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INTRODUCTION 

Nmny attempts by different individaals 

to~ether experimentaldata from various so~ 

and~pressures 

sent the picture as a whole, was ~a ~n 

as complete an account as'the Lble wo 

laboratory study. The object of 

formation to aid in the design, o ifor~this~reason i 

the results have,been expressed in~.the most~generaiform " t  ''r'~' " ' ~  i ~ "  : • nat of . . . .  
di:~ensionless numbers . . . . . .  ' - " "~ ' • ~~ 

This report'supplements Laboratory Reports~os. H~D-.i22 -nd ~ .... ~ 'i ~~ 

both on "Studies of Crests for+Overfall~Dams." + The iformer~consists ~+ 

of a complete record of the testing and results~ on a program of ex- ~'i~i 

p~riments for the determination of~ overfall dam profiles and~free ~flow . 

discharc.e coefficients, while HYDe118 ~is an r~abstract of,~the for~er, i~ !ii 

The present Report No. hTD-I~2 .const~utes a~continuation of the forser 

studies, but applies principally~to small overfall dams. 
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T " " ' he report Xs based on~,exPer~,ental!results .ifrom~,two~i,smmll~dams 

which were tested in!the Bureauiof~Re~cl~tioniRydraulicJLaborat~ry. ' 

Yhe report deals ~ entirely ~ With ~. Submerged ~fiow over;these~ dams, ~ ~he ~ i~ 

study included: 

i. investigationi oftthe ~various 

2. Determination o f~dischar~e c ....... . ............ .-~ , 

3. The measurement of wa 

dam and in'thestilling basin~t, 

Four distir:ct types~ ~ of flow ,w, 

apron: 

1. Flow at supercritical velocities o~ " ""' 

2. Flow-involvingLthei~b~ ~ ~ ............. " ' : ' ~ ......... " 

3. Flow accompanied, by i~ 

A. }Flow approaching com~ 

Discharge coefficients~wer e ~] !fre, 

condition, then., redetermined for ,~,the • ,various i.conditions ii~61ving~sub- 

meraence. The difference~ between the~'~twoi!is:i~termed~the:dec'reaae in 

the coefficient of diacharge.'due itO 

in percent of the free,flow coeffici 

t±cally all combinations of~flowJwhi 

horizontal downstre~ aprons. 
T*r 

,,ater surface and pressure rues ~ 

less coordinates for a-representati 

These plots are intended~to aid the 

flow to be encountered and, at,the 

stability determinat ions. 

Four examples ~ have bedn ~includ 

the ]mssible .uses of:the • cxosed~exper~mental 

ifest _F~ui~ent 

The experiments~were~performed on 

~,ent but bothwere tested:.in the!Burea~ 

Laboratory in~ Denver, Colorado.. ~,The first Ls:)~ ~ ..... 

performed using a -sheet ;,~tal overflow<dam ~.to 

the coordinates for Dam A on ~iigure I. The~demi~was~i~atalled~ini~a '~ 

rectangular ,sheet,metal lined ,Tlume ~l. 52, feet wide.land ~!appro~ateiy 

twenty-four feet long. Adjustable:floors were provlded both Upstream 

1"2 ~ 

7i ~ 
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anddownstream~from:the dam,inaddit. 

Yigure-2. ~For~ai~ positions,~the~iad 

against t~e dam and sidew~ :low~" ...... 

-.o~O,~u - S~ ~ ~' O A.~..~xperime~t s~a s i ~ 

1.95feet i 

installed, 

Figure i. 

In both cases the mov 

positions of the gages wer 

the two flumes were alike ~ 

connection in each caee~wa 

flfteen H o, or fifteen tim 

of the dam. This was corm 

of the flume from.which~he~ 

The taiiwater level,was,oh" 

stream from the crest OfLtJ 

flume were obtained from a!poiz 

&-inch channel iron iocatedove 

measarements on the damandon 

~ <to, ea, ploy. 

r ~ t 

Dam B fr;~piezometers ilocated 

Figure 2. The discharge;to the~model was ':~measu~,ed 0:£hrough<:'"-~.~.,~zi:~:,~,-..~ ?' " ~the ~:accu-: ......... ~" ""~!. > 

tailwater on Da~ ~: was accomplished!;bymeansi6f !!an~adJUs ~able-hinged:;~i;/-i.i ; ~;.i~; '~;~i 

~.ate located at the downstreami~end.of~the~;!flumei,: L. : ::i 

Test Procedure :~.:,~i~:/ ~i.,:, 

The initial~tests t~u,c.t .... ":i;~i~i~ii!i!:~ ~!>:i 

curves for the !free di ,.:set:i:iin~;-~,ii.i;i!,.. :;..,.:~ 

differ.ent positions. ~ ~ 

curves are shown foritwo u~ -- I?'5:~'?:I 

floor position for~D~mB or, 

obtained after changes :>were made iini.the.>.: 

After the tests: on, D~ :A, ;.~ it ~was i;learned 

produc ed.~. by ..the-..upst ~eam i"floor i positi0n could De ::segregated~i:~romi ;t~e ~!~ .;: .!.w?i..~ ~-. 

effect produced<by the downstream conditions, In ~i;i~ : i:~i. 

entire effect of the.~upstream:floor~:is accounted f -- ~ ~ 

coefficient curves on ~igure[!l. For this,:reason~it,~was~not necessary. "? 

~oretthan one ~upstream floor p~sitioni~'for!Dam B. " . . . . .  ~i~iii~: 
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Upon-completion~.o/i..the. free flow~coefficient .cur 

stream :floor. was ~set.. in :one o'f ~:the:.calibr~ted/positi8 

ined on A constant head was mainta i~,the~:~:.~.~leli~rea'di 
.. 

and .depth of.. flow .over the~ downstream .~floo~-~were:,made 

water: d e p t h s . . F l o ~  conditions ~ encounte~d~va~'ied::ifrC 

velocities to Tlow~: at "practically;one :hundred ip~erCent 

discharge", in ~the i. latter ::case :;a pproachingiizero ~.:. 'i.Thi's i. 

l'rom six/to-'eight::runs,, each :~de-i~wi£i~,~the~taii~tei~ii 

tion. The.same restwas ~se~ond~rh~d 

to a second posi 

repeated. This , 

from~the crest o 

case of Dam A, tl 

position -.and- cer 

to supercritical 

included, four_ ty. 

charge due.to sul 

a corresponding ~. 

have been tabula" 

The. nomencL 

trated by the. skq 

per foot of. dam £or.ea. 

cres t  of.the dam, .including velocityi!head 

. is ~the. coefficient::of discharge obt~a~ined~:i 

h e  difference oet.een:.tlm:.free disChar~d 

. /  ! L L . "  

. 1 

a s  

¢,2 

' ' " 2 "  : ' 

~arge- i 
~i_:: ." 

i• 

stream • floors,, throug~out :~ the teat, :<are ~ recor 
p - s~ ° 

respectively. Columns 7.'and:o ~znvolve ~ ~urel.v ~ 

type of flow encountered !:downstr.ea~ ~o~,~ the :dam for:each ~-run)~ (~igur.e . !:~~:;.c: ':i .i!::ii 

<3A). The symbol,.;Ho,~.wheni:enc0unte~ed , .indicat~esor~ly the~t0tal " ~I:.-:..:.~.,- 
L [!" 

de s i~ned head :: for~ a .!~given--dam:~while, ~ H,-represent s. any ' total, head ' ~: 
- a p p l i e d - t o  t h .  s . .  . . . .  
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The d a t a  contained, in.Table~ ' - -  " i .'rWe're ',:USe d !:to i,:plo~/!.~n, 
leas curves on!~'i~u~e ~3A. of..:oi~rit~j:i%he:: i 

mergence and:..the position • ,~ 

lines divide - the graph i into..~.zones.~?Co~pr~i~;t ~ ,.~ ....... .,-":-~ le :.<~arlou~ 

drowned jump, m~d :flow/rapproac~ing>:c0mgle%e-~,iS~mergencel 

lines indicate ~he,. ~decrease .,in~,the ,!coei~ficient i'oi" :disc~ 
based on the coefficient, of dischargel'!i'~,~Or !i~ee. ,~i,lOw,lat-,~t " ~-~-~ 

Beginning at i the !itop of the,:,sheet', a,nd>,rei~'ding .dOwnward~ .i 

designated as Type I, ,~as,at~s~erCriticaii,Velocitie~:il 
Plots. #, ,7, ~i12, andS, f6 of Fi&n~res~.4 ,~and~'3. ,'. ,The~dec )ase ,~ 
" re, 

usual sense, but ..is:. entirely :an~rfect', ir oduCed!.by.!::t~"i:i!dl 
.As the ailwa%er,.,.as:~T~ d.!dec: t " " ~"~ ........ ~i 

hydraulic Jump occurred in ~ .~ i..  <: 
L . :and %1 

w e r e  present . . . . . .  • ~he~iorzner i: ze iatl 
senf.ed by ~the.zone !cesigrmt~ _ J ~./cu~rv( 

Types. I and II should,, sed with t,he'i-~depth ~ver.~ 
energy c urve,~ :comnoniy. ,ith ~...hydraullc --!Jtmp:~' " ico~ 
a s t he latt er .re pre ~en .de Oth~ ~=n'~ :~i:&~:~ ~!;"__ 

draulic Ju~p.-is,. sho~n, in i!lots~iS,...8, 9. 
4 and 5. " '~: ' ' 

As~t~e value or:~d.<cont~ued;to;.d, 
became prevalent,.<desiHnated iasd~hedrc 

i ,  ,Z" 

h e  

~aion& .'." 

J~ 

..With still~ £urther:~decrease iin: ..the::"Vaiue: of.~in :~-a 

..rated:assuming a'-couz'ee,ahead as .>11 

.Figures A and 5. .'This.type:0i'~fj 

• :as..Type IV. ~xcept:for s~all values o£hd~d 
. , w a s  ' - " ~ J  very unstable. 

5 
,7 



. ,f 

+ f /  ' / "  

5 

i ""  .."':.: 

t : - +  " " " 

! ; ' .  ¸ 

~f 3 :.i... ~, :; ;  ,: 
:7":, + - 

~+~S":" " • + ' .  

+ • _ , " j ~  

". 5 : . :  . . . .  . }  

• . ~ +!> ! : :  + 

,++ ~!r +,+, 
' : TCb ';'+~+b;,. + : ++ "+i~ +ri+ +:+ 

++'~+: i+i++ 
:+i+:i++; + +,~,+ i+ +:i i+ . . . . . .  

'~d 'k+ ,; ~ ",~ 

• - "+~It+ .P l ;  :~ 

+.+ : i + ~  

i -~ , , t  + !'I~, ~ i ;  - : :  

L : ++ ~,. +r ~ + + I+LI'L + +  ~ : .+? 

K I H : . ,  7+ 

~,~:,: ,-;~', ~: :~p t :  

+'; +' l': 
!:+: +;,. ~ ' : "  :+'+ .+ ;+: ++ 

~ : L  +:: + '.>, 

) i ,  ~ .L- + 

i :+ :1 ,1  ~ + ' +  + +: 

t , ' l , : } ;  c+; t +  ~+-+; 

i~o(§ ' ....... i J  + 

;,.+.o.e ' "+,[+i 

~ic'~, ~ ., 

i~3 0:+ ;i ~i:. 
i.i j ; i  

:S0;6 ~i++ '+e ++ 

• : e ~ l  

I J  I I,~I 
, ' "  + ' r " l - -  ] 

i 

- - ~  
i b l  , - I  

• p: : : 

,,, ,+~ ~d  ~.,.~ b i l l  

~.~ i '~ ~ 
.,: . : , :  } '  ,+--+. 

: ,:TGI;: ~ }-' 
: i '+:' IL'] 

O' 
• . . . . .  i l i ~  

-:"+ ~ i i l l  ,+..,, ~,, ...... 
..... f '  

iii ?i!!~:~:: , o  . 

l n a n l l j n a l  
I g H l . | r , l l g ~ l  
n u n l l ~ U l l m  
l !m~ mmi~l W 4 1 1 ~ l m l  
l U m M ~ m m u n n l  
n n H ~ l ~ l  ~ m m N H |  

~ A , ' ~ l i l l m u m m  I I  

! l ~ l l l l l l I W l ~ A ~ l l  

~ m ~ r , u n m m  
a m ~ + l m u m |  
~ u r L ~  , , m m u m K  
n m j k ~ ' , m n n ~  
n!R"¢~r .a m n m ~  
!! E:bl', n_umm u l ~ " l l  

~ ' m N m  I L r ~ U l l l  

m n ~ u n u  
| D W N l ~ , ~ l m U m l  
U U m l ~ m m n n l p s  
1 H ~ B U g . 4  
n U ~ . U n m m r ,  
nn~immmmm~l,+ 
lU!lln lllU ~,l~l~ ~ 

N N ~ W r d ~ 3  

m u ~ , , ~ ~  

a m m D m m l m m l  
n m n n m m m m ~ , l t  
l l m l ~ l  ~ ~ l l l l l l l l  m 
| l l i l l l l n  l m l l l l l l i ~  
lira ll~l l t l l l l  l ~  ll~ ~- ~ 
;:=;~,lmilmmlmlmill 
IIIm la im Itll011a IIJ+" 

I i l m m  m l  I ~ i l l l i l t l ~ E  

m n m ~ n m + m m ~  
aamlSlla smaDl~MI]d 
al~ilmlpl I t m l a l t p ~  
m , m a - - . ~ : - [ ~ + . . . .  

~ m ~ L ' _ _ ~  
,+~ +;~. = : = : = = - -  

+!!+ i ii ~ .... ++,, +.+: 
,:++ i;++ ++~ 

if!? 
i+:: 

L~i + :* 

++ ++ , 

q :4; 

.:,~ + 

-s: L+ ~ 

~ \ . ,  

i+,l+ s 

,Z ~+,  

% ,-, P 
,,+, ~ ,  

f , . i  
4 i, ! 

C. * , ! .  

- -  i +JL 

i ' m  + 

;+ ++! 

+(~ ;1++1 :+ 
~+: : ,  

+ i 

p,:, . . . .  • 

,,+,,,,,,It 
++j; q ,  
m .  m 4  ~ 

"+t+ '  l + k  1 "~ 

.,1 ~ i .  

- '  E..,,.I : 

L~+:)+ + + i~ + 

t + ,}, 

. ~6! 

¢;~M+':" , £  ~;" U m 
I l i l i  ill 
Him ~g 

" "  I| ~i . ID 
~1111 II 
I 1 ~  ti 
~ E I  I| 

m l m  
I~ m [l 
M i l  kl 
g m  l l  
, i ra F| 
- m  im 
roB! IN 

l i b  II 
Wm Ill++ 
i l l  I !  
i3m r~ 
~111 ID 

" "  II t n  
lllm II 
l l l~  !.l 

Hm +G 
r a m  8 
BUrl | 
| B  B 
gi l~  I1 
a m  1 

1 | I l l  I1 
I! l l l  1 
I l U  n 
R m B 
R~ll n 
Ril l  | 

| l  1 
[ l l m  1 
~ I  l 
~ m  I 
~ m  1 
| I l l  G 
| i m  l 

1 
[llml 1 

91m B 
a l l  l~ 
Him | 
~ l  l 
l i b  
l l ~ :  H 

aali~ tl 

[ 1 . 1 ~  I Il l  

llllrl~ l 
l l lml  i 
~IWl~ I 

m~l+ IN 

+ m  i 
'~ iu+ n 

+ ~ J  IU 
,m.+ m 

I 
I+ + 

u .  / 

+4+~ 

,4. ! -" "Z,"> "+ ++',-~ ! ' , 

E I m W |  
m®ml 
m m m m  
~ m W !  
R W W |  
I H B m l  
m i n i m  
m l m m l  
m m m l  
m m m  
I I m ~ i  
ran.ram 

mlmW1 
EBi~"m.i 

~ I ~ W !  
m m W !  
i m ~ I m l  
mm®,  
m W ~ l  
m m m  

m l B i ~ i  

~n--/i:+ :+ 11% : .  

.... ,+ .... +.+_+. ++++ ...... ~+~.. +.+.+.+,, ~! i f?+'!iii]< ~ 
++ +++ +~+~++i++ +~+: +~,++,.++, +~+ +,+++ + .++ +.~+: 

~IE+:  +,+, +;! <+ ,,:++,++ 

, ~ O R  .,O~+'~'411~R,I~HI f. D++~i+i i:.'i! !+~i >++;>+::':?"+~++ 

~+'I75~:+~+-:+~Y~+~)3~::+ k ~ 4 t ~ , + - ~  '~* ~k~ + ' ~ :  ' ~:: ' ~ F , ~  ! : . .  . . . . . . .  +:'~+~+,+, , +  + ++ .;"<'+W, + /  ,H ' + " : . + ~  k'~+ + 

++ ++ +++ +,+ :++ ++:+ ++!i + !i!i++ +++ ..... <,++~+:~+++~++: :+:-+++,--,+-~+-:+-~-- +++-+!~+i++:+:,+i~+.i-:-+ +++~+ +i++.i ++!i ~+: ::++~;++ + 

x+ +~+,%: ', +W- ' ,+  :'< 

~+ '+"+;+~++< ,++,++:+,+ ~ i i+  "++{++~++:~?+:i?+:~: +~+:++:.++: + 

Y,~ i~+: +i+ 7:i+ 

. '  F +~+i~>,~++ t + > . - ;  ~ : : .+ .  ++ "~++:- +' .++: ; :+ +++ • . + + k E  ~+ . . v L+: 
"+ "+ ' ~+  " "  ' ;  . . . . .  ; "  +~ +-," :E "%+'1; i~'+: ~ :~,,~;':~t-~+t ;' "~+":>.'+ 

- - ' +  ,', . . . . . . .  ~ '  ++,%¢ - • ""  ~,. + +  z . ' . , ;  ' ,  + " : ~ + * + o : - : . %  • ~ ' ,+o  " , . .  

++:+6TAL~D~RAT+++I  IE kO:+ifU: + R f  {!+~ iS -'+ :,++ }+++~+ +[+::+: ' ? L]I: ~+. 

: : p r ~ s s u ~ + m e o s . ~  m s++,we~ +rec~,m e.{ ,+ +++~++:+~+>+++~; ~. ,: : + 

+~s m.e+.+>+..f + +++++++o,++ ~ : + + i . + f U  + +i 
;+;i:#++ n ? ~ . . +  +++ m~mm+~.om~.+<+:;~:~;j++~:++?LY .+ 
+++++++ 

,+ +ii++i+ 
.z, : . ,  

-U r ,~  i • . 

........... =,~+ ++++ :1~ :.; +:++, i~! ~.++,:: +;+ . 
+i.i+?;+i~ "+ +++++"+ ' +++ ......... +++ +++:' ;+:+ + 

I +  + + + + + + + ~ : +  ++] ~+ +~+ L+ + ++++" +i  + +"++~++ +:~:+ .... ~ 1 l i i l i l i l l l  l i l l l i  | 



, :2:1:::  
, ? *'¢,,, " '  . ( '~r '  ' 

- , :  . . . A . .  b 

• . ° , . ,  

',L , . J . /  

. . : .  % .  

,-I.': i 

. . . .  i ;  :. 
• ": ' i : *  " . . . .  ~J ' 

• : . ~ , .  :' :~;:.~i: : i :  " " :  " ~ ' : ! ,  !,:,:::2: 
• : ' " " "  ' : : I . 0  

~ "  . , • 

- : '? ( : "  " : 'i - i 

: .  : . . . . .  : i 

. . . . .  . . . q  f :  

r. - . • 

:?, - . : . , . :~, . .~, , :  . . . . . . . . . . . .  . { :. : , 
4 

: .  :-- 

7t e-Q . ~. I.: t,. ~:5~ 

. . . . . . . .  ":' " : ' " , - S : * ' i : ~ ~ ' : :  ::L: :-.':! '.': 

" L O  

. . . .  Y : 2 ~ : / ' :  

sG 

i 
F 

J . , ' - :  : h 

~;.!:i/!: ~,!,i? 

:>;;;,':: 

!:,t t ; ,;:': ~- ~ . '  

:;i! 

[ i !  : i J  

F f ! t ' ~  

, r  . . . .  ; 

• , ; ;C '~ :  :%  

', - ~  ! : C  

ill 
ii 

~;ID 
¢.r-l.Z:l~ 

' :  t : 1  :! ! % ' t - .  

TI~ l :ng '  1 

N ¢ I  
[ I ' , , IM -  I 
I i I J - % .  ! 
I I  J ] ; 1 "  

..... :': ~ ~:4 !~::';'~i~:~i;. ~.:i: 

N$IN 
t:l t in , , , , . , , , : , ,  I]::,: 

::~ ,~!i: 

I I  I 
, - * ¢  , , ,~  Lh~ 

. . . . .  - I L ' - -  L - - 2  " - - L  

, "! ' " - :  ',:;. :~::;.~ ;i '  . 17::I 

H D iS t " f rOm c r l l l l : :  :~;~'~{ : - ; j  ~':~'~-:~;' : if:: 

ph.;y. . . ; :  :;;';0~!(::; 

I ,I . : - :  . . . . . . .  L :  

: l  : !  : ~ 

, i  . . . . . . . . . .  

N 
!::!h~l 

J ~  

~t 

?:i~!i 

;ii 
}: : (  

P L  

Kt 

: , l  F I  i t  

~:I~P 
I , I I  I ; l "  

'1  :! | 1 ' : 1  

. ~ !  
i : , . : rL, ir  O 

: i'~:' ?' ::,F': 

' ; * ,  - ' ?~ET:,' 

| i ; :  

; G.4;~ '~! :~ ~ ' / : ~7 ,b  ~ 
: ?~.~i %',: i@~!?~ ~ 
• 1~ ~ .!;5~ ~ i '  i~'~ L ~!'::'~ ~ ~'~ 

:: ~¢:- b! ~ L':~h.',,~ ;~ : t :  ~, ;q ' 

-l..l,r:l,r :i :i-!i;I,;:. I~ H Ii, 14;I; 

1% I : l ~ l r z ' ~P i  : . :  : : .  I I [ l / i l ' ] - ~ r  ~ . . . ~ ;  

. . . .  l : H ¢ t  !~ "~'~ : 

iV: i ' i i ' i ' i i  / i i i  L i F i i i i i . i i  -::...~. 

":~L?;, i ] i :  ] i l ' ~  n ~ . l q '  ' ' : 
, 1 , , , , . , ] ]  ' . :  

J IL I I ' 1  I " l a t t  I I ; t ' - -~  

! : ' F : ! - t ~d '  I P :  : • 
. - !  ! " f-.l. 

i , i 4 . i . i  i i , i  i i . . :  
~:~ ,.,., ,:,,, ,.,, 

ill II 1.1-1,4, IF¥1 : ti. ll 
~ '~ '  I i ' l ' l  I ; t , Y I ' . . I  : :  
: : : "  I ' 1 , 1 , 1 , 1 - t  I ' 1  I I 
: : :  i ' t "  I I I . I d ;~L l  ; ; ~  

i'~, ,L-J- H'; I l'l: I~I- I !:!;! 
! ! - ! ? ? ' ! " !  ! : ! ' !  ? ! : .... 

...... i~'~~i!~.::~ ::: ~"¢~;"::~: Z ~ G  . . . . .  

. . . . . . . . .  ~ . r ;  'A: .... 

] i  

~ . : :  ,~.,.:,.: . . . . . . . .  i. , . , t  ' ! " ;  : ; i J  i i i:'.. 

~ 1 ' i l  . . . . .  I ' "  t I;. , ,  i : : : " 

i ' i . f ' k  ; I I ~ t . I  t " 11  . . . .  
[ ~ ' 1111 t1 "  i ' . i ' i  i " i ~ ' i ' l  I i i , , i ; i "  

i;, !:i! ii ! ili  

~ . : - ~ . ~ : ~ W l a t l t r , ; f s ~  ¢~-:: ;: : : 

: : : : '~:  : i: ; ~ : :  ,X. :  ~ *G  i~2"~ ':~" ~ : :  :'::::"~.~ ' ¢ : ' [ : : ;% . : : , ~ : '  ~!: ; : ,  

~':•;i,~ %':.?FP:~:',:::~"..~t!::::{"',";i~!~';':'~i':¢~Z~;;:i:~,'f':~c':~, '~ 

i:i~i ~i~::!-:i;::il 



, .  

"I :' 0 ,~ 

1.0 

O5 

" 1 ~  "o 

~ 0 5  

! 

' i : / " ? ' ,  "":""" :'~' . . . . . . .  " " ~  ~ ' '  " . . . . . . . .  " ' ~ " '  

,::if:: ̧ ~ ~ : ,  

, , . , : .  .: . . . .  . :  

! ! ! 1  

i i i i"  
i i i i  

i i i i  
i-iii 

i i i J  

| u n u n u m l u l m n n n n u n u n u u  
! ~ ' q  N I I I  N I N I !  l i l I l ~ l  I l I I I  

I I I  ~ l l I  I i l l l l i t  I N  I I l  l N N I  

| ~ t $ 1 1 | | l i I l | - = | [  
m I I I l ~ l l . ' ~ n  i ~ a m ~ i i  n u l l i  mmulm~ 
U n n  I l l l , ~ l , ~ l  ~ I I ~ l  Ilu~lgll  I Ilnm I 
I I ~ I  l l n ~  ~' I l i ~ l ~ l m l ~ l ~ _ ;  

l=Irl l l l ~ l  1~1~'~|.~,,II I I  

I I I  I I I I I I I l ~ l l l . l l I I I  I I I  
I I I  I I I I l l I l ~ l I ~  I I u l  I I I I  

iJ i i  

, i " i ~ i  i r ~ ' 
: : : :  : -  t , b  : : : :  : 

- ' ~ ' i ,  ' 4' 1. . I . !  I I  I .I 
~ L J - J ! ~ L t _ / _ L I  L I :  I | l l t ~ l [ l l ~ l l  : ' 

, . ~ L J _ L L , L L . L . L J , J  ~ ! I I ! I 1 " 1  1 r L 

~ I ~ . ; 1  I ~ . * ' ~ J ~ l ~ : - t  I , ~ - , !  :" I - I  ' ~.  

_ t ~ @ f t 4 U . ~ . Z . L ~ _ ~ j ,  , ,  , , , ,  , / 1 ~  I ! I ~ I , " 11 , ' :  I t l l  I ' 

' J . L , % L ~ . E L . ~ I  i L . r l - I  . ; , I  ~ I ,~ " 

" "  

" * ' T ' r l  i i  i 11 i ~  i i i l  I l r l l l l  I ~ 
I I : ~  , - 3  ' ~ ; , 4  " 5 "- 6 , , 

. I 0  

, o / :  

. . . . .  x . .  - : : i  

i l l .  

. ~ "~ t~ ~ ? ~-,~,,:;,~,~: 
, '," ~'" 'i . . . .  ;:, ~ .,"; ~'.', , . -  i,:. ',~ ~, '.~,'~,?':6~: , ~ .  

.- , * . , ' ,  

. . . . . .  1"1" 

I i i i i i  

l l l I l l  I l l  

I I ~  i l l  I I  I I I  
I I I I I I  I I I  
[ I  I l l ~  I I I  
I I l =  "= ~ U  
I I l l l i  I n l  
I I I n ~ I  l U l l  
i ~ I n u  i = =  
F L U N K  I N N  
I I ~ I I  n n m  
; ~ l I I I I n  I I -  

="== IN| IIII 

I I | l i  i,="= 
n u l l  l l I  
i i i n n u n  
[ I  U l I ~  I l l  

, ~., . . . . .  . . . . .  V ;  ~ 5  . 

i 
, , 

I. 

I t I "  

~ ,  -~ - -~  

. 

.~.-~ 

........ ! :  

' "i!: i!iiii:!ilil, 
' , ' 2  

! 

_ ±~ 
? H-  

!4 "1 -  

i f ! ! ! ; !  I : : 

I t I .L ,  I ' ~ t l  I l i d '  

~ , - - I I - - t -  

' - t l l t 1 "  .~'~ 

: : : :  : 

. . . . .  I 0 - ' "  I ' , "  

[ ' 1 ~ I  ' I 

i i i i  i ~ ~"~r~ - ,  .. ~. 

I I  | i ~ L I  -- -++ --~-I-~ 

II II I j . l~--' I ~ . . . . . .  

I I I I I  I I I 1 ] ] 1 1 |  l |  . . . .  
. . . . . . .  " r t :  : S O  "' ' " ,  - . ~ 1  : ,~3 ' . .~  . . . .  ,~: 6 - '  - 

-:-, ".. : i  : ' - . :  

f "  ] ': " 

, , i ~ 

" , .v:. £+ ~'~' 4' 

. ++. ....... :¢~. ./, 

r?~l, , , i ,a , ; ,  ,. 

~ I F - i  

• '-1%! ' 

iii!i!; 
{i!i!~:: 

: i(i 

: , ::.,.':" f F I  G i 

.... ...: ....... t i,, 

I LM- d! :I: 
i i i i;i ~ ~' 

i i i i  ~ i . , i ~  

i i iJ g.i, 

i i i i  i.i-i, ~ ~ 4 ~ f f  ° 

I I I I  I I  I 

42~ 

~.~. -r~ 

• : : i q .  
.1 

:i.:? ? 

{i ~ ,q 

. -: 

o ~, 

• :: .,- -:...~..,:- {. " ~ -. . . 

. . .. - . 

:S ,A'>,~,~ '2 "~. 

" - C ;  .;. ",,.?:~ :.;:::.~.+~Z ::. •• • • " ~'~' ~ <''~ ~"~"' ~ • • * ' • 

. • . . . . . . . . . . . . . . .  , -. . . . .  L 



• r 

An inspection Of the dashed lines on Eigure 3A ' of constant~de- 

crease in thedischargecoefficient, indicates tnatlwherethese~linea 

are vertical, the decrease~in~thecoe~ficientlof.dischs ' ~~ 

pally due to the el'fact Of~:thedownstre~ floor and:inc 

mergence. As the downstream floorneared~the crest:of~th. 

hd~d approchsd 1.O thecoefficient:of~dischargedecrease, 
-N-- 
With the downstream floor level with~the crest, the dam~w; 
a broad crested ~eir for~hichthe,t ~ . . . . .  heore ~cal~decrease~s! 
n~ate 23 percent. ~:'~ ~ "~ 

Where the linesdesignated,asdecrease, arehori- 

zontal for values of hd/d~greatez.thani~.70, 

longer affected the coefficienbof discharge andthe!decrease in dis- 
charge coefficient was caused e~ ~of 

hd/d less than 1.70 the decrease 

as the value of hd ~d increases. 

and can be ciariliedbyrefere~ 

i~ is Typeii flow~and Plot 18 

is practically the sam@~for,-the 

draulic jump existed andiittle 

second case, the tailwaterdept 

backwater effect was ~oreoprono 

contact between the jet l'alling 
Y . 

at ~o O.15 in Plot 1A and O,35 

of flow on the downstream/floor 

t~nes the deslgnedhead,~downst~ 

plotting the curveswas,obtain 

period of ti~e, in the Bureau 

data from other sources ~i/ showed~excellentagreement. -The purpose.of 
t 

i/. Davis Handbook of Applied }JY_draulics. ~aA~e 341 tdata of ~' :w i~,.~ : 

*,~urau,~cs., Aa~e'~3 {data of '?;. i .  Voorduin). |1 T • . . . .  
he Submergec &elr as a ~easuring ~vice," by Glen Nelson Cox, • 

University of ?.,'isconsin ~ Kxuer~',:ent Stat ioE Bul le t in  ~o.~67. :~ 



the cur,yes on ;,igure 3B is to aid th e designer:in deteri=~inlng the~reduc- 

f ree~ fl0~,i~ co4 f fie lent tion or increase in ~ the forJa.given:dm~'operat~ ~ 

at other than the designed head. 

'lOs t Resu.!ts on1 .Pressures 

In addition to typing the 

coefficient of discharge~for ca~ 

o z  z ± o w  o n  U ~ ,  b .  ~ t ~ e < r u n s  w e r ~  

d e s i g n e d  h e a d ,  ~ H o ,  a n d  t h e  r e s u ~  

in di~:,ensionless t e r m s  withre~| 

dlnates originate, at the~crest' ( 

these runs were i[~de, are.indic,.~1 
v . . . . . . . .  

on Ficure 3A. These runs were ~de in~,ani~effort!~tC~ ~ .~ " 

stability determ~lations fori~su~ll~dams. ~ :. • 

Application of Results i " ~ i ~ . . . ;  ~ -  . . .  . . . .  

he followino examples ~se: 

information or, submerged d~ns. Ea 

longitadinal cross-section as bhey 

d~.. The gate section and upstrea 
w •. 

the full line on ~igure b. 'ihe'~coeff: .s:;spill. ~ 

.ay is 2.~5. in contrast,•the/coeffic 

indicated b F the oasned line on the s~ 

shape was designed .,such I that ~ the overJ shape 

o f  t h e  u n d e r n a p p e  o f .  t h e  s h e  ,-~ - " ~  ~ -  ; . . . .  : ' "  " ; " "  ~ " •  :~: 

m~m.  d i s c h a r g e , ,  c o n d i t i o n  . l - n :  ~.i~:~i 

Laborator2 ~eport'HYD-11~. ' 

ogee at the gate~'eection is~, 

is now co;~on practice ~o de., ;.tl'~is/~,nanner. 

o f :  the floor d o w n s t ,  r e a ~  f r o : ; .  ~-"~ 
• - : . . ~ - ~  ~-~ . :~ ;.:i, ,:-.,i ';~, ; -, " '-- 

Exit, pie i . . ~-: 

Design the ~downstre~n portion of~.the over.flo'/i s ectiOn.iOfiii~theiiea~th :i 

dam spill~ay in Figure 0 for a minimum :amount of.~exc~Vation, ~a~lOwifig : : : " . - , : ,  :'~ 

a decrease in the free fio'~ coefficient of, discharge not to-exCeed!~5 i /  

i e r c e n t  l o t  t h e  ; ~ . a x i m ~  d i s c h a r g e  c o n d i t i o n .  ~ h e  c r e s t ~ o f  t h e ~ o v e r f l o ~  

section is at elevation ATO.Oand the ~otal head on the crest Ho= ' 30,0 

feet. .The £1c~ £uaediately downstream from the overflow section, will ~ 

occur at less than cr~tica~ depth ~_nd , ' , , ' i l l  ~ therefore resemble that ~of " 

Type I on Figure 3A. Taiiwster is not a consideration in this case. 

7 
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hY following down the 3.~,,~ ,-~-. ', ......... .. 

decrease in ,the .coefficient. 

the malt) coordinates at t~Lis 

.... , ~. :,': 

The positionC}of the flo 
reservoir level• for the~raxi, 

A60.1 feet in elevations. ~Th 
Figure 6. 

The depth o£flow,, 

feet do~nstream from the.cre: 

Graph 4 on Figure ~ indicate., 

coefficient of discharge for 

(Figure 6) will be 3." 

Given the dam s 

coefficient oi" dische 

scribed in Hydraulic~ 

per foot of crezt fen 

encountered for the c, 

dischsrge is 3.90. 

hd - ~2, 

The discharge.per:.foot of .ien~th..of..dax..:.~rill. 

cH3/2 '3 ~ " " " ' :~: L Q ~ "55xi~123/2:=i!~.75 second-feet. : " :,j.. ~. 

lheee examples serve as:~ a~:.:introduction~-.to~the use ~of~:c~rves_on 

~igure 3A. The solution of the £°llowing..examplef.requires.succesives : 
approximations. 
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A s e c o n d " . p o i n t  , w i l l : . b e , ~ , c ' h b s " e n ~ ~ : f ~ ; , . : .  ,:, 

..foot of crest,,which!~Will:.invoiv( 
• "T "' the : c  rest i l~is-. corresp0nds~,,~:60,,::i 

~'igute : 7B. 

Erom: Fibure :3A~: the ~:decrease 

,com~ared~,to-that ',for i,ia.~:free,. crest 
indicative of Region .;iV i ~: ::i ..~:i.. 

The-ratio o1"ithe., eatimated'..h 

rom..Graph B.. on Figu~ 
a head of 13,5.',feet.on~:.:the 

"ihe ..actual coefficient 

i C  " :  ":~ ) 9 9  ;:"'~ ~..' ~"i:>..:"-"::"~:: .~ > . : "  ~.~,:-. -. ' " " . . . . . . .  ':!i:~i: 

and: H ,=  : ~ #  ;'e,~"reet':;'<:'W~±ciiii':i<S i i a r g e r  ! ! t h a n . . . - t ) : "  . . . .  ' ze ..: assumed ,.~alue ~:: 

n e ' a : : v a l u e s .  ~ a r e  ' . . . .  " "  . . . .  :> ......... : . . . .  ' ..... - ' " -  :.:.;-..... '. 

ii~:~ :. : 

.o 

deal Z/~" ,.~ : :" :  .h -.~=.-~:.=..-2..007-..... 

: '  " " : ~ , - i . .?  : ;  i Fro,, r i&ure ,3A, !::C.. ..... '=.~: 18 :perc ent .deore&ee ."' ' ~:" 
,From Ei.~ure .3b:, ~, C-~for-, t',r~_-.~.~=+, i.. r~ "- .ii:/.. 

!~iili i. ~ 

• ...... 8 . . , : ~ . ~ , . x  o.e2,-  3 , 2 s  

e 3 / 2 .  !AZ.o.. ~,52,o 

and ~ H+ = 13'.93~'fee~, whicH:a~tees~teasonaL 

-<value.  -; T h i s  l o c a t e o - a , . s e c o ,  r t d  ~.:pOinC. O n , :  !~-t~e i h e e .  

~:~.:>,~z< ~.,.ii~:- ' >>"-. ,,!:..,..:' :'.:. ,.. 

,:~, ,,/- , ~:~/-;~.:!. ~!i I 

~?" 

--.~i::' : ~,:~i ¸ 
i ~ :L~ ~ ~ 
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f 

: :~  , ; ,~ ~,,  , : . 

An ~i a t tempt no w ,'a 

mergence i, begins. , Choo sing~: , 

~ater, !gure: :~  , ~s~at,.~:ele 

Ass 

From Figure :.3B,:!~.,t he ::. free i flow 

- " i k  

and H = 9.00;feet. 

T:~is. a grees ,;with~,the i~;,as sumed !, 

very close, to ~ the~/ 

of the curve,is co 

Figure 7C.  
Example 4 

~rom:.the-dimensio 

~atez" surface and,.:-the~ 

and apron, £or~ thel-head,.:and~taiiw 

coefficientCi:--:3.80, i: ~-.:i 

~ From,Fi 

and '~ hd ~d 50 ': i 

5 ~:'. 

C: 

f:, 

0 

Ti,e : .curves  also:show~that/aiih~ra~l£c !j~pii:d 

stream, from the dam~i'or~ these~i.Conditions~!a~c0ini,~n 

decreeee:~in the,~coefficient of:~,idisci~ar~e.,:~:,,i,T'~'ei~de 

principally by/fi0orieffect .... and "noti submergence~. 

indicate s that Tl0w ~i. over. the,~dam~ ~will .be S"~lar ~i 

Graphs 8and9 On Figure_4. It -should:a~,a/n be,:,~ 

• st which ~Freseures on:the dam:: f o r  :~the ~Tree flow,:~cond~tlon,,a~p~eoch,;":i,::~.~ ~ "  : • 

z e r o .  • " , ,  ~ i , .  ~ :~, ~ :~.' .7: 
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• Aeeuming~H s -~.~H , : :' .... '- ::-:-:: 

:i:,: .~ ~i~ :i:i ~ ~i: "r : 

E 

Hs 

.~He"IO~O,O75HS. 

then H s "iO ",'10~79~£eet,~approximately)~ 
0,925 

The procedure is~repeated,to,,,obtain, addition,al 
the new value of!~Hs . i " : ,i ' " : : '~, 

,.The expressions for He becomes 

Ha":10:/ 0.077:!H s : i -,~I i :: 

~and H e - i l O  :~ : -  l O . ~ : f e e t .  

a:new va lue  < o f  ~ Ha - ~ . 0 . O 8 7 5  d n d ~  = 0 i  

feet. 

The accuracy here ~is~, 

to illust:,ate the .. method f 

and ~aking~ use of Figure S, 

dam are obtained. 

i!iiii 

B Oil 

~The ~ieth, _ _ lied 

i "̧ ,: ' ! 

Figure ~ 12~ is [the same-~as/Figure 6 :in ~HYD-II8. 

'7 •~ . 
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• ~ able '3' 

" ;~:H 

a.. o:o87,5  =, H,,: 
'It s 

m 

Feet : H-' 

, , ,, ej 

0 ~:~,0 ~ "" .... " • ...... ~i.0 
0i " ~ .... 0.01 : 

0;2 .,0.02,. 

0.5 ::,:0.05 : 
1,0 .:.0;i0,.: 
2.0 : :0.20:: 

• " ' 3  - e  3.0 ........ 0.30. 
A . O  ~ ' :0 .~0:":  " 

,q, 

; : ":- 0. 

'" :;i ./~i:;.~i j 

,'e 

:62 
i: 

The above:coordimates-~arereferz 

overflow section and.these are shown 

step consti~u~e.s:deterf,,~,r~in~ ..the~Torc 

the weightof;theconcrete in..the :da~ 

forces known, thendamand apz-on::can:: 

whole for stability. This~report~p~ 

and..horizontal~aetgng hydraulic~rese 
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