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Liquid flow measurement in open channels — Round-nose

horizontal broad-crested weirs

1 Scop

W

1.1 This International Standard deals with the measurement
of flow in rjvers and artificial channels under steady flow con-
ditions usirjg round-nose horizontal broad-crested weirs (see

£ 4 43 A
rigures 1 ana <j.

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 leivels, are not covered by this International Standard.

1.3 The rpund-nose horizontal broad-crested weir has a good
discharge nge and modular limit and is appropriate for use in

small- and mnedium-sized installations. It is particularly robust
and insensitive to minor damage.

2 Normative references

The following standards contain provisions which,through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
were valid. JAll standards are subject to revision, and parties to
agreementslbased on this International Standard are encouraged
to investiggte the possibility of applying the most recent
editions of {he standards indicated bélow. Members of IEC and
ISO maintdin registers of currently)valid International Stan-
dards.

ISO 772 : 1988, Liquid flaw{mmeasurement in open channels —
Vocabulary|and symbols,

ISO 5168 : 1978, Measurement of fluid flow — Estimation of
uncertainty |of.a flow-rate measurement.

4.1.2 A preliminary study shall be madeé)o6f the physical and
hydraulic features of the proposed site, to ¢heck that it con-
forms (or can be made to corform) to the requirements
necessary for measurement of discharge by the weir. Particular
attention should be paid to the-following fedtures in selecting
a) the adequacy of-the length of channe] of regular cross-
section available\{see 4.2.2.2);

b) the uniformity of the existing velocity distribution (see
annex B);

c)¢.the avoidance of a steep channel (but see 4.2.2.6);

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

“e) the conditions downstream (including influences such
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 pjling, grouting or
other means of controlling seepage;

g) the necessity for flood banks, to conflne the maximum
discharge to the channel;

h) the stability of the banks, and the ngcessity for trim-
ming and/or revetment in natural channels;

i) the uniformity of the cross-section pf the approach
channel;

j) the prevailing wind, which can have a considerable
effect on the flow in a river, or over @ weir or flume,

3 Definitions and symbols

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

4 Installation

4.1 Selection of site

4.1.1 The weir shall be located in a straight section of chan-
nel, avoiding local obstructions, roughness or unevenness of
the bed.

Tiver, weir or flume 1s wide and the head
is small and when the prevailing wind is in a transverse
direction;

k) aquatic weed growth;

1) sediment transportation.

4.1.3 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 described in annex B,
the site shall not be used unless suitable improvements are
practicable. Alternatively, the performance of the installation
may be checked by independent flow measurements.
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4.2 Installation conditions
4.2.1 General requirements

4.21.1 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 features such as the surface finish of the weir,
the cross-sectional shape of the channel, the channel roughness
and the influence of control devices upstream or downstream

of the gauging str|

4.2.1.2 The distri
important influenc
annex B).

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

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

even velocity distribution exists at the gauging station.

1ot
petares

bution and direction of velocity may have an
e on the performance of a weir (see 4.2.2 and

4.2.1.3 Once a weir has been installed, any changes in the
systems which aIect the basis of the design will alter the

discharge charact

4.2.2 Approach

4221

ristics.

channel

If the flow in the approach channel is disturbed by

irregularities in thd boundary, for example by 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 gaugi
the approach cha
bution (see annex

g may be significantly affected. The flow in
nel shall have a symmetrical velocity distri-
B) and this can most readily be achieved by

providing a long gtraight approach channel of uniform cross-

section.

4.2.2.2 A length
times the water-s|
suffice, provided t!
with high velocit

of straight approach channel equal to five
hrface width at maximum flow.Will "usually
hat flow does not enter the approach channel

via a sharp bend or angled’ sluice gate.

However, a greafer length of uniform approach channel is

desirable if it can

4.2.2.3 The leng
4.2.2.2 refers to t
position. However

eadily be provided. _

h of uniform approach channel suggested in
e distance-upstream of the head measuring
in a natural.channel it would be uneconomic

to line the bed and bankswith concrete for this distance, and it
would be necessaly to provide a contraction in plan if the width

between the verti

al"walls of the lined approach to the weir is

4.2:27—Conditions in the approach channet can be|verified by

visual inspection or measurement for which severgl methods
are available such as current-meters, floats, vélocity rods, and
concentrations of dye, the last being useful.to:check [conditions
at the bottom of the channel. A complete and quantitative
assessment of velocity distribution may\be made by fneans of a
current-meter. The velocity distribution should then be assessed
by reference to annex B.

4.3 Weir structure

4.3.1 The structureshall be rigid and watertight and capable
of withstanding.flood flow conditions without darhage from

. outflanking or from downstream erosion. The weir|crest shall

be at rightsangles to the direction of flow and the geometry
shall confform to the dimensions given in the relevant clauses.

4.32 The surfaces of the weir and of the vertical abutments
flanking the weir shall be smooth; they may be congtructed in
concrete with a smooth cement finish, or surfaced with a
smooth non-corrodible material. In laboratory installations, the
finish shall be equivalent to that of rolled sheet metal|or planed,
sanded and painted timber. The surface finish is of particular
importance on the horizontal crest, but the requiremqents may
be relaxed beyond a distance along the profile| 1/2H,,
upstream and downstream of the crest profile.

433 In order to minimize errors in the |discharge
measurements, the following tolerances should bg aimed at
during construction:

— on the crest width, 0,2 % of this width with a maxi-
mum of 0,01 m;

— on the horizontal surfaces, slopes of 0,1 % (1 mm/m).

less than the width of the natural channel. The unlined channel
upstream of the contraction shall nevertheless comply with the
requirements of 4.2.2.1 and 4.2.2.2.

4.2.2.4 Vertical side walls to effect a contraction in plan shall
be symmetrically disposed with respect to the centreline of the
channel and shall preferably be curved with a radius R of not
less than 2H, . . The downstream tangent point shall be at
least H, . upstream of the head measurement section. The
height of the side walls shall be chosen such that the design

maximum discharge can be contained.

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

The structure shall be measured on completion of construction
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.

4.4 Movable measuring structure

4.41 For water management purposes, it is in many cases
necessary to measure flows and also to control water levels or
flow at the same location. A combined measuring and
regulating structure provides the most economic means for this
purpose. The movable round-nose horizontal broad-crested
weir may be constructed with one single vertical slot in which
the supporting plate of the weir crest can be raised or lowered
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according to the desired crest level. A vertical guide wall,
founded on the bed of the channel and parallel to the suppor-
ting plate, acts as a watertight barrier for the movable weir.

4.4.2 If regular sediment flushing is expected to be necessary,
the weir may be constructed with two slots. The movable weir
is placed in the downstream slot while a bottom gate is placed
in the upstream slot. During flow measurement, the bottom
gate is lowered onto the bed. To flush sediment that has settled
upstream of the weir, the bottom gate is opened by connecting

1ISO 4374 : 1990 (E)

6 Measurement of head
6.1 General requirements

6.1.1 Where spot measurements are required, the head
upstream of the weir crest can be measured using a vertical or
inclined gauge, a hook gauge, point gauge, wire weight gauge
or tape gauge. Where a continuous record is required, a record-
ing gauge shall be used. The location of the head measurement

section is dealt with in 7.2.

it to the movable weir and raising the weir and gate together

4.4.3 The most commonly used type of movable weir is that
with two Vertical slots. This telescopic weir consists of two
sliding blades and a movable weir which are mounted on a steel
guide framg in the following manner.

a) Thg bottom gate is blocked in place under operational
conditigns and acts as a bottom limiter for the movable
weir.

b) Theg upper slide is connected to the bottom gate by
means ¢f two steel strips placed in the frame grooves and
acts as jp top limiter for the movable weir.

c) Thg movable weir is connected by two steel strips to a
horizontal lifting beam. The weir crest is horizontal in both
directiohs. The upstream nose of the weir is rounded off in
such a way that flow separation does not occur.

Figure 2 shpws the round-nose horizontal broad-crested-weir as
a measuring and regulating structure.

45 Downstream conditions

Conditions|downstream of the structure are important in that
they contrgl the tail-water level..This level is one of the factors
which detefmines whether modular or drowned flow conditions
will occur at the weir. It is“essential, therefore, to calculate or
observe ta{—water levels-over the full discharge range and to

make decigions regafding the type of weir and its required
geometry in the light-of this evidence.

6.1.2 With decreasing size of the weirn
errors in construction and in the zero sefting
head measuring devices become of greater re

6.2 Gauge well

6.2.1 It is usual to measure the head in a s¢
to reduce the effects of-water-surface irregu
is done, it is also desirable to measure the hed
channel as a check.

6.2.2 The gauge well shall be vertical and o
and/ar.depth to cover the full range of watg
have,;a minimum height of 0,3 m above the

 the head, small
and reading of the
ative importance.

parate gauge well
arities. When this
d in the approach

f sufficient height
r levels, and shall
maximum water

level estimated. At the recommended position for the measure-

ment of head, the well shall be connected
channel by means of a pipe or slot.

6.2.3 Both the well and the connecting pig
watertight, and where the well is provided f
dation of the float of a level recorder, it shall b|
and depth to give clearance around the float
float shall not be nearer than 0,075 m to the

6.2.4 The pipe or slot shall have its invert ng
below the lowest level to be gauged, and it sh

to the approach

e or slot shall be
pr the accommo-
e of adequate size
at all stages. The
wall of the well.

t less than 0,06 m
all terminate flush

with the boundary of the approach channel Td at right angles
s

thereto. The approach channel boundary
smooth (equivalent to carefully finished cq
distance of 10 times the diameter of the pip

all be plain and
ncrete) within a
B or width of slot

from the centreline of the connection. The pi

e may be oblique

to the wall only if it is fitted with a removablé cap or plate, set

flush with the wall, through which a number

holes are drilled.

The edges of those holes shall not be rounded or burred.

5 Maintenance — General requirements

Maintenance of the measuring structure and the approach
channel is important to secure accurate and continuous
measurements. It is essential that the approach channel be kept
clean and free from silt and vegetation as far as practicable for
the minimum distance specified in 4.2.2.2. 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 shall be taken in the process of cleaning to
avoid damage to the weir crest.

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

6.2.6 The diameter of the connecting pipe or width of slot
shall be sufficient to permit the water level in the well to follow
the rise and fall of head without appreciable delay, but it should
be as small as possible, consistent with ease of maintenance, to
damp out oscillations due to short-period waves.
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6.2.7 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
pipe 100 mm in diameter is usually suitable for flow measure-
ment in the field. A diameter of 3 mm may be appropriate for
precision head measurement with steady flows in the

[ IR,

laboratory.

b) a downward slope, or

c) a vertical face.

T

-+

he weir shall be se

be set at right angles to
the approach channel.

the direction of flow in

7.1.2 The dimensions of the weir and its abutments shall
comply with the requirements indicated in figure 1. The radius,
r, of the upstream crest shall not be less than 0,2 H ... The
length of the horizontal portion of the weir crest shall not be

less than 1,75H . nor shouid the sum of the crest iength and

6.3 Zero settirlg

device with respedt to the crest level of the weir, and regular
checking of this [setting thereafter, are essential if overall

accuracy is to be §ttained.

6.3.1 Initial accu:rte setting of the zero of the head measuring
t

6.3.2 An accurate means of checking the zero shall be pro-
vided. The instrurent zero shall be obtained by direct reference
to the weir crest, and a record shall be made of the settings car-
ried out in the approach channel and in the gauge well. A zero
check based on the water level (when the flow either ceases or
just begins) is lialple to serious errors due to surface tension
effects and shall rjot be used.

6.3.3 In the casd of a movable weir both the upstream water
level and the crest] level vary. The elevation of the crestline can
be read from a fixdd gauge. A typical method for measuring the
elevation of the drestline is by the installation of this gauge,
fixed at the abutmpnt and parallel to the lifting beam on which a
horizontal strip inglicates the elevation of the crest.

The weir is brought to a certain level. The reading of,the fixed
gauge on the ahutment is recorded, and the Zero' setting
described in 6.3.2| can be carried out.

A direct reading ¢an be obtained by constructing the stilling
well close to the [ifting beam. The gaugé.is connected to the
lifting beam so thpt it moves in thestilling well, while its zero
coincides with thd elevation of theyvertexline. This method can
also be applied fof continuousrecording.

7 Round-nore horizontal broad-crested weirs

nose radius be less than 2,25H ...

made of steel or aluminium metal plate. If.the weir has a fixed
crest then it may be made of metal plate or of well-finished
concrete.

7.1.3 In the case of a movable weir, the weir bo%y may be

If the structure has to be used-to regulate and tp measure
flows, which is often the case.for weirs used for irrigation pur-
poses, then the construction will take the form off a vertical
sliding overflow structure, movable by hand or medhanically.

7.2 Location of head measurement section

7.2.1 The’head on the weir shall be measured at g point far
enough.tipstream of the crest to be clear of the effects of draw-
down,, but close enough to the weir to ensure that the energy
logs between the section of measurement and thg upstream
edge of the weir crest can be considered to be negligible. It is
recommended that the head measurement section bg located a
distance of between three and four times H ., upstream of the
weir block.

7.2.2 The crest height, if movable, shall be measyred simul-
taneously with the upstream water level (see 6.3.3)

The head, A, (see figure 1) shall be determined|within an
absolute accuracy of a few millimetres (see 9.2). Regular in-
spection and maintenance of the whole structure i therefore
indispensable.

7.3 Provision for modular flow

Flow is modular when it is independent of variatipns in tail-
water level. For this to occur, assuming subcritical cgnditions in
the tail-water channel, the tail-water total head levgl must not

7.1 Definition

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

a) arounded edge,

rise beyond a certain percentage of H. Tf the downstream face
of the weir is vertical, this percentage is dependenton H/p: it
is 63 % for low values of H/p, risingto 75 % at H/py = 0,5
and 80 % at H/p4 > 1. These values also apply to a movable
weir structure. 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, p, is the height of the crest above
the downstream bed level.
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Figure 1 — Round-nose horizontal broad-crested weir — General arrangement
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Figure 2 — Combined measuring and regulating structure of a round-nose horizontal broad-crested weir
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8 Discharge equations
8.1 Basic equation

8.1.1 Critical depth theory, augmented by experimental data,
has shown that the discharge, Q, over a round-nose horizontal
broad-crested weir may be represented by the following
equation:

2\3/2
0 = 3 Cp b~z H¥? (1)

1SO 4374 : 1990 (E)

a is a coefficient (the kinetic energy or Coriolis coefficient)
which takes account of the fact that the kinetic energy head
exceeds v2/2 g if the velocity distribution across the sec-
tion is regular but not uniform?, In applying this equation in
this International Standard, & may be taken as unity, with
the tolerances given in later clauses and the provisions of
4.2 and annex B borne in mind.

8.1.4 From equations (2), (3) and (4), it may be deduced that

3./3(c23 - 1)1/2 _2Cpbh

where
Cp s the coefficient of discharge (non-dimensional);
b is the width of the weir crest;
g is the gravitational acceleration;

H is the total head.

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

2\3/2 '
0= t Cp C, b[g h32 L. (2

where C, i a further dimensionless coefficient allowing for the
effect of @pproach velocity on the measured water level
upstream df the weir.

By definitign

17\ 3/2
c = | )
h

8.1.3 The| total head is related to_the-gauged head by the
equation

H=h+av2/2g ... (4)
where

v is the local mearY'velocity in the approach channel at the
cross-sgction where the head is measured;

. (5)
c, A

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

Thus C,, may be deduced in{terms of Cp b 4/ A. To avoid the
complicated solution of @quation (5) in dedyicing C,,, figure 3
has been prepared  fo-give the relation petween C, and
Cp b h/ A. The valte of Cp can be obtained |by using equation
(6) or (6a).

8.2 Computation of discharge

82V There are two common methods of computing
discharge from gauged head readings. The first obtains results
by successive approximation techniques and utilizes the basic
"“total head”” equations. This method is admirably suited to
solutions by computer techniques since the domputer provides
an efficient way of carrying out the repetitive calculations
involved. The second method utilizes relationships which can
be derived between gauge and total heads for particular weir
and flow geometries. The coefficient of apprpach velocity, C,,
in the discharge equation is assessed from tables and graphs.

8.2.2 The basic discharge equation is given|in 8.1 in terms of
both total and gauged head. Equation (2)|may be used to
evaluate discharge, with the appropriate valug¢ of C,, read from
figure 3.

8.2.3 For water at ordinary temperatures, C p is a function of
head, A, the crest length in the direction of flqw, the roughness

1) The formulae given in this International Standard have been derived from experiments where the approach channel velocity distribution was fairly
uniform and hence o approximates to unity. If a velocity study at the gauging section indicates that @ > 1,25 the station clearly does not meet the pro-
visions of 4.2 and improvements to the approach channel are necessary. Very approximately

a=1+3e2-2e8

Vmax

4

where e = -1

Vmax Deing the highest velocity observed at the cross-section where the head is measured.
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of the crest, and the ratio #/b. It can be expressed by the
equation

2xL xL)\ 32
Cp= 1_7\1_—}:— ... (6)
where

x = d./L is a factor which allows for the influence of the
boundary layer of the crest

where J, is the boundary layer displacement thickness;

L is the length of the horizontai section of the crest in the

Cp values are valid for both closed front faces (fixed crest) and
open front faces (movable crest).

8.3 Limits of application
8.3.1 The practical lower limit of 4 is related to the magnitude
of the influence of fluid properties and boundary roughness.
The recommended lower limit is 0,06 m or 0,01 L, whichever is
the greater.

direction of flo

For most installatipbns with a good surface finish, the value of
d,/ L will in practice lie in the range 0,002 to 0,004. Provided
that 4000 < L/lk < 105 (k is the roughness value) and
Re > 2 x 105 (Re is the Reynolds number), J,/L may be
assumed to be eqfial to 0,003 without introducing appreciable
error. Equation (6} then becomes

0,po6 L 0,003L) 372
co= (1-—F—)(1-
b h

An example illustrating a more accurate method of calculating
Cp on the basis of the boundary layer displacement thickness
concept is shown|in annex C.

0,5 0,6 0,7

. .. (6a)

8:3-:2—Thetimitations—en—H-+p—arise—frerm—diffiedlties experi-
enced when the Froude number in the approagh channel
exceeds 0,5, coupled with inadequate experimental confir-
mation at high values of H/p. The recommeénded ugper limit is
H/p =15.

8.3.3 H/L shall not exceed 0/57 and this limitatign on
arises from the necessity to_ensure parallel flow at [the critical
section on the crest.

8.3.4 The height,.p, of the weir shall not be less than 0,15 m.
The crest width, &, shall not be less than 0,3 m ndr less than
H oy, nor lessithan L /5.

0,8 09 1

1,25

1,2

/
1°<?
s
115 W
o A
U> y

11

1,05

0 0,1 0,2

0,3 0,4 0,5

Cpbh

A

Figure 3 — Coefficient of approach velocity, C,
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8.4 Accuracy

8.4.1 The relative accuracy of flow measurements made with
round-nose horizontal broad-crested weirs depends on the
accuracy of the head measurement and the measurements of
the dimensions of the weir, and the accuracy of the coefficient
of discharge as it applies to the weir in use.

8.4.2 With reasonable care and skill in the construction and
installation of these weirs, the systematic error (in per cent) in
the coefficient of discharge may be deduced from the equation

1ISO 4374 : 1990 (E)

where

2 3/2
(— is a numerical constant not subject to error;

g s the acceleration due to gravity (this varies from place
to place but, in general, the variation is small enough to be
neglected in flow measurements);

C, is the velocity of approach coefficient of which the er-
ror can be neglected (see 8.4).

I

T 2+ 0,15 L
[ + X __
¢ H
The randorh error associated with the determination of the
coefficient of discharge may be taken as X> = + 1 % in this
case.

The approagh velocity coefficient, C,, is subject to changes in
the cross-s¢ction of the head gauging section. In the case of
regular mainptenance of the approach channel, the inaccuracy in
Cyis negligrlble.

8.4.3 The |method by which the errors in the coefficient of
discharge shall be combined with other sources of error is given
in clause 9.

9 Uncertainties in flow measurement
The clause is intended to provide sufficient information for the

user of this|International Standard to estimate the uncertainty
in a measurpment of discharge.

9.1 Gengral

9.1.1 Refefence should be made to ISO 5188.

9.1.2 The total uncertainty in any flow measurement can be
the uncertainties from-various sources are com-
bined. In ggneral, these contribltions to the total uncertainty
may be assessed and will indicate whether the discharge can be
measured with sufficient accuracy for the purpose in hand.

9.1.3 The ¢rror may.-be‘defined as the difference between the
actual rate ¢f flow and that calculated in accordance with the
equation for| thé weir, which is assumed to be constructed and
installed in 3ccordance with thi i d

9.2.2 The only sources of error which néed|to be considered
further are

a) the discharge coefficient, Cp*(estimaltes of the uncer-
tainty in Cp are given in 8.4);

b) the dimensional measurements of tHe structure, e.g.
the width b of the weir?

c) the measuréd head, 4.

9.2.3 Theluncertainties in b and 4 have to bg estimated by the
user. The\uncertainty in their dimensions will depend on the
accuracy'to which the device as constructed <Lan be measured;
in_practice this uncertainty may prove to b insignificant in
comparison with other uncertainties. The upcertainty in the
head will depend on the accuracy of the |head measuring
device, the determination of the gauge zero, gnd the technique
used. This uncertainty may be small if a vernler or micrometer
instrument is used, with a zero determination of comparable
precision.

9.3 Types of error

9.3.1 Errors may be classified as random of systematic, the
former affecting the reproducibility (precision)| of measurement
and the latter affecting its true accuracy.

9.3.2 The standard deviation, sy, of a set of |n measurements
of a quantity y under steady conditions may b¢ estimated using
the following equation:

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 19 times out of 20 (for 95 % confidence
limits).

9.2 Sources of error

9.2.1 The sources of error in the discharge measurement may
be identified by considering the discharge equation

2\3/2
0=13] CoCubVER”

= | i=1
Sy =

[ y ]
Z =7 )2

n-—1 J
where j is the arithmetic mean of the n measurements.

The standard deviation of the mean is then given by

Sy
Sy = ——
y \/71"

and the uncertainty in the mean is 2 s;; (at the 95 % confidence
level). This uncertainty is the contribution of random errors
in any series of experimental measurements to the total
uncertainty.
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NOTE — The factor of 2 assumes that n is large. For n = 6, the factor
should be 2,6: n = 8 requires a factor of 2,4; n = 10 requires a factor
of 2,3; n = 15 requires a factor of 2,1.

9.3.3 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. For
example, an error in setting the zero of a water-level gauge to
the crest level produces a systematic difference between the
true mean of the measured head and the actual value. A repeti-
tion of the measurement does not ellmlnate systematlc errors;
the actual value gan—en M

measurement whith is known to be more accurate.

9.4 Uncertainties in coefficient values

9.4.1 The error$ in this category are both random and
systematic.

9.4.2 The values of the discharge coefficients, 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 precisiqn. However, when measurements are made
on other similar installations, systematic discrepancies between
coefficients of discharge may well occur, which may be
attributed to varigtions in the surface finish and installation of
the device, the approach conditions, the scale effect between
model and site structures, etc.

9.43 The unce']tainties in the discharge coefficients, quoted
in 8.4, are calcllated on the basis of the deviation of’the
experimental data (from various sources) from the theoretical
equations given. [The suggested uncertainty values:thus repre-
sent the accumulation of evidence and experience’available.

9.5 Uncertainties in measurements made by the
user

9.5.1 Both rangdom and/systematic errors will occur in
measurements made by the.user.

9.5.2 Since neitherthe methads of measurement nor the way

9.6 Combination of uncertainties

9.6.1 The total systematic or random uncertainty is the resul-
tant of several contributory uncertainties, which may
themselves be composite uncertainties. Provided that the con-
tributing uncertainties are independent, small and numerous,
they may be combined together to give an overall random (or
systematic) uncertainty at the 95 % confidence level.

9.6.2 All sources contributing uncertainties will have both
random and systematlc components However, in some cases

3 emt may be
predominant and the other component can be\ngglected by
comparison.

9.6.3 Because of the different mature of raphdom and
systematic uncertainties, they should not normally be com-
bined with each other. However, with the proviso 01 9.6.1, ran-
dom uncertainties from different sources may bg combined
together by the root-sumi<of*squares rule; systemfatic uncer-
tainties from different,sources may be similarly combined.

9.6.4 The percentage random uncertainty, Xé, in|the rate of
flow may be-calculated from the following equatiop:

7 R 12 12 2 2
Xp'= = XZ + X2+ 152X,
where
X is the percentage random uncertainty in Cp;
X, s the percentage random uncertainty in b;

X, is the percentage random uncertainty in A.

In the above

X; = 100
and

X, = (1X2 + X2 + ..+ X, 2)172
where

in which they are to be made is specified, no numerical values
for uncertainties in this category can be given; they shall be
estimated by the user. For example, consideration of the
method of measurement of the width of the weir should permit
the user to determine the uncertainty in this quantity.

9.5.3 The uncertainty in the value of the gauged head shall be
determined from an assessment of the separate sources of
uncertainty, e.g. the uncertainties in the zero setting, the
prevailing wind characteristics, the gauge sensitivity and the
backlash in the indicating equipment (where appropriate), and
the residual uncertainty in the mean of a series of
measurements (where appropriate).

10

e, is the random uncertainty in the breadth measurement;

1X;, 2X;, ... are percentage random uncertainties in the
head measurement (see 9.5.3);

X is the percentage random uncertainty in the mean if a
series of readings of head measurement are taken at con-
stant water level.

The term X, is easily estimated if, for example, a point gauge is
used for water level measurement. For continuous or digital
recording equipment, the random uncertainty in reading a
given water level can be assessed by using laboratory tests on
that equipment.
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9.6.56 The percentage systematic uncertainty, X7, in the rate
of flow may be calculated from the following equation:

"o __ 2 ,7, 2 yrr2
X5= X2+ X2+ 182X,
where

X s the percentage systematic uncertainty in Cp;
X, s the percentage systematic uncertainty in b;

X is the percent

ge svstematic uncertainty in A.
__n £ et g i TENEE SR T
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The approach velocity coefficient is determined using figure 3:
Cpbh/A = 0,983 x 10 x 0,67/(10 x 1,67) = 0,395

ives C, = 1,0

3

Using equation (2)

2\3/2
(—) JecpC, bhi2

=\

= 1,705 x 0,985 3 x 1,038 x 10 x 0,673/2

In the abov

o

Xy = (X2 + X724+ .02

where 1 X, [,X’, ... are percentage systematic uncertainties in
the head me¢asurement (see 9.5.3).

9.7 Preséentation of results

Although it|is desirable, and frequently necessary, to list the
total random and total systematic uncertainties separately, it is
appreciated|that a simpler presentation of results may be re-
quired. For this purpose, random and systematic uncertainties
may be conjbined as shown in ISO 5168:

= v 2 2
Xo = AV X2+ X}

10 Exanpple

The followihg is an example of the computation ,of~the
discharge and the associated uncertainty in a single ' méasure-
ment on a v}eir having a crest height, p, above the'bed of the
approach clhannel of 1 m and operating at @ _gauged head
h = 0,67 m) with a breadth of weir crest b,=-10 m and a weir
crest length| L = 2 m. Ten successive readings of the head
gave a standard deviation of the mean-s;*= 1 mm.

10.1 The [discharge is calculated: using equation (1), given
in 8.1.

10.2 The yalue of thedischarge coefficient Cp is determined
from equati¢n (6a) as-follows:

0,006 L 0,003 L |3/2
=170 -—

k.

= 9,56 m3/s

10.3 To calculate the uncertaintyin this vale of Q the uncer-
tainties (in per cent) in the discharge coefficignt value are first
determined as follows:

Xo = £ 1% (from8.4)

L
X¢= + |2+ 0,15 —] (from 8.4)
h

2
= (2 + 0,156 x —
0,67

=+ 245%

10.4 Ifitis assumed that several measuremgnts of the width
are taken, the random component of uncertaﬁnty in the width
measurement can be considered to be |negligible. The
systematic uncertainty in the width measurempnt is assumed in
this case to be 0,01 m.

Accordingly,
X% =0
0,01
X/ =+ —x100= %+ 0,10 %
b 10

10.5 The magnitude of the uncertainty associated with the
head measuring device depends on the part{cular equipment
used. It has been demonstrated that the gauge zero of a digital

punched tape recorder can be set to an accuracy of + 3 mm.
This is a systematic uncertainty. There is no rqndom uncertain-
ty i i i e, until the zero

U 7\ Tt ]

0,006 x 2 [, 0,003 x 2 3/2
LT, 0,67

= 09853

is reset, the true zero will have the same magnitude and sign.

Therefore,
1X, =0
, 0,003
1X, = % x 100 = + 0,45 %

0,67

1"
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10.6 Uncertainties associated with different types of water
level observation equipment can be determined using careful
tests under controlled conditions. The random component of
uncertainty can be determined by taking a series of readings at
a given water level; however, to distinguish this uncertainty
from other sources of uncertainty it is necessary that these
tests be carried out with the water level always rising (or
falling). For the equipment used in this example, the random
component of uncertainty in water level measurement is ap-
proximately + 1 mm. Systematic uncertainties in water level
measurement occur owing to backlash, tape stretching, etc.
Where possible, corrections should be applied, but controlled
tests for given typ i gl

If it is assumed that X is negligible, the uncertainties in water
level measurement are

X =+ (X2 +,X2"2= 1 (0 +0,152)"/2
=+ 0,15 %

X =+ (1X;2 + ,X;2V2 = + (0,452 + 0,372)12
= + 0,58 %

The total random uncertainty in the discharge measurement is

of the residual sy$tematic uncertainty. In this case, when a
digital punched tape recorder is used, this value is approxi-
mately £ 2,5 mm|

Accordingly
0,001
2X, = —— x1 100 = 0,15 %
0,67
0,002 5
2X) = x 100 = + 0,37 %

0,67

10.7 The combipation of individual uncertainties to obtain
the overall uncerfainty in discharge can be carried out as
follows.

nftude Xy =t XF+ X7+ 152 X177
=+ (12 + 0 + 2,25 x 0,152)1/2
=+ 1,02 %

The total systematic uncertainty in the discharge measurement
is

"o 9 712 2 yrr2\1/2
Xy = £ (Xg2 + X2+ 182 X2

I
H+

(2,452 +0;12 + 2,25 x 0,582)1/2
= + 2,60%

To facilitate a.simple presentation, the random and gystematic
uncertainties can be combined by the root-sum-of-squares rule
as follows:

%o

+ (X2 + X172

H

(1,022 + 2,602)1/2
= +279%

The flow rate, Q, is therefore 9,56 m3/s + 2,8 %. The random
uncertainty is = 1,02 %.

12
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Annex A
(normative)

Symbols and units

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

Symbol

Quantity represented

I1ISO 4374 : 1990 (E)

Units of
measurement

Area of wet cross-section of approach channel [4 = b (h + p)]
Width of weir crest

Coefficient of discharge

Coefficient of approach velocity

Depth of flow

Random uncertainty in width measurement

Gravitational acceleration

VZ
Totalhead |H = h + —
2¢g

72
Maximum value of total head [Hmax = Nmax + Vzl;x
Measured head of water above weir crest
Maximum measured head of water above weir crest
Roughness
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
Radius of the curve of the vertical wall
Reynolds number [Re = V-VL-]
Radius of the‘edge of the upstream crest
Standard{deviation
Standard deviation of the mean

Qverall percentage uncertainty

|__—Percentage uncertainty in b

m2
m
nontdimensional
nonidimensional
m
m
m/s?

m

3

3 3 3

m
non-{dimensional
m
m
m3/s

m
non-dimensional

m

%
%

Percentage uncertainty in Cp
Percentage uncertainty in A
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
Uncertainty in width measurement
Kinematic viscosity

%

%
non-dimensional
m/s
m/s
m/s
non-dimensional
m
m
m2/s

13
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Annex B
(normative)

Velocity distribution

B.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

mind, figure B.1 provides some guidance to the type of velocity
distribution and evenness thereof that are acceptable in
practice.

means of weirs, - e—the
recommended cogfficients are empirical values obtained by
various investigatprs and were usually obtained under ideal
laboratory conditigns. These laboratory investigations involved
the use of either gcreens to ensure an approximately uniform
velocity over the [cross-section, or a long straight approach
channel conductive to the establishment of a normal distribu-
tion of velocities.

B.2 Normal velgcity distribution is defined as the distribution
of velocities attainpd in a channel over a long uniform straight
reach. A characterjstic feature of flow in such a channel is that
the velocity is a mpximum at about 0,6 times the depth above
invert, with the aJjerage velocity occurring at about 0,4 times
the depth above invert.

B.3 Any deviatipn from the ideal conditions of either a very
uniform velocity of a normal velocity distribution may lead to
errors in flow measurement, but quantitative information on
the influence of vejocity distribution is inadequate to define the
acceptable limits of departure from the ideal distributions. With
the uncertainties jn discharge coefficients quoted in 84 in

B.4 In figure B.1, different patterns of isovels are shown.
These isovels are contours of equal velogity in the direction of
flow.

B.5 The isovels plotted in figures B.1 d), e) and|f) provide
examples of observed normahvélocity distributions,|which are
clearly acceptable. Figure™B.1 a) shows some skewness, but
nevertheless approximates to a normal distribution. Higures B.1
b) and c) show appreciable departure from uniformity, and are
considered to be‘rfepresentative of the maximum acceptable
departure from.ideal approach conditions for the uncertainties
given.

B.6If approach conditions are unfavourable, strqng secon-
dary currents (spiral flow) may occur. Even though an isovel
diagram showing longitudinal components may appear
reasonable in such circumstances, the presence of significant
cross-components of velocity would make such an ihstallation
unacceptable.

14
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