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} iY ,:':~ A ~ L'X C • :L~B~'~ 't'~;i ? 

' . . .  :~,~'I:~' E ' V e~ 8 ' 

. " • .,':.: . . . - -'.,: . .- . . . . .  i 
:Su~ot ,  Progress ~'~ort  on'.~udlea-~o;~,-"~'::'.'~OWi.of.:w&%or ~ , i q ~  :: .: :.,.../~i::'~,,:: ~.  

' ', :,":~"'" : ",. ,:.'t~ 
.has ,Io~ "b~n ~n Im~w~-~"!.subSeo~:"..1~i~:ioul~ly to the"~.h~£o ~.~. , ~,,,.;,~:: 

~.t ~s ' raselna~ing -even; :%o :a::,~~,'. :~/~io.~:l .:~ulas ,ha .~,;i~0o~' " 

• n ~ l  " ~ o r : r o l a ~ s d l y  l o w  . ~ a ~ l o n t ; . .  ' O h ~ n g o s . , , ~ m . : c ~ S % l i ~  ~o lqnu le~  ~" ~ 1 , 

.de.~!O1~mnt'~.O~r now .,formula~ )h~vo .ro~ul%e~.in"::~lv~n}; ~he ,~n~la~p-er .,= ,I : " 
:'.~ools :Wi:~h:whioh .~o".aos~n .'and !build "-~%ur~s o[ .%~'s %7~o~~:~omo~ - " , ~! 

• " - 

.,woro.,:dor!vod ~vo ,boon ~ o ~ a ~ o ~  ,~m~:%he.'~oaUl.~s ~u~otl f-or : d o s ~  . - , , .  : -  - .  . . . .  

,,.." o ~ o r s  ~ I o l ~ o ~  p r e c e d e n t  ' .fro' .want  "of "a b o ~ t o r , : i w , o e e d ' m " ~ .  ~,~h@re ?h~l,.  :.:.:: :/..: :.":/•;;:: !i 
Ix, on.a' ,consensus .0£ op!~o~".~t addl;~:on~ ~%a aro..noo6~sem~ .%0. . :" :'/ "" : ';" " ;.: 

vo,lop:now f o r m u l a s .  ..... . .- ' ., 

• : • ;l~ious,.work:by:l~borato,~'.seotiOno :~hd:.sub~eot .: --. : .... ..i ! 
H a s  :.been reopened -for d i s o ~ s s i o n  in  t h e  ~ y d r a u ~ i c  labora~ : ~ o ~  :. i_:. i~ . . . . .  ' 
~ i o n " w £ ~ h i n  :~he p a s t  , y e a r ,  The  t e n .  i r e o p e n  i s . . ~ m e d : : ~ e - ' ~  ,..:. ,,~: ' " ' ,  - - , '  

ex~en%,:beaause oz the .urGemoy .of solution o~ mo~ sl0~a~i~o:..~obl~ i.;:... 
The. subject .we-: :not ~or~,otton-and asia-were .eol~eC~1.,~ ..-~ to --:- 
time :as : i t  . , ~ u s e n t e d  i t s e l f . .  Yi~en 8 h e  .su  . ~ T ' , w ~ s  ' .b~ in~  : d ~ s o ~ d  - :  ':. . :  ..~ 

"previously, ;~hrde i~n~ios .',to ::~ho.:prob'l~n~'.wore considor.ed: • :" ..-..i- 

(i) .is air .present in the flo~'-and, if so~ %0 ~zat extent? 
(2) :W, at is t h e  ~oeh~'ics .by wh£oh: air might enter ",~hO w~%or? i 
:(3.,) ~,~'.%t -factors :enter into the retard£n~ of .~ho vc, loci~ of !:~ 

thn flow in .he .channel? .~,, 

The .results o£ these "~studicJs ar~ ,s~narized brie£1y. In re~rd %o- 
(I), F, ir was present in the rlo~, but at.tl;e locat~or, tatted the 
omomlt as measured bY ~ different methods ~vms found to be a ve T . 
.small p~reenta~o o£ the 'total flow, In .,(2) t/~e mechanics by.whloh 
the air enters the flow was no-t :s.tisfactorily .~xplained. A study. 
of L. Pra~d.tl's analysis was made. .qis su~gestlon is that if a 
all'florence in velocity occurs bot~voen ~t~to layers of fluid flov:inF~ 
.~st one ~another, the bounda~/ surface does no~ remain smock, bu~ 
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- .. ~i,x°~':~!.:! ~ i s  9 ~ e ~ o m - . . ~ i ~ s  .aRv~s~ .,at. ,%~at , ~ o  : . .~Cc~ider ln~ - 
_ '1 .:) .mn•:'~e~rd ,~o ' f a e t ~ s  . o ] ~ o s ~  ::%he f low. a .Ei,rS% "OOoa~deration 

:m .e :..an ,exist   :s u tu e ,and . 
~ r u  ~ u e ~ y z e a  on ~ne ' ,bas is  ,,o~. de~ermimin- .~ a ~ b e "  o : £ - ~  ~ ~ n  ~ . . -  " 

:" ro=  'to -. 

-- . . . -~ues pr~mot~sAy ~owrmlnod : fo r ,  a l m i 1 ~ r . o a o ~ 1 , : ~ :  S io~ :~ .~ : -  " 
; , s l o ~ S . . . . A n  ex tens ive  ~ro~-rem o f  - tests .~o d ~ m ~ e ,  t h e  f l ow  ,son- 

~ f l l ~ t ° ~ s . : e x i s t i n g  on ~h~ i~aoe :-of . o v e r ~ a l l  ~ , ~  we~ o u t l ~ e d .  On~p 
" a ~ali-po~lon :of ,~bi,~ :9~o~rom w~s~exeeu%ed" because of more .urn • _ . L • . .  

~":9': :"; :" : .: .;.~on~ worl~ Vr~.ct~on b~een the surface :o-f ~%he..~1ow and the .ab- 
--:/'::~!'. -:i/mosphere .ws~ lmown .to.~exi~t -and was reoocJ~£sed  as'-a ~eterdir~ 

_.:: o e !Of the ~,.low. ~ : o u ~ l ~ n e  el.tests-.was ' 
...... . ' Im~tp-: eubmi~ed in an ~ e £ f o ~  to secure authori- 

• I 
, - - :9. 

t 

• : ~ ,:.::~:.' :" - . ~ --. -~ ,, . 

t ~ r s t  aus~aes a wave ~ermp ~ a n  c u r l s  ,back on . iCsel~ and f i l l - '  
• '!Y ~ansumes t h e  shape  oJ? a vmr%ex. I n  t h e  e a s e  o f  open  ohBnne l  
f l o ~ .  w h e r e  %he ' w ~ e r  /~ur.faoe i s  i n  c o n t a c t  w i t h  t h e  a ~ o a p h e r e .  
~hese vort'lees • "fern at -the :cc~ao% plane and carry air into the* 
water. ,Turbulence within the fl~v then distributes the a i r .  
This  t u r b u l e n c e  w ~  e ~ l a i n e d . b y  E. W. Lanep them h e a d  o f  t h e  , ii~ : 

' l a b o r a t o r y ,  ~ o  :be e f a o ~ o r  i n  t h e  . a i r  d i s t r i ~ u ~ o n .  A l s o . t u r b u -  
-. ~Iunoc p r o p a g a t e d  f r a n  t h e  s i d e s  and :bot-~o~ ,of  %he c h s r m e l  ,w~.s 

".:'~nstru~onta~l i n  t r a p p l n ~  t h e  a i r  i n  %he w a t e r .  .He s t a t e s ~  ' " ~  ': "i~ '~ ' 
'~the w~ter s~s .down the s%ee.p seotlon of. a .'chute, • ~e po~io~ i! : '~ 
Of i t  w h i c h  i s  n o t  . c l o s e  t o  %he b o t % ~  ,er  a i d e s .  i s  r a p i d l y  a s -  ~ ~:~' " ~'; 
celera'ted and soon attains, a ~'~h ,ve looi%~.  ~here ~c a narr~ .~.i'il .... 
.zone on t h e  b o t t o m  and a i d e s .  ~how~ver~ i n  .whiCh t h e  v e l o e i % ~  ':i'i. .' - . -  
" a d j a c e n t  t o  t h e - w a l l s  'end f l o o r  im ser.o .and :%hat ai~ t h e  o u ~ i d e  -/ 
of :the zone reaches %hat of the cen~er seat~cm. I-~ ~h~s narrow :" .; 
!bcund~a~ l a y e r  t h e r e  is,. .  ~herefore, 'a rnpld increase in veloei~.:ill :"~ii 
wi~h Inoreasin~ d~s%~noe f r o m  the .s~de walls., o r  i n  ~other  wor~s.~ . . . .  
• ho ro  i s  a h i g h  vo lo~ t t ' y  :grad£~ut . .  Ln t h e  "s lde- .e%r.~s  ~hc  f l ,  o~ ' ~;! 
is ve.~ turbulent ~nd a~r is entrained, '~ivi~ the w~tur a white .i 
appo~anoe, .e . . . . Ther~ !Is a ;slmil~ 'zo~o in son, at with i 
the !bo.~tam .but It is not -as .apparent slnoo it ~'s ~n~t'in .contact 

w i t h  the a~nos/~ere. =and ~Ir ' i s  t h e r e f o r e  n o t  ~ n ~ a ~ u e d .  This-  
:boundsmy layer.,, both on 'the :hebron and eldest, is ~a~row .at the 

1"ace:, ~ t h e  aooelera%~.on ' ~e su l .%~g  f r o m  mov~.~  , d ~  :,%he ; o h i o  ~s  

oon~ral,:portion beaom~e narr~Ze r ,am d ~him~fer ~as ~tho 'boun~a~ l a y e r  .... " ";':' 
tno o ea.!t    toP.=os , and enough a' point 
la ~es~ho' ~,where , .%ho,"voloci~  ~ , o u ~ h o u ~  '%he ~tL~o '~oss-seotlon ..::i 
is ,QOns!.d~bly ro~a~rdod by :aid 0 f ~ i o t i o n o  When 't~i~ po~t is i 

• r~aoh~d '~lW e ~ a e e - ' b o o o ~ o s  . rout% s~noe .the ~ b u l o n t  z o n e  ha~ 
r e ' S t i e d  : ~ , ~ h : : ' , ~ o .  ~ e  ' W ~ r  : s ~ 1 ~ £ a o @  # .  " l ~ e r  s t u d y  i n  - re la -  

:? 

~.:+.~. :,'~.:.~; " ...'2 
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::atio:~ L'or a nt.Jdy to be made to determine it' po:;sibi~.~ the mnFni- 
tud,~ of the rotardlnf f.ctor. Th- Frogra,i~ wa:; not approved, not 
b,;~causo of l~c]: of Interest, but becnuao of l.c]" o:' ti:ae for t].o 
!~borator:,, ~.'or~onnol to conduct it. Sia~:c the previously doscrJb- 
,.,d ~,ork ;'me accomplished, s~,~ll e~1ounts of datn have been collect- 
,:d. ]'L,:so consist prhaarily of personal obsorv, hLolts and p}:oto- 
~,rq.-o!:~ el ~'Iov:. 

J 

;~. Sco~e of current work. The subject h,,s been rovJw~d 
been.use s~ruotures n~v b~ing designed are of such proportions that 
avni[qble hydraulic desigP, d o r a  cannot be a[~olicd ;rJ.th a roa:Jonable 
dogr,~<. ,~ '  assurance tJmt the cond£bions of ['ic~v through the com- 
ple:,,d s~ruoturc will be entirely satlsfac~orv. A~ investigation 
o: the ~)mract,;ristics o*" flow in open c!lsa,~ol:: wit'l hi~% gradients 
a,~,.l o~ t.h.., face of ovorfal! d~lls is boin~ conduct,:d at the present 
ti:a~; r.o supplement the available design data. "fhos,~ current studies 
~.-.a~, bc divided into throe dixglsions: (i) An extensive study of the 
iit~rsture of this and foz'oig~ countries to ascertain the extent 
of ~ri~ten material avniiablo on the subject; (2) dov6.1opment work 

• ~ to evolve a method of accur..ttoly men~urin 0 high velocity flow, ~nd 
:: (3) a proF..rnr, of fi~.Id ,'~,~asur~en~s on an oxi~tin;] structure. 

4. Study of li~orn=ure. A study oi' the literature dis- 
closed very lit~tle on t}~e subject and the explanations by the authors 
differ 2reatly. The mode of attae:, on t::c ,Drn_blem has bc,~, dealt 
• ~.~i.L primarily fr~: the empirical st~.u~dpoint although applied mathe- 
~atical solutions have been tried, i,:o att0r.,pt will be made to give 
a 19ngthy discussion of the views of the different authors, other 
thou, %o say that =hey may be divided gener,.lly into two schools of t II~., -~- + 
• ~-u . . . .  The first group are of the opinion that the hydraulic 

prqpcrtios of ehazu~els on hiL~ gradients may be calculated by the 
use of the s.~ne formulas as used for doterminins the hydraulic pro- 
?,.'rtios of c}~nnols on flat .Trades providing of course r~ha~ the 
correct values of the component par~s" of ~ho fonaul~s are used. 
This procedure assumes the presence of air to be negligible or its 
effect to bc iacluded in tile friction factor used. The other .~ro,p 
prefers the hypothesis that water flowing in an open c}mtmol bqsins 
to absorb or entrain air at a.veloci-.~/ which is stated to be ~be- • 
taveen 6.6 and 14.8 feet per second dependin S upon the type of struo- 
ture. under consideration..At higher ~veloeitles the percentage of 
air;by volume in the flow may be as much as 80 por~cent. Due to ~his 
,entrainment of air in the flow, the vsloci~/ is somewhat less than 
t}mt ealeulated b~ standard formulas. The area of the cross section 
of the flow is found to bemuch greater. Alsc t/:c presence of' air 
in ,tJ:e flow with a ~oonsequent increase in internal friction and 

.;-i: [' ~i,.,ide~sae "in dons..i%y.may .result in s max£mt~, or terminal velocity. 

.v~,~ • ~V~.~ ~ . ~. ~ 
t. ~c 
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!+.':,:~ +~n:~uon r~ow ¢ ~ ' + < + + - - -  ~±__"  Y . , ,. ~ - , v m - ~ a o ~ e s . ' l ~ e a o n ~  
.... ,~a,~ +g Y.o.~a~0tocl . : the,  PO e e s t  +i~ .. om~P.ohenslve s o ' y a l e . o f  +he , - - ~ ,  . . . .  . . . . p _  + .  , sward - " '  

. . . .  4 . . . . .  " ~  . . . .  ~ r  + ~ ' e  0 :~ne *f~rmulas ~deve!. 
;.+~: . . . .  ol~d 'by ,~be, o l d e r  " e x ~ r ~ o r s  ::~avo .g~own ++Into * ~  , ~  ",~tm~l. .~ueaCo .,,:'. 

:,_{" ,".boon a e o q p + o ~ .  +~s +.;~aa~:]~r~. : ~ s  :oond:IL:tl on .~onde~.a t h e  . 

.:.~'+.. ' D u r i n g  t h e  : t lmo tha t .  :~ho . '~oblmm kas .boon  :oonsldorod, ,+oonvorsP.t ion -; 
:'~::" : w i t h : l ~ l n y : l d O S i ~ ,  c o n s . t r u ~ : ~ o n  and : o l ~ r a t i n g  o n g i n o o r s : d l s o l o s o d  " r " 

...... +. .: : t h a t  : a t : . v a r l o u s  . f l oes  some : f t O l d  moe~urem6n¢s .have +been a t t e m p t e d  
. . . .  b u t  due t o  l a c k . o f  s u i t a b l e  e q u i ~ m e n ~ ,  d ~ f £ i e u l t i e s - e n o e u n t e r e d  
+::'~" i n  e o ~ d u o t i n ~  : the +~ests, end ' ~ e n ~ ~ d t s e r e p e m e i e s ,  :~he . ~ e s ~ t s  "" 

- . have  n o t  .been p u b l l s h e ~ .  :A .much b e t t e r  o o n o . e p t i o n ,  o f  t h e  s u b j e c t ,  
..... c o u l d  .P rob~b!y  be  : o b t a i n e d  - i f  +,this ,.Oo~ldi:ti.on id td  . n o t  e x i s t .  " ' 

~i'"+" . . . . .  p r a o t i o a ~ l y  .. no th2ng .  +is known o f  ,.the . c o n d i t i o n s  . t h a t  

'bu~l~:~.tO:Suoh :he i f i h t  tImt ++this p r o b l e m  h~s beoomee~ruetures.manifest.beenThe 
• ..+.7- '~i~.'+~i:: ~tppe , o f  f l o ~ .  ~O~ly r e o o n ,  l y  ~ v e  

~:.;:.' d e s t ~ . o f  ¢ h e s e  . s t r u c t u r e s  Phas •been : ~ s e d  on p recedence  . e s t a b l  i s h -  
.,,i~i-:: > ..ed b y  ::-lower s%ructu~es and : ' l ~ y  model ~ a t u d i e s  o f  : the  o o n t e r t p l a t e d  

' , d e s i ~  The h e i g h t  o f  o v e ~ f a i 1  :detain +los I n c r e a s e d  u n t i l  i t  may. n o t  
• ;be . c o n s i d e r e d  sound  p r a o t l c e  ' t o  e x t r a p o l a t e  t h e  known f a c t s  ! ~ r t h e r ~  

• :Th~Pe- .~o .no e m p i r i c a l  + f o ~ u : ~  w h i c h  may b.e used : to d e f o r m / h e  ao-  
cu~tely the quelltlos of the .flOW on ~he f a c e  o f  .0 
d ~ s .  "This o i r c ~  . , • . h ~ h  o v e r f a ~ l  : . 
t u r e -  ' - -  -" ,'~ - s t a n c e  ex~t. 'boeeuse :t~ero have  ,,l~en~no st~uO-'" " 

" : . . . . . .  : = zrom which ,to obtain t ho .  data neoessary for :o .vo lv tng  'SUOh 

. . . . . . .  + : 

,+?: . r Oo++.wlt.h..p++~luo..o{p ~+,ltm/rdot+-~nod.oxp+riL~+ntrlly+fop -: 

++ ..+ ': ' + + I ~  ~ e r ~ m Z ,  ::It:doodLe:me+ > rem l t : ~  : ~ i I l o ~  t h a t  c o n o r e + e  i:": :. -:. 
.,+::, ++oh~mmel 1.'li~kn ~ , :p issed : u n d e r  : s ~ l a r  : : send , t as te  .-on a f l a t  Slope . +•: • '•i 
'+" + '  ' J  + ~ " + ' ~ :Sbo~j:I ' ~ v e  a "rough~ess . . f&O~or i:~ess : ~ z £  ~tlla~ , l a l d  o~ a : s t e e p  + "  ' :I 
:;: . ;: " " " . a l0~ . . : . . :The  ,8~.i~dy, o f  +he :11~er i~uPe may :be :smmmmPised "b~ .saying . . . .  1" + " ; ~. 

, ,~.- .= -.,., . .  • = . . . .  . , S .~=ee ., ,?he J ~ d ~ t d m , ~ e I o ~ j r  :hm*et  f r~  
'~. '.uuoowrmt~ltl; wn2olx+~a,,nl;8~p-',~r~s, ~4~,.,.;;. ~.~•,, .,~~?" ". .. d." o__ . 

" ' + ' o , + ' + . ~ . : l , ~ l e ~ '  P + S e O O ~  , - : , : . . .  ' , ; ~ . . . . . . . . .  + o  + 
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+ +~oJD11e m ~ . ~ o  + ~ _ ~ - i  _ _ , - , ~ . L ~ _ .  ,: ,ye. + , ? . . . .  ' v . -  . + = + w  ++ . , ~  i s u x ~ - ~ o 2 ; l ~ t : l ~  + ) .  i -  

. . . . . . .  * + + F m m  ' ~ £ Q P 8  ++:aS + O " r q ~ h O "  P S + e  i - ~ r t 0 D 'b s o r ] ~ ( ~ Om O f  + l q ~ r~ i : '  " " 
1 , :.+~, . . , . . . , 

" i " .~_°~rdleo.s  o.~. ~ h o . m e ~ o a  +.]~:whloh : ~ , : ~ 2 r , e n ~ e p s  +the f l o ~ .  1' i" " " 

..- .+presence . l n  +he d l s  bm~+:~:++= . + + ~ ' : - '  ~--" - -  .... .' • ,. . _ t ' ~  
+' "++ + ~  . . . .  +' + . . . . . .  - - ~ "  0 1 ~ + - -  ' + "  "~ " V "  ' m "  1+m S O ' U S  0 ' a ' d ~ f O p O m O 0  + i n  + : h n  "+ : 

i:.2~.osenoc : o f . : a l r  .!In :~ho +~10~ :.hue +Tool + h ~ t  +:mSnee : "n " '  i s  m+ rc~ 'a~ i~o " -- .--:: 
L. ': " ~ I U O  Of + ~ i o t t o n  ~ t  ,:.oan+,=ontsin : the :1oa ioe :"duo. :¢o ~+hlc : a i r .  Eow- 

~- .,..over, tome +!Of-'thoso ..oxpo~+imontcPs ~ .;-. - . 

.,:.:~ .on a , .~aq~  s+l~oe~. ~Sinae  ~ o . : ~ o ~ m u : ~ s  'wore i n -  " "  : '  ] 
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formulas, Even if structures . h a d  been available, i t  is douhti~Al~ ~:'" I~'II::'~'' ":  '" " /  ! .  

if'any' large amount, df ;date :could ,have ibeen collected ,due ,.'to~the~" ~.":/!i '>~ i. ,'"!.i " 

~ ,  _ _ . ,  _ ~ "~." u O m t z n e a ,  . x o  ~ w n a t  e x t e n t  d a t a  . o b t a i n e d  ' i . . . . . . . .  .A~.ow ~n open ~nannel~ w~'*~. -~-~-~-. . . . . . .  ' . !from "~:?"."~,~ " ::i.~ '.;:,''~ 
"~" ~'veAy:~narrow.,section ,is applicable :'~'~'J:. :' -:,':!" 

to fl~ conditions o n ' . t h e  face of an~'o~rfall..dam is purely a m a ~ -  .. ...... . ! . . .  .... ' 
tar :of conjecture, The efficacy ofthis "data can be deter~uLned . ..,. , .~ 
only ~, the conduct of tests on an exls~Ing :structure whose dimen- ~ 
slons~aro within the r-age of the !proposed structures. This map - i!!i : 

def.ioien~ of structures. In the .moantJar.o a ,correlation i ! ~ ' . 
data a n d  a study Ol exlstin~, ru'.~,~ . . . . . . .  o f , p r ~ s o n t  

• ~ st ....... :, :unn~ approach the size of '~ contemplated doslgns is very desirable. 

6. Limitations of current methods :of 
velool flow' ~ S ~ . ~ measuring hi~h- • 

. o~ers were incomplete or questlonable because Of %he equip- 
meat or methods used in obtaining the data. Accurate measurements 
of velocity and elevation of water surface are necessa~, to proper- 
iy analyze flow conditions in chamlels and th* means employed .Co 
secure these measurements must be reliable. The current motor has 
been ~eneraliy adopted in this countr-1 for use in measuring low 
velocities. The pitot tube has found'general .use in measurin S the 
hic, hcr velocities. Fmch of these tv~o instruments require calibre- 
tion b~forc using. This calibration must be conducted under :con- 
ditions similar to those for which it is intended to be used. 
The degree of accuracy of the results depends upon the care exer- 
cised in the calibration. With these thoughts in mind the planning 
of :a series of field measurements necessitated a careful choice of 
1~.othods and equipment. ~?nter flowin~ at hii:~h velocity, even in 
relatively small quaptities, presents a rn~h,~r unruly mass to handle. 
The kinetic onerFd of this mass is groat, consequently any equip- 
m~nt that is used must be designed to withstand severe notion. 
Equipment designed for field use must be eomeaet and possess a de- 
-r,Jc of 'ortability. It must be made such/riot a minimu~n of com- 
ponent parts are employed which are easily acce:{sible and may be 
repaired with a small amount of equipment and under field conditions. 
The nrinciples upon which the equi~nent functions must be basically 
sound and the technique employed in handling it must be such that 
a maxLmum return is f,a%ned from., a minimu~,~ of effort and ti:~e. The 
use of c~.r~,~ercinl current meters in high velocity flow is not prac- 
tical. They would not v~'ithstand the abuse to which they would be ~ .... ~ 
exposed. Special typcc of m.:tcrz have been dovelopeu to meet eor ..... ~ ....... " 
taln ruquiro;~cnts and still ot•h~,rs miiJlt bc evolved. ",~ ..... = ...... 

~Jurc It-;poss- 
~blo to obtain a stu."dy Instrt~:lunt, it is still nccessg~ £o 

.... . ~r obtain 
r, rating, A:; has been sa~d before the aocuracy._cY the instrt~r.ent~ 
¢;eoends upon t.',e deL-rc(: of care exercised;durin 5 the calibration 
.,~nd upon the similarity of conditioes under which the instrur~ent 
~s r a t e d  a n d  those existing where it will be used. The latter of 
those two r,,qui~.~m~)nts ~.~ hard to meet. Since certain oxperi- 
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:trc.-~ i:~ the Pon~ of a cloud wl.th:i:: the fl~v. At a ~eloci:ed 
s~ation do~'mstrem:~ t-~vo electrodes are placed near ~he ccn~f.~r of 
the condu~t and connected to on electromotive fores. ;u~ rcenotcr is 
included in the circuit. As the brine cloud passes the s~atien, 
the flow of current between the tv~,o electrodes is increased duo to 
:tho presence of brine in the wa~:er. The time at ~'~hich the brine 
.cloud passes the '~lootrode station is recorded. By carefully de- 
termining the volume of thu conduit between the point of introc]uc- 
tion of the brine and the oloctrc~Ic station, and the elapsed th~e 
of travel from ~ho valve to the electrode, the di:~charg~: per unit 
of t~mc may ~be determined. If the velocities in the conduit are 
relatively low or the dlstancc bo~.voen pop valw: and electrode is 
sufficient, tho measurcmon~ of timc~ may bc made with an accuravo 
stop watch. However, if high vclocltlos are encountered or short 
reaches arc used, the accuracy of the flow moasurament depends 
largely upon the timing element emnloyed. A careful study of this 
method and the results obtained through its use led to the belief 
that the general principles involved could be appliedi:to velocity 
measurement in open channel flew. The technique employed in the 
application must necessarily be different. Since the presence of 

>~: air in open channel flew is evident, it was not advisable to use 
the method as a means of measuring discharge. Moreover, the volu~e 

• occupied ~/ the flow in an open channel may vary between wide limits 
~ n g  upon the velocit-y and discharge. In a closed conduit one 
variable is eliminnted since the vol~e remains constant. The per- 
ticn of the methed applyin S to velocity measurement, with certain 
ch~ges in tochz:ique, seemed equally apulicablo to open or closed 
conduits. 

8. Initial tests in laboratory. A technique applicable 
to open channel flow an~ equipment to execute the tests was necess- 
ary, before any ~ield measurements could be attempted. This devcl- 
o~.,ent was started in the laboratory. In ad'~ition to measuring the 
velocity, it is ~ecessary to secure water-surface measurement~ in 
the channel for computing air content and energy gradient. Some 
satisfactory m~eof Obtaining these measurements was also sought. 
It was .:found that ~the technical section of the Denver office was 
:constructing an oscillograph and this instrument would be available 
for use as a time-me~surin~ device almost as soon as other equip- 
ment could be assemb.led f o r  im~arting,:,the tests. A hydraulic model 
of a chute on the Sun River fp~oJeet, !Mon~ana,.wms ibeing tested 

,,:,,~ i n  .the laboratorM. T h e  ,ohu~e !has a cross:section o f  :approximate- 
,~i~ ly. G inches  deep ~y 9~- i nches  :wide,  . .VelOci t ies  in  t h i s  model 

~ere from ten ~to fifteen ~feet per second -nd the section was:of 
~ufficient~!~ngth ~to permi~ prelhminar-j :investigation of the imethod. 
Copper electrodes wore :fastened to the inside of  ~t~ho chute and 
wire loads.carrled to a :eonvcnic, nt location ~for th<, ~ oscil:lograph. 

7 
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i..~in.:wldth ,~rc~n l~ ,$nch to :5/4 !~oh 
~" ale, h e s  ?to i~rO:~fee t ' :~ .par~  m e a s u r e ~  t 

I 

!(~ :i ~;~i !:::i~ .::."~'°dsOr°~, '~1~h on!y.!.~o: ,su~o :'of"~ho ,hams o.~. os~d to  :~io ~I~, "'~:: :" ..... ~ i; 
' "::'" ~ ~' ::" :': ' ' : . : . '  : ~ I, : " r  1 ' " ~ .  : _ D e s o r i 1 ~ i o n  :o~,:ch~::;oa.d . ~ l o ~ h .  ,The : . o s O i l l ' o ~ p h .  

!~:optio~l :-sys~, and :a mo~oP-~ri~n::eame~. :~ne outwent su~pl~ - 

'"(~w~-':~P~-d'1'~'°i'~;~O~q~''~alsY"mni~!PlO'ed::%~°;:--%l"l~ah ,::i,:ill I ' 

~ sos :~ono in ~ront'O~:/ea~'~Vanomo~)'to ~us the ~orisont~ : ~'~' }i 
~=:...,: b ~ n d - o n ' ~ % i n y . ' m i ~ r ~ / ~ a a t ~ o ~  .,~o ~ : m o v i ~ i . ; @ o i l ~ .  : o f  ~ :gaivan~- '-  ".'.~ 

~tors and :::.to~:~ha~. :~ho :~oi~leotod~k~n~s ~to "vO~cioal "..b~v~s ~ ,~n~ 

:~7: :,.. • ~ . . .. . . . 

• .  o f  : : : 
~,....''r ~ y ~ ' ~  I oonneetod ~ ~i-rln~ ~:~.~.~sma 'to :two .o~ :the : ~ ! ~ ~ e r s :  :.~ ' 

:ii':!ii! llO~vo!%, .:~O-c~role, A. C. iX~h~:su~ply to provide a t~n~:~base ~ .: :;:~:: ~ ::" :i! 

~',. in olu~ one or %~'o dr 3, oell:~_b~terio~d dep~in~u~on..%he :base " - - I 
~.:,.~.~' :. :_: curren~ needed, and the oir~.u~,woro .oloeod 'by :the water .bo~ween " " r'" ' . : ~ 

" '; .... the::eleot~ode~. Agter.all oi~uits wore properly ~balenced the :,, 

i(.!, . ! ~,:::::~:~/~... o~m~1"~,~ : - ~ e d  ~ n d  s a l t  ::sOlution id~mped f r o m  . ~ l a s ~  : . c o n f i n e r s  . 
~i~::.: :~:: ": ;into ~'~o"...,elow.. ~ eat.urated.'~olution ,was u~d ,and ~e .amount .in- ::... ~'" 
,..~..,:..,~,,...~ -~.ZrOdu~ed,.varled durln~ the "~e'sts ~rom ,one- fourth :.plnt to one quart ° ' .J. 
~,::,::..,:.~,::: ..... .i~%,.:was t~s:~ally introduced e~,~%he upper.end .of~the ,~Lk~ne but in 
: :  :.:;- :~.som8 :ims,~oes : t h e  I n t r o d u o . ~ i ! o ~  .was :m~de : ,o lose  : to  i~he ~ f i r s t  set : 

~f elee~ro~e~. From •three ~O:/f~.ve measures of-brine ...oould be 
:::emptied ,.i~d~ t h e  :flow. durin~:~tl',e -..ten -seconds ~roqulrod for the film 

' ~'.~:o '~a;, "through the . e s ~ o r a .  

: : i::~ ! 

: ~. ~ '~":-" : • .~ i "i I. 
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II. Results of init~ial laborato![ t e s t s .  Since ~ e  
osoi!lo~raph was a r ~ r a n ~ e d  to provide visu%l .observ~tio;., very 
fev; ffh.~ records ~lere made. .The [t~ipe of electrodes, tlm number 
of d~; cells necessary 1'n the circuit, the amo~it oi' salt, and 
the point of induction were studied visually on %he ground 61ass 
of the oscillograph. A~en the test circui~ was connected to the 
oscillograph the galvanmmeters reglst~red-a :base do.f !oct ion duo :~ 
~o the u@ssage of' ~amo current through tho~ flowing vmter. The i 
~mour:t of t.his current was dopendo[it upon the area of tho~ electrode ..... 
exposed to the water and the ~mom%'t of o!cctromotivo foro~ supplied:" 
b3"'thcd/~/ co!l batteries. ~s the brine solution passed bctwcon 
the cloc~trodos, the conductivity of the water was increased and 
the flow of curronm increased. The windings in the ~ivnnomoters 
were calculated to give . deflection of the !i~|it bemn on the film 
.~f one inch ,~er liv~ mil!i~mperes change in 'current. The base cur- 
rent amounted to from one to three milliamperes ~nd during the 
passage of the~brine was increased to approximately eight milliam- 
peres. ~he instantly respondinc movin.~ coil 2alvanometer and ,the 
ontioai, s,:sta~., produced .~ ~current-tim~: record on the film, in Which 
dist-~ce alon~ t!:e film was prop~onal ~ " ~o time; :and th~ deflec- 
tion off, the bonn of l.iTht was proportional to ;the instantaneous 
v~.lue oi~ current pasnini. " t.hrouGh ~he, galvanom6ter ~'ibrator. The 
record ,~btained h;: suci~ a:~ arrangement is so ~lon~ t.hat it it not -~ 
~.o,~o:.~: ~.~ rcp:'oduce it here:. Hov~evor, a portion of :sm a~tua! 
record ~s s hc~ . ' n  on nla~ i, ;Io a~'teupt :v;as made to measure ac- 
curet~.ly the v:~u,~ of current ~ince .it had l~b~Ic bearing on 

t.~.. c.~rves nroducod by th£, o~ss- 
r,-~e cf th s,:.]t, as :no~.:~urud b~, ~/h~: time s~alc imr, os,.,d on th~ l'~Im 

sar'z for the f!~:~ to travel the dis~aTtoe between the pa~rs  of elec- 
trodes. T~is distance was .ccurntel., measured :in tLe fl~=~e. Tl~e 
"~is~.ance betv:eeV, tLc curves on the film v;as taken in throe difJ~r- 

out 7v,~-.,s. ~.:c distance be~;~een the centers o~" gravit'- of the curves, 
t L :  d~.stnncc bc.tw~c;~, the points wh,.~r,:-thc cur~'cs icl't th~ base ]ir, e~, 
and th,: din~,.u~oc b~.~n,.n =imilar points on th., curves ;':cru rllcasur:.d. 
The dis~ancen ,.I] ~groed very closely and no trend w,,~s evident of 
o:Le measur:....ort i ndicatinLi n hi, her velocity than another. The 
":,e~:surod velocities c.~ec,zec! t.L(~ calculsted av,.,r~:5o vuloc'}ties very 
c~os..l','. ~ ~ The :~].cctrodes wL~-;~.. [:'e:v,.:~:r ox~osur:~, , to ~h~;, flow ~ro- 
ducod e rr<,~,tCr base ~}~,l'lection in th,: ;[8]v:,no.-,lq.tcrs but th.is could 
bc :ii :[ni~'.i::d b" d~cr,~asin~ ti,: volt~'c ~,~ ti:,.: circuit '~'h~ ~ioc- 
trOd::C ~ ~t<;:'~'] ;~q ,qboV~. tq, ' ,  v,,-~l.. ........ ~:~0.~ ~,, ,.. -- ,,-~== ..... ..... ~.-_.::.. c sonsitiv: to v, avcs 
or. ~;.e hurl'ace ~f' u[,,.:, f'lov;. Th;s c,2,u;ed extrnim6~is def!ections in 
";, ~C ~J, i vano.,~,te r Z "":' ~ o I ,." .,. ~ .. ......... ~/:',.~re ,.~t ,i~.,~ c<,nsideroA to be ob:],ectionable 
but v:e-~, l~c.'r " ," ' ..... " .  ~ ~ , 

• . cube: uo, bc ro~,-~d~l;" d i s t i . , c u l , . h a . , . ~ ,  from the de flec- 

: . ~ . , , ~ , . : ~ , c  to :.!de:; el ~ o  r)~:-:c oz" c~:c::Aaf clecSz'odes on the sides 

j 
i 
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..~ ~or~.:bott~n.of th~-~fl~ne,would give .sa%@sfactory results. :-~The ;area 
~of electrode:was immaterial •since it was-necessary to"bal~nce t h e  

~ . . . .  :current. at the .instrument beCore-ea6h :test, :u~in E one, .%~o or " " 
• . "' -three l~-volt :dry batteries. The ,amount of :salt necessary :to-!pro- 
il duce 'a legible deflection was detorr~u'cd :by-trial. The quantity ... 
,. • 'of'.salt solution influenced the deflection produced .',in %wo"..w~ys. . ... 
~"~'_ '" ~' Tho:m~x~n~n de~lect!on.~s ~incroasod' by .an inore~so-.',i~ :salt solu- 
~ tion',~d,thc curves extended over a ~oatcr .olapso~ !~imc* .Too ~;' 

groat a.dofleotion.oause:d th~ .curve to..swin.c beyond.',%he odgo of " " 

'" the film and an excessive time interval made :the '.ciloulationsdiZ.fl- 
:t:- cult. :By dctezmi~iing :the corrco% amount of brine and :by dmnping 
~~ ..- -. it into "%~0 flc~v qulckly.ve~,.readablo curves wore :obtninod. lho 

" l~n~th ..-.of :flmne :bolng used made "i.t possible its :Introduce the ~,brine ;,~- 
':i...:.:~.... ': latittthe ~up~rl e .:elongatend"ion, ",The cloud ~s carried ~%hrough the :TI~ :~ith .ve.r~ ~', _ 

.....~ . .~ " - " !12. ]i~bo.ra_%o~ teats of ,high ~velodi%y flow. .~A technique:" ' 
':necessar~ to secure .and :internre.% the r.eoords ob~ined'~by tIiis me~h~ 

.~..':"~J:"":'i,..,:: ~ .:... , :,,.. . od".oT'measurin, ~ .  . . ,.. ve'loei%v. , was developed. ,.forl. ~e i~low-.ve loci. ~ ~flu~e..?/.: 
i!:i~:!:•::~i,,. .~... To ex~n~ :this,:.tcohnlque, a wooden ~,l~no was .eOmmtruoted..on a :45- '~ 

.' ' ~ C d e g r e e  s l o p e .  .;THis :T.lume was ..9.~ inches - .w ide  .:by 1 0 , 5  ' i n c h e s  deep ,  ..:., ,~ ~.,", .?' - : • 

~:ii.i. L /i 'i ~ - inside dimensions.....'/he .Ion~h'~s :17 fuut"2~---In~.h~. 
. . .  • , . . . .  - . . .  . ; "  c-- . . . . . .  , measured . ~ -  - -  

~::,~-'. ........ . .-.~ .lo~ ±he slope. ' ..The ..water was delzvored ..to '-thc:flmo by ,a 12-'inch .. 
~.~ . . " -  . . .  , : .  ~ . . c e n ~ I f u ~ . a l  push-and. .~ms a dmlttcd to ,~ho tlUme).u~der ~pr.eamU~.e :iron 
?~'-~: ..... - ,-.a, fOurdeal .edge/Slide ~te, -The m~xim~,~iaehar~e "of..8~seoond, fee.t 
:. produced velocities .of ~approximatoly~50 .rest'per second. "The -el:co- iii: 
!~:. . ~ ~.tro~..s:!installcd:..in :this ':{lures :W~re ~.inch:ibras's~:d'isks,.:placed . .~ -- 

: flush..'~rith the :inside ~su~ace of :the .:chute. l~ino ~.so_tS (~.~o ~di~kS ~ " :~ 
!.-:..~!~_. ~ _ :.~cr :.so.~.) were placed :~in the floor .of th~ ~chute~, ~18. :i~ches bo.~eon , -,:.-~ 

• : . ~ o e t ~ o s  :,~ore ,pla_cgd in the :~idee of ~:::oh~tc ~at!th~ :.same ,:~IX~a~".~:!i~ii::.. 
i~i.:!%~' iiiiii~ ~g. ~a :zn ~Imne with :,the :bottom:electrodes...The ~ioads:.: if~om the ~ " !i ":..:i": ,. 

el:e~.odes were ..car~ied.~to. a dentral mvitohboa~d at :the..os~ilIo- 
::it'~iiil :i' ~ra~. The connection .,from the board ,%o"the !Ins~r~ent~.w~s .a~de ' " • 

F t 

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

• L :. 

I!ii  ,̧. 
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by ~shoNt leads fitted ~with ~%io jacka. The ~rir~was ~introd~ced ~• i .... '" ~ 

into .the f1~v from-a.~Fressure'%~k with,an ieutl~it i.~u~ediat~ly . ?-~•- • 
d o w n s t r o k e  f rom t h e  ~isl i~e g a t e  .,end c o n t r o I - l c d  by ~. ~ - q u i . c k - a c t -  , 

• ~san~ aS . that  ~in...~he l ~ - . . v . e l o o i t , ~  c h u t e  Th~ee~a~di~-one;1  ~e le°  ~ ~ : : > : " : ~ " "  . . . .  

.:~ents : ins ta i l ed  i n  .t ~e':.,oscfl~og~aph made i t  ~possibte :to imeas~re ' .::- ! ~:: i:!" 
:~the .veloci%~y .over ~longer ~.r~ches end to trace,tho ,action',Of ~the . :..... S:-.~- -, . i .... 
,,'.salt cloud :.th~.ough ..~ Er~ater~distance. lhe '.beso~.~u~rent through ': '::~': 
-%he ::. circuits-.was :found~,~to '. be::Sllg!~.tly :loss: ,th~a-'-~h~t in ,.. 

.velocity c h u t e ,  urobab' ly-duo ~o :tno"role.~iVelv ~ I  . the low- -. . 
ol~o~rodc ~: • .- . . . , 

. area,-~h~nce s largor.~mount ,of !~rlno..was noco~sa .ry~.~ m :produco ~ -~ 

.."suitable. record, . ~The :brine. . -could. ,:.be introduced. i.more revldly' wi'~ . . ~ ...i 

10. ". • 
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~h~ qulek-ac~,tng valve so the initial cloud in :he flow we,,; evJde,.t- 
ly quite similar{to the cloud in the low-vclocJtv chu . .~{:~ve 
t h e r e  ,va.~ =or,. ,  o ~ o n ~ a t i c n  a s  i t  r~as~ed down  t h e  c h u t e t e  v~ : r ,  

• h i o h  w,...,: o:.-- 
l~ecUed sines tho~turbulonco [u the flow vms groat~,r a n d  high vcloc- ~°4.' 

z~les pr°'w~ilsd. Near the c!osc oP the ~est program: Piuoly C, round 
,~alt was u~,~d instead of a brine solution. The cloud, as rogisto~.- 
cd by a mi11[an=.~qtor, vzns sli~htly longer than the brine cloud but 
was very little Greater ill concontrn$icn. EVidently the highly 
~u,'bulunt Flow dissolved the salt rapidly and distributed it through- 
out the cross section in a short dlstanco. Althou~h it increased 
the work necessary in =raking an analyis of' the oscillogram curves, 
this ~ethod was considered more desirable boc~use c f the simple 
manner !n which the pov~dor could be introduced ~nto the flow. Since 
the method was being developed for field use sLmpliclty of equii~- 
ment was essential. 

13. 
~ b o r a t o r  tests of higl~-veloci • 

Ihe series of tests although not extensiv~ ~^~ ~ . t7 Flow. 
~ conclusions° ill ~ ~ ~uu to some Gezinite 

Osc---oura~:s produced were easy to intoi~pret (plato i). 
The brine cloud was oarri,~d the length of the f.lumc in a sufficient- 
ly eOmpac~ mass to give good results. Tile results obtained from the 
electrodes placed in the side of the chute chocked those from the 
bottom electrodes so closely that there was no evidence of disagree- 
ment. This indicated tha~ the brine was well distributed throug h_ 
out the cross section and the equipment employed was sensitive to 
trod~s.the presence!~easuremen~sOf the brine rcgardle,~s~ of the location of the 'aloe- 

of ve!ociuy,By the u s e  of either side or bot- 
tom electrodes checked the calculated velocity within one percent. 
The melocity was calculated by the fo,~ula V = Q/A, where V is vel- 
ooitY in feet per second; Q, dischar~_e in c. " 
and.A, area oT the cres.q ~. . ~ ublc feet per second, 
meaeu~Od eve- ~k~ __~$- [-~on in square foot. The discharge was 

~- ~uu u~xzora~ed! laboratory weir and the area of the 

thisC ~we,~ a persistent pulsation in the base 
current. This pulsation was net periodic and the "resulting de- 
fleotions were not of equal mao~nitude" Several explanations v~re 

! ~offered for this occurrence. It was very Possible that splash from 
the flow we.t the insulation of the wire leads and ~oaused a part of 
~the leads to act as electrodes intermittently. 
~of/flow conditions, however, showed vulsations InViSu~Ithe :flow°bservati°nsltself. 
There appeared to "be re,,ions of highlvelocitv 

re.~ionSreflectedOfinlOWerthe o t ~ ~ velocity, These flow pulsa~ions~ watarweruSepazatedev~ ~ently~ by 

_ho-oorae..~c record. Velocity determined from . 
• the-fi~za~by using these minor d e ~ T l e e t i o n s  of current gave consls- 
~,tent~,r~ults wi~en CC~lpared with the deflections caused by the pass- 
'a~:'~Qf,,~s~l~. For the ?U~pose of making field measur~ents, it was 
concluded ,~that electrodes, if Installed in a structure at ~he tim~ o f 
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'its ',:e~.~dn :should ,oonsi~ :of "small plates, embedded flush .width 
.".the ~ o r  .'surface of %he r,:ehannel, ".The~wlre .~leads could then 

., ~ :..~be ~ £ ~ d  ~throuEh the wal~e :and to ~acme :sUtTa~Ie 'looation Jfor 
~' :the . . ~ o r d t n g  equipment,  .~I~, however, ,%he 0dleotrodee are f o r  :in- 

" s % a I ' l ~ n  ~tn en oxistinE~;~%ru~turo." they.  s h o u l d  c o n s i s t  o f  :me~a= 
s%~-ipS~eourely anchored ':to the  :s ide w e l t s  .in 'such a .manner t h a t  
t h e y  would ' o f f e r  .~a .mlnlmum . r o s l s ~ o  '.to %he . f lovl.  They should 
be . .~s+~l' led PerpendiCUlar "to %ho-.i~1~Or o f  %he chute  ~and be o f  
s u ~ f l o l o n ~  , ' lon~h to  :ox~ond ,abOve ' m ~ I m ~  water  s u r f a c e  so tho'~.wlro 
load .could be a~taehod ~.~o ,the upper end.  The d l e t a n o o , ~ a t  .:the " 
electrodes should ~bo ~sol~nratod, :.olthor Ionci%udi~al.!y, or .~nns- . 
v o r s o l y ,  .would n e c e s s a r i l y / d e p e n d  -.upon tho~ ooo~A ~n t o  ~bo itostodo. 
'Frc~ ~+ho rosult~ .obtalncd in %~o ~,all ,chute:, it,,~a5 ~onoludo~ ' 
that '~inoly divld, d dry-or :m~Ist salt 'w~uld riles'else 'lln .%hO :%ur-, 

'bulent  f l o w  .very r a p i d l y  and wo'~ld b e  s a t t s t a o t o r y  'for 'ase~ ~in 
~he  f i e l d .  Some develolmment:work w~s".done ~,~o :~eoure a means e l  
"accurate ly  .determlnln~ :%he water  s u r f a c e  . i n  ex tremely  : turbulent  
flow. The basic ~rlnolp].es applied,ap~a~d :~o be :satisfactory 

bu~ inaufficlent :time:neEate. d the o~ple ,%~on.of  e q u ~ p ~ n t  .sui%- 
~able f~r  ' f i e l d  ua~, 

i ~ .  .,~ ~e~ K i t t l f a s  weste~a~,. ~ ,A PrOgram .,'of field ': 
measurements was  ~ n l . ~ t e d '  to Turthor  ~deVe~op '~he imaged o f  mess -  '- 
ur~,n~ hi~h-velooi~. ~i.~/~ and .to data for:~he design ~of .... .the flood .:~pill~y :f~~s~a secure 

" . 'Dam. A f t e r  c o n s i d e r t n ~  :,~he dimen- 
s i o n s  o f  e~isting .st .~u6ture.s and .%~e p o s s l b i l ± t y ~ , o f  ~per~t in~  . . 
then-e~nvenlen ~i~., the  ' ~ a a ~ , ~ y ,  at-statl on 11'.46+30. on the Kltti.%a~ 

'Meln'Camal - X~tt l t~s ~lYivtslon - y ~  Project .-Washington, wa~- 
:~ele.o%od as sui%ablo:.~or<~nitl.al testln~ (plate 2.). In ,thi~ struo- 
,.%ur.e there  i s  a drop .o f~3~0 .5  f e e t  in  a h o r i z o n t a l  d i s t a n c e  Of 
1213 feet .  All  but a :m~a'll :P~aotion of v. foot :of ~tf~iS '[ilf~ll oc- 
curred .in a hortzenta~'l.distanee~:of 11-35 feet. 'A plea/and ~seetien 

.:of x i ,h n i .  rlg e ::. ',';!th : .... : 

.avallable 1"or testin~ :In ,the iseme 's~uoture, th¢,O r~"' : of ~! ' : . 
:securing oens iderable , .da~a Wl~h .but a : s tad ia  : ! n ~ a ~ o n - . w ~ s  .. _ !:: ,~, • 
advantageous. Details ,of :the ~tost program were "ar..~anged ,by. . ~.i~. ~. .:: 
correspondence boO,wean the Denver : o f f i c e  and the  pro~eot  o f f i c e ,  ".'~ 
In order to expedite-~he :tests ~wen~ .sets of e l e c t r o d e s  were .... .... 
installed in the .chute under .the direction cf the project super- -- . 
intendent.!prior to the .actual i n i t i a t i o n  of the-~ests. The .lees- , :~.:i 
tlon.of:.the electrodes i~ shown on figure Io The sets ef eloo- 
trodee:were  numbered cor:seoutivoly d~m the wnst~.. :Itwas 
cons idered  advisable to.install the 'pairs o f  e l e c t r o d e s  at'.~the 
~vo.dlffurent ~ntorv~Is  'because of ,the uncertainty of the e i~tbi~ ~-::: ~ 

X,.'o,~ the ~slt  cloud. Should the dlsporsien occur qultc .rapld]~'%ho 
lO-foot roaches could be used to determine  thc voleclts~aithou~ 
the 90, I00, or ii0 root reaches would :be preferables,-if ~tho dis- 
perslon should b e  sufficiently small, beeauao-the percentage of 
error "in roadin~ the time would be l o b s °  Theactual dls.tanoos 
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between pairs of electrodes'were measured after the inst~llation. 
The wirin(i syst~n differed slightly from that used in the laboratory. 
All electrodes on the left side of the vrast~y wore connected in 
series by . single insulated wire ioadin,~ to the m'ritohboard at the 
oscillograph. A separate insulated load colmeotod each of the e].oo- 
tredes *on the opposite side of the structure to the board. The dry 
cell batteries were introduced bot~iocn :the switchboard -ud the os- 
cillograph. 

15. Velocity measurements. The oscillograph used An the 
laboratory~was used for m~/cing t~le tests in the field (plate 3-B). 
The only change in tlle instrument was the addition of an electric,l!y 
driven, 50-cycle tuninc fork to provide a t~J01e base. The vibrations 
of the tuning fork were recorded on the film by conneeting one of 
the galvanometers in the tuning for]: circuit. The remain in~ five 
o!~aents were available for conncctlon ~to the electrodes. Data ,wore 
obtained' from ton discharscs ranging from 89 to 1005 second-foot. 
"Lhe circuits and elements ~vorc adjusted until the l'iGht bum2s would 
r:.gistor the trace of the current on th~ fi~, Flour ~a].t, of u. 
linens,,5= to pass a 140-r.osh si-;vu, was moistened until thd particles 
~':ould coh(~rc vthon mold;-d by hand into balls. The siz,~ of the b:Lll 
}lecossury for satisfactory rc~istr~.tion on tllc, film was d,~to}rminud 
by trial and error. ~i~.'n mce.surin Z velocities ov,-r u roach of 200 • 
feet ~':ith the l~;cr discha:-Gc= , balls Ir~o incil,~= in di..~mutur ';rare 
sufficient. For lon;ier reaches or lar~er discharges , the size of 
the balls wa~, ificreased, At the maximum discharge, with veloci- 
ties :~ea.~ured over a 400-foot reach, the dinunctur of the ball was 
,nproximately seven inches, After the balls wore formed, the record- 
b~C apparatus war. sot in motion. The balls wore then tossed into 
t~ c fl~,'- a short distance upstro,~?, f:'om the test roach. The n~abur 
of b.~l!s used varied from one to five. Or short sections fir0 salt 
b~,l]:; wore used for P. single film record. It was fo~d that all 
ihe bal]~ did not record because of the ~:olr,.tive]y short film, :;o the 
nu:'ber w,c; reduced to ~#o for short ronch,Js and a s~.ngle ball for 
t L e  lo:~c,:r roaches. Since only five g,~!-,rmo::,,~ter ulc',.r, nts v;ere nvail- 
::blr, five rocor.-Is w~re nucossury to cover t},o entire length of the 
f'iu~,~,. ~-t ,:(,oh discharge. Th'.: first "' • IVC ~- '~" 

• ~O..L:.c~c.d for the first record; the next ."iv.. sots for :;h~ ~(:cond, 
,~n{" ":o on d.~m the ~mzt~r;v~y. For all ~ '~-" ~o',~, c xcrjpt t]*'~ ('irst thr~;o 
:ischa:'r, cs, one recur( ~. wr:~ L:ade v:i';.h oloc:;rcde.': 1, :~, 5, 7, e..:d"5 

. m  . . . .  , * '~;;-tl : " ~ c c ~ r 0 , , e ~  i,. ), i'1, II.,, .L,t: ~m(t "~, 
:,:':t";:!. It ;'~ns f o u ' . , "  ~hr~', h',. ;~'~.)'o,!ucin('. . o~,:~ ]~rcc bail of ~;It, 
" .L ,  c [ ,~ , ; ( l  c ,~r r ; . , : , , '  ov~#r  "~:,: l o r ; ~ t r  d i s t u n c c  ~:: .',:2:~Io t i : . ) u  n : i d  i n  ~, 

~u:  ' [ , ' ; ~ ; : ; t i y  c(,: ,p~,,: '. c lo ,~(!  ~o .]v,~ ~ l c ~ ; i b l , ;  r e c o r d .  ]~, f a c t  vi~cun~. 
o b s . . r v  tion~ :.'5 t h  ,, :',;' 1 . ~ , , . - " , . ' , . - ,  . . . .  ~ "Jhowud t } , ~ t  ' , : , t ic . . ' . ;n l  ~. "m~s c a . t r y i n g :  

;.i;'., ~:i]i lrJf* %]1 ',I' ':]:, ;'ll~CLLq'I{I l' i n  ,, ;:u~ici,.::.; c o n c o z , ~ r n t i o l }  to 
; , r : , ' ! ~ c .  :',:cOrr/u. L;~);z,,",.'r, ::i~:J cloud :~r~:; ;5:"~', t!?; ,.!ongat(;d. 

13 



PLATE 3 

A. PO~T GAGE USFJ) FOR 0m'AININC DEPI~ OF FLOW 

B. OSCILLO(~RA~ 
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16. Depth r~easurcments. ~.~,easure~lents of the water surface 
were made with a point gage (plate b-A). Ten cross sections were 
measured," one at the mid-point of each of the ten-foot electrode : 
stations (figure i). Nine observations approximately one foot apart, 
were made at each cross section. Tkls s~ne procedure was followed 
throu~:hout except at the higher discharges when excessive spray made 
it necessary to abandon the first station below the convex vertical 
curve, At the maximum discharge, it was necessary to also abandon •the 
second station below the curve, After the tests were completed, the 
width of the channel at each station was carefully measured, Point 
~age readings of the botto~l of the channel were taken with the same 
instr~nent and at the s~me locations at which the water ;surface oh- ~ 
servntions were made. The depth and area of cross section occupied 
by the fl~'r was calculated from these measurements, 

17, Discharge meastu~ementso The discharge through the 
wasteway was determined by gaging tl~e flow in the main canal ~ith 
a current meter, During the creater part of the tests, the total 
~flow of the canal was diverted into tile wastoway. For t~lis condi- 
tion only one gaging station, located .above the westerly turnout 
vras necessar~, The remainder of the time some water v~s ipassed down 
the canal for irrigation purposes, A gagij~g station located in the 
main canal dovmstre~m frc~ the turnout was used to ob~in:~he quanti- 
t3' passimg. ~he difference in disc,barge :as m~asured ~at the ~%~to gag- 
ing stations v~s used as the quantity passing through the w~stc~my, 
The current-motor measurements for each test wore made s~Imultanoously 
:rith t~le velocity and point ga~o measurements,, An experienced hydmog- 
raph~r from the project office made:all the current-motor measure- 
ments. Stand~:rd current meter practice was employed ~d care ~ras tak- 
en to attain n high dogrc~ of accuracy, - 

18. Photographs. Photograpns were made of the flow condi- 
tions for each di'ecbarge a~ ~ number of'these are included in tlhis 

" ° ° 

reoort, Sixteen millmmeter motion pictures were made of all discharges, 
Yost of these pictures •were tak'en with the c&mcra operatln~ at four 
tir.~es normal speed, or 64 frames per second~ "Then projected at normal 
speed, the action is shown at one,fourth the act~a! rate of motion, 
Since the action of ~he surface water ~was extremely rapid, this degree 
of s!ow~motion permits a much more thorough observation of its char- 
acteristics than i~'possiblo otJ'.or~iso, An ultra-high:speed camera 
would ~ve made possibl~ a much more detailed ob~er,va.~ion. The .speed 

• used was the maximum, for t]~o camera empl~,od, The fi~ms are filed 
in th~ ihydraulic laboratory.and are available for ,~eview. ,~The .motio~ 
pictures arc considered a very valuabl~ part of ~he data oolleo~.ed 
because ~thoy verify certain actions that could othoz~vise only be 
assumed as truc because of the dc~ficioncy of the human e~o to sac rapi~ me. -t~on. 
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19. Results oi' depth measurements. The results of the 
tests on the wasteway are given in tabular form. The observed 
depths of flow are given in table 1. The table consists of ten 
divisions, each division showin G the properties of one of the 
sections observed, (figure l). In the first column of each divis- 
ion is given the discharge as measured in t},e main canal during the 
time the depth observations wore being made. The next nine ool~is 
~iv,: the actual observed depths of flow in foot at distances from 
the ].eft side wall. In the colt~m~ headed mean depth, the average 
oP the nine readings across tile section is given. Thu next ooltmm 
(fl~;; area) sivos the are:, of the cross section of flow. Thin is the 
product of the depth given in the preceding column and the ,v<n'agu 
vridth o_e the channel as measured. This area is corrected for the cross- 
sectional arua of fillets bct~voon the sides and bottom of the chan- 
nel. The last two columns show the wetted perfecter a n d  hydraulhic 
radius as calculated from thu preceding: values. All observed depths 
have bo~m included in the tabl~ to show the consism~;ncy oi' thu results. 
The choppy vrr.tor surface and the largo amount of spray rendered it 
difficult to dot~mnine whore the point of the gage should be to give 
a :roadin~ that would be indicative oi' the aozual depth of flow. The 
sur.faeo conditions also made it diff'~cult to observe ~he point of the 
:g~g'a. The depth of flow was considered to be at the base of the 
loosely flyinz spray and drops of w~tor. The top of the nmin portion 
of the flow included numerous small waves or rollers. The w~ter 
depths given in the table are approximate mean values between the 
crest of the w~ves and the troughs between them. The vibratio:, of 
the point gage was relied upon more than visual observation to insure 
that the point was at relatively the same position in the flow for 
successive readings. Two factors may be observed in t~le depth meas- 
urements as given in the table. (i) For the high disc)~rgos, the 
wave due to entrance conditions (plate 4) was reflected in t}te :point 
gage readings at station 1-2 and 3-~. This wave was not observed 
beyond that pgint. (~) The water surface at the sides of the chute 
was higher than that in the central portion (plate 5). For the 
higher discharges, this high portion extended slightly over a foot 
from each wall and was as much as 0,4 foot higher• than the oen1~ral 
portion of the fl~n. For this reason, observation of depth by staff 
ga~es fastened to the walls of such a structure would be in error. 
• For the two lower discharges, well-developed travellng waves were 
:~rsistent t n  ~the flow, particularly on the steep slope. They were 

~ ' . no t  :ob~le~us.:±n t h e  h i g h e r  i f ! o w s . .  These  w a v e s  -formed i n  t h e  upper  
transition zection and i n o f e h s o d  in magnitude and velooitnj as they 
Pr°~-r~ssed~do~n ~hc chute (plate S-A). They ar~ the type of wave 
o bser~o~ ~ n~morous ~truoturos at low discharge s and have boon ro- 

: ~ f o r . ~ e d . t ~ :  :b/:. s o m e  . a u t h o r s  a s  " s l u r s "  o r  " b ~ - "  ^ o  . . . . . . .  
• z e ~ o S ~ : ~  : o b s o r v a t ~ ^  . . . . . . . . . . .  ".,_ ,,;., . . . . .  ,.,,~ v ,auer .  ~ o m e  m n -  
2:~::~wJ . . . . .  : "Y~T "~'"~ m~ue zn regard ~to these ~mvos. Altho,,~ 

• . :. • • 
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PLATE 4 

A. "~TEgAY EFFRANCE - DISCHARGE 9~2 SECOND-P~T 

B. WAVE IN UFPEq SECTION :3F ~'Tk~KAY CAUSED I~' ~TF,  At~CE 
CC.KDZTION. DISCI~;E ~22 SECON~IF~ET 



PIATE 5 

A. !~L~ CONDITIONS ON 10°-12 , SLOPE. DISC~La/~E 777 ~ECOND-F~'T. 

[~. FI~)W CONDITICt:S C~ ~K~-iO ' ~0PE. DISCHARGE 92~ ~ECOND-~T 
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S e O t t O ~  ~Wore i~~med : e ~ o ~ . t  ~ e n t " , r e l x  f o r  ~ d e ~ n i ~  t h e  . ~ e l o o i t i ~ s : , V  .::i.~ ~:' 
It m a y - b ~  noted".i~ ~.~ze ~ b l o  that ~ho obso~v~d:,.~0!loci~ies . v a r y  a s  ";,"~ 

m u ~ h  a s  .~5 P e ~ , c n t ~ w h e n  m o ~ o d  o . v o r  , t h e  . s a m o " r e a o h . w £ t h  , a n  a p p a r -  • .:- ~iii 
e n t  a o z ~ t m z t  .d:l~@h~,z,~e. The ~ V e r a g o  . v a r i a t i o n  i s - ~ a p l ~ o ~ i m a t e l y  ~ .. . ...!.;.. • ~ " : . .  ~ 

p e r o o n ~  ; " T h e r e  a~O s e v e r a l  f a ~ t o r s , w h i o h  o o n ~ r i b u t o  t o .  : , t h i s  d i f -  " ~.."i ~ 
f . > r o n o e  ..~ obso~rod,voloclt~,. "~i.sual ~bsoz~zations ..and a study of~, . . . . .  
• h e  m?ti-o~:pio~res . . show defi~ saris ., - . .  " 

" * ' r -  . . . . .  ~ o  "..u. was e w A c e n ~ l y  sensitive ';".ii 
.t.o t~:ese ;pulsations m~d one , r e o o r d  ~ s  r:zade .of the high-.velocity r ' 

~ss whirls , a n o t h e r  was made. a t  .some " l o ~ 0 r  volo~,i~-. Some of the : ' 

• variation ~ms tmdoubtedly ~oaused by ~li~ht ~rrors in readin~ the '] oaoll!o@r~ms. The ~ooords .wore not obvious, and .som~ dell,Nration _ 
~a~ necessary to dotorELno in-sea4 oas~ .the exa~t o,laps~d ..time r~- !i 
qulred for ~he salt to pass over a.kn~m .discanoo. In .last vel~oi- :,j 
ties-oould not be satisfaotoril.y d o t r ,  r m i n o d  from .some ,0£ .the ro~ords: % - .  
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This  ~~ecounts ~ e r  ,%he '.ble~lk 8paces Ln 'the ~ teb lo ,  'A larvae . ~ o u n t  " " " i " ~  

oF . t h i s  ~;~sorepanoy e o u l d " b e  eZlz~In~ted b y :further i m p r o v e m e n t  o f  ! 
the  : e q ~ p ~ e n t . ~ n d  ~ t e o h n i q u e . - " S e v e r a l  o f  %he e l e c t r o d e s  w e ~ $  dora- ~, ;;". ~/( 

' s ~ d  ~ d : ~ ; ~ e w  ,were ~broken o f f  ea:d s e r r i e d  ~away by t h e  ~eombined.i:, . . . .  ~',, 

: .... : f l o w .  ':T.~ b e n t  o l e o % r e d e s  : s l t u r o d  ' the  d i s t ~ e o  ,be%woon s t a t ' i o ~ s  : 
. . . . . .  bat'ssince ':omaparativoly ion C roaohea wore used !~or ~he,'ao%ua,~ , ':", 
• ' ..~:: vdlccity dot~zq~Lne!,tions t h e  error . izztreduoe~ ~:om ~,~is,:scu~Oo ~,was ,-, - "-: 

sr~a!l. ';.The '.behavior o.f th~ ~zlt ~lou~J~s it ,!~revol~ ~ dow~"the.,wasto. .iii' 
"-'~y ~is a : s u b j e c t  ,,about ~';hieh - . l i t t l e  " is  ~Lu~wn, "T,t,,mny %re, v o l ' f ~ .  " '- , - ,  ' . . .  

.side to side as :it ipzo~reasos idown <%IZo ~.ehu~, :,~s :'i~fereaoo ",was ~ .... • • 
• ~ , t h e r e d  ;f~.c~ eb~er~vat ion .o£.: ~ e  . e l e c t r o d e s  ,~ei~er ~the :eOmplet~On o f  ,-..~.~,, • 

t h e  :tests. I t  w~s nete~ that the~ el~trodee.suf~e~ed ~more d~ma, se ' ~ ': "~ 
-'o~d t h e  : .eoncret~  :showed ~-more e r o s i o n  ;on ~the t e ~ ¢  .wei,1 :'.of ~ h e  : v m e t e -  ':;i!~'(ii~; :~i 
~ y  ~ t  one s ~ . t i o n  :Wl~ile ~ t  "the :no~t  : s ~ i o ~ , d o w n s ~ r e a m  . the  ~ s m a ~ e  :~ ~:~ mr ~ ' 1 ":'~ 

~m~et~ical zi~za~, l~ztte~, v~as no~ed :%hrou~houti%~e 'len~h of:the ": '~":~"~"/'.: 
• ~te~ay.. It :i.~ ~No~slble.. ~h~, s~n~ ,portion of "..the .se'.it ~Oioud.~r~vels. :/-:..:~"" .:..., .. ::.~ 
,centlnuoualy J~z %2z~ ~z ;veloei%y :center Tlow ~e~z'd it .Is .tills ,per- ~.~'~:,:~.~!~....~i,~ "~ 
..tio~ ~I~oh ~+ca~es :the ,:ini~i~l dofleotlon-el each ,g~ven~etor,...Z~ .: ++'... , : 
:this i~ t r u e  '.tho~messu~d velocities :~re hhe m~xlm~n, veioo~So " :~:~!~'~'~/ 
.!The :.velocitie~ ..eb~ez~d 'between eleotro'~ ':stations ".I and ~3~.~:~W~'th _ "~"i!"~:':~"~ ~ : 

• .-:.calculated .l~.~n,V~ ~ .  Th~ v~lue of~h.~.u~ed~was ~%he,:di'£feremoe ' " /::.- 
:iin ~elev~%ion :be~w~en ~%b~-w~er :surface in :the .a,gm~l .and i~ho ~%er .-'i~] 

" c : / ~ |  

• , , ,~surfaee. e~  ;a : p o i n t  midwe~v'.between t h e  ' two ~ s ~ i o n s  ~ '//e ~,ontranee ~ loss  
: . '~or:iloss ~'~e ,:to-~f~ietion.was ass~ed,'. .'Those e~o i~,,o:.'on!y".~ i, obaer~.ed " 

v:Otooi%i~s ~ . t h e ~ i o x ~ o c d  t ~  ~ o l o o t . ~  ~ a ! s ~ l e % e d  ;bY :,~ho ' ebovo  ,~ormul~ ,  
;':.':~inco, b o ~  : o b ~ 6 " z ~ o n s  ;mmde '..under ~the  .:same -oondi':~Lons - e x o ~ d  ".the 
.~h~Ore~ioal'.-.Velo~£ty, :'it~ m~y be -that ithe ~results .,ww~o ..~z~lueneed ~r. 
.s~ ,.~kuo~ .~£~mtor~. ~Zt :m~, also ,Inch,.care "~%h~t.':%~e.measured ~veleci%q~ 
:'is.::~e~-~zh~m.,velooi.~ !in ~he :~io~, !~'t h~s :.been, Shown..~t ~a~ tths 
v e l o o ,  i'b~ :~ncree . ses  ; ln .~p ipe~ ,  :f~e , m ~ i m u ~  ~ e l o o i t ~ r  ~a~p~oach~s  .~l~e 
mean ,or~,~-seotl-c~l i.V&Zooi~ in ~ms~nitude., T~SI~. ~.be ;aua~d ..to- 
• ~..~, ly .~n-.~e ease ~0 t an :Open channel until J~her~etur~.,,p~~:,", 
-o%ner~se, The moa~u~.od :veloolties a~o % h o r e f o ~ o  . a ~ s ~ o d  ~c!::.,bo moe~ 

~m~l~, :lie ":~n the £,ct .that.;the .spo~s Prmn :s~.~i~ .':elements "in. %he 
.osoillo~ph .cermet :be .ed~J~.~ed ~to ;lie ~exe~o~l¥.~.~n,, .a/l:!n e ~l~ .~end~i,~u-: ~ - 
"far ~o the center linei, of.:the .,f~Im ~and :%h~ :z~ion ~oon~.ten~e ~f 
:the ,. elements ,are ,net ':ide~id.~lo :Each ,elem, en~~!d~leots e'-lowly-~t :~.Irs~ 
but:~i%h .rapidly .inor~a~iz~ ~velooi~, ~par~ly ibeee~e ~,~e ,-c~.~nt : iS -' ,~ 

, :inoreesin~ :e,~d I~xrt!y ~b~oause .o~ its ~ . i m e r t i a .  ~ o n o e  !it i~ ~. ' ~:":I'~.~ 
difficult .to do~ermine .on -.the f~im the. exact time .~h~t. s .,do.~loo~ion " .":.'.,~"~' 
.s~ar~s, These s o u r c e s  .of o r r o r  .are so :m~L~l ~J~at 'the~-W~ro .¢~on~,, "-'!i 
-.sidereal no~li~ible for ,th,~ typ~ of work ,be~n~ done, 

• . : .. . . . (:~.~ 

~=:':'."~:~ " - ' "  ' ; " - ' ~ ' ,  /'~'~" ' = : ~ * '  "" : ~ '  " / ":"';~ : . . . . .  , , . ,  . . ' , ." " . ,  .~,:,h~.:..'..'." . : , . , . . . t ~ . " ~ , . : . : ~  '. . .  : . , ' :  ' [ : :".; ' , ,h~", . :~.: .~  
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~i. Entrained air' The computed .ntrainod air in 
ncreent of total velum6 of flow is ~Iven in Tnble ['. Stntlon 
(!-S).refers to the reach bet~enu electrode i nnd electrode u; 
st,tlon (S-5) refor:~ to t}ie reaoh from nleotrod, 3 to electrode 
5 otc,.(see figure i). It .is ~ell to emphasize the note :(table: 
Zi roforri'n C to the calculntlons for alr content on [~3o _ i0, 
~lopo, Because o f  unavo,ld.b!o circumstances, water surface r o n d -  
ings v:~ro not taken at th~ point gage statio~ 1].-12 for discharges 
above 491 ;second-foot. Also the obsorvotions art) not complete 
for the two high dlsoharges at the new two stations below. 
Therefore .the deuth and hence the air oonte~t are cons.ldered to 
be "hhat fo~d at'the lower .stations. The mean depths, hydraulic 
radii and velocities refer to the mean ~ of ell such, measurements 
oaken at the ends of and within each reach. In that portion of 
the table applicable to t h e  i0 ° -'12' 'slope. if the two .louver 
discharges are disregarded becsuse of the traveling vmvo type of 
flow,and particular observatlon made of %he velooi ties prevai..ling 
for discharges 862 to 719 second-feet, inclusive, there a~pears to 
be an increase in velocity for etch discharge as the flow pro~ 
grosses downstream. This is not apparent for the three higher 
'discharges. This condition m.ay be oniy.a result of errors or 
velocity fluctuations but seems to be'too consistent for that. 
It,may be that for intermediate discharges) constemt flay condi- 
tions had not been Teaohed in the transition section but for 
the higher discharges such a condition ~did prevail. The water- 
• urface measurements show an almost constant depth for each dis- 
charge throughout thi~ section of the wasteway. Another reason 
that the water surface measurement, do,not agree with the trends 
.shown by theve!ooity measurements is because t h e  ~oint ~ge 
readln~s ~overed a considerable ~e~iod of tim~ and" represent 
the:avarage~water ~urface over this ~period while the salt,cloud 
employed %o me.sure ,velocity repre'a!ents :a localized section o: 
the-flow and may~,at~in a velocity~assoola~d..w~th a single 
velocity fluctuation. For the h" " • .~gh_di~oh~r~es~on the i0 e - 12' 
slope and for all dis@har~ ~ On the .SS°.-.~!O, ~s!o ~p~.,~ther e is 
no eo~si, s t e n t  ~i~oreas.e ~ f  velocity ~for a ,~Iven ,al l .char e ~,am~ 
slope as the flc~:progresses down ,.the wa,e%eway..: .Henoegit ~is, 
lo~ioal ~to ass~ae+~hat ~unlform 'flew condltlons!prevail. This 
i~  not  ).,true ;for ::the "flat  s l o p e  at  -the ~ l ~ e r  ..emg ,of -.the wast, e ~ .  

:Her~ .the :f,~w, was decelerating . end 'is c~nsequen~ly nonuniform.  

~Z~. :S.ama~!iof,~n ~sts,on~ohutea. 
:4. ~nroma~io~ 

• is only given,,on chutes !~n, whioh the data :.is ccmp!ete. !In or-. 
der t o ~ d e t e r ~ e  'the .vol tue  of ai~, the .quant i ty ,  :the v e l o c i t y ,  
~ d  : the . . .ar~a,  o f  ~ h e  c r o s s  , + s e c t i o n  : m ~ . t  b e  mea, s u ~ d .  O t h e r  , d a t a  
have t~)e~ found t ~ i ~ . : m o ~ t  .t~stauoes only ~two ,of  +the~e values 
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, v  , -   z/s ._-. l o o  :n, " 

• v .. cw,o e l o ,  

Zt might "be' 'said tlmt .,the exponent .of ~ .i~.mwe~ses as ,.R ~-s .~Anere~- 

e~ iif ,~trenber~r, s :.formula., the dat~ i%eom .Ruetz ~ast~m~y,,. '~nd the 
data~from :K~ttl~as wust~m~y:are ~eon~idered, : ! I ~ v ~ r . ~  ~'~e data,zre.: 
too me~ge r to ,pl~ce a ~re~t deal of ~ei~ht UPOn this rela~ion~}nip 
:~f~hout '.f~her eXpe~£~.ent~tion .. -Sin~e the experlments on .%h~ 
.Kittito.s ,w~.et~my :,include :only two :sl:ope~, it is not , . eons i f l s r~d  
~dvlsable to. detormlne ~ 'rvlnti.on ,-such :~s -Ehrenbvrgor~ ' e 1~tweon 
V nnd ,~in:'~gL.for R ~eons~ant. ,qovrow~r0, ,'i,f we assume tho ,VOlOCi~y . 
tn 'be ,on oxpon~n%'l~l func'~ion of :the hydraulio radius and :o~putc . 
tile cxponont..ua'in~ only the t z o  "values .of sin .8 :and include %h:~s 
fmm~ion in ,a zcnerel fonnul~, ~,. h~:vo 

V = 8 1 . 0  R?'/s ('.sin @) (~;a88 

By oomps~,ing tb_is with:'Ehronb0r~r,n .formula "it :appee.xs ths.t,as 
tho :hydrnulic rro.dlus inoreesoS, th.:, exponent of R!inorbas6s ,nd 
th,, '~xponont of :~in (~.flooroas,:s,. .Thi~ ,str.~cr.,ont :should not be 
considered ,s .final becaUse of' :the .mael! .~emount. of ,data upon which 
to b~se a conclusion~ The £'act t|mt th:is ,exponent of R agrees with 
the exponent of R in ~fsnnin~'s .'formula sugzested. that ,n"..be ~oom- 
puted for tulifo~n .Plow .in :steed chutes., :the loss of head per .uni~ 
ion,;:th of flow is expressed by sin .@, where @ :is .~:~he-oracle of in- 
cline.cion of the botto~ r~ith ~rospeot to'the horizonts/.." Thus ~!an- 
nin/~'s fonnulv. :for steep slopes becomes 

Co~..puting "n" using ogu~tions (i), (2), "and (3) .wefind: ' 

n ,. 0.012C ( ~ . =  i 0  o _ 1 2 ' )  .. 
" n = 0.01~4 (~ = :~o _ i0') 

This v:ould indicate that ~he value o~" "n" inc~,ease~ with the slope 
but this eonelusio.,~ is not !ocioel since the value of ""n" .:is as- 
:~u=~ed to dopoud upon t h e  roughness of ~he chnnnel, The v:ilue of 
~n" /'or the I0 o 12' slope is ",dmt :night be exI~ected but the. "n" .for 
~.~o I0, slope is hich for th~ t:/pe of nL~terial in the ohnnne!. 
F.:(:rZCO, :re INS:/ ~sst~'ie, ~}lat Ham',in~'s .formula is not correct for 
st,:ep,, chute=. !.:ore again :.:err d~.ta should h{: coilcidur¢~d 'before 
' pO~. tiw~ 8tr~tcn.~nt, 

• ":4. Air' content o.:" f ' lo~ i n  ch~rto-~. Ehronbor~or ~iso 
c,:v:lop.:d ';or:'.vlns for' dot~,,Tn~n., tii~; writ'r-portion, ~ in 
uni ~ volu-.:, o:" v~'hi t ..... , ~" ~ ' 

, ~ ,,(/~.r,. J:l,:s:, o.i-c: 

,c 

~. ? 

i 

.":'0 
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751: -C,,05 -,~. ~S 

. 0.~ R (.sln,@) ior sin ~ ~0.~Y.6 
and - O, 05 "..-C ,.7.~ : :'. . 

,% .~ • ' " " >" D 

p. = , , . , . ~ O  'P, i s i s -  g l )  -. f o r  : ,~ '1~ ~G:~.O~47S ~ ': : " 

d;/. 
• , . " , ,  

Those £Onuules ~ r e  b a s e d  or, %elte alade,on fi..ve ,flifferent ,elopes . . . . .  :-..! 
r ,~.n, ' in;  TM fh 'on  @ - 8  ° 4 9 '  % 0  @ ~ 3 7  o ' 1 8 '  , and  ' l ~ y d r e u ~ i o  rndi~ , r a n ~ -  " . . . . .  
i,.~{~, f ro : ; ,  O.O,i:;  t o  0,."11(~ f e e h .  "Frc~. t h e  f o r m u l a s  i t  a p p e a r s  ;~hn~  .. • .., .... 
with e~'ual '.,,::i'I r.ou~tess, ~.he .slope ~:s~t!~e mos't important .~f, adt~r,,..! ...... " ~'..i 
and %he ]~:ldr~oulio radius, ,.~nd hence the 'dep~:b;,"erle on~y minor: '.."i.'::. i....~,./' . . : ...'<-.:'~ 
. ( ' a c t o r a .  ~ c ~ , , ' ~ r i c o n  of %ho v o l o o i t i e s  a n d  .air,.:oontsnt obscr, ri" ,i:,)/!..i , .. ;::.":~ 
,-;d In .the :].-'i ~ti'tas .;-mstcvmy and ,oo~ros~ondlz~ .vEl.ue~ e c ,  l - o u t ~ , t o ~  ~-..:~ . . . .  

:,nr.unbarFcr'~ .£ort~ulns arc, ~ivmi in'lablc :5, ;~kl~houc)~ ~ho iob-,, .;i ~' 
.rw:d nnd calculrt~..~ vr, luc~ ~re,:. to ,r',oarh~in ~(tc:~t, %h(:ro :is:-" .~ 

• .not e. 'ocnSi,:;t :.~t..r::.l¢.tionsh'ip. Howov;:~r=,. ::~thon .t!'-c~ d"%e arc,cons~'d,; ~'.'' :'; 

, :nl, c.ir cn.!t..:t for c a t ? .  slop~ o£ th~'~ I~:tt£tns~.'~n~t~vze.y.r.nd .the .;:i? " " 
.1 d .  . o  1.'~ _ .  ~t:v: fro;':" 4 W,:~: . . . .  t:.u:.,.. ':21o%t¢,d on Io:.:,Jritl~.io !pap.:,r !(~]}l~tlrL.".~!)., 
~,:o ":,."r'.].l.,,l !in,.:~ racy be ,dr~,'an t:,rou,;h ~h..s~. ;poi~ttz., Tim .c~ua- -" ': 
tio:.~ of ~.,~...,. li.z.'. :Z. ,~r:.; " ,;'- • 

• . ; , : )  i 

.~ - 0.81 .sin @ 0,8 . . . .  -.. " '""i ..- /.. , 

~f- 0.G2 Sift @ .... 6 - , .  - - - . I 
" . Y i . " 

. ..; !! 
":here ~(, is the volumc of .entrained-air. in a ~fit .volu=te of aera . . . .  .i 
ted water. Yho numbers ,a:~peariuc !:n [,'he :figure <oorrespond to the ;! 
ntuabors zivo:, ti,e datn ix: tab!~. 4. "f%'o l.in~s wero-,draw~ because ~ .the " :I 
~:oir:ts ccpresontiug date .frm.~. the modc:l ehutus c~id :not appear to ! 
bc closely ac:,ociatod with hho~-, from prototype structures. The 
upp..r lino n~¢' i=" snid to ro~:.:- .;,-;nt va!ucs l'rom .prototypo tests, ,: 
..xc, :,t for th" flatt~.r ~lop~s ~d!,~-rc ~h(. points a r c  badly so~ttorud. 

25. Goners.! discuss Lon of chute data~. T h e . - f l o w  of ~ : 

wa~er in o p e n  channels with M,~,~H gradients-is a - m o o t  subject, 
DifPiculties encountered in securln~ data f.~om such conditions of 
flow cause the results to be subject to eon~;Idereble variation. 
Lac~ of suitable 8qui~nent and ;structures ,of suffialent slze have 
r e ~ a r d e d  prosrus..; t~ard an understanding ' o f  the oonditiou~ pre- 
va.il~.~,,~. Concerted search of 'literature, supl~l~m,,~nted by f'io!d 
• _ r .Air ...... ~ts .".how tl~at water f!ovr.in C ~,.t hi::h vvloci'b~, in an open 
cba;~,r:..] does entrain air and thc voloci'" slu,, arc l~,v,:,r than previous- 
ly co:::Putcd. ")r ass~.,u',d. This st~-~,na,mt,~'~ '" o.~'~ eournr, applies only :to 

# *. ~:;,c uy~;,, of ctructurL:~ studi.d, To ",hmt cxt,,:mt thu cond.iti.ons 
7:,c; b xtrn,;:o],'t,,d o : m  only b~: d o t ~ r ~ . ~ n t : d  by furth.~r re,oars},. 
J ' ,  ti,d :,xp~r!,~,.nts o r :  the }:ittitr.~ ws~stc.way, tb,, indic,tion~ wore 
t~:.-' ,dt]. t~' ,-~v,:.. c,~:r,l~i,:,ns, r t:.:rmlnc:l w.,loclty ,~xi~)t,~d. a.. 
:~r:h. ~,mr., . . :'._ ~ ::'> ~uc::tlo:, but thr:t a v;:ry l.~.~g cm~ouat o~ 
'..it ,::.n ,.nLr~:i~,.:d. 'J[t.h q flo:: of 1,005 second-f( ~t on P. s!op6. 
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:Compsr~son 0t" q b = o r v o d V e l o c i ~  

And A i r  C o n t e n t  w i ~ h  ?hos® 
. . . . . . .  , H .  

C a l o u l a t e d  ,,,~,, Ehrenberger',s, Formugas  

Discharge Obaerved 
S e c o n d -  ~ean 
feet dydraullc 

R a d i u .  
f r o  

l'ag.l o :; 

SLOPE I0 °.- 12' 
Sin @ - 0,17~ 

Observe¢l  C a l o u l a t e d  O b s e r v e d  - -  Ca Icul~,tod 
: J e a n  Ve loc  i t y  Yearn A ] r ,C,,n ~,ont 

Velocity ft./see. Air o o n t e n ~  F,~rcc:~. 
ft./seo. Percent 

7 

89 0 , 4 5  
193 0 . 6 9  
362 0 . 9 5  
401 0 . 9 7  
491 1 . 1 4  
587 1 . 2 6  
719 1.38 
777 I.~5 
922 1,55 

.i005 1.62 

.34.7  
37.9 
53 .3  
4 9 . 4  
,54.3 
58..'~7 
GO,7 
fi3.'7 
66 .0  
6 9 . 0  

32,0 35.0 
40.0 21.3 
47.5 31.0 
i~,7.8 :,, .1.8.5. 
:-52,.0 ;:; .'/.:-, "Z~..:5 
~5.4,"/. ,:P.rt.,O. .- 
7.57.4 ' 2 7 .  O~ ,. 
58.9 7,1.. 3 
61-,0 2 9 . 5  ~ 
6 2 . 4  ~ 2 . 0  

,"2.9 
;54.0 
~4 .1 :  
::,ai .'F, 
34..9 
3 5 . 2  
g'5o3 
;.'; ,",, - .  

~ 1 , 0  a 

~OPE ~3 ° - I0' 
Sin @ : 0.547 

D i s c h a r g e  -" O b s e r v e d  O b s e r v e d  Ca lcu la~ ' ed '  
Second- ~ean Veloeity Velocity 
fuet i~draul go ft./aoc, ft./~c,c. 

FCo 
. |  • | 

- Observed 
1!o~1 

Air Con~ont 
P e r c e n t  

Calculat~,d 
Air Centenm 
P,:rccnt 

193 0 o 90 62.6 72.2 ,34.0 52 
362 1.17 7~.0 82.6 58.0 53 
401 1.12 75 ;9 80.8 5 6.0 5::, 
491 1.30 77.4 ,87.3 57.6 % 
$87 I-_~? 82.0 89o8 55.7 .5.I 
719 I ® 43 87.1 91 °7 52.7 5 '.- 
Y77 1.51 9 6 . 6  94.~ 56.0 54 
.,~,~% 1.61 89.1 97.6 50.8 ;3:; 

~.005 1,71 99.0 I00, 7 :53.0 r,4 
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' ;o f  ROo ~12,., a = ~ i a u a ' m e a ~  ve loc i l t ~  o f  69 ; feet  per  ~see,.'.~ ~ :as 

nen,,..on a .slope o f  ;33 ° I0' .w~.th "a f l o w : o f  ~9~.2 s e o o ~ - ~ e e t ~  ,'a ~ o c t -  
:mum = e a u , v e l o o i t y  0£ ~8~ fe~c per ~eoond ~and an a i r  ,content  .of .5.1 
percen t  was de~ermin.d.  Ind~oat ions  were  % I ~  s t a b l e  ~low eon- 
di~-~ons ;had i6een .reached 'iu ecoh :case, The' 'velooi%y ~.Lnoreased 
'..~lth ~he ~ m - t h i z ~  ipovmr ~of the  h~draul io r~dius for  va~lues ~of 
R ~botweon '0o5 ~and :1,'.7 !feo~, .For a g iven dlsO~u~o ,w~:%h ~oons~ant 
flow-con~Ao~ :,(R aonatant.) the  :veloci~ ~aried . f o r  iThc it~o 
slopes ; teated ',~s " ' 

-- 0,=2~7 
V ~= K sin :@ 

where @ i s  the ,englo .of i n c l i n a t i o n  o f  ~.~he .chrome.1 ~ b o ~  w~th .~he " 
hor isgnta l~  and K ~its :a cone.tent. ,Costuming ~h t s  ;wt~h",oa~liO~, ~;e== 
p o r i ~ o n t ~ ,  i t  seems : t I ~ t  t h e  e~ponont , ,of  i S ~  e :~a~..'dent~aso m0.:~6o 
hydraulic .radius increases. .The air aontent ~u "a ;. t~i~vOlu=e.~Of. 
water-air mimtu~.e :appeared to be dependent on ~he: ~ol0e. ,.o~ ~ t e ~ -  
nel, hence "h~draulic radius and veioa1~y being on~y:~er ~fa=~.' 
.The relation-as "determined from %he two slopes is -;~ . 

0,6 
~ f  = 0 . 8 1  s'in,O 

This relation, of .oou~se, is ~entative :slnoe t~e  ~data .'from ~e -:i: 
:Z3 ° ~10' s lope may ihave :been i n f l u e n c e d  by t h e  ' fao~ .tha~ ~he ~ e o t i ~ .  
,w~S ;Freeeded ~ ;~he-~ f la t te r  s : l o l ~ .  

2 6 . . a e a ~ i o =  .of  air-water m 4 ~ n ~  :Tb~ ";~-~ohau~cs 'i.~,- ~ 
w~tOh' ~he ,air  e n t e ~  ..~he water ~s ~;ztot k n m m ; - ! ~ a r s o n e ~  ,'ObbligAtos 
and ~Xis~ing .da~a ~polnt to certain :fao~o~,s ,~h~t , i~ . l~ .enoe ,t~e,;ai.r,~ ' ' 
ent~ment by the '.water: . . . . . .  

~(:-1;) Roughness of  the sides .end bo~b0m .:of the  o h ~ e ' . ~ ,  - "  
~!i(8)' :SloI~ o f  the ,:c~a~ne!. 
~(s')  ;~F~h or r l ~ .  . -:- - 
'~(4:) V e l o c i ~  or  t h e  :;rlo~. . : .~ t :~i.~ 
.(5) . '~ea o f  .the .wa~er su r face  i n  oon~o1~:~.with .the ~ ~ ! ....... 
(6 )  Width o f  ~he-channe l ,  "~ 

.Turbulence in  the f l o w ,  ~re~,ardless ,.of ~ f~o~+~.~s ~ha'~ .~eate; ' : .~hts 
ccndi~i@n, i s  w i t h o u t  .doubt., ~.of pr, i~e . ~ ~ n ~ . : ~ n - , ~ i z ~  .a~d 

:re.~ztn~og ~he a i r  in r.Che flow= ~It ~=~y ; , b e - - ~ r  ~ s~.t~ion ~o  ..%he', - 
e n ~ t ~  p r o 6 ~  = ~  : ~ s ~  :be ~ o b ~ n e ~  . . ~ :  ~ , b e ~ e r  . ~ u d ~ s ~ m ~ ' i : :  . . . .  
o f  ~he " " • 

m~ahanios of a~r-wa~:r =~tx'bU~.~ Th~or~ioal oo~.sidera~l~n . . . .  
• has :been g~ven ~to ~he -~velopment of ,a :mear~ :of de:~er~aln'iu~ ,~he 
t e m i ~ l  veloei.ty .for aooe le ra~ ln~  '~low. Tb~ ~work :Is ~n p r o ~ e s s  
• end ~definite .e~no:lusions ~have no~ "been .~d~r~ .~raotlce~lly i~a:ll: iof 
the :~a . o o l l e ~ t ~  to ~at~ ,are ~appli~b/e ..~o "flow .An .ohannel~, - 
O r ~ y . ~  i n s t a n c e  can .be :fmmd Where :~he voice: i t3.  t~s :been measured 
a~ the %00 of an ovorfe3~.! d,~gn; ~hoso on Madden ~. :No water 
surface moasur~nonts-.are available, ~honoc thd aircontent of the 
jo~ .cannot bc calculated. To "~hct-~x~ont the 'la~s of fl~w in 
chutes applies to the flow ~on ~ho faoc of,a d~m h~vo not am y,~t ,boon 
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d, t,•:m~In.d, pr[nclpr.lly because o~" insufflcl,~nt dnt,z. 0bservntion 
~f photo~r~tphs tnken ,~p ntunorous ovorfal] ~l~u~s seem ~o indicate 
~:hnt , ,  o~s ~ struotll r . ~ ~ r.llow£! es of this typo do no~ ootl't~t!n 
P.~r . ~o qu.~tt tlos observed in,',:narrower chapels. This m~.. 

t n u . . . . .  flow conditions. Yt,ma ~ 
r°lationship hot~veen death ~na ~,- ~ ' ~ ' : . - Y  .ion b~ ctuo to s~o 

" -  ............ ~ ~ ~*,~ JOt ~0 t:, ' te "~ir OOZZ- 
tou~. Tim en~rauoo coztditioz~ may ~luo be a~Importnnt oon, idoz.a- 
:,Los. Rou~hnos~ o~" the channel must not be overlooked as a ~rime 
~'ftct~r contrlbutin~ to retardation of tile flow. For instance ~n sx- 
tz'n~tc example is s cascade in ~ mom~t~in stream. Hero sizable 
qu,.n~i tie.(, o£ flow have boon observed to trmv~i dova~ a boulder- 
strm~ bed on a slope of near 450 v~i~hout attaining any great 
volcolty even after flc~n~ some distmzco. A terrains! ,velocity 
anpnrently has been reached in this instance and the channel bed 
~s the ~overnin£, factor. Visual observations of water f~lls 
'supplem~ented by slow-motion pictures show thRt the jet disiats- 
~sr~ttes rapidly af~or leaving the brink s~:d assumes a vor-j white, 
turbulent appearance. Here. of course, the flow is completely 
surrotuldod by atmospheric pressure. The only force holdin~ the 
jot together is surface tensio~,and in the case of largo .jets 
~ccomp~aicd by a high degree of turbulence this force in rela- 
tively small. Consequently the <pressure in the flow is probably 
vo~, clear to a~mosphcric and thorn is merely an interchange of 
position of particles of water and nit. Whether or not a terminal 
velocity exists somewhere below the. brink has ,not boon dotorainod 
but it is reasonable ,to assume that it dons. The intnrnnil pres- 
sure may }lave s~e bearin~ upon the air mixture in hi~)z velocfty 
flc~ in steep channels particularly where the flow traverses a 
vertical curve. 

27. Application of data to Slmsta spillway. In 'the case 
oF the spillway for Shasta Dam present o'onjeetures are that at 'the 
=s-nimtm discharge the .jet may be of such proportions that the en- 
t.rainment of air :vlth its o'onsequent effect on the depth and veloo- 
ity of flow ,.nay not be of major importance. |Iowever, ~t so~e l(r,7or 
disch~r3e, the conditions may be conducive to en~rall~ent of ~ir 
in large quanti~ies. If the resu!ts of the experiments on Kittitas 
=asteway may be considered to be applicable to tJze conditlons ~hat 
vzill prevail • in Shasta spilIw~y" the air content, as calculated-from 
the fonnul~ ~=0.Sl sin @u.o, •wlll be 70 percent of the flow~by 
velum.e, considerin& of course that the spillway is of sufficient . 
length for uniform flo~ conditions to be established. ~tis may or 
may no.t ~ethe c a s e .  T h e ,  vel ~e~.. 

. • oc ..... ,as calculated fru.~ t h e  formula 
V - el R~/o (~in ~)0.26S deduced fr~ the same experizlonts, ~dal be: 
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iDi'scbarge ~r ,,foOt of,~a~il~lw~v 

0.5 3.6 
1.0 125,0 
2.0 144o 0 
3,0 427~0 
3~5 ~643o0 

48 
76 

120 
158 ,, 
175 ~ " "  

Again~ it is•~mphasized that these velocities ,~rl'll prevail on~iy if 
uniform flow ~oonditions ere established ,on the face of the spillway 
and ~hat data fran ~nnrrow channels ~may be extrapolated to inolu~ 
overfall damm. 

2a• Conclusions. Only ,the most 8i~niflc~t results haV~ 
been nnted. A d ~ a t l o n  ,and formulation must await further 
investigation and analysis,. A:grea t deal :of fur the r work must ,he 
dons before the problem can 'b$ e~plalned quauti%atively and in 10em- 
tlcular a study of t}m surface of flow exposed to the air should be 
made by means of an ult1"a-speud ~motion ~plctu~ camera in ,order to 
bet t er s  ~ understand the  m e c h a n i c s  of the _~.i~.-water mlx!n:, process. 
a~Isfaotory means of,measurin~ "high velocities in flow has been 

~dev~loped which ~hould assist ~in additional study of the problem, 
~ i t h  s ~ , e  changes  .in e q u i ~ e n t  ~and t e s l m i q u e  and .a c l o s e r  oali~a.:,...~ ' " 
tion ,of the  me,hod, i% should be 'posslble.to determine the ,maximum 
and average volc01tles existing in the flow. The •ultimate sol~tion 
of the hydraullo principles ,:involved ~nihlgh,~veloci~yflo w may ~e 
found in  new f o r m u l a s  t h a t  d o  or do no~ c o n t a i n t h e  f a c t o r s  g e n e r -  
a l l y  used• ~For instance, it ~may "be t}i~.~ the ~ao0epted va~ue of.~he 
hydraulic radlus is not e~tirely correct but ~Should possibly ~n- 
clude the side of the-perimeter that separates ~he ~water and atL 
mosphere. The ~r.elationship ~etween ~he component par~s of ~he 
formulas  might  ~be ,shown by  .some means o ther  .than e x p o n e n t i a l  e q t m -  
tions, No definite statements can be made at the ~present time be- 
cause of the di~ricult~j of establishing ar~,ents for such ,  bu~ 
the problem should be ~reco~nized t o  exis~ a n d  not  be ovorloOked,  l n  
the design o f  structures. It is hopod/~that "interest me)" ~ st~mu- 
• f a t e d  i n  the  e n g i n e e r i n g  p r o f e s s i o n  to  itho e x t e n t  t h a t  add l . t i on~ l  
data  and . a n a l y s e s  may be added t o  the  sma.l~l s t o r e  now a v a i l ! a b l e •  .. 
Some means of studying ~the .problem of se~f-aeration of Ilo~.n~ 
water  i s  b e i n g  sou~'ht i n  the  laboratory . •  ',To.-de.te, i ~ e - a e r a t e d  : 
flow closely resemblin~ obsenv~tions •made in protohype . s t r u c t u r e s  
has been produced by. artificially rougheninz the channel. This 
~e.~ns of prod~clng such flc~ ~reatly retards the velocity and 
no c o r r e c t i o n  . for t h i s  f a c t o r  ,has been d e t e n ~ i n e d .  ~Laboratory 
~ork is also bein~ done .by Dr. L• G, 8traub of the University ~ of 
~[innesota and data Item thos~ studios will be available ~hrough 
a c~op~rativo exc.~mnge of data .sF~nsore d by the .S~eial Co~m~t%ee on 
~gjdraulic Research of the A.~:erioar,~ Society of Civil Engineers. 
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t " " 29. Aol-novrled,"auont~° ~...All ,:'.cperL.,o~ ,a l  v~o,k and t h e  
y, roparation oi" {his memo~.ar, d~:l ~ ~'ras under the direct 'su•,:,ervision .of 
J. E. ";:arnonh. The:velocity ~:or=urin[; equipment was developed th~ou[:h 
the co:.~binsd e•fi'or~s of ~. Z. Uarnocko Z. F. ';':ilsos,, and C. ".7. 
Tho:,~.ah. "/a!uabie su~£.ostionc in addi'tinn to the loan of ~.ho oscillo- 
~ra!:i" wore made by F~. E. Glove," :of the technicnl section. E.F. 
"filsoy assisted in the ~'conduot of t h s  ~@sts On t h e  KittltaS .vIat~to- 
~,n[, a:.d in the analy.~Is of t:~.o results. He also added~aa~orially 
to a:: undnrsta_nding of the sub,~oot by tran--l~ting ~%hc ;re].ovnnt 
r,r~Ic!cs fre~ foroi~7~ literature. The :olootrodus wore ~nstallod i~: 
..... ,,~.,.a~ under thr. direction ef ,J. S. I'.oo~:, Super 
int:ndcnt, Ynlzima pro.i.~ot° T}:c c~n-ron~-~ao~or monaura,:.;on~,s for the 
Zests ";;ere made ~rj i". t.. Je:;ne, Hyd~-o~rapher, Yaki,n/a pro,jeot. Ef- 
ficien~ control of/the f!~¢~, '~%s well as other asslu~aneo very vnlu- 
able me the success of t/~e field .;oasure;uents, •wns a0coraplished !by 
"'. "f. Russell, ~lanager, and ".,[. ~. =',~iit~%, ~'nlt~,~rmaster, both of Eitti- 
t~s Rec!~aation District. J. C. "Stevens, consulting o,[gineor;, 
Portland, Ore3on , visited thu labora~or y while thu volociby-msasur- 
ln£ cqui~n~ont was boAn~ developed and snant some timu on the ~.round 

* |  

~"hilc ~ th,:: fiuld tost~v~oro b~in~, oonduc~ud, On ~hose occasions, h¢ 
offered valu~blo su~ostions ~nd advice, " ' "  J . .  F,. D u r a n d  :]'~a~ su .gI<~stod 
a math~.~atic~..l aid to b~ uscd in solving:: for a ~.rmi~m.l voloclt~j in 
t,,cczlorotod flu;,;. 
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