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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
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Hydrometry — Measurement of liquid flow in open
channels — Velocity area methods using point velocity
measurements

water flowing
devices.

Itis applicable to methods using rotating-element current meters, acoustic doppler velocimeters (ADVs),
acoustlic doppler current profiler (ADCP) stationary method, surface velocity mieasuremnjent including
floats pnd other surface velocity systems.

Althoygh some general procedures are discussed, this document does ngtidescribe in dethil how to use
or deploy these systems.

NOTE For detailed procedures, refer to guidelines from instrument manufacturers and the appropriate
public agencies.
2 Nprmative references

The fdllowing documents are referred to in the teXt in such a way that some or all of|their content
constifutes requirements of this document. Fordated references, only the edition citefl applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 772, Hydrometry — Vocabulary and symbols
[SO 25377:2020, Hydrometric uncertainty guidance (HUG)

3 Terms and definitions
For the purposes of this.decument, the terms and definitions given in I[SO 772 apply.
[SO anld IEC maintain terminological databases for use in standardization at the following addresses:

— ISP Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Principle of the methods of measurements

The principle depends upon determining velocity and cross-sectional area.

This is characterized as shown by Formula (1):
Q=VA )

where

Q isthe flow (m3/s);

V  is the mean velocity (m/s) (averaged over the cross-section);

©1S0 2021 - All rights reserved 1
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A

is the cross-sectional area (m2).

A measuring site shall be chosen conforming to the specified requirements.

The cross-sectional area shall be measured by a method specified in this document, appropriate to the
dimensions.

Velocity observations shall be made by a method specified in this document.

The discharge shall be calculated by a method specified in this document.

5
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ty distribution during the period.6f measurement.

laying vortices, reverse flow:or dead water shall be avoided.
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lging from a bridge with divide piers, each section of the channel shall be me

separately. Particularcare shall be taken in determining the velocity distribution when
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h of water at the section shall be sufficient at all stages to ensure whichever de
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vice is

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

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

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

If a suitable straight section includes a bridge, wading and boat measurements shall be made away
from the effects of the bridge.

The measurement of flow under ice cover is dealt with in Annex E. For streams that are subject
to formation of ice cover, the main part of this document shall be used when the stream is free

flowing.
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[t may, under certain conditions of river flow or level, prove necessary to carry out measurements

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

se

NOTE

ction.

Ideal measurement conditions can be found when all requirements are satisfied. If ideal conditions
are not available, it is still possible to make a measurement, but uncertainty will be increased.

5.2 Demarcation of site

5.2.1
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5.2.2
two b
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positi

5.2.3
water

5.2.4

differg
from t
sectio

A PETTITANEIt Station, Or One ikely to be used frequerntty for future measure
ed with means for demarcation of the cross-section and for determination of stage

The position of each cross-section, normal to the mean direction of flow,hall be ¢
inks by clearly visible and readily identifiable markers. Where a sites'subject td
Cover, the section line-markers may be referenced to other naturalobjects and, if
n noted using a global navigation satellite system (GNSS).

The stage shall be read from a gauge at the start and end of the measurement
level changes rapidly, a level measurement is recommendéd to be taken at least eve

An auxiliary gauge on the opposite bank shall be’installed where there is li
nce in the level of water surface between the twobanks. The mean of the measur
he two gauges shall be used as the mean level] of the water surface and as a base
hal profile of the stream.

6 Measurement of cross-sectional area
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oss-sectional profile of theyopen channel at the gauging-site shall be determined
br of points to establish the shape of the bed and to minimize the uncertainty in the

the cr¢ss-sectional area.
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calculation of
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6.3

Aaaais a3
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Measurement of depth shall be made at intervals close enough to define the cross-sectional profile
accurately. The number of points at which depth is to be measured shall be at each vertical where
velocity is measured.

The number of sampling verticals depends on the variability of the water depth in the cross-section.
This number is adequate when the number of points does not significantly change the value of the
cross-section obtained.

Where it is impracticable to take more than one reading of the depth, the uncertainty in measurement
may be increased (see Clause 9).

When measuring depths with a wire not normal to the surface, see Annex F.
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7 Measurement of mean velocity

7.1 Determination of mean velocity using point velocity measurements

7.1.1 Gene

ral

A range of instruments are available to measure point velocity. These are described in Annex A.

7.1.2 Meas

urement procedure

Velocity observations are normally made at the same time as measurements of the depth. Where,

however, the
velocity obse
between obsd

For all measu
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The device us
a good repre;j
during the mg
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during the pe

s, measurements of depth made at the water’s edge are additional to the above. T}
tals shall be as cloge-as practically possible to the water’s edge.

ed for point velocity measurement shall be held in position for a minimum of 30 s to
entation of meéan velocity. It shall be held so movement of the instrument is min
asurement‘period.

here'the flow is unsteady, it is possible to correct for the variations in the total dis
iod of the measurement not only by observing the change in stage, but also by contin|

two measurements are made at different times, such as at a pre-surveyed stati¢n, the

Stance

b used,
ecord.

recommended minimum number of verticals in small channels.that are to be defined for

5 % of

Il channels, practical considerations:do not always allow the recommended migimum

be less

e first

pbtain
mized

charge
Lously

measuring th

] 14 rS 3 4] 1s Y £l rs
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For continuity with previous versions of this document, the following criteria can be used but the level
of uncertainty of the overall measurement will be much greater.

Channel
Channel
Channel
Channel

Channel

width < 0,5 m n=5to6
width >0,5mand <1m n=6to7
width>1mand <3 m n=7to12
width>3 mand <5m n=13to 16
width >5m nz22
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See Table D.6 for guidance on percentage uncertainty in measurement of mean velocity due to a limited
number of verticals.

7.1.3 Oblique flow

If oblique flow is unavoidable, either the velocity component perpendicular to the cross-section should
be measured directly or the velocity magnitude measured and corrected based upon the angle from
perpendicular. 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 can be assumed to be the same as that observed on the surface. This
angle can be measured with appropriate equipment provided that the operator is located above the
measurementverticalH-the-channeHsvery-deep,rsubjected-to-tides-or-theloeal-bedprofile is changing
rapidly, this assumption shall not be accepted without confirmation.

If the measured angle between the flow direction and the perpendicular to the cross-seftion is 6, the
velocity used for the computation of flow discharge shall be as shown by Formula(2):

V. FVpy % COSO (2)
where

V. is the velocity corrected;

v{ isthe velocity measured.
NOTE Some current meters are equipped to measurethe normal component of velocity dirgctly when held

perpenjdicular to the measurement cross-section in obligue flow. This correction is not applied in puch cases.
7.1.4 | Determination of the mean velocityin a vertical

7.1.4.1 Choice and classification

The choice of the method for determining mean velocity depends on certain factors. Thgse are safety,
time dvailable, width and depth,of the channel, bed conditions in the measuring se¢tion and the
upstrdam reach, rate of change ¢f’'stage, degree of accuracy desired and equipment used.

These[methods are classified as follows:
a) vdlocity distributionf method (see 7.1.4.2);
b) reduced pointmethods (see 7.1.4.3);

c) infegration method (see 7.1.5).

7.1.4.2 Vplnrify distribution method

Using this method, the values of the velocity are obtained from observations at a number of points in
each vertical between the surface of the water and the bed of the channel. The number and spacing
of the points shall be so chosen as to define accurately the velocity distribution in each vertical with
a difference in readings between two adjacent points of not more than 20 % with respect to the
higher value. The location of the top and the bottom readings shall be chosen, taking into account the
specification under 7.1.2 and 7.1.3.

This subclause deals primarily with the determination of mean velocity in the vertical. It can be
necessary to apply the same principle to the determination of mean velocity close to the vertical side

© IS0 2021 - All rights reserved 5
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or wall of a channel. The velocity curve can be extrapolated from the last measuring point to the bed or
vertical side of the channel by calculating v, from Formula (3):

Vx =Vq (5 ]; (3)

v, isthe open point velocity in the extrapolated zone at a distance x from the bed or vertical side;

v, isthe velocity at the last measuring point at a distance a from the bed or vertical side;

m is anjexponent.

The mean velocity, v, between the bottom (or a vertical side) of the channel and the nearest ppint of
measuremenf (where the measured velocity is v,) can be calculated directly from Foxrwta (4):

V:(L.]% )
m+1

Generally, m |lies between 5 and 7 but it can vary over a wider rangedepending on the hydraulic
resistance. Tzﬁe value m = 4 applies to coarse beds or coarse vertical sideswhile m = 10 is characteristic
of smooth bedls or smooth vertical sides.

m is obtained|as shown by Formula (5):

C 2
m=—"2 \/g +0,3 (5)
\/E \/E +Cver
where
g iq the acceleration due to gravity (mw/s?);
Coer 1§ Chezy’s coefficient on a vertical (m%>/s).
NOTE An glternative method of obtaining the velocity in the region below the last measuring point i$ based

on the assumption that the velocity \for some distance up from the bed of the channel is proportional to the
logarithm of the distance X from*‘that boundary. If the observed velocities at points approaching the hed are
plotted againsf log X, then the-best-fitting straight line through these points can be extended to the boyndary.
The velocities ¢lose to the betndary can then be read from the graph.

7.1.4.2.1 ADCP statienary method

In the ADCP tationary method, the ADCP is held in a specific location for a specified time and then
averaging theldata at that vertical to obtain a mean velacity profile or a depth-integrated mean velocity

at that location.

It should be noted that ADCP instrumentation cannot measure velocity near the ADCP transducers,
above the transducers or near the bed. Current manufacturer software allows extrapolation in these
areas based upon the measured velocities to compute a mean velocity for the vertical.

7.1.4.3 Reduced point methods

7.1.4.3.1 General

These methods, less strict than methods exploring the entire field of velocity, are used frequently
because they require less time than the velocity-distribution method (see 7.1.4.2).

6 © IS0 2021 - All rights reserved
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It is recommended that for a new gauging section the accuracy of the selected method be assessed by
the velocity distribution method.

7.1.4.3.2 One-point method

Velocity observations shall be made on 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.

7.1.4.3.3 Two-point method

Velocity observations shall be made on each vertical by exposing the current meter at 0,2 and 0,8 of

S N N | £l £, Tl £l o & | Loll Lo -1 £l 3 3
the d" LI UCIUVYV LIIU oulldlil,. 1110 avill qu Ul LIICU LVWU VdAdIuClo olidil UL LdIAUIl do LU 11IvdIlr Veloclty ln the

vertical. See Formula (6):
V§0,5(vo2+vog) 6)

An altprnative method of determining the mean velocity of a vertical is the\Kreps methgd which uses
velocity observations at the surface and at 0,62 of the depth below the surface.

When [using the Kreps method, velocity observations shall be made @s'near as possible o the surface
and 0,p2 of the depth below the surface. See Formula (7):

V$0,31xv) +0,634%vq 4, (7)

NOTE The Kreps method, which was developed by the™Austrian hydrologist Harald Kreps/ is also a two-
point npethod![21],

7.1.4.3.4 Three-point method

Velocity observations shall be made on each:vertical by exposing the current meter at 0,2,/0,6 and 0,8 of
the depth below the surface. The 0,6 meastirement may be weighted and the mean velocify v obtained

from Hormula (8):

V::0,25(V0'2 +2V0,6 +V0,8) (8)

7.1.4.3.5 Five-point method

Velocity measurements are made by exposing the current meter on each vertical at 0,2, 0,6 and 0,8 of
the depth below the surface and as near as possible to the surface and the bed. The mean velocity v is

obtained from¥ormula (9):

VE0A(Vo +3vg 2 +3Vg 6 +2V) g +Vpeq ) ®)

7.1.4.3.6 Six-point method

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 bed. The mean velocity v can

be found from Formula (10):

‘7:0,1(‘/0 +2V0,2 2V0’4 +2V0,6 +2V0'8 +Vbed) (10)

7.1.4.3.7 Alternate sampling methods

Alternative sampling methods for determining the mean velocity in the vertical may be utilized under
exceptional circumstances, e.g. high velocity, rapidly changing stage or floating debris, provided the

©1S0 2021 - All rights reserved 7
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method applied can be demonstrated by experiment to give results of a similar accuracy to those listed
above.

7.1.5 Integration method

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

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

The average jumber of revolutions is the total number of revolutions divided by the totaltime taken for
the measurement in that vertical. The average velocity can then be read from the instfiument caliration
correspondinig to the average number of revolutions. Uncertainties introduced byyusing meterfs with
more than ong calibration equation should be avoided.

7.1.6 Erroxs and limitations

Estimates of tfhe possible errors that can occur when using the various'methods detailed in 7.2 ar¢ given
in Clause 9. It|should be noted that these estimates are of possible random errors which can occyr even
when all the precautions noted earlier and below are observed. If the measurement is not madefunder
these best comnditions, additional uncertainty shall be includedwhen estimating the overall uncefftainty
of the measurement.

Errors can arjse:

a) ifthe flow is unsteady;

b) if materigl in suspension interferes with the'performance of the current meter;

c) if oblique{flow occurs, and the appropriate correction factors are not known accurately;

d) if the inftrument used for measuirement of velocity is outside the range established by the
calibratiqn;

e) ifthe set-pip for measurement (such as rods or cables suspending the current meter, the boat, fetc.) is
different|from that used\during the calibration of the instrument, in which case it is possibld that a
systematjc error is introduced;

f) ifthere igsignificant disturbance of the water surface by wind;

g) ifthe devjice-is not held steadily in the correct place during the measurement or when an oscillating
movemer i ; i cities

gives rise to serious positive errors.

7.2 Determination of mean velocity from surface velocity

7.2.1 General

Traditionally, determination of mean velocity from surface velocity was not encouraged as uncertainties
are high. As technologies have developed, there are a greater range of techniques and instruments that
are able to calculate mean velocity more accurately using measurements from the water surface.

Instruments that are designed to measure discharge by measuring surface velocity only shall conform
to the relevant parts of this document.

8 © IS0 2021 - All rights reserved
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Non-contact systems

A range of instruments are available to measure surface velocity. Some are described in Annex C.

Particular attention shall be paid to Clause 5.

Measurement of the cross-sectional area shall be in accordance with Clause 6.

The velocity coefficient at a site shall be derived using a proven technique. If the site is to be used
regularly, an index rating shall be calculated. This shall be applied to the surface velocity measured to
ensure the mean velocity is used in the calculation of the discharge.

Calcul

ation of uncertainties shall he with reference to 9 3 and 1SQ 25377:2020

7.2.3

The d{
taken
wind.

The ¢
velocif
one of]

7.2.4
A full

This 1
howey
velocif

7.2.5

Whersg
the co
profild

7.2.6

Errorg
into cq

Errorg

a predftermined coefficient specific to the section and to the discharge.

Surface one-point method by current meter

bpth of submergence of the current meter shall be uniform over all the\verticals;
to ensure that the current meter observations are not affected by random surfa
This “surface” velocity may be converted to the mean velocity in the.vertical by mu

efficient shall be computed for all stages by correlating the velocity at the sur
y at 0,6 of the depth or, where greater accuracy is desired,)with the mean velocit
the other methods described previously.

Measurement of velocity using floats
lescription of this method is described in Annex B.

hethod shall only be used when it is impessible to employ other point measure
er, it is a useful technique in cases of réeonnaissance or because of access difficult
ies and depths or the presence of material in suspension.

Exceptions

itis not possible to checkthe coefficient directly, it may be assumed for guidance tH
efficient of the surface velocity varies between 0,84 and 0,90 depending on the shap!
of the channel.

Main sources of error

that can-eccur during the measurement of surface velocity are listed below. They
nsideration when estimating the overall error as given in Clause 9.

can\arise:

care shall be
ce-waves and
Itiplying it by

face with the
7 obtained by

ment devices,
ies, excessive

at, in general,
e and velocity

thall be taken

a) if the coefficient from which the mean velocity is obtained from the surface velocity is not known

ac

curately;

b) ifthe cross-section has been measured incorrectly;

c) ifthe cross-section is unstable, i.e. has a moving bed;

d) if the measured velocity does not reflect the true velocity due to unstable flow or oblique currents;

e) iffloats are used and their motion is biased relative to the water surface motion due to wind.
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8 Computation of discharge
8.1 Arithmetic methods

8.1.1 General

The methods shown below can be enhanced by adding additional bathymetric verticals with no velocity.
This is especially useful for surface velocity gaugings and for varying discharge conditions, but also to
improve the efficiency of routine measurements.

Where the bed is uneven, and if time and cost allow, determining the depth at points midway between
the annotated verticals as shown In Figure Z can provide a more accurate determination of the area of
each panel.

8.1.2 Mearn-section method

The cross-seg¢tion is regarded as being made up of a number of segments, n, each ‘bounded by two
adjacent verticals (see Figure 1).

b bn bn+1 V [

dn dps1

Figure 1 — Diagram illustrating the mean section method

The flow in the shaded panel is calculated as shown by Formula (11):

q= (bn+1 T bn )( dn+12+ dn )[ Vn+12+ % ) (11)

where V is the average velocityin each vertical.

The additional dischargedh-the segments between the bank and the first vertical, and betwefn the
last vertical and the other bank, can be estimated from Formula (11), on the assumption that the
velocity at th¢ banks is\zero. If, however, this discharge is a significant proportion of the total floy, then

Formula (4) nhay besused to obtain the mean velocity in the region of the bank.
The total flo:I 1S.equal to the sum of the discharge in each panel, thus, as shown by Formula (12):
d,. .+d V,.1+V,
b n+1 n n+1 n 12
Q=3 (b~ ( ~ - (12)

8.1.3 Mid-section method

The cross-section is regarded as being made up of a number of segments, each containing a vertical (see
Figure 2).

The discharge in each segment shall be computed by multiplying v-n by the corresponding depth and
width as 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 v-n has been calculated plus half the width
from this vertical to the corresponding adjacent vertical on the other side. The value for v-n in the two
half-widths next to the banks may be taken as zero.
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For this reason, the first and last verticals of a measurement should be as close to the banks as possible
if the mid-section method of calculation is used.

/\ b= bn—l bn bn+1 A 4 [

U =

‘ 7

r T T

Figure 2 — Diagram illustrating the mid-section method
For this method, the flow in each panel is calculated as shown by Formula (13):

_ b..—b, _
q+v,d, (%J (13)

where| V is the average velocity in the vertical.

The cdmputation is carried out at each vertical and the total discharge through the secti¢n is obtained
by summing these partial discharges, as shown by Formula.(14):

15y "G [bn+1 —by4 ) (14)

n=1 2

8.1.4 | Bathymetric verticals

Adding additional verticals to define the Channel bathymetry but with no velocity measprements is a
very useful procedure, especially for surface velocity gaugings and for varying discharge conditions,
but al4o to improve the efficiency of routine measurements.

Bathymetric verticals can be inserted anywhere between the normal verticals (one or seyeral, and not
necesdarily “midway”). There ‘are two computation options, both acceptable:

a) cdrrect the wetted area of each panel using the bathymetric verticals, and no changg to estimated
pdnel velocities;

b) egtimate thetmissing velocities at bathymetric verticals: instead of a simple linear fnterpolation,

inferpolatelinearly the v ratios (proportional to the local Froude or Chezy numbérs).

JH
The advantage of b) is to account for the measured depth in the estimation of the mean yelocities over

Yo Tl: L : L dod ..l 1 : 1o piaol 1o "
the parersT S optioh s ot recotmenaeawieh trrere s o verocity-vertrcaroetweerne edge and a

bathymetric vertical.

8.2 Independent vertical method

This method is useful for measuring streams with rapidly changing discharge. Several verticals are
chosen and their distances measured from a fixed reference point (see Figure 3). For each gauging,
measurements of velocity and depth are made using one of the methods described above. The water
level is measured at the beginning and end of the series of measurements on each vertical. For each
segment, a separate stage discharge relation is prepared. Subsequently, the discharge of the river at a
given stage can be determined by combining the discharges for each segment when corrected for the
change in water level between the moment of measurement and the moment of calculation of the total
discharge.

©1S0 2021 - All rights reserved 11
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Over time and across a large range of flow, it is possible to derive a relationship between stage and unit-
width discharge for each vertical. A family of curves can then be constructed. Each curve represents
an independent stage discharge relationship for the corresponding segment of channel width (see
Figure 4). This assumes that the channel geometry remains constant and that no change occurs in the
position of a vertical relative to the reference point.

For a given value of stage, total flow in the cross-section is obtained by using a mathematical method
by summation of all segment discharges (see Figure 5), or with a graphical method (see Figure 6) by
plotting the unit-width discharge for all verticals and determining the area under this curve.

Total flow in the cross-section for any given value of stage can be obtained by either of these methods.

1
L
1 2 3 4 5 6 7 8
. . . / X
- _2 _________ >_\./_/_ ___________ 3
Y
Key
X  channel wjdth (m) 1  verticals
Y stage (m) 2 channel bed
3 . Stage datum
Figure 3 — Vertieals in cross-section
Y
182 3 4 5,7 6
ho U
hy
X
Key

X  discharge per unit (m3/s)
Y stage (m)

Figure 4 — Stage/discharge curves for individual verticals
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X
Key
X  tofal discharge (m3/s)
Y stage (m)
Figure 5 — Total discharge (mathematical method)
Y 6
A 5
h, hy / \7
4
s [ /]
2 8
L / \
X
Key

X  ditance (m)
Y digcharge per unit width (m3/s)
A digtribution of g for h; or h,

Figure 6 — Computation of discharge from current meter measurement — Ind¢pendent
vertical method

8.3 Mean-section method — Horizontal planes

Instead of determining the mean velocity in each vertical, the mean velocities for a numbef of horizontal
planeq cdan\be determined by a corresponding procedure to that given in 7.1.4.2. A similar method to
that gi i i i i rertical-plane
computation is particularly suited to measurements in regular-shaped channels, as it enables a check to
be made on the accuracy of the computation.

9 Uncertainties in flow measurement

9.1 General

The uncertainty of discharge is discussed in ISO 25377. A reference should be made to ISO 25377.
Annex D examines the individual components of the uncertainty and provides examples. It should not be
assumed, however, that these are generally applicable, and it should be stressed that the observations
on which they are based do not include all kinds and sizes of rivers, see ISO 1088.
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9.2 Method of calculating the uncertainty in discharge by measurement of velocity by
current meter

9.2.1 General

The measurement method, briefly, consists of dividing the channel cross-section under consideration
into segments by m verticals and measuring the width, depth and mean velocity (denoted by b, d; and
v;, respectively) associated with each vertical i. The mean velocity v; at each vertical is computed from

point velocity measurements made at each of several depths on the vertical. The flow is computed as

shown by Formula (15):

Q=FSb
where
Q isthd
F isaf:
to th
9.2.2 Contj

The relative (

2 4
u(Q)” =uf, +ug + - >
(Zizl(bidivi ))
where

u(Q) is the relative (percentage) combined standard uncertainty in discharge;

Up i Uq i 4l are the relative (percentage) standard uncertainties in the width, depth ang
velocity measured at vertical i;

U is the uncertainty due to variable responsiveness of the current meter (u,,)
measurement instrument (u;,,,) and depth sounding instrument (uy,):

2 2 2
Us = \/ucm TUpm *TUgs

An estimated

Uy

m

Vi

flow (in cubic metres per second);

ctor, assumed to be unity, that relates the discrete sum over the finrite number of ve
 integral of the continuous function over the cross-section.

ributory uncertainties

bercentage) combined standard uncertainty in the measurementis shown by Formu

m —N2(2 2 2
, X (bidi7) (up+ud+us )

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

(15)

rticals

a (16):

(16)

mean

width

(17)

isth

¢ uncertainty due to the Iimited number of verticals;

is the number of verticals.

The mean velocity v; atvertical i is an estimate of the average of point measurements of velocity made

at one or more depths in the vertical (see, for example, 7.1.5). The uncertainty in v; is computed as

shown by Formula (18):

14

(18)
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where
“Si is the uncertainty in mean velocity v; due to the limited number of depths at which velocity
" measurements are made at vertical I;
n; is the number of depths in the vertical i at which velocity measurements are made;
u.; is the uncertainty in the velocity at a particular measuring point in vertical i due to lack of
repeatability of the current meter;
U,; istheuncertainty in pointvelocity ata particular depth in vertical i due to velocity fluctuations

Combil;ing Formulae (16) and (18) results in Formula (19):

If the

equal
to For}

<
—

m —\2( 2 .2 2 1)y 2 2
> (hdivy) [“b,i +Ug; U +[n— ](uc,i +lg )]
2
m —
(Zizl(bidivi))

measurement verticals are placed so that the segment diseharges (b; d; v;) are 3

Q)2 =u,2n +u§ +

ind if the component uncertainties are equal from vertical-fo vertical, then Formula

mula (20):

1
Q)=[u31 +u§ +(l)(u?, +u§ +u§ +(l](ug +u§)ﬂ2
m n

(19)

pproximately
19) simplifies

(20)

the following

h presents the
D68.

EXAMPLE It is required to estimate the uncertainty in a current meter gauging from
particylars:

Numbdr of verticals used in the gauging: 20

Numbdr of points taken in the verticaly(0,2 and 0,8): 2

Average velocity in measuring sectjen: above 0,3 m/s

Exposyre time of current meter: 3 min

Ratinglof current meter: individual rating

Component uncertajnties (percentages) can be obtained from information given in Annex D, whi
resultgof investigations carried out since the publication of the first edition of this documentin 1
u,=2p (see Table D.6)

ug=1,0 (see above)

u, =0,5 (see D.2, line 1)

uy=0,5 (see D.3, line 2)

up=3,5 (see Table D.4)

u.=1,0 (see Table D.5)

u, = 3,0 (at 0,2 depth) (see Table D.3)

=3,0 (at 0,8 depth) (see Table D.3)

Therefore:
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u, =V3*+3% =4,2

Using Formula (20):

u(@=| 2

u<Q>=[z,

1
+u? +(l)(u§ +uj +ul +(1)(uf +u§)ﬂ2
m n

1
(i)(o,sz +0,5% +3,52 +(1}(1,02 +4,22)ﬂ2
20 2

524+1,0%+

results in:

u(Q) =24

/ /

9%

The expanded uncertainty at the 95 % confidence level, Uys, is obtained by applying a coverage

of k=2.
Thus:
Ug5(Q) =
=2x2,8
=5,78 %
Therefore:
Ug5(Q) =
If the measur
Qm3/s +

where the exy

9.3 Metho
using floats

9.3.1 Gene

While there h
gauging, littlg

¢ x u(Q)

b %
ed flow is Q m3/s, the result of thexmeasurement is expressed as:
b %

anded uncertainty, coverage factor is k= 2, and the approximate level of confidence 3

d of calculating the uncertainty in discharge by measurement of velocity

ral

ave, been considerable investigations carried out into the uncertainties in current

b work has been performed into the uncertainties in float gauging. As a result, t

little guidanc

factor

95 %.

made. The analysis in this subclause is therefore given as guidance until more information is available.

9.3.2 Contributory uncertainties

Calculate the

Q:an:KfVi(
i=1

where

Q

16

discharge as shown by Formula (21) (see Clause B.5):

|

is the discharge (cubic metres per second);

A+ A
2

(21)
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F is a factor, assumed to be unity, that relates the discrete sum over the finite number of
verticals to the integral of the continuous function over the cross-section;

n is the number of segments;

K is the coefficient of velocity for the float;

; is the mean float velocity in the ith segment;

A;and A{  are the ith segment areas of upstream and downstream cross-sections, respectively.

The overall uncertainty in discharge is composed of:

a) urjcertainties in width: uy ; in estimating cross-section areas;
b) uncertainties in depth: uy ; in estimating cross-section areas (allowing for s¢ouiand fjill, if any);
c) urcertainties in determination of surface float velocities: uv;, composed of:
— the uncertainty in the coefficient of velocity for the float, Ug

— the uncertainty of the length of travel path, up ;s

—{ the uncertainty of the time taken for the passage of the fleat, u; ;, see Formula (2P):

2 2 2 2
Uy i =Ug, ¢ Hup; +ug (22)
d) uncertainty due to the limited number of segmenits used, u,,.

9.3.3 | Combined uncertainty in discharge

The method of calculation is similar to that,given in 9.3.2, see Formula (23):

U =\/ufn+%(ug+u§+u5) (23)

EXAMPLE Float gauging with-five paths using surface floats:

un,=7p% (see TableD.6]. This may be reduced provided the areas are determined from a detgiled cross-sec-
tion and tlie velocities are determined from a smoothed velocity distribution.

U F 7 15% (seeTable D.4)

u,=5% (estimated)
u,=5% (estimated)
u, =\Juj ¢ +uj +uf
=152 452 452
=16,5 % (or taken from Table D.4 alone = 15 %)
u,=1% (estimated)
ug=1% (estimated)
Therefore:
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u<Q>=J7

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

u(Q)=10,5%

The expanded uncertainty at a level of confidence of approximately 95 %, U95, is obtained by applying a coverage
factor of k = 2.

Then:

Uos(Q) = k
=2x10,5

u(Q)

=21%

Therefore:

U95(Q) =2

If the measure

Qm3/s +2

1 %
1 flow is Q m3/s, the result of the measurement is expressed as:

1 % (expanded uncertainty, coverage k = 2, approximate level of confidence = 95 %).

9.4 Limitations

For ideal con
However, for
some limitati

many measurements done in non-ideal conditious;the uncertainty values obtaine
h1S.

limitations have been identified.

hey are specific to an instrument type and to some measurement conditions.

bm and edge velocity extrapolations are not taken into account in the uncertainty an
eir contribution is not necessarily negligible.

rtical integration of velocity is performed directly (velocity distribution meth
default value (0,5-%) is attributed to the u, component. For non-ideal measurg
enough velocity(points and often significant top/bottom extrapolations, the value
taken highenthan 0,5 %.

ditions and procedure, the computed uncertainty usually lies between 5 % andl 7 %.

] have

mative values given in Annex D for.uncertainty components are derived from emjpirical

alysis,

od), a
ments

of u,

sversal variation in bed geometry and flow distribution.

e computed uncertainty usually stems from the term u,,, which is an empirical f:lnction

pared

of the nualFber efwverticals m, with no consideration of the spatial distribution of verticals, co

Time-integration error in the case of varying discharge during the measurement is not estimated.

This effect is different from hysteresis, i.e. the discharge deviation to the steady conditions due to
transient flow effects.

Some uncertainty components are missing from the equation. In particular, a term accounting
for systematic errors due to the vertical velocity integration method should be added (this is
obvious for surface velocity gaugings, but also for other techniques). Other missing error sources
include: position, inclination and orientation of the instruments (current meters, rod, sounding,
etc.) resulting in velocity projection errors and position and depth errors; and bed changes when
bathymetry is not measured simultaneously with velocities.

The following

a) The infory
studies, t

b) Top, bott
though th

c¢) When ve
negligiblg
with not
should bsg

d) Most of t}
to the tr

e)
NOTE

f)

18

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=a56e5e14802d2b1e74cfba34117c7749

ISO 748:2021(E)

9.5 Interpolated variance estimator (IVE)

The IVE[S] quantifies uncertainty in mid-section velocity-area measurements, whatever the
instrumentation. The method is as given in 9.2 but rather than using laboratory or empirical results to
estimate uncertainty in the depth and velocity, it instead relies on information contained in the many
verticals collected during the measurement. For width uncertainty and for systematic uncertainties
caused by meter fabrication errors, the values suggested by this document are employed. IVE does not
address consistent field user biases such as persistent meter tilt or flow angularity. Testing has shown
that the IVE method provides more sensitivity to measurement conditions than the standard ISO
method. Recent comparisons of IVE with other methods for computing measurement uncertainty[19]
indicate that IVE provides a more realistic estimate relative to other methods tested. IVE should only

be app

lied when 10 or more verticals are used

9.6

Simila
compy
estima
Cross-
propo
(u_m)
values
uncert
and u
sectio
compd
bed pr
datall

9.7

The F
compd

more Y

subsa

is dev¢loped in a way that mimics the behaviour of a hydrometric technician. A sampling|
(SQI) 1s suggested and appears to be a more explanatory variable than the number of v
index ftakes into accoumt the spacing between verticals and the variation of unit flow
verticdls.

This

D+

r to the IVE and Flaure methods, the Q+ method[18l is a variant of thisidecument
ting the uncertainty of velocity-area discharge measurements, which aims at i
tion of the uncertainties due to the spatial integration of velocities.and depths th
bection. An alternative computation of the vertical velocity integration uncert
bed when the velocity distribution method is applied. The lateral flow integratio
is also estimated directly from the velocity and depth meastarements instead of the
of this document. The lateral depth integration uncertainty and the lateral veloci
ainty are estimated separately in the form of two distinct uncertainty compor
m(V), which may be combined to compute u_m. Fhus, the improved sampling
hal geometry using bathymetric verticals can be assessed. Both u_m(D) and u_m(V
nents are computed based on an angle (or slopeé)-reflecting the maximum possible

ofile, i.e. in the wetted areas of the panels. This angle can be user-defined or estim
]

Flaure

laure method (for “FLow Analogue UnceRtainty Estimation”)[12 estimates the
nent relating to the limited number of verticals. High-resolution reference gaugings
berticals) are used to assess the uncertainty component through a statistical analy

pling purely randomly( the verticals of these reference stream-gaugings, a subsan

ew method' was applied to 3185 stream-gaugings with various flow conditions 3

's method for
mproving the
roughout the
hinty (u_p) is
N uncertainty
look-up table
[y integration
ents, u_m(D)
of the cross-
) uncertainty
errors in the
pted from the

b uncertainty
(with 31 and
5is. Instead of
pling method
quality index
erticals. This
between two

nd compared

with the other*methods (this document, IVE, Q+ with a simple automated parametrizgtion). Results

show fhatFlaure is overall consistent with the Q+ method but not with this document and
which| produce clearly overestimated uncertainties for discharge measurements with

IVE methods,
less than 15

verticals.
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Annex A
(informative)

Use of point velocity current meters

A.1 General

As far as pos
unmeasured

5ible, the type of measuring equipment should be selected to minimize the depth
yones.

A.2 Rotating-element current meters

A.2.1 Gen

Rotating-ele
ISO 2537 and

Ial
ent current meters shall be manufactured, calibrated and maintained in accordand

[SO 3455. They should be used only within their calibratedrange and fitted on susp

equipment sifnilar to that used during calibration.

In the vicinity
Care should b

For high velo
where availah
by the revoluf

Norotating-e
is less than fa
whichever is

is cases wher

A spin test, w
ensure the m

A.2.2 Integ

The speed at
velocity and s
If the results

 of the minimum speed of response, the uncertaintyin determining the velocity i
e exercised when measuring velocities near the miftimum speed of response.

cities, the propeller, in the case of propeller-type current meters, or the reductio
le, shall be chosen in order that the maximum speed of rotation can be correctly me
ion counter.

ement current meter shall be selectéd for use where the depth at the point of measuy
ur times the diameter of the impeller that is to be used, or of the body of the mete;
he greater. No part of the meter shall break the surface of the water. An exception
b the cross-section is very shallow at one side but is the best available.

echanism of the current meter operates freely, see ISO 2537.

ration method-using current meter

which the-cutrrent meter is lowered or raised shall not be more than 5 % of the mean
hall notin‘any event exceed 0,04 m/s. Two complete cycles shall be made on each v¢
diffet-by more than 10 %, the operation (two complete cycles) shall be repeate

results Withilll thislimit are obtained.

of the

e with
ension

5 high.

N ratio
isured

ement
itself,
to this

here appropriate, should’be performed before and after each discharge measurengent to

water
rtical.
1l until

When a sounding rod or weight is used, it will not be possible to measure the velocity throughout the
entire vertical; a zone may, for example, remain unmeasured near the channel bed. An estimate of the
unit width discharge of this zone can be obtained using Formula (A.1):

_ 2thf

u

3

where

20

is the unit width discharge below the measured zone;
is the mean velocity for the measured part of the vertical;

is the depth of the unmeasured zone.

(A1)
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Similarly, the unit width discharge for any unmeasured zone near the surface is obtained using

Formula (A.2):

S

where

ds

\%

m

_ ths

0,9

is the unit width discharge above the measured zone;

is the mean velocity for the measured part of the vertical;

(A.2)

h

S

A3

Hand-
transn
compy
and ty
metho
freque
sedim

4

The s
under
of ope

A4
Hand-

are m
sampl

4

Acous
scanng
ultras
detern
water
or layé

The s
under

is the depth of the unmeasured zone.

Acoustic doppler velocimeters (ADVs)

neld ADVs are acoustic point-velocity current meters. They use two or three ti
hit sound pulses into the water and a receiving transducer to sample the reflect
te the velocity in the sample volume. They provide velocity measurements at 3
pically come with software and/or hardware interfaces for cemputing discharge
ds previously discussed. ADVs determine water velocity/by measuring the chang
ncy (or Doppler shift) in reflections from moving patticles or scatters (such

bnt) in the flow, which are assumed to be moving at the.same velocity as the water.

faking a traditional current meter gauging also apply to the ADVs. ADV current mete
Fation in low velocities and shallow depths of:water.

Acoustic echo correlation velocimeters (AECVs)

neld AECVs are point-velocity otirrent meters that measure the full velocity prof
pasured from the bottom to the surface simultaneously and seamlessly. Positioniy
ng depths is not required,

fic reflectors such as sediment particles and air bubbles that are present in t
bd with ultrasonic pulses and the reflected received signals are stored as echo patt
bnic scans are performed every few milliseconds and consecutive echo patterns are
hine the particulate movements, and thus water velocity, within the measurement v
depth velocify-profile is determined by analysing these measurements in up to 16
rs.

capable of operation in low velocities and shallow depths of water.

faking a traditional current meter gauging also apply to the AECVs. AECV curre

ansducers to
ed signal and
| single point
with various
be in acoustic
hs suspended

hmpling methodology, site selection criteria, and discharge calculation methodls applied to

's are capable

ile. Velocities
g at different

he water are
erns. Further

compared to
vindow. A full
vertical slices

hmpling methodology, site selection criteria and discharge calculation methodls applied to

Nt meters are

A.5 Acoustic doppler current profiler (ADCP) stationary method

The stationary method utilizes the ADCP to measure discharge on a vertical by vertical basis, similar to
a standard current meter.

The ADCP sensors can be used suspended from a bridge, cableway or by wading, as traditionally with
other current meter types. Itis also capable of holding position by means of manned and remote-control
boats. It is important that the instrument is held stationary as it is sensitive to flow angles.

NOTE Location of the verticals for the measurement can, with good conditions, be eased by the use of GNSS
systems coupled to the ADCPs.
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The ADCP sensors send multiple acoustic pulses into the water to measure the full velocity profile
within the vertical (with extrapolation for near bed and near surface boundaries). From this, the
calculation of the mean velocity of the water and the depth of the channel for each measured vertical is
made. Calculation of discharge by mid-section or mean-section methods are then made conforming to
Clause 7. They also conform to the IVE[13],

A.6 Electromagnetic current meters

Electromagnetic current meters are acceptable for making measurements of point velocity. They shall
be calibrated throughout the range of velocity for which they are to be used. They shall meet accuracy
requirements similar to rotating-element current meters. They should not be used outside the range
of calibration| It is possible that electromagnetic current meters are capable of operation in shafllower
depths than rptating-element current meters and of detecting and measuring flow reversal.

No electromagnetic current meter should be selected for use where the depth at] the pgint of
measurement is less than three times the vertical dimension of the probe, see ISO/TS 15768. An
exception to this is the case where the cross-section is very shallow at one side but-is the best avgilable.
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Annex B
(informative)

Surface velocity measurement using floats

B.1 Measurement of velocity using floats

r in cases of

B.1.1| General

This method shall only be used when it is impossible to employ a current meter-becguse of access
difficulties, excessive velocities and depths, the presence of material in suspension d
reconmaissance.

B.1.2| Selection of site

Three

cross-sections shall be selected along the reach of the chafinel as described in Cl

begining, midway and at the end of the reach. The cross-sectioiis shall be far enough apa

which
Cross-
Cross-
20 sis

B.1.3
The fl

the floats take to pass from one cross-section to the nextto be measured accurately
section shall be used only for the purpose of checking the velocity measurement
sections at the beginning and at the end of the reach. A minimum duration of float
recommended.

Measuring procedure

t shall be released far enough above the upper cross-section to attain a constant v

a
reachi(tlg the first cross-section. The timecat which the float passes each of the three crg

then nl
river.

Increa
accurg

The w
the ch

oted. This procedure shall be repeated with the floats at various distances from t}

sing the number of floats used to determine the velocity in each segment will
cy of the measurement.

dth of the channelshall be divided into a certain number of segments of equal widt
hnnel is very irregular, each segment shall have approximately the same discharge

of segiments shall not'be less than three, but where possible a minimum of five shall be us

numbyg
the riv

r of segmeénts depending on the time available for these observations at the parti
er.

huse 5, at the
"t for the time
. The midway
between the
movement of

elocity before
ss-sections is
e bank of the

improve the

h. If, however,
. The number
ed, the actual
cular stage of

B.2 Types of float

B.2.1

Surface floats

These may be used during floods when velocity measurements are to be made quickly. They shall not

be use

B.2.2

d when their movement is likely to be affected by winds.

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.
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B.2.3 Other types of floats

B.2.3.1 General

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

B.2.3.2 Sub

-surface floats

These may be used for measurement of velocities in very deep rivers. The length of the sub-surface float,
sometimes called the “multiple float”, which consists of separate elements suitably attached together to

permit flexibjtity amdsupported by asurface float; shattbeapproximmatety equat tothewaterdepith, but

the float shall

B.3 Deter

in no case touch the bottom.

mination of velocity

B.3.1 Method

The float veld
taken by the

The mean of {
velocity in th{
as near as po
to mean velod

B.3.2 Surf4

Where it is na
the coefficiern
velocity profi
range can 0cg

B.3.3 Douh

Where it is nd
sub-surface b
of the depth, {

B.3.4 Othe

Where a dire
surface floats

city shall be determined by dividing the distance between thecross-sections by the time

float to travel this distance. Several measurements of the flpat velocities shall be
hese measurements shall be multiplied by the appropriate.coefficient to obtain the
e segment. The coefficient derived from current meter.measurements at the site at {
5sible to that during the float measurement may bewsed for converting the float v

ity.
ce floats

t possible to check the coefficient directly, it may be assumed for guidance that,in g
t of the surface float varies between“0,84 and 0,90 depending upon the shape
e. The higher values are usually obtained when the bed is smooth, but values outsi
ur under certain circumstances(

le floats

t possible to check the coefficient directly, it may be accepted for guidance that wh
ody is situated at 0;6;ef the depth, the coefficient is approximately equal to 1,0, and
he coefficient is@pproximately equal to 0,96.

I types of floats

t check-orf the coefficient is not possible, it may be assumed that the coefficient of t}
and velocity rods is in the range of 0,8 to 1,0.

taken.
mean
| stage
blocity

bneral,
of the
e this

en the
at 0,5

e sub-

B.4 Main sources of error

Errors can arise:

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

— if too few segments are used for the velocity distribution;

— if a sub-surface float or velocity-rod is used and the depth of the channel is not uniform throughout
the measuring reach;

— if the float does not travel in the centre of the panel due to oblique currents;
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— if there is wind; but it should be noted that this error is generally negligible in comparison with the
others listed above, unless a surface float is used.

B.5 Determination of discharge from surface float velocity measurements

If the upstream and downstream cross-sections are plotted as shown in Figure B.1 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 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 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
velocify multiplied by the appropriate coefficient, see NOTE below) shall be plotted noxnpal to MN and
the enf points of these velocity vectors joined to form a velocity-distribution curve (sege Figure B.2).

Vs

— 0
Ai/- 0,5

s -1
- 1,5

2 L2
L 2,5

L 3
L 3,5

Key
sufface velocity distribution
dejpth (m)
direction of flow

Figure B.1 — Measurement sections and float paths
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igure B.2 — Mean velocity-distribution curve fromfloat measurements

a of corresponding segments of the upper andJewer cross-sections, when multip

the mean velgcity for this panel as shown by the velocity-distribution curve, represents the dis

through that
discharge. T
the area un
approximate

Formula (B.1]:

&

segment. The summation of the discharges for all the segments is equal to th
r the velocity-distribution curve forthe corresponding segment or, alternativ

value may be adopted equal to the@eading of the velocity halfway across the pan|

| A+ A

mean velocity.ih the segment;
area of upstream segment;

area\of' downstream segment.

Q= Z :11
where

v; isthg

A; s thg

A[ is the
NOTE Wh

ied by
charge
b total

mean velocity in a panel may be determined by measuring, by means of a planimeter,

ely, an
el. See

(B.1)

1 maovamant aftho floate ncrncce whaolawidih of+
Hevemehto+tietr TE- WOt

eriver,

©

icimannccd hlotagobhtain caticfactaryg
Y - W6

I TC o T P oS SToTEto-OotarSatroTattor

for instance if the floats move towards the centreline of the flow, an unadjusted discharge can be determined
by measuring the mean of the surface velocities. This discharge is then multiplied by a coefficient determined
from the results of current meter measurements carried out simultaneously with float measurements at the level
which approximates to that of the float measurements.
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Annex C
(informative)

Example surface velocity systems

C.1 Surface velocity radars

C.1.1| General
Velocity radars are used to measure surface velocities and do not penetrate the water sur
The radar’s ability to return a surface-water velocity is influenced by:

a) thle quality of disturbances or waveforms on the water surface;

b) thle air gap or the distance between the radar unit and the water Surface;
c) thee potential noise imposed by wind drift, eddies, secondaryflows and macro turbulg

Accordlingly, the following procedures should be followed.

face.

nce.

Typicdlly, the vertical containing the maximum-surface-velocity will contain the maximum velocity.

Velocities should be measured relative to a known pesition or geo-reference. At least 20
water [velocities are needed to adequately identify®he maximum-surface water velocity a
velocity radar can be pointed upstream (preferred) or downstream from a bridge or walk
be ori¢nted parallel to flow lines and tilted (from horizontal) at a nominal 45-degree in
It shoyld be noted that different radar unitstoperate at different incidence angles. It’s imp
when [ollecting velocity data to avoid-wind-dominated reaches, eddies, secondary floy
turbullence.

C.1.2 | Guidelines for surface radar installation — Sample quick start guide
Data should be collected at the cross-section of interest and in the vicinity of the velocity ra
— choose straight channels with parallel streamlines;

— cHoose a stream bed free of large rocks, weeds and obstructions that would create tur
whter;

— ude sections that are parabolic, trapezoidal or rectangular;

o 25 surface-
hd y-axis. The
way. It should
fidence angle.
brtant to note
ys and macro

dar footprint:

bulence/slack

J— e vblacitiec aregatorthan 01 m/cta 04 m/c and de
e TSt r—catt—v =+ >t St

uuuuuuuuuu S Tror oy Tty Ty

— avoid variable flow conditions downstream of piers or channel obstructions (hig
conditions should be avoided);

— avoid sections influenced by tributaries or contributing drainage channels.
Collect the following stream flow and channel data at the cross-section of interest:

— similar to any other point velocity discharge measurement;

hly turbulent

— at the y-axis, record the surface-water velocity and point velocities, throughout the water column

using the six-point method as a minimum (see 7.1.4.3.6);

— confirm the location of the y-axis by repeating this procedure to the left and right of the y-axis;
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— water depth at the y-axis;

— wind speed and direction.

To estimate the position of the y-axis, rely on the location of the maximum-surface water velocity; it
generally coincides at the same vertical as the maximum velocity.

Develop an in

dex velocity to ascertain mean velocity for the section.

Velocity radars can be deployed by hand or fixed on bridges, light cableways or cable stays.

C.2 Particle image velocimetry (PIV)

PIV is a tech
currently pra

— the large]
water suj

— the parti

— the spacHq

ique using images continuously filmed with video or still cameras. Three metho
ctised:

face patterns between two images obtained at different time points;

le track velocimeter (PTV) tracks a tracer;

and time image velocimeter (STIV) monitors the movement.of water surface patte

determinfe the velocity vector.

Aside from ex
applied to act
few angles of
the explicit ol
points are ne
control point
channel. Infrz

C.3 Laser

Laser dopple
specific point
point of meas
the liquid sur
and, to a degi
fluid velocity

perimental studies, image conversion is sometimes necessary when these techniqu

repose and from the aircraft with large angle of'fepose, images should be converte
thorectification method. Additionally, installation and location-survey of ground d
cessary for accurate orthorectification of.the water surface plane. Ideally, the g
5 should be installed at more than six locations distributed in the %, y, and z planeg
red cameras are available for 24 h operation.

" instruments focus a beam*of light from a laser which is mounted above the flo
. The frequency differefice of the transmitted and reflected light gives the velocity
urement. The laser canybe focused at a precise point in the flow field; it can also per
face. In this way, a'sihgle laser can be used to scan both across the flow field horiz
ee which depends on the clarity of the water, through the depth. This enables the
to be estimated-over a range of flow conditions.

ds are

-scale particle image velocimeter (LSPIV) determines the velocity vector by mdtching

rns to

es are

ual flows. For example, in the case of the video images obtained from the river line with

d with
ontrol
round
of the

w at a
at the
etrate
ntally
mean
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Annex D
(informative)

Uncertainties in the velocity-area measurement

D.1 General

It shoy
public

and IO 1088. Nevertheless, it is recommended that each user should determine indej

values
arere
68 %)

The in
forad

Error

See al§

D.2

The uncertainty in the measurement of width should be no greater than 0,5 %.

As an
varies

T4

D.3

htion of the first edition of this document in 1973. Reference should be madetolIS

of the uncertainties which apply to a specific measurement condition. The ‘values
ative standard uncertainties (“one standard deviation” values, level of‘confidence 4
expressed as percentages of the measured value.

formation given in the tables can also be used to determine the gptimum measurem
lesired accuracy.

paries by method and by instrument and should be determined case by case.

o Clause 9.

Uncertainties in width (u,)

example, the error introduced for a\particular range finder having a base distan
approximately as given in Table D:

ld be noted that the values given in this annex are the result of investigations carriedl outsince the

D 25377:2020
pendently the
in the tables
pproximately

ent procedure

e of 800 mm

5, level of

ble D.1 — Example of uncertainties for a range finder (standard uncertaintie
confidence approximately 68 %)
Range of width Absolute error Relative uncertainty
m m %
0to 100 0to 0,15 0,15
101 to 150 0,15t0 0,25 0,2
151 to 250 0,3t0 0,6 0,25

Incertainties in denth (1))
 w A\ § 4

For depths up to 0,300 m, the uncertainly should not exceed 1,5 %. For depths over 0,300 m, the
uncertainty should not exceed 0,5 %.

As an example, the uncertainty in depth in an alluvial river whose depth varied from 2 m to 7 m and
where the velocity varied up to 1,5 m/s was, for these conditions, of the order of 0,05 m measured using

a susp

ension cable.

As another example, measurements of depth were taken with a sounding-rod up to a depth of 6 m, and
beyond that value by a log line with standard air-line and wet-line corrections. These observations were
made within the range of 0,087 m/s to 1,3 m/s, the results are given in Table D.2.
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confidence approximately 68 %)

Table D.2 — Examples of uncertainties in depth measurements (standard uncertainties, level of

Absolute Relative
Range of depth . .
uncertainty uncertainty Remarks
m m %
0,4to6 0,02 0,65 With sounding rod.
6to 14 0,025 0,25 With log-line and air- and
wet-line corrections.

NOTE Column 3 relative uncertainties were computed from column 2 absolute
uncertainties using mid-range depths 3,2 m and 10 m.

D.4 Uncertainties in determination of the mean velocity

D.4.1 Timgs of exposure (u,)

The percentage uncertainty in point velocity measurement taken at different exposure times and|points
in the vertical, shown in Table D.3, are given as guidance and should be verified by the user.

Table D.3 —+ Percentage uncertainties in point velocity measurenient due to limited expdsure
time (standard uncertainties, level of confidence approximately 68 %)

Point in vertical
0,2D,0,4D or 0,6D 0,8D or 0,9D
Velocity -
Exposure time
m/s .
min

0,5 1 2 3 0,5 1 2 3
0,050 25 20 15 10 40 30 25 20
0,100 14 11 8 7 17 14 10 8
0,200 8 6 5 4 9 7 5 4
0,300 5 4 3 3 5 4 3 3
0,400 4 3 3 3 4 3 3 3
0,500 4 3 3 2 4 3 3 2
1,000 4 3 3 2 4 3 3 2
over<,000 4 3 3 2 4 3 3 2

D.4.2 Number ofpoints in the vertical (u)

The uncertaipty. values shown in Table D.4 were derived from many samples of irregular vertical
velocity curves-Fhey-are-givenas-guidance-and-shouldbeverified by-the-user

O Ty ol gV oI oo g uraarcC ot oot o TV S c oo y o e o ot

Table D.4 — Percentage uncertainties in the measurement of mean velocity at a vertical,
due to limited number of points in the vertical (standard uncertainties, level of confidence

approximately 68 %)
Method of measurement Uncertainties

%
Velocity distribution 0,5
Five points (see 7.1.4.3.5) 2,5
Two points (0,2D and 0,8D) (see 7.1.4.3.3) 3,5
One point (0,6D) (see 7.1.4.3.2) 7,5
Surface (see 7.3.3) 15
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D.4.3 Rotating-element current meter rating (u.)

The uncertainty values shown in Table D.5 are given as guidance and are based on experiments
performed in several of the world’s rating tanks.

Table D.5 — Percentage uncertainties in point velocity measurement due to current meter
rating error (standard uncertainties, level of confidence approximately 68 %)

Uncertainties
Velocity measured %
m/s Iadividual eating Group or standard
© rating

0,03 10 10
0,10 2,5 5
0,12 1,25 2,5
0,25 1,0 2
0,50 0,5 1,5

Over 0,50 0,5 1,0

D.4.4| Number of verticals (u,,)

The uncertainty values in Table D.6 are given as guidance and'should be verified by the uger.

Table D.6 — Percentage uncertainties in the measurement of mean velocity due to|the limited
number of verticals (standard uncertainties, level of confidence approximately 68 %)

Number of verticals Uncertainties

%

5 7,5
10 4,5
15 3,0
20 2,5
25 2,0
30 1,5
35 1,0
40 1,0
45 1,0

See Reference [20].
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Annex E
(informative)

Velocity measurement under ice conditions

E.1 Safety practice for measurements from ice cover

Before taking measurements on ice it should be ensured that the personnel performitlg the
measuremen{s have appropriate education and knowledge about working on ice. The safety.guidelines
given in this gnnex shall not be seen as a complete set but as an introduction.

As a general 1jule, the ice shall consist of solid clear ice and not be thinner than 0,1 m/Preferably, the air
temperature |s no more than a couple of degrees above zero centigrade. Particularprecautions shall be
taken during|spring when the sun can convert solid morning ice to rotten ice within a couple of|hours.
If the ice is ngt clear but consists of frozen snow/slush or a combination, the thickness should be gt least
0,2 m.

The whole cijoss-section shall be checked. This is especially important if the ice is snow cqvered.
Snowdrifts afj the banks reduce ice formation and very thin ice or e¥en open water under the sngw can
be found. If hiigh velocities are part of the cross-section, this section can freeze later than the fest or
even stay opejn. Variation in ice thickness can be huge and if snew covered this cannot be seen. The safe
and checked ¢ross-section may be marked if necessary.

The strength|of the ice cover shall continuously be testediusing an ice chisel or ice prod when th river
is crossed. The speed of a vehicle crossing the ice cover shall be low (especially near the river banks)
to prevent wave formation which could increase the pressure on the ice. Stricter precautions shall be
taken where water flows above the ice, or whennéew ice layers are formed, since the ice cover ig likely
to be thin.

Operators talking measurements of discharge from the ice cover shall be equipped with apprqpriate
safety equipnpent such as a life jacketorrescue suit, safety ice nails, a winter lifeline and a hot beyerage.
An extra set df dry clothes shall be-easily available.

E.2 Velocity-area method

E.2.1 General

The principle| of thissmethod is described in the main part of this document. For channels in which a
surface layer|ofiice exists, the cross-sectional area of water flowing is taken as the area boungled by
the bed line (Jr wetted pcrimctcr) ard-thetower Cdsc of-the-teeecoverorslash—Whenfloew-isbetween
layers of ice, the cross-sectional area also includes the area bounded by the lower ice layer and the
lower surface of the ice cover or slush. At times, the ice sheets on the riverbanks are thick enough to

reach the riverbeds. Therefore, it is important to use poles for indicating the locations of riverbanks.

The instrument used can be mechanical such as current meters or hydroacoustic such as ADCPs or
ADVs. When an ADCP is used, the stationary method should be chosen.

E.2.2 Selection of site

Discharge measurements under ice conditions are best conducted at sites where the geometry of the
cross-sections is well known. The site can be unsuitable for observations if:

a) more than 25 % of the cross-section is filled with slush, which is distributed unevenly over the
cross-section;
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b) dead zones occupy more than 10 % of the cross-section;

c) there are large areas with very low stream velocities below the recommended low limit for the
instrument;

d) itislocated in the backwater zone downstream of an ice gorge or ice jam:

e) itisliable to ice up owing to the freezing of water flowing through cracks on the surface of the ice

cover indicating a possible breakup of the ice.

However, in the aforementioned conditions, division of the cross-sectional area and observation of
every divided section will increase the accuracy of the discharge measurements.

Durin
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b the open water period, i.e. the period in which there is no ice cover, sites addit
lly used for water discharge measurements should be selected and marked on [thq

cover at the river reach selected for measurements has stabilized, a prelimihary
e to select a longitudinal profile with a length equal to several widths. At approy
s shall be drilled along the profile to determine the occurrence of slush’and its d
bls in which slush is found to be present, and when it is impossible to(select another
the measurement site shall be located at the centre of a uniform river reach.

ing the preliminary choice of the site, four or five holes shall,be’drilled across the
es to determine whether a regular velocity distribution{exists and to establish
kness over the cross-section. Sites in which slush divides the river into separate
ided. Braided channels which, in the open water petiod, are unsuitable for the
harge owing to the multiplicity of channels, may be‘suitable under winter condit
ver channels can become blocked by slush or ice,leaving the main channel unblocke

Frequency of water discharge measurements

equency of water discharge measurements during the winter period shall be sucH
ble estimation of the discharge. If~conditions of stable ice cover exist, methods
plation of winter flow may be used-However, under difficult conditions (such as tho
er and incomplete freezing) measurements shall be taken as frequently as possiblg
he discharge is computed by the interpolation of the observed discharges. The f
y discharge measurement)shall be made shall be carefully chosen so as to corre
e span for the observation. For example, if daily mean values are observed, {
rement shall be made when the discharge is as close as possible to the daily mean.

Measurements of ice cover thickness

e cover thickness shall be measured using ice-measuring sticks which are low
holes, A\zero reading may also be obtained. Using an L-shaped measurement po
rementof the thicknesses from the top of river ice to the bottom of the ice sheet
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banks. After
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E.2.5 Measurements of slush depth

For small depths of slush, measurements may be made using an ice-measuring stick. The slush depth is
indicated by a change in the resistance to clockwise and anticlockwise rotation of the stick during its
rise, i.e. the resistance to rotation increases when the slush layer is reached. For thicker depths of slush,
measurements may be made in a similar manner using a special rod with a stop plate or a perforated
disc attached to its end. In addition, current meters can be used for slush depth measurements. The
current meter is lowered below the slush layers and is then gradually lifted until a zero reading is
obtained. It should be borne in mind, however, that the actual slush depth can be somewhat smaller
than that obtained by measurement, because a zero reading will also be obtained when the flow
velocity decreases to 0,03 m/s to 0,04 m/s. Hydroacoustic instruments are not suited for slush depth
measurements.
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E.2.6 Determination of the effective depth

In an ice-covered channel, the effective depth is computed by subtracting the distance between the
water surface and the bottom of the ice layer or slush from the total depth. If using a current meter, the
total water depth in the channel is measured using a rod or a cable suspended sounding weight which
is lowered using a winch; the latter method is similar to the depth measurements made from a boat
under open channel conditions. If a hydroacoustic instrument is used, the depth is measured by the
instrument itself positioned by the operator at a known distance below the ice or slush.

E.2.7 Velocity measurements
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cable
blocity
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| stage

Velocity meapurements using current meters are carried out by lowering them into hioles
in the ice coyer. The current meters can be lowered using a suspension rod, a hand:operated
(for small depths) or cable suspension equipment (for depths exceeding 3 m to 4 m)\During v
measurements, the device by which the current meter is held shall be located near the upstrea
of the hole and shall be held rigidly at the upper edge of the hole to avoid the influerce of vertica
pulsation.

To prevent th¢ current meter from freezing up when it is carried between éne measurement verti¢al and
another, it mgy be placed in a bucket containing heated water or in a hot-air chamber. In measufement
verticals with shallow water depth, when the current meter is lowered on a rod without a tailpiece,
care shall be faken to ensure the correct position of the current meter with regard to direction ¢f flow
in the vertical. In measurement verticals where slush is present, vane current meters may be ysed in
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E.2.7.2 Selg
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cup-type meters which are liable to become blocked by slush ice.

‘rent meter is lowered, it is advisable to cleaia passage in the slush by means of a g
vith discs or by using an elliptical (round-shaped) weight suspended on a cable.

urements using hydroacoustic instfuments are carried out by also positioning the
n the ice cover and just below ice\cover or slush. When moving the instrument frg
kt this should be done quickly. A-~thin layer of ice on the transducers will thaw fasf
fer again but thick layers cantbe more troublesome. The temperature of the batter]
al and precautions to not{et'them to get too cold should be made.

ction of verticals for velocity measurements

s governing the loecation of velocity verticals under ice conditions are similar to
b location of welocity verticals under open channel conditions. These principles

teel or
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m one
when
es can
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mum-number of velocity verticals shall be as specified in 7.1.2, to ensure sufficient

invelocity interpolation with respect to the channel width. Sections between sucg

verticals

shiall contain substantially equal proportions of the total water discharge.

b)

river bottom in the best possible way.

essive

The location of the vertical shall be such as to reflect the flow structure and the cross-section of the

When current meters are used, the distance between each vertical shall exceed the propeller

diameter of the current meter; therefore, in very small rivers (brooks) there may be a small number
of verticals.

The profile of the bottom at the gauging station shall be determined and the location of the verticals
shall be selected prior to the formation of ice cover. When this is not feasible, approximately 20 holes
shall be drilled along the cross-section at equal distances. (From hydrometric practice it has been
found that 20 is the minimum number of holes required to reproduce the channel profile with sufficient
accuracy.) Furthermore, the intervals of the measurement holes can be determined depending on the
width of the river.
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