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0 ISO ISO 11655:1995(E) 

Foreword 

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

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard ISO 11655 was prepared by Technical Committee 
lSO/TC 113, Hydrometrie determinations, Subcommittee SC 5, lnstru- 
men ts, equipmen t and da ta managemen t. 

Annex A of this International Standard is for information only. 

. . . 
Ill 
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ISO 11655:1995(E) 0 ISO 

Introduction 

This International Standard contains recommendations for a method of 
specifying the Performance of equipment used for the sensing, measuring 
and, as appropriate, recording of physical variables related to measure- 
ment of liquid flow in open channels. 

The process of sensing, measuring and recording hydrological phenomena 
requires the conversion of a time-related physical event or state into a 
numerical expression in terms relative to a Standard scale 
units. The Steps in the conversion are the following: 

of measurement 

a) adaptation or conversion (as the individual Situation 
naturally occurring phenomenon into a state where 
determination tan be made; 

require s) of the 
a repre sentative 

b) if necessary, identification of a Surrogate Parameter and the estab- 
lishment of the relation between changes in that Parameter value and 
changes in the phenomenon to be measured; 

d 

d) 

sensing, mea 
phenome non 

su 
or 

rement and ( if a ppropriate) recording of the physical 
its Surrogate as it varies wi th the passage of time; 

conversion of sampled data into nu merical info rmation. 

The ultimate measure of equipment Performance is the evaluation of the 
uncertainty with which the equipment converts the absolute value or level 
of the hydrological variable into a measured quantity, relative to another 
arbitrary or fixed reference datum. The suitability of a piece of equipment, 
however, may also be related to the particular method of measurement 
and to the measurement frequency. 

The nature of the uncertainty is closely related to the physical method or 
principle employed in the process of conversion from the natura1 variable 
to the measured quantity. Different physical Systems are affected to dif- 
fering degrees by such factors as: 

intrinsic design of the equipment; 

- calibration methods; 

- natura1 environmental factors; 

- man-made environmental factors; 

- levels of care and maintenance; 

- Operator methods and skills. 
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0 ISO 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 influence the perform- 
ante of the measurement equipment; 

c) the frequency with which the hydrological variable should be sampled 
by the equipment in Order to achieve the required level of data uncer- 
tainty. 

The previous information represents the minimum which must be made 
available to the manufacturer before he tan recommend a product or 
commence design and manufacture. 

Taken together these factors describe the customer specifications for the 
Performance of the measurement equipment. 

Once a design is selected for the equipment, the specifications for use 
are established through the relevant Standards documentation on methods 
of measurement. Levels of care and maintenance are laid down by the 
manufacturer in the equipment handbook, and should be adhered to if the 
manufacturer’s Claims of Performance levels are to be achieved and 
maintained. 

If followed by the manufacturer, this method will provide the user with a 
basis for understanding the ability of a particular piece of equipment to 
meet the purpose intended. lt further provides a framework within which 
the user may specify his requirements to the manufacturer and against 
which he may judge the usefulness of a product. 
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INTERNATIONAL STANDARD 0 ISO ISO 11655:1995(E) 

Measurement of liquid flow in open channels - 
Method of specifying Performance of hydrometric 
equipment 

1 Scope 

This International Standard provides a method of 
specifying the Performance of hydrometric equip- 
ment. lt identifies, within a Performance framework, 
the factors that affect the range of uncertainty within 
which the hydrological quantity is converted into a 
numerical quantity. 

This International Standard applies to all equipment 
used for hydrological measurement, with the excep- 
tion of equipment used for the determination of water 
quality. The Sensor, the measurement System and the 
recorder are treated as a unit, whether operated in 
mechanical, electromechanical or electronie form, or 
using other physical principles. Because hydrological 
variables are frequently determined against time, the 
time measurement device is also considered to be an 
integral part of the measurement System. 

2 Normative references 

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. 

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

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

ISO 772:~‘1, Measuremen t of liquid flow in open 
channels - Vocabulary and Symbols. 

3 Definitions 

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

3.1 influencing factor: Condition (environmental or 
otherwise), element, or activity external to the meas- 
uring equipment which may influence equipment 
Performance. 

3.2 Performance measure: Degree to which the 
intended functions of the equipment are ac- 
complished. 

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

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 darnage or degradation 

1) To be published. (Revision of ISO 772:1988) 
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ISO 11655:1995(E) 0 ISO 

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. 

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

6 Equipment Performance 
The range of 
by the User. 

operational conditions shall be defined 

6.1 Influencing factors 
3.6 extreme conditions of equipment use: Those 
conditions which exceptionally lie outside the range 
normally applicable to equipment Operation, and 
against which the equipment is provided with no 
special protection. 

The equipment is expected to resume required per- 
formante levels as soon as the influencing factors 
return to within the range applicable to the Operation 
mode. The limits of these conditions should be 
specified by the manufacturer. 

3.7 hazardous area: Area in which exist hazardous 
conditions potentially capable of endangering safety 
by whatever means. 

The danger may arise through physical location or 
through exposure to a potentially explosive atmos- 
phere, for example in sewers. 

3.8 Overall Performance level: Statement of ex- 
pected Performance of the equipment, relative to the 
true values of the measured hydrological variable. 

3.9 timing Performance: Statement of expected 
Performance of any timing element of the equipment 
employed to control the sampling rate or frequency. 

4 Units of measurement 

The units of measurement used in this International 
Standard are SI units, in accordance with ISO 31-1 
and ISO 31-3. 

5 Objectives 

The purposes of this International Standard are 

- to specify the 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 

Before choosing equipment for measurement pur- 
poses, the user should ascertain that the equipment 
will provide the required operational Performance 
relative to the Chosen method of measurement under 
the range of factors which may influence that per- 
formante. These influencing factors are as follows. 

6.1 .l Atmospheric conditions 

a) 

b) 

d 

d 

Ambient temperature; 

atmospheric humidity; 

atmospheric pressure; 

atmospheric quality (for example atmospheric 
contaminants); 

e) atmospheric precipitation; 

f) solar radiation; 

g) wind Speed; 

h) environmental electrical discharges 
man-made); 

i) electromagnetic interference. 

6.1.2 Aquatic conditions 

a) Water temperature; 

b) water pressure; 

(natura1 and 

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

6.1.3 Mechanical factors 

a) Operating position; 

b) Vibration; 

c) mechanical shock. 

2 
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0 ISO ISO 11655: 1995(E) 

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

a) Nature of energy Source; 

b) level of biological activity; 

c) electrical interference through ground or water; 

d) Operator skill; 

e) Standards of operational maintenance. 

6.2 Range of values of influencing factors 

Manufacturers supplying equipment for hydrometric 
measurement purposes, either as complete meas- 
urement Systems or as elements of such Systems, 
shall provide Statements of the limiting ranges of val- 
ues for each of the influencing factors listed in 
annex A, A.l to A.3. 

Annex A presents three equipment situations for 
which ranges of influencing factors shall be provided: 

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

b) equipment use when required to produce a func- 
tional Signal only; 

c) equipment Operation when required to produce 
data within the Performance limits declared by the 
manufacturer and in accordance with the require- 
ments of clause 7. 

Equipment operating in accordance with this Inter- 
national Standard shall show no permanent darnage 
or degradation of Performance when, whether inop- 
erative or in use, it is subjected to conditions where 
one or more of the influencing factors assumes a 
value within the limiting values of any of the ranges 
assigned for the equipment during a specified time. 
If no time limit is specified, it should be assumed that 
such conditions apply for an indefinite time. On re- 
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. 

lt 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. 

lt is further recommended that there be discussion 
between the manufacturer and the user in Order to 

7 Overall equipment Performance 

7.1 General 

The user shall state the allowable tolerante on any 
Single parameter/measurement which lies within the 
operational range, subject to all influencing factor val- 
ues lying within the range of operational use. The al- 
lowable tolerante may vary from one part of the range 
to another, in which case the user shall state both al- 
Iowable tolerante values and the subdivision of the 
operational range over which any specific tolerante 
value applies. 

The manufacturer shall state the performante 
characteristics of the equipment over the full oper- 
ational range required by the User. 

7.2 Resolution 

The resolution of a device is its ability to define the 
value of a Parameter, as qualified by the degree of 
discrimination possible. (Resolution may be specified 
in either absolute terms or relative terms; for example 
+ 10 mm, $- 0,5 % of full scale, 1 ppm.) 

7.3 Repeatability 

The repeatability is the ability of a device to provide 
the same measurement response when sensing the 
same absolute Parameter values on different oc- 
casions, and when operating under identical influence 
factor conditions. 

7.4 Response time 

Response time is the time taken by the device to re- 
act to changes in the value of the Parameter to be 
measured. (Response time may be given in terms of 
seconds to register a specified Proportion of Change 
in the Parameter value.) 

7.5 Uncertainty 

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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ISO 11655:1995(E) 

7.6 Timing Performance 

7.6.1 General comments 

The user shall state the allowable tolerante 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 
timing devices 

This International Standard recommends specifying 
timing Performance as follows, when using conven- 
tional mechanical timing devices. 

7.6.2.1 Timing Performance for equipment in 
storage and transport 

Not applicable. 

7.6.2.2 Timing Performance for equipment 
Operation under extreme conditions 

Tolerantes are to be stated by the manufacturer. 

7.6.2.3 Timing Performance for normal 
equipment Operation 

Tolerantes are as follows: 

a) for any 24-hour period: 

reference time + one part in 300 (* 5 min, ap- 
proximately); 

b) for any 30-day period: 

reference time + one part in 3 000 (+ 15 min, - 
approximately). 

7.6.3 Timing Performance for superior 
electronically controlled timing devices 

This International Standard recommends specifiying 
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 

Tolerantes are to be stated by the manufacturer. 

7.6.3.3 Timing Performance for normal 
equipment Operation 

Tolerantes 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: 

reference time * one patt in 30 000 (* 90 s, ap- 
proximately). 

7.6.4 Other devices 

Equipment which incorporates timing control Systems 
capable of operating at the superior Performance level 
should be designated 

r Performance (superi 0 timing 1 

7.7 Reliability 

kor equjpment whose age IS outside the initial war- 

with the suffix notation/SPT 

ranty period and which has been maintained and op- 
erated in accordance with the manufacturer’s 
recommendations, the manufacturer shall state the 
expected mean time between failures and the basis 
of its determination. 

7.8 Period of unattended Operation 

The user shall state requirements for the period of 
unattended Operation. The manufacturer shall state 
the maximum period over which the equipment is 
capable of Operation without exhaustion of energy 
supply, Saturation of the equipment data storage or 
memory under specified requirements of Operation, 
or within which the equipment will operate without 
required adjustment or loss of Performance. 

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 IManufacturer’s certification 

The manufacturer shall provide the necessary certifi- 
cate of calibration evaluating the Performance charac- 
teristics Iisted in 7.2 and 7.3, where applicable. 

4 
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0 ISO ISO 11655:1995(E) 

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. 

9 Energy requirement 

The manufacturer shall state the energy requirement 
of the equipment in terms of voltage and current 
consumption for its various operational states, for ex- 
ample during quiescent periods, during sampling and 
data recovery. He shall state the expected life of 
battery-operated equipment when operating under 
normal conditions. 

10 User requirements 

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

10.1 Requirements in terms of 
Performance 

equipment 

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; 

c) maximum rate of Change to be accommodated by 
the equipment (this may be stated as a Single 
maximum rate over a given period of time, or as 
differential rates which correspond to different 
time Periods). 

10.3 Attenuation of oscillations in 
hydrological phenomena, if necessary 

Specific requirements stating the degree and nature 
of the attenuation 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 International Organ- 
izations (for example the World Meteorological 
Organization). 

See 7.2 to 7.6. 
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ISO 11655:1995(E) 

Annex A 
(informative) 

Recommended Checklist 

This annex presents a Checklist recommended for 
agreement between user and manufacturer as to the 
values of the environmental factors which may influ- 
ence the performante of hydrometric equipment. 

lt covers the transport and storage of the equipment, 
the Iimiting conditions for use of the equipment and 
the conditions for normal Operation of the equipment. 

A.l Record of the atmospheric 
environmental factors which may 
influence the Performance of hydrometric 
equipment 

A.l.l Ambient temperature - Range limits 

A.l.l.l Range limits of temperature during 
equipment storage and transport 

a) Upper limit: reference value + . . . . . . . . . . . . “C; 

b) lower limit: reference value - . . . . . . . . . . . . . “C. 

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

a) Upper limit: reference value + . . . . . . . . . . . . “C; 

b) lower Iimit: reference value - . . . . . . . . . . . . . “C. 

A.1.1.3 Range limits of temperature for normal 
Operation 

a) Upper limit: reference value + . . . . . . . . . . . . “C; 

b) lower Iimit: reference value - . . . . . . . . . . . . . “C. 

A.1.2 Atmospheric humidity - Range limits 

Because extreme values of both temperature and 
humidity are not likely to occur simultaneously, the 
manufacturer may specify the time period over which 
these values may be applied and shall specify the 
limits of the combination, if any, for continuous oper- 
ation. 

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

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

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

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 extreme condi- 
tions of equipment use and for normal Operation are identi- 
cal unless otherwise stated by the manufacturer. 

A.l.3 Atmospheric pressure - Range limits 

A.1.3.1 Range limits of atmospheric pressures for 
storage and transport 

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. 
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