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INTERNATIONAL STANDARD

1ISO 8333-1985 (E)

Liquid flow measurement in open channels by weirs and
flumes — V-shaped broad-crested weirs

1 Scope and field of application

This International Standardiispecifies @, imethod, for;ithe
measurement of subcritical flow in small rivers; and artificial
channels using V-shaped broad-crested weirs.

The advantages of this type of weir are described in clause 8.
NOTE — A comparison of the different types of weirs and flumes will
form the subject of a future International Standard.

2 References

ISO 772, Liquid flow measurement in open channels —
Vocabulary and symbols.

ISO 4373, Measurement of liquid flow in open channels —
Water level measuring devices.

ISO 4374, Liquid flow measurement in open channels —
Round-nose horizontal crest weirs.

ISO 5168, Measurement of fluid flow — Estimation of uncer-
tainty of a flow-rate measurement.

3 Definitions
For the purposes of this International Standard, the definitions
given in ISO 772 apply.

4 Units of measurement

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

5 Installation

5.1 ' Selection of site

A preliminary survey shall be made of the physical and
hydraulic features of the proposed site to check that it con-
forms (or may be made to conform) to the requirements
necessary for measurement using the weir.

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

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

b) the existing velocity distribution;

c) the avoidance of channels having gradients greater than
1 in 250;

d) the consequential effects of any increased upstream
water level due to the measuring structure;

e) the consequential 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 structure
is to be founded, and the necessity for piling, grouting or
other sealing in river installations;

g) the necessity for flood banks to confine the maximum
discharge to the channel;
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h) the stability of the banks, and the necessity for trim-
ming and/or revetment in natural channels;

i) the clearance of rocks or boulders from the bed of the
approach channel;

k) the effects of wind (wind can have a considerable effect
on the flow in a river or over a weir, especially if these are
wide and the head is small and when the prevailing wind is
in a transverse direction).

If the site does not possess the characteristics required for
satisfactory measurements, it shall be rejected unless suitable
improvements are practicable.

If a survey of a stream shows that the existing velocity distri-
bution is regular, then it is assumed that the velocity distri-
bution will remain satisfactory after the weir has been built.

If the existing velocity distribution is irregular and no other site
for a gauge is feasible, due consideration shall be given to
checking the distribution after the weir has been installed and
to improving it, if necessary.

Several methods are available for obtaining more precise in-
dications of irregular velocity distribution; velocity rods, floats
or concentrations of dye can be used in small ¢hannels, the
latter being useful in checking conditions at the bottom of the
channel. A complete and quantitative assessment’ of (velogity
distribution may be made by means of a current-meter.

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 parameters of each of these three components affect the
overall accuracy of the measurements.

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

The distribution and direction of velocity have an important in-
fluence on the performance of a weir, these factors being
determined by the features mentioned above.

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

5.2.2 Approach channel

For all installations, the flow in the approach channel shall be
smooth, free from disturbance and shall have a velocity

distribution as normal as possible over the cross-sectional area.
This can usually be verified by inspection or measurement. In
the case of natural streams or rivers, this can only be attained
by having a long, straight approach channel free from pro-
jections into the flow. Unless otherwise specified in the ap-
propriate clauses, the approach channel shall comply with the
general requirements outlined below.

The altered flow conditions due to the construction of the weir
may have the effect of building up shoals of debris upstream of
the structure, which in time may affect the flow conditions.
The likely consequential changes in the water level should be
taken into account in the design of gauging stations.

In an artificial channel, the cross-section shall be uniform and
the channel shall be straight for a length equal to at least
10 times its width.

In a natural stream or river, the cross-section shall be reason-
ably uniform and the channel shall be straight for such a length
as to ensure regular velocity distribution.

If the entry to the approach channel is through a bend or if the
flow is discharged into the channel through a conduit of smaller
cross-section or at an angle, then a longer length of straight
approach channel is required to achieve a regular velocity distri-
bution:

Bafflesishall not be installed closer to the points of measure-
ment than 10" times the maximum head to be measured.

Undercertain conditions, a standing wave may occur upstream
of the.gauging device; foriexample 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 distri-
bution exists at the gauging station.

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

5.2.3 Measuring structure

The structure shall be rigid, watertight and capable of
withstanding flow conditions without distortion or fracture. It
shall be at right angles to the direction of flow and shall have
the dimensions specified in the relevant clauses (see also
figure 1).

The V-shaped broad-crested weir may be constructed with

either a fixed crest or a movable one with vertical slots (see
figure 2).

5.2.4 Movable measuring structure

The movable V-shaped broad-crested weir can be constructed
with one vertical slot in which the supporting plate of the weir
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Stilling
well

Figure 1 — V-shaped broad-crested weir
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a) with fixed crest b) movable with one vertical slot c) movable with two slots

Figure 2 — Longitudinal section of three types of construction
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crest can be raised or lowered according to the desired crest
level. A vertical guide wall founded at the channel bottom and
parallel to the supporting plate acts as a watertight barrier for
the movable weir.

If regular flushing of sediment is expected to be necessary, the
weir can be constructed with two slots. The movable weir can
be operated in the downstream slot while a bottom gate is
placed in the upstream slot. During measurement of flow, the
gate is closed at the bottom. To flush sediment that has settled
upstream of the weir, the gate can be opened by connecting it
to the movable weir and raising the weir and gate together.

5.2.5 Downstream channel

The channel downstream of the structure is usually of no im-
portance as such, provided that the weir has been designed so
that the flow is modular under the operating conditicns.

The altered flow conditions due to the construction of the weir
may have the effect of building up shoals of debris immediately
downstream of the structure, which in time may raise the water
level sufficiently to drown the weir. Any accumulation of debris
downstream of the structure shall therefore be removed.

6 General requirements for' maintenance

Maintenance of the measuring structure and the‘approach
channel is important to ensure accurate continuous measure-
ments.

It is essential that the approach channel to weirs be kept clean
and free from silt and vegetation as far as practicable for atleast
the distance specified in 5.2.2. The float well and the entry from
the approach channel shall also be kept clean and free from
deposits.

The weir shall 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 structure may be
measured by a hook-gauge, point-gauge or staff-gauge where
spot measurements are required or by a float-operated re-
cording gauge where a continuous record is required, and, in
many cases, it is preferable to measure heads in a separate still-
ing well to reduce the effects of surface irregularities. Other
head-measuring methods (for example bubble tubes) may be
used, provided sufficient accuracy is obtainable.

The discharges given by the working equation are volumetric
figures, and the liquid density does not affect the volumetric
discharge for a given head provided the head is calibrated 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 temperature of

the liquid 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..

7.2 Stilling or float well

Where provided, the stilling well shall be vertical and shall
extend at least 0,6 m above 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 follow
the rise and fall of the head without significant delay. The level
of the inlet pipe shall be at least 0,1 m below the lowest point of
the crest (vertex).

The connecting pipe or slot shall, however, be as small as
possible insofar as is consistent with ease of maintenance, or,
alternatively, it shall be fitted with a constriction to damp out
oscillations due to short amplitude waves. This will be
necessary, for example, if the chart of the recorder cannot be
read_to within + 6 mm.

The well and the_connecting pipe or slot shall be watertight. If
provided for'the accommodation of the float of a level recorder,
the well shall be of adequate diameter and depth for that pur-
pose,

The'well shall’also be sufficiently deep to ensure that any sedi-
ment-which’may enter does not lead to grounding of the float.
The float well arrangement may include an intermediate
chamber, between the stilling well and the approach channel,
of similar proportions to the stilling well, to enable sediment to
settle.

Additional specifications for stilling wells are given in ISO 4373.

7.3 Head-gauge datum

Accuracy of head measurements is critically dependent upon
the determination of the head-gauge datum or gauge zero,
which is the gauge reading corresponding to the level of the
vertex — lowest point — of the V-shaped weir.

The gauge zero shall be determined with great care and shall be
checked regularly.

7.3.1 Determination of head-gauge datum for weirs
with a fixed crest

An acceptable method of determining the head-gauge datum
for V-shaped broad-crested weirs with a fixed crest height is
specified in 7.3.1.1 to 7.3.1.6 (see also figure 3).

The advantage of this method is that it relates the head-gauge
datum to the geometrical vertexline which is defined by the
sides of the weir.



7.3.4.1 Set stiii water in the approach channel to a level below
the vertex of the weir.

7.3.1.2 Mount a temporary point-gauge over the approach
channel, with its point a short distance upstream from the
vertex of the weir.

7.3.1.3 Place a true cylinder of known diameter, with its axis
horizontal, so that one end rests on the foremost part of the

bl a A o
vertexline and the other end balances on a temporary support.

Check the horizontal position of the cylinder using a spirit-level.
Record the reading of the temporary point-gauge placed
exactly on top of the cylinder.

7.3.1.4 Lower the temporary point-gauge to the water sur-
face in the approach channel and record the reading. At the
. m mmiinmim b memiian b ranA tha laval in tha

same time, deU'ol the permanent gauge 1o read tne iever in ne
stilling well, and record this reading.

7.3.1.5 Compute the distance, Y, from the top of the cylinder
to the vertexline of the weir from a knowledge of the crest
angle, a, and the radius, r, of the cylinder, as follows:

Y = r/sin{a/2) +r
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Cylinder
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Siubtract th temporary |JUllll'
gauge in 7.3.1.3. The result is the reading of the temporary
point-gauge at the vertexline of the weir.

is distance from the reading of the t

7.3.1.6 Add the difference between the calculated reading in
7.3.1.5 and the reading of the temporary point-gauge in 7.3.1.4
to the reading of the permanent gauge in 7.3.1.4. The result is
the head-gauge datum for the permanent gauge.

7.3.2 Determination of head-gauge datum for weirs
with a movable crest

In the case of a movable weir, both the upstream water level
and the crest level vary. The elevation of the crestline can be

read from a fixed gauge A tunical method is the installation of

QG TTOM Q 1IRCG gaugt. A ypla TNoinol S Stanalioy

this gauge fixed at the abutment and parallel to the lifting beam
on which a horizontal strip indicates the elevation of the crest.

The weir is brought to a certain level, the reading of the fixed

gauge on the abutment is recorded and the zero setting
described in 7.3.1 can be carried out.

A direct reading can be obtained by constructing the stilling
well close to the lifting beam. The gauge is connected to the
lifting beam so that it moves in the stilling well, while its zero
coincides with the elevation of the vertexline. This method can
also be applied for continuous recording purposes.

|—— Temporary point-gauge

Permanent gauge

NN

—s—— Stilling well

Still water level —/ —

Figure 3 — Determination of head-gauge datum
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8 V-shaped broad-crested weirs

8.1 The V-shaped broad-crested weir has a V-shaped cross-
section with a horizontal vertexline (see figure 4). It combines
the advantages of the V-notch sharp-crested weir and the
horizontal broad-crested weir. Its characteristics are as follows:

a) large and small discharges can be measured with
relatively high accuracy;

b) the head-discharge relation is affected by the down-
stream water level when a high submergence ratio is reached
(S = 80 % where S = 100 h,/h4). Consequently, the weir
is very suitable for water courses with little fall available.

8.2 The sloping plates are rounded off at the upstream
corner, similar to the horizontal broad-crested weir. For field
structures, a radius in the range 0,20 H 5, < R < 0,40 H 5
is recommended.

The length L of the crest is chosen so that nearly horizontal
flow occurs on the crest. It should not be less than 2 H ,,,.

The choice of the crest angle, @, depends on
— the accuracy required for the minimum_discharge;

— the available fall difference between upstream and
downstream water levels;

— the available width, B.

The crest angle is generally within the range 90°"'< "o/ "<' 150°.

Determined by the magnitude of the head, h,, two types of
flow are possible over the V-shaped broad-crested weir. Under
normal conditions, the type of flow is called “less than full”,
and i, < 1,25 Hg. This condition is derived from the fact that
the critical depth in a triangular cross-section is equal to 0,8 H.
In exceptional circumstances, the type of flow is referred to as
“more than full”, and Ay > 1,25 Hp.

In the case of a movable weir, the weir body can be made of
steel or aluminium plate. If the weir has a fixed crest, it can be
made of metal plate or of well-finished concrete.

If the structure has to be used to regulate and to measure flow,
which is often the case in irrigation, the construction is carried
out as a vertical sliding overflow structure, movable by hand or
mechanically.

8.3 The upstream water level shall be measured at a distance
of three to four times H ,,, upstream from the weir face, using
a stilling well.

The crest height, if movable, shall be measured simultaneously
with the upstream water level (see 7.3).

The head, 44, shall be determined within an absolute accuracy
to.keep the overall.uncertainty of measured flow within design
limits./ The required accuracy for measurement of the head shall
be checked using the methods specified in clause 10 over the
whole design.flow range. Regular inspection and maintenance
of the whole structure is therefore indispensable.

Provisions for ventilation of the discharging nappe are not
necessary.

@

Longitudinal section

Hg =0,5 Bftan(e/2)

Front

Figure 4 — Dimensions of weir and flow



9.1 Equations

The discharge equation for free flow in the case of “less than
full” flow is, provided that 4, < 1,25 Hyp, as follows :

(4\5/2 [g\1/2
o=lg) p) ente-cocvrse

where
Q isthedischarge;
g is the acceleration due to gravity;
a is the crest angle;
Cp is the discharge coefficient;
Cy s the approach velocity coefficient [(H,/h4)5/2];
h, is the measured upstream head;
H, is the total upstream head;
Hg is the height of the crest triangle![0,5 B/tan (a/2)] (see

figure 4).

The discharge equation for free flow in the “more than full”
range is given in annex B.
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The modular limit and the ““drowned” flow reduction factor

the “less than full’” range are given in annex C.

in
n

Submerged flow in the ““more than full’” range has not been
investigated.

9.2 Coefficient of discharge

In the design stage, a mean value for C, of 0,95 can be used in
the range 0,1 < hy/L < 0,45.

For measurement purposes, the discharge coefficient is shown
in figure 5 as a function of 4;/L and a. An example of the flow
pattern above the crest for free flow is shown in figure 6.

9.3 Practical limitations
The following practical limitations shall be noted :

a) h, shall not be less than 0,06 m or 0,05 L, whichever is
the greater;

b) k4 shall not be greater than the values of 44/L as in-
dicated in figure 5 or 1,25 Hg, whichever is the smaller;
c) the crest angle, a, should not be less than 90°;

d)" “the/'maximumvalue of #,/p; will vary from h4/p; = 1,56
for large, crest angles to 4;/p, = 3 for small crest angles;

e) the radius, R, of the upstream rounding off shall be in
therange 0,1L < R < 0,2 L.

1,00

/

//

)\

(p

0,90

0,20

0,40

0,60 0,80

—m=h/L

Figure 5 — Discharge coefficient as a function of /;/L
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Figure 6 — Flow-pattern above crest for free flow with #,/L = 0,353

9.4 Accuracy

The relative accuracy of flow measurements made with these
weirs depends on the accuracy of the head measurement, the
measurements of the dimensions of weir and on the accuracy
of the coefficients as they apply to the weir in use.

With reasonable care and skill in the construction and instal-

lation of a V-shaped broad-crested weir, the systematic error in

the coefficient of discharge may be deduced from the equation
X = +(20+015L/h)) %

c

The random error depends on the quality of the research
used to determine the coefficient and may be taken as

X, = %05 % in this case.

The method by which the errors in the coefficients are to be
combined with other sources of errors is described in clause 10.

In general, calibration experiments are carried out on model
structures of small dimensions and, when transferred to larger
structures, there may be small changes in the discharge coef-
ficients due to a scale effect (see annex A).

10 Errors in flow measurement (see also
ISO 5168)

10.1 General

10.1.1 The total uncertainty of any flow measurement can be
estimated if the uncertainties from various sources are com-
bined. In general, these contributions to the total uncertainty
may be assessed and 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 uncertainty
in a measurement of discharge.

10.1.2 The error may be defined as the difference between
the true rate of flow and that calculated in accordance with the
equations used for calibrating the measuring structure, which is
assumed to be constructed and installed in accordance with
this International Standard. The term ‘‘uncertainty’’ is used
here to denote the range within which the true value of the
measured flow is expected to lie some nineteen times out of
twenty (with 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 the
discharge equation for weirs :

4\s2 [g\12
o=g) (5] rent@2-co-cyn s

where

4\5/2
(g) is a numerical constant not subject to grror;

g is the acceleration due to gravity, | which  varies
from place to piace, but the variation is small enough to be
disregarded in flow measurements. In general,
g = 9,81 m/s2,

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

a) the discharge coefficient, Cp;

A numerical estimate of this error is given in 9.4.

b) the approach velocity coefficient, Cy;

This is subject to changes in the cross-section of the head-
gauging section. In the case of regular maintenance of the
approach channel, the error in Cy, can be disregarded.

c) thecrestangle, ¢, as a dimensional measurement of the
structure;

The uncertainty will depend upon the degree of accuracy to
which the device as constructed can be measured. In
practice, this uncertainty may prove to be insignificant in
comparison with other uncertainties. A small deviation of
the desired crest angle can be corrected directly.

d) the measured head, A;,.

This is 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
head-gauge datum and upon the technique used. This
uncertainty may be small if a vernier or micrometer instru-
ment is used, with a zero determination of comparable
precision.
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10.3 Types of error

10.3.1 Errors may 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 n measurements of a
quantity Y under steady conditions may be estimated from the
equation

z 1/2
2 (Y; - Y)2
1

Sy = -(1)

n -1
where Y is the arithmetic mean of the n measurements.

The standard deviation of the mean is then given by :
= — )

and,the uncertainty ofithe meanis 2 s v (to 95 % probability) ).
This uncertainty is-the contribution of the observations of Y to
thejtotal uncertainty.

10.3.3 A measurement may also be subject to systematic
errors. 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 invert 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 measure-
ment known to be more accurate.

10.4 Errors in values of coefficients

10.4.1 The value of the discharge coefficient, Cp, quoted in
this International Standard is 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. Random and systematic errors from this
source are small. However, when measurements are made on
other similar installations, systematic discrepancies between
discharge coefficients may well occur, which may be attributed
to variations in the surface finish of the device, its installation,
the approach conditions, the scale effect between model and
site structure, etc.

10.4.2 The uncertainty in the coefficients quoted in this Inter-
national Standard are based on a consideration of the deviation
of experimental data from various sources from the equations
given. The suggested uncertainties thus represent the accumu-
lation of evidence and experience available.

1) This factor of two assumes that n is large. For n = 6, the factor should be 2,6, while for n = 8itshould be 2,4, forn = 10 it should be 2,3, and for

n = 15 it should be 2,1.
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