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INTERNATIONAL STANDARD ISO 3846 -1977 (E)

Liquid flow measurement in open channels by weirs and
flumes — Free overfall weirs of finite crest width (rectangular

broad-crested weirs)

1 SCQPE AND FIELD OF APPLICATION b) the existing velocity distribution;
This Ipternational Standard lays down requirements for c) the avoidance of a steep(channel, if| possible;
the usp of full-width rectangular free overfall weirs of 4 th il off f . d
finite ¢rest width for the measurement of flow of clear . ;%Coln;equtent;f effects of any ltmcre.ase upstream
water ih open channels. water level due to the measuring structpre;
The advantages and disadvantages of this type and other e) |;cl'?e f::onsequenttl-z:jl condlt;Ions dowm%:eam, m:IUdmg
types gf weirs and flumes, as well as the relative accuracies s:Jc in l:encesii'ils dl &S, cog uter?cesvn : " 0”. er i retams,
of eacH of these devices, are given in the annex. s un_ce gates, m ams and: other cgnirofiing Teatures
which might cause drowning;
A f) .the impermeability of the ground on which the
2 REFERENCES structure is to be founded, and the ngcessity for piling,
I1SO 748, Liguid flow measurement in open channels — grouting or other sealing-in river installptions;
Velocity-area methods. g) the necessity for flood banks| to confine the
ISO 77R, Liquid flow measurement in open channels — maximum discharge to the channel;
Vocabdlary and symbols. . .
v 4 h) the stability of the banks, and [the necessity for
trimming and/or revetment in natural ¢ghannels;
3 DEFINITIONS .
i) the clearance of rocks or boulder$ from the bed of
For the purposes of this International ‘Standard, the the approach channel;
definitions given in I1SO 772 apply. . . .
k} the effects of wind; wind can hgve a considerable
effect on the flow in a river, or over| a weir, especially
4 UN|TS OF MEASUREMENT when these are wide and the head is small and when the
. prevailing wind is in a transverse directjon.
The units of measurement_-used in this International
Standald are seconds and meres. If the site does not possess the charadteristics necessary
for satisfactory measuring, the site shall|be rejected unless
5 INSTALLATION suitable improvements are practicable.
Conditjons regarding preliminary survey, selection of site, If a survey of the stream shows that the existing velocity
installation, the approach channel, maintenance, measure- distribution is regular, then it may be|assumed that the
ment ¢f head, stilling or float wells which are generally velocity distribution will remain satisfactory after the
necessd a oW_Mmea3 ement are aiven in the following con lon-o he vuel :
sub-clauses. The particular requirements for the finite

crest-width weir are given separately in clause 8. If the existing velocity distribution is irre

gular and no other

site for a gauge is feasible, due consideration shall be given

5.1 Selection of site
weir and to improving it, if necessary.
A preliminary survey shall be made of the physical and

hydraulic features of the proposed site, to check that it
conforms (or may be made to conform) to the require-
ments necessary for measurement by weir.

Several methods are available for obtaini

floats or concentrations of dye can

Particular attention shall be paid to the following features
in selecting the site upstream of the weir :

indication of irregular velocity distribution :

to checking the distribution after the installation of the

ng a more precise
velocity rods,
be used in smali

channels, the latter being useful in checking conditions at
the bottom of the channel. A complete and quantitative

assessment of velocity distribution may be made by means

of a current meter. More information
current meters is given in 1SO 748.

a) availability of an adequate length of channel of
regular cross-section;

about the use of
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5.2 Installation conditions
5.2.1 General

The complete measuring installation consists of an
approach channel, a measuring structure and a downstream
channel. The conditions of each of these three components
affect the overall accuracy of the measurements.

Installation requirements include such features as weir
finish, cross-sectional shape of channel, channel roughness,
influence of control devices upstream or downstream of the
gauging structure.

5.2.3 The measuring structure

The structure must be rigid and water tight and capable
of withstanding flood flow conditions without distortion
or fracture. It shall be at right angles to the direction of
flow and conform to the dimensions given in the
relevant clauses.

5.2.4 Downstream of the structure

The channel downstream of the structure is usually of no
importance as such provided that the weir has been so

The distributijsn and direction of velocity have an
important inflyence on the performance of a weir, these
factors being determined by the features mentioned above.

Once an instajlation has been designed, the user shall
prevent any changes which could affect the discharge
characteristics.

5.2.2 The apptoach channel

On all installatipns the flow in the approach channel must

be smooth, frd

e from disturbance and have a velocity

distribution as jhormal as possible over the cross-sectional

area. This can Y

be attained b

sually be verified by inspection or measure-

having a long straight approach channel

ment. In the ci{a of natural streams or rivers this can only

free from proj
Unless otherwig
approach chanri
requirements.

The altered flow conditions due to the construction of the

tions either at the side or on the bottom.

el shail comply with the following general

weir might have the effect of building up shoals of débris

upstream of tH

e structure, which in time might affect

the flow conditions. The likely consequential changes in

the water level
of gauging statid

In an artificial ¢
and the channg
at least 10 timeg

In a natural st

should be taken into account, in‘the design
ns.

hannel the cross-section should be uniform
| should be straight.for a length equal to
its width.

ream or river(the”cross-section should be

e specified in the appropriate clauses the -

reasonably unifprm and the'channel should be straight for
such a length as to ensure_a regular velocity distribution.

if the entry to[the approach channel is through a bend or
if the flow is difcharged into the channel through a conduit
or smaller cross-secti 3 g en a3

length of straight approach channel may be required to
achieve a regular velocity distribution.

No baffle shall be nearer to the points of measurement
than 10 times the maximum head to be measured.

Under certain conditions, a standing wave may occur
upstream of the gauging device, for example if the approach
channel is steep. Provided this wave is at a distance of not
less than 30 times the maximum head upstream, flow
measurement is feasible, subject to confirmation that a
regular velocity distribution exists at the gauging station.

If a standing wave occurs within this distance the approach
conditions and/or gauging device must be modified.

2

d at it cannot become drowned . uhder the
operating conditions.

The altered flow conditions due to the“\constrliction of
the weir might have the effect of building up [shoals of
debris immediately downstream ofcthe structure,| which in
time might raise the water level ‘sufficiently to drown the
weir.  Any accumulation of( debris downstreapm of the
structure shall therefore be removed.

6 MAINTENANCE <~ GENERAL REQUIREMENTS

Maintenance of ‘the measuring structure and the |approach
channel is important to secure accurate c@ntinuous
measurements:

It is essential that the approach channel to weirs be kept
cleanland free from silt and vegetation as far as pfacticable
for’at least the distance specified in 5.2.2. The Float well
and the entry from the approach channel must also be kept
clean and free from deposits.

The weir must be kept clean and free from clinging debris
and care shall be taken in the process of cleaning to avoid
damage to the weir crest.

7 MEASUREMENT OF HEAD

7.1 General

The head upstream of the measuring structurgd may be
measured by a hook gauge, point gauge or staff gauge
where spot measurements are required or by| a float-
operated recording gauge where a continuous record
is required, and in many cases it is preferable td measure
heads in a separate stilling well to reduce the effects of

The discharges given by the working equation are volu-
metric figures, and the liquid density does not affect the
volumetric discharge for a given head, provided the
operative head is gauged in liquid of identical density.
If the gauging is carried out in a separate well, a correction
for the difference in density may be necessary if the tem-
perature in the well is significantly different from that of
the flowing liquid. However, it is assumed herein that the
densities are equal.

It shall, however, be ensured that the gauge is not located
in a pocket or still pool, but measures the piezometric head.
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7.2 Stilling or float well

Where provided, the stilling well shall be vertical and have
a margin of 0,6 m over the maximum water level estimated
to be recorded in the well.

It shall be connected to the approach channel by an inlet
pipe or slot, large enough to permit the water in the well
to foliow the rise and fall of head without significant
delay.

The connecting pipe or slot shall, however, be as small as

I1SO 3846 -1977 (E)

points set exactly level with the sill of the weir and fixed
permanently in the approach channel or alternatively in
the stilling or float well, where provided.

A zero check based on the level of the water when the
flow ceases is liable to serious errors from surface tension
effects and must not be used.

As the size of the weir and the head on it reduces, small
erfors in construction and in the zero setting and reading
of the head-measuring device become of greater
importance.

possibl rce—or—alterna
tively Qe fitted with a constriction, to damp out oscillations
due to|short amplitude waves. This will be necessary, for
, if the chart of the recorder cannot be read to

6 mm.

level rdcorder, the well shall be of adequate diameter and
depth o accommodate the float.

The wgll shall also be deep enough to accommodate any
sediment which may enter without the float grounding.
The flpat well arrangement may include an intermediate
chambgr between the stilling well and the approach channel
of similar proportions to the stilling well to enable sediment
to settle down.

7.3 Zéro setting

A mearlns of checking the zero setting of the head-measuring
device [shall be provided, consisting of a pointer with its

L/~ Head gauging section

8 FINITE CREST-WIDTH WEIRS

8.1 Specification for the standard weir

The crest of the standard weir shall bp a smooth, hori-
zontal, rectangular ‘plane surface (in theke specifications a
“smooth” surfdce shall be equivalent irj surface finish to
that of rolled/sheet metal). The width of the crest perpen-
dicular to)the direction of flow shall be gqual to the width
of the.channel in which the weir is located. The upstream
and..downstream end faces of the weir| shall be smooth,
vertical plane surfaces, and they shall be perpendicular to
the sides and the bottom of the channel|in which the weir
is located. The upstream face, in particular, shall form a
sharp, right-angle corner at its intersection with the plane
of the crest.

A typical sketch of the weir is shown in figure 1.

———

-~

Stilting well

Horizontal crest

FIGURE 1 — Rectangular-profile weir
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8.2 Location of the head gauge section

Piezometers or a point-gauge station for the measurement

of»head on the
upstream from

weir shall be located at sufficient distance
the weir to avoid the region of surface

drawdown. They shall, however, be close enough to the

weir for the ener

gy loss between the section of the measure-

ment and the control section on the weir to be negligible.
For these standards it is recommended that the head-
measurement section be located at a distance equal to from

three to four ti

mes the maximum head (3 to 4 A max.)

upstream from the upstream face of the weir.

h
For {7— greater than 0,6, provided-l- < 0,85, the above values

p
of C shall be multiplied by a numerical factor as shown in
the table, before use in equation (1).

TABLE — Correction factors for C

8.3 Provision fpr ventilated, free flow

Provision for yentilation of the discharging jet should

ensure that thq

pressure on the upper and lower nappe

surfaces is atmgspheric. The tail water level should be low
enough for it not to interfere with the ventilation or free
discharge of theljet.

9 DISCHARGE

9.1 Equation

'EQUATION

The discharge equation is given below :

where

Q = (2/3)3/2 C\/g b h3/2 ()

Q is the disdharge;

C is the non

dimensional coefficient of discharge;

g is the acce]eration due to gravity;

b is the width of weir perpendicular to the-direction

of flow;

h is the meapured head.

9.2 Coefficient

of discharge

The coefficient € is constant, viz-0,864, in the range

Value of% Correction factor
0,6 1,011
0,7 1,023
08 1.038
0,9 1,054
1,0 1,064
1,25 1,092
1.5 1,123

intermediate values may be interpolated linearly.

h
NOTE — Based on the variation 'of C in the range of 0,1 K l—< 04,
h
and 0,4 < l_ < 1,6, the wéir may be called broad-crested and narrow-

crested respectively -In, the broad-crested range, the flow|across the
weir is parallel to the crest for a certain portion. In the narrow-
crested range, the\flow is totally curvilinear. (See figure 2.

9.3 Limitations

The'following general limitations are recommended :
h=0,06 m;
b=203m;

=
p=0,15m;

0,15 <—l‘3<4;

< 1,6 (with

h
01 < <0,85 forT >0,85

~i> vi>

0,15 <~-<1,5 (with

T ~i>

h
<0,85 for;> 0,85).

9.4 Uncertainty of measurement

The overall uncertainty of flow measurements made with

where

{ is the width of the weir in the direction of flow;

p is the height of the weir with respect to the bottom
of the approach channel.

h h
For n ranging from 0,4 to 1,6, C varies linearly with T

h
provided ;< 0,6, and is given by the equation

C=0,19N1 -;-7+ 0,782

these weirs depends on the uncertainties of the head
measurement, of the measurement of the dimensions of
weir and of the coefficients as they apply to the weir in
use.

With reasonable care and skill in the construction and
installation of these weirs, the maximum uncertainty in
the coefficient of discharge may be of the order of £ 3 %.

The method by which the uncertainty in the coefficients
shall be combined with other sources of uncertainty is given
in clause 10. In general, calibration experiments have been
carried out on model structures of small dimensions and
when transferred to larger structures there may be small
changes in the discharge coefficient due to scale effect.
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10 UNCERTAINTIES IN FLOW MEASUREMENT

10.1 General

10.1.1 | The total uncertainty of any flow measurement
can be |estimated if the uncertainties from various sources
are co%;bined. In general, these contributions to the total

uncertainty may be assessed and will indicate whether the
discharge can be measured with sufficient accuracy for
the purpose in hand.

This clause is intended to provide sufficient information for
the usg¢r of this International Standard to estimate the
uncertainty in a measurement of discharge.

10.1.2 | The error may be defined as the difference between
the actpal rate of flow and that calculated in accordance
with the equation for the weir, which is assumed<io be
constructed and installed in accordance with this Inter-
nationdl Standard.

The tefm uncertainty will be used to denote the deviation
from the true rate of flow within whichithe measurement is
expectgd to lie some nineteen times_out of twenty (the
95 % confidence limits).

The upcertainty shall be_ (calculated according to the
method in this clause and@uoted under this reference term
whenever a measurement)is claimed to be in conformity
with thjs InternationalStandard.

10.2 Sources oferror

10.2.1 | The.sources of error in the discharge measurement
may bg ‘identified by considering a generalized form of

FIGURE 2 — Flow patterns over weirs of finite crest-width

10.2.2 The only sources of- error which need to be

considered further are :

a)} the discharge coefficient C (numsg
uncertainty in C are given in 9.4);

b) the dimensional measurement of
example the width of the weir, b;

c) the‘measured head A.

rical estimates of

the structure, for

10.2.3\"The uncertainty in b and A must be estimated by

the“user. The uncertainty in dimension
the accuracy to which the device as ¢
measured; in practice this uncertainty
insignificant in comparison with other
uncertainty in the head will depend upg

will depend upon
bnstructed can be
may prove to be
Lincertainties. The
n the accuracy of

the head-measuring device, the determinttion of the gauge

zero, and upon the technique used. Thi
be small if a vernier or micrometer instru
a zero determination of comparable precif

10.3 Kinds of error

10.3.1 Errors may be classified as rand

uncertainty may
ment is used, with
fion.

om or systematic,

the former affecting the reproducibility (precision) of

measurement and the latter affecting its t

10.3.2 The standard deviation of a set
under steady conditions may be est
equation :

1

Ue accuracy.

of measurements
mated from the

N

n
Z (y,-—7)
i=1

discharge equation for weirs :

2 3/2
a=\3 C/gbh3/2

where

/2

3/2
\-§> is a numerical constant not subject to error;

1
|

where y is the arithmetic mean of n measurements.

The standard deviation of the mean is the
S
S =L

v

n given by :

and the uncertainty of the mean is twice .5‘7 (for 95 %
probability}?). This uncertainty is the contribution of
random errors in any series of experimental measurements
to the total uncertainty.

g, the acceleration due to gravity, varies from place to
place, but in general the variation is small enough to
be neglected in flow measurement.

1) This factor of two assumes that n is large. For n = 6 the factor should be 2,6; n = 8 requires 2,4; n = 10 requires 2,3; n = 15 requires 2,1.

5
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10.3.3 A measurement may also be subject to systematic
error; the mean of very many measured values would thus
still differ from the true value of the quantity being
measured. An error in setting the zero of a water level
gauge to crest level, for example, produces a systematic
difference between the true mean measured head and the
actual value. As repetition of the measurement does not
eliminate systematic errors, the actual value could only
be determined by an independent measurement known to
be more accurate.

10.6 Combination of uncertainties to give total uncer-
tainty on discharge

10.6.1 The total uncertainty is the resuitant of several
contributory uncertainties, which may themselves be
composite uncertainties (see 10.5.3). When partial uncer-
tainties, the combination of which gives the total uncer-
tainty, are independent of one another, are small and
numerous, and have a Gaussian distribution, there is a
probability of 0,95 that the true error is less than the total
uncertainty.

10.4 Uncertair]ties in coefficient values

10.4.1 All errofs in this category are systematic.

10.4.2 The value of the discharge coefficient C quoted

in this International Standard is based on an appraisal of
experiments, which may be presumed to have been care-
fully carried oug, with sufficient repetition of the readings
to ensure adequate precision. However, when measurements
are made on| other similar installations, systematic
discrepancies bgtween coefficients of discharge may well
occur, which may be attributed to variations in the surface
finish of the device, its installation, the approach con-
ditions, the scalg¢ effect between model and site structures,
etc.

10.4.3 The ungertainty in the coefficients quoted in the
preceding clausgs of this International Standard are based
on a consideratjon of the deviation of experimental data
from various fources from the equations given. The
suggested uncerftainty values thus represent the-dccumu-
lation of evidende and experience available.

10.5 Uncertainties in measurements made by the user

10.5.1 Both ::Edom and systematic errors will occur in
measurements made by the-user.

10.5.2 Since ndither the methods of measurement nor the
way in which t ified; i
cal values for uncertainties in this category can be given;
they must be estimated by the user. For example, consider-
ation of the method of measuring the weir should permit
the user to determine the uncertainty in this quantity.

10.5.3 The uncertainty of the gauged head shall be
determined from an assessment of the individual sources of
error, for example the zero error, the gauge sensitivity,
backlash in the indication mechanism, the residual random
uncertainty in the mean of a series of measurements, etc.
The uncertainty on the gauge head is the square root of
the sum of the squares of the individual uncertainties.

6

10.6.2 The uncertainty on the rate of~flow|shall be
calculated from the following equation :

_ 2 2 2,2
X =1 (X2 + X2 +1,5% X2)
where
X is the percentage yncertainty in C;
X, is the percentage 'uncertainty in b;
Xy, is the percentage uncertainty in /1.
In the above,
€
X, =100 x-2
b

and

1/2
100 (je2 + 67 +... +4S2)

Xh=i

>

where
€, is the uncertainty in width measurement;

1€ps 2€, €TC. are uncertainties in head measurement
(see 10.5.3);

287,— is the uncertainty of the mean if a |series of
readings of the head measurement are taken {sge 10.3.2
including foot-note}.

10.6.3 It should be realized that the uncertainty|X is not
single-valued for a given device, but will vary with
i ider the
uncertainty at several discharges covering the required
range of measurement.

10.6.4 Example

The following is an example of the application of the
formula to a single measurement with a rectangular weir
at a crest height above the bed of the approach channel, p,
of 0,30 m and operating at a gauged head of 0,40 m with a
width of weir crest, b and width of approach channel 8 of
10 m. A digital head-measuring device is used, operating at
1 mm intervals but with an actual accuracy of £ 3 mm with
zero set to within £ 5 mm,
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Xc is taken as £ 3 % for the specific case.

(0,0032 + 0,0052) "/

Xp, =*100 x

=%1,46 %

0,40

I1SO 3846 -1977 (E)

If the width of the weir, b, was measured on site to 0,02 m
in a total width 10 m :

0,02
Xp =% 100 x——=12%0,20 %
10
Thus

X=%[32+0,202 + (152 x 1,462‘)]1/2
=+3,7%
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