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.~MORANDU~ TO CBT~F DSSXG~I~ BNOIN__~_ 
( F r e d  :Looh 'er ' through J .  S". ~V~arnook} 

Sub~eots Rydrauliomodel studlej on wasteway entra~oes/For..the-Frlant- 
Z e r n  o a n a l - - C e n t r a l  Va l l ey  p r o j e c t .  

:1. "The F r l s n t - K e r n  cana l ,  under  n o r m l  condl~Aona, w l ' l l  o b t a i n  i t s  
e n t i r e  :oapaoi  t y  £1ow o£ 3 ,500  se~on~fee~ofrom-,~the ~rese rvo t r  o r e a t e  d ~by 
P r i e n t  Dame Due t o  su r face  d ra inage  i n t o  ~the~.oanal du r in£  seve re  s to rms ,  
, the ~low i n  the  ~oanal w a l l  be ~tnoreased c o n s i d e r a b l y  and would ove r top  ~ 
t he  banks ~mless some p r o v i s i o n s  ~ r e  rode  ~for d i s p o s i n g  rOf t he  e x o e s s .  
This  i s  u s u a l l y  done by p rov id tn~ :was t eways  a t o r i t i o a l  p o i n t s  a:lon~:~the 
c a n a l .  These s t r u o t u r e s a r e ~ d e s i g n e d  .so ~ t  an , i n o r e a s e : i n ~ t h e  oan&l 
wa~er sur~aoe above the norna l : .wa te r  .:sur~aoe.will,,automatieal,lyroattse _ :-. 
t h e  wasteway g a t e s  to  open and ~dtsoh~rge the  e x e e s ~ , f . l o w • i n t o , a  , n a ~ w a l  

~wateroourse where i t  w i l l  no l o n g e r b e  a ~naoe .to ~,the o a n a l .  

~. I n  t h e  p a s t ,  v a r i o u s  types  o f  e n t r a n o e s  ,.have :been ~used r::In:•oonm'.= "•"~ 
J u n o t i o n  w i t h  ' t ] ~  wasteway s t r u o t u r e s ,  bu t  very  , , l t t t l e , : u s a b l e  ~ln~or~atl•on, .i! 

: p e r t a i n i n g  t o  t h e  - r e l a t i v e  mer i t s  o t t h e  d e s i g n s  was a v a i l a b l e .  On i~he 
F r i a n t - ~ e r n  cana l  ~wo t y p e s  o f  e n t r a n o e s : w e r e  p roposed~for  d t ~ £ e r e n t  
e t r u o t w e s  Where t h e  d e s i g n  dtsohar~ee~was'ithe samoo In ",this ~tns.tan~o ~tho 
openings at the gate sections-~re ~entleal, .but :the des1~gns'.d~££erod-iln • 
that design I (figure I) had .wing ~mlls-/Flared :30 degrees:Tro~!tho ieenter . ?:i 
line of the structure, rounded seetlons at the Interseotion8 .:~.of~.the~r-. 
• i e a l  and e loped  p l a n e  s u r f  s e e s ,  ~anda. . .drop.of~24 i n o h e s  l~rom~the bo~om: i:. 

~ O F , . : : , t h e  . e ~ l  . to the  ~Ioor .  under  -,the : . ~ t e s !  whereas ,  ~in d e s i g n  ~4 ( f i g u r e  
4 ) ,  ~there :,w~:s :,no: £1a r in~  -at ~ the  e n t r a n o e ,  ~no~rounding of :~m~nera. ~ ,no 
d rop  ' : in , the  .~f loor  of  :1;he o a n a l .  ,:Fro.~..the .v lewpolnt  ~ o f  -construe.alert  :~oost, 
d e s i g n  4 ( f i g u r e  4)~ was p robab ly  i less  e x p e n s i ~ v e . .  , H o v ~  

~probable t h ~ t - d e s l g z  I would pro~uoe b e t t e r  f low condi t J  
-~these ~faotors  and t he  d e s i r a b i l i ~ y ~ o f  : s t u d y i n g  the  f l o w  
theme d e s i g n s  and their variations (~Igures 2 and ~)., a :~Is16~/soa'le.~hy. 
d r a u l i c  model was o o n s t r u o t e d  i n  . the : labora tory , .  ." 

3.  T ~  :first model  (~onsisted-.of a s ~ o t l o n  " • '"  " of.~ oan~l  w~'th"ths :--We s.teway 
- o n t r a n o e a n d  s a t e  s e o t i o n  a~ shown ':on f i g u r e  ~IA. :!:~The s t i l l i n g : p o o l , d o w n  . . . . .  .=,~.i 
s t r e am ~f~om t h e  _gate 8/~as-  no t  , a p a  r t  .o f  {t~8 ~stu d ie  s ::sad ~was i~ l l~Anated  i n  " :,~-,~:~,:i 
a l l  .of  t h e  ~e e t a .  The ! tnves t i  ga t i ons  -oi',~thi:a , _de s !gn  !and :~.~ts"~varAiti:one,--:. : :. :i~: 

.de:i:ignz~2 and 3. r e v e a l e d  t h a t  des ign  ! .ga~e :~thei~o~.t'~Favorsble .sur£aoe, : ,~:-.i~: :ii~ 
:~l~w,~eoDdtttons.  ~The ~turbule, ,ae end the  : s p l a s h w e r o : k t . : a . ~ ; ~ t n i ~ , ~ n d  

-~I, , excep t  ~,.that,~the .-r~unded ;oorners  .on :~;be ~ l a r i n g  wln~, .~wal'Is -were ~ -  
. !:plaeed~i-dth square  eorner,  s ,  .and had ~the s m  maximum d l s o h a r g e : . a ~ . S I g n  ... ~:.!i-.ji~:ii ~ 

'!~., .! Fz~weve~, , .a :sur~aee boi.1 r sp l aeed  ..the . swArlln~ ~.motl on : t h a t  : e x ~ t ~ d  ~ . :i,ii!:::i~ 
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ups t ream from the  g a t e  '~moo~ton ~tn t h e  p r o ~ . o u e  a r r ~ q ~ o m n t  ( f l g u r o a  113 
and 2B)o This was a o t . o b ~ o o t i o m b l e ,  and the  perf~raanoe of  ~he : ~ o  ~i: 
arrangements oould b e  oonsidere ~ "ride~lti c a l .  'De etgni~i.3 ,was a o o ~ t z ~ i o n  :~.:! 
Of d e s i ~ s  2 and 4 ( f i g u r e  3 ) .  I t  oonsi~sted o f  t h e : ~ f l a r e d  u p s t r e a a ~ w i n g  
w a l l  i n  oombina t ion  w i t h  a d o w n s t r e a m w a l l  normal t o  +the r e e n t e r  i l ine  :o~ 
the  o a n a l  and no ~rounded : s u r f a o e s  a t  +the l n t o r s e o t £ o n  :of' +the o n t r a n o e  
walls,and ,the oanal lining, ~Test~ showed .the 'same mximum~:disoharge 
w i t h ' t h i s  de~rgn+~s Wl$~1 ~ the :p rev lous  d e s i g n s .  The ~,wa~er~,~surfaee:upstream 
from the ~ a t e s  was more t ~ r b u l e n t ,  r e s u l t i n ~  i n  sonm s p r a y  w h l o h i i g h t ~ w ~ t  
the  ga te  o p e r a t i n g  amohAni, s m a b o v e .  -. ,.- 

The recess in the oana l  b o t t o m ~ i n  +the above desli~ns was~prov ided~ to  ' / 
se rve  as a o a t c h m n t  a r e a ~ f o r  s a n d ~ a n d ~ b o u l d e r s .  : ~ I t ~ d i d ~ n o t ~ i ~ n o t i : ~  a~:~==: ~: 
a n t i o i p a t e d  beoause t h e  v e l o o i t y  i n  t he  r e g i o n ~ £ m r t h e s t ~ f r o m  ~the ~ga~e8 i 
was i n s u f f A o l e n t  t o  :soavenge t h e d e p o s i ~ e d  t u t o r i a l .  DeSign ;4 ~ £ i g ~ r e  14), 
w i t h  the  e n t r a n c e  w ~ l l s  n o r ~ l  to  ~the o e n t e r  l i n e , o f  t h e  ~oanal,  was ~the 
~os~ ~ u n s a t l s t a o t o r y  t y p e  o f  e n t r a n o e  t e s t e d .  ~rlThere ,~wa8 +eons ide~ab le  ~.e~rJ,:~i.~ ~'/-?/~i~ ~:~i 
dense o f  v i b r a t i o n  i n  the  s t r u o t u r e , , a n d ,  , i n , a d d l ; t i o n ~  ~ h e  maximum .... :::i~i ~', 
oepaolty of the open ing  was 2.~ :peroent, be'low ~,that ~:of ,~he-::tlwee ~previoue .... 
designs (figure 5). This reduotionln~eapaoity Wasdue par~i~aily to: the 
dif£erenee in head at "the entr~e:end par~Aally ~to the 'unsatis~aotor~r 
f low o o - d i t i o n ,  as ,sho~n i n _ f l g u r e  ,48. .~ 

4.  :As ~the ga~es-,ware opened  lgradual~ly d u r i n g  the  ~ e s t s  ,wl th , . 'des i~n ~'= 
4o t h e  o o n t r o i  s e c t i o n  shif~di,rapidly,froxn~:the,~area:.u~ier :.the g a t e s i t o  :/~i 
t h e  open tng  i n  the  oan~l  s l o p e .  The , e x a o t l p o t n t  a t ' w h i o h . ~ h e , o h a z ~ e  
ooour red  :oould not  be de t e rmined  ~, a o o u r a t e l y !  ihowever ,  i t  seemed ~ko ~ooour , ~ 

when there was a vertioal spa~e .of  lO feet under ,the ~g~tes. ~flth.the 
t h r e e , p r e v i o u s  d e s i g n s  t h i s  e o n d l t i o n  was:~not ~obtaA~d ~unti',~l .~the : : ga t e  ' " i 
open ing  exoeeded  14 f e e t .  9eoause e r e t r i a  ~:-shi£t i n  ~ t h e , - o o n t r o l , : w ~ t h ~ .  i 
sign~ 4 ,  , e x t r e ~  o a r s  •-should ~be ~exerolse~d ~in ~(the ~use . . . . . .  ~ ~~"~/i 
c o e £ f i o t e n t e  shown on ~flgure..i6~:•and~u=der no o i roums,  
~these+eurves be ex t r apo l~c t ed .  .:., +, :,ii 

5.  The co~blned~gate coefflelents of dlsoharge (figure 6)obtained !: 
durin~ the tests indicate that ;there :Is ~noi:eppreolable dlffe~enoe :In ~the 
oapaol~ Of .th~ e n t r a n o e s  ~s l o n g : a s  i ~ e  :opening under  ~the g a t o : i ~  w e l I  ~: 
s u b m r g e d .  The , v a r i a t i o n  :~In ,ooef£A-olents.~for ~large ,va lues  ~ o ~ D / h  ~:~s/. " 
p r o b a b l y  due : to the eomb!na~ lon+of : expe r t lmen ta l  ,=error ~ a~d i t h e  ~r ~ E i e U i ~  ~ ~: "~ " . ~" "" "~' 

i n  , . :sett ing ~he ~:gate ~ : e n o t l y  ln~:the ~saae 7posi : t loni~for  ~ •~:::, 

~:oausei a e o n s i r d e r a b l y  :lar~er e r r o r  • i n  : the ~oo~pu~ed r e s t  ~ 
~ifor OO~par i~  . . . . . . . .  t h e  merltS_ :Of "~t~e i ldesigns 'was based,+(on : e r l t l e n i ~ f l e w , w h l ~ h  r ~ / 'm' ' q': ~ ~ ~/~ 



er~atin~ a :oondition where.,the formuZas for or£ti'e~l:flow~:do not glve 
a o o u r a t e  r e s u l t s .  ~owever ,  :i f o r  ~he v e l ~ e  they.'ma.y l'mve .~in ~ , ~ u l ~ r e : d e s i ~ .  
p u r p o s e s ,  the  r e s u l t s  o f a n  a n a l y s i s  w i t h  o r i t i o , . 1  f l o ~  a s i a  c r i t e r i o n  
are  l i s ~ d  i n  ~ h e ~ ' f o l l o w i n ~  ~ a b l e .  
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Ha = ~ t o t a l  e n e r g y  a v a i l a b l e  i n i t b e  o a n a l .  

V b--~ w~re q,,=,masured disohar~, 

- H - l o s s  b e t w e e n  o a n a l  and p o i n t  .of : 'di . sohar~e.  . 

C - ooeffioient.of disabarge'based on,,orltAoal~depth 
• q~e.l t o  2 /~ . f la .  " . . . .  

b - h o r i s o n t a l  o p e n i n g  u n d e r  t h e . g a t e s .  
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APPENDIX :. • " - 

~.~ CR IT I CAL~'F LO~ 

~ x t r a o t e d  f r o m , F l u i d : N e o h a n i o s ' ! . f o r  ~ r a u l i ~ o : . E n g i n e e r s "  ' 
by :Bunts  r ~ Rouse 

The v e l o o i t y  d i  s t r t b u t i o n  : f n  a c h a n n e l : ~ o a u s e s  ~.a ::de~l'h:~e : v a r l ~ , t i o n  

in total head - from ~ %he to~)"::tO"the botts)roof"the: seoti'.~, : """"~" ÷.~s~~l l.,.as ~ 4 ~ v o  . 

s i d e  t o  s i d e .  ,:Since i t  i s , e x p ~ : d i e n t  t e l . e x p r e s s  the~ :we i~hbed~:~an  to ta : i  ~' 

h e a d  in t erms  of the"mean..velooity,~'the q u a n t i t y  ~:~---~-- must".be:multi- 

plied by K e, the  veloeity-head-~oorrection~faotor:~,whoee:.~lueibeoom~ 

u n i t y  o n l y  when %he v e l o o i t y ~ i s  - o o n s t a n t ~ o v e r  ..the :iceS%ion. : T I ~  :~mm~nitu~.i 

tie s of flow, :rl s ing we Ii :beyond ~ l.~O ~.i f ~the ~re lative ~'rouf~ane as ~Is ,:l~eat.: 

7 

: ":7 

if tlw .~,loolty di~-trlbution varle,-:'.from"on~ ~,eotlon:to ~thei~:.ne"xte :."In 

t h e  d e v e l o p m e n t  o f  methods o f  praot i ,  o a t , . e n g i n e e r i n g v a l u e ,  i n o l u ~ t o n ~ : o f ~  

, t h i s  v a r i a b l e  a s  a £ u n o t i o n : o f  flow o h a r a o t e r i s t i o s ,  i n t r o d u o e s : n e e d l e n  .... 

rOom~lexitles n o t  oompatib I s , w i t h : s u c h  i n e x a c t  :methods -as , l ore  i n v o l v e d  :,in 

the.', empi r i o a l  - e x p r e s  s i  ons : f o r :  r e  s i  s t an~e  o .Tl~ere f o r e  ," :K ~:.I s~ c o n s i d e r e d  
• - e 

%o have a v a l u e . o f  .un i ty  i n  . the f o l l o w i n g  d e v e l o p m e n t s o  , - ~ . . : .  .:• 

T h e t o t a l  head over,:.a g i v e n  v e r t i o a l  ~ .eect ion?wil l , : .be  given:! by~-the 

expression -. :. . 

But s i n e s  t h e  p o t e n t i a l S . h e a d  i s  o o n s t a n t < ' o v e r  t h e  s e c t i o n  a n d  equal - i~o  ~ 

e l e v a t t  on o f  ~ t h e  ene r~y l i n e  ~above .?.the : lower~boundary  :m~y,:be ~ w r i t t e n : a s  

. . . .  h o - -  . . . .  y . . . .  • . . . . . . .  

~ T h i s  q u a n t i t y  l s :  oommon!y.oal  l e d ~ t h e ,  s p e c l f i o . : e n e r g y .  -H  ~.rgferrl -ng i~to ::a 

datum~,whioh. :ooinoides  .with  t h e  : l owermos t  .err.caroline ~ ~In : : i ; ~ n | l o n a l  '~ 

---  .~ 
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flow~ .the rate of disoharge q per unit width~o£ seotion ~is ~the~.prOduot 

of depth.and.~msan velocity. ~'~The equation of ~ H then becomes " 

, - ,  , 

2 
,S__~ ,  y (2) 
2gy "' 

. . . .  :. ",!:L 

.... TBe £ore{o~ngex~rsmslon:Involves'..three varlsbles.",~an~,"one :of..,~-eh~Iay ....... .:%~: 

be considered , dependent upon .,the .other ~o. ~In '.the ::~st general ',:,@a~ " 

L_ 

o t h e r  may change  s l i g h t ~ y ,  t f ~  a t - : a l l  ; ~  .:~ 

treated, at lesst, as a ~irst.:approxl~ ...:.,:.iC~ 

a b l e s . . I f  ~ remains  o o n s t a n t , - a o c o r d t n [  to~'equet i .on ~(Z)°there:'iWl~Ii~be. 

p o s s i b l e  two d e p t h s  o f : f l o w  y f o r . : e v e r y  :value  .o~ :B. /:At : s o l - , d e p t h  

the speoific .e~erEy-.~ust reaoha ,min~,~um value, :,whtoh~lay.=be,;de~rm~Ined 

for any ~ive~ q by .differentiating equatl.on (2) ~with~.re~peot Lto ~y >,a~ 

s e t t i n ~  t h e  r e s u l t  e q u a l  t o  s e r e .  .Thus, ' :: :, 

whonoe j 

.2 
.dH ' :~  ÷ i 1 : . -  O ,  ~T',". 22~ 

,/ 

2 

( ) l (a) ii I j i l l  i i olo #8I Ill I l i l l i  I.I i III 3 
gY H I~n. va lue ..... 7~ :... - " 

The .~dopth end :~the. v e l o c i t y  oorrempondtn~ to::.a :m4~m . . . . . . . . . .  

. e r e  d e s t - g n a t e d ~ a s  o r t t i c a l , ' a n d . ~ a r e  [ tven~, . the  subset :  

+"- -.@onstant r a t e  o f - d l s o h a r g e ,  

- - 

v o - ~ (4) • ' ~  " • • • qI e • • I ,  • ql e e B  ql, ,1~ e e e O a t o o i qu, qp q, Q Q q~ o o ,I~ g ,Is, e e , .O  

C!; 

w e r e  t a k e n  as +!the c o n s t a n t  term. l n , e q u a t i o n ~  ~ ~ ) ,  l t i ~ l s  + . 

+i!i  i i +J/++i++i ++ +: 
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"' ~'m 

: apparent*:tbat,:£or ~ry~;~value :o£;:::q ';:~1~::) ~depths o£i, f low' would a 

~.th :'~i;wsn : / s p e o i £ t o  e n e r g y ,  whleh-may!:be round ~':by 

, , r e s t e r  ~:to y ~,~nd : a e t t i ~  tha ,~rasult  aqual '~to  : ,e~,o,  

. . • .: . 

But ~ inoe  :the ~mi~imum ~pe oi'/'i.e, energy ':,.i~,~,.H~in.(~) '~= :I .,:!i-~:t .:i s :evl'den~:, 

• t h a t  ' the  : :or l t er ion  f o r  ' maxtmum::di sohar~e , a t  <a gl~n:~:-speoJ:~io ,-ensr~y ~:1.s 

" t h e  ~ s e ~  a s  t ~ t  ~:£c~ minimum :: |pso l •£ io  , :;e~r~y,  at,:a ;igtven :rate  o f  di's~ 

::charge. In.otbsr,:~werdso i~=um:!dlsohar~e~'oeoure-:,when - " 

~he.-maximum o r  e r t t t o a l  d l s o h s r g e  ~i e seen-~:to ~ have .:,the ~:fonn 

%. 

?he. si~ll lied :foro~o.~n~ a qusti on~o'f ~two-dlm,~slonal .:flow wi~ll 
. . . . .  : " - :  

• :: ;il: 

V and the area ~.A O~ r ~ "  ~ X O "  '~ Oil O= 1 ~ ' :" y:" : r S i = ~  ' " " r ~.).~::: 

d A • bdy. in whleh b r.represezr~s,:the " . . . .-.~. 

a]: :d ;:(,:QZ : - ~ 2 

. . . .  - "~-~ .. - .. -. ::! 

whence,  under., o o n d i t i o n s  .,.of - o r i t i o a l  ::flow . . . . . . .  

" . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  , . . . .  "'~'~"~:~ ~ 

Probably~  no phas e . o f : o p e n  o h a m ~ . l  =n~t ion  ~ie s o . - - ~ n  =mimmderstoOd., ~: " "  

:." ,-i I -: 
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So long as gradually varied rflow~;18~.aonS£dered, the~:oritios, l:~;/~pth:..as . 

p~ous~y :.de,or~bed ~s .avery useful :'p=~',~~. :~ut :,'e ~on i ('4)~ a~,~. 

o u ~ s t a n o e  s : i t  i s  seldom~pos s i b l e  ' ~e ~-a ssume ~ h y d r o s t a t i e , ~ d t s t r t b u t i o n ~ : o £  

: p r e s s u r e  a t  tk~ ~ i t r u e - o r i ~ i o a l  s e o t i o n = w i t h o u t  " l n t r o d u o ~ ~ & p p r e o :  i 
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