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Foreword

ISO (the Internat|onal 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 re¢presented on that committee. International organizations, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work.

Draft Internationgl Standards adopted by the technical committees are circulated to
the member bodigs for approval before their acceptance as International Standards by
the ISO Council.|They are approved in accordance with ISO procedures requiring-at
least 75 % approyal by the member bodies voting.

International Standard ISO 1088 was prepared by Technical Committee ISO/TC 113,
Measurement of Jiquid flow in open channels.

ISO 1088 was first published in 1973. This second edition cancels‘and replaces the first
edition, of whichlit constitutes a technical revision.
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INTERNATIONAL STANDARD

1SO 1088-1985 (E)

Liquicli flow measurement in open channels —
Velogity-area methods — Collection and processing of
data for determination of errors in measurement

1 Scope and field of application 3 General

This Interngtional Standard specifies a standard basis for the .

collection apd processing of data for the determination of in- 31 Principle

dividual components of the total error in the measurement of

liquid flow §n open channels by velocity-area methods.

For determihing the discharge in open channels by the velocity-
area methoH, components of the flow need to be_measured.
The total yncertainty in discharge is a combination of the
uncertaintigs in these components. This International Standard
specifies a standard basis for collecting and processing the data
required to fompute the component uncgrtainties for determin-
ing the tdtal uncertainty in discharge/ This International
Standard mjay be used when carrying out an investigation of
component| uncertainties from data-taken from a large sample
of rivers in Ja basin or in a country or for international investi-
gations.

2 Refenences

ISO 748, liquid® flow measurement in open channels —
Velocity-aréa-hrethods-

The principle of the velocity-area method conkists in determin-
ing from measurements the distribution of thp flow velocity in
the cross-section and the cross-sectional area} and using these
observations for the computation of the discharge.

The measurements of the flow velocity are made in a number of
verticals. In each vertical the mean velocity is|determined from
measurements at a selected number of points. The discharge
per unit width may be found by muitiplying the mean velocity
by the depth in the vertical considered.

Each vertical is assumed to be representative
the cross-sectional area. The selection of fthe number and
location of the verticals determines the |width of these
segments. Assuming that the discharge has r¢mained constant
during the measurements, summation of the discharge in the
various segments gives the total discharge thrpugh the section.

of a segment of

32 Occurrence of error

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

ISO 4363, Liguid flow measurement in open channels —
Methods for measurement of suspended sediment.

ISO 4364, Liquid flow measurement in open channels — Bed
material sampling.

ISO 5168, Measurement of fluid flow — Estimation of un-
certainty of a flow-rate measurement.

ISO/TR 7178, Liquid flow measurement in open channels —
Velocity-area methods — Investigation of total error.

When measuring width, depth and flow velocity, errors occur.
The application of certain computational methods also intro-
duces errors depending on the assumptions made.

A distinction shall be made between random and systematic
errors, resulting from the instruments used, the measuring
procedures and the processing of data. Random errors are also
influenced by the nature of turbulent flow. The magnitude of
random errors can be influenced favourably by the proper
selection of instruments and methods. Systematic errors may
be constant or variable and they cannot be eliminated by
repeating the measurements or by increasing the duration of a
measurement. There are, in addition, mistakes due to
misreading an instrument or to instrument malfunction.
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3.3 Sources of error (see figure 1)

Theoretically the discharge

q=HAv(x,y)dxdy L
where
q is the unobservable true discharge;

A is the cross-sectional area;

3.4 Determination of the individual components
of the error

3.4.1 Errors in width

The measurement of the width between verticals is normally
made by measuring distances from a reference point on the
bank. When a tape or tag-line is used, or the movement of the
wire attached to a trolley is observed, the error depends on the
distance but is usually negligible. Where optical means are
used, the errors also depend on the distance measured but may

v (x, y) is the|velocity field over width, x, and depth, y.

In practice, the integral is approximated by the summation

0= 2 b;d;¥; - ... (2)

-

Q is the calcylated discharge;
is the width of the ith section;

is the deptI of the ith section;
V; is the mear] velocity in the ith vertical;
m is the numper of sections.

The error in Q is due to
a) errors in the measurement of the quantities b;, d;yand of
the individual measurements of the flow velocity.necessary

for the determipation of v;, and

b) the approximation of the integral (1) by the sum-
mation (2).

te greater.
Where the distance is measured by electronicymeapns, a con-
stant error and an error depending on the, distance|measured
occur.

The errors are mainly instrument errors.

3.4.2 Errors in depth

In ISO 748, clause 10Q;,a humber of sources of efror in the
measurement of depth) is mentioned.

Some errors dépend on the type and use of the irlstruments
applied. Such“-errors are not included in this International
Standard.

Errors-arise due to the interpolation of the depth bgtween the

verticals at which depths are measured. These are included in
3.4.3 c) as “error-type IlI"".

3.4.3 Errors in determination of the mean veldcity
These errors consist of three components :
a) The error due to the restricted measuring time of the
local point-velocity in each vertical. Because of furbulence

the velocity fluctuates continuously over the \yvet cross-
section. The mean velocity at any point, determiped from a

X

7

AR

N

Figure 1 — Definition sketch
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measurement during a certain time interval, is an approxi-
mation of the true mean velocity at that particular point. In
this International Standard, errors of this nature are referred
to as “error-type I""1).

b) The error arising from the use of a limited number of
sampling points in a vertical. Computation of the mean
velocity in a vertical as an average or a weighted average of
a number of point velocities results in an approximation of
the true mean velocity in the vertical considered. In this
International Standard, errors of this nature are referred to

ISO

1088-1985 (E)

as “errog=type 11"’ 1)

c) The|error arising from the restricted number of verticals
in which velocities are measured. The horizontal velocity
profile between two verticals has to be determined by inter-
polation| which introduces an error.

The vallies of depth d; and the mean velocity v; in the
vertical pre used to determine the discharge per unit width
and thel|discharge through the section i. Summation of the
dischardes through each section according to equation (2)
results |n an approximation of the true total discharge.
Errors of this nature are referred to as “‘error-type I1I"" 1),

3.4.4 Symbols

The symbols used are given in the table below.

Percentage uncertainty!
Quantity -
random systematic?
Width lei X”b
Depth X’di X“d
Mean veloity X'Vl_ X'y

1)

All the uncertainties used in this International\Standard are in

terms of perfentages expressed at the 95 % confidence limits. In this
Internationall Standard, X with a subscript refers to percentage un-

certainty, X
percentage

2)

refers to percentage random uncertainty and X' refers to
ystematic uncertainty.

The majpr source of the systematic-tncertainty in the velocity will

arise from efrors in the calibration\of/the current-meters.

3.5 Desgription of the uncertainty

For the determinationof the influence on the total uncertainty,
the individ{ial components are sufficiently described by their
relative mepn-and relative standard deviations.

where

X ,Sd is the percentage uncertainty due to random sam-
pling error of the depth profile (error-type llI);

X'Sh is the percentage uncertainty due to the random
sampling error of the horizontal velocity profile (error-
type Iil);

X '7’_ is the percentage uncertainty of the mean velocity
due to the random instrumental error;

X F is the percentage uncertainty dué tg the random fluc-

tuation in velocity error (errortype

Xs_ is the percentage uncértainty dug
sampling error of themean veloc

(error-type Il);
X ,di is the percehtage uncertainty due
instrumental error determining the
X lb; is the{percentage uncertainty dug
instrumental error determining the
b; is the width of section i;
d; is the depth of section i;
v; is the mean velocity in section i;

Q is the total discharge.

The total systematic uncertainty is as followq:

1/2

"

— "2 "2 "_2
XQ—i<Xb+Xd+XV

The total uncertainty in the discharge is givel

+ ' ”21/2
Xo=+1% (XQ +X'2)

If it is assumed that the discharge in the respq
almost equal, then equation (3) simplif

1);

to the random
ty in the vertical

to the random
Hepth of section;

to the random
width of section;

. (4)

h by

. (5)

ctive sections are
es with certain

approximations (see ISO/TR 7178 and ISO 748) to:

3.6 Total uncertainty in discharge

It can be shown (see ISO/TR 7178) that the total percentage
random uncertainty in discharge, X'Q, may be found from the
following

m
Xp= % [Xg2+ X2 +2 (b; d;7;)2/Q

i=1

— 1
o "2 LN "2 "2
X,=1t l_Xm+kab+Xd+X

1/2
"2 2
+Xp +XC>:I

where

X'p s the total random uncertainty in d
confidence level;

24
e

ischarge at 95 %

1/2
X572+ X}:_Z + Xg 2+ X'd? + X'b? ... (3 X ,, is the percentage random uncertainty due to the
! ! Y ! ! restricted number of verticals used;
1) Error-types I, Il and Ill used in this International Standard have no connection with the statistical type | and type Il errors.
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X 'b is the percentage random uncertainty in the width
measurement;

X 'd is ‘the percentage random uncertainty in the depth
measurement;

X e is the percentage random uncertainty due to the
restricted time of exposure used;

X' is the percentage random uncertainty due to the
restricted number of velocity points taken in the vertical;

In each vertical this procedure should be carried out at 0,2 —
0,6 — 0,8 and, where possible, 0,9 times the depth measured
from the surface. Where possible the data should be obtained
during the same 2 000 s period.

The measurements should be repeated for different discharges.

The data thus obtained should be indicated in the report form
given in annex A. In the case of a continuous recorder, the
values at intervals of 10 s should be given, indicating the
method of determination.

X 'c is the pellcentage random uncertainty in the current
meter rating of| velocity.

NOTE — From equation (3) or (6), it can be seen that in order to reduce
the total random undertainty the number of verticals would need to be
increased or an imgrovement made in the measurement of the in-
dividual componentd, or both.

3.7 Evaluation of the error in the individual
components

The evaluation of the uncertainty in the individual components
of the total uncertainty can be obtained by a statistical analysis

of a large number
under operating ¢
the normal routing
tralized processing
programmes, as

recommended wit
the uncertainties g
of measurements.

of observations for a particular component
bnditions. Incorporating this procedure into
measurement is not feasible, therefore cen-
of collected data according to standardized
ndicated in this International Standard, is
h a view to providing a general standard on
f the components within the practical range

4 Data on the local point velocity

To judge the value
ing procedure is r

At each point of 1
observation of thg

of a single velocity measurement the follow-
quired.

heasurement ofi/a-Vertical, an uninterrupted
velocity over’a period of 2 000 s, or for a

period during whi

h the discharge does not change by more

than 5 % of the |nitial value, whichever is the less, shall be

made with a curr
ment should be

t-meter. Every 10 s a reading of the instru-
ken, thus giving 200 readings altogether.

When pulses are emitted by the current-meter, the number of 48t O4-times-the-depth————————————

pulses should be recorded every 10 s; or, when the time is
measured at a fixed number of pulses, this time interval should
average 10 s. When a continuous record is produced, the com-
plete record should be given and the response characteristics of
the electronic instrument stated.

The verticals to be taken for this measurement should be the
vertical situated at the deepest point and the verticals situated
at places where the depths are 0,6 and 0,3 times the maximum
depth, both located on the side of the greater segment of the
width from the deepest point.

1) Reference may also be made to ISO 748 and ISO/TR 7178.

5 Data on the average velocity "

The average velocity in a vertical may_ be-obtained|in various
ways. The velocity distribution methad\js; however, [taken as a
basis for comparison with the results.of other meth¢ds gener-
ally used or special methods addpted owing to specjal circum-
stances.

The following procedure is’required.

5.1 Location of the vertical

The vertical "chosen for this measurement shall n¢rmally be
determined/from the known velocity distributions in[the gaug-
ing crossssection, so as to give velocities which areg represen-
tativerof the whole cross-section.

When the velocity distributions in the gauging cross-gection are
not known, the vertical taken for this measurement shall be
that at maximum depth in the cross-section and|at places
where the depths are 0,6 and 0,3 times the maxinjum depth
respectively, at the side of the greater segment ar[d not too
close to the bank.

5.2 Distribution of measuring points

The velocity should be measured at the following pdints in the
vertical :

1) immediately below the surface;
2) at0,2 times the depth;

3) at 0,3 times the depth;

5) at 0,5 times the depth;
6) at 0,6 times the depth;
7) at 0,7 times the depth;
8) at 0,8 times the depth;
9) at 0,9 times the depth;

10) near the bed.
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In channels containing weed growth great care shall be taken
to ensure that measurements made in the vicinity of the bed are
not affected by weed fouling the current-meter.

5.3 Period of measurement of local point
velocities

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

1SO 1088-1985 (E)

6.2 Velocity-distribution method

In this method, the normal procedure for discharge measure-
ment may be used provided the velocity-distribution method or
integration method is used for the determination of the average
velocity in the vertical.

Readings shall be taken every 60 s, from a reference current-
meter at a fixed point, preferably at 0,6 times the depth in the

vertical at maximum depth.

In addition to the data on the depth obtained by the normal

discharge measurement, a continuous profi

5.4 Number of measurements
The measurements in each of the verticals should be made at
least five [times, preferably consecutively. Measurements

affected by [navigation should be indicated.

These sets| of observations should be made for various
discharges.

5.5 Presentation of data

The mean Velocity should be determined with the use of a
planimeter ]‘rom an adequately large graphical plot (preferably
not less than 300 cm2). The type and accuracy of the
planimeter phould be given, together with the scale of the
discharge. The accuracy of the graph paper should be checked.

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

Compilatior] of data should be made in the form shewn in
annex B.

6 Data pn the velocity-area method"
There are two possible ways of determining the accuracy of the
velocity-areg method, one requiring-special measurements, the

other mainly using routine measurements.

Wherever ppssible, datafor*both should be produced.

6.1 MeaIurement at 0,6 times the depth

In this method,/the continuous profile of the cross-section at

section at the measuring site shall be proyid
in 6.1.

6.3 Presentation of data

le of the cross-
ed, as indicated

For the compilation of data, the.form shown iI annex C should

be used. Correction factors in the table o
reference point can best be based on the

velocity at the referencepoint. In this table, t
as a function of time* To obtain the correctg
table ““Mean velocity at verticals”, the velocity
multiplied by this correction factor.

A graphical representation of the cross-sectig
to an adequate scale; the width of the river on

velocity at the
hverage value of
he factors are set
d velocity in the
column shall be

n shall be drawn
the drawing shall

be_not less than 0,5 m. The representation $hall indicate the

numerical values of depth at the measuring p|
has been used, and shall show the location of
of the reference current-meter.

A graphical representation of the measured
should also be given. This should indicate the
of the velocities at the measuring points.

6.4 General data

To facilitate the interpretation of deviations
pattern of the various errors, relevant inf
geometry and morphology of the river conce
for example a map of scale 1/10 000 of the riy
50 times the width of the river upstream and d
measuring site.

7 Integration method

To determine the standard error in the mean v
ticals obtained by the integration method, a s

pints when a rod
the verticals and

velocity profiles
numerical values

from the normal
rmation on the
rned is required,
er approximately
bwnstream of the

elocity in the ver-
ufficient number

the measuring site is required. This can be obtained by echo-
sounder measurements or by measuring the depth with a rod at
intervals in wide rivers of not more than 1/50 of the total width.

The horizontal velocity distribution shall be observed by taking
velocity readings at 0,6 times the depth at intervals in wide
rivers of 1/50 of the total width. The readings of the current-
meter shall be made over a period of 120 s.

In addition, readings shall be taken from a reference current-

meter at a fixed point, preferably at 0,6 times the depth in the
vertical at maximum depth. It shall be read every 60 s.

1) Reference may also be made to 1ISO 748.

ofmeasurements—{forexampte; 50 shouid—e carried out at

steady stage in three verticals and the results should be

tabulated.

The verticals to be taken for this measurement should be the
vertical situated at the maximum depth and the verticals
situated at places where the depths are 0,6 and 0,3 times the
maximum depth, both located on the side of the greater seg-
ment of the width from the deepest point.

The measurements should be repeated for different discharges.
Data of a general character can be compiled in a report form
similar to that given in annex A.
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In connection with the study of the instrument error, calibration
curves together with all calibration points should be given,
especially data of successive calibrations of a representative
current-meter with dates and years of calibration and the inten-
sity of use.

9 Distance measurements

No generally applicable method of determining the accuracy of

10.5 Sounding lines (including suspended current-meters)
yield errors due to

a) penetration inte the bed;

b) deviations from the ideal conditions for which the cor-
rection for downstream drift has been calculated;
HRRRY 4 L

1

suspension point o

10.6 Echo-sounders yield errors due to

distance measurefnents can be given at —rmm—auwmwmmmpresen. ottom;

description of the ethod of distance measurement should be
given, together with the distances involved, and other relevant
factors shouid be given for theoretical examination.

Electronic distancgé measuring devices give an almost absol-
utely accurate stahdard of comparison for distance measure-
ments. Where thg¢se instruments are available, independent
research programtes, concerning the uncertainty of different
methods of distange measurement, may be carried out and the
results stated.

The conditions unfder which the study is carried out should be
similar to normal @perating conditions in the field.

10 Depth mIasurements

The accuracy of dg¢pth measurement is dependent on the chan-
nel 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 channel$, for example rivers, the configuration of the
bed varies in longftudinal as well as transverse directions.

In relation to the heasuring procedure, it is important'to know
whether the measfirement is carried out from arigid position or
from an anchored [launch. In the latter case the influence of the
irregularity of the ied may result in a greatereontribution to the
total error of the dlepth measurement,

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

10.1 In a river wjth a'shifting bed, consecutive measurements
at one point shoujd-bé avoided.

b) penetration of the pulse into the bed, which is a func-
tion of the frequency of the pulse and of bed cdnsistency.

11 Data processing

11.1 General

The method of data proeessing for the determination of the
total random error in ¢he discharge measurement by velocity-
area methods is given.)Although the availability of cdmputers is
assumed, it is possible to perform the computatign process
with less advanced means. Some of these alternjatives are
indicated.

When *processing the data, steady-flow condjtions are
assufmed, which means that the true mean value pf each of
thelvarious quantities remains constant with time. Non-steady
trends shall be removed from the data before processing
(see 11.2.2).

11.2 Error-type |

11.2.1 Finite measuring time and distribution pf results

The standard deviation of the fluctuation error duef to a finite
measuring time is calculated.

it is assumed that the means found from the actugl measure-
ments are equal to the hypothetical means over infinjte measur-
ing time and that the distribution of the results is| of normal
(Gaussian) nature.

11.2.2 Correction for non-steady conditions

The mean velocity is calculated from

10.2 It is advisable to study the bed configuration in the
vicinity of the actual measuring point by determining
longitudinal and transverse sections.

10.3 For all instruments the accuracy of the reading in
relation to the scale intervals should be determined.
10.4 Sounding rods yield errors due to

a) penetration into the bed;

b) deviation from the vertical position;

¢) built-up head due to velocity.

n

V:%Z 2 )

i=1
where

V is the mean velocity during the time interval of
measurements;

V.

; is the observed instantaneous velocity;

n is the number of observations.

When the velocity V; is plotted against time ¢;, it can be seen
from the graph whether the magnitude of ¥; shows a certain
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trend which indicates that the conditions during the measure-
ments were not steady. If so, the observed velocities shall be
corrected using

Vi=alt;—t)+b ... 1(8)

where ¢; is the time when the velocity is ¥; and in which the
constants g and b are determined from the following equations :

—7,_2[/ vV ... 9

1SO 1088-1985 (E)

11.2.4 Autocorrelation function

The autocorrelation function can be determined from the
equation

olk) = ' .. (14

and
n
M viti-0 Z Vit;—nt V
y
i=| i=1
a=—1 . PR . (10
[ —\2
ZJ (ti—t) Zti2—1/n Zti
i={1 i=1 i=1
The obserJed instantaneous velocity V; is thus corrected :
Vcorri = Vi_ (Vi_ I7) L. (11)

where V,}. is the corrected velocity assuming a linear trend in
the observgd velocities (in the following equations V; denotes

Veor; if coffrection has been applied).

11.2.3 Standard deviation! of velocity fluctuations

The standdrd deviation of the velocity fluctuationsiis calculated
by using

n

Y -0’

Sp- ':ln__1_ ... 12

The compfitation procedure can be simplified by using the

where
o(k) is the autocorrelation function;

k is the time displacement\of function;

n
Z (V;—v) 2 _isalréady known from pravious calculations
i=1
[see equation (12)].

The autocefrelation function is used for the|calculation of the
standard\deviation, as described in 11.2.6.

11225 Effect of measuring time on standard
deviation (1)

If no computer is available, the influence of the measuring time
for the interval k¢, in which ¢ is the initial measuring time and
k is an integer, the standard deviation can be determined. For
that purpose the mean velocity over an interval k¢, is calculated
from :

V2i+k—1
2 k

. (15)

i+ k-1
are used to dalculate the stan-

The magnitudes of
dard deviation [see equation (12)].

This method is less common than the procgdure described in

equation 11.2.6.
11.2.6 Effect of measuring time on starjdard
Z V deviation (2)
n
E =1 / Using the standard deviation S (z,) for an initial measuring time
= t, (see 11.2.3) and the autocorrelation function o(k) (see
Sp = p— ... (13) 11.2.4), the standard deviation of the velocity fluctuations can
be calculated from :
n 2 (t )
3 v S2(nty) = 22 1—— olk) | ... (16)
i
L= (=nViis already known from previous
n

calculations [see equation (7)].

In this equation, the influence of the measuring time on the
accuracy of the point velocity is characterized.

1) For the relationship between standard deviation and uncertainty, see ISO 5168. In general, uncertainties are expressed at the 95 % confidence
level and usually as percentages. For large values of n, standard deviations should be multiplied by 2 and by 100 to obtain percentage uncertainties.

The factor is greater than 2 for small samples.
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1127
The&as

The results of the calculations should be compiled in a table
(see the table below) which gives an impression of the in-

el

Uncertainties should be calculated
1ICN R18R

1OV Jivo.

error for paoh of the comoutatlon methods. Some common

A man

a) V= VO,G
fluence of the measuring time on the accuracy of the point
velocities by a comparison of the various standard deviations. b) v=05(v5y + vpg

in accordance with
C.) vV = 0,25 02 05Vnc+025Vno
1

The percentage standard deviations are found by dividing the d v= ?' (vo2 + Vo6 + Vo8
standard deviation by the average value of the variable and
multiplying by 2 (95 % level) and by 100 (see ISO 5168). L g o . P

f) V= 0,1 Vsurf + 0,2 V0,2 + 0,2 V0,4 + 0,2 VO,E +

11.3 Error-type Il

11.3.1 Approximation of mean velocity in the vertical

The relative standdrd deviation due to d“e approxima
mean velocity in the vertical caused by applying
of point velocities fs calculated.

11.3.2 Determinfation of the standard mean velocity in
the vertical

+ 0,2 V08 + 0,1 Vbe.d

The calculated mean velocity is standardized by divjding it by

the standard mean velocity obtained ‘according to 1

11.3.4 Sampling error due\to velocity fluctuati
computation rule

3.2,

lons and

From the results ,of\ten measurements under idertical con-

ditions of the standardized velocities, the mean and the stan-
As described in clause 5, the standard mean velocity in the ver- dard deviation are calculated assuming
tical is found by determining the area of the vertical velocity
L . ) ) J
profile with the use of a planimeter and taking the depth into _ 1
account. Vieh= 7 Z . (18)
As a rule the meaf velocity can be calculated with the use of
the trapezium rule|applied on ten point velocities :
Srel 1 Z (Vrel rel)2 . (19)
17, = (Vsurf + 2 V0,2 + 2 V0,3 + 2 V0,4 + 2 V0,5 + 2 V0,6+ i=1
: where
+2Vo742Vog+2Vog+ Viea) 7o . (17) . o
0.7 08 0.9 bed/ 18 J is the number of observations in a series;
where i is a sequehce in the series of measurements. V,y is the mean relative velocity in a series;
V.. Isthe mean relative velocity in a vertical;
11.3.3° Computdtion methods !
S, is the standard deviation of the mean relative
By the applicatior] of computation rules the mean velocity in velocities.
the vertical can bg approximated by calculation. .
The sampling error, ;, due to the computation rulelis equal to
Comparison of this approximate mean velocity with the stan- (1 — Vo) if a series of I sets of measurement§ are con-
dard mean velocittmakajl_mssml.&m_dmminﬂhﬁamohnq sidered.
Table — Compilation of resulits
ﬁ:::::n;f v Sabs X 2 02 | ... ok | Xgltg |Xs@2) | ... X (kto)
point fig, m/s m/s % % % %
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
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The systematic part of the sampling error can be estimated by

I
13

i=1

... (20)

where i represents the standard deviation of the sampling
error due to the velocity fluctuations under steady conditions.

The mean standard deviation of all sets of measurements due
to velocity fluctuations can be determined from

1SO 1088-1985 (E)

For the purpose of determination of error-type I, this
discharge is assumed to be the true discharge.

11.4.3 Omission of verticals

Omitting verticals from use for the calculation of the discharge,
the absolute error can be determined by comparison with the
true discharge.

The calculation of the discharge shall be based either on the
mid-section method or on the mean-section method, as

.21

" I
A 2
¢ = 12 St
i=1

11.3.5 Sampling error due to computation rule

Of a series| of I sets of measurements the standard deviation of
the sampling error due to the computation rule can be
calculated|:

I
1

S 2
Q ~ F
SSVZZ‘I_—1 Z (Si—us)z——J— ... (22)

i=1

where

S,, is|the standard deviation of the sampling error/due to

the computation rule;

S; is the sampling error in mean velocityn vertical due to

the computation rule per series;
i is ]‘we mean sampling error for, all“series together;

Sr is {he mean standard deviation of all series together due
to velogity fluctuations;

I is tHe number of 'sets of measurements in a series;

J is the number of measurements in a series.

mmammrqa 7178, the results
obtained by use of these methods show, differences which are

negligible. The mid-section method,Choweyer, shows a time
saving and cost saving over the mean-section method.

The error is standardized by dividing the abgolute error by the
true discharge.

11.4.4 Mean and'standard deviations of error

The relative{mean error and its standard deviation due to the
omission ©f'vérticals are determined from a qumber of series of
measurements in the same cross-section.

I
~ __]_ Q,’(m)_
u(m)-IZ[ 5 ] .. (23)
i=1
and
2’: Qim
- (oF
S;,,m) = — 77 ... (24)
where

it {m) is the relative mean error in the digcharge due to the
restricted number of verticals;

m is the number of verticals considerel for the determi-
nation of discharge;

Q; (m) is the calculated discharge applying m verticals

11.4 Error-type Il

11.4.1 Restricted number of verticals

The standard deviation of the error of the discharge due to
measurement in a restricted number of verticals is calculated.

11.4.2 True discharge

Using velocities, from which non-steady trends have been
removed, and the corresponding depths and applying the mid-
section method, the discharge in a cross-section is calculated
according to ISO 748.

using the ith measurement;

Q; is the approximated true discharge using the ith
measurement;

Ss,q (M) is the relative standard deviation of error due to
. i i 2=§ 2 2
error-type lll, applying m verticals SSM Ssh + SSd ;

I is the number of measurements.

The mean error or its standard deviation is plotted against the
number of verticals or the mean of groups of verticals con-
sidered. From these graphs the relation between the uncer-
tainty and the number of verticals applied may be deduced.
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11.4.5 Criteria applied in choosing the verticals

The distances between adjacent verticals on a cross-section
may be

a) equal;
b) varied, to make the area of all segments equal;

c) varied, to make the discharge through all segments
similar; '

12 List of symbols

d) varied, to fninimize the nfluence on the discharge of
changes in velgcity and depth.

Items a) and b) nged no explanation.

Item c) can be exrained as follows: The true total discharge

100
being 100 %, the dlischarge per segment will be % when

m segments are |considered. The cumulative discharge is

plotted against the

percentage of total discharge, as shown in

figure 2, to establish the position of successive verticals.

As soon as the Ig

cation of the ith vertical is fixed, and the

number of vertical

to be applied and therefore also the percen-

tage of the discharge which should flow through each segment
are determined, the location of the (i + 1)th vertical may be
found. In figure 2 an example is given for a discharge of 8,56 %.

Item d) can be explained as follows : Based on the equation for
the total dischargd according to the mid-section method

m
| bvad bjd AV
Q=.Z1<b,-vd,~+ ”2 ‘4 "2 s+
= \

oS

+_iAdiAVi>

where

Ad; is the difference in depth/in“the verticals i and i + 1
respectively;

AV; s the difference.inwelocity in the verticals iand i + 1
respectively.

... (25)

a coefficient of linear regression;

b coefficient of linear regression;

b; unobservable true width of section i;

d; unobservable true depth in vertical of section i;

I number of series of measurements (error-types Il
and llI):

J number of measurements per series (errar:type Il);

k time displacement autocorrelation) functiony (of time

interval, etc.);

m number of verticals or sections per cross-segtion;
n number of time intervals of measured velocities (error-
type |);

(0] total dischatge;

Q;  discharge of section /;

S; stochastic sampling error of mean velocity [in vertical
(error-type 11);

t; time i;

to initial measuring time (basic time interval);

v; velocity at time i or in section i;

V; actual velocity at time i or in section i;

Veorr, actual velocity from which trend is removed;

b width of the ith section;

d; depth of the ith section;

differences in depth on the product b; v; Ad,.

2 calculated mean velocity;
The optimal selection of the verticals as affected by differences v; unobservable true mean velocity;
in velocity is based on the product b; d; AV;, and as affected by
oV, unobservable random instrumental error of mean
. . velocity;
In the first case the depth in all verticals is used in the calcu-
lation of the discharge. In that way the error due to interp- = .
g F; total unobservable random fluctuation error of mean

olation of the velocity between the verticals can be estimated.
In the second case, the error due to interpolation of the depth
between the verticals can be determined.

The magnitude of the product indicates the influence on the
total discharge of differences in velocity and depth respectively.

Verticals are omitted, starting with the smallest, depending on
the magnitude of the product.

10

velocity (error-type 1);

Sy, unobservable random sampling error of mean velocity
(error-type II);

Us mean sampling error (error-type );

[t {m) mean error when m verticals are applied (error-type lil);
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o (k)

X

’

X

”

X

autocorrelation function with time displacement k;
percentage uncertainty (general);

percentage random uncertainty;

percentage systematic uncertainty;

percentage uncertainty due to the random fluctuation in
velocity error (error-type |);

1SO 1088-1985 (E)

X S, percentage uncertainty due to the random sampling
error of the horizontal velocity profile (error-type Ill);

percentage uncertainty due to the random sampling
error of the mean velocity in the vertical (error-type I1).

NOTE — Due to the statistical nature of this International Standard, it
is necessary to have symbols representing observed values and true
values of variables. The symbols may therefore not conform to
1SO 772.

Observations or results of calculations using observations are indicated

per¢entage uncertainty due to the random sampling
errdr of the depth profile (error-type 1lI);

by a rmﬂm;ﬁaﬁsﬁnammmmmadﬁgm observations are
indicated by a small letter with caret. A mean.value is indicated by

a bar.

"
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I l '

This segment carries 8,56 % total discharge
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Figure 2a — Vd curve
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Figure 2b — Cumulative discharge curve

Figure 2 — Computation of discharge
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NOTE — Al

Annex A

1SO 1088-1985 (E)

Local point velocity measurements — Report form

(See clause 4)

| values should be converted if necessary to metres and seconds, where appropriate.

Measurements carried out

under the sporsibittyof —————————————————

Address :

Please refe
River conc

Country :.

1 Genegral data on the river during measuring period

Slope of stage-discharge curve

Discharge AN
Area of cross-section of streem | N
Average velocity AV
Water surface width OV
Maximumdepth o
Average depth (area/width) <& % | Lo

(sensitivity in steady-stage condition) ~(_ =~ | ...l
Water temperature s o

2 General data on measuring(verticals

Average Depth

Distance fron]

% X right/left
Measuring verticals velocity at vertical 9
bank
m/s m m

A Maximum depth
B.0,6 times maximum depth
C> 0,3 times maximum depth

3 Method of velocity measurement (Please tick as appropriate)

Da)
L] o

Dc)

S

Number of pulses, counted every 10 s.

Time (average 10 s) for a constant number of pulses, being for

A e pulses
B ol i pulses
C ol e pulses

Continuous velocity record :

Speed of paperatrecorder @ ........ . ... ...l mm/s

Response characteristics of the electronic instrumentation @ ........ ... ... o i

Integration method.

13
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4 Measuring apparatus

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

Date of calibration (Please add rating-curve and equations for calculation of
velocity and indicate whether group calibration or direct calibration is in-
tended. Check whether the water temperature during calibration has been

indicated ON the raiNg-CUIVE.) . . . . ... i i ittt et it e

Method of timing gnd associated uncertainty ............. . ey

B Measurements at verticals

5.1 Vertical al maximum depth

5.1.1 General data

Depth .
0,2 0,6 0,8 0,9 Units
Date of measuremgnt —
Hour of measuremgnt (local time) —
Water-level at start (local units) —
Water-level at end|(local units) —
Water-depth during measurement m
Depth of instrumeft under surface m
Average velocity oyer a period of 2000 s m/s
Minimum velocity m/s
Maximum velocity m/s
Method of velocity measurement : a) or c)
(see clause 3 of [this annex)

Time interval of readings 10 10 10 10 s
Method b)
Number of pulses -
Average time interjal of readings s

5.1.2 DescriptioL\ of bed conditions

Bed material (size,

Bed form (smooth] ripples, dunes) i . . ... e

Sediment transpon[ : yes/noyif yes, type of transport : bed load/suspended load.
Bed roughness (pr

hape, density) 1) ) o

bferably expressed in Chezy coefficient C) @ ... ... o

Cc=—2
/RS
where

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 energy slope.

ROMAIKS & o . o ot et e e e e e e e e e e e e e e e e

1) See ISO 4363 and 4364.

14
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5.1.3 Velocity observations

a) Velocity at 0,2 depth every 10 s.

Serial . . Serial . . Serial . . Serial . .
d
No. Reading | Velocity No. Reading | Velocity No. Reading | Velocity No. Reading | Velocity
1 51 101 151
50 100 150 200
Average velocity Average velocity Average velocity Average velocily
Maximum Jvelocity Maximum velocity Maximum velocity Maximum velogity
Minimum yelocity Minimum velocity Minimum velocity Minimum velodity
NOTE — Pldase indicate special circumstances influencing the measurements, such as passing of ships.
b) Forl measurements at 0,6 — 0,8 and 0,9 depths, give details in the form shown at\a)-above.

5.2 Vertical at 0,6 times the maximum depth

Give detail$ in the form shown under 5.1.

5.3 Vertical at 0,3 times the maximum depth

Give detail$ in the form shown under 5.1.

15
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Annex B

Average velocity measurements — Report form

(See 5.5)

NOTE — All values should be converted if necessary to metres and seconds, where appropriate.

Measurements carried out

under theresponsibilityof ........................coouuiiiiiiiiiii...
Address @ . ...
Pleasereferinquiriebto :. ... i e
Riverconcerned @ . ....ooiiii i e ,at(location) @ ... ... ... N
CoUNtrY .
1 General data on the river during measuring period
scharge N m3/s
ea of cross-section of stream | L N m2
erage velocity b s Y m/s
ater surface width m
aximumdepth W m
Alverage depth (area/width) | m
S|ope of stage-discharge curve
(sensitivity in steady-stage condition) - C,* | .. m3/s-m
Depth at vertical L) m
Alerage velocity on vertical o | oo m/s
Djstance of vertical from right bank ~~>" | ..o m
Water temperature (7l °C

ater temperature

2 Method of velocity measurement (Please tick as appropriate)

D a) Number ¢f pulses-counted every 60 s.

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

D c) Continuous velocity record :

Speed of paperatrecorder @ ............iiiiiiiiiiiie. mm/s

Response characteristics of the electronic instrumentation 1 ....... ... ... . i

D d) Integration method.

16
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3 Measuring apparatus

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

Date of calibration (Please add rating-curve and equations for calculation of
velocity and indicate whether group calibration or direct calibration is in-

ISO 1088-1985 (E)

tended. CHeck whether the water temperature during calibration has been

indicated on the rating-Curve.) . . .. .. .. e e O

4 Measurements at verticals
4.1 Vertical at maximum depth

4.1.1 Gehneral data

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 c) (see clause 2 of this annex) 60

Number of pulses using method b) based oh.a
duration of 60 s at 0,6 depth of the lo¢al-point
velocity measurements

60

60

60

4.1.2 Description of bed conditions

Bed materil (size, shape, density) 1) . o e
Bed form ($mooth, ripples, dUunes = ) . ... ..o

Sediment {ransport : yes/ng; if'yes, type of transport : bed load/suspended load.

c=—

VIRR

%)

where
C is the Chezy coefficient;

is the mean velocity;

<|

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

S is the energy slope.

RIS & . oot e e e e e e e

1) See ISO 4363 and 4364.

17
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4.1.3 Velocity observations

Velocities

Reading | Velocity | Reading | Velocity | Reading | Velocity | Reading

Velocity

Reading

Velocity

1)
2)
3)
4)
5)
6)
7)
8)
9)
10

near surface 1)

0,2 depth
0,3 depth
0,4 depth
0,5 depth
0,6 depth
0,7 depth
0,8 depth
0,9 depth
near bed?2)

Average velocity
determined
graphically

1) The observation
2) The observation

NOTE — Please indi

4.2 \Vertical at

Give details in the

4.3 Vertical at

Give details in the

18

ear the surface has been taken. .. ... m below the surface.
hear the bed has been taken ... ..... m above the bed.

ate special circumstances influencing the measurements, such as(passing of ships.

0,6 times the maximum depth

form shown under 4.1.

0,3 times the maximum depth

form shown under 4.1.
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