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INTERNATIONAL STANDARD

ISO

4362:1992(E)

Measurement of liquid flow in open channels — Trapezoidal

profile weirs

1 Scopp

This Intefnational Standard specifies methods of
liquid flow measurement in open channels under
steady flpw conditions using trapezoidal profile
weirs. It applies to free flows, which depend on the
upstream [head only, and drowned flows, which de-
pend on poth the upstream and the downstream
heads.

2 Normative reference

The following standard contains provisions which,
through re¢ference in this text, constitute provisions
of this In{}rnational Standard. At the time of pubh-
cation, the edition indicated was valid. All standards
are subjeft to revision, and parties to agreements
based on| this International Standard are encour-
aged to ipvestigate the possibility of.applying the
most recent edition of the standard indicated below.
Members|of IEC and ISO maintain_registers of cur-
rently valid International Standards.

ISO 772:1988, Liquid flow—"measurement in open
channels +- Vocabulary-and symbols.

3 Definfitions

For the plrposes of this International Standard, the
definitiong_given in ISO 772 apply.

Particular attention shallfbe” paid to
features in selecting the site:

the following

a) the availability of-an adequate length of channel

b)
c)

d)

e)

of regular cross-section;

the existing velocity distribution;

the avoidance of a steep channel, if possible;

the effects of an excessive increas

b in upstream

water level owing to installation of the measuring

structure;

the sediment content of the strean| and whether
heavy deposition just upstream qf the weir is

likely to occur;

the impermeability of the ground

on which the

structure is to be founded and the| necessity for

piling, grouting or other means
seepage;

the necessity for flood banks tg
maximum discharge to the channel;

the stability of the banks and the

pof controlling

confine the

necessity for

trimming and/or revetment in natugal channels;

the need for clearance of rocks or
the bed of the approach channel;

boulders from

4 Installation — General considerations

NOTE 1  Particular requirements for trapezoidal profile
weirs are given in clause 7.

4.1 Selection of site

A preliminary survey shall be made of the physical
and hydraulic features of the proposed site, to check
that it conforms (or may be made to conform) with
the requirements necessary for discharge measure-
ment by a weir.

the effect of wind on the flow over the weir, es-

pecially when the weir is wide an
small and when the prevailing wi

d the head is
nd is in a di-

rection transverse to the direction of flow.

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

The existing velocity distribution in the approach
channel shall be checked by inspection and
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measurement using, for example, current-meters,
velocity rods and floats.

NOTES

2 Concentrations of dye are also useful to check the
conditions at the bottom of the channel.

3 A complete and quantitative assessment of the vel-
ocity distribution may be made by using a current-meter.
More information on the use of current-meters is given in
1SO 748",

straight approach channel of uniform cross-section,
free from projections at the side or on the bottom.

Unless otherwise specified, the following general
requirements shall be met.

After construction of the weir the flow conditions in
the approach channel may be altered owing to the
build-up of shoals of debris upstream of the struc-
ture. The likely consequential changes in the water
level shall be taken into account in the design of the
structure.

If an inspection-efthe-streanshowsthattheexisting
velocity distrifution is regular, then it may be as-
sumed that the velocity distribution will remain sat-

In an artificial channel the cross-section|shall be
uniform and the channel shall be (straidht for a

isfactory after

If the existing

he weir has been constructed.

velocity distribution is irregular and

length equal to at least 10 times its-width.

no other site fQr a weir is feasible, due consideration
shall be given|to checking the distribution after the
installation of] the weir and to improving it if
necessary.

4.2 Installatjon conditions

4.21 General

The complete measuring installation consists of an
approach chapnel, a measuring structure and a
downstream cjannel. The condition of each of these
components dffects the overall accuracy of the
measurements|

In addition, features such as the surface finish of-the
weir, the crosg-sectional shape of the channel“and
its roughness, jand the influences of the control'sec-
tion and deviges upstream or downstream of the
gauging structyre shall be taken into consideration.

These featureq together determinethe distribution
and direction ¢f velocity, which-have an important
influence on the performancecof-d weir.

Once an instajlation has{been designed and con-
structed, the uger shall{prevent or rectify any physi-
cal changes infthe installation which could affect the
discharge chanactéristics.

If the entry of the approach Channel is through a
bend or if the flow is discharged into the| channel
either through a conduit.of smaller cross-section or
at an angle, then a greater length of straight ap-
proach channel will be\required to achieve @ regular
velocity distribution. There shall be no baffle nearer
to the points of ‘measurement than 10 times the
maximum head’to be measured.

Under ceftain conditions, a standing wave| may oc-
cur upstfeam of the gauging device, for example if
the apptoach channel is steep. Provided [that this
wave is at a distance upstream of not lesg than 30
times the maximum head, flow measuremeht will be
feasible, subject to confirmation that a reqular vel-
ocity distribution exists at the gauging station. If a
standing wave occurs within this distance| the ap-
proach conditions and/or the gauging device shall
be modified.

4.2.3 Weir structure

The structure shall be rigid and watertigh{ and ca-
pable of withstanding flood-flow conditions without
displacement, distortion or fracture. It shall be at
right angles to the direction of flow and| the ge-
ometry of the weir shall conform with th¢ dimen-
sions given in this International Standard.

4.2.2 Approach channel

The flow in the approach channel shall be smooth,
free from disturbances and shall have a velocity
distribution as symmetrical as possible over the
cross-sectional area.

NOTE 4  This can usually be verified by inspection or
measurement.

In the case of natural streams or rivers, these flow
conditions can only be attained by having a long

4.2.4 Downstream channel

The channel downstream of the structure is usually
of no importance if the weir has been designed to
operate under free-flow conditions. If the weir is de-
signed to operate under drowned conditions also,
the downstream channel shall be straight for a
length of at least eight times the maximum head to
be measured.

A downstream gauge shall be provided to determine
the submergence ratio.

1) 1SO 748:1979, Liquid flow measurement in open channels — Velocity-area methods.


https://standardsiso.com/api/?name=999735aaa5fbc0f94e27aed93f32cd1b

5 Maintenance

Maintenance of the measuring structure and the
approach channel is important to secure accurate
continuous measurements.

It is essential that, as far as practicable, the ap-
proach channel to the weir be kept clean and free
from silt and vegetation for the minimum distance
specified in 4.2.2. 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 andfree—from r-linging debris and care cshall

ISO 4362:1992(E)

The well and the connecting pipe or siot shall be
watertight. Where provided for the accommodation
of the float of a level recorder, the well shall be of
adequate diameter and depth to give clearance
around and beneath the float at all stages. Adequate
additional depth shall be provided in wells to avoid
the danger of floats grounding on any accumulation
of silt or debris. The float well arrangement may in-
clude an intermediate chamber of similar size and
proportions between the stilling well and the ap-
proach channel to enable silt and other debris to
settle out where they may be readily removed.

be taken i‘] the process of cleaning to avoid damage
to the weif crest.

6 Measurement of water levels

6.1 General

Where spot measurements are required, water lev-
els (headq) upstream and downstream of the meas-
uring strugture may be measured by using a hook
gauge, a point gauge or a staff gauge. Where con-
tinuous rgcords are required, a float-operated re-
cording gguge may be used; however, to reduce the
effects of yvater surface irregularities, it is preferable
to measuile water levels in a separate stilling well.
Other hedd-measuring methods may be used pro-
vided that|sufficient accuracy is obtainable.

The discharges calculated using the working
equations|given in this International Standardare
volumetriq figures. The liquid density does notaffect
the volumetric discharge for a given water level
provided that the operative level is gauged in liquid
of identicql density. If the gauging is carried out in
a separate well, a correction for{the difference in
density mpy be necessary if the temperature of the
liquid in the well is significaptly different from that
of the flowing liquid. However, it is assumed herein
that the dé¢nsities are equal.

6.2 Stilling or float well

Where provided, the stilling well shall be vertical
and shall pbe_0,6 m higher than the maximum water

6.3 Zero setting

An accurate means of checking the zgero setting of
the water level measuring device shalll be provided.
For this purpose, a pointer, set exactly [level with the
crest of the weir, and’ fixed permanen{y in the ap-

proach channel ©or alternatively in the stilling well
or float well where provided, may be used.

A zero check based on the level of the water when
the flowseither ceases or just begins is liable to se-
rious*errors due to surface tension eff¢cts and shall
not‘be used.

With decreasing size of the weir and thie water level,
small errors in construction and in thg zero setting
and reading of the water-level meaguring device
become of greater importance.

7 Particular requirements for trapezoidal
weirs

7.1 Specification for the standard|weir

The weir comprises an upstream slope of 1:7,, a
horizontal crest, and a downstream glope of 1:7,
(see figure 1).

The values of 7, and 7, for standard trapezoidal
profile weirs in accordance with this| International
Standard are specified in table 1.

level to be recorded in the well. The bottom of the
well shall be lower than the elevation of the weir
crest.

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

The connecting pipe or slot shall, however, be as
small as possible consistent with ease of mainten-
ance, or shall alternatively be fitted with a con-
striction to damp out oscillations due to short-period
waves.

Table 1 — Upstream and downstream slope
combinations

Upstream slope Downstream slope
1:7, 1:7,

.‘.\..\__...
WWLWMNDNN —
N
N WNhWLN G,
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The intersection of the surfaces of the upstream and
downstream slopes with the horizontal crest shall
form a well-defined straight sharp corner which shail
be horizontal and at right angles to the direction of
flow in the approach channel. The crest shall be
horizontal and shall have a rectangular plane sur-
face. The surfaces of the crest and the slopes shall
be smooth. The width 5 of the crest perpendicular to
the direction of flow shall be equal to the width of the
channel in which the weir is located.

A sketch of a typical trapezoidal profile weir is given

7.2 Location of head measurement section

Piezometers or a point-gauge station for the
measurement of the head on the we'r shall be lo-
cated at a sufficient distance upstrean from the weir
to avoid the region of surface drawdown. However,
they (it) shall be close enough to the weir to ensure
that the energy loss between the section of
measurement and the control section on the weir is
negligible.

It is recommended that the head measurement sec-

in figure 1.

3N max 1o 4Ny

Head mgasurement
sectlon

/ Stitling well

tion be located at a distance equal to three to four
times the maximum head (i.e. 3k, (toAA, ) up-

stream from the toe of the upstream face of the weir,
as shown in figure 1.

Horlzontal crest Tall-water level )
o cres measurement section 7

LY)
#
ngbmax ;

Figure 1 — Trapezoidal profile weir
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7.3 Location of tail-water level measurement
section

Piezometers or a point-gauge station for the
measurement of the tail-water level shall be located
at a sufficient distance downstream from the weir to
avoid regions of fluctuation.

Generally, it is recommended that the tail-water
level measurement section be located at a distance
of five to six times the maximum head (i.e. 54, to

6/yay) downstream from the toe of the downstream

face of the -
stream offany unstable water surface or jump.

7.4 Conditions for free-flow

Flow is frge-flow when it is independent of variations
in the tail-water level. For each upstream and
downstregm slope combination of the weir, corre-
lations for{the modular limit o are given in 8.2.3. The
tail-water fhead shall not rise more than o, times the
upstream [head above the crest level, if the flow is
not to be jaffected by more than 1 % for subcritical
conditionq in the tail-water.

8 Discharge relationships

8.1 Disdgharge equation

The discharge equation for trapezoidal profile weirs
is as folloys:
9\
0= (? > CoC,CynJg BI*?

ISO 4362:1992(E)

where

b is the width of the weir perpendicular to
the direction of flow, in metres;

Cy  is the submerged- or drowned-flow coef-
ficient, which is non-dimensional;

Ch is the coefficient of discharge, which is
non-dimensional;

G, is the approach velocity -coefficient,
which is non-dimensional [= (/1/h)3/2,

f —in metres];

g is the acceleration due to gravity, in me-
tres per second squared;

h is the measured\head, in mletres;

Q is the discharge across the|weir, in cubic

metres per-second.

8.2 Coefficients

8.2.1 Approach velocity coefficient, (]|

C, is given by the following implicit eqlation:

b N2
4 2 L
[1+—27("V(7 )}

Values of C, may be determined from figure 2 which
gives (, as a function of Cpybh/A, where A is the
cross-sectional area of the channell|at the head
measurement section, in square metrds.

C,=

0.5 0,6 0.7 0.8 0,9 1
1,25
/
Y
115 \*
S/
S /
11 /
1,05 //
<05
CobhlA
1
0 0.1 0,2 0.3 0.4 0.5
Cybh/A

Figure 2 — Approach velocity coefficient, C,
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8.2.2 Coefficient of discharge, (',

Values of Cp as a function of A// are given in figures
3 and 4, and table?2 for the upstream and down-
stream slope combinations given in table 1.

8.2.3 Modular limit, o,

The modular limit is a function of A// and the up-
stream and downstream slopes. It is taken to be
equal to the value of the submergence ratio

figures 5 to 10 for the various slope combinations
specified in table 1.

8.2.4 Drowned-flow coefficient, C,,

Cqyr is a function of A/ and the upstream and down-
stream slopes. For free-flow and submerged-flow
conditions where the submergence ratio is less than
the modular limit specified in 8.2.3, the drowned-flow
coefficient Cy, may be taken to be unity.

For flow conditions where the submergence ratio is

o = hy[h (Where-hg—is-the—tail-waterhead-above-the greaterttramthemodutartimitthevatue of| C,, may
crest) above which the reduction in discharge ex- be determined from figures 11 to 16, whete C,, is
ceeds 1 % of the free-flow (or modular flow) dis- given as a function of A/l and o for the(variols slope
charge. Values|of o as a function of A// are given in combinations specified in table 1.
Table 2 — Variation in the coefficient of discharge C,
Cy, for the following upstream and downstream.slope combinations
hjl
Zi=02,=5 | Z,=22,=2 Z,=27,=3 7,=207,=5 7,=3,7,=3 | z,=37,=5

0,1 0,908 0,936 0,936 0,936 0,946 0,946

0,2 0,920 0,952 0,952 0,952 0,963 0,963

0,3 0,928 0,964 0,964 0,964 0,974 0,974

0,4 0,938 0,974 0,974 0,974 0,984 0,984

0,5 0,949 0,985 0,985 0,985 0,992 0,992

0,6 0,962 1,000 0,999 0,998 1,003 1,003

0,7 0,976 1,018 1,044 1,012 1,014 1,012

0,8 0,988 1,036 1029 1,025 1,028 1,022

0,9 1,002 1,052 1,042 1,035 1,041 1,032

1,0 1,014 1,066 1,054 1,046 1,054 1,042

1.1 1,026 1,080 1,067 1,056 1,066 1,040

1,2 11,038 1,094 1,080 1,066 1,076 1,058

1,3 11,049 1,106 1,092 1,076 1,086 1,064

1,4 1,060 1,120 1,102 1,085 1,096 1,071

1,5 11,072 1,430 1,112 1,092 1,103 1,078

1,6 1,082 1,140 1,121 1,098 1.110 1,084

1,7 11090 1,150 1,130 1,104 1.116 1,090

1,8 1,098 1,158 1,138 1,109 1,122 1,096

1,9 14103 1,165 1,145 1,114 1,128 1,102

2,0 14108 1,173 1,162 1,119 1,133 1,106

2.1 14113 1,180 1,158 1,123 1,138 1,110

2,2 11146 1,187 1,164 1,127 1,142 1,114

2,3 1449 194 168 7130 T, 146 T,T16

2,4 1,121 1,200 1171 1,133 1.149 1,120

2,5 1,124 1,206 1,174 1,136 1,152 1,122

2,6 1,126 1,212 1,176 1,139 1,156 1,126

2,7 1,128 1,216 1,178 1,140 1,160 1,128

2,8 1,130 1,220 1,181 1,142 1,164 1,132

2,9 1,132 1,222 1,183 1,143 1,166 1,134

3,0 1,134 1,224 1,185 1,144 1,168 1,135
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Figure 3 — Variation in the coefficient of*discharge for 7, =1 and 7, =2
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Figure 4 — Variation in the coefficient of discharge for /7, =3
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Figure 5 — Variation in the modular limit o, for/(;=1and /,=5
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Figure 6 — Variation in the modular limit o_ for 7, =2 and 7/, =2
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Figure 7 — Variation in the modular limit o for 7, =2 and 7, =3
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Figure 8 — Variation in the modular limit o for 7/, =2 and /7, =5
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Figure 9 — Variation in the modular limit o for 7/, = 3d@nd 7, =3
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Figure 10 — Variation in the modular limit o, for 7/, =3 and 7, =5
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8.3 Limitations

The discharge relationships specified in this Inter-
national Standard are subject to the following limi-
tations. To avoid surface tension and viscous effects,

the following general limitations are recommended:
hA>005m
h, > 0,15 m

b>03m

On the basis
available, the fgllowing specific limitations are rec-
ommended for free and submerged flows.

a) Free flow
l

0,2 <+
I

w
YA\
o

h

hp

PEN
wW

01 <

'\.!}

b) Submerged flow

02< 5 <2

|
A
=

- < X

where x, the upper limit for A/l, is the limit\up to
which correlatipns are given in figures 111016, i.e.
x=15for Z,=[3, Z, =5 and x = 2 for all other pairs
of Z, and Z, giyen in table 1.

In addition, ¢ ghould not exceed-a value such that
Cg4, becomes leps than 0.9.

8.4 Uncertainty in measurement

8.41 The overfall'uncertainty in flow measurements
made using trapezoidal profile weirs depends on the

ence ratios for which Cy is more than 0,9, the sys-

P S P ~rnhina ~ranffinian

tematic uncertainty in the combined coefficient

CpC,Cy, is wWithin + 6 %.

The random uncertainty in the coefficient of dis-

charge (7, reflects the real but marginal differences

in coefficient values for different discharges, and

may be taken as + 0,5 %. The random uncertainty
hn

in t

LAR) lIIC bUUIIICHe!IlS - ma" hn Ignnrﬂd

v
Logr Tridy

8.4.3 The method by which the uncertainties in the
coefficients shall be combined with other sources of

In general, the discharge coefficients quoteq in this
International Standard have been determined using
calibration experiments on small-scale modgl struc-
tures. It should be borne in mipdCthat thes¢ coeffi-
cients will not be identical for/larger stiquctures
owing to scaie effects.

9 Uncertainties in-flow measurement

9.1 General

9.1.1 For general information, reference should be
made to SO 51682,

9.1.2: In general, the component uncertainties aris-
ing“from various sources of error may be apsessed
(see 9.4 and 9.5) and combined (see 9.6) tp obtain
an estimation of the total uncertainty in the dis-
charge mesurement. This total uncertainty wfill allow
judgement of whether the discharge can b¢ meas-
ured with sufficient accuracy for the purpose in
hand.

Clause 9 is intended to provide sufficiept infor-
mation for the user of this International Stapdard to
estimate the uncertainty in a measurement of dis-
charge.

between the actual rate of flow and that cdlculated
in accordance with the equation for the weir, which
is assumed to be constructed and installed in ac-
cordance with this International Standard.

9.1.3 The error may be defined as the d%(ference
|

uncertainties in the head measurements, in the
measurements of the dimensions of weir and in the
coefficients as they apply to the weir in use.

8.4.2 With reasonable care and skill in the con-
struction and installation of a trapezoidal profile
weir, the systematic uncertainty in the combined
coefficient CyC, is within + 4 %. There is no uncer-
tainty in the coefficient C,, for free flow. For sub-
merged flow, the uncertainty in Cj, increases as the
submergence ratio increases. For those submerg-

The term “uncertainty” is used to denote the range
of values, around the measured value, within which
the true rate of flow is expected to lie 19 times out
of 20 (i.e. 95 % confidence limits).

9.2 Sources of error

9.21 The sources of error in the discharge
measurement may be identified by considering the
generalized form of the discharge equation as given
in8.1:

2) 1SO 5168:1978, Measurement of fluid flow — Estimation of uncertainty of a flow-rate measurement.
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o (2N
Y= \‘3”} Lplylgr/ & O
where
32
(—g—) is a numerical constant not subject to
error;
g is the acceleration due to gravity,

which varies from place to place, but
in general the variation is small

nlartad in flAws
enough to be neglected in flow

ISO 4362:1992(E)

of random errors in any series of experimental
measurements to the total uncertainty.

9.3.3 A measurement may also be subject to sys-
tematic 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 error between the true
mean of the measured head and the actual value.
As repetition of the measurement does not eliminate
systematic error, the actual value cgn only be de-

A
HITasuUurciiciTit

9.2.2 Thie only sources of error which need to be
considerg¢d are

a) the discharge coefﬁcient Cp, the velocity of ap-

+ ned tha Ade~warnad flaw, ~an
proach coefficient C, and the drowned-flow coef-

ficiend Cy, for which numerical estimates of
uncertainty (in the combined coefficient CyC,Cy,)
are given in 8.4,

b) the d|mensional measurement of the structure,
e.g. the width of weir b, and

c) the measured head A.

9.3 Types of error

9.3.1 Erfors may be classified as random or sys-
tematic, [the former affecting the reproducibility
(precision) of measurement and the lattep-"affecting
its true apcuracy.

9.3.2 The standard deviation _6f ) a set of n
measurements of a quantity y under steady con-
ditions may be estimated using the equation

n 1)2
"D 57

i=1

Y n—-="1

where

termined by an independent measunement known to
be more accurate.

9.4 Uncertainties in coefficient values

9.41 All errors in this categor

'*<

are gystematic

quoted in this International Standard

are based on

9.4.2 The values\of the coefficienT Cp and Cy,

an appraisahof experiments which h

ve been care-

fully carried out with sufficient repetition of the
readings “to ensure adequate precigion. However,
whep. measurements are made on other similar in-

stallations, systematic discrepancies

between coef-

ficients of discharge may well odcur owing to

variations in the surface finish of the|
stallation, the approach flow conditi
effect between model and site structu

9.4.3 The uncertainties in the coeffic

device, its in-
bns, the scale
re, etc.

ents quoted in

this International Standard are caldulated on the
basis of the deviation of experimental data from

various sources from the theoreti

cal equations

given. The uncertainty values suggesied thus repre-

sent the accumulation of evidence a
available.

nd experience

9.5 Uncertainties in measurements made by

the user

9.5.1 Both random and systematic uncertainties

will occur in measurements made by
uncertainties shall be estimated by

cording to the methods used and thg

he user; these
the user ac-
conditions of

y  is the arithmetic mean of n measurements;
;i is the result of the ith measurement.

The standard deviation of the mean is then given by

and the uncertainty of the mean? is 2s; (at the 85 %
probability level). This uncertainty is the contribution

3) The factor of 2 is applicable where n is large. For n
= 15itis 2,1.

measurement. since neither  the
measurement nor the procedure is s
International Standard, no numerical

method of
pecified in this
values for un-

certainties in this category can be given here.

9.5.2 The uncertainty in dimensional measurement
of the weir (essentially the width b) will depend on
the accuracy to which the device as constructed can
be measured. In practice, this uncertainty may often
prove to be insignificant in comparison with other
uncertainties.

6 the factor is 2,6; for n = 8 itis 2,4; for n = 10 it is 2.3; for
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9.5.3 The uncerlainty in the gauged head shall be
determined from an assessment of the individual
sources of error, e.g. the uncertainty in the determi-
nation of the gauge zero, the freedom from bias and
the repeatability of the measuring device (of which
any mechanical backlash is an important element),
the fluctuations of the level to be measured, etc. The
uncertainty in the gauged head is the square root
of the sum of the squares of the individuai uncer-
tainties. This uncertainty may be small if a vernier
or micrometer instrument is used, with a zero de-

termination of rnmpnrnhln accuracy.

aviT auvLuld

where
e, is the random uncertainty in the
width measurement;
X'y, 2X'y, etc. are percentage random uncer-
tainties in the head measurement
(see 9.5.3);
X', is the percentage random uncer-

tainty in the mean if a series of
readings of head measurement are

o Py “K-a- 4 sarmt e Lavsal
LdKeTll dl CONnsSidrit wdlei ievel.

9.6 Combina]ion of uncertainties

9.6.1 The total

systematic or random uncertainty is

the resultant of several contributory uncertainties,
which may themselves be composite uncertainties.

Provided that t
dependent, sm

bined together

systematic) un
level.

9.6.2 All sour

have both ran
However, in so
systematic com

e contributory uncertainties are in-
Il and numerous, they may be com-
to give an overall random (or
certainty at the 95 % confidence

ces contributing uncertainties will
dom and systematic components.
me cases, either the random or the
ponent may be predominant and the

other component can be neglected by comparison.

9.6.3 Because
systematic unc
be combined

proviso of 9.6.1
certainties from

together by the

uncertainties fr

larly combined.

9.6.4 The perc
discharge may

of the different nature of random and
brtainties, they should not normally
vith each other. However, if the
is taken into account, random (un-
different sources may be combined
Foot-sum-of-squares rule; systematic
bm different sources may._be simi-

bntage random upcertainty X’ in the
be calculated™from the following

2+ X7 K25x70)

The term X’,, is easily estimated if, for €xample, a

point gauge is used for water level measufement.

For continuous or digital rurnrr‘llng nqlllnm ent, the

CUGILIIuU UGS U Uiy O U

random uncertainty in reading a-givén watgr level
can be assessed by laboratorytests on thg equip-
ment.

9.6.5 The percentage systematic uncertaipty X",
in the discharge may pe. calculated from theg follow-
ing equation:

X“Q: + (:,",’?:4-— X’ui+ 225,}(:1?])‘/2
where

X% is the percentage systematic ungertainty
in CoC,Cyps

X", is the percentage systematic undertainty
inb;

X", is the percentage systematic undertainty
in &

and

u? 1/2
X = (X7 X+ )
where X", X", etc. are percentage sygtematic
uncertainties in the head measurement (see 9.5.3).

9.6.6 It should be noted that the uncertainti¢s in the
discharge are not constant for a given deVice, but
vary with the rate of flow. It may therefore be
necessary to consider the uncertainties for|several
rates of flow covering the required rgnge of
measurement

equation:
Xo=1% (X
where
X' isth

'y ] it i
PLTLTitayt Taiiuuiir Ut oitanity T

ColCCars
X', |bs the percentage random uncertainty in
X' l;. the percentage random uncertainty in
and

. G
Xb = '—b-‘ x 100

’ [2 I2 'l2 1 2
Xy= (X5 4 X05 4+ x2)
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9.7 Presentation of results

Although it is desirable, and frequently necessary,
to list total random and total systematic uncertain-
ties separately, it is appreciated that a simpler
presentation of results may be required. (For this
purpose, random and systematic uncertainties may
be combined as described in ISO 5168.) If so, the
random and systematic uncertainties may be com-
bined to yield a total uncertainty XQ:
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