INTERNATIONAL
STANDARD

ISO
748

Fourth edition
2007-10-15

Hydrometry — Measuremenyt of li
flow in open channels using curr
meters or floats

Hydrométrie — Mesurage du débit des liquides dans les {
découverts au moyen de débitmétres ou de flotteurs

uid
nt-

anaux

e Reference number
= — ISO 748:2007(E)

© SO 2007


https://standardsiso.com/api/?name=253ca4210e98d6e0150e8fe7e157d56c

ISO 748:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=253ca4210e98d6e0150e8fe7e157d56c

ISO 748:2007(E)

Contents Page
o] =NV o T v
1 T o - P 1
2 Lo B LYo = =Y =Y 4 Lo Y 1
3 LI LILLLES TR L. e (51 1] 14 S IS 1
4 Principle of the methods of measurements..........cccccccomrriiinc gk e e 1
5 Selection and demarcation of Site ........ccccccocerircecerircccr e T e g e e 2
5.1 RS T=Y L= o2 o I =1 |- T o -SSR A 2
5.2 Demarcation Of Site........cccvieiiriric e sane s e e fer e 3
6 Measurement of cross-sectional area ...........ccccoecririiiiiccciccrneneee e e 3
6.1 L= 0 T - . PSP R 3
6.2 Measurement of Width ... S e e 3
6.3 Measurement of depth.......... e T e e e 4
7 Measurement of VElOCity ........cccucviiiniiiiinr e 5
71 Measurement of velocity using current-meters.......c. 50 e 5
7.1.1 | Rotating-element current-meters ..........ccccceeieiiiieee s errerrerere e e eesesesesesesssssesesesssessssssssessesssnssnsnnenenene 5
7.1.2 | Electromagnetic current-meters ... s i eesr e s e s s e s s e s e s e e s e s e s s e s s s e s e s e s e renene e ssnnssnnsnenenenn 5
7.1.3 | Measurement ProCeAUIE ..........cecueieiieirieereeeeeesdadeeeeesssssesssesssssesssesssssssssssssnssssssssnsnsssssssnnnsfessnnnnnnessensnnnns 5
7.1.4 | ObliQUE FIOW ....ceeriiiiiicccceerrrrer s ccssereer e e @b e e s s s s ssnne e e s s e s s s nmn e e e e e e e ss s nmmnneeeeesenndennennessnsssnnnnnns 6
7.1.5 | Determination of the mean velocity in a vertical .........cccccrririccicirrn e e 7
7.1.6 | Errors and limitations...........ooo s 800 e | 10
7.2 Measurement of velocity using floats:.........ccccccoemriiiiicnnicc e e, 1
A T I 1Y 4 =Y | e e PSP RO 1
7.2.2 | Selection Of St ...ccci i 5 e e e 1
7.2.3 | Measuring ProCeaUre ........ i i i s sn e s ssnn s ssmn e s e e s s s snn s s mne s 1
7.2.4 | Types of float.......coovveeee Lot 1
7.2.5 | Determination of VeloGity ..........cccccviiiiiiinniiiinc e 12
7.2.6 | MQain SOUICES Of EIMOT). . ccccueeerereeerrrasseeerassmreressssreressssneeeassmeeeasssmrenesssnnesssssnneeessssnnessssanferssnnerssnsnnens 13
8 Computation of-HSCharge ..o s smn e e es e e e eee | ene e e s 13
8.1 L= = TSR FS 13
8.2 Graphical MEtROd ... e sn e e e e s e s nannns e ee s nnn e e e e e ean 13
8.2.1 | Depth-velocity-integration ............ccooeiiiiiiiiiii s r s s s s s s e r s s s s e e e s e e e senensssnsensensnnrnrnnnennnes 13
8.2.2 | Velocity-area integration method (velocity-contour method)..........cccoeocmrrceccnmnncccc e 14
8.3 Arithmetic Methods ........ .. mmmn e e e e e e 16
8.3.1 | Mean-section MethOd...... ... e mn e e e s e 16
8.3.2 | _Mid- ion method .......ceeeeeveeeneeniennneinniiniesienieeiieninesiieinessiinneesienieesieninesnennneeneeneees e nnsnne e e s 16
8.4 Independent vertical MetROd............. . 17
8.5 Mean-section method — Horizontal planes ...........ooo e 20
8.6 Determination of discharge from surface-float velocity measurements .............ccccciiriinniicnnnnn. 20
8.7 Determination of discharge for variations of water level ...........cccocmiiiri e 22
N 0 B € 7Y 4T - | 22
8.7.2 Computation of diSChArge ........cccccciiiiiiiiicccscrrrr s sssnr e s s sssne e e s ee s s e s mnmn e e e e e e s nnmnnes 22
8.7.3 Computation of mean Water [eVel ... e nnne e e e nnnes 22
9 Uncertainties in floOW Measurement ..o oiriricccrerircre e e me e 23
9.1 =Y o = | Y 23
9.2 Definition of uncertainty...........ccooiiiiiini e —————————— 23
9.3 Method of calculating the uncertainty in discharge by measurement of velocity by

LT = L0 1= = 24
L2 T T N € 7= o - - | 24
© IS0 2007 — All rights reserved iii


https://standardsiso.com/api/?name=253ca4210e98d6e0150e8fe7e157d56c

ISO 748:2007(E)

9.3.2 Contributory UNCertainties ..........ccccciiiiiiicccisccirir e ssmr e s s s snnn e e e e e e s e mnmn e e ee s nnnnnes 24
L2 TR T TR - 11 0] o1 - 26
Lo T 0% 4 o1 o 11 T=Te U T Yo=Y o £ 1121 47/ PSS 26
9.4 Method of calculating the uncertainty in discharge by measurement of velocity using

o 2= 27
L 0 R T €Y 3T - | 27
9.4.2 Contributory uncertainties..........cccocviiiinni e ——————————— 27
9.4.3 Combined uncertainty in discharge..........ccccouriiiiii e ————————— 28
L N o 114 o] 28
Annex A (informative) Correction for sag, pull, slope and temperature in measurement of cross-

section Width by tape OF WiIre......... e 30
Annex B (infofmafive) Distance measurement across the CrosSs-SecClion ... ireeeeseenpg e foeeens 33
Annex C (informative) Corrections for wetted length of wire when measuring depths with wire.not

[ Lo T4 aF: VIR Lo =T ¥ o - T SRR 20 Ay Y I 36
Annex D (informative) Correction for drift ..........cccoe i e sde s ¥ s mmnne e e e e 39
Annex E (informative) Uncertainties in the velocity-area measurement.........cccccocccc. Lobnnnnnicccecenenend s 40
Annex F (infofmative) Determination of mean velocity from float measurements.:%........ccccccoeeeceennueee 44
L= J1 0] [ oo T =1 ] 4 )8 Y F 46

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=253ca4210e98d6e0150e8fe7e157d56c

ISO 748:2007(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

InterngtiomatEtectrotechmicat-Commmissiom(tEC) omattmattersof etectrotechmicat stamdardization.

Interndtional Standards are drafted in accordance with the rules given in the ISO/IEC Direttives| Part 2.

The mgin task of technical committees is to prepare International Standards. Draft.internatignal Standards
adopted by the technical committees are circulated to the member bodies for ‘voting. Publication as an
Interndtional Standard requires approval by at least 75 % of the member bodies\casting a vote.

Attentipn is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. [SO shall not be held responsible for identifying any or all such patent rights.

ISO 748 was prepared by Technical Committee ISO/TC 113, Hydrometry, Subcommittee SC 1| Velocity area
methodls.

This fourth edition cancels and replaces the third edition (ISO 748:1997), which has been technially revised.
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INTERNATIONAL STANDARD ISO 748:2007(E)

Hydrometry — Measurement of liquid flow in open channels
using current-meters or floats

1 Seope

This International Standard specifies methods for determining the velocity and cross-seétional area of water
flowing in open channels without ice cover, and for computing the discharge therefrom.

It covgrs methods of employing current-meters or floats to measure the velocities. It should|be noted that
although, in some cases, these measurements are intended to determine the.stage-discharge relation of a
gauging station, this International Standard deals only with single measurements of the gischarge; the
continyous recording of discharges over a period of time is covered in ISO-1100-1 and ISO 1100-2.

NOTE The methods for determining the velocity and cross-sectional area of water flowing in open channels with ice
cover afe specified in ISO 9196.

2 Nprmative references
The fqllowing referenced documents are indispensable for the application of this document. For dated
refererjces, only the edition cited applies. For-undated references, the latest edition of the referenced
documient (including any amendments) applies.

ISO 772, Hydrometric determinations — Vogabulary and symbols

ISO 1088, Hydrometry — Velocity-area methods using current-meters — Collection and processing of data for
determination of uncertainties in flow measurement

ISO 2537, Hydrometry — Rotating-element current-meters
ISO 3455, Hydrometry~—-Calibration of current-meters in straight open tanks

ISO/TS$ 15768, Measurement of liquid velocity in open channels — Design, selection| and use of
electromagnetic current meters

3 T | definiti

For the purposes of this document, the terms and definitions given in ISO 772 apply.

4 Principle of the methods of measurements

4.1 The principle of these methods consists of determining velocity and cross-sectional area. A measuring
site is chosen conforming to the specified requirements (see Clause 5); the width, depending on its magnitude,
is measured either by means of steel tape or by some other surveying method, and the depth is measured at
a number of points (known as verticals) across the width, sufficient to determine the shape and area of the
cross-section (see Clause 6).

© 1SO 2007 — All rights reserved 1
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Velocity observations using current-meters are made at each vertical preferably at the same time as
measurement of depth, especially in the case of unstable beds (see 7.1.5).

Velocity observations can also be made using surface floats or velocity-rods (see 7.2).

4.2

The discharge is computed either arithmetically or graphically by summing the products of the velocity
and corresponding area for a series of observations in a cross-section. If unit width discharge is required, it is
generally computed from the individual observations at each measurement vertical.

5 Selection and demarcation of site

5.1

Selecti

bn of site

The site selected should comply as far as possible with the following requirements.

a)

b)

d)

e)

The chan
minimize

hel at the measuring site should be straight and of uniform cross-section_and slope in g

for currept-meter measurements that the straight length upstream should\be at least twid

downstres

Flow direq
angles to

The bed
facilitate
between (

The curve

m.

tions for all points on any vertical across the width should be-parallel to one another and
the measurement section.

nd margins of the channels should be stable and well defined at all stages of flow in o
ccurate measurement of the cross-section and .efsure uniformity of conditions duri
ischarge measurements.

s of the distribution of velocities should be*regular in the vertical and horizontal plg

measurement.

Condition
velocity di

Sites disp

The meaqd
growth or

stribution during the period of measdrement.
aying vortices, reverse flow or'dead water should be avoided.

urement section should)be clearly visible across its width and unobstructed by trees,
other obstacles.

Measurement of flow from’ bridges can be a convenient and sometimes safer way of sampling

depth and
measured
apertures

velocity. Wihen gauging from a bridge with divide piers, each section of the channel sh
separatély) Particular care should be taken in determining the velocity distribution when
are surcharged or obstructed.

The deptt

rder to

hbnormal velocity distribution. When the length of the channel is restricted, it is recomnended

e that

at right

rder to
hg and

nes of

5 at the section and in its vicinity should also be such as to preclude changes taking placg in the

hquatic

width,
uld be
bridge

ofwater at the section should be sufficient at all stages to provide for the effective imn

hersion

of the current-meter or float, whichever is to be used.

If the site is to be established as a permanent station, it should be easily accessible at all times with all
necessary measurement equipment.

The section should be sited away from pumps, sluices and outfalls, if their operation during a
measurement is likely to create unsteady flow conditions.

Sites where there is converging or diverging flow should be avoided.

In those instances where it is necessary to make measurements in the vicinity of a bridge, it is preferable
that the measuring site be upstream of the bridge. However, in certain cases and where accumulation of
ice, logs or debris is liable to occur, it is acceptable that the measuring site be downstream of the bridge.
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The measurement of flow under ice cover is dealt with in ISO 9196. For streams subject to formation of

ice cover, the requirements of measurement specified in this International Standard can be used during
the free water season.

It may, under certain conditions of river flow or level, prove necessary to carry out current-meter

measurements on sections other than the original chosen location. This is quite acceptable if there are no
substantial unmeasured losses or gains to the river in the intervening reach and so long as all flow
measurements can be related to any stage value recorded at the principal reference section.

5.2 Demarcation of site

5.21

measu
stage.
on site
measu

5.2.2
banks

the seq

5.2.3
gauge

5.24
the lev
The m

6 Measurement of cross-sectionalarea

6.1 General

The crpss-sectional profile of the.open channel at the gauging-site shall be determined at a su
of points to establish the shape of‘the bed.

The log¢ation of each pointis-determined by measuring its horizontal distance to a fixed refereng
bank df the channel, in line with the cross-section. This in turn allows calculation of the are
segments separated by’successive verticals where velocities are measured.

6.2 Measurement of width

6.2.1 | Measurement of the width of the channel and the width of the individual segments may
meas ;IIB thU hUI ;LUI Ita: d;otal LAY~ fl VT Ul tU [} f;I\Ud IUfUIUIIUU |JU;IIt V\lh;\;h Ohcl” bU ;II thU LQATTT

If the site is to be established as a permanent station or likely to be used freque

ntly for future

rement, it should be provided with means for demarcation of the cross-section and for'd
Where the site is used only once, or infrequently, and there are no means of determinin

care should be taken to ensure that the water level and/or flow do not change $ignificg
rement period.

by clearly visible and readily identifiable markers. Where a site is subject to considerab
tion line-markers may be referenced to other objects such as rock cairns.
datum shall be related by precise levelling to a standard datam.

An auxiliary gauge on the opposite bank shall be installed where there is likelihood of
el of water surface between the two banks. This is particularly important in the case of vg

ptermination of
j stage values
ntly during the

The position of each cross-section, normal to the mean direction of flow;,shall be defiped on the two

€ Snow cover,

The stage shall be read from a gauge at intervals throughout the period of measur¢gment and the

a difference in
bry wide rivers.

ean of the measurements taken from the two gauges shall be used as the mean levgl of the water
surface and as a base for the cross-sectional profile of-the stream.

ficient number

e point on one
a of individual

be obtained by

cross-section at the measuring site.

plane as the

6.2.2 Where the width of the channel permits, these horizontal distances shall be measured by direct
means, for example a graduated tape or suitable marked wire, care being taken to apply the necessary
corrections given in Annex A. The intervals between the verticals, i.e. the widths of the segments, shall be

similar|

6.2.3

Global

ly measured.

Where the channel is too wide for the above methods of measurement, and a boat is used, the
horizontal distance may be determined by optical or electronic distance-meters, by the use of a differential

Positioning System, or by one of the surveying methods given in Annex B.
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6.3 Measurement of depth

6.3.1 Measurement of depth shall be made at intervals close enough to define the cross-sectional profile
accurately. The number of points at which depth shall be measured should be the same as the number of
points at which velocity is measured (see 7.1.3).

6.3.2 The depth shall be measured by employing either sounding-rods or sounding-lines or other suitable
devices. Where the channel is of sufficient depth, an echo-sounder may be used. If the velocity is high and the
channel is sufficiently deep, it is preferable to use an echo-sounder or other device which will not require large
corrections. Difficulty may be experienced when attempting to measure depth at times of high velocity.

Annex C of this document offers alternative methods.

6.3.3 When
each point and
than 5 %, in w
the measuren
further reading
noting that the

When an echd
calibrations of
those of the w

Where it is im

a sounding-rod or sounding-line is used, it is desirable that at least two readings beta
the mean value adopted for calculations, unless the difference between the two valGes'i
hich case two further readings shall be taken. If these are within 5 %, they shall be ‘accef
ent and the two earlier readings discarded. If they are again different by mare.than 5
s shall be taken but the average of all four readings shall be adopted for the measun
accuracy of this measurement is reduced.

-sounder is used, the average of several readings shall always be taken at each point. H
the instrument shall be carried out under the same conditions ,of(salinity and tempera
hter to be measured.

ken at
S more
ted for
%, no
ement,

Regular
ure as

bracticable to take more than one reading of the depth, the\uncertainty in measurement may be

increased (seg Clause 9).

6.3.4 Wherg measurements of the depths are made separately. from the velocity measurements gnd the

water level is jnot steady, the water level shall be observed atithe time of each measurement of the|depth.

When this is not possible, the water level shall be observed.at sufficient intervals for the value of the level at

the time of eagh determination of depth to be obtained by-interpolation.

6.3.5 When| during the determination of discharge, the bed profile changes appreciably,| depth

measurements should be carried out by taking one ‘depth reading at each point at the beginning and|one at

the end of the \elocity measurement at each vertical, and the mean value of these two measurements ghall be

taken as the effective depth. Care should be.exercised when taking repeated soundings to avoid disturbance

of the bed.

6.3.6 Inaccyracies in soundings are most likely to occur owing to:

a) the deparfure from the vertical of the sounding rod or line, particularly in deep water, when the velpcity is
high;

b) the penettation of the’'bed by the sounding weight or rod;

c) the naturg of'the bed when an echo-sounder is used.

Errors due to a) may be minimized by the use, where practicable, of an echo-sounder, or pressure-measuring
device. The effect of drag on a sounding line may be reduced by using a streamlined lead weight at the end of
a fine wire. A correction shall be applied to the wetted length of wire if the wire is not normal to the water-
surface. It is recommended that the angle of departure from the vertical of the sounding line should not be
greater than 30° in view of the inaccuracies involved. Two alternative methods of applying the correction are
given in Annex C.

Errors due to b) may be reduced by fitting a base plate to the lower end of the sounding-rod, or by fastening a
disk to the end of the sounding line, provided they will not cause additional scour of fine bed material due to
high velocities.

Errors due to c) may be reduced by selecting an echo-sounder frequency that most adequately depicts the
bed-water interface.

© 1SO 2007 — All rights reserved
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6.3.7 In certain cases, for example floods, it may be impossible to determine an adequate profile of cross-
section during the measurement. For those cases, the full profile shall be determined by surveying methods,
either before or after the measurement. However, it should be recognized that this method is subject to errors
due to possible erosion or deposition in the cross-section between the time the profile is determined and the

time of

discharge measurement.

7 Measurement of velocity

7.1 Measurement of velocity using current-meters

7.1.1 [Rotating-element current-meters

Rotatirjg-element current-meters shall be manufactured, calibrated and maintained according to| ISO 2537 and
ISO 3455. They should be used only within their calibrated range and fitted on suspension equipment similar
to that|used during calibration.

In the |vicinity of the minimum speed of response, the uncertainty in determining the velocity is high. Care
should|be exercised when measuring velocities near the minimum speed of response.

For high velocities, the propeller, in the case of propeller-type current-meters, or the reductipn ratio where
availahlle, shall be chosen in order that the maximum speed of rotation can be correctly mgasured by the

revolufjon counter.

No rotating-element current-meter shall be selected for usecwhere the depth at the point of m

less th
is the ¢
the cro

An four times the diameter of the impeller that is to be used, or of the body of the meter it
reater. No part of the meter shall break the surface of the water. An exception to this is {
ss-section is very shallow at one side but is thedest available.

easurement is
self, whichever
he case where

7.1.2 [Electromagnetic current-meters

Electrdmagnetic current-meters are acceptable for making measurements of point velocity. These current-
meterg have the advantage that they. have no moving parts and thereby eliminate uncertainty|due to friction
and resistance. They should be calibrated throughout the range of velocity for which they are t¢ be used, and
should| meet accuracy requirements similar to rotating-element current-meters. They should not be used
outside the range of calibration;~Electromagnetic current-meters may be capable of operation in shallower
depths|than rotating element edrrent-meters and of detecting and measuring flow reversal.

No elettromagnetic current-meter should be selected for use where the depth at the point of measurement is
less than three times/the vertical dimension of the probe (see ISO/TS 15768). An exception to this is the case
where fthe cross>section is very shallow at one side but is the best available.

7.1.3 [Measurement procedure

Velocityobservations—are ||un||a”y Madeatthesametimeasmeasurementsof-the dcpiil. Fhis method shall

be particularly used in the case of unstable beds. Where, however, the two measurements are made at
different times, the velocity observations shall be taken at a sufficient number of places, and the horizontal
distance between observations shall be measured as described in 6.2.2 and 6.2.3.

In judging the specific number » of verticals in small channels (< 5 m) that are to be defined for the purpose of
determining flow at a particular location, the following criteria shall be applied. These criteria shall be the
minimum requirement and only practical constraints of time, costs, or on site conditions should result in a
reduction of these numbers.

n=5t06

Channel width < 0,5 m

Channel width>0,5mand <1 m n=6to7

© 1SO 2007 — All rights reserved
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—  Channel width>1 mand <3 m n=71%t 12
— Channel width >3 mand <5 m n=13t0 16
— Channel width > 5 m n>=22

For channel widths > 5 m, the number of verticals shall be chosen so that the discharge in each segment is
less than 5 % of the total, insofar as possible, and that in no case should exceed 10 %.

In all instances, measurements of depth made at the water's edge are additional to the above. The first and
last verticals should be as close as practically possible to the water’s edge.

It is further red|

The current-m
of shallow chs
meter shall be

Current-meter
velocities, e.g.

When the orig
should be helg

is not at right angles to the direction of flow (see 7.1.4) and the meter is\suspended, it will align itself

direction of flo

Care should b
and wind.

When a numb

or cable can
mutual interfer|

If there is any
applied for the
be determined
NOTE The
The velocity af

Where the vel

accordingly (s¢e ISO_1088).

The current-n

pmmended that the location of the verticals be selected after a previous cross-section.su
cter shall be held in the desired position in each vertical by means of a wading-rod-in th
nnels, or by suspending it from a cable or rod in the case of deeper channéls: The g
held so that it is not affected by any disturbances of flow.

counters or velocity indicators with a digital display of low resolution sheuld not be used
less than 0,15 m/s.

htation of the current-meter can be controlled, e.g. when wading gauging with rods, thg
at right angles to the measuring cross-section. Where obliqge flow occurs, or the cross-

v. In such cases, the meter shall be allowed to adjust to‘the flow before readings are star
b taken to ensure that the current-meter observations are not affected by random surface
er of points in a vertical are to be measured, a number of current-meters fixed to the sa
be used to measure corresponding velocities simultaneously whilst ensuring that ther¢
ence.

appreciable deflection of the cable on which the meter is suspended, a correction s
depth of the measuring-point::No generally applicable correction factor can be given, but
by the user for the particularinstrument and conditions of measurement (see Annex C).
selection and use of appropriate suspension equipment is described in ISO 3454 and ISO 4375.

each selected point shall be observed by exposing the current-meter for a minimum of 3

Deity is subject to periodic pulsations in excess of 30 s, the exposure time should be in¢

etér\shall be removed from the water or brought to the surface at intervals for

examination,

vey.

e case
urrent-

at low

meter
section
ith the
ed.

rwaves

me rod
P IS no

hall be

it shall

D s.

reased

visual

sually when passing from one vertical to another

A spin test, where appropriate, should be performed before and after each discharge measurement to ensure
that the mechanism of the current-meter operates freely (see ISO 2537).

In channels where the flow is unsteady, it is possible to correct for the variations in the total discharge during

the period of the measurement not only by observing the change in stage, but also by continuously measuring
the velocity at some conveniently chosen point in the main current.

7.1.4 Oblique flow

If oblique flow is unavoidable, the angle of the direction of the flow to the perpendicular to the cross-section
shall be measured and the measured velocity adjusted. Special instruments have been developed for
measuring the angle and velocity at a point simultaneously. Where, however, these are not available and
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there is insignificant wind, the angle of flow throughout the vertical can be assumed to be the same as that
observed on the surface. This angle can be measured with appropriate equipment provided that the operator
is located above the measurement vertical. If the channel is very deep or if the local bed profile is changing
rapidly, this assumption shall not be accepted without confirmation.

If the measured angle between the flow direction and the perpendicular to the cross-section is 6 the velocity
used for the computation of flow discharge shall be:

Veorrected = Vmeasured COS© (1)

NOTE Some current-meters are equipped to measure the normal component of velocity directly when held
perpendicular to the measurement cross-section in oblique flow. This correction would not be applied in such cases.

7.1.5 |Determination of the mean velocity in a vertical

7.1.51 Choice and classification

The choice of the method for determining velocity depends on certain factors. These are: time gvailable, width
and depth of the channel, bed conditions in the measuring section and the upstseéam reach, ratg of variation of
level, degree of accuracy desired and equipment used.

These methods are classified as follows:
a) vdlocity distribution method (see 7.1.5.2);
b) refluced point methods (see 7.1.5.3);

c) infegration method (see 7.1.5.4).

7.1.5.2 Velocity distribution method

Using this method, the values of the velogity,are obtained from observations at a number of [points in each
vertical between the surface of the watef and the bed of the channel. The number and spacing of the points
should| be so chosen as to define accurately the velocity distribution in each vertical with a difference in
readings between two adjacent points.of not more than 20 % with respect to the higher value. The location of
the tog and the bottom readings.should be chosen, taking into account the specification under 7.1.1 and 7.1.2
(see also 1ISO 1088).

The vglocity observationshat’each position are then plotted graphically and the unit width discharge or mean
velocity determined by-planimeter, digitizer or equivalent method. The mean velocity in the veftical may also
be obtained by dividing+the unit width discharge by the total depth.

NOTE 1 This«method may not be suitable for routine discharge measurements because the apparent gain in precision
may be|offset.by errors resulting from change of stage during the long period of time needed for making thge measurement.

NOTE 1 Although this clause deals primarily with the determination of mean velocity in the verfical, it may be
necessary to-appty the same principte-tothedetermimatiorrof meam vetocity tlosetotheverticat sideorwall of a channel.
The velocity curve can be extrapolated from the last measuring point to the bed or vertical side of the channel by
calculating v, from Equation (2):

1
S [iﬁ @)

a

where
v, is the open point velocity in the extrapolated zone at a distance x from the bed or vertical side;
v, is the velocity at the last measuring point at a distance a from the bed or vertical side;

m is an exponent.
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The mean velocity, v, between the bottom (or a vertical side) of the channel and the nearest point of measurement
(where the measured velocity is v,) can be calculated directly from Equation (3):

m

m+1

v—(

]W

®)

Generally, m lies between 5 and 7 but it may vary over a wider range depending on the hydraulic resistance. The value

m =4 applies to

m is obtained as

— Cver

coarse beds or vertical sides while m = 10 is characteristic of smooth beds or vertical sides.

follows:

2./ )

|

is the

s

where
g
Cyer is Chd

NOTE 3
assumption tha
distance X from

best-fitting straight line through these points can be extended to the boundary-The velocities close to the bound

then be read fro

7153 Red

7.1.5.3.1
These methog
they require Ig
velocity profile

It is recomme
comparing the

71532 O

Velocity obser

the surface. The value observed shall be taken as the mean velocity in the vertical.

7.1.53.3

An alternative method of obtaining the velocity in the region below the lastymeasuring-point is based
the velocity for some distance up from the bed of the channel is\proportional to the logarithm of the

Geéneral

Two-point method

—————T0.3
\/g"'cver J

acceleration due to gravity (m/s2);

zy's coefficient on a vertical (m®5/s).

that boundary. If the observed velocities at points approaching thebed are plotted against log X, {

m the graph.

uced point methods

s, less strict than methods exploringcthe entire field of velocity, are used frequently b
ss time than the velocity-distribution;method (7.1.5.2). They are based, however, on the

D.

nded that for a new gauging section the accuracy of the selected method be asses
results of preliminary gaugings with those obtained from the velocity distribution method.

ne-point method

vations shall be-made on each vertical by exposing the current-meter at 0,6 of the depth

(4)

on the

hen the
ary can

bcause
bretical

sed by

below

Velocity obser

below the surface. The average of the two values shall be taken as the mean velocity in the vertical.

7.1.5.3.4

Three-point method

vations stat-bemade omreach verticat- by exposing the currentmeterat0;2and0;8 of the depth

Velocity observations shall be made on each vertical by exposing the current-meter at 0,2, 0,6 and 0,8 of the
depth below the surface. The 0,6 measurement may be weighted and the mean velocity v obtained from

Equation (5):

V= 0,25(\/0,2 +2voe + VO,S)
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Velocity measurements are made by exposing the current-meter on each vertical at 0,2, 0,6 and 0,8 of the
depth below the surface and as near as possible to the surface and the bed. The mean velocity v may be

determ

v

7.1.5.3

ined from a graphical plot of the velocity profile with a planimeter, or from Equation (6).
= 0,1(Vsurface +3v0,2 +3v0,6 +2V08 + Vbed )

.6 Six-point method

(6)

Velocity observations are made by exposing the current-meter on each vertical at 0,2, 0,4, 0,6 and 0,8 of the

depth
obsery
determ
Equati

v

€low the suriace and as near as possible 10 the suriace and the bed (see 7.1.5.3.7,
ations at each point are plotted in graphical form and the mean velocity or unit, Wi
ined with the aid of a planimeter. Alternatively, the mean velocity v may be found)alg
DN (7).

— 0'1(Vsurface + 2\/072 + 2\/074 + 2\/0‘6 + 2\/078 + Vbed)

). The velocity
dth discharge
pbraically from

(7)

7.1.5.3.7 Surface one-point method

7.1.5.3
measu

.71 In flashy or other conditions where the above methods are not feasible, velocity shall be
red at one point just below the surface. The depth of submergence of the current-meter shall be
uniformy over all the verticals; care shall be taken to ensure that the current-meter observptions are not
affected by random surface-waves and wind. This 'surface' yelocity may be converted to the miean velocity in
the vertical by multiplying it by a predetermined coefficient:specific to the section and to the discharge.

The cqefficient shall be computed for all stages by.correlating the velocity at the surface with|the velocity at
0,6 of the depth or, where greater accuracy is desited, with the mean velocity obtained by one of the other

methodls previously described.

It may pe noted for guidance that in general;the coefficient varies between 0,84 and 0,90 depending upon the
shape |of the velocity profile; the higher values between 0,88 and 0,90 are usually obtained when the bed is
smooth.

7.1.5.3.7.2 The use of current-meters near to the surface, or to the bed of the channgl, shall be in
accordance with the manufacturer's instructions (see also 7.1.1 and 7.1.2).

7.1.5.3.8 Alternate sampling methods

Alterngtive sampling- methods for determining the mean velocity in the vertical may be [utilized under

ed the method
ove.

except
applied

onal circumstances, e.g. high velocity, rapidly changing stage or floating debris provid
can be:demonstrated by experiment to give results of similar accuracy to those listed ab

7.1.5.4 "Integration method

In this method, the current-meter is lowered and raised through the entire depth on each vertical at a uniform
rate. The speed at which the meter is lowered or raised should not be more than 5 % of the mean water
velocity and should not in any event exceed 0,04 m/s. Two complete cycles should be made on each vertical
and if the results differ by more than 10 %, the operation (two complete cycles) should be repeated until
results within this limit are obtained.

The integration method gives good results if the time of measurement allowed is sufficiently long (60 s to
100 s). The technique can be, but is not normally, used in depths of less than 1 m.

With a propeller-type current-meter, the average velocity can then be read from the instrument calibration as
equivalent to the average number of revolutions (being derived as the total number of revolutions divided by
the total time taken for the measurement in that vertical). Uncertainties introduced by using meters with more
than one calibration equation should be avoided.
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By using a current-meter that measures velocity directly, such as the electromagnetic current-meter, the mean

velocity in the

vertical can be obtained by direct reading of the instrument.

When a sounding rod or weight is used, it will not be possible to measure the velocity throughout the entire
vertical; a zone may, for example, remain unmeasured near the channel bed. An estimate of the unit width
discharge of this zone can be obtained from:

(8)

where

g, s thelunit width discharge below the measured zone;

vm is thelmean velocity for the measured part of the vertical;

hs is the|depth of the unmeasured zone.
Similarly, the Unit width discharge for any unmeasured zone near the surface is obtained from:
where

gs s thelunit width discharge above the measured zone;

vm is thelmean velocity for the measured part of the vertical,

hg is the|depth of the unmeasured zone.

As far as pos
unmeasured z

7.1.6 Errors

Estimates of tf

9.3.3. It should be noted that‘these estimates are of possible random errors which may occur even w

the precaution
conditions, ad
measurement,

sible, the type of measuring, equipment should be selected to minimize the depth
bnes.

and limitations
e possible errorsithat may occur when using the various methods detailed in 7.1.5 are g
s noted earlier and below are observed. If the measurement is not made under thes

ditional dncertainty should be included when estimating the overall uncertainty

BE.

Errors may ari

©)

of the

iven in
hen all
e best
of the

a) if the flow
b) if material

c) if skew flo

is unsteady;
in suspension interferes with the performance of the current-meter;

w occurs, and the appropriate correction factors are not known accurately;

d) if the current-meter is used for measurement of velocity outside the range established by the calibration;

e) if the set-up for measurement (such as rods or cables suspending the current-meter, the boat, etc.) is
different from that used during the calibration of the current-meter, in which case a systematic error may

be introdu

ced;

f)  if there is significant disturbance of the water surface by wind;

10
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if the current-meter is not held steadily in the correct place during the measurement, which is the case

when gauging from a boat which is drifting (see Annex D), or when an oscillating transverse movement
occurs. In the latter case, the resultant of the flow velocity and the transverse velocities gives rise to

se

rious positive errors.

7.2 Measurement of velocity using floats

7.21

General

This method shall only be used when it is impossible to employ a current-meter because of access difficulties,
excessive velocities and depths, the presence of material in suspension, where velocities are too low for

matar-maackralaaint PN £ - P~V S5
TTCTCT MTTICaSOTrCTITCTIC O 1T CaST S UT TCCOTITIarSSariic e

curren

7.2.2

Three
beginn
which
Cross-§
sectior

recomimended.

7.23

The flq
reachir
noted.
distang
means|

It is ald
the vel
specia

Increay
the me¢

The wi
channg
segme
of seq

7.24

Selection of site

cross-sections shall be selected along the reach of the channel as described in Cl
ng, midway and at the end of the reach. The cross-sections shall be far enough ap4g
the floats take to pass from one cross-section to the next to be measured accurately
ection shall be used only for the purpose of checking the velocity, measurement betw
s at the beginning and at the end of the reach. A minimum duration of float moven

Measuring procedure

at shall be released far enough above the upper cross-section to attain a constant
g the first cross-section. The time at which the float passes each of the three cross-s
This procedure shall be repeated with the floatsrat various distances from the bank off
es of the float from the bank as it passes each cross-section may be determined by s
, for example, a theodolite.

0 possible to use the double stopwatch'method described in Annex F. This allows the d
pcity of the float and the position of ifs path in the section in a single operation and witho
or surveying equipment.

5ing the number of floats used to determine the velocity in each segment will improve t
asurement.

dth of the channel shall be divided into a certain number of segments of equal width. [f
| is very irregular; each segment shall have approximately the same discharge. T
hts shall not He-less than three, but where possible a minimum of five shall be used, the
nents depending on the time available for these observations at the particular stage of th¢

Types-of float

quse 5, at the
rt for the time
. The midway
ben the cross-
ent of 20 s is

elocity before
bctions is then
the river. The
uitable optical

btermination of
ut the need for

ne accuracy of

, however, the
he number of
actual number
B river.

7.24.1

General

The velocity of the water in each segment can be determined by

a) su
b)

c)
NOTE

rface floats,

double floats,

other types of floats.

Separately flowing blocks of ice, provided they are small, can be used as surface floats during

ice drifting.

The coefficients for obtaining the mean velocity from the measurements for the various types of floats are
given in 7.2.5.
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7.2.4.2 Surface floats

These may be used during floods when velocity measurements are to be made quickly. They shall not be
used when their movement is likely to be affected by winds.

7.24.3 Double floats

These may be used for measurements of velocities in deep rivers. The sub-surface body may be positioned at
0,6 of the depth below the surface, or at other depths to obtain direct velocity measurements at these depths.

7.24.4 Oth

er types of floats

Other methods
the measuring
a) Sub-surfa
These m4
sometime
permit fle
float shall
b) Velocity-r
These m4
the cross

velocity-rd
touch the

7.2.5 Determination of velocity

7.25.1

The float velo
by the float to
these measur
segment. The

to that during the float measurement’may be used for converting the float velocity to mean velocity.

7.2.5.2 Sur

Where it is no
coefficient of {

Method

5 of obtaining the mean velocity in each segment may be used if the bed profile is regul
reach:

ce floats

y be used for measurement of velocities in very deep rivers. The length.éf the sub-surfag
5 called the multiple float, which consists of separate elements suitably attached toge
ibility and supported by a surface float, shall be approximately equalto the water depth,
in no case touch the bottom.

bds

y be used for measurement of velocities in the case of, artificial or other regular channels
section is uniform, the bed is free from weeds, and the depth of the water is consta
d (sometimes called a float-rod) shall be at least0,95 of the depth of the channel but s
bottom.

ity shall be determined by dividing the distance between the cross-sections by the tim
ravel this distance. Severalmeasurements of the float velocities shall be taken and the

ements shall be multiplied’ by the appropriate coefficient to obtain the mean velocity
coefficient derived from-current-meter measurements at the site at a stage as near as p

fFace floats

possiblesto check the coefficient directly, it may be assumed for guidance that, in gene
ne surface float varies between 0,84 and 0,90 depending upon the shape of the velocity

The higher va

Ar over

e float,
ther to
but the

where
nt. The
nall not

taken
ean of
in the
bssible

ral, the
profile.
occur

ues are usually obtained when the bed is smooth, but values outside this range may

under certain céireamstaneces:

7.2.5.3

Double floats

Where it is not possible to check the coefficient directly, it may be accepted for guidance that when the
sub-surface body is situated at 0,6 of the depth, the coefficient is approximately equal to 1,0 and at 0,5 of the
depth, the coefficient is approximately equal to 0,96.

7.2.5.4 Other types of floats

Where a direct check on the coefficient is not possible, it may be assumed that the coefficient of the
sub-surface floats and velocity-rods varies in general over the range 0,8 to 1,0.
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Errors may occur during the measurement of discharge by floats and the main sources are listed below. They

shall be taken into consideration when estimating the overall error as given in Clause 9.

Errors may arise:

a) if the coefficient from which the mean velocity is obtained from the float velocity is not known accurately;

b) if too few segments are used for the velocity distribution;

c) if a sub-surface float or velocity-rod is used and the depth of the channel is not uniform throughout the

measuring reach;
d) if fhe float does not travel in the centre of the panel due to oblique currents;

e) if fhere is wind, but it should be noted that this error is generally negligible in comparison wi
alove, unless a surface float is used.

8 Copmputation of discharge

8.1 General

The method of determination of the mean velocity or unit width discharge in each vertical has
in 7.1l and 7.2. In these subclauses, the method of\ determination of discharge from
measurements and float measurements is presented. <Lhese methods have been classed as
method (8.2) and the arithmetic method (8.3), the latter being particularly useful for computati
in the field. The methods given in 8.4 to 8.7 are applicable for special circumstances.

8.2 Graphical method

8.2.1 [Depth-velocity-integration

The velocity readings recorded/for’each vertical are plotted against depth as shown in Figu
contained by the velocity eurvé produced for each vertical gives the discharge for unif
corresponding section. Where necessary, velocity curves can be extrapolated to the surface
the mgthods described in-notes at the end of 7.1.5.2. The values of unit-width discharges v -d a
on the Jupper part of the diagram and joined to form a continuous curve. The area enclosed betw
and the line representing the water surface gives the total discharge through the section.

In the gase ofwvelocity measurements by the integration or reduced point methods, the unit-wid
each vprticalis obtained directly as the product of the mean velocity v and the corresponding d

th others listed

een dealt with
current-meter
the graphical
ns carried out

'e 1. The area

width of the
and bed using
re then plotted
yeen this curve

h discharge at
ppth 4.

Wh L k. 4 4 HP | 4 +lo Y 1 laialatlo <l +lo
en UlUblLy MITASUTTITITITIS Aal'T TTUL LAlTITU UUT UTT T odllTic vortludalo Ul Wil T Ui UTpPYUuT e

surements are

made, thev curve shall be plotted across the width of the stream and the value of v corresponding to the

verticals where depth measurements are made shall be taken for plotting the v -d curve.
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X distance (m
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Y2 depth (m)
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[see Figure 2 &
enclosed by tf

Y1 A A Y3
5 | I v \ VI Vil VI
4 -
L v-d — 50
2 | — 30
v - 20
! L ~—~ - 10
Y2 E 1 [} )i
5F &
10 F —r] 7
= A
15 | I I I I | |
0 5 1015 20 2530 35 40 45 50 55 6065 70 75
X
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scharge (m?/s)

| — Computation of discharge from current-meter measurements — Depth-velocity
integration method

/. AB

total discharge;
average velocity in segment;
depth of segment;

incremental width.

y-area integration method (velocity-contour method)

velocity-distribution curves of the verticals, a velocity-distribution diagram for the cross-

(10)

section

h)] shatt'be prepared showing lines of equal velocity. Starting from the maximum, thg
e successwe equal -velocity curves and the water surface shaII be measured by a pla

and shall be ple

areas
imeter

the abscissa |nd|cat|ng the correspondlng area enclosed by the respectlve veI00|ty curve. The area enclosed

by the velocity-

14

area curve represents the discharge of the cross-section.
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1 surface velocity distribution curve
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b) Total flow

Figure 2 — Computation of discharge from current-meter measurements — Velocity-area
integration method
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8.3 Arithmetic methods

8.3.1

Mean-section method

The cross-section is regarded as being made up of a number of segments, each bounded by two adjacent
verticals (see Figure 3).

L,

bn bn+1

7

d

The flow in theg

q= (bn+1

where v is thd

NOTE The
and the other b3
however, this d

dn dn+1

7\

~-

.

Figure 3 — Diagram illustrating the mean section method

ﬁ‘ _,_,.—-ﬁ

shaded panel is calculated as follows:

Lty )

average velocity in each vertical.

dn+1 + dn
2

Va1 T Va

2

additional discharge in the segments between the:bank and the first vertical, and between the last
nk, can be estimated from the above equation, on-the assumption that the velocity at the banks is
scharge is a significant proportion of the total‘flow, then the equation given in Note 2 of 7.1.5.2

used to obtain the mean velocity in the region of the bank.

The total flow

0=2 (b

s equal to the sum of the discharge.in each panel, thus:

[=e?)

dn+1 + dn
2

Va1t Vi

2

+1_bn)(

8.3.2 Mid-section method

The cross-sec
Figure 4).

The discharge]
along the wat

tion is regarded as being made up of a number of segments, each containing a vertic

in each segment shall be computed by multiplying v -d by the corresponding width me|
br<surface line. This width shall be taken to be the sum of half the width from the a

vertical
zero. If,
can be

(12)

al (see

asured
djacent

vertical to the

varhieal forwhich =& J hac hoaan oaladatad e half tha aadth feanms thic v artical
vertCar—Tor—wrncr—y—¢— Ty Cerm—CarcurctCo—proo— Tt e WISt T oo v oot

to the

corresponding adjacent vertical on the other side. The value for v -d in the two half-widths next to the banks
may be taken as zero.

For this reason, the first and last verticals of a measurement should be as close to the banks as possible if the
mid-section method of calculation is used.

Where the bed is uneven, and time and cost allows, determining the depth at points midway between the
annotated verticals shown in Figure 4 may provide a more accurate determination of the area of each panel.

16
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/v ]

Figure 4 — Diagram illustrating the mid-section method

7

For thi

=

where

The cq
summi

0

8.4 |

This m
and th
velocit
level ig
a sepa

5 method, the flow in each panel is calculated as shown below:

— b 1—b -1
— v}’ld}’l [’H—Tnj

Aagain v is the average velocity in the vertical.

mputation is carried out at each vertical and the total discharge ‘through the section
hg these partial discharges as follows:

—(by—b,
:Zvndn[ n+12 11)

ndependent vertical method

ethod is useful for measuring streams with rapidly changing discharge. Several verticg
bir distances measured from a fixed reference point [Figure 5 a)]. On each gauging, me

and depth at all the chosen verticals.are made, using one of the methods described ab
measured at the beginning and end’of the series of measurements on each vertical. For
rate stage discharge relation is.\prepared. Subsequently, the discharge of the river ata g

be detg¢rmined by combining the discharges for each segment.

By em
covere
family

bloying this gauging technique over a period of time and if a sufficiently large range in
d, it will be possibledo,derive a relationship between stage and unit-width discharge for ¢
of curves can ¢hen be constructed, each curve representing an independent s

(13)

s obtained by

(14)

Is are chosen
asurements of
bve. The water
each segment,
ven stage can

flow has been
ach vertical. A
age/discharge

relationship for the cerresponding segment of channel width [Figure 5 b)]. This assumes that the channel

geomse
point.

try remains_constant and that no change occurs in the position of a vertical relative to

the reference

or a given value of stage, total flow in the cross-section is obtained by using a mathematical method by

graphical method [Figure 5 d)]

by plotting the

Total flow in the cross-section for any given value of stage can be obtained by either of these methods.
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b) Stage/discharge curves for individual verticals

Figure 5 — Computation of discharge from current-meter measurement — Independent
vertical method (continued)
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8.5 Mean-section method — Horizontal planes

Instead of determining the mean velocity in each vertical, the mean velocities for a number of horizontal
planes can be determined by a corresponding procedure to that given in 7.1.5.2. A similar method to that
given in 8.3.1 can then be used to determine the discharge. The use of horizontal and vertical-plane
computation is particularly suited to measurements in regular-shaped channels, as it enables a check to be
made on the accuracy of the computation.

8.6 Determination of discharge from surface-float velocity measurements

If the upstream and downstream cross-sections are plotted as shown in Figure 6 a) and then divided into a
suitable num i = i can be
determined. Halfway between the two cross-section lines, another line MN shall be drawn parallel| to the
cross-sectiondl lines. The starting and ending points of each float may then be plotted and joined by-firm lines,
while the surfgce-points separating the various panels of the two cross-sections may be joined by dotted lines.
Where the firin lines cross the line MN, the corresponding mean velocity (float velocity,multiplied by the
appropriate coefficient - see Note 1 below) shall be plotted normal to MN and the end points of these Yelocity
vectors joined [to form a velocity-distribution curve [Figure 6 b)].

Key
1 surface velqcity distribution
2 depth (m)

3 direction of flow

a) Measurement sections and float paths

Figure 6 — Computation of discharge from float measurements (continued)
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Key
1 velpcity (m/s)

b) Mean velocity-distribution curve from float measurements

Figure 6 — Computation of discharge from float measurements

The mean area of corresponding segments of the dpper and lower cross-sections, when miltiplied by the
mean Yelocity for this panel as shown by the velocity-distribution curve, represents the discharge through that
segment. The summation of the discharges foriall the segments is equal to the total dischange. The mean
velocity in a panel may be determined by measuring, by means of a planimeter, the afea under the
velocity-distribution curve for the corresponding segment or, alternatively, an approximate value may be
adopted equal to the reading of the velocity halfway across the panel.

’

2 A+ A
0|= Zvi% (15)
where
v;| is the mean-velocity in the segment;

| is/tRe-area of upstream segment;

A

;1S the area of downstrearn segiment.

NOTE 1 When it is impossible to obtain satisfactory movement of the floats across the whole width of the river, for
instance if the floats move towards the centreline of the flow, an unadjusted discharge can be determined by measuring
the mean of the surface velocities. This discharge has then to be multiplied by a coefficient determined from the results of
current-meter measurements carried out simultaneously with float measurements at the level which approximates to that
of the float measurements.

NOTE 2  Annex F presents a method for determining the discharge from a float measurement using two stop watches
(see 7.2.3).
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8.7 Determination of discharge for variations of water level

8.7.1 General

If the fluctuation of water level during the period of velocity measurement is less than 5 % of the mean depth
or 0,05 m, whichever is the lesser dimension, the mean value shall be adopted for the computation of the
discharge. If the fluctuation is more than this amount, then the discharge shall be computed as shown in 8.7.2

and the mean

water level corresponding to this discharge computed as shown in 8.7.3.

8.7.2 Computation of discharge

The water le
Alternatively, t
plotted above

8.7.3 Computation of mean water level

The mean wat|

0
q; =b;dV|
where
z isthe
q; isthe
z; isthe
0 isthe
b, isthe
d; isthe
v; isthe

The required n

N

: ;O p:uttcd ocpalatc:y fUI cauh OUUIIIUIIt tU fUIIII d OClI ;CO Uf OtCIJO do OhUVVII ;II r;
he levels can be joined by a smooth curve. A curve of mean velocity multiplied by depth
he water-surface line, the area enclosed representing the total discharge.

br level representative of the discharge measurement shall be computed from the equatiq

weighted mean water level above the gauge datum;

partial discharge in the ith segment;

mean water level corresponding toe.the partial discharge g¢;;

total discharge and equal.to the sum of the partial discharges Zq,-;
width of the ith segment;

depth of the jth'segment;

mean velocity in the ith segment.

neasurements are illustrated in Figure 7.

22

ure 7.
is then

(16)

(17)
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Figure 7 — Computation of discharge and mean water level for variations of wate

hcertainties in flow measurement

5eneral

certainty in a single measurement of discharge is dealt with in ISO 5168, to which referg
Additional information is given in the GUM:1995"), especially Clauses 2 and 3. In th
| outline of the method of estimating'this uncertainty under conditions of steady flo

not be assumed, however, that these are generally applicable and it should be str
ations on which they are based\did not include all kinds and sizes of rivers (see ISO 1088

Definition of uncertainty
bsurements of a physical quantity are subject to uncertainties. These may be due to sys
) in the equipmeént-Used for calibration and measurement, or to random scatter caused b
pf sensitivity Of<the equipment used for the measurement. The result of a measurement

ent of its\Uncertainty.

screpancy between the true and measured values is the measurement error. The meas

748:2007(E)

F level

nce should be
se clauses, a
is given. In

E, the individual components of the“uncertainty are examined and examples of these are given. It

ssed that the

~

stematic errors
y, for example,
thus is only an
mpanied by a

urement error,

which

cannat be known causes an uncertainty about the correctness of the measureme

nt result. The

uncertainty is expressed quantitatively as a “parameter ... that characterizes the dispersion of the values that
could reasonably be attributed to the measurand” (GUM:1995, 2.2.3). The GUM further states that the
parameter may be, for example, a standard deviation or the half-length of an interval having a stated level of
confidence, and that all sources of uncertainty, including those arising from systematic effects, contribute to

the dis

persion.

1) To

be republished as ISO/IEC Guide 98-3.
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The measurement error is a combination of component errors that arise during the performance of various
elementary operations during the measurement process. For measurements of composite quantities that
depend on several component quantities, the total error of the measurement is a combination of the errors in
all component quantities. Determination of measurement uncertainty involves identification and
characterization of all components of error, quantification of the corresponding uncertainties, and combination
of the component uncertainties. The uncertainties are combined using the statistical rules for combining
standard deviations, giving proper consideration to correlations among all of the various sources of
measurement error in order to account for both systematic and random errors. The resulting uncertainty
values are termed standard uncertainties; they correspond to one standard deviation of the probability
distribution of measurement errors.

In some applications it is necessary to express the uncertainty of a measurement as a band or interval that

may be expecled 10 contain a specified tracuon of the distribution of values that could reasonably be atributed

to the measur
the range 2 to
the level of co
probability dist

In this clause,
as percentage
uncertainties
uncertainties

nd. Such an interval is obtained by multiplying the standard uncertainty by a factor, k;us
3, called the coverage factor. The fraction of the distribution contained by the interval i
hfidence. The relation between the level of confidence and the coverage factordepends
ribution of measurement errors.

uncertainties are given as standard uncertainties (one standard deviation) and are exp
5 of the measured values (relative or percentage uncertainties). (Note\that the use of st
s a change from previous editions of this International Standard, which used exj
vith a coverage factor of 2.) If expanded uncertainties are _fequired, the standard

ually in
called
on the

ressed
andard
anded
normal

(Gaussian) distribution is used to determine the coverage factor correspending to a specified degree of
confidence. In| particular, expanded uncertainties with a coverage factor 6f 2 have an approximate level of
confidence of(95 %. The expanded uncertainty with a coverage factor of 1 has an approximate Igvel of
confidence of 68 %.

9.3 Method of calculating the uncertainty in discharge by measurement of velocity by
current-meter

9.3.1 General

The measurement method, briefly, consists of 'dividing the channel cross-section under consideratipn into
segments by [n verticals and measuring the width, depth and mean velocity (denoted by b,, d; and v,

respectively)
velocity meast

gssociated with each vertical). The mean velocity v, at each vertical is computed fror]

rements made at each of.several depths on the vertical. The flow is computed as follows

n point

where
QO is the|flow (in;eubic metres per second);
F is afactor, assumed to be unity, that relates the discrete sum over the finite number of vertical$ to the
integW— .
9.3.2 Contributory uncertainties
The relative (percentage) combined standard uncertainty in the measurement is given by Equation (19):
m
2 2
, Zb,dlv, (ub,+ud,+u )
u(Q)" = ufy +uf +1= ; (19)
m
[Z(b,-d,-vi)}
i=1
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u (Q) is the relative (percentage) combined standard uncertainty in discharge;

up ;Uq ;uy,; are the relative (percentage) standard uncertainties in the width, depth and mean velocity
measured at vertical i;

is the uncertainty due to variable responsiveness of the current-meter (u,), width
measurement instrument (u,,,) and depth sounding instrument (u).

2 2 2
Ug = Ugm +Upm + UGs (20)

An estimated practical value of 1 % may be taken for this expression.

m  is the uncertainty due to the limited number of verticals, and

m is the number of verticals.

The mean velocity v; at vertical i is an estimate of the average of point measurements of velocify made at one
or morg depths in the vertical (see for example 7.1.5.3). The uncertainty, in(y; is computed as fdllows:

=
]
S—
N
Il
=
SN
+
7\

ij(ug,l. 2 @

where

ug is the uncertainty in mean velocity v; due to the limited number of depths at which velocity
measurements are made at vertical i;

n;| is the number of depths in the vertical’i at which velocity measurements are made;

is the uncertainty in the velocity at a particular measuring point in vertical i due to lack of
repeatability of the current-meter;

is the uncertainty in ‘point velocity at a particular depth in vertical i due to veloc|ty fluctuations
(pulsations) in the stream during the exposure time of the current-meter.

Combining Equations (49)/and (21) yields:

2 _ 1
P[0 112

i

(22)

2
(& o]

ZZ\ T 1 1)
i=1

If the measurement verticals are placed so that the segment discharges (b; d; v;) are approximately equal and
if the component uncertainties are equal from vertical to vertical, then Equation (22) simplifies to:

%
u(Q):{u%+u§+(%](u§+ug+u§+(%j(u§+u§)ﬂ 2 (23)
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9.3.3 Example
It is required to estimate the uncertainty in a current-meter gauging from the following particulars:
Number of verticals used in the gauging 20

Number of points taken in the vertical (0,2 and 0,8) 2

Average velocity in measuring section above 0,3 m/s
Exposure time of current-meter 3 min
Rating of currgnt-meter individual rating

Component uncertainties (percentages) can be obtained from information given in Annex E, whieh presents
the results of |nvestigations carried out since the publication of the first edition of this International Standard
in 1968.

Uy 2,5 (Table E.6)
ug 1,0 (see above)
up 0,5 (see E.2 line 1)
u , see E.3 line

4 05 ( E.3 line 2)
u b a e .

p 3.5 (Table E.4)
u , able E.

¢ 10 (Table E.5)

ug 3,0 (at 0,4 depth) (Table E.3)

3,0 (at 0,4 depth) (Table E.3)

Therefore
=32}+32 =4,2

9.3.4 Combined uncertainty

Therefore, from Equation (23):

/L

u(Q)z[urf1 +u§+( 'm)(u§+ué+u; uc+ue )}

")

u(Q) = [2,52 +1,02 +(%o)(0’52 +0,52 +3,52 +(%)(1,02 +4,22))}%

giving
u(0)=2,89%
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The expanded uncertainty at the 95 % confidence level, Ugs, is obtained by applying a coverage factor of
k=2,

Thus:
Ugs(Q) = k* u(Q)
=2x2,89
=5,78 %

Therefore

Ugs(0) =6 %
Now, if the measured flow is O m3/s, the result of the measurement is expressed as:

0 m3/d + 6 % (expanded uncertainty, coverage factor k = 2, approximate level of confidence = 95 %).

9.4 WMethod of calculating the uncertainty in discharge by measurement of velogity using
floats

9.4.1 |General
Whilst there have been considerable investigations carried ,0ut into the uncertainties in current-meter gauging,
little work has been performed into the uncertainties in float'gauging. As a result, there is little quidance in the

literature and little research reported to allow reliable re€commendations to be made. The following analysis is
therefgre given as a guide until more information is available.

9.4.2 |Contributory uncertainties

The equation for discharge is: (see 7.2 and’8.6)

o FszVi[A; ; 4 j (24)
where

(0] is the'discharge (cubic metres per second);

F is’a factor, assumed to be unity, that relates the discrete sum over the finite number of

verticals to the integral of the continuous function over the cross-section;

K is the coefficient of velocity far the float;

Vi is the mean float velocity in the ith segment;

4;and 4] are the ith segment areas of upstream and downstream cross-sections, respectively.
The overall uncertainty in discharge is composed of
a) uncertainties in width: uy, ; in estimating cross-section areas,

b) uncertainties in depth: uy ; in estimating cross-section areas (allowing for scour and fill if any),
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¢) uncertainties in determination of surface float velocities: u,, ;

composed of:

— the uncertainty in the coefficient of velocity for the float, Up

— the uncertainty of the length of travel path, u; ;

— the uncertainty of the time taken for the passage of the float, u,;

2 _ 2
Uy =Uk, s

d) uncertainty due to the limited number of segments used, u,.

9.4.3 Combined uncertainty in discharge

The method of

+uil~ +”t2,i (25)

calculation is similar to that given in 9.3.2.

MQ = \/Mr-zn

9.4.4 Examgy

Float gauging with 5 paths using surface floats:

Uy =75 % (T4

and the velocifies are determined from a smoothed-velocity distribution.

uk7.f =15 % (-1
u; =5 % (estin

u, =5 % (estin

MV = 1“/{]3’
= \/152 +

+l(u§+u§+u§) (26)
m

le

ble E.6) This may be reduced provided,the areas are determined from a detailed cross-gection

[able E.4)

nated)
ated)

el

52 452

= 16,5 % (or taken from Table E.4 alone = 15 %)

up =1 % (estimated)

uq =1 % (estimated)

therefore
u(Q) = \/7
u(Q) =10,
28

,52+%(1+1+16,52)

5%
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The expanded uncertainty at a level of confidence of approximately 95 %, Ugs, is obtained by applying a
coverage factor of k = 2.

Then
Ugs(Q) = k - u(Q)
=2x10,5
=21%

Therefore

Now, if the measured flow is Q m3/s, the result of the measurement is expressed as:

0m3/s + 21 % (expanded uncertainty, coverage k = 2, approximate level of.confidence = 95 %)
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Annex A
(informative)

Correction for sag, pull, slope and temperature in measurement of

A.1 Correction for sag
A.1.1  The correction due to sag of the measuring tape or wire to be applied to the measured length is given
by the following formula:
2
kg = m_lz_ (A1)
24F%F

where

ks is thelsag correction for length (shortening);

m is thelmass of tape or wire per unit length;

[ is the|actual length of tape or wire which has been previously measured;

Fr s the|cable tension.
A.1.2 Whenl|the tape or wire has been calibrated on‘the flat, the horizontal distance between the end marks
when it is used in catenary are obtained by subtracting the sag correction from the calibrated length on fthe flat.
Similarly if thel tape or wire was calibrated in catenary, the true length on the flat is obtained by addjng the
catenary correftion.
A.1.3 For odd lengths, or lengths differing from that in which the tape or wire was calibrated, the cofrection
for the particujar span involved is subtracted from that span to give the corrected horizontal distanceg if the
tape or wire wps calibrated on the'flat; if it was calibrated in catenary, the correction to be applied is given by
Equation (A.2)

X

k= (7j kf -k, (A.2)
where

k is the correction;

x is the length of span involved;

ks is the sag correction for length /;

k. is the sag correction for length x.
The above correction is positive if x is less than /, it is negative if x is more than /.
30 © IS0 2007 — All rights reserved
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A.2 Correction for pull

A.21 If the pull applied to the tape or wire is not the same as that used during calibration, the following
correction for pull shall be applied:

I(Fr - F
kﬁ% (A3)

kf is the length correction for pull;

[ | is the actual length of tape or wire;

Fyp is the pull at the time of measurement;
F;| is the pull corresponding to / during calibration;

A | is the area of cross-section of tape or wire;

E| is the Young's modulus of the material of the tape or wire.

A.3 Qorrection for slope

A.3.1 | The correction for slope, if measured as an angle, is given by Equation (A.4):

k{=1(1-cosB) (A.4)

k:| is the correction for slope;

£ is the angle of slope.

A.3.2 | The correction for. Slope, if measured as a difference in height, is given by Equation (A.9):
2 4
k=2 -2 (A.5)
21 g3

where y is the~difference in height.

4

NOTE 1 The term 5—3 is negligible for a slope of about 8° or less.
/

NOTE 2  This correction is always negative.
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A.4 Correction for temperature

The correction due to temperature is negative or positive according to whether the temperature at
measurement time is less or more than the temperature at calibration of the tape or wire, and is given by

Equation (A.6):

(A.6)

actual length of tape or wire;

kq =108
where

[ isthe

ky is the

A isthe

AD s the|

32

correction for temperature;

coefficient of thermal expansion;

increase or decrease in temperature from the temperature at calibration.
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Annex B
(informative)

Distance measurement across the cross-section

B.1 Angular method
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dolite Is set up on one of the banks and angular measurements taken to the boat U
hgs and its position fixed (see Figure B.1). Alternatively, a sextant may be used from, th

lag, E, is fixed on one of the banks on a line at right angles”to the cross-section lin
N the flag point B, nearer to the water's edge and at a known distance from it (BE). An o
his hand, then moves along the bank from C, towards*a-position N, along a line perpe
ectional line, until the corresponding flag E on the opposite bank, the flag on the boat M,
nd N are all in one line. The perpendicular distance from the flag in his hand to the

sed for taking
e boat to note

(B.1)

dings to two flags, one fixed on the cross-section and the other at right angles to it:

C = CE tana

inear method

ags (A, B, C and D) are fixed, two on each bank along thecross-section line (see Figure B.2). One

b and passing
bserver, with a
ndicular to the
and the flag in
cross-section

N) is determined and the distance of the boat is.computed as follows:
C = CNtana where o =CNM
BC

nog=—————

(BE+CN)

_ CNxBC (B.2)

BE +CN

hannel is very wide 'so that objects on the opposite bank are not clearly visible, the position of the boat

is fixed from measufenients made on one bank only (see Figure B.3). Two flags (N and E), on lines
perper{dicular to the\cross-sectional line, and on the same side, are marked on one bank of the(river such that
the disfance of the'boat is computed as follows:

MD = DEtan6 (B.3)
where 0= MED -
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B.3 Pivot-point method

When the river is wide and flat land is available, the pivot-point method may be used. In Figure B.4, the
distance AP is approximately half the width of the river and PD is about one-fifth of AP. On line DD', points are
marked at fixed intervals depending on the width between the selected verticals. The boat moving on line A A’
can be fixed in the selected vertical by lining up with points P and E,, E,, etc. A second set of pivot-points on
the other bank may be used if required. The computation is undertaken as follows:

AB, DE,
PA  PD
PA
- AB, :_DE;T (B.4)

where n is the [number of pivot points.

B.4 Other methods

Other methodg using high technology such as Differential Global Positioning Systems (DGPS) are availpble.

gg»& 33
AB‘M c D
o
E

Figure B.1 — Angular method

1>O-q
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£
/

/

&
z £
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Figure B.2 — Linear method
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E
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Figure B.3 — Linear method from one bank
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Figure B.4 — Pivot-point method
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Annex C
(informative)

Corrections for wetted length of wire when measuring depths with wire
not normal to surface

C.1 The following tables are based on Measurement and computation of streamflow, Vol. 1, Measurement
of stage and discharge, the United States Geological Survey, Water Supply, Paper No. 2175, 1982. It should
be noted that § correction must also be made for € slanf length
of the line abqgve the water surface. If the point of suspension of the sounding line is at a verticalcdistance X
above the surface and the angle between the sounding line and vertical is «, then the air line correction k4, to
be applied is given by the formula:

ky, =(se¢a—1)X (C.1)

The percentage correction (k4, - 100/X) to be deducted from the measured length of the sounding line, for
angles up to 3p°, is given in Table C.1.

Table C.1 — Air-line correction

Vertical angle Correction Vertical angle Correction
% %
4° 0,24 18° 5,15
6° 0,55 20° 6,42
8° 0,98 22° 7,85
10° 1,54 24° 9,46
12° 2123 26° 11,26
14° 3,06 28° 13,26
16° 4,03 30° 15,47

The wet-line gorrection k) (see Table C.2), also expressed as a percentage to be deducted from the
measured length of the sGunding line, is estimated on the assumptions that the horizontal drag presgure on
the weight in the comparatively still water near the bottom can be neglected, that the velocity distribution in the
vertical is normal, and\that the sounding wire and the weight are designed to offer little resistance to th¢ water
current.

The uncertainties in this estimation are such that significant errors may be introduced if the angle of the
sounding wire with the vertical is more than 30°.
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Table C.2 — Wet line correction
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The co

C.2

Vertical angle Correction Vertical angle Correction
% %
4° 0,06 18° 1,64
6° 0,16 20° 2,04
8° 0,32 22° 2,48
10° 0,50 24° 2,96
12° 0,72 26° 3,50
14° 0,98 28° 4,08
16° 1,28 30° 4,72

rrections given in this table are percentages of the wet-line depth (see also.|SO/TR 9209).

Figure C.1 shows a typical situation where the position of a current4meter is affected by|the velocity of

the water. The required position for the current-meter is at point B, a distance L from the point pf suspension.

The ve
is a.

Key

locity of the water will cause the current-meter to be pulled downstream so that the angle| of suspension

1 water level

2  poi

nt of suspension

3 bedlevel

L
cosq = —
Ly
LW =L+ C
S€0Sa =
+C
L+C=
cosa
C= L -L
cosa
A
A
L
v 1
@)
///\\ v 2
B, B
3
D, D

Figure C.1 — Wet line correction

If the cross-section is pre-surveyed then the value of L is either known or can be measured on site. The angle
« can be measured and the correction factor C calculated. The process may be iterative as the angle, «, may
alter as the current-meter is lowered into the water.
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