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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
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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

This
with
oper|

This
fract
withg
accu

ses where only component mole fractions are required, it is intended that this part of ISO 697
jlinction with a gas chromatographic method of analysis, e.g. ISO 6974-3 or subsequent parts
ses where component mole fractions and associated uncertainti€s are required, it is intended
O 6974 be used in conjunction with ISO 6974-2, in addition tofa gas chromatographic method

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

Mmain components or groups of components to be analysed using direct measurem
Mmeasured components),

components or groups of components'to be analysed using indirect measurement, by re
Hifferent reference component in thejcalibration gas mixture (indirectly measured component

Components that are not measured and whose mole fraction can be assumed to be constant
hot measured).

part of ISO 6974 provides for the use of three types of method: single operation, multip
bridging and multiple-operation without bridging. The last of these methods is a special cas|
btion method.

part of IS@,6974 describes the conventional normalization approach for calculating prog
ons froni\sraw mole fractions (see 5.5). When conventional normalization is used for multipl
ut bridging methods, the uncertainties of the calculated mole fractions will be conservativ
raté\assessment of uncertainty is required, an alternative approach for normalization, using thq

ction.

ods. These
f 1ISO 6974,
6974-3 and

4 be used in
of ISO 6974.
that this part
of analysis.

the structure
the working
components

ent (directly

ference to a
s), or

[components

le operation
e of a single

essed mole
e operations
e. If a more
generalized

least

squares (GLS) method, can be used; this is described in Annex B, which is intended to b4

b 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]).
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Natural gas — Determination of composition and associated
uncertainty by gas chromatography —

Part 1:

Ge

neral guidelines and calculation of composition

1 3

This
data
both
the &
ther
The
singl

2

The
refer

ISO/

Bcope

part of ISO 6974 gives methods for calculating component mole fractions of natural gas and
processing requirements for determining component mole fractions. This patt\of ISO 6974
single and multiple operation methods and either multi-point calibration orf@performance ¢
nalyser followed by single-point calibration. This part of ISO 6974 gives procedures for the d
Aw and processed (e.g. normalized) mole fractions, and their associateduncertainties, for all

e analyses of a natural gas sample.

Normative references

following referenced documents are indispensablefor the application of this documen

EC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of u

specifies the
provides for
bvaluation of
alculation of
omponents.

brocedures given in this part of ISO 6974 are applicable to the handling of data obtained fronp replicate or

. For dated

ences, only the edition cited applies. For undated references, the latest edition of the referenc¢d document
(inclyiding any amendments) applies.

ncertainty in

nposition of

ight

meagurement (GUM:1995)

ISO|6143, Gas analysis — Comparison methods for determining and checking the con
caligration 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.

31

response

Y

outpptisignal of the measuring system for a component that is measured as peak area or peak hq
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.

© 1SO 2012 — All rights reserved
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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

of the reference component and the carbon number of the sample component (see D.1).

NOTE2 R

3.4

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

Relative response factors for flame ionization detectors are calculated as the ratio between the carbon number

other comdonents

components
be regarded

3.5

group of cdmponents

components
excessive tir

NOTE T
such as integ

3.6
uncertainty
parameter, 4

could reasoably be attributed to the measurand

NOTE 1 T
interval havin

NOTE 2 U
evaluated frorf
standard devi

assumed probability distributions based on experienee or other information.

NOTE 3 t
all componen

corrections and reference standards, centribute to the dispersion.

[ISO/IEC Gu
3.7

standard uncertainty

uncertainty

[ISO/IEC Gu

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

with mole fractions so low that their measurement as individuals would ‘be difficult or re
he, and which are therefore measured as a group

nis can be achieved by particular chromatographic techniques, such as backflushing, or by data han

ating a succession of components as if they were a single component.

(of measurement)
ssociated with the result of a measurement, that characterizes the dispersion of the valueg

ne parameter may be, for example, a standard deviation (or a given multiple of it), or the half-width
) a stated level of confidence.
hcertainty of measurement comprises, in genieral, many components. Some of these components m

N the statistical distribution of the results of series of measurements and can be characterized by experini
ptions. The other components, which also Can be characterized by standard deviations, are evaluated|

is understood that the result of-the'measurement is the best estimate of the value of the measurand, an
Es of uncertainty, including thase arising from the systematic effects, such as components associateq

ide 98-3:2008, 2.2:8]}

bf the resulf’ of a measurement expressed as a standard deviation

ide’98-3:2008, 2.3.1]

can

Huire

dling,

that

of an

By be
ental
from

i that
with

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 qua

[ISO/IEC Gu

ntities

ide 98-3:2008, 2.3.4]
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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)¢], Paragfaph 5.

[ISO[IEC Guide 98-3:2008, 2.3.5]

reference gas mixture, characterized by a metrologically valid procedure for one 6r more specifiefl properties,
accdmpanied by a certificate that provides the value of the specified propetty,-its associated uncgrtainty, and
a stgtement of metrological traceability

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

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

NOTE 3  Metrologically valid procedures for the production-and certification of reference materials (sugh as certified
refergnce gas mixtures) are given in, among others, 1ISO Guide 344! and 1ISO Guide 35[3I.

NOTE 4  1SO Guide 31[®] gives guidance on the gontents of certificates.

measgurement standard that is used-routinely to calibrate or verify measuring instruments or measufing systems
[ISOJIEC Guide 99:2007(6], 57%]

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

312
dire¢t measurement
measurement*by which individual components and/or groups of components are determined by|comparison
with jdentical 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


https://standardsiso.com/api/?name=24df8617b135758e23b3cd85b73607c1

ISO 6974-1

NOTE 2

NOTE3 R

:2012(E)

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.

n h\rms nf H—\r\ dicnarcion chaorantarictioc AFf H-.n resy I+o

[ISO/IEC Gy

315
working rat
restricted m

3.16

raw mole fr
x*

mole fraction

NOTE T
by difference

3147
processed
mole fractior

NOTE T
by difference
318

bridge component

component
analytical op

NOTE T

319

convention
normalizatio|
adjustment t

NOTE A

r\r\r\f‘ﬂlﬂ | {» N PAEN xoraaacad-ou r\nl‘ +r\+ r\l
pea Ty pre

rba
]vvvl\ uvvuquu e OTropeTroro Craratterotco O

ide 98-3:2008, B.2.15]

ge
ble fraction range specified for the methods described in ISO 6974

action

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

ne process of correcting the sum of mole fractions to unity is normalization or, less commonly, mef

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

he process of correcting the sum of mole fractions to unity is normalization or, less commonly, mef

selected to allow the combination (“bridging”) of results for components measured by diff
erations

he different operations niay be two or more sample injections and/or two or more detectors.

Al normalization

unity

hane

unity

hane

brent

h whereby thelsum of raw mole fractions are corrected to unity by applying the same proportjonal

p all measured components.

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 m
NOTE

3.21
run-by-run

ean values are then normalized

Treatment of data using this method is described in 6.9.2.

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.

© 1SO 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 referencescomponent
Npe total number of bridge components
fpe
ndubh total number of duplicate measurements.of all bridge components ( ‘ [”du(bci) —1])
(see Annex B) -
ndu(.]) total number of duplicate measdrements (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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v 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 independgnt 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)

i gas standard/mixture

/ injection

norm normalization

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

ocC 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


https://standardsiso.com/api/?name=24df8617b135758e23b3cd85b73607c1

ISO 6974-1:2012(E)

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 sipgle operation methods, all measured species are determined using a single sample injection
detegtor. A special case of a single operation method is a multiple operation{method without
desgribed in 5.2.3.

and a single
bridging, as

5.2.2 Multiple operation methods with bridging

Mult
dete

ple operation methods are based on the use of different systems (e.g. more than one injgction and/or

ctor) to determine groups of components.

An important characteristic that distinguishes multiple operation methods with bridging from sing
methods is the fact that sample size and/or detector sensitivity may vary between groups of com
multiple operation methods with bridging, the results oficomponents in different groups are brough
use ¢f a component that is measured on each injection/detector system (a “bridge” component). Th

le operation
bonents. For
t together by
e ratio of the

bridg
adju
with

e component responses is measured with every analysis, and the response values from ong
sted to force the ratio to be equal to that found at the time of calibration. In this way, changes
ime are constrained to be uniform between the groups, and normalization can be applied in tf]

e system are
in response
e same way

as in| the single operation method.

A cd
char

mponent selected to act as_a\bridge between different parts of the analysis shall have the following
pcteristics:

t is measured with good precision in each part of the analysis; the less precise of the two mgasurements
controls how well thé-bridging is achieved.

t is measured{wijthout potential interference from other components, either expected or|adventitious

e.g. oxygen from air), in each part of the analysis.

ts response in each part of the analysis over the expected working range is close tp first order

hrough-the origin.

Annéx B describes an alternative approach for bridging using Lagrange multipliers. This apprdach 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.

© 1SO 2012 — All rights reserved
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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 3

A Type 2 analysis assumes a response function, and subsequent sample analysis is carried out against ro

calibrations
analyses ca
evaluation ¢

5.4 Direc

A directly m
such that it i

An indirectly
CRM and is
determined
and by apply
(which has 3

5.5 Normialization

Normalizatig
the same pr

gas where the dominant uncertainties are highly correlated for all components, because they are the res

effects that i

For a mixtur|
i is calculate

nalysed against this calibration. Type 1 analyses do not involve non-linearity errors (see 6-9.

Ising a single WMS. Because the assumed response function can differ from the true one, Ty
h have non-linearity errors, which shall be evaluated by means of a multi-point perform
brried out in accordance with ISO 10723 (see 6.9.4).

tly and indirectly measured components

pbasured component is one that is measured and is present as a certified component in the
5 quantified directly from the calibration data for that component!

measured component is one that is measured but is not present as a certified component i
quantified indirectly using a relative response factor. Thexmole fraction of these componer
by comparing the peak area of the indirectly measured.component to that of a certified compd
ing an appropriate relative response factor (see Annex D). The use of a relative response f;
n inherent uncertainty) increases the uncertainty.of the measured mole fraction.

n is an approach to processing the raw-mole fractions that corrects the sum to unity by app
pportional adjustment to all measgred components. It is best suited to measurements of na

hfluence all components (such:as variations in ambient air pressure and detector drift).

e with n; components, excluding “other components”, the normalized mole fraction of compd
d using Equation (1);

).

utine
pe 2
ance

CRM

n the
ts is
nent
actor

lying
tural
ult of

nent

*

Xi

X

= —x(1—xoc) (1)

n
L *

X
1
=

NOTE

n AnnexB 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.
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The complete procedure for determining the mole fraction (and related uncertainty; see 1SO 6974-2) of each
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]

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

A\ 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

Step4  [ISO 6974-1:2012, 6.5]

Type 1 or Type 2
analysis?

Type A

‘v

Type 2

v

Primary calibration
Determiheranalysis function:

(a)("Selection of reference gases
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Figure 1 — Procedure for determining mole fraction
(and uncertainty in accordance with ISO 6974-2) — Steps 1to 5
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Step 8: Calculation‘oficomponent mole fractions
[1S©,6974-1:2012, 6.9]

Are uncertainties of
component mole
fractions required?
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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
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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 cgmposition of
the das 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;

— fhe maximum of the working range is no lower than the highest expected mgle-fraction.

6.2.4 The mole fractions of other components that are not analysed may-bé&estimated from histgrical data or
extended analyses.

6.3 [ Step 2 — Defining the requirements of the analyticalmethod
Outline the requirements of the analytical method by defining-the following aspects:

— pomponents to be measured directly and (where requited) the uncertainties, either on individualicomponents
br by mole fraction ranges;

— Ffomponents to be measured indirectly and ‘(where required) the uncertainties, either gn individual
Components or by mole fraction ranges;

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

— Ihether to use bridge companents for multiple operation methods [and, if so, selecting which cpmponent(s)
are to be used as bridge cemponents];

— Whether to carry out backflush or not; and
— Bny interferingycomponents.

NOTE Typical uncertainties of the analysis result for various configurations of laboratory and on-lihe measuring
systems cansberfound 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 ¢

6.5.1 Ge

For Type 1
the coefficie
is determing
function are

ForType2a
intercept (i.e

by analysis ¢f the WMS [see Step 6 (6.7)]. The assumption of a first-ordersesponse with zero intercept fg

analysis fun
their magnit
mole fractio
linearity errg

6.5.2 Freq
Primary cali

immedi

immedi
valve, ¢

atintervi

6.5.3 Sele

nJ
nalyses, determination of response characteristics takes the form of a primary calibration in W

|

immediately following return to.operation after failure to pass a QA check of the system [see Step 6 (

ral considerations

hts b ; of the analysis function are determined for each component. Because thie analysis fun
d explicitly, no non-linearity errors arise. For routine operation, the coeffigients of the anz
subsequently corrected by multiplying by a scaling factor [see Step 6 (6.7)}

halyses, determination of the analysis function of the analyser is assumed to be first order with g
. bo, b2 and b3 are zero), and this assumed analysis function is subsequently updated period

Ction can lead to non-linearity errors, and the purpose of the performance evaluation is to esti
ide in order to assess fitness for purpose and, if requiredy:to enable the correction of calcu
Ns (see 6.9.4). If the uncertainty of mole fractions is Calculated using 1ISO 6974-2, these
rs may be included in the uncertainty budget.

Liency
bration or performance evaluation shouldbe carried out in the following situations:
tely following initial installation of thé.system by the supplier;

tely following return to operation.after replacement of a major part of the system, e.g. inje
blumn or detector;

als that have been demonstrated to be appropriate for the application, e.g. no longer than 12 mo|

tting reference-gases

An appropri

upon the hisfory,apd-knowledge of the GC system in question:

where

te number'of CRMs shall be selected in order to define the regression functions. This dep

hich
ction
lysis

zero
cally
r the
mate
ated
non-

ction

b5.7)];

hths.

ends

primary calibration has been carried out, or the response polynomials have not been establi

shed

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—Measturing referencegases

Anallyse each of the CRMs. It is recommended that a minimum of 10 analyses be performed for'each reference
gas po as to ensure that the mean response data and their standard uncertainties are determined with a
prec|sion that is fit for purpose.

NOTE The uncertainties referred to in this subclause are not used in this part of ISO 6974, but gre required if
ISO §974-2 is to be used to determine uncertainties of mole fractions.

Depg¢nding on the number of repeated measurements, the “uncertainty of‘fhe uncertainty” of a

(i.e.
10 m
sma

Taby

inspgcted for outliers by using a suitable outlier test (see Annex E). If outliers are found, the da

inves

6.5.5

6.5.9.1

It is
whic

he relative standard deviation of the standard deviation of a meapnivalue) can be surprisin
easurements it is 24 % (see ISO/IEC Guide 98-3:2008, E.4.3). dVis therefore not recommen
er number of repeated measurements when determining the.§tandard deviation of a mean vj

late the individual responses to each component in each: standard for each replicate. The

tigated; outliers should be rejected only if there are.sound technical reasons for doing so.
Regression analysis

Introduction to regression analysis

strongly recommended that genéralized least squares (GLS) analysis be undertaken. G
h complies with ISO 6143, requires that the uncertainties of the input data be determined 4

mean value
gly large: for
Hed to use a
Alue.

Hata may be
a should be

| S analysis,
nd performs

regrgssion weighted to these uncertainties. The value of each component mole fraction is calcylated, along

with
unce

For ¢
are 1
(OLS
requ
the n

its uncertainty. GLS shall-therefore be used if ISO 6974-2 will subsequently be used to d
rtainty of mole fractions,

ases where the unceftainties of component mole fractions (and therefore compliance with
ot required, either<GLS analysis with zero (or negligibly small) input uncertainties or ordinary |
) analysis may-be used. However, even when the uncertainties of component mole fract
red, it is recommended that GLS be used with defined input uncertainties whenever possibl
host reliable determination of component mole fractions.

6.5.q.2 Generalized least squares analysis

btermine the

ISO 6974-2)
bast squares
ons are not
b. This gives

The analysis function (primary calibration) is given in Equation (2):

X

* 2 3
i =bo +b1y; +boy;” +b3y;

The calibration function (performance evaluation) is given in Equation (3):

_ 2 3
Yi=ag taiXeert,; t d2Xcert,i 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;

© 1SO 2012 — All rights reserved
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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, ¥ cert,;;

the standard uncertainties of the mean responses, u( ¥ cert,;), 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
is calculateq
subsequent

operation method with bridging (see 5.2.2) is used, the mean response to the analyte con
, for each appropriate component, as the mean of the responses derived from the (secor
detector, multiplied by the ratio of the response obtained for the bridge component with the

tents
d or
first

detector to that obtained with the second or subsequent detector, as given in Equation (4):

% Yd1ibc
Yd2bc

Vi= Vddi (4)

ne standard uncertainties of the mean responses derived using Equatien (4) are calculated ap the

pr of the mean of the derived data set.

If required, t
standard err]
ribed
lysis

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

imber of specific circumstances, the acceptable Igvels of uncertainty may be relatively larde. In
. the uncertainty of raw components may be evaluated using an OLS method. The uncertginty
the regression analysis shall be in accordanée with ISO/IEC Guide 98-3. One such appraach,
on knowledge of the uncertainties inherentsin the CRMs, the analysis and the gradient in the
Lirve, is outlined in Annex H.

In a small n
these cases
arising from
which relies
calibration c

here the uncertainties of compongnt:mole fractions (and therefore compliance with 1ISO 69f4-2)
red, either GLS analysis with zero (of negligibly small) input uncertainties or ordinary least sqares
5is may be used. However, even when the uncertainties of component mole fractions ar¢ not
5 recommended that GLS be'used with defined input uncertainties whenever possible. This gives
able determination of component mole fractions.

For cases W
are not requ
(OLS) analy|
required, it i
the most reli

6.5.5.3 Ordlinary least squares-analysis

0 be
5.2.

For ordinary| least squares’analysis, only the input parameters xcert; and ycert,; defined in 6.5.5.2 need f
determined. |f required,.atmospheric pressure correction and/or bridging shall be performed as described in 6.5

Software appropriate for performing OLS analysis is widely available.

6.5.6 Sele

%

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.

NOT

2 The use of a single CRM for the primary calibration of the instrument will not enable the identi

ication of the

corre

Asa
proc
a by
of th
refer

The
are f

NOT
every
cove

If the
com

To te
fit, I]
and

A function is admissible~f "< 2.

If se
be c

Each
“non

ct form for the regression function. The use of this approach is therefore outside the scope of this part

isfactory fit is required for the ith component at each individual calibration point by using-the f
pdure. For each experimental calibration point (x;, y;), an adjusted calibration point (£, ;) is ¢

product of the regression analysis used to determine the regression function. The coordinatg
e adjusted calibration point are estimates of the true analyte content of, and the true resp
ence gas. By construction, the calculated response curve passes through the adjusted calibr
elected response model is considered compatible with the calibrationdata set if the followin
Lilfilled for every calibration point (/ =1, 2, ..., ny):

—xl.J‘ < ku(xl.J) and

il Vit = yi,l‘ < ku(y; ;)

E 3
experimental “calibration rectangle”, [x,-‘, iku(x,-‘l),y,-,l iku(yi’,)J , based on the expanded uncertg

In almost all cases, this condition is equivalent to requiting that the calculated response curve

age factor of k = 2 is used for this test.

model validation test fails, one possibility is to-examine other response models until a model is
batible with the calibration data set. Anotherpossibility is to examine, and possibly revise, the cal

st effectively the compatibility of a praspective regression function, calculate the measure of g
defined as a maximum value of the-following weighted differences between the coordinates
bdjusted calibration points (/ = 4.2, ..., n)):

/”(J’i’l)

i1 _xi,l‘/u(xi,l) and ‘j}i,l = Vil

eral functions(are considered and found to be admissible, the function with the fewest param
hosen foruse.

of ISO 6974.

ollowing test
alculated, as
s x; and y,
onse to, the

ation points.
g conditions

pass through
inty U= ku. A

found that is
bration data.

oodness-of-
of measured

eters should

sense correlations which can occur wrthout belng detected by local examrnatlon of the cu

calculated response curve should be inspected visually. This visual inspection is necessg

ry to reveal
rve fit to the

calibka . 2 fundtions, which
can exh|b|t non- monotonlc behawour W|th excellent Iocal f|t Another case of nonsense correlatlons 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 Gengral considerations

Routine calipration employs periodic injection of a working measurement standard (WMS) in orderito gither
correct the goefficients of the analysis functions (Type 1 analyses) or to update the coefficients”s1; of the
assumed anplysis 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 assyrance checking employs periodic injection of a WMS to determine the stability of the measyring
system ovell time according to the guidelines presented in Clause 7. Appropriate action shall be takg¢n to
re-establish values for coefficients if the performance of the system fails to meet.ihe established requiremgnts.

6.5) are subkequently corrected by applying a scaling factor. The scaling factor is the response to the \VMS

For routine :Eperation of Type 1 analyses, the coefficients of the analysisyfunction (determined in Step 4| see
obtained im

ediately after primary calibration, divided by its current.value, as given in Equation (5):

b =b , Yo,i,wms (5)

Yiwms

Equation (5)|describes a commonly-used approach for Correcting the coefficients of an analysis function. Qther
approaches |for correction may be used, but only ifithé user can justify that they are more fit for purpose for
their instrumlent.

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

by, = —2¥MS. (6)

Yiwms

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

6.7.2 Freqpency

The routine |calipration or quality assurance interval depends mainly on the measurement system ang the
measuring cifcu [ i v value, bu Interv. uld 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

For
calib
mea

For

6.7.3

Carr
chec

6.8

The
sam

Whe
and

num
to cag
Labd

Whe
of th
sma
be o

.2 Routine calibration

[ype 1 analyses, the coefficients of the analysis function for each component — .obtaine
Fation — are corrected by multiplying them by the ratio of the current mean response to the
n obtained at primary calibration.

[ype 2 analyses, the coefficient of the assumed analysis function is updated.

.3 Quality assurance checks

y out a quality assurance check using a recognized control chartprfocedure. Guidance on quali
ks is given in Annex H.

Step 7 — Analysis of samples

manner of carrying out the analysis of natural gas\mixtures will depend on the way in which t
bled and presented to the analyser.

Fe the natural gas mixture is sampled inta"a cylinder and gas samples are then taken from
njected into the analyser, it is recommended that 10 analyses be carried out (see the comn
ber of replicate analyses in 6.5.4). Ifthe analyser is operated under statistical control, then if
rry out fewer analyses, and estimates of the uncertainty evaluated from prior statistical data n
ratory analysers are generallysoperated in this manner.

re the natural gas sample-presented to the analyser has been taken from a source where the
b gas may change with-titne (for example from a natural-gas pipeline), or when the quantity
, then it will not be possible to carry out repeat analyses of the gas sample. In this case, the a
perated under statistical control and the standard deviation predetermined in order to be ablg

4 at primary
WMS to the

y assurance

he mixture is

the cylinder
nents on the
is permitted
nay be used.

composition
of sample is
nalyser shall
to calculate

the yncertainties of the component mole fractions. Field analysers are generally operated in this yay.
NOTE For thig latter case (where repeat analyses are not possible), the two methods discussed in Steg 8 (6.9) — the
mear) normalization method and the run-by-run normalization method — converge. Equations (7) and (16) (which calculate

of the
and (

means.of the mole fractions) then become identical. If calculating the uncertainty of mole fractions,
16)1n.1SO 6974-2:2012 also become identical.

Equations (5)

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)

then no
b)

normalif

to the va
NOTE N

variation in at

6.9.2 Calc

6.9.2.1 Sin
Calculate th
l:n/

JTi — =]

V7

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

ed value .
lues of y; for each anaIyS|s

prmalization makes use of pressure correction, i.e. the correction of mean responses to, the/samp
mospheric pressure (see Annex F), unnecessary.

ilation of component mole fractions using the mean normalization method

gle operation methods or multiple operation methods without bridging

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

Vil

6.9.2.2 Multiple operation methods with bridging

If a multiple g
for each apy
by the ratio

peration method with bridging (see 5.2.2) is\used, the response to the analyte contents is calcul
ropriate component, as the response derived from the second or subsequent detector multi

the second ¢r subsequent detector, as given in"Equation (8):

Vi

6.9.23 Ca

Calculate th¢

= Vd2f

% Ydibc
Yd2,bc

culation of raw mele fractions

e raw mole fractions from the mean responses and either the calibration function (Type 1 analy

or the assumed calibration function (Type 2 analyses), using Equation (9):

=by:

2
0 [t b3vi +b2,;

3
+b3,y;

Mean normalization: The repeat analyses for each component are averaged to form a series mean and

Run-by-run normal|zat|on Each repeat anaIyS|s is normahzed mdependently the average of these

e for

(7)

hted,
plied

pf the response obtained for the bridge component using the first detector to that obtained ysing

(8)

ses)

(9)

The termsin

the calibration function b, ; are estimates of l:

;- 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)].

18
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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; % — X Xref (10)

Yref

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.

6.9.4.5 Normalization

Calcplate the normalized mole fractions using Equation (11):

*

)i=(1—xoc)x?f (11)

whele, for single operation methods or multiple operation methods without*bridging:

whelle m is the number of bridge components*(bc1, bco, ... bcy,).

6.9.3 Calculation of component mofe fractions using the run-by-run normalization method

6.9.3.1 General considerations

The [procedure for calculatingthe component mole fractions using the run-by-run normalization method is
desgribed in 6.9.3.2 to 69.3:6.

6.9.3.2 Multiple operation methods with bridging

If a multiple op€ration method with bridging (see 5.2.2) is used, the response to the analyte contents is calculated,
for epch appropriate component, as the response derived from the second or subsequent detecfor multiplied
by the ratia” of the response obtained for the bridge component using the first detector to that obftained using
the gecond or subsequent detector:

Yd1bc,/
Yd2bc,/

Vil = Vd2,i1 ¥ (12)
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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):

x;’, =bg; +b1;yi; +by; (yi,l )2 +b3; (J’i,l )3

(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

If routine cafi

(Type 1 anal

6.9.3.4 In

For all singl
the sample

*

Xind,i,l =

The relative
components

6.9.3.5 No

Calculate th

Il
A

for multiple ¢

Zero.

ses) or the latest updated response factor (Type 2 analyses) shall be employed [see Step 6i(

irect components

and multiple operation methods, calculate the raw mole fractions of the inditect componer

sing Equation (14):

Yind, i,/ *
K % X Xyef,]

Yrefl

rmalization

b normalized mole fractions using Equation (15);

x;l
xoc)Tl

il
eration methods or,_muyltiple operation methods without bridging, or
. b02 . n; .
i,l+ Z ‘xi,l+"'+ Z x,-’l
i=bcq#1 i=bc,,+1

peration methods with bridging for m bridge components (bc4, bca,

6.9.3.6 Ca

ati £ 4} £ 4} lo fracti

response factors, K;, for FIDs and TCDs are given in Anne€x)D. The measurement of ing
is only valid when the uncertainties inherent in the relative response factors are evaluated corr

... bcy).

ction
5.7)].

ts in

(14)

irect
ectly.

(15)

Calculate the mean of the normalized mole fractions using Equation (16):

l=nl

xi=

Z il
=1

ny

6.9.4 Non-

linearity errors (Type 2 analyses)

(16)

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

20
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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
inclu ftiomatterm in the uncertainty budget; see IS0 6974-272012, Equations (3)and| (14).

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

* * —_—

XYi,corr = X; -9;

(17)

* * —_—

Xilcorr = Xi] — d;

(18)

The palue 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 compogition chosen
for the WMS used in routine calibration.

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

7 Control chart

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

8 Testreport
The test report shallinclude the following information:
a) |dentificatiofyof the sample, including

— tinfe-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.

4

e ¢ I o noo
NOTE TheTesuttsof amatysiscarriedout using tS6697

the certificatipn of a CRM.

’ ‘ : o ) [ L m
Cdall D Uuscu T COTTUTICUHoOTrT Wittt auuttuoriar mmoritiatl n fOI’
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Comparative application ranges and characteristics of analytical

methods described in ISO 6974-3 to ISO 6974-6

Fable A-t—Applicationrangesof anatyticatmethods
described in ISO 6974-3 to ISO 6974-6
Mole fraction range
Components %
measured

1ISO 6974-3 1ISO 6974-4 ISO 6974-5 ISO B974-62
Heliim 0,01t0 0,5 — —- 0,002 to 0,5
Hydfrogen 0,01t0 0,5 — — 0,041 to 0,5
Oxypen 0,11t00,5 — — 0,0p7 to 5
Nitrggen 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 40 0,1 to 35 0,002 to 0,5
Propane 0,001 to 5 0,001to 3 0,05to0 10 0,0p1to 5
iso-Butane 0,000 1to 2 0,001 to 1 0,01to 2 0,000 1to 1
n-Blitane 0,000 1to 2 0,001 to 1 0,01 to 2 0,000 1to 1
neotPentane 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 0,000 1t0 0,5
n-Péntane 0,000 1to 1 0,001 to 0,5 0,005 to 0,35 0,000 1to 0,5
Hexhnes+ - 0,001 t0 0,2 0,005 to 0,35 —
Totgl C6 0,000.1to0 0,5 — — 0,000 1t0 0,5
Totql C7 0,000 1t0 0,5 — — 0,000 1 to 0,5
Totgl C8 0,000 110 0,5 — — 0,000 1 to 0,5
a2 180 6974-6 also giyves-.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 Hglium Hgalium
b) Argon b) Nitrogen
a) TCD and FID a) TCD and\FID
Detectors TCD TCD
b) TCD b) FID
Column switghing No Yes Yes Yes
a) 44 min a)) 43 min
Analysis tim¢ <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.
24 © 1S0 2012 — All rights reserved
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Annex B
(informative)

Alternative approach to bridging and normalization

General considerations

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

Lagrgnge multipliers. Analysis of a gas sample results in the measured values le, as’ desc
flowghart in Figure B.1. An overview of the data conversions is given in Figure B.2.
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Mean normalization Yir

Run-by-run normalization
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v v

Calculate raw mole
fraction using
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fractions

1+ Ry e e

yes_~Combine bridging no

and normalization

Bridge and Bridge using
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GLS or Lagrange Lagrange
multipliers multipliers
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multipliers
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Figure B.1 — Calculation of normalized mole fraction
using mean normalization or run-by-run normalization
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Subq
whic
in th

Raw areas Raw Bridged Normalized
mole fractions mole fractions mole fractions
yi,l xi,l x:-’r] xi,l
Response function Bridging Normalization

Figure B.2 — Overview of data conversion process

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

h x7; and x;; are identical, and the procedure for converting x;; to x;,. Howgyer, the metho

Undg¢r different conditions, alternative calculation models can be used, for example GLS or Lagrang

The
the
The

Perf
Equa

H

Perf

B.2

B.2.

The
The

ext below describes three examples in detail: bridging, normalization, and bridging with norn
un-by-run normalization method. For the mean normalization method, / can be considered e
matrix ¥, as described in B.2.6, then has only one row that contains an averaged mole fraction f

brming only bridging, as described below, can be derived from the most general casd
tion (B.1) applies:

i = Mbe

brming only normalization can be derived from the most general case where Equation (B.2) 3

dubc ="Mpc =0

Bridging — Normalization

i General considerations

Calculation of the@ole fractions and their associated uncertainties can best be described usi
following matrices are defined:

b the variance-covariance matrix of the input data (not necessarily of all raw mole fractions)

B: a,matrix that contains the constraints;

the case in

Is described

bse subclauses can only be used under certain conditions; these are desCribed in more detail in B.2.

e multipliers.

halization for
nual to unity.
or the / runs.

, i.e. where

(B.1)

pplies:
(B.2)

ng matrices.

M:"an intermediate matrix that is constructed from 2 and B;

D: an intermediate matrix;

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

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

mole fractions).

Z: a matrix that contains the results of the calculation (bridged, normalized, or bridged and normalized

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.

© 1SO 2012 — All rights reserved

27


https://standardsiso.com/api/?name=24df8617b135758e23b3cd85b73607c1

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
Xy = (ngu,pc rows and columns) (B.3)
0 2 e
C > X > * X 7
ufxqy) o w (g X, )
Zom = : : (n; rows and columns) B.4)
uHxy, pxqg) e u(x,)
2( .t 2.t +
“ (x1’l) " (x1‘l’x”i+”du,bc_"bc'l)
Zpranor] = : : (n; + ngy pe —@ps rows and columns)
2( ..+ x+ ) 2( +
ni+ngy be—Mocl’ L ni+ngy be ~Moc !
B.5)
where the mlatrices 2 are of the form given in Equation (B.6):
+ + _+
u2(x1’l) u2|:x1‘l,x”du(bci)’l:|
X = : : [7gpipc,) rows and columns] B.6)
2| x*F x| w? Xl
| " du(be; ) "du(be; )
Matrices 2 gan be of the following forms:
a) diagondl;
b) unitary;
c) blocks gf unitary matrices ornthe diagonal, and zeroes elsewhere;
d) other (ahy other matrix):
When X' is g diagonal mattix [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 mgthod
simplifies to the method described in the main body of this part of ISO 6974.
B.2.3 Canstruction of 2
B, 0
By, = (ngubc —Mpc FOWS, ngy pe columns) (B.7)
0 B,
bc
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 natrix 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.24 Construction of 4

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

-1 T
W=|Z+2 B (B.12)
B 0

Matrjx 4 is a square matrix of the following sizes:

—  ngypc — e (for bridging);

— |n; +1(for normalization);

—  |n; +2ngy pe — 2np +1(for bridging andiermalization).
B.2.p Construction of D

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

0 --- 0
Dpr =1 : {74y bc — Mpe TOWS, / columns) (B.13)
0 --- 0
Prom =[~¢- 1] (1 row, I columns) (B.14)
[o o"l
Dygnorm = {O 0 (Mdubc — bc T TTOWS, 7 Cotumms) (B.15)
1 ... 1J

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 pet
Yo =| ¢ : (I rows, ngy pe columns) (B.16)
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X114 X
Yoorm =| : (I rows, n; columns) (B.17)
X1 Xn;l
x1,1 .“ x”i"’”du,bc —Npe ,1
Yorgnorm =| : (I rows, n; +ngy pe — npe columns) (B18)
x1,l T x”i"’”du,bc —HNpe g
B.2.7 Canstruction of H
An additiondl matrix H is defined as given in Equation (B.19):
L\ 1y, T
H={Z~)”} (B.19)
D
Matrix H hag / columns. The number of rows is as follows:
—  2ngype|- e (for bridging);
— n; +1 (for normalization);

—  n; +2ny
B.2.8 Cad

The matrix 4
calculated fr

ubc —2npe +1 (for bridging and normalization).

nstruction of Z

contains the solution (bridged, normalized, or pridged and normalized mole fractions) and cgn be

bm Equation (B.20):

AZ-HEQ (B.20)
Solving Equation (B.20) to Z gives Equation (B.21):
Z=A"g (B.21)
Matrix Z is thus defined as givert-in Equations (B.22) to (B.24):
M Xngy gt
Zy =| [ \ (2ng4y pe — Mpc FoWs, 1 columns) (B.22)
A Xhgu,be!
[ ]
x1’1 XK xni‘1
Zoorm =| : (n; +1rows, [ columns) (B.23)
X1 xnl-,l
L x”i*’"du,bc‘"’bo1
Zygnorm =| : (n; +2ngy pe — 2npe +1rows, [ columns) (B.24)

30

X X
1 ni+ngy be ~Mbc!
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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

General considerations

While norm
difference (g
components

If the metha

the sum of the raw mole fractions of all other components from unity. This approach requires either

the use
atmosp
pressur

calibrati

Calibrations
methane ma

of instrumental effect is minimized, meaning that all components are measured independently and
. However, the use of binary mixtures is only advised during stable atmospheric conditiops or

uncorrelated
when pressy

C.2 Calg

In the meth3d
the methang

analysis
from the
multi-co

The methan

blization is the state-of-the-art approach to processing raw mole fractions, the methans
r “completion”) approach also exists. In this approach to processing the raw mole fraction
of the gas are measured apart from methane, which is the major component.

ne-by-difference approach is used, calculation of the methane content is achieved by subtra

of pressure correction (see Annex F) to allow the measurement results to be corrected to the g
neric conditions at which calibration took place (pressure correction.requires the atmosp
b to be monitored at the time of injection of each sample), or

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

may use multi-component mixtures covering all the components and/or binary mixtures
trix) for each individual component. The advantage ,of the latter approach is that the influ

re correction is used.

culation of processed componeént mole fractions

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

is carried out on a companrent-by-component basis (i.e. not all the components are meag
same injection into thesanalysis system), and

mponent standards containing the large mole fraction quantities of methane required are not avail

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

when\+# 1 (methane)

2-by-
s, all

cting
ame

heric

(in a
ence
are

se of

ured

able.

(C.1)

32

for methane

(C.2)
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