Measuring System for Gaseous Fuels

Organisation Internationale de Metrologie Legale (OIML) has issued a draft
recommendation "Measuring Systems for Gaseous Fuel". The text is included
below.

Interested parties are invited to submit comments on the recommendation. All
comments received will be considered by Ofgem and, where considered
appropriate, will be communicated to the OIML committee drafting this paper.

Comments on the draft recommendations should be sent via e-mail to Peter
Dickinson at peter.dickinson@ofgem.gov.uk before 18th June 2004.
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1 Introduction

Traditionally and until now, in many countries, legal metrology was mainly concerned with gas
meters in the field of gas metering. However, in general, the price of the transaction for a quantity of
gas is not only depending on the volume measured using volume meters subject to metrological
control, but also on the metering parameters (installation, gas meter , pressure, temperature) and the
nature of the gas. For these reasons, this Recommendation introduces the notion of measuring
system.

The national authorities shall decide if the legal metrological control is applicable:

1 Only to meters

In this case it is sufficient to refer only to the relevant applicable OIML Recommendations.
2 Only to some individual parts of the measuring system

In this case they should refer only to corresponding requirements applicable to these parts in this
Recommendation, with the possibility, as far as the meter is concerned, to refer only to relevant
OIML Recommendations without taking into account the conditions of installation for example.

3 To the complete measuring system

In this case they should refer to all the relevant parts of this Recommendation applicable for the type
of measuring system and shall decide which types of measuring systems are subject to legal control
(energy or mass or volume at base conditions).

2 Scope of application

This Recommendation applies to measuring systems for gaseous fuel :

- with a designed maximum flowrate Qe equal to or greater than 100 m*/h at base conditions
and for operating pressures equal to or greater than 200 kPa (2 bar) absolute,

- not fitted with diaphragm gas meters.

It may apply to very large measuring systems located at the border between two countries as well as
to smaller measuring systems, with the exception of measuring systems for compressed natural gas
for vehicles (CNG).

However the provisions of this Recommendation may be adapted to other cases.

This Recommendation sets forth the metrological and technical requirements applicable to the
measuring systems subject to legal metrology controls.

Different types of measuring systems are considered

- measuring systems providing indications of volume at base conditions (as defined in this
Recommendation) or mass converted from a volume of gas determined at metering or base
conditions,

- measuring systems providing directly the mass of gas,

- measuring systems providing indication of energy corresponding to a volume at base
conditions or a mass of gas.
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The concept of measuring system may involve data and figures provided according to documented
provisions. This is often necessary in particular for the determination of energy. In this case the
purpose of this RI is to provide members with tools in order to manage energy on a metrological
basis (see examples in D.3). It is not intended to prohibit members to use other tools allowing the
management of energy (see examplesin D.4).

The conversion mass to volume is not in the scope of this Recommendation. However this document
is not intended to eliminate this possbility. In such a case appropriate provisons in this
Recommendation have to be adapted.

This Recommendation also provides the way the measuring systems are approved and verified. The
requirements for measuring systems are complementary to those applicable only to meters as
provided in relevant OIML Recommendations (R 6, R 32). To some extend they lead to the
necessity of additional requirements for the corresponding meters.

The issue of OIML certificates is possible for devices for which annex provides the corresponding
information.

3 Terminology

The terminology used in this Recommendation conforms to the International V ocabulary and general
Terms in metrology (VIM - 1993 edition) and the Vocabulary of Lega Metrology (VML - 1978
edition). In addition, for the purposes of this Recommendation, the following definitions apply.

Note:  Those terminologies shall be considered as part of this Recommendation.
T.1  Themeasuring system

T.1.1 Meter

An instrument intended to measure continuously, memorise and display the volume or mass of gas
passing through the flow measuring device at metering conditions.

Note: The display may be aremote indicating device.
T.1.2 Flow measuring device

A part of the meter converting the volume or mass flow of the gas to be measured into signals for
the calculator. It includes the sensor and the measuring transducer.

T.1.2.1 Sensor (VIM 4.14)
An element of a measuring instrument or measuring chain that is directly affected by the measurand.
T.1.2.2 Measuring transducer (VIM 4.3)

A device that provides an output quantity having a determined relationship to the input quantity.
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T.1.3 Calculator

Part of the measuring system that receives the output signals from the flow measuring device(s) and
possibly from the associated measuring instruments, transforms them, and, if appropriate, stores in
memory the results until they are used. In addition, the calculator may be capable of transmitting and
receiving data from peripheral equipment.

Note: A measuring system may have one, two or more calculators, for instance a mechanical one
elaborating the volume at metering condition and transmitting the value to a mechanical
indicating device, an electronic one elaborating also the volume at metering condition,
associated to an electronic indicating device, and an other one to elaborate the converted
value.

T.1.4 Indicating device (VIM 4.12 adapted)

A part of ameasuring instrument that displays the measurement results

T.1.5 Ancillary device

A device, other than the main indicating device connected to a calculator, intended to perform a
particular function, directly involved in elaborating, transmitting or displaying measurement resullts.
Main ancillary devices are:

- repeating indicating device,

- printing device,

- memory device,

- totalizing indicating device,

- conversion device.

Notes: 1 Anancillary device may or may not be subject to legal metrology control according to its
function in the measuring system or to national regulations.

2 An ancillary device may be integrated into the calculator, into the meter, or constitutes
peripheral equipment linked to the calculator by means of an interface.

T.1.6 Additional device

An element or device, other than ancillary, required to ensure correct measurement or intended to

facilitate the measuring operations, or which could in any way affect the measurement.

Examples of additional devices are:

- filter,

- flow conditioning device,

- branch or by-passline,

- valves,

- pressure reduction devices located upstream or downstream the measuring system,

- sampling systems,

- piping.
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T.1.7 Measuring system

A system which comprises the metering module (see T.1.8), and all the ancillary devices and
additional devices and when appropriate, a documented provisions system ensuring the quality and
the traceability of data.

T.1.8 Metering module

The subassembly of a measuring system which corresponds to the meter(s) itself (themselves),
associated where applicable with an additional calculator with a correction and an indicating device,
and to all other parts of the gas circuit of the measuring system.

T.1.9 Associated measuring instrument

An instrument for measuring certain measurands which are characteristic of the gas (temperature,
pressure, calorific value...) and which are used by the calculator with a view to making a correction
and/or a conversion.

T.1.10 Correction factor (adapted from VIM 3.16)

A numerical factor (single constant or coming from a mathematical function “f(q)” ) by which the
uncorrected result is multiplied to compensate for systematic error.

T.1.11 Adjustment and correction devices

T.1.11.1 Adjustment device

A device incorporated in the meter, that only allows shifting of the relative error curve generally
parallel to itself, with a view to bringing errors within the maximum permissible errors and to set the
weighted mean error (see T.2.20) at minimum.

T.1.11.2 Correction device

A device connected to or incorporated in the meter/and or a calculator for automatically correcting
the volume at metering conditions, by taking into account the flowrate and/or the characteristics of
the gas to be measured (temperature, pressure, gas composition, etc..) and pre-established
calibration curves.

The characteristics of the gas may either be measured using associated measuring instruments, or

stored in a memory in the instrument.

T.1.12 Conversion device

Notes: 1 In this Recommendation the wording ’conversion device' covers conversion devices as
such, as well as the conversion function in a flow computer.

2 A calculator, a correction device and a conversion device may be combined in a single
unit.
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T.1.12.1 Volume conversion device

A device which automatically converts the volume measured at metering conditions into a volume at
base conditions or into a mass by taking into account the gas characteristics (i.e. pressure,
temperature, composition, density) measured using associated measuring instruments or stored in a
memory.

The quotient of the volume at base conditions or of the mass to the volume at metering conditions is
referred to as “conversion factor”.

T.1.12.2 Energy conversion device

A device which automatically multiplies the volume at base conditions or the mass by the
representative calorific value of the gas.

T.1.13 Metering conditions

The conditions of the gas at which the volume is measured at the point of measurement (temperature
and pressure of the measured gas).

T.1.14 Baseconditions

Specified conditions to which the measured volumes of gas are converted or the determined energy
isrelated.

Notes: 1 The terms “reference conditions’ are frequently used instead of "base conditions'.
However, metering conditions should not be confused with the base conditions, which are
only related to the gas volume to be measured or indicated together with the "rated
operating conditions’ and the “reference conditions’ which apply only to the influence
quantities. ( See definitions T.4.2.6 of R6 and VIM 5.5 and 5.7)

2 Although preferred temperature values for both volume and calorific value determination
are the same (see 7.3.1), some countries may refer to different temperature values for
volume at base conditions and for energy.

T.1.15 Grosscalorific value

The amount of heat which would be released by the complete combustion in air of a specified
quantity of gas, in such a way that the pressure at which the reaction takes place remains constant,
and all the products of combustion are returned to the same specified temperature as that of the
reactants, all of these products being in the gaseous state except for water formed by combustion,
which is condensed to the liquid state at this specified temperature [adapted from 1SO 6976:1995(E),
page 2].

Notes: 1 In the following parts of this Recommendation, calorific value is used for gross calorific

value.

2 The condensation enthalpy and combustion enthalpy depend directly upon the
temperature and pressure; consequently the energy at base conditions is considered.

3 The calorific value should be determined on a mass or volumetric basis.
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T.1.16 Representative calorific value

An individual calorific value or a combination of calorific values that is considered to be, according
to the constitution of the measuring system, the most appropriate calorific value to be associated
with the metered quantity in order to calculate the energy.

T.1.17 Calorific value determining device (CVDD)
An associated measuring instrument for obtaining the calorific value of gas.
T.1.18 Audit trail

A set of electronic and/or paper records that provide for a complete examination of measured
variables, parameters setting and calculation results, to check the accuracy of a measurement and
any necessary corrections.

Note:  The required records may include: volumes at metering conditions, pressures, temperatures,
and calorific values, conversion equation specification and parameters, volumes and energy
at base conditions, calibration datum, and alarm logs.

T.1.19 Secured communication

A communication, physical or not, between elements of a measuring system ensuring that
information transferred from one of these elements to an other one may not be tampered with by the
user, by external influences or by fault of the system.

Note:  Thisensuring is provided by sealing devices and/or checking facilities.
T.1.20 Documented provisons

Provisions established by the user of a measuring system in order to give confidence to the National
Authority that operations are performed according to the metrological expectation when they are not
performed wusing associated measuring instruments subject to control and/or secured
communications.

Note:  Documented provisions may be part of a quality assurance system.
T.1.21 Compressibility factor

A parameter which indicates the deviation from the ideal gas (see 1SO 12213-1).

Note: In general in this Recommendation the ratio Z/Zb of compressibility factors respectively at
metering and base conditions is used.

T.1.22 Nominal operating conditions

Normal, average or typical conditions of use of a measuring system or a device provided by the
manufacturer.

T.1.23 Principal measurands

The volume at metering conditions, the volume at base conditions, the mass or the energy.
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T.2 Metrological characteristics

T.2.1 Primary indication(s)

Indication(s) (displayed, printed or memorised) which is(are) subject to legal metrology control.

Note: Indications other than primary indications are commonly referred to as secondary
indications.

T.2.2 Uncertainty of measurement (VIM 3.9)

Parameter, associated with the result of a measurement, that characterises the dispersion of the
values that could reasonably be attributed to the measurand.

T.2.3 Truevalue (of a quantity) (VIM 1.19)
Value consistent with the definition of a given particular quantity
T.2.4 Error of measurement (VIM 3.10)

Result of a measurement minus a true value of the measurand.
Note:  Since atrue value cannot be determined, in practice a conventional true value is used.

T.25 Relativeerror (VIM 3.12)

Error of measurement divided by a true value of the measurand.

T.26 Maximum permissibleerror (M PE) (adapted from VIM 5.21)
The extreme values permitted by this Recommendation for an error.

T.2.7 Traceability of a measurement (VIM 6.10)

Property of the result of a measurement or the value of a standard whereby it can be related to stated
references, usually national or international standards, through an unbroken chain of comparisons all
having stated uncertainties.

T.2.8 Specified measuring ranges

A set of values of measurands or quantities characteristic of the gas for which the error isintended to
lie within the limits specified in this Recommendation. In general the upper and lower limits of the
specified measuring range are called maximum value and minimum value, respectively (for example :
maximum flowrate 2000 m?/h, minimum flowrate 50 m*/h) .

Notes: 1 This definition applies to the measuring system and to constituent elements of the
measuring system as well.

2 Main measurands or quantities characteristic for the metering module are flowrate,
pressure or temperature of the gas.

3 A conversion device has a specified measuring range for each quantity that it processes.
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T.29 Maximum flowrate of the measuring system Qmax

The flowrate equal to the sum of the flowrates of all the meters in parallel branches (where
appropriate) forming the system when one of these meters reaches its maximum flowrate under the
specified conditions of use, all meters being in use.

T.210 Minimum flowrate of the measuring system Qmin
The flowrate equal to or greater than the smallest “minimum flowrate” of the individual meters.
T.2.11 Minimum measured quantity

The smallest quantity for which the measurement is metrologically acceptable for that system.

Note: A measuring system has a minimum measured quantity for each principal measurand it
processes (volumes, mass or energy).

T.2.12 Minimum specified quantity deviation

The positive maximum permissible error for a minimum measured quantity of a measuring system or
ametering module.

T.2.13 Repeatability error (VIM 3.6 adapted)

For the purpose of this Recommendation, the difference between the largest and the smallest results
of successive measurements of a same quantity carried out under the same conditions.

T.2.14 Intrinscerror

The error determined under reference conditions.

T.2.15 Initial intrinsic error

The intrinsic error as determined prior to all performance tests.
T.2.16 Fault (relevant for electronic measuring systems only)

The difference between the error of indication and the intrinsic error of a measuring system or of its
constituent elements.

T.2.17 Significant fault (relevant for electronic measuring systems only)

T.2.17.1 For the principal measurands (volumes, mass or energy)
A fault, the magnitude of which is greater than one tenth of the magnitude of the maximum
permissible error for the relevant measurand. However whatever is the measured quantity:

- faults greater than one tenth of the magnitude of the maximum permissible error corresponding
to a quantity equal to one minute at Qmax are always considered as significant,

- faults smaller than the relevant minimum specified quantity deviation are never considered as
significant.
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Notes: 1 For the principal measurands this concept applies only to the electronic parts of the
measuring system.

2 The significant fault for a calculator is calculated on the basis of the maximum permissible
error applicable to the principal measurand and not on the basis of the maximum permissible
error applicable to the calculator.

3 When a device is used for measuring two or more principal measurands (a calculator for
example), it has a significant fault for each measurand.
T.2.17.2 For associated measuring instruments other than CVDDs

A fault, the magnitude of which is greater than half of the magnitude of the maximum permissible
error for the relevant measurand. However a fault, the magnitude of which is smaller than 2 scale
intervals of the associated measuring instrument is never considered as a significant fault.

Note: For associated measuring instruments other than CVDDs this concept applies to the whole
associated measuring instrument or only to the electronic part as well, according to what is
subject to the test.

T.2.17.3 For CVDDs

A fault, the magnitude of which is greater than one tenth of the magnitude of the maximum
permissible error for the calorific value. However a fault, the magnitude of which is smaller than 2
scale intervals of the CVDD is never considered as a significant fault.

Note: For CVDDsthis concept applies to the whole device.
T.2.17.4 Thefollowing faultsare not considered as significant :

- faults resulting from simultaneous causes independent from each other within the instrument
itself or within its checking facility;

- temporary faults resulting from momentary indication variations, but which can not be
interpreted, stored or transmitted as measuring results.

T.2.18 Drift (VIM 5.16)
A dow change of a metrological characteristic of a measuring instrument.
T.2.19 Installation effect

Any difference in performance of the metering module arising between the calibration under ideal
conditions and actual conditions of use. This difference may be caused by different flow conditions
due to velocity profile, perturbations or by different working regimes (pulsation, intermittent flow,
alternating flow, vibrations...).

T.220 Weighted mean error (WME)

A weighted combination of errors of a meter or a metering module. The WME is used to adjust the
error curve as close as possible to zero. The WME is calculated as follows:
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éﬂ (Qi/Qmax)” Ei
WME ===
a (Qi/Qmax)

i=1

Where:

- n greater than or equal to 6

- Qi /Qmax are weighting factors (for Qi = Qmax the weighting factor is equal to 0.4),
- Ei isthe error at the flowrate Qi.

Note:  When the specified measuring range of a metering module including only one meter is
known beforehand and when this range is smaller than the maximum specified measuring
range of the meter, it is recommended to determine the WME and adjust the meter over the
actual operating range only and update the markings accordingly.

T.2.21 Durability (relevant for electronic measuring systemsonly)

The capability of an electronic part of the measuring system to keep its performance characteristics
over aperiod of use.

T.2.22 Adjustment interval for a calorific value determining device

The time interval or number of measurements between two necessary adjustments of a caorific vaue
determining device.

T.3 Testsand test conditions

T.3.1 Influence quantity (VIM 2.7)
A quantity that is not the measurand but that affects the result of the measurement.
T.3.2 Influencefactor

An influence quantity having a value within the rated operating conditions of the measuring system
as specified in the present International Recommendation.

T.3.3 Disturbance

An influence quantity outside the specified rated operating conditions of the measuring system.

Note: An influence quantity is a disturbance if for that influence quantity the rated operating
conditions are not specified.

T.3.4 Rated operating conditions (adapted from VIM 5.5)

Conditions of use giving the range of values of influence quantities for which the metrological
characteristics are intended to be within the maximum permissible errors.
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T.3.5 Reference conditions (adapted from VIM 5.7)

A set of gpecified values of influence factors fixed to ensure valid intercomparison of results of
measurements.

T.3.6 Performancetest

A test intended to verify whether the measuring equipment under test (EUT) is capable of
accomplishing its intended functions.

T.3.7 Endurancetest

A test intended to verify whether the metering module is able to maintain its performance
characteristics over a period of use.

T.4  Electronic or electrical equipment

T.4.1 Electronic device

A device employing electronic sub-assemblies and performing a specific function. Electronic devices
are usually manufactured as separate units and are capable of being tested independently.

Notes: 1 The electronic parts of CVDDs are not tested separately.

2 A measuring system including at least one electronic device subject to legal control is
called an electronic measuring system.

T.4.2 Checking facility

A facility that isincorporated in a measuring system and that enables significant faults to be detected
and acted upon.

Note: The checking of a transmission device aims at verifying that all the information which is
transmitted (and only that information) is fully received by the receiving equipment.

T.4.3 Automatic checking facility

A checking facility that operates without the intervention of an operator.

T.44 Permanent automatic checking facility (type P)

An automatic checking facility operating continuously during the entire measurement operation.
T.45 Intermittent automatic checking facility (Typel)

An automatic checking facility intervening at certain time or quantity intervals.

T.4.6 Non automatic checking facility (Type N)

A checking facility that requires the intervention of an operator.
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Description

As a genera rule according to the maximum flowrate of a measuring system as well as technical and
economical considerations, the National Authorities may impose:

4.1

411

the accuracy class;
the type of conversion (see 7.3.2)
the components to be included in the measuring system. Subclause E.3.1 provides suggestions

for this purpose.

Components of a measuring system

A meter itself isnot a measuring system or a metering module.

A measuring system may include elements of the following non exhaustive list:

meter(s) or metering module ;

conversion devices; (* if applicable)

caloric value determining device ; (* if applicable)
isolating valves; (**)

checking facilities ;

metrological seals;

memory or printing device and automatic chronological recorder ; (* according to national
regulation)

additional piping and fittings; (**)

filter and separator (**);

gas pre-heating equipment (**);

equipment to reduce the noise level (**);

flow and pressure control equipment for the station or the metering line ; (**)

switching equipment to select the appropriate number of meter lines corresponding to the real
load of the station and used to assure that any meter in service is measuring flows between its
Qmin and Qmax ; (*)

equipment to prevent the formation of hydrates and ice (**);
equipment to absorb vibrations and pulsations ; (**)

flow profile conditioning device ; (**)

gas sampling extraction and conditioning system ; (* if applicable)

provision for the calibration of the calorific value determining device including calibration
standards ; (* if applicable)

documented provisions and quality assurance systems; (***)
other components (**).
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* is always part of the measuring system when present

* is part of the measuring system when there isarisk it influences the performance of the
measuring system

*** ispart of the measuring system when necessary to ensure the integrity and/or the correct
operation of the measuring system

4.1.2 If several meters and/or flow measuring devices are intended for a single measurement
operation, these meters are considered to be included in the same metering module or
measuring system.

If several meters and/or flow measuring devices intended for separate measuring operations
(different contracts) do have elements in common (calculator, filters, conversion device,
etc.), each meter and/or flow measuring device is considered to make up, together with the
common elements, one metering module or measuring system.

4.2  Concept of measuring systems
According to the way relevant characteristics of the gas are collected a measuring system may
consist of (seeE.1) :

1 Separate modules (meters, conversion device, calorific value determining device...) which
fulfils the requirements for each module and whose modules are connected with secured
communications ensuring reliable transmissions of data.

2 Separate modules which fulfils the requirements for each module but whose modules are
not connected with secured communications ensuring reliable communications of data.

In this case documented provisions shall ensure the traceability of data used for the determination of
the corresponding measurands.

3 Separate modules which fulfils the requirements for each present module and the taking into
consideration of data that are not measured (for instance pressure of the gas in case of
converted volume) or that are not locally measured (for instance calorific value of the gasin
case of remote determination).

In this case documented provisions shall ensure :

- the representativeness of the data taken into account, and

- the traceability of data used for the determination of the corresponding measurands.
Combination of cases 2 and 3 is possible.

The legal authority may decide that the metrological control applies to each type of here-above
measuring systems or only appliesto certain types.

4.3 Flow measur ement

Several different principles of physics may be used to determine the gas quantities (see E.2).
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5 Unitsof measurement and abbreviations

51 Units of measur ement

The volume shall be indicated in cubic meters. The mass shall be indicated in tonnes or kilograms.
The energy shall be indicated in joules or kilowatt-hours. The calorific value shall be indicated in a
here-above unit of energy per unit of mass or volume at base conditions. For measurements provided
by other associated measuring instruments, one shall refer to the list of Sl units.

52 abbreviations

- For flowrates:
o] Qmin: minimum flowrate
o] Qmax:  maximum flowrate
- For ambient temperature:
0 Tammin : minimum value of the range
0 Tam.max : maximum value of the range
- For gas temperature:
o Tmin: minimum value of the range
o Tmax:  maximum value of the range
- For gas pressure:
o] Pmin: minimum value of the range
0 Pmax: maximum value of the range
- For supply electricity:
0 Unom:  nominal value for supply voltage
o fnom: nominal value of supply frequency
- WME: weighted mean error
- MPE:  maximum permissible error
- Cv: caorific vaue (symbol Hs)
- CVDD: cdorific vaue determining device
- MMQ: minimum measured quantity for volumes or mass
- MMQe :minimum measured quantity for energy
- Emin:  minimum specified quantity deviation
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6 Metrological requirements

6.1  Accuracy classes

Measuring systems are classified into three accuracy classes A, B, C.

6.2 M aximum permissible errors (M PESs) for measuring systems

6.2.1 The maximum permissible relative errors, positive or negative, for measuring systems are
specified in Table 1. These values are applicable for pattern approval and for initial
verification.

TABLE 1

MPEs for measuring systems

Maximum permissible
errors on determining .. Accuracy class A Accuracy class B Accuracy classC
Energy +1,0% +2,0% +3,0%
Converted volume,
converted mass or direct +0.9% +15% £2.0%
mass
6.2.2 However the magnitude of the maximum permissible error

(after calculation as an absolute value) shall be equal to or greater than the minimum specified
quantity deviation E min which is given by the formula :

Emin =2 MMQ ~ MPE
Where :
MMQ is the minimum measured quantity for the relevant measurand
MPE is the relevant value in the table

6.3 M PEs for modules

6.3.1 Genera

6.3.1.1 The maximum permissible errors, positive or negative, for modules (parts or functions as
stated in the here under table 2) are specified in Table 2. These values are applicable at
pattern approval and at initial verification.
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Maximum permissible errors
on...

Accuracy classA

Accuracy class B

Accuracy classC

Measuring volume at
metering conditions

(sce6.3.2)

+ 0,70 %

+1,20%

+ 1,50 %

Converting in volume at
base conditions or in mass

(see 6.3.3)

+ 0,50 %

+ 1,00 %

+ 1,50 %

Cdlorific value measurement
(only CVDD)

(sce6.3.9)

+ 0,50 %

+ 1,00 %

+ 1,00 %

Representative

Cdorific value

determination
(sce6.3.9)

+ 0,60 %

+1,25%

+ 2,00 %

Converting in energy
(sce6.3.9)

e 6.5

e 6.5

e 6.5

6.3.1.2

However for volume at metering conditions the magnitude of the maximum permissible

errors (after calculation as an absolute value) is never smaller than the minimum specified
quantity deviation E minwhich is given by the formula :

Emin =2° MMQ ~ MPE

Where:

MMQ is the minimum measured quantity

MPE is the relevant value in the table.

6.3.1.3 Moreover when the conformity to table 1 cannot be verified directly, the global error of
the measuring system shall be assessed by calculation. By convention and where
applicable, the global error of a measuring system is equal to the square root of the sum of

the sguares of the errors of the following modules (see annex D):

metering module (measuring the quantity at metering conditions),

converting this quantity in volume at base conditions or in mass,
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- CV determination.

6.3.2 Measuring volume at metering conditions

Maximum permissible errors on measuring volume at metering conditions apply to pattern approval
or initial verification where :

- the meter is corrected (or WME st at its minimum) where necessary or applicable,

- the meter is adjusted a nomind operating conditions,

- installation effects are taken into account (see Annex B).

When a metering module is subject to a first stage verification (before verification on site or if this
verification is considered sufficient by the authority-see 10.3) MPEs for this verification are
calculated according to the formulain B.6.1.

Note: The MPE specified for volume or mass measurements are smaller than the corresponding
values specified in other Recommendations.

6.3.3 Convertingin volume at base conditionsor in mass

Maximum permissible errors on converting in volume at base conditions or in mass may be verified
either on the basis of a modular approach as stated in 6.3.3.10r on the basis of a global approach as
stated in 6.3.3.2.

In both cases when some characteristics of the gas are not measured using associated measuring
instruments (pressure or compressibility factor in particular), this shall be taken into consideration in
order to determine that the requirement on the conversion in table 2 isfulfilled.

Where necessary, the conventional true compressibility factor shal be calculated according to 1SO
12 213.

6.3.3.1 Modular approach

Conversion devices which satisfy provisions in 6.3.3.1.1, 6.3.3.1.2and 6.5are supposed to fulfil the
corresponding requirement laid down in Table 2 (taking into consideration the general statement in
introduction of 6.3.3 if only temperature is measured).

6.3.3.1.1 Relevant associated measuring instruments exhibit an accuracy at least as good as the
values in Table 3-1. These values are applicable at pattern approval and at initial
verification.
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TABLE 3-1
MPEs for associated measuring instruments other than CVDDs

Maximum permissible Accuracy classA Accuracy class B Accuracy classC
errorson
Temperature +0,5°C +0,5°C +1°C
Pressure +0,2% +05% +1%
Density + 0,25 % +0,7 % +1%
Compressibility factor +0,3% +0,3% +0,5%
6.3.3.1.2 The errors on the calculation of each characteristic quantity of the gas, positive or

negative, are smaller than or equal to one fifth of the relevant value specified in Table 3-1.
6.3.3.2 Global approach

Conversion devices which satisfy provisions in table 3-2 are supposed to fulfil the corresponding
requirement laid down in Table 2 (taking into consideration the general statement in introduction of
6.3.3 if only temperature is measured).

In this approach the conversion device is tested as a whole calculator associated with the associated
measuring instruments.

Table3-2

Test conditions and types of

conversion
Accuracy classA Accuracy class B Accuracy classC

Tests in reference conditions for
all types of conversion 0.3% 0,5% 0,7 %

Testsin rated operating
conditions for conversion devices |- 0,7 % 1,0%
performing as afunction only of | (not relevant)
temperature

Testsin rated operating
conditions for other conversion 0.5% 1,0 % 1,5%
devices

6.3.4  Converting in energy/determination of the calorific value

In order to determine the errors on CV, the conventional true CV shall be calculated according to
SO 69 76.
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6.3.4.1 Converting in energy results of the multiplication of the mass or converted volume by the
representative calorific value (CV).

The MPEs on the multiplication are those given in 6.5. As these MPEs are small comparing to MPES
applicable to the determination of CV, they need not to be taken into account in the final calculation
of error on energy.

6.3.4.2 According to the description of possible measuring systems laid down in 4.2, the
determination of the CV may necessitate documented provisions. Thisis the case when the CV is not
determined locally (at the same place than the metering module) and/or when the CV is not
continuously measured and associated with the metered quantity without a shift in time.

As a consequence and by definition the error in converting in energy results of the following possible
components:

- the error on the calorific value determining device (CVDD),

- the (expended) uncertainty resulting of the fact that the CV is not perfectly stable and is not
continuoudy measured UC,

- the (expended) uncertainty resulting of the fact that the CV is not associated to the metered quantity
without ashift intime, UT,

- the (expended) uncertainty resulting of the fact that the CV isnot locally determined, UL,
- other possible components of uncertainties, UO.

The estimation of expended uncertainties should be made according to the Guide to the expression
of uncertainty in measurement (1995 edition). The way these components are determined and
combined in order to calculate the error on converting in energy islaid down in 7.4.2.

6.3.4.3 For class A and B, the MPEs on the determination of the representative CV are dlightly
larger than the maximum MPEs for a CVDD. This is necessary at least because of the component of
uncertainty Uc. Practical consequences of figures of table 2 are in general :

- aclass A measuring system involves one (or more for a better accuracy) locd class A CVDD(s),

- a class B measuring system involves ether one or more class A CVDD(s) in generd associated with
relevant documented provisons or one or more loca class B CVDD(s),

- a class C measuring system involves one or more class A or class B CVDD(s) associated with
relevant documented provisions.

6.4  Other metrological performances of a CVDD

Requirements from 6.4.1 through 6.4.6 and 6.4.9 apply to al types of CVDDs. In addition
provisions from 6.4.7 through 6.4.8 give additional requirements for specific types of CVDDs.

6.4.1 General requirement

The complete CVDD (not only the electronic part) shal fulfil general requirements specified in 9.1.
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6.4.2 Repeatability

The repesatability error (as defined in T.2.13) of the CVDD shall be smaller than or equal to one fifth
of the magnitude of the MPE that would be applicable to the mean value of the measuring results.

6.4.3 Adjustment interval and drift

The drift at the end of the adjustment interval shall be smaller than or equal to half of the magnitude
of the MPE. The adjustment interval and the adjustment procedure shall be specified by the
manufacturer.

For CVDDs fitted with an automatic internal adjustment means, the means shall not be likely to drift
and either the adjustment shall be performed automeatically at the end of the adjustment interval or a
warning calling for adjustment shall be generated automatically at the end of the adjustment interval.

6.4.4 Influence of the gas composition
The manufacturer has to specify the characteristics (limits of chemical composition) of the gas to be

measured.

For gases of the same calorific value the influence of the composition shall be smaller than or equal
to two-fifth (2/5) of the magnitude of the MPE.

Note:  For this requirement, it is assumed that calibration gases are free, as far as possible, of
systematic components of uncertainties, for instance using calibration gases from the same
manufacturer.

6.45 Responsetime

The following provisions are applicable to the CVDD itself and not to the CVDD complemented
with the sampling line.

Note: The delay due to the sampling line has to be considered included in the uncertainty
component UT (shift in time).

For any instantaneous change in calorific value at least equal to 5 MJ within the measuring range, the
change in indication after 1 h shall be at least 99 % of the effective variation. As a consequence, the
measuring range shall be at least 5 MJ.

6.4.6 Influence of gassupply

The manufacturer shall provide reference conditions and rated operating conditions for :

- supply gas(es) pressure,
- supply gas(es) flowrates.

6.4.7  Specific provisions applicableto calorimeters
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6.4.7.1 Influence of the atmospheric pressure

The CVDD shall be designed and manufactured so that it continues to operate as designed and so
that its errors do not exceed the maximum permissible errors when it is subject to variations of the
atmospheric pressure.

The corresponding rated operating conditions are specified by the manufacturer.
6.4.7.2 Installation effects

The manufacturer shall provide any necessary information on the capability of the calorimeter to be
subject to ambient air movements (draughts). The pattern approval certificate states any appropriate
information.

6.4.8  Specific provisions applicable to gas chromatographs

A gas chromatograph shall be capable to measure at least the following components:

Component

- Nitrogen

- Carbon dioxyd

- Methane

- Ethane

- Propane

- | so-butane

- Neo-butane

- n-pentane

- | So-pentane

- Neo-pentane

- Hexanes and superior

If the manufacturer claims for more components, calibration gases shall be chosen accordingly. The
measuring range shall be specified by the manufacturer. 1t shall not start at zero and shall be not nil.
6.4.9 Other influencesfor all technologies

The manufacturer has to declare other influences he has identified. This declaration is checked at
pattern approval taking into consideration the state of the art. To that purpose it is considered that
an influence smaller than one fifth of the magnitude of the MPE is not significant.

Any significant influence (taking into consideration the state of the art) shall be specified in the
pattern approval certificate, accompanied with relevant information.

In general the influence of the natural gas relative humidity is not relevant for technologies other than
stoichiometric principle.

Taking here-above information into consideration, at pattern approval, initial verification or further
verification, the Authority may :
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- refuse the proposed CVDD if it does not suit the real situation of the measuring system,
- or impose to take sgnificant influences into the uncertainty calculation,

- test other possible influences if it consders that the state of the art has not been respected (only at
pattern approval).

6.5 MPEsfor calculators

Maximum permissible errors, positive or negative, on calculation of quantities of gas, applicable to
electronic calculators are equal to 0,05 % of true calculated value.

Note:  Thisrequirement is applicable to any calculation and not only to conversion calculation.

6.6  Repeatability error of a metering module

For any quantity greater than or equal to the volume or mass corresponding to five minutes at Qmax,
the repeatability error of the metering module shall be smaller than or equal to one fifth (1/5) of the
value specified in first line of Table 2.

6.7 Endurance of a metering module

For a given gas, if applicable within their specified measuring ranges, metering modules shall present
a magnitude of the variation of systematic errors after the endurance test less than one forth (1/4) of
the MPE for the volume at metering conditions specified in first line of Table 2 (see test conditionsin
10.2.6.2.4).

6.8 Maximum permissibleerrorsfor in service instrumentsor subsequent
verifications

The MPEs for "in service" measuring systems and elements of measuring systems or at subsequent
verifications shall not exceed 1 time to 2 times ( ratio to be set by the National Authority) the value
permitted at initial verification.

7 Technical requirementsfor measuring systems

7.1 General

National regulations should state that taking advantage of MPEs or other tolerances in this
Recommendation is prohibited and accordingly be prepared to take appropriate actions, in particular
for what concerns :

- the policy concerning the choice and the use of cdibration means,

- the adjusment of metering modules usng adjustment or correction devices for adjusting
respectively the WME or the errors to values other than as close as practical to zero, even when the
errors are within the maximum permissible errors

- the adjustment and use of CVDDs.
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7.1.1  Ancillary devices

7.1.1.1 Where ancillary devices are made compulsory by this Recommendation or by a national or
international regulation, they are considered as integral parts of the measuring system and are
therefore subject to metrological control and shall conform to the provisions of this
Recommendation.

7.1.1.2 When the ancillary devices are not subject to metrological control, the measuring system
shall be examined to ensure that these ancillary devices do not affect the metrological performances
of the measuring system. In particular, the system shall continue to operate correctly and its
metrological functions shall not be affected when any kind of peripheral equipment, in particular an
ancillary device, is connected (or disconnected).

In addition, these devices shall bear a legend which is clearly visible to the user to indicate that they
are not controlled when they indicate a measurement result visible to the user.
7.1.2  Specified measuring ranges

7.1.21 The measuring range of a measuring system shall be included within the measuring range
of each of its components. However, where several meters are operated in parallel in a metering
module, the limiting flowrates (Qmax, Qmin) of the different meters should be taken into account.

7.1.22  The measuring range shall satisfy the conditions of use of the metering module; the latter
shall be designed so that the flowrate is between the minimum flowrate and the maximum flowrate,
except during standstill.

The ratio Qmax/Qmin for the metering module shall be specified by the manufacturer.

7.1.3 Rated operating conditions

7.1.3.1 The conditions applied to measuring systems are divided into three groups:

- climatic conditions,
- mechanica conditions,
- electrica and electromagnetic conditions.

The classification is given in Annex A. The classes shall be in accordance with the conditions of use
of measuring systems.

The environmental range of a measuring system shall be included within the environmental range of
each of its components.

Notes. 1 Different environmental classes may apply to a measuring system. Not all components
are installed in the same location for example: meters may be located in an open air facility
while the electronic calculators are located in a climate controlled room.

2 Applicable classes shall be determined at pattern approval and suitability for use shall be
controlled at initial and subsequent verifications of the measuring system.

7.1.3.2 The rated operating conditions at atmospheric pressure are specified in annex A for each
influence factor.

7.1.4 Indications
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7.1.4.1 According to the type of measuring system, the final results are expressed in terms of :

- volume (at base conditions) or mass;

- energy that is the result of multiplying the gas quantity by the representative caorific vaue of the
ges.

The symbol or the name of the unit shall appear in the immediate vicinity of the indication.

7.1.4.2 The measuring system shall be provided with devices capable of indicating measurement

results (indicating, printing or memory devices) the total quantity (volume, mass or energy) and at
least, for each meter line where appropriate, the following information:

- the volume at base conditions, the mass or the energy,
- the gas quantity at metering conditions,

- the corrected quantity if gpplicable,

- the correction values if gpplicable,

- the caorific value if applicable,

- the quantities measured by other associated measuring insruments (for example : pressure,
temperature, and composition),

- the alarm indications,

- the conversion factor if applicable,

- the ratio of the compressibility factors Z/Zb,

- any input data affecting the metrological results.

7.1.4.3 The use of the same display for the indications of volume at metering conditions of volume at
base conditions, of mass or energy is authorised provided that the nature of the displayed quantity is
clear and that these indications are available on request.

The energy or when not available the volume at base conditions or the mass shall be preferably
displayed. This relevant quantity shall be displayed permanently or shall be capable of being
displayed by special command.

7.1.44 A measuring system may have severa devices indicating the same quantity. Each shall
meet the requirements of this Recommendation if they are mandatory or necessary. The scale
intervals of the various indications may be different.

7145 For any measured quantity relating to the same measurement and measurand, the
indications provided by various devices shall not deviate one from another by more than one scale
interval or the greater of the two scale intervalsiif they differ.

7.1.4.6 Primary indications on volumes, mass and energy (when applicable) shall be available up
to the settlement of the transaction. National Authorities may prescribe a duration for the availability
of these indications.

Moreover when a printing or memory device is required or used to ensure this availability, there shall
have provisions to allow for automatic printing or memorising at predetermined time intervals. The
printing and/or memory device(s) shall be capable of printing and/or memorising thermodynamic
parameters, totals, starting and ending time of the various aarms as well as al relevant information
to establish the chronology of the metering events for example printed sheet numbering, date, hour,
etc.
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7.2 M etering module

721 Genera

7.21.1 The meter(s) of a metering module shall comply with applicable International
Recommendations when they exist, unless otherwise indicated in this Recommendation. The
maximum permissible errors laid down in this Recommendation are applicable to the metering
module and not to the meter alone.

7.2.1.2  The construction of the metering module shall allow installation of individual meters that
conform to the assembling requirements.

Gas meters shall be mounted in the pipeline, according to :

- the provisions laid down in the pattern approva certificate of the metering module if the latter has
been provided,

- the provisions of gpplicable SO standards,
- the manufacturer’ singtructions and in generd,
the requirements of this Recommendation.

7.2.1.3 If the gas is likely to flow in both directions the metering module shall be designed and
controlled in order to perform accurate measurements in both directions and shal record
corresponding quantities separately. |If the metering module is not designed and controlled in order
to perform accurate measurements in both directions, the flow direction shall be clearly marked and
the metering module shall be fitted with a non-return device if necessary.

7.2.1.4 If a meter is likely to be overloaded given the supply conditions, a flow limiting device
shall be provided. This device shall be installed downstream of the meter. It shall be possible to seal
it (see 7.6). The flow limiting device may be mechanical or electronic.

7.2.1.5 Valvesthat may influence the accuracy of measurements shall be fitted with provisions for
sealing.
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7.2.1.6 Any additional device connected to the metering module shall be designed so that it does
not interfere with the accuracy of the metering process. The meter has to be isolated from the gas
pulsations generated, for instance, by aflow regulator (see B.2 in particular).

7.2.1.7 If the system is fitted with heating devices upstream of the metering lines, a device shall
keep the temperature within an acceptable operating temperature range, according to the conversion
device used.

722 Parallel branches

7.22.1 Given the specified measuring range of the flowrate it may be necessary to consider
several branches in parallel. Meters placed in parallel measuring branches shall not be able to
influence the metrological characteristics of each other.

7.2.2.2 National Authorities may decide that the metrological control requires a number of parallel
lines so that the maximum flow can be measured when any one line is at standstill while the other
lines are working within their specified limits.

7.2.2.3 If thereis a possibility to put parallel lines in series, the connections shall be arranged on
the main pipes upstream and downstream of the straight lines required upstream and downstream of
the meter. Generally, an isolation valve has to be placed upstream and another one downstream (for
instance, a stop valve with venting to the air) for each line.

7.2.2.4 Metering modules shall have provisions to select parallel branches so that the flowrate in
each branch lies between Qmax and Qmin of the meter. The connection or disconnection of the
parallel branches may be manual or automatic.

7.2.25 The design shall have provisions to avoid any gas flow, actual or fictive, through closed
branches. This may involve mechanical and/or checking facilities.

7.2.3 By-passing

7.2.3.1 The contractua availability of the gas flow could require to by-pass the station.

When the metering module is by-passed, the beginning and ending time of this operation shall be
recorded.

7.2.3.2 When rapid action valves are integrated into the installation, an equilibrium by-pass with a
small diameter shall be provided. The by-pass should be controlled by a throttle valve facilitating the
process of putting the meter and the associated piping under pressure and preventing the gas meter
from being damaged.
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7.24 Tes possbility on site

The National Authority may require provisions to be made for using any recognised method for
checking and/or verifying the metering module on site in particular metering modules with Qmax
equal to or greater than 10 000 m3/h at base conditions (or equivalent for mass).

7.3  Converting into volume at base conditions or mass

The text of this subclause is mainly applicable to the conversion devices for which the conversion
calculations are made numerically by means of an electronic calculator. Similar concepts may be
applied by analogy to other types of conversion devices.

7.3.1 Baseconditions

The following base conditions are preferred: 101.325 kPa and 288.15 K to determine the volume,
and 288.15 K to determine the calorific value. Conversion to other conditions may be conducted in
accordance to the relevant 1SO or national standards.

Note:  Base conditions correspond to reference conditions in some 1 SO standards
7.3.2 Typesof conversions

Six types of conversion are treated in this Recommendation:
- volume conversion as a function of temperature only (called T conversion);

- volume converson as a function of the pressure and of the temperature with constant
compressihility factor (called P T conversion);

- volume conversion as a function of the pressure, the temperature and taking into account the
compressihility factor (called P T Z conversion); and,

- volume conversion as afunction of the dengity (density conversion),
- meass conversion as afunction of volume and dengity at metering conditions,
- meass conversion as a function of volume and density at base conditions.

The connection between the calculator and the measuring transducers, if they exist, are elements of
the conversion device.

This Recommendation deals with tested conversion devices as one instrument, or as a calculator and
its associated measuring instruments.
7.3.2.1 Volume conversion as a function only of temperature (T conversion)

In this case the conversion device consists in a calculator and a temperature transducer and it
converts the volume V at metering conditions and temperature T to the base conditions (pressure Pb,
temperature Th, Zb).

The volume at base conditions Vb is obtained by the relationship :

Vb=K'1'V
T
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K isafixed value obtained by the relationship :
K=" 1p 2
Pb Z
The pressure and Z are not measured, but shall be included as fixed values in the processing of the
conversion factor.
7.3.2.2 Volume conversion as a function of pressure and temperature (PT conversion)

In this case the conversion device consists in a calculator, a pressure transducer and a temperature
transducer. The compressibility factor may be considered as a fixed value calculated from mean
metering conditions and a mean gas composition.

The volume at base conditions is obtained by the relationship :
P

Vb=K¢ "V
T
K’ isafixed value obtained by the relationship :
Ke= 1 T 22
Pb Z

Z isnot measured, but shall be included as a fixed value in the processing of the conversion factor.

7.3.2.3 Volume conversion as a function of pressure, temperature and deviation from the
perfect gaslaw (PTZ conversion)

In this case, the conversion device consists in a calculator, a pressure transducer, a temperature
transducer and optional associated measuring instruments measuring gas compressibility.

The deviation from the ideal gas law is compensated by the measurement or calculation of the
compressibility factor using an appropriate equation as a function of pressure, temperature and gas
properties.

Non measured gas parameters used for the compressibility calculation can be preset at instalation
time.

The volume at base conditions is obtained by the relationship:
_P.Tb. Zb.
Po T Z
7.3.2.4 Volume conversion as a function of density (density conversion)

In this case, the conversion device consists in a calculator and a density transducer.
The volume at base conditions Vb is obtained by the relationship:
V’'r
rb

Where:

V: volume at metering conditions
P: density at metering conditions
pb:  densty at base conditions
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pbis provided in 1SO 6976.
7.3.2.5 Massconversion asa function of volume and density at metering conditions

In this case, the conversion device consists in a calculator and a density transducer.
The mass M is obtained by the relationship:

M=V'r
Where:
V: volume at metering conditions
P: density at metering conditions
7.3.2.6 Mass conversion as a function of volume and density at base conditions
In this case, first the volume at metering conditions is converted into a volume at base conditions

using one of the appropriate here above types of conversion.
Then the mass M is obtained by the relationship:

M=Vb" rb
Where:
Vb:  volume at base conditions
pb:  densty at base conditions
pbis provided in 1SO 6976.

7.3.3  Associated measuring instruments
In principle, the characteristic quantities of the measured gas used for the conversion shall be

measured by means of associated measuring instruments.

However, depending on national regulations, it is permitted that some of those quantities are not
measured at the measuring system location or that the associated measuring instruments are not
subjected to a control when it can be demonstrated that MPE requirements on converted value are
fulfilled. This demonstration is part of documented provisions.

7.3.3.1 Temperature sensor

The temperature sensor shall be installed in order to ensure that the measured temperature is the
temperature at metering conditions. It shall be possible to verify on site the measured temperature.
For this purpose, an additional independent temperature tapping shall be located at a short distance
from the verified temperature sensor.

7.3.3.2 Pressuretransducer

The pressure transducer shall be connected to the metering pressure tap of the meter
To avoid the errors due to atmospheric pressure variation, the absolute pressure shall be determined.
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When a gauge pressure transducer is used, it shall be possible to preset the value of the average
atmospheric pressure. The value of the atmospheric pressure shall be calculated taking into account
the altitude of the installation site.

It shall be designed so that the pressure measurement can be verified using an additional appropriate
pressure measurement means (tap or T connection) at the pressure measurement point.

7.3.3.3 Non standard measuring points

The associated measuring instruments for which there are no standard tapping point shall be installed
close to the meter in order to determine with sufficient accuracy the quantities concerned.

Provided that this is accomplished satisfactorily, measuring instruments may be used to produce
conversions and corrections for meters.

These instruments shall not affect the correct functioning of the meter(s).

The deviation in indication due to the locations of the measuring points shall not exceed 20% of the
maximum permissible error for the conversion. Subject to fulfilment of this requirement, the same
associated measuring instruments may be used for making conversions and corrections for two or
more meters.

Note:  Thisrequirement is checked by calculation.
7.34 Ingallation

The conversion device shall be installed in a manner suitable for its application. The presence of the
conversion device shall not affect the metrological integrity of the meter(s) and device(s) to which it
IS associated.

The conversion device and the associated measuring instruments shall operate within their rated
operating conditions.

The connections of the associated measuring instruments shall be in accordance with manufacturer
requirements and pattern approval certificates.

7.4  Determination of energy

741 Timeinterval for determination of CV

7411 In principal the energy to be determined should be the sum of instantaneous energies
delivered. This is the true value. However in practice this is not possible and it is acceptable not to
associate the instantaneous calorific value to the instantaneous corresponding volume at base
conditions or massif :

- a representative CV is determined at time intervals greater than or equal to the minimum time
interva laid down intable 4,

- this representative CV is based on individua CV measurements at time intervals smaller than or
equal to the maximum acceptable value laid down in table 4,

- the representative CV is associated to the quantity measured during the time interva the
representative CV is determined,

- the stability of CV during the time interval of determination of the representative CV is consdered
as component of uncertainty (see 6.3.3).
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In other words this leads to a conventional true value resulting of the multiplication of the measured
quantity during a period of time at least equal to the minimum time interval by the representative CV
corresponding to this duration. Moreover excepted particular identified cases, it is not necessary to
take into consideration the variation of consumption during this period.

The Nationa authority may impose a maximum time interval for the determination of the
representative CV.

TABLE 4

Timeinterval for measuring CV and determining the representative calorific value

ACCURACY CLASS A B C
Maximum acceptable 15 min 1lh 1lh
time interval for :
individual CV and depending on
measurements CV stability
Minimum time interval Suitable for the 1d 1d
for "
Representative CV application
determinations

7.4.1.2 Inaddition, aslaid down in 6.2 the magnitude of the maximum permissible error is never
smaller than the minimum specified energy deviation. For this purpose the minimum
measured quantity for energy MM Qe is:

MMQe=Qnmin Xt X HS
Where:
Qmin: minimum flowrate of the measuring system for the volume at base conditions or mass
t: the greater of the two following values :

o effective time interval between determining representative calorific values for the
transaction,

o 1h
Hs:  nominal (mean) measurable calorific value specified by the gas supplier.
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7.4.2 Determination of theerror on energy

7.4.2.1 Error of the CvDD

For calculating the error on CV it is possible to use the actual measurement errors of the CVDD but
in general the errors of the CVDD can not be known for each condition of use. Instead of thisit is
easier to consider the MPEs applicable to the CVDD. It is considered that a CV DD fulfilling al the
requirements provided in 6.4 has measurement errors smaller than or equal to MPEs which are
applicable to it.

These MPEs, noted MPECVDD latter, are used as the relevant component to calculate the error on
CV.

For the combination of components and as far as necessary, these MPEs may be reduced to a
resulting “standard uncertainty”, uCV DD, dividing by the appropriate coverage factor (see 7.4.2.6).

7.4.2.2 Uncertainty on time determination

The provision in 7.4.1 has to be fulfilled and by convention the expended uncertainty on time
determination is assumed to be nil provided the sampling transit and the delay for gas analysis are
negligible or can be corrected for without significant uncertainty.

When it is not the case this component is evaluated according to the relevant documented provisions.
At the level of this IR it is not possible to state more provisions on this and the validation of the
evaluation of this component is of the responsibility of the Authority.

For the combination of components and as far as necessary, this expended uncertainty may be
reduced to a resulting standard uncertainty, uT, dividing by the appropriate coverage factor (see
7.4.2.6).

7.4.2.3 Uncertainty on CV stability

During the time interval the representative CV is determined, the stability of the instantaneous CV
leads to an uncertainty component, UC.

This component is evaluated according to the relevant documented provisions. At the level of thisIR
it is not possible to state more provisions on this and the validation of the evaluation of this
component is of the responsihility of the authority. Annex D provides examples.

For the combination of components and as far as necessary, this expended uncertainty may be
reduced to a resulting standard uncertainty, uC, dividing by the appropriate coverage factor (see
7.4.2.6).

7.4.2.4 Uncertainty on location

When the CV is not locally determined, the corresponding expended uncertainty, UL, is evaluated
according to the relevant documented provisions. This component may be due to two main causes :
different origins of gases and the transit delay of the gas between the measuring points for the
metered quantity and for CV. At the level of thisIR it is not possible to state more provisions on this
and the validation of the evaluation of this component is of the responsibility of the authority. Annex
D provides examples.

For the combination of components and as far as necessary, this expended uncertainty may be
reduced to a resulting standard uncertainty, uL, dividing by the appropriate coverage factor (see
7.4.2.6).
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7.4.25 Other uncertainties

Without any particular reason, the value of this component is nil. However the Authority may decide
it is not the case for instance when:

- the configuration of the MS is complex and it is necessary to determine standard uncertainties
according to type A aslaid down into the GUM,

- the gas consumption has been identified as non congtant (in a specific contract for instance) and
likely to have a significant effect on the final result,

- the level of confidence on the tracesbility of the CV is not sufficient in case of non secured
communications,

- there are possible effects of interference components on CV measurements asindicated in 6.4.9.

In this case, the corresponding expended uncertainty, UO, is evaluated according to the relevant
documented provisions and if relevant the pattern approval certificate of the CVDD. At the level of
this IR it is not possible to state more provisions on this and the validation of the evaluation of this
component is of the responsibility of the authority.

For the combination of components and as far as necessary, this expended uncertainty may be
reduced to a resulting standard uncertainty, uO, dividing by the appropriate coverage factor (see
7.4.2.6).

7.4.2.6 Combination of components

Without any particular reason the conventional coverage factor for determining any of the here
above corresponding standard uncertainties (from the expended uncertainty) is 2. This figure is also
used when determining the combined error on CV, ECV , after the corresponding standard
uncertainty has been calculated.

7.4.2.6.1 Simple case

The following is applicable in some particular smple cases such as only one local CVDD or in case
of anonlocal CvVDD but only one gas origin whose CV is determined using only one CVDD.

When all coverage factors are equal to 2 this combined error is provided by one of the two following
formulas :

E. =MPEZcwop +U % +U2c +U2 +U %

Eo = 2\/UZCVDD +Uu%r +u’c +u’L +u’
Where :
Ucvob = MPEcvop/2  and  u = Ui/2 (I =T,C, L, O)

When all coverage factors may not be considered equal to 2 or when an uncertainty component is
directly calculated as an experimental standard deviation, it is appropriate to use the second formula.

ECV isthe error on determination on CV and, as already mentioned and because calculation errors
are very small, is also the error on converting in energy.
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7.4.2.6.2 Complex case

In a complex case, it is necessary to calculate the combined uncertainty according to the GUM,
taking into consideration either elementary standard uncertainties as laid down here above and/or any
appropriate standard uncertainty components evaluated according documented provisions (see
example in annex D). These appropriate standard uncertainty components may include some of the
elementary components.

The error on CV determination is twice this combined uncertainty.
7.4.2.7 Error of the energy measuring system

Finally as specified in 6.3 the error of the measuring system EE is given by the formula:

E. = E2uc + E%qc + EZev
Where :
EMC isthe error on the quantity at metering condition,
EQC isthe error on the conversion of this quantity (if applicable),
ECV isthe error on the determination of CV that is on converting in energy.

75 Marking

7.5.1 Each measuring system, metering module, device or associated measuring instrument,
which has been the subject of a pattern approval, shall bear, legibly and indelibly, either on the
indicating device or on a special identification plate, the following indications:

a) pattern approval mark;

b) manufacturer’ sidentification mark or trademark;

C) name chosen by the manufacturer (not compulsory);

d) serial number and manufacturing year; and, if applicable,

e) minimum flowrate, Qmin ;

f) maximum flowrate, Qmax ;

0) maximum gas pressure, Pmax ;

h) minimum gas pressure, Pmin ;

i) maximum gas temperature, Tmax ;
) minimum gas temperature, Tmin ;
K) minimum ratio Z/Zb ;

) maximum ratio Z/Zb ;

m) minimum calorific value ;
n) maximum calorific value ;
0) climatic and mechanical class, B or C as defined in annex A.

If several meters are operating in one single system, using common elements, the indications
prescribed for each part (element) of the system may be gathered on one single plate.
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The indications, inscriptions or diagrams required by this Recommendation or by the pattern
approval certificate, shall be written legibly either on the indicating device or close to it.

7.5.2  The measuring system designer shall ensure that markings identified on the indicating device
of any meter which is part of the measuring system shall not contravene those on the identification
plate of the measuring system (for example the range Qmin-Qmax indicated for the meter may not be
greater than the corresponding range for the metering module).

7.6  Sealing

76.1 Genera

Sealing is preferably carried out by means of lead seals. However, other types of sealing are
permitted on fragile instruments or when these seals provide sufficient integrity, electronic seals for
instance.

Seals shall, in all cases, be easily accessible.

Sealing devices shall be provided on all parts of the measuring systems that cannot materially be
protected otherwise against action likely to influence the measuring accuracy.

Sealing devices should prevent the parameters (among others correction and conversion parameters)
used for determining the measuring results from being altered when these parameters are not
managed according to documented provisions or quality assurance system providing traceability of
modifications.

A stamping plate, aimed at receiving the control marks shall be sealed or shall be permanently fixed
on the measuring system. This stamping plate may be combined with the identification plate of the
measuring system.

7.6.2  Electronic sealing devices

7.6.2.1 When access to parameters that participate in the determination of results of measurement
needs to be protected but is not protected by mechanical seals, the protection shall fulfil the
following provisions:

a) Access shal only be allowed to authorised people, for example by means of a code (key-
word) or of a special device (hard key, etc.); the code shall be changeable. However the
National Authority may consider that a code is not sufficient;

b) It shall be possible to memorise al interventions between two verifications. The record shall
include the date and a characteristic element identifying the authorised person making the
intervention (see a) above) ; the traceability of interventions shall be assured for at least two
years, if deletion of a previous intervention must occur to permit a new record, the oldest
record shall be deleted.
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7.6.2.2 For measuring systems with parts which may be disconnected one from another by the user
and which are interchangeable, the following provisions shall be fulfilled:

a) It shall not be possible to access parameters that participate in the determination of results of
measurements through disconnected points unless the provisions in subclause 7.6.2.1 are
fulfilled;

b) Interposing any device which may influence the accuracy shall be prevented by means of
electronic and data processing securities or, if not possible, by mechanical means.

7.6.2.3 For measuring systems with parts which may be disconnected one from another by the user
and which are not interchangeable, the provisions in subclause 7.6.2.2 apply. Moreover, these
measuring systems shall be provided with devices which do not allow them to operate if the various
parts are not associated according to the manufacturer’s configuration.

Note:  Disconnections which are not allowed to the user may be prevented, for example by means
of adevice that prevents any measurement after disconnecting and reconnecting.

8 Technical requirementsfor meters, metering modulesand
ancillary devices

8.1 M eter s and metering modules

811 Adjustment device

Meters and metering modules may be provided with an adjustment device which permits
modification of the ratio between the indicated volume and the actual quantity passing through the
system, by a smple operation.

When this adjustment device modifies this ratio in a discontinuous manner, the consecutive values of
the ratio shall not differ by more than 0.001 for classes A and B or 0.002 for class C.

After the determination of the errors of indication, the adjustment shall be made so that the weighted
mean error (WME) is as close to zero as the adjustment device permits. The WME has to be
calculated at nominal operating conditions.

Adjustment by means of a by-pass of the meter (s) is prohibited.
8.1.2 Correction device
Metering modules may be fitted with correction devices; such devices are always considered as an

integral part of the metering module.

The maximum permissible errors defined in table 2 are applicable to the corrected quantity (at
metering conditions).

The purpose of a correction device is to reduce the errors as close to zero as possible.

All the parameters which are not measured but are necessary for correcting shall be contained in the
calculator before any measurement operation. The pattern approval certificate shall prescribe the
conditions of checking parameters that are necessary for correctness at the time of verification of the
correction device.

The correction device shall not alow the correction of a pre-estimated drift in relation to time or
volume, for example.
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When using a correction device one shall ensure that the error curve to be used is relevant to the
actual operational conditions and that the correction device is able to correct all deviations recorded
when calibrating the metering module to which it is connected.

The error curve snall be corrected by a correction function f(q) such that for each operating point
the corrected quantity shall equal the indicated quantity of the meters times the correction function

f(a).
The parameters that determine the correction function f(q) can be derived of the following:

- from a table of deviations for al the different flowrates noted via the cdibration. (for example
correction by linear interpolation between al the cdibration points); or

- from the coefficients of a polynomia having a degree less than or equa to 4, and obtained by
smoothing of al points noted on cdibration ( smoothing through the method of least squares, cf.
SO DIS 5168 or 7066 (?); or

- by any other method to be specified by the manufacturer.

In any case, the choice of the parameters of the correction function f(q) shall ensure that at all points,
the error curve is definite, continuous and derivable for flowrates between Qmin and Qmax.

The correction shall be only authorised between the different calibration points (no extrapolation is
allowed). As a consequence, there never can be a correction below Qmin and above Qmax.

The manufacturer has to demonstrate the time reaction of a correction device is consistent with the
expected accuracy in case of quick variations of flowrates.

8.2 I ndicating device

8.2.1 General provisons

8.2.1.1 Reading of the indications shall be precise, easy and unambiguous. If the device comprises
several elements, it shall be arranged such that the reading of the measured quantity can be made by
smple juxtaposition of the indications of the different elements.

The decimal sign shall appear distinctly.
Indications of principal measurands shall be expressed with eight significant digits.

8.2.1.2 Thescaleinterva of indication shall be in the form 1 x 10", 2 x 10" or 5 x 10" in authorised
units of the measured quantity, where n is a positive or negative whole number, or zero.

8.21.3 For metered quantities the minimum specified quantity deviation as defined in T.2.12 shall
be equal to or greater than the following value:

- for continuous indicating devices, the measured quantity corresponding to 2 mm on the scale or to
one-fifth of the scale interval (of the first element for mechanical indicating devices), whichever is
greater, and

- for discontinuous indicating device, the measured quantity corresponding to two scae intervals.
8.2.2 Mechanical indicating device of meters

When the graduation of an element is entirely visible, the value of one revolution of that element
shall be in the form 10n authorised units of volume; mass or energy; this rule however, does not
apply to the element corresponding to the maximum range of the indicating device.
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On an indicating device having several elements, the value of each revolution of an element whose
graduation is entirely visible must correspond to the scale interval of the following element.

An element of the indicating device may have continuous or discontinuous movement, but when
elements other than the first have only part of their scales visible through the windows, these
elements shall have discontinuous movement.

The advance by one figure of any element having discontinuous movement shall occur and be
completed when the preceding element passes from 9 to 0.

When the first element has only a part of its scale visible through a window and has a continuous
movement, the dimension of that window shall be at least equal to 1.5 times the distance between
two consecutive graduated scale marks.

All scale marks shall have the same width, constant along the line and not exceeding one quarter of
the scale spacing. The apparent scale spacing shall be equal to or greater than 2 mm. The apparent
height of the figures shal be equal to or greater than 4 mm, unless otherwise specified in the
requirements for particular measuring systems.

8.2.3 Electronicindicating device

The minimum height of the figures shall be 4 mm. and the minimum width shall be 2.4 mm.

It shall be possible to read the displayed values clearly and correctly, within an angle of 55 ° from
normal to the window, within the ambient specified temperature range.

When all the digits of the indicating device are not used, every digit at the left of the indicating
device that are not used shall indicate zero.

If the display is non-permanent, the indication time shall be at least 10 s.

Moreover where the display is sequential and automeatic, the energy or when not available the
volume at base conditions or the mass shall be displayed at intervals no longer than 15 s. Each
quantity shall be displayed for at least 5 s.

8.3  Printing devices

8.3.1 Printing scale

The printed scale interval shall be in the form of 1 x 10n, 2 x 10n or 5 x 10n authorised units of
guantity, n being a positive or negative whole number, or zero.

The printing scale shall not be smaller than the smallest scale interval of the indicating devices
8.3.2 Printed quantity

When a printing device is provided the measuring result, the measurement unit used or its symbol
and the decimal sign if any, shall be printed.



42/63

8.3.3 Identification parameters
The printing device may also print information identifying the measurement sequence such as:
sequence, number, date, identification of the meter, etc.

If the printing device is connected to more than one measuring system, it shall print the identification
of the relevant system.

84  Memory device

84.1 Storageunit

Measuring systems may be fitted with a memory device to store measurement results until their use
or to keep atrace of commercial transactions, providing proof in case of a dispute. Devices used to
read stored information are considered as included in the memory devices.

8.4.2 Mediareliability and capacity

The medium on which data are stored must have sufficient permanency to ensure that the data are
not corrupted under normal storage conditions. There shall be sufficient memory storage for any
particular application.

8.4.3 Exhausted storage capacity
When the storage is full, it is permitted to delete stored data when both the following conditions are

met:

- data are deleted in the same order as the recording order and the rules established for the particular
application are respected,
- deletion is carried out after a specia manual operation.

8.4.4 Data storage protection

Memorisation shall be such that it isimpossible to modify stored values without breaking the seals or
similar actions.

8.5  Associated measuring instruments

85.1 Genera

The associated measuring instruments shall conform to pertinent International Standards and
Recommendations. Additionaly, those instruments shall exhibit an accuracy such that the
requirements on accuracy of measuring systems and components in subclause 6.3 are fulfilled.

The instruments used for measuring the temperature, pressure, differential pressure, density and
used to determine the calorific value shall display directly and/or record the measured values, or
shall be fitted with a transmitter to send signals to separate equipment used to display, record or
store the measured quantities. In any case the measuring result shall be accessible.
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8.5.2 Scaleintervalsfor associated measuring instruments other than CVDD

The indication scale intervals of the density, pressure and temperature shall not exceed 25% of the
maximum permissible errors for the associated measuring instruments.

85.3 Scaleinterval for CvDD

According to the case the scale interval shall be either 5 kJ/m3 or IWh/m3, or 5 kJkg or 1Wh/kg.
8.6  Volume conversion device

86.1 General

8.6.1.1 All the constituent elements of conversion devices shall be constructed of materials having
appropriate qualities to resist the various forms of degradation which may occur under normal
operating conditions as specified by the manufacturer. Properly installed conversion devices shall
also be able to withstand normal external influences. Conversion devices shall, in all circumstances,
withstand the overload of pressure and the temperatures for which they are designed, without
malfunction.

8.6.1.2 A conversion device shall be designed in such a way that it does not degrade the accuracy
of the measurement of the meter with which it is associated.

8.6.1.3 The conversion factor shall be recalculated at intervals not exceeding one minute for a
temperature conversion device, and at intervals not exceeding thirty seconds for the other types of
conversion devices.

However, when no signal has been received from the gas meter for over one minute for temperature
conversion device or for over thirty seconds for the other types, the recalculation is not required until
anext signal is received.

8.6.1.4 Conversion devices may be fitted with interfaces allowing the connection of supplementary
devices. Such connections shall not corrupt the metrological operation of the conversion device.

8.6.1.5 The interconnection cables between the calculator and the transducers are integral parts of
the converson device. The manufacturer shall specify the length and characteristics of the
interconnection links where these may affect the safety or accuracy of measurement or the
conversion device.

8.7 Calculator

8.7.1 The non measured data necessary to conversions and correction shal be present in the
calculator before a measurement. It shall be possible to print or display them from the calculator
memory. Any modification to the non measured data shall require breaking of security seals or
updating an audit trail.

8.7.2 In case of any calculator halt, it shall maintain in memory the principal measurands, input
parameters for example pressure, temperature and alarm indications. The calculator shall maintain
the values prevailing at the moment is was halted.

The data will remain accessible for a minimum of six months. The calculator shall be capable of
resuming normal operation as soon as the reason for the halt is removed.

8.8  Calorific value deter mining device
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8.8.1 Typesof calorific value determining devices
The calorific value of natural gas can be determined using different techniques which fall into the
following categories:
- direct measurement, i.e.
0 direct combustion,
0 catalytic combustion,
- indirect measurement, i.e.
0 stoichiometric combustion,
- inferential determination, i.e.
- correlation with other measured properties,
- composition based calculation.
Depending on some conditions, on-line or off-line measuring devices may be used.

One-line calorific value determining devices have their sampling system directly connected to the gas
network.

For off-line calorific value determining devices sampling is performed indirectly using for instance
gas vessels.

When provided, the sampling system shall not influence other parts of the measuring system and shall
also alow to take representative samples of the gas having passed the meter.

Guide-lines for the design and operation of sampling systems are described in 1SO 10715 (Natural
gas-Sampling guide-lines).

8.8.2 Adjustment procedures

The aim of an adjustment procedure is to bring the calorific value determining device in situation of
operating according to its intended use and accuracy.

If applicable (see 6.4.3 and 8.8.3), the manufacturer shall provide the appropriate adjustment
procedure.

In particular adjustment procedures shall be established taking into account the following factors:
- the number of calibration gasesto cover the operational range;

- the adjustment interva (i.e. the interval between adjustments will be a function of the stability and
the repeatability of the measuring instrument);

- the duration of the adjustment test and the number of adjustments.

These calibration gases shall be prepared and certified according to annex F .

The measurement uncertainty of calibration gases shall fulfil the requirement in 10.
For chromatographic devices, the gas shall contain the essential components.

8.8.3 Adjustment range

The adjustment range shall be limited in order to prevent excessive corrections. The corresponding
limits shall be suitable for the intended use. Outside the range the CvVDD shall no longer operate and
generate a warning message.
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8.84 Maetrological policy concerning calorific value measurements

According to their policy, metrological authorities may impose in particular one or more provisions
of the following:

- periodicity of routine verifications of CVDD by the user,

- periodicity of routine adjustments of CVDD by the user,

- prohibiting the access to adjustment devices of CVDD to the user,

- the presence of automatic internal adjustments means for CVDD,

- the type(s) of CVDD to be used.

8.85 Storageof data

The CVDD shall be accompanied with an ancillary device allowing the storage of appropriate data in
order to determine representative calorific values.

8.9  Energy conversion device

Any relevant provision in 8.6 applies by analogy to energy conversion devices.

9 Technical requirementsfor electronic devices

9.1  General requirements

9.1.1  Electronic measuring systems and devices shall be designed and manufactured so that they
continue to operate as designed and so that their errors do not exceed the relevant maximum
permissible errors under rated operating conditions and which are defined in 6.2 and 6.3.

9.1.2  Electronic measuring systems and devices shall be designed and manufactured in such away
that no significant faults occur when they are exposed to the disturbances specified in annex A.

9.1.3 The requirements in 9.1.1 and 9.1.2 shall be met durably. For this purpose electronic
measuring systems shall be provided with the checking facilities specified in 9.3.

9.1.4 A pattern of a measuring system or device is presumed to comply with the requirements in
9.1.1t0 9.1.3if it passes the examination and tests specified in (10.2.11.1 and 10.2.11.2).

9.15 Measuring systems shall permit the retrieval of the information relating to the measured
guantity contained within the instrument before a significant fault occurred and was detected by
checking facilities.

9.1.6 Electrical connections should clearly be identified. If they are intended for use with
separately approved peripheral equipment, they shall conform to the electrical interfacing standard
used by the peripheral equipment to transmit their information. Compatibility will not only include
the electrical levels and signal shape but also the communication protocol in use.

Note:  This paragraph is only applicable to the metrological aspects of the liaison.

9.2 Power supply device

9.21  External power supply (AC or DC)
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In case of failure of the external power supply and, if provided, before failure of the emergency
power supply, the latest measured parameters and alarms shall be recorded.

9.2.2 Battery powered device

The manufacturer shall specify the minimal duration of functioning without replacing the battery
under the following conditions:

- maximum alowable frequency input from the meter;

- minimum ambient temperature;

- Pmax and Tmin.

It is necessary to indicate that the battery or any form of electrical supply has to be recharged or
replaced before 90 % of the life or of the estimated life of the battery has been exceeded.

The replacement of the battery shall be possible without breaking any metrological seals of the
device. Separate seals may be provided for the battery enclosure.

During the battery exchange the following information have to be retained (when applicable):
- the energy,

- the volume at base conditions,

- the mass,

- the volume at metering conditions,

- the corrected volume,

- the caorific value,

- the larms indications,

- the entered data specified in 8.7.1.

The type of battery(ies) specified by the manufacturer shall be used.

9.3  Checking facilities

9.3.1 Action of checking facilities

The detection by the checking facilities of significant faults shall result in the following actions,
according to type:

9.3.1.1 Checking facilities of type N
A visible or audible alarm for the attention of the operator.
9.3.1.2 Checking facilities of types| or P

- automatic correction of the fault, or,

- stopping only the faulty device when the measuring system without that device continuesto comply
with the regulations, or,

- a visble or audible aarm for the operator. This darm shall operate until the cause of the darm is
suppressed. In addition, when the measuring system transmits data to ancillary devices, the
transmission shall be accompanied by a message indicating the presence of afaullt.
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Notes: 1 The third action is not applicable for the disturbances specified in annex A, as no
significant fault is allowed during the tests.

2 In addition, the metering system may be provided with devices to estimate the amount of
gas having passed through the installation during the occurrence of the fault. The result of
this estimate shall not be capable of being misinterpreted for a valid indication.

However a visble darm or audible alarm is not sufficient unless the alarm is transferred to a remote
station. The transmission of the alarm need not to be secured provided its occurrence, if any, remains
accessible until the settlement of the transaction.

9.3.2 Checking facilitiesfor the flow measuring device

The objective of these checking facilities is to verify the presence of the flow measuring device, its
correct operation and correctness of data transmission.

9.3.2.1 When the signals produced by the flow measuring devices are made up of pulses, each being
representative of an elementary volume, the checking facility shall occur at least every two pulses.
However if the period between two consecutive pulses is smaller than 30 seconds, it is not required
for the checking facility to operate more than once a minute.

The flow measuring devices may generate more than one primary signal from different origins
(different phases and/or frequencies). In this case, a checking facility of type | may also be used to
compare the different signals.

When the signals produced by the flow measuring devices are made up of pulses, each being
representative of an elementary volume, the security level B specified in the “ISO 6551 standard”
shall at least be respected, except for equipment with a cable length at most 3 meters, for which
Level C may be applied.
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It shall be possible to demonstrate the operation of this checking facility during type approval and at
initial verification:

- either by disconnecting the measuring transducer,

- either by removing one of the impulse sources of the sensor,

- ether by removing the power supply of the measuring transducer.

9.3.2.2 In case of any other technological choice, the checking facility shall assure equivalent levels
of security.

9.3.3 Checking facilitiesfor the calculator

The following requirements apply to any part of the system that performs calculations, the calculator
of course but also particular, to calorific value determining devices or if applicable to other
associated measuring instruments.

The object of these checking facilities is to check that the calculator system functions correctly and
ensure the validity of the calculations made.

There are no special means required for indicating that these checking facilities function correctly.

9.3.3.1 The checking of the functioning of the calculation system shall be of types P or I. In the
latter case, the checking shall occur, at least, every five minutes.

The objective of the checking is to verify that:

a) the values of all permanently stored instructions and data are correct, by such means as.

- summing up al instructions and data codes and comparing the sum with afixed value,

- line and column parity bits (LRC and VRC),

- cyclic redundancy check (CRC 16),

- double independent storage of data,

- storage of datain " safe coding”, for example protected by checksum, line and column parity bits,

b) all procedures of internal transfer and storage of data relevant to the measurement result are
performed correctly, by such means as:

- write read routine,

- conversion and reconversion of codes,

- use of "safe coding” (check sum, parity hit),
- double storage.

9.3.3.2 The checking of the validity of calculations shall be of type P. This consists in checking the
correct value of all data related to the measurement whenever these data are internally stored or
transmitted from/to peripheral equipment through an interface; this checking may be carried out by
such means as parity bit, check sum or double storage.

In addition, the calculation system shall be provided with a means of controlling the continuity of the
calculation program.
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9.34 Checking facility for the indicating device

The objective of this checking facility is to verify that the primary indications are displayed and that
they correspond to the data provided by the calculator. In addition, it aims at verifying the presence
of the indicating devices, when they are removable.

The control may be performed according to either the first approach in 9.3.4.2 or the second
approach in 9.3.4.3.

9.3.4.1 It shal be possible during verifications to determine that the checking facility of the
indicating device is working, either:

- by disconnecting dl or part of the indicating device, or by

- an action which smulates a failure in the display, such as using atest button.

9.3.4.2 First approach

This checking consists in checking the complete indicating device.

The checking facility of the indicating device is of type P. However, it may be of type | if a primary
indication is provided by another device.

Means may include, for example:
- for indicating devices using incandescent filaments or LEDS, measuring the current in the filaments,

- for indicating devices using fluorescent tubes, measuring the grid voltage, or,

- for indicating devices usng multiplexed liquid crystals, output checking of the control voltage of
segment lines and of common electrodes, so as to detect any disconnection or short circuit between
control circuits.

9.3.4.3 Second approach

First, the checking facility for the indicating device shall include type | or type P checking of the
electronic circuits used for the indicating device (except the driving circuits of the display itself).
Thetype | may be used if a primary indication is provided by another device.

Second, the checking facility for the indicating device shall include atype N checking for the display.
This control shall have the following characteristics:

- display of al eements ("eight” tests);

- extinction of al elements ("white”);

- display of the” zeros’, or ,

- any other sequence of automatic tests showing al possble states for each eement of the display.

9.3.5 Checking facilitiesfor ancillary devices

An ancillary device (repeating device, printing device, memory device, etc.) with primary indications
shall include a checking facility of type | or P. The object of this checking facility is to verify the
presence of the ancillary device, when it is a necessary device, and to verify the correct transmission
of data between the calculator and the ancillary device.
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In particular, the checking of a printing device aims at ensuring that the printing controls correspond
to the data transmitted by the calculator. At least the following shall be checked:

- presence of paper,
- the eectronic control circuits (except the driving circuits of the printing mechanism itself).

It shall be possible during pattern approval and verifications to check that the checking facility of the
printing device is functioning by an action simulating a printing fault, such as using a test button.

In the case of a memory device the correct memorising shall be checked.

Where the action of the checking facility is a warning, this shall be given on or by the ancillary device
concerned.

9.3.6  Checking facilitiesfor the associated measuring instruments

Associated measuring instruments shall include a checking facility of type P. The aim of this checking
facility is to ensure that the signal given by these associated instruments is inside a pre-determined
measuring range.

Note:  This provision is not linked with the value of the significant fault but is provided in order to
provide durability.

As long as a defective operation is detected by the checking facility, any further increase of the
converted quantities shall not be permitted.

The volume at metering conditions and the corrected volume if it is included shall always increase.

In case where associated measuring instruments performs calculations, in particular calorific value
determining devices, provisionsin 9.3.3 apply in addition.

9.3.7 Checking facility for the control of the flow control equipment

Provision in 9.3.6 apply to the control of flow control equipment.

10 Metrological control

10.1 General

10.1.1 A measuring system shall always be examined on site of use. In any case the measuring
system in use has to fulfil or has to be supposed fulfilling the applicable requirements.

This should lead to perform tests on site too. However, in particular in the case of a meter or a
metering module, tests on site are in general difficult or impossible to perform. For this reason, the
National Authority may decide that tests are performed in laboratory. This Recommendation has
been established (in particular annex B) in order to give confidence in measurements on site even if
some tests are not performed on site.

Also it has to be noticed that according to nowadays practices, the verification of energy may only be
performed on the basis of separate verifications of modules. This modular approach leads to verify in
laboratory or on site according to what is the most appropriate for each module (see annex D):

- the meter taking into account the conditions of instalation of the meter into the system, thet is the
metering module,

- if applicable the device converting the quantity at metering conditions into a volume at base
conditions or a mass,



51/63

- if applicable the device used to determine the calorific value,
- if applicable the device converting the volume at base conditions or the mass in energy.

10.1.2 When atest is conducted, the expanded uncertainty U (for k=2) for the determination of
errors on indications of volume or mass, shall be less than one-third of the maximum permissible
error applicable at pattern approval, at initial and subsequent verifications. However the uncertainty
need never to be less than 0.3 %.

Note: This last figure leads to a ratio uncertainty/MPE which can be considered large in legal
metrology for pattern approval but which correspond to the state of the art for calibration in
gas metering and to the need of industry even if may lead to a false idea of actual accuracy
taking into consideration uncertainties. Moreover :

0 often the standard used for adjustment is the one used for verification,
o0 MPE apply to errors after adjustment using WME or correction.
Thislimits the risk of unduly refusal of correct instruments.

For the determination of errors on indications of calorific value the expanded uncertainty shal be less
than one-third of the maximum permissible error applicable at each stage of the metrological control.

The estimation of expanded uncertainty is made according to the Guide to the expression of
uncertainty in measurement (1995 edition).

As far as necessary, the working standards and their use will be the subject of specific International
Recommendations.

10.2 Pattern approval

10.2.1 General

Measuring systems subject to alegal metrological control shall be subject to pattern approval.

The pattern approval of a measuring system is a general concept because a system may involves
components very far away from the meter, which may be shared with other systems. It may involves
also documented provisions. This is true in particular for a class C measuring system. In any case,
pattern approvals for the complete systems shall be granted after having verified that the
requirements specified in this Recommendation are fulfilled for the system. However this shows that
the concept of measuring system may be very abstractive and in some cases the pattern approval
certificate maybe replaced by any suitable document providing the authorisation required by the law.

Moreover, the elements of a measuring system, and more particularly those mentioned in the list
below, may be the subject of a separate approval (either according to this Recommendation or to
specific recommendations or to the approval certificate of the measuring system):



52/63

- metering module;

- electronic caculator associated with indicating device;
- indicating device,

- conversion device;

- pressure associated measuring instrument ;

- temperature associated measuring instrument ;

- dengity associated measuring instrument ; and,

- caorific value determining device.

However it is considered that pattern approval of a temperature sensor conforming to IEC 751/A2 is
not necessary.

As far as possible information on compatibility of a device with other ones is provided in the pattern
approval certificate.

10.2.2 Documentation

10.2.2.1 The application for pattern approval of a measuring system or a constituent element of a
measuring system shall be accompanied by the following documents:

- adescription of the technical features and the operating principle;

- adrawing or apicture;

- process insrumentation diagrams ;

- a part list (with the description of these parts congtituent materias when they are relevant on
metrologicd level);

- adiagram for assembly (with identification of the constituent elements);

- for the measuring system, the references to the pattern approval certificates of the constituent
elements, if any;

- for a measuring module and a meter equipped with a correction device, a description of the means
used to determine the correction parameters,

- adiagram showing the locations of sedls and verification marks;

- aplan of the prescribed inscriptions;

- for aCVDD, adjustment procedures,

- documented provisions; and,

- any document or proof supporting the assumption that the design and construction of the measuring
system mest the requirements of this Recommendation.

10.2.2.2 In the case of an electronic measuring system, the application shall also include :

- when provided, a description of the electronic sedls;
- afunctional description of the various electronic devices;
- aflow chart of the software, explaining how the electronic devices work .

10.2.2.3 The applicant shall provide the organisation responsible for the examination with an
instrument representing the final model or access to the complete installation.
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10.2.3 Pattern approval certificate

The pattern approval certificates shall bear the following information:

- name and address of the beneficiary of the pattern gpproval certificate ;
- name and address of the manufacturer, if heis not the beneficiary ;

- type and/or trade name ;

- main metrological and technical festures;;

- pattern approva mark;

- period or limit of validity ;

- rated operating conditions;

- specific conditions for initial and subsequent verificationsif applicable ;

- information on location of marks of pattern approva, initia verification and sedling (for example
picture or drawings) ;

- lit of the documents accompanying the pattern approval certificate ;
- gpecia remarks.

When applicable, the version of the metrological part (the complete part if there is no specific
metrological part) of the evaluated software shall be indicated in the pattern approval certificate or in
its annexes.

10.2.4 Modification of an approved pattern

The beneficiary of the pattern approval shal inform the body that granted the approval of any
modification or any addition to an approved model.

Modifications or additions shall be the subject of a supplementary approval when they influence or
might influence the measuring results or the metrological characteristics.

The organisation in charge of the approval of the modified pattern has to consider the nature of the
modification and the initial folder when deciding whether and to which extent the applicable
examinations and tests have to be performed on the modified pattern. A new or supplementary
pattern approval shall be issued whenever the modified measuring system or device no longer fulfils
the provisions of the initial approval certificate.

10.2.5 Pattern approval of a measuring system

Pattern approval of a measuring system comprises checking whether the constituent elements of this
system satisfy the applicable requirements (even if pattern approval is not requested for the
constituent elements) and that these constituent elements are compatible with one another. For
instance the performance tests on accuracy of a calculator have to be performed in any case when a
device includes a calculator.

Tests for carrying out the pattern approval of a measuring system shall therefore be determined on
the basis of the pattern approvals already granted for the constituent elements of the system.

When none of the congtituent elements has been subject to separate pattern approval, al the
applicable tests provided for in 10.2.6 to 10.2.12 shall be performed on the complete measuring
system. On the contrary, when the various constituent elements are all approved separately, it is
possible to replace pattern approval based on tests by pattern approval on drawings and design.
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It is also appropriate to reduce the pattern evaluation program when the measuring system includes
constituent elements identical to those which equip another measuring system that has already been
approved, and when the operating conditions of these elements are identical.

Note: It is advisable that constituent elements be subject to separate pattern approval when they
are intended to equip several patterns of measuring systems. This is particularly advisable
when the various measuring systems have different manufacturers and when the bodies in
charge of pattern approval are different.

When the measuring system involves documented provisions, appropriate analysis and investigations
are implemented.

10.2.6 Pattern approval of a metering module

A metering module shall fulfil all requirements applicable to the hydraulic part of the measuring
system including the meter in particular, laid down in this Recommendation. In particular an
electronic meter shall be equipped with checking facilities.

The philosophy of the modular approach specified in 10.1.1 is applicable.
The following examinations and tests shall be carried out on the metering module.

The metering module shall be fitted with all ancillary devices likely to influence the accuracy of the
metering module. The flow measuring device may aso be tested without the calculator and the
indicating device, provided they have been subject to a separate pattern approval. If this flow
measuring device is intended to be connected to a calculator fitted with a correction device, the
correction algorithm as described by the manufacturer must be applied to the output signal of the
measuring transducer to determine its errors.

10.2.6.1 Accuracy tests at nominal operating conditions

At nominal operating conditions as declared by the manufacturer, the errors of the metering module
shall be determined at a minimum of seven flowrates which are distributed over the measuring range
at appropriate intervals (e.g. Qmin, 5, 15, 25, 40, 70, 100 % of Qmax). At each flowrate the errors
shall be determined at least three times, independently and consecutively.

Each individual error shall be recorded in order to calculate the global error of the metering module
at metering conditions, taking into account tests referred in 10.2.6.2 and laid down in annex B.

Moreover the results of accuracy tests at nominal operating conditions shall meet the requirement on
repeatability in 6.6.

10.2.6.2 Accuracy tests at metering conditions

10.2.6.2.1Tests laid down in Annex B shall be performed.

10.2.6.2.2Moreover and when applicable results of tests performed according to 10.2.6.1 and
10.2.6.2.1 are taken into account for determining MPESs at the first stage of initial verification,
according to B.6.1.

10.2.6.2.3Tests in real situation of use may be necessary according to the technology and the policy
of the legal authority. These tests are mandatory for meters of an other technology than those
considered in annexe B.

10.2.6.2.4Endurance test
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Endurance test should be carried out using the gas the metering module is intended to measure or a
gas with similar effects considering endurance. When the metering module is intended to measure
two or more gases, the test should be carried out with the gas that provides the most severe
conditions. However any other gas may be used provided it can be demonstrated that the test is
equivalent.

The test may be performed on the meter alone if it can be assumed that other parts of the metering
module will not influence the test result.

An accuracy test shall precede the endurance tests.

In principle the duration of the endurance test shall be 2000 hours in one or severa periods not
extending over a period of 120/150 days.

Thetest shal be carried out at a flowrate between 0.8 x Qmax and Qmax.

As far as possible, the metering module is subjected to the endurance tests on a test bench. However,
it is accepted that the metering module be temporarily mounted in a measuring system in normal
operation, in which case it is necessary that the nominal operating flowrate of the metering module is
more than 0.8 x Qmax.

After the endurance test, the metering module is again subject to a new accuracy test. The deviations
between the mean value of errors determined before and after the endurance test shall remain within
the limits specified in 6.7 without any changes of the adjustment or corrections.

10.2.6.2.5 Electronic components
When the metering module is fitted with electronic components, it is also necessary to perform
examinations and tests described in subclause 10.2.11 for electronic devices.

10.2.7 Pattern approval of a calorific value determining device

In order to verify a CVDD fulfils the applicable requirements, it is subject to the following
provisions.

Prior to the tests the CVDD is adjusted according to the manufacturer's procedure.

As far as applicable (see 8.8.3), in the course of tests the CVDD is readjusted according to the
adjustment interval and the adjustment procedure specified by the manufacturer. Any adjustment is
recorded and shall be mentioned in the test report.

10.2.7.1 Performance tests under reference conditions

As ageneral rule tests shall be carried out using a minimum of six test gases of traceable and certified
calorific value. The range of calorific values of these test gases should be wider than the required
operational range; it would be normal for one test gas calorific value to be dightly lower than the
minimum of the operational range and for one to be dightly higher than the maximum value of the
operational range. Other gases shall be regularly spaced in the measuring range.

The accuracy of the CVDD shall be conforming to the requirements in Table 2. However if this
provision is not fulfilled for the calibration gases having values dightly outside the operational range,
the corresponding tests may be restarted in order to better suit this range.

10.2.7.2 Performance tests under influence quantities

These tests aim at verifying that the complete CvVDD complies with the provisions in subclause 9.1.1
and 9.1.2 with regard to influence quantities.

These tests are specified in annex A.
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a) Performance under the effect of influence factors:

Tests are performed using at least one gas whose calorific value or composition differs the most of
the one of the gas(es) used for the adjustment, as far as available.

When submitted to the effect of influence factors as provided for in annex A, the equipment shall
continue to operate correctly and the errors shall not exceed the applicable maximum permissible
errors.

b) Performance under the effect of disturbances:

Tests are perform using one gas within the measuring range.

When submitted to external disturbances as provided for in annex A, significant faults shall not
occur.

10.2.7.3 Repeatability

The tests are carried out using gases of constant calorific value, or constant composition as the case
may be, but not necessarily of certified value.

Three gases are used, one close to the lowest calorific value, one close to the highest calorific value
and one approximately at the middle of the range. At least five (and normally not more than ten)
measurements are performed with each gas.

The three repeatability errors so determined shall fulfil the requirement in 6.4.2.

10.2.7.4 Adjustment interval and drift

The verification of the adjustment interval is made using the same gas at the beginning and the end of
the adjustment interval.

The same gases than those referred for repeatability tests are used.
The drift shall fulfil the requirement in 6.4.3.

10.2.7.5 Influence of the gas composition

The test shall be performed using at least two gases of different compositions having approximately
the same calorific value. For gas chromatographs three gases shall be used. These gases may be used
for accuracy testslaid downin 10.2.7.1 in particular.

Three measurements are performed with each gas. For each gas the mean value of the three resultsis
calculated.

Calculate the difference between the true value for gas 1 and the true value for gas 2.
Calculate the difference between the mean value for gas 1 and the mean value for gas 2.
The algebraic difference between these two differences shal fulfil the requirement in 6.4.4.
Repeat and adapt the procedure if three gases are used.

10.2.7.6 Response time

The gases used are the two used for testsin 10.2.7.1 having the largest different calorific values. One
is supplied at the input of the CVDD for at least three measurementsin order to get stabilised results.
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Then the CVDD is immediately supplied with the other gas in order to perform the number of
necessary measurements.

If the conclusion could be order dependent the test shall be repeated changing the order of the gases.
The CVDD shall fulfil the requirement in 6.4.5.

10.2.7.7 Influence of gas supply
The influences of supply gas(es) pressure and flowrates are tested using two of the test gases in

10.2.7.1 having the largest different calorific values.

Tests are performed for extreme conditions of supply specified by the manufacturer. When one
parameter istested, the other ones are at nominal operating conditions.

When submitted to the effect of these influence factors, the equipment shall continue to operate
correctly and the errors shall not exceed the applicable maximum permissible errors.

10.2.7.8 Specific testsfor calorimeters

10.2.7.8.1Influence of atmospheric pressure

The influence of atmospheric pressure is tested in conditions laid down in @) in 10.2.7.2.

When submitted to the effect of this influence factor, the equipment shall continue to operate
correctly and the errors shall not exceed the applicable maximum permissible errors.

10.2.7.8.2Instdlation effects

Concerning air movements there is no test to perform if the manufacturer declares that the
calorimeter has to be installed in ambiences without air movements. If the manufacturer specifies
other conditions, tests with the gases specified in 10.2.7.7 have to be performed in appropriate
conditions.

Corresponding ambient conditions are specified in the pattern approval certificate.

When submitted to the effect of these influence factors, the equipment shall continue to operate
correctly and the errors shall not exceed the applicable maximum permissible errors.

10.2.7.9 Specific provisionsfor gas chromatographs

For gas chromatographs the tests as described in 10.2.7.1 shall be carried out using at least seven
test gases of traceable and certified composition. The concentration range for each component
should be wider than the required operationa ranges; it would be normal for each component to be
tested at one concentration dightly lower than the specified minimum, except of course where that
minimum is zero, and at one concentration dlightly higher than the specified maximum except where
this concentration is 100 %.

However if the requirement is not fulfilled for the calibration gases having values slightly outside the
operational range, the corresponding tests may be restarted in order to better suit this range.

10.2.7.10 Additional testsfor other influences

As far as necessary additional tests are performed according to the state of the art and provisionsin
6.4.9.

10.2.8 Pattern approval of a volume conversion device
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10.2.8.1 There are two ways to verify the conformity of a volume conversion device.

10.2.8.1.1The first way corresponds to 6.3.3.1 and consists in verifying separately :

1 The accuracy of associated measuring instruments (see Table 3-1 in 6.3.3.1.1). Each
quantity representative of the gas is varied separately. The tests involve fuel gas or any
appropriate substitute method.

2 The accuracy on the calculation of each characteristic of the gas (see 6.3.3.1.2 and

10.2.10.2). Each quantity representative of the gasis varied separately.

3 The accuracy on the calculation of volume at base conditions or mass (see 6.5 and 10.2.10.2
). All combinations of the measured quantities representative of the gas may be tested, and
at least combinations of extreme values.

4 It is aso necessary to perform examinations and tests described in subclause 10.2.11 for
electronic devices.

It is possible to limit tests on influence factors to the worse cases of combinations anticipated from
tests1to 3.

In principle tests on disturbances are performed for one combination of the quantities representative
of the gas.

10.2.8.1.2The second way corresponds to 6.3.3.2 and consists in verifying that the conversion
device connected to all its associated measuring instruments complies with the provisions of Table 3-
2. For that purpose, the volume at metering conditions that is converted is considered to be without
error. The procedure involves the following tests.

1 Tests at reference conditions.

All influence factors are at reference conditions and all combinations of the measured quantities
representative of the gas may be tested, and at least combinations of extreme values.

In the case of a type of conversion other than as a function only of temperature, at least 3 gases of
different compositions shall be used in order to evaluate the influence of the compressibility factors.

2  Tedsat rated operating conditions

a) Conversion device performing as a function only of temperature. Each influence factor is
varied separately. The tests are performed for the extreme values of the temperature of the gas
and the nominal value.
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b) Other conversion devices. Each influence factor is varied separately. All combinations of the
measured quantities representative of the gas may be tested, and preferably combinations of
extreme values. However it is possible to limit tests on influence factors to the worse cases
of combinations anticipated from testsin 1 and/or of types of gas.

3 It is also necessary to perform examinations and tests on disturbances described in subclause
10.2.11 for electronic devices.

In principle tests on disturbances are performed for one combination of the quantities
representative of the gas.

10.2.8.2 As far as necessary the pattern approval certificate provides information on the
compatibility of the output of the meter and the input of the conversion device and with associated
measuring instruments.

10.2.9 Pattern approval of an energy conversion device

Pattern approval of an energy conversion device necessitates:
- to verify that provisonsin 10.2.10.1 are fulfilled ;
- to perform examinations and tests described in subclause 10.2.11 for electronic devices;

- to identify the necessary conditions of compatibility applicable to the associated CVDDs or the list
of these CVDDs.

Note: Ingenera CVDDs are approved separately.
The quantity that is converted is considered to be without error.

10.2.10 Pattern approval for an electronic calculator

Pattern approval tests are conducted on the calculator alone, simulating different inputs with
appropriate standards.

10.2.10.1 The accuracy tests include all of the tests to ensure the accuracy of the measuring result
indications (volume at metering conditions, direct mass or energy).

True values are calculated on the basis of the simulated quantities applied to the calculator’s inputs
and using standardised methods for the calculations as far as necessary or they exist. The maximum
permissible error is as set forth in subclause 6.5.

10.2.10.2 When the calculator performs calculations for a volume conversion device, the tests stated
in subclause 10.2.10.1 are carried out for the calculation of volume at base conditions or mass.

Accuracy tests aso include an accuracy test on the measurement of each characteristic quantity of
the gas. For this purpose, the error obtained on the indication of each of these characteristic
guantities (these indications are mandatory considering subclause 8.5.1) is calculated by considering
the true value as that provided by the standard connected to the inputs of the calculator and which
simulates the corresponding associated measuring instrument. For each of these quantities, the
maximum permissible errors are as set in subclause 6.3.3.1.2.

It is then necessary to perform a test to check the presence and operation of the checking facilities
relevant to associated measuring instruments mentioned in subclause 9.3.6.

10.2.10.3 Examinations and tests described in subclause 10.2.11 for €electronic devices shal be
performed.

10.2.11 Pattern approval for an electronic device
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In addition to the examinations or tests described in the preceding subclauses, an electronic
measuring system or an electronic constituent element of this system shall be subject to the following
examinations and tests.

Note:  Concerning software the work of OIML TC 5/SC 2 must be taken into consideration. In
case this SC has not yet provided appropriate documents, National authorities shall
implement appropriate provisions.

10.2.11.1 Design examination

Documents shall be examined to determine whether the design of electronic devices and their
checking facility comply with the requirements of this Recommendation.

The examination includes:

a) examining the mode of construction of the electronic sub-systems and components, to verify
their appropriateness for their intended use ;

b) considering the faults that are likely to occur in order to verify that in all considered cases
these devices will comply with al requirements in subclause 9.3 ; and,

C) verifying the presence and effectiveness of the test device(s) for the checking facilities.
10.2.11.2 Performance tests

These tests aim at verifying that the measuring system or device complies with the provisions in
subclause 9.1.1 and 9.1.2with regard to influence quantities. These tests are specified in annex A.

a) Performance under the effect of influence factors:

When submitted to the effect of influence factors as provided for in annex A, the equipment
shall continue to operate as designed and the errors shal not exceed the applicable
maximum permissible error,

b) Performance under the effect of disturbances:
When submitted to external disturbances as provided for in annex A, significant faults shall
not occur.

10.2.11.3 Equipment under test (EUT)

The electronic devices shall be submitted separately for testing and shall comprise, as far as metering

modules are concerned, at least the following devices:

- flow measuring device,

- caculator;

- indicating device,

- power supply; and,

- correction device, if any.

This equipment has to be included in a system enabling a representative simulation of the normal
operation of the measuring system. For example, an appropriate device may smulate the gas
movement.

The peripheral equipment may be tested separately.
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CVDDs are tested as awhole.
10.2.12 Pattern approval for ancillary device

10.2.12.1 When an ancillary device that repeats primary indications is intended to be approved
separately, its indications shall be compared with those provided by an indicating device that has
already been approved and which has the same scale interval, or a smaller one. The results shall
satisfy the provisionsin subclause 7.1.3.5.

As far as necessary conditions for compatibility with other devices of a measuring system are stated
in the pattern approval certificate.

10.2.12.2 Electronic devices may be approved separately when they are used for the transmission of
primary indications or other necessary information. For example a device which receives information
from two or more calculators and transmitsiit to a single printing device.

When at least one of the signals of this information is analogue, the device shal be tested in
association with another device whose maximum permissible errors are provided by this
Recommendation.

When all the signals of this information are digital, the above provision may be applied; however,
when the inputs and outputs of the device are available, the device may be tested separately, in which
case, no error shall be introduced; only errors due to the testing method may be found out.

In both cases and as far as necessary, the necessary conditions for compatibility with other devices of
ameasuring system are stated in the pattern approval certificate.

10.3 Initial verification

The initial verification consists in verifying that the measuring system fulfils the full set of

metrological requirements applicable to the measuring system on site of use.

Note: This does not mean that each provision in this Recommendation is checked at initial
verification and that each test or examination is performed on site of use (see 10.1.1)S.

10.3.1 Initial verification of a metering module

10.3.1.1 Excepted when the pattern approval certificate provides specific provisions the initial

verification of a metering module is performed :

- on the complete flowrate range of the metering module,

- under rated operating conditions (pressure, temperature...) ,

- with gag(ses) to be measured.

When the pattern approval certificate provides specific provisions, as far as necessary, it provides
also any correction and/or condition to be applied.

10.3.1.2 There are several ways to get the assurance that the metering module fulfils the full set of
requirements.

The ideal way consists in performing the complete verification on the actual site of use.

However all tests may be not possible in actual site of use : for instance every actual flowrates may
be not achievable the day of verification. In this case it is necessary to perform the verification in two
stages.
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Moreover tests (or some tests) in actual site of use are not necessary when it can be demonstrated
that the corresponding tests performed on a test bench are representative of the actual situation and
when the behaviour of the system is not likely to be influenced by disassembling, transportation and
reassembling. In this case the second stage of the verification, if appropriate, need not including tests
(or al tests) but may only consists in an examination.

In any case, for technologies which are not mentioned in annex B the initial verification shall always
include a metrological evaluation on the actual site of use.

10.3.1.3 Inthe case of afirst stage of the verification, as far as possible, the separate verification of
the flow measuring device and of the calculator may be considered.

In any case any ancillary or additional device likely to influence the performance of the system shall
be present at each stage of the verification.

10.3.1.4 The initial verification includes correction as close as possible to zero of individua errors
by means of the correction device or of the WME by means of the adjustment device. After
correction al errors shall be or shall be able to be considered within MPEs. After correction or
adjustment it is advisable to perform a new test in order to confirm the correction or adjustment.

However it is possible to consider that it is not necessary to adjust the WME when the set of
following conditions is met:

- in case of thefirst stage of a verification and
- it isintended to perform a second stage of verification including accuracy testsin actua ste and
- the error curve is within arange corresponding to the range of applicable MPEs.

Then all errors are registered and the WME has to be adjusted at the second stage of verification and
the here-above requirement is checked.

In case of a correction device and when correction parameters are determined at the first stage of a
verification the presence of these parameters in the correction device shall be checked at the second
stage of verification.

10.3.2 Initial verification of conversion devices

The initial verification of conversion devicesis performed in one or two stages.

In any case it includes at least examination in actual site of use.

The compliance with the requirements shall be checked after adjustment of the instrument.

Several calibration gases shall be used with calorific values equally spaced on the long-term CV-
range for the installation site.

10.3.3 Initial verification of a measuring system

The initial verification includes here-after tests and examinations performed according to the
provisionsin 10.3.1 and 10.3.2.

1 An examination of the conformity of the measuring system and of all its elements.
2 A metrological testing and examination of the metering module.
3 A metrological testing and examination of the volume conversion device and of relevant

associated measuring instruments, if applicable.

4 A metrological testing and examination of the energy conversion device and of the calorific
value determining device, if applicable,
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5 An examination of the suitability of documented provisions, if applicable.

10.4 Subsequent verifications

Subsequent verifications may be identical to initia verification.

10.5 Documented provisions, quality assurance systems and routine controls

10.5.1 According to the definition of a measuring system a documented provisions system may be
considered as integral parts of the measuring system (see E.1)

Moreover a quality assurance system may be considered as essential to ensure the correct use and
the fundamental integrity of the installation. This may be particularly important for the calibration
and the maintenance of calorific value determining devices when they are subject to calibration
procedures by the user. During operation, the fundamental integrity shall be preserved.

When documented provisions and if applicable the quality assurance system are necessary for
ensuring the performance and/or the integrity of the measuring system, they shall be part of the
measuring system and mandatory provisions, and shall be enforced as such.

10.5.2 The documented provisions, the quality assurance system or the regulation may foresee that
routine tests are performed. The results of the routine tests shall be compared to pre-established
limits and the differences shall results into appropriate reactions.
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ANNEX A
(reviewed in line with the proposals for revision of 1D 11)

PERFORMANCE ENVIRONMENTAL INFLUENCE TESTSFOR
ELECTRONIC MEASURING SYSTEMSOR DEVICES

(Mandatory)

Al General

This Annex defines the program of performance tests intended to verify that electronic measuring
systemsor electronic devices may perform and function asintended in a specified environment and under
specified conditions. Eachtest indicates, where appropriate, the reference conditionsfor determining the
intrinsic error.

These tests supplement any other prescribed test.
When the effect of one influence quantity isbeing evaluated, all other influence quantitiesareto be held
at values close to reference conditions.

A.2 Severity levels (see OIML D 11 and the proposals for revision)

For each performance test, typical test conditions are indicated: they correspond to the climatic and
mechanical environment conditions to which measuring systems are usually exposed.

Measuring systems are divided into two classes according to climatic and mechanical environmental
conditions:

- class B for fixed instruments or devices installed in a building,
- class C for fixed instruments or devices installed outdoors,

However, the applicant for pattern approval may indicate specific environmental conditions in the
documentation supplied to the metrology service, based on theintended use of theinstrument or devices.
Inthis case, the metrology service carries out performancetests at severity levels corresponding to these
environmental conditions. If pattern approval is granted, the data plate shall indicate the corresponding
limits of use. Manufacturers shall inform potential users of the conditions of use for which theinstrument
is approved. The metrology service shall verify that the conditions of use are met.

A.3 Reference conditions

Ambient temperature : 20°C £ 5°C

Temperature of thegas 1) 2) : Nominal operating conditions declared by the manufacturer +
5°C

Relative humidity : 60% £15%

Atmospheric pressure : 86 kPato 106 kPa

Power voltage : Nominal voltage (Urnom)

Power frequency : Nominal frequency (from)

1) For parts of the metering module that necessitate to be tested with gas
2) Substitute gas may be used for security reasons

During each test, the temperature and relative humidity shall not vary by more than 5 °C or 10 %
respectively within the reference range.
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A4 Performance tests

The following tests can be carried out in any order.

Severity level
Test _ Nature of the_ for class
influence quantity B c
A4l Dry heat I nfluence factor 2 3
A.4.2 Cold I nfluence factor 2 3
A.43.a | Damp heat, steady State Influence factor 1 2
A.43.b | Damp heat, cyclic I nfluence factor 1 2
A.44 Vibration (random) I nfluence factor 1 1
A.45 Power voltage variation I nfluence factor 1 1
A.4.6 Mains frequency variation * Influence factor 1 1
Short time power reductions
A.AT7 (voltage dips, short interruptions, and voltage Disturbance 2 2
variations immunity tests)
A.4.8 Bursts (transients) Disturbance 3 3
A.4.9 Electrostatic discharge Disturbance 4 4
A 410.a Radlated Radio Freq_uency electromagnetic Disturbance 3 3
fields of general origin
Radiated Radio Frequency electromagnetic .
AA4.105 | st ds caused by digital radio telephones Disturbance 4 4
A 411 fCijgggucted Radio Frequency electromagnetic Disturbance 3 3
A.4.12 Power frequency magnetic field ** Disturbance 5 5

* The secretariat suggests to delete thistest asit is not likely that nowadays equipment is influenced
by mains frequency variation

** The secretariat suggests to delete thistest asit is not likely equipment is influenced by power
frequency magnetic fields

The above tests involve the electronic part of the measuring system or its devices.

The following rules shall be taken into consideration for these tests:
1) Test quantities

Some influence quantities should have a constant effect on measurement results and not a
proportional effect related to the measured quantity. The value of the significant fault is related to
the measured quantity; therefore, in order to be able to compare results obtained in different
laboratories, it is necessary to perform atest on a quantity corresponding to that delivered in one
minute at the maximum flowrate, but not less than a quantity corresponding to the appropriate
number of scale intervals specified in annex G. Some tests, however, may require more than one
minute, in which case they shall be carried out in the shortest possible time.

2) Influence of the gas temperature

Temperature tests concern the ambient temperature and not the temperature of the gas used. It is
therefore advisable to use a simulation test method so that the temperature of the gas does not
influence the test results.
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A.4.1 Dry heat

Applicable standards |EC 60068-2-2

|EC 60068-3-1

Test method Dry hesat (non condensing)

Object of the test To verify compliance with the provisionsin 9.1.1 under
conditions of high temperature

Test procedure The test consists of exposure of the EUT to atemperature of

in brief (*): 55 °C (class C) or 40 °C (class B) under "free air" conditions for

a 2-hour period after the EUT has reached temperature stability.
The EUT shall be tested at at least one flow rate (or smulated
flowrate):

at the reference temperature of 20 °C following conditioning,
at the temperature of 55 °C or 40 °C, 2 hours after
temperature stabilization,

after recovery of the EUT at the reference temperature of 20

°C.
Test severities: 1) Temperature: severity level 2: 40 °C
severity level 3: 55 °C
2) Duration: 2 hours
Number of test cycles: | Onecycle
Maximum allowable - All functions shall operate as designed and
variations: - all errors shall be within the maximum permissible errors.

(*) Thistest procedure has been given in condensed form, for information only, and is
adapted from the referenced |EC-publication. Before conducting the test, the
applicable publication should be consulted. This comment also applies to the test
procedures hereafter.
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A42 Cold

Applicable standards IEC 60068-2-1

|EC 60068-3-1
Test method Cold
Object of the test To verify compliance with the provisionsin 9.1.1 under

conditions of low temperature

Test procedurein brief : | The test consists of exposure of EUT to atemperature of - 25
°C (class C) or - 10 °C (class B) under "free air" conditions for a
2-hour period after the EUT has reached temperature stability.
The EUT shall be tested at at least one flow rate (or smulated
flow rate):

- at the reference temperature of 20 °C following conditioning,
at atemperature of - 25 °C or - 10 °C, 2 hours after
temperature stabilization,
after recovery of the EUT at the reference temperature of 20

°C.
Test severities: 1) Temperature:  severity level 2: -10 °C
severity level 3: -25 °C
2) Duration: 2 hours
Number of test cycles: | Onecycle
Maximum allowable - All functions shall operate as designed and

variations: - dl errors shall be within the maximum permissible errors.
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A.4.3 Damp Heat

A4d.3a Damp heat, steady state (non condensing)

Applicable standards |EC 60068-2-3
|EC 60068-2-28
| EC 60068-2-56

Test method Damp heat, steady-state

Object of the test To verify compliance with the provisonsin 9.1.1 under
conditions of high humidity and constant temperature.

The steady-state test should always be used where adsorption or
absorption play the main part. When diffusion but not breathing
isinvolved, either the steady-state or the cyclic test shall be
applied depending on the type of EUT and its application.

Test procedurein brief : | The test consists of exposure of the EUT to the specified high
level temperature and the specified constant relative humidity
for a certain fixed time defined by the severity level. The EUT
shall be handled such that no condensation of water occurs onit.

Test severities: Severity level 1 2
Temperature 30 40 °C
Humidity 85 93 % rel
Duration 2 4 days
Maximum allowable After the application of the influence factor and recovery:
variations: - al functions shall operate as designed and

- all errors shal be within the maximum permissible errors.
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A4.3b  Damp heat, cyclic

Applicable standards |EC 60068-2-28
| EC 60068-2-30

Test method Damp heat, cyclic

Object of the test To verify compliance with the provisionsin 9.1.1 under
conditions of high humidity when combined with cyclic
temperature changes.

Cyclic tests shall be applied in all the cases where condensation
isimportant or when the penetration of vapour will be
accelerated by the breathing effect.

Test procedurein brief : | The test consists of exposure of the EUT to cyclic temperature
variations between, 25 °C and the upper temperature of 55 °C
(class C) or 40 °C (class B), maintaining the relative humidity
above 95 % during the temperature changes and during the
phases at low temperature, and at 93 % at the upper
temperature phases. Condensation should occur on the EUT
during the temperature rise.

The 24 h cycle consists of:
1) temperature rise during 3 h

2) temperature maintained at upper value until 12 h from
the start of the cycle

3) temperature lowered to lower value within 3 hto 6 h,
the rate of fall during the first hour and a half being such that
the lower value would be reached in 3 h

4) temperature maintained at lower value until the 24 h
cycle is completed.

The stabilising period before and recovery after the cyclic
exposure shall be such that all parts of the EUT are within 3 °C
of their final temperature.

The EUT is not under power when the influence factor is
applied.

Test severities: 1) Upper temperature :  severity level 1: 40 °C
severity level 2: 55 °C

2) Humidity: > 93 %

3) Duration: 24 hours

Number of test cycles. | Two cycles

Maximum allowable After the application of the influence factor and recovery:
variations: - al functions shall operate as designed and
- all errors shal be within the maximum permissible errors.
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A.4d4 Vibration (random)
Applicable |EC 60068-2-64
standard

Test method Random vibration

Object of the test

To verify compliance with the provisonsin 9.1.1 under conditions of random
vibration

Test procedure in
brief:

The EUT shall, in turn, be tested in three, mutually perpendicular axes
mounted on arigid fixture by its normal mounting means.

The EUT shall normally be mounted so that the gravitational force acts in the
same direction as it would in normal use. Where the effect of gravitational
force is not important the EUT may be mounted in any position.

When the influence factor is applied, the EUT :

- isnot under power,

- isnot mounted on a piping system,

- isnot put in any protection case.

Test severity: Severity level 1 Unit
Total frequency range 10-150 Hz
Total RMS level 1.6 m.s”
ASD level 10-20 Hz 0.048 n’.s®
ASD level 10-150 Hz -3 dB/octave
Number of axes 3
Duration per axis (or alonger 2 min
period if necessary for carrying
out the measurement)

Maximum After the application of the influence factor:

dlowable errors:

- All functions shall operate as designed and
- all errors shal be within the maximum permissible errors.
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A.45 Power voltage variation

Applicable standards

IEC/TR3 61000-2-1
|EC 61000-2-2
|EC 61000-4-1

Test method

Variation in AC mains power voltage and frequency (single
phase)

Object of the test

To verify compliance with the provisionsin 9.1.1 under
conditions of varying AC mains power voltage and frequency.

Test procedure

The test consists of exposure of the EUT to power voltage

in brief: variations, while the EUT is operating under normal atmospheric
conditions.
Test severities: Mainsvoltage:  upper limit: Upom + 10 %
lower limit: Upom - 15 %
Number of test cycles: One cycle

Maximum allowable
variations;

- All functions shall operate as designed and
- all errors shal be within the maximum permissible errors.

A.4.6 Mains frequency variation

Applicable standards

IEC/TR3 61000-2-1
|EC 61000-2-2
|EC 61000-4-1

Test method

Variation in AC mains power voltage and frequency (single
phase)

Object of the test

To verify compliance with the provisionsin 9.1.1 under
conditions of varying AC mains power voltage and frequency.

Test procedure

The test consists of exposure of the EUT to power frequency

in brief: variations, while the EUT is operating under normal atmospheric
conditions.
Test severities: Mains frequency: upper limit: foom + 2 %
lower limit: foom - 2%
Number of test cycles: One cycle

Maximum allowable
variations;

- All functions shall operate as designed and
- all errors shal be within the maximum permissible errors.
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Short time power reduction

(Voltage dips, short interruptions and voltage variations immunity tests)

Applicable standards

|EC 61000-4-11
|EC 61000-6-1
|EC 61000-6-2

Test method

Short-time reductions in mains voltage

Object of the test

To verify compliance with the provisionsin 9.1.2 under conditions
of short time mains voltage reductions

Test procedure in brief

A test generator suitable to reduce for a defined period of time the
amplitude of the AC mains voltage is used.

The performance of the test generator shall be verified before con-
necting the EUT.

The mains voltage reductions shall be repeated 10 times with an
interval of at least 10 seconds.

Severity level 2 _
Unit
Test test a testb test c
Voltage Reduction 30 60 60 %
reduction Duration 0.5 5 50 periods
Voltage Interruption > 95 %
interruption | pyration 250 periods

variations;

Maximum allowable

Either the difference between any indication during the test and the
indication under reference conditions shall not exceed the values
givenin T.3.12 or the measuring system shall detect and act upon
a significant fault, in compliance with 5.3.1

Notes: The severity levelsare an interpretation of |EC 61000-4-11 and according to |EC 61000-6-1
and |EC 61000-6-2.
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Applicable standards

|EC 61000-4-1
|EC 61000-4-4

Test method

Electrical bursts

Object of the test

To verify compliance with the provisionsin 9.1.2 under
conditions where electrical bursts are superimposed on the
mains voltage and if applicable on input/output and
communication ports.

Test procedure in brief:

A burst generator shall be used with the performance
characteristics as specified in the referred standard.

The test consists of exposure to bursts of voltage spikes for
which the repetition frequency of the impulses and peak values
of the output voltage on 50 Q load are defined in the referred
standard.

The characteristics of the generator shall be verified before
connecting the EUT.

At least 10 positive and 10 negative randomly phased bursts
shall be applied.

The injection network on the mains shall contain blocking
filtersto prevent the burst energy being dissipated in the mains.
For the coupling of the burstsinto the input/output and
communication lines, a capacitive coupling clamp as defined in
the standard shall be used.

Severity levels 3 unit
Amplitude | Supply lines® 2 kV
(peak value) | Signal lines® 1 kV

Maximum allowable variations;

Either the difference between any indication during the test and
the indication under reference conditions shall not exceed the
values given in T.3.12 or the measuring system shall detect and
act upon a significant fault, in compliance with 5.3.1

Notes:

@ Only for instruments powered by AC or DC mains power supply.
@ 1/0 signal, data and control ports.
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A.4.9 Electrostatic discharge

Applicable standard

|EC 61000-4-2

Test method

Electrostatic discharge (ESD)

Object of the test

To verify compliance with the provisionsin 9.1.2 under conditions of
direct and indirect electrostatic discharges

Test procedure
in brief:

An ESD generator shall be used with a performance as defined in the
referred standard.

Before starting the tests, the performance of the generator shall be
verified.

At least 10 discharges shall be applied. The time interval between
successive discharges shall be at least 10 seconds.

For EUT not equipped with a ground terminal, the EUT shall be
fully discharged between discharges.

Contact discharge is the preferred test method. Air discharges shall
be used were contact discharge cannot be applied.

Direct application:

In the contact discharge mode to be carried out on conductive
surfaces, the electrode shall be in contact with the EUT.

In the air discharge mode on insulated surfaces, the electrode is
approached to the EUT and the discharge occurs by spark.

Indirect application:
The discharges are applied in the contact mode to coupling planes
mounted in the vicinity of the EUT.

Severity levels )

4 unit

Test contact
volta | discharge

8 kv

ge air discharge

15 kV

Maximum allowable
variations::

Either the difference between any indication during the test and the
indication under reference conditions shall not exceed the values
given in T.3.12 or the measuring system shall detect and act upon a
significant fault, in compliance with 5.3.1.

Note: Inthiscase "level" means. up to and including the specified level (i.e. the test shall also be
performed at the specified lower levels in the standard).
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Electromagnetic susceptibility

Applicable standard

|EC 61000-4-3

Test method

Radiated electromagnetic fields

Object of the test

To verify compliance with the provisionsin 9.1.2 under conditions of
electromagnetic fields.

Test procedure in
brief

The EUT snall be exposed to electromagnetic field strength as specified
by the severity level and afield uniformity as defined by the referred
standard.

The EM field can be generated in different facilities, however the use of
which is limited by the dimensions of the EUT and the frequency range of
the facility.

Maximum allowable
variations;

Either the difference between any indication during the test and the
indication under reference conditions shall not exceed the values given in
T.3.12 or the measuring system shall detect and act upon a significant
fault, in compliance with 5.3.1

A.4.10.a Radiated, radio frequency, electromagnetic fields of general origin

Severity level 3 unit
frequency 80 - 800 MHz 10 v/m
range 960 - 1400 MHz 10

Modulation 80 % AM, 1 kHz, sine wave

A4.10.b Radiated, radio frequency, electromagnetic fields caused by digital radio telephones

Severity levels 4 unit
800 - 960 MHz 30

frequency v/m

range 1400 - 2000 MHz 30

Modulation 80 % AM, 1 kHz, sine wave
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A.4.11 Conducted, radio frequency, electromagnetic fields

Applicable standard

|EC 61000-4-6

Test method

Conducted electromagnetic fields

Object of the test

To verify compliance with the provisionsin 9.1.2 under conditions of
electromagnetic fields.

Test procedure in
brief

Radio frequency EM current, simulating the influence of EM fields shall
be coupled or injected into the mains and input ports of the EUT using
coupling/decoupling devices as defined in the referred standard.

The performance of the test equipment consisting of an RF generator,
(de-)coupling devices, attenuators, etc. shall be verified.

Severity levels 3 Unit
RF amplitude (50 Q) 10 V (em.f.)
Frequency range 0,15 - 80 MHz

Modulation

80 % AM, 1 kHz sine wave

Maximum allowable
variations;

Either the difference between any indication during the test and the
indication under reference conditions shall not exceed the values given in
T.3.12 or the measuring system shall detect and act upon a significant
fault, in compliance with 5.3.1




A-14/14

A.4.12 Power frequency magnetic field

Applicable standard

|EC 61000-4-8 (1993-06)

Test method

Power frequency magnetic field (50 / 60 Hz)

Object of the test

To verify compliance with the provisionsin 9.1.2 under conditions of
power frequency magnetic field (50 / 60 Hz)

Test procedure in
brief

The test consists of exposure to power frequency magnetic field (50/60
Hz)

Test severities The following severities may be specified:

Severity levels 5 unit
Magnetic | continuous field 100 A/m
field -

strength short duration (1 sto 3 ) 1000 A/m

Maximum allowable
variations;

Either the difference between any indication during the test and the
indication under reference conditions shall not exceed the values given in
T.3.12 or the measuring system shall detect and act upon a significant
fault, in compliance with 5.3.1

Note:

The magnetic field strength is expressed in A/m; 1 A/m corresponds to a free space induction

of 1,26 uT.




B-1/5

ANNEX B
INFLUENCE TESTSFOR PATTERN APPROVAL
FOR METERING MODULES

(Mandatory)

This Annex provides the influence test conditions for a metering module and maximum allowable
influences. These tests have to be performed for al technologies.

However tests for hydraulic influence are particularly adapted for the well known technologies
considered in this annex, that is:

- turbine meters,

- rotary piston meters,
- orifice plate meters,
- ultrasonic meters,

- Coriolis mass meters.

It is the reason why the complete modular approach is only possible for these technologies. For other
technologies tests on site are always necessary (in addition to the following) at pattern approval and
initial verification. Nevertheless, asindicated in 10.2.6.2.3, the legal authority may require testsin real
conditions of use for all technologies.

Moreover if provisions in clause B.2 are applicable to any metering module, some specific provisions
may be applied for specific technologies or for particular cases as laid down in clause B.7

B.1 General provisions

According to the way the meter isinstalled, in particular the straight lengths of the pipe upstream of the
meter, the same meter may belong to metering modules of different accuracy classes

The minimum straight lengths, other necessary conditions (presence of flow conditioner ... ) and the
corresponding accuracy classes shall be indicated in the pattern approval certificate.

B.2 Pipework installation influence

B.2.1 The minimum straight lengths upstream of the meter shall be at least twice the nominal inlet
diameter of the meter. The minimum straight lengths downstream of the meter shall be at least twicethe
nominal outlet diameter of the meter.

Moreover the pattern approval certificate of a metering module shal include information on the
possibility or not of the presence of a pressure reducer upstream of a meter in conformity with the
following :

- For a class A metering module, either a pressure reducer shall never be ingtalled with an upstream
graight length less than 50 times the nominal inlet diameter of the meter, or the metering module shall
betested with the actua intended type of pressure reducer at pattern approval and on site of ingtdlation
a initid verification or after each maintenance operation likely to influence the metrological
performances.
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- For class B or C metering modules either a pressure reducer shal never beingtalled with an upstream
graight length less than 10 times the nominal inlet diameter of the meter, or the metering module shall
be tested with the actual intended type of pressure reducer and the pattern approva certificate shall
indicate this actua intended type of pressure reducer and the effective upstream straight length.

These provisions apply without prejudice of B.7 for specific technologies.

B.2.2 The metering module shall be submitted to the following tests for the influence of flow
disturbances with the corresponding devices upstream of the meter.

These tests are performed at stable gas pressure and temperature.

First test

The test configurations are those of point A.2.1in R 32, excepted that according to the manufacturer
choice, the upstream straight length can be greater than twice the inlet diameter of the meter.

The tests are performed for configurations aand b asindicated in R 32.

Second test

The test configuration is the one of point A.3.1in R 32, excepted that according to the manufacturer
choice, the upstream straight length can be greater than twice the inlet diameter of the meter.

Third test

The manufacturer shall specify the minimum distance at which a pressure reducer may be located
upstream of the meter.

The third test is not applicable when this distance is greater than or equal to respectively 50 times the
nominal inlet diameter of the meter for class A and 10 timesthe nominal inlet diameter of the meter for
classB and C.

When the metering module needsto betested, asaconsequence of B.2.1, the pressure reducer isof the
actual intended type.

The minimum distance and the intended effective type specified by the manufacturer are put inthe type
approval certificate.

The deviation of errorswith and without the pressure reducer (without adjustment of the meter) shal be
recorded.

Acceptance criteria

For the first and second tests if the metering module only consistsin a meter and an upstream straight

length of twice the inlet diameter (and the same for downstream), the maximum permissible influence,
positive or negative, is 0,33 %.

The largest effective influence in absolute value for above tests is called DF hereafter in order to
calculate the global influence as laid down in B.5. However the figures corresponding to the third test
are not taken into consideration when the metering moduleisintended to be tested on site of installation
with the presence of the effective pressure reducer.

Note: The metering module is made of the meter and straight lengths as declared by the manufacturer,
tacking into account considerations on the presence of a pressure reducer as laid down above.

B.3 I nfluence of gas pressure

The metering module shall be submitted to atest for the influence of gas pressure. However in practiceit
is possible to perform this test on the meter alone if according to the technology of the meter it can be
assumed that the conclusion of the test would be the same.

Thistest is performed with gaseous fuel and at a stable gas temperature.
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Test

Its consistsin determinations and comparisons of the error curve at the nominal gas pressure asdeclared
by the manufacturer with the error curves at the lowest and the highest gas pressure as declared by the
manufacturer.

Note: The test may be performed at alower pressure than the highest pressure if it is established that it
would not have a significant influence on the test result. However aminimum test pressure of 20 bar is
required (if the highest value is gresater).

Acceptance criterion

Theinfluence of gas pressure, positive or negative, shall not exceed 0,5 %. Thelarger effectiveinfluence
in absolute value is called DP hereafter in order to calculate the global influence as laid down in B.5.

B.4 I nfluence of gastemperature

The metering module should be submitted to atest for the influence of gastemperature. Thistest called
“basic test” is performed with gaseous fuel at a stable gas pressure. However this test is not easy to
performin practice. As a consequence the following rules apply :

1 For technologies mentioned in introduction of thisannex no test and no investigation are necessary
when rated operating conditions for gas temperature are in the range 5 °C to 30 °C.

2 Inall other casesit isallowed not to perform the basic test if the influence of gas temperature can be
evaluated implementing any substitute testing and/or investigation.

If atest is performed (basic one or not), it is possible to do it on the meter alone if according to the
technology of the meter it is established that the conclusion of the test would be the same.

Basic Test

It consists in determinations and comparisons of the error curve at the nominal gas temperature as
declared by the manufacturer with the error curves at the lowest and the highest gas temperature as
declared by the manufacturer.

Acceptance criterion

If the basic test is performed, the larger effective influence in absolute value is recorded and called DT
hereafter in order to calculate the global influence as laid down in B.5.

If the basic test isnot performed, any evaluation implementing any substitute testing and/or investigation
shall lead to the conclusion that the influence of gas temperature should be smaller than or equal to 0,5.

If the basic test isnot performed, in any case the influence of gastemperature DT istaken conventiondly
equal to 0,5 % in order to calculate the global influence aslaid down in B.5.

B.5 Global influence

The global influence DI of above influence quantities or parameters is calculated with the following
formula:

DI = [ (DF) + (DP)° + (DT)*]**

Where DF, DP and DT signification is given above.

The largest individua error in absolute value recorded according to 10.2.6.1 is called En.
The largest individual error at metering conditions Em is calculated with the following
formula:

Em = [(En)* + (DI)7*?
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This value shall be smaller than or equal to the maximum permissible error laid down in Table 2.
B.6 MPEs at initial verification

B.6.1 MPEsat thefirst stage of initial verification

Assuming that the influence tests are reproducible for the pattern the here above results are used to
determine MPEs at the first stage of initial verification.

MPEs at the first stage of initial verification (MPEL), positive or negative, are calculated using the
following formula:

(B1)’= (MPE1)? + (DF)? + (DP)*+ (DT)?

Where :

- Blisthevaluelaid downfirst line of Table 2 for the appropriate accuracy class,
- DF, DP, DT are above values.

Note: MPEL1s, are applicable to individual measurement results, and not to mean values of errors.

B.6.2 M PEs at the second stage of initial verification

MPEsat the second stage of initial verification, positive or negative, are the valueslaid down first line of
Table 2 for the appropriate accuracy class (B1).

Note: B1 is applicable to individual measurement results, and not to mean values of errors.
B.7 Specific cases

B.7.1 Orifice plate meters

Tests laid down in B.2 to B.4 are not necessary for a metering module with an orifice plate
voludeprimometer when built and installed according to SO 5167-1.

In this case the metering module is considered to meet requirements for class A when it isfitted with
class A associated measuring instruments.

B.7.2 Piston rotary meters

When the corresponding tests are not performed DF is considered to be equal to 0,33%.

Testsfor influence of pressure are not necessary. When these tests are not performed DPisconsdered to
be equal to 0,5%.

Provisionsin B.2 concerning pressure reducers are not applicable to piston rotary meters.

B.7.3 Approval of an only metering module
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When a metering module is designed, constructed and installed as an only module (unit pattern approval)
testsin B.2.1 may bereplaced by testsin actual site of use provided that test conditions are representative of
all critical conditions likely to occur on site.

This does not prevent other tests in this annex to be performed and to apply provisionsin B.5 and B.6.

Each test result shall fulfils MPEs at metering conditions laid down in table 2 in 6.2.1. The influence to be
used for applying provisionsin B.5 and B.6 isthe largest difference between tests at nominal conditions and
testsin each critical condition. When nominal conditions are unknown the results at nominal conditions are
chosen as the mean values of testsin critical conditions.
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ANNEX C
EXAMINATION AND TEST REPORT FORMAT
(Mandatory)

As already mentioned the concept of measuring systems for gaseous fuel may be abstractive and it
seems meaningless to imagine issuing OIML certificates of conformity for these instruments.
However this could be applicable to some devices of the measuring system such as:

- metering module,
- calculator converson device and indicating device,
- associated measuring instrument in particular CVDDs.

C.1 M etering module

Under consideration

C.2 Calculator, conversion device and indicating device

Under consideration

C.3 CvDD

See next pages
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Test report and examination format for type approval of
Calorific Value Determination Devices (CVDD)

Part 1: Device
Information
Manufacturer:
Type of
CVvDD:
Calorimeter

Gas chromatograph

Stochiometric
Device

other (specify)

Measuring
range:
unit

min
max

Class A (MPE = 0,5 %)
B (MPE = 1,0 %)
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Calibration

gases
Composition (if
applicable). All data in
molar fraction (%)

CH, C,yHg C3H8 n- i- n- i- neo- |[CgHis N, CO, Hs unit Traceability
CsHio [CaHio |CsHip |CsHip [CsHyp |+ (specify)

Cal.-gas 1

Cal.-gas 2

Cal.-gas 3

Cal.-gas 4

Cal.-gas 5

Cal.-gas 6

Cal.-gas 7

Part 2: Examination and
Design tests

For all
designs
8§
[requirement [pass fail comment
8.5.1 primary indication existent
9.3.5 checking facility for existent
indication
8.5.3 scale interval for <=1
indication Wh/kg
or <=1
Wh/m3
or <=5 kJ/m3
or <=5 kJ/kg




8.8.4
8.3.1

9.3.5

8.5.3

9.36

7.4.1

memory: electronic

printer
recorder

checking facility for
memory

scale intervall for
memory

digital
interface

analog
interface

calculator

checking facility for
CvDD

time class A

intervall:
class B
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existent

or

existent

or

existent

Secure

existent

<=1
Whikg

or

<=1
Wh/m3

or

<=5 kJ/m3

or

<=5 kJ/kg

correct

Secure

correct

Secure

correct

Secure

existent

5 min

10 min




for gas

chromatographs

§
6.4.8.

range of components
(in molar fraction (%)
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requireme specimen under test
nt

compone (x(min) x(max) x(min) x(max) pass fail comment

nt

CH, 75 100

CoHe 0,001 10

CsHs 0,001 3

n-C4Hio 0,001 1

i-C4H1o 0,001 1

Nn-CsHi, 0,001 0,5

i-CsH12 0,001 0,5

neo-CsH;» 0,001 0,5

CeHiat 0,001 0,2

N> 0,001 15

CO; 0,001 10

to be finished in detail
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Part 3: Performance Tests
Chapter Requirement Test condition Hs(true) |Hs(meas) |Result Pass |Fail [Comment
10.2.7.1 |[Hs(meas) - Hs(true)| |cal.-gas 1
Accuracy £ MPE
7 calibration gases
for gas
chromatographs, 6
for other devices
cal.-gas 2
cal.-gas 3
cal.-gas 4
cal.-gas 5
cal.-gas 6
cal.-gas 7
10.2.7.2.a) |Hs(meas) - Hs(true)| £ MPE

Influence factors
(to be aligned with
annex A)

A.4.1 Dry Heat

A.4.2 Cold

A.4.3 Damp Heat

A.4.4 Vibration

|Hs(calibration gas) - Hs(adjustment gas)| = max

20 °C

55°C

20°C

20 °C

-25 °C

20 °C

2 cycles 25 °C -> 55
°C

10 - 150 Hz, 2 m/s?




A.4.5 Power Voltage
Variation

C-7/11

V(nom) +10%/-15%

10.2.7.2.b)
Performance under
disturbances

(to be aligned with
annex A)

|[Hs(meas) - Hs(true)| £ MPE/10

(cf. T.2.17.3)

any calibration gas

A.4.6 Short time
power reduction

A.4.7 Bursts

A.4.8 Electrostatic
discharge

95/60/30 %

2000/1000 V

8/4 kV

A.4.9 Electromagneti

C susceptibility

800-1000 MHz / 10
V/m

10.2.7.3.
Repeatability

|[Hs(meas) -
Hs(meas,mean)| £
MPE/5

(cf 6.4.2)

any 3 calibration
gases

cal.-gas |, 1

cal.-gas |, 2

cal.-gas |, 3

cal.-gas |, 4

cal.-gas |, 5

cal.-gas |, 6

cal.-gas |, 7

cal.-gas |, 8

cal.-gas |, 9
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cal.-gas |, 10
cal.-gas |, mean
cal.-gas Il,1
cal.-gas Il,2
cal.-gas I1,3
cal.-gas 11,4
cal.-gas 1,5
cal.-gas I1,6
cal.-gas IlI,7
cal.-gas I1,8
cal.-gas I1,9
cal.-gas 11,10
cal.-gas Il, mean
cal.-gas Ill,1
cal.-gas Ill,2
cal.-gas IlIl,3
cal.-gas Ill,4
cal.-gas Ill,5
cal.-gas Ill,6
cal.-gas IlIl,7
cal.-gas III,8
cal.-gas IlIl,9

cal.-gas 11,10

cal.-gas Ill,mean
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10.2.7.4. |[Hs(meas,start) - Hs(meas,end)| £ MPE/2
Drift (cf. 6.4.3)
any calibration gas
start
end
10.2.7.5. |Hs(meas,mean) -  |cal.-gas I,1
Composition Hs(true)| £ MPE/5
(cf. 6.4.4)
any 3 calibration
gases with approx.
same Hs
cal.-gas |,2
cal.-gas I,3
cal.-gas |,mean
cal.-gas Il,1
cal.-gas Il,2
cal.-gas I1,3
cal.-gas Il,mean
cal.-gas Ill,1
cal.-gas Ill,2
cal.-gas IIl,3

cal.-gas lll,mean
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10.2.7.6.
Response time

Hs(l,t = 0) - He(Il,t = 60 min) £ 0.99*DHs,
DHs 3 5 mJ/kg (cf. 6.4.5)

cal.-gaslatt=0

cal.-gas Il att =60
min

cal.-gaslatt=120
min

10.2.7.7
Gas supply 1

|[Hs(meas) - Hs(true)|
£ MPE

any 2 calibration
gases

cal.-gas I, p(min)

cal.-gas |, p(max)

cal.-gas I, dV/dt(min)

cal.-gas |,
dV/dt(max)

cal.-gas Il, p(min)

cal.-gas ll, p(max)

cal.-gas Il,
dV/dt(min)

cal.-gas Il,
dV/dt(max)
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10.2.7.7 |[Hs(meas) - Hs(true)| |cal.-gas I, p(min)
Gas supply 2 £ MPE
any 2 calibration
gases
cal.-gas |, p(max)
cal.-gas I, dVv/dt(min)
cal.-gas |,
dV/dt(max)
cal.-gas Il, p(min)
cal.-gas Il, p(max)
cal.-gas Il,
dV/dt(min)
cal.-gas Il,
dV/dt(max)
6.4.9 influence < MPE/10
Humidity (cf. 6.4.9, T.2.17.3)
calculate influence
10.2.7.11

Other tests (specify)
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ANNEX D
PRINCIPLESOF THE MODULAR APPROACH
AND OF ERROR CALCULATION

(Mandatory asfar as principles are concerned)

(Informative asfar as examples are concerned)

D.1 Principles

D.11 The modular approach is based on the fact that specific maximum permissible errors are
applicable to each of the following functions (see Table 2) :

- measuring at metering conditions,

- converting at base conditions,

- converting in energy.

Moreover for metering, specific maximum permissible errors may be applied separately for :

- the meter (corrected if necessary),

- influences on the meter (see Annex B).

Starting from these modular maximum permissible errors, the global maximum permissibleerrorscanbe
calculated for the complete system (see Table 1) using the square root of the sum of al the relevant
square maximum permissible errors (see example in D.2).

The same approach may be used for approval of a conversion device.

D.1.2 When calculating the error of a measuring system or of a device the following rules apply,
unless specific provisions are provided :

1 Where the effective errors of the components or modules are known, they are taken into
consideration,

2 Whereerrorsare not known (but errorsfulfil maximum permissible errors), the maximum permissible
errorsfor the components are considered, whether the corresponding parametersare measured or not. In
thislatter case, the documented provisions system shall ensure that the uncertainty of the non measured
parametersis at least as good as the corresponding MPE (see examplesin D.3).

3 Inany case amodule has to fulfil its own applicable MPEs.
Examples:

- for a class C measuring system, where the calorific value is not measured locally the documented
provisons shal ensure aglobal uncertainty/error for energy conversion of a most 2 % (k=2),

- for aclass C measuring system, where the pressure of the gasis not measured for the determination of
the converted volume, it is possible to fulfil the requirement with a converson device using only an
associated measuring instrument for temperature which fulfils the requirement in Table 3 provided the
documented provisions ensure a global uncertainty/error of at most 1 % for pressure (k=2).

- for a class B measuring system, where the compression factor of the gas is not measured for the
determination of the converted volume, it ispossible to fulfil the requirement with aconversion device
using associated measuring instruments for temperature and pressure which fulfils the requirement in
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Table 3 provided the documented provisons ensure agloba uncertainty/error of at most 0,5 % for the
compression factor (k=2).
D.1.3 The modular approach leads to combine uncertainties and errors of elements or maximum

permissible errors applicable to these elements in order to calculate errors of devices including these
elements or of the measuring system.

For this purpose when an error or maximum permissible error has to be combined with standard
uncertainties, the coverage factor which is used shall be conventionally equal to 2.

According to the same logic when a combined standard uncertainty is calculated the corresponding
expected error shall be equal to twice this value. The conventional error so determined shall be smaller
than or equal to the maximum permissible error (see example in D.3).

D.2 Example of M PE calculation (class A measuring system)
modular square Measuring system | measuring system
Module MPE modular metering | converting at base converting in
(%) MPE conditions energy
Meters 0,5 0,25 0,25 0,25 0,25
Influences 0,5 0,25 0,25 0,25 0,25
Conversion
at base 0,5 0,25 0,25 0,25
conditions
Determination
of/Conversion 0,6 0,36 0,36
in energy
Square MPE
for metering 0,5 0,75 1,11
system
MPE for 0,707 0,866 1,053
metering (rounded to| (rounded to 0,9) (rounded tol)
system (%) 0,7)

D.3 Examplesof error calculations

D.31 First example: local CvDD

The purpose of thisexampleisto calculate the error of aclass A energy measuring system(MS) including the
following :

- aclass A metering module,
- aclass A volume conversion device,
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- an energy conversion device involving 2 local cdorific vaue determining devices.

D.3.1.1  Error of the metering module (MM)

The MM isfitted with several branches. However the only available useful information isthat the MM meets
MPEsin all rated operating conditions.

The error that will be used for the calculation of the error of the MSis equal to the applicable MPE equal to
0,7 %.

EMC: 0,7 %

D.3.1.2 Error on volume conversion

The only available useful information isthat the volume conversion device meets MPEsin all rated operating
conditions.

The error that will be used for the calculation of the error of the MSis equal to the applicable MPE equal to
0,5 %.

EQC = 0,5 %

D.3.1.3 Error on CV determination
Error of the CVDDs

The only available useful information is that the CVDDs meet MPEs and all requirements in all rated
operating conditions.

The error that will be used for the calculation of the error on the determination of CV is equal to the
applicable MPE equal to 0,5 %. When only one CVDD is operating the corresponding uncertainty
component is:

Ucvbp = 0,5/2 %
Ucvop = 0,25 %

In addition, the errors of the CVDDs may be considered as independent one from another because the
CVDDs are of two different types. When the two CVDDs are operating the mean value is considered. The
corresponding uncertainty component is :

Ucvbp = 0,5/2\/5 %
Ucvop= 0,177 %
Uncertainty on time determination
For aclass A MS this component is equal to zero

UT:0
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Uncertainty on stability of CV

For each CVDD the CV is determined each 5 min. It is considered that the corresponding uncertainty
component is provided by the greatest experimental standard deviation of the mean value ever met. The
greatest experimenta relative standard deviation (of individua results) ever met is 0,456 %. As 12
measurements an hour are performed to determine the representative CV, therelevant uncertainty component
is:

Uc= 0,456/+12 %
u.= 0,132 %

Uncertainty on location

The CVDDs are local so the corresponding uncertainty component is nil
u=0

Note: If the measuring results provided by these CVDDs are used for remote measuring systems a
correction on CV for transit delay may be used with an associated uncertainty.

Other uncertainties
No other components are identified.
Uo=0
Error on CV determination
In the case of only one CVDD operating, the error on CV determination is equal to :

Eov = 2° /0,252 +0.1322

Ecv =0,57%
In the case of two CVDDs operating, the error on CV determination is equal to :

Eov = 27 /01772 +0.132?
Ecv =0,44%

D.3.1.4 Error of the measuring sytem

In the case of 2 CVDDs, the error of the MSiis:

Eus= /0,7 +0,52 +0,44% =0, 96 %

D.3.2 Second example : reconstruction of CV and a posteriori demonstration

A network is supplied by two gas origins each at oneinlet point. A CVDD isused at each inlet point. The
network is divided in three zones :

Zone 1 :inthevicinity of inlet point 1, the CV isconsidered to be the one measured at thisinlet with atransit
delay.

Zone 2 : the gas delivered is a mixture of the gases of the 2 origins depending at each time of the
consumption of al measuring systems of the network and of the configuration of the network. For each
measuring system the gas company uses a software taking into consideration appropriate parameters for
determining the local CV. Thisisthe so called reconstruction procedure.

Zone 3: inthevicinity of inlet point 2, the CV isconsidered to be the one measured at thisinlet with atransit
delay.
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D.3.2.1 Zonesland3

See D.3.1, taking into consideration the note in the paragraph on uncertainty onlocation. The distinction of
the zones 1 and 3 could be interesting in particular in order to consider the case of ClassA measuring systems
without local CVDDs.

D.3.2.2 Zone?2

The purpose of this example is to calculate the error of a class B energy measuring system including the
following :

- aclass B metering module,

- aclass B volume conversion device,

- an energy conversion device using reconstructed (calculated) values of CV, associated with
documented provisions involving in particular transportable CVDDs (possibly in addition fixed
ones) on the network here after called checking CVDDs.

D.3.2.2.1 Error of the metering module (MM)

The only available useful information is that the MM meets MPEs in all rated operating conditions.

Theerror that will be used for the calculation of the error of the MSisequal to the applicable MPE that is 1,2
%.

EMC: 1,2 %

D.3.2.2.2 Error on volume conversion

The only available useful information isthat the volume conversion device meets MPEsin all rated operating
conditions.

The error that will be used for the calculation of the error of the MSis equal to the applicable MPE equal to
1,0 %.

EQC = 1,0 %

D.3.2.2.3 Error on CV determination

It could be possible to imagine calculating the corresponding uncertainty component according to a
sophisticated method implemented according to the GUM. However it is decided to let the gas supply
company to announce the performance of the software and to compare this announced performance to the
experimental performance.

In practice the gas company announces that according to the implemented software and the documented
provisions, no true value of CVs on site should deviate from the calculated value determined using the
software by more than a stated announced value (AV). However an allowance may be made for a dight
mismatching for these announcement, for example by accident one day in a month, corresponding to a
matching level of 29/30 = 0,966 %.

The Authority controls this statement in the following way :

1 At the initial demonstration, class A checking CVDDs are used and placed temporarily (in addition
possibly of fixed ones) to some appropriate locations. It is checked that all calculated CVs (using the
software) do not deviate from CV's measured locally by more than the stated value.

2 Thisassumption is continuously checked, fromlocationsto other locations, using some class A checking
CVDDs.
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Error of the CVDDs

The CVDDstaken into consideration are the checking CVDDs. For the zone 2, the CVDDsused at theinlet
points, as the reconstruction software, are part of the documented provisions but do not have to be
considered for the determination of errorson CV.

The only available useful information is that the checking CVDDs meet MPES and all requirements in all
rated operating conditions.

The error that will be used for the calculation of the error on the determination of CV is equal to the
applicable MPE that is 0,5 %. The corresponding uncertainty component is:

Ucvop = 0,5/2 %

=025 %
Uncertainty on time determination
This component is equal to zero:

ur=0
Uncertainty on stability of CV

The stability to be considered may be the stability of calculated CV sduring the period of determination of the
representative CV. However it could be decided to consider the stability observed using the values obtained
from checking CVDDs.

It is considered that the corresponding uncertainty component is provided by the typical experimental
standard deviation of the relevant mean values. For this example this typical valueis:

u.= 0,227 %
Uncertainty on location

Taking into consideration the demonstration here above referred, it is considered, according to the
convention, that the uncertainty on location component isequal to the announced abovevaue AV divided by
2.

u. = AV/2 %
The announced value is 1 % and then :
u. = 0,5 %

Note : Thedemonstration could have lead to the conclusion that the zone 2 should had to be split intwo
zones. onein class B and one in class C for CV determination.

Other uncertainties

No other components are identified, or more exactly, if any, are considered included in u,.
Uo=0

Error on CV determination

The error on CV determination isequal to :

Ecv = 27 /0,252 +0,2272 + 0,52

Ecv =121 %
This value is in conformity with the corresponding line in table 2.
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D.3.2.2.4 Error of the measuring system

As each module of the metering system fulfils the applicable MPES, the error of the energy metering systemis
acceptable.

D.3.3 Third example : daily average CV assignment

Consider an areain anetwork supplied from oneinlet point. A classA CVDD isused at theinlet point. The
metering systems considered in thisareaand in thisexample are class B ones. The M PE for therepresentative
CV determination in this areais then 1,25 %.

Assume that thisareaisflushed at least within one day, i.e. that the gas entering thisarealeavesit at least in
less than one day, either by being consumed or by flowing acrossto downstream areas. This assumption can
be demonstrated by taking account the hydraulic volume of the area and the worse operating conditions,
Tmin, Pmax.

In this case, only two gas qualities may coexist inthisarea at any time during one day |, the possible residue
of the gas Gj-1 which entered it on day j-1, that may not have been consumed or have left yet, and the
arriving gas Gj during the day j.

Assume that the daily average CV on day | is CVj, respectively CVj-1 on day j-1, and Dcv = |CV]-CV]-1].
Error of theCVDD

The uncertainty component due to the CVDD that will be used for the calculation of the error on the
determination of CV is equal to the applicable MPE class A, 0,5 %:

Ucvop = 0,5/2% = 0,25 %
Uncertainty on time determination
Onthisday, u. =0
Uncertainty on location

Due to possible intricate connections of the pipesinto thisarea, it is not be possible to determine the exact
location of each gas quality.

The gasinthis areais assigned during this day an average CV = (CVj-1+CVj)/2, with an uncertainty (CVj-
CVj-1)/+/12 = Dcv /~/12 (rectangular distribution).
u? = D2 /12
Uncertainty on stability of CV
The CV isdetermined in the CVDD class A each 5 min, leading to 12 x 24 = 288 analyses a day.

Assume that the maximal experimental standard deviationis 0,5%. The relevant uncertainty component of the
mean value isthen :

u.=0,5 /4288 % = 0,03 %

Dueto the expected range of CV for the transmitted pipelines gases and to the large number of analyses, this
leads quite alwaysto a small figure in practice.

Other uncertainties
No other components are identified.

Uo:0
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Error on daily representative CV determination

Ecv = 27 /0,257 + D2 /12 + 0,032

M eeting the requirement in practice:
For Dcv = 1,98%, Ecy = 1, 25%

In this case, the requirement is met (MPE < 1,25%) as long as the area is flushed within one day, the
experimental standard deviation of the daily CV islessthan 0,5 % and the variation from one day to the next
one of the daily average CV, Dcv , isless or equal than < 2 %.

In practice, aslong asthe gas company providesinformation, according to documented provisions, that these
threeinitial assumptions have been met, this gas company isentitled to use this procedure on thisareaduring
this period of time for this gas.

According to the general convention used in thisdocument introducing a coverage factor of 2 (equivalent to
a95 % confidence level assuming anormal distribution), an allowance may be made for aslight mismatching
for these criteria, for example by accident one day in amonth, corresponding to amatching level of 29/30 =
0,966 %.

D.4 Other examples of management of calorific value and ener gy

D.4.1 First example

Basic definitions:

«Charging area» is an area for which the gas transporter uses a single calorific value for the
calculation of energy conveyed to premises or to pipelines operated by other PGTSs.

«lnput points» are places at which gas passes from the high pressure national transmission system
into the distribution system of the charging area.

Example is a charging area being supplied through 4 input points at which gases of different calorific
values enter the distribution system.

CV,
Va2
CV3
CV; Charging area A
Vi —

CVy
\/ 4
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A.Fixed assignment based on lowest source CV

The regulation requires that on a daily basis the lowest calorific value of any gas entering the
charging area is used in the calculation of the quantity of energy conveyed to premisesin the
charging area.

In the example the gas passing each of the input points will have its calorific value determined either
at the input point or at a point on the high pressure pipeline feeding the point. The lowest calorific
value of CV,.,determined for these input pointsis assigned to all the interfaces within the charging
area (on adaily basis).

There is measurement of CV but volume measurement is not required.
B.Variable assgnment based on flow weighted average CV

The regulation requires the calculation of a flow weighted average calorific value (FWACV) for each
day from:

FWACV =E/N
Where:
E = the sum of al the relevant energy inputs at the input points; and
V = the sum of al the relevant volume inputs at the input points.
For the example:
FWACV = (CV1*V 1+ CV* Vot CVa*Vat CV*V)/(V Vo4V s+ )

Thisreguires each input point to have volume measurement and calorific valuesto be determined, either
in Situ or by attribution from elsewhere.

The calorific values are the daily average for the input point and the volumes are the total for the day.

D.4.2 Second example

Volume meters, conversion devices and calorific value determining devices (CVDDs) together with their
relevant additional devices are subject to pattern approval, initial and final verification and shall be used
under approved installation conditions only.

Gas has to be accounted for in terms of energy E which is calculated from the volume of the gas
delivered V and its representative calorific value H .

The calorific values of differing gases entering acharging area shall be determined at representative sites
by approved methods.

The representative calorific value for each site x (HX) can be calculated as the arithmetic or volume

weighted mean value. The representative volume weighted monthly mean calorific value H « (m)
(averaged over d days of the month) is calculated from daily volumes and daily calorific values H « (d),
the latter being arithmetically averaged over all n individual calorific values HX N
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énHXﬂ
H (d)=L1— (1)
g
aH, @AV
H, (m)=+— ")
av(d)

1
The representative arithmetically weighted monthly mean calorific value H ¢ (m) iscalculated fromdaily

calorific values H « (d):

H. (d)
(2)

~ Qoo

I

fm=1

The representative yearly mean calorific value H « (y) iscaculated from monthly volumes V(m) and

monthly calorific values Hx(m) or H)(((m):

mng
a H (mVv(m)
1 €)

I

)= m=12
a VvV(m)
1
In charging areas where | gases of different calorific values are fed into the area at the same input point
and mixed, the representative calorific value H is determined by measuring the calorific value of the
mixture or by calculated the mean calorific value as the volume weighted mean value from the volumes

and calorific values of the | individual gas streams:
H=H_ 4
éHjW
or H=1 j (4)
av,
1

In charging areas where gases of different calorific values arefed into the area at locally different input
points, the calorific values are determined for each input point (HX). If the calorific values at the

different input points do not differ by more than the maximum permissible error in use fromthe volume
weighted mean value for this charging area, this volume weighted mean value can be used. Otherwise, a
more or less sophisticated state reconstruction system (which itself is subject to approval) shall be used.
(Hx ) H)for all x £ mpein service P H= Hx (5)

(5)

b State reconstruction

(H - ﬁ)for.snyx > mpeinsen/ioe

X
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ANNEX E

GENERAL CONSIDERATIONSON GASMEASURING SYSTEM S

(Informative)

E.1l Constituting of an ener gy measuring system

Heresfter are the different possibilities of making a legal measuring system starting from a volume
indication converted at base conditions. It hasto be adapted in case of a converted massor adirect mass.
In principal liaisons concerning the metering module are secured.

For conversion functions either any liaison shall be secured or the liaisons between the VCD and the
ECD and between the CVDD and the ECD shall be such that adocumented provisions system ensures
that appropriate data are used as described hereafter. The principal of documented provisions systemis
also applicable when the pressure is not measured at the metering point.

ABREVIATIONSAND SYMBOLS

M Meter

VMC  Volume at metering conditions
VCD  Volume conversion device

VBC  Volume at base conditions

CVvDD Cadlorific value determining device
ECD Energy conversion device

E Energy

SL —  Secured liaison

NS---  Non secured liaison
ME® Manualy entered data
FIRST CASE

Secured liaisons and a CV DD close to the meter.

VMC VBC E
vep LSt
o | ECD
CVDD

.......... weeen N

""""" \\%//

d
his system is a classical legal measuring instrument.

NOTE : Thedistanced isso that the characteristics of the metered gas are the same than those of the
gas which is analysed in the CVDD.
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SECOND CASE

Secured liaisons and a remote CVDD.
Thisisthe case for instance where only one CVDD is used to determine the calorific value for aregion.

NOTE : the distance between the ECD and the remaining of the measuring systemis not relevant,
neither the number of ECD isrelevant.

System 1 VMC VBC
SL
l VCD
gas circuiti)
......... M
. [E]
........ E
SL
o CVvDD ECD
gas circuit I_
System n VMC VBC
[ ] SL
l VCD

gas circuit
..... 2T O

A legal measuring instrument is made of :
- ameasuring system itself and

- documented provisons ensuring that data used for computing the energy are representative of the
calorific value of the gas passing in each meter.

NOTE : documented provisions are let to national authorities
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THIRD CASE

Non secured liaisons and/or manually entered data.

NOTE Thisisthe relevant case where at least one liaison is not secured.

First example
VMC VBC E
I
vcp St
Ns | ECD

gas circuit

Second example
VMC VBC E
| ME
VCD |—
s | ECD
] CvDD
gas circuit |
B ) -
: d
Third example
VMC VBC E
| ME
VCD |—>
ns | ECD
] CvDD
gas circuit |

A legal measuring instrument is made of :
- ameasuring system itself and,

- documented provisions ensuring that data used for computing the energy are correct thet isthey are
those measured by the VCD and the CVDD and,

- moreover in case of aremote CV DD, documented provisionsensuring that dataused for computing the
energy are representative of the calorific value of the gas passing in each meter.

NOTE : documented provisions are let to national authorities
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E.2 Flow measur ement technologies

Metersfitted in measuring systemsin the scope of this recommendation may be of any technology with
the exception of diaphragm meters, although the complete modular approach is only possible for
technologies considered in annex B.

E.21 Orifice gas meter

The orifice gas meter isameter determining the gas quantity by integrating the gasflow. The gasmass
flow is determined by means of the values of a pressure differential at the inlet and outlet of the orifice
plate (which, by reducing the transmitted gas section, increasesthe speed and lowersthe gas pressure),
on the basis of the gas thermodynamic conditions and the geometric characteristics of the device.

to harmonise with 10 5167
E.2.2 Turbine meter

The turbine meter is a meter in which the gas flow drives a wheel the number of rotations of which
corresponds to a measure proportional to the transmitted gas volume. see OIML R 32

E.23 Rotary piston meter

The rotary piston meter is a meter wherein the internal walls limiting measuring rooms are put into
revolution under the action of gas; the number of revolutions of those walls corresponds to a measure
for the transmitted gas volume. see OIML R 32

E.24 Ultrasonic meter

Meter determining the transmitted quantity of gas by integration of the gasflow, which isdefined by the
measure of the transit time needed by an ultrasonic wave (thistime depends on the sound velocity in gas
and the gas velocity ) or by the Doppler frequency shift of an ultrasonic wave.

E.25 Vortex meter

The vortex meter operates by sensing the vortices shed from alternative sides of a bluff body located in
the flowing fluid. The frequency of vortex shedding is proportional to the Struhal number of the fluid.

E.26 Coriolis mass flow instrument

A measuring instrument that determines the mass of aquantity of flowing gas using the phenomenom of
Coriolis strain without the use of any auxiliary device or data on the physical properties of the gas.

E.2.7 Other measurement principles

Any other measurement principle giving an output signal in function of the volume, mass or energy
having crossed the meter .
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E.3 Design of measuring systems

The design of a measuring system shall be based on the minimum and maximum values relating to :
- the volume, massor energy flowrate ;

- the design pressure and the operating pressure ;
- the gas temperature and the ambient temperature ; and,
- the gas composition.

E.3.1 Minimal design criteria

According to here above criteria, technical and economical considerations the authoritiesmay decidethe
congtitution of measuring systems. The following table gives guidelines for this.

Design Qmax atslbhase conditions. Less than or equal | Morethan 1.000 | More than 10.000 Morethan
m to 1000 100.000
Meter's curve error correction * * *
Provision for local proving system * *
Temperature conversion * * * *
Pressure conversion * * *
Z conversion * * *
Local CV'and gas quality  (or seeraw R
determination below)
Remote CV determination . . .
(sampling or computation)
Registration of flow quantities per * *
timeintervals
Alternative for here-above * *
conversions : density measurement
Accuracy class C B AorB A
* device or function advisable
' CV = cdorific value
E.3.2 M easurement of the characteristics of the gas

In order to achieve the best accuracy, the measurements of the characteristics of the gas (pressure,
temperature, density) should be made on every measurement branch so that :

- it influences neither the flow nor the measurement of the transmitted quantity; and,

- it ensuresthe values of the measured quantities corresponding to the conditions at the measuring point
of the gasflow.

One associated measuring instrument is sufficient for the whole measuring syssemto measure parameters
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(density, calorific value, etc...) which are common to all the branches under normal operating
conditions and to measure the gas composition, provided the maximum influence specified in7.3.4.3is
respected.

For the density measurement, the use of two measurement instruments is recommended to detect an
error in one of them.

E.3.3 Optional equipment

The measuring system may transmit metrological information to other equipments such as totalizers,
recordersor telemetry equipment. Thelegal status (subject to control or not) of transmitted information
is subject to considerations of the authorities.

The variables measured at the metering station may be displayed, recorded or stored as analogical or
digital data and may be recorded and stored by appropriate devices as a function of time and volume.

E.34 Ambient temperature

Some types of equipment, like calculators and other electronic devices, can only operate correctly
within a limited temperature range (the rated operating conditions are specified in 7.1.2). Where
controlled ambient temperature is required to maintain the accuracy of this type of equipment, the
operator should verify that the ambient temperature is properly monitored and maintained.

E.4 Provisions concer ning theinlet flow profile

For all types of meters technologies affected by theinlet flow it is essential to have fully developed gas
flow profiles, pertinent to the fluid and flow conditions.

E41 Conditions

Vortex conditions and velocity profiles may be accepted if the effect is smaller than specified by the
meter 's manufacturer or if it is within the appropriate product standard.

E.4.2 Piping Requirements

In order to reach acceptable flow profile conditions, the general measures below will be taken. These
measures can be connected with the specific remarks relating to different types of meters and stated in
E.2 taking into account that all meters do not have the same sensitivity to flow profile disturbances. See
subclause E.4.4 for the assessment of other methods.

a) The necessary upstream and downstream piping as well as the gas meter should all have the same
nominal bore.

b) Any valve at the inlet of the straight pipework upstream of the meter should normally be afull bore
valve having the same diameter as the pipe. This valve should be fully open when the flow meter is
making measurements

¢) Additional precautions, regarding flow profile, should be taken if aflow regulating valve or apressure
regulator is located upstream of the meter .

d) The use of pipefittings or equipment generating markedly asymmetric or swirled flow profiles should

be avoided over a sufficient length, depending on the meter type, upstream of the gas meter . For
example single or double elbows, reducers, etc.



E-7/8
e) Piping configurations that generate swirl. ( For example bends that are not coplanar should be
avoided over sufficient length - depending on the meter type - upstream of the gas meter , asswirling can
persist over very long straight pipes lengthsi.e. more than 100 D depending on the Reynolds number,
pipe roughness, etc...).

E.43 Flow conditioners

If the conditions required upstream of a given meter to maintain its accuracy cannot be reached (for
example: because insufficient space or because the measuring system is combined with a pressure
regulating station), aflow conditioner should berequired. The upstream distance in order to enable the
flow profileto reach the quality required asfar asthe velocity profile and the turbulence distribution are
concerned, should be specified at the time of pattern approval.

Asthe flow conditioner influences the meter *saccuracy, the meter and the flow conditioner should be
calibrated as a single unit . The relative position of the meter and of the flow conditioner shall be
secured.

E.44 Assessment of an acceptable flow profile

When the piping and/or the flow conditioner do not provide the quality required for the upstream flow
profile, there are two possibilities :

a) either measure the flow profile and check whether the pipe flow profile at the meter ’s inlet is
satisfactory according to the above described characteristics;

b) or, cdlibrate the gas meter including its upstream piping and the flow conditioner if any, al being
transported without disassembling after calibration or with special precautions to make sure that the
pipework and meter are installed in the same position as during the calibration. (See preceding

paragraph)

Note: Thisprovison must be considered as an advice, for instance for gas industry, but must not be
considered as contradicting annex B.

E.45 Unstable flow

In some applications the gas flow may be pulsating, vibrating, intermittent or alternating. Theresulting
effects on the metering indication are dependent on the type of the meter, itsdesign, the gasdensity and
the working regime of the whole measuring system. It can lead to significant systematic measuring
errors. The unstable flow effects should be taken into account at the design phase of the measuring
system as well as at the time of selecting the meter.

E.451  Pulsation effects

Pulsation effects have to be checked when the meter is installed upstream or downstream of:
- - piston-type compressors,

- - rotary piston gas meters,

- -dead end pipes generating resonances or

- -ungtable pressure regulators.

The influence of pulsations can be reduced by increasing the distance between the meter and the
pulsation source or by using suitable pulsation dampers.
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E.45.2 Vibrations

Vibrations can arise when the mechanical natural frequency of the pipe systemisequal or very closeto
the excitation frequency caused by elements as mentioned above (E.4.5.1), by thegas metersthemselves
or by flow induced pulsations. To prevent or minimize vibration effects on the gas meter appropriate
calculations for the whole measuring system should be done, preferably at design stage. In particular,
ultrasonic gas meters should not be installed where vibration frequencies (or their harmonics) might be
close to the frequencies used by ultrasonic transducers.

E.45.3 I ntermittent flow

Anintermittent flow isgenerated if the flowrate repetitively changes between anearly constant flowrate
to no flow. For gas meters with moving/rotating elements, in particular turbine gas meters, measuring
errorsof up to 20 % or more can beinduced by “after-run” measurement. Furthermore, attention hasto
be paid to choose the optimum gas meter size. Oversized gas meters enlarge the after-run error.
Intermittent flow errors can be avoided by selecting the appropriate type of meter and avoiding
oversized flow transducers.

E.454  Alternating regime

For aternating working regimes of agas meter the statements about intermittent flows should be applied
analogoudly.

E.4.6 Specificationsrelating to rotary piston gas meters

E.4.6.1 Upstream velocity profile

At low pressure, rotary displacement gas meters are generaly not sensitive to the configuration of the
piping. For higher pressures, for example above 700 kPa, it is necessary to place upstream and
downstream two straight sections of pipe with the same nominal diameter as the meter s flanges.

E.4.6.2 Pressure surges generated by the meter

Small volume variations during the operating cycle of the meter are inherent in the operation of some
tupes of rotary displacement meters. These variations generate small pressure surges both upstream and
downstream of the meter. Parallel or series configurations shall require adequate piping in order to
eliminate the risk of interferences.
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ANNEX F
CALIBRATION GASES
(Mandatory)

1 Calibration gases for instrumentsfor the determination of the calorific

value

Calibration gases certified for calorific value and composition, where applicable, are used during pattern
approval, initial verification, subsequent verification, and normal operation of calorific value measuring

instruments, when authorized.

The general requirements concern stability, preparation, certification and use, the specific (technical)
requirements describe the fields of application and the properties (composition, certified values, purity,

uncertainty).

According to the application the calibration gases imply different specific requirements.

1.1 General Requirements

Possible method for fulfilling the
requirement/Comments

1.1.1 Reactivity of gases

The components of the calibration gas shall not
react with each other.

Only saturated hydrocarbons, permanent gases
and carbon dioxide shall be used.

1.1.2 Reactivity with materials

The gas components shall not react with or be
influenced by materials used for the cylinder, valves,
tubes, seals etc.

Adsorption effects shall be avoided or minimizedto a
negligible extent.

Diffusion through sealings shall not occur.

cf. ISO 10 715 (1997): Natural gas - Sampling
guidelines, Ch. 6 - 7
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1.1.3 Condensation

During use, transport and storage no change of the
guantitative and qualitative composition shall occur.

During preparation, transport and storage, the
temperature of the bottle shall not be reached or fall
below the dew temperature, including a safety
margin.

During use, the temperature of the calibration gas
cylinder shall exceed the dew temperature, including
a safety margin (Mr Sarge will propose figures).
No retrograde condensation shall occur.

During expansion through valves, tubes or

pressure regulators, the cooling due to the

JouLE/THOMSON effect shall not cause
condensation

The dew temperature of the gas shall be known
and the gas maintained above that temperature.

If necessary, a heating device shall be provided
with the cylinder.

If necessary, the respective devices shall be
equipped with a heater of sufficient power to
heat the gas far enough above ambient tem-
perature, so that even with adiabatic expansion
the temperature exceeds the dew temperature
plus its safety margin.

The determination of the dew temperature and
maximum pressures during and after the filling
process has to be performed by :

a) an appropriate measurement  method
(cf. 1ISO NP 15 972-2 (to be written by ISO/TC
193/SC2 ?7?)). Natural gas- Measurement of
properties - Single component and condensation
properties - Part 2: Hydrocarbon dew point).

b) calculation with an appropriate computer
program for phase properties.

C) estimation on the bases of calculated
compression factors (cf. 1ISO 12 213: Natural
gas - Calculation of compression factor).

d) estimation on the basis of vapour pressures.
These methods are given in the preferred order.

1.14 Lifetimeand final pressure

The maximum lifetime of the calibration gases shall
be specified.

The final pressure in a calibration gas cylinder shall
not fall below ambient pressure plus a safety
margin (figures ?) sufficient to prevent diffusion of
air into the cylinder.

It should not exceed 5 years.

1.1.5 Handling

The handling of calibration gases shall be done
according to the accepted good laboratory practice
for pure gases by qualified personnel only.
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1.1.6 Preparation, certification and traceability

The preparation should preferably be done
gravimetrically.

cf. ISO/DIS 6142 : Natural gas - Preparation
of calibration gas mixtures - Gravimetric
methods.

The final composition of the gas shall be checked
by gas chromatography or any other appropriate
method.

cf. ISO 6143 : Gas analysis - Checking of
calibration gas mixtures by a comparison
method.

All calibration gases shall be traceable to national
or international standards. The certification to the
required uncertainties on calorific value or gas
composition shall be performed by an authorised
institution.

The calorific value can be calculated from the
known composition, where the uncertainty of
the concentration determinations is sufficient
below the MPE, or determined directly using a
measuring instrument.

1.1.7 Certificate

Each cylinder shall be accompanied by a certificate
and detailed instructions for the shipper.

The amount of information of this certificate is
the mandatory and optional dataasin 1SO/DIS
6141 (06/97). An extract of thisinformation
has to be affixed to the cylinder.

Especialy, the minimum transport temperature
shall be given

1.1.8 Units

The unit of composition to be used is mole or mass
fraction, all other properties shall be given in the
respective Sl unit.

1.2
the calorific value

121 Gases for pattern approval

Specific requirementsfor calibration gasesfor instrumentsfor the determination of

Calibration gasesfor pattern approval are chosen by the respective institution according to the property

under investigation.
1.2.2

Gases for initial and subsequent verification

Where appropriate, after each verification, the cylinders shall be sealed.

1.2.3

Gases for continuous adjustments and routine checks

When authorized and according to the manufacturer’ srecommendation and the pattern approval results,
none, one or more calibration gases of given certified (where applicable) composition and certified
calorific value snall be used during the verification validity period for continuous calibration and
adjustment (if applicable) of the instrument.

When only one calibration gasis used, the calibration gas should have similar calorific vauesasthelong-
term mean value for the installation site. When two or more calibration gases are used, the calibration
gases should be equally spaced in order to cover the long-term CV-range for the installation site.
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The calibration gas cylinders shall be permanently connected to the instrument, the tubing shall be easily
visiblewithout additional connections. A technigque preventing mixing of calibration gasand pipelinegas
shall be used. All connections shall be sealed during verification.

The exchange of the calibration gas requires a new verification.
124 Gases for maintenance work
If regular maintenance work during the verification validity period is necessary to keep the instrument in

the properly working condition, the calibration gases to be used are chosen during the pattern approval
process according to the manufacturer’ s recommendation.

This maintenance work and the calibration shall be possible without breaking seals.

1.3 Composition and physical properties

The calibration gas shall contain all relevant componentsfor the intended purpose, where necessary. Its
physical and chemical properties (e. g. calorific value, density, WoBBE number) shall be suitable for the
identification of the influencing factors by calibration and their elimination by adjustment.

131 Recommended mixtures
The following table summarises the recommended compositions of the different categories of the

calibration gasand the propertiesto be certified. Deviations from the recommendations may be specified
in the pattern approval certificate.

Physical |direct measuring | Indirect correlation calculation from
principle techniques composition
measuring
purpose
continuous CH, according to physical principle as given|all relevant
calibration H, by the pattern approval certificate components*
gﬂ"j CNJZH certified for CV and the respective|certified for
CH4j NZ /I—? physical property (examples to be|composition and
a/Na/Hz provided by Mr Sarge) CcvVv
certified for CV
(Hz2; CHy: purity)
verification 2 or 3 component | 6 or more component mixtures**
mixtures as above certified for CV
certified for CV
pattern approval | according to approval body
maintenance according to manufacturer’ s recommendation as specified in the pattern
approval

*  CHy4, CHg, C3Hs, N-C4H10, i-C4H10, N-CsH1a, i-CsH12, Neo-CsHip, N-CeHi4, N2, CO,
** CHa, CoHe, C3Hs, N-C4H10, N2, CO;

When preparing the mixtures, the relative deviation of the concentration of each component with respect
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to the nominal values given in the pattern approval in the final mixture shall be less than 5% and the
deviation of the calorific value less than 1%.

132 Uncertainty of the certified values
For all calibration gases the uncertainty of the certified calorific value shall be less than 1/3 of the
maximum permissible error.
For calibration gases certified for composition the uncertainty of the certified concentration shall be for
ethane, propane, 2-methylpropane, n-butane, nitrogen: 1% relative
all other components. 2% relative
methane: 0,2% relative (if determined directly)

Notes: 1 If thecomposition of methane isnot directly determined, thiscomposition isthe difference
between 100 % and the sum of contents of other components.

2 Some National Authorities are used to compare the difference between the directly
measured calorific value (using awell known CVDD) and the calorific value calculated from
the measured composition. In this case results shall be consistent taking into account
uncertainties.

1.3.3 Values used for calculation

The calculation of the properties of the gas shall be done according to 1SO 6976 (1995): Natural gas -
Calculation of calorific values, density, relative density and Wobbe index from composition.

134 Purity

The recommended purity of the gases used for the mixtures and as pure gasesis:

nitrogen, carbon dioxide, hydrogen: 99,999%
methane: 99,995%
ethane, propane, n-butane: 99,95%
all other components: 99%

Lower purity gases are allowed subject to the impurities being certified and their concentrations taken
into account in calculating the mixture composition and calorific value.

The determination of the purity shall be performed by an authorised institution.
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Examplesfor mixtures

a) Calibration gasesfor calorimeters

component

Nitrogen N> 7,00 | 8,70 | 11,70| 17,5 | 17,00
Hydrogen H, 99,9990 49,00
Methane CH, (99,995 87,70 1 93,50 | 93,00 | 91,30 | 88,30 | 82,50 | 34,00
Ethane CoHe 12,30 | 6,50

Calorific value MJ/m3|39,831| 12,752 (43,545|41,793|37,036(36,358|35,160|32,846| 19,769
Standard density |kg/m3 |0,7175| 0,0899 |0,7952|0,7585|0,7548|0,7639|0,7799(0,8108| 0,5001
b) Calibration gasesfor gas chromatographs

component

Helium He 0,50
Oxygen O, 0,50 0,50
Nitrogen N, 0,40 | 14,40| 12,00 | 10,30 | 1,00 | 4,00 | 4,00 | 4,00 | 5,00
Carbondioxide CO, 1,80 | 1,00 | 450 | 1,00 0,9 150 | 1,50 | 1,50 | 1,00
Carbonmonoxide [CO 0,50
Hydrogen H» 1,00
Methane CH, 84,00 | 81,00 | 82,00 | 83,00 | 96,40 | 83,85 | 88,45 | 88,90 | 86,44
Ethene CoH4 0,50
Ethane C,Hs 9,40 | 3,00 | 0,75 | 4,00 | 1,00 | 8,20 | 400 | 4,00 | 2,50
Propene CsHs 0,50
Propane CsHg 340 | 050 | 0,30 | 1,25 | 0,25 | 2,00 | 1,00 | 1,00 | 1,00
n-Butane C/Hyp | 100 | 0,10 | 0,20 | 0,20 | 0,20 | 0,20 | 0,20 | 0,20 | 0,20
2-Methylpropane  |C4H1o 0,20 | 0,20 | 0,20 | 0,20 | 0,20 | 0,20 | 0,20
(iso-Butane)

n-Pentane CsH 1o 0,05 | 0,05 | 0,05
2-Methylbutane CsH1o 0,05 | 0,05 | 0,05 | 0,056 | 0,05 | 0,05 | 0,05
(iso-Pentane)

2,2- CsHyo 0,05
Dimethylpropane

(Neopentane)

n-Hexane CeH14 0,05 | 0,05 | 0,06
Calorific value MJ/m3| 44,729 |34,977|37,074|37,691(39,942(41,727|39,794|40,053| 38,926
Standard density |kg/m3 |0,86350,8339|0,8552|0,8348 0,7524|0,8435|0,8107|0,8084|0,8028
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ANNEX G

MINIMUM TEST QUANTITIES
FOR MEASURING SYSTEM S AND DEVICES
(Informative)

Provided it can be assumed that the largest uncertainty component is due to the rounding of the digital
scale intervals, the following may be considered.

In case of adigital scaleinterval sand determination of errors of ameter it can be demonstrated that the
distribution law istriangular and that the standard uncertainty usis:

S
u =——

© 6
With a coverage factor equal to 2, the expanded corresponding uncertainty U is:
U=2u

The requirement on uncertainty at pattern approval comparing to the tolerance T is:

U£I
3

That is:
s ABET

1) Case of determining the error a complete measuring system with MPE = + 1,5 % (example)

T=MPE=15x10%xQ
The quantity Q is:
Q=nxs
Where n is the number of scale intervals that is what we are looking for in fact. Thisleadsto :

s” J6£0015 n s
That is:

ns =163,3

10046
15

Rounded to
n3 164
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2) Case of determining the error of a metering module with MPE =+ 1 % (possible example at initial
verification ; see B.6)

n? 1633x1,5/1 (ratio of MPE)
n® 245

3) Case of determining the repeatability of a meter with atolerance = + 0,3 % (example)

n3 163,3x1.5/0,3

ns3 817

4) Case of determining the error of aclass A calculator

T=5x10*xnxs
n3 1633x1,5x10?/5x10*
n3 4899

5) Case of determining the fault of a class A calculator measuring volume at metering conditions

T = SF (significant fault)
T=MPE/10=0,7x10°xnxs
n3 3500

CONCLUSION

For measuring systems or metering modulesiit is necessary to calculate the minimum test quantity for
each application. The number of scale intervals which is found should be increased because the
assumption "it can be assumed that the largest uncertainty component is due to the rounding of the
digital scale intervals' is not true in general.

For calculators, above cases 4 and 5 correspond to the most severe conditions and it is proposed to
always perform tests on quantities corresponding to 5 000 scale intervals. However in case of necessity
(long tests), the appropriate number can be calculated. Note that the assumption "it can be assumed that
the largest uncertainty component is due to the rounding of the digital scale intervals' istruein general
for calculators.
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