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'FOREWORD:

The Center for Rural Development, wthh is a D1v151on
jof the Berger Group of comoanles, as51sts cllents 1n plannlng
4and 1mplement1ng programs and progects a*med to expand economic '
opportunities to improve the well—belng‘of rural populations in

many parts of the world.

Currently, in 1983, the Center'supports ten ma‘jor
rural development progects whlch are funded by the World Bank,
the U.S. Agency for Internatlonal Development the Asian
Development Bank, and other 1nternatlonal agencies in Asla,

Africa, the Middle East, and Latin Amerlca.

As a part of its services'to,clients and the
professional community of those, engaged in rural development
work, the Center releases technlcal notes on varlous aspects
of individual projects. The notes are numbered by reference

to the individual proejects.

Technical Note No.-7'isﬂiSSued’as a part of that

service.

For those interested;‘additional-copies may be obtained
from the Center for Rural Development, c/o Louis Berger Inter-~

national, Inc. 100 Halsted Street, East Orange, New Jersey 07019,

u. 5. &.
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BROAD—CRESTE_D WEIR:
Simple-Accurate Flow Measuring Device

for Irrigation Channels

I. Introduction .

Poor irrigation water management in operational irrigation
systems is a common problem in~m§ny déveloping countries. Many
government agencies, donor agenciesl,és well as private concerns
are being encouraged to developvwateﬁ:management programs or
improve existing ones. A major step;in im?lementing any program
is measurement of irrigation water. Proper and successful water

management depends cn accurate flow rates.

Traditional water measuring devices sﬁgh‘és sharp—crested,weirs,_
and parshall, trapezoidal and cuttﬁfdai flumes are-difficult, |
cumbersome, and expensive to use. Thig_is-eSpeciaily’true iﬁ
retrofitting them to existing lined:cﬁannels. Sihce these devicéﬁ
require calibration, field use is limited to particular shapes

and sizes for which these calibrations were made. Any deviation
in field construction from exact'dimeﬁsions'as calibrated results
in a change of depth/discharge relationships. The'strict
dimensional requirements of thése dev;¢es is.expensive and
difficult to obtain under field conaifions. They also require

a large head loss to obtain valid measurements of flow.



A new style of flume that is simple t6~¢ohstruct has been
developed that ellmlnates ‘most of the problems of the more
traditional devices. This flume resembles a modlfled broad
crested weir (BCW) and is actually a. style of: long- throated

flume, which is designated a BCW flume.

Mr. J.A. Replogle, et. al. of the U.S. has been responsible
for developing the model for this'type:measuring device. See
references for details of his mathematical model which will not

be discussed here.

The mathematicalmodel which has been derived and tested both in
the lab and field,allows design of Bcﬁ's for any particular size
and shape of channel. The BCW is 51mple to construct, causes

very low head losses, and prov1des for accurate flow measurements.
The computer program of the model'ls_;;sted_ln appgndlx C. With
the adveﬁt of microccmputers use»of'this model to design and

produce a depth/discharge table is simple indeed.

II. Design Criteria

Figures 1 and 2 depict the BCW ahd pertinen't dimensions. The
important design dimensions are the sill length, L; and sill
height, S. Of these the sill heiéht ié tﬁe most important design
dimension since it controls the water level in the channel.

It must be high enough to obstruct the flow so that the upstream

jevel rises as shown in Figure 2. Field and lab tests have shown
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thaf the flume will operate satisfactorily at a submefgeﬁce'of
85%. That is, the downstream depth'ehoﬁla be ﬁo more than 85% of
the upstream depth as measured from:tep.of_the sili. Also. the
sill height must not cause SO muchlofianlobsﬁructien that the

canal overflows upstream of the flume, '

For low velocity'flows a freeboardvdff?O%:Qf:Yl(the sill referenéed.
depth) can be safely used. These thﬂcriteria hust be ﬁet for R
full range of expected flows. Bgth‘efe most cruciel at the

expected maximum 'flow. Therefore_desigh is based.on the

expected maximum flow and associated maximum depth.

The sill length is less important in aesign. If it is too short
flow lines inthe throat section willnot be parallel enough and
flow ratings may varyiby as muchnas“S%;‘ In general the sill
length should be at least two times the sill referenced depth
{yl1) at maximum fiow. Howevef,-eesil}'lenéth longer than 20
times the least flow. depth to beiﬁeaepgedjshould be avoided

because flow becomes uncertain.

The eonverging section (ramp) is constructed:wifh e slope-of‘

3:1 (horizontal to vertical) as this‘eiope-has beeh found
sufficient to maintain parallel flowg:‘Existing‘caﬁal side slopes
serve as part of the flume throaf Sectioh. Usual construction

.
practices for canals is Sufficiently accurate for this section.


http:ramp).is

The BCW can be constructed with a‘diveréing section, a 6:1
(horizontal to vertical) ramp, this will improve the submergence
limit, in some instances up to 95%. For most common channels

and conditions the diverging section is not necessary.

Design procedures are'felatively étfaﬁght4forWard.: Thé maximum
flow and associated flow depth alpﬁéNWifh channei,géométry
(bottom width, side slopes, anc: conétfucfed depth) ‘are 'needed.
The computer model previously mentiéned is uséd for'deSién'and
printing tke depth/discharge‘tabyes. -ﬁse of the program in

design and an example is given in appendices A and B.

III. Construction

Affer the BCW has beeh(designed consttﬁction is relatively easy.
A check of the channel in vicinity of}flume location should be
made to select a site where bbttom.and‘sidé slope irregularities
are minimum. If the site has éide éiépes that deviate signifi-
cantly from assumed design slope_another site should be selected

or the BCW design recalculated-using,éctual values. This is’

especially true of the slopes above the throat section. .

The BCW has two sections - the ramp and the sill. Width of the
sill should be as near to calculated value as the desired
accuracy of measurement. That is; a 1% error in width will

cause about a 1% error in flow discharge. While the sill



height is of importance as it controls water levels and
submergence, precise'vertical locatlon of eHe 5111 1s not
critical to discharge ratings except where 1t causes the flume

v significaﬁtly. 'Should the Ileld

H

width dimensions to vea
constructed rlume exceed:a tolerable ameentgthe;computer.model

can be rerun with actusl width to calculate'hew oepth/dlscharge
rela lonshlps. The sill shoula pe- levereo in both directions w1th

ths.withln 5-10 cm will cause

W

no large irregularities. §ill len

egligible change in éischarge, especially.if‘the error makes

trie sill longer.

The upper edge of the ramp should - ]Oln the sill such that it
‘does not protrude above it, sllgntly rounclng the joint corner
is desirable. The ramp need not taper“to zero thickness but
can be ended abruptly at 5-8 cm thickﬂf,Drain:tubee caﬁ be

1 the canal. ' Flow through the tubes
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Tt should be possible to make use of thié BCW in unlined ditches
if a section of the ditch above and' below the flume is lined.
This would be especially true onthequwnstream side to dissipate
the energy due to the drop. Before adopting. such a desiyn some
tests-should conducted.

Flow measurements are relative eothe depth of flow measured just
upstream cf the flume, Figure 1. Thls deneh is meesured w1th
respect to top of sill elevation. A.point:on the 51lllat about
L/4 from the downstream-end and at: centerllne of flow is uced as

a reference. There are several wa?s to meesure the aepth of. flow
including vertical staff aauge inclined'staff gauge, and stilling.
well. In using the staff gauges spec1al attentlon nust be given
to locating the "zero point" of‘thé gauge with.respect’to sill
reference point. The use of a stiiling]well'has been found
relatively easy to install and useeand gives very accurate

results. Figure 3 shows a typical'insteilafioe and how depth

of flow is obtained. Ffom the depth offflow value a correspondihg
value of flow is obt rained irom table of depth/dls"harge relations

for the particular ilume.
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Flow Measurement
Approximately .10 cm ¢ pipe of appropriate iengthgtovextend beloQ‘elevation of
top of sill. ' ' o
Approx1mately 4" ¢ pipe of aoproprlate lnngth Welded to stllllng well, sloped
at slight engle to at least 2-3 cm below top of. szll, ‘and- protrude 2- 5 cm into
the channel.

Measuring point should be located about .3-. 4 m upstream of the end of ramp.

Depth of flow (Y1) is obtained by subtractlng the tape readlng (x) from the
elevation difference.

An appropriate cap for stilling well.

Figure 3

Stilling Well and Flow Measurement



III. Recent experience at Lam Nam Oon

Flow measurement at Lam Nam Oon has;been non;existant'in the
past, other than using the rating'curves, from design, for the
‘main canal head regu;ators. There;are;seyeral reasons for this.:
One major reason has been the lack-otcdemand;on-the,system in |
the past and therefore no real need for water management and
water measurement. Others have to do w1th the phy51cal system .
‘itself. No measurlng dev1ces are present in the maln canals.
Most laterals have constant’ head orlflce (CHO) type turnouts
from the main canals. These can be used'to measure flow if
they are calibrated and operated properly.i At present none of
the CHO's have been rated to deternine the coefficient of
discharge, nor do they have staff guages'to set the proper head
differential. Construction practicesﬁin regard to entrance
conditions, gate installation, etc. affect the coefficient of
.discharge. Observation of existing‘CHO'slshow a variance in
the conditions from one gate to. another Hence, a coeff1c1ent
of discharge for one gate (or set of gates) w:.l1 not llkely be
the same for others. Therefore. all would have to be rated
individually. Also,.staff gauges: would have to be properly‘
installed (about 4 per lateral) . Wlth_the CHO's rated‘and
operated properly it is doubtfu} if,they‘could bejread to an:

accuracy of 5%.

- 10 -



It was with these difficulties of the present system in mind
along with a need for easy, accurate flow measurements for
initiating a water management program that the BCW was chosen
as a measuring device. As mentioned 'earlier, its adaptability
in design, ease of construction, and accuracy of measurement

make it ideally suited to project conditions.

Two BCWs were installed in laterals off the Right Main Canal

at Lam Nam Oon in December 1982 and have been in operation
during the following irrigation -seasén. The larger one designed
for a maximum flow of 1.34 m3/sec‘wiﬁh sill height of 0.45 m,
width of 2.85 m and length of 1.0 m. .The smaller one was for a
maximum flow of 0.26 m3/sec. Both were constructed of rock fill
and capped with about 10 cm. of concrete. A stilling well of
approximately 10 cm diameter was chosen as being the best
alternative for measuring flow depth. Construction time for

each was about one day.

Three seperate measurements of the larger one was made by Lam
Nam Oon staff and personnel from RID's hydraulic lab. These
were made with a calibrated pitot tube taking numerous velocity
measurements in the flow cross section. Comparison of the flows
calculated with the pitot tube and those for the BCW were all
less than three percent. Overall the BCWs have functioned as
expected with no problems. Furthertplans are to install BCWs

in all the laterals and possibly 'in the main canals at strategic

points.

- 11 -



2rfter installing the larger Broad!crésted,Weir it was tested to
determine if at maximum Q it functiohed,properly; It was found
that the maximum Q it could handle andJnot'be submerged was about .
0.8 m3/sec. this is about 60% of the designed value for the canal.
The cause for this stems from the assumed design value of roughness
(Manning's n) of the concrete linéd'caﬁal‘anﬁ that of the actual
conditions that exist now. The assumed value in design was

'n' = 0.014, from the Handbook ofnydréulics, this represents

a concrete lined channel in 'good' condition. None of the canals
at Lam Nam Oon, at present, meet this EOndition. Previous checks
in some other canals gave figures-on 'n' ranging from 0.02 to

0.04.

The value of 'n' has a direct effect on the depth of flow at a

particular flow. The following shows this:

'N! Depth
0.014 0,75
0.016 .83
0.018 0.85
0.020 £ 0..90

This increase in depth of flow, under actual conditions, down-
stream of the weir has the effect of causing submergence at a

flow less than ©Q maximum.



To eliminate this problem two thlngs can be done. 'Firet, is

to assure that the canal is. kept clean and ‘meets the assumptlons
‘of design. Under actual condltlons thlS may be difficult.
Improvement can be acheived but not_likelY-to original
assumptions. Second,in.desighihg thevBroad creeted Weir‘use

a value of 'n' that will most likely represent the actual field
conditions. This will reflect the.increase ln flcwldepth and

consequently the'design height of the Broad creasted Weir.

One advantage of using the Broad[crested Weir is; if the sill
height as designed ahd constructed lsffound later to not be high
enough to pass the flow required,Wlthcct submergehce the sill
height can easily be raised, This la-accomplished by.adding an
additional layer of concrete'UJtheBroad crested Welr The
flow/depth relatlonshlps are then recalculated for the new helght
Doing this may entail 1ncreasrng the helght of the llnlng upstream.
of the Broad crested Weir somewhat ‘to. meet new freeboard

requirements.

C-her recent expéerience with thejBCW:hasfbeen in the U.S. where
- two large BCW's were recently imstalled; one designed for about
57 m3/sec., 16.46 m wide, sill height of 1.22 m and length of
3.66 m in Arizona; one of about'15”m3/sec. in Idaho. Both are

performirg well and flow meter cpmparison show excellent agreement.

- 13-_'
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APPENDIX A

DESCRIPTION AND USE OF THE BROADCRESTED WEIR PROGRAM

Thefprogram, written in BASIC for the Apple III computer provides
a model to calculate flow throughftheﬂbroadcfested weir.

The program consists basically of-four.parts:

1) 1Input of intitial.data.

2) Initial calculations whereby a sill height is found that is
approximately a minimum for Suﬁméfgencé.:

3) A "Rerun" with new values ofksill}height.and length.

4) Printing of summary design table and dépth/discharge tables.

The heart of the program is the main subroutine. - This portion
;was adapted from an SCS program Ey.Replcgie; Remainder of the
program was written to assist in' designing a .BCW from given daté;
éhecking £he design and printing the desired tables. Figure Al

'is a general flow chart of the program.

The program is run from a "menu"iWherg the appropriate option is
selected, prompts of "Press Return tQ*Cont." are at the end of
each portion of the program. This allbws viéwing of calgulationé
on the console and when "Return” is pféssed the program proceeds

to next step or back to main menu for next option.

NN
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The following is a brief description of how the program is used
_to design a BCW and print the tables, Appendix B shows an

example:

When the program is run select‘option'l, "Input for Weir Design".
At the prompts, data pertaining ﬁo thégparticular channel is
entered appropriately; The program then .calculates a value

of sill height, by itefation, such that the sill height is
approximately a minimum for submergence (that is the "Submergence
Check" in the table will be at or near zero) . At the end of this
calculation the table.is printed-fo ﬁﬁé screen fo;:observation,'
If the "Submergence Check" is zero;oripositive this sill height
can be used as is. However if there is enough availabie freeboard
a slightly higher value would allow fof unforeseen;values of .Q
greater than design. If the "Submergeﬁce Check? is negative a
higher valve must be used to insﬁre ﬁp.submergence at maximum
flow. Also an even value of sill heiéht,(at least to ‘a whole
number) will make construction easier. One criteria for design
of the weir is the sill length should be at least 2 times the
flow depth at maximum flow. The;initial value is 2.1 times the
flow depth. Again an even value;of sill length will make

construction easier.
After noting the above in the table (bresented on the screen)

return to the main menu and select opﬁidn 2, "Rerun with New

Sill Height".

—‘c—l



At the prompt, enter new sill heighﬁ and lehgﬁh (if desired).
The calculations will then . be rerﬁn with ﬁhese new. values. At
the end of calculétions a table of“new;values will pe shown.
If the submergence and freeboard checks are OK then design is

finished. Return to main menu.

At this point select option 3, "Prinﬁ'Summary.Table". The table
(as shown previously) will be listed.(to printer or console).
For record purposes it is recommended that a copy of this table
be kept to show what values were'used,énd arrived at in the

calculations. Return to main menu.

Select option 4, "Print Tables". This will lead to a- selection.

of particular tables, select option lL[“Full'design_table". .As.

above this should'be kept as part of the record fof.each design as-

it lists some important design values. Return to main, menu.

Again select option 4. At this point a table is to be printed

for use by field workers. In most casés the depth/discharge

table is the most appfopriate and.easiestto use., However, in some
circumstances the discharge/depth table is better. Make proper
selection and table is printed. The cher option under print
tables is "Input (only to print tables)". Tﬁis is used'normally
to print new tables for field use where design has already been
completed. Selecting this option will lead to inputing initial-
data (can be obtained from summary table) and sill height and
length. After inputiing this information selection of appropriate

table is made and the table is printed.. Return to main menu.
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If another weir is to be designed'selecﬁ option 5, "Another weir"
and begin the process again. If finishéd select option 6, "Quit"

to terminate the program.



APPENDIX. B-

- COMPUTER PRINTOUT OF EXAMPLE

MHME F CRHAL TR-13L

CLOCHTION OF MEIR TEHEATE

COMSTRUCTED DEPTH OF CRHMHRBL T.83

BOTTOM WIDTH v1

SI0E SLOPES Ti.9

MEAIMON DISCHAREE AT

FLOW DEFTH BT Bmax .7

COES WEIR HAVE A DIVERGING SECTION 7 /%WH  ??f

15 ALL DATA EWTERED DORRECTLY 7 “wN’

This is the input screen where appropriate data for the

particular canal is entered.
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OLO SILL HEIGHT = A X ' nLD =ILL LEMGTH = 3.83

Mew waloe of SILL HETSHT A3
im=ut rew waiue for SILL LEHGTH if wanted elze PRESS RETURN T

Considering the initial calculatlon, the submergence check was 0.003,
freeboard check 0.033, and 'length and height values to .3 decimal places;
It may be better to raise the sill helght some- to assure no submergence
at slightly greater than maximum flow condltlons Both - length and
height are selected to nearest centimeter. 'This is the .input for the

rexrun.
MEHE OF CAMAL  R-15L LOCATION  B4+e5a
INTTIAL COHOITIONS
DOHSTRUCTED DEPTH  9.85 MAXTHUM 0 A.53
BOTTOM HIDTH . o FLOW DEPTH f. 74
SI0E SLOPES 1.58 , FREEROARD .15
MEIR SELECTION. -
LEMETH OF SILL 1,389 © HEIBHT OF BILL .45

SEMERGEMCE—FREEFLO

R

{ CHECK., HEIR IM FLACE
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=
-
Y1
11
T
o -
oy
=
)
1
173

LL REF. FLOH DEP. 2 fmax | Rinax B
STRERM WATER DEFTH

C. IN HMGTER DEFTH
IN WATER TEFTH
FoE CHECH

—-1 [
ISRy

]

N0

DO o B I s B v |
« » & & u
DDV IR (Y

Fo 3o =

PITUOL FREESOSRD A, G877
MIRED FREERIARD 9. 153

FRESROORD CHECK H,A12

Loast FLOM DEPTH to be messored is ., [15A

LI UME OF STRLUCTLURE = i.268 Ha

This is the rerun calculations showing submergence check_higher and
freeboard lower. Both are positive sp this weir design is satisfactory.
This is the summary table that is printed for the record.
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H, 2R 86157 #3132 E T B2 i, Bl S P H ) 3,42 1. 6888 1,27
0, 274 5 AT 1,113 0, 2a27 3, BR5E 2 0. 44 1,883 1.38
H, 2en A, EaE H, 2 GRS S 4, TIEVE A 3,48 1,685 1.3
3, 5 1,21 g, 217 4,759 . 3,934 3,47 1.8a53 1.3

L, TR o, VEAA i3 a, =241 [, 753 [, 45 1.37
@, 24 H, oo G A.2310 R, 3423 A 3,51 1.33
@,7R00 BLETER a @.23TR 0 ALBRTS B G, 53 1,41
2,336 eIt & 3, 2445 A,9332 @4 053 1.43
¥, 743 TIE B.2512 0 @,9850 3. 56 1,45

Full design table that includes such values as critical depth,-
Froude number, discharge coefficient, etc.
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Depth/Discharge table, probably the most useful for field use by
zonemen or gatetenders.
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