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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 (all parts) is intended for the measurement of Hy, 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.

ISO 6974-1 gives guidelines for calculating the mole composition of natural gas, determined using one of the

gas

shromatographic-methods-deseribedinlS0-6074-3and-subsegquentparis oHSO 89741850

6974-1 also

desg
defin

This
of ng

ISO

meth
prov
partg

Itisi
ISO

ISO

fract
withd
asse
squg
appr,
ISO

ribes all the essential steps for setting up an analysis, including outlining the structure, of
ing the working ranges and establishing the analytical procedure.

part of ISO 6974 describes the steps required to calculate the uncertainty of the component
tural gas determined using gas chromatography.

ods cover both daily practice in the laboratory and on-line field applications. ISO 6974-1:20
des a comparison of the characteristics of the analytical methods described in ISO 6974-3 and
of ISO 6974.

htended that this part of ISO 6974 be used in conjunction with SO 6974-1 and a method of 3
5974-3 or subsequent parts of ISO 6974.

6974-1:2012, 5.5, describes the conventional normalization approach for calculating prod
ons from raw mole fractions. When conventional nofmalization is used for multiple operat
ut bridging, the uncertainties of the calculated mole fractions will be conservative. If a m
ssment of uncertainty is required, an alternative approach to normalization, using the gensg
res (GLS) method, can be used; this is described in ISO 6974-1:2012, Annex B. Furthe

5974-1:2012, Annex C) and data harmonization (see Reference [1]).

he analysis,

ole fractions

6974-3 and subsequent parts of ISO 6974 describe different gas chromatographic methods. These

2, Annex A,
subsequent

nalysis, e.g.

essed mole
on methods
bre accurate
ralized least
r alternative

baches are available for calculating pre¢éessed mole fractions, including methane-by-difference (see
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Natural gas — Determination of composition and associated
uncertainty by gas chromatography —

Part 2:

Un

certainty calculations

1
This
fract
2

The
refer

Bcope

part of ISO 6974 describes the process required to determine the uncertainty associated W
on for each component from a natural gas analysis in accordance with ISO 6974-1.
Normative references

following referenced documents are indispensable for the application of this documen

(inclyiding any amendments) applies.

ISO
chro

ISO/
mea

For t

6974-1:2012, Natural gas — Determination of composition and associated uncerta
matography — Part 1: General guidelines and calculation of composition

EC Guide 98-3, Uncertainty of measurements~ Part 3: Guide to the expression of u
surement (GUM:1995)

Terms and definitions

he purposes of this document, the'terms and definitions given in ISO 6974-1 apply.

Symbols

Symbols
paramet€rs+of the regression function (z=0, 1, 2 or 3)

megn parameters of the regression function (in “mean normalization” method)

sensitivity coefficient

ith the mole

. For dated

ences, only the edition cited applies. For undated references, the latest edition of the referenc¢d document

nty by gas

ncertainty in

coverage factor

relative response factor with respect to the reference component

total number of components (direct plus indirect, but excluding “other components”)
total number of gas standards or mixtures

total number of injections (and therefore total number of responses)

standard deviation

total mole fraction of all raw components

© 1SO 2012 — All rights reserved
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u(...) standard uncertainty (of the quantity in parentheses)

u(...) expanded uncertainty (of the quantity in parentheses)

X normalized mole fraction

x" raw mole fraction

x' mole fraction calculated using the methane-by-difference approach [Annex A]
X adjusted mole fraction [Annex C]

y ingtrumental response of the specified analyte

v mgan instrumental response (in “mean normalization” method)
v adjusted instrumental response [Annex C]

Y ingtrumental response [Annex C]

a intgrcept of a first-order calibration function [Annex C]

Ji) gradient of a first-order calibration function [Annex C]

y gradient of the calibration curve [Annex C]

&

mgan of the distribution of non-linearity errors

4.2 Subscripts

cal calibration [Annex A]

i component

ind components or groups of components_{o be analysed by indirect measurement
J gap standard/mixture

/ injéction

oc other components

P q indices defining a'regression coefficient

ref reference (comiponent or pressure)

s index defining a component

wms working measurement standard

5 Calculation of uncertainty

5.1 General considerations

The process of setting up a gas chromatograph for the analysis of natural gas consists of the steps outlined in
the flowcharts in Figures 1 and 2.

Steps 1 to 8 are covered in ISO 6974-1. This part of ISO 6974 covers steps 9 and 10.

2 © 1S0 2012 — All rights reserved
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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]

A\ 4

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

r Step4  [ISO 6974-1:2012, 6.5]
Is primary calibration or
performance evaluation Yes Type 1 or Type 2 T P
) e ype
required? analysis?
No Type 1
1 v
Primary calibration Performance evaluation
Determine analysis function: Determine initial analysis function
(a) Selection of feferehce gases (a) Selection of reference gases
(b) Measurement.of reference gases (b) Measurement of reference gaseq
(c) Regression analysis (c) Regression analysis
(d) Selection-of regression function
Are there any L
— No indirect < 1 T
components?

Step 5: Assign relative reSponsée
factors
[ISO 6974-1:2012,16:6]

FEOWCHART B

Figure 1 — Procedure for determining mole fraction and uncertainty — Steps 1tp 5

© 1S0O 2012 — Al rights reserved 3
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START FROM
FLOWCHART A

Will the analyser be
used for routine
operation?

Step 6 l

e O-R074-4-2040
t 2042

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

RC

QA check ———

A\ 4

RC with a WMS
[ISO 6974-1:2012, 6.7.3.2]

QA with a WMS
[ISO 6974-1:2012, 6.7.3.3]

A

Step 7: Analysis of samplés

[I1SO 6974-1:2012,'6.8]

|

Step 8: Calculation‘oficomponent mole fractions
[1IS©,6974-1:2012, 6.9]

Are uncertainties of
component mole
fractions required?

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 — Steps 6 to 10

© 1SO 2012 — All rights reserved
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Principles

Uncertainties associated with the component mole fractions shall be calculated in accordance with

ISO/

IEC Guide 98-3.

For Type 1 analyses in accordance with ISO 6974-1, the uncertainty calculation includes random and systematic
uncertainties from three main sources: uncertainty of the certified reference mixtures, uncertainty of analysis

and

uncertainty of the data fitting procedure.

For Type 2 analyses in accordance with ISO 6974-1, the uncertainty calculation includes both random elements

and
erro

s being calculated from the results of the initial performance evaluation.

Subglause 5.3 describes methods for estimating the uncertainties of processed mole fractians cal
raw Mole fractions using the conventional normalization method. Annex A provides a méthod for U
metHane-by-difference approach (see ISO 6974-1:2012, Annex C) is employed.

ISO
proc

6974-1 recommends the use of the generalized least squares (GLS) appnoach for calcu
bssed mole fraction. However, in some circumstances, an alternative, approach using o

squgres may be acceptable and calculation of uncertainty in processed.mole fractions in thig
desdribed in Annex C.

5.3

Step 9 — Calculation of uncertainty of mole fractions

5.3.1 Determining the equations to be used

5.3.1.1 General considerations

o systematic

culated from
se when the

ation of the
dinary least
situation is

in 5.3.2 and
Hescribed in

The pquations to be used in this step for calculating the uncertainty of mole fractions are given

5.3.3. The equations to be used should be ‘determined by following the three-stage process

5.312t0 5.3.1.4.

The following points should be taken jnte’consideration when selecting the equations to be used.

a) When using the “mean normalization” method (see 5.3.2), the following are calculated in turn for ¢ach analyte:
1) mean peak analyser response from all runs;
P) raw mole fraction;
B) normalized ' mole fraction.

b) When using'the “run-by-run normalization” method (see 5.3.3), the following are calculate

bach analyte:

d in turn for

1.~ raw mole fraction for each run;

2) normalized mole fraction for each run;

3) mean normalized mole fraction.

© 1SO 2012 — All rights reserved
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5.3.1.2 Stage 1

Calculate the uncertainty of the raw mole fraction for components determined directly by using the appropriate
equation selected from Table 1.

Table 1 — Selecting the equation for calculating the uncertainty
of the raw mole fraction for components determined directly

Equation
Normalization Type 2 analysis
method Type 1 analysis Linearity errors Linearity errors
not corrected corrected
Mean Equation (1) Equation (2) Equation (3)
Run-by-run Equation (12) Equation (13) Equation (14)

5.3.1.3 Stdge 2

Calculate th¢ uncertainty of the raw mole fraction for any additional components-determined indirectly by yising
the appropripte equation selected from Table 2.

5.3.1.4 Stdge 3

Calculate th¢ uncertainty of the normalized mole fraction for all components by using the appropriate equ

selected from Table 3.

Table 2 — Selecting the equation for calculating the uncertainty
of the raw mole fraction for components determined indirectly

Equation
Normalization method (Type 1 or Type 2
analysis)
Mean Equation (4)
Run-by-run Equation (15)

Table 3~—S8electing the equation for calculating the uncertainty

of'the normalized mole fraction for all components

ation

5.3.2 Calculation of uncertainty of component mole fractions — Mean normalization method

5.3.2.1

Equation
Normalization method (Type 1 or Type 2
analysis)
Mean Equation (5)
Run-by-run Equation (16)

General considerations

The mean normalization method is used in 5.3.2.2 to 5.3.2.4 to calculate the uncertainty of the component
mole fractions determined in accordance with ISO 6974-1:2012, 6.9.2.

© 1SO 2012 — All rights reserved
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5.3.2.2 Uncertainty of raw mole fractions

For Type 1 analyses in accordance with ISO 6974-1, calculate the uncertainty of raw mole fractions using
Equation (1):

p=3 q:3

w?(xi )= X, 3| Cilsi by )Ci; by (bpibgs) | +[ it ,y_,»]z u?(3;) (1)

p=0¢=0

For Type 2 analyses in accordance with ISO 6974-1, calculate the uncertainty of raw mole fractions using
Equation (2):

) 2)

N
N
—_—
=
*
=
I
—
=
*
e
N
N
—
=]
S
=1

For Type 2 analyses in accordance with ISO 6974-1, if mean raw mole fractions are corrected for hon-linearity
errofs associated with the assumed analyser response (see ISO 6974-1:2012, 6.9@),'then additional terms are

included in Equation (2) to allow for uncertainty in correction term 5(x,-*) , giving Equation (3).
NOTE 1 This approach is consistent with ISO/IEC Guide 98-3:2008, F.2.4.5.
.12 12 2 * 2/ o2

. u(yl) u [5(xi)}+u (61')4‘51'

— +| — + (3)
by; Vi n;

-
N
—_—
=
*
~—
Il
—_—
*
~—~—
N
<
—_—
S
ity
~—~—

=2
The [final term in Equation (3), 6; , is included only.'if mean mole fractions remain uncofrected (see
ISO p974-1:2012, 6.9.4).
u? [é (x, ):| is the mean variance of the correction terms over the analytical range of the analyserand u? (8_,)
is the variance of the mean correction term.
NOTE 2  This approach is consistent with ISO/IEC Guide 98-3:2008, F.2.4.5.

Using Equation (4), calculate the“uncertainty of raw mole fractions of any indirect componeits from the
uncdgrtainty of the raw mole fraction of the reference component determined using Equations (1) tp (3):

=

Xikdi S + +| —= + 4)
Xref Yind,i Yref n;

ST et o [ ]

2 *
(xind,i) =

5.3.2.3-" ‘Uncertainty of normalized mole fraction

Calculate the uncertainty of the normalized mole fraction using Equation (5):

u? (xi) = E: {I:Ci (xi,x; )T u? (x; )}+[Ci (xi,xoc )]Zuz (xoc) (5)

5.3.2.4 Input data

a) u(;,) are estimated from the standard deviation, s, of the n; responses to the unknown sample, using
Equation (6):

u(y;)= (j{) (6)

© 1S0O 2012 — All rights reserved 7
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e)

f)

If a multiple operation method with bridging is used, estimate u(;,) for each appropriate component from
the standard error of the mean of the set of n; responses derived using ISO 6974-1:2012, Equation (8).

The use of the mean and standard error of the mean as estimators of the desired statistics is based on the
assumption that the observations of responses are uncorrelated with time. The use of very large numbers

of repeat measurements may render this assumption unjustified and should therefore be avoided (see
ISO/IEC Guide 98-3:2008, 4.2.7).

- ulb, b -
u(bp,i, bq,i) are estimated for Type 1 analyses in accordance with ISO 6974-1 as the values of M
A1

obtainecli during the determination of the analysis function, using the generalized least squares (GLS) method.

The usgof a WMS to scale the calibration curve during a Type 1 analysis [see ISO 6974-1:2012, Equatioh (5)]
is likely [to result in additional uncertainty. Care should be taken to account for this.

u? (Z are estimated for Type 2 analyses in accordance with ISO 6974-1 from theloncertainties df the

mean rg¢sponses to the WMS combined with the uncertainties of the mole fractions of the WMS, dising
Equatiop (7):

(i) [<>]

Xiwms

ey

The sensitivity coefficients for the raw mole fraction with\respect to the mean response to the unkmown
sample Ci(x;,;i) are derived from ISO 6974-1:2012, Equation (9):

(7)

ny

* — a.x: p:3 Y p_1
Cilx i) === p-byi(3) (8)
a)’i p=0
The serjsitivity coefficients for the raw mole fraction with respect to the coefficients of the analysis fungtion
Ci(x;,b},;) are derived from SO 6974-1:2012, Equation (9):
ox;

Ci(x; b f) = al; =(»)" )

The sepsitivity coefficients for mole fractions with respect to raw mole fractions are derived [from
ISO 6914-1:2012, Equation (11):

Ci(x;,xg =§= T2i (1-xoc) (wheni=y)
Ci(xi,x;):aii:;izim—xoc) (when i # ) (10)
X

N

ni .
where T is the so-called “unnormalized total”, le- .

i=1
The sensitivity coefficients for mole fractions with respect to mole fractions of the “other components” (see
ISO 6974-2:2012, 3.4) are derived from ISO 6974-1:2012, Equation (11):

ox; X;
Ci(x,-.xoc)=ax—l=—7l (11)
oc
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specified in Annex B.

Values of u(K,.) for flame ionization detectors (FIDs) and thermal conductivity detectors (TCDs) are

5.3.3 Calculation of uncertainty of component mole fractions — Run-by-run normalization method

5.3.3.1

General considerations

The run-by-run normalization method is used in 5.3.3.2 to 5.3.3.4 to calculate the uncertainty of the component
mole fractions determined in accordance with ISO 6974-1:2012, 6.9.3.

5.3.3

For ]
Equg

=

For ]
Equg

=

As in
linea
term

=

The
ISO

Usin
unce

~

.2 Uncertainty of raw mole fraction

[ype 1 analyses in accordance with 1ISO 6974-1, calculate the uncertainty of raw mple frg
tion (12):

“

[ype 2 analyses in accordance with ISO 6974-1, calculate the uneertdinty of raw mole frg

tion (13):
)« [ [

5.3.2.2, for Type 2 analyses in accordance with ISQ'6974-1, if raw mole fractions are corre
rity errors associated with the assumed analyseriresponse (see 1ISO 6974-1:2012, 6.9.4 ), th

p=3¢=3

)= 2 Z[Ci(x;,/’bp,i,l )Ci(

p=04¢=0

*

Xil

*

\ 2
Xi 1oy i (bp,i,l’bq,i,l )] + |:Ci(xi,l!yi,l )} u? (57

(yi,l
Vil

*

Xil

*

Xil

5 are included in Equation (13) to allow for the,uncertainty of correction term S(x,) giving E
* (b1

o 0] o

-2
final term in Equation (14))°6; , is included only if raw mole fractions are left unco
5974-1:2012, 6.9.4).

(yi,l
Vil

*

Xil

j Equation (15), calculate the uncertainty of the raw mole fraction of any indirect compone
rtainty of the raw.mble fraction of the reference component determined using Equations (12)

P kR

(K

)17
|

1

(y ref,/
Yrefl

u (J’ind,z‘,l
Yind,i,/

”(xref,l)

*

Xref ]

*

Xindi

*

Xind,i

ctions using

(12)

ctions using

(13)

cted for non-
bn additional

quation (14):

(14)

rected (see

nts from the
to (14):

5.3.3.3 Uncertainty of normalized mole fraction

Calculate the uncertainty of the normalized mole fraction using Equation (16):

—\_ =
w?(x)=

I=n;| s=n;

>,

s=1

|

{[Ci(xi,l’x;,l )JZ u? (x;,l )} + [Ci(xi,lvxoc )]2 u? (xoc )}

2
ny
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5.3.3.4 Additional input data

a)

b)

e)

f)

10

u(yl-’l) are estimated from the standard deviations, s, of the / responses to the sample. If a multiple

operation method with bridging is used, estimate u(yl-,l), for each appropriate component, from the
standard deviation of the set of n; responses derived using ISO 6974-1:2012, Equation (12).

u(bp,i,l,bq,i,,) are estimated for Type 1 analyses in accordance with ISO 6974-1 as the values of u(bp,i,bq‘,.)
obtained during the determination of the analysis function using the generalized least squares (GLS) method.

The us€of a WMS to scale the calibration curve during a Type 1 analysis [see ISO 6974-1:2012, Equatioh (5)]
is likely [to result in additional uncertainty. Care should be taken to account for this.

u? (b1,,-‘,) are estimated for Type 2 analyses in accordance with ISO 6974-1 from the unceftainties df the

mean rg¢sponses to the WMS combined with the uncertainties of the mole fractions of \the WMS, dising
Equatioh (17):

2 2

”2(51,1',1 =b12,i,l u(yi’me) + u(Xi'me) (17)

Yiwms Xiwms

The serjsitivity coefficients for the raw mole fraction with respect {o.the response to the unknown sample
Ci(x;,,,/ ;1) are derived from 1ISO 6974-1:2012, Equation (13):

* axf, p=3 p1
Ci(xipny))= ayl.', = Zl:p'bp,i,l (i) } (18)
i, p=0

The serfsitivity coefficients of the raw mole fraction with respect to the coefficients of the analysis fungction
Ci(x;l,lp’i,l)are derived from ISO 6974-1:20112, Equation (13):

axi’l

Ci(xi,hbl i) = %

= (i) (19)

il

The sensitivity coefficients forthe mole fraction with respect to the raw mole fraction are derived [from
ISO 6914-1:2012, Equationy(11):

ox; Tx;
Ci(xipnxl)) = —2= 2"l (1-x0¢) (when i = s)
aXS’l T]
&1 —x
Cilryyrf 2 T = T (1) (when i # s) (20)
deJ 1[

The sensitivity coefficients for the mole fractions with respect to the mole fractions of the “other components”
(see ISO 6974-2:2012, 3.4) are derived from ISO 6974-1:2012, Equation (15):

C _ axi,l _ X 21
i (%1, X%0c ) = e T (21)
ocC
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5.4 Step 10 — Calculation of the expanded uncertainty of mole fractions

Calculate the expanded uncertainty, U(x;), of the normalized components by multiplying u(x;) by an appropriate
coverage factor using Equation (22):

U(x;)=kxu(x;) (22)

NOTE A coverage factor of k = 2, providing a level of confidence of approximately 95 %, is usually used.

© 1S0O 2012 — Al rights reserved 1
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A.1 Ger

This annex
determined

A.2 Cals

For all com
Equation (A

where
s(x")

ucal(x’;)

For compon
ISO 6974-1:]

For methang

Ucal (x%)

Equation (A
of n; replicat
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Calculation of processed component uncertainties
for the methane-by-difference approach

eral considerations

Hescribes a procedure for calculating the uncertainties of processed component mole-frac
Ising the methane-by-difference approach described in ISO 6974-1:2012, Annex C’

culation of methane-by-difference component uncertainties

1):

52 (x7)

2
tUcal

(x7)

is the standard deviation of replicate processed (methane-by-difference) mole fractions at leyv

is the calibration uncertainty at level x';.

ents other than methane, the calibration uncertainty ucg(x';) is determined in accordance
P012, 6.5 (step 4; see Figure 1).

, the calibration uncertainty is ‘€alculated using Equation (A.2):

7

-2

i=2

“gal (x;)

bs, the standard uncertainty is given by Equation (A.3):

xF)

S 2

gy

(x7)

tions

ponents including methane, the standard uncertainty of a mole fraction x'; is calculated ysing

(A1)

el x';;

with

A.2)

1) applies to a.mole fraction obtained from a single analysis. If the mole fractions are mean values

A.3)

ny
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Annex B
(normative)

Uncertainties of relative response factors

B.1 Uncertainties of relative response factors for flame ionization detectors (FIDs)

The Jrelative standard uncertainties of the relative response factors, as calculated for an RlD,&nd given in

ISO $974-1:2012, Table D.1, shall be taken to be equal to 2 %[2]. Alternative figures may be. (sed if
by thoroughly validated experimental procedures.

NOTE The method for determining the relative response factors for an FID is given in 18076974-1:2014,

B.2| Uncertainties of relative response factors for thermal-conductivity
dete¢ctors (TCDs)

determined

D.1.

The [relative standard uncertainties of the relative response factors{ as calculated for a TCD @and given in
ISO $974-1:2012, Table D.2, shall be taken to be equal to 10 %[2.Alternative figures may be used if determined

by thoroughly validated experimental procedures.

NOTE The method for determining the relative response factors for a TCD is given in ISO 6974-1:2012,

© 1SO 2012 — All rights reserved
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