ,-,2/a i(X-:h) whore x is amy ipoint an ,%he ,O~"~W! 

therefore,, at :PI' " 

= - z/a (=- h) 

or -0.58686- Z/& (19.255 .- h), therefore 

a - 6 .Z765h  9 9 . s T o s  ( 4 )  

14 



r • o . 

C~.eo~- ,,~)s. ( s . z ~ -  9~.sTos) (-o,ze~- ~) . . . .  (~) 

z~' ( 5 ) , = d  (e) ,.~.e s ~  ~o~ h, ~.~; ~s r o u n d  

'h " 1 6 . 0 0 9 8  ~ 

NO~ tS'o~ ( 4 ) s  a - 5 ; 1 7 ~  - 9 9 , E 7 0 8  luad aid.4;h h - . Z 6 , 0 8 ~ ,  

• "h~n  a = -16~630. 

, /  

au]£ s i n o e  h -16~089E sad eL = - 1 6 . 2 8 ~ 0 .  

(].9.SS8 - 1 6 , o e ~ 8 )  s . -18,~BSO(t.91S - X )  

.,% K " 5~5306 .  

Hanoe, ..~he equLtion of ~he l~U~bo]& p a u i ~  ~throug~ P1 s=~ t ~ g e ~  t;o 
1;he outle% crown &~c PZ azSl p ~ s s i n ~  ~h:roc~h P 2 '  

h - 3 . 6 . 0 0 9 6  

E = 5.5106 

& --16o98J0 

Cx- ~,)s - , iC~-  K) 

h~.Oo m 

wld.oh r e d u o ~  ~ o ~  

- s ~ . ~ .  z e . s ~ -  • i e e . 9 8 o i  - o o . . .  ,, . . . .  ( v )  

~ow & Z:e.s~l~ :m;Ji; ~be put, 4:]sro~ 1~ ~ ~Je ~'~eo~t 'be 
equation (7) at 1~, I w d L l . ~  p u o  t~u-ou~. PS" Ooo'~.4.~u a.-'~ . 

( s , . 8 o 9 , - o . s 8 1 )  

Ps ( ~ . ] . 9 7 ,  - e , ~ 7 )  

15 



henos s 

~)= ,.(.,Oo=eZ x) (8) (=5.809 - = " • • • @ • & • • • • • • • • " 

CS:.:gv h)= - , ( - ~ . ~ 7  - x) @) 

.~- -~  (x-  h) 

at P=s x - = 5 . 8 0 9  

s ==16,=850 

K =  1 6 = 0 8 9 5  

--~,~Ja=,-.= - z/ -zs,=s=o (z5.so9 - ls.os~) 

o r  m- -i.1959 .at i=~ 

(zo) 

In a manner s i m i l a r  %0 %h~ f o r  t h e  psrabo la+~rou~h  P 1 
and ~, equat~on~:(8), (9), ~m~ (i0) ue ,solv~ ob~iuin~s 

h " ?5.0SO~ 

K = -18.499~ 

" 79'1895 

Therefore (x- 7'8,080@) 2 m 79e1895 (y + ~8,~998) whioh 
r~uoem t o I 

-~e.z~-~9,1s~ + s~.9oTs-o . .. °.... (zz) 

I|OW oquL%ian (7)iS a ,parLbol& %~ugen% ~o %he orown ¢~ 

i, a ~em&bola "~e~ct ;  to e~&tion (7 - )a t  PZ' and ~ssi~ t~roug~ 

9 .  Height O£/e~eh sme~i~: The height of e~eh ssetiea 
will e~idently-be~%he re~.iai ?di~ f:flql %he invert to the oz~wn 
of ~he tr~sit~ane d on figure IG. To , ' d . e t ~  %hese~alu~m of 
d, it i= neoemsa~y %o find ~he ooordi~tem of the pelnts of i~m- 
se~tion of e~oh meotian wi~h ~hs invert and the oro~n. W!~h ~he~m 
ooordinatem, th~ val~s of d e~n "be obtained as will be sho~. 

F~oh =oeti~ o r  r a d i a l  line t h r o u g ~  ~1~ p o i n t  R (figure 

14) may be expresae~ ae~ 



. 

a m ~ l u  on  ~ i ~ r e  . 1 2 . . ~ - ~ l u ~  O t b  ' i s ,  b -  - ~ . ~ V m  , q r ~ g ~ u  ,~m~;o 

Xo'P.a=~~~" : ' ° " " 

'~n ~ho o a s e  o f  s e o t i ~  ,5, b o ~ h  : p e ~ b o l s ~  : ~ D e  u m ~  a~uou ~Z. " 
a oo~mon . p o ~ o .  

',T~e am~ie t o  l e o ~ o n  11-m~y ~1~ : f o ~  ~ e t  

Th~n the e q ~ i ~ z  o f  4~ho ~ l~m~ ~hro~@h R ~ 8mo- 
t i o n  1 ( f i ~ a ' O  ~X4 ~) i s  t 

v - .2 .3660Zx-  ~ , 8 ~  ~ 

fr~ e~uati~ (7.), 

- 3 2 . 1 7 9 0 x  • :16,RSSOy . ~ 1 6 8 . 9 8 0 1  - O .  

solv~ ~theoe ,equatl0~J, it is ; ~ f O ~  t~t ~h@ ~eo~ - 
o M a t e s  o f  t h e  p O ~ t  ~ i m t e r s o o t i o n ,  Pr  ( f i g u r e  t ~ ) . ,  :mrgs 

Now : i t  i s  n e o e s m ~ y  .to , d ~ e r m i n e  , the . . o o o r ~ a  o f t h o  ~ p o ~  o t  
~x~ueotio~ of the ~ ~I~o~ ~ion ~ at tbB ~ -  ~ 
i s  b e ~  dome b y  . u | ~  8 i m b e d  .oos .~un~tlom~ .of  ~ ,~o :.~h~| ~ ,  
as ,followm z 

sin ~ - 0 . ; 2 Z l Z  

oos ¢ = 0.~8031. 

S t n ~  t~e r a d i ~  is 44 .8~  ~romR to the ~ z v ~ ,  

i? ~: 



x = 44.872 cos # -17.4681, and,~om R 

y - g4.87~ .sin ~ -:41o3~20, :but ~r~ferr~d to %he ~ori~in ;(Tigur~ 
~i~), the r o o o r ~ i ~ t e s  ~IT~e| 

~Now t h e s e  ~oo~L%n~%es " r ~  . ~  ~ 

At oz~mn, !Pr (20o73~7, ;.1936) 

The s lo I~  of the ~line thro.ugh *.these 'points is, ~as ~befor~, ~.~- 

di -Yr " Yi 

OZ" 

dl = ~T" ;~4 .  

Hence  

d i  . ,& , !9~6 .+ .~ .~3 ,~ t00  . 8 , 8 9 5 9  
0 ,8~.111 

01" 

d i  . .  20;7377_ ~ - 17.,4691. = ~8 ,5959 
, 0 ; 3 S 9 3 1  

Now, u en . f igu~e  10, .see~i.on!B-B! & . - ~ . b ~ : ' . i . . d ~  = ; , t 9 7 9 ,  

Faugh :.oee%ion should,be ;t~e~te~ .iln %hls manner ~with & ~eheek 
on p r e v i o u s  ~ t i o n s  . a ~ / l ~ b l o , a t  !points  ;Pie -P2, 'P3" a t  t h e  ,~ormm a 
a ~  .oorreep.o~i~g .po in t s  ..on .the ~,,s~.me . , liz~s a t  .~he ~_uvez,4:;. I t  i S  
e ~ v i ~ b l e  ,~o :mike L ~ l a u ~ e -  soale ,~dr~wing ~,of .the % ~ u m i t i o n  : a ~  oheok 
e~oh ~.Qoordi~a~e Ind " ~ "  ~ l u m  ~&s i t  ~im ~o~puted .  

10. Width ~ t  .,eaoh~se<~ton. I t  r e ~ i n s ,  f in~ I~ ly ,  %o " 
O e - - -  ~ " "  o~put the  .width of~ eaoh . teo~ion.  !.Whenthe prooedure  . in ~ r ~ j - a p h  
9 ' i s  :oo~q~le%ed, t h l  ~ o o o r d i n L ~ e  o f ; each  potn~ of  i n ~ e r s e ~ t i o n  of 
~ial seo~ion ;line wlth.:_~he inve~-~wi~ll be i;kno~n. How ~referrimg 
to figure '13B~ reduoe :these ,values ,of,x ~to ,'~,he ~origin for the side- 
wall ~ b o l ~ ,  thus~ in the .~ ~of u e e ~ o n l ,  

18 



t 

- - ,. - 7 

and ' ~  , f ~ - ! . ] ~ 1 , ,  

:=~ - , z 6 . : z ? : 1 4 ,  , '*':::~ . • , 

• " ~:::>?o1' 
the :side :wa~li :on f i ~  ::l~. :~hem :~hi ~ .of := f o r  : l e o ~ i ~  :I 

whieh ::is :.~o •be :ini~i~i:~oe~ ';in~ ~ :97~091:y :Jim 
iF 

" ~ s ~':i< " = - ~  - z  o - I l l , i - 1  

," '/ 

: , , <  

then 

Y ~ 9 '7 ,09~  " . _, 

thee.e fore: 

w/~ = .4,~.Soo + 

.w/~ ~ = ~ , 2  675 

,and 

width • 

~ve~y seo~on  ::is ~ t r ~ a ~ d  in .~liill : ~ r  ~o  o b ~ i n  ~S ' - 

~ L z i l ! y ,  i ~,~l,~tioa,~ be ~ of :eLoh aeet±o= .'in :a 
~az~ner simile~r L~*O ,~h~ ~follo~ i ~:referrizlg vLlues ~to .th~ origin 
of :figure 14z : 

. . . . . . .  ,q, 

• Se~tio= ~, of:i,, . ~  ,, o~,r_oo.f , .... !Seetlo~d.a~i 

n:m~er. ..¢. 'X ~l y. ,~s :z ,.i .'7 :.:I. ~:i-. :i_ ~ ~a ,r ,~_.w]2 ~ 

: I I :' I ~ I I L ' ' . 'I : l  1" II 

~I .I ~:I 0 l ~I ~I :l . I 

.1 'l ,17,47:s - 5 ~  ,'20.74I e4 . ,19 .  ,:4.10 L¢ ,.4:20 ;.~ ;5,88 ~: 4.2.~ 
2 I l ::II* :I I l " 8 . :I 

.I'I;Ge , I I • ~I .I .i ~I l ?1 

I 11 ' ~ ~II l : I ~I '8 :I- .... -- _ , • - . | 

Fi~e 2 lhowa:.~he devils .of ~ho oompler~e .deeign. _ . 

Ii. 8----' ,ot' ~ ~ - -  r oee~ure, A .brig 
_~he nu=erous .i~ep~-ta~ in ., ,eiLl~ ~of. ~e .~nitle= ;is ,i~i~e~ 
and refere=oe .il rode ~o .t~e ~li~ral~-ex~l=i~L~ .the desi~ !In .... 

.de@~ il. 

4 

19 



~:, - 

:,.,,,..,: :..,.~: .":,~, , - ..... . .... :...,. ,.~:: .,. 

~(a) : ~ u i o  assua~io~s,  i ~ r ~ h : 2 .  

.(,,.) .Equations ~us~d in,de~. :~raph"::3. ., 

( e  ) ~ m  : '~ta  ~ ~ u , ~ ! o ~  ~as ,.aS~l:i~_a :to ~parC:io,ul.ar ~o~i' ..am 
disouss~, paragraph :~. 

i(a.) ~ ' , , t r a n s i ~ o n _ . ,  : i ~ r a p h / g  .' 
Determine. ,area  o ~ o ~  ' ~ . e n d  : ' leot io~ 

• ;i~ ̧ 

~3 

o f  , t r a n s i t i  on  a o o o r d i ~  ,,to :=Ssu=ption :':in .!.~ragraph :2 ~(b:!). ~Oete~i~e - 

,assumln~ ohon:t .:,length. ~I same "!as ,,'aro :'length ~as ~.~en '!In ~ .l~ra~h 
~-(~)..!~o~ of :ai~srgenoe-/ is :0 :fi e ':i0 ~ ~l~ss~m~d :as ~in~ I'%- 
' E I ~ 2  (d.). :Usiz~ .width ~o~ e~i .-seot~on a~ i  ~a~.ea, .compute iheight 
of ~ end ~meetlon. 

i,(e) .Looati~ '~inv@~t.,-..amd'%x~, .s.lti on. :l~raph 8, :Make ~a ~sm~le~ 
d~l~i~g of :apron. Ta~e of ,dam... and .~looate ~ outlets ,(:fi~u~.e ,,I'i:).' :,US~ 

l~graph/2(e ), ~:~height ~of ~end meetion from 1~g~ph ~5, draw ,~ 
~lin~ tangent to ourved :apron-so as ,to !Interseot ihorizo~t~,l ;li~s 
representin~ elevatlon of :drop -in ,invert. ~soa~e ~per~. ieul~r ~dis- 
tahoe from %his :point ~to faoe ~:of dam. ,This all•stance ((Al-'iJflg~e "II;~) 

must :.be ~at :l~st ,equ~l to 'helght:of ~,~nd 'meotion plus '~e~h..:of : 
so~oret~ '~r.equire~ ,above :orown -Of.,:e~l ~ses t i ~o  !-B~ten~ ~tan~e~ ~ 
e o r r e o t l y  established .to interseot i~Inve~ of  Ciroular.ou~let. De- 
tenmlne oenter ~ of ourvature :(fi ~u~e :11), :With data ~iven. •oma- 
pu%e ,e~l .Ja~ormati~: as :sho~n .. on .:figure :12. 

:~ (f) ~31~ablishio~ ~side-w~ll~e~ves, :l~ra~raph~. l~oJeet invmm~ 
es%abilshed on :~horJ~on~a~l ~piane ~,(figu~e ii3B~)i~ud .usi~ :~eoordinates 

parabola+'..throu~h those p o i n t s .  Oompute .:equati.o~ .:of ~side ':~iI ' Is of 
e x i t  • 

~(g) ~ ~ , ~ r a n s i t i o ~  _ :l~r~ph :8. Divide 
~le~ths ~Lloog 

inve~ (fi~es .i~ . .~d :~i~) • ~De~e~m~Loe ~wld~h ~ a~d~hei~ht ,of midsection 
..assu~Lo~ ax~a of midsect ion %o.!be a v e ~ e  o f  f i ~  .a~d .~last see t ion~ .  
-'Oompute : eoordA~tes  ~of o r o ~  a t  . m i ~ s e ~ I o n .  iEnowinE, t h e  ~ooordi~ates .. 
of . the  er~ ,at :the s t a ~  o f  :the : . t r ~ s i t i e n ,  ~ a t ' ~ h l  mldmeotion,~ ~ ~ ~:- 
at ~tho ~:.e~l :s ee t i on ,  determine ~wo ::Im~abolas, ~:(.~i~ur~ ~1&), ..whioh ~.IWI~11 
:.satisi~7 th~se eoordi~%as..,.an~ ,~hioh-w~ll  ~.be .tangent :at .the. mid- 
s~ion. 

(h)  Height of :eaoh,~eat ion,  ;~ , 'e .g~ph :9. ~Z~ez~.~e .e~eLtion 
• of, eaoh rmilal-meetion li~, (flgu~e 14J ,a~ fill their .point of 
interseotlonwith %ha il~r~bolas of 'the ,.orow~ Also ;find ,,the points 
of interseotion of :.the ~dial seotion :,lines ,wlth-the invert. With 

2O 
k l 
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