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Denver, Colorado, Decernber 28, 1939. 

1,JEHORA::iDlJbl TO C-riIEF DESIGNI:JG E:'GlJ'I�ER 
V.--5:" Dewey, Jr.) 

Subject: Second procress report - The design and model study of 
the tra:1-sition and exit of the 102-inoh river outlets -
Friant Dam, Ge21tral Valley project, California. 

1. Introduction., The proliminary design for regulating 
the flow of wa·ter-in the Sa21 Joaquin River, and also for diverting 
the river flow duri:ng construction, included four 102-inch outlets 
to be installed in the Fria.nt Dam (figure 1). The outlets would 
be placed in two groups and would discharge onto an apron and into 
the ma.in stilling pool at the toe of the de.In, The disorari:e through 
the outlets would be re;ula.ted by tube val ,,es at the upstream end 
of the 102-inch conduits; the rnaximum discharge being 4,100 second­
feet through ea.ch outlet, under a head of 220 feet. 

It is desirable that u jet iss1 ing from an outlet of 
this type should spread quickly on ari apron so as to form a hydraulic 
jump in the pool i1illnediately below. If tne flov, is not spread, 
but is allowed to er_tec t!ie stillir:t pool e.s a solid ,jet, severe 
eddies .:-ay form and these, tor;ether with excessive surface and 
bottom velocities, .way ca.use m1desirable flow co:n.ditions i:1 the 
pools This disturbance may even continue far enough downstream to 
oause soouril'lG be;.,.ond the ap·on. 

Previous model st·.1dies of the Grand Coulee and ShA.sta 
Dams did not include an�r outlets from which the issuing jet had 
to be spread immediately. T:.e u1 1tlets in these studies were located 
higher on t:,e face of' the dan than those of the Friant Dan, thus 
enabling the jets to spread of their own accord as they flowed 
down the face of the dam into the stilling pool. The first problem 
requiring immediate spreadill[; of a. jet issuing from an outlet 
occurred di;ri.ng the model studies of the outlets for the Marshall 
For-d Dam. Fro,..,_ tr,is study it was found that to spread a jet 
ql.iokly and efficiently a. transition should be plaoed iu the out­
let proper, followed by e..n exit trour,h or "beaver-tail" o t<'f in 
the face of the da.nh 

The transition designed for the 102-inch river outlets of 
the Friant Dam (figure 2) erabodied tLt:1 r,rlnoiples of t.lle tJars!lB.11 
Ford Dam outlet stv.dies, but: instead of' maintaining constant area 
throughout the length of the tra.nsi tio:u, the area has been gradually 
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red ,: ced c. nt i l  the area of the extrerr.lll9 end sect i on of the t ra11s i­
t i on i s  85 perc e : :t of the area of the 102 - inch outlet . The :method 
of' de s ig n:i.ng the t ra, .s it i on for the Fr iant Dam out let s and the 
bas i c  a s sumpt i ons made are de scribed in full  in the Appendix�  

Mode l stud i e s  were inc orporated with the d e s ign of the 
Fr iant Dam out let trar,sit i on and exit t o  deter:rline : ( 1 )  The pre s­
sure s w ith in the t ra.i� s it i on under different head s J ( 2 ) the 
spre ad of the i s suing jet on · the apron , and otl 1er flow c ondit i ons ;  
( 3 ) the ve l oo ity distribut i on in the flow at the extre,.1e end seo= 
t i on of the traris iti onl> at the end of the exit , and on the hor i­
.z ontal part of the apron; and ( 4 )  the cal ibrat i on ourves for t he 
trans ition, treat ing it a s  an orifice ., 

The first progre s s  report • Oot ober 12 , 1939 , iLo L,ded 
drawing s of the de s ign of t he out let t ransiti o:J. and exit ( fi /ure 2 ) ;  
and of the pre s sure s w ithin the trans it i on ( figure s 4A, 4B , and 
4C ) .  a s  detel"lLined from a. study of a 1 to  24 scale secti onal model 
( see para.graph 2 )  .. The t e st s  on thi s  mode l  have now bee.:1 o ompleted 
and are d i s c us sed iu thi s report . 

Addit ional t e st s  ware r�de on a oomplete l to  60 scale 
mode l (as o ompared to  te at s on a l  to  24 s oale secti onal mode l 
de s c r ibed in thi s report ) to determine a c orre ct horiz ontal s pacing 
of the outlet s on the face of the dam, and to l ocate  trai ning wal l s  
i n  the st i l l ing pool  for improvi ne;  the hydraul i c  jump s  formed dur­
ing operat ion of the outlet s .  Thi s stt;dy ,  however , has been abar:­
doned , as the prel iminary de sign of the outlet s has been ohanged o 

Because of the d i ffi culty of reg:ule..ti ng the flow ih the 
outlet s  by tube valves at the upstream end , the out let s have been 
removed from the spil lway and have been p laoed to the left of the 
main sti lling pool o The t uba valve s ,  moreover , have been placed 
at the downstream end of the out let s ,  e lirninat inr; the outlet t:ran= 
eition and e:xit e Thi s des ign require s a separate sti l l ing pool 
be lo-w the tube valve s , s ince it is  impraot ioa.l to p laoe t 11e tube 
valves at the faoe of the ma. in spi llway e Aoo ordingly ,  a l  to 34 . 375 
scale model study i s  now in progre s s  t o  evolve a sat i sfaotory de= 
sign of thi s separate stilling poo l 0 Up on oomplet i on of these 
te sts a a ·report will be submitted covering the deta i l s  of the de s i gn a  

2 e  The mode l e  Pre l iminary te st s on the Shasta Dam 
spillway were "made on a 1 to 40 scale seoti one.l model . Upon o om= 
pleti on of t he se te st s , t :-,e sa.me mode l wa. s adapted for t e st s  of' 
the Fria.nt Dam spi llway , but on a s cal e of 1 to 24 ( figure 3 ) �  One 
of the four r iver out let s  was instal led on thi s mode l . but lack 
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of suffi cient de 8th of the head b ox made it nece s sary t o  p laoe 
a rew r sed c urve at the upstream end of' the o ut let ( Sect i on on 
Center Line , figure 3 ) ., 

The model tran s ition was made of r�,etal' te�:iplet s a w: . ic�  
were cut t o  oorreot shape and plac e d  at e qual interval s  a. long t,1e 
t ra.ns i t i on (Enlarged Detai l of Tra.r;si  t i o�-;. , fic:;ure 3 ) .  Piez ometers 
were att ached to e a.c r1 t erc.plet and we re made flus:1 with the inner 
surfaoe of the t ra...'1.s i t i on, fonr.ed by plac ing ceF.ent-plas ter :·'lortar 
between the tern.p lat s atid s oreeding t o  a smooth surface . Addit ional 
pie zometers were placed a l o!l£ the fl o or of the exit . 

3 ., Pre s sure s in trans it i on., Pre s sure s  within the t ran­
s it i on were recorded f or heads of 2 20 ,  1 5 0 9 50 , and 25  fE:et abo ve  
elevat i on 35 8 . 00 ( center l ine o f  102 - i r:cll out let ) .  S il:ce t here 
was no up stream o or:trol in the mode l  out let , tile d i  s c htrr:e s for 
the se head s ware greater t han for the act ual c ond it i ons . A study 
of figure s 4A, 4B , and 4C reveal s that the pre s s ures w i.t} , in the 
transit i on a.re s at i sfactory . The greatest ::-iegati ve pre s sure oo ours 
at piezometer 18  on the c rown , but it is  only slightly greater tha.n 
=10 feet o f  water , pr ot otype ., It i s  be l ieved that t he pre s sures 
w ithin the trans it ion would be sat i si'acto ry  for all  operat ing c o1:.= 
d it i ons , even t hough the test s  were made for a greater dj_ s oharge 
than wi l l  exL:1t in the protot:{pe II and the alinemer,t was not e:xaot o 

4 .. Spread of i s suing jet , and other fl ow o ondii; i_ ons . 
Hydraul i c  l iterature contains l itt l e  daJa. r e l ati ve to  the srread ing 
of a jet on a hor i zontal or sloping surface . :Moreover • a mati,e­
mat ical analys is i s  part icular ly d i.ffioult be cause  fl ow of this 
type i s  three -diroeHsional e one of the mo st re cent stud i e s  of the 
spread of a jet  on a hor i z ontal surfaoe was :r:-.a.de e.t  t he University 
of Iowa . Thi s study was quite elementary , but se rved to indi oate 
the nat ure of the problem,,l 

I Spread ing of a Water Jet on a Flat Fl oor  (at Super-o riti oa l  
Ve l oo i  t i e s ) ;  a the sis  b y  Enver I :l,ratzade ; Au;·u st , 1 93 9 ;  rni ver­

__ s_i��!.,_qwa . Copy on :f i le in u. s . B . R .  technical l ibrar�, . 

No attempt was wade d\ll'ine the st t.,.d�.: of  the Fr i ant river 
out let s to make a mathemat ical analy s i s  of the  SJ!read of the jet , 
but data were ta.ken t o  rec ,Jrd the amount ·  of spread . It i s  planned , 
at s ome later date , t o  make an atte:n.pt at a ra:thamat i oal a...rialys i s  
of the spreadiil,!_; of the jet . 

It was previous ly noted that t o  spread a j et e ffective ly 
a t ran s it ion should be placed in the outlet proper . Th i s  e nab le s  
the fl ow t o  d i ve rge under :1re s s ure . The add it i on of a n  exit cut 
in t he faoe of the dam i s  re quired  be cause of the nec e s s ity to  e:11-
bed the trans i t i on in the oono rats of the dam ., Acc ord ingly, the 
spread ing of the jet i s  still  ooni'ined in the exit and d oe s  not 
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spread free ly unti l tLe fl ow r eac • , e s  tho a.pr on . Figure 4E shows 
cro s s  secti ons of the flow at var i o us point s in t 1 ie exit . It oa.n 
be seen that a fin t'orms along the s ide wal l s  o:f  t he exit ( figures 
4E and oA) . The �e fins were not exce s si ve  and c ould not b e  e l im� 
inated ., becau se ,  when a high=ve l oo ity jet .i s a l l owed t o  expand or 
spread , fins wil l form a.l ong the wall s wh ich o onf' ine tLe jet . Any 
.further o onvergenoe of' the o onf'ining wal l s  wi l l  only a.:r,gra:vate thi s 
c ondition. It i s  important , theret'ore , to make proper a l l owance 
.for divere;enoe in the exit be low tr..e transit ion . 

Figure s 5 and 6B show the s pread of the i s s uing jet on 
the apron proper o Under normal prototype condit i ons , the tai lwa.ter 
will be c onsiderably g reater than that u sed during the se t e sts o 
However , a. pr oblem may develop in the future which will  require a. 
jet i s s uing from an out l et t o  be spread over a.n apron and enter a 
st ill ing poo l uniformly enough t o  all ow a hydraul ic jump t o  form .. 
Ac cordingly. the spread of the jet was re c o rded a s suming free flow 
on the apron.  By st udying figµre 5 ,  it may be seen that the jet 
spread s uniformly, and on the hori z ontal part of the apron (Sect i on 
D-D , figure 5 ) ,  the .iet i s  of near ly uniform depth, exoept for the 
s ide f'ins oaused by the intersecti on of t he spreading. jet against 
the s ide wall s  of the pool ( figure 6A ) .  

Observations , only, were made o f  the fl ow on the apron 
for norma.l tailwater condi ti ons . The se revealed that as the spread= 
ing jet plunged. into the tailwater , return flow oc curred a.long the 
s i de wal ls . !his c ondit ion was als o  prevalent in the 1 to 60 scale 
model ,  but it was e l iminated by training wall s plaoed in the sti l l -­
i ng  pool . The se te st s ,  hawever 8 were not completed . 

Unfavorable fl ow conditi ons have been foU?ld to exist 
when flow in a spillway pas a e s  over an outlet e xit . Such c ondi= 
t i cms were found d uring the mode l stud ies of the Shasta Dam. In 
the se stud ie s 0 a.i'ter the outlet s  had been s paced properly ,  it was 
neoes sa.ry t o  add a .  streamlined de.fle otor or "eyebrow" on the faoe 
of the dam immediately above the exit . By doing thi s ,  the flow 
pa s s ing over t he exit was deflected upward ,  thus e l iminat ing ex= 
oe s a ive splash and spray,  normal ly oau sed by the spillway .flow 
plunging int o  the exit . It :was also  found with no flow through 
the outlet , but with flow over t he spillway, that the .flow pas s­
ing over the exit e -vacuated the air from the outlet . : , With the 
pre s sure in the out let le s s  than atmosphe rio ., the spillway flow 
was pulled down into the exit , causing exoe s sive s pray e Thi s  o on­
dition,  however , was readi ly e l iminated by aerating the out let s o 
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'· 
� · A s imilar st udy was made of  the Friant Dam river out let s 

t o  dete rmit,.e if  a.nv o f  the mu'avorable o :)ncl it ions were pre sent 
wh i ch had exi sted � : ,  the Shasta Dan for flow over the sp illway .. 
For tUl�t e ly 1 the Fr i ant Dam outle·c s  were much nearer the sti l l ing 
pool ·c :1B.n those on tr..e Shasta Da..111 , As the spi l lway now inoreased 
(no, flow in the out let ) ,  the water plung ing into tr,e exit was de-­
fleeted upward at the flo or of t he exit unt il it s trajectory wa• 
nearly parallel  with the slope of the apron . The f l ow  then enter­
ed the ta.i lwa.ter immediate ly without creating any unde s i rabl e dis­
turpa.nce.  It was nec e s sary , moreover 

I 
t o  supply air t o  the out let 

when the sp i l lway flow approached it s maximum ( figure 7A) . Without 
ai r ,  the fl aw pl ..mging int o the exit was b ad ly d i s i ntegrated oaue­
ine: c ons iderable spray . 

The flow conditi ons were also  found t o  be  sati sfactory 
for flow b oth in the sp illway and in the outlet . No streamlined 
d e f'le otor s ,)r " eyebrows" were re quired as in tLe o a se of the Shasta 
Dame T:·1e inter secti on of the spillway flow with the out let flow 
oaused the former t o  be defl ected upward ; but the two flows ap­
peared to b lend together and entered t he tai. lwater without any ex­
o e s s i  ve disturbanoe ( figure 7B ) .  The pre sence of spi l lway flow 
has practi cally no ef'feot on the spread ing of the jet i s suing from 
the outlet ., 

It oan ·oe o onoluded from a compari s on of t he studies ma.de 
on the Shasta. Dam L'ld Friant Darn out lets t hat ,  in any e vent , the 
sp�lway flow whic h i s  defl e ot�d · rrom an exit ha s a flat trajeoto ry  
and arohes away frQm the faoe of a dam . Aooordingly . the higher 
�he outlet s  are on' the face of' a dam . the mere pronounced is t he  
d.isttirbance oaused by the deflected· water before it enters a still ­
ing pool ., 

, .... . . 

. 5 . Veloc ity d i stribution . Figure 8 shows the vel oc ity 
d i stribut ion, in terms of t he prototype , at the downstream end of 
the trans it ion,  at the end of �he exit ,  and o� the horizontal 
part of the apron.  The ve loo itie s are greater on the le:f't a ide 
of. the mode l ,  whi ch ·  is probably due to t i .e reve rsed ourve in the 
mode l out let ( figure 3 ) ,  and may be . due to a s light error in model 
o onst ruot ion .. In any event , the vel ocity d i st ribut i on is quite 
uni form for flow through thi s type of trans iti on .. 

6 .  cal ibrati on of trans iti on.. The transit i on  wa.a 
cal ibrated t_o• determine a head=discharge c urve and a. head-ooef'fi o i ent 
o f  di scharge c urve ( figure 9 ) ., The head , H ,  wa s taken to  the 
center line of  the extrerue end' sect ion of the transit i on� and the 
area in the relation Q • CA -� 2gH was that of the same secti on .. 
The o oeffi o ient of d ischarge , C s varied from o . ao t o  0 ., 85 with an 
increase in head from 36 t o  230  feet . 
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Although there was no ,upst ream o ontro l  in the model -
-f;he prot otJrpe fl ow will  be oont ro l led by 102 - inch tube valves -
t}7-i s  oal ibre.t ion is  parti cularly val u.a.ble inasmuch as t here are 

.,,, little  or no data availabl e  oh the o oe ffi o ient of d i soharge for 
' "thi s part i cular type of tran s it i on., 

7 o  Conclusions e 

\ ' ( 1 )  When it i s  ne c e s sary to spread a. jet issuing from an 
out l$t quickly a11d effio iently j) a trans iti on s imilar t o  the one 
disous sed should be plaoed in the out let proper o Thi s w ill pro­
duce , under 1 re s sure ; a d ivergence o f  the flow whioh will o on= 

t inue t o  spread lateral ly in the open bey ond the trans it iono 

(2 ) T o  pre vent eddies  and high=ve loo ity flow in st i l l ing 
pool s dur ing ope rati on of outlet s ,  it i s  de si rab le to  obtain a 
hydraul ic , jump a s  t he is suing jet e nters the tail water o Ii' the 
jet enters a wide pool 9 it is necessary to c onfine the hydraul ic 
jump � otherwi se return flow wil l  drown the j ump @ and edd ies  wi ll 
for.me 

( 3 ) Outlet s should be plaoed as  near as po s s ible to the 
bott om of a spi l lway or damo Sub:mergenoe of the outlet s , however , 
i s  not re oom:mended o 
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.APPENDIX 

DESI GN OF OTITLET TRANSITION 

1 .  Introducti on. The purpose of e. transition plaoed in 
an outlet a.r,d its perfo rmance for ·various flow c onditions has been 
di scu s sed in detai l in the pre oedi!:1g pages .  The procedure vsed 
in the de s ign of the transit i on for the Friant Dam river outlets 
is disou s sed in thi s  appendix t() faci litate any fut ure des ign of 
this  type . For convenience , a 1�- of the de sign prooedure is 
Given in paraf,;ra. ph 11  • 

2 .  Basia a s su,uptions . Bo fore the tra.ns i  tion can be 
de s iGne d ,  it i s  necessary to ms.l e the fol lowing assumptions c on­
oerni:og the trans i  tion a 

(a. ) 
(b ) 
( c )  
(d )  

Length along invert , 
Reducti on in area fram beg; in .. · .. lin.g to 
Total drop fron invert of outlet to 
Shape . 

end of transiti on. 
end of transiti on. 

( e ) Amount of c oncret e 
strea.>n end ) and face of dam. 

( f )  Fillet radiuB . 

betweeu e r  .7wn of transiti on (at down-

(a) Length al ong invert . The length of trans iti on i s  deter­
mined by inspeotion and its ohoioe i s  de scribed more fully in pare.­
graph 6 .  However ,  the length should be k� pt at a minimum, e spec­
ially if the transition is to be made as a casting & Abruptne ss  
s110uld b e  avoided , s ince a s hort d i  verging trans ition may develop 
high negati ve pre s s ure s  along its inner surface . 

( b )  Reduction i n  area from be innin"' to end of trans iti on. 
The reduo ti on in area from the beginning t o  the end of the rans i­
tion may be taken as 15 percer,t;  that i s ,  the area of the extreme 
end secti on of the transition will be 85 percent of the area of 
the o irou le.r outlet. This area reduction i s  uni form, but is  not 
neoe s sari ly a strai ght-line variati on between s e ctions e qually 
spa.oed along the invert . The val ue of reduoti on, 15 percent, we.a 
determined from studies made on the out lets of the Grand Coulee 
Dam. In ai,y event, some reducti on is required to pre·i;e: ,.t  exoes­
si  ve negative pre s s ures from occurr ing upstream in the outlet. 
Howeve r ,  if the flow through the outlet will  be c ontro ll ed fe.rther 
upstream by a valve ,  the amount of reduction used must not ca,Ase 
the trarsit i on to act as a. c ontrol  ( f' ir;ure 9 ) .  

( o ) Total drop from invert of out let to e nd of transition .  
The t ota l dr ,·,p in invert i s  arbitrary and i s  deperrl ent on the oir­
oumstanoe s  of any particular problem. Any o o�siderable drop may 
oreate negati ve pre ssures in the trans iti on unle s s  the area of the 

7 



end seot ion of t�e transiti on i s  reduoed oorre spond ing1y o In 
most ca. s.e s the rad i u s  o f  t: ,e invert will be lare;e enour;h to OO : !­
form t o  the neces sary "J;a.ng$nt requirement s at t he faoe o f  the dam5 

thus preventir,;g any exce s s  d ro p  in invert OJ:'.' a t o o  rap id downstream, 
ourvature " 

( d ) Shap� The shape of the trans it ion must oause the i s sui.ng 
jet t o  spread . It i s  e vident that a jet of c i rc ular oro s s - seoti on . .,_ 
impinging tangent to an apron will not s pread quiok.ly . Ac oording-
ly9 it has been found that a t rans it ion should have a a e ot i on w: :ioh 
i s  e l l ipt l oal above the center line and rectangular be low the oen= 
ter line with f i l le t s  in the c o rner of t r e  reotangular part ( Seo= 
t ion B=B ,  figure lO ) o Thi s shape tend s  t o  f latten the jet and t o  
ao oele rate spreading s 

The longitudinal shape may consi st of a oonsta.nt=radius in= 
vert with a para.bolio orown; or a c ombinati on of an a.:ro at the 
upstream end of the orown tangent to a strai ght line extending 
t o  the end of the transiti on., 

The amount of di vergen,oe , in plan . may b e  between f' i  ve and 
e ight degree s ;  an exce s s i ve d i  ve rgenoe may cause t 11e .flow t o  separ= 
ate from the wal l s  and c reate ner,ati ve pre s s ure s . S ince the e xit 
out in the face of the dam i s  made tangent to the Vlal l s  of the 
trans ition at t he start of the exit 8 the diver::;ence wi ll a l so be 
g overned by the di sta.noe between out l et s . The exit s must not 
interse.ct sinoe the jet s  would oause e xoe s s i  ve. fins at the ir point 
of inter seoti ono 

(e ) A.--n.ount o-!:_ c oncret e between oro�_ of' t ra: : �it io_n (_at down= 
stream end )  and faoe of dam& Thi s  amount must not be le s s  than 
three f'eet D unle s s  a defleoto r or_ "eye'brow111 i s  placed above the 
transition on the dam. o In this  case » the t hree feet -would be 
measured from the faoe of the  defle ct or to the Ol"'JW.ll e 

( f ) Fi l let radius e The change of fil let radi us . from seoti on 
t o  sect i on is  a straight=line variati ons The f' i l let radi us at the 
start of the tran s i t ion will be t he radi us of t he o ir :�u lar o, .: t let »  
and the fil let radi u s  at t he end of the tran s it ion may be taken 1u1 
three or six inche s o 

3 o Equati ons �1sed in d3 s i
�o The d e s l g;n of a trans it i on 

require s  certain e quat ions and well  O'Wil relat i ons from analyt ical 
geometry : 

(a ) Y = Yl .. mB the equati on for a straight l ine 9 where the 
X = X

l 
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point P (x1 , y 1 ) i s  lmown, and m is  the slope or the line ., 

' (b )  (x  - h)2 • a (y - k ) ,  the equ ati on of a parabola with 
oenter at ( h ,  k )  a.nd it s axis parallel to  t he y--axi& J "a" is a 
c onstant and if po s it ive , rarabola opens upward , :if negat ive , 
parabola opens d ownward c 

( c ) If two line s are normal to each other their slopes  are 
negative reo iprooal s� 

DES IGU PROCEDURE 

4 .  Known data and a s sumpt i ons . The pre l iminary arrange­
ment i s  shown on fi gure 1 .  It is r e quired to d e si gn the d own­
st :re8lll end of the outlet ( shown dotted , figure 1 ) . The elevati on 
of the cen t er line of  the. outlets 

O 
slope of dam, and radi us into 

pool are known. a' The followibg as sUJnpt i ons are ma.de s 

(a ) 
(b ) 
( o ) 
( d ) 

( e ) 

( r )  

Length o f  trans it i on • 1 4  feet . 
Reduct ion of area • 15 peroe� .t . 
Drop in invert • io feet . 
Shape of transit i on • Circular t o  ellipse plus rectang le . 
Di wrgenoe about 6 degrees .,  
Amount of o onc ret e  between or01Vn of end se ot ion and face 

of' d8lll • 3 feet minimumo 
Fi l let radius straight-line variati on . Radius in end 

secti on = o . 50 foot . 

5 .  Computat ions for end seot i on of trans it ion.  The area · 
of the 102- inoh outlet i s  known : 

2 A
0 

= t ( 8 e5 ) =- 6 6 0  745 sq . i't o 

Then a.res. of end seoti on by 4 ( b )  i s a 

Ae "" 0 0 86  X 66 0 745 E 48 . 2 33 B q e  ft .  

Referring t o  fig ure 10 , the width of t Le end secti on may be deter­
mined ., Project the inve 11t on the ohord , as shown, a.nd a.s sur,.,e chord 
length i a  e qual to length of trans ition, or 14 feet o Thi s  i s  neo­
e s sa.ry s ince the invert radius and the central angle are not known . 
As suming , as in 4 ( d ) ,  that the divergence i s  6 degree s ,  then re­
ferring to figure 10 : 

x • 14 tan 6° 

or x • 14 x 0 . 1051 • 1 .47 

then w/2 = l o47 + 4 ,, 25 • 5 . 72 £eat ., Urse w/2 = 6 ., 75 feet . 
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This i s  only a.pproxilllate s i noe t he actual di ver.::;enc e  will depend 
on  the pr ojeot i on of the invert on a horiz ontal plane , but the 
length of this  projecti on is not yet known. AlthougL tl.is length 
w i l l  be less  than 14 feet . if the orig inal a11gle  of di vergenoe 
assumed is not too Great , then the aotual dive rgenoe will  be with­
i n  5 to 8 degree s ,  as is desired. This approximation will then 
suffioe . 

Now on Section n-B, figure 10 , w/2 is  lmown and hence w ,  
and the f illet radius wa s  assumed to  be  0 . 50 foot as  i n  4 ( f).  Let­
t ing a .,. b ,  and knowing the area. of the e nd section Ag = 48 .233 
square feet , it is possible to find a and b,  thus , 

Ag - l . 7854Wb - 0 .4292r2 , whioh i s  derived c onside r ing general 
t erms of the end s eotion, adding area of e l lipse and rectangle with 
fillet s .  

Therefore 

• • • 

48 .233 • 1 .7854 X (2 X 5 . 75 )b - 0 . 4292 (0 050)2 

b .., a • 2 .35 feet • 

Now the end section i s  completely detennined as indioated on figure 10 . 

6 .  Looati invert and transition. A sketoh must now 
be wade to soale , looating the out et s and face of dam and re.di us 
in the pool , as shown on figure 11 . A horizontal line i s  drawn 10 
feet be low invert of out let (ele v. 343 . ?5 )  representillf; total 
drop of invert ) as as sumed in 4 ( o ) .  Various line s are then drawn 
tangent to the 100-foot radius apron and made to interseot the 
line at e levation 343 . 7 6 . The distance A is now known ( figure l l L  
s ince the heie;ht of end seot:\. on 1 s  a + b = 4 .70 feet , e.nd the 
amount of oonorete needed above crown of e nd section is 3 feet 
minimum aooording t o  4 ( e )  J henoe ,  A • 7 .  70 feet mi!,imum. By sea.l­
ing from the point of interseoti on of various tangent l ine s  with 
the line at elevation 343 . 75 to the 0 . 7  to l slope of da.m, this 
value of A oan be sat i s fied ; however , for sake of simplioity, ma.ke 
slope of tangent l ine an even angle such a s  the 39-degree slope on 
figure 11 . This will make A r.;rea tar than 7 .  70 , but it should not 
exoeed the minimum val ue too muoh . When the o orrect ta.ncent line 
is located , extend it to interseot e levat ion 3 53 . 76 ,  the invert 
e levat ion of the out let . Then find c enter of ourvature so  tJ--.at 
invert arc will be tane;ent to the inv�rt at elevat i on  353 . 75 ,  
and te.neent to the 39-der;rae s l ope at U,e exit . This central 
angle will be the same value as the angle for slope of tangent 
l ine ,  or 39 degrees as on figure 1 1 .  

It is  now possible t o  o ompute the radius at the invert 
a.nd all other data as indicated on figure 12 . These c omputati ons 

10 



i .. t 
! 
l 

tn 
a;, 
C) 
gj 
� 
� .  

l 
I \ 

.\ 
�, 
�I 

\ �l 
. � �  
\ 1  

. . . _.._. ..... ...,._,..,.,_..,,,.,, .. ..,. ...... �,.,...,. � .... ....... . �-, .--.- � 

I 
I 
·I 
I 
I 

c e8 _ I . --1 

"· •-•' � •,eo > • • • - " "  •, • •, .. >' • � • • ' • • •  " '  > , • H O  • 0 0 

() 
I· ··· · 

· T  
- . ! 



+ 
� 
� 
li 
() 
V) 

•q;: 

in C\J 
0, 
co 
\_9 
\\) 

�r
-

� l  
C 

--� 1 5' "' l � 
(1) j [) 

,,i. , li_-
...__ I 

I 
I 

(,.. 

() 
0 '  \ 

\ 
---1 

y 
"() 
. -
1..1 I 

I 

' \ 
\ 

«-
\_ . 

,..) 

/ 

:"1 .. � 
' ' '-
11� , rr'· , . ,  ,1 ., 1 " '  
l�J I 

- - j  
I 
I I 

< _ ..:J  
, ,  .. I (..,  i 

/ 
/ 

/ 

/ 
I 

/ 
;I 

/ 

------�F_!__! 0�� ,, r /� '3_ Jc  -----

- I  , '· 
q, 

rt) 

.t 

< -

" 
Vi 
')<. 

r-
� ....... 

(<) 

C> 
i}) 

l.( 
d 
::\) 

t-
t. 1  
_J ... 
( )  

IJ.. 1  
( J '  

Bl 

cr . ' ,• 

I 

I , I - . i / I 
...>! 
lL1 1 

(,')i 

' ' .,  
• i 
< ' 

iJ ' 

, ,  
/'- , 

l 
) '  

' ) 
- J 

I 

I 
I 
I 



a.re not i=; i  ven s in0e t . .  ey  reqt, ire a s i'•tple appli cat ion of t rir,onom­
etry . The poht or intarseoti on of the l ino through the end 
sect i on wit,., the o .  7 to 1 slope of the dam is  be st f ouad by writ­
iu;_; eqtJations of' e ao,1 l ine ,  ta\::inc e levation 3C8. u7 :.i as the 
orir,in., and s ol vinf the equations for the point of intersect:i on . 

If the as sumed length of tra. . .  s iti on a;:-,pea.r s to be too 
short , it c an  be ma.de to suit by trial on a sketch s imilar to 
figure s 11 or 12 . It is pr obably desirable to ,..,at-e the l er.ft.h ao 
as to have the c entral 8...'1[;le e qual to about one -half the t otal 
oentral �le . If the le!J€: th i s  oha:nred t hen tlte ii vergenoe 
shoul d  be reoaec'red fol lowing the procedure as in ( 5 )  above . If 
the diver6onoe i s  now too larc:;e , it s hould be red , oed using the 
correct ve.lu.e of invert len[:th projected 011 horizontal plane . Then 
the dimo11s ions or t he end eeoti on must b e  re oo;nputed as i:-:1 (0 ) 
above . 

In thi s  particular problem the aotua.l hor i z o1 tal length 
of invert is  12 . 0 68 feet , hence the angle of di vergeHoe Q may be 
oheoked i 

tan Q . 5 . 75 - 4 . 25 • Q u 1°-5 .3 • .  
12 . 068 

In the ori� inal as sumpt i ons # us inc t he method as on f igure 10 , the 
angle of di vergenoe was � • 6° . The actual di ver,;er:.ce i s  t here­
fore st ill within the l imits of 5 to  8 deg-roe s .  

7 .  Establ i shing side-wal 1 c urves . At thi s  point in 
the d e si gn, the posit ion of the t ra11 sitio�1 has L E)e::1 esta' l is:.ed 
aa shown on figure 12 . It is  now neces sary t o  det er ,une the 
curve s for the s ide walls . By projecting the invert o n  a hor­
izo:r,tal plane , it 1s pos s ible to  write equat i ons for t:,e s i de . 
wa l l s ,  and at the sa:..e time to obtain t rue w idt1 s of  t:1e s ec­
t i ons,  s ir.ca t rue width will shaw iri this visw ( fi�"re 13P ) .  

The s ide-wall  curve s  may be ta.ken as  f arabo las with the 
origin a s  shown on fi6ure 13B . The vertex of the p:l.rabo la is  at 
the origin and the parabola must go through the point P (x = 12 . 0 68 ,  
y =- 1 .50 ) .  

H e n ce x2- • K•y 

or K = -:tf' m ( 12 .068)2 
y 1.50 

:. K • 97 .0911 

and x2- = 97 .0911  y .  
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The wal ls  of the exit must b e  tangent t o  the parabo la 
at P ( l2 o 060 , l o 5 0 ) . Hence , it i s  neo e s sar-J to find the e quati on 
of the st raj c,ht lL�e pas sing tLroue;h P, and ta:q;ent t o  the parabo la. 
x2 ... 9 7 ., 0S l ly at P ,  and pa s s ing t hrough poirrt P1 • where the exit 
terminat e s  on the apron ( figur e  13B ) ,  

S l ope of parabo la at Pc 

x2 :n 97 o09lly 

dy ,.. 2x a.nd for x = 12 . 0 68  
ax 97 ., 0911 

th0n dy • 0 0 2486 dx 

Equati on of straight l ine i s , 

or y = 1 .. 60 = o . 2486  
X - 12 0 0 68 

heno e  x = 4 . 0225y .,. 6 . 0342 .., O ,  sati sfi e s  the o ond it i ons o 

It i s  now neoesserJ t o  find the  width of  tli e exit at it s t a.ngenay 
t o  the apron at PiP ' 1 ( f igure 1 3B ) e At thi s point x s 44 . 872 feet , 
whi oh i s  f o und fro m the data on f igure 12 0 

Henoe , us ing the e quati on just found t 

X • 4 . 0225y = 6 0 0342 = 0 

and for :x "" 44 . 872 , it i s  found that y = 9 ., 655 l e Henoe , w idth from 
oenter l ine to  Pi or P ' 1  is 

w/2 .. 9 ., 6551 + 4 .. 26 

w/2 "" l3 e 905l e 

8 .,  Determinati on of o rown of tra.nsiti on o  The orown of 
the trans iti on may c ons i st  o f  two parabo la s  wh i oh are tangent to ea.oh 
other at a s e oti on hal .t'wa.y b etween the begi nning a.nd end of the tran­
s it i on .  A oonvanierrt orig in i s  o :-.osen for the se parabo las as shown 
on f igure 14 . The c oordinates of point s Pl and P3 are obtained from 
the data on figure 12 , but r eferr ing the se data to the new or igin 
of f igure 14 . It remains t o  determine t he coordinates of po int P2 
where the parabolas w ill be t angent o 
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0-11 f igures 13A and 14 , tLe transition has been divided 
into ten equal arc le11gths al o.1g; the invert , and each sect ion 
is drawn radial . By us ing the de.ta on fi-_;ure 12,  it i s  po s sible 
to c ompute the e levati on and the d i stance from the a.xi s of dam 
for the point 011 t} ,e invert at secti o n  5 ,  or for an e.ro lenGth 
of 7 feet . It is  found with reference t o  the origin on f igure 
13B that x .. 6 . 3068 ( figure l3A :' . To deter::-.ine tLe width in plan 
at the mid section ,  we let x = 6 . 30 68 in %!' =  97 . 09lly ( figure 13B ) .  

Hunoe y ..- 0 .4097 

Then width of midsecti on • a.so + 2 x o .4097 

or W • 9 . 3194 . 

It i s  a ssumed that the area of the rnidseotion will be the average 
of t he area of the begi n 1ing and end s eoti ons , heno e :: 

AM = 1/2 (Ao + Ae and from paragraph 5 

AM • 1/2 ( 56 .745 + 48.223 ) 

:. AM = 52 .489 sq. rt. 

Since area of any section (except c ircular only ) is from 
paragraph 5 1  A =  l . 7854Wb - o.42 92V� we can find 0 0  But r ,  fillet 
radius for midsection, is 1/2 (4 . 25  + o . 50) a 2 . 375 feet . 

Hence 52 .489 m 1 . 7854 x 9 .3194b • 0 .4292 ( 2 . 375)2 

from whioh b • a a 3 .325 feet . 

And d • 2 x 3 . 325 = 6 . 65 ( figur e  14 ) .  

From f igure 14 it is now p o s s ible to c ompute t he o oordi:mates 
of point P2 . The angle ¢ ·to seoti on 5 is ¢=59°5 6 '  1 6 . 8" , wh ioh may 
be obtained from the data on fiture 12 . From point R ( figure 14) 
to point P2 , the distanoe · i s '44 . 872 + 3 . 325 x 2 = 51 .522 ; then 
x • 5 1 . 522 cos ( 5 9056 1 1 6 . 8"' )  • 26 . 809 i and from R, y • 5 1 .522 s in 
( 5 9°5 6 1 16 . 8" ) a 44 .591 , or referred t o  the origin ( figure 14 ) ,  
y = -0 . 2 81 ;  henoe the coordinates of P2 are P2 (25 . 809 , -0.281 ) .  

To review : It is  req, 1ired t o  pa.a s  a parabola (figure 14 ) 
through the point Pi and tangent to the orown of the c ircular out­
let at that point ., and to pass  through the point P2 ; fc:rtLermore , 
a..."1other parabo la. is to pe.ss through P2 ., be ing tangent to the first 
parabo la ( con.uecting Pl and P2 ) ,  and I'.8, S s ing through P3 . All com­
putations should be carried to at least four signifi cant plaoes 
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past the decimal po int . If  t:h i s  i s  not d one ., a cLe ok i s  di ffi­
c1.1 lt t o  ma}(e . Final tabulation, however, i s  only necessary to 
two significant plaoe s. 

The coordinates of the known points  are (fiEure 14) 1 

P1 ( 19 .235 ,  4 . 913 ) 

P2 (25.809 , -0.281) 

,P,,; ( 31 .197 , -6 .347 ) 

The equati on of the parabola through Pi and P2 wi ll be : 

(x - h )2 me a (y - K)  . . . . . . . . .. . . . . . • • • (1 ) 

substituting t  

(19 .235 - h)2 • a. (4 . 913 - K) • • • • • . . . . . . . . . (2 ) 

and (25 .809 - h )2 a a (-0 .281 - K )  . . . . . . . . . . . • •  ( 3 )  

i n  which h,  K ,  and "a.t' a.re unknown. It has been specified that 
thi s  parabo la must be tangent to tr e outlet crown at P1 , henoe the 
slope at this point will be the negative reciprocal of the slope 
of the line extending through R and secti on O (figure 14 ) .  

The slope of this  line i s, therefore :: 

m = tan � = 4 .913 + 44 . 872 • 2 . 58825 .  
19 .235 

Now slope of parabo la at P1: 

1 m • - -,,--,,,.,,..,..,...,,. 2 .  58825 
"" -0 .38636 . 

From the general equation of the parabo la s 

(x - h )2 :a a (y - K )  the slope at e:ny point is : 

m .. � = 2/a (x - h)  where x i s  a._'1.y point on the curve ; 
dx 

therefore ,  at P1 1 

m ,., 2/a (x - h) 

or -0 .38636 • 2/a (19 .235 - h ) ,  therefore 

a •  5 . 1765h - 99.5703 • . . 
14 

. . . . . . • • • • • • • • • ( 4 ) 



Substitut ing t his  val ue of "a" in (2 ) a.."1.d ( 3), we obtain a 

( 19.236 - h )z • (6.1765h - 99 .5703 ) (4.915 - K)  • • • • • ( 5 ) 

( 25 . 809 - h) 2 "" ( 5 .1766h - 99 .5703) (-0.281 - K)  • • • •  ( 6 )  

If ( 5 )  and ( 6 ) are solved for h ,  it i s  found that 

h • 16 .0896 

Now from. (4)a a • 5 .1766h - 9 9 .6703 e...."1.d with h • 1 6.0896 , 

then a 2 -16 .2830. 

From (2 ) -:r ( 3 ) ; but using ( 2 ) 1  

( 19 .235 - h )2 • a (4.913 - K )  

and since h • 16.0895 and a •  -16.2830, 

( 19 .235 - 16 0895 ) 2 = -16.2830(4 . 913 - K )  

••• K • 5 .5206. 

Henoe , the equation of the parabola pa.ssing tr.rough P1 and tangent to 
the outlet crown a.t Pi. and passing through P2 1 

h • 16 .0895 

K • 5.5206 

a A -16 .2830 

(x - h)2 • a (y - K)  

henoe , 

(x - 16.0896 )2 • -16.2830 (y - 5.5206 ) 

whioh reduoes to : 

x2 - 32.1790x + 16.28!50y + 168. 9801 • 0 0 • • • • • • • •  ( 7 )  

?Tow a parabola must b e  put through � and b e  ta.ne;ent to 
equati on ( 7 )  at P2 , and also pass thr ough P3 • Coordinates are : 

F2 (25.809 , -0.281 ) 

Pg ( 31.197 , -6.347 ) 
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hence 1 

( 2 5 . 809 - h ) 2 = a (-O o281  - K )  • 

( 3 1 . 197 - h )2 .,. a ( -o . 347 - K )  • 

dv 2 ) � = a ( x  - h 

at P2 i :x • 2 5 . 809 

a. = - 1 6 �2830 

. . � . 

. . . 
. . . 

.� dy/dx • m • 2/-1 6 . 2830 (25 . 809 - 16 .0896 ) 

or n • -1 . 1939 at P2 

For pa.rabola ' through P2 and P3 : 

-l . 1 939 a 2/a (25.809 - h)  at P2 . . . . . . . . . . 

• • • ( f3 ) 

• • ( 9 ) 

• • • ( 10 )  

In a !'1B.l1Iler s imilar t o  that for the parabola. tl ough P1 
and r2

, equat i on, (G ) .  ( '.J ) , a.ud ( 10 )  &re solved obta ining , 

h • 73 .0804 

K • -28 . 4992 

a • 79 . 1 895 

Tr_erei'o :re (x - 73 .0804 ) 2 • 7£1 . 1895 (y + 2 8 .49 92 ) wLioh 
redt:oes t :"'l &  

x2 - l4o . 1G08x - 79 . 1895y + 3 083 . 9075 » o • • • • • • • • ( 11 ) 

Uow e quation (? ) is  a parabola tange-r.t t o  t · .e oralr.'1 of 
the out lat at P2 , and pas sine; tr.rough P2 a�1d P3 , and e qt,a.t i on 0- l )  
i s  a parauo la tanr;e.;:it t o  e qu ation ( 7 )  at P2 , a:1d J:a s s ing t trough 
P2 and P3 . 

9 .  Ee ight o f  ea.oh se ot.:. on. The he L::;ht of eaoh secti on 
wil l  evide tly 1a tl , e  radial d stru oe from t· ,e invert t o  the o roffll 
of t : .e tra SJ  t. 011 d; on .C ig;ure 14 . To determire tl,e se val ue s  of 
d ,  i t  is neoe s ;.;�, to f iL.d t l  e o-:,ordi l.iates of t,1e points of inter. 
sect i on c,f oa.c t aeol.1911 wit, t e invert and the orown. With these 
coordir..at e s ,  tLa value s of d oa.r:. be obtained a s  w i l l  be shown .  

Ea.on secti on o r  r adi al line through the point R (figure 
14 ) niay be expre s sed aa , 
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y - r.� il' b . . . . . .. . . . . . . . . . . . . . . . . • • ( 12 ) 

where m • ta.n sf to ea.c.h line , a.rul b =- value of y for x .. O .  

S inoe the invert has been d i  vid.ed into equal aro length s ,  the 
value of 9) to each l ine r,JB.y be read · 1y deter· .. ined , us ing g iven 
angles  on fi1;ure 12 . TLe vn.l ue of u i s ,  b = -44 . 872 ( figure 14 ) o  
Heuce ,  e qua:\;� on of e.ray section lir�e is i 

y III x •tan ,1 - 44 . 872 • • • • • . . . . . . . . . . . • ( 13 ) 

A sa.i 1ple 001:1putatio::1. wi l l  be ma.de s olving for the inter­
seotion of t he line t 1 ,rouc;b secti. 0?1 1 .  A c he ok  on the ooordim.tes 
of Pi , P2 , and P:; shoU:d also be I!l8.de by findine; the intersection 
of lines thro�h seotio� o ,  seoti on 5 ,  and secti on 10 ( ficure 14 ) .  
In tLe oase o.f secti on o both para.bola.a may be  used s ince I·2 i1 
a. c omnon point . 

The a .'t[;le to seoti on 1 may be found a s  t 

¢ n 67°-05 . 312 64 ' a.nd tan � •  2 .3 6G0l .  

Then tLe equati on of the r adial line through R and aeo­
tion 1 ( Lgure 14 ) i s a  

y • 2 . 3 1: GOlx - 44 . 872 and 

from equatl on ( 7 ) 1  

� - 32 . 1790x + 1 6 . 2 850:,r +- 1 68 .980 1  • o.  

By solvi11e: theee e qu ati ons ,  it is  found t hat the oo­
ordina.te s of the poL.t of inter section, Pr ( fi0ure 14) , are a 

Pr (20 . 7377 , 4 . 193 6 ) . 

Now it is  nec e s sary to detonr,ine t:c.e coordinates of the point of 
inter secti on of t he line t : u-ouyi sect ion l at the invert . This 
is best d one by 't.Uiling sin a.nd 0011 f mctions of fl to thi s  line , 
as follows : 

As just Bhown to seot:i. on 1 ,  ¢ • 67°-06 . 3 12 64 '  for which 

sin 9) = o .  921 1 1  

o os ¢ = o .38931 . 

Since the radius is  44. 872 from R to the invert, then 
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y a ,14 . 872 s 'cn ,ef .. 41 . 3 32 0 , h.t rt1 1'e r,·ed to the rJricin ( fi(';1...re 
14 ) ,  tho c o .:.> r :�in.ates  a.re : 

Now the se coordinates are known , 

At crrnvn, Pr ( 20 . 7377 , 4 . 193fi ) 

At invert , Pi (1" A: 631 , -3  .5400 ) o 

The slope of the l ir.e t:"rougr. these poi - t s  i s ,  as b efo re , � • 
67°-o5 . 3 12P,4 • It is poss ib le t o  find d ,  therefore, s :i. noe z 

or 

Henoe 

or 

di • :rr - Yi 
sin ¢' 

d
i

• 4 . 19 3 6  + 3 .5400 • 8 .3959 
- C . 02111 

d 20 . 7377 - 17 .4691 • 8 .3959 i = 0 .38931 

Now, as on figure 10 , seoti on B-B ;  a .. b "' d/2 • 4 . 1 979 . 

Ea.ch aeoti on should b e  treated in thi s manner with a oheo1:: 
on previ ous oomputati ons avai lable at point s Pi ., Pz , .r·3 , at the orOffll; 
e.nd co rresp onding point s  on t'Hl sane l ine s a.t tr,e invert . It is  
advisable to nnke a large- s cale drawing of the trans it ion and oheok 
ea.on coordinate and " d" val ue as it i s  c cmputed . 

10 . Width at eaoh section.  It rare.ins, fir.al ly, to 
c ompute t he -w idth of ea.oh se otion. W' 1en t he prooedure i11 J,Aragre.ph 
9 ia  oompleted , the x-ooordinate of eaoh point of inter section of 
radial section line with the invert w i ll be knovm ,. Now referr _:ng 
to  figur e 13B,  reduce the se ve.l ues of x to  the origin for the s ide­
wal l parabola ,  thus, in the case of section l ;  

18 



Xi • 17  .4691 

and fro 1·, fir,t:re 14 : 

X :a 1 6 . l  714.  
0 

The po int P ( f'ilure 14 ) is  a l s o  the origin for the parabolas of 
t:1e s ide waYls on L gure 15B . TLe!l t he value of x for sect i on 1 
whioh i s  to be sub sti tuted in x2 � 97 . 09lly is;  

then 
2 

V ,,..  tl . 2 977) = 0 . 0173 • 97 . 0911 

therefore : 

w/2 ,. 4 . 2500 + 0 .0173 

w/2 • 4.2673 

and w • 8.5346 . 

Every secti on i s  t reated in this manner t o  obtain its 
width . 

Finally, a. tabu lat ion may be ma.de of eaoh seot i on in a 
ma.rm.e r s imilar to that follo-wing� r e ferri.nb values to the origin 
o f  figure 14 : 

c Coordinate 
Secti on s of invert 
number x 1 y 

0 : 

c Coordi nate 
s of roof 
C X y 
l I 

l 

l 

I a 

l I 17 . 4 7 : -3 .54s  2 0 . 74 c  +4 . 19 a 4 . 20 
2 

etc . 
C a 

F i,-;u.re 2 shows the details of the complete 

Seotion data 
b a r -L- w/2 

I 4 . 20 t 3.88 , 4 . 2 7  
C 

: a 
l 

design. 

1 1 . S ummary o f  d e sign pro oedure . A b r ie f  summary of 
the numero us steps taken in the design of the transition i s  g iven 
and reference i s  nade to the para.graph e:x:plaininc; the de sign in 
d eta il . 
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(a ) Basic a s s umptions , pa.re.graph 2 .  

(b ) Equati ons used in des ign, paragraph 3. 

( o ) Known data a.nd a s swn.Etions a s  applied to partioular _ probl em 
di scussed, paragraph 4.  

(d ) Computations for end seotion of trans i t i on, f-8.ragraph 5 .  
Determine area. of c ircu lar outlet and obtain area of end sect i on 
of t ra:n.sit i on e.coordi:ng t o  a s s umpti on in f-8.ra.6ra:1h 2 (b ) ,  Deterr.ii:ne 
width of end seotion by projeot i:ng i..�vert on ohord (figure 1 0 ) ,  and 
as suming ohord. length is same as a.ro length as taken in paragraph 
2 (a ) . Angle of divergence (angle i ,  figure 10 ) asstnned as in pe.ra­
gra.p:i.2 (d ) .  Using width of end s e cti on and area, compute height 
of end secti on. 

( e ) Locating invert and tra.n siti on, pa.ragra[Jh 6 .  !llak;e a soa.led 
drawing of apron, faoe of dam, and l ooate out l ets ( figure 1 1 ) .  Using 
a s sumed drop in invert from para.gra: h 2 ( o ) , depth of o onorete from 
paragraph 2 (e ) ,  and he ight of end seot ion from paragraph 5 ,  draw a 
line tangent to curved apron so a s  to intersect horiz ontal l ine 
rep re senting elevation of drop in invert . Scal e  perpend ioular d i s­
tance f rom t.his point to faoe of dam. Thia distanc e (A., f igure 1 1 ) 
must b e  at least equal to height of end seotion plus depth of 
oono rete r equired abo ve o rown of end seotion .  Extend ta.ri..f_;errt line 
o orreotly e stabl i shed to interseot invert of c ircu lar outlet. De­
termine center of cu rvature ( figure 11 ) �  With data given, com-
pute all informat ion a s  shown on fi�ure 12 . 

( f ) Establ ishing side-wall ourves, i:e,ragra ,h 7 .  Projeot invert 
e stablished on horiz ontal plane (figure 13B )  and using ooordi natea 
of invert at start and end of trans ition ( figure 12 ) , e stablish a 
parabola. through these point s . Conpute equ.ati on of side wal ls of 
exit . 

( g )  Determination of c rown of t ransition, paragraph 8 .  Di vide 
transition into radial secti ons , tak ing e qual aro length s  al ong 
invert (fig res  13 and 14 ) .  Detennine width and height of midsection 
assuming area of midsection to be average of first and last seoti ons s 
Compute ooordiuate s o f  e rolYll at midseoti on. Knowing the coordinates 
of the c rown at the start of the t ransiti on. at the mid sect i on, and 
at the end section , deter.idne two parabolas • ( figure 14 ) ,  which will 

- sati s fy the s e  coordinates ., and which will  be tangent at the mid­
sect i on .  

( h )  He ight of  each aeotion,  :pare.graph 9 .  Deteri line equation 
of eaoh radi al-section line (fi0ur e  14)  a.nd fi1id their point of 
intersecti or wit 1 the :i:arabo las of the orow r... Also  find the points 
of intersection 0f the radial seoti on l ines with the invert . With 
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the coordinates of the se point s of inter section and the s l ope of 
each l ine , find the heit;ht of ea.oh sect ion inc luded between the . 
invert and the oroffll al ong ea.ch of the ra.d::. al line s .  

( i )  Width o f  ea.ch section, paragraph 10 . l' dng the coor­
dinate s of each section at the invert , refer : hem to the or ig in of 
parabolas for the s ide wal ls ( figure 13B ) ,  and compute the width 
of eaoh section. Tabulate data of seot ions . 
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