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Foreword

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

International

International

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main tagk of technical committees is to prepare International Standards. Draft International Stan

adopted by
International

Attention is

rights. ISO s

ISO 25140 v

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

nall not be held responsible for identifying any or all such patent rights.

source emisgions.

the technical committees are circulated to the member bodies for voting.’.Publication 3

rawn to the possibility that some of the elements of this document may be the subject of

as prepared by Technical Committee ISO/TC 146, Air quality; Subcommittee SC 1, Stati

Hards
s an

atent

bnary
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Introduction

Methane (CH,) is a gas of relevance to the climate (greenhouse gas) and contributes directly to the
atmospheric greenhouse effect. The emissions of methane originate from natural and anthropogenic sources.
Significant sources are, for example, cattle breeding, cultivation of rice, extraction and transport of natural gas,
and landfills. Other important sources contributing to emissions of methane are, for example, composting
plants, the use of biogas and natural gas, and biomass firings. This International Standard specifies a method

of mgasurement for the determination of methane emissions from stationary sources.
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Normative references

Scope

nternational Standard specifies the principle, the essential performance criteria,xand quali
uality control procedures for an automatic method for measuring methane inc¢the waste gas
es using flame ionisation detection. It is applicable to measurements of methane in dry
5. The method allows continuous monitoring with permanently installed. measuring systen
nittent measurements of methane emissions.

1 This International Standard is specific to automatic methods fer measuring methane in the
hary sources using flame ionisation detection. It supplements the general requirements of other i
al standards on performance testing, QA/QC procedures, and_thé test report as specified, fo
267-3l7, EN 14181051, and EN 15259161,

nternational Standard does not specify an independent,method of measurement.

2  An independent method of measurement, e.g\ to calibrate or validate permanently instal

3 In EN 141818, “independent method of.feasurement” is called “standard reference method (SH

following referenced documents are indispensable for the application of this documen

ment (including any amendments) applies.

169:2006, Air quality — Definition and determination of performance characteristics of
uring system

red measufement uncertainty

[y assurance
of stationary
br wet waste
s as well as

waste gas of
hternational or
I example, in

ed measuring

MY”.

t. For dated
b referenced

hn automatic

14956, Air~quality — Evaluation of the suitability of a measurement procedure by comparison with a

0988, Air quality — Guidelines to estimating measurement uncertainty

3 Terms and definitions

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

31

automatic measuring system

AMS

(air quality) measuring system interacting with the waste gas under investigation, returning an output signal
proportional to the physical unit of the measurand in unattended operation

NOTE 1

©I1SO
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NOTE 2

intermittently measure and record the mass concentrations of methane passing through the duct.

3.2
analyser

(stationary source emissions) analytical part in an extractive or in situ automatic measuring system

NOTE

3.3
measurand

Adapted from 1SO 12039:2001[2, 3.3.

In the sense of this document, an AMS is a system that can be attached to a duct to continuously or

particular qu
[ISO/IEC Gu
EXAMPLE

3.4

ntitv: subiect tomeasurement
g -SHBjecHto-ReastFement

de 98-3:2008[4], B.2.9]

The mass concentration of methane in air.

mass concentration

(stationary s
volume

[ISO 12039:4

NOTE M
3.5
independen

(stationary s
individual reg

3.6

individual
(stationary
automatic m

3.7
interferent
interfering su
(air quality)
response

[ISO 9169:2(

3.8
adjustment

burce emissions) concentration of a substance in an emitted waste gas)expressed as mas

00121, 3.10]
hss concentration is often expressed in milligrams per cubic metre.
t reading

burce emissions) reading that is not influenced by*a previous individual reading by separatin
dings by at least four response times

r¢ading
%urce emissions) reading averaged over a time period equal to the response time ¢

asuring system

bstance
ubstance present.in‘the air mass under investigation, other than the measurand, that affec

06, 2.1.12]

S per

g two

f the

s the

(automatic n
performance

NOTE

neasuring system) operation of bringing an _automatic_measuring system Into a sia
suitable for its use

Adjustment can be automatic, semi-automatic or manual.

[ISO 9169:2006, 2.1.5]

3.9
calibration

e of

(stationary source emissions) procedure for establishing the statistical relationship between values of the
measurand indicated by the automatic measuring system and the corresponding values given by an

independent

method of measurement implemented simultaneously at the same measuring point

© 1SO 2010 — All rights reserved
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measuring systems is specified in 1SO 25139131,

An independent method of measurement for the purpose of calibration of permanently installed methane

NOTE 2 In EN 141818, “independent method of measurement” is called “standard reference method (SRM)’.
3.10
interference

(air quality) negative or positive effect upon the response of the measuring system, due to a component of the
sample that is not the measurand

3.1

zero gas

(statipnary source emissions) gas or gas mixture used to establish the zero point on a calibratior
a given concentration range

[ISO [12039:2001[2], 3.4.2]

3.12

span| gas

gas gr gas mixture used to adjust and check a specific point on a calibration‘curve

NOTH Adapted from ISO 12039:20011], 3.4.1.

3.13

reference gas

(statipnary source emissions) gas of known, reliable and stable composition that may be used

respd

3.14
zero

(stati
meas

calibrjation line

3.15
span
valuse

nse of an automatic measuring system and to calibrate’'the automatic measuring system

point

uring system and which, in the absence-of the measured component, represents the zero ¢

point
of the output quantity((measured signal) of the automatic measuring system for thq

curve within

to check the

bnary source emissions) specified valug'.of the output quantity (measured signal) of t:lxe automatic

ossing of the

purpose of
rial

or around the

calibfation or adjustment thatrepresents a correct measured value generated by a reference mat
NOTH This concentfation is often chosen to be around 80 % of the upper limit of the measuring range
emisgion limit value.

3.16

perfgrmance-characteristic

(air quality)one of the quantities assigned to equipment in order to define its performance

NOT'-I_ Pcffuullal 10T uhalautcliot;ua warl bG dcaul |bcd by VG:UCD, tu=c|a| 1CCOo Ul Tdl IUCQ.

3.17

response time
(air quality) time interval between the instant when a stimulus is subjected to a specified abrupt change and
the instant when the response reaches and remains within specified limits around its final stable value,
determined as the sum of the lag time and the rise time in the rising mode, and the sum of the lag time and
the fall time in the falling mode

[ISO 9169:2006, 2.2.4]

©I1SO
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3.18
lag time

(air quality) by convention, time taken for the output signal to reach 10 % of the final change in the output
signal when a step function is applied by applying a reference material to the automatic measuring system
initially in the basic state

[1ISO 9169:2006, 2.2.2]

3.19
rise time

(air quality) by convention, time taken for the output signal to pass from 10 % to 90 % of the final change in

the output si
the basic sta

NOTE Fd
change is con

[ISO 9169:2(

3.20

fall time
(air quality)
signal produ
this referenc

NOTE Fd
initial output s
10 % of the in

[ISO 9169:2(

3.21
linearity
(air quality)
evaluated in

[1ISO 9169:2(

3.22

lack of fit
systematic d
applied to th
system

[ISO 9169:2(

e

r instruments where transient oscillations occur in the approach to the final output signal, 90 % of th
bidered as reached when the oscillations fall to less than 10 % of the final change in the output signal.

06, 2.2.3]

by convention, time taken for the output signal to pass from 90,%to 10 % of the initial g
ced by a reference material applied to the automatic measuring,system, when the applicat
b material is abruptly terminated to put the automatic measufing’system in the basic state

r instruments where transient oscillations occur in the approach to the final output signal, the 10 %

gnal is considered as reached when the oscillations in the Wicinity of the final output signal fall to les:
tial output signal.

06, 2.2.1]

maximum deviation between a lifear calibration curve and the true value of the measu
practice as the maximum lack of fit within the measuring range

06, 2.1.20]

eviation, within“the’ range of application, between the accepted value of a reference ma
£ measuring<system and the corresponding result of measurement produced by the meas

06, 212.9]

3.23

grat-when—areference-materiatis—abruptty-apptied-tothe—automatic measuring—system-initially in

b final

utput
on of

of the
5 than

rand,

terial
uring

residence time
(stationary source emissions) time period for the sampled gas to be transported from the inlet of the probe to

the inlet of th

3.24

e measurement cell

period of unattended operation
maximum interval of time for which the performance characteristics remain within a predefined range without
external servicing, e.g. refill, adjustment

[ISO 9169:2006, 2.2.11]

NOTE

The period of unattended operation is often called maintenance interval.

© 1SO 2010 — All rights reserved
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rtainty (of measurement)

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

[ISO/

3.26

IEC Guide 98-3:2008[4], 2.2.3]

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

[ISO

3.27

expanded uncertainty

quan
fracti

NOTH
NOTH
explig
comb

exten

NOTH

EC Guide 98-3:200814], 2.3.1]

ity defining an interval about the result of a measurement that may be expecied to enconm
bn of the distribution of values that could reasonably be attributed to the measurand

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

2  To associate a specific level of confidence with the interval defined by the expanded uncer]
t or implicit assumptions regarding the probability distribution chafacterized by the measurement
ned standard uncertainty. The level of confidence that may be attribtited to this interval can be kno
to which such assumptions may be justified.

pass a large

ainty requires
result and its
vn only to the

3  Expanded uncertainty is termed overall uncertainty in(paragraph 5 of Recommendation INC-1 (1980).

[ISOJEC Guide 98-3:2008/4], 2.3.5 and 0.7 for a transfation of Recommendation INC-1 (1980)]
4 $ymbols and abbreviated terms

AMS automatic measuring system

e; residual (lack of fit) atlevel i

FID flame ionisatiop-detection; flame ionisation detector

i series element number

MCH4 molecular mass of methane (16 g/mol)

MHzc molecular mass of water (18 g/mol)

my,0| v mass of water vapour

n number of measurements

Mneg number of interfering substances with a negative effect on the measured signal
Mpos number of interfering substances with a positive effect on the measured signal
QA/QC quality assurance and quality control

s, repeatability standard deviation

Spos sum of the positive interfering effects

Sheg sum of the negative interfering effects

© 1SO 2010 — All rights reserved
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Xi, neg

Xi, pos

YCH,, s
YEH,, (H,0)o
¥CH,, 0,

%

PH,0, v
cH,, o
(A—|20, m
(/’Oz, m

(pOZ, ref

5 Apparatus and principles of operation

5.1 Measy

511 Ana
(FID) and the

Measuremer

2010(E)

volume of the dry gas sampled

standard molar volume (22,4 I/mol)
average of the measured values x;

ith measured value

average of the measured values at level i

value estimated by the regression line at level i

ith negative deviation in units of the measurand (e.g. mass concentration) caused.
nterfering substance with a negative effect on the measured signal

ith positive deviation in units of the measurand (e.g. mass concentration) caused lby-an intert
substance with a positive effect on the measured signal

methane mass concentration at standard conditions of temperature and pressure (wet gas)
methane mass concentration at reference conditions of water vapour(dry gas)

methane mass concentration at reference conditions of oxygen

fest gas concentration at level i

density of water vapour

methane content, as a volume fraction, at operating conditions

measured water vapour content, as a volume fraction, in the waste gas

measured oxygen content, as a volume fraction, in the waste gas

reference oxygen content, as_a\volume fraction

rement method

associated sampling system.

ionisation ¢

t bYy'FID is based on the ionisation of organically bound carbon atoms in a hydrogen flame.

rent measured by the FID depends on the number of carbon-hydrogen bonds in the or

y an

ering

yser. The.extractive analytical system consists of two elements: the flame ionisation detector

The
anic

compounds broken during combustion in the fuel gas flame, the nature of bonding (straight chain or branched

chain) and w

hether other bound elements are present.

The main advantage of the FID is that it responds strongly to organic compounds and less to inorganic waste
gas components, such as CO, CO,, NO, and H,0.

To determine methane alone, the FID is equipped with a catalytic converter, which oxidises all organic
compounds in the sample gas except methane. Care shall be taken to avoid poisoning or contamination of the
converter by sulfur-, nitrogen-, and chlorine-containing compounds. To avoid memory effects (signal offsets
caused by contamination of the tube system within the instrument) and response delays in the system, the
catalytic converter should be located close to the FID and heated.

© 1SO 2010 — All rights reserved
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NOTE 1 The catalytic converter usually consists of a heatable stainless steel tube filled with catalytic material.
NOTE 2  Various manufacturers produce specific “methane FID” instruments with an integrated converter.

Figure 1 is a schematic diagram showing the principle of operation of the FID.

11

Y.

13

aO—%i?
b O %

cpmbustion,.ehamber

Key

1 plessure regulator 1 electrode

2 fipe dust filter 12 heated housing
3 sampling gas pump 13 DC voltage

4  cpnverter

5 bpck-pressure regulator Z Fuel gas.' '
6 plessure gauge ) Combustion air.
7 flow meters ) Sample gas.

8 npzzle Gas outlet.

9 € Bypass.

1

0 flame

Figure 1 — Schematic diagram of the principle of operation of the FID

5.1.2 Sampling system. Sampling is the process of extracting a small portion which is truly representative
of the composition of the main gas stream from a large quantity of waste gas.

A partial flow of the waste gas is directly fed into the FID analyser containing the catalytic converter via the
sampling probe, the particle filter and the heated sampling line. An example of the set-up of the measuring
system is shown in Figure 2. The sampling device, including the filter needed to remove fine particles, which
could clog the burner, is heated to avoid sample condensation.

© 1SO 2010 — All rights reserved 7
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3
_41 4

|
| ~e
& [ |
.A - ?___I 9
7
Key
1 sampling probe, heated (if necessary) 6 bypass (optional)
2 zero and $pan gas inlet 7 test gas inlet for functional tests
3 particle filfer (in-stack or out-stack), heated 8 FID including catalytic converter
4 sampling line, heated 9 data evaluation system
5 external spmple pump (optional), heated

Figure 2 — Schematic diagram of the measuring system setzup

The samplinI device shall:

a) be mad¢ of a material that is chemically and physically inert to‘the constituents of the waste gas tinder
analysis
NOTE Sjainless steel, perfluoroalkoxy, polytetrafluoroethylene and polypropylenefluoride are well-groven

construction njaterials.

b) be designed to ensure a sample residence time‘less than 60 s (with long sampling lines or high flow
resistang¢e, the use of an external pump with bypass is recommended);

c) be heated throughout, and where measurements are taken in hot gases, the temperature of the cgolest
point shall be at least 20 °C above thewaste gas temperature to avoid condensation of water vapqur or
other components of the waste gas,~and should not exceed 200 °C;

d) have a heated filtering device-upstream of the sampling line to trap all particles liable to impa|r the
operation of the apparatus;

e) have an|inlet for applying zero and span gases at or close to the entry nozzle of the sampling grobe,
upstream of the filter

5.1.3 Data display and recording. The FID analyser shall have an output signal with a live zero and be
able to show|negative values.

Automatic measuring systems (AMSs) for intermittent monitoring should have a means of averaging the
continuous output signal of the FID over a stated reference time period (e.g. 30 min). The averaged output
signal should then be converted to measured values in units of the measurand (mass concentration) by use of
the calibration function. Where required, a means of converting the measured values to reference conditions
of water vapour and oxygen content shall be available. The AMS should be capable of displaying and
recording the measured methane mass concentrations.

For permanently installed AMS for continuous monitoring, the plant electronic data evaluation system can be
used for the calculation of the measured values at operating conditions, the conversion to reference conditions
and for displaying and recording of the measured methane concentrations.

NOTE The data display can be a separate device.

8 © 1SO 2010 — All rights reserved
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5.2 Performance criteria fulfilment

5.2.1 General.

The FID shall comply with the performance criteria specified in Table 1. These performance criteria are
determined as specified in 5.2.2 to 5.2.4.

5.2.2 General performance test.

The manufacturer of the AMS shall demonstrate in a general performance test that the relevant performance
criteria listed in Table 1 are fulfilled by the instrument type. The test procedures of this general performance
test shall comply with relevant international or national standards

5.2.3] Ongoing quality assurance and quality control (QA/QC) in the laboratory.

The Lser of the AMS shall demonstrate during regular laboratory tests conducted within the [ongoing QC
programme that the relevant performance criteria listed in Table 1 are fulfilled for the)specific AM$.

5.2.4| Quality assurance during operation in the field.

The User of the AMS has to check during field operation that the relevant performance criteria listed in Table 1
are fdlfilled.

6 Performance criteria and determination of the performance characteristics

6.1 | Performance criteria

Tableg 1 specifies the performance criteria of the analyser and the measuring system to be evaluated at three
level$: during general performance test; by means of ongoing QA/QC in the laboratory; and during field
operation.

Table 1 — Relevant performance criteria of the analyser and the measuring system to be|evaluated
during the general performance test and by means of ongoing QA/QC
inthe laboratory and during field operation

QA/QC

Pdrformance characteristic Performance criterion General in the F!eld_
performance test [application
laboratory

Response time <60s X X xf
Repgqatability standard deviation |< 1,0 % of upper limit of the % % .
at zefo point lowest measuring range used?

Repdatabijlity-standard deviation |< 2,0 % of upper limit of the % % .
at sppn.point lowest measuring range used?

Lackoffit < 2;0% of uppertimitofthe v v .

lowest measuring range used?

Influence of atmospheric < 1,0 % of upper limit of the
pressureb, for a pressure change |lowest measuring range used? X — —
of £ 2 kPa

Influence of sample volume flow | < 2,0 % of upper limit of the
lowest measuring range used?

Influence of sample gas pressure | < 2,0 % of upper limit of the
at span point, for a pressure lowest measuring range used? X — —
change of 3 kPa

Influence of ambient temperature, | < 2,0 % of upper limit of the
for a change of 10 °C lowest measuring range used?

© 1SO 2010 — All rights reserved 9
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Table 1 (continued)

General QA/QC Field
Performance characteristic Performance criterion in the L
performance test application
laboratory
Influence of voltage, at < 2,0 % of upper limit of the
—15 % below and at +10 % above |lowest measuring range used? X — —
nominal supply voltage
Influence of inorganic interference | < 4,0 % of upper limit of the % % .
gases® lowest measuring range used?
Oxygen interference < 2,0 % of upper limit of the o o
lowest measuring range used<
Converter efficiency, tested with | > 98,0 % 5 5 N\
ethane
Methane lossf <15,0% X — —
Zero drift®, within 24 h < 2,0 % of upper limit of the % . %
lowest measuring range used?
Span drift®, wjthin 24 h < 2,0 % of upper limit of the x </ %
lowest measuring range used?
Period of unaltended operation > 8 days X . %
for permanently installed AMS
Losses and lgakage in the < 2,0 % of upper limit of the
sampling line|and conditioning lowest measuring range used? A — X
system

@  The upper]limit of the lowest measuring range used should be selected depending on the application such that the measured
values lie within 20 % to 80 % of the analyser range.

P The testeq sample pressure is defined in the manufacturer's recommeéndations.

¢ See TablelB.1.

4 The tempgrature dependent methane loss is compensated.for iff the calibration process.
€  The frequgncy of zero and span checks is specified inTeble 2.

f If sampling line length exceeds the length applied in the general performance test.

6.2 Determination of the performance characteristics and measurement uncertainty

6.2.1 Perfgrmance test
The performpnce characteristics of the AMS shall be determined during the general performance tgst in
accordance yith applicablé international or national standards. The values of the performance charactefistics
determined ghall meetthe performance criteria specified in Table 1.

NOTE Pegrfofmance tests for automatic emission measuring systems are specified e.g. in 1SO 9169 and

EN 15267-3[7]

The ambient conditions applied during the general performance test shall be documented.

The overall uncertainty of the AMS measured values shall be calculated in accordance with ISO 14956 on the
basis of the performance characteristics determined during the general performance test and shall meet the
uncertainty specified for the measurement objective.

6.2.2 Ongoing quality control

The user shall check specific performance characteristics during ongoing operation of the measuring system
with a periodicity specified in Table 2. The procedures for the determination of these performance
characteristics are described in Annex B. Procedures for instruments for intermittent measurements differ from
those for permanently installed AMS for continuous monitoring at plants.

10 © 1SO 2010 — All rights reserved
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The measurement uncertainty during field application shall be determined by the user of the measuring
system in accordance with applicable international or national standards. The uncertainty of the measured
values under field operation is not only influenced by the performance characteristics of the analyser itself but
also by uncertainty contributions due to:

a) the sampling line and conditioning system;

b) the site specific conditions;

c) the calibration gases used.

7 *Ileasurement procedure

7.1 | General
The AMS shall be operated according to the manufacturer’s instructions.
The QA/QC procedures specified in Clause 8 shall be strictly observed.

During the measurement, the ambient conditions should be in the‘ranges applied during|the general
performance test.

7.2 | Choice of the measuring system
It shgll be checked that the chosen analyser is appropriatefor the measurement task.

To choose an appropriate analyser, sampling linez;and conditioning system, the following characteristics
should be known before the field operation:

a) ambient temperature range;

b) temperature of the waste gas;

c) water vapour content of the waste gas;

d) dustload of the waste gas;

e) ¢xpected concentfation range of methane;
f)  éxpected concentration of potentially interfering substances, including at least those listed in [Table B.1.

To apoid long*response times and memory effects, the sampling line should be as short ag possible. If
necessary,a bypass pump should be used. An appropriate heated filter shall be used.

Before conducting fiel[d measurements, the user shall verify that the necessary QA/QC procedures have been
performed.

7.3 Sampling location

It is necessary to ensure that the gas concentrations measured are representative of the average conditions
inside the waste gas duct. The measurement site, the measurement section and the sampling points shall be
selected in accordance with applicable international or national standards.

NOTE The selection of the measurement site, the measurement section and the sampling points are described, for
example, in EN 15259[6],

In addition, the sampling location shall be chosen with regard to safety of personnel.
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7.4 Data collection

The calibrated FID measured values at operating conditions of the waste gas shall be recorded by an internal
or external data logging system and averaged in accordance with the measurement task.

The volume content of water vapour and oxygen (if necessary) in the waste gas shall also be measured in
parallel and averaged over the sampling period of the methane measurement to express the methane

concentration

7.5 Calcul

Results of m|
(dry gas) ang

If the metha
mass concel

7CH4, S

where
YcH,, o
Mcy,

|4

m

If necessary
concentratiof

7CH4,(H

where

YCH,,s

(szO, m

If the water
water vapour

for dry waste gas conditions and, if required, oxygen reference conditions.

ation

Mcy,
Vm

¢CH4, o’
is the methane volume fraction at operating conditions;
is the molecular mass of methane (16 g/mol);

is the standard molar volume (22,4 I/mol).

the measured methane mass concentration, ), s, shall be corrected to the methane
at reference conditions of water vapour (dry gas), YCH,,(H,0), using Equation (2):

|

100 %
100 % - @,0, m

0)g = 7CHy,s [

hpour

he concentration is provided as a volume fraction, Equation (1) shall be used to .calculate the
tration at standard conditions of temperature and pressure (273 K, 1 013 hPa), y¢y./ <

(1)

nass

()

is the methane mass conceéntration in the wet gas at reference conditions of temperatur¢ and

pressure;

is the measured water vapour content, as a volume fraction expressed as a percentage,
waste gas (waste)gas humidity).

content,as'a volume fraction, ¢ o, in the waste gas:

mH20' V/szo' v

PH,0 =

AW

n the

apour content(is determined as a mass concentration, Equation (3) shall be used to calculafe the

where
mHzo, \%

PH,0, v

12

2% /n
H20'V ’/Hzo‘vl U

is the mass of water vapour;

is the density of water vapour (0,8 g/l or 0,8 kg/m3), given by

H20
V

szo,V =
m

in which MHZO is the molecular mass of water (18 g/mol);

is the volume of the dry gas sampled.
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If necessary, the measured methane mass concentration at standard conditions of temperature and pressure,
YCH,, s shall be corrected to reference conditions of oxygen, designated YCH,, 0 using Equation (4):

(4)

21% - ?0,, ref
21% — ¢)027 m

7/CH4,02 = yCH4, S [
where

90,, m is the measured oxygen content, as a volume fraction expressed as a percentage, in the waste
gas;

o, ref IS the reference oxygen content, as a volume fraction expressed as a percentage.
2

8 AQuality assurance and quality control procedures

8.1 | General

QA/QC is important in order to ensure that the uncertainty of the measured values for methane |s kept within
the limits specified for the measurement task.

The fpllowing applications of the automatic measuring system have to be distinguished:
a) AMS for intermittent measurements (8.3);

b) permanently installed AMS for continuous monitoring (8.4).

8.2 | Frequency of checks

Tablg 2 shows the minimum required freguency of checks. The user shall implement the relevgnt standards
for determination of performance characteristics or procedures described in Annex B.

Table 2 — Minimum frequency of checks for QA/QC during the operation

Minimum frequency

Check
AMS for intermittent measurements Permanently installed AMS

Resgonse time once a year once a year
Repgdatability standard deviation | once a year once a year
at zefo point
Repdatability'standard deviation | once a year once a year
at spanpoint
Lack of fit once a year and after repair of the AMS once a year and after repair of the AMS
Calibration — at regular time intervals specified, for

example, in legislation or applicable
standards by comparison with an
independent method of measurement

Interference check once a year once a year
Converter check once for each measurement series once a year
Sampling system and leakage |once for each measurement series once a year
check
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Table 2 (continued)

Check

Minimum frequency

AMS for intermittent measurements Permanently installed AMS

Cleaning or c
particulate filt

sampling inlet and at the

once for each measurement series, if
needed

hanging of
ers? at the

once in the period of unattended
operation

filter housing sk

monitor inlet
Zero drift every 3 h and at the end of measuring once in the period of unattended
period operation
Span drift every 3 h and at the end of measuring once in the period of unattended
period operation
Regular mainfenance of the as required by the manufacturer once in the period of unattended
analyser operation
@  The particlilate filter shall be changed periodically depending on the dust load at the sampling site. Durirgsthis filter change, the

all be cleaned.

The user sh
uncertainty r

8.3 AMS

8.3.1 Gen

AMS for intgrmittent measurements shall be adjusted and¢ehecked in accordance with 8.3.2 at freque]
specified in Table 2.

The results
8.3.2 Adju

8.3.21

Instrument 4
measuremer

The zero an

port of the imstrument.or”according to the manufacturer's instructions when using individual zero and

ports. The ad

a) feed zer

Instrument adjustment

all implement a procedure to ensure that the zero gases andcspan gases used mee
bquirement specified in Annex A, e.g. by comparison with a reference gas of higher quality.

or intermittent measurements

ral

the QA/QC procedures shall be documented.

tments and functional tests

djustments with zere‘\and span gases shall be carried out at least at the beginning of
t series. The safety procedures detailed in Annex C shall be followed.

] span gas shall"be introduced under the same flow and pressure conditions using the sa
justment.procedure shall be carried out as follows:

D gas.into the FID and set the zero;

t the

ncies

each

mple
span

b) feed span gas and adjust the instrument accordingly;

c)

feed zero gas into the FID once more and check that the reading returns to zero.

Steps a) to ¢) have to be repeated, if the reading does not return to zero.

8.3.2.2

Response time

The response time of the AMS response shall be checked in accordance with B.2 at least once a year. It shall
be checked in the field application if the sampling line length exceeds the length applied in the general

performance

14

test.
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8.3.2.3 Repeatability standard deviation at zero point
The repeatability standard deviation at zero point shall be checked in accordance with B.3 at least once a year.
8.3.2.4 Repeatability standard deviation at span point

The repeatability standard deviation at span point shall be checked in accordance with B.4 at least once a
year.

8.3.2.5 Linearity check

The I[nearity of the AMS response shall be checked in accordance with B.5 at least once a year:

8.3.2|6 Interference check

The interference shall be checked in accordance with B.6 at least once a year.

8.3.2]7  Check of the converter efficiency

The ¢onverter efficiency shall be checked in accordance with B.7 at least-Once for each measurement series.

8.3.2|18 Sampling system and leakage check

The [sampling system of the AMS shall be checked in¢agcordance with B.8 at least orlce for each
meagurement series.

8.3.2|]9 Cleaning or changing of particulate filters

The particulate filter shall be checked at least-once for each measurement series and changgd if needed.
During the filter change the filter housing shall be cleaned.

8.3.2|10 Zero and span drift

The gero and span drift shall be~checked in accordance with B.9 at least every 3 h and at the end of the
measguring period.

8.3.2]11 Regular maintenance of the analyser

The rlegular maintenance of the analyser shall be performed as required by the manufacturer.

8.3.2]12 Measurement uncertainty

The pncertainty of measured values obtained by AMS for intermittent monitoring shall be determined in

accordance with the principles laid down in ISO 20988. The measurement uncertainty shall be re¢presentative
of the intended application of the AMS. It shall take into account all relevant sources of uncertainty.

NOTE The uncertainty of measured values obtained by AMS for intermittent monitoring can be determined by a
direct or by an indirect approach described in 1SO 20988. The direct approach can be based on comparison
measurements with an independent method of measurement under conditions of the intended operation of the AMS.
ISO 20988 describes procedures to evaluate such comparison measurements. A detailed description of the indirect
approach is given in ISO 14956.

The uncertainty of the measured values shall meet the uncertainty criterion specified for the measurement
objective.

© 1SO 2010 — All rights reserved 15


https://standardsiso.com/api/?name=9f151a59ce2c1ba28448765b26731534

ISO 25140:2010(E)

8.4 Permanently installed AMS

8.41 General
Permanently installed AMS for continuous monitoring shall meet the performance criteria specified in Table 1.

General QA/QC procedures for permanently installed AMS specified in national or international standards
shall be observed.

NOTE General QA/QC procedures for permanently installed AMS are specified, for example, in EN 141815,

The results df the QA/QC procedures shall be documented.
8.4.2 Adjustments and functional tests

8.4.21 Instrument adjustment

Permanently| installed AMS shall be adjusted in accordance with 8.3.2.1 at least once in the peripd of
unattended gperation.

8.4.2.2 Response time
The responsg time of the AMS response shall be checked in accordance With B.2 at least once a year.
8.4.2.3 Repeatability standard deviation at zero point

The repeatability standard deviation at zero point shall be checked in accordance with B.3 at least once g year.

8.4.2.4 Re¢peatability standard deviation at span _point

The repeatability standard deviation at span point.shall be checked in accordance with B.4 at least ofice a
year.

8.4.2.5 Lihearity check

The linearity jof the AMS response shall be checked in accordance with B.5 at least once a year.

8.4.2.6 Interference check

The interferepce shall bé ehecked in accordance with B.6 at least once a year.

8.4.2.7 Check of-the converter efficiency

The convertdr pffir‘ipnr‘y shall he checked in accordance with B 7 at least once a year

8.4.2.8 Sampling system and leakage check
The sampling system of the AMS shall be checked in accordance with B.8 at least once a year.
8.4.2.9 Cleaning or changing of particulate filters

The particulate filter shall be changed at least once in the period of unattended operation. During the filter
change the filter housing shall be cleaned.
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8.4.2.10 Zero and span drift

The zero and span drift shall be checked in accordance with B.9 at least once in the period of unattended
operation. This manual check is also needed for AMS with internal automatic zero and span checks.

8.4.2.11

Regular maintenance of the analyser

The regular maintenance of the analyser shall be performed once in the period of unattended operation.

8.4.3 Calibration, validation, and measurement uncertainty

Perm
indep
meas

NOTE

used

The
valid

The

analy

The

deter
calibr

anently installed AMS for continuous monitoring shall be calibrated and validated by comp3
endent method of measurement. The validation shall include the determination of the.uUnce
ured values obtained by the calibrated AMS.

1 The manual gas chromatographic method for the determination of methane specified in ISO 2
s an independent method of measurement.

AMS shall be subject to adjustments and functional tests according to8.:4:2 before each ca
ation.

calibration and validation of the AMS shall be performed at-regular intervals and after
ser in accordance with applicable national or international standards.

Uncertainty of measured values obtained by permanently.installed AMS for continuous monit
mined by comparison measurements with an independent method of measurement as
ation and validation of the AMS. This ensures that<the measurement uncertainty is represe

rison with an
rtainty of the

5139031 can be

libration and

Fepair of the

bring shall be
part of the
ntative of the

appli¢ation at the specific plant.

NOTH 2 The determination of the uncertainty of measured values obtained by permanently instglled AMS for
contiuous monitoring on the basis of a comparison with an independent method of measurement is |described, for
example, in 1ISO 20988 and EN 1418151,

The ncertainty of the measured values’shall meet the uncertainty criterion specified for the measurement
objedtive.

9 Testreport

The {est report shall-be-in accordance with international or national regulations. If not specified| otherwise, it
shallinclude at least.the following information:

a) reference.to'this International Standard (ISO 25140:2010);

b) description of the measurement objective;

c) principle of gas sampling;

d) information about the analyser and description of the sampling line and conditioning system;

e) identification of the analyser used, and analyser’s performance characteristics as listed in Table 1;

f)  operating range;

g) details of the quality and the concentration of the span gases used;

h) description of plant and process;

© 1SO 2010 — All rights reserved
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identification of the sampling plane;

actions taken to achieve representative samples;

on of the location of the sampling point(s) in the sampling plane;

on of the operating conditions of the plant process;

changes in the plant operations during sampling;

sampling date, time and duration;

i)

j)

k) descripti
I) descripti
m)

n)

0) time ave
p) measure
gq) measure
r) results 0
s) anydev
NOTE R4

EN 1525916] fg

18

raging on relevant periods;

d values;

ment uncertainty;

f any checks;

ations from the requirements of this International Standard.

bquirements for the test report are specified e.g. in EN 15267-3!7] for)the results of performance tepts, in
r the results of intermittent monitoring, and in EN 1418115 for the résults of continuous monitoring.
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AA1

A nuvlnber of operational gases are required when using this International Standard.

A.2

The
fracti

A3

The f

The purity of the fuel gas used shall be at least 99,999 %.

Fors

A4

The
exce

NOTH

A.5

Span
perm

The s

ISO 25140:2010(E)

Annex A
(normative)

Operational gases

General

Combustion air

combustion air shall consist of synthetic (hydrocarbon-free) or purified_ait, The hydrocafbon volume

bn should not exceed 2,0 % of the upper limit of the measuring range used_ during the whole

Fuel gas

afety reasons the fuel gas line should be made.of metal.

Zero gas

vero gas shall consist of hydrecarbon-free synthetic air. The hydrocarbon volume fractio
bd 1,0 % of the upper limit ofthe measuring range used.

Combustion air can~be suitable if it is sufficiently purified.

Span gas

gas shall consist of methane in synthetic air. It shall have a known concentration with
ssible_expanded uncertainty of 2,0 % of its nominal value traceable to applicable standards.

operation.

uel gas for the FID usually consists of hydrogen. If required.by the FID manufacturer, the fugl gas can be
a hygrogen-helium mixture or a hydrogen-nitrogen mixture.

h should not

a maximum

pan gas concentration should be about 70 % of the upper limit of the selected measuring ra

nge.

A.6

Reference gas

Reference gas shall consist of methane in synthetic air. It shall have a known concentration with a maximum

perm

issible expanded uncertainty of 1,0 % of its nominal value traceable to applicable standards.

The reference gas concentration should be about 70 % of the upper limit of the selected measuring range.

©I1SO
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A.7 Test gas for checking the converter efficiency

Test gas for checking the converter efficiency shall consist of ethane in synthetic air. The concentration shall
be in the range of the methane concentration expected.
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Determination of the performance characteristics of an FID to be applied

in the ongoing quality control (QA/QC) procedures

B.1 [Generat

Before determining the performance characteristics of an FID, the instrument shall be set-up acdgording to the
procgdure detailed in 8.3.2.

B.2 |Response time

The fesponse time shall be determined by applying a step change betweenzero gas and span|gas of about
70 %| of the upper limit of the lowest measuring range used. The zero,and test gas shall be applied to the FID
at thg sample gas inlet.

The response time is the time interval between the instant of the step change and the instant when the
respgnse reaches and remains within 10 % of the step changeraround the final stable value. It is determined
as the sum of the lag time and the rise time in the rising mode, and the sum of the lag time and the fall time in
the falling mode.

The $tep change produced by the test facility shal’have a rise time (between 10 % and 90 % of the step
change) less than 10 % of the averaging time to-be applied during the tests. If rise time and fall time differ, the
longdr one is to be taken for the computation of\the response time.

For instruments where transient oscillations occur in the approach to the final output signal, th¢ final output
signdl is considered as reached when-the oscillations fall to within 10 % of the input step.

The fesponse time shall be determined according to 1ISO 9169:2006, 6.3 by applying span gas| at a level of
about 70 % of the upper limit of-the lowest measuring range used to the FID at the sample gas inlet.

B.3 |Repeatability)standard deviation at zero point

The repeatabilitystandard deviation at zero point shall be determined by using a zero gas. Fifst adjust the
zero point of-the’FID. Then zero gas has to be applied at the zero and span gas inlet (see Figure P).

If thg repeatability standard deviation at zero point is determined during the lack of fit test, the reference
matekiaratzero-concentration-apphed-duringthe-testshal-beused-

The measured values of the AMS at zero point shall be determined after application of the reference material
by waiting the time equivalent to one independent reading and then recording 20 consecutive individual
readings.

The measured values obtained shall be used to determine the repeatability standard deviation, s,, at zero
point using Equation (B.1):

(B.1)
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where
x; isth
x isth
n isth

e ith measured value;
e average of the measured values x;;

e number of measurements, n = 20.

The repeatability standard deviation at zero point shall meet the performance criterion specified in Table 1.

B.4 Repelatability standard deviation at span point

The repeatal

the span poift (span gas).

If the repeata
reference mg

The measursg

by waiting the time equivalent to one independent reading and then recerding 20 consecutive indi

readings. Th
span using H

The repeatal

B.5 Lack

The lack of fit (linearity) shall be checked in the laboratory by feeding zero gas and at least four test ¢

with concent
may be prod
less than 33

The test gas

Perform for ¢
over at least
regression a
between the
average x; (
the correspo

ility standard deviation at span point shall be determined by application of a reference mate
bility standard deviation at span point is determined during the lack of fit test) the highest va
terial applied during the test shall be used.

d values of the AMS at span point shall be determined after application of the reference mg

e measured signals obtained shall be used to determine thesrepeatability standard deviat
quation (B.1).

ility standard deviation at span point shall meet the perfermance criterion specified in Table

pf fit

rations evenly distributed over the selected measuring range. The different gas concentra
uced using a dilution system. The-expanded uncertainty of the test gas concentrations sh
/o of the lack of fit criterion.

ps shall be applied in an ordeér,*which avoids hysteresis effects.

ach test gas with the concentration, y, at least three consecutive measurements, each ave
one response time<The residuals e; (lack of fit) shall be determined on the basis of a

5 described in 1SO-9169 or EN 15267-3l7]. In this test procedure, a regression line is establ
instrument readings of the FID (x values) and the test gas values (yvalues). In the next ste
f FID readings at each test gas level is calculated. Then the deviation (residual) of the aver3
nding valde) x; estimated by the regression line is calculated according to Equation (B.2):

5

Fial at

ue of

terial
idual
on at

ases
tions
bl be

aged
inear
shed
D, the
ge to

(B.2)

The deviations, ¢;, at each test gas concentration shall meet the performance criterion specified in Table 1.

If the performance criterion is not met, the instrument response has to be corrected until the performance

criterion is m

22

et.
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Interference

B.6.1 General

40:2010(E)

The specific detection characteristics versus organic compounds depend, among other things, on the volume
and the flow characteristics in the measurement chamber. If these characteristics vary then the overall

sens

itivity and the component-specific sensitivity (response factors) vary, too.

Oxygen (O,) and carbon dioxide (CO,) are considered the most significant interferents. In most analysers,
these cross-sensitivities are minimised with internal techniques, so that their effect results in overestimations
of the methane concentrations of less than 1,5 % for typical combustion process waste gases.

NOTEH Specific investigations with respect to the oxygen cross-sensitivity within the round robin\tes

Anne

B.6.2 Determination of the effect of interfering substances except oxygen

Pass|into the FID, hydrocarbon-free test gases containing various known congentrations of ea

D indicated a maximum deviation of 2,3 %.

t described in

Ch interfering

gas (pee Table B.1). Note the measured values x; s and x; o4 €xpressed in-tnits of the measunand.

Dete

Calc

subslances given in PYable B.1 from the obtained individual effects X; pos and x; neq OF th
subs

mine the effect of each interfering substance listed in Table B.1 separately.

Table B.1 — Interfering substances and default values to be used in the test

Interfering substance Content
SO, 250 mg/m?3
NO 800 mg/m3
Cco 400 mg/m3
CO, 18 % volume fraction
H,O 25 % volume fraction
NOTE Complementary gas is nitrogen.

tlate the sums S,,c-and S,., of the positive and of the negative interfering effects of th

ance using the Equation (B.3) and Equation (B.4):

e mixture of
e interfering

B pos = 2 Xi, pos (B.3)
=1
neg
neg Z Xi neg (B.4)
where
X; pos I8 the positive deviation in units of the measurand (e.g. mass concentration) caused by an
interfering substance with a positive effect on the measured signal,
X, neg is the negative deviation in units of the measurand (e.g. mass concentration) caused by an

interfering substance with a negative effect on the measured signal;
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"pos

"heg

The two values S

is the number of interfering substances with a positive effect on the measured signal;
is the number of interfering substances with a negative effect on the measured signal.

and S, shall comply with Table 1.

pos neg

B.6.3 Determination of the effect of oxygen

Oxygen can affect both the zero point and the span value. To demonstrate the effect of oxygen, pass the
following test gases into the FID:

a) zero gas
1) 100

2) am

3) am

b) spanga
1) am
upp|

2) am
upp|
Calculate the
shall comply
B.7 Convs

The convertgr efficiency shall be checkedtwith ethane test gas with a concentration at about 70 % ¢

highest rang
Table 1. The

NOTE 1 Sq
operate prope

The ethane
exceeds the

A temperatu
analyser. Th

es:
% nitrogen,

xture containing volume fractions of 90 % nitrogen and 10 % oxygen,
xture containing volume fractions of 80 % nitrogen and 20 % oxygen;
5es:

xture containing volume fractions of 90 % nitrogen and 10 % oxygen with methane at 70 %
er limit of the lowest measuring range used,

xture containing volume fractions of 80 % nitrogen and 20°% oxygen with methane at 70 %
er limit of the lowest measuring range used.

interfering effect, S, and S,
with Table 1.

of oxygen according to Equations (B.3) and (B.4). Both v

pos neg’

erter efficiency
b used or at 50 mg/m3, whichéver is greater, which is fed into the analyser, and shall compl
response of the analyser(is,zero if the converter efficiency is 100 %.

me converter types_require sufficient oxygen and water concentrations in the sampled gas in or
ly (see manufacturers instructions).

breakthrough shall not exceed 2,0 % of the test gas concentration. If the ethane breakth
permissible,Value, the converter shall be checked and exchanged, if necessary.

Df the

pf the

Blues

f the
with

Her to

ough

e-depéndent methane loss can occur in the converter (see Figure B.1) during operation ¢f the

e methane loss need not be determined, as it is usually less than 15 % and is compensated

ht Sy v tha aalilheati s

or by

the instrume

O oyt oatioratorT

Certain substances can affect the function of the catalytic converter adversely or even destroy the catalytic
material. Critical substances are halogenated hydrocarbons, sulfur compounds, nitrogen oxides, ammonia and
other organic and inorganic nitrogen compounds, silicones, plasticisers, metal vapour (e.g. mercury), and

particulate m

NOTE 2
converter and

24

atter (see Annex D). If those substances occur, the converter shall be regularly checked.

thus reduce drastically its efficiency.

Extremely high concentrations (> 5 000 mg/m3) of organic substances (apart from methane) can overheat the
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