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PREFACE

This Standard was prepared by the Standards Austral ia Committee on Measurement of Water Flow
in Open Channels and Closed Conduits. I t is identical with and has been reproduced from
ISO TR 71 78—1 983, Liquid flow measurement in open channels—Velocity-area methods—Investi-
gation of total error.

This Standard is one of a series which deals with methods of measurement of water flow in open
channels. The series when complete wil l consist of the fol lowing parts:

Part 1 : Vocabulary and symbols
Part 2.1 : General—Guidel ines for the selection of methods of measurement
Part 2.2: General—Establ ishment and operation of a gauging station
Part 2.3: General—Determination of the stage-discharge relation
Part 2.4: General—Estimation of uncertainty of a flow-rate measurement
Part 2.5: General—Guidel ines for the selection of flow gauging structures
Part 3: Velocity-area methods—
Method 3.1 : Measurement by current-meters and floats
Method 3.2: Measurement by moving-boat method
Method 3.3: Measurement by slope-area method
Method 3.4: Col lection and processing of data for determination of errors in measurement
Method 3.5: Investigation of total error (this Standard)
Method 3.6: Measurement of flow in tidal channels
Method 3.7: Measurement by ultrasonic (acoustic) method
Method 3.8: Electromagnetic method using a ful l-channel-width coi l
Part 4: Measurement structure methods—
Method 4.1 : Thin-plate weirs
Method 4.2: Rectangular broad-crested weirs
Method 4.3: Round-nose horizontal broad-crested weirs
Method 4.4: V-shaped broad-crested weirs
Method 4.5: Triangular profi le weirs
Method 4.6: Flat-V weirs
Method 4.7: Rectangular, trapezoidal and U-shaped flumes
Method 4.8: Trapezoidal profi le weirs for free discharge
Method 4.9: Parshall and Saniiri flumes
Method 4.1 0: End-depth method for estimation of flow in rectangular channels with a free overfal l
Method 4.1 1 : End-depth method for estimation of flow in non-rectangular channels with a free

overfal l (approximate method)
Part 5: Di lution methods—
Method 5.1 : Constant-rate injection method for the measurement of steady flow
Method 5.2: Integration method for the measurement of steady flow
Part 6.1 : Measuring devices, instruments and equipment—Rotating element current-meters
Part 6.2: Measuring devices, instruments and equipment—Direct depth sounding and

suspension equipment
Part 6.3: Measuring devices, instruments and equipment—Calibration of rotating element

current-meters in straight open tanks
Part 6.4: Measuring devices, instruments and equipment—Echo sounders for water depth

measurements
Part 6.5: Measuring devices, instruments and equipment—Water level measuring devices
Part 6.6: Measuring devices, instruments and equipment—Cableway system forstream gauging
Part 6.7: Measuring devices, instruments and equipment—Ultrasonic (acoustic) velocity meters
Part 6.8: Measuring devices, instruments and equipment—Position fixing equipment for

hydrometric boats

For the purposes of this Austral ian Standard, the ISO text should be modified as fol lows:

(a) Wherever the words ‘International Standard’ appear, referring to this Standard, they should be
read as ‘Austral ian Standard’.

(b) Wherever the word ‘fluid’ appears, it should be read as ‘water’.

(c) Substitute a point (. ) for a comma (, ) as a decimal marker.

(d) The references to other publ ications should be replaced by references to Austral ian Standards.

Reference to International Standard Austral ian Standard

ISO AS

3778 Measurement of water flow in open
channels

748 Liquid flow measurement in open
channels—Velocity-area methods

3778.3.1 Part 3 : Velo city-area meth ods—
Method 3.1 : Measurement by current-
meters and floats
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1 088 Liquid flow measurement in open
channels—Velocity-area methods—
Collection and processing of errors in
measurement

3778.3.4 Part 3 : Velo city-area meth ods—
Method 3.4: Collection and pro-
cessing of data for determination of
errors in measurement
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AUSTRALIAN STANDARD 4

Measurement of water flow in open channels

Part 3: Velocity-area methods
Method 3.5: Investigation of total error

0 Introduction

Al l measurements of physical quantities are subject to uncertainties, wh ich may be due to bias errors in the
equipment used for cal ibration and measurement, or to random scatter caused by a lack of sensi ti vi ty of the
equipment used for the measurements, etc.

Du ring the preparation of ISO 748 [1 ] , much discussion was given over to the question of the magni tude of errors i n
measurements, and it was concluded that recommendations could only be formu lated on the basis of an analysis of
sufficient data. Moreover, i t was recognized that to be able to analyse such data statisti cal ly, it was essential that
the data be col lected and recorded on a standardized basis and in a systematic manner, and this recogni tion lead
to the preparation of ISO 1 088 [2 ].

On the basis of the procedures given in these two I nternational S tandards, data were subsequently col lected and
processed from the fol lowi ng rivers (see annex A for the characteristics of the rivers) :

a) rivers Ganga, Jalangi , Yamuna, and Vi svesvaraya Canal , in India;

b) river I Jssel, in the Netherlands;

c) rivers Derwent, Eden, Lambourn, Ouse, Tyne and U sk, in the Un ited Kingdom;

d) rivers Columbia and Mi ssissippi, in the USA.

Further data obtained on the rivers Ganga and Krishna, in I ndia, and the Spey, Tay, Tweed, Tyne, Gala Water,
Yarrow Water, E ttrick Water and the C lyde, in the Un ited Ki ngdom, were received later, but could not be included
in the processing exercise.

1 Scope and fi e ld of appli cat ion

This Technical Report summarizes the resul ts of i nvestigations of the total error i n measurements of flow by velocity-
area methods. I t describes the procedure used and types of errors (section one), and gives recommendation for the
collection of data for investigations of errors (section two) with a view to supplementing the information g iven in
ISO 1 088.

2 Symbols

a = coefficient of l inear regression

b = coefficient of l inear regression

bi = unobservable true width of section i

di = unobservable true depth in vertical of section i

hre l = relative depth, measured from the surface

i = number of series of measurements (error types I I and I I I )

j = number of measurements per series (error type I I )

k = time displacement autocorrelation function (of time interval, etc. )
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m = number of verticals or sections per cross-section

n = number of time intervals of measured velocities (error type I)

q = unobservable true discharge

qi = discharge of section i

s i = stochastic sampling error of mean velocity in vertical (error type I I )

ti = time i

to = ini tial measuring time

vi = velocity at time i or in section i

Vi = actual veloci ty at t ime i or i n section i

= actual veloci ty from which trend i s removed

μs = mean sampling error (error type I I )

μm = mean error when measurements are made in m verticals (error type I I I )

(k) = autocorrelation function for time displacement k

σ = standard deviation (general )

σ i = relative standard deviation of the total stochastic i nstrumental and sampl ing error

= relative standard deviation due to the random instrumental error determi ning wi dth of section i

= relative standard deviation due to the random instrumental error determi ning depth of section i

= relative standard deviation due to the random fluctuation (error type I)

= relative standard deviation due to the random sampl ing error of the depth profi l e

= relative standard deviation due to the random sampl ing error of the horizontal velocity profi l e

= relative standard deviation combining and respectively (error type I I I )

= relative standard deviation of the mean velocity due to random instrumental error

NOTE —Observat ions, or resul ts of calcul at ions usin g observat ions, are i ndicated by a capi ta l l et te r. Stati st ical quanti ti es obtained
from observati ons are i nd icated by a small l et ter wit h a ci rcumfl ex. A mean value is in di cated by overl in in g the symbol .
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Section one : Procedure and types of errors

3 General princi pl es of vel oci ty-area methods and accuracy requ irements

Veloci ty-area methods for the determi nation of d ischarge in open channel flow consist of measurements of velocity
and depth at a number of points in the cross-section and calculation of the discharge using this data.

The velocity i s measured in a number of verticals and, in each vertical, the mean velocity i s determi ned from
measurements at a number of points selected for that purpose.

The discharge per unit wi dth is the product of mean velocity and depth in the vertical considered. Each vertical i s
assumed to be representative for a section of the cross-sectional area.

The accuracy of the determi nation of the d ischarge is of special importance where there is either restricted or
abundant d ischarge. Usually, the discharge has to serve several purposes. I f the d ischarge is restricted, the relative
importance of the different purposes wi l l have to be considered and the distribution for each of these purposes wi l l
be a matter of water management pol icy. In addi tion, demands relating to navigation requirements, as wel l as
sediment transport phenomena, have to be considered.

For the statistical prediction of high floods in the framework of a “flood control” pol icy, i t i s very important to have
accurate stage-discharge relations avai lable. For a certain location, this relation can be read from a rating curve
drawn through a number of points representing the results of the determ ination of discharge from measurements at
various stages. As the stage can easi ly be determ ined wi th relatively h igh accuracy, the accuracy of the rating curve
wi l l be the cri terion for the accuracy of the determ ination of actual discharges.

There remains, however, the question of the degree of accuracy required in such determ inations.

Usually, the degree of accuracy required wi l l be based on a number of considerations, according to needs from the
view-points of research, design, construction, economy, management, etc. An important consideration i s the extent
to which the accuracy can be improved with reasonably i ncreased effort. A lso, if improved accuracy obtained in th is
way is not at the time needed under the existing conditions, the costs of the increased efforts may prove to have been
a good investment i n the future.

I t has been stated [3 ] that, general ly, an error wi th a standard deviation of 2 to 3 % can be regarded as satisfactory.
These figures are in agreement wi th experience and can be accepted. 1 )

4 Composit i on of tota l error

For the determ ination of a discharge, a number of quanti ties or components have to be measured. To optimi ze the
measurements, i t is necessary to know the accuracy that can be achieved when measuring each of the components.
As the total error is composed of uncertainties in the measurement of the individual components, i t is evident that,
i f one of the components is measured relatively inaccurately, this may affect the total uncertainty to such an extent
that very accurate measurement of the remain ing components becomes impossible.

In general , a distinction can be made between errors of a systematic, and those of a stochastic (random) , nature.

According to their orig in , errors can be distinguished as being due to the instrument used, the measuring procedures
and the processing of data. They can be systematic as wel l as stochastic.

When using velocity-area methods, three quanti ties have to be measured, i . e. wi dth, depth and flow velocity. Each
of these measurements wil l be subject to the uncertainties mentioned.

In this i nvestigation, an exami nation of the accuracy of the instruments was not included.

The systematic bias error of an instrument i s related to the characteristic properties of the instrument.

The stochastic instrumental error, however, has to be included in the calculation of the total stochastic error. For th is
reason, standard deviations of stochastic i nstrumental errors, known from existing li terature and research, are g iven
below:

a) In ISO 748, annex E , for the measurement of d istance, a relative error of 0,3 % is indicated for a d istance
between 0 and 1 00 m , and 0,5 % for a distance of 250 m. When the distance is measured electronical ly, an
error as a percentage of the d istance (for instance, 0,5 to 1 %), i n addition to a fixed error of 0,5 to 2 m , has
to be considered.

1 ) Al l val ues of erro rs stated in th is Techn ical Report are at one standard devi at ion.
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b) The instrumental error in the measured depth depends, to a large extent, on the composi tion of the river
bed, wh ich i s cri ti cal i f the sounding rod, l ead or acoustic pulse of the echo-sounder penetrates into the bed.
An error of 1 % is considered to be a reasonable approximation.

c) For the determ ination of flow veloci ty, two types of instrument are used the cup-type and the screw- type
(propeller) current meter. They are cal ibrated by moving the current meter through sti l l water i n a calibrating
tank at accurately known speeds. Al though i t remains questionable whether this method adequately simulates
the reversed si tuation that the water moves and the meter i s as rest, this method of cal ibration i s general ly
accepted.

[4 ]

Al though the cup-type meter seems to be more sensi ti ve to turbulence, simul taneous measurements wi th cup-type
and screw- type current meters made by Townsend and Bl ust, [5 ] Carter and Anderson [6 ] and G rindley [4 ] have shown
identical resul ts. The standard deviation of the stochastic cal ibration error of cup-type current meters i s less than 1 %.

Other investigations using a screw- type current meter showed a relative standard deviation of 4,9 % for a flow
veloci ty of 0,2 m /s decreasing to 0.44 % for a flow veloci ty of 2,5 m/s. The absolute standard deviation showed a
mi nimum value for a flow velocity of approximately 1 m /s (σ = 0,83 × 1 0 −2 m/s).

5 Errors in mean flow velocity and depth

5.1 General

In the investigation, special attention was concentrated on stochastic errors i n the measurements due to the methods
used to determ ine the mean flow veloci ty i n the cross-section and to the methods used to determ ine the depth in the
section considered.

Apart from the instrumental error, the error in the mean flow velocity component can be considered as comprising
three independent types of errors:

— error type I (measuring time) , due to the restricted measuring time of the local point veloci ty i n the vertical ;

— error type I I (number of points i n the vertical ) , arising from the use of a restricted number of sampl ing points
in the vertical. The calculated mean velocity i n a vertical i s, therefore, an approximation of the true mean
veloci ty i n that vertical ;

— error type I I I (number of verticals) , of the same nature as error type I I , due to the restricted number of
verticals in the cross-section. The horizontal velocity profi le and the bed profi l e between two verticals have to
be determ ined by interpolation and, therefore, errors wil l be introduced.

NOTE — The types of errors referred to i n th is Technical Report are not rel ated to stati st ical type I and type I I erro rs .

5.2 Error type I

5.2.1 Al though steady flow condi tions are assumed, the instantaneous local point veloci ty, owing to turbulence, wi l l
be a random phenomenon, and can, therefore, be regarded as a stochastic process.

The mean flow veloci ty at a certain point, determi ned from measurements during a fin ite measuring time, wi l l be an
approximation of the true mean flow velocity at that point. Repeti tion of the same measurement, using the same
measuring time, wi l l show a deviation in the resul t. These deviations wi l l become smaller as the measuring time
becomes longer or when the fluctuations are smaller. In general , i t can be stated that the fluctuations have less
influence on the measured mean flow veloci ty when the measuring time is increased, and this mani fests itself i n a
decrease of the standard deviation.

In order to investigate the influence of the measuring time on fluctuations of flow velocity, and, therefore, its i nfluence
on the accuracy of the mean local point velocity, the fol lowi ng measuring procedure is described in ISO 1 088.

Three verticals of the cross-section are selected at the deepest point and at places where the depths are 60 % and
30 % of the greatest depth, respectively, both located on the wi der side of the vertical contain ing the deepest point.

In each of these verticals, the veloci ty i s measured at 20, 60, 80 and 90 % of the depth, measured from the surface,
each measurement consisting of uninterrupted observation using a current meter for a period of 50 mi n, and taking
a reading every 30 s.

The fluctuations are not i ndependent of each other. This means that the veloci ty at time t2 i s influenced by the veloci ty
at time t1 . This i nfluence wi l l decrease as the time interval t2 − t1 i ncreases.

This i nterdependence is important for the selection of the measuring time, because an improved approximation of
the true flow veloci ty, wh ich m ight be expected when the measuring time is increased, wil l , due to the inter-
dependance, not be obtained enti rely (see annex C) .
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I f decreasing the measuring time is considered, i t is necessary to know the physical background of the damping
process, or, i n the absence of this knowl edge, to have a mathematical model of the (non-determi nistic) process. The
fol lowing model has been tested:

(τ) = e−λτ

where

(τ) is the autocorrelation function;

λ i s a constant;

τ i s a time displacement.

For this purpose, special measurements were made with a measuring time of 1 0 s. The ini tial measuring time
was 30 s.

For the fluctuations of the flow velocity, a normal (gaussian) d istribution was assumed and tested.

5.2.2 The fol lowi ng conclusions concerning error type I have been drawn

a) In general , fl uctuations of velocity behave according to normal (gaussian) distribution.

b) The extent of fluctuations of velocity is related to depth. The absolute value of the standard deviation (σ abs)
of the point velocities i ncreases wi th depth.

c) Due to the increase of σ abs and the decrease wi th depth of the point velocities, the relative standard
deviation (σre l) which is the absolute standard deviation divided by the point velocity considered, (σ abs /vpoint) ,
increases rapidly with depth.

d) No relation i s found between σ re l on the one hand and the location of the vertical in the cross-section, the
discharge and the width-depth relation, respectively, on the other hand.

e) The hypothesis (τ) = e−λτ as a model for the autocorrelation function has no general val id ity; the
hypothesis was not in contradiction with the results derived from measurements in n ine cases, but was rejected
in six other cases. H owever, the resul ts appeared to agree with the hypothesis i n one case, when a measuring
time of 1 0 s was used.

5.3 Error type II

5.3.1 Usually, the mean flow velocity i n a vertical i s calculated by the use of one of the existing computation ru les.
These ru les resul t i n an approximation of the true mean velocity at a certain moment.

A compl ication i s that the error due to veloci ty fluctuations (error type I) i s i ncluded in addition to the sampling error
(error type I I ) . Assum ing steady flow conditions, and considering the dispersion of a number of measured mean
veloci ties by means of thei r standard deviation, i t is possible to determi ne the influence of error type I .

ISO 1 088 speci fies that the determ ination of velocity i n the vertical be carried out at ten points, wi th a measuring time
of 60 s, repeated five times. Us ing the ten observations, the veloci ty profi le i n the vertical can be drawn and the mean
veloci ty can be determi ned using a planimeter. In this investigation, the mean veloci ty, determ ined in this way, was
assumed to be the true mean veloci ty.

The mean veloci ties calculated by using computation rules were compared with th is true mean velocity. The fol lowi ng
computation ru les were exam ined:

v = v0, 6 . . . (1 )

v = 0,96v0, 5 . . . (2)

v = 0,5 (v0, 2 + v0, 8) . . . (3)

v = 0,25 v 0, 2 + 0,5 v 0, 6 + 0,25 v0, 8 . . . (4)

v = 0,4 v 0, 2 + 0,3 v0, 6 + 0,25 v0, 8 . . . (5)

v = 1 /3 (v0, 2 + v0, 6 + v0, 8) . . . (6)

v = 1 /4 (v0, 2 + v0. 4 + v0, 7 + v0, 9) . . . (7)

v = 0, 1 v su rf. + 0,3 v0, 2 + 0,3 v 0, 6 + 0,2 v 0, 8 + 0,1 vbed . . . (8)
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