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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national standards institutes (ISO member bodies). The work of developing
International Standards is carried out through ISO 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 I1SO Council.

International Standard 1SO 748 |was(developed/ \by\ Technical! Committee
ISO/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 ;
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This second edition cancels and replaces the first edition (i.e. ISO 748-1973).
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INTERNATIONAL STANDARD

ISO 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 is covered in 1SO 1100.

NOTE — Measurements for the purpose of determining the
discharge in efficiency tests of hydraulic turbines are specified in
{EC Publication 41, International code for the field.acceptance tests
of hydraulic turbines.

2 REFERENCES
ISO 31, Quantities, units and symbols.

ISO 772, Liquid flow measurement in open channels —
Vocabulary and symbols.

1SO 1000, S/ units and recommendations for the use of
their multiples and of certain other units.

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

1ISO 1100, Liquid flow measurement in open channels —
Establishment and operation of a gauging-station and
determination of the stage-discharge relation.

1SO 2537, Liquid flow measurement in open channels —
Cup-type and propeller-type current meters.

ISO 3454, Liquid flow measurement in open channels —
Sounding and suspension equipment.

ISO 34565, Liquid flow measurement in open channels —
Calibration of rotating-element current-meters in straight
open tanks.

1ISO 4366, Liquid flow measurement in open channels —
Echo sounders.

ISO 4373, Liguid flow measurement in open channels —
Water level measuring devices.

1SO 5168, Calculation of the uncertainty of a measurement
of flowrate.

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 ISO 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
icetufts formed on exposed objects due to atmospheric
moisture.

4, UNITS OF MEASUREMENT

The' ‘units of measurement used in this International
Standard are Sl 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 site is
chosen conforming to the specified requirements; 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 verticals along
the width, sufficient to determine the shape and area of
cross-section.

Velocity observations are made at each vertical preferably
at 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 is 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 is
generally computed from the individual observations;
however, in certain methods such as the integration
method, the mean velocity is 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-
section.
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6 SELECTION AND DEMARCATION OF SITE

6.1 Initial survey of site

It is desirable that approximate measurements of widths,
depths and velocities should be made in a preliminary
survey to decide on the suitability of a site conforming as
far as possible with the conditions given in 6.2. It is 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 at all points are parallel to one another
and at 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 is in
a straight reach. On this basis, tHerefore!‘the site 'shall'be
selected such that, as far as possible, the requirements land
points given in 6.2.1 and 6.2.2 are met.

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

a) the channel at the measuring site shall be straight
and of uniform cross-section and slope, as far as possible,
in order to avoid an abnormal velocity distribution.
When the length of the straight channel is restricted, it is
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;

¢} the measuring site 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 site :

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, all discharges shall be

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

d) the site shall be remote from any bend or natural or
artificial obstruction if disturbance of the flow is likely
1o be caused thereby;

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

f) sites at which vortices, backward flow, or dead water
zones tend to develop shall be avoided:

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

h) the orientation of the reach shall be such that the
direction of flow is 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 is changing during the
period of measurement, or when, under flood conditions,
the river is not confined to a single channel in
embanhkments)) a;gauging:site shatl be chosen such that the
bed change and/or overflow is a minimum. Sites which are
subject {to, variable) backwater should be avoided if at 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 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 special cases and where accumulation of ice, logs or
debris is liable to occur, it is preferable that the measuring
site be downstream of the bridge.

NOTES

1 If, after the site has been selected, unacceptable changes occur
in the channel conditions, another site shall be selected for the
measurements.

2 In addition to the physical characteristics of the site,
consideration must also be given to the personnel and equipment
available to 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 is forming, and particularly
while it is melting.

b) The measuring site shall be chosen so that presence
of slush or frazil ice at the site is minimized as there is 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.



c) The measuring site shall be chosen so that presence
of many layers of ice is avoided. This phenomenon can
occur at sites 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 at 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 site 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
site is 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 at intervals
throughout the period of measurement and the-gauge
datum shall be related by precisedevelling!ito'a standard
datum.

6.3.3 An auxiliary gauge on the opposite bank shall be
installed where there is likelihood of a difference in the
level of water-surface between the two banks. This is
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.

7 MEASUREMENT OF CROSS-SECTIONAL AREA

The cross-sectional profile of the open channel at the
gauging-site shall be determined by measuring, at the
cross-section, the depth relative to the water-surface at 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
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which shall be in the same vertical plane as the cross-section
at the measuring site.

7.1.1 Where the width of the channel permits, or when the
surface is 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 is 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 at 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
ofithe 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“isl.of sufficient depth, an echo-sounder
may /be used. If the velocity is 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 is used, at
ieast two readings shall be taken at 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. If these are within 5 %, they
shall be accepted for the measurement and the two earlier
readings discarded. If they are again different by more than
5 %, no further readings shall be taken, but the average of
all four readings shall be adopted for the measurement,
noting that the accuracy of this measurement is reduced.

When an echo-sounder is used, the average of several
readings should preferably always be taken at 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 10).

NOTES

1 Where measurements of the depths are made separately from the
velocity measurements and the water leve! 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 profile
changes appreciably, depth measurements shall be carried out by
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 of these two measurements shall be taken as the effective
depth. Care must be exercised in taking repeated soundings to avoid
disturbance of the bed.

3 inaccuracies in soundings are most tikely to occur owing to :

a) the departure from the vertical of the sounding-rod or line,
particularly in deep water, when the velocity is high;

b) the penetration of the bed by the sounding weight or rod;
¢) the nature 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 should not be greater than
30° (0,52 rad) in view of the inaccuracies involved. Methods of
applying the correction are given in annex C.

Errors due to b) may be reduced by fitting a baseplate to the tower
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 ¢} may be reduced by selecting an echo-sounder
frequency that most adequately depicts the bed-water interface.

4 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/detérmined
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
measurement.

7.2.4 When an ice cover exists, it is necessary to compute
the effective depth, i.e. the depth of water beneath the ice
cover. The total depth is measured at 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 is computed by subtracting these two
values. In those cases where a thick slush layer exists below
the surface ice, the thickness is 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 is then subtracted from the overal!
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 ISO 2537 and {SO 3455.

8.1.2 Measuring procedure

Velocity observations are normally made at 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 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 7.1.1 and 7.1.2.

It is recommended that at least 20 verticals be used and
that the discharge in any one segment does not exceed 10 %
of the total. It 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 — If conditions arise in which water runs both over and
under the ice, the measurement of discharge shall be carried out in
the two parts separated by 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 is used, the current-meter shall be
held so that it is not affected by disturbances of flow
caused by the boat. After the current-meter has been placed
at 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 to ensure that the current-meter
observations are not affected by random surface-waves and wind.

21 When)a number of segments having sensibly the same flow of
water are 1o be explored, a battery of current-meters fixed to the
same’ rod~ can’ be ‘used to measure corresponding velocities
simultaneously; ensuring that there is no mutual interference.

3 If there is any appreciable deflection of the cable on which the
meter is suspended, a correction shall be applied for the depth of
the measuring-point. No generally applicable correction factor can
be given, but it shall be determined by 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 at each selected point shall be
observed by exposing the current meter for a minimum of
30s. Where the velocity is 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 at 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
measurement.

8.1.2.5 In channels where the flow is unsteady, it is 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 at some conveniently chosen point. Experience
has shown that, provided that variations in the discharge
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are small, the velocity distribution is not modified
significantly. A reference current-meter may be positioned
in the main current and the velocity at this point measured,
if possible, at the same time as each local point velocity
measurement in the cross-section is made. All the individual
measurements during the test may then be referred to the
corresponding reference reading. The mean reference
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 at the instant being
considered. If the reference current-meter measurements
are not made at the same time as the individual
measurements, they shall be taken at regular intervals as
frequently as possible throughout the measurement and the
reference reading appropriate to a local point velocity
measurement obtained by interpolation.

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 usedyfurthermore; in thecasejof
cable suspension, a special winter-weight assembly may be
used. The purpose of these changes is to permit_the meten
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, is
exposed to air temperatures for as short a time as possible
in order to prevent formation of ice on moving parts. If 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 frazi!
ice conditions.

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

8.1.3 Ovblique 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 corrected. Special
instruments have been developed for measuring the angle
and velocity at a point simultaneously. Where, however,
these are not available and there is 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 is
very deep, or if the local bed profile is changing rapidly,
this assumption shall not be accepted without checking.
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If the measured angle to the perpendicular is vy, then

Vcorrected - Vmeasured cosy

NOTE -- Some propeller type current meters can be equipped with
a propelier having a cosine response. This correction is therefore not
necessary provided the meter is held perpendicular to the measuring
section and the angle 7 is less than about 30° {0,52 rad).

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 is ice-cover, as well as to the
accuracy which is to be obtained :

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

c) Integration method (see 8.1.4.3).

d) [Qther/methods,(see 8.1.4.4).

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

The horizontal axis of the current-meter shall not be
situated at 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 VELOCITY DISTRIBUTION METHOD

The measurement of the mean velocity by this method
is obtained from velocity observations made at 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 is 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 1SO 1088.) The velocity observations at each
position shall be plotted in graphical form and the mean
velocity determined with the aid of a planimeter, digitizer
or equivalent method.

NOTES

1 This method may not be suitable for routine discharae
measurements because the apparent gain in precision may be more
than offset by errors resulting from change of stage during the long
period of time needed for making the measurement.
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2 The velocity curve can be extrapoiated from the iast measuring
point to the bed or wall by calculating v, from the equation

X 1/m
V :V —
X a a

where

vy is the point velocity in the extrapolated zone at a distance x
from the bed;

vy is the velocity at the last measuring point at a distance a
from the bed.

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 va) can be calculated directly from the equation.

- m
v, =———v
* m+1°?

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

3 An alternative method of obtaining the velocity in the region
beyond the last measuring-point is based on the assumption that the
velocity for some distance up from the bed of the channel is propor-
tional to the logarithm of the distance x from that boundary. If
the observed velocities at points approaching the bed are plotted
against log x, then the best-fitting straight line through these points
can be extended to the boundary. The,  velocities close to _the
boundary can then be read from the graphl.

8.14.2 REDUCED POINT METHODS
a) Two-point method

Velocity observations shall be made at each vertical
by exposing the current-meter at 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 verticai.

NOTE — This method is applicable without correction for
depths greater than 1 m where measurements are made under
ice-cover,

b) One-point method

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

NOTE — This method is applicable with correction for depths
shallower than 1 m where measurements are made under ice-
cover, the correction factor being taken as 0,82. Also a
measurement may be made at 0,5 of the depth under ice-cover,
a correction factor of 0,88 being applied.

8.143 INTEGRATION METHOD

In this method, the current-meter is lowered and raised
through the entire depth at each vertical at a uniform rate.
The speed at which the meter is 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 is repeated.

For calculating the mean velocity in the vertical, the
average number of revolutions per second is 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 is not allowed to remain in its lowest position
for any appreciable length of time. This method is used
only in water having a depth greater than 1 m.

8.1.44 OTHER METHODS
a) Six-point method

This method may be used in difficult conditions, for
instance where there is aquatic growth or where there is
a covering of ice. 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 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
at 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

v=0,1 (v +2Vo,2+2"o,4+

+2 Vo6 + 2 Vo.g + Vieq)

surface

b))7Five-point method

When ‘the channel'is free from ice and aquatic growth, a
reduced point method is to measure 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 bottom. The
mean velocity may be determined from a graphical plot
of the velocity profile with a planimeter, or from the
equation.

v=0,1 (v +3v0’2+3v016+2v0’8+

surface l/bed )

¢} Three-point method

Velocity observations are made by exposing the current-
meter at each vertical at 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 (v0’2 +2 Yo + VO‘S)

When there is a covering of ice, measurements may be
made at 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 at each vertical by
exposing the current-meter at 0,5 of the depth below
the surface. The values observed, multiplied by a



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

NOTE — This method is 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 at 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 all stages by
correlating the "‘surface” velocity with the velocity at
0,6 depth or, where greater accuracy is desired, with the
mean velocity obtained by the integration method.

Where it is not possible tolcheck the coefficientidirectly,
it may be noted for guidance that, in general, the
coefficient varies between 0,84 and ¢0,90 rdepending
upon the shape of the velocity profile. The higher values
between 0,88 and 0,90 are usually obtained when the
bed is 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.
It 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 is not made under these best conditions, an
additional unceitainty must be included when estimating
the overall accuracy of the measurement.

Errors may arise

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

b) if the direction of flow is 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 is 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.) is different
from that used during the calibration of the current-
meter, in which case a systematic error may be
introduced;
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e} if there is a significant disturbance of the water-
surface by wind;

f) if the current-meter is not held steadily in the correct
place during the measurement, which is the case when
the boat 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 velocity
is measured, which at high transverse velocities gives rise
to serious positive errors.

8.2 Measurement of velocity using floats

This method shall only be used when it is 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, at the beginning, midway
and at the end of the reach. The cross-sections shall be far
enough apart_for the time which the floats take to pass
from|one, gross-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 at the beginning and at the end
of the reach. A minimum duration of float movement of
20 s is recommended.

8.2.2 Measuring procedure

The fioat shall be released far enough above the upper
cross-section to attain a constant velocity before reaching
the first cross-section. The time at which the float passes
each of the three cross-sections is then noted. This
procedure shall be repeated with the floats at 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 at
the particular stage of the river.

8.2.3 Types of float

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

a) surface-floats;
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b} double floats;

c) other types of floats.

NOTE — Separately flowing blocks of ice, provided they are smalli,
can be used as surface-floats during ice drifting.

The coefficients for obtaining the mean velocity from the
measurements from the various types of floats are given
in8.24.

8.2.3.1 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.

8.23.2 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 (for example
those given in 8.1.4).

8.2.3.3 OTHER TYPES OF FLOAT,

Other methods of obtaining the mean velocity in each
segment may be used if the bed profile is regulariover 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 channeis where the
cross-section is uniform, the bed is free from weeds, and
the depth of the water is constant. The velocity-rod
(sometimes called a float-rod) shall be at 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 at the site at a stage
as near as possible to that during the float measurement
may be used for converting the float velocity to mean
velocity.

It is evident that this method necessarily gives an
approximation of the flow rate.

8.24.1 SURFACE-FLOATS

Where it is 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 veiocity profile. The higher values
are usually obtained when the bed is smooth, but values
outside this range may occur under special conditions.

8.24.2 DOUBLE FLOATS

Where it is not possible to check the coefficient directly,
it may be noted 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.

8243 OTHER TYPES OF FLOAT

Where a direct check on the coefficient is 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 1,0.

8.2.5 Main sources of error

Errors-may, eccur-during-the,;measurement of discharge by
floats and the 'main Sources ‘are listed below. They shall be
taken «dnto consideration when estimating the overall error
as giveniinclause 10.

Errors may arise :

a)/iif/ the, coefficient, fram which the mean velocity is
obtained) dfrom 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 the float does not travel in the centre of the panel
due to obligue currents;

e) if there is 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 is 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 particularty 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 is suitable when the channel is of rectangular
cross-section.



9.2 Determination of discharge from current-meter
measurements

9.2.1 Graphical method (depth-velocity integration or
mid-section method)

The value of the product of the mean velocity v at each
vertical and the corresponding depth, i.e. vd, shall be
plotted over the water-surface line and a curve drawn
through the vd 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 ¥ 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 vd curve.

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

9.2.2 Arithmetical methods

9.221 MEAN-SECTION METHOD

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

If v, and v, are the mean velocities at the first;and|second
verticals respectively, if d; and d, are the total depths
measured at verticals 1 and 2 respectively, and if b is the
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horizontal interval between the said verticals, the discharge
of a segment is taken to be :

VI

[V + 7, <d1+d2>
- b
AN 2

This is repeated for each segment and the total discharge
is 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 from the above equation and on the assumption
that the velocity and depth at the banks are zero. If, however, this
discharge is a significant proportion of the total flow, then the
equation given in note 2 of 8.1.4.1 can be used to obtain the mean
velocity in the region of the bank.

9.222 MID-SECTION METHOD

Assuming a straight-line variation of vd, the discharge in
each segment shall be computed by multiplying vd by the
corresponding width measured along the water-surface line.
This width shail be taken to be the sum of half the width
from the, adjacent vertical to the vertical for which vd has
been calculated plus half the width from this vertical to the
corresponding adjacent vertical on the other side. The
value for vd in the two half-widths next to the banks may
be taken as zero.
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FIGURE 1 — Computation of discharge from current-meter measurement — Depth-velocity integration method
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