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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
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Introduction

This International Standard describes the use of methodologies for the sampling of stack gases for the
determination of pollutants by automated measuring systems (AMS). The methodology applies to the
sampling of oxygen (O,), carbon dioxide (CO,), carbon monoxide (CO), sulfur dioxide (SO,), nitrogen
monoxide (NO) and nitrogen dioxide (NO,), or the sum of NO and NO, as nitrogen oxides.
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INTERNATIONAL STANDARD

ISO 10396:2007(E)

Stationary source emissions — Sampling for the automated
determination of gas emission concentrations for permanently-
installed monitoring systems

1 cope

1.1 | General

This [International Standard specifies procedures and equipment that will pérmit, within dertain limits,
representative sampling for the automated determination of gas concentrations of effluent gas $treams. The
appligation is limited to the determination of oxygen (O,), carbon dioxide (COj),/carbon monoxid¢ (CO), sulfur
dioxigle (SO,), nitrogen monoxide (NO) and nitrogen dioxide (NO,), or the.sum of NO and NOj, as nitrogen
oxides.

1.2 | Limitations

It is recognized that there are some combustion processes and-situations that may limit the appli

Inter

espegially when dealing with any of the following:

2

national Standard. Where such conditions exist, caution and competent technical judgment

gorrosive or highly reactive components such as-ammonia, hydrogen chloride and sulfuric ac|
high vacuum, high pressure or high temperature gas streams;
wet flue gases;

fluctuations in velocity, tempetature or concentration due to uncontrollable variation in the prg
gas stratification due to-the-non-mixing of gas streams;
measurements made.using environmental control devices;

relatively low fevels of gas concentrations.

Normative references

ability of this
are required,

d;

CESS,;

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

ISO 10780:1994, Stationary source emissions — Measurement of velocity and volume flowrate of gas
streams in ducts

© 1SO 2007 — All rights reserved
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3 Terms

and definitions

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

3.1
condensate
material that

3.2

is condensed in the sample conditioning equipment

corrosiveness
tendency of an enclosed gas stream to attack sampling equipment components or other exposed surfaces

under sampl

3.3

mass concentration

mass of a pa

NOTE If
excess air leve

3.4
highly react
contaminant

3.5

wet flue gas|

gas stream tl

3.6
sample inte
maintenance

reactions in the sample gas between the sample inlet.and the measuring instrument

3.7

gas stratific
gas stream {
differs from t

3.8
in situ samp
non-extractiv

NOTE In

3.9
calibration ¢

g conditions

rticular gas per unit volume of dry gas in the enclosed gas stream, unless otherwise-stated
expressed by volume concentration, these concentrations could be standardized“\by using a refe

el (for example, 3 % oxygen).

ve component
in the gas stream that could react to form other chemical components

nat is at or below the saturation point and may containdroplets of water

hrity
of the representativeness of the sample(by the elimination of leaks or physical and che

ation
hat forms a laminar layer without turbulence or a condition where the concentration at any
ne average concentration‘over the cross-section by more than 10 %

ling system
e system that measures the gas concentration directly

situ systems, measure either across the stack or duct or at a point within the duct or stack.

as_mixture

gas of known

rence

mical

point

reliabla-and stable compositionthat mav be tscsaed tocheck the rasnonse-of tha AMS and
FeHa8ahRa-Stap1e-coMmposSHoRHat+Hay-oe to-GHe6K—e PeRSe-othHe-Ahroaha

hould

VT

be used for the calibration of the AMS

4 Principle

4.1

General

This International Standard provides guidance for representative sampling of gases in a duct and includes
both extractive and non-extractive methods. In extractive sampling, these gases are conditioned to remove
aerosols, particulate matter and other interfering substances before being conveyed to the instruments. In
non-extractive sampling, the measurements are made in situ; therefore, no sample conditioning other than
filtering of filterable materials at the probe tip is required.
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4.2 Extractive sampling
Extractive sampling includes extraction of the sample, removal of interfering materials and maintenance of a

representative gas concentration throughout the sampling system for subsequent analysis by appropriate
instrumentation (see Figure 1).

4.3 Non-extractive sampling

Non-extractive sampling does not involve removal of a sample, and sampling is confined to the gas stream in
the duct (see Figures 2 to 4).

5 Representative sampling — Factors to be considered
5.1 | Nature of the source

5.1.1| Important factors

To epsure the gaseous concentration in the sample gas stream is representative of that in the flue gas,
sevelal factors shall be considered:

a) the heterogeneity of the process stream, such as variations®in concentration, temperaturg, or velocity
across the duct caused by moisture or gas stratification;

b) gas leakage or air infiltration and continuous gas reactions;

c) nandom errors due to the finite nature of the samplé and the sampling procedure adoptedl to obtain a
epresentative sample.

ofile shall be

y, any time-
f variability is

not sampled.

5.1.3 Source characteristics

Before any measurements are carried out, it is necessary to become familiar with the pertinent operating
characteristics of the process from which emissions are to be sampled and determined. These operating
characteristics shall include, but are not necessarily limited to, the following:

a) mode of process operation (cyclic, batch charging, or continuous);
b) process feed rates and composition;

c) fuel feed rates and composition;

© 1SO 2007 — All rights reserved 3
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d) normal operating gas temperatures and pressures;

e) operating and removal efficiency of the pollution control equipment;

f)  configuration of the ducts to be sampled that might lead to gas stratification or flow disturbances;
g) volumetric gas flow rates;

h) expected gas composition and likely interfering substances.

CAUTION — Exercise caution if the duct to be sampled is under pressure or vacuum, or at a high
temperaturer

5.2 Locatjon

5.2.1 Inspegction parameters

An inspectiop of the physical characteristics of the test site shall be carried out in order to evaluate fgctors
such as:

a) safety of the personnel;

b) location [of the flow disturbances;

c) accessiljility of the sampling port;

d) availablg space for the sampling equipment, analyser and passible sampling platform requirements;

e) availabilfty of suitable electrical power, compressed air;\water, steam, etc.;

f)  sampling port locations.

SAFI_ETY PRECAUTIONS — The leectrical eq_uipment used shall be in accorda_nce with the local S_Efety
requiremenis. Where a potentially explosive or hazardous atmosphere is suspected, particular
attention is required and precautions shall be taken to ensure the safety of the operations.

5.2.2 Sampling site location

Before any s|

concentratiofs, and to carfy_out a preliminary survey of the gas concentration, temperature and ve

[When the m
required.] M¢
their spatial
be adhered

ampling is undertaken, it is necessary to determine any spatial or temporal fluctuations in th

ass flow ratesiof gases have to be determined, detailed velocity measurements (ISO 1078(
asure the goncentration, temperature and velocity at the sampling points several times to ¢
bnd temporal profiles. Conduct this survey when the plant is operating under conditions thI
o during the test, in order to determine whether the selected sampling position is suitabl

P gas
ocity.

) are

btain

t will
and

whether the ¢anditions in the duct are satisfactory (see 5.1.2).

This survey may not be needed if the spatial or temporal fluctuations in the duct can be determined from the
owner's investigation, a previous investigation or the process characteristics in advance of the survey. In this
case, the information relating to previous procedures for the determination of the sampling point and the
adoption of one point sampling shall be described in the report.

It is necessary to ensure that the gas concentrations measured are representative of the average conditions
inside the duct or stack. The requirements for the extractive sampling of gas may not be as stringent as those
for particulate material. It is important that the sampling point is not located near any obstructions that could
seriously disturb the gas flow in the duct or stack. The pollutant may have cross-sectional variation. The
concentration at various points of the cross-section shall first be checked in order to examine the presence of
gas stratification or air infiltration indicating that the gas to be measured is stratified, and if an alternative
acceptable location is not available, multipoint sampling is then required.

© 1SO 2007 — All rights reserved
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Conduct a stratification test in the following manner.

— With the unit(s) operating under steady-state conditions at normal load, use a traversing gas sampling
probe to measure the pollutant and diluent (CO, or O,) concentrations at a minimum of twelve (12) points
located at sampling locations as specified in ISO 9096. Use automated analytical methods for the
measurement of the gas concentrations. Measure for a minimum of 2 min at each traverse point. While
traversing, measure the pollutant and diluent gas concentrations from the centre of the stack to determine
if temporal, rather than spatial, variations in the flue gas concentrations are occurring.

— Calculate the average pollutant and diluent concentration at each of the individual traverse points. Then
calculate the arlthmetlc average concentratlons for the gas from all of the traverse pomts The pollutant or
differs by no

ore than + 10 % from the ar|thmet|c average concentratlon for aII of the traverse pomts.

Usually, the cross-sectional concentration of gaseous pollutants is uniform, because /of the giffusion and
turbujent mixing. In this case, it is only necessary to sample at one point within the stack or duct|to determine
the ajerage concentration. A gas sample should be extracted near the centre of thé’sampling site, positioned
one-tE‘ird to halfway in the stack or duct. When using non-extractive systems, a representative logation should
be similarly selected.

5.3 | Other factors

The principle of operation and the components of the instrument systems can significantly affect {he degree to
which a collected sample is representative of the measured gas in' the source. For example, a ppint sampling
extraftive system requires more attention to sampling site location than an across-the-stack in §itu sampling
system. Furthermore, sampling lines should not be composed.of materials that have gas adsorbihg properties
that gan affect the response time of the measurement section (see Tables A.1 to A.4).

Care|should be taken to preserve the integrity of thevsample taken, by a good selection of eqpipment, and
apprgpriate heating, drying and leak testing, etc\\In addition, other factors such as corrosiop, synergies,
reactfon with components, decomposition and adsorption might affect the integrity of a sample (s¢e Clause 6).

6 Apparatus and equipment

6.1 | Construction materials

Recommended construction materials are listed in Annex A.

6.2 | Components-of‘extractive sampling equipment
6.2.1| Primaryfilter.

The filter medium shall be constructed of an appropriate alloy (such as a specific stainless ste¢l cast alloy),
borogilicate' glass, vitreous silica, ceramics or another suitable material. A filter that retains pariicles greater
than [10Jum is recommended. A secondary filter might also be required (see 6.2.4). The filter mefdium may be
located outside the duct or at the tip of the sample probe (6.2.2). If placed at the tip of the probe, a deflector
plate is recommended to prevent particle build-up on the leading edge of the filter. This will prevent blockage
of the filter. Care should be taken to avoid contamination of the filter with particulate matter where condensate
may react with gases to give an erroneous result. Blowback systems using high pressure air may be used to
periodically blow particulate matter off of the filter. Care should be taken to use heated, clean, dry air in such
procedures to avoid fouling of the probe or condensation within the extractive system.

6.2.2 Probe.
6.2.2.1 Metal probes.

Metal probes are widely used for gas sampling. The choice of the metal depends basically on the physical and
chemical properties of the sample to be taken and on the nature of the gas to be determined.

© 1SO 2007 — All rights reserved 5
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Mild steel is subject to corrosion by oxidizing gases and may be porous to hydrogen. Thus, it is preferable to
have stainless steel or chromium steels which can be used up to 1 175 K. Other special steels or alloys can
be used above this temperature. The probe shall be heated if there is condensation occurring in its interior
(see Figures 5 and 6); it shall also be cooled by an air or water jacket when sampling is done in very hot
gases but it shall not be below the acid dew-point. The diameter of the probes shall conform to the
requirements of the sampling line (6.2.3).

When employed in an explosive atmosphere, metal probes should be properly or safely grounded.

6.2.2.2 Refractory probes (see Annex A).

Refractory prahe
fragile and may warp at hlgh temperatures with the exceptlon of vitreous silica. They may also crack
thermal shodk.

Borosilicate glass probes can withstand temperatures up to 775 K and vitreous silica probestup to 1 300 K.
Other refractpries of ceramic materials can withstand much higher temperatures.

6.2.2.3 Polymer probes.
For sampling saturated gas streams such as those found downstream of wet de-sulfurization systems, pfobes
made from polypropylene, polytetrafluoroethylene (PTFE), PFA or other non-reagtive polymers may be lised.
Probes of this type usually incorporate a quartz-wool plug or PTFE membrane to remove water droplets| from
the gas stregm. Polymer probes are usable with gas temperatures up to 90°C.
6.2.3 Heated sampling line connected to moisture removal assembly.

The sampling line shall be made of stainless steel, polytetrafiueroethylene (PTFE), perfluoroalkoxyajkane
(PFA) or other suitably inert material.

The tube di
analyser und

meter should be appropriately sized to provide a flow rate that meets the requirements ¢f the
er selected line length and the pressure characteristics of the sampling pump (6.2.6) used.

Heated sample lines are required to prevent loss of soluble gas components into water or acid conderjsate.
Heating may|be unnecessary if the water and aeids have been removed at the sampling probe (e.g. by dijution,
Nafion membrane, or gas cooler.)

Heating may|be unnecessary if only inSoluble gases are measured (e.g. CO, O,).

Unheated sample lines should orily,be used when the ambient temperature will never be low enough to gause
freezing.

Heated sample lines shali\be kept at a temperature of at least 15 K above flue gas temperature or water and
acid dew-point. This temperature shall be monitored and controlled.

In order to reduce\the residence time in the sampling line and the risk of physico-chemical transformation of
the sample, the_gas flow can be greater than that reqwred for the analyser only part of the sample iy then
analysed and , d is a\Via - be-necesss heat
the transport line to avoid condensatlon

6.2.4 Secondary filter.

A secondary filter may be needed to remove the remaining particulate material, in order to protect the pump
(6.2.6) and the analyser. It shall follow the sampling line (6.2.3) immediately downstream of the probe. A filter
that retains particles greater than 1 um is recommended. Acceptable materials are PTFE or borosilicate glass.
The size of the filter shall be determined from the required sample flow and the manufacturer's data on the
flow rate per unit area.

The filter shall be heated to a temperature not less than 15 K above the water and acid dew-point of the

sampled gas. The secondary filter may also be an unheated filter. In this case, it shall immediately follow the
water vapour removal (cooler) device.

6 © 1SO 2007 — All rights reserved
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6.2.5 Water vapour removal systems.

If a water removal procedure is employed, it shall be either a condensation/refrigeration or permeation drying
method or a combination of both (see Figure 7). Use of a desiccant will be permissible if it does not affect the
actual concentration of gases such as CO. Each method has its own merits and the following points shall be
noted.

When the condensation/refrigeration method is employed, the removal shall take place outside the
heated box.

a)

b) Where permeatlon drying is employed haIf of the dryer tube (wet end) shaII be heated to a temperature
v necessary to

anufacturer's

may not be

ecessary.

h of water can
blution into the

NOTH
distur
conds

It may be desirable to use multistage water reduction methods because theyrapid condensatio
b the sampling if the temperature is reduced abruptly. Some sulfur dioxide willlbe Tost due to the diss
nsed water.

6.2.6| Sampling pump.

A ga
may

5-tight pump is used to withdraw a continuous sample from, the duct through the sampling
be a diaphragm pump, a metal bellows pump, an ejeetion pump, or other pumps. The p

consfructed of corrosion-resistant material.

The

tapacity of the pump shall be such that it can supply sufficient stack gas volumes and requ

system. This
imp shall be

red gas flow

rates his valve will

lengt

to all analysers. A bypass valve can be placed’across the pump to control the flow rate. T
nen the life of the pump if used at lower flow,rates.

6.2.7| Sampling line associated with the analyser.

The $ampling line connected to the analyser shall be made of a suitable material and of appropriate size to
accommodate the requirements of‘the instrumentation.

nding on whether a drying technique or dilution is used, heat tracing is required where the monitor is
ied with wet gasesi-in‘other cases, it may also be required to avoid condensation upsfream of the
bnser, where the systéem extracts hot gases. If a pressurized blow-back system is used, clgan the probe
5), suitable precautions shall be taken to protect the rest of the equipment from damagge due to the
ure-pulse.

Depe
supp
cond
filter(
press

6.2.8| Gas manifold.

It shall be of
h to keep the

The gas manlfold shall be made of a surtable materlal with a separate take- oﬁ for each analyser.

gas residence time to a minimum. The exhaust gas must be safely vented.

6.2.9 Vacuum gauge (optional).

A vacuum gauge, 0 kPa to 100 kPa, may be installed on the suction of the sampling pump (6.2.6) to provide
an indication of proper operation of the pump and to indicate clogging or leakage when a filter change or
cleaning is required. Instead of a vacuum gauge, a flow meter, with alarm-point monitoring mounted in the
measuring gas line upstream of the analyser, can be used.

It is necessary to ensure that an adequate calibration gas pressure be used to provide a sufficient flow rate for
all the instruments. The calibration gas flow should be similar to that used during the continuous sample
analysis. Care should be taken to avoid excessive pressurization of the analysers. The excess gaseous
discharges from the manifold and instruments should be properly vented away from the working area.

© 1SO 2007 — All rights reserved
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6.2.10 Dilution system devices.

The dilution technique is an alternative to hot gas monitoring or to sample gas drying. The sample dilution
technique is typically applied for (see Figure 8):

— reducing the concentration of the constituents of the gas to be measured to a level compatible with the
range of the analytical unit;

— reducing the “water” dew point, by diluting the sample with a dry carrier gas so as to reduce the risk of
condensation in the gas monitoring system;

—  minimizi i i U i ,
be partigularly difficult, by reducing their relative variations in concentration (for example, dilutiomwith dry
air wher| the variations in oxygen content of the sample falsify the measurement of another constituent);

— slowing gown the physico-chemical transformation of the sample because of the reduced.reaction rafes at
low congentrations and low temperatures.

The dilution fatio shall be chosen according to the objectives of the measurement.. It_shall remain conptant,
because the|calibration frequency of the measurement unit depends, among other-things, on the stability of
the dilution ratio.
Moisture measurement is necessary when it is required to calculate the gas.concentration on a dry gas basis.
Many types 9¢f devices are suitable for use in dilution systems, such as:
— calibratgd apertures (capillaries, sonic nozzles, needle valves, etc.);
— flow meters by volume or mass;

— pressurg and/or flow regulators;

— possibly| devices intended to correct the influence of the physical properties of the sample on the dijution
ratio.

NOTE Dilution ratios are dependent upon changes in the flue gas density. Changes in the flue gas tempefature,
molecular wei@ht and total stack pressure ‘can affect the ratio and resultant concentration measurements.

The nature gnd purity of the dilution gas shall be chosen as a function of each application. It is important that
the gas being determined is-not present in the dilution gas and that the dilution gas does not react with the
constituent being analysed:

In addition, large dilution ratios may lead to very low concentrations of the constituent to be determined] as a
consequencg of which adsorption phenomena leading to significant errors in measurement may occur. Ip this
case, approgriaté.materials should be chosen to eliminate these phenomena.

6.3 Components of non-extractive equipment

6.3.1 Point monitors.

Non-extractive point monitors sample the gas stream in the duct at the end of the probe (6.3.1.2). Gas is
monitored at one point or over a short path (less than 10 cm), depending upon the principle of measurement
(see Figure 2). Point monitors shall incorporate the components described in 6.3.1.1 t0 6.3.1.7.

6.3.1.1 Instrument transceiver.

The component of the instrument that senses the response of the measurement cell (6.3.1.3) and generates
an electrical signal that corresponds to the concentration of the gas being measured.

8 © 1SO 2007 — All rights reserved
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6.3.1.2 Probe.

A probe provides the support for the measurement cell extending from the instrument transceiver (6.3.1.1).
Non-extractive point monitor probes shall meet the specifications of 6.2.2.1.

6.3.1.3 Measurement cell.

A cell or cavity exposed to the gas stream, for the purpose of producing an electro-optical or chemical
response to the gas concentration at the tip of the probe (6.3.1.2).

6.3.1.4 Probe filter.

A porous ceramic or sintered metal tube or screen that minimizes the interference of particulatge matter with
the gas measurement.

6.3.1{5 Probe mounting.
A flange installed at the sampling port, used to support the transceiver (6.3.1.1) andprobe (6.3.1.2) assembly.
6.3.1{6 Gas calibration line.

A tube used to inject calibration, reference, or zero gas into the measurement cell (6.3.1.3) for tHe purpose of
calibfating the instrument.

6.3.1|7 Protective hood (optional).
A shroud that protects the transceiver from the ambient environment.
NOTH 1 The water concentration must be measured in‘order to calculate the equivalent dry gas concentrations.

NOTH 2 Some systems may not sample the entife)cross-section of the duct and care should then be taken to ensure
that the sample is representative, as, for example,(with extractive sampling.

6.3.2| Path monitors.

Non-extractive path monitors sample the gas stream in the duct on a line crossing the main paft of the duct
diameter at the sampling location (see Figures 3 and 4). Path monitors may incorporate the|components
described in 6.3.2.1 to 6.3.2:5,
NOTH 1 The water concentration must be measured in order to calculate the equivalent dry gas concentrations.

NOTH 2 Some systems may not sample the entire cross-section of the duct and care should then be taken to ensure
that the sample js.representative, as for example with extractive sampling.

6.3.2]1 Transmitter assembly.

The component of the monitoring system that houses a light emission source and associated dlectro-optical
components. The transmitter projects light through the flue gas, to the receiver assembly (6.3.2.2) located on
the opposite side of the duct in the single path method. In the light reflection method, the light emission source
and a detector are located on the same side of the duct (see Figures 3 and 4).

6.3.2.2 Receiver assembly.
The component of the instrument system that houses a detector and an associated electro-optical component.
The detector senses the radiation projected from the transmitter assembly (6.3.2.1) and generates a signal

that corresponds to the concentration of the gaseous component monitored.

In the light reflection method (see Figure 4), the receiver assembly is replaced by a retroreflector assembly. A
retroreflector projects the light beam back to a transceiver, where a detector responds to the reflected light.
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6.3.2.3

Protective windows.

Windows or lenses at the interface between the flue gas and electro-optical assemblies, used to prevent flue
gas from entering the assemblies.

6.3.2.4

Purge air blower.

A device that blows clean air over the protective windows, to minimize particle deposition.

6.3.2.5
A cell design
NOTE 1 A

vibration syst
used (not sho

Internal gas calibration cell (absorption).

pipe assembly can be used for support and/or calibration purposes. The monitor system is in@\calij
mode when the pipe assembly is flushed with a calibration gas and closed to prevent entrance of flue gas. An anti-

m that isolates the transmitter (6.3.2.1) and receiver (6.3.2.2) assemblies from duct vibratiohs can a
n in Figures 3 and 4).

ration

so be

The problemp of light axis alignment distortion, etc. caused by temperature increasing-shall be considefed in

the case of t

e path monitoring systems.

NOTE 2  Calibration of path monitors is difficult.

7 System operation

7.1 Checking for leaks

Checking forfleaks in extractive systems shall be conducted)by disconnecting the sampling line at the probe
exit, plugging the line, and adjusting the vacuum to 50-kPa using the bypass valve; no leaks should be
detected. The leak flow, e.g. measured by pressure<variation after evacuation of the train at the maximal
under pressyre reached during sampling, shall be below 2 % of the normal flow rate. During sampling, 4 leak
check can bg monitored by measuring continuously the concentration of a relevant gas component (COj, O,,
etc.) directly|in the duct and downstream of the sampling train: any detectable difference between fhose
concentratios indicates a leak in the sampling equipment parts located out of the stack. This leak shall| then
be investigatpd and rectified.

7.2 Calibration, function and.set-up

Extractive sampling calibration-is necessary for both the analyser and the sampling line. In this cask, an
appropriate galibration gas/insertion port is required. It is often necessary to provide two gas injection points

for calibration, one of which is as close as possible to the point at which the sample is taken, and the otler at

the entry to t

Non-extracti

ne analyser'(see Figure 1).

e-Sampling systems shall also be calibrated using calibration gases. A calibration cell m

ath’monitors

Ty be

required for

Although costly to operate, it is possible to calibrate both extractive and non-extractive systems against
extractive manual (wet chemical) standard methods (i.e. ISO 7934 and ISO 11564) or instrumented standard
methods (i.e. ISO 7935, ISO 10849 and ISO 12039) at the discretion of the user.

The zero gas and the calibration gas are introduced as close as possible to the point at which the sample is
taken without excessive pressure. Nitrogen may be used as zero gas.

In order to calibrate the monitoring system, zero gas and calibration gas (with a concentration of
approximately 80 % of the full scale) are introduced, preferably as close to the probe as possible.

In order to check the entire scale, for measuring equipment with a linear calibration function, four uniformly
distributed calibration gas concentrations (approximately 20 %, 40 %, 60 % and 80 % of the full scale) can be
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used. The calibration gas used for setting purposes can be diluted gradually. In the case of a non-linear

calibr

ation function, at least 10 measuring points are required.

The calibration function of the analysers can be checked by introducing calibration gases directly to the
instruments or the calibration of the system can be checked by introducing calibration gas at a point as close
to the probe as possible. For a dilution system, calibration gases shall be introduced prior to dilution. The
setting of the analyser shall be checked regularly, for example, weekly (period of unattended operation). The

calibration function shall be checked at longer intervals (for example, yearly) or after repairs to the analyser.

7.3

Maintenance of sampling systems

The 1

— feplacement of the consumed components of the treatment unit (filter, drier, ete.);

— adjustment of the operating parameter;

—

q

4

1) duct dimensions,

haintenance of the sampling system usually consists of performing the tollowing operations:
erification of the compliance with the safety regulations;

erification of the operation of the safety devices;

hecking of the utilities (water, power, calibration gases, etc.);
cheduled maintenance of the sampling probe.

haintenance of the sampling system shall be carried out frequently.

Documentation
ampling report shall refer to this International Standard, and shall include the following inforr

escription of the purpose of sampling, identification of the site, date of sampling and €
ontrol devices;

escription of the operating ‘conditions of the plant process, and any variation during samplin

Hentification of the sampling location

) numberiand position of sampling points,

) evidence of determination of the sampling points;

Hentification of gas parameters in the duct

1) stack pressure,

2) velocity and gas stratification condition,

3) temperature,

4) gas volumes and fluctuations in velocity;

The 1
8 |
The
a)

(
b) ¢
c) i
d) i
©1S0
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e)

f)

)]

h)

These sheet

12

flue gas

components in the duct

1) sample gas concentrations of effluent gas streams,

2) water contents,

3) O, concentration,

4) corrosive or highly reactive components,

5) condensate components;

charactd

1) prole characteristics (material, size, type) and applied temperature,

2) filte
3) sam
4) rem
5) dilu
quality a
1) leak
2) phy,
3) iso
4) resu
commer
1) the

rest

2) ifit

3) ifth
the

reported.

ristics and applied temperature of the equipment

characteristics (material, size, type) and applied temperature,

pling line, gas manifold characteristics (material, size, type) and applied temperature,
oval method of water vapour and characteristics,

ion method and characteristics (if relevant);

ssurance

-tests results,

sical and chemical reactions in the sample gas;

peration of the source stable?

It of calibration;

ts

sampling report shall also indicate any special circumstances that may have influencefl the
Its, and any informatidn’concerning the uncertainty of the results,

has been necessary to modify the method for any reason, then this modification shall be reported,

e representativeness may be difficult to achieve for the reasons of the nature of the sourcg¢ and
pertinent‘operating characteristics of the process, then the reasons and the modifications shpll be

5 shall be kept by the laboratory to demonstrate the traceability of the measurements.
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5 13 v
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10
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Key
1 flpe gas 7  calibration gas inlet (b) 13 bypass valve
2 plobe 8 valve 14 calibration|gas inlet (c)
3 cglibration gas inlet (a) 9  dehumidifier unit 15 to analysef(s)
4  hpater 10 water discharge 16 manifold
5 primary filter 11 secondary filter 17 flow meter
6 hpated sampling line 12 sampling pump 18 exhaust

The pump can be either placed before or after the dehumidifier depending on the system design.

Figure 1 — Example of an extractive sampling and conditioning system

N
N
LN
2
7
A/\AY,\/_‘ N

1 9 8
Key
1 duct or stack 4  probe 7  protective hood
2 measurement cell 5  probe mounting 8  data recorder
3 probe filter 6 instrument transceiver 9  gas calibration line

Figure 2 — Example of a non-extractive point monitor
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Key
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14

7 e 7
2 3 4 5
)
/ > Lo
1 a
A4
|9
2 \\ 1
10 9 Z z 9 7
8
lamp 5 receiver assembly 8  stack or duct
transmittef assembly 6  detector and electric piodule 9  purge air blower
internal gas calibration cell 7  data recorder 10 gas calibration line
protective|window

Figure 3 — Example of a non-extractive path monitor (single light path method)
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33— J

—
7 = y—

1—T / \\
11 < < 1
10
Key
1 dpta recorder 5  gas calibration line 9  reflector
2 dptector and electric module 6 internal gas calibration cell 10 stack or dyct
3 Igmp 7  protective window 11 purge air hlower
4 trpnsmitter and receiver assembly 8 reflectorassembly

Figure 4 — Example of a non-extractive path monitor (light reflection method)

£
2

1
Key
1 flow of flue gas 5 filter 8 heater
2 probe 6 sample line 9  calibration gas line
3 waterproof cover 7 gas 10 sampling port
4 heater

Figure 5 — Example of case where filtering material is attached at the rear stage of probe
of extractive sampling system
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Key

1 flow of flug¢ gas 5  waterproof cover
2 probe 6 filter

3 protecting|tube 7  sample line

4  heater

Figute 6 — Example of an electrically-heated-type probe with a protecting tube of probes

of extractive sampling system

I -

8 gas
9 calibration gas line
10 duct wall

16
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1
1

H= -
2 H=
-]/:—» L — — — —
r J J ;)
6 6 6 6 6
a)| Room b) Room c) Forced air d) Double tube e) Rtfrigerated
temperature temperature cooling type water type cooling type
codgling type cooling type
IJ I
pU g o 1 | 7 |
7 r
/ 11 10
i i
6
f) Electrically cooling type g) Semipermeable material, Teflon or equivalent type

Key

1 sample gas 7  cooling module (Peltier element)

2 gas-liquid separator 8  sample gas (or dried air)

3 blower for cooling 9 permeation tube

4  water 10 dried air (or sample gas)

5 cooling with ethylene glycol coolant or other 11 heater at least 15 K above the gas dew-point
6 condensed water

Figure 7 — Examples of moisture removal systems
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8
10 9

14 -
19

Key
X  Details of dilution probe 10 calibration gas
1 dilution pfobe 11 calibration gas line
2 dilution afr line 12 vacuum gauge line
3  diluted sgmple line 13 flue gas
4 control unit 14 sample gas (Q2)
5  manifold 15 critical orifice
6 flow metgr 16 vacuum gauge
7  exhaust 17 diluted sample (Q1+Q2)
8 to analyspr(s) 18 dilution air (Q1)
9  pressurizpd-air(zero gas) 19 filter
Flow rate (dilution air) = Q1.
Flow rate (sample gas) = Q2.
Dilution ratio = Q1+Q2.

. Q2 Q1+Q2 .
Original source concentration = x Measured concentration.

18

Figure 8 — Example of a dilution probe
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Annex A
(informative)

Recommended construction materials

A.1 Sample components

c) aterials used in or near the stack shall be heat resistant.

For a sampling system of minimum design, the above criteria shall be;examined in the light of material costs.

A.2 |Chemical resistance

The ¢orrosive constituents encountered in monitoring_sources are alkaline gas or acid gas such as nitrogen
dioxidle, sulfur dioxide, dilute nitric acid, dilute sulfureus acid, diluted or concentrated sulfuric acjd [wet sulfur
trioxigle (SO3) or acid mist], ammonia, and hydrogen'chloride. The chemical resistances of variou$ materials to
thesqg constituents have been collected from a<humber (8 to 12) of sources and are summarized in Table A.1
and Table A.2. All the materials are evaluated-at room temperature and may be considerably lesfs resistant at
highgr temperatures.

Of the metals, Carpenter 20 SS stainless steel and Hastelloys are the most resistant, followed by 316 SS,
304 $S, and finally aluminium. Borosilicate glass and PTFE (Teflon®) 1) are quite resistant to allf components
of the sample. Polyvinyl chlofide (PVC) is somewhat less resistant to all constituents except foncentrated
nitric|acid which is not antiCipated to be present in the sampling interface. PVC is resistant to qorrosiveness
but may react with corrgsiyve constituents. For measurements of nitrogen dioxide and sulfur dloxide at low
concgntrations in wet samples, PTFE, borosilicate glass and vitreous silica are recommended. |Polyethylene
and polypropylene tiaye very nearly the same chemical resistance and are acceptable for use ¢xcept where
concentrated nitric<acid is encountered (acid mist from sulfuric acid plant). Nylon is a materia| of apparent
limited usefulness in sampling systems; while sources differ on the performance of Viton® ) during resistance
tests

1) Teflon® and Viton® are examples of suitable products available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.

© IS0 2007 — Al rights reserved 19


https://standardsiso.com/api/?name=fd18db115b65109d45ce39f871b116c6



