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Introduction

The measurement of discharge using the velocity-area’method is a la-
borious and costly procedure. There is often a great tempfation to use
fewer verticals for the measurement than is recommendef in ISO 748
but such a short-cut can lead to considerabledpss in the acqguracy of the
discharge determination. This Technical Report illustrates how the ac-
curacy of such a short-cut discharge nteasurement can e improved
considerably by optimization of the interpolation method.
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Liquid flow measurement in open channels — Velocity-area
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for use only in special circumstances, ex-
5 of which are given in clause\7.

brmative references

The fqg

llowing standards contain provisions which,
h reference(in this text, constitute provisions

gate the pos3|b|l|ty of applymg the most recent edi-

tions of the standards indicated below. Members of

hod using a restricted number of verticals

IEC and 4SO maintain registers of ct
International Standards.

1SO.748:1979, Liquid flow measurem
channels — Velocity-area methods.

1ISO 772:1988, Liquid flow measurem
channels — Vocabulary and symbols.

ISO 1100-1:1981, Liquid flow measurer
channels — Part 1: Establishment and ¢
gauging station.

3 Definitions

rrently valid

bent in open

ent in open

hent in open
peration of a

For the purposes of this Technical Report, the defi-

nitions given in ISO 772 apply.

4 Symbols

The symbols used in this Technical Rep
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total.

ort are listed
adopted that
d on the total
case letters
less than the
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Table 1 — Symbols

Symbol Quantity Dimensions Unit
A Area of cross-section L2 m2
B Width of channel at water surface L m
C Value derived from C = Q/(B:’/ZB) — -
c Value derived at measured vertical from ¢ = ‘7/\/47 — —
c Arithmetic mean of ¢ values for a discharge measurement — —
D Mean depth, derived from D = A/B L m
d Measured depth at vertical L m
H Stage, as read at gauge L m
Q Total discharge L3 Tt m3/s
q Unit width discharge L2 71 m2/s
v Mean velocity at the vertical LT-! m/s

5 Theory W, =7 =

The discharg¢ per unit width ¢ may be expressed
as

g=cd”
Therefore,

c=q|d? 2 dv|d? =7|[d
and

C=Q|(D’FB)

Figure 1 — Cross-section of river

Similarly,

i’-k/\/azﬁa/ dy =c3
6 Methodology

6.1\ The method proposed has been derived| from
work carried out by Dutch water engineers in the
Netherlands. From studies carried out on the |River
Rhine and on tidal rivers, they have establishdd the
following relationships (see also table 1):

C=Q|(D*’B)

c=7/Jd

Their work has been extended to apply thede re-
lationships to other rivers in other parts of the world,
to develop these relationships, as well as to geter-
mine the optimum number of verticals to be|used
and where in the section these verticals shodld be
located.

6.2 It has been established that three verticals, lo-
cated in terms of width alone, should be used. For

measured mean velocmes and d,, d2 and d, are the
measured depths, at the verticals 1, 2 and 3 re-
spectively. The mean velocity v, at the vertical x is
calculated from the equation

Bd = w1 d =c,

and the mean velocity v, at the vertical y is calcu-
lated from

Wd, =d, =,

or

prev1ous|y the best results appear to be glven when
the verticals are located at one-quarter, one-half and
three-quarters of the width.

6.3 From the normal surveys carried out after the
selection of the measurement section (see
ISO 1100-1) it is necessary to derive relationships
between stage and other dimensions such that a
reading of stage defines the other values. Thus, by
reading the stage, the related width and cross-
sectional area, and hence the mean depth, may be
obtained.
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7 Applications

The method is applicable whenever there is an ex-
ceptional need for speed in the completion of a dis-
charge measurement. Examples of such
applications are as follows.

a) One example is that of a new measurement sec-
tion on a river where measurements have not
been carried out before, and where there is a
need to derive a stage-discharge relationship?

ISO/TR 9823:1990(E)

8.1.4 On arrival at the site to perform the meas-
urements, read the stage. From the table or graph
prepared in 8.1.3, determine the corresponding val-
ues of the width, cross-sectional area and mean
depth.

8.1.5 Locate the first vertical at one-quarter of the
width (determined in 8.1.4) from the water’s edge.
Sound for depth and measure the velocity using a
current-meter to determine the mean velocity at the
vertical Repeat these operations at verticals located

qujckly, so that studies on the potential yield of

b) Another example is when high stage does not
permit the normal amount of time for measure-
ment, or during flash floods when the rapid vari-
atipn in the stage may limit the amount of time
avpilable.

c) A ppecial case may be that of a gauging station
which is in constant use, where expenditure
copstraints may dictate economies. In such a
cape, special calibration techniques can be used

e 8.2 and annex B), which should enhance the

acfuracy of the results.

d) A |further example is the measurement of the
digcharge of tidal rivers?.

8 Procedure

8.1 Rivers on which no previous
measurements have been carried out

8.1.1 | Select the measuring)section in accordance
with the recommendations’given in ISO 1100-1.

8.1.2 | Carry out &) topographic and hydrographic
survel of the section and install a gauge in accord-
ance with thesrecommendations given in ISO 1100-1.

8.1.3 | Efom' the survey data, define the following
relationships:

at one-half and three-quarters of the width.

8.1.6 Compute c for each of the three|verticals from
the equation

c=7)Jd

8.1.7 Carry out-the computations spegified in either
a) or b) below.

a) Determine the average of the threp values of c.
Assume that this value of ¢ is ec(ﬂual to C, and

compute the discharge from the equation
0=D?BC
NOTE 1

See annex A for a worked Iample.

b) For each of the values of ¢, calculate the value

of v using the equation
V= ﬁc

Compute the discharge from the equation
Q=) wdb
i=1

where

n is the total number of vertjcals (i.e. 3);

b.

1

is the width of the ith seginent.

surements

a) stage versus width;
b) stage versus cross-sectional area;

c) stage versus mean depth.

Prepare a table or a graph illustrating these re-
lationships.

have been carried out

8.2.1 From the original or most recent survey data
of the measurement section, define the relationships
specified in 8.1.3.

Prepare a table or a graph illustrating these re-
lationships.

1) See I1SO 1100-2:1982, Liquid flow measurement in open channels — Part 2: Determination of the stage-discharge

relation.

2) See ISO 2425:1974, Measurement of flow in tidal channels.
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8.2.2 From the existing records, compute ¢ for each
vertical of each measurement, and compute C for
each total measurement. Compute the value of ¢/C
for verticals spaced across the width at intervals of
5 % of B for the entire range of stage.

Plot these values to give isolines of ¢/C as a function
of the river width and stage (see for example
figure B.1). Alternatively, or in addition, plot the de-
viation of the ¢/C values from 1,00 as a function of

the river width and

figure B.2).

8.2.3 Analyse

stage (see for example

Determine the average of the three corrected values
of c.

8.2.7 Assume that ¢ is equal to C, and compute the
discharge from the equation

0=D%pC

NOTE 2 See annex B for a worked example.

the plot(s) prepared either to deter-

mine the threq verticals on which the deviation of

¢/C from 1,00

s minimal or to determine the three

verticals on which the value of ¢/C is the most con-

stant througho

8.2.4 On arri

it the range of stage.

al at the site to perform the meas-

urements, read the stage. From the table or graph

prepared in 8.
ues of the wi
depth.

8.2.5 Locate
mined in 8.2.3
edge at the ap
selected vertig
at the selected

8.2.6 Comput
the equation

them by the in

.1, determine the corresponding val-
jth, cross-sectional area and mean

the positions of the verticals deter-
by measurement from the water’s
propriate bank. Sound for depth at the
als, and determine the mean velocity
verticals using a current-meter.

b ¢ for each of the three verticals from

erse of the corresponding mean ¢/C

Correct the v]l/ues of ¢ so obtained by multiplying

value indicate

on the isoline or deviation plot.

8.3 High stage or flash flood

8.3.1 In the case of a site where_ no preyious
measurements have been carried outproceed as
specified in 8.1.

8.3.2 In the case of a sitethaving previous njeas-
urement records, proceed(as specified in 8.2.

9 Uncertaintydn the discharge
determination

From thecrelatively restricted number of meagure-
ments taken and tested to date, indications areg that
the results obtained by using this short-cut mgthod
fall.within + 5 % of the values determined using the
fulb number of verticals in accordance with ISO(748.

Results so far indicate that the accuracy of theg dis-
charge determination is likely to be greater when
previous calibration data are available for use.

However, until many more tests have been |con-
ducted on many more rivers, the order of accyracy
quoted above should be treated with caution.
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Annex A
(normative)

Worked example for a river on which no previous measurements
have been carried out

This example is based on a discharge meas-

urement, darried out using the full number of verticals, on
the River $evern at Bewdley on 13th April 1962.

A.1 Sel

bct the measuring section in accordance

with the necommendations given in ISO 1100-1.

A.2 Carry out a topographic and hydrographic
survey arjd install a gauge on the river bank in ac-

cordance| with the recommendations given in
ISO 1100-1.

A.3 From the survey data, prepare tables or
graphs of stage H versus width B, cross-sectional
area A apd mean depth D for the measuring sec-
tion.

A.4 On|arrival on site to perform the measure-

ments, refad the stage.

From the
the corre

tables or graphs (clause A.3), determiine
Eponding values of B, 4 and D.

In this cdse, the following values weré . determined:

stage H

= 19,2 m; area A =

cross-sectional

100,67 mq; width B = 46,33 m; mean depth D =

2,173 m.

A.5 Lodate the positions_of the verticals at one-
quarter, gne-half and three-quarters of the width, i.e.
at 11,58 m, 23,17 m and 34,75 m from the edge of the

water on

Sound th

either bank.

b depth~at each of the selected verticals.

Determine the mean velocity at each vertical using

a current-meter. In this case, the follow
were determined:

ng values

a) at one-quarter of the width: depth d F 2,347 m;

mean velocity v = 0,779(m/s;

b) at one-half of the {width: depth d =
mean velocity v_£ 0,859 m/s;

c) at three-quarters of the width: de
2,438 m; mean velocity v = 0,838 m/s.

A.6 Condpute ¢ from ¢ =7/./d for each 9
verticals:

ayt one-quarter of the width, ¢ = 0,508;
b) at one-half of the width, ¢ = 0,517

c) at three-quarters of the width, ¢ = 0,5
A.7 Follow the procedure specified in
8.1.7 b). In this case, the procedure s
8.1.7 a) is followed.

Compute the average value of ¢, i.e. ¢ =

Assume that ¢ = C, and compute the disch
0 = D*?BC, ie. Q = 217332 x 46,33
77,32 m3/s.

A.8 The discharge value obtained from
urements using the full number of ver
78,35 m3/s. The discharge value obtained
method differs from the full value by —1,3

2,755 m;

pth d =

f the three

7.

B.1.7 a) or
ecified in

),521.

arge from
k 0,521 =

the meas-

icals was
using this
%.
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Annex B
(normative)

Worked example for a river on which previous discharge measurements provide a
good record

NOTE 4 7k1is example is based on a discharge meas-
urement, cafried out using the full number of verticals, on

the River S¢

B.1 The
discharge

evern at Bewdley on 13th April 1962.

following results were obtained from this
measurement:

stage H = 19,2 m;

dischar

ge Q0 = 78,36 m3/s;

width B = 46,33 m;

mean depth D = 2,173 m;

C =0,

Cross-s

528 [from Q)(D**B)1;

betional area 4 = 100,67 m2,

From the survey data, define the relationships and
prepare taples or graphs of stage H versus width
B, cross-sgctional area 4 and mean depth D for the

measuring

B.2 Fron
values at
these valu

section.

the existing records, compute“the ¢/C
all measured verticals and \extrapolate
bs to verticals spaced at intervals of 5 %

of the stream width for all availablé stages.

Plot these
figure B.1)
at the 5 %

B.3 Sele

consistenc

at 35 %, 5
bank.

values in the form ofiisolines of ¢/C (see
and also as deviations from ¢/C = 1,00
verticals (see {figure B.2).

ct the verticals which show the greatest
y in the_value of ¢/C throughout the range

% ‘and 60 % of the width, from the right

of stage. 11; thistease, verticals have been selected

width B = 46,33 m;

mean depth D = 2,173 m.

Confirm that the verticals located at'35 %, 50 % and
60 % of the width are valid.

B.5 Locate the positions.of the verticals,|measur-
ing from the water’s'edge on the right hank, i.e.
35% of B = 16,215m; 50 % of B = 23,165 m;
60 % of B = 27,798 m.

Sound the depth at each of the selected vefticals.

Determine the mean velocity at each vertigal using
a current-meter. In this case, the following values
were determined:

a) at 35 % of B: depth d = 2,452 m; mear| velocity
v = 0,872 m/s;

b) at 50 % of B: depth d = 2,755 m; mearn] velocity
v = 0,859 m/s;

c) at 60 % of B: depth d = 2,782 m; mean velocity
v = 0,882 m/s.

B.6 Compute cfromc= ﬁlﬁ for each of the three
verticals:

a) at 35 % of B, ¢ = 0,557,

I

b) at 50 % of B, ¢ = 0,518;

c) at 60 % of B, ¢ = 0,529.

Correct the values of ¢ by multiplying the'In by the
inverse of the corresponding mean ¢/C valude:

B.4 On arrival on site to perform the measure-
ments, read the stage.

From the tables or graphs (clause B.1), determine
the corresponding values of B, 4 and D.

In this case, the following values were determined:

stage H = 19,2 m;

cross-sectional area 4 = 100,67 m2;

a) at 35 % of B, ¢/C = 1,055; correction factor
1/(c/C) = 0,948; corrected ¢ = 0,528;

b) at 50 % of B, ¢/C = 0,981; correction factor
1/(c/C) = 1,019; corrected ¢ = 0,528;

c) at 60 % of B, ¢/C = 1,002; correction factor
1/(c/C) = 0,998; corrected ¢ = 0,528.

Compute the average value of the corrected values
of c,i.e. ¢ = 0,528.
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B.7 Assume that ¢ = C, and compute the dis-
charge from Q=l_)3/2BC, i.e. Q=2,1733/2x46,33x
0,528 = 78,36 m3/s.

ISO/TR 9823:1990(E)

B.8 The discharge value obtained from the meas-
urements using the full number of verticals was
78,35 m3/s. The discharge value obtained using this
method differs from the full value by only
+ 0,01 %.
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