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FOREWORD 

IS0 (the International Organization for Standardization) i s  a worldwide federation 
of national standards institutes ( IS0 member bodies). The work of developing 
International Standards is  carried out through IS0  technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up 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. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the IS0  Council. 

International Standard I S 0  748 was developed by Technical Committee 
lSO/TC 113, Measurement of  liquid flow in open channels, and was circulated 
to the member bodies in August 1977. 

It has been approved by the member bodies of the following countries : 

Australia 
Canada 
Chile 
Czechoslovakia 
Egypt, Arab Rep. of 
Finland 
France 
Germany, F. R. 

India Switzerland 
Italy Turkey 
Mexico United Kingdom 
Netherlands USA 
Norway USSR 
Romania Yugoslavia 
South Africa, Rep. of 
Spain 

J 

No member body expressed disapproval of the document. 

This second edition cancels and replaces the first edition (i.e. IS0  748-1973). 

Q International organization for Standardization, 1979 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0  748-1979 (E) 

Liquid flow measurement in open channels - 
Velocity-area methods 

1 SCOPE AND FIELD OF APPLICATION 

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

It covers methods of employing current-meters and floats 
to measure the velocities. Although, in most cases, these 
measurements are intended to determine the stage-discharge 
relation by means of readings at  several stages, this 
International Standard deals only with single measurements 
of the discharge; the continuous recording of discharges 
over a period of time i s  covered in I S 0  1100. 

NOTE - Measurements fo r  the purpose o f  determining the 
discharge in efficiency tests o f  hydraulic turbines are specified in 
IEC Publication 41, International code for  the f ield acceptance tests 
o f  hydraulic turbines. 

.'\; 

2 REFERENCES 

I S 0  3 1, Quantities, units and symbols. 

I S 0  772, Liquid flow measurement in open channels - 
Vocabulary and symbols. 

I S 0  1000, SI units and recommendations for the use of 
their multiples and of certain other units. 

I S 0  1088, Collection of data for determination of errors 
in measurement of liquid flow by velocity area methods. 

IS0  1100, Liquid flow measurement in open channels - 
Establishment and operation of a gauging-station and 
de termination of the stage-discharge relation . 
I S 0  2537, Liquid flow measurement in open channels - 
Cup-type and propeller-type current meters. 

ISO3454, Liquid flow measurement in open channels - 
Sounding and suspension equipment. 

I S 0  3455, Liquid flow measurement in open channels - 
Calibration of rotating-element current-meters in straight 
open tanks. 

I S 0  4366, Liquid flow measurement in open channels - 
Echo sounders. 

I S 0  4373, Liquid flow measurement in open channels - 
Water level measuring devices. 

IS0 5168, Calculation of the uncertainty of a measurement 
of flo wrate. 

. _c 

ISO/DATA No. 2, Investigation of the total error in 
measurement of flow by velocity-area methods. 

3 TERMINOLOGY 

For the purposes of this International Standard, in addition 
to the definition given in I S 0  772, the following definitions 
shall apply : 

3.1 frazil ice : Fine spicules or plates of ice suspended in 
water that are generally formed by supercooling of 
turbulent water. Frazil ice may float under an ice cover and 
accumulate as slush. 

3.2 rime ice : A white mass of tiny ice crystals or granular 
ice tufts formed on exposed objects due to atmospheric 
moisture. 

4 UNITS OF MEASUREMENT 

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

5 PRINCIPLE OF THE METHODS OF MEASUREMENTS 

5.1 The principle of these methods consists in measuring 
flow velocity and cross-sectional area. A measuring s i te  is  
chosen conforming to the specified requirements; the 
width, depending on i t s  magnitude, i s  measured either by 
means of steel tape or by some other surveying method, 
and the depth is  measured a t  a number of verticals along 
the width, sufficient to determine the shape and area of 
cross-section. 

Velocity observations are made a t  each vertical preferably 
a t  the same time as measurement of depth, especially in the 
case of unstable beds; they are made by any one of the 
standard methods using current-meters. The principle 
involved i s  based on the proportionality between the local 
flow velocity and the speed of the rotor. Under certain 
circumstances, velocity observations are also made using 
surface-floats and velocity rods. The mean velocity i s  
generally computed from the individual observations; 
however, in certain methods such as the integration 
method, the mean velocity i s  obtained directly. 

5.2 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- 
sect ion. 
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6 SELECTION AND DEMARCATION OF SITE 

6.1 Initial survey of si te 

I t  i s  desirable that approximate measurements of widths, 
depths and velocities should be made in a preliminary 
survey to decide on the suitability of a s i t e  conforming as 
far as possible with the conditions given in 6.2. It i s  only 
intended that these measurements should serve as a guide 
that both the longitudinal and transverse bed profiles and 
the velocity distribution are acceptable for the purpose of 
discharge measurement. 

6.2 Selection of site 

The accuracy of the determination of the discharge by the 
velocity-area method is increased if : 

a)  the conditions of flow do not change within the 
period of measurement; 

b) the velocities a t  all points are parallel to one another 
and a t  right angles to the measuring section; 

c)  the curves of the distribution of the velocities are 
regular in the vertical and horizontal planes on which 
they are measured; 

d)  the geometrical dimensions of the cross-section of 
the open channel are clearly defined. 

Hence, the most favourable conditions for accurate 
measurements are to be found where the cross-section i s  in 
a straight reach. On this basis, therefore, the s i te  shall be 
selected such that, as far as possible, the requirements and 
points given in 6.2.1 and 6.2.2 are met. 

6.2.1 The si te  selected shall comply, as far as possible, 
with the following requirements : 

a )  the channel a t  the measuring site shall be straight 
and of uniform cross-sectior! and slope, as far as possible, 
in order to avoid an abnormal velocity distribution. 
When the length of the straight channel i s  restricted, it i s  
recommended for current-meter measurements that the 
straight length upstream of the measuring section should 
be twice that downstream; 

b) the depth of water in the selected reach shall be 
sufficient to provide for the effective immersion of 
either the current-meter or floats, whichever are to be 
used; 

c)  the measuring s i te  shall be clear and unobstructed by 
trees or other obstacles. 

6.2.2 In addition to the requirements specified in 6.2.1, 
the following points shall be taken into consideration when 
selecting the measuring si te : 

a)  degree of accessibility; 

b) the bed of the reach shall not be subject to changes 
during the period of measurement; 

c) irrespective of the flow, al l  discharges shall be 

contained within a defined channel or channels having 
substantially stable boundaries, with well-defined 
geometrical dimensions; 

d)  the s i te  shall be remote from any bend or natural or 
artificial obstruction if disturbance of the flow i s  likely 
to be  caused thereby; 

e)  the gauging-site shall be kept clear of aquatic growth 
during the period of measurement; 

f )  s i tes a t  which vortices, backward flow, or dead water 
zones tend to develor, shall be avoided: 

g) measurement with converging, and more so with 
diverging, flow over an oblique measuring-section 
shall be avoided as it i s  difficult to allow for the 
systematic errors that can arise; 

h)  the orientation of the reach shall be such that the 
direction of flow i s  as closely as possible normal to that 
of the prevailing wind. 

Where these requirements cannot be met (for instance, 
when in alluvial rivers the river-bed i s  changing during the 
period of measurement, or when, under flood conditions, 
the river i s  not confined to a single channel in 
embankments), a gauging-site shall be chosen such that the 
bed change and/or overflow i s  a minimum. Sites which are 
subject to variable backwater should be avoided if a t  all 
possible. Flood-plains, if they cannot be avoided, shall be 
of minimum width, as smooth as possible, without a 
distinct channel, and clear of bushes and trees. 

In those instances where it i s  necessary to make 
measurements in the vicinity of a bridge, it i s  preferable 
that the measuring s i te  be upstream of the bridge. However, 
in special cases and where accumulation of ice, logs or 
debris i s  liable to occur, it is preferable that the measuring 
site b e  downstream of the bridge. 

NOTES 

1 I f ,  after the site has been selected, unacceptable changes occur 
in the channel conditions, another site shall be selected for the 
measu rements. 

2 In addit ion t o  the physical characteristics of the site, 
consideration must also be given t o  the personnel and equipment 
available t o  conduct the discharge measurements. 

6.2.3 For streams subject to formation of ice cover the 
following conditions are also desirable in addition to those 
listed above : 

a )  The ice shall be strong enough to bear the weight of 
persons and their equipment for an acceptable 
proportion of the time that the stream is frozen; 
therefore, safe methods shall be used to determine the 
strength of the ice while it i s  forming, and particularly 
while it is  melting. 

b) The measuring site shall be chosen so that presence 
of slush or frazil ice a t  the s i te  i s  minimized as there i s  a 
possibility of some unmeasurable flow through the slush 
layer. This means generally that measuring sites should 
be selected so that they are upstream, rather than down- 
stream of reaches of open water. 

W 
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c) The measuring s i te  shall be chosen so that presence 
of many layers of ice i s  avoided. This phenomenon can 
occur a t  si tes that are subject to many fluctuations in 
water level such as those downstream from hydroelectric 
projects. Layering effects also take place in small streams 
that freeze to the bottom. 

Where these requirements cannot be met a t  an otherwise 
good gauging site, a different site may be used for winter 
measurement provided that there is  negligible local inflow 
between the two sites. In some cases, it may be necessary 
to use more than one si te for winter measurements. These 
alternate winter measurements sites should be evaluated 
during the open water season to assess their suitability 
with respect to 6.2.1 and 6.2.2. 

6.3 Demarcation of site 

The site, after selection, shall be provided with means for 
demarcation of the cross-section and for determination of 
the stage. 

6.3.1 The position of each cross-section, normal to the 
mean direction of flow, shall be defined on the two banks 
by clearly visible and readily identifiable markers. Where a 
s i te  i s  subject to considerable snow cover the section line 
markers may be referenced to other objects such as rock 
cairns. 

6.3.2 The stage shall be read from a gauge a t  intervals 
throughout the period of measurement and the gauge 
datum shall be related by precise levelling to a standard 
datum. 

6.3.3 An auxiliary gauge on the opposite bank shall be 
installed where there i s  likelihood of a difference in the 
level of water-surface between the two banks. This i s  
particularly important in the case of very wide rivers. The 
mean of the measurements taken from the two gauges shall 
be used as the mean level of the water-surface and as a base 
for the cross-sectional profile of the stream. 

J 

7 MEASUREMENT OF CROSS-SECTIONAL AREA 

The cross-sectional profile of the open channel a t  the 
gauging-site shall be determined by measuring, a t  the 
cross-section, the depth relative to the water-surface a t  a 
sufficient number of points to establish the shape of the 
bed. 

The location of these points shall be determined by 
measuring their horizontal distance to a fixed reference 
point in the cross-section. In practice, these measurements 
determine the cross-sectional area of the individual 
segments between successive verticals where velocities are 
measured. 

7.1 Measurement of widths 

The measurements of the width of the channel and the 
widths of the individual segments may be obtained by 
measuring the distance from or to a fixed reference point 

which shall be in the same vertical plane as the cross-section 
a t  the measuring site. 

7.1.1 Where the width of the channel permits, or when the 
surface i s  covered by ice, these distances shall be measured 
by direct means, for example a steel 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 similarly 
measured. 

7.1.2 Where the channel i s  too wide for the above 
methods of measurement, the distance shall be determined 
by optical or electrical distance-meters, or by one of the 
surveying methods given in annex B. 

- 
7.2 Measurement of depth 

7.2.1 Measurement of depth shall be made a t  intervals 
close enough to define the cross-sectional profile 
accurately. In general, the intervals shall not be greater than 
1/15 of the width in the case of regular bed profiles, and 
shall not be greater than 1/20 of the width in the case of 
irregular bed profiles. 

NOTE - For small channels with a regular bed profile, the number 
of intervals may be reduced. This may, however, affect the accuracy 
of the determination of the bed profile (see clause 10). 

7.2.2 The depth shall be measured 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 i s  high, it is  preferable to use 
an echo-sounder or other device which will not require 
large corrections. 

7.2.3 When a sounding-rod or sounding-line i s  used, a t  
least two readings shall be taken a t  each point and the mean 
value adopted for calculations, unless the difference 
between the two values is  more than 5 %, in which case two 
further readings shall be taken. I f  these are within 5 %, they 
shall be accepted for the measurement and the two earlier 
readings discarded. I f  they are again different by more than 
5 %, no further readings shall be taken, but the average of 
al l  four readings shall be adopted for the measurement, 
noting that the accuracy of this measurement i s  reduced. 

When an echo-sounder i s  used, the average of several 
readings should preferably always be taken a t  each point, 
and regular calibrations of the instrument are required 
under the same conditions of salinity and temperature of 
the water. 

Where it is  impracticable to take more than one reading of 
the depth, the error in measurement may be increased 
(see clause 1 O). 

NOTES 

1 Where measurements of the depths are made separately from the 
velocity measurements and the water level is not steady, water level 
shall be observed at the time of each measurement of depth. If this 
is not possible, the water-level shall be observed at intervals of 
15 min and the value of the level at the time of each determination 
of depth shall be obtained by interpolation. 
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2 When, during the measurement of discharge, the bed profi le 
changes appreciably, depth measurements shall be carried out  b y  
taking one depth reading at each point  at the beginning and one at 
the end of the velocity measurement at each vertical, and the mean 
value o f  these t w o  measurements shall be taken as the  effective 
depth. Care must be exercised in taking repeated soundings t o  avoid 
disturbance o f  the bed. 

3 Inaccuracies in soundings are most l ikely t o  occur owing t o  

a) the departure f rom the  vertical o f  the sounding-rod or line, 
particularly in  deep water, when the velocity i s  high; 

b) the penetration of the  bed by the sounding weight or rod;  

c l  the nature o f  the bed when an echo-sounder i s  used. 

Errors due t o  a) may be minimized b y  the use, where practicable, o f  
an echo-sounder, o r  pressure-measuring device. The effect o f  drag on  
a sounding-line may be reduced b y  using a streamlined lead weight 
at the end o f  a f ine wire. A correction shall be applied t o  the wetted 
length o f  wire i f  the wire i s  n o t  normal t o  the water-surface. It i s  
recommended that  the angle should no t  be  greater than 
30" (0.52 rad) in view o f  the inaccuracies involved. Methods of 
applying the correction are given i n  annex C. 

Errors due t o  b) may be reduced b y  f i t t ing a baseplate t o  the lower 
end o f  the sounding-rod, or b y  fastening a disk to the end o f  the 
sounding-line. provided they wi l l  n o t  cause additional scour o f  f ine 
bed material due t o  high velocities. 

Errors due t o  c )  may be reduced b y  selecting an echo-sounder 
frequency that most adequately depicts the bed-water interface. 

4 I n  certain cases, for example floods, it may be impossible t o  
determine an adequate profi le of cross-section during the 
measurement. For  those cases, the fu l l  prof i le shall be determined 
by surveying methods, either before o r  after the measurement; 
however, it should be recognized that  this method i s  subject t o  
errors due t o  possible erosion or deposition in the cross-section 
between the time the profi le is  determined and the t ime o f  
measurement. 

7.2.4 When an ice cover exists, it i s  necessary to compute 
the effective depth, i.e. the depth of water beneath the ice 
cover. The total depth i s  measured a t  holes cut in the ice 
using an ice chisel, chain saw or ice drill, then the distance 
from the water surface to the bottom of the ice layer 
measured using an L-shaped scale or similar device. The 
effective depth i s  computed by subtracting these two 
values. In those cases where a thick slush layer exists below 
the surface ice, the thickness i s  determined by lowering the 
meter through the slush until it turns freely, then raising 
the meter until the rotor stops. The distance from the water 
surface to this point i s  then subtracted from the overall 
depth of water. 

8 MEASUREMENT OF VELOCITY 

8.1 Measurement of velocity using current meters 

8.1.1 Current meters 

Current meters shall be constructed, calibrated and 
maintained to I S 0  2537 and I S 0  3455. 

8.1.2 Measuring procedure 

Velocity observations are normally made a t  the same time 
as measurements of the depth. This method shall be used in 
the case of unstable beds. Where, however, the two 

measurements are made a t  different times, the velocity 
observations shall be taken a t  a sufficient number of places, 
and the horizontal distance between observations shall be 
measured as described in 7.1.1 and 7.1.2. 

It i s  recommended that a t  least 20 verticals be used and 
that the discharge in any one segment does not exceed 10 % 
of the total. I t  is further recommended that the location of 
the verticals be selected after a previous cross-section 
survey. When the channel is  sufficiently uniform it may be 
possible to allocate equal distance spacing between the 
verticals without conflicting with the above requirement. 

NOTE - I f  conditions arise in which water runs both over and 
under the ice, the measurement of discharge shall be carried ou t  in 
the t w o  parts separated b y  the ice. 

8.1.2.1 The current-meter shall be held in the desired 
position in each vertical by means of a wading-rod in the 
case of shallow channels, or by suspending it from a cable 
or rod from a bridge, trolley or boat in the case of deeper 
channels. When a boat i s  used, the current-meter shall be 
held so that i t  i s  not affected by disturbances of flow 
caused by the boat. After the current-meter has been placed 
a t  the selected point in the vertical, it shall be permitted to 
become adjusted to the flow before the readings are started. 

NOTES 

1 Care should be taken t o  ensure that the current-meter 
observations are n o t  affected b y  random surface-waves and wind. 

2 When a number o f  segments having sensibly the same f l ow  o f  
water are t o  be explored, a battery of current-meters f ixed t o  the 
same rod can be used t o  measure corresponding velocities 
simultaneously, ensuring that  there i s  no mutual interference. 

3 I f  there i s  any appreciable deflection o f  the cable on  which the 
meter is suspended, a correction shall be applied for the depth of 
the measuringpoint. N o  generally applicable correction factor can 
be given, b u t  it shall be determined b y  the user for  the particular 
instrument and conditions of measurement. However the values 
given in  annex C may serve as a guide. 

8.1.2.2 The velocity a t  each selected point shall be 
observed by exposing the current meter for a minimum of 
30 s. Where the velocity i s  subject to large periodic 
pulsations, the exposure time should be increased 
accordingly. (See ISO/DATA No. 2.) 

8.1.2.3 The current-meter shall be removed from the 
water a t  intervals for examination, usually when passing 
from one vertical to another. 

8.1.2.4 More than one current-meter may be used in 
determining velocities in the individual verticals, different 
current-meters being used for consecutive verticals. The 
averaging effect may reduce the systematic error of 
measu rement. 

8.1.2.5 In channels where the flow is unsteady, it i s  useful 
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 a t  some conveniently chosen point. Experience 
has shown that, provided that variations in the discharge 

W 
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are small, the velocity distribution is not modified If the measured angle to the perpendicular i s  7, then 
significantly. A reference current-meter may be positioned 
in the main current and the velocity a t  this point measured, 
if possible, a t  the same time as each local point velocity 
measurement in the cross-section i s  made. All the individual 
measurements during the test "lay then be referred to the 
corresponding reference reading. The mean reference section and the angle y i s  less than about 30" (0.52 rad). 
velocity, defined as the average of all the readings of the 
reference current-meter, can be calculated precisely. Each 
reading of the local point velocity can then be corrected by 
multiplying by the ratio of the mean reference velocity to 
the reference velocity reading a t  the instant being 
considered. If the reference current-meter measurements 
are not made a t  the same time as the individual 
measurements, they shall be taken a t  regular intervals as 
frequently as possible throughout the measurement and the 
reference reading appropriate to a local point velocity 
measurement obtained by interpolation. 

- - 
'corrected 'measured 'Os 7 

NOTE -- Some Propeller type current meters can be equipped w i th  
a propeller having a cosine response. This correction i s  therefore no t  
necessary provided the meter i s  held perpendicular t o  the measuring 

8.1.2.6 When velocity observations are made from ice 
cover, the meter may be suspended from rods or from a 
cable. In both cases a specially modified meter having no 
tail fin assembly may be used, furthermore, in the case of 
cable suspension, a special winter weight assembly may be 
used. The purpose of these changes is to permit the meter 
to be lowered through the hole drilled by an ice auger, 
usually 150 to 200 mm in diameter. 

In moving the meter from one measuring vertical to 
another, care must be taken to ensure that the meter i s  
exposed to air temperatures for as short a time as possible 
in order to prevent formation of ice on moving parts. I f  ice 
does form, the meter should be soaked for a few minutes 
before commencing the count. When air temperatures are 
very low, use of a hot water bath or heated air compart- 
ment will prevent rime ice formation when moving from 
one vertical to the next. 

NOTES 

1 Some vertical axis current meters having vanes rather than cups 
have been produced for  measuring velocities under slush or frazil 
ice conditions. 

2 Some winter weight assemblies are unstable under high velocity 
conditions. The user should ensure that the assembly used is  
appropriate t o  the stream conditions. 

8.1.3 Oblique flow 

If oblique flow i s  unavoidable, the angle of the direction of 
the flow to the perpendicular to the cross-section shall be 
measured and the measured velocity corrected. Special 
instruments have been developed for measuring the angle 
and velocity a t  a point simultaneously. Where, however, 
these are not available and there i s  insignificant wind, the 
angle of flow throughout the vertical may be taken to be 
the same as that observed on the surface. If the channel i s  
very deep, or if the local bed profile i s  changing rapidly, 
this assumption shall not be accepted without checking. 

8.1.4 Method for mean velocity measurement in each 
vertical 

The mean velocity of the water in each vertical can be 
determined by any of the following methods, depending 
on the time available and having regard to the width and 
depth of the water, to the bed conditions, and to changing 
stage and whether there i s  ice-cover, as well as to the 
accuracy which i s  to be obtained : 

a) Velocity-distribution method (see 8.1.4.1 1. 
b) Reduced-point methods (see 8.1.4.2) 

c )  Integration method (see 8.1.4.3). 

d) Other methods (see 8.1.4.4). 

In the vicinity of the minimum speed of response, the 
uncertainty in determining the velocity is high. With 
current-meters manufactured according to I S 0  2537, the 
minimum velocity for reliable measurements i s  0,15 m/s, 
but circumstances may necessitate their use below this 
velocity. 

The horizontal axis of the current-meter shall not be 
situated a t  a distance less than one and a half times the 
rotor height from the water-surface, nor shall it be at  a 
distance less than three times the rotor height from the 
bottom of the channel. Furthermore, no part of the meter 
shall break the surface of the water. 

8.1.4.1 V E L O C I T Y  D I S T R I B U T I O N  M E T H O D  

The measurement of the mean velocity by this method 
is obtained from velocity observations made a t  a number 
of points along each vertical between the surface of the 
water and the bed of the channel. The spacing of the points 
shall be SO chosen that the difference of velocity between 
the two adjacent points i s  not more than 20 % with respect 
to the higher value of the two The top and bottom points 
shall be located respectively near to the water-surface and 
bed of the channel taking into account the specification 
of 8 1 4 (See IS0 1088 ) The velocity Observations a t  each 
position shall be plotted in graphical form and the mean 
velocity determined with the aid of a planimeter, digitimi 
or equivalent method 

NOTES 

1 This method may no t  be suitabl? for routine discharar 
mPasurcments because the apparent gain in  precision may b r  rnoir 
than offset by errors resulting f rom change o f  stage during thP lonq  
period of t ime riredpd for rnakinq the rneasurement 
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2 The velocity curve can be extrapolated f rom the last measuring 
point  t o  the bed or wall b y  calculating vx f r om the equation 

vx = va(;)”m 

where 

vx 
from the bed; 

va 
f r om the bed. 

is  the point  velocity in  the extrapolated zone at a distance x 

i s  the velocity a t  the last measuring point  at a distance a 

The mean velocity vx  between the bo t tom (or a vertical side) o f  the 
channel and the nearest po int  o f  measurement (where the measured 
velocity i s  va)  can be calculated directly f rom the equation. 

- rn 
vx = - 

m + l v a  

Generally, m varies between 5 (for coarse sides) and 7 (for smooth 
sides). 

3 A n  alternative method o f  obtaining the velocity in the region 
beyond the last measuring-point i s  based o n  the assumption that  the 
velocity for  some distance u p  f r o m  the bed o f  the channel i s  propor-  
tional t o  the logarithm o f  the distance x f r om that boundary. I f  
the observed velocities at points approaching the bed are plotted 
against log x ,  then the best-f i t t ing straight line through these points 
can be extended t o  the boundary. The velocities close t o  the 
boundary can then be read f rom the graph. 

8.1.4.2 R E D U C E D  P O I N T  M E T H O D S  

a) Two-point method 

Velocity observations shall be made a t  each vertical 
by exposing the current-meter a t  0,2 and 0.8 of the 
depth below the surface. The average of the two values 
shall be taken as the mean velocity in the vertical. 

NOTE - This method is applicable wi thout  correction for  
depths greater than 1 m where measurements are made under 
ice-cover. 

b) One-point method 

Velocity observations shall be made a t  each vertical by 
exposing the current-meter a t  0,6 of the depth below the 
surface. The value observed shall be taken as the mean 
velocity in the vertical. 

NOTE - This method i s  applicable w i t h  correction for  depths 
shallower than 1 m where measurements are made under ice- 
cover, the correction factor being taken as 0,92. Also a 
measurement may be  made at 0.5 o f  the depth under icecover, 
a correction factor o f  0.88 being applied. 

8.1.4.3 INTEGRATION M E T H O D  

In this method, the current-meter i s  lowered and raised 
through the entire depth a t  each vertical a t  a uniform rate. 
The speed a t  which the meter i s  lowered or raised shall not 
be more than 5 % of the mean velocity of flow in the cross- 
section, and in any case it shall not be greater than 
0,04 m/s. Two complete cycles are made in each vertical 
and, if the results differ by more than 10 %, the 
measurement i s  repeated. 

For calculating the mean velocity in the vertical, the 
average number of revolutions per second i s  determined and 
this incorporated in the formula for the current-meter 
calibration coefficient. The error introduced by using the 
normal meter calibration coefficient for measurement near 
the bed of the channel is  not significant, provided that the 
current-meter i s  not allowed to remain in its lowest position 
for any appreciable length of time. This method i s  used 
only in water having a depth greater than 1 m. 

8.1.4.4 O T H E R  M E T H O D S  

a )  Six-point method 

This method may be used in difficult conditions, for 
instance where there is  aquatic growth or where there i s  
a covering of ice. Velocity observations are made by 
exposing the current-meter on each vertical a t  0.2 - 
0,4 - 0,6 and 0,8 of the depth below the surface and as 
near as possible to the surface and the bottom according 
to the requirements of 8.1.4. The velocity observations 
a t  each point are plotted in graphical form and the mean 
velocity determined with the aid of a planimeter. 

Alternatively, the mean velocity may be found 
algebraically from the equation 

b) Five-point method 

When the channel i s  free from ice and aquatic growth, a 
reduced point method i s  to measure on each vertical a t  
0,2 - 0,6 and 0.8 of the depth below the surface and as 
near as possible to the surface and the bottom. The 
mean velocity may be determined from a graphical plot 
of the velocity profile with a planimeter, or from the 
equation. 

c) Three-point method 

Velocity observations are made by exposing the current- 
meter a t  each vertical a t  0,2 - 0.6 and 0,8 of the depth 
below the surface. The average of the three values may 
be taken as the mean velocity in the vertical. 

Alternatively, the 0,6 measurement may be weighted 
and the mean velocity obtained from the equation 

- 
v = 0,25 + 2 + 

When there is  a covering of ice, measurements may be 
made a t  0,15 - 0.5 and 0.85 of the depth below the 
surface, and the mean velocity obtained as the average 
of these measurements. 

d) Alternative one-point method 

Velocity observations shall be made a t  each vertical by 
exposing the current-meter a t  0,5 of the depth below 
the surface. The values observed, multiplied by a 
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c 

coefficient shall be taken as the mean velocity in the 
vertical. This coefficient shall be verified by analysis 
using the velocity-distribution method, but is 
approximately 0,95. 

NOTE - This method I S  applicable with correction for depths 
shallower than 1 m where measurements are made under ice- 
cover, the correction factor being taken as 0.88 [see 8.1.4.2 b ) ] .  

e)  Surface one-point method 

In flashy or other conditions where the above methods 
are not feasible, velocity shall be measured a t  one point 
just below the surface. The depth of submergence of the 
current-meter shall be uniform over all the verticals; and 
care shall be taken to ensure that the current-meter 
observations are not affected by random surface-waves 
and wind. This "surface" velocity may be converted to 
the mean velocity in the vertical by multiplying it by a 
predetermined coefficient specific to the section and to 
the discharge. 

The coefficient shall be computed for al l  stages by 
correlating the "surface" velocity with the velocity a t  
0,6 depth or, where greater accuracy i s  desired, with the 
mean velocity obtained by the integration method. 

Where it is not possible to check the coefficient directly, 
it may be 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 i s  smooth but values outside this range may occur 
under special conditions. 

8.1.5 Errors and limitations 

Estimates of the possible errors that may occur when using 
the various methods detailed in 8.1.4 are given in clause 9. 

/ I t  should be noted that these estimates are of possible 
random errors which may occur even when all the 
precautions noted earlier and below are observed. If the 
measurement i s  not made under these best conditions, an 
additional uncertainty must be included when estimating 
the overall accuracy of the measurement. 

Errors may arise 

a)  if the flow i s  unsteady and if material in suspension 
interferes with the rotation of the current-meter; 

b)  if the direction of flow i s  not parallel to the axis of 
the propeller-type current meter, or is  oblique to the 
plane of the cup-type meter, and if the appropriate 
correction factors are not known accurately; 

c )  if the current-meter i s  used for measurement of 
velocity outside the range established by the calibration; 

d) if the set-up for measurement (such as rods or cable 
suspending the current-meter, the boat, etc.) i s  different 
from that used during the calibration of the current- 
meter, in which case a systematic error may be 
introduced; 

e)  if there i s  a significant disturbance of the water- 
surface by wind; 

f )  if the current-meter i s  not held steadily in the correct 
place during the measurement, which i s  the case when 
the boat i s  drifting (see annex D), or when an oscillating 
transverse movement occurs. In the latter case, the 
resultant of the flow velocity and the transverse velocity 
i s  measured, which a t  high transverse velocities gives rise 
to serious positive errors. 

8.2 Measurement of velocity using floats 

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

8.2.1 Selection of site 

Three cross-sections shall be selected along the reach of the 
channel as described in clause 6, a t  the beginning, midway 
and a t  the end of the reach. The cross-sections shall be far 
enough apart for the time which the floats take to pass 
from one cross-section to the next to be measured 
accurately. The midway cross-section shall be used only for 
the purposes of checking the velocity measurement 
between the cross-sections a t  the beginning and a t  the end 
of the reach. A minimum duration of float movement of 
20 s i s  recommended. 

8.2.2 Measuring procedure 

The float shall be released far enough above the upper 
cross-section to attain a constant velocity before reaching 
the first cross-section. The time a t  which the float passes 
each of the three cross-sections i s  then noted. This 
procedure shall be repeated with the floats a t  various 
distances from the bank of the river. The distances of the 
float from the bank as it passes each cross-section may be 
determined by suitable optical means, for example, a 
theodolite. 

Increasing the number of floats used to determine the 
velocity in each segment will improve the accuracy of the 
measurement. 

The width of the channel shall be divided into a certain 
number of segments of equal width. If, however, the 
channel is very irregular, each segment shall have 
approximately the same discharge. The number of segments 
shall not be less than three, but where possible a minimum 
of five shall be used, the actual number of segments 
depending on the time available for these observations a t  
the particular stage of the r iver.  

8.2.3 Types of  float 

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

a)  surface-f ioats; 
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b)  double floats; 

c )  other types of floats 

NOTE - Separately f lowing blocks o f  ice, provided they are small, 
can be used as surface-floats during ice dri f t ing. 

The coefficients for obtaining the mean velocity from the 
measurements from the various types of floats are given 
in 8.2.4. 

8.2.4.1 Su R F A C  E - F  L O A T S  

Where it i s  not possible to check the coefficient directly, it 
may be noted for guidance that in general the coefficient of 
the surface-float varies between 0,84 and 0,90 depending 
upon the shape of the velocity profile. The higher values 
are usually obtained when the bed is  smooth, but values 
outside this range may occur under special conditions. 

8.2.3.1 S U R F A C E  F L O A T S  

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

8.2.3.2 DOUELE F L O A T S  

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 a t  other depths to obtain 
direct velocity measurements a t  these depths (for example 
those given in 8.1.4). 

8.2.3.3 OTHER T Y P E S  O F  F L O A T  

Other methods of obtaining the mean velocity in each 
segment may be used if the bed profile i s  regular over the 
measuring reach : 

a)  Sub-surface floats 

These may be used for measurement of velocities in very 
deep rivers. The length of the sub-surface float, some- 
times called the "multiple float", which consists of 
separate elements suitably attached together to permit 
flexibility and supported by a surface-float, shall be 
approximately equal to the water depth, but the float 
shall in no case touch the bottom. 

b) Velocity-rods 

These may be used for measurement of velocities in the 
case of artificial or other regular channels where the 
cross-section i s  uniform, the bed i s  free from weeds, and 
the depth of the water i s  constant. The velocity-rod 
(sometimes called a float-rod) shall be a t  least 0,95 of 
the depth of the channel but shall not touch the bottom. 

8.2.4 Evaluation of velocity 

The float velocity shall be determined by dividing the 
distance between the cross-sections by the time taken by 
the float to travel this distance. Several readings of the float 
velocities shall be taken and the mean of these readings 
shall be multiplied by the appropriate coefficient to obtain 
the mean velocity in the segment. The coefficient derived 
from current-meter measurements a t  the site a t  a stage 
as near as possible to that during the float measurement 
may be used for converting the float velocity to mean 
velocity. 

I t  i s  evident that this method necessarily gives an 
approximation of the flow rate. 

8.2.4.2 D O U B L E  F L O A T S  

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

8.2.4.3 O T H E R  T Y P E S  O F  F L O A T  

Where a direct check on the coefficient i s  not possible, it 
may be noted that the coefficient of the sub-surface floats 
and velocity-rods varies in general over the range 0,8 to 1 ,O. 

8.2.5 Main sources of error 

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 1 O. 

Errors may arise : 

a )  if the coefficient from which the mean velocity IS 

obtained from the float velocity i s  not known 
accurately; 

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

c) if a sub-surface float or velocity-rod i s  used and the 
depth of the channel i s  not uniform throughout the 
measu r i ng-reach ; 

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

e) if there i s  wind, but it should be noted that this error 
is  generally negligible in comparison with others listed 
above. 

9 COMPUTATION OF DISCHARGE 

9.1 General 

The determination of the mean velocity in each vertical has 
been dealt with in 8.1 and 8.2. In 9.2 and 9.3, the 
determination of the discharge from the current-meter 
measurements and float measurements i s  given. The 
methods of determination by current-meters given in 9.2.1 
and 9.2.2 are those most generally used, that given in 9.2.2 
being particularly useful for computations carried out in 
the field. The methods given in 9.2.3 and 9.2.4 are 
applicable for special conditions; for example the method 
given in 9.2.4 i s  suitable when the channel i s  of rectangular 
cross-section. 
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9.2 Determination of discharge from current-meter 
measurements 

9.2.1 Graphical method (depth-velocity integration or 
mid-sec tion method) 

The value of the product of the mean velocity Y a t  each 
vertical and the corresponding depth, i.e. i d ,  shall be 
plotted over the water-surface line and a curve drawn 
through the Yd points as shown in figure 1 .  

When velocity measurements are not carried out on the 
same verticals on which the depth measurements are made, 
the i curve shall be plotted across the width of the stream 
and the value of i corresponding to the verticals where 
depth measurements are made shall be taken for plotting 
the i d  curve. 

The area enclosed between this i d  curve and the water- 
surface line represents the discharge of the cross-section. U 

9.2.2 Arithmetical methods 

9.2.2.1 ME A N  -SE c T I O N  M E T  H O D 

The cross-section i s  regarded as being made up of a number 
of segments, each bounded by two adjacent verticals. 

I f  pl and Y2  are the mean velocities a t  the first and second 
verticals respectively, if d ,  and d, are the total depths 
measured a t  verticals 1 and 2 respectively, and if b i s  the 

horizontal interval between the said verticals, the discharge 
of a segment i s  taken to be : 

This is  repeated for each segment and the total discharge 
i s  obtained by adding the discharge from each segment. 

NOTE - The additional discharge in the segments between the 
bank and vertical 1, and between vertical m and the other bank, 
can be estimated f rom the above equation and on  the assumption 
that the velocity and depth at the banks are zero I f ,  however, this 
discharge i s  a significant proport ion of the total f low, then the 
equation given in  note 2 of 8 1 4 1 can be  used t o  obtain the mean 
velocity in the region o f  the bank 

9.2.2.2 MID-SECTION M E T H O D  

Assuming a straight-line variation of i d ,  the discharge in 
each segment shall be computed by multiplying i d  by the 
corresponding width measured along the water-surface line. 
This width shall be taken to be the sum of half the width 
from the adjacent vertical to the vertical for which i d  has 
been calculated plus half the width from this vertical to the 
corresponding adjacent vertical on the other side. The 
value for i d  in the two half-widths next to the banks may 
be taken as zero. 

FIGURE 1 - Computation of discharge from current-meter measurement - Depth-velocity integration method 
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For this reason, the f i rst  and las t  vertical of a measurement 
should be as close the banks as possible if the mid-section 
method of calculation i s  used. 

NOTE - I t  has been found in practice that the mid-section method 
offers some advantage over the mean-section method in that i t  
yields slightly more accurate results and affords a saving of time 
in computation. 

9.2.3 Velocity-area integration method (velocity-contour 
method) 

Based on the velocity distribution curves of the verticals, a 
velocity distribution diagram for the cross-section 
(see figure 2) shall be prepared showing curves of equal 
velocity. Starting from the maximum, the areas enclosed 
by the successive equal-velocity curves shall be measured 
by a planimeter and shall be plotted in another diagram 
(as shown in figure 2) with the ordinate indicating the 
velocity and the abscissa indicating the corresponding area 
enclosed by the respective velocity curve. The summation 
of the area enclosed by the velocity-area curves represents 
the discharge of the cross-section. 

U 

9.2.4 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 8.1.4.1. A similar method to that given in 9.2.2.1 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 i t  
enables a check to be made on the accuracy of the 
computation. 

9.3 Determination of discharge from surface-float velocity 
measu rernents 

If the upper and lower cross-sections are plotted as shown 
in figure 3, and then divided into a suitable number of 
segments of equal width, the cross-sectional area of each of 
these segments can be determined. Halfway between the 
two cross-section lines, another line (MN in figure 3) shall 
be drawn parallel to the cross-sectional lines. The starting 
and ending points of each float may then be plotted and 
joined by firm lines, while the surface-points separating the 

Surface velocity distribution curve 

Maximum velocitv 

Lines of equal velocity 
(metres per second) , 

i 

15 : 

Maximum velocity 
I 

Distance (metres) 

- 2.0 - 
U 

I 
O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

Distance (metres) 

O 100 200 300 400 500 600 700 800 900 1 O00 1 100 
Area (square metres) 

FIGURE 2 - Computation of discharge from current-meter measurement - Areavelocity integration method 
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L- 

various panels of the two cross-sections may be joined by 
dotted lines. Where the firm lines cross the line MN, the 
corresponding mean velocity (float velocity multiplied by 
the appropriate coefficient) shall be plotted normal to MN 
and the end points of these velocity vectors joined to form 
a velocity-distribution curve. 

The mean area of corresponding segments of the upper and 
lower cross-sections, when multiplied by the mean velocity 
for this panel as shown by the velocity-distribution curve, 
represents the discharge through that segment. The 
summation of the discharges for all the segments i s  equal to 
the total discharge. The mean velocity in a panel may be 

i 
I 
1 -+ 
I 
I 

% 
I 
I 
l 
l 

I 

determined by measuring by means of a planimeter the 
area 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. 

NOTE -When it i s  impossible t o  obtain satisfactory movement of 
the floats across the whole width o f  the river, for instance, i f  the 
floats move towards the centre line o f  the f low, an unadjusted 
dischatge may be determined b y  measuring the mean o f  the surface- 
velocities. This discharge has then t o  be mult ipl ied b y  a coefficient, 
determined f r o m  the results o f  current-meter measurements carried 
ou t  simultaneously w i t h  f loat measurements at the level which 
approximates t o  that  o f  the f loat measurements. 

rl Mean velocitv distr ibution curve 

NOTES 

1 x indicates the mid-points o f  the panels in the midsection. 

2 V I  y;! . . . V s  are the mean velocities in each o f  the five panels. 

FIGURE 3 - Computation o f  discharge from float measurement 
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9.4 Determination of discharge for variations of 
water-level 

If the fluctuation of water-level during the period of 
velocity measurement i s  less than 0.05 m, 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 9.4.1 and the 
mean water-level corresponding to this discharge computed 
as shown in 9.4.2. 

9.4.1 Computation of discharge 

The water-level shall be plotted in steps for each segment 
as shown in figure 4, or by a smooth curve, and a curve 
of mean velocity multiplied by actual depth plotted over 
the stepped or curved water-surface line. The area enclosed 
between this curve and the stepped water-surface represents 
the total discharge. 

9.4.2 Computation of mean water-level 

The mean water-level representative of the discharge 
measurement shall be computed from the equations 

q .  = b 4 . T .  
I I I I  

where 
Z i s  the mean water-level above the gauge datum; 

qi i s  the partial discharge in the i th  segment; 

2; is the mean water-level corresponding to the partial 
discharge 9;; 

0 i s  the total discharge and equal to the sum of the 
partial discharges Cq;; 

b; i s  the width of the i th  segment; 

di i s  the depth of the i th  segment; 

17, i s  the mean velocity in the i th segment 

The method i s  indicated in figure 4. 

10 UNCERTAINTIES IN FLOW MEASUREMENT 

The uncertainty in a single measurement of discharge i s  
dealt with in IS0  5168 to which reference should be made. 
In 10.1, a general outline of the method of estimating this 
uncertainty under conditions of steady flow i s  given. In 
annex E, the individual components of the overall error are 
examined and examples of these given. I t  should not be 
assumed, however, that these are generally applicable and i t  
should be stressed that the observations on which they are 
based did not include al l  kinds and sizes of rivers. 
(See ISO/DATA No. 2.) 

c -  

Ir’ 

Gauge datum t t 

FIGURE 4 - Computation of discharge and mean water-level for variations of water-level 
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10.1 Method of calculation 

1 O. 1.1 Definition of error 

No measurement of a physical quantity can be free from 
errors which may be associated with either systematic bias 
caused by errors in the standardizing equipment or a 
random scatter caused by a lack of sensitivity of the 
measuring equipment. The former i s  unaffected by repeated 
measurements and can be reduced only if more accurate 
equipment i s  used for the measurements. Repetition of the 
average of m repeated measurements i s  fi times better 
than that of any of the points by themselves. 

In this clause, the estimated uncertainties of the individual 
components are derived from percentage standard 
deviations of the measurements a t  the 95 % confidence 
level and are combined by the root-sum-square method to 
obtain the total uncertainty in a single determination of 

L’ discharge. 

When considering the possible uncertainty of any 
measurement of the discharge in an open channel, it i s  not 
possible to predict this uncertainty exactly, but an analysis 
of the individual measurements which are required to 
obtain the discharge can be made and a stat ist ical  estimate 
made of the likely uncertainty. A 95 % uncertainty on a 
measurement may be defined statistically as the bandwidth 
around the calculated value which, on an average of 
19 times out of 20, can be expected to include the true 
value. The uncertainties are therefore given a t  the 95 % 
level. 

10.1.2 Sources of uncertainties 

The sources of uncertainties may be identified by 
considering a generalized form of the working equation 
used for gauging by the velocity-area method : 

m 

where 

0 is the total discharge; 

bi ,  di and Yi are the width, depth and mean velocity of 
the water in the i th of the m verticals or segments into 
which the cross-section is divided. 

The overall uncertainty in the discharge i s  then composed 
Qf : 

a)  uncertainties in widths; 

b) uncertainties in depths. These shall be determined 
having regard to 7.2.3; 

c )  uncertainties in determination of local point 
velocities. These will depend on the accuracy of the 
apparatus and the technique employed and on the 
irregularity of the velocity distribution in time and 
space; 

d)  uncertainties in the use of the velocity-area method, 
particularly those concerned with the number of 
verticals and the number of points in each vertical. These 
uncertainties will also depend on the width of the 
channel, the ratio of width to depth, and the method of 
computation used. 

10.1.3 Determination of individual components of error 
(as a percentage) 

10.1.3.1 U N C E R T A I N T I E S  IN W I D T H  (X,.) 

The measurement of the width between verticals i s  
normally based on distance measurements from a reference 
point on the bank. If the determination i s  based on the use 
of a tag-line or measurement of the movement of the wire 
in the case of a trolley suspension, then the uncertainty in 
the distance measurement i s  usually negligible. Where 
optical or electronic means are used to determine the 
distances, the uncertainty will depend on the distance 
measured and the device used. 

I 

10.1.3.2 UNCERTAINTIES IN D E P T H  ( X  ) 
d i  

The uncertainty in depth shall be determined by the user, 
based on the particular method which has been adopted, 
with due regard to variations in water-level during the 
measurement. 

10.1.3.3 UNCERTAINTIES IN D E T E R M I N A T I O N  O F  

T H E  M E A N  V E L O C I T Y  

It i s  not possible to predict accurately the uncertainties 
which may arise, but there are four main sources, the first 
arising from the limited time of exposure of the current- 
meter, the second arising from the use of a limited number 
of points in a vertical, the third arising from the uncertainty 
in the current-meter rating, and the fourth arising from the 
use of a limited number of verticals : 

a )  Time of exposure ( X e )  

The velocity of any point in the cross-section is 
continuously and randomly fluctuating with time. 
Hence, a single measurement over a period of, for 
example 60 s, i s  one sample which may differ from that 
found over a very long period. By analysis of a large 
number of observations a t  individual points where the 
time of measurement i s  varied, the standard deviation X e  
can be determined. 

In practice, it i s  found that the percentage uncertainty 
X e  decreases with an increase in velocity. 

b)  

As a general rule, the uncertainty decreases as the 
number of points per vertical increases I t  should be 
noted that, in the case of the integration method, the 
measurement is continuous and the two sources of 
uncertainty, i.e. for the number of points and the 
determination of local point velocities, cannot be 
separated. The integration method I S  subject therefore 
to a single source of uncertainty only on this account. 

Number of points in a vertical (X,) 
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c )  Current-meter rating (X,) 

A small uncertainty will arise in the calibration of the 
current-meter. This will have both a random component 
and a systematic component the former arising from the 
spread of the calibration points about the line of best f i t  
and the latter from any systematic shift of that line or 
systematic error in the rating tank [see 10.1.4 b)] .  

d)  Number of verticals (X,) 

The value of the uncertainty depends not only on the 
number of verticals but also on the size and shape of the 
channel, the variations in the bed profile and the 
horizontal of the velocity profile. It follows that the 
value in any particular channel will be peculiar to that 
channel alone. I t  can only be determined precisely if the 
discharge can be measured separately by some accurate 
method or if an extensive investigation of the flow a t  the 
cross-section of the channel has already been made. 

The percentage uncertainty from this cause decreases 
with an increase in the number of verticals. 

10.1.4 Overall uncertainty in the measurement of 
discharge 

The total uncertainty in the measurement of discharge is  
the resultant of a number of contributory uncertainties 
which may themselves be composite uncertainties (for 
example, the uncertainty in the determination of mean 
velocity in a vertical), and will therefore tend to be 
normally distributed. 

a )  Overall random uncertainty ( X b )  

If xLi, XLi and X' are the percentage random 
ci  

uncertainties in b,, d,, ei, pi and ci for each of the m 
verticals, and X b  i s  the percentage random uncertainty 
in the discharge 0 a t  the 95 % level, then 

m 

Lb ,d ,C , ,Z  ( X z  + 
f +  1 

+ X i ;  + X z  + X 9 ) ]  

XQ = i 

(: L b,d,V, >' 
where X,,, IS as defined in 10.1.3.3. 

This equation can be simplified as follows if it i s  
assumed that average values of Xh,  X i ,  Xé, Xp and X i  
are taken for all verticals, if the number of verticals i s  
more than ten, and particularly if the partial discharges 
are nearly equal. 

1 " 2  

1 I I m  xo = k X& + - (Xb2 +xa+ x;2 + x;: + x;2) 

NOTE - For special studies, however, the basic equation should 
be used. 

b) Overall systematic uncertainty ( X g )  

The above equations are satisfactory for estimating the 
precision of the measurement but do not take account 
of the possibility of systematic uncertainties. Systematic 
uncertainties which behave as random uncertainties shall 
be estimated separately and may be combined as 
follows : 

where XL, X L  and X r  are the percentage systematic 
standard uncertainty in b,  d and C. 

X: i s  the Systematic error of the current-meter which 
varies randomly from instrument to instrument and not 
the systematic error inherent in the type of instrument 
or measurement which can be eliminated or determined 
only if a superior instrument or improved method is  
available. 

c) Combined uncertainty (X,) 

The overall estimate of the uncertainty of the discharge 
a t  the 95 % confidence level will then be 

x, = 44- 

'v 

The final presentation of the result should be made by v 

one of the following methods (see I S 0  5168). 

Discharge = 0 f X, 
random uncertainty = k X b  

Discharge = 0 
random uncertainty = 4 X b  
systematic uncertainty = 5 X: 
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ANNEX A’ )  

METHODS OF CORRECTING FOR SAG, PULL, SLOPE AND TEMPERATURE 
IN MEASURING THE WIDTH OF THE CROSS-SECTION BY TAPE OR WIRE 

A.l CORRECTION FOR SAG 

A . l . l  The correction due to sag of the measuring tape or 
wire to be applied 
following formula : 

to the measured length is  given by the 

A.2 CORRECTION FOR PULL 

A.2.1 If the pull applied to the tape or wire i s  not the 
same as that used during calibration, the following 
correction for pull shall be applied : 

w 1 3  
k,=- 

24 F T 2  
where 

where 

k 5  i s  the sag correction for length (shortening); 

W i s  the weight of tape or wire per unit length; 

1 is the actual length of tape or wire which has been 
previously standardized; 

F, is the total pull applied. 

A.1.2 When the tape or wire has been calibrated on the 
flat, the horizontal distance between the end marks when it 
i s  used in catenary are obtained by subtracting the sag 
correction from the calibrated length on the flat. Similarly, 
if the tape or wire was calibrated in catenary, the true 
length on the flat i s  obtained by adding the catenary 
correction. 

A.1.3 For odd lengths, or lengths differing from that in 
which the tape or wire was calibrated, the correction for 
the particular span involved i s  subtracted from that span to 
give the corrected horizontal distance if the tape or wire 
was calibrated on the flat; if i t  was calibrated in catenary, 
the correction to be applied is given by the equation \-., 

k = ( ; k : )  - k ,  

where 

k i s  the correction, 

x i s  the length of span involved; 

k 5  

k, 

i s  the sag correction for length I ;  

i s  the sag correction for length x .  

NOTE - T h e  above correction i s  positive i f  x i s  less than 1. it i s  
negative i f  x i s  greater than I 

k ,  i s  the length correction for pull; 

1 i s  the actual length of tape or wire; 

F, i s  the pull a t  the time of measurement; 

FI i s  the pull corresponding to I 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. 

NOTE - As far as possible, a tape or wire shall be used under the 
same pul l  as that at which i t  was calibrated, so that this correcticn 
becomes unnecessarv. 

A.3 CORRECTION FOR SLOPE 

A.3.1 The correction for slope, if measured as angle, is 
given by the equation 

k i  = 1 ( 1   C COS^) 

where 

k ,  i s  the correction for slope; 

/3 is the angle of slope. 

A.3.2 The correction for slope, if measured as difference 
in height, i s  given by the equation 

2 4  
k = E - v  

’ 21 813 

where y i s  the difference in height 

NOTES 

1 Y4 
The term - i s  negligible for a slope of about 8 or less 

813 
2 This correction i s  always negative 

1 )  See 7.1.1 
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A.4 CORRECTION FOR TEMPERATURE 

The correction due to temperature variation i s  negative or 
positive according to whether the temperature a t  
measurement time i s  less or more than the temperature a t  
calibration of the tape or wire, and i s  given by the equation 

k , = I h û  

where 

k ,  i s  the correction for temperature; 

A i s  the coefficient of thermal expansion; 

8 i s  the increase or decrease in temperature from the 
temperature a t  calibration. 
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ANNEX B' 

METHODS OF MEASUREMENT ACROSS THE CROSS-SECTION 

B . l  ANGULAR METHOD 

A theodolite is set up On One Of the banks and angular 

and i t s  position fixed (see figure 5). Alternatively, a sextant 
may be used from the boat to note the readings to 
flags, one fixed on the cross-section and the other a t  right 
angles to it. DE xCD 

If the channel i s  very wide so that objects on the opposite 
bank are not clearly visible, the position of the boat i s  fixed 
from measurements made on one bank only (see figure 7). 

and on the Same side, are marked on one bank of the river 
such that the distance of the boat i s  computed as follows : 

measurements taken to the boat for taking soundings Two flags on lines perpendicular to the cross-sectional line, 

MD = 
DE - CN 

B.2 LINEAR MEASUREMENT 

Four flags, A, B, C, D, are fixed, two on each bank along 
the cross-section line (see figure 6). One more flag, E, i s  
fixed on one of the banks along a line a t  right angles to the 
cross-section line and passing through the flag point B, 
nearer to the water's edge and a t  a known distance from it. 
An observer, with a flag in his hand, then moves along the 
bank from C, towards a position N, along a line 
perpendicular to the cross-sectional line, until the 
corresponding flag E on the opposite bank, the flag on the 
boat M, and the flag in his hand N are all in one line. The 
perpendicular distance from the flag in his hand to the 
cross-section line i s  determined, and the distance of the 
boat i s  computed as follows : 

,L, 

CN xBC 
BE + CN 

MC=- 

B.3 PIVOT-POINT METHOD 

When the river i s  wide and flat land i s  available, the pivot- 
point method may be used. In figure 8, the distance AP i s  
approximately half the width of the river and PD i s  about 
one-fifth of AP. On a line DD', points are marked a t  fixed 
intervals depending on the width between the selected 
verticals. The boat moving on line AA' 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. 

7 )  See 7.1.2. 
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W 

I D "C 

E 

MC =CE tana 

FIGURE 5 - Measurement of cross-section - Angular method 

i I \ \  I \- I\\ \  

IlII -'\ II I I A 

IlIl 
CNX BC 

BE + CN 
MC = 

FIGURE 6 - Measurement of crosssection - Projection from opposite bank 

c D 

DE X CD 
MD=-  

DE ~ CN 

FIGURE 7 - Measurement of crossseciion - Projection from one bank 
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