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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9096 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 1, Stationary
source emissions.

This second edition cancels and replaces the first edition (ISO 9096:1992), which has been technically
revised.
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Introduction

Close liaison and cooperation between ISO/TC 146/SC 1 and CEN/TC 264 has resulted in the preparation of
this International Standard (ISO 9096), ISO 12141 and European Standard EN 13824-1. This International
Standard is similar to EN 13284-1 with additional emphasis given on the use of high-volume sampling
techniques. A representative, integrated sample is extracted from the flue gas and particulate matter entrained
in the gas sample is separated by a filter. The pre-weighed filter is subsequently dried and weighed. A relative
increase in the mass is attributed to the collection of particulate matter on the filter.

To meet the specifications of this International Standard, the particulate sample must be weighed to a
specified level of accuracy. This level of accuracy is achieved by:

a) exercising extreme care in weighing, in accordance with the procedures of this International Standard;
b) extending the sampling time at conventional sampling rates;
c) sampling at higher rates for conventional sampling times (high-volume sampling);

d) recovering all dust upstream of the filter.

© 1SO 2003 — Al rights reserved \"






INTERNATIONAL STANDARD I1ISO 9096:2003(E)

Stationary source emissions — Manual determination of mass
concentration of particulate matter

1 Scope

This International Standard describes a reference method for the measurement of particulate matter (dust)
concentration in waste gases of concentrations from 20 mg/m3 to 1000 mg/m3 under standard conditions.

This International Standard is applicable to the calibration of automated monitoring systems (AMS). If the
emission gas contains unstable, reactive or semi-volatile substances, the measurement will depend on the
filtration temperature. In-stack methods may be more applicable than out-stack methods for the calibration of
automated monitoring systems.

2 Normative references

The following referenced documents 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 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

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

ISO 12141, Stationary source emissions — Determination of mass concentration of particulate matter (dust) at
low concentrations — Manual gravimetric method

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

31

particulate matter

dust

particles, of any shape, structure or density, dispersed in the gas phase under the sampling conditions

NOTE 1 In the method described, all the compounds that may be collected by filtration under specified conditions after
representative sampling of the gas to be analysed, and which remain upstream of the filter and on the filter after drying
under specified conditions, are considered to be dust (or particulate matter). However, for the purposes of some national
standards, the definition of particulate matter may extend to condensibles or reaction products collected under specified
conditions (e.g. temperatures lower than the flue gas temperature).

NOTE 2  This method restricts the definition of particulate matter to that material collected in the sampling system on
and before a filter, under specified temperature conditions. Procedures for the measurement of secondary particulate
matter (condensible materials) formed and collected after the filter are not within the scope of this International Standard.

© 1SO 2003 — Al rights reserved 1
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3.2
filtration temperature
temperature of the sampled gas immediately downstream of the filter

3.3
in-stack filtration
filtration in the duct with the filter in its filter holder placed immediately downstream of the sampling nozzle

3.4

out-stack filtration

filtration outside of the duct with the filter in its heated filter holder placed downstream of the sampling nozzle
and the suction tube (sampling probe)

3.5

isokinetic sampling

sampling at a flowrate such that the velocity and direction of the gas entering the sampling nozzle (v,,) are the
same as that of the gas in the duct at the sampling points v

See Figure 1.
NOTE The velocity ratio v,/vg expressed as a percentage characterizes the deviation from isokinetic sampling.
> ~
7
pint. 2774
Vl‘l VS
VS = Vl‘l
Key

v, stack gas velocity

S

v, Velocity in the nozzle

Figure 1 — Isokinetic sampling
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3.6

hydraulic diameter

dp

characteristic dimension of a duct cross-section

_4><As
ls

dp

where

Ag is the cross-sectional area of the sampling plane;
ls  is the length of the perimeter of the sampling plane

3.7
sampling plane
plane normal to the centreline of the duct at the sampling position

See Figure 2.
N
\>'\ )

N gy

Key

1 sampling lines

2 sampling plane

3 access port

4  flow

5 top of duct

Figure 2 — lllustration of definitions in relation to a circular duct

© 1SO 2003 — Al rights reserved
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3.8
sampling line
line in the sampling plane along which sampling points are located, bounded by the inner duct wall

See Figure 2.

3.9
sampling point
the specific position on a sampling line at which a sample is extracted

3.10
standard conditions
gas pressure and temperature constants and conditions to which volumetric calculations are referred

NOTE For the purposes of this International Standard, standard conditions are 101,325 kPa rounded to 101,3 kPa;
273,15 K rounded to 273 K; dry gas.

3.1

overall blank

test sample taken at the plant site in an identical manner to the normal samples in the series, except that no
gas is sampled during the test duration

NOTE The measured mass variation provides an estimation of the uncertainties. The overall blank value, divided by
the average sampling volume of the measurement series, provides an estimation of the detection limit (milligrams per
cubic metre) of the whole measurement process, as carried out by the operator. The overall blank includes possible
deposits on the filter and on all parts upstream.

3.12

weighing control procedures

quality control procedures utilised for detecting/correcting apparent mass variations due to climatic or
environmental changes between pre- and post-sampling weighing series

NOTE In these procedures, control parts are used (see 7.2) which are identical to those to be weighed for dust
measurement and are pre-treated under the same conditions of temperature and humidity. The control parts are kept free
from dust contamination.

3.13
measurement series
successive measurements carried out in the same sampling plane, and under the same process conditions

3.14
limit value
dust concentration that is permitted by authorities for the plant process (i.e. average limit value)

NOTE For purposes other than regulatory uses, the measurement value is compared to a stated reference value.

4 Principle

4.1 General

A sample stream of the gas is extracted from the main gas stream at specified sampling points for a measured
period of time, with an isokinetic controlled flowrate. The volume of gas collected is measured, and a pre-
weighed filter, which is then dried and reweighed, separates the particulate matter (dust) entrained in the gas
sample. Deposits upstream of the filter in the sampling equipment are also recovered and weighed. The
increase in mass of the filter and the mass deposited upstream of the filter is attributed to particulate matter
collected from the sampled gas. The ratio of the mass of the particulate matter collected to the volume of gas
collected allows the flue gas particulate concentration to be calculated.

4 © 1SO 2003 — Al rights reserved
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Valid measurements can be achieved only when:

a)

b)

b)

5

5.1

an adequate quantity of dust is collected during the sampling, which is at least 5 times the corresponding
overall blank value;

the gas stream in the duct at the sampling location has a sufficiently steady and identified velocity,
temperature and pressure, and a sufficiently homogeneous composition;

the flow of gas is parallel to the axis of the nozzle;

sampling is carried out without disturbance of the gas stream, using a sharp-edged nozzle facing into the
stream;

isokinetic sampling conditions are maintained throughout the test;

samples are taken at a preselected number of stated positions in the sampling plane to permit obtaining a
representative sample for a non-uniform distribution of particulate matter in the duct or stack;

the sampling train is designed and operated to avoid condensation and to be leak-free;
calibration criteria are satisfied;

sampling blank and leak-check criteria are met;

dust deposits upstream of the filter are recovered and/or taken into account;

the sampling and weighing procedures are adapted to the expected dust quantities as specified in this
International Standard.

Interferences
Positive interference

Gaseous species present in stack gases that are capable of reacting to form particulate matter within the
sample train can result in positive interference. Examples include the potential reaction of sulfur dioxide
(SO,) to an insoluble sulfate compound in the high-humidity portion of the system, such as with limestone
in flue gas following a wet flue-gas desulfurization system (FGDS) to form calcium sulfate (CaSO,), or the
reaction with ammonia gas (NH3) to form ammonium sulfate (NH,SO,) [see 7.1 a)].

Negative interference

1) Certain acid gaseous species can erode the filter material, resulting in negative interference. For
example the reaction of hydrogen fluoride (HF) with glass components in the sample train (see
6.2.5).

2) Volatile matter existing in solid or liquid form in the stack gas may vaporize after collection on the

sample train filiration material, due to continued exposure to the hot sample stream during the
sampling period. Such occurrence would result in a negative interference (see 8.1).

Sampling plane and sampling points

General

Representative sampling is possible when a suitable location is available, having a sufficiently homogeneous
gas velocity at the sampling plane.

© 1SO 2003 — Al rights reserved 5
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Sampling shall be carried out at a sufficient number of sampling points, usually located on several sampling
lines. Convenient access ports and a working platform shall be available for the testing.

5.2 Sampling plane

The sampling plane shall be situated in a length of straight duct (preferably vertical) with a constant shape and
cross-sectional area. The sampling plane shall be as far downstream and upstream as possible from any
obstruction that may cause a disturbance and produce a change in the direction of flow (disturbances caused
by e.g. bends, fans or pollution abatement equipment).

5.3 Requirements for sampling points

Preliminary measurements at all the sampling points defined in 5.4 and Annex B shall prove that the gas
stream in the sampling plane meets the following requirements:

a) the angle of gas flow is less than 15° with regard to the duct axis (a recommended method for estimation
is indicated in Annex C of ISO 10780:1994);

b) no local negative flow is present;

c) the minimum velocity is higher than the detection limit of the method used for the flowrate measurement
(for Pitot tubes, a differential pressure larger than 5 Pa);

d) the ratio of the highest to lowest local gas velocities is less than 3:1.

If the above requirements cannot be met, the uncertainty will be higher than that specified by this International
Standard and the sampling location is not in compliance with this International Standard (see 7.4.6).

The above requirements are generally fulfilled in sections of duct with at least five hydraulic diameters of
straight duct upstream of the sampling plane and two hydraulic diameters downstream (five hydraulic diameter
from the top of a stack). Therefore, it is strongly recommended that sampling locations be selected
accordingly.

5.4 Minimum number and location of sampling points

The dimensions of the sampling plane dictate the minimum number of sampling points. In general, this
number increases as the duct dimensions increase.

Tables 1 and 2 give the minimum number of sampling points to be used for circular and rectangular ducts
respectively. The sampling points shall be located at the centres of equal areas in the sampling plane (in
accordance with Annex B).

Sampling points shall not be located within 3 % of the sampling line length (if 4 > 1,5 m) or 5cm (if d < 1,5 m)
from the inner duct wall. Choose the inner edge of the area when calculations result in sampling point
positions within this area. This may arise when selecting more than the minimum numbers of sampling points
presented in Tables 1 and 2, for example in cases of unusual duct shape.

NOTE When the requirements for the sampling plane (see 5.2) cannot be met, it may be possible to improve
representative sampling by increasing the number of sampling points above those specified in Tables 1 and 2. See also
7.3.2 for sampling-point premeasurement procedures.

6 © 1SO 2003 — Al rights reserved
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Table 1 — Minimum number of sampling points for circular ducts

Range of duct Minimum number Minimum number of sampling Minimum number of sampling
diameters of sampling lines points per line points per plane
m (diameters) , .
incl. centre excl. centre incl. centre excl. centre
point point point point
<0,35 — 12 — 12 —
0,3510 0,70 2 3 2 5 4
0,70 to 1,00 2 5 4 9 8
1,00 to 2,00 2 7 6 13 12
> 2,00 2 9 8 17 16
@  Using only one sampling point can give rise to errors greater than those specified in this International Standard.

Table 2 — Minimum number of sampling points for rectangular ducts

Range of sampling plane areas Minimum number of side divisions? Minimum number of sampling
m2 points per plane
<0,09 — 1P
0,09 to 0,38 2 4
0,38 to 1,50 3 9
> 1,50 4 16
a'd Other side divisions may be necessary, for example if the longest duct side length is more than twice the length of the shortest
side.
b Using only one sampling point can give rise to errors greater than those specified in this International Standard.

5.5 Access ports
Ports shall be provided for access to the sampling points selected in accordance with Annex B.

The port dimensions shall provide space for the insertion and removal of the sampling equipment and
associated devices, and allow for sealing once the sampling equipment is in place. A minimum diameter of
125 mm or a surface area of 100 mm x 250 mm are recommended, except for small ducts (less than 0,7 m
diameter) for which the port size needs to be smaller (see Annex F for examples).

5.6 Sampling time

Assuming a volumetric flowrate characteristic of the sampling train to be used, a sampling time can be
calculated that will lead to the collection of a desired or required mass of particulate matter if the approximate
particulate concentration is known previously.

If the expected dust concentration (cexp) has been previously determined or assumed and the mass of
particulate matter (m) to be collected is required or set, then the necessary volume of the flue gas to be
sampled is:

m

V. = 2)

Cexp

However, the volume of the sample, V, (litres) will be equal to the total sampling time, ¢ (min), multiplied by the
nozzle volumetric flowrate under actual conditions, O, (I/min), i.e. V', = tQ,.

© 1SO 2003 — Al rights reserved 7
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The total sampling time in the sampling plane is thus estimated to be:

V
(= Norp=—" (3)
a Cexp'Qa

6 Apparatus and materials

6.1 Gas velocity, temperature, pressure, and gas composition measurement devices

Velocity measurements shall be carried out using standard Pitot tubes or other measurement devices, e.g.
S-Type Pitot tubes, provided they are calibrated against standardized Pitot tubes in accordance with
ISO 10780.

The temperature and the pressure in the duct shall be measured in order to calculate the actual density of the
gas within + 0,05 kg/m3, also taking the gas composition into account.

When expressing dust concentrations on a dry basis, and/or where the concentrations are to be expressed in
relation to a reference oxygen or CO, concentration, humidity (moisture) and/or oxygen/CO, measurements
shall be carried out in the vicinity of the sampling plane.

Specifications for this apparatus are given in Table 3.

6.2 Sampling apparatus

The sampling train consists principally of

a) a suction tube (sampling probe) with entry nozzle,

b) a filter housing, including a filter support and a filter, either located in the duct (in-stack filtration), or
placed outside the duct (out-stack filtration), leading to slightly different kinds of sampling trains. In the
presence of water droplets, out-stack filtration shall be used,

c) asuction unit, with a gas metering system.

6.2.1 Filtration device

a) “In-stack” filtration devices (Figure 3): the part of the tubing between the nozzle and the filter shall be
very short, to minimize dust deposits upstream of the filter. The tubing after the filter (suction tube) shall
be of sufficient length to traverse the duct at the required sampling points. Since the filtration temperature
is generally identical to that of the gas in the duct, filter clogging may occur if the gas contains water

droplets.

To allow traversing of the duct, a leak-free, rigid tube (support tube) of sufficient length is used
downstream of the filter housing for mechanical support of the nozzle and filter housing;

8 © 1SO 2003 — Al rights reserved
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1 entry nozzle 10 suction unit and gas-metering device
2 filter holder 11 shut-off valve
3 Pitot tube 12 adjustment valve
4  temperature probe 13 pump
5 temperature measurement 14 flowmeter
6 static pressure measurement 15 dry gas volumeter
7 differential pressure measurement 16 temperature measurement
8 support tube (in-stack device) 17 barometer
9 cooling and drying system

Figure 3 — Example of sampling on a dry basis with an “in-stack” filter

b) “Out-stack” filtration devices (Figure 4): the part of the tubing between the nozzle and the filter (suction
tube) has to be of sufficient length to traverse the duct at the required sample points. The suction tube
and the filter housing is temperature-controlled, to provide vaporization of possible water droplets and
avoid filtration difficulties related to acid gases having high dew points.

© 1SO 2003 — Al rights reserved 9



ISO 9096:2003(E)

—
h 5
N
1 .
\g —
\_/—\f
J O
T X 716
10 | Q‘]/
oo !
1112 13 ﬁw ==l i
—C—L Ry
- J
Key
1 entry nozzle 10 suction unit and gas-metering device
2 filter holder 11 shut-off valve
3 Pitot tube 12 adjustment valve
4  temperature probe 13 pump
5 temperature measurement 14 flowmeter
6 static pressure measurement 15 dry gas volumeter
7 differential pressure measurement 16 temperature measurement
8 support tube (out-stack device) 17 barometer
9 cooling and drying system

Figure 4 — Example of sampling on a dry basis with an “out-stack” filter

Water droplets are present in certain processes, e.g. after a wet-scrubbing abatement system. Low
temperature, below dew-point knowledge of the process is a requirement of this International Standard. If
there is any question that water droplets may be present, then out-stack filtration should be used.

The sampling parts of the system shall be made of corrosion-proof and, if necessary, heat-proof material, for
example stainless steel, titanium, quartz or glass. However, if further analysis of the collected dust is planned
(for example for heavy metals), stainless steel should be avoided for the parts in contact with the sample gas.

The surfaces of parts upstream of the filter shall be smooth and well polished, and the number of joints shall
be kept to a minimum. Any changes in bore diameter shall be tapered rather than stepped.

The sampling equipment shall be designed in order to facilitate the cleaning of internal parts upstream of the
filter.

All parts of the equipment that will come in contact with the sample shall be protected from contamination
during transportation and storage.

10 © 1SO 2003 — Al rights reserved
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6.2.2 Set of entry nozzles of different diameters, sharp-edged, streamlined, and free enough of obstacles
in order not to disturb the main gas flow.

The nozzle is connected either to the suction tube (sampling probe) or the filter housing. Annex A details three
proven designs. Other designs are allowed, provided it can be validated that they give equivalent results.

In order to prevent disturbances of the gas flow near the nozzle tip, the following requirements also apply:

a) the nozzle shall have a constant internal diameter along a length equal to at least one internal diameter or
at least 10 mm from the nozzle tip, whichever is greater. See 7.3.3 for calculation of diameter;

b) any variation in bore diameter shall be tapered with a conical angle less than 30°;
c) bends shall be located at least 30 mm from the nozzle tip;

d) any variation in external diameter of the sampling equipment parts located less than 50 mm from the
nozzle tip shall be tapered and of conical angle less than 30°;

e) obstacles related to the sampling equipment are:
1) prohibited upstream of the nozzle tip;

2) allowed beside and downstream of the nozzle tip, when situated at more than 50 mm or at least one
time the size of the obstacle, whichever is greater.

Since it is necessary, for mechanical reasons, for the nozzle bevel to have sufficient thickness, this leads to an
uncertainty on the effective sampling area. This uncertainty should be less than 10 % in order to fulfil
isokinetic sampling criteria. For this reason, it is recommended that nozzles of inside diameter exceeding
8 mm be used, and diameters less than 4 mm be avoided.

6.2.3 Suction tube (sample probe) for out-stack filtration systems

The suction tube shall have a smooth and well-polished internal surface, and shall be designed so that it can
be cleaned easily using a brush or other mechanical means, a necessary condition before sampling
(see 7.3.1).

The walls of the suction tube shall be heated and temperature-controlled (7.3.4) in order to minimize
condensation or the formation of artefacts.

6.2.4 Filter housing, in which the filter and filter support are mounted.

When the filter housing is placed “out-stack”, it shall be heated and temperature-controlled (7.3.4) to avoid
condensation.

The filter housing and the filter support shall be designed in such a way that no gas turbulence will occur near
the seals.

To reduce the filter pressure drop and to improve the distribution of dust on the filter, a coarse-grain filter
support is recommended.

6.2.5 Filters, of efficiency better than 99,0 % on a test aerosol with a mean particle diameter of 0,3 ym, at
the maximum flowrate anticipated.

This efficiency shall be certified by the filter supplier.

The filter material shall not react with or adsorb gaseous compounds contained in the gas sampled, and shall
be thermally stable, taking into account the maximum anticipated temperature (see 7.3.3).

© 1SO 2003 — Al rights reserved 11
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The choice of the filter shall also take into account the following considerations.

a) Glass fibre filters may react with acidic compounds such as SO3, leading to an increase in the filter mass.
Their use is not recommended where this may occur;

b) Despite their weak mechanical strength, quartz fibre filters have been shown to be efficient in most cases;

c) PTFE (polytetrafluoroethylene) filters have also proven to be efficient, however, the temperature of the
gas passing through the filter shall not exceed the temperature specified by the supplier;

d) The size of filter shall be chosen in relation to the maximum allowable mass of particulate collected on the
filter. This is to prevent loss of particulate matter because of overburdening the filter paper. The maximum
amount that can be collected for a filter shall be certified by the filter manufacturer.

e) The pressure drop across the filter, and the pressure increase due to the collection of particulate matter
while sampling. This depends on the kind of filter (e.g. a pressure drop of 3 kPa to 10 kPa at a filtration
velocity in the range of 0,5 m/s is expected);

f)  When using filters with organic binders, care shall be taken to avoid mass losses due to the evaporation
of the binder material when heating;

g) The “overall blank value” of the measurement will depend to some extent on the choice of the filter
(mechanical properties, affinity for humidity, etc.);

h) If it is planned to determine the composition of the dust collected, a blank of the filter material shall be
tested to determine the presence and mass levels of any relevant materials to be analysed;

i)  When weighing some kinds of filter material (e.g. PTFE, etc.), take care to avoid errors due to
electrostatic charges;

6.2.6 Combined particulate matter/gas sampling trains (optional design), to determine flue gas emissions.

When gaseous compounds are trapped downstream from the filter, any volume losses, temperature changes
or pressure changes shall be accounted for when calculating the isokinetic-sampling rate and when
calculating the collected gas sample volume.

6.2.7 Suction unit and gas-metering devices, gas-tight, corrosion-proof and capable of maintaining a
vacuum that will extract a flue gas sample at the calculated isokinetic sampling rate appropriate to the nozzle
size and flue gas conditions.

The system shall incorporate a means of controlling the sample flowrate, for example, a pump by-pass valve
or a regulating valve. A shut-off device shall also be incorporated into the system for stopping the gas flow
through the sampling train.

Depending on the sampling measurement mode (on a wet or dry basis), three major kinds of arrangements
may be used. Other types of arrangement are allowed, provided it is proven that they give the same accuracy
as the systems described below.

a) Sampling on a dry basis with an in-stack filter (see Figure 5), including

1) condenser and/or gas drying tower providing a residual humidity less than 10 g/m3 at the
maximum flowrate;

2) gas-tight pump or compressed air ejector, acting as a suction device;

3) flow meter, used to facilitate the flowrate adjustment, calibrated against the dry gas volume meter or
measuring orifice plate;

4) dry gas volume meter or orifice plate, accurate within 2 % at the anticipated flowrate, with
associated absolute pressure and absolute temperature measurements accurate to within 1 %.

12 © 1SO 2003 — Al rights reserved
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1 dry gas sample flow 5 variable-area flowmeter

2 non-return valve 6 dry gas meter

3 shut-off valve 7 temperature measurement
4  pump 8 barometer

Figure 5 — Sampling control using flow meter and dry gas meter

b) Sampling on a dry basis using an out-stack filter and condenser system (see Figure 6), including:

1) condenser and/or gas drying tower providing a residual humidity of less than 10 g/m3 at the
maximum flowrate;

2) gas-tight pump or compressed air ejector, acting as a suction device;

3) dry gas volume meter accurate within 2 % at the anticipated flowrate, with associated absolute
pressure and absolute temperature measurements accurate to within 1 %;

4) flowmeter or orifice plate, used to facilitate the flowrate adjustment, calibrated against the dry gas
volume meter or measuring orifice plate.

2
! —— > |
V 1111
6
5 9

Key
1 dry gas sample flow 6 dry gas meter
2 non-return valve 7 temperature measurement
3 shut-off valve 8 barometer
4  pump 9 variable area flowmeter
5 by-pass control valve

Figure 6 — Sampling control using dry gas meter and secondary orifice flow meter
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c) Sampling on a wet basis with an out-stack filter (see Figure 7), including:
1) insulated or heated flexible tubing, used to prevent upstream condensation of humidity;
2) gas-tight pump or compressed air ejector, acting as a suction device;
3) condensation-free orifice plate or equivalent device serving as flow meter. The temperature and

pressure (absolute and differential) measurements at the orifice plate (flow meter) shall be accurate
to within 1 % and the orifice plate shall be calibrated within 2 % of the anticipated flowrate.

2 o |
1 7 s s

5 CT

- lw

Key

wet gas sample flow
temperature measurement
heated orifice

shut-off valve

barometer

air injector

O b~ WN -

Figure 7 — Sampling control on a wet basis, mandatory out-stack filtration (see Figure 4)

6.3 Material for particulate matter recovery
6.3.1 Purified water, de-ionized and filtered.
6.3.2 Acetone, high grade with a residue of less than 10 mg/I.

6.3.3 Clean containers of appropriate size (e.g. 250 ml) for storage and transportation of the rinsing
solution.

6.3.4 Plugs to close the suction tube. Plugs used shall not be a source of sample contamination.

6.4 Apparatus for conditioning and weighing

6.4.1 Weighing containers, for the drying procedure for the rinsing solutions, of mass appropriate for the
balance used. Glass and ceramic have proven to be suitable materials for these containers; polymeric
materials are not recommended.

6.4.2 Desiccators, located in the weighing room, with relevant desiccating agent (silica gel, calcium
chloride, etc.).

6.4.3 Drying oven, classical laboratory type, thermally controlled within £ 5 °C.
6.4.4 Balance, with resolution from 0,01 mg to 0,1 mg, with a range compatible with the mass of the parts

to be weighed. Depending on the balance room location, specific care shall be taken to avoid reading
instabilities related to vibrations, air draughts, temperature and humidity variations.
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6.4.5 Thermometer and humidity meter near the balance.
6.4.6 Barometer.

6.4.7 Depending on the evaporation procedure, an extraction hood and heating plate for the evaporation
of the rinsing solutions.

7 Sampling and weighing procedures

7.1 General aspects

Before carrying out any measurements, the purpose of the sampling and the sampling procedures shall be
discussed with the plant personnel concerned. The nature of the plant process, e.g. steady state or cyclic, can
affect the sampling programme. If the process can be performed in a steady state, it is important that this is
maintained during sampling.

Dates, starting times, duration of survey and sampling periods, as well as plant operating conditions during
these periods shall be agreed upon with the plant management.

Preliminary calculations shall be made in order to determine the appropriate nozzle diameter and/or sampling
time. Longer sampling times or sampling with the use of a larger nozzle and higher sample flowrates may be
necessary to obtain sample filter masses sufficiently greater than blank filter masses.

Taking into account the objective of the measurements and the flue gas characteristics, the user shall
a) choose between an in-stack or an out-stack filtration device;

If the flue gas is saturated with water or contains appreciable amounts of SO, out-stack filtration devices
are recommended.

b) choose a relevant temperature for conditioning and drying the filter before and after sampling;

When using an out-stack filtration device, set the out-stack filter temperature as specified by the
regulatory agency or as determined for technical reasons.

c) take an overall blank sample after each measurement series and at least after each day of sampling,
following the sampling procedure described in 7.3.5, either without starting the suction device or for a
sample duration less than 1 min.

This leads to estimation of the dispersion of results related to the whole procedure as carried out by the
operators for a near-zero dust concentration, due to contamination of filters and of rinsing solutions during
handling on-site, transport, storage, handling in the laboratory, and weighing procedures, etc.

While sampling, the velocity at the sampling plane shall be simultaneously monitored, to check for possible
flowrate variations in the duct.

The temperature, pressure, moisture content, and molecular mass of the flue gas shall be determined at the
sampling location in order to calculate isokinetic sampling conditions and correct emissions data from actual to
standard conditions. These parameters shall be monitored at each sampling point if they vary spatially or
temporally during the period of the test to the degree that the + 10 % isokinetic requirement (7.4.3) is
exceeded.

When expressing particulate concentration on a dry basis, the flue gas moisture content shall be determined.

If the particulate concentration is to be corrected by regulation to a specified oxygen or carbon dioxide
concentration, oxygen or carbon dioxide shall also be measured.
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7.2 Weighing procedure

7.2.1 Parts to be weighed

a) Depending on the internal arrangements, the parts of the filter system to be weighed before and after
sampling may be:

1) only the filter;
2) the filter and filter support;

3) the filter, the filter support, and the inlet part of the filter housing including the nozzle (depending
upon the system design).

In the first and second cases, dust deposits from the nozzle tip to the filter shall be recovered and
weighed.

In the third case, dust deposits upstream of the filter are accounted for in the weighing, but it is necessary
to use a balance that will weigh the larger masses of these parts to within specified levels of accuracy.
The outside surfaces shall be cleaned prior to weighing, using good laboratory practice.

b) Depending on the kind of sampling device used, the parts to be weighed may be the filter (with or without
its support) or may also include all parts upstream from the filter. Options include:

1) the filter and particulate matter collected upstream of the filter;
2) the filter and its housing and particulate matter collected upstream of the housing;
3) the nozzle, the filter and its housing, and any components connecting the nozzle to the housing.

For the latter two designs above, all the relevant parts shall be pre- and post-treated in accordance with
the procedure described in 8.3 below and weighed together, without disassembling them.

c) Depending upon the system used, the solutions obtained from rinsing components can be evaporated

and weighed in the same container or transferred to a smaller container for weighing following good
laboratory practice.

7.2.2 Pre-sampling treatment of weighed parts
Weighed parts shall be dried in a drying oven for at least 1 h, at 160 °C (see also Clause 8 for specific cases).
After drying, the filters and/or the weighing containers shall be placed in a desiccator located in the weighing

room for at least 8 h to ensure that the filter is conditioned in the same way throughout its use (i.e. preparation
and final weighing). For larger parts and weighing containers, up to 12 h conditioning may be necessary.

7.2.3 Weighing

Weigh the filter on a suitable electronic balance to at least + 0,1 mg.

Since the sample masses are determined by calculating the difference between data, often obtained at one or
two week intervals, special care is required to avoid weighing errors related to balance drift, to insufficient
temperature equilibrium of parts to be weighed, and climatic changes (see examples in Annex C). Therefore,
before performing any weighing, the analyst shall validate his or her weighing procedure.

Before each weighing series:

a) calibrate the balance against standard weights;
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b) carried out additional checks shall be by weighing “control parts”, equivalent to the other parts and pre-
treated in the same conditions, but kept free from contamination;

¢) record the climatic conditions in the room.

When weighing large volume parts (e.g. beakers), the temperature and barometric pressure may influence the
apparent mass. This may be detected using the reference mass of the control parts. In these conditions,
weighing corrections shall be applied. Determine the weighing corrections based on the apparent mass
modification of three equivalent control parts of each type (filter including support, container, etc.) (see
Annex C).

Attention shall be given also to weighing artefacts related to:
— electrostatic charges, which may have to be discharged or neutralized;

— hygroscopic and volatility characteristics of the filter material and/or dusts, which may lead to an increase
or decrease in mass. For this reason, carry out weighing rapidly, within 1 min after removal from the
desiccator. Take two additional readings at 5 s intervals after the initial reading. If there is a significant
increase or decrease in the readings as a function of time, due to the nature of the material, special
procedures such as extrapolating the reading to initial conditions may be necessary;

— small differences in temperature between the part to be weighed and the environment may disturb the
balance.

7.2.4 Post-sampling treatment of weighed parts
Dry weighed parts in a drying oven for at least 1 h at 160 °C (see also 8 for specific cases).
After drying, equilibrate the parts to ambient temperature as described in 7.2.2.

When volatile or reactive compounds are suspected, carry out drying at the sampling temperature, using a
flow of dry nitrogen.

7.2.5 Post-sampling treatment of the rinsing solutions

All the rinsing solutions (water and acetone) from all parts upstream of the filter as described in 7.3.5 are
taken to the laboratory for further treatment. Care shall be taken that no contamination occurs.

Transfer the solutions quantitatively to the dried and pre-weighed containers. During the evaporation, do not
boil the solvent mixture. As the volume of the solution is reduced through the evaporation process, smaller
vessels may be used.

NOTE Two methods have been tested for evaporation: 1) evaporation in an oven at 120 °C at ambient pressure. An
efficient ventilation system with clean air or nitrogen is necessary to dilute acetone vapour to a safe level; 2) evaporation in
a closed system (desiccator). The initial temperature is set to 90 °C and the pressure is reduced to 40 kPa (absolute).
Periodically, the temperature as well as the pressure is increased. For the last period, they are maintained at 140 °C and
20 kPa (absolute).

After the evaporation, place the weighing containers in the drying oven for 1 h at 160 °C (see Clause 8 for
specific reasons). Transfer the weighing containers to the desiccator. After thermal equilibration in the
weighing room as in 7.2.1, weigh the weighing containers, including the deposit remaining after evaporation.

Due to the relatively large mass and the volume of the weighing containers compared to the deposits under
investigation, changes in barometric pressure may influence the weighing. Therefore, weigh at least three
empty weighing containers of equal size with each series, so that any changes in mass may be used for
correction.

Obtain at least one blank value for each solvent, using the same volume as used in the rinsing.
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7.3 Sampling

7.3.1 Preparation

The equipment shall be cleaned (brushed and rinsed), calibrated and checked before moving to the test site.
Care shall be taken not to reuse any part of a sampling train that has previously been used for high dust
concentration sampling without dismantling and thorough cleaning.

Depending on the measurement program, the filter and associated parts to be weighed shall be prepared for
each sample run. This includes parts for the overall blank tests and additional parts to accommodate process
and equipment malfunctions.

Perform the weighing procedures according to 7.2.3.

All the weighed parts, including the suction tube and the other parts or equipment that will come into contact

with the sample (and will be rinsed later) shall be protected from contamination during transportation and
storage.

7.3.2 Pre-measurements

Verify the dimensions of the duct to be sampled using a measuring rod, surveyor's transit or other means.
Select the number and location of sampling points in accordance with 5.4 and Annex B. Mark on the Pitot tube
and the sampling tube the distance from the sampling points to the entry point of the access port.

Measure the temperatures and velocities at the selected test points in the duct, checking also for possible
deviations of gas flow with regard to the duct axis, and verify that the requirements of 5.3 are fulfilled.
Otherwise, see 7.4.1.

Measure the molecular mass and moisture content of the flue gas.

In order to check for possible temporal flow variation in the duct while sampling, install a separate Pitot tube at
a relevant fixed point of the sampling section to monitor the flue gas velocity over the sampling period.
Monitoring the temperature and/or CO,/O, concentration in the duct (or other relevant parameters) may also
provide an indication of the steadiness of the stationary source operations.

Taking into account the preliminary calculation for the sampling time and the measured velocities, select a
suitable nozzle in accordance with the requirements of 6.2.2 and 7.3.3.

7.3.3 Calculating the nozzle diameter

7.3.31 Nozzle description

In order to allow isokinetic sampling of gases flowing at a wide range of velocities, the sampling equipment
shall include a set of nozzles of different diameters.

The nozzle diameter is estimated from either the volumetric flowrate characteristics for the particular sampling

train to be used, or an initial assumption of the expected mass of particulate matter to be collected (obtained
from process estimation or preliminary sampling).

7.3.3.2  Calculating the nozzle diameter from a characteristic sampling train flowrate

On the basis of the previously identified gas velocity (v) at each sampling point, and the requirement that
v, = vs (Where v, is the velocity of the gas through the nozzle), the area, 4,,, of the nozzle (and then, the
diameter, D) is calculated simply as:

2
G LY N 72 4)
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If the diameter of the nozzle (D,)) is not suitable, a different volumetric flowrate ¢, (or different sampling train)
is necessary.

7.3.3.3  Calculating the nozzle diameter for a fixed sampling time

In some circumstances, the sampling time is specified. Under such requirements, it may be necessary to
increase the volumetric flowrate in order to collect a sufficient mass of particulate matter for weighing. The
volumetric flowrate may be increased by increasing the size of the nozzle; however, changes in sampling train
design may be necessary to accommodate the increased flow requirements.

The volumetric flowrate through the nozzle (¢;) is ¢, = 4,,v,, Where 4,, is the area of the nozzle and v, is the
velocity of the gas through the nozzle.

Under isokinetic conditions, v,, is equal to the gas velocity (vg), or v, = vs.

Therefore, from Clause 6 and under isokinetic sampling conditions,

V

qy = Tn = Apvn = 4nvs ()
and
g =20 (6)
t-vg
or, from Equation 6,
m
Ay=—" (7)

Cexp “t-vg

A,  isthe area of the nozzle;

cexp IS the expected concentration of dust;

m is the mass of particulate matter;

t is the time;

gy is the volume flowrate through the nozzle;
Vg is the velocity of the gas through the stack;
Y is the velocity of the gas through the nozzle;

V.,  isthe volume of gas through the nozzle.

7.3.4 Overall blank

Take an overall blank sample after each measurement series or at least once a day, following the sampling
procedure described in 7.3.5 without starting the suction device, and keeping the sampling nozzle in the duct
for 15 min at 180° from the direction of flow. This leads to an estimation of the dispersion of results related to
the whole procedure as carried out by the operators for a near-zero dust concentration, i.e. contamination of
filters and of rinsing solutions during handling on site, transport, storage, handling in the laboratory and
weighing procedures. All overall blank values shall be reported individually.
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The overall blank value is reported in milligrams per cubic metre, and is calculated using the average sample
run time achieved during the measurement series.

7.3.5 Sampling procedure

The following steps shall be followed when sampling is carried out.

a)

b)

i)

20

Assemble the sampling equipment, and check for possible leaks by sealing the nozzle and starting the
suction device. The leak flowrate, measured e.g. by pressure variation after evacuation of the train at the
maximal under pressure reached during sampling, shall be below 2 % of the normal flowrate. During
sampling, a leak check can be monitored by continuously measuring the concentration of a relevant gas
component (CO,, O,, etc.) both directly in the duct and downstream from the sampling train. Any
detectable difference between those concentrations indicates a leak in the sampling equipment parts
located out of the stack. This leak shall then be investigated and rectified.

Preheat the relevant parts of the sampling train to the selected filtration temperature, e.g. stack
temperature or recommended temperature of 160 °C + 5 °C. Insert the sampling train into the duct with
the nozzle, if possible, facing downstream, avoiding contact with any parts of the duct.

Seal the opening of the access port in order to minimize air ingress or exposure of operators to toxic
gases.

Turn the sampling probe until the entry nozzle is facing upstream within £ 10°, open the shut-off valve,
start the suction device and adjust the flowrate in order to obtain isokinetic sampling within f1g %.
The sampling time at each selected point shall be identical.

The total sampling time shall be at least 30 min;

During sampling, check at least every 5 min and adjust the flowrate to maintain isokinetic sampling
conditions within f1g %. Continuously monitor, or record at least every 5 min, the dynamic pressure
measured by the Pitot tube or other suitable measurement system either installed at the fixed point or
mounted on the sampling equipment (see 8.3);

NOTE Good laboratory practice when using dry-gas meter is to record at least every 5 min the gas meter
temperature and pressure, and to use the results for calculating the final sampled volume.

Do not stop sampling when moving the sampling train to the following sampling point, and immediately
adjust the flowrate for isokinetic conditions;

Record the sampling time and sampled volume or flowrate at each sampling point;

On completion of sampling at all the selected points of the sampling line, close the shut off valve and
suction device, remove the sampling train from the duct and reposition it on the next sampling line;

For low dust concentration measurement, it is better to use only one filter for a complete measurement
(cumulative sampling).

The filter load and the maximum gas velocity should not exceed the filter manufacturer's
recommendation.

On completion of sampling run at all points:
1) remove the sampling train after closing the shut-off valve and suction device;
2) leak-check the equipment as under 8.4 a) if leakage has not been monitored during sampling;

3) dismantle the sampling equipment and check visually the filter and the filter holder for signs of
breakage or stains due to pressure or to the concentration of moisture (sampling equipment operated
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below or too close to the dew point). If such signs are detected, the test is not valid. Check also for
non-uniform distribution of dust on the filter.

k) Measure and record the barometric pressure;

I) Put the parts to be weighed in a closed electrostatic-free container for transport to the laboratory for
weighing (see Clause 7).

7.3.6 Recovery of deposits upstream of the filter

Rinse all the non-weighed parts that are in contact with the sample gas upstream of the filter to recover the
deposits.

Take special care to avoid contamination of the sample if the rinsing procedure is performed on-site. Carry out
rinsing according to the following procedure.

a) Rinse the internal surfaces of the nozzle, elbow and the front part of the filter housing carefully with water
into a storage bottle. Allow no external dust to fall into the bottle. Rinse these same surfaces with acetone
and collect the acetone into the same bottle;

b) To rinse the suction tube (sample probe), seal one end and fill with enough water to wet and clean the
inner surface (1/3 to 1/2 of the volume of the suction tube) and then seal the other end. Rotate the tube
along its long axis and tilt the tube several times. Transfer the water to the transport storage container.
Repeat the procedure with a second rinsing of water, followed by a rinsing with acetone;

Do not mechanically clean surfaces to recover deposits upstream of the filter after sampling. However, it is
necessary to mechanically clean and rinse the equipment before each measuring series.

The overall blank shall include a blank rinse of a pre-cleaned sampling system. Obtain the blank rinse

following the procedures given above, and evaporate and weigh following the same procedures as for the
sample rinse.

7.4 Validation of results

7.4.1 Parameters depending on the stationary source

If testing was conducted at an unsuitable location, or was carried out under fluctuating plant operating
conditions, the validity of the sample may be questioned and the measurement results uncertain. In such
cases, the test report shall clearly indicate that the test was not conducted according to the specifications of
this International Standard.

Details of the flow characteristics at the sampling location and/or on the variations of the flowrate in the duct
while sampling shall be included in the test report along with any explanations.

7.4.2 Leak check
Significant errors can be caused by leaks in the sampling train, especially in parts that are under vacuum.
Therefore, before and after each test, the sample train shall be checked for leaks by sealing the nozzle and

starting the suction device. The flowrate shall be at most 2 % of the normal flowrate at the maximum vacuum
reached during sampling, otherwise the measurement is not valid.

7.4.3 Isokinetic flowrate

If the actual flowrate through the nozzle differs by more than + 10 % from the theoretical isokinetic flowrate
over the duration of the sampling, the flowrate measurement shall be repeated.

If this criterion is still not fulfilled due to variation of the flowrate in the duct, see 7.4.1.
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7.4.4 Deposits of dust on non-weighed parts upstream of the filter

The mass of deposits on non-weighed parts upstream of the filter shall be added to the mass of deposits
determined from the filter and weighed parts.

This requirement may be disregarded if an in-stack filter is used that has no bends between the nozzle and
the filter, provided that it is used in an application having unsaturated gases, a temperature well above the

stack gas dew-point, and if a validation has been carried out at conditions similar to the process to
demonstrate that the deposits do not exceed 10 % of the daily average limit value set for the process.

7.4.5 Validation of sample collection

A measurement series is validated only when the quantity of dust collected during the sampling is at least five
times the corresponding overall blank value.

7.4.6 Summary of the requirements of this International Standard

A summary of the requirements of Clauses 4 and 5 of this International Standard are given in Table 3.

8 Additional aspects

8.1 Thermal behaviour of particulate matter

Emitted dusts are generally thermally stable. However, in some processes the gases to be sampled contain
unstable or semi-volatile compounds (i.e. in particulate form at low temperature, in gaseous form at higher
temperature). In such cases, the measured concentration depends on the filtration temperature and/or on the
drying temperature before final weighing.

Such phenomena have been reported in various industries, e.g.:

— power plants equipped with desulfurization processes, because of the occurrence of hydrates;

— heavy fuel oil power plants or diesel engines, because of the presence of SO; and/or organic
compounds;

— glass furnaces, because of the presence of semi-volatile boron compounds;

— waste incinerators with wet and semi-dry gas treatment processes.

Differences in the measured dust concentrations (up to a factor of 10) have been experienced and therefore in
such cases the measured results shall be associated with a stated temperature (the highest temperature
sustained by the sampled dust before weighing). Because of the extreme variety of situations which may be
encountered, it is not possible to assign a conventional temperature that could be relevant in all cases.
However, since the complete trapping of volatile compounds would necessitate a very low filtration
temperature and special care during sampling, more reproducible results may be achieved if these
compounds are not trapped or are further evaporated when drying. This is why a conventional temperature of
160 °C, which avoids the trapping of most volatile compounds and decomposes most of hydrates, is generally
convenient.

According to this convention, the parts of the sampling train to be weighed shall therefore be

a) conditioned at 180 °C before sampling,

b) set at any temperature equal to or less than 160 °C during sampling,

¢) conditioned at 160 °C after sampling.
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Table 3 — Summary of requirements — Apparatus and sampling conditions

Equipment for dust collection Value
Nozzle internal diameter d >4 mm
Nozzle area: measurement uncertainty +10 %
Nozzle: length with constant internal diameter >10 mm
Nozzle: variation in diameter angle < 30°
Elbow: radius of the bend >1,5d
Nozzle straight length before the first bend > 30 mm
Nozzle tip: distance to obstacles > 50 mm
Filter efficiency (test aerosol 0,3 um) >99,5 %

Filter material (absorption of components)

No reaction and no absorption

Condenser, drying tower: residual gas moisture <10 g/m3
Gas meter volume measurement uncertainty +2%
Absolute pressure measurement uncertainty +1%
Absolute temperature measurement uncertainty +1%
Alignment of the nozzle +10%
Isokinetic criteria (average measurement uncertainty) +10 %
Leak test <2%

Balance resolution (mg)

0,01 mgto 0,1 mg

Weighing uncertainties

<5 % of the LV set for the process (see 7.4.4)

Thermal stability duration of probe-housing filter heating

>8h

Overall blank value

<10 % of the LV@ set for the process or 2 mg/m3,
whichever is smaller

Sampling time measurement uncertainty

+5s

Linear measurement uncertainty (duct diameter)

(nozzle diameter)

1%

+ 0,2 mm or = 5 %, whichever is greater

Sampling location

Flow angle <15°
Negative flow None
Pressure difference (Pitot tube) >5Pa
Ratio of max. gas velocity to min. gas velocity 3:1

Straight length before the sampling plane

> 5 hydraulic diameters (recommended)

Straight length after the sampling plane

> 2 hydraulic diameters (recommended)

Straight length before emission point

> 5 hydraulic diameters (recommended)

Number of sampling points

See Tables 1 and 2

Equipment for flue gas characteristics

Absolute temperature

1%

Flue gas density

+0,05 kg/m3

8 LV =limit value.
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Depending on eventual regulatory requirements and plant authorization, on special kinds of effluent or on the
specific objective of the measurement, other conventional temperature treatments can be adopted: e.g. if
aerosols or condensable compounds are to be taken into account, the temperature shall be reduced during
post-sampling treatment.

In any case:

— the weighed parts shall be conditioned before sampling (7.2.1) at a temperature at least 20 °C above the
maximum temperature reached during sampling and post-sampling treatment;

— the temperature used while sampling and while conditioning before weighing shall be indicated in the test
report.

8.2 Particulate deposits upstream of the filter

Experimental work has shown that particulate deposits upstream of the filter cannot be neglected when
sampling dust concentrations. It has also been shown that significant errors can be introduced in the
measurements if these deposited materials are not recovered carefully.

Particulate deposits are dependent upon the design of the sampling equipment, and on the characteristics of
the particulate matter to be sampled. Therefore, all non-weighed parts shall be checked for the deposition of
particulate matter and if present, the particulate matter shall be collected.

Deposits may be collected using the rinsing procedures of 7.3.6 either after each test of the measurement
series, or at least after each measurement series on the same sampling plane, and at least once a day. If the

material is collected at the end of the measurement series, the recovered mass is then attributed to the
individual tests in proportion to the mass collected on each filter.

8.3 Improvement of the weighing procedure

Experience has shown that weighing uncertainties are related not only to the balance performance but also to
the whole procedure applied. Therefore, before performing any measurement, the user shall establish and
validate their own procedure, taking into account the sampling equipment and filters to be used.

Repeated weighing of the same parts, spread over several weeks under varying conditions, e.g. of external
temperature, humidity, etc., will provide an estimation of the actual precision of weighing, including the
uncertainties related to the manipulation of the filters, equilibrium time, etc.

The results shall be used as a first estimate of the overall blank value, and can provide a means of calculation

of the gas volume to be sampled in order to obtain significant data, taking into account the anticipated range
of particulate concentrations.

9 Calculations

9.1 Isokinetic flowrate

To perform isokinetic sampling, the sampling system flowrate shall be calculated so that the velocity of sample
gas entering the nozzle, v, is equal to the flue gas velocity at the sampling point, v, or:

v = Ve ®)

The flowrate at the nozzle, ¢, expressed in the actual conditions at the nozzle is:

gy =An v 9)
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According to Equation (5), isokinetic sampling is conducted when:
qy =An Vs (10)
where 4, is the area of the nozzle.

Because the sampling flowrate is measured under conditions (temperature, pressure, and moisture content)
that differ generally from the actual conditions of the gas in the duct, ¢, must be corrected as follows:

(100 - H,) Ty - Pa

Im=4va (100 T Ts o (11)
where

dm is the measured sampling volumetric flowrate;

dya is the sampling volumetric flowrate, expressed in the actual conditions at the sampling point;

H., and H, are the moisture contents (humidity), as percentage volume, of gases in the measured (m)
and actual (a) conditions;

T,,and T, are the temperatures (measured and actual) of the gas, in kelvin;
pmandp, are the absolute pressures (measured and actual) of the gas.

Compare the calculated target value of ¢, to the ¢, , obtained during the test to determine that they agree
within £ 10 %, the isokinetic sampling criteria of this International Standard.

9.2 Dust concentration

9.21 General

For each test, calculate:

a) the sampled volume, ¥, specifying whether on a dry or wet basis and under normal condition;
b) the total mass of dust collected (m) on the filter and upstream of the filter from the filter rinses;

c) the dust concentration, c:

(12)

m
c=—
14

It may be necessary to express the particulate concentration relative to a reference O, content to correct for
dilution effects and/or moisture.

This can be achieved by multiplying by the oxygen and carbon dioxide correction factorsfcp2 and fc,C02 (9.2.2
and 9.2.3 respectively).

9.2.2 Oxygen correction factor

21~ (/)02, ref

(13)
21 — (Doz’m

fC,02 =
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where

90, o is the volume fraction, in percent, of O, under reference conditions;
20, m is the volume fraction, in percent, of O, measured;
21 is the percent of oxygen in air.

9.2.3 Carbon dioxide correction factor

¢CO2,ref

fecoy = (14)

(OCOQYm

PCO, s is the volume fraction, in percent, of CO, under reference conditions;

¢co,,, is the volume fraction, in percent, of CO, measured.

10 Performance characteristics

10.1 General aspects

Because waste gas composition varies in time, it is not possible to determine the repeatability and
reproducibility of the method in accordance with ISO 5725 (all parts).

However, if one team performs successive parallel sampling tests with two identical sampling systems, such a
procedure allows a statistical comparison between paired values x4 and x, to be calculated.

The standard deviation, s, of the paired values is:

L 2

Z(xm _xl,Z)

g= i 1 (15)
2n

where n is the number of sample pairs x4 and x,.

The standard deviation may be used for the calculation of:

a) the internal uncertainty u (or internal confidence interval) linked to an individual measurement carried out
by that team:

u=1095n-1"5
where {; g5.,, _ 1 is the Student factor for a 95 % confidence and »n — 1 degrees of freedom.

b) the repeatability, », in accordance with ISO 5725 (all parts), i.e. the maximum difference between two
measurements by the same team, for a 95 % confidence level:

r:\/§t0,95;n71 -8 (16)
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These data shall be considered as tools for measuring institutes in the framework of quality assurance.

When data are provided by several independent teams operating together, similar calculations can be
conducted and provided as an estimation of:

c) the external uncertainty linked to an individual measurement carried out by any team fulfilling the
requirements of the standard. This uncertainty is to be taken into account when comparing the measured
values to the emission limit value;

d) the reproducibility [according to ISO 5725 (all parts)], R, i.e. the maximum difference that can be
expected, at a 95 % confidence, between two measurements by different teams working according to the
standard at the process conditions.

When doing measurements at low concentrations, the detection limit may be estimated:

e) by parallel measurements and calculation of the uncertainty;

f) by successive measurements at near zero concentration. The detection limit is assumed to be three times
the standard deviation.

10.2 Experimental data for sampling

See Annex E for information regarding validation of the sampling method.

11 Test report
The test report shall refer to this International Standard, and shall include the following information:
a) description of the purpose of tests, identification of the site, date of sampling;
b) description of the operating conditions of the plant process, and any variation during measurements;
c) identification of the sampling location, and gas parameters in the duct;
1) duct dimensions, number and position of sampling lines and sampling points,
2) stack pressure,
3) velocity and temperature profile,

4) 0O,/CO, (if relevant), humidity concentrations, gas volumes.

d) measurement procedures;
1) velocity measurement (calibration of S-Pitot tubes, etc.),
2) characteristics of sampling equipment,
3) make (manufacturer of the sampling train),
4) nozzle diameter, characteristic of filter (material, size, type),
5) calibration of flowrate measurement devices,
6) filtration temperature,

7) weighing procedures,
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f)

)]

28

8)

9)

conditioning temperature,

correction of apparent masses.

test results, for each test;

1)
2)
3)
4)

5)

test number and date,

mass of particulate matter collected,

temperature and pressure of the gas in the sampling train,
gas composition (including moisture content),

sampling time,

sampled volume and flowrate,

any special circumstances or incidents,

corrected results (standard conditions),

any intermediate and final calculation results.

quality assurance;

1) leak tests results,

2) overall blank value,

3) isokinetic criteria,

4) deposits of dust upstream of the filter.

comments.

1) Indicate in the test results the ratio of the measured values (mg of dust) to the overall blank value
(mg of dust).

2) The test report shall also indicate any special circumstances that may have influenced the results,
and any information concerning the uncertainty of the results.

3) If it has been necessary to modify the method for any reason, then this modification shall be

reported.
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Annex A
(normative)

Proven design of the entry nozzle

One of the designs shown in Figures A.1 to A.3 shall be used for the entry nozzle.

Dimensions in millimetres

30°

0,8

10

X Y

Figure A.1 — Entry nozzle, with combined filter holder

I 7po
<02
X X

Figure A.2 — Entry nozzle, single-angle

Dimensions in millimetres

> 30

Dimensions in millimetres

= 30

> 0,2

X X

Figure A.3 — Entry nozzle, double-angle
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Annex B
(normative)

Determination of positions of sampling points in circular and retangular
ducts

B.1 Requirements for circular ducts

B.1.1 General rule for circular ducts

In the “general rule” applicable to circular ducts, the sampling plane is divided into equal areas. The sampling
points, one at the centre of each area, shall be located on two or more diameters (sampling lines), and one
point at the centre of the duct (see Figure B.1).

The locations of the sampling points are dependent on the number of sampling points chosen.

For circular ducts, two sampling lines (diameters) are sufficient, the distance x of each sampling point i from
the duct wall may be expressed as:

x =K, -d (B.1)
where

K, is afactor, expressed as a percentage, in accordance with Table B.1;

d is the length of the diameter of the duct.

od

Figure B.1 — Sampling point positions in circular ducts — General rule for ducts over 2 m diameter
(hatched portions are of equal area)

Table B.1 gives values of K, as a percentage, where ny is the number of sampling points per sampling line
(diameter) and i is the position number (index) of the individual sampling point along the diameter.
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Table B.1 — Values of K; as a percentage — General rule for circular ducts

Sampling point index K;
i n=3 n=>5 n="7 n=9
1 11,3 59 4,0 3,0
2 50,0 21,1 13,3 9,8
3 88,7 50,0 26,0 17,8
4 78,9 50,0 29,0
5 94,1 74,0 50,0
6 86,7 71,0
7 96,0 82,2
8 90,2
9 97,0

For circular ducts where it is necessary to increase the number of sampling lines (diameters) or the number of
sampling points (because of adverse flow conditions, for instance), the general formula (B.1) for calculating

the distance of the sampling point from the duct wall, along the diameter, becomes:

nd(nl»—Zz')—M}

X

d
=40

ni +1
for i < !

nd(nl-—1)+1

on; +1
for i=—

nd(2i—2—ni)+1 fori>n[+1
nd(nl-—1)+1 2

i is the index of sampling point along the diameter;

x; s the distance of point i from the duct wall;

ngq is the number of sampling lines (diameters);

d is the diameter of the duct.

B.1.2 Tangential rule for circular ducts

n; is the number of sampling points along each sampling line (including the centre);

(B.2)

(B.3)

(B.4)

In the “tangential rule” applicable to circular ducts, the sampling plane is divided into equal areas. The
sampling points, one at the centre of each area, are located on two or more diameters (sampling lines), there

being no sampling point at the centre of the duct, see Figure B.2.

The locations of the sampling points on each diameter depend on the number of sampling points on each
diameter, but are independent of the number of sampling diameters.

For circular ducts where two sampling lines (diameters) are sufficient, the distance of each sampling point
from the duct wall may conveniently be expressed as
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where k; is a factor, expressed as a percentage, in accordance with Table B.2.

Table B.2 gives values of k; as a percentage, where ny is the number of sampling points per sampling line
(diameter), and i is the position number (index) of the individual sampling point along the diameter.

od

Figure B.2 — Sampling-point positions in circular ducts — Tangential rule for ducts over 2 m
in diameter (hatched portions are of equal area)

Table B.2 — Values for k; as a percentage — Tangential rule for circular ducts

Sampling point index k;
i n=2 n=4 n==6 n==8
1 14,6 6,7 4,4 3,3
2 85,4 25,0 14,6 10,5
3 75,0 29,6 19,4
4 93,3 70,4 32,3
5 85,4 67,7
6 95,6 80,6
7 89,5
8 96,7

For circular duct where it is necessary to increase the number of sampling lines (diameter) or the number of
sampling points, the tangential formula B.2 for calculating the distance, from the duct wall along the diameter
are:

| 2i -1 .
v =41 ) for i < i (B.6)
=4y g2 for i > 4 (B.7)
2 n,- 2

where the symbols have the same meaning as in equation (B.2).

This method is particularly useful for large ducts where it is difficult to reach the centre of the duct.

32 © 1SO 2003 — Al rights reserved



ISO 9096:2003(E)

B.2 Requirements for retangular (and square) ducts

In the rule applicable to rectangular ducts, including square ducts, the sampling plane shall be divided into
equal areas by lines parallel to the sides of the duct, and a sampling point located at the centre of each area.
See Figure B.3.

In general, the two perpendicular sides of the rectangular duct are divided into an equal numbers of parts,
giving areas that have the same shape as the duct. The number of partial areas is thus the square of 1,2,3,
etc. depending on the number of divisions per side. See Figure B.3 a).

If the lengths of the sampling plane sides /; and /5, where I, is greater than I, have a ratio /1/1, > 2, side I,
must be divided by a number greater than /,, so that each of the smaller areas meets the criterion that the
longer side wall shall not be more than twice the length of the shorter side. See Figure B.3 b).

If the lengths of the sampling plane sides /; and /, are divided into n4 and n, parts respectively, the number of
sampling points will be n4-n, and the smallest distance from a wall of the duct will be /,/2n4 and /,/2n,.

l ly

° ° ° ° °
= ° ° ° = ° °
° ° ° ° °
a) 4/, =2 b) {14/1;,>2
Figure B.3 — lllustration of sampling point positions in retangular (and square) ducts
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Annex C
(informative)

Examples of weighing bias

C.1 General

Weighing biases related to insufficient temperature equilibrium, and to climatic changes between pre- and
post-sampling weighing, are illustrated in the following examples.

In these examples, the filter is placed in a closed glass Petri box, mass 25 g, inside air volume 40 ml. The

balance is calibrated against a standard mass 25 g (volumetric mass 8 g/ml). Volumetric mass of glass 2 g/ml,
of air, 1,2 mg/ml.

C.2 Effect of insufficient temperature equilibrium

Because of insufficient time to equilibrate the temperature after drying, the air inside the Petri box is assumed
to have a temperature 2 K higher than that at the room balance (300 K). Due to the change in air buoyancy,
this difference of air temperature leads to an apparent mass variation of:

(40 x 1,2 x 2)/300 = 0,3 mg.

C.3 Effect of temperature variations

The room balance temperature is determined to be 15 °C when weighing before sampling, and 25 °C when
weighing after sampling.

The difference between the volume of air displaced by the standard mass (25 g, volume 3,1 ml) and by the
Petri box (25 g, volume 12,5 ml) is 9,4 ml.

Due to the temperature change (10 K), this air volume leads to an apparent mass modification of:

9,4 x 1,2 x 10/300 = 0,4 mg.

C.4 Effect of barometric pressure variations

The barometric pressure is determined to be:

a) when weighing before sampling: 98,5 kPa (740 mmHg);

b) when weighing after sampling: 104 kPa (780 mmHg).

Therefore a relative variation of 5,5 % exists.

Due to this relative variation, the 9,4 ml air volume leads to an apparent mass modification of:

9,4 x 1,2 x 0,055 = 0,6 mg.
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C.5 Conclusions

C.5.1 When weighing parts of large internal volume, it is mandatory to wait for ambient and internal
temperatures to equilibrate before weighing.

C.5.2 There is no need to correct for temperature effects if the room where the balance is situated is
thermally controlled. But it remains necessary to take into account the effect of barometric pressure variations,
especially if the volumetric mass of parts to be weighed is very different from those of standard masses used
for calibration. The required correction may be done by weighing the “control parts”, as indicated in 7.2.2.
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Annex D
(informative)

Isokinetic sampling conditions

Isokinetic sampling conditions exist when the velocity of the gases entering the probe nozzle tip (v,) is exactly
equal to the velocity of the approaching stack gases (vy), i.e. v, = vs. The percent isokinetic is defined as and
is equal to 100 % only when v,, = vg.

When v, # v (anisokinetic conditions), sample concentrations can be biased due to the effects of particle
inertia.

If the gas-flow streamlines are disturbed, as in anisokinetic conditions, then
a) large particles tend to move in the same initial direction,

b) small particles tend to follow the streamlines,

c) intermediate particles are somewhat deflected.

See Figure D.1 for examples of isokinetic and anisokinetic conditions.
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Figure D.1 — Examples of isokinetic and anisokinetic conditions
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Annex E
(informative)

Summary validation information

E.1 Introduction

On commission by Novem, KEMA Nederland BV has determined the performance characteristics
repeatability, reproducibility, trueness and detection limit of the first edition of this International Standard
(ISO 9096:1992).

E.2 Desk Study

Prior to the actual field measurements, the editorial and technical aspects of the document were assessed.
This assessment showed that a number of items in the standard could be improved. Examples are the
leakage test procedure, the procedure to be followed for determination of the dust deposition in those parts of
the sampling set-up that are located in front of the filter, and the correction of erroneously stated formulas.

Also prior to the field measurements, a sensitivity analysis was conducted of the uncertainty of the entire
document. This led to the conclusion that the determination of the waste gas velocity (i.e. mispositioning of the
Pitot-tube) has contributed most to the total measuring uncertainty. In the examples used in the sensitivity
analysis, the maximum theoretical measuring uncertainty in the case of subkinetic suction amounted to 26 %,
while in the case of superkinetic suction it was 19 %.

The selection of sources for the fieldwork turned out to be no small matter for the Dutch situation and with the
stated parameters for compliance with the requirements specified in ISO 9096:1992.

E.3 Repeatability

In determining repeatability, the influence of traversing was taken into account. However, the results lead to
the conclusion that the influence of traversing on the determination of repeatability cannot be demonstrated.

Repeatability was determined by means of two identical sampling set-ups, which were used to perform a total
of 20 duplicate measurements (10 point and 10 traverse measurements) near each source. After all results
had been calculated, it turned out to be impossible from a statistical point of view to combine all repeatability
standard deviations into a single repeatability standard deviation. The final result of the repeatability
determination is represented in Tables E.1 and E.2.

Table E.1 — Result of repeatability » determination based on point measurements

Parameter Source A Source B Source C
r (mg/m3) 57 14 1,6
r (%) 45 57 24
Concentration range (mg/m?3) 510 30 140 to 400 41010
Number of measuring pairs 10 11 9
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Parameter Source A Source B Source C
r (mg/m?3) 6,2 24 1,2
r (%) 42 14 12
Concentration range (mg/m?3) 10 to 25 100 to 260 7to 14
Number of measuring pairs 7 11 10

E.4 Reproducibility

Reproducibility was determined based on 22 combination measurements performed with the help of six
measuring institutes. Due to different conditions, a total of fourteen were suitable for use in the calculation of
reproducibility. The final reproducibility, within the concentration range of 2,4 mg/m3 and 24 mg/m3 (9,9 mg/m3
average), amounted to 123 %.

E.5 Detection limit

The analytical detection limit was demonstrated by repeating the weighing procedure ten times. The analytical
detection limit using a quartz fibre filter of 110 mm cross-section for an exhausted waste gas volume of e.g.
1,2 m3 was determined to be 1,4 mg/m3. The analytical detection limit using a quartz fibre filter of 47 mm
cross-section fixed in a titanium filter holder (application suitable at low dust concentrations) for an exhausted
waste gas volume of e.g. 1,2 m3 was determined to be 0,4 mg/m3.

The detection limit of the entire measuring method was determined by means of a so-called tandem set-up, in
which two in-stack filters were placed in series. The analytical detection limit of the entire measuring method
using a quartz fibre filter fixed in a titanium filter holder for an exhausted waste gas volume of approximately
1,2 m3 was determined to be 0,3 mg/m3.

E.6 Dust depositions

From the determination of all dust depositions (in the parts located in front of the filter), it was evident that the
percentages of rinsed dust ranged from —23 % to 77 % in relation to the total amount of dust sampled. The
negative values were accounted for by a number of high blank values.

The experiences gained with the leakage test and rinse procedure show that they are in principle adequate.
To optimize the practical feasibility of these procedures, a number of small adjustments are still needed.

E.7 Reproducibility and correctness of Kassel measurements

In view of the disappointing results of the determination of reproducibility at the Dutch field source, additional
consultations were held on 14 July 1998 with the members of the project support committee and some
members of the Quality Committee. During these consultations it was established that the performance
characteristics of ISO 9096:1992 should be related to the characteristic properties of the waste gases. This
conclusion is based mainly on the discrepancies in the results of repeatability as determined at the three
sources. Two of the three sources showed a repeatability of approximately 12 % to 14 %, while the third
source had a significantly higher repeatability value (and eventually also a disappointing reproducibility). A
great difference between the first two and the third source was in any case the high water vapour content.
Moreover, there may have been differences in physical composition of the dust in the waste gases. The
conclusion, based on the matrix discrepancies in the waste gases, is that evidently a distinction is to be made
between “simple” and “difficult” sources. It would appear that with “difficult” sources too high a demand is
made on the measuring method.
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On the project support committee’s recommendation and after approval thereof by the Quality Committee,
Novem commissioned the performance of supplementary dust measurements on an emission simulation plant
as installed at the Hessische Landesanstalt fiir Umwelt (HLfU) in Kassel, Germany. The purpose was to
demonstrate the reproducibility and correctness of measurements at “simple” sources, whereby the result may
also serve as a basis for the problem at “difficult” sources.

At this plant not only was the reproducibility of the measuring method determined, but also its trueness, as
well as that of the participating Dutch measuring institutes. The reproducibility was determined at two
concentration levels (approximately 10 mg/m3 and approximately 20 mg/m3).

Based on measurements at this plant, a reproducibility of 4,5mg/m3 (45 %) was determined at the
concentration level of 10 mg/m3. At the concentration level of 20 mg/m3, reproducibility amounted to
8,2 mg/m3 (41 %).

At a concentration level of 10 mg/m3 the trueness amounted to 0,01 mg/m3 (0,06 %), with a standard

deviation of 0,25 mg/m3. At a concentration level of 20 mg/m3 the trueness amounted to —1,0 mg/m3 (-5,2 %),
with a standard deviation of 1,1 mg/m3.
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Annex F
(informative)

Examples of suitable access ports for sampling equipment

Dimensions in millimetres
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a) Front view
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b) Side view

Figure F.1 — Example of rectangular access port
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2125

a) Front view

b) Side view
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1 screw-in plug

Figure F.2 — Example of circular access port
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Dimensions in millimetres

© 1SO 2003 — Al rights reserved






ISO 9096:2003(E)

ICS 13.040.40

Price based on 42 pages

© ISO 2003 — Al rights reserved



