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Foreword

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

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
assessmen
to Trade (1

The comm
source emis

ISO 14385
Greenhousé

Part 1:

Part 2:

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patentrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
[, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC 146, Air quality, Subcommittee SC 1, Station
sions.

consists of the following parts, undép the general title Stationary source emissiong
gases:

Calibration of automated measuking systems

Ongoing quality control of dutomated measuring systems

are
the
the

t of
s of
| /or

not

hity
iers

ary

© ISO 2014 - All rights rese

rved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=ffe48aed15b13f62c009c1ebb0224abb

1SO 14385-1:2014(E)

Introduction

The measurement of greenhouse gas emissions (carbon dioxide, nitrous oxide, methane) in a framework
of emission trading requires an equal and known quality of data.

This part of ISO 14385 describes the quality assurance procedures for calibration and ongoing quality
control needed to ensure that automated measuring systems (AMS) installed to measure emissions
of greenhouse gases to air are capable of meeting the uncertainty requirements on measured values
specified, e.g. by legislation, competent authorities, or in an emission trade scheme.
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Stationary source emissions — Greenhouse gases —

Part 1:
Calibration of automated measuring systems
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Scope

5 part of 1SO 14385 specifies the procedures for establishing quality assurance-for
isuring systems (AMS) installed on industrial plants for the determination of the conce
enhouse gases in flue and waste gas and other flue gas parameters.

measured values obtained by an AMS, which is suitable for the validation of an AMS fd
allation.

5 part of [ISO 14385 is designed to be used after the AMS has been aceepted according to the|
rified in ISO 14956.

Normative references
following documents, in whole or in part, aresnormatively referenced in this documg

rences, the latest edition of the referenced.document (including any amendments) applidg

14385-2, Stationary source emissions,< Greenhouse gases — Part 2: Ongoing quality
pmated measuring systems

14956, Air quality — Evaluation.of the suitability of a measurement procedure by compan
Llired measurement uncertainty

Terms and definitions

the purposes of thiss-document, the following terms and definitions apply.

pmated meéasuring system

S
isuring.system permanently installed on site for continuous monitoring of emissions

automated
ntration of

5 part of ISO 14385 specifies a procedure to calibrate the AMS and détermine the valriability of

llowing its

brocedures

nt and are

spensable for its application. For dated references, only the edition cited applies. For undated

S.

control of

ison with a

Not

b 17to entry: An AMS is a method which is traceable to a reference method.

Note 2 to entry: Apart from the analyser, an AMS includes facilities for taking samples (e.g. sample probe, sample
gas lines, filters, flow meters, regulators, delivery pumps, blowers) and for sample conditioning (e.g. dust filter,
water vapour removal devices, converters, diluters). This definition also includes testing and adjusting devices
that are required for regular functional checks.

3.2

calibration function
linear relationship between the values of the SRM and the AMS with the assumption of a constant
residual standard deviation

3.3

calibration gas

gas

of known composition that can be used to check the response of the AMS

© IS0 2014 - All rights reserved
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3.4

competent authority

organization or organizations which implementthe requirements oflegislation and regulate installations
which must comply with the requirements of legislation

3.5

confidence interval

interval estimator (T, T7) for the parameter 8 with the statistics T1 and T3 as interval limits and for
which itholds that P[T1 <0< T]z21-«

Note 1 to entry: The two-sided 95 % confidence interval of a normal distribution is illustrated in Figure 1, where

T1=0-196¢0 is the lower 95 % confidence limit;
T2=0+1,9600 is the upper 95 % confidence limit;
I=T>-T1=[2x%x1,96 x 09 is the length of the 95 % confidence interval;
oo=1/(2x[1,96) is the standard deviation associated with a 95 % confidencé interval;
n is the number of observed values;
f is the frequency;
m is the measured value.
fa
I1=2x%x1,96 x o,
1-a=0,95
n—
, —>
T 0-oc, 0 0+o, 1 m
Figure 1 <1lHustration of the 95 % confidence interval of a normal distribution
Note 2 to eptryh this part of ISO 14385, the standard deviation, oy, is estimated by parallel measurempgnts
with an SRM.I¥'is assumed that the requirement for oq, presented in terms of an allowable uncertainty budget,

i.e. variability is provided by the regulators. In the procedures of this part of ISO 14385, the premise is that the
required variability is given as oy itself, or as a quarter of the length of the full 95 % confidence interval.

[SOURCE: ISO 3534-1:2006, 1.28, modified: Figure 1 has been added. Notes 1 and 2 are different.]

3.6

drift

monotonic change of the calibration function over stated maintenance interval, which results in a change
of the measured value

3.7
extractive AMS
AMS having the detection unit physically separated from the gas stream by means of a sampling system

2 © ISO 2014 - All rights reserved
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3.8
in-situ AMS
AMS having the detection unit in the gas stream, or in a part of it

3.9
instrument reading
indication of the measured value directly provided by the AMS without using the calibration function

3.10
legislation
directives, acts, ordinances, and regulations

clugter of measurement values less than the maximum permissible uncertainty and betweg¢n 0 % and

congtituent of the waste gas for which a defined measurand js\to be determined by measurement

measured value
estimated value of the measurand derived from an output signal

Note 1 to entry: This usually involves calculations related to the calibration process and conversion|to required
quahtities

Not¢ 2 to entry: A measured value is a short-term average. The averaging time can be, e.g. 10 min, 30{min, or 1 h.

3.15
perjiod of unattended operation
maximum admissible interval efitime for which the performance characteristics will remajn within a
preflefined range without external servicing, e.g. refill, calibration, adjustment

Note¢ 1 to entry: This is also known as the maintenance interval.

3.16
perjipheral parameter
sperified physieal or chemical quantity which is needed for conversion of the AMS measurgd value to
stapdard cenditions

3.1
perjipheral AMS
AMS used to gather the data required to convert the AMS measured value to standard conditions

Note 1 to entry: A peripheral AMS is used to measure water vapour, temperature, pressure, and oxygen.

3.18
peripheral SRM
SRM used to gather the datarequired to convert the SRM measured values to AMS or standard conditions

Note 1 to entry: A peripheral SRM is used to measure water vapour, temperature, pressure, and oxygen.

3.19

precision

closeness of agreement of results obtained from the AMS for successive zero readings and successive
span readings at defined time intervals

© ISO 2014 - All rights reserved 3
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3.20

reference material

substance or mixture of substances with a known concentration within specified limits, or a device of
known characteristics

Note 1 to entry: Normally used are calibration gases, gas cells, gratings, or filters.

3.21

response time
t90

time interval between the instance of a sudden change in the value of the input quantity to an AMS and
the time aq from which the value of the output quantity is reliably maintained above 90 % of the cerfect
value of the input quantity

Note 1 to enftry: The response time is also referred to as the 90 % time.

3.22
span readfng
instrument reading of the AMS for a simulation of the input parameter at a fixed elevated concentratfion.
This simullation should test as much as possible all the measuring elements of the system, which
contribute|significantly to its performance.

Note 1 to enftry: The span reading is approximately 80 % of the measured range.

3.23
standard ¢onditions
conditions|as given in legislation to which measured values haveto be standardized

3.24
standard ¢leviation
positive square root of the mean squared deviation from the arithmetic mean, divided by the degfees
of freedo

Note 1 to enftry: The number of degrees of freedoniis the number of measurements minus 1.

3.25
Standard Reference Method
SRM
method described and standardised+to define ameasurand, temporarily conducted on site for verificafion
purposes

Note 1 to enftry: Also known-as-a reference method.

3.26
uncertainty
parameter|assoe¢iated with the result of a measurement that characterises the dispersion of the values
that could feasenably be attributed to the measurandI[3]

3.27
variability
standard deviation of the differences of parallel measurements between the SRM and AMS

3.28

zero reading

instrument reading of the AMS on simulation of the input parameter at zero concentration, which shall
test as much as possible all the measuring elements of the AMS, that contribute significantly to its
performance

4 © ISO 2014 - All rights reserved
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4 Symbols and abbreviations

4.1 Symbols

a intercept of the calibration function

da best estimate of a

b slope of the calibration function

b best estimateofb

D; difference between SRM value y; and calibrated AMS measured value y;

D average of D;

E maximum value of measuring range

ky test value for variability (based on a y2-test, with a f-value of 50 %, fon N numbers of pairdd measure-
ments)

N number of paired samples in parallel measurements

o standard deviation of the differences D; in parallel measuréments

tooq: n-1 value of the t distribution for a significance level 0f:95 % and a number of degrees of freedpm of N - 1

Uins uncertainty due to instability (expressed as asstandard deviation)

Utenlp uncertainty due to influence of temperature (expressed as a standard deviation)

Uprels uncertainty due to influence of pressure (expressed as a standard deviation)

Uyol uncertainty due to influence of veltage (expressed as a standard deviation)

Uothers  any other uncertainty that can influence the zero and span reading (expressed as a standajd devia-
tion)

Xj ith measured signal‘ebtained with the AMS at AMS measuring conditions

X average of AMS.measured signals x;

Vi ith measured value obtained with the SRM

y avérage of the SRM measured values y;

YVis SRM measured value y; at standard conditions

Ys,min lowest SRM measured value at standard conditions

Ys,max highest SRM measured value at standard conditions

Vi best estimate for the “true value”, calculated from the AMS measured signal x; by means of the cali-
bration function

YVis best estimate for the “true value”, calculated from the AMS measured signal x; at standard conditions

Vs max best estimate for the “true value”, calculated from the maximum value of the AMS measured signals x;
at standard conditions

Z offset (the difference between the AMS zero reading and the zero)

© IS0 2014 - All rights reserved
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SAMS

&

standard deviation of the AMS used in ongoing quality control

significance level

derived from requirements of legislation

4.2 Abbreviations

deviation between y; and the expected value og standard deviation associated with the uncertainty

AMS automated measuring system

AST ahnual surveillance test

QA ghality assurance

SRM Standard Reference Method

5 Pringiple

5.1 General

An AMS to pe used shall be proven suitable for its measuring task (parammeter and composition of the flue
gas) by usd of the procedures specified in ISO 14956. Using this partofISO 14385, it shall be proven that
the total ujcertainty of the results obtained from the AMS meets the Specification for uncertainty stgted
in legislatipn or in requirements and specifications establishediin’an international trading progranp. In
[SO 14956/ the total uncertainty required by the relevant regulations is calculated by summing all|the

relevant upcertainty components arising from the individual performance.

This part
of the dete
measured

f ISO 14385 provides a procedure for thewvalidation and calibration of an AMS. It cong
rmination of the calibration function and its variability, and a test of the variability of]
alues of the AMS compared with the uncertainty given by legislation or in requirements

specificatipns established in international trading programs. The tests are based on a number of par

measurem
values obt3

bnts performed with a Standard Reference Method (SRM). The variability of the measu
lined with the AMS can then be evaluated against the maximum permissible uncertaintyj

The tests alre performed on AMS that have been correctly installed and commissioned.

The tests ¢

a) establi

b) calibra
load.

hn be used to

sh a calibration.function over a range of plant operating conditions and

The procedlure is Tepeated periodically after a major change of plant operation, after a failure off

AMS, or as

réquired by legislation.

te the AMS.and demonstrate thatan AMS meets the required accuracy at a constant operag

ists
the
and
h11el
red

—n

ng

the

5.2 Limitations

Figure 2 ill

ustrates the components of the AMS covered by this part of ISO 14385.
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Stack

Limit of the AMS

AMS Data acquisition
and handling system

Higure 2 — Limits for the QA of the AMS excluding the data acquiSition and handling system

NOTE1 The influence of the uncertainty of the measurement results, which arise from the datq acquisition
recqrding and handling system of the AMS or of the plant system and{ts determination, are exclud¢d from this
part of ISO 14385.

NOTE2  The performance of the data collection and recending system can be as influential ps the AMS
performance in determining the quality of the results obtained from the whole measuring system/pr¢cess. There
are fifferent requirements for data collection recording,aid presentation in different countries.

When conducting parallel measurements, the.measured signals from the AMS are taken diyectly from
the|[AMS (e.g. expressed as analogue or digital-signal) during the calibration and annual survdillance test
(AS[T) procedures specified in this part of 1SO 14385 by using an independent data collectjon system
proyided by the organization(s) carrying.eut the calibration and AST tests, as specified in I§0 14385-2.
All [data shall be recorded in theirmcorrected form (without corrections for, e.g. tempefrature and
oxygen). A plant data collection system with quality control can additionally be used to |collect the
megsured signal from the AMS.

5.3| Measurement site and installation

Thg AMS shall be installed in accordance with the requirements of the relevant national or infernational
stapdards, as specified by legislation, competent authorities, or in emission trade scherpe. Special
attgntion shall Be-given to ensure that the AMS is readily accessible for regular maintenanc¢ and other
necpssary activities.

NOTE The AMS is intended to be positioned as far as practical so that it measures a sample reprgsentative of
the ptackgas composition.

All measurements shall be carried out on a suitable AMS and peripheral AMS installed within an
appropriate working environment.

The working platform used to access the AMS shall readily allow parallel measurements to be performed
using an SRM. The sampling ports for measurements with the SRM shall be placed as close as possible,
but not more than three times the equivalent diameter up- or down-stream of the location of the AMS,
in order to achieve comparable measurements between AMS and SRM.

It is necessary to have good access to the AMS to enable inspections to take place and also to minimize
time taken to implement the quality assurance procedures of this part of ISO 14385. A clean, well-
ventilated, and well-lit working space around the AMS is required to enable the staff to perform this
work effectively. Suitable protection is required for the personnel and the equipment, if the working
platform is exposed to the weather.

© ISO 2014 - All rights reserved 7
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5.4 Testing laboratories performing SRM measurements

The testing laboratories, which perform the measurements with the SRM, shall be accredited for this
task according to ISO/IEC 17025 or shall be approved directly by the relevant competent authority.

6 Calib

ration and validation of the AMS

6.1 General

Testing shall cover the f‘n]lnuling items:

install

functi

the m3

A calibrati
and more
internatior

Furthermadre, a calibration procedure shall be performed for all\the measurands influenced by

any mg

any m:

The results
period bef
necessary

The measufrement range shall be chosento ensure the expected measurement values are between 2

calibra
combination with calibration gases;

validat

htion of the AMS;
pnal test of the AMS;

tion of the AMS by means of parallel measurements with an SRM andif necessary

ion of the AMS (determination of the variability of the AMS and the check of compliance {
ximum permissible uncertainty or determination of the relative uncertainty).

bn procedure shall be performed for all measurands at least every 5 years for every 4
‘requently if so required by legislation, requirements, and specifications established ir
al trading program or the competent authority.

jjor change in plant operation (e.g. change in flué.gas abatement system or change of fuel
jor changes or repairs to the AMS, which will influence the results obtained significantly

of the calibration procedure shall be réported within 6 months after the changes. During
pre a new calibration function has been established, the previous calibration function (w}
vith extrapolation) shall be used:

, in
vith
\MS

an

or

the
lere

b %

ject

ntly

and 75 % df the maximum of this range:

6.2 Fungtional test

The requirpments for installation and the measurement site as specified in 5.3 shall be checked.

If peripherpl AMS is usSed to convert the measured values to other conditions, these AMS shall be sub

of functionjal tests:

NOTE §incé, the AMS and SRM measured values are converted to other conditions by independd
determined|data sets of the peripheral parameters, the uncertainties in the peripheral parameters are attributed

to the AMS of the air pollutant in the variability test.

The functional test before calibration shall be performed according to Annex A. The period between the

functional

test and the calibration shall be limited to 1 month.

The specific precautions to be taken should depend on the individual location.

6.3 Calibration and validation of multiple/complex measurement systems

Although the procedures in this part of ISO 14385 are primarily describing the calibration and
validation of single instruments, the same procedures can be used for the calibration and validation
of multiple/complex measurement systems. For instance, in many countries, emission limit values are
expressed in concentrations at standard conditions (dry flue gas with temperature 273,15 K, pressure

© ISO 2014 - All rights rese
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1013 hPa, and a specified oxygen concentration). In such a case, the measurement system consists of
several analysers and measuring devices (peripheral AMS) (analyser for air-polluting compound, oxygen
analyser, measuring devices for temperature, pressure, and water vapour).

If legislation or requirements and specifications established in an international trading program are
requiring calibration and validation of concentrations of air-polluting compounds at standard conditions,
two options are possible.

First, this can be realized by calibration of the results of the individual analysers and measuring devices
using the measurement results of the appropriate reference methods for each of the components in the
calculation (air-polluting compound, oxygen, temperature, pressure, and water vapour). The calibrated
resfilts are then used for conversion by calculation to concentrations at standard conditions

Altg
con

rnatively, the results of the individual analysers and measuring devices are converted to standard

ditions and then calibrated to the converted results of the reference methods.

Thd
on {

standard deviation used in the validation procedure has to be calculated byusing Formyla (11) and

he basis of the normalized calibrated AMS values and the normalized SRM values.

6.4| Parallel measurements with an SRM

Par or validate

the

hllel measurements shall be performed with the AMS and SRM@n'order to calibrate and
AMS by use of an independent method.

Itis
not
gas

not sufficient to use reference materials alone to obtainthe calibration functions and this is therefore
permitted. This is because these reference materials.do not replicate sufficiently the mjatrix stack
they cannot be used to establish that the sampling point(s) of the AMS are represenftative, and
they are not used with the sampling system in all cases. However, if there are limited variations in the
reslilts obtained in the AMS/SRM tests, and the.measured concentrations are more than 40 % below

the|maximum value of the normal measuring ranige, an extrapolation of the calibration fund
highest annual value can be verified by these of appropriate reference materials, taking i
theleffects of interfering substances on the’AMS, where appropriate.

If clear and distinct operating modes of the plant process are part of its normal operation (f

tion to the
to account

r example,

chapges of fuel), additional calibrations shall be performed and a calibration function estapblished for
each operational mode if the operation affects the calibration curve.

bration over
ge if, based
nges in the

NOTE1 Itis recommendeditiiat a preliminary test be carried out in order to evaluate if a full cali
the vhole concentration rdnge can be performed. Otherwise, a competent authority is intended to ju
on its experience, it is«€'€asonable to establish one calibration function that covers all normal chza
progess.

h the plant
within the
r as large a

In order to ensure that the calibration function is valid for the range of conditions within whig
will operate; the concentrations during the calibration shall be varied as much as possible
normal operations of the plant. This shall ensure that the calibration of the AMS is valid ove
ranpe a$ possible, and also that it covers most operational situations.

Th
mode of the plant.

1 0perating

An SRM shall be used to measure the emissions through representative sampling in the duct, which is
as close as possible to the AMS. The sampling of the AMS and SRM shall not influence the results of both
measurement systems.

The presence of the equipment specified in the SRM shall notinfluence or disturb the AMS measurements.

For each calibration, a minimum of 15 valid parallel measurements shall be made with the plant
operating normally. These measurements shall be uniformly spread both over atleast 3 d and over each

© IS0 2014 - All rights reserved
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of the measuring days of normally 8 h to 10 h (e.g. not five measurements in the morning and none in the

afternoon)

NOTE 2

and be performed within a period of 4 weeks.

The required spread of a minimum of 15 valid measurements over 3 d is essential in minimising the

effect of influences of the subsequent measurement results (i.e. to avoid auto-correlation between the calculated
differences in the results of the AMS and SRM). The alternative of performing more measurements within a
shorter time interval can lead to the establishment of an invalid calibration function.

NOTE 3

since some samples can be deemed to be invalid during subsequent analysis because of inadequate quality.

that the mea

If the calib
that atleas
test (see IS
measurem
measurem
function ay
measurem

Examples (

A set of me

the SR

the tiq
[excluc
of the
any ot

During the
pair (one A

The sampl
the respon
measurem
general, th
or as defin
significant

If the samp

longer tham 1 h.

The result$
AMS (e.g. ¢

surements need to be performed w1th1n three consecutlve days

ration is not the first calibration being carried out on the AMS and the operatorcan pr
t 95 % of the AMS measured values obtained since the last calibration or annual'surveillg
0 14385-2) are less than the maximum permissible expanded uncertaintyvthe numbg
bnts can be reduced to five parallel measurements performed on 1 d. The résults of these
bnts shall be used to check the validity of the existing calibration function. If the calibra
pears not to be valid, the number of parallel measurements shall besincreased to 15 par
bnts to calculate a new calibration function.

f expanded uncertainty are given in Annex F.
asurements is valid when all of the requirements below are.fulfilled:
M measurements are performed according to the aceepted standard;

he period of each AMS measured signal shall cover at least 90 % of the averaging t
ling all of the measured signals which are above 100 % or below 0 % of the measuring ra
AMS, signals obtained during internal checkg;(auto calibration), and signals obtained du
her malfunctioning of the AMS].

MS measured signal and one SRM-nieasured value) and these shall cover the same time per

ng time for each of the parallel measurements shall be at least 30 min, or at least four ti
se time of the AMS, includingthe sampling system (as determined during the response ]
bnts carried out duringhe’procedures according to ISO 14956), whichever is the greate

ed in an international trading program. The recording system shall have an averaging
y shorter than the response time of the AMS.

ling time is.shorter than 1 h, then the time interval between the start of each sample shal

5 obtained from the SRM shall be expressed under the same conditions as measured by

e sampling time shouldyequal the shortest averaging time, which is required by the legislat

A minimum of 15 valid measurements can, in practice, require that more than 15 samples be taken,

imply

ove
nce
r of
five
[ion
h1lel

ime
nge
[ing

parallel measurements with the AM$-and SRM, each result is considered as a measurenjent

iod.

mes
ime
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onditions of pressure temperature etc) In order to establlsh the calibration functlon
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conditions

EXAMPLE
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and standard conditions shall be obtained for each measurement pair.

MS

If the AMS measures N20 in units of mg/m3 in stack gas containing water vapour, then the SRM
results are expressed in the same units (e.g. mg/m3 in the stack gas with the same water vapour concentration).

allel measurements can be performed in less than 3 d if

were smaller than 30 % of the measurement range value specified for half-hourly values or

not deviate from the average of all validated half-hourly values by more than 5 %.

In these cases, the interval between the start of each sampling can be less than 1 h.

10

at least 97 % of the validated half-hourly values obtained in the period since the last calibration

at least 99 % of the validated half-hourly values obtained in the period since the last calibration do
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In order to fulfil the requirement that the calibration of the AMS is valid over as large a range as possible,
and that it covers most operational situations, parallel measurements over 3 d are generally required.
However, this can require several manual SRM measurements of the water vapour concentration. If
calibrated AMS measured values for water vapour are available, these can be used to convert the SRM
data to dry or wet basis. When wet abatement techniques are used, the water vapour concentration is
often nearly constant and extended measurement of the water vapour concentration is of little purpose.
In those situations, conversion of SRM data to dry or wet basis as required can be carried out using
calculated AMS water vapour measurements.

6.5 Procedure: calibration and validation of the AMS by means of parallel measure-
mefts

6.5{1 General

In this procedure, the calibration function of the AMS and its variability are détermined bly means of
parpllel measurements with an SRM. The variability of the measured values©btained with[the AMS is
then evaluated against the maximum permissible uncertainty.

The sequence of the tests to be carried out is shown in Figure 3.

Farallel measurements See 6.4
with an SR

l

Data See 6.5.2
ey aluation

l

Calibration fafction of
the AM S-ard its valicity See 6.5.3

l

Calculation of See 6.5.5
wariability

i

Test of variahility See 6.5.6

|

Reporng See 6.6

Figure 3 — Flow diagram for the calibration and variability tests

Examples of calculation of the calibration function and of the variability test are given in Annex D.

NOTE If change in fuel mixture is a part of the normal operation mode of the plant, it is recommended that
the fuel mixture is varied during the parallel measurements.
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6.5.2 Data evaluation

6.5.2.1 Preparation of data

The steps for providing data required for establishing the calibration function and performing the test
of variability are illustrated in Figure 4.

SR AlS
Convelsionto Where appropriate,
AME mieasuring @ @ comversion between Units
conditiphs @ (2., A to moim
LJ Calculation of v
¥, —* calibration €]
! function !
Caleylation of calibrated
@ walhe's, using calibration
Where pppropriate, NHction
comvergionto standard @
cnnlljlt:Instusmg SRMm ¥
BOUIRMIEN Where appropriate |
comversion to standard
@ conditionsusing plant
equipment
h J

—» Testof *+— -
Selectipn of ¥is variahility Yis

calibrafion _— )
procedpra @ @ Definition of valid

calibration range

(aorhb(n
section
6.5.2.2 .
[}}smll;ysmax] [I:I ! 1'.‘I-;I"PS.I'I'IEZIZ ]
NOTE The figure in the circles indicates the sequence of the steps.

Figure 4 — Flow chartdescribing the steps in calibration procedure and test for variability

The AMS shall be caljbrated at the condition of the exhaust gas as measured by the AMS. Therefore,the
SRM values shall-be converted to AMS measuring conditions, if necessary, giving SRM measured valpes,
Vm, to be expressed in concentration units (e.g. mg/m3).

The measured signals from the AMS, x; can be either a signal in an electrical unit (e.g. mA or Volt) or in a
concentration unit (e.g. mg/m3).

NOTE For a non-extractive AMS that measures the gas directly, the calibration function reported shall be
at the operating conditions. For an extractive AMS measuring at specified conditions, the calibration function is
reported at these specified conditions.

The data sets obtained in the parallel measurements shall be checked for possible outliers (see Annex E).
The method used to assess outliers and reasons for excluding outliers shall be given in the calibration
report. Outliers shall be reported and identified in the calibration diagrams. This part of ISO 14385
requires at least 15 valid data points for a calibration function. If points are excluded, e.g. through the
use of outlier tests, this requirement can be failed. It is therefore recommended that additional data
points be taken, to allow for the exclusion of outliers. If this is not done, the calibration can be invalid.
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6.5.2.2 Establishing the calibration function

It is presupposed in this part of ISO 14385 that the calibration function is linear and has a constant
residual standard deviation. The calibration function shall be described by Formula (1) [ISO 11095]:

yi=a+bx;+g;

where

x; isthe ithresult of the AMS;i=1toN; N=>15;

(1)

The
tog
ope
nor
can
In S
per

NO1
and
be u

For

Thd
con

y;i isthe ith result of the SRM;i=1to N; N > 15;

€; isthe deviation between y; and the expected value;

a isthe intercept of the calibration function;

b isthe slope of the calibration function.

general procedure [Formula (4) and (5)] requires a sufficient range-of the measured con
ive a valid calibration of the AMS for the complete range of concentrations encountered duf

ration. As stated in 6.5, it is essential that the concentration‘range is as large as possible
mal operation of the plant for a valid calibration functionxHowever, at a large number

uch cases, in which the concentration range (measured with the SRM) is less than the
missible uncertainty, another (similar) procedure is;given below (procedure b).

E1 Iftheconcentrationrangeis slightly bigger than maximum permissible uncertainty, and if
(5) resultin an inadequate calibration function. (€:g. a function with negative slope), Formulae (6)
sed instead.

mulae (2) and (3) shall be calculateds

1
X:NEXI'

y = Ly y
== i
N i=1
difference (Ys'wmax — Vs min) between the highestand lowest measured SRM concentration

ditions shall be calculated.

If (Vs max'< Ys,min) is greater than or equal to the maximum permissible uncertainty, calg

entrations
ing normal
within the
f plants, it

be difficult under normal operating conditions to achieve a sufficiently large concentraftion range.

maximum

ormulae (4)
and (7) can

(2)

(3)

ht standard

ulate:

b)

N
v/v _7)(17 _\_1\
T T
_i=1
y 2
Z(X,‘_X)
i=1

A

ad=y-bx

If (¥s,max — Ys,min) is smaller than the maximum permissible uncertainty, calculate:

<l

B:

A
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4=-bxZ (7)

where the offset (Z) is the difference between the AMS zero reading and the zero.
NOTE 2  For several AMS, the offset is 4 mA.

For calculation b), it is essential that, prior to the parallel measurements, it is proven that the AMS gives
a reading at, or below, detection limit (as demonstrated in the procedures according to ISO 14956) at
a zero concentration. Before calibration is performed, it shall be proven that the AMS is commissioned
satisfactorily, e.g. as specified by the AMS supplier and/or manufacturer. It shall also be shown and
documentdd that the AMS gives a zero reading on a zero concentration (as stated in 6.Z].

If the spread of the data is less than the maximum permissible uncertainty, a calibration\function
calculated |as a linear regression function forced through the lower reference point (which'is’the zero
point if thg AMS reads zero) can be used, provided the functional test has proven that itis linear dgwn
to the lowdr reference point or zero.

The result$ shall be plotted on an x-y graph in order to show explicitly the calibration function and|the
valid calibfation range.

6.5.2.3 Ljow-level clusters

There are typically three types of patterns of emissions from industrialplants; in addition to the pattgrns
of data degcribed in 6.5.2.2 and assessed using procedure a or procedure b, the emissions can be yery
low, clustered at, or near to zero. Low-level clusters are often the)result of highly controlled procedses,
and are common for N20 and CH4 emissions from most combustion plants.

If ys max — Vs,min is smaller than the maximum permissible uncertainty and ysmin is smaller than|the
maximum permissible uncertainty (low-level clusters){then the uncertainties of both the SRM and AMS
can underrpine the accuracy of the calibration function. Therefore, if the low-level condition is met, then
it is advisaple to contact the competent authorityfor guidance on an alternative procedure.

Alternativ¢ procedures include the followingthree options:

— Option 1: Performing a calibration ds specified in Clause 6, applying procedure b, and accepting that
the unfertainty of the measurentents can introduce a significant calibration error.

— Option 2: Performing a limited number of measurements using the SRM, perhaps over 1 d instlead
of at ldast 3 d. The purpose,of the SRM measurements is to ensure that the emissions are as loy as
the AMS shows. The AMS;is then calibrated using surrogates, such as reference materials with ajlow
uncertainty. This approach can have a high uncertainty, but again, this error will not be signifi¢gant
if the gmissions remain well below the maximum value of the lowest measuring range.

— Option 3: Asswith option 2, but the SRM data are combined with the data produced from u$ing
refereTce materials, in order to derive a calibration function.

6.5.3 Calibration function of the AMS and its validity
The calibration function is given by Formula (8):

A

yi:d+l;xi (8)

where
yi  isthe calibrated value of the AMS;

X  isthe AMS measured signal
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Each measured signal x of the AMS shall be converted to a calibrated value y by means of the above

calibration function.

NOTE1 Itisrecommended that this calibration function is incorporated into the data processing system of the
plant.
NOTE 2  y;is the calibrated measurement result obtained from the AMS. In some legislation, the uncertainty

value of a measurement is subtracted from that measurement before comparison with a limit
procedure is outside the scope of this part of ISO 14385. The calibrated result y; of the AMS is without
of the uncertainty.

etermined
calipration procedure, plus an extension of 20 % of the calibration range beyond the highest
implies that only values in the valid calibration range are valid measured values.

For| measurements outside the valid calibration range, however, the calibration cury
extrapolated in order to determine the concentration values, which exceed thevalid calibrat

If gfeater confidence in the performance of the AMS at the upper limit of thie measuring range
wheén the plant is emitting outside its calibration range determined above, reference mater
and at a concentration close to the upper limit of the measuring range shall be used, wher
as part of the calibration procedure to confirm the suitability of the linear extrapolation. I
caldulate the deviation between the calibrated measured valdeyof the AMS at zero and the

le best estimate of the true value, y;, is outside the valid calibration range but below j

value. That
subtraction

range. This
during the
value. This

e shall be
ion range.

is required
als at zero
b available,
h this case,
ipper limit

imit of the

on at zero

0 % of the

er limit of the measuring range, then the'competent authority can allow the plant to

instead of the calibration procedure a¢dording to this part of ISO 14385. If the AST de
the existing calibration function is ¥#alid beyond the calibration range, the competent au
w the plant to extend the calibration range up to the measured concentrations (but bel
upper limit of the measuring range) determined during the AST.

allo
the

The existing calibration functionshall be used until the new calibration function has been im

Only calibrated values sheuld be used when reporting to the authorities.

6.5{4 Extrapolating the calibration function using reference materials

As glready statedin 6.5.3, the calibration function can be extrapolated with 10 % of the
range beyondithe highest SRM value. Further extrapolation with the use of reference mat
highest armual measurement value is allowed if the following requirements are fulfilled:

Tnerform an

onstrates
Fhority can
w 50 % of

plemented.

calibration
brial to the

s to be less

the difference between the value(s) of the reference material and the calibrated value hg

1 =1 =l Vi £l 11 1 i 1 w1 Fa¥ =ia Vi £l e 1
LIdIl 70770 U LIIT dIIOWTETUW ULILCTIT LAIIILy, CAPICSSTU d5 UIT 70 770 CUIITTUCTILT ITILCT Vdl,

highest annual measurement value.

the difference between the zero value and the calibrated zero value has to be less than 10 % of the

The results of a linearity check can be used to carry out the extrapolation. Interfering compounds have

to be taken in consideration when extrapolating.

Figure 5 gives an example of the extrapolation.
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Calibration range
validated by SRM
meszurements plus 20 %

Calibration fundion .
p=kta -~ /

75 % ofthe
confidence

on the alloved

Reference
mater al

N

Highest annual
measurem et

[ vane

6.5.5 Cal

uncertsinty
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* - ofthe

- nd cali bration
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Figure 5 — Example of extrapolation of the calibration curve

culation of variability

the exact
deviation,
in terms of]

[dentify t};f stated or required maximum uncertainty for.the’ measured values from the AMS. Ve

In the case

standard j}eviation shall be determined by usifg a factor of 1,96 as the value for the coverage factor

The varia
for every p
function (s

Where the
shall be pe

When calc

and oxygen concentration) used to standardize the measurements shall be taken from the following:

efinition of this uncertainty (e.g. if it is expressed as a 95 % confidence interval, a stand
r any other statistical formulation). If necessary, convert the required maximum uncerta
an absolute standard deviation og.

where the uncertainty is expressed-at d level of confidence of 95 %, the value of an abso

lity test shall be performed,oh.the measured values (calibrated values) of the AMS. He

e 6.5.3).

requirements on the 'data quality are specified under standard conditions, the variability
Fformed using coneentrations under these conditions.

1lating the variability, the peripheral parameters (e.g. water vapour content, temperat

arallel measurement, the-AMS measured value y; shall be calculated using the calibrat

rify
ard
nty

Jute

ce,
on

e

test

Lire,

S

p

hult

a) the SRM instrumentation for normalizing the SRM results;
b) the plgntinstrumentation for normalizing the AMS results, or in case these do not exist, the def
values used by the plant.

NOTE
plant’s data

recording and processing system is included in the variability test.

Examples of equations for the conversion of values are given in Annex D.

The purpose of this procedure is to ensure that the standardization procedure carried out in the

If the AMS fails the variability test due to error arising from measurements in the peripheral parameters
obtained from the plant instrumentation, it is permissible to repeat the variability test using the
parameters obtained by the testlaboratory from their peripheral SRM. Thisis only permitted if measures

are taken t

16

o correct the faulty plant instrumentation.
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For each data set (minimum 15 pairs) for a given calibration function, the following parameters shall be
calculated, where y; s is the SRM value at standard conditions and y; s is the calibrated AMS value (the
best estimate for the “true value”), calculated from the AMS measured signal x; at standard conditions:

Di=yis-Yis 9)
_ 1 &
D= Z D, (10)
i=1
N

T 7
ﬁ - (Dz‘) (11)

"

6.5)6 Test of variability

Thg AMS passes the variability test when
oc<oyk, (12)
Valuyies for ky, which shall be applied for different number of parallelimeasurements are given in Table 1.

Table 1 — k, values

Number of parallel meas- k,
urements
3 0,8326
4 0,8881
5 09161
6 09329
7 09441
8 09521
9 09581
10 09629
11 0,966 5
12 0,969 5
13 09721
14 0,974 2
15 0,976 1
15 09761
16 09777
17 09791
18 0,980 3
19 0,981 4
20 0,982 4
25 09861
30 0,9885

NOTE1 The k, values are the test values from a y2 -test, with a B-value of 50 %.
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NOTE 2  The variability obtained includes uncertainty components associated with the repeatability’s of both
the AMS and the SRM, but not the overall uncertainty of the SRM (therefore, an imprecise implementation of
the SRM can result in an apparent poorer variability of the AMS and could result in its false rejection during the
variability test). The procedure for determination of variability is not in accordance with the GUMI&l.

NOTE 3  This method implies that the quality of the application of the SRM will influence the result of the test.
However, it is the result which determines a pass or failure and that, in some cases, a better application of the SRM
could change the result from fail to pass.

6.6 Report

The report{shall contain at [east the following information:
a) adescription of the plant and its sampling location(s);

b) a descfiption of the operating condition of the plant, and the fuel(s) used at the plantduring|the
tests;

c) thenames of the testing laboratory and of the personnel conducting the tests;
d) detailq of the ISO/IEC 17025 accreditation of the testing laboratory;

e) a descfiption of the AMS used, including the measurands covered, {ts principle, type, operating
range,|and its location;

f) adesctiption ofthe SRM used, its principle, type, operating range;repeatability and /or measurenjent
uncertiainty, and its ISO reference number where appropriate;

g) dates gnd times of the parallel measurements;

h) detaildd data of all the measured values obtained from the AMS and the SRM, averaged over releyant
periods;

i) methof used to assess outliers and reasons.for excluding outliers;

j)  the calibration function and the valid calibration range including all data used for calculating|the
calibrdtion function and performing the variability test;

k) the x-yplot of parallel measurgments expressed in mg/m3, including the valid calibration rangg;

1) any deviation from the procedures described in this part of ISO 14385 (i.e. ISO 14385-1) and their
possibje influence on theresults obtained presented;

m) the reqults of the last'functional test (see Annex A).
7 Documentation

Every occurtence affecting the AMS during its life span shall be documented. The AMS shall be assigned
a registratl—b—d_F'l—F_Tmrﬂfh_l_ﬁ_#mlon NUMber and a file Specific to the containing all the relevant information snail be

drawn up and updated by the person in charge of the AMS.

The AMS documentation shall include all relevant diagrams and can include photographs of the sampling
system and AMS when they were installed and commissioned.

See Annex C.
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A.1—General
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Table A.1 specifies the individual steps of the functional test of AMS to be perfornmed during the

calipration procedure and AST for extractive and non-extractive AMS.

Table A.1 — Specification of individual steps of the functional test

Activity

Extractive AMS

Non-extractive AMS

Alignment and cleanliness

X

Sampling system

Documentation and records

Serviceability

Leak test

Zero and span check

Linearity

Interferences

Response time

Report

P DR R TR | R X

R R R

A.2 Alignment and cleanliness

A vjsual inspection, with geference to the AMS manuals, shall be carried out on the follofving when

appllicable:

— |internal controlef.analyser;

— |cleanlinessofthe optical components;

— [flushing-air supply;

— |obstructions in the optical path.

AfterTeassembly atthe measurentent focation, atteast the fottowing stattbechecked:

— alignment of the measuring instrument;

— contamination control (internal control of optical surfaces);

— flushing air supply.

A.3 Sampling system

A visual inspection of the sampling system shall be performed, noting the condition of the following

components, when fitted:

— sampling probe;

© IS0 2014 - All rights reserved
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all con

power

filters.

gas conditioning systems;

pumps;

nections;

sample lines;

supplies;

The sampl
quality of d
A.4 Doc
The follow
a plan
all mai
log bo
servicy
manag
trainin

mainte

A.5 Seryiceability

There shal
the mainte|

safe an

easy a

adequ

In order tg
requireme

auditing plans and records.

ng system shall be in good condition and free of any visible faults which would decreaseg|
ata.

umentation and records

ng documentation shall be controlled, readily accessible, and up to date:
pf the AMS;

wuals (maintenance, users, etc.);

ks to document possible malfunctions and action taken;

e reports;

ement system procedures for maintenance, calibratjon, and training;

g records;

nance schedules;

be provisions for the effective management and maintenance of the AMS in order to ens
nance of the quality of. data. Such provisions include at least the following:

d clean working.eénvironment with sufficient space and weather protections;
nd safe accesSito’'the AMS itself;

ite supplies'of calibration materials, tools, and spare parts.

conduct the tests effectively, in addition to the requirements for testing the AMS, and

the calibra

hts~for the sampling location and the working platform which are required for perfor
tion procedure and the procedures according to 15U 14385-Z, facilities shall be provided to

the

ure

the

ing

introduce the reference materials, both at the inlet of the sampling line (where present) and at the inlet
of the analyser.

A.6 Leak test

Leak testing shall be performed according to the AMS manuals. The test shall cover the entire sampling

system.

A.7 Zero and span check

Reference zero and span materials shall be used to verify the corresponding readings of the AMS.

20
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In case of non-extractive AMS, zero and span checks shall be performed on a waste gas free reference
path before and after the readjustment and after re-assembly of the AMS at the measurement location.

NOTE For some monitors, it is difficult to achieve a zero reading. In those situations, the AMS can be removed

from the stack and zeroed using a test bench or similar. As an alternative, a measuring path, which enables this
zero test to be carried out, can be installed in the stack.

A.8 Linearity

The linearity of the analyser’s response shall be checked using five different reference materials,
inclpdigazerocomcentratio

In chse of gaseous reference materials, these four reference materials can be obtained from different gas
cylinders or can be prepared by means of a calibrated dilution system from one single.gas confcentration.

The reference material concentrations shall be selected such that the medsured valfies are at
approximately 20 %, 40 %, 60 %, and 80 % of the measuring range. It is neces$ary to know the values of
the(ratios of their concentrations precisely enough so that an incorrect failure of the linearity test does
notfoccur. The dry test reference material shall be applied to the inlet of(the AMS.

Theindividual analysers are tested using the following concentratioris applied in arandomizedl sequence:
— |reference material with zero concentration;

— |reference material concentration approximately 20 %:ofthe measuring range;
— |reference material concentration approximately 40 % of the measuring range;
— |reference material concentration approximately60 % of the measuring range;
— |reference material concentration approximately 80 % of the measuring range;
— |reference material with zero concentration.

Aftér each change in concentration, the first instrument reading shall be taken after a time pg¢riod equal
to at least three times the response time of the AMS. At each reference material concentration, at least
three readings shall be made, The time period between the start of each of the three readings shall be
sepprated by at least four times the response time.

NOTE1 This procedureimeans that the quality of the reference material may influence the resultfof the tests.
However, it is the resultthat leads to a pass or failure in the test. In some cases, a reference material with a higher
quality may change thi€result from fail to pass.

E2  Specialicare is intended to be taken when handling HCI or HF in dry gases. For examplg, particular
ce reactions in tubing can result in very long response time, which is not representative for the response
for humid gases.

E3,~ Where no other method is possible, the linearity can also be performed with the aid pf reference

The linearity shall be calculated and tested using the procedure as given in Annex B. If the AMS does not
pass this test, then the problem shall be identified and solved.

A.9 Interferences

A test shall be undertaken if the process gases to be monitored contain components that are known
interferences.
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A.10Response time

The response time of the AMS shall be checked. This can be performed, if appropriate, by injecting the
reference material at the end of the sampling probe. The response time shall not exceed the measured
value that has been identified during the procedures according to ISO 14956.

A.11Report

The results of the functional test shall be reported. Any faults shall be recorded. If the faults are judged
to have an effect on the quality of data, then the operator shall carry out the necessary corrective and
preventivelaction.
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Annex B
(normative)

Test of linearity

B.1—Description ofthe test nrocedure
 I—beserApHoen-eittietestproceatre

In this test procedure, a regression line is established between the instrument readings
(Y=y

the

B.7 Establishment of the regression line

Ali

For

hear regression for the function in Formula (B.1) is established:

Y, =A'+B(X;-X,)

the calculation, all the measuring points are taken.into account. The total number of

bf the AMS

alues) and the reference material values (X-values) during the linearity test performeg in A.8. In
next step, the average of AMS readings at each concentration level is calculated. Then the deviation
(redidual) of this average to the regression line is calculated.

(B.1)

measuring

points n is equal to the number of concentration levels (of which there are five, including zero) times

the

The coefficient A’ is obtained by Formula (B.2):

number of repetitions (these are the results of atdeast three readings) at a particular copcentration
levgl. In total, n is at least 18 as at zero in total at least six repetitions are made.

(B.2)
n i=1
where
A’ is the average value of the Y-values, i.e. the average of the AMS instrument readings;
Y isthe individuaDAMS instrument reading;
n is the nunber of measuring points (at least 18).
The coefficient B is obtained by Formula (B.3):
n
Nv (v ¥\
>
B= 1=nl (B.3)
2
2 (Xi=X,)
i=1
where
X, isthe average of the X-values, i.e. the average of the reference material concentrations;
X; istheindividual value of the reference material concentration.
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Secondly, the function Y; = A"+ B (X; - X;) is converted to Y; = A + B X; through the calculation of 4
according to Equation (B.4):

A=A -

BX,

B.3 Calculation of the residuals of the average concentrations

(B.4)

The residuals of the average concentration at each concentration level to the regression line are
calculated as follows:

Calculate alt each concentration level the average of the AMS readings at one and the same concentia

level c:

where

YC,i IS

me is
Calculate t

d, =Y,
where

c is

Convert d.
used in the

d

c,rel 7

B.4 Tesl

Test eachr

the average Y-value (AMS reading) at concentration level c;

the individual Y-value (AMS reading) at concentration levelc;

the number of repetitions at one at the same concentration level c.

he residual d, of each average according to Formula(B.6):

—(A+Bc)

he concentration level.

in concentration units to axelative unit dc re] by dividing d. by the upper limit ¢, of the ra
linearity test (see A.8) @ccording to Formula (B.7):

d

—<£100% (
Cu

of thedesiduals

esidudl according to

fion

3.5)

3.6)

nge

3.7)

Iavd

d

c,rel

All residua

24

~
J 70

e

Is shall pass this test.
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Annex C
(normative)

Documentation

Evel
to t
resj

C.2

Thd
for

A 1¢

anallyser itself, in order to identify it more easily.

C3

Pro

training, or.@n-the-job training). The person in charge of the AMS should make sure that the

up
of t

Princinle
cipie

ry event significantly affecting the AMS during its life span should be documented, A fiile specific

he AMS and containing all the relevant information should be drawn up and updated
ponsibility of the person in charge of the AMS.

Setup of the AMS file

file should be set up as soon as the AMS has been received. It contaifis;at least the followin
bxample, in the form of sheets:

an identification sheet;
a follow-up sheet;

aprocedure for calibration and verification (it can be the manufacturer’sinstructionsin t
language or a specific internal procedure);

reports for all verifications, calibrations, and interventions.
following elements can also be includedin the file:
certificate of delivery;

manufacturer’s instructions for operation and maintenance.

poistration number should be assigned to the AMS, indicated in the identification atta

Management of the AMS file

under the

b elements,

he national

hed to the

pf of the qualification of the person in charge of the AMS should be given (initial training, pfofessional

o datéand that calibration and maintenance operations are carried out when necessa
he maintenance operations should be kept. After the AMS is decommissioned, it can be

file is kept
ry. Record
necessary,
ensure the

acc

brrding to national legislation, to retain the records for a given period of time in order to

documentation of past results.

C.4 Composition of the AMS file

C4

.1 Identification record

This record should be produced after the delivery of the AMS and should indicate the following:

the type and designation of the AMS and its identification;
the name of the manufacturer and, if applicable, the supplier;

the location;

© IS0 2014 - All rights reserved
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— the expiry date of the guarantee;

— the date of delivery and of putting into service, optionally the date and number of the order form;

— references for the operation, calibration, verification, and preventive maintenance procedures.

C.4.2 Follow-up record

The follow-up record should be kept up to date under the responsibility of the person in charge of the
AMS. Every event affecting the AMS should be recorded, indicating the date, the nature of the event,
the element of the AMS concerned, observations and/or results, the name of the intervening person

and his/hdr identification (signature or initials). Examples of events, which affect the AMS, include
and commissioning, calibration, verification, preventive maintenance, malfunction,

installatio
corrective

C4.3 Ve

The verific
following €

C4.4 Ca

The indivic
following

interventid

maintenance, modification, and decommissioning.

rification report

ation report or form should be completed by the user of the AMS or a desighated individual,

ach verification, according to the procedure and to a frequency specified beforehand.

ibration report

lual responsible for this task should complete the report folewing each calibration exergise,
Foutine calibrations according to the relevant procedure and to a frequency specified
beforehand, when an applicable non-conformity has been identified, following a verification of an

n. The calibration procedure ensures that the resultdislinked to a certified standard.

C.4.5 Intervention report

Any interv
the AMS. T
maintenan

ention should be documented and filed under the responsibility of the person in charge of
he intervention can be carried out, for example, by the manufacturer, by the user, or by|the

ce department.
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Annex D
(informative)

Example of calculation of the calibration function

B .
Theg purpose of this procedure is to perform a calibration. The procedures are carried out-as described
in dlause 6.
The following example illustrates how to perform the tests for determining the ¢alibration fjinction.
D.Z Example - N20 analyser
Table D.1 — General
Parpmeter N2O
AME method NDIR
SRM method Autémated, ISO 21258
Megsurement range 50‘mg/m3
In this example, 18 parallel measurements havé-been taken over three days, evenly distriputed. The

restilts are given in the Table D.2:

Table D.2 —-Results of parallel measurements

Sample number SRM value AMS value
mg/m3 mg/m3
y X
1 27,6 26,8
2 28,8 29,0
3 34,0 33,5
4 31,3 33,0
5 30,6 31,8
6 28,0 28,6
Z '20’1 '20’1
8 36,3 38,6
9 33,2 34,0
10 40,7 39,7
11 37,5 39,5
12 36,8 37,2
13 19,4 18,5
14 20,1 20,5
15 19,8 19,3
16 21,7 22,1
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