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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 6974-1 was prepared by Technical Committee ISO/TC 193, Natural gas, Subcommittee SC 1, Analysis
of natural gas.

This second edition of ISO 6974-1, together with ISO 6974-2:2012, cancels and replaces ISO 6974-1:2000 and
ISO 6974-2:2001, which have been technically revised.

ISO 6974 consists of the following parts, under the general title Natural gas — Determination of composition
and associated uncertainty by gas chromatography:

— Part 1: General guidelines and calculation of composition
— Part 2: Uncertainty calculations

— Part 3: Determination of hydrogen, helium, oxygen, nitrogen, carbon dioxide and hydrocarbons up to Cg
using two packed columns

— Part 4: Determination of nitrogen, carbon dioxide and C1 to Cs and Cg, hydrocarbons for a laboratory and
on-line measuring system using two columns

— Part 5: Determination of nitrogen, carbon dioxide and Cy to Cs and Ce hydrocarbons for a laboratory and
on-line process application using three columns

— Part 6: Determination of hydrogen, helium, oxygen, nitrogen, carbon dioxide and Cq to Cg hydrocarbons
using three capillary columns

Future subsequent parts of ISO 6974 are planned.

iv © IS0 2012 — All rights reserved
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Introduction

ISO 6974 describes methods of analysis of natural gas and methods for calculating component mole fractions
and uncertainties. ISO 6974 is intended for the measurement of Ha, He, O2, N2, CO2 and hydrocarbons, either as
individual components or as a group, for example all hydrocarbons above Cs, defined as Cg+. This approach is
suitable for a range of end applications, including calibrating gas mixtures and providing natural gas composition
and uncertainty data to be used in the calculation of calorific value and other additive physical properties of the
gas. Details of these end applications are provided in ISO 6974-3 and subsequent parts of ISO 6974.

This part of ISO 6974 gives guidelines for the gas chromatographic analysis of natural gas and methods of data
processing to determine compositions of component mole fractions.

ISO 6974-2 describes the steps required to calculate the uncertainty of each component mole fraction.

ISO 6974-3 and subsequent parts of ISO 6974 describe different gas chromatographic methods. These
methods cover both daily practice in the laboratory and on-line field applications. In this part of ISO 6974,
Annex A provides a comparison of the characteristics of the analytical methods described in ISO 6974-3 and
subsequent parts of ISO 6974.

In cases where only component mole fractions are required, it is intended that this part of ISO 6974 be used in
conjunction with a gas chromatographic method of analysis, e.g. ISO 6974-3 or subsequent parts of ISO 6974.
In cases where component mole fractions and associated uncertainties are required, it is intended that this part
of ISO 6974 be used in conjunction with ISO 6974-2, in addition to a gas chromatographic method of analysis.

This part of ISO 6974 describes all the essential steps for setting up an analysis, including outlining the structure
of the analysis, defining the working ranges and establishing the analytical procedure. When the working
ranges of the components have been defined, an evaluation is carried out to determine whether components
are to be considered as

— main components or groups of components to be analysed using direct measurement (directly
measured components),

— components or groups of components to be analysed using indirect measurement, by reference to a
different reference component in the calibration gas mixture (indirectly measured components), or

— components that are not measured and whose mole fraction can be assumed to be constant (components
not measured).

This part of ISO 6974 provides for the use of three types of method: single operation, multiple operation
with bridging and multiple operation without bridging. The last of these methods is a special case of a single
operation method.

This part of ISO 6974 describes the conventional normalization approach for calculating processed mole
fractions from raw mole fractions (see 5.5). When conventional normalization is used for multiple operations
without bridging methods, the uncertainties of the calculated mole fractions will be conservative. If a more
accurate assessment of uncertainty is required, an alternative approach for normalization, using the generalized
least squares (GLS) method, can be used; this is described in Annex B, which is intended to be used when
calculating uncertainties in accordance with ISO 6974-2. Further alternative approaches are available for
calculating processed mole fractions, including methane-by-difference (see Annex C) and data harmonization
(see Reference [1]).

© 1SO 2012 — All rights reserved \%






INTERNATIONAL STANDARD ISO 6974-1:2012(E)

Natural gas — Determination of composition and associated
uncertainty by gas chromatography —

Part 1:
General guidelines and calculation of composition

1 Scope

This part of ISO 6974 gives methods for calculating component mole fractions of natural gas and specifies the
data processing requirements for determining component mole fractions. This part of ISO 6974 provides for
both single and multiple operation methods and either multi-point calibration or a performance evaluation of
the analyser followed by single-point calibration. This part of ISO 6974 gives procedures for the calculation of
the raw and processed (e.g. normalized) mole fractions, and their associated uncertainties, for all components.
The procedures given in this part of ISO 6974 are applicable to the handling of data obtained from replicate or
single analyses of a natural gas sample.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO 6143, Gas analysis — Comparison methods for determining and checking the composition of
calibration gas mixtures

ISO 10723, Natural gas — Performance evaluation for on-line analytical systems

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

341
response

y
output signal of the measuring system for a component that is measured as peak area or peak height

3.2

reference component

component present in a certified reference gas mixture (CRM) (see 3.10), which is used to calibrate the analyser
response to other similar components in the sample which are not themselves present in the CRM

NOTE For example, if the CRM contains hydrocarbons up to and including n-butane, but no pentanes or higher, then
n-butane contained in the CRM can be used as a reference component for the quantification of pentanes and heavier
components in the sample. The reference component should have a response function that normally is a first-order
polynomial with zero intercept, i.e. a straight line through the origin.

© 1S0O 2012 — All rights reserved 1
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3.3

relative response factor

K

ratio of the molar amount of component ; to the molar amount of reference component which gives an equal
detector response

NOTE 1 Relative response factors for flame ionization detectors are calculated as the ratio between the carbon number
of the reference component and the carbon number of the sample component (see D.1).

NOTE 2  Relative response factors for thermal conductivity detectors are determined experimentally (see D.2).

3.4

other components

components in the gas sample which are not measured by analysis in accordance with ISO 6974 and/or can
be regarded as being present at a constant mole fraction

3.5

group of components

components with mole fractions so low that their measurement as individuals would be difficult or require
excessive time, and which are therefore measured as a group

NOTE This can be achieved by particular chromatographic techniques, such as backflushing, or by data handling,
such as integrating a succession of components as if they were a single component.

3.6

uncertainty (of measurement)

parameter, associated with the result of a measurement, that characterizes the dispersion of the values that
could reasonably be attributed to the measurand

NOTE 1 The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-width of an
interval having a stated level of confidence.

NOTE 2 Uncertainty of measurement comprises, in general, many components. Some of these components may be
evaluated from the statistical distribution of the results of series of measurements and can be characterized by experimental
standard deviations. The other components, which also can be characterized by standard deviations, are evaluated from
assumed probability distributions based on experience or other information.

NOTE 3 It is understood that the result of the measurement is the best estimate of the value of the measurand, and that
all components of uncertainty, including those arising from the systematic effects, such as components associated with
corrections and reference standards, contribute to the dispersion.

[ISO/IEC Guide 98-3:2008, 2.2.3]

3.7
standard uncertainty
uncertainty of the result of a measurement expressed as a standard deviation

[ISO/IEC Guide 98-3:2008, 2.3.1]

3.8

combined standard uncertainty

standard uncertainty of the result of a measurement when that result is obtained from the values of a number
of other quantities, equal to the positive square root of a sum of terms, the terms being the variances or
covariances of these other quantities weighted according to how the measurement result varies with changes
in these quantities

[ISO/IEC Guide 98-3:2008, 2.3.4]

2 © 1S0 2012 — All rights reserved
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3.9

expanded uncertainty

quantity defining an interval about the result of a measurement that may be expected to encompass a large
fraction of the distribution of values that could reasonably be attributed to the measurand

NOTE 1  The fraction may be viewed as the coverage probability or level of confidence of the interval.

NOTE 2  To associate a specific level of confidence with the interval defined by the expanded uncertainty requires
explicit or implicit assumptions regarding the probability distribution characterized by the measurement result and its
combined standard uncertainty. The level of confidence that may be attributed to this interval can be known only to the
extent to which such assumptions may be justified.

NOTE 3  Expanded uncertainty is termed overall uncertainty in Recommendation INC-1 (1980)[2], Paragraph 5.
[ISO/IEC Guide 98-3:2008, 2.3.5]

3.10

certified reference gas mixture

CRM

reference gas mixture, characterized by a metrologically valid procedure for one or more specified properties,
accompanied by a certificate that provides the value of the specified property, its associated uncertainty, and
a statement of metrological traceability

NOTE 1 The above definition is based on the definition of “certified reference material” in ISO Guide 35[3]. “Certified
reference material” is a generic term; “certified reference gas mixture” is more suited to this application.

NOTE 2 The concept of value includes qualitative attributes such as identity or sequence. Uncertainties for such
attributes may be expressed as probabilities.

NOTE 3  Metrologically valid procedures for the production and certification of reference materials (such as certified
reference gas mixtures) are given in, among others, ISO Guide 344! and ISO Guide 35[3I.

NOTE 4  ISO Guide 31[5] gives guidance on the contents of certificates.

3N

working measurement standard

WMS

measurement standard that is used routinely to calibrate or verify measuring instruments or measuring systems

[ISO/IEC Guide 99:20071¢], 5.7]

NOTE In ISO 6974, a working measurement standard is a CRM that is used to perform a routine calibration or a
quality assurance check (see 6.7).

312

direct measurement

measurement by which individual components and/or groups of components are determined by comparison
with identical components in the CRM(s)

313

indirect measurement

measurement by which individual components and/or groups of components which are themselves not present
in the CRM(s) are determined using relative response factors to a reference component in the CRM(s)

314

repeatability (of results of measurements)

closeness of the agreement between the results of successive measurements of the same measurand carried
out under the same conditions of measurement

NOTE 1 These conditions are called repeatability conditions.

© 1S0O 2012 — All rights reserved 3
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NOTE 2  Repeatability conditions include:

— the same measurement procedure

— the same observer

— the same measuring instrument, used under the same conditions

— the same location

— repetition over a short period of time.

NOTE 3  Repeatability may be expressed quantitatively in terms of the dispersion characteristics of the results.
[ISO/IEC Guide 98-3:2008, B.2.15]

315
working range
restricted mole fraction range specified for the methods described in ISO 6974

3.16

raw mole fraction

X

mole fraction of each component before the application of a process to correct the sum of the mole fractions to unity

NOTE The process of correcting the sum of mole fractions to unity is normalization or, less commonly, methane
by difference.
347

processed mole fraction
mole fraction of each component after the application of a process to correct the sum of the mole fractions to unity

NOTE The process of correcting the sum of mole fractions to unity is normalization or, less commonly, methane
by difference.
318

bridge component
component selected to allow the combination (“bridging”) of results for components measured by different
analytical operations

NOTE The different operations may be two or more sample injections and/or two or more detectors.

3.19

conventional normalization

normalization whereby the sum of raw mole fractions are corrected to unity by applying the same proportional
adjustment to all measured components.

NOTE A full description of conventional normalization is given in 5.5.

3.20

mean normalization

method of normalization whereby the repeat analyses for each component are averaged to form a series mean
and these mean values are then normalized

NOTE Treatment of data using this method is described in 6.9.2.

3.21

run-by-run normalization

method of normalization whereby each repeat analysis is normalized independently and the average of these
normalized values is then calculated

NOTE Treatment of data using this method is described in 6.9.3.

4 © 1S0 2012 — All rights reserved
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4 Symbols
41 Symbols
az coefficients of the regression function (z=0, 1, 2 or 3)
A intermediate matrix constructed from X and B (see Annex B)
b, parameters of the regression function (z=0, 1, 2 or 3)
b, parameters of the regression function corrected after routine calibration (Type 1 analyses)
b, mean parameters of the regression function (in “mean normalization” method)
B matrix containing constraints (see Annex B)
D intermediate matrix (see Annex B)
H intermediate matrix constructed from ¥, D and X' (see Annex B)
k coverage factor
K relative response factor with respect to the reference component
Npe total number of bridge components
fpe
ndube total number of duplicate measurements of all bridge components ( ‘ 1|:ndu(bc,-) —1])
(see Annex B) -
ndu(...) total number of duplicate measurements (of the bridge component in parentheses)
(see Annex B)
n total number of components (direct plus indirect, but excluding “other components”)
ny total number of injections (and therefore total number of responses)
p pressure
parameter (see Annex H)
s standard deviation
T sum of raw mole fractions of all components
u(...) standard uncertainty (of the quantity in parentheses)
u(...) expanded uncertainty (of the quantity in parentheses)
X normalized mole fraction (see Annex C)
x raw mole fraction
x' mole fraction calculated using the methane-by-difference approach
xt raw bridged mole fraction (see Annex B)
X adjusted mole fraction (from the calibration curve response function)
y instrumental response of the specified analyte

© 1S0O 2012 — All rights reserved 5
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vy mean instrumental response (in “mean normalization” method)

¥ adjusted instrumental response (from the calibration curve response function)
matrix accounting for the raw mole fractions of all analyses (see Annex B)

Z matrix containing the calculated results (bridged, normalized or bridged and normalized mole
fractions) (see Annex B)

S mean of the distribution of non-linearity errors

U mean (see Annex H)

r measure of goodness-of-fit

X variance-covariance matrix of input data (see Annex B)

1) total number of periods (see Annex H)

4.2 Subscripts

bc bridge component (bcq, bco, ..., bc,,, where the number of bridge components = npc)
br bridging

cert certified (given by the certificate of the CRM)

corr corrected (by applying a correction factor)

d1, d2 detectors (where d1 and d2 are two independent detectors)

i component

ind components or groups of components to be analysed by indirect measurement
inj (atmospheric pressure at time of) injection (see Annex F)

j gas standard/mixture

/ injection

norm normalization

o} original (response) at time of primary calibration or performance evaluation

oc other components

ref reference (component or pressure)

wms working measurement standard

£ period (see Annex H) (total number of periods = w)

5 Principles of analysis

5.1 General considerations

All significant components or groups of components to be determined in a gaseous sample are physically
separated by means of gas chromatography (GC) and measured by comparison with calibration data obtained
under the same set of conditions. Therefore, the components within the calibration gas(es) and within the gas
sample shall be analysed with the same measuring system under the same set of conditions.

6 © 1S0 2012 — All rights reserved
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The quantitative analysis of natural gas can be conducted as a single operation or through multiple operations
(which may be linked by “bridge” components). Analysers can be operated in one of two modes according to the
initial characterization and calibration used. There are also differences depending on whether all components
are calibrated or some are measured indirectly using a “relative response” factor. As the sum of processed
component mole fractions is required to equal unity, normalization is used to achieve that constraint.

The three possible methods of operation are described in 5.2.

NOTE The use of single and multiple operation methods (with or without bridging) will inevitably result in different
uncertainties of the calculated mole fractions. If uncertainties are a consideration, users are advised to consider which
method is most suitable for their application.

5.2 Method of operation

5.2.1 Single operation methods

In single operation methods, all measured species are determined using a single sample injection and a single
detector. A special case of a single operation method is a multiple operation method without bridging, as
described in 5.2.3.

5.2.2 Multiple operation methods with bridging

Multiple operation methods are based on the use of different systems (e.g. more than one injection and/or
detector) to determine groups of components.

An important characteristic that distinguishes multiple operation methods with bridging from single operation
methods is the fact that sample size and/or detector sensitivity may vary between groups of components. For
multiple operation methods with bridging, the results of components in different groups are brought together by
use of a component that is measured on each injection/detector system (a “bridge” component). The ratio of the
bridge component responses is measured with every analysis, and the response values from one system are
adjusted to force the ratio to be equal to that found at the time of calibration. In this way, changes in response
with time are constrained to be uniform between the groups, and normalization can be applied in the same way
as in the single operation method.

A component selected to act as a bridge between different parts of the analysis shall have the following
characteristics:

— Itis measured with good precision in each part of the analysis; the less precise of the two measurements
controls how well the bridging is achieved.

— It is measured without potential interference from other components, either expected or adventitious
(e.g. oxygen from air), in each part of the analysis.

— Its response in each part of the analysis over the expected working range is close to first order
through the origin.

Annex B describes an alternative approach for bridging using Lagrange multipliers. This approach may be
used when it is not possible to comply with the above requirements for bridging and if the user can demonstrate
that compliance with Annex B gives acceptable results.

5.2.3 Multiple operation methods without bridging

Multiple operation methods without bridging are based on the use of different systems (e.g. more than one
injection and/or detector) to determine groups of components, but where suitable bridge components are not
available. Throughout the remainder of this part of ISO 6974, the data from these methods is treated in the
same manner as data for single operation methods, of which multiple operation methods without bridging are
a special case.

Systems that routinely operate as multiple operation methods without bridging include rapid, miniaturized
(“micro”) gas chromatography systems.

© 1S0O 2012 — All rights reserved 7
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The use of conventional normalization in a multiple operation method without bridging is likely to result in
conservative uncertainties of the calculated mole fractions. The user should therefore consider carefully
whether the use of a multiple operation method without bridging will provide an analysis that is fit for purpose.

5.3 Mode of operation

Depending on the nature of the initial characterization and calibration of an analyser, two different modes of
operation can be distinguished.

A Type 1 analysis first determines response functions by means of a multi-point calibration using CRMs,
followed by regression analysis. These response functions are then used to calculate component mole fractions
in samples analysed against this calibration. Type 1 analyses do not involve non-linearity errors (see 6.9.4).

A Type 2 analysis assumes a response function, and subsequent sample analysis is carried out against routine
calibrations using a single WMS. Because the assumed response function can differ from the true one, Type 2
analyses can have non-linearity errors, which shall be evaluated by means of a multi-point performance
evaluation carried out in accordance with ISO 10723 (see 6.9.4).

5.4 Directly and indirectly measured components

A directly measured component is one that is measured and is present as a certified component in the CRM
such that it is quantified directly from the calibration data for that component.

An indirectly measured component is one that is measured but is not present as a certified component in the
CRM and is quantified indirectly using a relative response factor. The mole fraction of these components is
determined by comparing the peak area of the indirectly measured component to that of a certified component
and by applying an appropriate relative response factor (see Annex D). The use of a relative response factor
(which has an inherent uncertainty) increases the uncertainty of the measured mole fraction.

5.5 Normalization

Normalization is an approach to processing the raw mole fractions that corrects the sum to unity by applying
the same proportional adjustment to all measured components. It is best suited to measurements of natural
gas where the dominant uncertainties are highly correlated for all components, because they are the result of
effects that influence all components (such as variations in ambient air pressure and detector drift).

For a mixture with n; components, excluding “other components”, the normalized mole fraction of component
i is calculated using Equation (1):

k= (1= (1)

NOTE In Annex B there is a description of an alternative approach to bridging and normalization.

6 Analytical procedure

6.1 General considerations

The process of setting up a gas chromatograph for the analysis of natural gas consists of the sequential steps
given in 6.2 to 6.9, choosing the appropriate option at Step 4 (see 6.5) before the analyser can be put into
operation. At Step 4, the setting-up process provides for either the primary multi-point calibration (Type 1
analyses), where the output from the calibration is used in subsequent analyses, or for performance evaluation
(Type 2 analyses), which shall be the subject of single-point calibration in normal use and in which the data
from the evaluation is required for the calculation composition. The primary calibration and evaluation steps
may have to be repeated in subsequent operational use, for example when there is a significant change in the
composition of the gas to be analysed which takes it outside the ranges of composition for which the analyser
has been calibrated/evaluated.

8 © 1S0 2012 — All rights reserved
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ISO 6974-1:2012(E)

component in a natural gas mixture is shown schematically in the flowcharts in Figures 1 and 2.

START

Y

Step 1: Define the working range
[ISO 6974-1:2012, 6.2]

A
Step 2: Define the requirements of
the analytical method
[ISO 6974-1:2012, 6.3]

\ 4

Step 3: Select equipment and
working conditions
[ISO 6974-1:2012, 6.4]

Is primary calibration or
performance evaluation
required?

No

Are there any

r Step4  [ISO 6974-1:2012, 6.5]

Type 1 or Type 2
analysis?

Type 1

+

Type 2

v

Primary calibration
Determine analysis function:

(a) Selection of reference gases

(b) Measurement of reference gases
(c) Regression analysis

(d) Selection of regression function

Performance evaluation
Determine initial analysis function

(a) Selection of reference gases
(b) Measurement of reference gases
(c) Regression analysis

indirect
components?

— No

Step 5: Assign relative response
factors
[I1SO 6974-1:2012, 6.6]

\ 4

! FLOWCHART B

Figure 1 — Procedure for determining mole fraction
(and uncertainty in accordance with ISO 6974-2) — Steps 1to 5

© 1S0O 2012 — Al rights reserved 9
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START FROM
FLOWCHART A

Will the analyser be
used for routine
operation?

Step 6
[I1SO 6974-1:2012, 6.7]

Quality assurance
(QA) check or routine
calibration (RC)?

QA check

RC
l A 4
RC with a WMS QA with a WMS
[ISO 6974-1:2012, 6.7.3.2] [ISO 6974-1:2012, 6.7.3.3]

A

Step 7: Analysis of samples
[ISO 6974-1:2012, 6.8]

!

Step 8: Calculation of component mole fractions
[ISO 6974-1:2012, 6.9]

Are uncertainties of
component mole
fractions required?

- No | FINISH

Step 9: Calculation of uncertainty in mole fractions
[ISO 6974-2:2012, 5.3]

|

Step 10: Calculation of the expanded
uncertainty in mole fractions

[ISO 6974-2:2012, 5.4]

!

FINISH

Figure 2 — Procedure for determining mole fraction
(and uncertainty in accordance with ISO 6974-2) — Steps 6 to 10

6.2 Step 1 — Defining the working range

6.2.1 Specify the working range for the analyser, giving minimum and maximum mole fractions for all the
components to be analysed and estimated mole fractions of any components not analysed. The working range

10 © 1S0 2012 — All rights reserved



ISO 6974-1:2012(E)

shall be based upon the probable variations in the composition of the gas to be analysed and on the application
requirements.

6.2.2 The probable variations in the composition of the gas can be established as follows:
— by evaluating historic data, where this is available;

— by performing extended analyses of a number of representative samples of the gas to be analysed, taking
into account possible variations of upstream gas treatment and processing; or

— by reference to a specification of the delivered or supplied product as provided by the network operator.

6.2.3 The working range shall then be determined in relation to the probable variations in the composition of
the gas to be analysed, where for each component the following applies:

— the minimum of the working range is no higher than the lowest expected mole fraction;

— the maximum of the working range is no lower than the highest expected mole fraction.

6.2.4 The mole fractions of other components that are not analysed may be estimated from historical data or
extended analyses.

6.3 Step 2 — Defining the requirements of the analytical method

Outline the requirements of the analytical method by defining the following aspects:

— components to be measured directly and (where required) the uncertainties, either on individual components
or by mole fraction ranges;

— components to be measured indirectly and (where required) the uncertainties, either on individual
components or by mole fraction ranges;

— components to be measured as groups and (where required) the uncertainties;
— components not to be measured but for which a constant value is to be used for their mole fractions;

— whether to use bridge components for multiple operation methods [and, if so, selecting which component(s)
are to be used as bridge components];

— whether to carry out backflush or not; and
— any interfering components.

NOTE Typical uncertainties of the analysis result for various configurations of laboratory and on-line measuring
systems can be found in ISO 6974-3 and subsequent parts of ISO 6974.

6.4 Step 3 — Selecting equipment and working conditions

Select the equipment and working conditions required. ISO 6974-3 and subsequent parts of ISO 6974 prescribe
methods of analysis that are intended to be used in conjunction with this part of ISO 6974. Other methods, if
properly documented, may be used in place of ISO 6974-3 and subsequent parts.

Select the method of sample handling and injection:

— the natural gas sample is contained within a cylinder that is attached to the chromatograph gas
sampling valve; or

— the natural gas is continuously sampled from a pipeline and flows through the chromatograph gas sampling
valve, which is used to inject a representative sample into the chromatograph.
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Detailed guidelines on sampling are given in ISO 10715[71.

NOTE Special attention needs to be given to prevent condensation of heavier components when the sample pressure
is reduced — see 1SO 16664(8] for detailed information on the handling of calibration gases and gas mixtures.

If a primary calibration or performance evaluation is not required, and if the analyser will be used for routine
operation, proceed to a quality assurance (QA) check or routine calibration [see Step 6 (6.7)].

If a primary calibration or performance evaluation is not required, and if the analyser will only be used for a
single analysis, proceed to the analysis of the unknown mixtures [see Step 7 (6.8)].

6.5 Step 4 — Response characteristics (primary calibration or performance evaluation)

6.5.1 General considerations

For Type 1 analyses, determination of response characteristics takes the form of a primary calibration in which
the coefficients b, ; of the analysis function are determined for each component. Because the analysis function
is determined explicitly, no non-linearity errors arise. For routine operation, the coefficients of the analysis
function are subsequently corrected by multiplying by a scaling factor [see Step 6 (6.7)].

For Type 2 analyses, determination of the analysis function of the analyseris assumed to be first order with a zero
intercept (i.e. bg, b2 and b3 are zero), and this assumed analysis function is subsequently updated periodically
by analysis of the WMS [see Step 6 (6.7)]. The assumption of a first-order response with zero intercept for the
analysis function can lead to non-linearity errors, and the purpose of the performance evaluation is to estimate
their magnitude in order to assess fithess for purpose and, if required, to enable the correction of calculated
mole fractions (see 6.9.4). If the uncertainty of mole fractions is calculated using ISO 6974-2, these non-
linearity errors may be included in the uncertainty budget.

6.5.2 Frequency
Primary calibration or performance evaluation should be carried out in the following situations:
— immediately following initial installation of the system by the supplier;

— immediately following return to operation after replacement of a major part of the system, e.g. injection
valve, column or detector;

— immediately following return to operation after failure to pass a QA check of the system [see Step 6 (6.7)];

— atintervals that have been demonstrated to be appropriate for the application, e.g. no longer than 12 months.

6.5.3 Selecting reference gases

An appropriate number of CRMs shall be selected in order to define the regression functions. This depends
upon the history and knowledge of the GC system in question:

— where no primary calibration has been carried out, or the response polynomials have not been established
by an equivalent procedure, then a minimum of seven CRMs should be selected to allow for regression
curves that are up to third order in nature;

— where the initial primary calibration (or an equivalent procedure) has shown that regression curves can be
modelled by a first- or second-order polynomial function, then an appropriate number of CRMs should be
selected for subsequent primary calibrations.

“An appropriate number” of CRMs may be considered to be three in incidences where no component
demonstrates more than a first-order polynomial response, and five in incidences where no component
demonstrates more than a second-order polynomial response.

Choose CRMs suitable for the working range of each component (as defined in 6.2). This is possible by using
a set of multi-component mixtures, each containing different mole fractions of all the direct components.
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The CRMs selected may be multi-component or binary mixtures with appropriate uncertainty and should always
be fit for purpose (see I1SO 6143 and ISO 6142[9]), i.e. the uncertainty of each component should be small
enough that it gives an acceptably small final uncertainty after propagation through the full uncertainty budget.

NOTE It is not possible to make a mixture with every component at the highest level required, or at the lowest, so
most of the multi-component CRMs will have compositions that are different from “real” natural gas mixtures. Provided the
mixtures are shown to be stable in storage and use, this will not create a problem.

CRNMs are generally provided with expanded uncertainties calculated with a coverage factor, &, normally equal
to 2. A coverage factor of 2 should therefore be used as the default option in the absence of any other evidence.

6.5.4 Measuring reference gases

Analyse each of the CRMs. It is recommended that a minimum of 10 analyses be performed for each reference
gas so as to ensure that the mean response data and their standard uncertainties are determined with a
precision that is fit for purpose.

NOTE The uncertainties referred to in this subclause are not used in this part of ISO 6974, but are required if
ISO 6974-2 is to be used to determine uncertainties of mole fractions.

Depending on the number of repeated measurements, the “uncertainty of the uncertainty” of a mean value
(i.e. the relative standard deviation of the standard deviation of a mean value) can be surprisingly large: for
10 measurements it is 24 % (see ISO/IEC Guide 98-3:2008, E.4.3). It is therefore not recommended to use a
smaller number of repeated measurements when determining the standard deviation of a mean value.

Tabulate the individual responses to each component in each standard for each replicate. The data may be
inspected for outliers by using a suitable outlier test (see Annex E). If outliers are found, the data should be
investigated; outliers should be rejected only if there are sound technical reasons for doing so.

6.5.5 Regression analysis

6.5.5.1 Introduction to regression analysis

It is strongly recommended that generalized least squares (GLS) analysis be undertaken. GLS analysis,
which complies with ISO 6143, requires that the uncertainties of the input data be determined and performs
regression weighted to these uncertainties. The value of each component mole fraction is calculated, along
with its uncertainty. GLS shall therefore be used if ISO 6974-2 will subsequently be used to determine the
uncertainty of mole fractions.

For cases where the uncertainties of component mole fractions (and therefore compliance with 1ISO 6974-2)
are not required, either GLS analysis with zero (or negligibly small) input uncertainties or ordinary least squares
(OLS) analysis may be used. However, even when the uncertainties of component mole fractions are not
required, it is recommended that GLS be used with defined input uncertainties whenever possible. This gives
the most reliable determination of component mole fractions.

6.5.5.2 Generalized least squares analysis
The analysis function (primary calibration) is given in Equation (2):
* 2 3
x ;j=bg+byy;+boy;” +b3y; )
The calibration function (performance evaluation) is given in Equation (3):
- 2 3 3
Yi=ag taiXeert,; t d2Xcerti T a3Xcert,i (3)

The coefficients of the analysis function or the calibration function are calculated using regression analysis of
the following input data:

— the CRM contents (expressed as certified mole fractions), xcert;
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— the standard uncertainties of the CRM contents, u(xcert ;) (required where uncertainties are to be calculated
in accordance with ISO 6974-2);

— the mean responses to the CRM contents, v cert,;;

— the standard uncertainties of the mean responses, u( ¥ cert,i), calculated as the standard error of the mean of
the set of responses obtained (required where uncertainties are to be calculated in accordance with ISO 6974-2).

If atmospheric pressure correction is to be carried out, the responses shall be corrected prior to regression
analysis, by applying the appropriate pressure correction factor. Annex F gives guidance on correction for
atmospheric pressure.

If a multiple operation method with bridging (see 5.2.2) is used, the mean response to the analyte contents
is calculated, for each appropriate component, as the mean of the responses derived from the second or
subsequent detector, multiplied by the ratio of the response obtained for the bridge component with the first
detector to that obtained with the second or subsequent detector, as given in Equation (4):

_ _ Yd1bc
Vi = Yd2. X 4)
Yd2bc

If required, the standard uncertainties of the mean responses derived using Equation (4) are calculated as the
standard error of the mean of the derived data set.

The parameters of the regression function are then calculated by regression analysis. For the reasons described
in 6.5.5.1, itis strongly recommended that GLS be used. Software appropriate for carrying out such an analysis
is described in Annex G.

In a small number of specific circumstances, the acceptable levels of uncertainty may be relatively large. In
these cases, the uncertainty of raw components may be evaluated using an OLS method. The uncertainty
arising from the regression analysis shall be in accordance with ISO/IEC Guide 98-3. One such approach,
which relies on knowledge of the uncertainties inherent in the CRMs, the analysis and the gradient in the
calibration curve, is outlined in Annex H.

For cases where the uncertainties of component mole fractions (and therefore compliance with ISO 6974-2)
are not required, either GLS analysis with zero (or negligibly small) input uncertainties or ordinary least squares
(OLS) analysis may be used. However, even when the uncertainties of component mole fractions are not
required, it is recommended that GLS be used with defined input uncertainties whenever possible. This gives
the most reliable determination of component mole fractions.

6.5.5.3 Ordinary least squares analysis

For ordinary least squares analysis, only the input parameters xcert; and ycert; defined in 6.5.5.2 need to be
determined. If required, atmospheric pressure correction and/or bridging shall be performed as described in 6.5.5.2.

Software appropriate for performing OLS analysis is widely available.

6.5.6 Selecting the regression functions

Polynomial functions shall be used in regression analysis and the coefficients shall be determined by following
the procedure outlined in ISO 6143 (if using GLS) or using suitable software (if using OLS).

NOTE 1  This subclause applies to use of GLS to determine regression functions. For OLS methods, a statistical test,
for example a sequential F-test['0], can be used to determine the appropriate order of the polynomial function.

The order of polynomial for each component shall be chosen with the following assumptions in mind:

— the simplest function that gives an adequate fit to the data should be used to avoid describing the
instrumental response through an unnecessarily complicated function;

— the minimum number of calibration points recommended for the different types of functions considered are
three for a first-order function, five for a second order and seven for a third order;
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— curvature of the regression function can be described by a second- (and possibly third-) order term. If none
of these functions are suitable, it may indicate a problem with the method or equipment;

— the presence of a maximum or a minimum in the plot of calculated mole fractions versus response within
the working range indicates a problem.

Functions of second and higher orders should be used with caution. In general, the chromatographic detectors
used in natural gas analysis (TCD and FID) have linear response characteristics. Non-linear responses are
most commonly observed for methane (caused by detector overload due to the very large mole fraction) or for
other species near their limits of detection.

NOTE 2  The use of a single CRM for the primary calibration of the instrument will not enable the identification of the
correct form for the regression function. The use of this approach is therefore outside the scope of this part of ISO 6974.

A satisfactory fit is required for the ith component at each individual calibration point by using the following test
procedure. For each experimental calibration point (x; y;), an adjusted calibration point (x;,y,) is calculated, as

a by-product of the regression analysis used to determine the regression function. The coordinates x; and y,

of the adjusted calibration point are estimates of the true analyte content of, and the true response to, the
reference gas. By construction, the calculated response curve passes through the adjusted calibration points.
The selected response model is considered compatible with the calibration data set if the following conditions
are fulfilled for every calibration point (/ =1, 2, ..., n)):

‘fciJ —xl.J‘ < ku(xl.J) and

Vii ™ yi,l‘ < k”(yz;/)

NOTE 3 In almost all cases, this condition is equivalent to requiring that the calculated response curve pass through
every experimental “calibration rectangle”, [x,-‘, * ku(x,-‘, )1)’;’,] + ku(yl-’l )J , based on the expanded uncertainty U = ku. A
coverage factor of k = 2 is used for this test.

If the model validation test fails, one possibility is to examine other response models until a model is found that is
compatible with the calibration data set. Another possibility is to examine, and possibly revise, the calibration data.

To test effectively the compatibility of a prospective regression function, calculate the measure of goodness-of-
fit, I, defined as a maximum value of the following weighted differences between the coordinates of measured
and adjusted calibration points (/= 1, 2, ..., ny):

‘)Ei,l _xi,l‘/u(xi,l) and ‘j}i,l — Vil

/”(J’,}])

A function is admissible if "< 2.

If several functions are considered and found to be admissible, the function with the fewest parameters should
be chosen for use.

Each calculated response curve should be inspected visually. This visual inspection is necessary to reveal
“nonsense correlations”, which can occur without being detected by local examination of the curve fit to the
calibration points. Such nonsense correlations are liable to occur with polynomial response functions, which
can exhibit non-monotonic behaviour with excellent local fit. Another case of nonsense correlations can occur
if, by mistake, one of the calibration data uncertainties is very small. This calibration point is then erroneously
given a very high weight. Consequently, the response curve is forced through this point with little importance
given to the other calibration points.

6.6 Step 5 — Relative response factors
Where no components are measured indirectly, this step is omitted from the set-up of the analyser.

The relative response factors for groups of components which are measured indirectly are given in Annex D.
Where a group of components, for example Cg., are measured indirectly, extended analysis of a typical sample
shall be used to quantify the total amount of Ce.. and also the reference component, e.g. propane or n-butane.
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Subsequent comparison of the area of the reference component and the determined response of the group of
components allows the relative response factor to be calculated.

NOTE 1  The use of a relative response factor (which has an inherent uncertainty) increases the uncertainty of the
measured mole fraction.

NOTE 2  Using the relative response factor of the “normal” C,, isomer for the C,,+ fraction, where n indicates the number
of carbon atoms, can introduce significant systematic error.

6.7 Step 6 — Routine calibration/quality assurance check

6.7.1 General considerations

Routine calibration employs periodic injection of a working measurement standard (WMS) in order to either
correct the coefficients of the analysis functions (Type 1 analyses) or to update the coefficients b4 ; of the
assumed analysis functions (Type 2 analyses).

NOTE1  The WMS can be of a different composition to the CRM(s) used in Step 4 (see 6.5).

Quality assurance checking employs periodic injection of a WMS to determine the stability of the measuring
system over time according to the guidelines presented in Clause 7. Appropriate action shall be taken to
re-establish values for coefficients if the performance of the system fails to meet the established requirements.

For routine operation of Type 1 analyses, the coefficients of the analysis function (determined in Step 4; see
6.5) are subsequently corrected by applying a scaling factor. The scaling factor is the response to the WMS
obtained immediately after primary calibration, divided by its current value, as given in Equation (5):

’ Yo,iwms
b, =b,; =" ®)
Yiwms

Equation (5) describes a commonly-used approach for correcting the coefficients of an analysis function. Other
approaches for correction may be used, but only if the user can justify that they are more fit for purpose for
their instrument.

During Type 2 analyses, the analysis function of the analyser is assumed to be first order with zero intercept
(i.e. bo, b2 and b3 are zero) and this assumed analysis function is subsequently updated periodically by routine
calibration (i.e. analysis of the WMS). See Equation (6):

by = Xiwms ©)

L1
Yiwms

NOTE 2 b4, is the reciprocal of the “response factor”.

6.7.2 Frequency

The routine calibration or quality assurance interval depends mainly on the measurement system and the
measuring circumstances. It is therefore not possible to give a general value, but the interval should be
determined using either of the following procedures:

— Where no nominal routine calibration/quality assurance interval has been set, the system shall be calibrated
and then tested, without further calibration or adjustment, until such time as the performance of the system
fails to meet requirements. Once the interval to failure has been established, a period shorter than this
shall be selected as the routine calibration/quality assurance interval.

— Where a nominal routine calibration/quality assurance interval has been set, the system shall be calibrated
and then tested, without further calibration or adjustment, until the nominal routine calibration/quality
assurance interval has been exceeded. Provided the performance of the system has met requirements, the
nominal interval may be selected for use. If the performance of the system has failed to meet requirements
over the nominal routine calibration/quality assurance interval, then a shorter period, over which the
requirements were met, shall be selected as the routine calibration/quality assurance interval.
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In practice, the intervals between routine calibrations or quality assurance checks are likely to range from less
than one week to one year.

6.7.3 Procedure

6.7.3.1 General considerations

Carry out the required number of injections of samples of the WMS. If atmospheric pressure correction is
carried out, correct the mean responses by applying the pressure correction factor (see Annex F). Determine
the mean response of the analyser to each component.

6.7.3.2 Routine calibration

For Type 1 analyses, the coefficients of the analysis function for each component — obtained at primary
calibration — are corrected by multiplying them by the ratio of the current mean response to the WMS to the
mean obtained at primary calibration.

For Type 2 analyses, the coefficient of the assumed analysis function is updated.

6.7.3.3 Quality assurance checks

Carry out a quality assurance check using a recognized control chart procedure. Guidance on quality assurance
checks is given in Annex H.

6.8 Step 7 — Analysis of samples

The manner of carrying out the analysis of natural gas mixtures will depend on the way in which the mixture is
sampled and presented to the analyser.

Where the natural gas mixture is sampled into a cylinder and gas samples are then taken from the cylinder
and injected into the analyser, it is recommended that 10 analyses be carried out (see the comments on the
number of replicate analyses in 6.5.4). If the analyser is operated under statistical control, then it is permitted
to carry out fewer analyses, and estimates of the uncertainty evaluated from prior statistical data may be used.
Laboratory analysers are generally operated in this manner.

Where the natural gas sample presented to the analyser has been taken from a source where the composition
of the gas may change with time (for example from a natural-gas pipeline), or when the quantity of sample is
small, then it will not be possible to carry out repeat analyses of the gas sample. In this case, the analyser shall
be operated under statistical control and the standard deviation predetermined in order to be able to calculate
the uncertainties of the component mole fractions. Field analysers are generally operated in this way.

NOTE For this latter case (where repeat analyses are not possible), the two methods discussed in Step 8 (6.9) — the
mean normalization method and the run-by-run normalization method — converge. Equations (7) and (16) (which calculate
of the means of the mole fractions) then become identical. If calculating the uncertainty of mole fractions, Equations (5)
and (16) in ISO 6974-2:2012 also become identical.

It is recommended that the required standard deviation data be obtained from the primary calibration data.
However, as standard deviation is closely related to mole fraction, it can be acceptable to obtain the standard
deviation from repeated analyses of the WMS (used during statistical control purposes) provided the composition
of the WMS is close to that of the gas under analysis.
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6.9 Step 8 — Calculation of component mole fractions

6.9.1 General considerations

There are a number of possible methods for treating the y;; data that can be employed to generate mole
fractions. The two most common methods employed are given below.

a) Mean normalization: The repeat analyses for each component are averaged to form a series mean and
then normalized. Treatment of data using this method is described in 6.9.2.

b) Run-by-run normalization: Each repeat analysis is normalized independently; the average of these
normalized values is then calculated. Treatment of data using this method is described in 6.9.3 and leads
to the values of y; for each analysis.

NOTE Normalization makes use of pressure correction, i.e. the correction of mean responses to the sample for
variation in atmospheric pressure (see Annex F), unnecessary.

6.9.2 Calculation of component mole fractions using the mean normalization method

6.9.2.1 Single operation methods or multiple operation methods without bridging

Calculate the mean responses to n; injections of the sample using Equation (7):

l:n/

2 Vil
_ 1=t

y =t (7)

n;

6.9.2.2 Multiple operation methods with bridging

If a multiple operation method with bridging (see 5.2.2) is used, the response to the analyte contents is calculated,
for each appropriate component, as the response derived from the second or subsequent detector multiplied
by the ratio of the response obtained for the bridge component using the first detector to that obtained using
the second or subsequent detector, as given in Equation (8):

Yd1
d1,bc (8)

6.9.2.3 Calculation of raw mole fractions

Calculate the raw mole fractions from the mean responses and either the calibration function (Type 1 analyses)
or the assumed calibration function (Type 2 analyses), using Equation (9):

*  — 2 3
x; =bg;+b1;yi+by;y; +b3;y; 9)
The terms in the calibration function b,; are estimates of ZZ . For Type 2 analyses, terms in bg, b2 and b3 are zero.

If routine calibration is practised, then the latest corrected values of the coefficients of the analysis function
(Type 1 analyses) or the latest updated response factor (Type 2 analyses) shall be employed [see Step 6 (6.7)].
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6.9.2.4 Indirect components

For all single and multiple operation methods, calculate the raw mole fractions of the indirect components in
the sample using Equation (10):

* Yind,i *
Xind,i = K; % y—l X Xref (10)
ref

The relative response factors, K;, for flame ionization detectors (FIDs) and thermal conductivity detectors
(TCDs) are given in Annex D. The measurement of indirect components is valid only when the uncertainties
inherent in the relative response factors are evaluated correctly.

6.9.2.5 Normalization

Calculate the normalized mole fractions using Equation (11):

*

xi=(1—xoc)x?i (11)

where, for single operation methods or multiple operation methods without bridging:

or, for multiple operation methods with bridging:

bC1 b02 n;
i=1 i=bcq+1 i=bc,,+1

where m is the number of bridge components (bcq, bcy, ... bcy,).
6.9.3 Calculation of component mole fractions using the run-by-run normalization method

6.9.3.1 General considerations

The procedure for calculating the component mole fractions using the run-by-run normalization method is
described in 6.9.3.2 t0 6.9.3.6.

6.9.3.2 Multiple operation methods with bridging

If a multiple operation method with bridging (see 5.2.2) is used, the response to the analyte contents is calculated,
for each appropriate component, as the response derived from the second or subsequent detector multiplied
by the ratio of the response obtained for the bridge component using the first detector to that obtained using
the second or subsequent detector:

Yd1bc,/ (12)
Yd2bc,

Vil = Yd2,i1 X
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6.9.3.3 Calculation of raw mole fractions

Calculate the raw mole fractions for a series of injections of unknown sample, using either the calibration function
(Type 1 analyses) or the assumed calibration function (Type 2 analyses), in accordance with Equation (13):

* 2 3
Xy =bg;+by;yi;+by; (yi,l) +b3; (yi,l) (13)
The terms of the calibration function 5, ; are estimates of b, ;,. For Type 2 analyses, the terms bo, b2 and b3

are equal to zero.

If routine calibration is practised, then the latest corrected values of the coefficients of the analysis function
(Type 1 analyses) or the latest updated response factor (Type 2 analyses) shall be employed [see Step 6 (6.7)].

6.9.3.4 Indirect components

For all single and multiple operation methods, calculate the raw mole fractions of the indirect components in
the sample using Equation (14):

* Yind,i,/ *
Xind,iy = K; X Veet X Xyef,] (14)
ref,/

The relative response factors, K;, for FIDs and TCDs are given in Annex D. The measurement of indirect
components is only valid when the uncertainties inherent in the relative response factors are evaluated correctly.

6.9.3.5 Normalization

Calculate the normalized mole fractions using Equation (15):

Xil
xll—(1—xoc); (15)
T
where
nl- .
T, = in,l
i=1
for single operation methods or multiple operation methods without bridging, or
bC1 . b02 . n; .
Tl =2xi’l+ z xi’l +...+ Z xi’l
i=1 i=bcq+1 i=bc,,+1
for multiple operation methods with bridging for m bridge components (bc1, bcy, ... bcy,).
6.9.3.6 Calculation of the means of the mole fractions
Calculate the mean of the normalized mole fractions using Equation (16):
l=nl
Z il
X; = =1 (16)

ny

6.9.4 Non-linearity errors (Type 2 analyses)

In Type 2 analyses, non-linearity errors may arise because of a difference between the true and assumed
response of the analyser. Such non-linearity errors are dependent upon the composition of the WMS, the
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composition of the unknown sample and the form of the true response (i.e. the calibration function, as
determined by performance evaluation).

Non-linearity errors may be determined by analysing two or more CRMs of appropriately chosen composition
or by calculating, for a series of hypothetical compositions, the composition of the WMS and the calibration
function determined during performance evaluation.

Ideally, the analyser should be set up so as to ensure that the mean, é)‘_l of the distribution of non-linearity
errors S(x;) determined over the analytical range of the analyser is close to zero. In such circumstances, no

correction should be applied. If uncertainties in component mole fractions are required, the correction factor is
included as an additional term in the uncertainty budget; see ISO 6974-2:2012, Equations (3) and (14).

Non-linearity errors are corrected by determining the distribution of non-linearity errors for arange of hypothetical
compositions corresponding to the analytical range of the instrument. Calculate the mean non-linearity error
for the distribution and, if not close to zero, apply a correction factor as given by Equation (17) when using the
mean normalization method or Equation (18) when using the run-by-run normalization method:

* * —_

Xicorr = Xj -9;

(17)

* * —_—

Xilcorr = Xi] ~ d; (18)

The value of 5_1 will depend on the extent to which the true analysis function of the analyser deviates from the

assumed linear response with zero intercept, the analysis range of the instrument, and the composition chosen
for the WMS used in routine calibration.

NOTE ISO 6974-2 uses x; and x;, as generic symbols for raw mole fractions, irrespective of whether the mole
fraction has been corrected for non-linearity errors.

7 Control chart

Control charts should be used for determining whether the system is working satisfactorily. The use of control
charts is described in Annex H.

8 Test report
The test report shall include the following information:
a) identification of the sample, including
— time and date of sampling (if available),
— sample point (location) (if available), and
— identification number for the cylinder (or vessel) used for the sample;
b) information on the gas chromatographic method used, including
— areference to the appropriate part(s) of ISO 6974 or other documented methods, and
— any significant deviations from the referenced method;
c) analytical information, including
— result of the analysis, expressed as a mole fraction,

— for analyses where ISO 6974-2 has been used, the expanded uncertainty of the analytical value
(stating the coverage factor, i, used to expand the uncertainty; & will usually be 2),
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— date of the analysis, and

— information about any corrections made for contamination by air or other gases, if appropriate;
d) laboratory information, including

— date of issuance of the report,

— name and address of the laboratory, and

— signature of the authorized signatory.

NOTE The results of analysis carried out using ISO 6974 can be used in conjunction with additional information for
the certification of a CRM.
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Comparative application ranges and characteristics of analytical
methods described in ISO 6974-3 to ISO 6974-6

Table A.1 — Application ranges of analytical methods

described in ISO 6974-3 to ISO 6974-6

Mole fraction range
Components %
measured

1ISO 6974-3 1ISO 6974-4 ISO 6974-5 ISO 6974-62
Helium 0,01t0 0,5 — — 0,002 to 0,5
Hydrogen 0,01t0 0,5 — — 0,001 t0 0,5
Oxygen 0,11t00,5 — — 0,007 to 5
Nitrogen 0,1to0 40 0,001 to 15 0,1to 22 0,007 to 40
Carbon dioxide 0,110 30 0,001 to 10 0,05to 15 0,001 to 10
Methane 50 to 100 75 to 100 34 to 100 40 to 100
Ethane 0,1to 15 0,001 to 10 0,1 to 35 0,002 to 0,5
Propane 0,001to 5 0,001 to 3 0,05to0 10 0,001to 5
iso-Butane 0,000 1 to 2 0,001 to 1 0,01to 2 0,000 1to 1
n-Butane 0,000 1to 2 0,001 to 1 0,01 to 2 0,000 1to 1
neo-Pentane 0,000 1to 1 0,001 t0 0,5 0,005 to0 0,35 0,000 1t0 0,5
iso-Pentane 0,000 1to 1 0,001 to 0,5 0,005t0 0,35 0,0001t00,5
n-Pentane 0,000 1to 1 0,001 to 0,5 0,005 to 0,35 0,000 110 0,5
Hexanes+ — 0,001 t0 0,2 0,005 to 0,35 —
Total C6 0,00011t0 0,5 — — 0,00011t0 0,5
Total C7 0,000 110 0,5 — — 0,000 11to0 0,5
Total C8 0,000 1t0 0,5 — — 0,000 1t0 0,5
2 |SO 6974-6 also gives application ranges for carbon monoxide, ethyne, ethene, propene, cyclopentane, 2,2-dimethylbutane,
2,3-dimethylbutane, 2-methylpentane, 3-methylpentane, benzene, cyclohexane, methylcyclohexane, toluene and xylenes.
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Table A.2 — Chromatographic conditions of analytical methods
described in ISO 6974-3 to ISO 6974-6

Conditions ISO 6974-3 1ISO 6974-4 1ISO 6974-5 1ISO 6974-6
No. of columns 2 2 3 3
a) 35°Cto200°C a) 30°Cto120°C
at 15 °C/min at 12 °C/min
Column temperature Isothermal Isothermal
b) 30 °Cto 250 °C b) 35°Cto 240 °C
at 30 °C/min at 8 °C/min
a) Helium a) Argon
Carrier gas Helium Helium
b) Argon b) Nitrogen
a) TCD and FID a) TCD and FID
Detectors TCD TCD
b) TCD b) FID
Column switching No Yes Yes Yes
a) 44 min a) 43 min
Analysis time <20 min 4 min to 7 min
b) 24 min b) 40 min
Cycle time 60 min <20 min 4 min to 7 min 55 min
NOTE The indications (a) and (b) refer to distinct parts of the analytical method.
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Annex B
(informative)

Alternative approach to bridging and normalization

B.1 General considerations

This annex describes the procedure for calculating mole fractions and associated uncertainties for analyses
with the run-by-run or mean normalization method, using the generalized least squares (GLS) method or

Lagrange multipliers. Analysis of a gas sample results in the measured values le, as described by the
flowchart in Figure B.1. An overview of the data conversions is given in Figure B.2.
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Figure B.1 — Calculation of normalized mole fraction
using mean normalization or run-by-run normalization
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Figure B.2 — Overview of data conversion process

Subclauses 5.2.2, 5.2.3 and 5.5 describe, respectively, the procedure for converting x;f, to xf‘,, the case in

which x,-f, and le are identical, and the procedure for converting x:l to x;;. However, the methods described

in these subclauses can only be used under certain conditions; these are described in more detail in B.2.
Under different conditions, alternative calculation models can be used, for example GLS or Lagrange multipliers.

The text below describes three examples in detail: bridging, normalization, and bridging with normalization for
the run-by-run normalization method. For the mean normalization method, / can be considered equal to unity.
The matrix ¥, as described in B.2.6, then has only one row that contains an averaged mole fraction for the / runs.

Performing only bridging, as described below, can be derived from the most general case, i.e. where
Equation (B.1) applies:

n; =g (B.1)
Performing only normalization can be derived from the most general case where Equation (B.2) applies:
Ndu,be = bc =0 (B.2)

B.2 Bridging — Normalization

B.2.1 General considerations

The calculation of the mole fractions and their associated uncertainties can best be described using matrices.
The following matrices are defined:

— 2 the variance-covariance matrix of the input data (not necessarily of all raw mole fractions);
— B: a matrix that contains the constraints;

— A: an intermediate matrix that is constructed from 2 and B;

— D: an intermediate matrix;

— Y: a matrix that takes into account the raw mole fractions of all analyses;

— H: an intermediate matrix that is constructed from ¥, D and 2

— Z: a matrix that contains the results of the calculation (bridged, normalized, or bridged and normalized
mole fractions).

The method that can be applied is identical for all types of calculations, whether bridging, normalization, or
bridging and normalization, as well as for GLS or Lagrange multipliers. The differences are in the variance-
covariance matrix used in the calculations and the auxiliary matrix B that contains the constraints.

© 1S0O 2012 — All rights reserved 27



ISO 6974-1:2012(E)

B.2.2 Construction of 2

Matrix X' is the variance-covariance matrix of the relevant components of the analysis. Three different cases
can be distinguished: bridging [Equation (B.3)], normalization [Equation (B.4)], and bridging and normalization
[Equation (B.5)].

Xy 0
Zy = (n4ypc rows and columns) (B.3)
0 2 e
u¥(xqp) e u(xqpxy )
Zoorm = : : (n; rows and columns) (B.4)
u¥(x, 1 xqg) o u(xy )
w?(xf e u¥(xf,xt
( 1’1) ( L ”i+”du,bc_"bc'l)
Zpr&norm = : : (n; + 14y pc — Mpe rOWS and columns)
2(.+ x+ ) 2( +
ni+ngy be —Mocl’ 1 ni+ngy,be ~Moc !
(B.5)
where the matrices 2; are of the form given in Equation (B.6):
w?(xf ceu? xfxt
( 1 ) L du(be; )
X = : : [7du(bc,) rows and columns] (B.6)
u?| x* Xyl w?xt
ndu(be; )l ¥ du(be; )4

Matrices X can be of the following forms:

a) diagonal,

b) unitary;

c) blocks of unitary matrices on the diagonal, and zeroes elsewhere;
d) other (any other matrix).

When X' is a diagonal matrix [form a)], the GLS method can be simplified to the Lagrange multiplier method.
When there are blocks of unitary matrices on the diagonal and zeroes elsewhere [form c)], the GLS method
simplifies to the method described in the main body of this part of ISO 6974.

B.2.3 Construction of B

B, 0

By, = (ngubc —Mpc TOWS, ngy pe columns) (B.7)
0 B,

Boom =[1 -+ 1] (1 row, n; columns) (B.8)
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By o

Bbr&norm = |:B :| (ndu‘bc —Hpe +1r0WS, n; +ndu,bc — Hpe COlUmnS) (Bg)

norm,1

The matrices B; are of the form shown in Equation (B.10):

110 -0
0
B, =: = T 0 [7du(oe,) —1rOWS, ngypc,) columns] (B.10)
1.0 - 0 -1

The matrix Bpr,o is similar to Bpr but columns of zeroes are added for the non-bridge components. Matrix Bnorm 1
[see Equation (B.11)] has a “1” for each non-bridge component and for each first occurrence of a bridge
component, and “0” elsewhere:

Boom1=[1 10 - 10 1]  (1rowand ng,pccolumns) (B.11)

B.2.4 Construction of 4

Matrix 4 is constructed from 2 and B as shown in Equation (B.12):

-1 T
a=|*+> B (B.12)
B 0

Matrix 4 is a square matrix of the following sizes:

—  2ng, pe — N (for bridging);

— n; +1(for normalization);

— ;4 2ng, pe — 2np +1(for bridging and normalization).
B.2.5 Construction of D

Matrix D is defined as given in Equations (B.13) to (B.15):

0 --- 0
Dy, =|: : (ndupc —Mpe FOWS, [ columns) (B.13)
0 --- 0
Dyorm =[1 - 1] (1 row, / columns) (B.14)
0o -0
Dy rsnomm = O 0 (Mgube — Mpe +1rows, I columns) (B.15)
1 .. 1

B.2.6 Constructionof Y

Matrix ¥ is defined to take into account the starting mole fractions, as given in Equations (B.16) to (B.18):

XA Xy po!
Yo =| ¢ : (I rows, ngy pe columns) (B.16)
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X144 T
Yrorm = (I rows, n; columns)
X1 Xn;l
1o x”’i‘"”du,bc‘"bcr1
Yorgnorm =| : (I rows, n; +ngy pe — Mpe COlUMNS)
M Ynjtngy e ool

B.2.7 Construction of &/

An additional matrix H is defined as given in Equation (B.19):
II:{Z2)4YT}
D

Matrix H has [ columns. The number of rows is as follows:
— 2ndu,bc —nyp (for bridging);
— n; +1 (for normalization);

—  n;+2ng, pe —2npe +1 (for bridging and normalization).

B.2.8 Construction of Z

(B.17)

(B.18)

(B.19)

The matrix Z contains the solution (bridged, normalized, or bridged and normalized mole fractions) and can be

calculated from Equation (B.20):

AZ-H =0 (B.20)
Solving Equation (B.20) to Z gives Equation (B.21):
Z=A4"H (B.21)
Matrix Z is thus defined as given in Equations (B.22) to (B.24):
x1,1 xndu,bc:1
Zy =| : (2ng4y pe = Mpc FoWs, I columns) (B.22)
X Xngyped
x1’1 e xni‘1
Zoom =| : : (n; +1rows, [ columns) (B.23)
X X,
L x”i*’"du,bc‘"’bo1
Zygnorm =| : (n; +2ngy pe — 2npe +1rows, [ columns) (B.24)
My x”i+”du,bc_”bC7l
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B.3 Uncertainty calculation

Solving Equation (B.21) (Z = A_1H) requires the calculation of 41 and results in Z. The rows of matrix Z
contain the bridged, normalized, or bridged and normalized mole fractions. The first x elements on the diagonal
of A1 are the uncertainties of these mole fractions where x is equal to:

—  ngypc (for bridging);
— n; (for normalization);

—  n;+ngype —Mpe (for bridging and normalization).
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Annex C
(informative)

Methane-by-difference approach

C.1 General considerations

While normalization is the state-of-the-art approach to processing raw mole fractions, the methane-by-
difference (or “completion”) approach also exists. In this approach to processing the raw mole fractions, all
components of the gas are measured apart from methane, which is the major component.

If the methane-by-difference approach is used, calculation of the methane content is achieved by subtracting
the sum of the raw mole fractions of all other components from unity. This approach requires either

— the use of pressure correction (see Annex F) to allow the measurement results to be corrected to the same
atmospheric conditions at which calibration took place (pressure correction requires the atmospheric
pressure to be monitored at the time of injection of each sample), or

— calibration of the analyser immediately prior to, or after, the analysis for each component.

Calibrations may use multi-component mixtures covering all the components and/or binary mixtures (in a
methane matrix) for each individual component. The advantage of the latter approach is that the influence
of instrumental effect is minimized, meaning that all components are measured independently and are
uncorrelated. However, the use of binary mixtures is only advised during stable atmospheric conditions or
when pressure correction is used.

C.2 Calculation of processed component mole fractions

In the methane-by-difference approach, all components with the exception of methane are measured. Use of
the methane-by-difference approach is applicable when

— analysis is carried out on a component-by-component basis (i.e. not all the components are measured
from the same injection into the analysis system), and

— multi-component standards containing the large mole fraction quantities of methane required are not available.

The methane-by-difference mole fractions are calculated using Equations (C.1) and (C.2):

*

X;=x; when i # 1 (methane) (C.1)
and
n
xp=1-xgc — in for methane (C.2)
i=2
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Annex D

Relative response factors

D.1 Relative response factors for flame ionization detectors (FIDs)

ISO 6974-1:2012(E)

For an FID, the relative response factors are calculated as the ratio of the carbon number of the reference
component to the carbon number of the sample component. Values for FID response factors for reference
components propane and n-butanel!!l are given in Table D.1.

Table D.1 — Relative response factors

Component Response factor relative to

propane n-butane
Propane 1,000 1,333
(Mef[h?/rp:?;sane) 0,750 1,000
'ZB'?J‘t‘;i';‘; 0,750 1,000
Pentanes 0,600 0,800
Hexanes 0,500 0,667
Heptanes 0,429 0,571
Octanes 0,375 0,500
Benzene 0,500 0,667
Cyclohexane 0,500 0,667
Methylcyclohexane 0,429 0,571
Toluene 0,429 0,571

Response factors other than those listed in Table D.1 may be used, but only with prior justification.

D.2 Relative response factors for thermal conductivity detectors (TCDs)

For a TCD, relative response factors do not follow a simple relationship with component carbon number or
relative molar mass, and they can vary between instruments, particularly those with different configurations.
For a particular application, they can be determined using appropriate CRMs. If these are not available, they
can be determined by analysing a sample gas using an FID, as in D.1, and then again using the TCD. The
composition can be calculated from the FID analysis and then used to calculate the TCD relative response
factors. Some experimental data are given in Table D.2.

© 1SO 2012 — All rights reserved
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Table D.2 — Experimental response factor data

Component

Response factor
(relative to propane)

neo-Pentane

(2,2-Dimethylpropane) 0,75
(2- l\;l-eFIE;Itt?Steane) 0,73
Pentang
THoxone) 0,64

Response factors other than those listed in Table D.2 may be used, but only with prior justification.

34
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Annex E
(informative)

Testing for outliers

In any set of data, individual results can be found that are not consistent with the other members of that set. These
are regarded as outliers or stragglers, and, under the correct circumstances, are eliminated from the data set.

The data is first inspected to identify problems such as transcription errors. The order in which tests are carried
out is also relevant, since rogue results can arise in cases where the previous test gas has not been fully
purged from the system before the first results from a new test gas are recorded.

Statistical tests (e.g. Grubbs’ tests; see the Note below for further information) are then be applied. It is intended
that these be used with care and with full understanding of the context within which the measurements were
made. Removal of an apparent outlier from a set can result in a revised standard deviation for that set which
is obviously much smaller than those of neighbouring sets produced using similar gases during the same test
period. In such a case, the apparent outlier is visible within the set, but the set containing it is not inconsistent
with its neighbouring sets. An experienced user with detailed knowledge of the application may deem it sensible
to ignore the statistical result, and leave the value in.

A difficulty encountered when testing for outliers is that an outlier test that works well with a set containing
one rogue result can fail if two or more are present. Furthermore, for two outliers, the test needs to be applied
differently when one outlier is low and one high compared to when either both outliers are low or both outliers
are high. Careful inspection of the data and knowledge of how the data sets have been derived is therefore
very important.

NOTE More detailed information on statistical outlier tests can be found in 1ISO 5725-1[12] |SO 5725-2[13] and
ISO 5479[14],
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Annex F
(normative)

Pressure correction during calibration and sample analysis

F.1 General considerations

In natural gas analysis, it is common to equilibrate the sample-loop pressure to the atmospheric pressure prior
to injecting the contents of the sample loop into the column(s). This is usually achieved by stopping the sample
or calibration gas flow through the sample loop shortly before injection. As the volume and temperature of the
sample loop can be assumed to be constant, the amount of substance present in the sample loop is dependent
on the sample loop pressure. The detectors used for natural gas analyses (TCDs and FIDs) are, however,
independent of atmospheric pressure.

The correction of the detector signal, obtained at a sample loop pressure during injection (pinj), to a reference
pressure (pref) is simply the quotient of both pressures, i.e. pinj/pret. FOr convenience, pref is often chosen to
be 101,325 kPa.

If the sample or calibration gas flow is not stopped before injection, then the pressure at injection will be slightly
higher than atmospheric, and so the correction will be an approximation, ignoring the excess pressure above
atmospheric. In this case, flows should be kept constant so that the excess pressure remains constant.

F.2 Normalization

The procedure described above is straightforward in gas chromatography for gas analysis. The numerical result
of this procedure is, in many cases, very similar to the normalization procedure: correction of the individual
mole fractions such that the sum of the mole fractions equals unity. Since there are other, usually smaller,
effects that alter sample size, it is still necessary to carry out normalization after pressure correction.

F.3 Calibration

During calibration, the relationship between response and mole fraction is determined by analysing CRMs.
For a correct calibration and the calculation of coefficients, it is necessary that the analytical responses at
different mole fraction levels be comparable with each other. Because a calibration procedure can take more
than several minutes and, in the case of multi-level calibration with multiple reference gas analyses, sometimes
several hours, the atmospheric pressure may vary significantly. It is therefore very important that a pressure
correction be applied.

For each set of raw data, the atmospheric pressure at time of injection, pin;j, is measured. All raw responses are
then adjusted to standard pressure by multiplying by pref/pin;.
F.4 Sample analysis

Pressure measurement can also recognize and adjust differences in sample (i.e. atmospheric) pressure
between sample analysis and calibration, again by multiplying either the response or the calculated quantity by
Pref/pinj- This will result in a sum of raw mole fractions that is much closer to unity that the sum before pressure
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correction. However, normalization is still required where the normalized mole fraction, x;, is derived from the
raw mole fraction, x*;, in accordance with Equation (F.1):

Xj X Pref
p. .
x,=— (F.1)
Xj X Pref
Pinj
The reference pressure, pinj, is therefore eliminated from the equation.

F.5 Procedure for uncertainty of pressure correction

This clause applies only if this part of ISO 6974 is used in order to calculate uncertainties of component mole
fractions in accordance with ISO 6974-2.

If the injection of the contents of the sample loop into the column is carried out at atmospheric pressure and
the required calibration period means that pressure variations are likely, the atmospheric pressure shall be
measured. This measurement is not free from error, so it is important that its uncertainty be accounted for
correctly. (The selected reference pressure has no uncertainty contribution.)
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Annex G
(informative)

Software suitable for generalized least squares regression analysis

G.1 General considerations

The three software programs described below are suitable for carrying out the generalized least squares
(GLS) analysis described in this part of ISO 6974 and in ISO 6143. Other software packages are commercially
available and can be used to carry out GLS analysis, but they will need to be validated by the user.

G.2 XLGENLINE

XLGENLINE is an MS-Excel-based program originally developed for use at the UK National Physical Laboratory
(NPL). The program performs a GLS (or OLS) fitting routine and automatically outputs the “unknown” value(s),
associated uncertainty, fitted data, goodness-of-fit value and residual deviations. A graphical representation of
the fit and the residual deviations is also produced.

The program was validated as follows:

— testing a large set of both artificial and real data sets;

— comparison with B_LEAST (see G.3) and the previous Matlab version of the program (“XGENLINE”);
— testing by technical, mathematical and computing experts at NPL.

Copies of XLGENLINE are available for free download from the NPL website (www.npl.co.uk/content/conForm/28).

G.3 B_LEAST

B_LEAST is an MS-DOS-based program originally developed for use with ISO 6143 by Germany’s Federal
Institute for Materials Research and Testing (BAM). The program (written in Power BASIC and compiled into
an executable file) performs a GLS fit routine and outputs similar data to XGENLINE. It also allows the fitted
function to be plotted in graphical form.

The program was validated as follows:

— testing a large set of both artificial and real data sets;

— comparing with results of Monte Carlo simulations;

— comparing results to those of similar calculations reported in scientific publications;
— testing by experts of ISO Technical Committee ISO/TC 158, Analysis of gases.

Copies of B_LEAST are available through DIN (Deutsches Institut flir Normung), the German standardization body.

G.4 GasTools

GasTools is an Add-In for MS-Excel (written in VBA). It has a range of numerical calculations — including GLS
and OLS fitting, and Monte Carlo simulation.

The program was validated by:

— testing a set of both artificial and real data sets;
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— comparing results to those of similar calculations reported in scientific publications;
— comparing results to those from XLGENLINE and B_LEAST;
— testing by experts of ISO Technical Committee ISO/TC 193, Natural gas.

Copies of GasTools are available from GL Industrial Services UK Ltd (contact gasvle@gl-group.com).

G.5 Disclaimer

Although provision of the above programs (and associated test files) is made in good faith, there is no implied
warranty for their use in contractual or other commercial application, and no guarantee that they are all error-
free. However, they have undergone testing and contain no known errors at the time of publication.
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Annex H
(informative)

Use of control charts

Control charts can be used to determine whether a chromatographic system is working satisfactorily. Suitable
system parameters to monitor are the component retention times (RT) and relative response factors (RRF).
The procedure consists of periodically, e.g. daily, injecting a constant composition gas mixture and carrying
out a number (n) of consecutive injections — typically five. The mean and standard deviation of the parameters
are recorded and compared to the control chart quality lines. The chart shows time versus parameter value
and contains five lines: the average (target value), the upper and lower warning lines, and the upper and
lower action lines. If the parameters are between the warning lines, then the system is working satisfactorily
(although if the parameters are persistently to one side of the average line this may merit further investigation).
Between the warning lines and the action lines, no action is taken initially — only if the system does not return
to satisfactory behaviour. Outside the action lines, action is taken as soon as possible to correct the system.

In order to create the control chart (known as a Shewhart chartl9]), it is necessary to collect system data for
a period during which the system is considered to be operating satisfactorily, e.g. daily for one month. Thus,
data for w periods with »; injections are collected. The parameters (RT or RRF) of all components are recorded
for injection / for period ¢, P;.. (=1 ... nj, e=1 ... ). The mean and standard deviation for each period are
calculated as given in Equations (H.1) and (H.2):

1 I=n;
He :_ZPI,E (H.1)
"=
2 1 il 2
=— P, - H.2
Se (”l _1) 1221,( Le :us) (H.2)

The means and standard deviations of these values over the periods are used to establish the target value and
control lines as given in Equations (H.3) and (H.4):

Ho =5§1ug (H.3)
1 & 2
sftz(w_,l);(.u&‘_:uo) (H4)

Typically, warning lines are at u, i2su and action lines at J_r3s# .

In practice, chromatographic systems can demonstrate excellent repeatability which results in a very narrow
zone between action lines, so wider limits than given above can be more appropriate. These limits would need
to be established over a longer period of time.
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