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INTERNA

TIONAL STANDARD

I1SO 1088- 1973 (E)

Liquid flow measurement in open channels — Velocity-area
methods — Collection of data for determination of errors
in measurement

1 SCOPE AND FIELD OF APPLICATION

This International Standard provides a standard basis for
the collectign of data for the determination of individual

components

of the total error in the measurement of liquid

flow in opep channels by velocity-area methods. These data

are intended
section 9 of

channels —

to supplement and improve the values given in
ISO 748, Liquid flow measurements in open
‘elocity area methods.

2 GENERALITIES

2.1 Calculation of discharge by the velocity-area method

The generali
follows :

where

ed equation for calculating the discharge is as

m
a=Y b,9,7, e
i=1

Q is the tptal discharge;

b; is the width of the /th segment;

d; is the depth of the /th vertical;

V/- is the mean velocity of thée.ith vertical;

m is the number of verticals.

When v; has been derived from a one/poir
multiple-point or velocity distribution‘meth
velocity v at an individual point shall be con
determination of the accuracy of ¥

In practice it is found that the standard ern

t, two-point,
d, the single
idered in the

or X in v is

increased when measurements are taken approaching the

bed of the channel. As7an approximation,
actual measurement of\the discharge, the averg
point measurements’ in the vertical isf
contribution of the standard error XV’, of the
in the vertical/from this source may be calcull
formula :

X¢?

X 3

_ =+
Vi

2.3 Overall error in discharge

The overall standard error X, in the disch
resultant of the component errors. The
cross-section of the channel and the horiz
distribution also affect the accuracy
measurement. The random error from th
decreases with an increase in the number of ve

The overall random standard error is as follow

f, during the
ge number of
p, then the
Mmean velocity
ated from the

-(2)

arge Q is the
Ehape of the
ntal velocity
of discharge
s effect X,
rticals.

m 2
z (b,. d,-’v',-) (x',,i2 + X2+ y}f)
L 2
Xg=2t\ [Xx,2+ — p -{3)
(; b, d; v,.)
The overall systematic standard error is as follpws :
X”n — i\'/ thz +Xud2 +X”--2 ) (4)

2.2 Individual components of the error
The symbolp uséd are those given in the table below :
Percentage standard error )
Quantity
random systematic 2
width Xbi X'p
depth Xdi X'g
mean velocity X Vi X'y

NOTE — Equation 4 is only applicable if the number of instruments

used is such as to allow the expectation that the

resultant of the

systematic errors they introduce will be zero. If this is not the case,

there will be a systematic deviation.

The overall standard error in the discharge may be taken

from the following formula :

Xg=1% \/ X'g2+Xx"g?

1) All the standard errors used in this International Standard are in terms of percentages.

. (5)

2) These systematic errors are those of instruments and they vary randomly from instrument to instrument, They are not the systematic errors
inherent in the types of instrument or measurements which cannot be eliminated or reduced by repeated measurements by the same instrument.

The major source of the error in the velocity will arise from errors in the calibration of the current-meters,
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2.4 Evaluation of the error in the individual components

The evaluation of

the error in the individual components of

the total error can be obtained by a statistical analysis of a

large number of

observations for a particular component

under operating conditions. To incorporate this procedure
in the normal routine measurement is not feasible, and
therefore centralized processing of collected data according

to standardized

programmes, as indicated in this

International Standard, is recommended with a view to

providing a gen
components withi

3 DATAONTH
To judge the val

eral standard on the errors of the

E LOCAL POINT VELOCITY"

Lie of a single velocity measurement the

following procedure is required :

At each point

of measurement on a vertical, an

uninterrupted obgervation of the velocity over a period of
50 min shall be ade with a current-meter. Every 30s a

reading of the i
readings become

hstrument shall be taken, so that 100
vailable. When pulses are emitted by the

current-meter, the number of pulses shall be recorded every
30s; or, when the time is measured at a fixed number of
pulses, this time {mll be about 30 s on the average. When a

continuous recor
sent and the re

is produced, the complete record shall be
ponse characteristics of the electronic

instrument mentigned.

In each vertical
02 - 06 - 08

this procedure shall he carried out at
and, where possible, 0,9 of the depth

measured from the surface. When possible, the data shall be
obtained during the same 50 min period.

The verticals to b
vertical situated

situated at places|
greatest depth, |
segment of the wi

The measureme
discharges.

The data thus ob
in Appendix X, |
values at interva
method of determ

e taken for this measurement shall\be the
at the deepest point and the) verticals
where the depths are 0,6 and 0,3 of the
oth located on the sideof the greater
Hth from the deepest,point.

hts shall be gepeated for different

ained shall be tabulated in the form given
h the case*of a continuous recorder, the
s of 30s shall be given, indicating the
ination.

| | : : +-9—Bistribution-of . .

4.1 Location of the vertical

The vertical to be taken for this measurement shall be that
at maximum depth.

It is recommended that if, at the measuring cross-section,
velocity profiles are available at more verticals as a result of
the routine discharge measurements, a check should be
made to ascertain whether the velocity profile at the chosen
vertical is representative of the section.

In the vertical, at the

following points :

the velocity shall be measured

1) near the surface;
2} 0,2 of the depth;
3) 0,3 of the depth;
4) 0,4 of the depth;
5) 0,5 of the depth;
6) 0,6 of the depth?
7) 0,7 of the depth;
8} 0,8 of,thedepth;
9) 0,9 of the depth;
10) near'the bed.

4.3 Period of measurement of local point velocitiep

The period of measurement of local point velocity at any
point shall be 60s, or the number of pulses shall be that
observed in 60 s at 0,6 of the depth.

4.4 Number of measurements

The measurements in the vertical shall be repedted five
times, preferably consecutively. Measurements aff¢gcted by
navigation shall be indicated.

These sets of observations shall be made for| various

discharges.

4.5 Presentation of data

Compilation of data shall be made in the form shown in
Appendix Y. r

4 DATA ON THE AVERAGE VELOCITY?

The average veloc

ity may be obtained in various ways. The

velocity-distribution method is, however, taken as a basis

for comparison w
used or special
circumstances.

The following pro

ith the results of other methods generally
methods adopted owing to special

cedure is required.

1) Reference may be made to 9.1.3.3 of {SO 748.
2) Reference may be made to 9.1.3.4 of 1SO 748,

2

The velocity profiles shall be drawn to a scale in such a way
that the maximum velocity and the depth are represented
by 0,10 m and 0,20 m respectively.

The mean velocity shall be determined with the use of a
planimeter from an adequately large graphical plot
(preferably not less than 300 cm?2}. The type and accuracy
of the planimeter shall be given, together with the scale of
the discharge. The accuracy of the graph paper shall be
checked.
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5 DATA ON THE VELOCITY-AREA METHOD"

There are two possible ways of determining the accuracy of

the velocity-area
measurements,  the

one
mainly

method,
other

special
routine

requiring
using

measurements.

Wherever possible, data for both should be produced.

5.1 0,6 depth measurement

In this method, the continuous profile of the cross-section
at the measyring site is required. This can be obtained by

echo-sounder

ISO 1088-1973 (E)

A graphical representation of the measured velocity profiles
shall also be given. This shall indicate the numerical values
of the velocities at the measuring-points.

6 INTEGRATION METHOD

To determine the standard error in the mean velocity in the
verticals obtained by the integration method, a sufficient
number of measurements (for example, fifty) shall be
carried out at steady stage in three verticals and the results

measurements or by measuring the depth

with a rod aft intervals of not more than 1/50 of the total

width

subjgct to an absolute minimum

spacing of

0,25 m (0.75| ft).

The horizon

fal velocity distribution shall be observed by

taking velocity readings at 0,6 of the depth at intervals of

1/50 of the

total width subject to an absolute minimum

spacing of 0,6 m (1.5 ft}. The readings of the current-meter
shall be made over a period of 120 s.

In addition,

current-metef
depth in thg

every 60 s.

readings shall be taken from a reference
at a fixed point, preferably at 0,6 of the
vertical at greatest depth. It shall be read

5.2 Velocity-distribution method

In this method, the normal procedure for discharge
measuremeny may be used provided the velocity<
distribution |method or integration method is used\ for

the determination of the average velocity in the vertical.

Readings sh
current-mete
depth in the

In addition
normal disch|
cross-section

hll be taken every 60s, from a reference
I at a fixed point, preferably .at\0,6 of the
vertical at greatest depth.

to the data on the depth~obtained by the
large measurement, a gontinuous profile of the
at the measuring site”shall be provided, as

indicated in %.1.

5.3 Presentation of data

For the ¢
Appendix Z
on velocity

bmpilation” of data, the form shown in
Ehould'be used. Correction factors in the table
t-reference point can best be based on the

average value of velocity a € reference point. In tha
table, the factors are set as a function of time. To obtain
the corrected velocity in the table ‘‘Mean velocity at
verticals’’, the velocity column must be multiplied by this
correction factor.

A graphical representation of the cross-section shall be
drawn to an adequate scale; the width of the river on the
drawing shall be not less than 0,6m (1.5ft). The
representation shall indicate the numerical values of depth
at the measuring points when a rod has been used, and shall
show the location of the verticals and of the reference
current-meter.

1) Reference may be made to 9.1.3.4 of I1SO 748.

shall be tabulated.

The verticals to be taken for this measuremenit shall be the
vertical situated at the greatest depth “and [the verticals
situated at places where the depthsare 0,6 and 0,3 of the
greatest depth, both focated am\ 'the side of the greater
segment of the width from the'deepest point.

The measurements shally"be repeated fpr different
discharges. Data of a general character can be ¢ompiled in a
table similar to that given in Appendix X.

7 CALIBRATION CURVES

In connection with the study of the instriment error,
calibkation curves together with all calibration points shall
be\ given, especially data of successive calit]‘rations of a
representative current-meter with dates amd vyears of
calibration and the intensity of use.

8 DISTANCE MEASUREMENTS

No generally applicable method of detdrmining the
accuracy of distance measurements can be given at present.
Detailed descriptions of the method [of distance
measurement shall be given, together with the distances
involved, and other relevant factors shall pe given for
theoretical examination.

Radio-electric instruments give an almosft absolutely
accurate standard of comparison for  distance
measurements. Where these instruments dre available,

independent research programmes concerning the error of
different methods of distance measurement njay be carried
out and the results stated.

€ conditions under whic € study is carried out shall be
similar to normal operating conditions in the field.

9 DEPTH MEASUREMENTS

The accuracy of depth measurement is dependent on the
channel conditions and the method of measurement. In the
case of lined channels, the bed conditions are not likely to
influence the accuracy of the measurement.

In natural channels, i.e. rivers, the configuration of the bed
varies in longitudinal as well as transverse directions.
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In relation to the measuring-procedure, it is important to
know whether the measurement is carried out from a rigid
position or from an anchored launch. In the latter case, the
influence of the irregularity of the bed may result in a
greater contribution to the total error of the depth
measurement. ‘

Owing to the complex nature of the depth measurements,
general directives cannot be given. In carrying out a study,
the following considerations may give guidance.

9.4 Sounding-rods yield errors due to

a) penetration into the bed;

b) deviation from vertical position;

c) stagnation head due to velocity.
9.5 Sounding-lines (including suspended current-meters)
yield errors due to

a) penetration into the bed;

9.1 In a river ywith movable bed, consecutive measure-
ments at one point shall be avoided.

9.2 It is advisablle to study the bed configuration in the
vicinity of the |actual measuring-point by determining
longitudinal and transverse sections.

9.3 For all instruments, the accuracy of the reading in
relation to the scale intervals shall be determined.

b) deviations from the ideal conditions forigwhich the
correction for wire bending has been calculated;

c) shape and suspension point of the-Jead.

9.6 Echo-sounders yield errors due.to
a) beam width of the transmitted pulse at thelbottom;

b) penetration of the pulse into the bottom, which is a
function of the frequency of the pulse and of bed
consistency.
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APPENDIX X

(See section 3)

TABLE FOR LOCAL POINT VELOCITY MEASUREMENTS

Measurements carried out under
the responsibility of .

Address :

ISO 1088-1973 (E)

For inquiry please refer to

Concerns river At location :

Country :

1 GENERAL DATA" ON THE RIVER DURING MEASURING PERIOD
Discharge NS m3/s
Area of cross-section of streem | . . . . . S/ . m?2
Average velocity | . . .0 0L L. m/s
Width b INT L m
Maximumdepth | . A& L0 L m
Average depth {area/width) | . .V 0 L L L L m
Slope of stage-discharge curve

(sensitivity in steady-stage condition) . m3/s'm

Water temperature T “C

2 GENERAL DATA ON MEASURING VERTICALS

Distance from

A Depth
e\:era.tge t ept. I right/left
Measuring verticals velocity at vertica bank
m/s m m

A) Maximum depth
B 0,6 of maximum depth
C 0,3 of maximum depth

3 METHOD OFVELOCITY MEASUREMENT (Please tick where appropriate)

D a) Numberofputses, tountedevery 30:

D b) Time (average 30 s} for a constant number of pulses, being for

A: . . . . . . . . . . pulses.
B: . . . . . . . . . . pulses.
C: . . . . . . . . . . pulses.

D c) Continuous velocity record :

Speed of paperatrecorder: . . . . . . . . . . mm/s
Response characteristics of the electronic instrumentation :

D d) Integration method.

1) Use (or convert to) metres and seconds.
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4 MEASURING

(E)

APPARATUS

Type of current-meter (Please give details such as diameter of propeller and pitch or size of cup, cup distance and number of

Serial number :

cups) :

Type of suspension :

Date of calibratio

n:

(Please add rating-curve and equations for
calculation of velocity and indicate whether group

5 MEASUREMENTS AT VERTICALS

A Vertical at mgximum depth

1 General da

[a

calibration or direct calibration is meanjt. Check
whether on the rating-curve the water\temperature

during calibration has been indicated.)

Depth

0,2

0,6

0,8 0,9

Units

Date of meg
Hour of me|
Water-level
Water-level
Water-depth

Average vel
Minimum v

Method of
Method a) ¢
Time intery
Method b)
Number of
Average tim

jsurement

hsurement (local time)
at start (local units)

ht end (local units)
during measurement

Depth of ingtrument under surface

Dcity over a period of 50 min
elocity

Maximum velocity

elocity measurement
rc)
bl of readings

pulses
e interval of readings

30

30

30 30

n/s
n/s
n/s

2 Description of bed conditions

Bed material

Bed form (sm

[size, shape; density) :

both;, ripples, dunes) :

Sediment transport——yesino-type-of transportbedload/suspendedload-

Bed roughness {preferably expressed in Chezy coefficient, C) :

where

Cis the Ch
Vis the me

ezy coefficient;
an velocity;

c

%
>
(7

R, is the hydraulic mean depth (area of cross-section of stream over wetted perimeter);

S is the slo

Remarks :

pe.
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3 Velocity observations

a) Velocity at 0,2 depth every 30 s.

Serial . . Serial Serial Serial
Rea Vel . . . . . .
No. eading elocity No. Reading | Velocity No. Reading | Velocity No. Reading | Velocity
1 26 51 76

25 50 75 100

Average vejocity Average velocity Average velocity Average velocity

Maximum pelocity Maximum velocity Maximum velocity Maximum velocity

Minimum yelocity Minimum velocity Minimum velocity Minimum vefocity

NOTE — Plepse indicate special circumstances influencing the measurements, such as passing df/ships.
b) Hor measurements at 0,6 — 0,8 and 0,9 depths, give details in the fofm shown at a) above.

B Vertical at 0,6 of the maximum depth.

Give detail$ in the form shown under A.

C Vertical at 0,3 of the maximum depth.

Give detail$ in the form shown under A.
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APPENDIX Y

(See 4.5)

TABLE FOR AVERAGE VELOCITY MEASUREMENTS

Measurements carried out under

the responsibility of .

Address :

For inquiry pleasd refer to
Concerns river

Country :

At location :
1 GENERAL DATA' ON THE RIVER DURING MEASURING PERIOD
Discharge | LGN L. L m3/s
Area of cross-section of stream . .o, . . . L . m?2
Average velocity 1 =\ . .. L. L. m/s
Width K DO m
Maximumdepth N L 00 0L 0L L m
Average depth {area/width) NN . . . . . . . . . m
Slope of stage-discharge curve
(sensitivity in steady-stage.condition){ . . . . . . . . . m3/s-m

Depth at verticat — ~~" |} . . . . . . . .. m
Average velocity onlvertical | . . . . . . . .. m/s
Distance of vertical from rightbank | . . . . . . . . . m
Water tempefatgre . . . . . . . .. °C

2 METHOD OF VELOCITY MEASUREMENT (Please tick where appropriate)

D a) Numben of pulses counted every 60 s.

D b) Time (average 60 s at 0,6 depth) for a constant number of pulses, i.e.

[___] c) Continuous velocity record.

Speed of paper at recorder :

Response characteristics of the electronic instrumentation :

D d) Integration method.

1) Use {or convert to) metres and seconds.

8

mm/s

pulses.
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3 MEASURING APPARATUS
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Type of current-meter (Please give details such as diameter of propeller and pitch or size of cup, cup distance and number of

cups) -

‘Serial number :

Type of suspension :

Date of calibration :

(Please add rating-curve and equations for
calculation of velocity and indicate whether group

4 GENERAL DATA ON VELOCITY MEASUREMENTS

Description,

Bed materig

Bed form {

Sediment tlansport : yes/no; type of transport : bed load/suspended load.

where

calibration or direct calibration s J'neant. Check
whether on the rating-curve the’'watgr temperature
during calibration has been indicated})

Units

Date of measurement
,Hour of measurement (local time)
Water-level at start (local units)
Water-level at end (local units)
Water-depth during measurement
Duration of the local point velocity
measurements using method a) or. ¢)
Number of pulses using method.\b) based
on a duration of 60 s at 0,6depth
of the local point velocity measurements

60| 60 | 60 | 60 s

of bed conditions

I (size, shape;-density) :

mooth, ripples, dunes) :

ed-in Chezy coefficient, C)

C=

<l

§l
E
%]

C is the Chezy coefficient;

v is the mean velocity;

R,, is the hydraulic mean depth (area of cross-section of stream over wetted perimeter);

S is the slope.

Remarks :
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5 VELOCITY OBSERVATIONS

Velocities
Reading | Velocity | Reading | Velocity | Reading | Velocity | Reading | Velocity | Reading | Velocity

1) near surface?)
2) 0,2depth
3) 0,3 depth
4) 0,4 depth

5) 0,5 depth
6) 0,6 depth
7) 0,7 depth
8) 0,8depth

9) 0,9 depth
10)  near bed?

Average velocity
determined gra-

phically
1) The observation pear the surface has been taken . . . . . m below the surface:
2) The observation hear the bed hasbeentaken . . . . . mabove the bed.

NOTE — Please indichte special circumstances influencing the measurements, such.as'passing of ships.

10
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