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oamtwt MRM V MRASANOW,  
W 114VX '.TATXR  

Nmi *,oA 4trwaiwos In awooml w*o In iA* tWUA SUUS  

for v***ur1rw Avrilpttion aNrzo uwmlly su' t,**t*4 to chavg*a In 

Ttw Uy acotpw Skroo a b t fiat ;Tob is 4t  "j*raj  #atit 

**11bratlon of tht mow r 1, *W1 p n . _; ao of W Xoo o gm;bx r  or 

ahsrta loin. 4-Vcz taiibmt eterronin dlx*bsxjp in tho  

fWA is baoad *a tb* r-writoria thxt tho fi*1A strueturo to Oat ropliot 

of the dovift frm vbiab tb* Uttk wrap 4*ri tUt the V.-cw can.,. 

diti *ro id*ftiaal. Devs iai: trft t&a wt *rA* will ra suit is 

*more. liw mWitA4*of arrwt vocal*i4 from aox i *trta n 

aiiaevisi,, Jacarmat wttiapr r a ist flor V4*Umo, aowd athor  

mil.*lima Is * iw for som *t tho toonooly a# 

d*vlL*oo. Tt i ar avaolv&A Vat -m 092twoot  

a tit t* to anwo Baas is owwaisod in ftbrioatloo,  

is is umf  *° t i. , 41sA mAin 00400 

. ~£ 





suab as extraneous saki .it the vator,raW of f.Xam to be r"mss  

etc. 

t in x  ? robable that *bx su Aws*y **^ be ObUL,* a in 

all I ►tame . lawyer,, t iva ien of orr" sa s .b* 

possdWe it *U factors tin ink comlUration. 

0669 may sue , Orr=* s two Oise (i) svoidolo 

rAesUjt fro* aW*i s its %tA 46A 'fir OUMinaUd tbOrO U 

WAPOrVISiOA Sold fiat stt*WUO z t* his, s 2) > WtUble 

vM,sh s ftvo at des"o, &AA although rvesibiy t V oamwt be n- 

Poly ♦U*I. t they a" by sxora1*6 of Oxtrom Oare aa, Ludt 

of fir Taturs an %mjMI*vA*, be &U*vl~ overall 

ro*41ts Wined. 

In tbs wtad states UUMOTOW stractures b^V* 

100on UVOIOP44 f*r tb* mwrsat rxiat f'Lms in irrAotian oystem. 

West  all of theso 4*"Upoents s 4WsMA to Vim+ in (,-M UwU 

vit h ablep=*U *qulymoft to eontrol tko f1mm. Oray a ftw of t +en OW90  

tb* dual VxrpWo of s trai *ad smommmont. fteopt is rare aoisos j, 

e 6064P at +asSea% OU of t *Ivn Obamwl irritation 

ie suoh t t f`iuetustiom of the ~fix laws b U Ulatraft  

dmmtrom or t wring device sx* trsisd. Uo mowwi 

4ovIo" U*m beft developed to we is Ws Usi a  
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ftr latraduotim of Ai is flow r x*watiAtr 
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osswwd. Also shown io W* Uble ia the error introdue" by faulty 

R. f measured •ry equation 4 Iti 

n~~o++w-aYw~'.µ.ww'..+v~.ma+.+ww•,+.a+M~u.- '. .ar.~~n.+~,.v,w.w.....w«t.«.~..wv.r-.~..M..,..,ww..w.r..,......~sa~,w,,...,,,. ..,,.xh.~,e. 

blo P-.—Disebarp 
~fy~~},., qq

* or ~.. ~a f t~ th o` 
Par 

 .~~. ..... ': rr~«+eM.v.,w~x,.+r.+ax.:n -  :.r+~..n,•Mxw.....w.,;w ua.w..awr....,a,.a,~.... 

a lailarly8 it '" fly tb&t an mamw=%vient of  

Ut 'width or the .° r'e'f of a r aSuI^r vubmrged ariflao wiU 

CoUsI41amble error in. d 1 bar; » In" Ue 44* Is Uroots. 

r*l*tod to Ow a~ of tbo orIftoa, 

similar to Uat for + tr v  u. an orroar. is *'+ mgth ar berth 

omasavommi; will be tommUmt fw various hoods cm tho orifice or sis+*. 

IrrIm in d3 a"W I a * to ' °ski a 

voir .  ems. W%" twAo.11ing G Vp*.I*t'* *r4 r** l&r Irs ifa tbo 

fteld,. I $,s ae~"ssmry to mot the e oily baxx'it tal. If it is 

iv tb* DistrIbutUn of iester to Furamrs. by s of the 
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TABLE I 
DISCHARGE ERROR FOR RECTANGULAR 

OR CIPPOLETTI WEIR FOR AN INCORRECT 
MEASUREMENT OF LENGTH 

Q = CLH3/2  

Q' = C (L+ A L) H 3/2  

Q' L+AL 
Q~ L 

Error of 0.01 foot in length measurement 

WEIR LENGTH % ERROR 

L FEET Q'-  Q x 100 
Q 

1.0 1.0 
2.0 0.5 
3.0 0.33 
4.0 0.25 



TABLE 2 
DISCHARGE ERROR FOR INCORRECT 

MEASUREMENT OF WIDTH 
OF PARSHALL FLUME 

Equation Q= 4WHa1 522 W 0.026 

W H Q Q~ % ERROR Ha Q'- Q x 100 
ft. ft. c f s cfs Q 

Error in width measurement of 0.01 foot 

0.86 
0.45 
0.30 
0.23 

0.02 foot 
2.0 

0.03 foot 
3.1 

1.0 0.2 
2.0 0.2 
3.0 0.2 
4.0 0.2 

Error in width 
1.0 I 0.2 

Error in width 
1.0 I 0.2 

0.348 0.351 
0.656 0.659 
0.972 0.975 
1.264 1.267 

measurement of 
1 0.348 10.355 
measurement of 

1 0.348 10.359 
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Zrror  in ems,"Mar er ,,mgUitleA, frfw *r"rx in  

ftrbaps the most ern arm in a*owing irri*ntion vator is to 

Arta the bead. This my rssult from, 1tworr*at loextion of tbo  

or bocce us * the beed ~ is dirty, a stMing voll is wt used, and 

Via* is * 1b1* flue~tuation of the vater surfte o,E race reiaseraos 

on the Vert of the rsoftr in riot Obtaining a Scad averW ;reading at 

the Uz* Vw vW is abserrvvd. 

Fldr ►w* 3 shows the arrw in disebarge rt u ltiAg from a 0.01 

ioot goat boad raw&0 - to -inch Ci 2olatti s *. V-nc sb 

v*irs. ftis fiom cle4rly ill rtrat s that ev*4 vi.th  a mull error of 

0*01 foot, an arrcr of awrosimt+e.l.,y 7-1/9 ;erawnt in di,s ; rg* rssaa 

vium the lower beads are bsi ng sursd > Por gr*w#.ar hasds,. for error  

Is Uss. it can tad that for the langer vain his *Li&kt 

error in bool r ing results in (pite large err*.-* in iisabArgo 

meaxuraeeasats* 

z`z in; the 4#4w of 'vet x the bead at 'tom tbrowt of a Pzr 

uses is quit* wady adsra w in the field. pig  4 the error 

in Usaharge measur a r*xui,'ting irca i nixrwA1r4x of the ~ of 

only *.01 of a foot. !'*rsb*Jl fps of throat its of fvm 6 to 

36 robs are *boom on this f1 pre. it oast be noted Uat this axror 
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exwm wm of the gap to the a st at a vasir, a subawrlod noriflee #  

or to ast turawt Sos. Utrome *amt almad be aaaaarriaaad In sotting  

+Aw Soom siwm imormt aaaattiaaga *so* v >et all i'3am a  FiVAre ss 

t ASA 5. 

Erre + mt '100"i On. Proper ice- 

do of tbo MW lM* obtaining bood O MOMM * U'V Oea is JWS4rtSAt  

if errors mv to 'ter avoided. In wet inst flow re tiax thlj t* 

Crave been t "u1ne , aeaspirlow- y vith a►  part caar type  at goghg 

deviem,  plo"d in & sj*el `iaa lomtion. New*,, tb*r* is i;=lv4*d in tb* 

ovwrlLU ealitration a aseowxUwy +eft of esaibr*tian the ring 

ryAw employed to obtain boad . Beamuo *f aabaa s IA tho fzav ; ttesx 

or t stmom " it woo" ORWAO 'was WOMMI "Oti c , minor ai as- 

tip frcm the standard is Vp Rasp *ad loo4ti a mw  appvcWhiv 

asst the quftlit~r of a ae~a~stas. 

In Ue aye w of a weir, tbere is ae 4owmrawrd aaurvo of the vat 

surfaeo,  as the f34v pesos t "+ u4b the rAta 9s. This cur  "A surface ,, ar 

drww4m xa:, *xtemls sam 44xtart a up str+am.m The exs4t std is 

depeudezrt upon local *o ad,itimw. The h of the va r aaAst b* 

ire boyood t *ff*at of the draraedmm. Ia the 4*v*l*pwmt of t 

boaiak veir faagrerar l", the bwA vow observed at 41 stave" upast 

the veir nab varying frea +ebmt 4 to 9 Us" the v 

Us rcir. 1%eraet+ e, vwW eutbAwitlee w4mrted as ainlaum -11as a 
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Saw #0 ftr ujwtr*w frce the weir 4r"t t an error vill p1 ovd 

unless 4 eorre4tion is **% for tbo Uws of 4u* to Obarawl 

friction tba soUt nt and tbo vo . 

lift vo&* kit*""l ,cur iftt* XW& us*d i 

ltd _ ' nt of tbo ~ u 

o 3 , . Substantial aar in field, ba-m been tr 
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Similar "wu** a 3? to tbo locatloo of the tw WWs 

In the sett-bead orifice tt ramt. Mie diseUrIp tables a2D 

from tt ealibration of this doviero sxv atewate only it tb* p4ps am 

la"d, in a loeatious glven in the stae load dr*wi*W. 

YS "loolk, of 

veir. T- =v*tic4a appi eati t or*#s erecioW, ar*a of tbe a;Troach 

abst tee. cau usutliy I* *%W sufficiently large in aaapsrUm with the 

voir rote to xonUr tbo We of veloeity of approaah awgUgWa . 

If, r*v* , tbo s.pprowt voloaftj is wt a*1nt4de* at or taolxw 0. ~ 

foot per oftood o  it asst be Uken 1%U afto=t wA a oorr tion a lf*i . 3 

In *tbar vords * It the Willy used *Viatiam,, its, or tables are 

used!, without *orr*etisa, for otoWnizg d.isebarge in vownwod heed 

e4 arrw will result. 

In ivri4ption prwtiae the velocitXof wpyxv&*h to a veir is 

s su&U)r i ra se" a r t tt for vhicb it ww origirA y dAsigrad ~b-j : 

(1) at S***ray: restriotion of t z~* soct onsa area of to voir pg*l 

by deposits of veactal pvoth, or (2)  sediment rw other &cewwJs*i sms 

in the Ito of *h* veir mil. MItUr will than tbo vtonims to 

the it inste-iiaticn s1m1d aoafbra, 

rt4uctlo th* sus ***tio-nal avoe of +A* veir  

vwl vIxl. e*uoe to Increase in ap vaah vt1mity vhieh is dUectay  

ral&U4 to the 4*gr restriction. The j,*reevt*S* erAw for a 

1 



moo of ap1roo laoitiss mad his ov*r vtirs, s A tb* V-4ot*h 

typo., is Sven in b 3. The error is mab that the d sebsrge,  Is 

"thy g mmater tWm that *bWrod frm the disebarjo Ube "!-))r  tbt 

j*r**nta s given in Table 3. 

*labl* .-~Disabar" error resultins frm ftiiurs to corrott for 
voloeity of approwb . 

Aftorities ogme that the amst of the,  wir obwU be aG 

distance wt lass tbon two t1mm the depth ate' vat over the *mot 

stb*ve 
thy,,' 

 balm of the a►p~t~ channel for ate~te ~mwilts. 

~ be r lt of voir o it to be kfd`*  rr*d 'iftu p-axAlantle. 

'iP9 it lzwtallod in +dtn i,rriopti x *hamel in acoordanco w-I h this  Aandard  

mv rot^U ito, at oumay for onli & sbwt i 'iod because of motion of 

deptA of the voir pool by satdimmt do situ, Figure 6. The regultrlN 

uared to lal" will Via` +p y. The error a&y be areducod or 

retibiy *IUd rs*W ty use of A:bnmk a :formla, for ecopwting dish 

frm the b d abaterx 0tca 

' oLble 4 gives the pereeats4p error it Uschacrge that eili 

occur if gulm vair tables s" used. Iluxtead of amvocting for the 

rea ti t of weir by use of t book f'0mla. Tho slat is 

di , t into tea pArts c The fit part a hbmft a COnotsmt bee of 0.2 

fmt over a4 wafr. 7U v*14* of the ratio of 34 over P is varied arA the 

arrar sham. The stoond port of the tahle,  is at&lmlsted-  for a Constant  

15 



TABLE 3 
DISCHARGE ERROR RESULTING FROM FAILURE 

TO CORRECT FOR VELOCITY OF APPROACH 

Velocity of 
Approach 
ft./sec. 

Observed Head Over Weir-Feet 

0.2 0.4 0.6 0.8 1.0 

( Error in per cent ) 

0.5 2.7 1.3 0.9 0.6 0.6 

1 .0 9.8 5.1 3.4 2.7 2.2 

1 .5 20.8 10.9 7.5 5.7 4.7 

2.0 33.5 18.1 12.6 9.7 7.9 

2.5 48.0 26.6 18.7 14.5 11.9 

3.0 63.7 36.1 25.6 19.9 16.5 
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-_-. '..'. _. r..ew+,a«.,~w..«..wu~ren.-~ _ -_ ... awwrnm,......•. ... .- _. 

Votooraus luUnoss J wt►v* b"n t" in tba fl*3A vole`s 

vory diMault Y 3b i• ! ; Y b y.: «•.; * F " iF +Fm.6 voir  iT o ss «.4 Y 

the 3 x.,71velovity 5ro ck i .i T #-Y - «.:a.::'VIU a nY . 

It'll 1" s 4i;.,. ".r:. .,* s..k xk;..=:. w s  r. . «'.. poor ... x< ♦ to r'- . 

N... .w.'e ,i 0Yr b. JY Y' (. '..4 r.: Y„Sii '.:«!< to j .<. - n. 

by mst W. Sama *ad ~. r *=Oth li.  
}  



9 

TABLE 4 
ERROR IN DISCHARGE FOR 

CHANGES IN HEIGHT OF WEIR 

Rehbock formula for rectangular sharp crested weir 

Q= 3  2gLH3~2 0.605
+ 1 +0.08 H-)  

320H-3 P 

Q= K LH3/2  • K= 3.235 + 1 + 0.428 H 
' 60H-0.56 P 

-__ H 

P ft. 

WEIR %ERROR 
HEIGHT P COEFFICIENT   K-Kao x 100 

P Koo 

Head = 0.2 foot 
0.5 0.4 3.49  
1.0 0.2 3.41 2.7 
2.0 0.1 3.37 1.5 
3.0 0.07 3.35 0.9 
00 0 3.32 0 

Head =0.5foot 
0.5 1.0 3.70 13.1 
1.0 0.5 3.48 6.4 
2.0 0.25 3.38 3.4 
3.0 0.17 3.34 2.1 
00 0 3.27 0 



(7
1
 

  



~sort aoew in %r-m4ash *h*w*1a to weir and atmr ty_ms of ttmma 4 
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INTRODUCTION 

In order to insure proper recognition to those individuals whose 
suggestions are published in this and subsequent bulletins, the suggestion 
number as well as the person's name will be shown. All offices are also 
reminded to notify their Suggestion Awards Committee when a suggestion 
is adopted for Bureau operation. 

This bulletin, published quarterly, is circulated for the benefit 
of irrigation project operation and maintenance people. Its principal pur-
pose is to serve as a medium of exchanging operation and maintenance 
information. Reference to a trade name does not constitute the endorse-
ment of a particular product, and omission of any commercially available 
item does not imply discrimination against any manufacturer. It is hoped 
that the labor-saving devices or less costly equipment developed by the 
resourceful water users will be a step toward commercial development 
of equipment for use on irrigation projects in a continued effort to reduce 
costs and increase operating efficiency. 

Division of Irrigation Operations 
Commissioner's Office 

Denver, Colorado 



COMMON ERRORS IN WATER MEASUREMENT 

Many of the measurements made of water flowing in our irriga-
tion system may not be as accurate as assumed or as would be expected 
from the type of device or structure being employed. It is probable that 
absolute accuracy cannot be obtained in the measurement of water in all 
instances. However, the reduction of errors to a minimum may be pos-
sible if all factors are taken into consideration. 

Some of the reasons for errors and deviations in water meas-
urement are discussed in this article adapted for the Bulletin from a 
paper presented by Mr. C. W. Thomas, Hydraulic Engineer, Bureau 
of Reclamation, Denver, Colorado at a meeting in Denver of the ASCE 
Irrigation and Drainage Division, September 8-10, 1955. The paper, 
published in the Journal of the Irrigation and Drainage Division of the 
American Society of Civil Engineers as Paper 1362, September 1957, 
"Common Errors in Measurement of Irrigation Water,' is available and 
includes references to the source of data used in the analyses. For the 
sake of brevity, these are omitted in this article. However, some equa-
tions used by Mr. Thomas in the discussions herein are given as notes 
at the end of this article. 

The design of essentially all of the open channel irrigation sys-
tems is such that fluctuations of the water levels both upstream and 
downstream of the measuring device are tolerated. The measuring de-
vices have been developed to accommodate this design procedure. In 
effect, any change in water level upstream is reflected as a change in 
discharge through the measuring device. When the device is submerged, 
changes in downstream levels also affect the discharge. 

The generally accepted approach to the solution of the problem 
of fluctuating water levels is the standardization and calibration of the 
measuring equipment. The result is a device, which, when built and in-
stalled in accordance with the established standards, will pass a range 
of known discharges for a range of upstream and downstream water 
levels. The exact instantaneous discharge can be determined by observ-
ing the upstream and downstream heads, by means of suitable gages, 
correctly referenced, and entering charts, graphs, or tables which have 
been developed by prior calibration of the device under carefully con-
trolled conditions. 

Such a procedure assumes that the field installation is a suit-
able replica of the installation which was calibrated, usually in a hy-
draulic laboratory. Further assumptions are that conditions of flow, 
especially in regard to velocity distribution patterns, are similar and 
that the heads, and other necessary measurements, can be determined 
with a comparable degree of accuracy. 

Since the discharge tables, charts, or graphs are the results 
of calibrations, they are based on empirical relationships and not on a 
rational analysis in all instances. Therefore, they are not necessarily 
susceptible to accurate extrapolation beyond the range of observations 
from which they were developed. 
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Mr. Thomas concludes in his article that equipment designed 
to give accurate measurements may not do so unless due care is exer-
cised in fabrication, installation, operation and maintenance; that ab-
solute accuracy may be unattainable, but the reduction of errors is 
possible. 

Two Classes of Errors 

Errors in water measurement may be considered of two classes: 
(1) avoidable errors which result from carelessness and can be elimin-
ated by thorough supervision and strict attention to details, and (2) un-
avoidable errors which are errors of degree; and although possibly not 
of a type that can be eliminated entirely, they can, by use of extreme 
care and a knowledge of their nature and magnitude, be alleviated and 
satisfactory overall results can be obtained. 

Faulty Fabrication or Construction 

There are numerous possibilities for introduction of errors in 
flow measurements resulting from faulty construction of measuring de-

vices. The error caused by incorrect di- 
TABLE I mensions of some of the structures is read-

ily evaluated and may be used as an example 
Discharge Error for to demonstrate the error. 
each 0.01-foot error 
in length. 

ijiscnarge 
Weir Length Error 

(feet) Percent 

1.0 1.0 
2.0 0.5 
3,.0 0.33 
4.0 0.25 

Table I shows the discharge error 
for rectangular or Cippoletti weirs for an 
incorrect measurement of length of the weir 
crest of only 0.01 foot compared to the 
standard which was calibrated and from 
which the flow formula was derived. Since 
discharge is directly related to length in 
the flow equation, (Equation "A" in notes), 
an error in length of 0. 05 foot would cause 
the discharge to be in error by five times 
the values shown in the table for any ob-
served head. 

TABLE II 

Discharge Error for 
incorrect measurement 
of width of Parshall 
flume. 

liiscnarge terror - vercent 
Width for width error of 
(ft.) 0. 01 . t. 110. 02 t. 10. 03 ft. 

1.0 0.86 2.0 3.1 
2.0 0.45 -- -- 
3.0 0.30 -- -- 
4.0 0.23 -- 

The discharge error 
caused by 0. 01-foot error in meas-
urement of the width of the throat 
of Parshall flumes of standard 
widths from 1 to 4 feet is shown in 
Table II. A constant head of 0. 2 
feet has been assumed. Also 
shown in this table is the error in-
troduced by faulty measurements 
of 0. 02 and 0.03 feet. The error 
is essentially constant for different 
values of measured head. Flow 
equation "B", used in development 
of the table, is given in the notes. 
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Similarly, it may be shown that an error in measurement of 
the width or the breadth of a rectangular submerged orifice will cause 
considerable error in discharge. Since the discharge is directly re-
lated to the area of the orifice, the magnitude of the error is similar 
to that for the weir, and an error in either length or breadth measure-
ment will be constant for various heads on the orifice or gate. 

Error in Discharge Measurements Due to Transverse Slope of Weir Crest 

When installing Cippoletti and rectangular weirs in the field, it 
is necessary to set the crest exactly horizontal. If it is known that the 

crest is not level, it is 
3 
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common practice to con-
sider the effective head 
to be the average head 
on the weir. The error 
caused by this practice 
is shown in the figure 
at upper left. 

Actually, a 
more precise method 
is to calculate the dis-
charge using the head 
at the low end and the 
head at the high end 
and average the dis-
charge derived from 
these two calculations. 
If this is done, the 
error is reduced to 
minor significance. 

If it is not 
known that the weir is 
inclined and the gage 
zero is referenced to 
either the high or low 
end, resulting error is 
considerably greater. 

The figure, 
lower left, shows the 
magnitude of the error 
in discharge resulting 
from measurement of 
head at either end of 
12-, 24-, 36-, and 
48-inch Cippoletti 
weirs, having a trans-
verse slope of 0. 01, 
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instead of using the average head over the weir. An inclination of about 
6 degrees will cause an error in the order of 1 percent. An angle of 
this magnitude should be detectable by eye, and corrective measures 
taken. 

Error in Discharge Resulting from Errors in Reading the Head 

Perhaps the most common error in measuring irrigation water 
is to misread the head. This may result from incorrect location of the 
gage, or because the head gage is dirty, a stilling well is not used and 
there is considerable fluctuation of water surface, or carelessness on 
the part of the reader in not obtaining a good average reading at the time 

the gage is observed. 
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The figure, 
upper left, shows the 
error in discharge re-
sulting from a 0.01-
foot incorrect head 
reading on 12- to 48-
inch Cippoletti and 900  
V-notch weirs. This 
figure clearly illus-
trates that even with a 
small error of 0.01-
foot, an error of ap-
proximately 7-1/2 per-
cent in discharge re-
sults when the lower 
heads are being meas-
ured. For greater 
heads this error is 
less. Also, it can be 
noted that for the 
longer weirs this slight 
error in head reading 
results in quite large 
errors in discharge 
measurements. 

As in the case 
of weirs, the head at 
the throat of a Parshall 
flume is quite easily 
misread in the field. 
The error in discharge 
resulting from mis-
reading the gage only 
0. 01 foot is shown in 
the figure at lower 
left. Parshall flumes 
of throat widths of 
from 6- to 36-inches 
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are shown in this figure. It can be noted that the error in general is 
approximately the same as for misreading the head an equal amount 
when weirs are considered. 

The figure below shows the error in measurement resulting 
from an error of 
0.01-foot in reading 

GATE OPENING-0.2 FOOT. ;GATE OPENING-1.45 FEET. 
,the head on 8- 12- 3 CONSTANT HEAD 

-- TURNOUT, _ 

ORIFICE 

_ 

', a 
and 18-inch screw- 
lift gates. The meter 

` gate has a circular 
leaf and the screw- 

2 lift gate has a rectan- 
'9 i gular leaf, Included 
.8 

2 N ? p in the figure is the 

m ? i~ error caused by 0.01- 
5 
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 foot incorrect head  
din f h rea g or t e con-

stant-head orifice 
turnout. It should be 
noted that the percent-
age error in discharge 
resulting from mis-
reading the head on an 
orifice is in general 
less than the same 
misreading on a weir. 

Error in Discharge Measurement Caused by Incorrect Zero Setting 

The error for incorrect zero setting of the head gage is of the 
same magnitude as the error for misreading the head an equal amount. 
Improper positioning of the gage used to read the head is probably the 
most common error found. In the field it is difficult to reference the 
exact zero of the gage to the crest of a weir, a submerged orifice, or 
to a turnout gate. Extreme care should be exercised in setting the 
gages since incorrect setting cause errors in all flows, as shown in the 
figures on this and the preceding page. 

Errors Resulting from Improper Gage Location 

Proper location of the gage for obtaining head on measuring 
devices is important if errors are to be avoided. In most instances, 
flow relationships have been determined empirically with a particular 
type of gaging device placed in a specific location. Hence, there is 
included in the overall calibration a, secondary effect of calibration of 
the gaging system employed to obtain the head. Because of changes in 
the flow pattern of the stream as it passes through the measuring sec-
tion, minor deviations from the standard in gage, design and location 
may appreciably affect the quality of the measurements. 

In the case of a weir, there is a downward curve of the water-
surface as the flow passes through the notch. This curved surface, or 



drawdown, extends some distance upstream. The exact distance is de-
pendent upon local conditions. The head of the weir must be measured 
beyond the effect of the drawdown. In the development of the basic weir 
formulas, the head was observed at distances upstream from the weir 
notch varying from about 4 to 9 times the maximum head over the weir. 
Therefore, many authorities have accepted a minimum distance of four 
times the maximum head to be measured. However, one authority says 
the distance should be at least 2. 5 times the maximum head. Experi-
mdnts by others have shown that there is some effect of drawdown to a 
distance of some six times the head on the weir. The influence at this 
greater distance is minor. Within the practical limits of the gages used 
at weir installations in irrigation systems, it appears that a distance up-
stream of four times the maximum head is quite adequate providing other 
criteria such as height of weir, width of weir pool, etc., are complied 
with. 

Unpublished results of brief studies conducted in the Hydraulic 
Laboratory of the Bureau of Reclamation show that it is extremely diffi-
cult to detect differences of head on enameled staff gages located 2, 4, 
and 10 times the head on the weir. These same studies did show that 
positioning the enamel staff gage on the weir bulkhead, a practice some-
times followed in irrigation measurements, as shown in the photograph 
below, may result in errors. Certain positions on the bulkhead, with re-
spect to the weir notch, gave a higher reading for certain flows than a 

gage correctly posi- 
tioned. At other flows, 
the reading was less. 
As the gage on the 
bulkhead was moved 
away from the weir 
notch more consistent 
results were evident. 
It was found, for the 
flow conditions tested, 
that when the gage was 
placed on the weir 
bulkhead at a minimum 
distance of twice the 
maximum recommended 
head for the weir, the 
difference in the heads 
read on this gage and 
one correctly placed 
upstream was within 
the limits of visual 
observation. 

When the velocity of approach is high and the irrigation channel 
has a high loss coefficient, there is a danger of placing the gage so far 
upstream from the weir crest that an error will prevail unless a correc-
tion is made for the loss of head due to channel friction between the point 
of measurement and the weir. 
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Errors in measurement can easily occur if the gages used in a 
Parshall flume are not placed in the manner and location developed in 
the standards. The ratings for this flume include a calibration of the 
gage positions. The gages are located in drawdown areas. Under these 
conditions, movement of the gage upstream or downstream from the 
standardized location will change the head reading and an error in dis-
charge will result. For similar reasons, if a stilling well is used, the 
type and location of the entrance to the wells should be as specified. 
Substantial errors in field measurements have been traced to changes 
in location or design of the still well entrances. 

Similar remarks apply to the location of the two gages used in 
the constant-head orifice turnout. The discharge tables developed 
from the calibration of this device are accurate only if the gages are 
placed in the location given in the standard drawings. 

Discharge Errors Due to Neglecting Velocity of Approach to Weir 

In practical application, the cross sectional area of the approach 
channel can usually be made sufficiently large in comparison with the 
weir notch to render the effect of velocity of approach negligible. If, 
however, the approach velocity is not maintained at or below 0. 5 feet 
per second, it must be taken into account and a correction applied. In 
other words, if the normally used equation, charts, or tables are used, 
without correction for obtaining discharge from. measured head an error 
will result. 

In irrigation practice the velocity of approach to a weir is usu-
ally increased over that for which it was originally designed by: (1) a 
general restriction of the cross sectional area of the weir pool by de-
posits of vegetal growth, or (2) sediment or other accumulations in the 
bottom of the weir pool. Either will change the standards to which the 
weir installation should conform. 

A general reduction of the cross sectional area of the weir 
pool will cause an increase in approach velocity which is directly re-
lated to the degree of restriction. The percentage error for a range 
of approach velocities and heads of weirs, except the V-notch type, is 
given in Table III on the next page. The error is such that the dis-
charge is actually greater than that obtained from the discharge 
tables by the percentages given in Table III. 

Authorities agree that the crest of the weir should be a distance 
not less than two times the depth of water over the crest above the bot-
tom of the approach channel for accurate results. A greater height of 
weir crest is to be preferred when practicable. A weir installed in an 
irrigation channel in accordance with this standard may retain its accu-
racy for only a short period because of reduction of depth of the weir 
pool by sediment deposits, as shown in the photograph on page 6. The 
regularly used tables will no longer apply. The error may be reduced 
or possibly eliminated by use of Rehbock's formula for computing dis-
charge from the head observations. 
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TABLE III 

Discharge Error 
Resulting from Failure to Correct 

for Velocity of Approach 

Velocity  of 
Approach 
(ft. /sec.) 

Error in Percent  
Observed Head Over Weir - (Feet) 

0. 6 0.6 1. 

0.5 2.7 1.3 0.9 0.6 0.6 
1.0 9.8 5.1 3.4 2.7 2.2 
1.5 20.8 10.9 7.5 5.7 4.7 
2.0 33.5 18.1 12.6 9.7 7.9 
2.5 48.0 26.6 18.7 14.5 11.9 
3.0 63.7 36.1 25.6 19.9 16.5 

Table IV gives the percentage error in discharge that will occur 
if regular weir tables are used instead of correcting for the reduced 
height of weir by use of the Rehbock formula. The table is divided into 
two parts: The first part shows a constant head of 0.2-foot over a weir. 
The value of the ratio of H over P is varied and the error shown. The 
second part of the table is calculated for a constant head of 0. 5 foot and 
is handled in a manner similar to the first part of the table. 

TABLE 17 

ERROR IN DISCHARGE FOR 
CHANGES IN HEIGHT OF WEIR 

H 

P ft. 

WEIR 
HEIGHT 

P 

H 

F 

COEFFICIENT 
K 

% ERROR 

Head = 0.2 foot 
0.5 0.4 3.49 5.6 
1.0 0.2 3.41 2.7 
2.0 0.1 3.37 1.5 
3.0 0.07 3.35 0.9 
00 0 1 3.32 0 

Head = 0.5 foot 
0.5 1.0 3.70 13.1 
1.0 0.5 3.48 6.4 
2.0 0.25 3.38 3.4 
3.0 0.17 3.34 2.1 
00 0 3.27 0 



This error is introduced in the field by improper maintenance 
and cleaning of the weir pool. As the pool fills the ratio of H over P in-
creases and the error increases. 

Numerous instances have been noted in the field where weirs 
have been placed in channels having relatively high gradients. It is very 
difficult to hold a properly proportioned weir pool under these conditions 

and obtain smooth flow 
through the weir notch. 
Obviously, the in-
creased velocity of 
approach and turbu-
lence will cause 
errors in measure-
ment. Channel cur-
vature and conse-
quently poor velocity 
distribution over the 
weir crest will also 
cause excessive 
errors which are not 
easily evaluated. 
Laboratory experi-
ments have shown 
that the extreme dif-
ference in discharge 
over a weir for a 

constant head, but with the upstream velocity distribution varied, 
amounted to 26 percent. A weir with very poor approach conditions 
is shown in the photograph above. 

Discharge Error Due to Turbulence and Surges 

Turbulence and surges occur in approach channels to weirs and 
other types of measuring devices. The cause is usually high velocity of 
approach but may be from gates or valves, sudden changes in section, 
or others. Such disturbances are usually evidenced by erratic results 
in measurements. The disturbances on the surface rarely follow a true 
sine wave pattern. Hence, the average reading of the head may cause 
appreciable error. Since the pattern is very complex, corrections are 
not readily applied to the calculations. Corrective measures to quiet 
the flow provide the best solution. This may not be an easy task. 

Weir Blade Sloping Upstream or Downstream 

In constructing a weir, it is necessary to have the plane of the 
upstream face of the weir vertical if accurate measurements are to be 
obtained. Experiments with sloping weirs show that the coefficient 
changes if the weir blade is tilted in an upstream or downstream direc-
tion; that is, when the face of the weir blade is not plumb. This change 
is slight, and the weir face may be out of plumb a few degrees before 
the accuracy of the measurement is seriously affected. 
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Roughness of Upstream Face of Weir and Bulkhead 

For consistent and accurate flow measurements the upstream 
face of the bulkhead and weir blade must be smooth. Offsets, protruding 
bolt heads, and surface roughness must be avoided upon installation. 
Maintenance is necessary to retain a smooth surface. Sufficient work 
has not been done to provide an exact evaluation of the errors resulting 
from the many possibilities of roughness. It was found from one series 
of experiments that the percentage increase in discharge, due to chang-
ing the roughness of the upstream face of the weir bulkhead from that of 
a polished brass plate to that of a coarse file for a distance of 12 inches 
below the crest, is shown to range from about 2 percent for 0. 50-foot 
head to about 1 percent for 1.35-foot head. Other experiments showed 
that when the upstream face of the weir was roughened, to the crest, 
with coarse sand (retained on No. 8 standard sieve and passing No. 4) 
that the increase in discharge ranged from 6. 5 percent at a 0.2-foot 
head to 4. 7 percent for a 0. 5-foot head. The larger projections caused 
by the addition of nuts and pieces of metal on the bulkhead below the 
crest in these same experiments caused about the same increase in dis-
charge. 

Rounding of Sharp Edge at Crest of Weir 

In irrigation practice many of the older weirs were constructed 
of wood. In this type of construction the original sharp edge of the crest 
soon becomes rounded. Rust and corrosion also produce a rounding ef-
fect on metal weir blades. The effect of this rounding is to cause an 
increase in the flow rate for a given head when compared to a sharp 
crested weir. Considerable experimentation has been done to evaluate 

the effect of the round-
ing of the crest. The 
results show that the 

tK '" percentage increase in 
discharge due to the 
rounding, decreases as 
the head increases. 
For a head of 0. 5-foot, 
an increase of some 20  
3, 5-1/20   11, and 
13-1/2 percent may be 
expected for roundings 
having radii of 1/24, 
1/8, 1/4, 1/2 and 3/4 
inch, respectively.
These is a deficiency 
of data for the higher 
heads with the longer 
radius roundings. 
However, with radii 

smaller than those given above, the increases become consistently 
smaller as the head increases. As an example, the increase in dis- 
charge of 2 percent, given above for the 1/24-inch rounding at 0.5-foot 

10 



head, becomes 0. 7 percent at 1.0-foot head and about 0. 5 percent at 
1.35-foot head. An extreme example of rounding of a weir crest is that 
shown in the photograph on the preceding page. 

Submergence of Weirs 

For the measurement of irrigation water it is not the usual 
practice to install weirs where submergence is anticipated. However, 
changes in the regimen of the channel downstream may cause a weir to 
operate under submerged conditions. Submerged flow, at its best, is 
relatively unstable. Therefore, the results of the studies of submerged 
weirs are not in good agreement and it may be concluded that measure-
ments made by a submerged weir should be considered as approximate 
only. One solution is to remove the cause of submergence from the 
downstream channel if this is practicable. 

Aeration of the Downstream Nappe of a Weir 

One of the general conditions for accurate and consistent meas-
urements by contracted weirs is that air circulates freely on all sides 
of the flow issuing from the weir notch. Such conditions ordinarily are 
not difficult to obtain. The weir bulkhead in irrigation structures is con-
structed of concrete in many instances. The use of metal weir blades 
which do not project a sufficient distance from the concrete, or an im-
proper bevel of the concrete downstream from the blades can easily re-
strict the desired air circulation. The effect of this restriction of air 
is to increase the flow rate for a given head. The increase in discharge 
will depend on the degree of restriction of air and can be appreciable. 

The problem is more pronounced when suppressed weirs are 
used. For standard suppressed rectangular weirs used in irrigation 
practice, the sidewalls are generally carried straight through the struc-
ture. Thus, auxiliary means must be provided to supply air to the under-
side of the nappe. Unless adequate air is provided to this area to replace 
that carried away by the jet, a partial vacuum will be formed. The re-
sult is a lowering of the nappe and an increase in discharge over that ob-
tained with adequate aeration. A condition of instability may also exist 
in which some erratic measurements will be obtained. One investigator 
found that the discharge would be increased about 3-1/2 percent at 0. 5-
foot head and about 2 percent at 1.0-foot head when the pressure under 
the nappe was reduced only 0. 8-inch of water below atmospheric. When 
the pressure was further reduced to 1. 2 inches of water, below atmos-
pheric, the increase in discharge was about 5 percent and 2-3/4 percent 
for heads of 0. 5 and 1.0-foot, respectively. The size of vents adequate 
to relieve this negative pressure will depend on conditions at the weir. 
Two investigators have developed solutions for calculating the size of 
vents. The important consideration is to design the vents of adequate 
proportions to relieve the low pressure insofar as it is possible. 
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Other Factors Affecting the Accuracy of Discharge Measurements Over 
Weirs 

There are factors, other than those covered separately above, 
which may cause errors in discharge measurements made with weirs. 
Many of them apply equally as well to other types of structures and de-
vices. 

Obstructions in the measuring section cause errors proportion- 
ate to the magnitude of such an obstruction. In irrigation systems float-

ing detritus, weeds, 
moss, etc., may ob-
struct the water pas-
sage, as shown in the 

k photograph at left. `F 1 

Frequent and close in 
41 spection accompanied 

ki 

_by remedial measures 
will relieve this con- 

"", dition. 

Changes in 
viscosity and surface 
tension of the fluid are 
known to alter the flow
coefficient. However, 
the effect of these two 
factors are considered . y : „ 

~4 negligible in irrigation 
systems where the flow 

media is water, and wide variations of temperatures are not encountered 
and, further, provided the restrictions on high and low heads over the 
weir are complied with. 

At very low heads, flow over a weir may become quite unstable 
and errors and inconsistencies in the measurements will result. Be-
cause of viscous drag and the tendency of the nappe to adhere to the weir 
crest there is general agreement among experimenters that heads of less 
than Q. 2-foot will not produce reliable results when the usual discharge 
tables or formulas are used. 

The results of many experiments on weirs show that the formu-
las developed for rectangular weirs do not hold when the head exceeds 
about one-third of the length. There are indications that the discharge 
formula for the Cippoletti weir, in lengths over 1-foot, is slightly in 
error at heads less than one-third the length. Possibly the rule should 
be that the head should not exceed one-fourth of the length if errors are 
to be reduced to a minimum. 

As previously stated, the flow formulas for weirs have been de-
veloped empirically and are not necessarily susceptible to extrapolation. 
Most of the data have been derived for heads up to 2. Q feet. Although 
some data are available for higher heads, authorities generally agree 
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that a 2. 0-foot head should not be exceeded for any length weir if good 
quality results are desired. 

It has been previously pointed out that the percentage of error 
in discharge resulting from a given error in measuring the head will de-
crease as the head increases. Therefore, the minimum error and, 
hence, the greater accuracy can be expected if the discharge occurs 
under the maximum head commensurate with the above limitations. 

. Careful visual inspections made at regular intervals will remove 
many of the sources of error mentioned above. These inspections should 
also disclose other sources of errors such as leaks around the measur-
ing structure, through weir bulkheads, or from drains in the structure. 

CONCLUSIONS 

The charts, tables, and discussions presented in this article 
are not intended to point out all the possible errors in all the devices 
and structures used in measuring irrigation water. However, from the 
examples cited, the following conclusions may be drawn. 

To obtain accurate measurements of irrigation water it is nec-
essary to make a careful study for the selection of a proper device to fit 
the conditions pertaining at the site. Even with careful planning and se-
lection of an excellent primary measuring device, it is probable that 
errors may be introduced into the measurements unless due care is ex-
ercised in fabrication, installation, operation and proper maintenance 
of the devices or structures. The magnitude of ;these errors can be 
appreciable and the value of a well planned measuring program may be 
reduced considerably by failure to anticipate and remove the cause of 
the errors. 

The possible errors cited are both negative and positive and 
may tend to cancel each other. However, more careful scrutiny shows, 
especially in the case of weirs, the probability is that there is a pre-
dominance of negative errors. This means then that usually more water 
is being delivered than is apparent from the measurements. 

Notes: 

Equation "A" 

Q = CLH3 / 2 

Equation "B" 

Q = 4WH1. 522W0. 026 
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USE OF STAINLESS STEEL WIRE ROPES FOR HOISTS 

The use of stainless steel hoisting rope for radial gates has 
been gaining favor among operating supervisors during the last few years 
because it has the desirable effect of increasing rope life and reducing 
the hazard of rope failure due to corrosion. This practice has been, 
and will continue to be encouraged where it appears to be economically 
advantageous. 

A word of caution is appropriate, however, as pointed up by a 
recent failure of stainless steel hoisting ropes after about six months 
of service at a loading of only about one-eighth of breaking strength. 
The failure occured on an automatic gate and was due to hunting over 
a range of 2 or 3 inches. 

The major break shown above was a few inches above the point 
of attachment to the gate, where the rope was straight and not subject 
to bending; but breakage of single wires had occurred all through the rope 
structure as shown on the more detail photographs on the following page, 
and particularly where the rope was flexing as it ran on and off the drum. 

Stainless steel is very susceptible to work hardening. Military 
Specifications No. MIL-C-5424 allow a 50-percent reduction in tensile 
strength after 50,000 bending reversals of 1/ 4-inch 6 by 9 stainless 
steel rope. Fewer reversals would be required to produce a similar 
weakening of larger ropes. Individual wires of a rope are subject to 
torsional, as well as tensile, stresses when the rope is under straight 
tension; and each wire twists and untwists if the rope pull is alternately 
increased and decreased. This explains the failure of the ropes at a 
point of straight tension. 

Stainless steel wire rope should not be used on gates which are 
likely to hunt and the need for lubrication of stainless ropes should not 
be overlooked. Keystone wire cable grease is recommended. 
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This grease is free of tars and gummy substances that will flake off on 
drying and is of a consistency that will penetrate to the center of the 
cable. 

We suggest that all stainless steel ropes now in service be ex-
amined minutely, at the convenience of operating personnel, for possible 
breakage of individual wires as shown in the photographs above. If any 
such breakage is discovered, it should be reported along with the condi-
tions of operation and service. An alarm is not being sounded, as the 
one case of failure was due to very unusual operating conditions. How-
ever, due to the possibility of extensive damage to facilities in case of 
rope breakage, a careful investigation is warranted; and operating per-
sonnel who may be using or considering the use of stainless steel rope 
should be informed of its inherent work-hardening characteristics, and 
its limitations under continuous flexing. 
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SPECIAL JACK SUPPORTS RADIAL GATES 
(Suggestion No. R2-57-94) 

In changing the hoist cables of the radial check gates on the 
Delta-Mendota Canal of the Central Valley Project, it is necessary to 
secure the gate in an open position while the old cables are removed, 
and the new ones installed. Since the cables must be changed when 
there is water in the canal, this can be a slow and also hazardous under-
taking using the previous method of putting a sling and chains around the 
operating deck to support the gate. A special jack built by Robert H. 
Vouch, Tracy Operations Field Branch, is light, and makes it possible 
to do the work required in a much easier, safer, and less costly manner. 

In addition to the photographs of the jack above, a sketch of the 
parts is shown on the following page. Two jacks are used, one on each 
side of the gate, during the cable replacement. 
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PRECAST CONCRETE BLOCKS FOR MINOR STRUCTURES 

One of the major problems on operating projects in many areas 
is the inability to perform the concrete work for minor water control 
structures during the frost free period of the year. The use of precast 
concrete blocks to build minor structures, instead of placing concrete 
on the job, affords many conveniences, as well as a saving in construc-
tion costs, especially when the jobs are located in a remote area. The 
Uncompahgre Project in western Colorado has utilized precast concrete 
blocks in the replacement of minor structures since 1954. Typical of a 
drop structure constructed with the blocks is that shown below. 

Vy~' 

The first structure using precast concrete blocks was con-
structed in 1954; since that time an additional 25 structures have been 
completed. Jesse R. Thompson, now retired, former Manager of the 
Project for the Uncompahgre Water Users' Association, Montrose, Col-
orado, designed a set of forms to precast 21  x 2' x 4" and 1' x 21  x 4" 
concrete blocks to be 'used in the construction of drops, chutes, head-
walls, and other minor water control structures. A drop of 6 feet, in a 
4-foot wide channel with the structure 10 feet long can be placed with the 



precast blocks for approximately 60 to 65 percent of the cost of a simi-
lar drop on which the concrete is placed on the job during subfreezing 
temperatures. 

Other advantages in the use of the blocks are: 

1. Blocks may be cast and properly cured during 
warm weather, or easily protected from frost 
during cold weather. 

2. There is no waste of aggregate or cement. 

3. Use of the blocks eliminates transportation 
of a mixer for mixing concrete in cold weather; 
and protecting concrete from freezing. 

4. A drop of the dimensions given above can be 
placed in about 1/3  the time required to place 
concrete on the job. 

5. No damage results if inclement weather occurs 
during construction, and it becomes necessary 
to suspend work. 

C onstruction 

Only two men are required to fabricate and stockpile the prefab-
ricated blocks. The forms are bolted to permanent trestles at about av-
erage waist height, as shown in the photograph below, for convenience in 
assembling the forms, troweling the concrete, and moving the finished 
blocks from the forms to the stockpile. 

The blocks are 
made with dove-tailed 
joints, and are also 
joined together hori-
zontally by the use of 
bolts and strap iron. 
Vertically they are 
joined together by 
placing 8-inch lengths 
of 5/8-inch reinforc-
ing steel in the holes 
provided in their manu-
facture. Design details 
of the blocks and block 
forms are shown in the 
drawings on the following 
pages. 
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A close-up view of one of the forms is shown below. A bar 
bending machine, set up in the building, is used to bend the reinforc-
ing bars, and to make U-bolts as needed. 

The type of structure that can be constructed with the blocks 
is quite impressive. There was no leakage of water through the joints 
between the blocks of the structures examined, and the walls appeared 
to be rigid and sturdy. There is, of course, a limit to the height of 
wingwalls and headwalls that can be built without the use of struts to 
support the pressure from earth or water. The project utilizes an air 
entraining agent in the concrete used in the blocks and the aggregate 
is carefully measured. Blocks are cured with curing compound. It is 
understood that two sets of steel forms were built for the project by a 
steel fabrication company at a cost of about $1, 700. However, it seems 
probable that less expensive wood forms might be utilized if a less ex-
tensive program were being contemplated. 

In the event that there should be questions relative to the de-
sign of the blocks or the methods of construction, contact H. F. 
Bahmeier, Project Manager, U. S. Bureau of Reclamation, P. O. Box 
780, Grand Junction, Colorado. 
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FARM GATES REPLACE CATTLEGUARD 
(Suggestion No. R2-57-54) 

Where a bridge is used for transferring cattle across the Friant- 
Kern Canal, Central Valley Project, California, use is being made of 16-
foot metal farm gates instead of constructing or replacing cattleguards. 
The gates serve a dual purpose. The large double gates ,shown in the 
first photograph below can be opened and swung into position shown in 

the lower photograph 
to close off the canal 
roadway leaving an 
open runway for the 
cattle to cross the 
canal bridge. 

Other similar 
installations are to be 
made in the Central 
Valley Project to re-
place numerous cattle-
guards. It has been 
estimated that in re-
placing eight old 
cattleguards on the 
Orange Cove Unit of 
the Project, use of 
Canal Superintendent 
E. I. Currants sug-
gestion has saved up-
wards to $500 per in-
stallation over the 
cost of the conven-
tional cattleguards. 

There are 
a great many places 
where the movement 
of cattle across a 
canal is done only 
occasionally, and 
this suggestion, 
rather than the in-
stallation of cattle-
guards, will serve 
to solve the prob-
lem very nicely. 
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CABLES SUPPLEMENT GUARDRAIL PROTECTION 

Galvanized cables have been added to the guardrails in the 
vicinity of the Shasta Power Plant, Central Valley Project, California, 
as shown below, to provide additional protection to visitors, particu-
larly small children. The additional protection afforded by the cables 
is quickly and easily obtained where guardrail posts of the type shown 
are in existence. 
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