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The arobbem. m l y  i n  19b5 t h e  d e e i m  department submitted t o  the  

l a b o r a t o r y  R drawing of a l a t e r ~ l  turnaat whlch W R S  t n  n a s ~  flows UD t o  

and inc luding  5 second-f e e t .  The flow thrm,$ t h i s  ti:rnout wns t g  be 

c o n t r o l l e d  by an o r i f i c e  ga te .  The l abora to ry  w t ~ s  apked t o  hu i ld  A model 

of t h e  s t r u c t u r e  end i n v e s t i c a t e  t h e  use  of var iuus  mcnsurinq d e v i c ~ ~  

for de t e rmin ing  the  flow throw$ the  l o t e r a l .  

tbs t  p r a c t i c a l  methods of measuring the flow had been t r i d  cnd 

found t o  be unsucceseful i n  one way or  m o t h ~ r  when a t t e n t i o n  w : ~  c ~ l l e d  

t o  the  Clausen-Pferae 'Pniversnl Weir G n ~ e .  I t  WP-s remer-tmd t h a t  t h e  

I .a?)orctvy obtain one of thefie cC.ses ~ n d  i n v e s t i m t e  the  ? n s s i b i l i t i e s  

of u ~ i n p  i t  t o  me~.sure f l ow throw$ the o r i f  ics tu rnouts .  Should the  

gaw perform as indicated by the  compny, i t  w w l d  be i d e a l  f o r  t he  

l r t e r ~ l  turnout  measurements. 

S u n r a y .  A &foot  wei r  ence w a s  obta?,ned from a f i e l d  nra.lect fcr 

t e o t i n g  i n  the  l a b o r ~ t o r y .  The tpst  p r o q r m  cons is ted  of o?,l;. P. few 

runs on p w h  ~f s e v e r ~ l  tjrpss of weirs under both free-flow and sn'bmerged 

con+-i t ions.  Several  f u l l y  sun-resand c e i r s  kk.75 inches v i d e  .-.nd of 

va r ious  he i ch t a  were t e s t ed .  me c r e s t s  of these weirs were 2 inchsa 

wide. Later ,  t h e  w e l r ~  were shortened t o  2 f e e t .  Tnis chance c ~ u e e d  

and contr.:ctions which were elirninat-d hy p1kc:s.i: 2- by 2-inch p i ~ c ~ s  

oc t h e  i i ~ s t r e m  f ~ c e s  of t h e  weirs  ptjr.?,l?el t o  the  a ides  of t h e  no tches  

and back 1.5 i n c h e ~  as  shown i n  Sketch 17, P~yr;e 6 .  Eliminat ion of the  

enc! zoct r  . r , t ions  v s nece-s: r:; : in-e the  weir ;::ice w a s  c::l!brr.ter! f o r  



w e i r  w i t h  c r e s t  c o n s i s t i n ; ;  of a ~ i o c e  of 12-&ace g a l v a n i z e d  i r o n  s e t  

4 f e e t  aSove t h e  c h a n n e l  f l o o r .  

In e v e r y  t e s t  t h e  disi;hari;ea recorded  by Lhe w e i r  gage were h i s h e r  

t h a n  t h o s e  recorded  by t h e  l a b o r a t o r y  v e c t u r i  mete r s .  The maxinun dev- 

i a t i o n  was 19.7 percent, .  There was no d e f i n i t e  p ~ t t e r n  of e r r o r  i n  t h e  
1 

s e r i e s  of t e s t s .  Some t e s t s  c o n s i s t e d  o f  rebciin,; t h e  Gage s o v e r a l  times 

f o r  %e same d i s c h a r g e .  I t  was shown t h a t  oze  s a n  r e a d i n g  t h e  sane d i e -  

char;;e over  t h e  saqe  n e i r  a t t a i n e d  an accul-acy of  o n l y  2 p e r c e n t  i n  

repeh ted  obser.;atiocs. The b r i e f  d a t a  i n d i c a t e s  t h a t  g r e a t e r  a c c u r a c y  

i s  o b t e i n a b l e  w i t h  n f r e e - f l o w i n g  w e i r  o r  w i t h  a v e r y  d e f i n i t e  d rop  i n  

w a t e r  s u r f a c e  a c r o s s  t h e  c r e s t  of a  submerged w e i r .  

n ,he w e i r  ;;age was  b a d l y  worn and b a t t e r e d ,  a  c o n d i t i o n  which rnicht 

? o s s i b i y  cause  t h e  l a r g e  e r r o r  i n  r e a d i n g s .  T h e r e f o r e  i t  was r e t u r n e d  

t o  t h e  r o j a c t  and test in^ doiayed u?til a  new 4- foo t  cage  was o b t a i n e d  

f t o n  t h e  Clausez-P ie rce  Company. 

T e s t s  w i t h  the  new i;e&e were made i n  a  c h a n n e l  5 f e e t  wide.  The 

s a n e  t y p s  of  w e i r s  were t e s t e d  a s  ~ i t h  the  o t h e r  gage e x c e p t  that  no 

t e s t s  were made on t h e  w e i r  of  12-gage meta l  ment ioned above. 3x1 

e d d i t f o n ,  two w e i r s  5 f e e t  wide w i t h  c r e s t  w i d t h s  of  3-5/8 inches  wero 

t e s t e d ,  In aLnost  e v e r y  run t h e  d i s c h a r ~ e  r e c o r d e d  by t h e  gage w a a  l e s s  

t h a n  that recorded by the l a b o r a t o r y  v e n t u r i  m e t e r s .  The maxiim dev- 

i a t i o n  was 10.9 ~ e r c e n t .  G e n e r a l l y  speaking,  t h e  r e a d i n g s  which were 

most  a c c u r a t e  e n d  t h o s e  which were h igh  werc o!:"&ined on f r e e - f l o w i n g  

w e i r s ,  o r  on wei r s  nav ing  a d e f i n i t e  d ro?  in w a t e r  s u r f a c e  e c r o s s  the  

c r e s t .  

The d a t a  ob ta ined  by t h e  l a b o r a t o r y  i s  n o t  cooi::,lete and ~ h o u l d  n o t  

5e  taken a s  conc lus ive .  However, t h e  e r r a t i c  readir ics  and n a ~ c i t u d e  of  

Z 
e r r o r  i n d i c a t e d  by t h i s  d a t a  was s u r f  i c i e n t  t o  w a r r a n t  t h e  recomaendation 

t h a t  t h e s e  gages n o t  58 l e a s e d  f o r  w a t e r  !r.easurenent o n  t h i s  prc l jec t  

w i t h o u t  f u r t h e r  study. I t  was a l s o  reconmended that u more conple te and 
> 

e x h a u s t i v e  t e s t  program w i t h  t h e s e  Gages be c a r r i e d  o u t  b:r t h i *  laSor-  

a t o r y  a t  sme f u t v ~ r e  d a t e .  



'deir  C~.ge i t  i s  anen t o  be i m n r ~ c t i c n l  f o r  Ficcurrrte u s e  on such R wide 

v r t r i e t y  of w e i r s  A S  may be eqcc t ec?  on l r r i ~ r ~ t i o n - u n t c r  d i s t r i b u t i o n  

systems. I t  i s  ransonnhle  t o  e m e c t  t h a t  R weir  Ee;clp;e of t h i s  t ~ v e  cr.1- 
s 

i b r n t r d  on n v n r t i c u l ~ ~ r  tyne o r  s t y l e  of we i r ,  submer~ed nr  f ree - f lowine ,  

would bc nccur7:te f o r  m y  weir  nf t h ~ t  s t y l e ,  shape ~ n c !  s e t t i n e .  However, 
" t t ~  ?PFCT'CF. of submert-price, w n t ~ r - ~ - ~ r f r r c e  d r o ~ ,  c o n t r n c t i o n s ,  ~ n b r n ~ c h  

~ c : r C i t i ~ l n ~ ,  i nc lue ing  vel o c i t y ,  ~ t c . ,  i:f f c c t  the c n l i b r ~ t i n n ;  t h ~ r e f n r e  

t h e  r : .Te  i s  n a t  fis w i d ~ l g  a ~ 3 l i c ~ b l e  n s  i s  sonctinps be l i sved .  

F r i n c i n l e  of t h e  Slnusen-Fierce  Wair Go.=, Fressrr,. Clnusen and I 
P i e r c e  f i r s t  d e v ~ l o p ~ d  ;! m l c  f o r  mensurinq wnter aver -t fr-e-f lowing 

weir . l /  The i nven to r6  wcrk~d on t h e  theory  t h ~ t  t h e  . t ~ l o c i t y  herad m i ~ h t  

he  t r sns fomet l  i n t ?  s t : : t i c  head by i n t rnd l l c i nc  rn o b s t r ~ c t i o n  i n t o  t h e  

6 t r e 1 ~ ~  n t  the  c r c y t  ox? observ inq  t he  h e i + t  t c  1:hich the wxtqr w r 3 l . d  

c l i c b  t h e  f:,ce. They f i-rured t h h t  t h i s  rhou ld  qiva the t h e o r e t  icnl hend 

i n  t he  brtfii c  f rep-i ;elr  f  cmcla, 2=CLH 1 / 2 7 ,  which would anlv need 

nodif  i c a t i o n  by ! n t r ~ ? u c t i o n  of t h e  m l u e  f o r  t h e  c o e f f i c i e n t  of  d i s -  6 
chnrqe C ,  t o  r i v e  t he  c o r r e c t  f low.  Knowing t h e  va lue  of Q, nnc! H, t h ey  

I were a b l e  t o  2 n t ~ ~ n i n e  t h e  vc-lue of  C ,  which a m l i e d .  The ups t r enn  t a c o  

of t h e  m l c  x.nc graCunted tc  r e d  t h e  di3chnrcre corres~onc7,inp; t o  t h e  

p r t i c u l h r  h e ~ t ? ~  f o r  1 inch of l e n e t h  of weir c r e s t .  This  s i r n a l i c i t y  

made i t  ~ o s s i b l e  for a ditch r i d e r  t o  d e t e r ~ i n e  ~ c c u r ~ t s l y  t h ?  deli*?- 

p r i e s  of water over  f r e~ - f l owin ,y  wei r s  by h o l d i z n  t h e  m l e  vnr t !cn l ly  

3z t he  c r e s t  xrld re:  in^ t he  h i z 5 ~ s t  wetted e rndun t i on  on i t s  f n c c .  Th ia  

n~.mber, mui t ip l iec!  ?y t h e  wiztk of tthp weir  i s  t h e  discf~:,rqe i n  tk.e u n i t  

Kr .  .iur.teii on the :cd, The rille was co1ibr::tod t o  ~ l v c  moot nccur :~ te  

r e s k t s  with Cir\ .r \olett i  Qr f u l l y  sunpressed w e i r s .  

I n  t h e  Salt i i i v e r  V ~ l l e y  t h e  aubnerced weir i s  fr:r marc conmon thnn 

t h e  f r e e - f l o v l n g  ve i r .  Th i s  l ed  Clnusen nnd P i e r c e  t o  dev~lon what i a  

1 / l i7rhi :~co ' , t ,  *:. 3. , "liydraulir, ?-'wcltrin.- Stick, ' I  ;.(o:;t~r!i Cnn-t ~ : c -  - 



They work~c! on t h e  b n a i e  thr-t  the d i ~ c h n r q t ?  over  a submer~ed  we i r  i e  

Comno~ed of two p n r t s ,  t h e  ~ c r t i o n  cbove t h e  l e v e l  af t h e  downstream 

a u r f ~ c e  of t h e  m t e r  b e i n g  r e ~ r d e d  ns a f rce - f lowing  we i r  and t h e  por- 

u t i o n  below t h n t  l e v e l  RS R submereed o r i f i c e .  To a r r i v e  a t  t h e  d i s c h a r g e  

of s suhmerced wei r ,  bo th  t h e  upstrenm nnd t h e  downstream heeds  m o t  be 

determined. The method of o b t a i n i n g  t h e  unfitream head had a l r e a d y  been  

solved i n  t h e  "fiinl:le cage." The remaininf: r rohlem involved  diecov- 

In6 m methrd of d e t c r m i n i n ~  t h e  dotmstrea. .  hend azrl a way of h o l d i n g  t h e  

rod on the  c - e s t  w i t h  the  ze ro  g rndunt ion  at t h e  l e v e l  of t h e  lower  hend. 

The f f n n l  s o l c t i o n  c o n s i s t e d  of n ~ l ~ i n  qlnss  mmomctsr t c b e  a t t a c h e d  t o  

the back of t h e  rod ,  Fi-re 1. I t  had a h o l e  s l i q h t l y  lens  t h m  1 /16  inch  

i n  3 i a n e t e r  i n  t h e  bottom closed by  n need l e  valve wi th  i t 8  etsm extend- 

inrt up thrvae;h t h e  t c h e  pad p r o j e c t i n g  t h r o ~ ~ h  t h e  t op  t o  form a conven- 

i e n t  hnndle. A second nenber was added t ?  t h e  " s i 5g l e  r u l e "  t o  form an 

e x t e z s i ~ n  roc! s i ~ i l n r  t o  R .Philadelphia l e v e l i n g  rod.  The manometer i a  

e t t nched  t o  t h e  m e t n l  ~ l i d e c  & i c h  form n ~ ~ r t  of t he  f r o n t  s e c t i o n  and 

ho ld  i t  t3  t h e  bnck s ec t i on .  Th i s  pe rmi t s  t h e  nanometer t o  be lowered 

o r  r : i ~ e h h l l c  t h e  back  gcc t i on  i a  he ld  s t a t i o n a r y  on t h e  c r e s t .  A 

s l i 2 i n z  vernier  s c p l e  is  n t tnchad  t o  t h e  ncznometer f o r  s e t t f n ~  t h e  water 

l e v e l  i n  the  tube. Ch.i t h e  back ~ s c c t i ~ n  of t h e  rod, nd jzcen t  t o  t h o  

v e r n i e r  tichle, j r  t L e  "C "  r c . l e  on which 1 s  read t h e  downstre,m heed of 

n s7lbner~:ed w e i r .  The ze ro  of t h e  "C" ecn le  is t h e  f o o t  of t h e  rod as 

i s  n l c n  t % e  zern  r*f t k e  "Af' and "3" s c ? . l ~ s .  On t h e  f r o n t  s e c t i o n  of t h e  

ro4,  ap7 ,1~cen t  t o  t h e  "3"  r c . 1 ~ ~  i s  r, v ~ r n i e r  f o r  s e t t i n q  t h e  ze ro  of t h e  

f r o n t  section :.t tbc level of t h e  " , h ~ s t r e m  head. 

%c- f . ~ ~ ~ r ~ t : c f l  fcrw1:., 2 CA m, with a e u i t a b l e  c o e f f i c i e n t  

2 ,  ;-ives t h e  rl1sch;)rre nf tc .e  o r i f i c e  c c r r ~ s n o n d i n f :  t o  t h e  same hend 

-iets\rrnin~f? ;.r.lrhicn?ly ?>y t h e  w r i r  c,?Ee. A ent1sf : ic tory c o e f f i c i e n t  wae 

..$ determine3 by e q : ~ r i r n c n t ,  u r !  n second s c n l e  crndurtted an t he  u p s t r e m  
E.  7~ ~f t3e r-c! Fg' t : ? ~  c i a e  nf t h e  f r ~ p - f l o w i n p ;  weir  s c n l e ,  o r  "AH s c a l e .  

I' T: P c r r r n '  r;c;.lp, Or - s n r ? ~  ,;ivec the  Aischnrqe f o r  ench square Inch  



he ich t  of the  o r i f i c e .  m i 8  l o  mul t ip l i ed  by the number read at t h e  

h iehes t  W H R ~  on t h e  o r i f i c e  sctlle t o  ob ta in  t h e  diecharge of t h e  sub- 

merged o r i f i c e  f o r  ench l . l n e ~ 1  inch of weir c res t .  Thia df~charqe 

added t o  the dischnrge per l i n e a l  inch of the free-f lowing weir and t h e  

sum mult i3 l ied  ty t h e  length  of the weir gives t h e  t o t ~ l  diecharge. 

Operfition of the  ~ w e , o n  f r e e - f l m i n ~  weirs. There a r ~  a few 

simple pracautions t o  he  ob~srvad t o  a b t ~ i n  accuracy an a free-flowing 

weir ,  according t o  the  ins t ruc t ions :  

1. The dischnrqe must b6 f r e e .  That i s ,  t he re  must be n 

c l e a r  drap from the  c r e u t  t o  t h e  surface  of t he  wnter 

below. 

2. A i r  mast h ~ v e  f r ee  aecesfi under the  f a l l i n g  sheet  of 

water. 

3. The w ~ i r  c r e s t  ~ h o u l d  be nrclcticcil1:r l e v e l  and the f a c e  

sube ta r t in? ly  v e r t i c a l .  

. The weir should be r t t  r i e h t  ~ n g l e s  t o  the flow of the  

b~ater .  

5. In  t h e  choice cf 9- weir s i t e ,  vrhethor free-flow in^ 

o r  subm~rced,  t h e  l oca t ion  uhmld be 02 a e t r ~ i c h t -  

nwny n-~d o u f f i c i e n t l y  f a r  from gntes ,  checks, o r  

o ther  s t r u c t a r e s  c r e a t i n g  wave ac t ion ,  t o  msure a 

r e a s o n ~ h l y  smooth epnroach nt the weir. 

Tie  C O J X P ~ L X I ~  st?- t  PPU, i n  t h e i r  a ~ l e e  l i t e r a t u r e ,  t ha t  nn e l ~ 3 o r a t e  

weir s t r u c t u r e  i s  n q t  reoui rsd  f o r  us ing  t h i s  gage. The l i p  on the c r e e t  

of the weir need be only s l i g h t l y  above the bottom of t h e  chnnnel, and 

the  l e n ~ t h  of the  crest shotild be p r a c t i c a l l y  eoual t o  t h e  bottom width 

of t h e  channel. A *r:ide latitude i s  ~ l l o w a b l e  i n  t h e  chnice of r: weir 

c r e s t ,  which mey be e i t h e r  1-, 2-, Qr ?-inch matar in l ,  whichever i s  m o ~ t  

convenient. This is $rue of e i t h e r  a f r s p - f l n w i n ~  or c submer~ed weir. 

Provi;ied t h e  rod i s  held or the  cen te r  of thp c r e s t  of e i t h e r  R frre- 

flowin? o r  :* n u l ~ n ~ r ~ e d  weir, n l i t t l e  v : l r i ~ t i o n  from l ~ v e l  i n  t h e  c r e s t  

o r  3 lyh~bnsae  on t k , ~  f .:P 3f t!:e is n~r . l iq i3 lo .  I t  i s  lmnort:~nt t o  



$0 the  accuracy of me88urement~ m ~ d b  In n crvde e t ~ u c t u r e  or by moms 

of rough f l ~ e h  boarda eet  i n  an exicrting structure, 

According t o  J. B. ~ippincott ' ,&,/m immediate temporary decrease i n  

the r a t e  d flow reoults f rom in t roduc in~:  the  rule i n to  the n t r e m  md, 

eepecia l ly  i n  A long channel, eome time w i l l  he required f o r  the  back- 

water curve t o  become s tnb i l i zed  and for the o r i c i na l  r a t e  of flow to be 

re-established. This i s  t r ue  f o r  e i t h e r  type of weir. In p rac t i ce ,  how- 

ever, i t  wae found thnt  whatever inrrcrmrncy mny ex i s t  due t o  t h i s  condi- 

t ion,  the  se lec t ion  of the c o e f f i c i e ~ t  C. i n  the  formuln made i t  possible 

t o  get measurements eo clone t o  t he  indicntionn of the control  usad, thnt  

the difference was not meaewetthls. k'hen the width of the w ~ i r  wns 

reduced, the  re ding^ would naturally be somwhat h i ~ h ,  hut even et a 

width r ' ? f e s t  or under, the  error  v t : ~  l e f i ~  than 5 percent. It wnti dia- 

zovered that a contrc.cted weir colzld be e ~ n i l y  converted t o  (1 supnrensed 

weir by na i l i ng  2- by 2-inch f i t r ipe  on the apotream f ace  of the weir, 

pnallel t o  the  s ides  of the notch find se t  bbck about 2 inches. Then 

the vein of water w i l l  be made t o  g tn r t  i t s  contr:tction before reaching 

the edge of t h e  weir notch and tho edge of the stream w i l l  then pass 

throw$ the notch normal t o  i t  and without any decrasse i n  sect ion,  ~s 

ahown on Sketch 1, Page 6. 

.- - 

Ibid,  Paee 3. 





o r i f i c e  p f c t  of the  weir. Thie plua 2.50 give8 7.72 for t he  t o t a l  dim- 

charge p e r  l i n e n 1  inch  of weir c rant .  For R 50-Inch c r e s t ,  the  t o t a l  

d i s c h n r ~ e  of t h e  weir would bc 386 Arizona !?inerfe Inches f o r  t h i s  gage. 

An Arizona Ylner 'e  Inch i s  equ~l t o  one-for t ie th  of a eecond-foot. 

The Clnu~en-Pierce l i t e r ~ t u r e  st:ltas t h a t  an edvmta.?;e of the mb- 

merged weir ns uned with the  C l~uee r -P ia rce  Gage i s  t h e  ease with which 

i t  m a y  be ndnpted t o  c h m , ~ i n g  condltione. In large canela,  i n  seaeone. 

of low f l q w  nnd connenuent low hend, refinement of mea~urementa may b e  

oh t~ . ined  r.t n e q l i c i h l e  coot by r a i s i n g  the  head on the weir t h r o w  in t ro-  

duct ion of temnorary bortrde a t  the   ides t o  narrow t h e  weir opening. 

Lose of hevd due t o  ~.ccumulotion of u i l t  o r  waeds m a y  be quickly compen- 

sa ted  f o r  Sy r n i s i n ~  the  wsir c r e ~ t  enoupfi t o  qive the scant inch d i f f e r -  

Pnce which i~ m f f i c i e n t  f o r  t h e  accurate onera t ion  of the @gee 

Lnboretory t o s t s  with n &foot Clnusen-Pierce Weir W. The first 

t e s t  t r ~ s  on L f u l l y  su~f3re-sod weir c o n p i s t i n g  of n 2- by 6-inch t,fmber, 

L1L-?/L inches lonf: p l~ iced  on ea@ i n  the  bottom of EL r e c t n n a l a r  urUrnnel. 

A l l  dntn accumulated i n  t e s t s  made with the weir Eane Is shown In  tlnbler 

uki ch f o l l o w .  

Type of :A3u : by l h b o r ~ t o r y :  Q by C7 nunen-Pierce:Difl'erence:Percent 
weir : : venti l r i  meter : Weir Gate . : difference 

Submereed: 1 : 7.32 sf b.06 sf : 0.2h sf : ?: 6.0 
Submereed 2 :  3.56sf : '~.02 sf : 0.Y sf : +ll.& 

!3ubmere;ed : ?,56of : 7.90 sf : O , % e f :  + 8.7 
Submerged & : 7.56 sf : L.32 nf : 0. $6 sf : + 17.6 , 

- - - - - -- 

The s m ~ 1 3  f r o ~  i n  wirrter ~ u r f n c a  eeemed t o  be responsible f o r  t h e  wide 

direryence 3n r n n d i n ~ o .  

The second weir teo tsd  was tho s m e  as t he  first except t h a t  it aon- 

~ i s t e d  of twcl  2- hy 6-inch p l ~ m k s  placed on- on the other i n  t h e  same 

channel. Seven nuls wqr. m:ide on this wair. 



-. 
f t 

Type oi{RunI Q by laboratcryl  Q by ~ l n u s a n - ~ i e i c s  in i f f  erence i ~ s r a a n t  
1 -  weir 8 : ventur i  meter : Weir Os.ce . : dif ference 
I 

I 
Submerged r 1 : 3.55 ef : 3.88 sf : 0.33sf: + 8 , 5  

I -  Submargad : 2 : 3.55sf : 7.81 af  : 0.25 s f :  + 6 .8  
Submerged : 3 : 3.55 sf : 1 ~ ~ 4 . 2  sf : 0.R7af :  +19.7 

Submerged : Ir : 2.75sf  f 2,,83 sf : 0.08 ~ f t  .t 2.8 
%bmer~ed : 5 : 3.82 sf : h.02 sf : 0 . 2 7 s f :  + 5.0 
Free-flow : 5 : 3.55 sf : 3.59 sf : 0.112 sf: - ?.8 
Free-flow : 7 : 3.55ef  : ?.7e sf : 0 . 2 3 s f :  + 6.1 

The t h i r d  weir t e e t a d  was t he  scune ns the  second only with a third 

2- by 6-inch timber placed an top uf the f i r s t  two. Six runs were made 

on this weir. 

Type of :Rant Q by lakaratory: Q, by Clansen-Pierce:Diff erencet Percent 
weir : : venturlC muter: Weir Gage . : difference 

Submerged: 1 : 3.84 d : b.39 ef : 0.55 ~ f t  +13.0 
Submerged: 2 r 3-61  ef : 4.08 af : 0.211 sf: t 5.3 
Submerged: : 3.81 sf : 4.15 ef : 0.31 a f :  + 8.1 
Submerced: : 3.35 sf : 3.57 ef : 0.21 sf :  + 5,'j 
Free-flow: 5 : 3.86sf : k . 0 5 s f  : 8.22 d :  + 5.7 
F r e + f l a w : 5 :  1.86sf : b . 0 2 ~ f  : 0.18uf :  + L.6 

- 

The f o u r t h  weir wa8 the same ao number th ree  e x c e ~ t  thr-t the c res t  

Ienp,th was rhortened. t o  two f ee t .  The r ~ n u l t i n g  we i r  h ~ d  end c a n t r ~ c t i o n a  

which were eliminated hy placing two 2- by 2-in& pieces pn rn l l e l  t c  t h e  

edges of the notch pad back 1-1/2 inchee. Nine rms were made on t h i s  
.,I weir. 





were consistently h i ? h  but  wore not  e rn t i c .  T h ~ y  shn:~ t h p t  n nerson 

c m n o t  rerd c l o n e r  than 2 percent  i n  ohsorvinc t h e  s m e  dinchnrge over 

I the  same weir. 

me of :P.uI: 2 by 1:15or: tcrp:  Q by Clnusen-Fierce: I)iffcrence:Porcent 
weir : : ven tu r i  meter : Welr G n ~ e  : d i f f  ~ r e n c e  

F r e e - f l o w :  1 :  5 . 2 4 t i f  : 5.42sf : O.?4 sf: 4 6.q 
Fre-flow : 2 : 5.26 sf : 5.58 sf : 3 . 3 2  sf: + 4.1 
Free-flow : : 5 . 2 6  ~f : 5.52 sf : c.26 sf:  + k e g  
Free-flow : h : h . 7 k  sf : b . 3 5  sf : c.13 sf :  + !!.!L 

Frce-flow : 5 : !1.7b sf : z.qk ef : O.?O c f :  e 5.0 
Free-flow : < : I!, ?k. nf : 5.3L sf . n .?O c f :  -7 5.3 
Free-:lob : 7 : k . 2 3  r.f : 1 .56 uf : 0.34 sf: + 7.3 
Free-flow : 8 : 1:. ?) ~f : L1.50sf : 0.27 sf: + / . ,b  

Free-flow : 9 : '.55 sf : 1.72 sf : 0.17 sf: + h.8 
Free-flow :1C : =.55 sf : '.72 ~ f  : 0.17 s f :  + 1:.3 
Free-flow :I? : '1.!:7 sf' : 2.5P sf r 6.15 sf: + 5.2 
Tr~=-flow :I2 : : . ! ; - I  rf : ? . . ' j ? n f  : 0.10 ~ f :  + h.1 

F r e e f l o w  :1? : 1 . 1 5 ~ f  : 1.29sf  : C,lb sf :  t12.2 
-- 

I weir t o . ~ t e d  w i t h  t h i s  p - r e  W i r i .  n i l d e  by > l ~ " ~ i r . . -  i i  -?-5/F)- l ~ y  ?-5/e-inCh 

I t imber  ecross t he  h c t t o c  of n S f  o c t  c h ~ n n e l  to farm P full J R U Z D ~ ~ S S ~ ~  

weir. Ten mr; were rn:-lJFb w i t t i  t h i e  W P ? ~ .  

W d e  of ::iun: 2 by 1:lbori-t-r?;: ? by Clriusen-Pierce: D i f f  erence:?ercer,t 
weir : : v e n t u r i  meter : Weir Snce - : t i f f e r a n c e  

Submor~ed : 7 : l 7 . w  sf : 3.8b sf : 9.56 sf: - 5.5 
11.70 ~f : 9 . 9  sf : 1.19 sf: -10-3 

S~J!)I?.CI">:C~ : L : 17.::6 sf : 1'.64 5f : O . J l i 3 s f :  + ?.3 
Su?!n*:.r.:c,d : ' : 12.97 sf : l'.f.r, 8f : 0.78 sf: + 7.9 

. Su:,ncr;:rd : 5 : 1 . 1  s : 1!:.?5 sf : C.79sf :  + 5.6 
s l l : 7 ~ ~ r ~ r , - p l :  : 7 : 7.72 sf : F y ? h  sf : 0.9" sf: - C1.1 

Suin~r.-ed : 'i : ?.72 e f  : 9.12 sf : 0.50~f: - (. 2 
Suh~er.?cd : 9 : lC.22 sf : 3.?7 ~f : O . ? ? R ~ :  .- ?.' I  

3uhl:err:ed :IT! : I?.?? sf : 9.?0 sf : 6 .72  GC: - .. . 0 r' - -------- -- - ---.------- 



h1,aer  thnn t hose  ind ic r l t ed  by tho l a h o r ~ t o r y  v e ~ t u r i  meter. There wae 

R stnndine: wrlve downfitreon from t h e  1:eir i n  t h e s e  m a ,  meaning thnt 

t h e r e  w a s  a ve ry  definite drop i n  wnter su r f ace  a c r o s s  t h e  weir', There 
wns l i t t l e  droy i n  water surfnce f o r  t h e  low d i s c h n r ~ e s .  

The second weir t e s t e d  with t h e  b-foot gnty c o n s i s t e d  of another  

3 5 / 9 -  by 3518 - inch  timber ? l aced  on t o p  of the we i r  used  i n  the  pre- 

c e d i n ~  t e s t  cnd s i x  runs mnde. 

TEST 2-2 

- - - - 

?me of :3m: 2 by lnbor~ . . to ry :  2 by Clausen-Pierce:  Diff erenee:Percent  
we t r  a e n t u r i  mete r  : Yeir  Cnce : d i f f e r e n c e  

Submersed : 1 : 0.94 sf : 9.58 sf : 0.6b sf : + 6.7 
S u 3 n ~ r ~ e d  : 2 : 7.22 sf ? . l ~ , ?  sf : 3.20 sf : + 2.7 
S u h n c r ~ e d  : ? : 10.38 sf : 11.00 sf : 9.52 sf : + 5.5 
Submereed : 4 : l O . ? O  sf 13.P.l sf ' : O.&3 sf : + Lr.0 
S u b n ~ ~ r p d  : 5 : 13.76 sf . 13.75 sf : 0.77 sf I + ? . l r  
Free-flow : 5 : 11.W~ sf : 11.70 sf : 0.111 sf : - 1.1 

The t h i r d  weir ,  56 inches  wide and f u l l y  supmressed, c o n ~ i ~ t o d  of a 

5-5/16- by 1-?/1.6--inck timber cl aced on o d e  i n  t h e  ).ottom of a rectangb 

u l n r  chr~nr,el. Six run6 were mnde on t h i s  we i r ,  two of them with t h e  weir 

submerged. 

r. Ijlne of :  ?u: 2 5;. liltor:-tcry: ; by C inus~n -P i e r cc :D i f f  erence:Percent  
veir : : v e z t u r i  meter : Weir &:a8 : d i f f e r e n c e  

Su%nnrge?: 1 : lo . ' . ?  sf : 1*:.115 sf : 0.03 sf: + 0.2 
Subn.r,p?: 2 : q.71 sf 9.20 sf : 0.51 sf:- 5.3 
Free-'low: ' : 12.3' sf 12.72 sf : 0.67 s f : -  5.0 

Free-"low: L : 13.69 sf 1?.15 sf : 0.5b e f : -  b.1 
F r ~ c - f l o w :  5 : 17.79 sf 11.42 r?f : 0.47 sf: - ? *  . , 
F r ~ ~ - f l o ; d :  / : ! 1. sf 11.20 sf : 0.10 sf:- 0.9 

?he fnu r th  w e i r  s t h e  srAme n a  t h e  thIr.1 c r c e ~ t  t h n t  i t  WP.S 

! 7 - 5 / 2  inclirrr n i . - ~ v -  t.he rh:.nnel f l r n r ,  Srvan runs  wore rnsi5e on t h i s  w e f t ,  

cn''r 'f -hi :?, : . : e r V - r  ~ ~ l b r n ; " q ~ d  con-?: ~ ~ O C E .  



T n e  of :Run: Q, by laboratory:  Q by Clnusen-Pierce:Differance:Percent 
weir r : v e n t u r i  meter : Veir G ~ g e  . . : difference 

Submerged: 1 : 9 . 5 5 s f  : 9 -65  s f  : 0.00 uf : n,0 
Submerged: 2 :  1 0 , j h a f  : 9.QQ s f  : 0 . 6  s f  : - h.L 

Submergod: 3 : 11.22sf : 10.36 ~f : 0.86 sf : - 7.7 
Submerged: b : 11.99 s f  : 11.20 s f  : 0.79 sf : - 6.5 
Free-flow: 5 : E.94 sf : f?.b s f  : O.5L 6f : - 4.0 

Prae-flow: 6 : 9.57af : 8.40 ef : 0.85 ~f : - 8.8 

The f i f t h  weir w a s  t h e  same as the f o u r t h  e x c e ~ t  t h a t  i t  wrin 

21-1/& inches above the  chnnnel f loor .  A l l  f o u r  runs were mnde with a 

f r e e f l o w i n g  weir. 

Type of :9un: 3 by l~tbor:? tory :  Q by C l n u s e n - ~ i e r c e : ~ i f f  erence:Percent 
weir : : v e n t u r i  meter : Weir Once . : d i f fe rence  

Froe-flow: 1 : 9.03 o f  : 8.12 af : 0.91 ef : -10.0 
Free-flow: 2 : 9.72 sf  : 8.82 s f  : 0.90 8f : - 9 . 2  
Free-flow: 7 : 19.19 sf : 9.38 sf : O . q 1  s f :  - 3.9 
Free-flow: h : 11.20 nf : 10.50 af : 3.70sf: - 6.7 

-. 

The s i x t h  weir wr.3 29-7/8 inches wide,  s e t  i n  R I-foot  chnnnel. 

The c ren t  wne 21-1/b inchea h i& and 1-9/16 inches wide. The end con- 

t r a c t i o n s  on t!lls weir were e l i r n i n n t ~ d  by nai l lnp;  two 2- by 2-inch s t r i p e  

~ n r r t l l e l  t o  t h e  notch rind back 1-1/2 inches. Three rune were made on 

t h i s  weir. 
I TEST 2-4 

- 
TTJO of : R u n :  ? by lnhorctory:  Q by Clfiusen-Fierce: 3iff  erence :Percent  
weir : : v e n t u r i  meter : 'rleir Gillre : difference -- 

Submerg~C: 1 : k . 3 7 s f  : i1.15 sf : r.21 RC : - b . 9  
Free-flow: 7 : 5.Q0 of 5.53 sf : '1.17 : - 4.? 



only 15-15/16 inches above t h e  ch.mnel f loo r .  There were six runs mads 

on t h i n  welr,  two of them f o r  submer~ed conditions. 

TEST 2-7 

Type of :3m: 3 by 1nhor:rtory:Q by Claueen-Piarce:Diff arence:~ercant 
weir : : v e n t u r i  meter : Weir G n ~ a  . : d i f f e r e n c e  

The eidlth w e i r  WFLS the Rnme n b  t h e  s i ~ t h  ond seven th  weirs excent 

t h n t  t h e  c r e s t  wns only  10-5/9 i n chee  ~ b c v e  t he  bnttom of the chmnel. 

Four runs wsre made, two of t!lem on a uuhmerced weir. 

T>?e of: Run: ? hj- 1nSors t n r y :  2. hy Clcusen-Fierce! D i f f ~ r e n c e : ? e r c e n t  
weir  : : ven tu r i  m ~ t a r  : Veir Gi~ce : dlfference 

Submer~ed: 1 : 9.063f : E.7L sf : 0.32sf: - 7.5 
S\ibmerged: 2 : 10.21rsf : 10,39 sf : 0.06 sf : + 0 - 5  

3 - 1 3 0 - f l  -w: 7 : 12-05 of : 12.17 sf : 0.13 sf : + 1.2 
Frea-flow: k : 11.69 cf : 17.22 u f  : C.17 sf : - ?.& 

The n i n t h  w ~ i r  w l s  t h e  wlme ~s t h e  ~ i r h t h  exccnt t h n t  t h e  c r e s t  

wrrs only 5-5/16 inches :.hove t h e  c:?: n n ~ l  f l o o r .  Sixtop- ruz? were rn-de 

on thir: weir ,  n i n e  of them on n f ~ . @ l r - f l ~ ~ - * . i n ~ :  we!r. I: Rune : r~nc! 7 ,  On 

i-~ nuhnerqed weir, there were LC-1/2 inches  ?iff  orence !n t 5 e  water 

~ u r f : . . ~ ~  ~ l ~ v ~ t l o n s  nbcve ~4 b c l o ~  the weir. 



Type of :3m: 2 by lnborntory: Q by Clnu~en-r'i erce:Diff er on=e:Percent 
weir : : ven tu r i  meter : Weir G R ~ B  : dif ference  

Submerged: 1 : 9.63 sf : 9.55 sf : 0.02 sf : + 0.2 

Submerged: 2 : h.1~3 sf : k.30 s f  : 0.13 sf 2 - 3.9 
Submerged: 3 : 9.e5 sf : 10.03 sf : 0.18 sf : + 1.8 
Submerged: 1~ : 11 "35 sf : 11 .2? sf : 0.12 sf  : - 1.1 
Submerged: 5 : 17.05 sf  : 12.75 sf : 0.32) ~f : - 7.2 
Submerged: 6 :  1 6 . Q C ~ f  : 16.15 sf : 0.15 sf : + 1.0 
Submerged: 7 : 16.60 sf : 16.22 sf : Q.22 cf: + 1.h 

Fre-flaw: 8 : 11.35 sf : 3.-73 sf : 0.k7 sf : -10. f? 

Free-fl'owr S : 9 . 9  sf : 9.56 sf : n.32 sf : - =.2 
Frep-f1ow:lO : 10.27sf : 5.73 uf : 3.?1 s f :  - 7 . 2  
Free-f1ow:ll : 11.25 s f  : 10."2 sf : O.h3 sf : - >.8 
Free-f low:12:  1 1 . ? 5 s f  : 30.37 sf : 0.2R sf : - 2.h 
Prep-flow:17 : 12.31 sf : 12.52 sf : 9.79sf: -?.O 
Free-f1nw:I.i. : 17.‘35 sf : 17.30 sf : 6.35 sf : - 2.6 
 rep-flov:l5 : 1:,4h sf : 15.50 sf : f1.11~ sf : - n.8 
Free-f 1 ow: 16 : 15.+;lrsf : lj,50 n f  : 0.1L RI : - 0.E 

I t  w i l l  be noticed t h n t  k11 but ons of t he  rlischarges recorded 

~ i t h  t h e  6 - f o ~ t  <:<re qbtained from the  f i r - l d  r.rnJoct were hicher thm 

t h n ~ e  indicrated by the lahore tnry  v e n t u r i  meter, Of the $2 readings 

mr:de w i t h  the  new I l - f o ~ t  Race, o n l y  14 were h i r h  and none af them extremely 

80. A t  nresent  t h i s  l~.bor:.tory has no e-uplnnot ion as t r ?  why one owe 
would r-4 h i c h  F ~ C  the other one low, unle~s t h e  t w o  f l : f ~ s  were c e l i -  

br:.toc? r,~?,?Cier entirely d i f f e r e n t  circumstr.zcea. The most accura te  read- 

inec ob t a ined  with the  6-foot gnye were  on free-flowin6 weirs o r  on weirs 

hr:v?ng a very d e f i n i t e  d r m  i n  w r t e r  surface acrorrn t h e  c r e s s .  The 

k:i&ect nccul':..cy of rendinqo ob t r~ ined  with the  net: k-font m K e  was about 

e m a l l y  d i v i d a ~  between the two t p e s  of weirs. 

The curve sholm ',n F i ~ r e  5 l a  r, cnlihr: . t ion of the Clrruson-Fierce 

Meter mnde by Cornell U n i v e r s j t y .  The weir from which the d3tr! was 

t;:!cen f o r  zl c t t l n q  t h i e  curve w r l g  s h : t m c r e ~ t ~ 6  r~nd locrtted i n  an i d e ~ l  

s i t u ~ t i o n .  One s er i e s  nf 17 runs t ~ : ~ d e  ?)y t h i c  l:t?)or: t ~ r y  on :, ?-foot 





ouah v ~ r i a h l e  condltione should be nvernqed, unless there  were severdl  

weirs of d i f fe ren t  ty-oeo fn the canal on which rendinqs could be taken 

t3.8 n check. In the event t h ~ t  moro than one rer;dinc w a s  tnken, i t  would 

Ream mnre refisonable t o  observe several  redings  on one weir and average 

them f o r  the f i n n l  r ~ s u l t .  I t  would appear t ha t  R be t t o r  prncedure would 

he  t o  nverace the uubmar~cd weir readings nnd the free-flow weir read- 

i n p  ~eparately. I n  t h i s  wny rme would h o w  the eenernl chnracter?s l ics  

of the gage f a r  the  two t p e s  of weirs, and coula correct  the r e n d i n ~ s  

i f  necesssry. 

Water has become so ve.lunble In recent years thnt  i s  must be divided 

with the  highest degree of accuracy. On the ba s i s  of the d r t a  cibtnir~ed 

by t h i s  l nbo rn t sq - ,  the Clauscn-Pierce Weir Gaee cannot be recommended 

f o r  :a te7  oubdivision on hroau projecte  without ca l ib rn t ion  i n  inrlivi- 

d u d  utructures. I t  npDenrs thnt the  Kate i s  not as widely apr l i ca3 le  

a s  the camnany represents i t  f o r  accurate me8.nurerncnt of w ~ t e r .  The 

gaqe undoubtedly has n nmber of d i s t i n c t  n lvnn tn~eu  m d  if ca l ib ra ted  

and uned i n  individual  s t ructure6 should give resul . ts  equal i n  accnracy 

t o  o ther  more cumbersome but b e t t e r  recomized methods of messurement. 
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FIGURE 2 

On a free flow- 
ing weir the gage 
is used closed, as 
shown. 

The rear sec- 
tion and attach- 
ments are used 
only on submerg- 

Using universal gage on free-flowing weir. 
The weir-crest in sketch is re 2-inch plant.. 
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Measuring the beck head on a submerged weir. 
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FIGURE 3 



Meesuring t h e  discharge over t h e  free-flov: por t ion  of 
2 submerged weir.  
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