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Foreword 
IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards institutes (IS0 member bodies). The work of developing Inter- 
national Standards is carried out through IS0 technical committees. Every member 
body interested in a subject for which a technical committee has been set up has the 
right to be represented on that committee. International organizations, governmental 
and non-governmental, in liaison with EO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0 Council. 

International Standard IS0 4374 was developed by Technical Committee ISO/TC 113, 
Measurement o f  liquid flow in o,oen channels, and was circulated to the member 
bodies in October 1980. 

It has been approved by the member bodies of the following countries : 

Australia India Spain 
China Italy Switzerland 
Czechoslovakia Netherlands United Kingdom 
France Romania USA 
Germany, F. R. South Africa, Rep. of USSR 

The member body of the following country expressed disapproval of the document on 
technical grounds : 

Belgium 

O International Organization for Standardization, 1982 O 

Printed in Switzerland 
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IS0 4374-1982 (E) 

Liquid flow measurement in open channels - Round-nose 
horizontal crest weirs 

1 Scope and field of application 

1 .I This International Standard deals with the measurement 
of flow in rivers and artificial channels under steady flow con- 
ditions using round-nose horizontal crest weirs (see figure 1). 

1.2 The flow conditions considered are limited to steady 
flows which are uniquely dependent on the upstream head. 
Drowned flows, which depend on downstream as well as 
upstream levels, are not covered. 

1.3 The round-nose horizontal crest weir has a good 
discharge range and modular limit and is more appropriate for 
use in small and medium sized installations. It is particularly 
robust and insensitive to minor damage. 

1.4 Annex A gives the guidelines for the selection of weirs 
and flumes for the measurement of the discharge of water in 
open channels. 

2 Reference 

IS0  772, Liquid flow measurement in open channels - 
Vocabulary and symbols. 

3 Definitions and symbols 

For the purpose of this International Standard, the definitions 
given in IS0 772 apply. A full list of symbols with the cor- 
responding units of measurement is given in annex B. 

4 Units of measurement 

The units of measurement used in this International Standard 
are SI units. 

5 Installation 

5.1 Selection of site 

5.1.1 The weir shall be located in a straight section of channel 
avoiding local obstructions, roughness or unevenness of the 
bed. 

5.1.2 A preliminary study should be made of the physical and 
hydraulic features of the proposed site, to check that it con- 
forms (or can be made to conform) to the requirements 
necessary for measurement of discharge by the weir. Particular 
attention should be paid to the following features in selecting 
the site : 

a) The adequacy of the length of channel or regular cross- 
section available (see 5.2.2.2.). 

b) 
annex Cl. 

The uniformity of the existing velocity distribution (see 

c) The avoidance of a steep channel (but see 5.2.2.6). 

di The effects of any increased upstream water level due 
to the measuring structure. 

e) The conditions downstream (including such influences 
as tides, confluences with other streams, sluice gates, mill 
dams and other controlling features which might cause 
drowning). 

f )  The impermeability of the ground on which the struc- 
ture is to be founded and the necessity for piling, grouting 
or other means of controlling seepage. 

g) The necessity for flood banks, to confine the maximum 
discharge to the channel. 

h) 
ming and/or revetment in natural channels. 

The stability of the banks, and the necessity for trim- 

j )  Uniformity of the section of the approach channel. 

k) Effect of wind. Wind can have a considerable effect on 
the flow over a river, flume or weir, especially when it is 
wide and the head is small and when the prevailing wind is 
in a transverse direction. 

I )  Aquatic weed growth. 

mi  Sediment transportation. 

5.1.3 If the site does not possess the characteristics necessary 
for satisfactory measurements, or if an inspection of the stream 
shows that the velocity distribution in the approach channel 
deviates appreciably from the examples shown in annex C, the 
site should not be used unless suitable improvements are 
practicable. Alternatively, the performance of the installation 
should be checked by independent flow measurement. 
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5.2 Installation conditions 

5.2.1 General requirements 

5.2.1.1 The complete measuring installation consists of an 
approach channel, a weir structure and a downstream channel. 
The condition of each of these three components affects the 
overall accuracy of the measurements. Installation require- 
ments include such features as the surface finish of the weir, 
cross-sectional shape of channel, channel roughness and the 
influence of control devices upstream or downstream of the 
gauging structure. 

5.2.1.2 The distribution and direction of velocity may have an 
important influence on the performance of a weir (see 5.2.2 and 
annex Cl. 

5.2.1.3 Once a weir has been installed, any changes in the 
systems which affect the basis of the design will change the 
discharge characteristics. 

5.2.2 Approach channel 

5.2.2.1 If the flow in the approach channel is disturbed by 
irregularities in the boundary, for example large boulders or 
rock outcrops, or by a bend, sluice gate or other feature which 
causes asymmetry of discharge across the channel, the 
accuracy of gauging may be significantly affected. The flow in 
the approach channel should have a symmetrical velocity 
distribution (see annex C) and this can most readily be 
achieved by providing a long straight approach channel of 
uniform cross-section. 

5.2.2.2 A length of straight approach channel five times the 
water surface width at maximum flow will usually suffice, pro- 
vided flow does not enter the approach channel with high 
velocity via a sharp bend or angled sluice gate. However, a 
greater length of uniform approach channel is desirable if it can 
readily be provided. 

5.2.2.3 The length of uniform approach channel suggested 
in 5.2.2.2 refers to the distance upstream of the head 
measuring position. However, in a natural channel it would be 
uneconomic to line the bed and banks with concrete for this 
distance, and it would be necessary to provide a contraction in 
plan if the width between the vertical walls of the lined 
approach to the weir is less than the width of the natural 
channel. The unlined channel upstream of the contraction 
should nevertheless comply with the requirements of 5.2.2.1 
and 5.2.2.2. 

5.2.2.4 Vertical side walls to effect a contraction in plan 
should be symmetrically disposed with respect to the centre- 
line of the channel and should preferably be curved with a 
radius not less than 2 fi,,,. The downstream tangent point 
shall be at least Hmax upstream of the head measurement sec- 
tion. The height of the side walls should be chosen such that 
the design maximum discharge can be contained. 

5.2.2.5 In a channel where the flow is free from floating and 
suspended debris, good approach conditions can also be pro- 

vided by suitably placed baffles formed of vertical laths, but no 
baffle should be nearer to the point at which head is measured 
than 10 H,,,,,. 

5.2.2.6 Under certain conditions, a hydraulic jump may occur 
upstream of the measuring structure, for example if the 
approach channel is steep. Provided the hydraulic jump is at a 
distance upstream of not less than about 30 fimax, flow 
measurement will be feasible, subject to confirmation that an 
even velocity distribution exists at the gauging station. 

5.2.2.7 Conditions in the approach channel can be verified by 
inspection or measurement for which several methods are 
available such as current meters, floats, velocity rods, or con- 
centrations of dye, the last 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. The velocity distribution should then be 
assessed by reference to annex C. 

5.3 Weir structure 

5.3.1 The structure shall be rigid and watertight and capable 
of withstanding flood flow conditions without damage from 
outflanking or from downstream erosion. The weir crest shall 
be at right angles to the direction of flow and the geometry 
shall conform to the dimensions given in relevant clauses. 

5.3.2 The surface of the weir, and of the vertical abutments 
flanking the weir shall be smooth; they can be constructed in 
concrete with a smooth cement finish, or surfaced with a 
smooth non-corrodible material. In laboratory installations, the 
finish should be equivalent to rolled sheet metal or planed, 
sanded and painted timber. The surface finish is of particular 
importance on the horizontal crest, but can be relaxed a 
distance along the profile 1/2 fimax upstream and downstream 
of the crest proper. 

5.3.3 In order to minimize uncertainty in the discharge, the 
following tolerances are acceptable : 

- 
mum 0.01 m. 

On the crest width, 0,2 % of this width with a maxi- 

- On the horizontal surfaces, slopes of 0,l % (1  mm/m). 

The structure shall be measured on completion and at regular 
intervals thereafter and if it varies from the design dimensions 
by more than the permissible tolerances, the discharge shall be 
re-computed. 

5.4 Downstream conditions 

Conditions downstream of the structure are important in that 
they control the tailwater level. This level is one of the factors 
which determines whether modular or drowned flow conditions 
will occur at the weir. It is essential, therefore, to calculate or 
observe tailwater levels over the full discharge range and make 
decisions regarding the type of weir and its required geometry 
in the light of this evidence. 
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6 Maintenance - General requirements 

Maintenance of the measuring structure and the approach 
channel is important to secure accurate measurements. It is 
essential that the approach channel is kept clean and free from 
silt and vegetation as far as practicable for at least the distance 
specified in 5.2.2.2. The float well and the entry from the 
approach channel shall also be kept clean and free from 
deposits. 

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

7 Measurement of head 

7.1 General requirements 

7.1.1 Where spot measurements are required, the head 
upstream of the weir crest can be measured by a vertical or 
inclined gauge, a hook, point, wire or tape gauges. Where a 
continuous record is required, a recording gauge shall be used. 
The location of the head measurement section is dealt with 
in 8.2. 

7.1.2 As the size of the weir and the head on it reduces, small 
errors in construction and in the zero setting and reading of the 
head measuring devices become of greater relative importance. 

7.2 Gauge well 

7.2.1 It is usual to measure the head in a separate gauge well 
to reduce the effects of surface irregularities. When this is 
done, it is also desirable to measure the head in the approach 
channel as a check. 

7.2.2 The gauge well shall be vertical and of sufficient height 
and/or depth to cover the full range of water levels, and have a 
minimum margin of 0,3 m over the maximum water level 
estimated to be measured at the recommended position for the 
measurement of head. The well should be connected to the 
approach channel by means of a pipe or slot. 

7.2.3 Both the well and the connecting pipe or slot shall be 
watertight, and where the well is provided for the accommoda- 
tion of the float of a level recorder, it should be of adequate size 
and depth to give clearance around the float at all stages. The 
float should not be nearer than 0,075 m to the wall of the well. 

7.2.4 The pipe or slot should have its invert not less than 
O,% m below the lowest level to be gauged, and it should ter- 
minate flush with the boundary of the approach channel and at 
right angles thereto. The approach channel boundary should be 
plain and smooth (equivalent to carefully finished concrete) 
within a distance of ten times the diameter of the pipe or width 
of slot from the centreline of the connection. The pipe may be 
oblique to the wall only if it is fitted with a removable cap or 
plate, set flush with the wall, through which a number of holes 
are drilled. The edges of those holes should not be rounded or 
burred. 

7.2.5 Adequate additional depth should be provided in the 
well to avoid the danger of the float grounding on the bottom 
or any accumulation of silt or debris. The gauge well arrange- 
ment may include an intermediate chamber of similar size and 
proportions between it and the approach channel, to enable silt 
and other debris to settle out where they may be readily seen 
and removed. 

7.2.6 The diameter of the connecting pipe or width of slot 
should be sufficient to permit the water level in the well to 
follow the rise and fall of head without appreciable delay, but 
on the other hand it should be as small as possible, consistent 
with ease of maintenance, to damp out oscillations due to short 
period waves. 

7.2.7 No firm rule can be laid down for determining the size of 
the connecting pipe or slot, because this is dependent on the 
circumstances of the particular installation, for example 
whether the site is exposed and thus subject to waves, and 
whether a large diameter well is required to house the floats of 
recorders. It is preferable to make the connection too large, 
rather than too small, because a restriction can easily be added 
later if short period waves are not adequately damped out. A 
100 mm diameter pipe is usually suitable for flow measurement 
in the field. Three millimetres may be appropriate for precision 
head measurement with steady flows in the laboratory. 

7.3 Zero setting 

7.3.1 Initial accurate setting of the zero of the head measuring 
device with respect to the crest level of the weir, and regular 
checking of this setting thereafter, is essential if overall ac- 
curacy is to be attained. 

7.3.2 An accurate means of checking the zero shall be pro- 
vided. The instrument zero should be obtained by a direct 
reference to the weir crest, and a record of the setting made in 
the approach channel and in the gauge well. A zero check 
based on the water level (either when the flow ceases or just 
begins) is liable to serious errors due to surface tension effects 
and shall not be used. 

8 Round-nose horizontal crest weirs 

8.1 Definition 

8.1.1 The standard weir comprises a truly level and horizontal 
crest, between abutments. The upstream corner should be 
rounded in such a manner that flow separation does not occur, 
and downstream of the horizontal crest there should be either 

a) a rounded corner, 

b) a downward slope or, 

c) a vertical face. 

The weir should be set at right angles to the direction of flow in 
the approach channel. 

3 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 43

74
:19

82

https://standardsiso.com/api/?name=5f2775ea4ada44ac3ec4bf339b54ecce


IS0 4374-1982 (E) 

8.1.2 The dimensions of the weir and its abutments shall 
comply with the requirements indicated in figure 1. The radius 
of the upstream crest shall not be less than 0,2H,,,,,. The 
length of the horizontal portion of the weir crest should not be 
less than 1,75 if,,,,, nor should the sum of the crest length and 
nose radius be less than 2,25 if,,,,,. 

8.2 Location of head measurement section 

The head on the weir should be measured at a point far enough 
upstream of the crest to be clear of the effects of draw-down, 
but close enough to the weir to ensure that the energy loss be- 
tween the section of measurement and the upstream edge of 
the weir crest shall be negligible. It is recommended that the 
head measurement section be located a distance of between 
three and four times ifmax upstream of the weir block. 

8.3 Provision for modular flow 

Flow is modular when it is independent of variations in tailwater 
level. For this to occur, assuming subcritical conditions in the 
tailwater channel, the tailwater total head level must not rise 
beyond a certain percentage of H. With a vertical downstream 
face, this percentage is dependent on Hipd : 63 % for low 
values of Hlpd, rising to 75 % at HIpd of 0,5 and 80 % at Hlpd 
of 1 ,O and over. If the weir block has a downstream slope flatter 
than 1 in 5, the modular limit may be taken as 5 % higher 
throughout. In the above, pd is the height of the crest above 
downstream bed level. 

9 Discharge equations 

9.1 Basic equation 

9.1 .I Critical depth theory, augmented by experimental data, 
has shown that the discharge over a round-nose horizontal 
crest weir may be represented by the following equation : 

3/2 3/2 

a=(:) C D ~ & H  . . . (1) 

where 

Q is the discharge; 

CD is the coefficient of discharge (non dimensional); 

g is the gravitational acceleration; 

b is the width of weir crest; 

H is the total head. 

9.1.2 Since the total head, H, cannot be measured directly, 
the discharge equation in terms of gauged head, h, relative to 
crest level may be written as follows : 

. . (2) 
where C,, is a further dimensionless coefficient allowing for the 
effect of approach velocity on the measured water level 
upstream of the weir. 

By definition 

. * (3) 

9.1.3 The total head is related to the gauged head by the 
equation : 

H = h -k aV212g . . . (4) 

where Vis the local mean velocity in the approach channel at 
the cross-section where the head is measured and O is a coeffi- 
cient (the kinetic energy or Coriolis coefficient) which takes 
account of the fact that the kinetic energy head exceeds V212 g 
if the velocity distribution across the section is regular but not 
uniforml). In applying this equation in this International Stan- 
dard, a may be taken as unity, with the tolerances given in later 
clauses and the provisions of 5.2 and annex C in mind. 

9.1.4 From equations (21, (3) and (41, it may be deduced that 

where A is the cross-sectional area of the approach channel 
below the observed water level, at the gauging section. 

Thus C, may be deduced in terms of CD b hlA.  To avoid the 
complicated solution of equation (5) in deducing C,,, figure 2 
has been prepared to give the relation between C,, and 
CD b hlA.  The value of CD can be obtained by using equation 
(6) or i6a)l. 

9.2 Computation of discharge 

9.2.1 There are two common methods of computing 
discharge from gauged head readings. The first obtains results 
by successive approximation techniques and utilises the basic 
”total head” equations. This method is admirably suited to 
solutions by computer techniques since the computer provides 

1) The formulae given in this International Standard were derived from experiments where the approach channel velocity distribution was fairly 
uniform and hence a approximates to unity. If a velocity study at the gauging section indicates that a > 1.25 the station clearly does not meet the 
provisions of 5.2 and improvements to the approach channel are necessary. Very approximately : 

a = 1 + 3e2 -2s 

Vmax 1 where e =y-- 

vmax being the highest velocity observed at the cross-section where the head is measured. 

V 
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an efficient way of carrying out the repetitive calculations in- 
volved. The second method utilises relationships which can be 
derived between gauges and total heads for particular weir and 
flow geometries. These enable the coefficient of velocity, e,,, in 
the discharge equation to be assessed from tables and graphs. 

9.2.2 The basic discharge equation is given in 9.1 in terms of 
both total and gauged head. Equation (2) may be used to 
evaluate discharge, with the appropriate value of e,,, read from 
figure 2. 

9.2.3 For water at ordinary temperatures, CD is a function of 
head, h, the crest length in the direction of flow, the roughness 
of the crest, and the ratio hlb. It can be expressed by the 
equation 

where 

L is the length of the horizontal section of the crest in the 
direction of flow; 

6, x =- is a factor which allows for the influence of the 
boundary layer of the crest. 

Where 6, is the boundary layer thickness. 

For most installations with a good surface finish the value of 
6,lL will in practice lie in the range 0,002 to 0,004. Provided 
105 > Llk > 4000 ( k  is the roughness value) and 
Re > 2 x IO5 (Re is the Reynolds number), 6,lL may be 
assumed equal to 0,003 without introducing much error. 
Equation (6) then becomes : 

( “ T L )  ( I-- 0 , Y L )  3’2 
1 -- (6a) 

An example illustrating a more accurate method of calculating 
CD based on the boundary layer displacement thickness con- 
cept is shown in annex D. 

9.3 Limits of application 

9.3.1 The practical lower limit of h is related to the magnitude 
of the influence of fluid properties and boundary roughness. 
The recommended lower limit is 0,06 m or 0,03 L ,  whichever is 
the greater. 

9.3.2 The limitations on Hlp arise from difficulties experi- 
enced when the Froude number in the approach channel ex- 
ceeds 0,5, coupled with inadequate experimental confirmation 
at high values of Hip. The recommended upper limit is 
Hlp = 1,5. 

9.3.3 HIL shall not exceed 0,57 and this limitation on HIL 
arises from the necessity to ensure parallel flow at the critical 
section on the crest. 

I S 0  4374-1982 (E) 

9.3.4 The height of the weir, p ,  should not be less than 
0,15 m. The crest width b shall not be less than 0,30 m nor less 
than Hmax, nor less than L15. 

9.4 Accuracy 

With reasonable care and skill in the construction and installa- 
tion of a round-nose horizontal crest weir, the uncertainty in 
the coefficient of discharge (including e,,) may be deduced 
from the equation : 

xc = k 2(21 - 20cD) % . . . (7) 

The method by which the uncertainty in the coefficient may be 
combined with other sources of uncertainty is described 
in 10.6. 

10 Errors in flow measurement 

10.1 General 

10.1.1 The uncertainty of any flow measurement can be 
estimated if the uncertainties from various sources are com- 
bined. The assessment of these contributions to the total 
uncertainty will indicate whether the rate of flow can be 
measured with sufficient accuracy for the purpose in hand. 
This clause is intended to provide sufficient information for the 
user of this International Standard to estimate the uncertainties 
of measurement of discharge (see IS0 5168). 

10.1.2 The error may be defined as the difference between 
the actual rate of flow and that calculated in accordance with 
the equation for the weir, which is assumed to be constructed 
and installed in accordance with this International Standard. 
The term uncertainty will be used to denote the deviation from 
the true rate of flow within which the measurement is expected 
to lie some nineteen times out of twenty (the ”95 % confidence 
limits“). 

10.2 Sources of error 

10.2.1 The sources of error in the discharge measurement 
may be identified by considering a generalized form of 
discharge equation for weirs : 

(2) 

where 

(t) 3’2 is a numerical constant not subject to error; 

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

10.2.2 The only sources of error which need to be considered 
further are : 

5 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 43

74
:19

82

https://standardsiso.com/api/?name=5f2775ea4ada44ac3ec4bf339b54ecce


IS0 4374-1982 (E) 

a) The discharge coefficient CD and the velocity of 
approach coefficient C,,. Numerical estimates and uncer- 
tainties in the combined coefficient C,, CD are given in 9.4. 

b) The dimensional measurement of the structure, for 
example the width of weir, b. 

c) The measured head, h.  

10.2.3 The uncertainties in b and h have to be estimated by 
the user. The uncertainty in dimension will depend upon the 
accuracy to which the device as constructed can be measured; 
in practice this uncertainty may prove to be insignificant in 
comparison with other uncertainties. The uncertainty in the 
head will depend upon the accuracy of the head-measuring 
device, the determination of the gauge zero, and upon the 
technique used. This may be small if a Vernier or micrometer in- 
strument is used, with a zero determination-of comparable 
precision. 

10.3 Kinds of errors 

10.3.1 Errors can be classified as random or systematic, the 
former affecting the reproducibility (precision) of measurement 
and the latter affecting its true accuracy. 

10.3.2 The standard deviation of a set of measurements of a 
variable Y under steady conditions may be estimated from the 
equation : 

L -I 

where 7 is the observed mean. 

The standard deviation of the mean is then given by : 

(8 )  

. . . (9) 

and the uncertainty of the mean is twice sr (for 95 % prob- 
ability) if the number of measurements is large. 

This is the contribution of random uncertainty in experimental 
measurements to the total uncertainty of the mean. 

10.3.3 A measurement can 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 the 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 can only be determined by an independent measurement 
known to be more accurate. 

10.4 Errors in coefficient values 

10.4.1 All errors in this category are systematic. 

10.4.2 The values of the discharge coefficient C,, and C, 
quoted in this International Standard are based on an appraisal 
of experiments, which may be presumed to have been carefully 
carried out, with sufficient repetition of the readings to ensure 
adequate precision. However, when measurements are made 
on other similar installations, systematic discrepancies between 
coefficients of discharge may occur, which may be attributed 
to variations in the surface finish of the device, its installation, 
the approach conditions, etc. 

10.4.3 The uncertainties in the coefficients quoted in the 
preceding clauses of this International Standard are based on a 
consideration of the spread of experimental data from various 
sources about the mean values of these coefficients. The 
uncertainties thus represent the accumulation of evidence at 
the time of publication. 

10.5 Errors in measurement 

10.5.1 Both random and systematic errors will occur in 
measurements made by the user. 

10.5.2 Since neither the methods of measurement nor the 
way in which they are to be made are specified, no numerical 
values for uncertainties in this category can be given; they must 
be estimated by the user. For example, consideration of the 
method of measuring the weir should permit the user to deter- 
mine the uncertainty in this quantity. 

10.5.3 The discharges given by the equation are volumetric 
figures, and the fluid density does not affect the volumetric 
discharge for a given head provided the operative head is 
gauged in fluid 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 temperature in the well is significantly dif- 
ferent from that of the flowing fluid. However, it is assumed 
here that the densities are equal. 

10.5.4 The uncertainty of the gauged head should be deter- 
mined from an assessment of the separate sources of uncer- 
tainty for example, the zero uncertainty, the gauge sensitivity, 
backlash in the indication mechanism, the residual random 
uncertainty in the mean of a series of measurements etc. The 
uncertainty of the gauged head is the square root of the sum of 
the squares of the separate uncertainties. 

10.5.5 The above component uncertainties should be 
calculated as percentage standard deviations at the 95 % con- 
fidence limits but when the value of a component uncertainty is 
determined from only a single measurement, the uncertainty is 
said to be rectangularly distributed and can be taken, for the 
purposes of this International Standard, to be the (plus or 
minus) limits within which the true value is known to lie with 
certainty (i.e. half the estimated maximum deviationil). 

1) The standard deviation of a rectangular distribution between limits f X i s  X/&and the 95 % confidence limits, treating this standard deviation 
as if it referred to a normal distribution, are I 2 X/&or $: 1.15 X. It is thus sufficient to take the tolerance as equal to f X. 
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10.6 Combination of uncertainties to give 
overall uncertainty on discharge 

10.6.1 The total uncertainty is the resultant of several con- 
tributory uncertainties, which may themselves be composite 
uncertainties (see 10.5.4). 

10.6.2 The uncertainty of the rate of flow is to be calculated 
from the following equation : 

where 

X ,  is the percentage uncertainty in CvCD; 

xb is the percentage uncertainty in b; 

xh is the percentage uncertainty in h. 

& b  In the above, xb = 100 x - 
b 

where 

&b is the uncertainty in width measurement; 

1% Fh, etc., are uncertainties in head measurement (see 
10.5.4); and 

2 sK is the uncertainty of the mean if a series of readings of 
the head measurement are taken (see 10.3.21. 

10.6.3 The uncertainty XI) is not single valued for a given 
device, but will vary with discharge. It may therefore be 
necessary to consider 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 at a crest height above the bed of the ap- 
proach channel p of 1 m and operating at a gauged head of 

IS0 4374-1982 (E) 

0,67 m with a breadth of weir crest b of 10 m and weir crest 
length L of 2 m. Ten successive readings of the head gave a 
standard deviation of the mean s6 as 1 mm. 

C O =  ( I - -  O,?”> ( 1 -- 0,o; L)  312 

0.003 x 2 3/2 

= (I - 2) (1 - ) ofm;ox 

= 0,998 8 x (0,991)3/2 

= 0,998 8 x 0,986 5 

CD = 0,9853 

The uncertainty of coefficient is given in 9.4 : 

x, = f 2 (21 - 20 coi % 

X, = f 2 (21 - 19,711 

x, = f 2,58 % 

A digital head measuring device is assumed, operating at 1 mm 
intervals but with an actual accuracy of f 3 mm, and with zero 
set to within f 5 mm. 

Thus 

f 100 [0,0032 + 0,009 + (2 x 0,001)211/2 
0,67 

xh = 

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

Thus 

X = f (2,58* + 0,l2 + 2,25 x 0,922)’/2 

X = f 2,93 % 
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Annex A 

Guide for the selection of weirs and flumes for the measurement of 
the discharge of water in open channels 

(This annex forms part of the standard.) 

A.l 

This annex lays down guidelines for the selection of weirs and 
flumes for the measurement of discharge in open channels. 
Consideration is limited to the steady, uniform flow of water at 
ordinary temperatures (approximately 5 to 30 O C ) .  

Despite the great number of types of weirs and flumes 
available, some of which may offer advantages for specific pur- 
poses, only the following types are presently standardized. 
Criteria for selection from among the standard types are given 
in clause A.3. 

Scope and field of application 

A.2 Types of standard weirs and flumes 

A.2.1 Thin-plate weir 

A weir constructed with a crest of vertical thin plate, shaped in 
such a manner that the nappe springs clear of the crest, the 
discharge being determined by the head on the weir and the 
width of the crest (or the angle of the notch). 

The following types are included : 

- rectangular full-width weir; 

- rectangular-notch weir; 

- triangular-notch (V-notch) weir. 

A.2.2 Broad crested weir 

A weir with substantial crest dimension in the direction of flow 
formed in such a manner that critical flow occurs on the crest 
of the weir within the breadth, the discharge being determined 
by the head on the weir and the width of the crest. 

- rectangular-profile weir with sharp upstream edge; 

- rectangular-profile weir with rounded upstream edge. 

A.2.3 Triangular-profile weir 

A weir having a triangular profile in the direction of flow, the 
discharge being determined by the head over the weir and the 
width of the crest. 

The following type is included : 

- triangular-profile weir having 1 : 2 slope upstream and 
1 : 5 downstream. 

A.2.4 Standing-wave flume (free flow) 

A flume with side contractions with or without bottom contrac- 
tions, within which the flow changes from sub-critical to super- 
critical, the discharge being determined by the cross-sectional 
area and velocity of flow at  critical depth within the throat of 
the flume. 

The following types are included : 

- with rectangular throat; 

- with trapezoidal throat; 

- with U-throat. 

A.2.5 Free overfall 

An abrupt drop in the floor of a rectangular channel, the 
discharge being determined by the depth at  the brink of the 
drop and the width of the channel at the brink section. 

A.3 Criteria for the selection of standard 
weirs or flumes 

The essential criteria for selection from among the standard 
weirs and flumes are given below : 

A.3.1 Available difference in water levels 

Thin-plate weirs and free overfalls require a sufficient difference 
between upstream and downstream water levels which will en- 
sure free, fully-ventilated flow under conditions of maximum 
discharge. 

Broad crested weirs may be used with relatively smaller dif- 
ferences in water level; triangular-profile weirs and standing- 
wave flumes may be used with even smaller differences in 
water level. 

For all types of weirs and flumes included in this International 
Standard, the discharge should be free or independent of the 
downstream water level. 

A.3.2 Accuracy of measurement 

The accuracy in a single determination of discharge depends 
upon the estimation of the component uncertainties involved 
but approximate ranges of uncertainties for the weirs and 
flumes (at 95 % confidence levels) are as follows : 

- 
1 t o 4 % ;  

rectangular thin-plate weirs (full width and notch) : 
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- triangular-notch weirs (notch angles between n/9 and 
5 n/9 radians) : 1 to 2 %; 

- broad crested weirs : 3 to 5 %; 

- triangular-profile weirs : 2 to 5 %; 

- standing-wave flumes : 2 to 5 %; 

- free overfall : 5 to 10 %. 

Deviations from standard construction, installation or use may 
result in larger measurement errors. The larger figures given 
above are recommended conservative values for use under 
conditions of strict conformance with standard specifications. 
The smallest values can be obtained only for weirs under 
rigorous control, such as may be built and installed in well- 
equipped laboratories. Under field conditions, thin-plate weirs 
are specially subject to errors caused by natural hazards. 

A.3.3 Dimensions and shape of open channel 

Rectangular full-width weirs and notch weirs (both rectangular 
and triangular), of large size relative to the size of the approach 
channel, should be located in vertical-walled level-floored rec- 
tangular channels, or in weir boxes of rectangular cross-section 
for a distance extending upstream not less than ten times the 
width of the nappe at maximum head. For thin-plate weirs of 
small size relative to the size of the approach channel, es- 
pecially if the velocity of approach is negligible, the size and 
shape of the channel is of no importance. 

Broad crested weirs are best used in rectangular channels, but 
they can be used with good accuracy in non-rectangular chan- 
nels if a smooth, rectangular approach channel extends 
upstream from the weir a distance not less than twice the maxi- 
mum head. 

0 

Flumes can be used in channels of any shape if flow conditions 
in the approach channel are reasonably uniform and steady. 

For weirs and flumes of all types the size and shape of the 
downstream channel are of no significance except that they 
must permit free, fully-ventilated flow under all conditions of 
use. 

0 

A.3.4 Flow conditions in the approach channel 

For weirs of all types, flow in the approach channel shall be 
sub-critical, uniform and steady. Ideally, especially for relatively 
high velocities of approach, the velocity distribution should ap- 
proximate that in a channel of sufficient length to develop nor- 
mal (resistance-controlled) flow in straight, smooth channels. 
For relatively low velocities of approach and for flumes, flow 
conditions in the channel are of less importance. In short chan- 
nels and weir boxes, baffles and flow-straighteners may be 
used to establish a normal velocity distribution. Care should be 
taken to ensure that erosion and/or deposition upstream of the 
weir or flume do not significantly alter the velocity of approach 
or velocity distribution to the measurement structure. 

Sub-critical flow is ensured when 

where 

- v is the average velocity in the approach channel, in 
metres per second; 

g is the acceleration due to gravity, in metres per second 
squared; 

A 
square metres; 

B, is the width of the approach channel at the water sur- 
face, in metres. 

is the cross-sectional area of the approach channel, in 

A.3.5 Flow with sediment load 

For flows with suspended load, the use of thin-plate weirs 
should be avoided because the crest edge may be damaged or 
worn by the suspended materials. On streams with bed load 
use of measurement structures which significantly reduce the 
stream velocity is not recommended as it may result in 
changing deposition-scour dependent on flow regime. Flumes 
will generally perform better than weirs on streams with sedi- 
ment load. 

A.3.6 Flow with floating debris 

Broad crested weirs, triangular-profile weirs, standing wave 
flumes and free overfall structures will normally pass floating 
debris more effectively than thin-plate weirs. The use of the 
triangular notch iV-notch) weir in particular should be avoided 
unless a debris trap is installed upstream. 

A.3.7 Magnitude of discharge to be measured 

For reasons related to accuracy and construction, thin-plate 
weirs are best used for the measurement of relatively small 
discharges. Broad crested weirs, triangular-profile weirs and 
flumes are best used for large discharges. 

A.3.8 Range of discharge to be measured 

For best overall accuracy over a wide range of small discharges, 
a triangular-notch (V-notch) weir should be used in preference 
to a rectangular-notch or rectangular full-width weir. For a wide 
range of larger discharges, a trapezoidal-throat or U-throat 
flume should be used in preference to a broad crested weir, free 
overfall, rectangular-throated flume or triangular-profile weir. 

A.3.9 Construction 

Thin-plate weirs should be constructed with precision tools 
under machine-shop conditions. Flumes, broad crested weirs, 
triangular-profile weirs and free overfalls can be constructed 
satisfactorily in the field. In all cases, great care must be 
exercised in making the structures conform with standard 
specifications. 

Broad crested weirs, triangular-profile weirs, free overfalls and 
flumes are inherently stronger and more easily maintained 
under conditions of high heads in large channels. 
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Annex B 

Symbols and units 
(This annex forms part of the standard.) 

Measurements are given in metres and seconds or derivatives of these. 

Symbol 

A 
B 
b 

CD 
CV 

Fr 

d 
g 

H 

H m a x  

h 

hmax 
k 
L 
n 

P 
Pd 
Q 

Re 

SY 

X 
xb 

S- Y 

x c  

xh 
X 

Vmax - 
V 

- 
Vmax 
a 

** 
A 

&b 

&h 
V 

10 

Quantity represented 

Area of approach channel = [ B  ( h  +- p) l  
Width of approach channel 
Width of weir crest 
Coefficient of discharge 
Coefficient of approach velocity 

Froude number =--- 

Depth of flow 
Gravitational acceleration 

- 
V 

43. 

Measured head of water above weir crest 
Maximum measured head of water above weir crest 
Roughness value 
Length of crest in direction of flow 
Number of measurements 
Height of weir crest above upstream bed level 
Height of weir crest above downstream bed level 
Total discharge 

v d  
Reynolds number = - 
Standard deviation 
Standard deviation of the mean 
Overall percentage uncertainty 
Percentage uncertainty in b 
Percentage uncertainty in Cv CD 
Percentage uncertainty in h 
Boundary layer effect factor 
Highest point velocity observed at the cross-section where the head is measured 
Mean velocity in approach channel 
Maximum mean velocity in approach channel at maximum rate of flow 
Coefficient taking into account non-uniformity of velocity distribution 
Boundary layer displacement thickness 
Difference of measurement from the observed mean 
Uncertainty in width measurement 
Uncertainty in head measurement 
Kinematic viscosity 

V 

Units of 
measurement 

m2 

m 
m 

non-dimensional 
non-dimensional 

non-dimensional 

m 
mIs2 

m 

m 

m 
m 
m 
m 

non-dimensional 
m 
m 

m31s 

non-dimensional 

- 
- 
% 
% 
% 
% 

non-dimensional 
m ls  
mls  
m/s 

non-dimensional 
m 
- 
m 
m 

m21s 
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Annex C 

Velocity distribution 
(This annex forms part of the standard.) 

c.1 An even distribution of velocity over the cross-section 
of the approach channel in the region of the gauging station is 
necessary for high accuracy of measurement of discharge by 
means of weirs, notches and flumes. This is because the 
recommended coefficients are empirical values obtained by 
various investigators and were usually obtained under ideal 
laboratory conditions. These involved either the use of screens 
to ensure an approximately uniform velocity over the cross- 
section, or a long straight approach channel conducive to the 
establishment of a normal distribution of velocities. 0 
c.2 Normal velocity distribution is defined as the distribution 
of velocities attained in a channel over a long uniform straight 
reach. A characteristic feature of flow in such a channel is that 
the velocity is a maximum at about 0,6 depth above invert, with 
the average velocity occurring at about 0,4 depth above invert. 

c.3 Any deviation from the ideal conditions of either very 
uniform velocity or a normal velocity distribution may lead to 
errors in flow measurement, but quantitative information on 
the influence of velocity distribution is inadequate to define the 
acceptable limits of departure from the ideal distributions. With 
the uncertainties on discharge coefficients quoted in 9.4 in 
mind, figure 3 provides some guidance to the type of velocity 

distribution and evenness thereof that are acceptable in 
practice. 

c.4 In figure 3, different patterns of isovels are shown. 
These isovels are contours of equal velocity in the direction of 
flow. 

c.5 The isovels plotted in figures 3 di, e) and f) provide 
examples of observed normal velocity distributions, which are 
clearly acceptable. Figure 3 a) shows some skewness, but 
nevertheless approximates to a normal distribution. Figures 
3 b) and 3 c) show appreciable departure from uniformity, and 
are considered representative of the maximum acceptable 
departure from ideal approach conditions for the uncertainties 
given. 

C.6 If approach conditions are unfavourable, strong secon- 
dary currents (spiral flow) may occur. Even though an isovel 
diagram showing forward components may appear reasonable 
in such circumstances, the presence of significant cross 
components of velocity would make such an installation 
unacceptable. 
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Annex D 

Example of calculation of coefficient of discharge CD based on 
the boundary layer thickness 

(This annex forms part of the standard.) 

D.l 
- can be read from figure 4. 
L 

In figure 4, - is plotted against Reynolds Number and for 

different values of relative crest roughness-. The values of 

roughness height k are given in table 1. 

The characteristic dimension in the Reynolds Number term is 
the length of the crest L. The values of the kinematic viscosity 
of water are given in table 2. 

The value of relative boundary displacement thickness 
6, 

6, 
L L 

k 

6, It can be seen from figure 4 that.- is not critically dependent 

on the value of Reynolds Number, thus the value of v in the 
Reynolds Number term can be taken as being approximately 

equal to (f g h )  '12. 

L 

D.2 An example illustrating a more accurate method of 
calculating the discharge coefficient CD, based on the boun- 
dary layer displacement thickness concept is as follows : 

A broad crested weir 10 m wide and 2 m long operates under a 
gauged head h of 0,67 m. The material is smooth cement with a 
roughness of k = 0,3 mm. 

V L  
Re = - 

V 

v = 2.1 mls 

2.1 x 2 
Re = (assuming temperature = 20 O C )  

1,Ol x 

Re = 4,16 x 106 

- 6667 L 2000 
k 0,3 
- = - -  

6, - = x = 0,003 8 from figure 4 
L 

2 x 0,0038 x 2) ( 0,0038 x 2>,/* 
10 0,67 

1 -  

= 0,998 5 x 0,982 9 

c, = 0,981 

12 
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Table 1 - Recommended roughness value 

Surface classification 
Value of k 

Good example Normal value 
mm mm 

Plastics, etc. 
0,003 

Asbestos cement - 0,015 
Resin-bonded glass-fibre moulded against smooth forms of sheet metal or 

well sanded and painted timber 0,03 0,W 
Metal 
Smooth, machined and polished metal 0,003 0,006 
Uncoated sheet metal, rust free 0,015 0,03 
Painted sheet metal 0.03 0.06 
Galvanized metal O,@ 0,15 
Painted or coated casting 0,m 0,15 
Uncoated casting 0,15 0,3 

Perspex, PVC or other smooth faced plastics - 

Concrete 
In-situ or precast construction using steel formwork, with all irregularities 

In-situ or precast construction using plywood or wrought timber formwork 
Smooth-trowelled cement rendering 
Concrete with thin film of sewage slime 

rubbed down or filled in 

Planed timber of plywood I Well-sanded Wood and painted 

Table 2 - Viscosity of water 

OC m*/ s 
Temperature Kinematic viscosity, Y 

O 1,79 x 10-6 
5 1,52 x 10-6 
10 1,31 x 10-6 
15 1.14 x 10-6 
20 1,Ol x 10-6 
25 0,90 x 10-6 
30 0.81 x 10-6 

13 
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rR 2Hmax 
Head gauging section 

Horizontal crest 

downstream face of 

(L  + R )  > 2,25Hmax 

Figure 1 - Round-nose horizontal crest weir 
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