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Subject: Revision of.Bureau c 
Irri~ation. Water" ,- 

INTRODUCTION -, 

Inaccordance with :the provisions, of:ai!lette~ 

the Bureau booklet "Measurement 

preparation Of the manual .: and ~:t 

subjects ~of this,~ report. The,a 

of ma~.erial for the~,tentative e 

been given final editing for pr 

The~chieZ p~se of t~e: ma~ua1:~'is ~toii~ 
reference, tables, ~,chsrts, ~" ~'~ • • /formulasi, ~and',iide' 

the measurement oT ~ irr~gation~practicei.!,~i~'Th~ 

i t y .  It is 'intended;,pr~msri~ :fori:theii;~ee::'~ 

ditch riders and attendants.,-:However, .it::~i~ 

tion inc orporated : in ~: t he, manusc r:ipt~.iwilii~i~,, 

:. in the design- of -irrigation:water- measureme:~ 

well as those .. engaged in:oirriga%ion.administ 

: i ̧~: ~: :i: :ii.ii:.~:ii 

J ,i.?~ ( 

of the l e s s e r  knownmmthods:~may!::~ilused,-only~as'i:~a~~ate ~;":: 

determining d i s c h a  rge-:,o~: o ~ ~channels ;-or ~:pr.essurs .:.; condui t s  ;.. ~ i 



~. "@; 

can be utili~ed,:only:,.by~experlenced engineer~ 

lar spe cialty, on which/'''~m~+'~°d~ a~e~,~base~ 

ent~tion of each of. su¢ 

designers as a reminde~ 

SUGGESTIONS. ANI 

state engineers, or'requl v~lents, ~~f 

that the Bureau is revising ~ its:publicatiOn ':on:i~ithe~ 

g~tion water requesti~g;copies,~of,,:or~ici~ati°ns~:t°, 

and treatment~of the;,,subJeet matter,, ,l!!pffl iiI 

Letters from the state" eng,ineerS'*~i revea~ed~,th e-~a 

universally used: handbook, .~ manuali/or~refere'nee~. . •°ntthe..~.., 

g~ ti on water ~ measurement ~: in~ g e n e  s ~ t i o n i ~ o f !  

k 

k 

~,,~ ~.~. 

State 

Arizona 

California 

~ c  

measurement. 

~; Pierce~.gai 

~P, eferences 
:Cali£o~i 

Agrioultur, 

: flum e,.~::cur 
.~:. a n d  ;:we J . rs ,  

2 

5" 

L :" 

• I 
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Colorado 

Idaho 

Montnna 

L ~ 

"."~;No ;~ r, 

ze~ 

.... ii 

i 
. .'!' j. ~ 

~ s a s  

Nebraska 

r' 

Nevada 

Nez Mex ico  

North Dakota 

Oklahoma 

Oregon 

~ . ;  l ?  ~. 

,,i~No +eomme~t~ 

o. 

. . . . . .  • <: i~ : i / i :  "i+ :~ . . . . .  ~ ~ / -  
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South Dakota "~ 
. 

Texas 

Utah 

Washington 

Wyoming :-:Keleren~es: 

Letters 

!i~iiii!ii:!!:.::: , - D i r e c t o r s - r e q u e s t i n g ! ~ ! t h  

~'~.:'~ ':;i:"!:!.'.: -.: of their, representative. : 

~ ' book, . including :the ~ tre 

. . . .  dare.are: 

a .  A : . b r b a d e r , ~ a n ~ m o ~ e  
P a r  s h a l l  flume, ~:..inc i u d ~ i ~ ; d  

: s i z e s ;  method .~  d f ~ : ~ d e t e r ~ n ~  
in stallations: ~.conditions~.ii 
errects:~ in :::ditch::above  th   
i l l u s c r a t i o n s i  ~ 0 f i~go6d ~;~d~i: 

a s  ~ o f ! : . c e r t a i n  ~:~ 
. . : :ooeratin~.:: .undo,  

_ m n n ~ e r  

iSitlon 

" : ~ / i j / )  ¸ ; ~ / i  : i  ̧  ! " ~ ' : :  :.::~::"'~ 

~,i:ii%, i:~:::~i:i ~ ~i ~:, i- ~i~i~i) ,;%,~:~i~ 



i/ 
!" i ̧ 

dlscherge::t~m~,ve~ 
manner~.of~ use~6f,'~:.tl 
meter. .~ ,A:: l~aaRdo~ 

• - , ,- "p ., 

:r.i';', " " .......... 

cars!anti, procurement ~: 
oomplete:~eurren1~i:~meb, 

6.-5/8.1,mh. :slze:~.i 
water.: ma s t e r s ;  ',"::/~ ] 

car. A~.pro~eet::ii 
be ,i enlar~ged,.(~n:~s] 

It ~;was :recommend@ 
sample dlagralo 9:~"' 

d. ;A%paragral 
meas~ring~ gate. 

~e. :Attrea~Isi 

of gai 

• r a t i n g  ~sec' 

i ~ h. 

up~ to~!.12~. feq 

means  ~:0I":~Cl~eI"KL~ 
'.the,-.crest,~on:~the,.~, 

~.k. An~: 

.:I. i ~ I n t r o d t ~ t  
-me~t =of,:~.trrteat~ 
problems":-In-~r:iOi 
d ~ f f e r e n t  ~ M ~ b o d s  

:~- i #~i':~: ̧~ 

ii:i ":~̧  • : ~,#~/,i~, i~i:!~,~ ~:::!~/~i '!:i:i .II .~,~ ,~/! 



 i!i 
' ; . ,  : 

m. ~eneral~:c~scusa£ 
Clausen-Piercei~gp.ge~,i..~-.~&tl 

of floets,:~;'s&it.,.. . , 

; :::that m u c h  -of" it~"ha s :!been ! ,'o~blf! 

'~.~roundedcoplnlon~from~w 

.~:tlve edition Of~the.:ma 

,~editlon.:,df:-the~booklet 

~:::, -, .. Utah:~Agrlc 

Oregon Agricult~ral~l 
" ..; Idaho..Agricultur.a1~Z~ 

.~.. i :C o ! o r a do.~ ~X. per ~ae n~.::-., 

• .~he outlxne i:enclosed~wa ~ 

To. date, 

~ t h a t  the~outl: 

~Ve~',rep 

uld~.,bq 

i~ correspondent~i. 

• '" :::. In. tonsil] 

~iii~sho~d 
':~ditions 
:.:~!i~ion a one ~,to~,two~i:Beai 



'/J " ~ . . L 

:....:'~ :.,i:i ~ 

In addition, .":a i t h o r o U g h : . s e a r c  

:on'the subJee~:,:ia"-~ibll, ..corn 
? 

~:were used ~.n :.:~he:. comoiL,~ on:.O£.:%h -=-- - -::~ : ,--" 

~..,~i~i.:. The n e i s : a.(~mand i from !:.the .~.ffei. 

:!:i?:i-.i ~ment practice. : :A'. great-many:meterin 

: . the mea ~urement ::of: th~2:iflow ~.of~water,: 

.-. • • have been .used.~'~ith .var.ving.~succese 

' .:!:~.!.: ..:!little maintenance. :Probably:~theii:~, 
}. 
• ...., . ~ment in ! t hed:irrigation ..wateri~:measur~ 

:}i i:";, i.:ii: %he. Par.shall ~f].ume. : 

'~" ...... The design ~ department s ::of ~he.~Bi 

!i i ~::. ~': ...... .,- .... 

• !ii ..: ''~" : -and struc%ures :~for ::waLer.meas~r, ' 'sment :. 

:::' . . : i n : p r e p a r a t i o n .  -A,:well il~ned:~gnc 
~ ...-i .:~ :.:, .... ...... !.p . h'~ 
":.:"~" -.':and testing in.~ cooperatiO~:~:~ith:ipr0ji 

;~;i:!!i ii .. ::../iwill be used, .and: the :~:desi.gm!ii:'depa~ 

:!:!::i ::" :/::: :i:finemen t s ~' and ::ec onomles :in:Ithe !i~'t:~r act J i n : ~ , t h e ! ~ p r a c t  iC e :  " 

• .~:STYL~ i~AND i~FOR~AT~OF,~P~ 
, : . ~ : . . ~ . ,  ~:~ ::ii~ ~ 

rec~ 

:i.do by ,r:tl ' ......... 

i-turnout, to ~.addi~ibns ~ o r  ~d£flc 

- - . ,product ion  i n , q u  .... ' " :"  ' :  

i!i~:~!: It :is ~ro.po= sed:.that :.the ,~an 

;.in :the form:and:):style?.Used:i'ifoni:.t 

19~2,-Tot :.t emporaiTy ! 

s .: and -.critlci~a:+which 

:̧̧ : 

~::ii~i ~ .. iii .: ,i: ~:/" 

i  n!i 
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: . a u t h o r i t y  on ~he~mubaeet, 
•nach ~. b~ie~er~~ut, is ~elle. 

v a t  er m e a e u r ~ a e n t ,  o ~ e r a t  i( 

- m e t  erm ,: ,~d 

The ~ o  

c h a r g e s ,  of' 

A:~erk ~of .thie ~.:~ind :: 

: " , T .  " " : 

. - -  . " ' ? - . ~  "i::{:[L'i~, ': :7 ~,"',T-:> .... 
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T h e  Bureaui.? g r a t e ~ u l l . y  

,-who o f f ,  

Th( 

: o f  .. I r r i 4  

,t ~ul t u r e  

*of ~ h i ~ l  .was - e x t  t a c t  ed.  ~ i r e c t  l y " f r o m  ',.th 

p r e p a r e d  b y  :. t h e : ; S o t l  : O o n s e r v a t  ~ O n  : i ; S e ' ~ ' ~  

" 2 "  
a 

t h e  A g r i c u l t u r a l  ~ E x p e r i m e n t  ~:3t~-t i o n s  : : ~ o f l i ~ o l o r ~ d o  . . . . . .  : -  | 

Gal  i f o r n i a ,  ~.Oregon, ~Jnd;Montea~a ,. ~J'for~{Su~emt i.one., 

a n d  t o .  t h e  ! s t a t  e : i?engtneero'  < o r  .: their".i~eq~t:iial int~e,  

• ~ ern_  s t a r  e s  " for  c o l ~ n e n t e  .:and : ,BUggest  ~on:e ~i.Off.e'~ed~ 

. .  ° .  

i i!!ii 

r , ,  . :/'Li'r ̧ 
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• 22. Table g, Goeffloientm G to:be ,.a~pllegto--a-;di|oharge-}~%aken:;~[~o~ :~: ; 

t a b l e  k, 5, or,6, ~for  a h e a d .  H to,rdetermine~.the,.dtooha=ge:, ..~ ~.~3~ 

f o r -  the; :  s ~ e  w e i r -  w i t h  !a : , , : ve loc i ty , :  o f -  a p p r o a c h  . ~• :..,.:. , , .  ! ;  

. , .  

• %~,1, i /  



,k ' /~  

+ + :  " 

1 ,  " 

@ 

I 

. , - . r  

:;Sect i o n  

2+. 
~ + .  

25.  

• 26. 

~7- 
2~J.  

~9. 
3o+ 

3 1 .  

:32. 

35- 

~6. 

:37. 
~ .  

~ 3 9 .  

~'~i. 

t+.2. 

~3 .  
: h h .  

Lq 

: : , . ,  ~ : : , • , ' ' ' / / r % ' ' '  

. +  , . . . .  

'+  +: : i ,  / i i :  .+ 

: Submergence of+ weirm 

i Table 9 ,  :Ooefficlents,:+C t,:;~,o ibe 

: table ' l+ ,  5 ,  ::or~:i;6 

:The farmers  +~ s h o r t - b o x : m e a s u r i ~  

: i ; + ,  :++ + ~  ' : : i "  + 

+ ,~ ' . . . .  +:m:.,.,,,.,+-++++___+ g h a p t e r  ++lII+ P a r l h ~ l  + 

D e o c r i p t  i on 

Ch~c~er~.~ (:: , :  ,'+ +/+:/::il ~,' . . . . .  ,+ +:+~'+ : 

Free- fl ow ,' d i  m charge .... ,- . : :  +.+ ,'+,: +;;,+ 

Submerged flow 

Selection of :elze,, settlng~d;+cons%:rUct~on+~O 

Stilling Wells :,: : : :' ::~ 

i ~hapt er  jXV +:, Sub,~erged++~Or. f f  t o e s  

U,e  o f  submerged  o r i f i c e s  ~,:~ :!,,~:, .,~~':!.i 

D e f i n i t i o n  a n ~ : + , c l a s s ~ f i c a t i o n  

Type o f  : o r i f i c e ~ a d o p t e d  

+rectangular  :++orifices. +: + : ~ L + ~ : j 

S u i t + h i e  ~ t m e ,  s i o n . + + o r  +,tan~ro:i:i++u~m,+++ 

T+b!e :27. Dis~arge+:+of .+~,~ar+ ~i,~b~.++e~ 
C o r r e c t i o n  f o r  +~euppression ~of~+~contr:a¢~i¢~ 

+.  c o n t r a c t  lone 

. G o n s t r u c t i o n  rand : ~ e t t i n g  

Gommercial a d j u s t a b l e  

F 

• ~-: ~ : : :  +i ~ +~i i!,/ 

. . . .  , .... : . : . ~  : i  : ¸ :  

~" .. - ' : r  • • " 

+ . : ?  



, r ,  ? • : ~  
S e c t i o n  

:co~s ;(Con~',, d) 

. Cha~t ~ r:V ~: Gurren t!iMe t e  r : ; : i G ~ n g  ~B t~ i  

" i 

!:hS. Use of:current m~ter~ 

~. 

)47. 

hg. 

h9. 

50 • 

51. 

52. 

53. 

5~. 

~5. 

5~. 

57. 

S e l e c t  io~ s;a~ i "  

Types o f  c~rrent :meter :m~eur 'eme:  

equipment 

Current m~t~rs ,:: : ,! 
Care of the meter 

G e n e r a l p r e c a u t i o n s  .~ 

Methods . o f  measurement 

59. 
60. 

61. 

63. 
6~. 

65. 
~o 

71 

Methods of  d e t e r m i n i n g , i  
Methods o f  c o m p u t i n g  

Range of dlscharge~m~ 

.w~ t in.~ taBl~s 

Co~mllation of~dally ~d 

Chapt er~i~l Swecia! 

I n t r o d u c t i o n  

Yloat~eas~rememts 

The Pitot ~tube amd !ite~ use 

Th~ salt-dllutlon~method ~" i ' ' r  

The color-veloclty'method .... 

The.slope-ar~a~metho~ 

Oomputation~:of~dlscharge~over~aams 

Calibration~of gates,r~d~slu~ces 

• i ~• 

~ .  Gontro l  s e c t i o n  

~9. Determination of flow;by adJustments~for~ga: 

70.  The G l a u e e n . P i e r c e  w e i r  gage  

71 .  O o ~ e r c i a l  mete rs  

• • i ̧ i -~• i ~̧  

kz 

"7 



. . j  " 

,:..'.. . ' ~Seo~ ~on 

73. 

~. . . .  - 117 5. Orlfice :meter 

~78. The colo~-v~loclty:m~'thodi 
:.:"i , 7 9 .  C a Z i f o ~  

~ : '  ' ~ 0 .  O u z T e n t  

~;',;.'~,::'. " ~ 1 .  C a l i b r a t i o n  :of,wa~er:,~heel 
'~": '"- ' ~ 2 .  C o m m e r c i a l  : m e t e r s  : ' : ' :  " i  

:."'-:." :~3- Gibson :method .. o 

,!:~ilill " " " " d e v l c e ~  : a n d  ~ t a ~ i e s , ~ o f , ~ e l q u l v  

% .., .•., 

. :.~, .!i I!~ 

!:J ~ . 

.:!.:: "~, ..~ ~-.i ~!~: ~"i i ~ 'rl 

i ~ i, ~-~ ~ii~ :~i ~ i~i~ i: 



" . ' .  

. . , .  - + , - • • 

:: !No, 

'~ !:: :I. 

.... ..~ :.;/ . 

;12 .... . . T y p i c a l  . ,muppre~sed  w e i r  :i~l.n 

" '~-"~..i~A, :Pe l~a l~ent  ~,t~pe ~ l ~ l l ~ e a d . ! . ~ n  ' 

'~' Weir  ~tox w i t h  : = i n i ~ ! p r o p  

: : L~; : :Standard ',-we L r , ~ e  : 

/. !;:;.~.. P l a n  :and ~el.eV~tton,~ofi , the;i:  

~:~: 77; Plen a n d  . - e l e v a t i o n , o f  '~:the~!~i 

. , . . -  

30"~'o o t ' t h r o a t  

seauumtng ~iume -.. ~i! 

m e a s u r i n g  ~ l u ~  ~ "  ..... 

':~12. ~Di=e~rsm T o r ,  com~uting sub= 

. meaeuring ~lume ' ,: ~ 

i.i!3. ~Dia~r~= : f o r  ( d e t e r m i n i n g  i t t  

- "~ ~;feet ,~of  : c r e s ~  :~for,~aubmer~e 

+ 

+!5: h.O+or=i . 
- ; . i 6 .  C u r r e n t  m e i e r  j t a t i o n  ; /  

}'YI'7-- ":(TO ='be me'Looted) ,: /,. :':-:.?:!~',: 

. ,  + + 

, ; + . 



~!<.:-~'~-+:..s~+, ,L,' , + .  ' + , -  

+i+:+ i ++o. 

: +  

i 

5+.,+. ,... 
+'" :3 . 

~+;+ .i' ;t.' .+. : 

~+~ + + , z :  . . . . . . .  + + ,  . • , . .~ +'"  -+ : -. ,+ j ' . , +  , . + . +  
' . . . .  :;'~ .++', +.: ' ,+/ . .  '++~+' +,t.,+ j ' ~ ~+,+++,..-~+ +. , .  !,++, ::~ ;'~+ 

+~ + . +  < + , . ,  , +++f : #+  ++'LL k + ~ '  . L. + ' , 'V , r " , y  J + , , I ,S  

. " ~ +' . [+ :~+ ~ . . . . . . . .  ~ ' ~ + ~, 'r 1~+ ++ + k  ' ,  1+1" ;+r  

, -  -. 

+ , 

~. :++~+~::,. ++i 

!++Sample c ~ r r e n t  :~mete 

m,,,.,,e,,.t , , , , .++.r 

.,~imm~e +"P,,able +: Of~+~',.~rm" " + '  ~,~ t+!++m' 

: . 

: Sample ~,.char~e, ;wmaU+'!'Te • 

+iagrm +of' :?9 'entUri  ~++met er,+ 

io+ + .+to+++no Z++.. 

++:dis.chmr+~e :+ 

i : i ' Y  

i: ':-30.  

~:31. 

@ e n e r a l  ,:a~ 

amd: h,ancl 

~y~+e !A L:CU 

..~ - + 

:i+~i+ + 

+y ~.:?Y 

:+  

; +L ~ - ' i  

• ~ + . .  

" - "  G 

. , , ,  . 

- +: , .  

+. 

-. , ,  • , • 

:~ : :~""  •~ + . ~ ,~ ' j i+: ' : !  , 

:.~ : i : ~ i ~  ~ i ~ 3  ¸~: 

~ : : :  i~ ~ 71!i~ Y/!  ~ !i!i~ • : ?Yl/i! 

- - : ~  , i . ' ? ? :  i ~ ' i , ~ ' ~ , ' ~ : ~  :,~+, ~ , " .  : F J / :  

i L ~ - ! ~ ' _ ~ . :  • , i ~ , . , , : ~ . +  '~ ~ i i ' ~ : ~  

' ~  i ~ i ~ ' ! : i i . ~ i : ~ : ! !  / ~ i + ~ F . f ~ , i  , : - T k + ~ .  I L ~ / " /  



~S :: ' , ' :  O Z . / " , .  , t&~ ' : :~ .  +++! 

: :  . +  

. N O .  

1 .  
' + , .  • 

-',::i'/'.; 

: % +  . 

41 

3. 

5. 

7. 

r'~D 

++ I0. 

;:II. 

12. 

.. . . . . .  ::I~. 

.~17. 

:5~ I g .  

~;:19. 

..~ :20. 

Acre-feet :.equlvalent 

Wei'r~box "dtmena Lonm i+:, 

Thr e e -h~Ive  • -powere  i+!~' 

• . : ; ' L + .  

Die c.~ rge , ~ O f ,  s t andar~ 

Co elf iclent • .:.].for ,~c-o m~ 

Goeff~cientm ?for~cem~ 

Standard...dimen~ t o n ~  ~-f 

ahort.~box measuring+-flume 

Dimens +on e ..end.+oa mC+~t t e e  +:ii 

~tandard dimension++.,~ud+'~Oi./+ai 

Relat i~e,+-dlmenm Ion. :++or~a,+ 

Free- fl ow.~d i scharge :+f.o rY(Pa 

f o o t  . - " : .  ,i,,~ 

. +  - :  + - '  

~++.++~o+ .+t ,~++.:;+O+++ t+++.+ot 

:~'+ 

. . .  ++.P 

. 121 .  Y r e e + f l  ow x t l e  c ~ a  r g e  +,::for .:: 15Of O+!t!)~i:.pa:+l~ii. 
. . . . . . .  . + ,  + • • + ; 

. • + + ~ , , : + +  
~..  :22. Yree-flo++:lle~rj~e+++orP20+(..+oot+p. 

" ii ;}m~.h+n, :~23. T ~ + ~ n o , ~ e t . + ~ , . :  +'oi:.::251~i;ot " ......... 
.: ~:"++. +z+e,,;+ow +ot,o~m+++++:++++,++lo++o+++i;pa~p,~+++ 

+. 

++aS- :Fro+e-f tow d i sch~rge .++++or~+:~oo .+~pa~ l i  

- + . :  + - ++ ._ .  • - 2 '  . i ' . , + ~ , ; ~ % .  - 

" . .  , , . ,  * z ~:++ • , , +  • • +. J :  . .~+  ~ ' ~  . , , ,  , .  ~+  " : ~ .  . ++ '  " " : . . . .  , - ,  ' + .  ~ .  ' ,  *+ '.~t+*~'~ +, , , . , .  =~%-++ . .  ' + 

: + , + "  . c ; + + , - - .  

,ealurJ 

, ! : + '  



+ ' :  

+ . ~  -+ r  

+- .  

+ 

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

+tm~+ea.:~~on+me:~'+o~mi?c:i= :.:: + :.+ ÷ .i: O+ 

+ , : . .  . ~ , , . ++ + + + ' +  +-  . ;  + ~ + - +  ' 

.:: ~ ,  : . .  

:~DS.oeh~r~o~ 

!:+iii:+!+++. + m . + ~ .  + + + ~ + + ~ + m . o ~ , +  ~+,,+ + , + + + + t , :  + :++++i + / :  
+"+- + i++~, • ,+ +, +ii " 4+. Y/:. 

. :.)! :. ~+ ~ ,~ ::+. "~ v & l u e  8 ~: Oz ~+8 ~ I : . ...... , ....... 

!!' 3 7 ,  ": O onven t on t ~, e ~ * v a l o n  t • 

+ 

L :~i~iri~iiy ̧ ++ .... 

+ : ~ k?!y:~ii:./~: :i (i 

. + 

+ 

" / .  r ' 

• + , ,  + 

i i i  

+ 

~ + : i  : i : : :  + 
+ 

+ . 

+ . 



/ 

:L ~ ~ . 

1. I n t r o d u c t i o n .  ":~The:* econo~i;c;al~:~,ue 

~ : t o  a ~r.e~t e.-.t=~nt . : o n : ~ . i g e ~ ' ! a ~ e ~ r a t e : : ~ i ~ a ' n ~  

i::i,:i:!!/iii:ii I̧I!: ¸i:i,:i~::~:r~i::~:i!!:i~:~iii~!:iiii: ~!i:i::i: ,̧i::i:i:ii~i!~iil I̧!I~, 

o f  m e a s u r e m e n t  : o f  :: I r r i ~ a t l  

management .  . i!i\:~ 

and  n t a n d a r d  ~ me t h o d s ' . a n d  !:d 
. in  t h e  m~asurement : .Of  !.,:~r~i 

~'*": . A v l d  r t o  a c q u a i n t  ~:the ~ i r ~ i ; g a t i o n  ~iaya~em ~,oper 

iii::i::i~:~:::; : i ~ y  o~  which,  , a l~hOu~,~at :~ th , ,~-~e ,~ :  ": ~'i~i~t~ 

[ 

:::: . . . .  " ~:The~: more .co~mon,~an@~ p r a c t  i c a l . m ~ t  

~ ::~ c u l a r l y  : b y  ~ t h e  ~ s m a i l " e ~ : r : i  i : :"Ce ' ~" :~ :!::" ' 

• ~. - . . o f . . , w a t e r .  : : ~ u n i ~ ,  :.o .... i n  

i o~: volume. " 

u n i  a o f  ° f low~ a t  ~- .pr~ent  :~:.employed:-~ i 
~"~: Ye.t a r e  the~-mlner',:::~nch'::-isaid,:the:i ,econ,:  :': : I ~ :  

' • : T h e  m i n e r :  : ! . I n c h  ,: ' ' "  -~-~d 

: . ~ .  . . . .  a n  to.!quantlty.~Ini~ithe~.~ri=us:,~:~a~ate,./::~The 

11012rG@l 

ii: : !:i :i~: ̧ /i:~i:/i 

: :  ::i:i!: ~.: i!:!i ̧::I ̧ ::!':i 

:~iii!i ii ~:~!!iiii! i i~ii: 
:~ ii ~i-!~'::~iii: ~!ii: ~ ii:~:~ ~ 





• " '~ ':'how m~y ac~e-f~.eti,~re ', 

: : "" :"::r~eet-::fZ OWi"g ::f6r i:~,:hOUr 

',/,:.: - that .the ~,tabularvalue~ 

,:.:.. d e c i m a l  ! ~ o i n t  :one  :'or 

3,:' 

l h  ~ e c o n d - - f ~  

lh : s e c o n d ~ f , .  

t ' i :  

I~. 52 s s c o n d ~ / . ~  

j e  

w a t e r  t h e  Bure~ .u  

~and ~ e v i c e s  : 

, o n . ~ o I i o w s . . ~ .  

"j-~ ~ :-: " : ~  

- 

,;2 : 

,:: serviceable : an~i.:ecoz 

:.t foal • de~i cee .commo i 

~nere ..there .is-suffzc:ient :avaiilEbi 

!~ !: ;:j.~!i i. i/.-ii.~ ..i::? : i n s  t a l  la~ i~on  i:c.ost s- :a t  

L ̧ /. • . • • ~.. 

:;.: .7. ~; i:~ 

:::i~!ii~i'ii!i:i) i ~ 

::' 3;;~:?;~: ~i"~:~;; ;: 'i!~'i~ i~''¸:: '/:" ::, ~ ¸¸ ~" ,;: , 
;> ~ ~"I~:Q ? !:: . ~,~.~iii~:, • i .... '~i~'~ ' ~ -~i :: "~?~'-':. 
~...>."':,~ ~i/~i ",I, ~.~ .i:: • ?'- ~" , ' U ~ - i  ., ~ • . ~""~ 



' i +  ' ~ . . . . . . .  

+ . 

+ ~  . .  

~.  : + ,  

+ . :  

:~em, e':+ n e t h ,  
++  

ax'e+"d~smmssed,~ ~ 

:::~.~~ ,:+~ : -  ~::, +'. , : i~  s=ha 
? . 

+ +:ool l~ te~L,  ~IO :: 

- ;~ :Of  ':~he~+Velr.~i 

+ + . 

+ : ,++  . . .  

. + 

- . ~  + . 

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



~L,~.. : I t ~ m a y  ~ b e  s a t  e d  ~ i n '  

. . . . . . . .  e,,=~i • : m a r ~ l y  : c o r r e c t ,  b u t . t : r e p r  

~ ' Z I .  " , : ¸  . • 

: ' "  ,.L. "L~ ' I  ~:' ; " • 

k r  

~.~ :i ̧¸ .:~ ; / ~ ) ~  

i I I ~  . . . . . .  ~h~ 

. .  r i :  

k "  k ~ . ~ ,  . 

, . "  " • L~  ~ ~ _  i L ~ .  " o ~ . : ~ :  ; . . : -  " - , : ~ ' L :  • ~ ,  

~, ~,,,~.~,~,~, . . . . . . .  i-~ !~ii~ii~ii~/,i~~:i!/!~i~il, !i~ ~ 

~L  

- "  ;'~i '~"~~'~ ~ ~ ' ~ ~  ~! ~ i"~":~il;~ '~ ' ~i ~i~ ~I • 

i!ii/i  ¸ 
: ~  . . r ¸ ~ " 

. ~. - -~ ii~ ̧ i i~~/~,~! : , ! -  ~! . . ~i~.!i.~ : r, . ~ ,., .~ . . . . .  . . . ~ . . . ~ % ~  

L .  ,~, ~ : ~, i~i~,. ~-: . . . .  ,.~.i~ :,  " ~ i ~ : ~  : ~, ~ - ~ , ~ . ~ , ~ : , ~ '  .~,~;~'~' ,~, tT. , /  ~ "~". ~ , ~ .  ~ ~,i~,~_ _ _  ~~ 'c . i  

~ ~ ~-~ . . ~ .  ~ :~ , ~ i i  ,i, ~ • , ~ :~  : ~, i  .~.:.~-~, 

• : . ~ , .  : : . :  , ,  - - : , ~  i ~ ~ . ~ _ . ~  • ~"~ , /~ .  
.: ~-, ~ . . . . .  ~ ' ~  , ,~: '~i~ : • ~ ° . , ~ / ~  H ~ ~ / ~ , : ~ i  , ~ . : ~ / ~ : .  ~,/~ ~ •_  . • ~ : i ~ i ,L /~  • • '  . ~ _  t ~ - , ; /  

~ ~ ~/?~' ;~ i '¸: :  ~!"!T'~i~!! '¸'¸ r ~'~'~ 



'ir', . " .' .' 

,,,4 

GHAPT~m 

7 • . Def  i n i t  i on:  and~.;Ol~ss iT: 
i " ". '::,':,:~, :fined as : a" notch o f  ,:re~ul.~r "fo~.il,, 

s t e e l  or ~:of o t h e r  f a b r i c a t i o n i ~ h ~ . ~ ,  

ing.'of fixed dimensions ~and~;ahape 

:The" notch, is :called a ~weir:~notCh.i ~ 

elra. 

crest and . t h . .  de~th..~of~...water !.pass 

meandered at a definlte ~ o i n t : u p s t  

h o r i z o n t a l  :i dl  s t a n c e s  :i from ! the  ~i, end 

J': 

J :•:~o 

and the  " . . . .  " vet.teal d i s  t a n c e  .i f rom ~the~ii:c~ 

t h e  ~ f l o o r  o f  ' . the '. w e i r : ' b o x  ~,or:i,the':i:bed:i 

, c o n t r ~  ct  i o n .  When . theoe  ~:di~stances ~a~ 

:..to ~. approach  the  , w e i r  n o t c h  ~:at:~:a~l'ov/~ 

~:complete c o n t r a c t i o n s ,  '~!Howe'e~i.~when 

• s i d e  o f  t h e  w e l r ~ n o t c h ' . t o ~ t h e i i e I R % ! ~  

':the c o n t r ~ c t i o n s  a r e  s a i d  - to  :be- .su~pr 

:a e u p p r e s e e d ~ . w e i r .  

The stilling !,basln "- ~., ' .ups ~,ream_:from 

. t h e  . .weir ~ond. .  The :sheet!,~.of./~iWa~ er ~'.!J~a 

d o w n , t r e a m  f r o m  '.the i!.bulkh~d .i~s~:~f~r~/!ei 
r - -  : . : : . . . . .  ? / / : . . '  

.~ h a s  : ; f r e e  . a c c e s s  : c o m p l  e t e l x . ~ a r o & d  ~,.the 

f r e e ;  o t h e r w i s e  i t : , t ~  i .U~mer~ea' . ! .  '.: 

The ,,weirs .~nerally..~.emplo~,e d ~or 

:~w&t or.are ~..the. t raoesoidal weir:for ~:the 

,:6./far. we .~ r .and ..the ~,gQ-degree >i:V-.Rot ch-i,~ 

to'  '~th, 

: i t  

~.these t y ~ e s ;  of-:.,Wei'~n ~may a g a i n  ":be~diYid~ 

~.and ~.ml~merged ~. w e i r s  a l  ,./def.ined :a .eve, ~al.so-~each~:maY. ~be .~.clas~ii ' k  " " 

• ~-'.Ji? " " " ~, i ~. . . . . .  ' ~ ' .  

: ~ . : h : - : , ~ ' ,  • " • , ,  , , .  . , ~ . . . . .  , , ~  ~ , ' %  . . - ,  • - : - ,  . . . .  . ,  : , • , - : : :  

) n l l l  . : , ,  

< , C '  •- - 
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+:+ :  : ~ . . . .  

, ++ ¢,) ' :  
/+.+.++,+ " + ; .  ,:+ 

(:b) 

i~::: :i/::~:~:~ + 

: : ~ O F :  

+ "  + " (,)+_im, a.,aa,+.':=.t~.,=;+++: 
::+:+:Y+ : - +A + .+= ,~++oo , .+= ,=+++ 

:+':+?i!~.~r(-,.',m~t+,-i<~,e't ~::,."+.+~,,.~.':i.o 
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:~e ~ n e c . . ~  i:for 
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t ~ y .  ~rom t ~ e  ~ ~ o t t o ~  ~ ~i~old~:~o "t/~l 

'.be le.~s than I foot. 

(3) The ~verflowlng i~heet~' 

ed .~es of the :c rest i a n d  ~s~em..,: ........ :.,:i'~:::: ~ 

(h) ~Air Should..icl :r~l'~te~:~ 

( = , )  T h e - . u c ~ t r  ~ 

(6) T~ cr~,s~ 

(7) The sldes 

(~) The me~su! 

difference in ~elev~t~on ~oe~.we~ 

as measure~ ata polnt~u0~ ire-: 

the maximum head on"the ~cr.,s~, 

(~,) The cross secti~ 

should be at lea.~t:~ time 

cr~st for a .~ength~.u~ 

o~erflow~,ng sheet. 

(I0) Correctlov~ eho 

,i 

A - e t a n d a r d  ~ . : s ~ p r e  . . .  

~.~ -~;~-s of th~ lead~ag:channel, 
s i d e s  co~nc~dent with . . . . .  . - -  . . . .  . . .  . ~  . . . . .  . . . . . . . . . . .  

t h e ~ f i t a  
. t 9  r . O  c h ~  ~ ' =  " • , , 

,,_ ,.~n dir~ctlon :laterally ~, of ~ ' ' • ' ~  .ments~of 

thro~ the:welr. :i . , -  

~-~cv 0 ~ -:m e a e u r e m e ~ t ~  ~ f b r ~ : t ~  
A l l  , c o n d ! t : . o n e f o r , a c - - - - -  . ~ .  - . ~  • . . . . .  ~ ' - _ . : 

w e i r  a r e  i d e n t i c a l  . ~ A t h  : t h o s e , ~ o f  ~the-.Contraeted ~ r e c t a n ~  

i::i!!i~:i ̧ . :  i ̧  : :i,: 

,7 ¸ L~.:~:/I:/, 

' / : : [ :  ~ : : ~ / : : . ' 7 :  : !': > :  i ̧ :!!i 



!.: ~,,. 

:ii,~ ~ • 

":-~. e. 

.~ e x c  e o t  :. th  oe ~ : r e l  ~.t i n g  ~':t o ~:'s ~'i e ~'c o n t  ra'c t i  on .  

In t h e  euppre~, eed~'~vetr ~:the~:~li~desi.!~6~.:~t 

W i t h  t t h e . ~ l d  ~ • ~,~oT 

from the .  v~r..:::/!A:i- / 

Special ?.: C ~r e:.i ~'.t :ii:i~e/t a~ en~,Vj 
: "  

p r o p e r  a • r a t  ~. on ~ b e n e ~ h : ~ . t :  

• the :bott ore an~., ,idee:: of:/the ~:!~ad:i~ 

the: f ct 

t h e ,  reduc  i n ~  e f f e c t  ~ in' . , the  , : d i e c ~ r  

,the :eldes of :.,the.~ w e l t  i.,S~ficfentiy 

~.AII .conditl ons-'~.~or,:accuracy ~s 

rec tan~ular .wel r. ~pplx~:.t o ~,the ~:G i~oll ~.t.t~.!!~welr i~! 

i,: (d 1 .!!The, s tanda:rd:~~~ee ~!2V'notoh"~, 

" - shaped weir-whose crest;.conulsts~.of :-a-th!n~,~:~)la~~ " 

t o  ~each o t h e r .  

~ =  r ~ ; ~ e c a u s e  .,the , Y - n o t c h  ?we~r:~has.:/no: ¢ r e e , t  :~ 

i.:i!~ i : f o f  a s m a l l  f l o w  .~, throu~n:.it:~zis~.grea~er~:.th~n 

• • . -  . 

T h i s , . - v e i r  :~ i e .  a : c o n t  rac t / ed  ~Vel~l .: 

s t a t e d f o r ,  t h e  ~ t ~ n d a r d  ° c o n t r a c t e d  

?~s tandard: .90-degr .~e  ..V, n o t c h  ~=weir .~zcept:,i,i~hosei~of:;~thei~creit ;:andi!,~s~det'~': i:":.: :......!: 



i~, ̧'_ . .  

, j+ "  i -  • , 

.- :,:. 

[ 

:-. : .  L ' ,  : -  - :7  . ; 2 " "  _ g , . , ~ j ¢ * ~ , ~  

• -. 7 !  

~'~: ' : 'L  , % .  

! l  

• . i ' : !  ¸¸ ,7i::  

~, .L  . q . .  

~ ' : ,  

i 

.,.: | 

:.:.I" 

/..7 

. O  
: 4 - -  

. • , , . _ 

':!- :::L-./~:,:~:~~ :i,: ~ .: : ~:-.i : I~I  

-_ .. / ~:i ~. 

.,-:~ :,::-:i '~, i !!?i~:~ :i~ :! ' 



• ;i,-. ' r.?*'".':" -.,,,..:.-, ," , ."? , . .. 

. i: ~ ~. il . ~ 

"~' -'~-'A. .... , , 

'~;%. !.':~, . ~",~ ", .. - 
b'" 

,.'I"~".,'" '. " 

~Jl " " 
..~, , .-,,... i..,..- 

r'.~'l:. <"  ~" ; ~ n  

, . . • o ';! 

?'" '~.?. ~-x". 

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

.~:m, • ) ':.t) ~, 

' " (  "3 ° 

o ? 

, .\..;: .-, 

;:: ::::{,:, -. 
' "?"":'i:,-": 

A - " ,  J " " ~ £ - L 

- . - -  . 

~- '",'i :'-"'" ' " 

';"! ,. -. 

• -. , " I, 

L '  " 

' ' ;2 (  : '  " I . . . .  . . . . .  

. . . . . .  . ~ " t,., I #  

.~" >{,;/.~. ~';--L . ~.. , .... ,.. 

: 
:" ' I. ;, : : '.;l,],J '" i:"~ : 

L'I" ..,.... :. ; .:I .'- ,.~ , ~ . , ".--'~ . 
i ~ ~,. , . 

~::: : - " I" • ..:." ..... .:I -- . :-,. ..... 

.... ..- ~..,~. ,...,j . 'L/~ ~.". . "y/'. '. '."~.:.'~, 

i - " . , • . ,,. ~;:~hl , ....... 
.~ .  , . :  . . . ' ,"  " " ' ~ ' :  . ' : , 1 .  • ' ~ ' :  ' , 

• : ~::'. : '~" " -  .-~ ~ " : ,  t ~. " ;  ~ *-- : .) .-  ..... . - -, y:.: ;/,~,i.:.::) '. ...... i 

I 

i 

, .- "/,, • , , .. , I 

I 

2 • 

• r., , ~',~; 

• ..; .. ".'/... ...;, . ?':+ ,.. 
i [.: 

L '-- I ' '" 

~,~ .::(3 ~' : :, 



• + 

i? 

'+i~ ,< 

e a c h  o f  : t h e  :: o t h e r  .+ . t~e  ~+weirs.  ,,.i How 
. .  .++ • . + , 

'.dlschar+e. In:t~t'+h++,.a~po~-+++i11+ 
n o t c h  welr.+where :,: l t~wo'  
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Wei_~r. T h i s  : t a b l e  c o n t a i n s  d i s c  • ~:in ,~<eeoond,feet i~for 1 s tandard  ::/""~" ~ 

C i p o l l e t t  i : w e i r s - w i t h o u t  

O i p o l l e t t i  ; f o r m u l a  : for  t h  

~i.5.u m e a s u r i n g  :~ emall : ~quanti  

6 ~ t n c h ,  . ~ l - f o o t ,  2 - f o o t ,  , ~  

~: . third the  . o r e s t  - l e n g t h ,  ,t] 

,made on ~ t h e  : '~olee  ~ Pro~Ject, 

• f a i r  l y  a c c u r a  t e f o r  , .weire 

. :g iven i n  : the  t a b l e  ~and : f o r  : w e i r s  ~of ~S!~hot i~over 

: o n e , t h i r d  : the  c r e s t  ~ l e n g t h .  . . . . .  . .  i ."~ . . . . . .  i:! ~ 

19.  :~Y.ormulas " " ..... . . . . . . .  . . . .  : : f o r  = S t a n d a r d  ~ O - d e ~ r e e i ~ C o n t  r a c t e d  ~ V _ n o  t ch , ! : iWei  ~% 

T h e r e  a r e , s e v e r a l  ; . w e l l ~ k n o w n : f o r m u l s s  u 

o v e r  9 0 - d e g r e e  Y - n o t c h  ~we irs .  i.the m o s t  

Gone ::formula and . the  ~Thomson ! formula ,  ~tn '~:the : ! f i e l d  ~o f  

:The Gone f o r m u l a  ~le.:consider*,d:~Ong/a%%thorities . . . . . .  t 

: r e l i a b l e  f o r  s m a l l  ~weirB-.and ~ f o r ~ c o n d i t i o n s : ~  

m e a s u r i n g  w a t e r  f o r  ; i r r l g a t i o n .  .The,"formula . .  

q 2, H 2 '  

.where :~" 

= . d i s c h a r g e  o v e r - w e i r  ~in . s e c o n d - f e e t .  and 

H-= h e a d  : on -~he :~wel:r. i n .  f e e t  

"V-notch w e i r s  a r e  n o t  o r d i n a r i l y : a p p r e c i a b l y  a f f ~ o t e d ' . b y - v e l o c i t y  . . . . . . .  

: ,of a p p r o a c h .  , I f  t h e e , w e i r  i s  i n s t a l l e d , w i t h  ' comple te  c o n t r a c t i o n  :the 

v e l o c i t y . : o f  a p p r o a c h  w i l l  .be ' low.  

. . . .  . : . . , , 



- ' ,,/. 

j'. 

"' ~i r:,.~,: , : ."'.:: 'i ' "~ " , - r: ' " '" '" :' 'i'' 

20. ~ " ~  

wa~ c o m p i l  eg  : f o r  : c o n v e n i e n c m  :~"an~ ;,t o : :o~viat 'e  . the  : :necesa  ~%y ~.o- )al 

Cone f o r m u l a  f o r  eachweir":head~re~dln~./'. ~!It ~ e o n t a i n e # d i a e h a r ~  

a e c o n d - f e ~ t  ,:for %he , e t a n d ~ E d  ~.~()-'degree:?!:c|ontra~%~ :~'~'~.O~hl!~iwe~l'i 

v e l o c i t ~  .of: a p p r o a c h  computed.?~from'.,the::Oene : f o ~ -  - 

• 25 : .0~0 : ,6~O 
.26 : , 0 ~ 8  : ."61 

• Z7 ~ .096 : ' ; 6 2  

.2S : .I06 ~ • 3 
• 29 : .I15 : ;6h 

.3o : .~5 : ;65 

.31 

.32 

35 
. 3 6  
- 3 7  
• 3~ : .-~:3 
. 3 9  : . 7 h  

ho  
h l  

.h3 

.hh 

.h5 

.~6 

.~7 

.h8 

. 5 o  : . m , 5  : 
-5~ : .h6S : 
• 52 : 'b91 : 
• 53 : .515 : 
.5~ ' , 5 3 9  : 

.136 : .66 :.S81 

.lh7 : .67 : 192] 

.159 : 

.171 : 

.ISh 

• 197 : 
,211 : .f~ ,:; ~..u 

.256 : 

.272 

• 2ff9 : 
.3o6 : 
.32h : 

.3h3 

.362 : 
• 3~2 : 
.ho3 : .~3 : ~;57 
.~2~ : .~h : 1;61 

~.,:', :i ̧ : : .L::?~: 

21 :i. o2 

.. : ,..,. ::.: -'7 , '~ 

~i'2 •55 :~ '::~ 
,'::2.'61 ' !:, ' '" 

• :75 i "::,","1.22 5: :'I';I0:, 
:. ':1.11. 

,.77 
• .c ' 

.Tg 

,7~ : . ~  - 

. ~ I  

.~2 : :1.52 • ~I.17 : 

• g5 ~ 1 . 6 6  
,g6 : :1,71 
-~7 : 1,76 
.S~ : i.~i 

-~9 : I,S6 

: 1:18 
: 1.19 

: 1.21 : 

: 1.22 -: 

: 1.25 : 

k:. 

3.91 - 

~ . 0 7  
:g.:z6 

/'! 
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. . . . . .  + . . . . . .  im i+!i ! . . . . . .  " L +' + p + ' :+ ~: : + ~ ' ) . . . . .  ~. + L ' '  ~" : : ' "  :~+i'~j ;: 

• + + . . . .  + i+ . i+ +i ++ 
• + 

2 1 .  V e l o c i + t  +of +A+oroach  " + + i n ' W e i r ~ M e a ~ o r e m e n t m .  ~+0 + f a r  +as i p r a o -  

t i c a b l e  w e i r s  ~ . ehou ld  ' ~ e d u s t a l l e d , ~ a n d  m a i n t a i n e d  ~so , a s  ~ to  m a k e . , . t h e  . + 

velocity of a~roach',neg!IgibYe; ~but ~•where:~i.t+i~is ';~,impraoti:cable~o,lido"•:: r ~ • + 

thls apuroprlate + correctlons~:should,~eimade. +~ 

Such co rre ct ions +•i for i Jr h@iF~cii~i!~fo~e+ 

w i t h o u t  +t 

t o  t h e  c¢ 

Clpollett 

directly 

can be ot 

I t  s h o u l d  b e  boru++,+++ i n  mi+nd +thin+ + + + d e r a t e  ~ v e l o c l t ~ + +  i+++Of i a ~ + a @ h  '+I+ 

where 

with low heads on th~ 

tlvely~high,velocitle 

relatively zmall,err¢ 

The velocity of 

v : v e l o c i t y  of 

Q-::discharge, i n ~ + s e c o n d , f e ~  

A =~¢rosz -sec t i on .+ :a rea  + +  o , + t ~  

+ + + ~ +  ~ + + 

Q, the alscharge~may :be  

f o r m u l a  o r  d e t e r m i n e ~  ~ rom t a  

w i t h  s u f f i c i e n t  a c c u r a c y + + f o r  • 

Successive approxlmations ++may 

degree of accuracy for~epec 

Having determined ~ the ~vel 

may be computed from the following formula: 

• r, 

+ .~+i•.•y/+i:•• i+/.~!+ i 

, + . r  

h+= i + ii +.."+%1..i ~ " • /J  ~ ."  

A f t e r  h h a s  b e e n  c o m ~ u t e d  b y  ; f o r m u l a ~ i ( ~ ) ,  ~ t h e + , e f f e c t i v e ~ h ~ a d : ~ D ,  ~+~on/~he / i  I 

w e i r  c a n  b e  c o m p u t e d  f r o m  ~ the  : m e a e u r e d h e a d ,  H ,  b y , m e a n s  io~:i!*~he ~ ~~ 

D-- ( (~. h):3/2 .:~h3/2)2/3 ~:':: 

a n d  D i s  t h e  e ~ e c t i v e  h e a d . ~ u e  .•to ~ t h e - m e a a u r e d . : h e a d . a n ~  t h e ~ : v e l o c t : t ¥ •  ':i~+~ 
.Y 

~ 3 ~  . .  ~, r~:':.. ~ 



• J i 

~ ? • /  . -  

m!i': 

L 

+ + 

• . : .  - 

x + .  

~ . 

[ , . . ' ;  
, - - +  

...:,,.-. ;. +':.;}.' : 

"-;;<#+L 

,.~.~ . 

m + 2 " +  : ' : + ~  

u,+,.?" +~ ,•- 
~+.++ ++'+.+? - 

+ 

+ . 

of approach. The welr•discharge~ilS ~ithen+g~ven~1~ 

for each type of~weir as :herelnbe 

For any type of~weir, If~ h e  

formul8 (h) to formula (~), !ire.Is >l~een!!itl~tt,;,~hei~: 
w i th velo c i t y  ++ of ,•approa ch +~b ears Lt o +!th~'+iidi.e~~ge 

and head wlthout veloclty+of' approach ~:the+!!~ratlo '~, 

ing formula: 

Y 

I t  i s  s e e n  t h a t  C app!ied as,~.~coefr•icleu~/ 

~2. TabletS'(See section 8h)'Coeffici, 

Disc~ r~, Taken From iTable ~ h, ~ 61~fc, r ia•:H, 

Discharge +for +:the 6ame Welr ~with ,Yeloci%. , . ~+~,( 

is considerable +veloclty;of : : a p p r o s ' c h , + ~ : c o r  r4 

o f  t h i s  t a b l e .  F i r s t  ! t h e  v e l o c i t y ~ + o f + ? a . m p r ,  

d e s c r i b e d  i n  s e c t i o n  2 1 .  ++hei!~isch~.rge i v i i  

should then be taken from~table/h; ! 5,~:0 'r :6  

coefficient .given in table,r~. + + 

lllus%r+tion: Supoose ~it +is des 

standard Cipo!letti w~,Ir wlth a !!cre~t!~!len~ 

head of I foot andwhen there<is a,mean~,ve 
,. ?,, 

to be 1.5 feet per •second. • By+tahoe ~6.+t 

of aoproach is 13.5 second-feet. :From +~tab 

+ o u t  + i l v e i 6 C t  

~d +mult ipl 

+ + 

>+~;?+!+?+: 

..+ • +,++?+~ 

• :? > < : •: . . . .  +: i ? / ~  ?>! / : :  ~+ ~••i ~ I  aoproach nf 1 . 5 f e e t  . . . .  + o + . r  s e c o n d  , a n d  ~ib~.i/•C0na'-~eet~i~ 

+t.. ii coefficient is  l. OhT. Then +13.5 x l.Ott7 

wlth velocity of approach. 

of  s u b m e r g e d  w e i r + d l s c h a r g e ,  becab~me of  l a c k : :  o f  ++exteixSit v e + . a c c u r a t e ' i ' ;  +;+i::i::..?++ >/!;+~,:: 

t h e  + d l s r m a r - 4 ~ c + e f f l C i 6 n t '  o _ :P.rac+lcali~ ~i/i ++ ~.- : •++~ +i:,++,+ + f o r  determining 

+ r e o t ~ a r  ones. G l e m e n s : l l e ~ r s c h e l .  f r o  m a • : d t s c ~ / s s t ° n ° f + + t h e s e +  + + i~++ .+~i 
+ • • " • 'i  . ++ 

++" . . . . .  :+ , ;  -++ ?'++i +:" 
+ " + ~ A C  ~ + , : .  2 ' " + : " , ' [  . : 

. " k + +I + ' . . . . .  -- . . 1 4 ~ + + , %  + . . . .  :I+ " . .  : ~I:  ++ r + q+m#+.[ h " :@ ' + '  + [  
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~i.The i~Herschel : formula Is ~"ae : ~ fo l low~:  

- [  - 

L "- l e n g t h  :,of ~,~weir ~in £e . . t :  .... 

H : mea~uredLhead  on,~,the~iWeir:' in:~feet 

I-feet,s, with !:s' " Q,).= discharge:~of.,:second=feet>wlt~ i~subme: 

where 

and 

v a t  

T h e ~ r a t i o  o f  subme 

es ~of ,sUah iiwel re .  

L" ,~' 

+,, 

L i m i t e d  e x p e r i m e n t s  ~ hP.veiLbeen d cent  

by  J .  O. ~ S t e v e n s , - o n  the~'Yakima;~¥roJec.t~J, Of ~ t h e / ~ u r e a u .  T h e s e  

ments  were  ,: c o n s  i d e r e d  a n d  combined  :by~Steven~  ~with ~the:~older~¢ 

may~be~rou~hly consld~red~that~Hersche1!s~cOefflcient, 

merely to contracted as~well as~to suwpremsed~;~weirs- " 

~It should be p o i n t e d ~ o u t ,  however; ~ 

o n  mubm~rged v e i r s ~ a r e ~ r e l i a b l e ~ t o  an:,ap 

d e p t h  o f  t h e  . t r e a m ~ e l o w ~ t h e i ~ w e i r l I s  re  

and downstream from the weir, 

is seen that according to Herschel's ~formula the discharge of .a. sub, 

merged, weir bears to ' that ~ of a ~frse weir :with.~:the same :lengths-and head 

the ratio shown in the following~fornnzla: 

~in which  ~ ,  Q~, H a n d n  h.ave t h e  ~ame : e i @ t f i c a n c e  a s  : in  ~precedtn@ 

f o r m u l a s  and C' i s  a r a t i o  v a r y i n g  w i t h  n.~or w i t h - ~ t h e / r s L t i o - o f  s u b -  

m e r g e n c e .  O' applied as a coefficient :to Q will give QI" 



'+:, "+S.+' "~/'. '+:' '+.: :, '*':~':;q!:*': 

:++!:: ,:" :,,., 

g. • :.,., L 

-:~.+.:++',.++:+:: + ::'+.+ . .... . .+:::+ +- 
: :,', . Or"'. .:  ~ . . ; . ~ o r  + + : . t ~ :  , . + . ~ l ~ a ~  + , o n  - . t h e  . . , i ~ t  

+ 

. + 

. :c.rer, a '.:E~ile~Pged..:ll t~,C.++Oip 
+vhlm",the J+ihead ~on :. 

ion i th"::!~o,., t r+am 
. 

. + + 

.... :o L+: me .+,,am+ ..,it. + i'r~+,..:+m,a+, 

+~r~tio +a:'+.,+ +:i::+= o..33,++ :+:;•32:= :o,+5 

+: i/) 

ee,t. + 

+ ,  - .  

• ,:Of ~ . ~ e  . w e i r ,  : ? t m b a e r g e 4 . .  ! : '.i '~- + ++"'~:':- :::: ....: .,"::' 'i~:ii!,i 

~:as.  • y~m,::~rm,~,,im,O~ i~o=~am,  m~+,,,s~ij ,  lu~.~/ : :  i(( 
: + : : ":+ +" + ~ t _  . . . . .  ~ : ' O f  + ~ t ~  t " m  + + ~ "  .' " r ~ : ~  :+++ ' + "  " ~ + +  +~e++ + ~ ' t +  " ~ +  t + "  

F : " . . #+ " : +: 4+1++ J '  + L " k_ + J + # # /: ~ ' : + . . . . . . .  + "" :" '+ : E "m + ~ ,: 

, +. ? ! + + , + . h o r ~ + ,  :muumz4,,+:fim ~.to :+;m+:i~eet+le~:+th ,  i~m+ 
. . . . .  " i.+ " + '--  ' . :  i 7 

:~6.t.atrt~mt/on o f  irr~atton~nter/ofi::z.the:~:tti~mtimees+. 

ataetmae~. :: . ~. + : + 
. . . .  .... ,: +: . • . . : + : / + + +  : / : : i  :+ 

. , : • + ~ A 4 5  :+&oc~P l lmrmof . : •mer !~eV~ ,oe  i+++• t l l+~ i iC iQ~+  +f, ++r+++ 

+ "  " + "  " ° '  + "  +"  +i+ . . . . . . .  ' ...... i ' +  + 

~efereace-,~:to. ; t&, 

!.: + . i : F + + 5  a l o a g ' t r A t h + t a b l e + t O + , :  

-,-the ~:~ms,:.o~librat~i. 

:~&ble.  l l  : (.:See . : seot ion  +,SM)L:~rO~P: 

.... :! >:+' ~?' 

• - / - :  L • " - • - 

• ~:..+.:e~t~e1 f o z m ~ u  .+vhich ~ f o l  lOW: ; ~ : : i ! 

• - 2 "  " " : " +  ' -  



7 
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~. ; i ̧ ' ":~ , ,  ' .* ~ 7 

/~::i~:! • 

!~ i~ ~i!~i~ ~ : ~ •  ~ ~:• . . . .  ~ i !! ~,,~,~~. ~*i~ii~!!i~:i~:i'~ 
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:~ili~: I 
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+~,-+. .+ 

1': -: - :~ : Immgth :Length: : ', 

::~ :": a b o v e "  : + t s l o w  ~ :"from; :"fr~ 
: .i.~:$tso : .Oa~e - , . :  , + w e i r +  :+~ve  t r ' ,  : v e t r . . ' . . : w e .  

~:6f ~,:.ityi':df. -.'b~tlk-. , b u l k -  |,%Xi~l:-~ .+~.. 
• ::'+~i~":.:::-++l,tr : h i n d  ::-head~,~e+&:."!him 

4 

• ' . t c  , + . 

+':~+.++ , + . ]  , + . ~ - : .  : • . + : ~ + + , r + : + + r  &+ . ~ + ~ 9  • 4  . .+I 
• ,++ ~+~:.+;-. . . . , 

•. - . - ~. -~+ 

- ~. ,- 

~3_~.: • ,, .±.. ' , , , , 

,L~G ~ + +.: . . : : ~: : 

::~' ' i~7~et  : S e o ~ £ t :  f t .  : / f t .  - : ~i:f%. :" 

~! ~., ~•i]. • : 0 ;+3  : : . to :  • :.:~ : ~5 ' + 1  . . . . . . . .  ....... ,~ 

+~: ...... ' " ~ " ~ 2 .~  ::I ~. 

. + 2  .0.7 to. 2 • ],0 :~I +: 

3 . 5  . . . . .  1 . 

• : .°~ ~ . l . 5 " t o :  2 ' :  .:I;~O::L1 : :2 ::~,~o~..,:~,~,: '-.•.: :~.~ 

,; :..1 ) :Th,:.'die%~mee~l~:d,pend,,-:on the:~h~i~hti?!~:f~; 

• L • e  • + _ . ,  , .+. 

• + 

!ii,~.~ ~ I  : 

//(!.i:.7%!-( ' : , i '  ~". 

- - :  + 

Y+ ii+. +"-:+ ,+ +/ ++ !?i !~! L ~ ?i: ::+ +/i 

+ • • • ~ • . . . . .  ~ •:+'i,~ ~:~! ~I 
• + 

+++  iii i , . i 

,i+! - 

- + 

i 
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17. +*" 

o h a p t e r  on'  F a r s h a l l ~  fl~ 

d i r e c  t l y :  f r o m  ~ B u l l e t  i n  

. ~ e r t ~ n t : - ~ d t a t i o n , / F o r t  + . . • . .~. 

~ h e .  P a r e h a l l  ~?f lu~e ,  ~ f o r m e r l y  ~ a l l e d  ~ the  !+tmproTed i+yen+tu! 

a + 8 ~ e o t a l l y  o o n e t r ~ n t e d + + + u e a e u r i n + + £ 1 u ~ e '  + . . . . . . .  +. 

uwat  o r ,  ~ f o r  u n s u b m e r ~ e d ' . t a i l - v a t e r + ~ c  ' '~a4  +4 ~ " °  ?+~ 4 ,= ~'~n~e~d' 

: c r i  t l o a ~ .  d e p t h  . v i t h i n  t h e  .,+.etruoturr~ 

+ d o t  e ~ t n a t t o n  ~ef '.~ t h e .  a ~ n t ' ; ~ o f : ~ w s  t ~ 

: .depth". ~ e a  e u r e m e n t .  

I t .  ' ~ o n l  i e t e  +' Of ~'a ~ e t ~ o t u ~ e  +. Of ~ 

t r a c t s  t h e  : ' c h a n n e l  ~.to,:. a + : t h r o ~ t  :~eect 

-~ n o ~ p i n ~  +'~ t h  e ~+'b o t t om'!~ and' wt  d e n  i n g  ~.t~ 

- The  ,~ sl z e -  o f"  t h e  ~ P a r e h a l  I+ ~'f.lu~e.~ i s ~'. 

t h r o a t  e e c t i o n .  3 A . o a e . f o o t ~ f  

• w i d t h  ~ i ~  +.'..on e / f o o t .  

~ere are :: t h r e e  -+ro~pl :;c 

coati+re of the )-. ~,. m~d-!c. ...... 

:: O O n l i e t s  .o f  , t h e  : 1 - ,  ~2 -  

; t h i r d :  ~ r o u p  L ' : c o n 8  l e t s  ; 0 

. 2 0 - ,  2~- ' ,  . ~ 0 - ,  -.:hOv, ;.. an  

The.. g e n e r a l  . . . ra t io  

• :: ~ u t e r ~ e d i a t e  ~ r o u p ,  t h = . . -  . . . . . . .  

.+ G e n e r a l ~ d e e o r t ~ t  ~ o n .  ++ Much,  of . . the  

' i 

• + 

i 

florae. ~F1glzree ~',~7, and'8;~d+.tables+~12,~13, and.~i_ ~+.._ _ 

,~dlmenalona. ': • 

i+>,.  ~:~i ~ / " . , ! i . , ' .  ;<" '~ ,~-C.  : ~ . : . - ~ / ' ( / :  ~_; . . . . .  , . . i i~-_~.~: . :+: / , .~  .... 
+ . , 

'y , 
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t h e  , ~ u b m e r g e n c e ,  ~ In the ; i f r ,  e ~ f l o w  

: f l u m e  w i t h  the.i~ recorded i - :head ,  ~ilHa,. ! -of~ l  

le ~. hl :' • econd- f ee t. ":,:~he',,"fl ow ~-. w£ th,~a:,:.i 

(2) ~at" will~betthe::~dil~ri 

"L::, . :i ~'/ !\ 

: t h e  .upper , h e a d . H ~  . t s  1.  

r e c t i o n  ~diaRram. ~ t  ~ t h e  , : l e f t  ; ! .however , ,~ in  

a l  o n ~  ~ t h e  r h o r i z o n t a l  , ~ : l ine~( indtca t  t n ~ : : . ~  ,~, 

llne IH~ :=52,0 ~: Is • I l~htly :! above ~ th~i~ tt~ 

. . . f e e t ,  . ,whiah :~ts ! t h e  ~ i~bmer  

" " , ~ b e  n o t e g f  i n  : t h e  ; :p=ewious  

o n d - f e e t  ~ i l  ! I 0  ;g5 l e c 0 n d ~ f e e t ~ o r  i~tl~e amount ~to~Lbe~ 

~!fre~.  f l o w - L t h r o u g h  : the~ l ~ . ~ o o t  ~i~lume:,~for ~az 

° 

y~::downward ~ ~t o 

. ,&:: 



~+ 5~ae :~eenputed - e u b n e r g ~ d  f l o w  :: In ,  ':, t h e r e £ o r e ,  i'i36.17 ~ s e e o n d - f e e t .  

(3) :+:Suppoee ~the+ upper,!+;head, 5,Hai of.,an, 8-foot ++f.une , t e  0.69 

f o o t  :+:ann +, t h e '  t h r o a t  ~head. i+Hb. 11 +'O~:60 : f o o t ,  i + ~ t  ,;: vould+kbe '~:,the :,: s u b :  

. + 

a b o u t  n idway  ~,between - t h e ,  o u r v e d  ~ l i n e e  ~"8~ ' ~ 

+Of, t h e  ~.a head~ I s  . ' 0 ~ 6 9 / f o o t ,  ~ I t  '~rwill+~.be++neoeeiary.~to ~ i i se lect  ~_the +.!~t 1,ue 

+point  a b o u t  + one '+tenth t h e  :+ 

below~ t h i s  f i n a l ~  l o o a t  i on  ,:.( 
\ +  

b a e e  o f ~ t h e  d i a g r a m ,  + t h e  v a l u e +  of+/O.~I~,eecond~foot~;/al  

f o r  +~ e u b n e r g e n o e  ~ f o r ,  t h e  l ' f o o t  + flume. 

t h e  g - f o o t  f l u m e  l s  S . ~ ,  ~which m u l t i ]  

2o21  + n o o s e d - f e e t .  t h e  o o r r e c t i o n .  ~TI 

g - f o o t  f l u m e  +for+ an . u p p e r  h e a d ,  ~Ha, . a t  O+ 69/~rfoot ~iS L ~ I 7 Q~ ~ 3 ~ + + s e c O n d ' f e e t "  +~ 
. / ' 

The .: o o ~ u t e d  eublaerged~Tlow w i l l ~  be ] 2 , n d - f e e t .  

F o r ,  t h i s  d e g r e e  o~ s u b m e r g e n c e -  i t  :As r~ t h e  ~ i free-  

f l o ~ . d l e e . ~ l a r g e  h a s  been  r e d u c e d  a p p r O x t m a t e l ~  ~ + 

f i + .... ~ ' . ~ +.++ r+ +~teri+~Of +. ~m+++, ~ ( o )  P a r e h a l l  ~+~flumes o • l a r g e  ~ l i s e .  ++To +.+dot ermine  ++the,+ 

s u b m e r g e d  f low+ i n  l a r g e  ~fl-~Ja, 

+diagram s h o w i n g  t h e  amount i+ 

+ f e e t ~ o f ~ c r e l t ' f r o m  t h e  f r e e - I  

o f  H a .  At t h e  l e f t ,  v e r t i c a ~  • : ++ii~;;~ 

+held, Ha. in/feet. ;Groeslng +i~ " +~i~i 

t n d i m a t i n g  t h e  r a t i o  Hb/Ha, i~i/++i~ + +~ 

~mee of t h e  dia~ram+~is t h e  

t a b u l a t i o n  g i v e s  t h e  ' ~ l t i p l y i n g  g+~the +~;ir+dicated L 

v a l u e  f r o m  t h e  d t a g r a w  f o r  t h e  v a r i o u s  + s t  ~e8 +~of ' f l u m e s :  + 

. - ~:,+i ̧¸ : ~  
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Width :in ~feet  
lO 
1E 
15 

: ; o  i 
1 .2  

:1,5 
2;0 ,,: 

An IZluetr~ o ~ o n  :d~Ez'~ 

of 56 s e c o n d . f e e t  le . ' Indicated . ,  ,: o~: i~able , : .22~tha: : : f~ .~  

--of head,  a p a r t i c u l a r  ~d~ech~r~e~! : -~  ~y~:~ 

::'In ~ caees :~he l o l l  Of :head i.(the-'iltmi,::~Ing':i'factor':,,to 

in :the . s e l e c t i o n  ::o£ ,a ,~,lume. " .- :,ti 

:~he :~.~eau :hae p~.,~:~.red:,the-~e~s.er~l ~.eti~?- of~,he ::P 

ahovn ~,tn :f!~ure.!7 ,~to 

,., :":iiiii: 

,: : , ,  - . ,, ~ ,~ ~ ~,~ -, • - : i: ~ :. ~,~ ~. ~ = ~ • 

~i;./°: ,,~ 

~i~. ; ,̧  .:,:~ , :: 



t . c o r r e c t  e l e v a t i o n ,  w i t h  ':the,.,:mtnl~m.:drop !r'~i 

r e a d i n g .  D i m c h a r i e e  and~!ener~.i~'.h~¢~hts',~Vei 

bot tom w i d t h s  o f  :2, 1 ~ ,. and!-h,:.feet; :.on.~:i~.a~i 

sect  ions. The , e o e r ~  :helghte":i lni . the!i '¢~l~' .  

thes e. dr:charges .'for ' i,, .:,2., . 3, :a nd~IL- ::fo, 

" ': i~..: 

L . 

..:.: , . .. 

is  %0 be i n s t a l l e d  ma~ :~ 

one o£ th~.se sec t ions  ~ ~ ~r 

For example, suppose/:a:.~Par,hall 
with  a 3-foot;_bottom~.~wt'dth:;:::l:~.~.to 1 

f ee t. and. a volocity.:..of ,~2 ~~:~eet 71~.e.r. 

.1=71 feet. .In ~the:Hydmaul~.c Table~f 

f o r  a 

the.value :o£I. 71 are .in the,:columm 

d 2 , l l e s  :between " l . 7 : a n d  . l . g .  :nln 

o f  :1.75 feet ,  ~ :is::f:ound :to~ibe ~ 

.Of ener~l~ through.~the : f l l ~ e ! i i s  ,!.0 

t a b l e ) .  : I~  t h e  h - f o o t : ! f l u m e - h s d  

of  : l . h l  f e e t  r~oulr in~ . . : the  .,Slums 

"dhere ~ d i f f e r e n c e  ~ o f  0 :05  :~eeti~in t h e , ~  

t sr f -~re  w i t h : t h e  s u c c e s s f u l  o.oerat$on~.!of,-i~;he:( 

: n e c e s s a r y  and"Ralues  can ~be i s ~ c % e d  :~or ~the-~,s 

g i v e n  d~.seharge,  ~ .  ,,and !f lume ~:s~.ze., 

f lume (Mtn. F)~the~dimensi.ons:,Tor~,~hei~Iumei~m 

~r e t r u c t u r 6 1  "tabl • :.on - f i gure  :i7. --:The ~.essent t e l  ~] 

of ~the- flumes..,are also ~found ~In:table~l~!: "/ ". "r':dk:~::~': 

- - ' ~ ; :~n ,1 ; I  : ~ ' a C  C O U l t ~  I !  

~:: :: ::::i-::::!~i,: ̧-,. , .::. : : :  ~:!:::~:i~ii:!:~!::~i~: :,:!:! : 

: , i . i i i:- : 

i:: .~ -:~i ~:~:/ . . . .  ~/..,,>,:. ' • / .  ' :" . ,-:• ~• / ~ . . . .  :-::.~; .:,~,~,~.~, ,; ~. ,.<. ~ 



..Hydraulic ':t~ bl:es'::for 
of p r e p a r a t i o n .  

~'::: 

. _/,~i  ̧ " 

-steel relnforced~wl, th :: mt~ctu~1:~.a~pea ,.~:~a~ 

c o ~ r o , ~ o = .  : : H o , , . ~ .  ~ : l , r C , l i ~ o ~ - ~ 0 n i ~ i o ~  ~ 

Where a =umber cof~,~mma~l~ 

d o ~  '-for]~s > ~ o r  r e - - ~ s  . , , , o n - m a n y ~ i n s t a X l a t  i~'on| 
" ~ - : ~  ( -  i. ~:. ~/'i~'!i'~:~"',~ :i ,~ i: 

.~. essent i a l . :  ~eatuzes 

c o r r e c t  f i n  i s h e d  :! d t m e n s  i o n s / a n d  i~correct":.ia 1 ~. 

t i o n  -and t h e  downward.I  :sect ion :m~alt:. ml.oolnF. :a 

To provide  a =sharp :i:and ~:def,.,ini~te :iedge~i!~: '~ 
/ 

::,large : ¢ . 

• i i v e n t  : t u b e s :  a s  ? i n d i c a t e d  ~In::/flgure::-.g;i:, i):The:); 
.:.. , . .• . ,:::,.:~- 

~,t o :~: ~ - = , = e .  ~:oo~ ::: ~ o , ,  oo,  d::'~ io=.,.i- ::~i~:::: :.:):~ 
Another feature ,  on..~.~hich ~t-he .-accura 

t 

:01'16 

:!~ ii::~i ¸ ::':~: :ill, 

........ ~ , i ~:::ii~ii~i: ~ 



r 

r,, ~ p r o p e r  :.and. a c c u r a t e  . ~ l o c a t i o n  ~ !Q 
~- ~ a g e  p o i n t  u .  

!!ii " . . . .  . ' The ': c o r r e c t  ~. dtmenm ioni:~:a 

~":':- 12, 1 3 .  ~nd..!~ "/or':th,'/,th~"~;{i, 

- - i n l  e t  ~ o p e n i n g s  ::.into i:,the.~;flume 

~-,.:}> f lush '...with the i ins Ide ':~fac • :.: of 

?... : in  p o s i t i o n ,  and ' n e a t  : 

i:2i:~ C 
.;]" . 

!i;I 

? - T ,  ~ 

;i~:~: •" 

~ - D m 

:. .h ~ ; .:..':-. • f l o w : , c o n d i t  t o n s ,  Ha :~ e a d ~ i s  ~Een~ 

.~ l a  c e d .. ve  r t t c a 1 i Y':~at., t h e  ili c o~  r ~. C 

t h e  . c o n v e r ~ i n g  " L e : f l  s e c  t i o n  ~'~ O'f': ~.,t~ 
. i ~ .~: 

in feet,  . t e n t h s ,  :~and?~hundredth'e 

Flow .of"  water :.pae~ , ! 

~ u r f a c e  : o f t h e , w a l l .  . 

In ,' m m ~  11 flue es ,: whf~h~.~ are.il 

-for dependable '" :~: ~ ~ k~':lr'' measurementB .:.Of~.H 

- p r o v i d e d  a l  ong • t h e  out  u [ d e  .~of~',.th 

may :..be c a s t  i n t e g r a l ' s : w i t h  ~ t h e ~ f . l  

% e r i a l  ,and ..'.connect ~.~d :::b¥:~.su~table 

proper height ~ for.:a...; p~pe \~ :,e:i leadin 

in  d e t a i l  the.~..subJlecti-/Of i~#i[ i iCt 

~H a a n d : R  b m u a t ~ b e  .careful l~!:de~!:e~ 

C h , d  to t h e  ~.s~de!,face:~iOfi:i i%he/fi  

~:head:!Ha and i t  i~ q u i t e ~ i m P o s s i . ~ ]  

" ~ . s t a f f  ~age; . locat~_d.~in; .  

~:ehould:~e Provided.rat ::.a:, point .... ~.W]. " ~ 

e c t l y  : i n t o .  t h e  .H a , coer~rtment , -~ .w~ 

i-... 



• , . / .  , . . • L "  

, ' , "  . . . .  - 

, ,  ~,i :.i~, ~/'¸ *~i~ ~..::~ 
, ,  ,,}i ~ d: 

1 7  " 

r . i ,  
. ~ L  ¸~ 

k,."il ' : k - ~ ,  . ! ' / :  ~ .  ..~ , " 

.:-!ji:!,i:~t;~ 

~! ~ii~i ~!~= !~!ii,~, 
-- . i~  ~ ~. ~ , ~ :!~.} 

ii ~I ~,~iii~i i~ ~ 

:,! i~? ~i '¸ 



:..., 

.~ .++ 

I !:Q 

, Q 

...... ++~2. Use'+ of,subme r" e l  ~,, 6 r ~ f  t e e l  .~}~Vher e!~'~ t h e r e  ~!/i s 

p e r m i t  t h e  m e a s u r e m e n t  ,+ o f  :. w e t  e r  ?:byii~awi+~ii~ of++a:iiWeir+:+. 

( 
i,+++ae,'. 

+ , + ++ • 

s h e  s e n  a s .  t h e .  tool t ++des t r a b l  e-+measur lee+-++++U~+l 

ly f r e e :  + f r o m  detrtmental+-+effeet+S+::~6f~ve~dl~di~!e'~ ~ 

normal  ly.+ be+ l e e s  + than++for?+other ; s + t ~ t u r + i + : + i  G++iMhe+e;+ 

of fall available for":aeaaur, " ''r~'''+ + p " : " :~++ + " ~++~:~+ ':0 t+ a ~  .+ .+~ ., . t ~  "~the ?+vater!+i , 

o f  a w e i r ,  t h e + P a r s h a l l :  . f l u m e  +o+P+i'Jthe':eUbmerp+ed++~Ori+ 

Y e t  + i t u s t  i o n s ,  w h e r e ,  a. s o r e : p e r m a n e n t  ~tnmtalla+4lon+ .+̀'., 

+ e a s t b l e ,  

+ • • . 

" " t  

+ +... !., .,++ ,~ 

I n  t h e  m e a s u r e m e n t  c o~ :~water , i inJ  l a t e r a l l  

a f o o t  Of" f a l l  ' . a v a i l a b l e .  and,, even+:~und~r"~++,.rth, 

%he weir can be used:~ for:~all~i"falls~: exceedin, 

~ h e  .+ms r e  s e r i  ous.:~+ d i  s a d v a n t  a g e s  +~+,of : : . t h e  ili 

~rlle.~,+oo~dltZo3+ ? ++.: 

~above  

of the~ water, on :%he :.u~str®am • lde ~:::the=eof.' :' ":/"!:~!+!., ,~ .......... ~Phe~walI++~ .~+.+.haTe:': :~~ :.i:i~ ':,'-..~"~ +: ~ -?~':, an. yeam~+.: " ': ":+ " :+:~ 

g e o l = e t r t o a l  shape, t h +  ;water~j +mFy++Ail~r+g ~ +r~'imto+;m~ti+:ii~.Ji:; +~i + 
a n d  t + e  + B S U t ~  , + r e ~ . ~ :  l~J~+++o~i,:nOt.+++,~Oo~+ :' ++ ....... : . . . . . . .  = "  ~ " ++ P m + " + "+ ~ ' +  ++ 1 d " ' +'P ++ ~+''~+ " +1 : : " " " '  '~ + ' + ~ 1 +' ~ d ~ ~ 

+ _ _  _ +  _ . .  ,, + ~  + .+. . +,+.,...+++,+.: ...... + . +.j.~.:-:~.+j?+.~:..!.+,.- 
w a t e r  a r e  e i  t h e r  c l r ~ l s r -  or+++rec~emlr~lar:+~ad,+~are+,~,~rert~oal.:+~t - -  P + ' ~" ' '  h ~ t . . ~ l , L  1 1 ~ . 1 "  ' + "  + ~+ : '  + ~ ~ 

" + + P  - . " . . L  • + "  " , ", " , i + + . +  . , 
" ..... " + ...... ,+ +1 1" +,~ d " r + " " ...... .++ m~++" + .... 

a r e  p l a o e d  i n  a.,vertleal~wall:.in:+a+:.car~Im~:~ ,+e, hamnel..++::+~ln+:the:+~earl~+:!~|+ + .:+ 

+~ 0£': i ~ r l g a t  I o n : . s u c h  +an. o r l f t  ca. : u ~ l l + . + d t l ~ s r ~ e d ~ . i n t o + + a l . r  !!:+im,,~+~+++~i, 
- " -. + +' ." : i ,+J+' +.+.,y.u .: 

k+ 

~22 ?. 

• • " : ' •  J . . r .  + : ~ j , . ' • . + , + j , ' , + . L ~ ' : : ' ~ . .  • + . - : + : : ~  % . ~ * ~ 2 2  , +: 

• ~•~" ".i •:• 

. :  • 5 :,+++ 
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: ~ !:'.:> 

" t h e  o r i f i c e  ~ was ~" eatd'i-.%o/'be,<free.- :~Sinoe ~::.the~".:more 

• ",. 

"practically abaudoned~',becau s e :~.~i t 

use~ and,  when, t h e r f a l l i ~ . i s : , ~ a v a i l a  

L a t e r  p r a c t  i oe~/:deve loped~i th  

i n t o  .water ;  -- ~'"r~ : , o r i f i c e  .::is:.:e. 

orifice is ~sed ~where ' the~e!~is :~i: 

a n d  t h e .  P a r s h a I 1  f lum~ ~is:~ coneidered~:'~not ~:'fea~t.bleli:~ 

and s p e c i a l  f i e l d , . ' ~ c o n d i t i o n ~  l"~i/':" ~ . . . . . . . . . . . . .  

submerged orifices, either. ~ o'f'th~se~clasees~may~be?!. 

p r e s s e d .  A o o n t r a c t e ~ :  o r i f i c e ~ . . i e  one~With.i~ilt 

or o t h e r  surfaces:.of:..a~.di|trubing i!' the~!f 

. are f u l l y - c o n t  racted.- or..:: defl:ect eda, i:.'~eX~i~'s'~i:i~t~ 

e u p p r e s s e d o r i f :  

of t~.e channel:of approach~.or~vith,!io%h 

t i o n .  = , .. 

E v i d e n t l y  an : .ori f ioei lmay,~be ::contract,  ed~or~:~euppres| 

aii it, ~.ri.et .r ~o~iti~y~ b ~i~m , ~ ~  .......~,~": .... ~.t iy ii!i.c.on~r~,~ ~.~ , -  ~ .,..: or~ 

o n a n y  p a r t  o r  a l l  Of!:its~:s~ri.e~=. ~Thi ~~: la t ter ly ,  ' "~, 

the opening i • n o t :~ahar~--..edgea ~o r~:.:~f ! t]h,:: ;aii:i~~,~i:;h~ch~ 
form,d::has :conslderable<th~ckness ~ii-~ :~:dtech~rg~:?:tu 'i 

caused by placing too...clo,e:~to~.the'i:~openlng:! ~h~eii~io~d~ 

d i f f e r e n t  

ted,_by th( 

water.. I s  ! 

-~or i f iCeo  

i t ~  i s .we l l  s u i t e d  = f o r : - ,  e o u r i n g  : / ~ c ~ r a c y ~  andi .  i ,  

. . . ,, 

,L k " :}/ 
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o o n ~ t t  ~ [ o n i ~ : a ~ e ~ o ,  

=':' 

ii,. " . ' :~" ' : : :~: .~"~ , i  ~;i . . . .  
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i~he, approxluate ' ,~e  o ~  :~:~y 

o r  d e t e r n i n e d  v i t ~  ~he +uee ,:0~ +:~;~e,:,~Ti(Wl~heu~: 

e e e e i v e  a p P r o x i ~ ' £ o n a  ~uay ~,be~:t~ed.~..~o ~;det•el~at~ 

t h e  :"£oz~nla o P  ibefO~e : t a k i n g  !from i:the ?:dieeharge 

:~..+:~.,,,~,:,, ~'~':(See...e=,,i:o~i:;~) :!.~.:im,+~'i~. 
. . ~ee tangular .  o r i ~ i a e e .  ;~or ;-oonvealenee:.!~In~:~e~e~ 

d ~ n ~ l a r  O ~ i f i o e e  + ' : "  . . . .  >etandard:  submerge ~ e o t  

appreaah  f o r  +-oommonly u s e d  c ' h ~ e  ~ 1  ~+~ L .or~Icee  . . . . . . . . .  +.a 
. . . . .  , + - +  , , +  . ; " , 

.~+: , , : t . t : ~ ) . "  

~ne~i~ble, .!H in !the (table can :be:~.taken.~ae , ¢~he~[ 
'. '++i" ++' . . . .  " , ;  . : , ~  

:In-.using-+the table,+for ::or+fi+eei+l~e~.++::the ++7~,+: 

,+mot - n e g l i g i b l  e ,  ~:f, 
• added t o  t h e ;  measured ::head... ~H/!iin :,,the "otableiW$1: 

, t h e e  • t we ! head~  . . . . . .  

:>While :,~it lira -deemed : i d e e t ~ b l e *  ~.to~uaiw :,, 

, ; cases ,  . f o r  +.th • o!m~pose ~ o f  a v o l d i n g ~ a  

e l d e  - o f  • t h e ,  o r t f ~ t e e . ,  ~to : s u p p r e s s  ~the 

~o,,+, . ~ .  o~ the o , ~ i o .  ~a~.:W,,ti~ 
, a r i s e ;  v h e r e  +.:it : v i l l  ~:be ,-neeeo . . . .  e a r y  : t  o,~ 

• merged o r i f i c e s  t h a t  J.,h~ve ~ a l s o  , t h e i r  

+ , -  

d e f i n e d ,  ~,and i t  I s ,  ! t h e r e f o r e  

c e ~ t  where  ~m&vol~able .  
+ ~ ~ i : i i :  • ~:!+i*~i 

• : , i -  , -+~" ".+.u,+: + , . : .  "¸  
+ 

' . t  : 
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The approximate  d i s c h a r g e  ~of":.the }s~anda~ 

D 

i i ̧ 

"k - 

by %he following formala: ' ' 

= 0.61 

in  which ~1 ~=-  the 

wi thout  v e l e c i t y .  &pprc&~hl .,/ 

r -- the  rat  

the  o r i  

and ; ; ,  A, and~g have 

For such snbner8 

the  v e l o c i t y  of  &pproaeh i°,~!] 

m y  be compu-ted~by%hefol lo~  

Q"I  - 0.61 (i +-,0.~15 

in which ~'I: ~he di~char~..: 

with-veloci%y o z  8pproaon:-:, 

r - the ~ratlo 

( , .  ,) 

orlfice-tc _ ~~"°"  ' " 

By comparison ,~of ,formula 

to formula ( 2 ) A )  ~i~h~:,.fol~owi~g 

~ I  = 0-,"I = ( ' I  .+ O , 1 5 r )  :-- O .  _ 

in ~ich~ I. Q'-I' ~' :Q',~.aad,~r,have.~he.~eaae ,~s~ 

• . ,  respectively. . - - . . . .  ~ ,  ~ ~ 

~I. "Table ~2.~. ~i(See ~°eo~ion ~eM)ii'~Thlb-.~&~le ' 

- o f  t h e  : e a s e  ~ o r i f i c e  ~ m a l : ~ e n o ~  .,~on ~ t h e  ~ . ~ * ~ i & , % m  

and ~t~o aides, ~For a~,or~floe ~.oonetr~te~..~as ~a'~,~ 

: 0 ~  ~n r V h t ~  ~ e ~ t  ~ s  ,ae 

-. • . .~ 

! -  ii:ii 

s 

.:3:? ,. 



@ d i s c h a r g e  s h o u l d  be c o r r e c t e d  iby means :.Of','i~thiB 

Fir,t, ,.the d i s c h a r g e  without ~sup~ree'l~i~oa :!~houldilbl ~k~i.li:~ro',/"::-:: :. 

An illustra~ionfol'iows: • 

charge of a etandard lsubmerge~ 

2J~ feet wide wlthrb0ttom and:~ , 

~oot. For an erea 

0.I~ f o o t ,  t a b l e S 7  

h e i g h t ,  d, o f  0.5~f 

s i d e s  s u ~ p r e s s e ~ ,  t_ 

1.09 = 2.82~ second-feet, thedis 

~2. Constructlonand set%in 

orifice boxes should be:eubstantl C O r l l  

crete. The orifice bc 

downstream from .the o r i f i c e  ~wal];"i~ar ,:enough,~ 

i t  passes beck into t h e @ a r t h  Channel"~belm#; 

;The f l o o r  o f  the  bOX , h o u l d  i be depreeeed:ibeic 

from the orifice o-cenlng of ,not lees ~,~than i!twi 

of the orifice. A flash board.may~be iplaced 

secure mubmergence o f  o r ~  ~ ~OX ~0 r ~ t ~  ~o r~  

, ~ t n O e B  - . • 

heve eufflcient lengthlnauche 

water issuing ~rom theorifice. • 

vertical and ehou ld  reach only 

f o r n  an o v e r f l o w  i n  c ~ e  o f  t r o u b l e .  "r:~i~ : ~ S  ..or;;~!,~*-~o~: 

s h o u l d  be p r o v i d e d ,  b e t h  . a t  %he .upper .endiand:~the:i~o"e~:~eu 

o r i f i c e  box,  f o r  t h e  p u r p o s e  o f  p r e v e n t i r ~  e r o e l o n ~ o f . t h e , ~  

and l e a k a g e  of  w a t e r . r o u n d  Che. s t r a c t u r e .  " . . . .  ' ~ :  

Figure lh (I) and table ~ prQ~ide : 

woo~en or concrete mubmerged-c~If£ce structure. 

i'(l)' ~ullet~ 588. UniTeralty of Ca!Iferala ~ i e u ~ t u z a l  

' ii ~i~ • ~ i~ 
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T ~  ~9 - TYPXO~.~ ~SU~M~G~D •:ORIFICE BOXi:SIZ~s: 

Si~e of Or i f ice  Hei-~ht..-of :Length 
H~.i'ght D Length L. S t r u c t u r e  ~B ::..:~Iieadwall>,.~: ......::E~::.,.,+i 
~nchu lnch~s Feet ' :Yeet~ .... . i :F, ee~ .:':' 

6 :~ 5.0 
6 I~ .5,0 
6 ~ 5,0 
"9 :6 :6,0 
9 ~ 6.0 .:6.: ,: : :3.5 

on the market adjustable lUhm,rged,oriflce.~te: st:ructures fu 

w i t h  - I t l l l i n g  . e l l a  an~ aeurement : :o f>water l  

o r i f i c e  e t r u c t u r e e  b e a r  ,with>~them. cal<~brat'ion ice,yes :whi~hi::ii&~ 

part icular assembly alone when ~aes em~led~:~an~l!::ilnSt,~led iai: i ::i: il/~ • pec: 
• ' "'~ ' ~',':'\i'~':;: " -. : :.;. ~-./: .":': .i/" 

the ~anufacturerw, dra,,tng~. ':rlnaeauch, aa' :the ~efflclen:t i:Of " ' <diicb 

• Oonmtant Head ,  e t a  • 

device was ;deslgned ~to leeeure ~?Irrl e 

t h e  exce,,tve a z o u n t  o f  a d ~ u ,  tment  ! 
. ,g ~C 

or i f i ce  gate a ,~  the ~ o u t  ga te  "placed: ~on ~,the>,iupet r 

stream elde of a sitlit, 

~%lrn o u t .  

Two sises of o r i f l c e : ~ t e s ~ a r e  ~ v ~inch 

~M-inch by 30-1rich ~ates.i :~"aeae gat~ . n i ~ ,  

i i'i: 

i s  ad~amted .by t h e  t~u-neut ~, (downstream)~gate ,a~ter'  

- ':~.•. "~ "- " ' • L • " ' - '• • • -:•~• ~.:, ".~"• .~d'-~ ~ ~ "¸~ • :." " " • :.L ~ • , : .• 
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j ,  ' :  

t . . . . . . .  ~ ' ,d" :~ ",r._ " ,  I I  ~; £ '~.~,  

. l  . 

- ~,'~ " "~'.~ ~.. 

~,1. ~ - : - , i .~ .  , ' . . .  . . . . .  " 
~/.',~,-: . .L'-~... ,. ~; • 
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- r e s  e r ~ e d , ~ : f o l ,  

~ ~.~s e~'~ion,~. ~.n:, ~;h 

/ ~  .. k ' i  ¸ .  .~ . • _ 

i ; / ,~: I / ,  

. k ": ' ,, 

• : , :  i . . . .  : : i : : :~ i i ' { : :  
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,, . . . .  + . . ,+  ++ y : . ~  , ,  + ~ . ; ' ~ . .  
k 'r'r: i +.n +, ' " -- " n" P . .... ~ + . n --" + j'+ +' ++ 'J~+''' + d + '  '+ 4+'' +'' "+P+~I+r ' .  ' L m 'J'++' " ' 

+ . 

h~, ++Ue e, of: o~en+>+:met er{~m+at+ 

_o_%he r: nsa.eurl~:~.dovtoes., .":~.~ere~.~e,+ " :"' '~':"' + ~ 

i e  l a r g e  end'.thee:atilt'able: f a ~ !  ?; lm~+a 

+'] 

:~: p r .+ :'? J' " " j 

the,:,uee~ Of+' the,:.~rl~ntrmet'er~]etat~on~ii 

: :vhere,  i% is....eeeentt~l~,to~':keops~the~+ loSi:~+,. 

meter, : the:,: Parshall:' £1ume'i:i. ~reeommsn~ 

: + l e a n ~ n ~  f o r '  ~:,+:Vtdo+: ~ e , + : ' o f + : f l  ow:.+.:,.~:]+Zl 
+ ' +, . : . + + ~ .  : , ,  - 

: flOW, +current '  meter+. 'atat  5onl~:+.els~i~i;+i:b, 

ouch:+ e t a t i o n e -  + +~ i s -  more,: economic.al,;,~th~an; 

:,~ ehall+~":flumee or ~e. 

~.imum. i? h o w e v e r ,  :as:: th,et ~:; op ora t:iOd~iil}~ 

~ro  e e d u r e :  o f f  e r e d . h  e r e 1  n :IS  ++:+,brief+~t"i 
- /  ~+ + ,+: + +.+ , + + ,  -[ , ,  • , ~ / ,  

• ..+he.. eye.e:: i r r i m t  l o n + + t b r + + n o a ~ r + m ' i  

,~ c o n d i  t,ione"~: th  el;,.readem.'!:~ tm + ~- refe~ed~),~:~)ii!'~ 

,ifWet e r~ Suppl~:  Paper  

. .  + .  

" ~:ehould~-~be 

f ~ c u l t  : t o :  f~nd,!An~ ~ 

o .  

r: o e ~ :  f reqp!  

- . . - :  ' . < . , . . . .  : 

' + : i !  

. . + ,  
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il ;/ . 

~ e t  e r  ~saaurenent .-:mayi.~,be~nece~o~tv~ r.e) 

:pe~hape-.dail~,_ . . . . .  " ....... ~ e,~:- ~" : ~  

Just Ifi ee {:; such:~ a o/~ ion,  "~ u a %  i ~  81eot tO~ii' 
..." ' :l~i~a,:8,t rat~h~ 

, - .- ~,.: -. '~ 

tn , :m~x: icaees .  ~nsure ~a, m~t ~r...,atat ton,.~,©:,f ~" 

problem4s:~not~ ee~J~o~o. / 

" (a) ~Wading :.meaeu~ment.; 

(b) ,:c.b~m..~n~, :~i :: ::/'i~ 

(e )  

: ~ e ~ e e  sent lal~:fe~ ature m ~: ' o ,fii~ 
? b e n a h  m a ~ , S f  ixed~leauurin~;:poi~ 

when, the-.~ e l  ociby:i l e i ~ h ~ a n d ~ h  

- w ~ , ~  ~ i " t ~ o . i ~ , - ~  -, ~ ; ~ o ~ a l ~ .  

" : ~,~v, t er - .~b~e~ . , r ,  

. . . . . .  :. : !(a): 

; ~ e o v e F  

:.,. ~:/:~/i..~/!? ¸ 

ii.::.,i!:i!/i:i '̧/:;i:.:i::/';;!:! 
:~ L ~/, '~:,~i~ / .,~i % i ~I ;! 

? ~ i .-~C ~~ "L ~. 
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, I  

:C c) 
:Maximum ~and .: 

A ..continuous 

are • a~ong  ~the:i=ore ! ~ r  

a t  .:an~ 

.datum ,p lane  b e l o w : t h e  

ler~th ':~o ! p r o v i d e  ~Tor 

~a~ :,~all stages, ~and yet be ,access1 

s~a.nt ially cone truct ed :!for~!iecuzl 

• a : a ~ e  ~recor~ter  : i e  ,.uoed, : the a t a f f  

  iiiii!,!i . . . .  '~ .some~im ~re fer red  ~to ~as- ,~hb :ire,col 

~-wo~d :,~aus e :all:It o ,.t l on ,~of l;he:ii 

~,ulu~l!y n e  o s s i f y  i t o ~ p a ~ i ~ l o n  

~str, o, .~In ~othe: 

,.-., - ;..,!( :. ~)~-. ! .. •,-.:• -i~ ¸ 

,/:! ~ r :~! !i,~!; : : 

i : ~:  ~ !:!i~ ̧  ~ ! ~  ¸̧ > ' : ;  :~ 

. . . . . . . . .  ; ii:i:!ii~7 '¸ 



~(~) :the :i;~Inat < ~d .vater/~:ele~at~,tcm 'with ~%he ~ "- 

Sust  ~ c  :.:::.~' 

(C) ~ F i l ! t n g  :%he ~ r e c o r d e r  

.':the .~c~se .m~ ii~.~ 

~(d) Dilin~ . the inatrumen 

:T k: 

; ",3 

;:{+ i - , .. 

.:~ ,- 

:ii}! 

. k 

i(~ 

i 8  :n@oeS|~!~r, 

. , _ -  

:,*However, , ~ n e g l i g e n c e  : eni;ghe i-~mZ¢' ~ofiLt~e ::o • 

, aga in , t , ~  L~eere ~ I n s t ~ , ' l i ~  ~'~.m1"ded l i t ~  ,L 

~ o r  ~se o f  : . t h e : o p e r a t o r : ! , o r  } : inm~eetor; i :  ¢ i" /; : ::~ :; 

: %- 

. , . +  
i 

'L (~) ~..v~t :~ts ~ t h ,  ~ e o r r e e :  

i ( d )  What :t8 .~the .time ~:~; 

: (e) ~ ~trnat i I s  ~the ~out s id, 

( f ) .  ~What ~is t h e  !Inai~le 

~.ralolng ,~'t~e :f.l_- 

{(h) ~D~al you~retmv, e ~ol~di:sl~ee:t~sa~.Imt ~oni, nevioaef. ,At-vkst~- 
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~evlag, betve en ma~oaPlagl poJJlta,, iror.:;etream~21 ++ • 
+ ~+~++ , ++~+!~i~.~:::.i'!++" + +,+ +eL: :~ 

+ I l l  e d - t o  : l e a n  a g a i n s t  +~the * + m b Z " i l ~ e  +,'eiilll;eO i l ~ ; ~ l  

and , w e i g h t  clear of t h e  . . . . .  '* 
• + r ++'i ...... ++ L" ' + r  +'~.. i  + + . : = +  r,,,:~, / 

f o r  e a s e  i n  t r a n s ! o o ~ l a t  ion.  The::.~trA~ae.,.vae~,dm-'4:n~.~i~ ~ 
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t o ~ y  a t  ~ a ~ h i a g l e n ,  ii~:+:!=~ :? ::' 
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• L r ~ r d  

• 2 4 7 9 3 !  

• 2 , % ' ~ 5  
i ~ ~ ;  ~%r';'7 

• ~ 7 6 9  

• ~ 5 2 :  
• 3 0 7 4 4  
• 3 1 T & S ~  

• 3"7271 
• 3 3 7 1 9  
• 34711  
• 3 . w t r - ' i  
• 3 ~ ! 4 4  • 

• 3 7 ~ ; '  

• 4 0 6 6 1  

. 4 1 ~  
.42f~4~ 
. 4 ~  
• 4 4 ~  

• 4 ~ 0  

. 4 ~ 1 1  

. 4 7 f l 0 ~  

. 4 & q ~  

• 4 9 ~  

- . r C "  - 



T~ble I .  Acre-feet equlvaient to ¢: 

of 

length of time (ConL'u). 

I i o t l r s  

r - T - 7 - - T - - T - q - -  

s e c o n d - f e e t ,  f,to~ins for a g i v e n  
given n u m b e r  

r !- 

1 3  

O .  5 1  0 .  L~JT,04 

. 5 3  3 0 6 ~ ; 1  

. . $ |  . 312 .10  

. 5 3  .31,~1~ 
• 5G . 3 2 3 9 7  
• . , t  . 3-~.C5 
. / , '~  . :135.~4 
. 5 9  . 3 t L 5 2  

.~@ . 3 4 7 1 1  
• 61 .352 .~9  

. 6 . ~  . :,it; I.Di 
• 64 . 3 7 0 2 5  
• 6 5  . 3 D ; ~ 1 3  
• 66 ;  . 3 ~  I ~ 2  

• (;~' . :~,.~7~4) 

.69 . 3 ~ O  1 7  

. I I  . ,11017 
• ? 2  . .I I ~;;',3 

• ] 3  . £2231 
• ]| . .V_ , ~ l d )  

• 7f; . 43 :U ;7  

• ] ~  . 4 . ' , 1 2  ~ 
. T B  . .1",7(;2  

• '~0 . . ; * ; 2 x  I 

• ' d  .4,P~.",9 
• ~ 2  . .174:t ,~ 
• ~ ,3  . 4 . ' ~ ) 1 7  

• ~ , i  .4~ 173 
• ~ . 4 9 7 5 2  

• ~ . Cd ~.~ ~.t 

• It .5264." ,  
• ~ .5:12"23 
• H . .~ tm,2  
. ~ . ,543~j  
• ik$ .5495 t~  
• ~ . ,5.5,537 
. , =  . IBj 
• ~ I  . . '~;~,1 

• IN) . 5 7 2 7 3  
I . O t  i . 5 7 8 5 1  

0. 3 3 7 1 9  
• 343 .~ ;  
• 3:',041 
• 357(12 

• :{ 7{ )2.", 
• :{ 71k'.,~i 
• 3.'<¢ ! 7 
• : | 901  |.~ 
• :{ i0;G!I 

• I 1 ~;."~l 

• I g l l 4  
';! - - r  

• 1 . 3 .  ,, 

4429"; 
• ! 4959 
.I :",~i20 
• | o i ' ~  I 
4 6 9 1 2  

• .I 7~id ~'I 
• IS-~iq 
• 'a , ) i l ,  4 ~ 9 .  , 
• 4 q,"~ 7 
• .r~ ~24,~ 
• 5 ( ~ . ~  

• 5 1 5 7 ( }  

• 52~9:¢ 

• ")4215 
• 5 4 8 7 6  
• 5 & 5 3 7  

• .r~; 1 , ~  

• 57;321 
• -~ '  I ~ 2  

• .r~'t~ 13 
• 5;)501 
• g~) Itk", 

• 6 ~ 2 ~ ;  
• 614&~ 
.62149 
• 6 2 ~ 1 0  
• 63471 
• f i 4 1 3 2  
• 6 4 7 i l l  
. 6 5 4 5 5  
. 6 6 1 1 6  

O. 3793~ [ O. 4 2 1 1 9  
• :4~;7. ~ . 4 -~ .C5  
• 39121 . 4 3 ~ 1 2  
. 4 ( ) 1 6 5  .44fi2.~ 
.4l~, ;~1 . 1 5 1 5 5  
• 4 i t;.-'~l , 4~ ;2 . '~ !  

• -IL~¢'.ff , 4 7 1 0 7  
• 43 I ~ )  /471~31 
. 8:9~,~ I .; I '~D;0 
• 1.162.~ .4t.).s,47 
• .1."i~72 . .rd)t 13 
• Pillfi .5121q) 
• •1¢k~59 /.SL~ ~ ~,; 

• 4 , ~ i  17  , , ' ~ ; 7 1 9  
.49q~Jl  .5 ; ' , . 15  
• 19,~15 . &",372 
• Y~AS79 . .",~; 19~ 

• .,,(1..) 
• 5Lq)~'i .57~.51 

• ,~¢5,54 .59 / '~N 
• ,54L~.~7 . ~i033 I 
. 5 : ~ I 1  : f i 1 1 5 7  
• .",57&5 . ill  9 . ~  
• 5 5 5 2 0  . ¢;-.~!t) 
• .",727;] . 6 :~136  
• .'~'~917 .644ei:{ 

• lil~.PJ2 . / ; 7 7 l i 9  
• G 1735 . #i~5l#5 
; 6 2 1 7 9  . 6 9 4 2 1  
• ¢;3"~...rl . 7 0 2 4 8  
. t i3i~;7 . 7 1 0 7 4  
• *;.1711 . 7 1 9 0 1  
• ~i,51.5.'~ . 7 2 7 2 7  
• ~ ; 1 9 ~  .73 ,55 . t  
.6~1942 . 7 4 3 ~ 0  
• { iT#i~  . 7 5 2 0 7  
• t i l l430 . 7 ¢ i ~ t 3  
• 6 9 1 7 3  . 7 & ~ 5 9  
. 6 ! ) 9 1 7  . 7 7 ~  
• 7 0 ~ 1  . 7 ~ 5 1 2  
. 7 1 4 0 5  . 7 ~ ¢ , ~  
• 7 2 1 4 9  . 8 0 1 6 5  
• 7 2 S ~ 3  . S O r t 9 2  

. , 4 3 ~ t 0  . & 2 6 4 5  

I (). 4f ; :~; t[ .  0. "~')579 
• 4 7 2 7 J  . 5 1 5 7 0  
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; c~WXJ . Y,-1545 
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• 5515?~ . ~ ) P J ( i  
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• D ¢ ! . ~ 2  . l ~ i l 7 l  
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• *ib 1 8 2  . 7 4 : ~  

; 6~.aPJI i 7.~ii72 
.7(11~]0 . 76 :~d4  

• 7L~27 . 7 9 3 3 ~  
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• 7 5 4 5 5  ; ~ g i l 4  
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. 1 3  

. l i  
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. I O  

. 1 1  

• 1 2  

• l i  
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. 1 6  
. I T  

• I I  
. l e  
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. l l  
. i l  
• l i  
. 1 , t  
. 1 6  
• 2 7  
. ~ t  
. ~ l l  
. l i 0  
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• 5 1 5 7 O  
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. 0 4 2 1 5  
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• ( i S 4 : l l  i 
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• I M . ~ 5  

• ! ~2t14 

• I I ~ i 6 9  
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• 351"251 
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• 39339  
• 4 O 7 4 4  

. 4 2 1 4 9  
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• 4 4 9 ~ 9  
• 41;~t~ i-I 

• 4 7 7 6 9  

• 4 9 1 7 3  

• 5 O 5 7 9  
• . 5 1 ~ t ~ l  

• 5 : 1 3 , ~  

• . 5 4 7 9 3  

• ~ i l l l s  

• 576O3 
. 5 t t l  I l l ,  l 
, l i l l-113 
. i i l ~ l i ~  

t t l i l i l i  
117 I ' t q  
t 1 4 : 1  
7112414 

O. o ! 4 ~ %  
• (t;.~ltT<~ 
• 0-1463 
• ( i 59 ; { i  
• 07438  

• 1 ( t 4 1 2  
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• 1 3 : 1 , . ~  

• 14,  i l l  
. l, il 

• 171451 
• 1 9 ; t 3 9  

• .2nls~.~ 
. 2 : Z I  14 

• ~ l ,~ l~2  
• ~ 5 : , ~ 9  

• 2 t ) 7 7 7  

• 2 ~ ' h l t  

• . 9  ~ 5 2  
.312.11} 

• 327"- '7  

• 3 4 2 1 5  

• 3571Y2 

• 3 7  l l i ( i  

• 41i ltk5 
. 4 1 i k ' d l  

• 4 3  i 4O 
• 4 4 i ~ . . ~  

.41 i116 

. 4 7 , ; I K I  
• 411O91 

. f i ! I :~79 

• 521~I; 
• r¢ . t5 , '14 

. ,r"¢i i t  I 

• , r ,k '329 

• , ~ 1 1 7  
. .rl951 l.t 

• l i t  1 ~ 2  

• 6 2 4 7 9  

• 5 3 g I i 7  

• i k M  .%~ 

• i l i 9 t 2  
• f~4:¢ ) 
• i)~Jl 7 
• 7 1 4 O 5  

• 7 2 ' , t ~ 1  
• 74:04 t  i 

O. f l  1 5 7 0  

. ( l ~ i i , t l l  

. ( i - t 7  i 1 

• ( i71 '¢~  1 

. 0 0 4 2 1  

• 12 .562  

, .  1 4 1 3 2  

• 1 5 7 0 2  

• 1 7 2 7 3  
• 1,~143 

• 2 1 q  13 

; 2 1 9 ~ I  
• l l '  I~ 

• - i ,  k%t 
• 2 . 5 1 2 i  
;;21",ti~4 

• ~ 4  
; 2rtlCL~ 
• 3 1 4 1 i 5  

• "I=~i75 

. 3 1 5 1 5  
• : ~ i I  l t i  
• :! 7tk~lt; 
• "9,;251; 
• 41 t ~ 2 6  

• 4 ~ . ¢ . , 7  

• 4 ' 3 ~ ; 7  

• 4 5 5 3 7  
. 4 7 1 1 1 7  

, 4 ~ ; 7 , ~  

• .50:L41,i 

. 5 1 . ' I I ~  

• :~13~,4 

• 5,t9;#,i 
• .r~ kS-~ti 

• .~ , i  s.~,t 
• 5 t ~ 1 6 9  

• t i l 2 ~ )  
i tik~l 11) 
; tTl 3,~Ii 
• I krdtYlO 
; t l7 ,~71 

• 7 i  I¢I~, I 

7 ; l l l v ~  

• 7 , ~ 1 7 2  

• 7 , t 0 4 2  

• 7I, I.512 

. (i. () ! 6,~1 
• ( ~ t3116  
• O495t 
; l l i i i i l l  
• ( ~,121i-I 
; l l t~ , i l7  
, ! 1 ; , 7 ( i  
• 1 3 ; . ~ i  
;' ! 4~176 
; i 6,5~,I 
• 18187 
• ! I l l , i S  

0 . 0 1 7 3 5  O . ( ) l S l ~  
. (KILT I , ; (K~li3ti 
; 0 5 7 0 7  . tl,%l;~$ 
• 0 6 9 1 7  . 0 7 ; , ~ 3  

; ( t~ll)7~ :09091 
;' l i l l l 3  . I I ~ l l ~ i  
. 1 2 1 t 9  . 1 2 7 7 7  
• 131~,~4 . 1 4 M 5  
." l r l i ~ )  . I11364 
'. 17;k%5 . ' ! , I i 1 8 2  

I , m i  ' ; - ~ l i l l 0  
. ; '211~IL~ : 2 1 1 ' ! 1 8 '  

I 

° )  * ,. i l l * l . * , l  ~ 
• .  1 . t ~ 8  '~'~',~:') • ~ . ~ , m ~ i .  . . . * M b M I  

Z l I I I I  . 24;.~.i7 ' ." '~'d~.,,~.,,'l 

• 2.17'.~1 

; 3 i 4t 15 
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.34711 
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• 31~III 7 

; 4 1 3 ~ 2  

• 4 4 6 = ~  

• 4i72~1  

• 4 7 9 3 4  

. 4 0 & ' ~ 7  

• 5 1 2 4 0  

• M . ' ~ 5  

..,51; I ~.J~ 

_ 5 7 , ~ ¢ d  

i l l  ! ; ,7 

• t i I l l T I  
• I ~ i 1 1 6  
• 1;7769 
• 69171 
• 7 l i i7,1 
!) 7777~7 
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.7,1n'i3 
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• ~1339 
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; : ~ I H 7  41111111} 
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, tkr, g h l  t ; i ~ t l ~ t  I 
. ,.17til4tl .711tl119 
, i 1 9 i 7 1  ,. 7 : , ¢ ~ , I  

. 7 1 1 . 5 7  . 7 1 M 5  
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• ~ ; 7 7 7  . til#dOIJ 

21  I I I  

0 019111 
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