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ISO (the International Organization for Standardization)
federation of national standards bodies (ISO member bo
of preparing International Standards is normallyycarried ¢
technical committees. Each member body ‘interested i
which a technical committee has been established has
represented on that committee. International organization
and non-governmental, in liaison with-1SO, also take part i
collaborates closely with the Intefnational Electrotechni
(IEC) on all matters of electrotechnical standardization.

Draft International Standardsvadopted by the technical

circulated to the membetbodies for voting. Publication as
Standard requires approval by at least 75 % of the membe
a vote.

International Standard ISO 11655 was prepared by Tech
ISO/TC 113, Hydrometric determinations, Subcommitte
ments, equipment and data management.
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Introductia

This Internation
specifying the p
and, as appropr
ment of liquid fl

The process of 3

n

hl Standard contains recommendations for a method of
erformance of equipment used for the sensing, measuring

ate, recording of physical variables related to measure-

Dbw in open channels.

ensing, measuring and recording hydrological phenomena

requires the comversion of a time-related physical event or state into a

numerical expre
units. The steps

Esion in terms relative to a standard scale of measurement

in the conversion are the following:

r conversion (as the individual situation requires) of/the
urring phenomenon into a state where a represéntative
n can be made;

identification of a surrogate paramefer and the estab-
he relation between changes in that paramieter value and

he phenomenon to be measured;

asurement and (if appropriate) recording of the physical

phenomenomn or its surrogate as it varies with the passage of time;

a) adaptation g
naturally ocq
determinatio

b) if necessary|
lishment of
changes in {

¢) sensing, mg

d) conversion g

The ultimate m¢g
uncertainty with
of the hydrologi
arbitrary or fixed
however, may a
and to the meas

The nature of th
principle employ

f sampled data into numferical information.

asure of equipment-performance is the evaluation of the
which the equiprent converts the absolute value or level
Cal variable intd.@ measured quantity, relative to another
reference datlm. The suitability of a piece of equipment,
so be refated to the particular method of measurement
Urementifrequency.

e cuncertainty is closely related to the physical method or

d=in the nrocess of conversion fram thg natiiral variahls
P FSleoh—HoR—theRatdra—vaHabte

to the measured quantity. Different physical systems are affected to dif-
fering degrees by such factors as:

— intrinsic design of the equipment;

— calibration methods;

— natural environmental factors;

— man-made environmental factors;

operator meth

levels of care and maintenance;

ods and skills.



https://standardsiso.com/api/?name=c6825e6c8f49421194f5e52b1c8d6210

© IS0 ISO

11655:1995(E)

The user should seek to identify the three fundamental factors which may
affect the uncertainty; these, which should be objectively defined from

study of the method of measurement, are:

a) the level of uncertainty of each individual measurement due to the
principle of operation of the measurement equipment;

b) the range of factors, for example environmental conditions (expressed

numerically) and other external forces which influen
ance of the measurement equipment;

c) the frequency with which the hvdrological variable sh

ce the perform-

uld be sampled

by the equipment in order to achieve the required ley
tainty.

b| of data uncer-

The previous information represents the minimum whicH must be made
available to the manufacturer before he can{recommend a product or

commence design and manufacture.

Taken together these factors describe the customer spec

performance of the measurement eguipment.

Once a design is selected for theyequipment, the speci
are established through the relévant standards documenta

fications for the

ications for use
tion on methods

of measurement. Levels ofcare and maintenance are ldid down by the

manufacturer in the equipmient handbook, and should be
manufacturer's claims. of performance levels are to b
maintained.

If followed by thevnanufacturer, this method will provide
basis for understanding the ability of a particular piece

hdhered to if the
b achieved and

the user with a
f equipment to

meet the purpose intended. It further provides a framework within which

the useray specify his requirements to the manufact
which hée-may judge the usefulness of a product.

irer and against
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Measurement of liquid flow in open channels —
Method of specifying performance of hydrometric

equipment

1 Sdope

This Ifternational Standard provides a method of
specifying the performance of hydrometric equip-
ment. |t identifies, within a performance framework,
the fadtors that affect the range of uncertainty within
which [the hydrological guantity is converted into a
numerical quantity.

This International Standard applies to all equipment
used for hydrological measurement, with the exceps
tion of equipment used for the determination of water
quality] The sensor, the measurement system and the
recordgr are treated as a unit, whether operated in
mechahical, electromechanical or electrenic form, or
using ¢ther physical principles. Because hydrological
variablgs are frequently determined,against time, the
time measurement device is also considered to be an
integra| part of the measurement system.

2 Ntl)rmative references

ISO 31-1:1992, Quantities and units — Part 1: Space
and time.

ISO 31-3:1992, Quantities and units| — Part 3: Me-
chanics:

ISOF72:—", Measurement of liquid flow in open
channels — Vocabulary and symbols.

3 Definitions

For the purposes of this Internationpl Standard, the
definitions given in ISO 772 and th¢ following defi-
nitions apply.

3.1 influencing factor: Condition (gnvironmental or
otherwise), element, or activity exterpal to the meas-
uring equipment which may influgnce equipment
performance.

3.2 performance measure: Degreg to which the
intended functions of the equigment are ac-
complished.

3.3 range: Span of values of thel quantity being
measured or of an influencing factor.

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

1) To be published. (Revision of ISO 772:1988)

3.4 conditions of storage and transport: Those
conditions specified by the manufacturer under which
equipment may be stored and transported in an inop-
erative state and may be subjected to influences out-
side those experienced in use or operation.

Under these conditions the equipment may be spe-
cially packed or protected in whatever way considered
appropriate by the manufacturer, in order that the
equipment should not suffer damage or degradation
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of performance when subsequently operated within
the applicable range of conditions.

3.5 conditions for normal operation: Those condi-
tions within which the equipment is expected to
measure the parameter under study in accordance
with the appropriate criteria of performance.

The range of operational conditions shall be defined

by the user.

3.6 extreme c
conditions whic
normally applic
against which

special protectio

The equipment
formance levels
return to within
mode. The lim
specified by the

© SO

— to recommend the criteria to be identified by
users/customers at the time of ordering/acquiring
equipment for hydrological measurement pur-
poses.

6 Equipment performance

6.1 Influencing factors

nditions of equipme —Those
exceptionally lie outside the range
ble to equipment operation, and
he equipment is provided with no
n.

s expected to resume required per-
as soon as the influencing factors
the range applicable to the operation
ts of these conditions should be
manufacturer.

3.7 hazardous’L area: Area in which exist hazardous

conditions pote
by whatever me

The danger ma
through exposu
phere, for exam

tially capable of endangering safety
ans.

y arise through physical location or
re to a potentially explosive atmos-
ble in sewers.

3.8 overall pdrformance level: Statement of ex

pected performg
true values of th

nce of the equipment, relative to(the
e measured hydrological variable.

3.9 timing performance: Statement of-expected

performance of

hny timing element ofrthe equipment

employed to control the sampling rate,or frequency.

4 Units of r

The units of mq
Standard are Sl
and ISO 31-3.

neasurement

asurement used in this International
umits} in accordance with ISO 31-1

Before choosing equipment for measurerdept pur-
poses, the user should ascertain that therequjpment
will provide the required operational perfofmance
relative to the chosen method of meastrement under
the range of factors which may. tifluence that per-
formance. These influencing factors are as follpws.

6.1.1 Atmospheric conditions
a) Ambient temgperature;
b) atmospheric humidity;
c) atmospheric pressure;

d) atmospheric quality (for example atmogpheric
contaminants);

e) atmospheric precipitation;
f)  solar radiation;
g) wind speed;

h) environmental electrical discharges (natufal and
man-made);

i) electromagnetic interference.

6.1.2 Aquatic conditions

a) Water temperature;

5 Objectives

The purposes of

— to specify th

this International Standard are

e terminology and definitions related

to the functional performance of equipment used
for the determination of hydrological data and in-

formation,

— to specify the requirements for statements by
manufacturers, and

b) water pressure;

c) water quality (for example pH, suspended solids,
conductivity, visible oil).

6.1.3 Mechanical factors
a) Operating position;
b) vibration;

c) mechanical shock.
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6.1.4 Other factors

a) Nature of energy source;

b) level of biological activity;

c) electrical interference through ground or water;
d) operator skili;

e) standards of operational maintenance.

ISO 11655:1995(E)

identify any combination of factors that may result in
abnormal effects.

7 Overall equipment performance

7.1 General

The user shall state the allowable tolerance on any
single parameter/measurement which lies within the

nnaratinnal ranaa ciithiant +A all inflitann~ina~ fantAr val
ViMTiQuviidl 1diiyo, \JUUJU\‘L v ai lllllucllblllu 1avivil vat

6.2 Range of

Manufagturers supplying equipment for hydrometric
measurgment purposes, either as complete meas-
urement systems or as elements of such systems,
shall prgvide statements of the limiting ranges of val-
ues forl each of the influencing factors listed in

annex A, A.1to A.3.

Annex A presents three equipment situations for
which r@nges of influencing factors shall be provided:

a) equlpment storage and transport, when the
equipment is in an inoperative state;

b) equipment use when required to produce a func:
tional signal only;

c) equilpment operation when requiredtovproduce
datd within the performance limits declared by the
marjufacturer and in accordance wwith the require-
merts of clause 7.

Equipmént operating in accordance with this Inter-
national| Standard shall show/no permanent damage
or degrgdation of perfermance when, whether inop-
erative or in use, it i§’stbjected to conditions where
one or [more of the~influencing factors assumes a
value wjthin thenlimiting values of any of the ranges
assignedl for the equipment during a specified time.
If no timetimit is specified, it should be assumed that

ues lying within the range of operatiohal use. The al-
lowable tolerance may vary from ongpart of the range
to another, in which case the usgr shdll state both al-
lowable tolerance values andithe subdivision of the
operational range over which any spgcific tolerance
value applies.

The manufacturer’—shall state thgq performance
characteristics ©f\the equipment ovef the full oper-
ational range required by the user.

7.2 .Resolution

The“resolution of a device is its abilit
value of a parameter, as qualified by
discrimination possible. (Resolution m
in either absolute terms or relative tern

+ 10 mm, £ 0,5 % of full scale, 1 ppm.)

7.3 Repeatability

The repeatability is the ability of a de
the same measurement response wh
same absolute parameter values of
casions, and when operating under id¢
factor conditions.

7.4 Response time

Response time is the time taken by th
act to changes in the value of the p
measured. (Response time may be gi

y to define the
the degree of
by be specified
ns; for example

vice to provide
en sensing the

different oc-
ntical influence

e device to re-
irameter to be
en in terms of

such cordittens—apply—fer—anindefinite—time—On—+e
establishment of conditions in which values of the in-
fluencing factors lie within the operating range, the
equipment is expected to operate within the stated
performance limits.

It is recommended that the user and the manufacturer
use the checklist form in annex A, in order to clearly
identify all environmental and other influencing factors
which may affect equipment performance.

It is further recommended that there be discussion
between the manufacturer and the user in order to

Seconds 10 Tegister a specitied propo
in the parameter value.)

7.5 Uncertainty

tion of change

The uncertainty is an estimate characterizing the
range of values within which the true value of the
parameter being measured lies when operating within
the operational range of influencing factors. The value
of uncertainty applies only when operating under
steady-state conditions, and may be indicated in ab-
solute or relative terms.
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7.6 Timing performance

7.6.1 General comments

The user shall state the allowable tolerance on the
measurement of reference time (real or elapsed) by
any timing unit which controls the operation of the
equipment.

7.6.2 Timing performance for conventional

© |SO

7.6.3.3 Timing performance for normal
equipment operation

Tolerances are as follows:
a) for any 24-hour period:

reference time + one part in 3 000 (+ 30 s, ap-
proximately);

b) for any 30-day period:

timing devices

This Internation
timing performa
tional mechanic

7.6.2.1 Timing

al Standard recommends specifying
nce as follows, when using conven-
il timing devices.

performance for equipment in

storage and trgnsport

Not applicable.

7.6.2.2 Timing
operation und€

Tolerances are 1

7.6.2.3 Timing

performance for equipment
r extreme conditions

o be stated by the manufacturer.

performance for normal

equipment opédration

Tolerances are 4
a) for any 24-h

reference ti

proximately});

b) for any 30-d

reference ti
approximate

s follows:

our period:

e + one part in 300 (+ 5smin, ap-

By period:

me + one part~in/3 000 (+ 15 min,
ly).

7.6.3 Timing

erformance for superior

electronically cpntrolled timing devices

reference time + one part in 30 000 (90 s, ap-
proximately).

7.6.4 Other devices

Equipment which incorporates timing control systems
capable of operating at the-superior performange level
should be designated (with the suffix notatipn/SPT
(superior performanceiming).

7.7 Reliability

For equigment whose age is outside the initfal war-
ranty_period and which has been maintained and op-
erated in accordance with the manufagturer's
recommendations, the manufacturer shall state the
expected mean time between failures and thg basis
of its determination.

7.8 Period of unattended operation

The user shall state requirements for the pdriod of
unattended operation. The manufacturer sha|l state
the maximum period over which the equipment is
capable of operation without exhaustion of |energy
supply, saturation of the equipment data stofage or
memory under specified requirements of opgration,
or within which the equipment will operate \vithout
required adjustment or loss of performance.

This Internationat-Standard—recommends opcu;ﬁyilly
timing performance as follows when using superior
electronically controlled timing devices.

7.6.3.1 Timing performance for equipment in
storage and transport

Not applicable.

7.6.3.2 Timing performance for equipment
operation under extreme conditions

Tolerances are to be stated by the manufacturer.

7.9 Remote check calibration

Where equipment is to be operated remotely, the
user may specify requirements for remote check cali-
bration, either from a central control station or auto-
matically at the measuring location.

7.10 Manufacturer's certification
The manufacturer shall provide the necessary certifi-

cate of calibration evaluating the performance charac-
teristics listed in 7.2 and 7.3, where applicable.
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8 Data output formats

This International Standard does not specify the de-
sign of interfaces for the removal of data recorded by
the equipment, nor the format of the data output;
nevertheless the manufacturer should use approved
and commonly adopted interfaces and data formats.
Where data are held in solid-state memory, the
equipment should be capable of releasing data at a
rate of not less than 1 200 baud.

ISO 11655:1995(E)

10.2 Primary characteristics of the
hydrological phenomena to be measured

a) Maximum and minimum parameter values likely
to be encountered at the measurement site;

b) maximum and minimum parameter values (i.e. the
range) to be detected/indicated and, as appropri-
ate, recorded;

¢) maximum rate of change to be accommodated by

9 Enlergy requirement

The manufacturer shall state the energy requirement
of the [equipment in terms of voltage and current
consumn|ption for its various operational states, for ex-
ample dquring quiescent periods, during sampling and
data refovery. He shall state the expected life of
battery-pperated equipment when operating under
normal ponditions.

10 User requirements

In any ¢ontract, the user is required to state the fol-
lowing.

10.1 Requirements in terms of equipment
performance

See 7.2|to 7.6.

the equipment (this may be staled as a single
maximum rate over a given peried of time, or as
differential rates which correspopd to different
time periods).

10.3 Attenuation of oscillationj in
hydrological phenomena, if necgssary

Specific requiréments stating the dedree and nature
of the attepuation shall be given.

10.4. Required frequency of sampling of the
hydrological parameters

User requirements will normally fall|within the ac-
cepted regulations of recognized Intefnational Organ-
izations (for example the World |Meteorological
Organization).
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Annex A
(informative)

Recommended checklist

This annex presents a checklist recommended for

A.1.2 Atmospheric humidity — Range limits

values of the efvironmental factors which may influ-

agreement bet\]:cn gser-andrmantfacturer-as—to-the

ence the perfor

ance of hydrometric equipment.

It covers the trapsport and storage of the equipment,
the limiting conflitions for use of the equipment and

the conditions f

A.1 Record
environment

r normal operation of the equipment.

of the atmospheric
al factors which may

influence the performance of hydrometric

equipment

A.1.1 Ambiept temperature — Range limits

A.1.1.1 Range
equipment sto

limits of temperature during
age and transport

a) Upper limit: feference value + ............ °C;

b) lower limit: r

bference value — ... °C.

A.1.1.2 Range| limits of temperature for extreme
conditions of use

a) Upper limit: neference valugl4)........... °C;

b) lower limit: referencealue — ............. °C.

A.1.1.3 Range

limits of temperature for normal

Because extreme values of both temperatie and
humidity are not likely to occur simultdneougly, the
manufacturer may specify the time period over which
these values may be applied and‘shall spedify the
limits of the combination, if anyNor continuous oper-
ation.

A.1.2.1 Range limits of.relative humidity for
storage and transport)of equipment

a) Upper limitto.be stated by the manufactufer;
b) lower limit: to be stated by the manufactufer.

A.1.2.2 . Range limits of relative humidity for
extreme conditions of equipment use and for
normal operation

a) Upper limit: ............. %
(without condensation);
b) lower limit: ............ %
(without condensation).
NOTE 1  Ranges of relative humidity for extremg condi-

tions of equipment use and for normal operation ar¢ identi-
cal unless otherwise stated by the manufacturer.

A.1.3 Atmospheric pressure — Range limits

A.1.3.1 Range limits of atmospheric pressures for

storage and transport

operation

a) Upper limit: r

eference value + ............ °C;

b) lower limit: reference value — ............. °C.

a) Upper limit: to be stated by the manufacturer;

b) lower limit: to be stated by the manufacturer.

NOTE 2  Special precautions may be necessary in the
event of transport by air freight.


https://standardsiso.com/api/?name=c6825e6c8f49421194f5e52b1c8d6210

