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1. INTRODUCTION

High Efficiency Particulate Air (HEPA) filters are used for the removal
of submicron size particulates from air streams. In nuclear industry they are
used as an important engineering safeguard to prevent the release of air borne
radioactive particulates to the environment, HEPA filters used in the nuclear
industry should therefore be manufactured and operated under strict quality

control. There are three levels of testing HEPA filters:

i testing of the filter media;

ii  testing of the assembled filter including filter media and filter
housing; and

iii on site testing of the complete filter installation before putting

into operation and later for the purpose of periodic control.

The neéd for a co-ordinated research programme has arisen from the
multiplicity of test methods used in the assessment of the efficiency of
filters employed in the nuclear industry, both in testing filter media,
testing assembled filters and filter installations. Based on the development
works in various countries presently different methods of testing HEPA filters
have been standardized and are followed. These methods differ from each other
not only in the analytical technique employed but also in such basic
parameters like size distribution of test aerosol, mass median diameter,
concentration, etc. On the other hand, it is obvious that manufacturers and
users should be able to compare the quality of the products which they make,
buy and use, with the products of other firms. This problem - the
multiplicity of testing methods on the one hand and the need of comparable
results on the other hand - can not be solved on a very simple way. There are
theoretical and practical difficulties to find for example general conversion
factors by the help of which the results obtained by different methods under

different experimental conditions could be made comparable.

However, having a collection of the description of different test
methods, the experimental conditions under which they were used and the
comparison of their results makes possible to find out the range of
applicability, to select the different methods from the point of view of the
purpose they can be successfully used for, to be able to find out whether
results obtained by different methods are comparable or not and which are the

reasons of variations.



The investigations carried out by the participants of the present
co-ordinated research programme include the results of the nowadays most
frequently used HEPA filter testing methods both for filter medium test, rig
test and in-situ test purposes. Most of the experiments were carried out at
ambient temperature and humidity, but indications were given to extend the
investigations to elevated temperature and humidity in the future for the

purpose of testing the performance of HEPA filter under severe conditions.



2. GENERAL SCIENTIFIC BACKGROUND

The need for a Coordinated Research Programme arose from the
multiplicity of testing methods used in the assessment of the efficiency of
filters employed in the nuclear industry. The differences between the test
methods are concerned with the different methods of aerosol generation,
detection and the nature of application of the tests (tests of filter medium,

filter module or filtration system).

2.1 Survey of Different Aerosol Test Methods

The actual nuclear plant aerosol may have a very broad range of
characteristics, depending on the process(es) by which it is produced. The
aim of the test methods should be not to duplicate the nuclear plant aerosol,
but to give information in accordance with the test performed. From this
point of view it is important to look at the physical and chemical properties

when proceeding to the intercomparison of different test methods.

Both aerosol generation and detection rely on specific aerosol
properties. The particle size distribution being of particular importance;
indeed intercomparison of test methods without considering particle size

distributions is meaningless [2.1].

In high efficiency filter tests one is concerned with quantifying that
fraction or percentage of the challenge aerosol which penetrates the filter or

filtration system for a given test aerosol can be defined as (1):

weight of particles collected by HEPA system
weight of particles presented to the system

100 (1)

This is the gravimetric efficiency. An alternative definition is the
number efficiency, defined in terms of the number of particles rather than
their weight. Depending on which detection method is used one or other of
these definitions will apply. The penetration (%) is (100-E) and the

decontamination factor 1is

100
100 - E



Aerosol generation methods can be divided into two specific groups:

A liquid aerosol may be obtained through the nebulization of low vapour
pressure liquids such as DOP [2.2] or paraffin oil [2.3]; a solid aerosol is
obtained from atomization of salt solutions and drying of the aerosol [2.4,
2.5], The resulting aerosol size distributions are polydisperse* and depend
on the characteristics of the liquid used as well as the design of the

generator including any baffles, cascade impactors [2.5] etc. incorporated.

In addition to polydisperse aerosols, however, an atomization method can
be used to generate monodisperse latex particles which are important for the

determination of the fundamental penetration particle size curve [2.7].

Aerosol generation is also obtained through vaporization of liquids
(poP) [2.2]) or solids (NaCl) [2.8}, by manual or electrical discharge methods
(see also chapter 3) and subsequent condensation. Again a polydisperse
aerosol is obtained with a size distribution dependent on the physical

process, employed.

The aerosol thus generated is diluted with the air-stream flowing -
througi the unit under test (medium or filter system) allowing quantitative
measurements upstream and downstream of the unit. Depending on the detection
method used, the measurement may represent the number of particles or their
mass and may be over a specific particle size range or, in the case of a

monodisperse aerosol, for a specific particle size.

The most important detection methods can in fact be divided into two

specific categories:
- detection in terms of weight.
The aerosol in the air stream is sampled and collected on a filter

medium prior to determination of its mass by, for example,

fluorimetry [2.5] or radioactivity measurements. (see chapter 3)}.

* We define an aerosol as polydisperse in the sense given by Fuchs [2.6].



In the case of NaCl the aerosol sample is fed to a flame spectrometer
which determines the total salt concentration [2.4] or the mass of

single NaCl particles (see Ullmann chapter 3].

All these detection methods give mass related values, and thus the

measured penetration will be a mass penetration.

-~ detection through the light scattering properties of the aerosol.

The total concentration can be obtained through a forward light
scattering photometer [2.2] or determination of the number
distribution using a single particle aerosol spectrometer (see

chapter 3).

The response of a light scattering photometer is strongly dependent
on the particle size., .The ratio of the upstream and downstream.
concentration is not directly mass-related. In the case of a single

particle counter one obtains a number figure for the penetration

(2.9].

For tests using aerosols with different physical and chemical
characteristics, it is very difficult to obtain a unique correlation between
test results and methods. Indeed the filtration capture mechanism varies with
size distribution, shape, specific gravity, velocity, electric charge and

influence of the ambient conditions on the particle clouds.

2.2 Survey of the Different Levels of Testing

The goal of the tests may be totally different for tests on filter

mediums, filter units, or the filtration systems.

2.,2.1 Filter medium test

This test may have two different aims. The first one can be that of
obtaining information about the actual filtration characteristic of the
filtermedium under consideration. Such information involves other parameters
such as pressure drop as a function of face velocity, strength etc... as well
as the penetration vs. particle size curve. The latter can be obtained by

nebulization of monodisperse latex particles of different sizes and



measurement of the upstream and downstream concentrations with a single
particle counter {2.14]. Moreover, it is very important that this curve be
obtained not only for ambient conditions of temperature and humidity but also
for more severe conditions and for various flowrates. In the context of the
coordinated research programme the importance of the research performed by
Hirling (Ch. 3) and Ullmann must be emphasized. Once this curve has been
established, the quality of the filtermedium has to be controled by checks on
the fabricated paper. This can be done with an effectively monodisperse ‘
aerosol like DOP of 0.3 micrometer with a light scattering photometer or using
polydisperse aerosol as in the French uranine methodology or the British
sodium chloride flame photometer method. The figure for the efficiency is ill
chosen and for that reason it would be rather better to use more "a figure of

merit" for the test aerosol and the velocity under test condition.

The conclusion of Dorman was that all of the test methods were useful.
Nevertheless, one should emphasize that once a test method is selected, it
should be used at all levels of testing. At the present time testing at a

particle size of 0.12 jum seems more realistic [2.15].

2.2.2 Rig Tests

Such tests concern not only the filtermedium but also other aspects such
as the gasket sealing system and the sealing of the pleated filter paper
against the frame. The rig has to be constructed such a way that there is no

leakage between the filter and its mounting in the rig.

In the USA the manufactures of HEPA filters for nuclear service are
required to submit filters for testing to the specification M.I.L.-F 51068;
this implies testing a monodisperse DOP aerosol of 0.3 micrometer.
Nevertheless it appears that the test aerosol produced by the Q 107
penetrometer is polydisperse with a geometric standard deviation greater than
1.35 [2.10]. 1In Europe aerosols used for rig testing tend to be
polydisperse. Nevertheless the same "figure of merit" of 99.97% used in the

USA is often cited as a European criterion. Here again a test at a 0.12 /um

particle size seems a better criterium.

Dorman concluded {2.8] that there is little difference between the
different methods when leakage is present since this dominates the size

selective effects of the filtration. Nevertheless even with intact filter
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units and with the same test method, agreement between testings was often
poor, for example, due to inadequate mixing of the aerosol, errors in sampling

and different operational conditions for the aerosol generators.

The sodium flame test and DOP Q 107 penetrometer are sensitive and
relatively rapid but the capital costs are high for the latter. For uranine,
high sensitivity can be obtained but requires longer test runs and very high

standards cleanliness.

Whatever the method of generation and detection is, it is necessary to
ensure good mixing of the aerosol with the airflow upstream and downstream of
the filter under test to allow a representative sampling of the aerosol; it is
essential that the characteristics of the challenge aerosol, i.e. particle
size distrubution and concentration, are homogeneous across the duct on the
upstream side of the filter otherwise a part of the filter or filter seales
and gaskets may be subjected to more or less challenge than the remainder.

This is also a requirement for the downstream sample seales. [2.1l1].

2.,2.3 In Situ Test

The péoblem is totally different since such tests are quality assurance
tests for the whole filtration system. The aim is not to quantify the
efficiency of the filter but to check the integrity of the filtration system,
damage to the filters (pin holes, cracks, damage to gaskets...), leakage
caused by bad positioning of the filter on its seat, by-pass leakage through

insufficiently leaktight dampers.

Once again the utilization of the same test aerosol as was used for the
filter media and rig tests is recommended and in this case the quantitative
result should certainly be named '"the figure of merit of the filtration

system'.

In the USA a polydisperse DOP aerosol with a MMD, of 0.5 micrometer,
using a pneumatic generator, or 0.7 micrometer, using an evaporatiomn/-
condensation cycle is used for in situ tests. The figure of merit is 99.95%
which can be compared with the 99.97% value required for the monodisperse
aerosol tests needed at the time of manufacture., In Europe a wide range of
granulometrics is used; Dorman [2.8] has concluded that for in situ tests the
granulometry is not of great importance. On the other hand the reliability of

the test depends more on the skill of the operators in identifying leak paths.

11



During these tests there are some other problems e.g. the difficulties
of access to the filtration systems, inadequate mixing of the test aerosol and
the difficulty of ensuring isokinetic sampling. Liaison between the designer

and quality assurance test group should be established at the design stage.

When leakage is present most of the conventional test methods will give
similar numerical results, because the filtration effects of leakage paths are

largely independent of particle size.
System tests fall in three categories:

(1) commissioning tests before start-up of the nuclear plant
(acceptance tests). These tests verify that the different
components are properly installed and can operate as intended.

(2) routine surveillance tests by every 6 months or 12 months, after
the system has been brought into operation to demonstrate its
continuing ability to perform its air cleaning function.

(3) replacement tests made after replacement of the system in whole or
in part to demonstrate in particular the proper installation of

the filter unit.

2.3 New Trends in Testing

There is a trend to transform the in situ leakage test into an actual
efficiency test which is valid for the overall system (filtermedium, filter
medium sealing, gaskets, separators, filter housing). As a manifestation of
this trend use of single particle spectrometers were proposed [2.12] [2.13].
These instruments are able to measure the filter penetration as a function of
particle size. If the actual particle size distribution of the nuclear plant
aerosol is known, the equivalent penetration can be calculated from the
measured penetration curve., In connection with the trend toward the use of
more economical filter systems, for example in order to obtain larger
decontamintion factors, there is a need to increase the sensitivity of the
applied HEPA filter testing methods. Such methods will be necessary for

testing HEPA filters arranged in series configuration as a complete unit.

In this sense the research of De Worm (chapter 3) and Ullmann

(chapter 3) is important.
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2.4 Conclusions
From the different points treated in previous paragraphs one can state
that, in the case of comparing different test methods, different requirements

should be taken intoc account.

The first requirement is the reproducibility, it is very closely related

to the characteristics of the aerosol generation method, in such a way, that
the parameters determining the particle size distribution and concentration
are of primary importance. The sensitivity of a test method is determined
through the detector, and the selectivity rather through the aerosol
generator. This selectivity has different meaning depending on the test under
consideration (filter medium, filter, filtration system). It is of primary
concern for the first two tests but less important for in situ measurements.

The useability is important for the in situ measurements.

The adaptability of the test method may have a different meaning from

one country to another. Some countries use different test methods for their
filter medium and rig tests in comparison to their in situ testing. The ease
and speed are important factors for in situ testing of a great number of
filter systems. The same can be said about the economy which is important for

in situ test but less important for the rig tests,

The problem of toxicity is important, but it should be emphasized that
the operators are not working in the aerosol clouds. A detailed review of
these different requirements is given by Dorman [2.8] in tables 14 and 15 of

his report.

References

[2.1] W. FIRST and H. GILBERT
Aerosol Filtration

Nuclear Safety, Vol. 23 (1982) pp. 167 - 182

[2.2] Testing of Nuclear Air Cleaning Systems
ANSI/ASME N510; 1980 American Standard

[2.3] DIN 24184 Paraffin 0il Test -~ German Standard

[2.4] BS 3928 British Standard

13



[2.5]

[2.6]

[2.7]

[2.8]

{2.9]

[2.10]

(2.11]

[2.12]

[2.13]

{2.14]

(2.15]

14

AFNOR, NFX 44011 - French Standard

Fuchs N.A. and Subagin A. G. "Generation and use of monodisperse
aerosols", Aerosol Science ed. C. N. Davies

Academic Press, N. Y. (1966)

M. Klein and W. R. Goossens "Aerosol Filtration with Metallic Fibrous
Filters"

17th DOE Nuclear Air Cleaning Conference, Denver, USA, (1982)

R. G. Dorman p. 52, "A comparison of the methods used in the nuclear

industry to test high efficiency filters" June 1981 V/3603/81 En. CEC.

M. I. Tillery, G. C. Salzman and H. J. Ettinger

The Effect of Particle Size Variation of Filtration Efficiency
Measured by the HEPA filter Quality Assurance Test

LA-UR-82-2280 17th DOE Nuclear Air Cleaning Conference, Aug. 1-6,
1982, Denver

Hinds W., First M., Gibson D., and Leith D.
Size Distribution of "Hot DOP" Aerosol produced by ATI Q-127 Aerosol

Generator.

.15th DOE Nuclear Air Cleaning Conference

Conf. 780819, p.1130 (1979)

C. A. Burched, A. B. Fuller and J. E. Kakn
Nuclear Air Cleaning Handbook, ERDA-76-21 (1976)

Schuster B. G. and Oseteh D. J.
15th DOE Nuclear Air Cleaning Conference 1978
Conf. 780819 p. 838 (1979)

U. S. Department Energy, In-place Testing of HEPA Filter Systems by
Single-particle Sepectrometer Method RDT F-3-41
Proposed DOE Standard, Washington D. C., September 1980.

M. Klein, W.R.A. Goossens
Aerosol filtration EUR 8951EN.

J. P. Deworm, Laser detector methodology for laboratory and in-situ
testing of very efficient filters.

Proceedings, 7th international symposium on contamination control.
Paris 18-21 September 1984, ASPEC Paris.



3.  SCOPE AND OUTLINE OF THE CO-ORDINATED PROGRAMME

A co-ordinated research programme on particulate filter testing
methods was taken up by the Agency and contracts were awarded to the Member
Countries, Belgium, German Democratic Republic, India and Hungary. The scope
and outline of the programme undertaken by the participant countries are as

follows:
Belgium:

To assess the laser spectrometer methodology for in-situ measurement

of the filtration system in the nuclear industry.

To compare the two international standards: the French Standard AFNOR
NFX 44011 (Uranine Test) and the American Standard ANSI - ASME - N510 - 1980
in which an in-situ test method using DOP aerosol is described, in regard to

the method based on the laser spectrometer.

To study both single and composite (two stage) filtration systems.

To investigate other operational parameters like simulated leak paths,
varied temperature and humidity conditions and the combination of both the

parameters, etc.

German Democratic Republic

To obtain the initial data required for a systematic interpretation of
filter test results and to draw the corresponding conclusions. Under
laboratory conditions the following experimental investigations for four

differeut test methods were made:

- determination of the particle size distribution of polydisperse test
aerosols (NaCl, short-lived radon daughter products attached on
NaCl, paraffin oil);

- determination of penetration of filters as a function of particle
size;

- determination of total penetration.

15



India

To carry out detailed studies for the comparison of the test methods
of HEPA filters under controlled conditions by testing a set of standard
1000 cfm HEPA filters using the aerosols of DOP, uranine and sodium chloride,

all produced by compressed alr atomisation.

To investigate the causes of variation in the test results determined

by the above methods.

Hungarz

To carry out detailed studies by testing various types of filters by
the Radioactive Tracer Method, the Mono-disperse DOP Method and the
Potassiumflamephotometric Method and compare the results obtained under the
same air flow conditions to present an international guidance for filter

testing in future.

From the data collected by the participants on the various aspects of
the programme undertaken and based on the available literature on the subject
of investigation, the participants have identified areas requiring further

investigation.
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4.

'CONTRIBUTIONS BY THE INDIVIDUAL SCIENTISTS
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FEASIBILITY OF THE LASER PARTICLE SPECTROMETRY TECHNOLOGY
FOR IN-SITU TESTING OF HEPA-FILTRATION SYSTEMS
IN THE NUCLEAR INDUSTRY* -

J.P. DEWORM, W. SLEGERS, J.B. PAUWELS, D. BOUALI
Centre d’étude de I’énergie nucléaire,
Mol, Belgium

Abstract

The application of the laser spectrometer as detector for rig testing of
HEPA filters was investigated and compared to the uranine and DOP
methodology. These rig tests were performed at different volumetric flow
rates (350 - 3000 m3/hr) and for single and double HEPA filters.

The sensitivity of the laser detector on this test rig was at least 103
higher as the two conventional methods. Penetrations down to 1078
(confidence level of 99.7%), over the whole light scattering range
(0.09 - 3 /um), were measured. Leakpaths of more than 1 mm“ could be
observed, working at three different flow rates through influence on the

relation by p = a v'P. The influence on the "a" parameter was important.

The influence of the particle size distribution of the test aerosol was
established, giving rise to different penetration values depending on the
considered size control. A particle size distribution can be established over
the range 0.09 - 3 ,um.

For the DOP aerosol the ratio of penetrations for the size range
(0.09 - 0.195 yum) and (0.09 - 3 ,sum) was about 2. For the French uranine
method this ratio was 1 indicating that this aerosol gives only information
about the maximum penetration size range. Neverthless a comparison in the
range 0.09 - 0.176 ;um gave a same figure for both aerosols, indicating that
the influence of the physical state of the aerosol was beyond the errors on
the determinations.

The laser detector has the great advantage that particles with different
physical characteristics can be measured. The application of the laser
detector to develop an inter-laboratory test method is well promising.

The American Standard methodology using DOP particles as test aerosol and
the light scattering photometer is merely a leak testing method. It provides
a reasonable and often conservative measure of the "true" performance for the
test aerosols. The French Standard methodology with a very challenging
aerosol, enables only to examine the maximum penetration range and gives also
a conservative value.

Rig tests under more severe conditions indicated that the DOP and uranine
aerosols are still good test aerosols for temperature up to 80°C and higher
humidity.

* TAEA Agreement 2101 for the Research period 1979-1982.
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The feasibility to transform the in-situ test into a more economical kink
of total filtration system efficiency test was assessed. This in-situ test,
using laser detector, replaces the manufacturers' rig test and the in-situ
leak test through one test. With the present single particle spectrometer it
was possible to assess penetrations less than 107° for the 0.09 - 3 ,um
light scattering size range.

INTRODUCTION

The study concerned the feasibility of a laser particle counter as a
detector for in-situ testing of high efficiency particulate air filters in the
nuclear industry.

During this study the conventional aerosol generation methods as described
in the French Standard AFNOR NFX 44011 and the American Standard ANSI/ASME
N510-1980 were used to compare the laser spectrometer with the respective
conventional detectors (for penetrations higher than 10-9).

The filtration system to be tested consisted of both single and composite
(two-stage) absolute filters.

The use of the laser spectrometer for in-situ measurements of the
efficiency of filtration systems in the nuclear industry has been assessed.
Indeed the trends for using more than one safety barrier in nuclear power
plants imply the measurement of much smaller penetration factors as
mentioned. In addition, for economic reasons, the air cleaning systems are
now being designed as compact units for which the testing of each single unit
becomes an impossible task.,

FEASIBILITY TEST DESIGN

The conventional in-place test methods consist in the determination of
upstream and downstream particle comcentrations, A laboratory scale loop was
constructed to simulate a tandem filtration system with flow rates similar to
those found in the nuclear installation ventilation systems, ''see Figure 1".
The loop was provided with sampling ports up— and downstream the filtration
units and an injection port for the challenge aerosol. The duct velocity is
regulated by adjusting the fan-motor speed and measured using a vane
anemometer. To calculate the filtration velocity a filtration surface of
23 m? was assumed. The temperature of the air can be preset in the range
20-80°C with a heating battery., The humidity of the air can be varied
between 20 and 100% at 25°C.

The test aerosols (DOP, uranine and NaCl) are generated with the help of
air-operated atomizing-nozzle type generators as described in their respective
standards (see references 1 and 2). The upstream number concentration ranged
from 3,109 to 10® particles/cm3 for flow rates between 350 to
2500 m3/h for the dioctyl ghtalate aerosol (DOP), for the uranine aerosol
104 - 2.5 103 particles/cm3 and for a 1 % NaCl-solution 104 - 103
particles/cm3
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Figure 1 Schematic diagram of the research rig
Fl' F2 Test section filters F3,F5 prefilters F6’ F4 air cleaning filters
Sl’ S2 injection ports S3, 54 upstream sampling ports 55, 56 downstream sampling ports

V : regulated ventilator Vl, V2, V3 : dampers for working conditions in open or
closed circuit
H : system for humidification T : heating coil

METHODOLOGY WITH THE LASER SPECTROMETRY TECHNOLOGY

THE LASER SINGLE PARTICLE COUNTER AS DETECTOR

In the case of tandem filtration systems penetration factors as low as 10"8 are achievable. 6
This means downstream concentrations as low as 0.01 particles/cm? for upstream concentration of 10 .
The required downstream sensitivity dictated a device capable of detecting and counting single
particles. The overwhelming argument in favour of light-scattering techniques vs other methods is
that in light-scattering measurements direct physical contact with the particles measured is
avoided.

The Knollenberg “see reference 3" light-scattering aerosol counter , known as the active scattering
spectrometer was chosen as detector (ASAS-X, Particle Measuring Systems Inc. Boulder Colorado).

The primary method of aspiration of the aerosol consists of a miniature wind tunnel "see Figure 2“.
The aerosol sample cross section includes only the central region of the He-Ne laser beam

(A = 632,8 nm , P = 200 um), operating in TEM__ mode. The sample flow (0.5 - 1.5 emi/s) is joined
n the sample inlet by an air filtered sheath®®air flow (20 cm3/s). The aerosol passes through

the laser beam in the focal point of a parabolic mirror. The scattered light is collimated by this
mirror and after reflecting by a flat mirror, refocussed by an aspheric lens and collected on a
photodiode detector. A pulse high selector classifies the pulses into 60 channels divided in

4 overlapping ranges of 15 channels (R_: 0.60 - 3.00 ym, R, : 0.24 - 0.85 ym, R, : 0.15 - 0.30 um,
Ry ¢ 0.090 - 0.195 ym). The data are tReated with a HP-85 ddsk computer, At the &nd of a
mgasurement cycle (each cycle consists of five successive measurement periods), the results of
each size range are printed, together with a plot of the size distribution and the total number

of particles per second over the total measuring range (Ry ¢ 0.090 - 3.00 um).
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Figure 2 Optical system diagram ASAS-X

DILUTION SYSTEM FOR MEASUREMENT OF UPSTREAM CONCENTRATION

The aerosol concentration admitted to the laser spectrometer is limited by coincidence counting
of particles in the sensitive vo]umg. This volume formed at the intersegtion of the laser beam
and the aerosol flow 1s about 6.10° cm?, the aerosol flow being 1.5 cm?/s.

So coincidence losses up to 10 percent in concenxration can be tolerated, for the ASAS spectro-
meter this means a concentration of about 2.5 10% particles/s. These considerations led us to the
conclusion that coincidence error may become significant at concentrations above 10% particles/s.
The high concentrations encountered Hpstream the filtration unit necessitate dilution of the
aerosol flow. Dilution ratios of 107° and less are to be obtained, which impose to dilute a small
quantity of aerosol in a large volume of clean air. A pump diluter system was constructed,
consisting of a small wind tunnel of 90 cm length and 7 cm diameter equipped with a variable speed
blower "see Figure 3".

'j]n.

DQP - gener ||

avrp Capilary A S

HEPA - filter Dilutor

Flowmeter

Figure 3 Dilution system for the laser spectrometer
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An air sample is drawn upstream the filter units, a small portion (through a capillair § 1.2 mm
and 410 mm length) is mixed in the wind tunnel with the major portion, which consists of clean
air obtained through double HEPA-filtration of the sampled air.

The pressure difference over the capillair airmeter provides an indication of the dilution ratio.
The dilution ratio is established from the air flows and verified with a tyndallometer, which
measures the initial challenge aerosol and that after the dilution.

DETERMINATION OF THE PENETRATION

The performance of a filter system can be calculated from the equations

P = penetration = number particles/s (downstream filter) x D (1)
number particles/s (upstream filter)
D = dilution ratio = concentration after dilution (2)
concentration before dilution
thus
(Cyc/t - B, /t ) xD
P = ds’ “C ds ds’ B ds (3)
CD / tD

The fractional error can be calculated from :

2 ——72
s 2w %, Ty . “Cas * Bas : (4)
P - T T Cas - Bas

assuming that the random counting process of the spectrometer follows a Poisson-distribution.
The second term in the preceeding equation can be neglected. The value of AD/D was experimentally
determined, the fractional error was 0.10. The minimum counting rate and standard deviation of
the background are 0.02 + 0.02 particles. Defining the detection limit level as 4.65 times the
standard deviation, means that about 0.1 particles/s (confidence level 95 %) are to be obtained
downstream. The fractional error A7 of the penetration can be maintained below 50 % by counting
downstream more than 7 counts duriﬁgré 100 sec counting_interval, The minimum detectable pene-
tration that could be obtained on the test rig (1.700 m3/h) was 5.1079 (confidence Tevel 95 %).
In current in-place tests (flow rates of 36000 m”/h and more) backgrounds, owing to extraneous
particles, amount up to 1 particles/s (for a 108 sec counting interval). These conditions limit
the minimum detectable penetration to about 107°, For this reason a new single-particle spectro-
meter is under investigation.

The laser fluorescent particle size spectrometer (ASAS-XF, PMS Inc., Boulder USA) is an aerosol
spectrometer designed to identify tagged (fluorescent) particles over a size range of 0.125 to
3.1 ym diameter,

Using the dilution system for upstream sampling, and working_in the fluorescence mode it should
be possible to obtain minimum detectable penetrations of 107°. Indeed the background count rates

are not significant, because particles with the same fluorescent properties are below detectable
ranges.

COMPARISON OF DIFFERENT TESTING METHODS

HEPA-filters with a penetration less than 5.10'4 (sodium flame test) were used. These HEPA-filters
had a wooden frame with aluminium spacers and gaskets in neoprene, with standard dimensions
(609 x 605 x 298 mm).

The laser spectrometer methodology enables the determination of the filter efficiency by number.
Different aerosol distributions were used for intercomparison. A liquid aerosol of DOP with
number median diameter of 2 pym and standard deviation of 1,6, was obtained with an air operated
atomizing nozzle type generator. The same pneumatic generator was used for the nebulization of

1 % NaCl in water. .

The uranine generator from the French Standard was the second type of solid aerosol with a mass
median diameter less than 0.25 um and a standard deviation of 1.6.

This last aerosol permitted the determination of the filter efficiency by mass through determina-
tion of the mass collected up- and downstream the filter unit through fluorimetry.

The laser detector has been calibrated with latex particles, the refractive index for DOP is not
substantially different from the latex and the generated DOP particles are spherical,



the Tight scattering diameters as obtained with the spectrometer are comparable. The other
solid aerosolsuranine and sodiumchloride have a different refractive index, nevertheless as the
active scattering method is not very dependant of this index, their influence is supposed to

be very small.

The results of this intercomparison study are summarized in function of the flow rate "see
Figure 4",

Penetration
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Figure 4 Penetration in function of the face velocity
— DOP-laser detector — . — NaCl-laser detector
— — uranine-fluorimetry ------- uranine-laser detector

The penetration (1 - efficiency) is given over the sensible range of the laser detector

(0.08 - 3 um). The values obtained with the photometer are not reported in the figure 4, as these
values were beyond the detection level of the photometer method (less than 10-4). The measured
values were adjusted with a least squares method to a power function, expressed as :

-logP=a yP (5)

In this expression P is the penetration over the range 0.09 - 3 um, the values a and b are
constants ranging from 4 - 4.5 and 0.16 - 0.19 respectively.

Comparison of the penetration at a filtration velocity of 2 cm/s, brought us to the conclusion
that the values obtained with DOP are about 3 times less than with the uranine, indicating that
the penetration over the sensible measuring range (0.09 - 3 um) is attenuated through the presence
of particles of less penetrating diameter. Calculations of the overall penetration in the range
0.09 - 0.195 um to the overall penetration in the range 0.09 - 3 um indicate that this ratio had

a value of 1,8 for the DOP-aerosol, 1,2 for the NaCl-aerosol and about 1 for the uranine-aerosol.
The overall penetration in range 0.09 - 0.195 um is less for the DOP-aerosol in comparison to the
uranine, indicating that also the physical properties of the challenge aerosol are important.

The methodology of the laser detector together with a DOP-aerosol, with his broader spectrum,
permits to obtain the penetration in function of the light scattering diameter in the range

0.09 - 0.23 um with sufficient precision, indeed the number of DOP-particles downstream the
filter unit is too lTow above 0.23 um.

The figures 5 and 6 represent the shape of the upstream size distribution of a DOP—aeroiol and
the psnetration curve. The overall penetration over the range 0.09 - 0.195 um was 8.10"% and
5.107" for the whole measuring range 0.09 - 3 um, The curves were obtained through a polynomial
regression model of the form Y = Bo + slx + ezx + e + Bsxq and the g's are computed via the
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Cholesky method (g g 6). They are only valid within the sensitivity range of the laser

detector,
in d_h
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5 Particle size distribution of the challenge aerosol (upstream)
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INFLUENCE OF TEMPERATURE AND HUMIDITY

The influence of the temperature on the penetration was investigated for the different test
aercsols. At higher temperature Brownian motion is more active so that diffusive deposition of
aerosol should increase. The viscosity of air increases with temperature, however, so that
inertial deposition would be expected to fall. Pich and Binck (see ref. 4) concluded that captive
efficiency would increase with temperature for particles of about 0.1 um but would fall for
coarser particles. However the effect of the temperature on the adhesion may influence the overall
efficiency. The different test aerosols were intercompared at different temperature (humidity
constant at 26 %). The results are summarized in figure 7. Multiple Tinear regression on the data
set for the temperature range under considerations indicates that the values in the lower range

(P, : 0.09 - 0.195 um) are correlated (see table I) and that there exists a negative correlation
for the temperature. The decrease of the overall penetration in the range 0.09 - 3 um with
temperature for the DOP-aerosol is less pronounced.This investigation goes into the sense of the
mentioned theoretical approach.

lenetracion i
-2 L ' |
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| e —
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Figure 7 Influence of the penetration in function of the temperature for the different test
methods. Py : penetration 0.09 - 0.185 um P4 ¢ penetration 0.09 - 3 um

TABLE 1 - Correlation matrix of the values in figure 7

NaCl Uranine Temperature
pop 0.959 0.960 - 0.993
NaCl - 0.917 - 0.941
Uranine - - - 0.923

Dorman (see ref., 5) reported that information was leaking concerning the effect of humidity on
penetration. Hirling (see ref. 6) reported data of his experimental work on filter paper, in which
he concludes that penetration increased through the effect of higher humidity, probably owing to
the wetting of the filter fibres., During the course of our experiments, it appeared to be very
hard to obtain 100 % humidity at higher temperatures. It was only possible to obtain higher
humidity conditions at 20 and 40°C. These experiments indicate rather a decrease with higher
humidity at a constant temperature of 20°C. The results obtained are summarized in table 2.
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TABLE 2 - Influence of humidity on penetration for different test aerosols at temperature of 20°C

Humidity Penetration x 107
% Laser
pop NaCl Uranine
P3 P4 P3 P4 P3 P4
26 7.9 4.7 6.6 5.9 7.9 7.5 .
100 4,8 3.2 1.4 1.6 5.9 6.1
ratio 26/100 1.6 1.5 4,7 3.7 1.3 1.2

IN STTU-TESTING OF HEPA-FILTERS

SINGLE FILTER SYSTEMS

Using a DOP-aerosol, obtained through an air-operated or an evaporation-condensation generator,
depending on the flow rate of the ventilation system and a forward scattering photometer enables
the determination of the penetration through single filter units with sufficient precision.

Only in the case of very high efficient filters testing with the laser spectrometer should be
proposed.

On the test rig different micro leak paths in a single filter anit, obtained in the pleats of

the filter paper with sealed glass microtubes (dimension 0.86 mm¢), were investigated. Within the
relative error on the measurementg (20 % at a confidence level of 95 %), the influence between

2, 3, 4 or 5 pinholes of 0.86 mm¢ was insignificant. However the advantage of the laser detector
was threefold, consisting in the possibility of obtaining a penetration curve, the determination
of the test aerosol particle distribution and in the comparison of different measuring ranges,
giving information of posssible leak paths.

TANDEM FILTER INSTALLATION

The methodology for testing tandem HEPA-filter.installations with the laser spectrometer was
developed by the group of B. Schuster et al. (see ref, 7).

The concentration of the downstream extraneous particles limits the sensitivity of the methodology
with the ASAS-X spectrometer. Since 1882 different in-situ tests with the Taser detector were
performed in Nuclear Power Plants in Belgium, on compact filtration systems,"see Figure 8".

Rxw+12xar ¢ 12xa 3%00KA Z

DOP IN

=

Figure 8 Diagram of a filtration unit in a nuclear power plant, consisting of two
parallel systems (AF HEPA-filters, VF prefilters, KF carbon absorber units not filled
during the testing, 1-2-3-4 sampling points).

©)
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For these compact units only values "less than" were calculated at a confidence level of 95 %
{see table 3). A fluorescent laser detector.is under investigation to overcome this problem.

TABLE 3 - Penetration obtained for conditions encountered in nuclear power plants,
DOP-aerosol with mass median diameter of 0.8 um and geometric standard deviation 1.8
FTow rate through the whole system 36.000 m°/h
Filtration unit consists of 12 paraiiel filters

Penetration Range Range
for
0.09 - 0.195 um Fractional 0.09 - 3 um Fractional
error error
-5 -5«
2/1 4.10 10 % 3.5 10 10 %
3/1 2.107% 10 % 2.107% 10 %
4/1 through 2 (3.1077) 95 % confidence  (3.1077) 95 % confidence
Tevel level
through 3 (6.1077 95 % confidence  (6.107') 95 % confidence
level level

The feasibility of the laser detector for in-situ testing of tandem filter systems was carried
out in our test rig. This test rig enables working in ideal conditions in which the particle
background is very low (below 0.01 particles/s). The penetration was first determined for the
single unit (F or F,) and afterwards with the two filters in serie (F1 + F ) The results were
evaluated at 2 cm/s ?ace velocity (nominal flow rate in the filter unit 1700 m3/h) and for
different types of leak paths (see table 4).

TABLE 4 - Penetration for intact filters, single or tandem system, and influence of simulated
Teaks (1.5 mm%, microtube sealed in the medium).
Face veTocity 2 cm/s (standard errors indicated)

FiitfaFion Penetration
condition P3 P4 Ratio
Range 0.09 - 0,195 um 0.09 - 3 um Py / Py

single filter F, (1.6 + 0.2) 107 (0.86 + 0.09) 107" 1.9
single filter F, (2.9 + 0.3) 1074 (1.5 + 0.2) 1074 1.9
tandem F + F, (5.8 +1.9) 1078 (3.4 +1.2) 1078 1.7
intact F 2 -8 -8
Fo 1 ho*e of 1.5 mm (9.1 + 1.0) 10 (3.8 +0.4) 10 2.4
F, 1 hole of 1.5 mm

! -8 -8

+ (16 + 2) 10 (8.3 + 0.8) 10 1.9

F2 1 hole of 1.5 mm2

28



CONCLUSIQONS .
The laser detector according to its present design can be applied in cgmp]ex HEPA-filtration
systems and provides reliable indications for penetration down to 107°. This methodology
provides more than a single figure but gives the penetration particle size curve over the range
0.09 - 3 um,

The drawbacks of the laser detector are the high investment costs, requirement on the qualifica-
tions of tne operators, fragility of the laser tube and the influence of extraneous particles
downstream the filtration system. This problem can however be solved by using a tagged aerosol
and the fluorescent laser detector.

SYMBOLS

;U
it

range of the classifier of the spectrometer

©
n

overall penetration in the range Ri’ overall efficiency is equal to 1 - Pi

D = dilution ratio of the diluter

o
([}

D total counts after diluter

ot
"

D upstream sampling time
CdS = downstream total counts

te ds = downstream sampling time
Bds = downstream background counts
tB ds = downstream background sampling time in most cases tB ds ~ tc ds
v = filtration face velocity
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COMPARISON OF TESTING METHODS FOR PARTICULATE FILTERS*

W. ULLMANN, S. PRZYBOROWSKI
National Board of Nuclear Safety and Radiation Protection,
Berlin, German Democratic Republic

Abstract

The report is the result of investigations during the last 3 years
(1980-1982) in the frame of the IAEA Co-ordinated Programme on "Comparison of

Existing Testing Methods for Particulate Filters".

By means of experimental investigations of testing aerosol filters
conclusions are drawn with respect to the initial data required for a comparison
of methods and to the interpretation of test results. The penetration of a
filter can be relative to the number, mass, activity or scattered light
‘intensitity of particles. For the interpretation of test results the knowledge
‘of the so-called relevant particle size distributions of test aerosols, cor-

responding to these reference values, is of decesive importance.

A method to determine penetration as a function of particle size and
several methods to determine total penetration for test aerosols with different
relevant particle size distribution are included in the comparison of methods.
This makes possible an analysis of the correlation between penetration and as a
function of particle size, total penetration and relevant particle size
distribution of test aerosols and thus an assessment of the evidence of

different testing methods.

The results demonstrated:

~ the feasibility for measuring penetration for any filter as a function of
particle size with sufficient accuracy, to calculate the total penetra-
tion for any test aerosol, given the relevant particle size distribution;

- that universally-applicable values for conversion factors are not
possible, because these factors for relating different standardized test
methods depend on the quality of the aerosol filter in question;

- the sensitivity of total penetrationm to particle size distribution, thus
emphasizing the need for any standardised test method to ensure a

precisely reproducible size distribution for the test aerosol,

* TAEA Agreement No. 2483/CF for the research period 1979-1982.
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1. Introduction

. At present numerous different methods are used for testinz of
acrosol filters. A standardization on the intcrnational level
Las not yet been successful although, to growing ezteni, a
comparison of test results has become necessary. The preszent
peper is meant to be a contribution to the interpretation of
méasuring results obtained with different test methods.

Dorman /1/ described extensive investigations of the
comparison of filter test methods. Total penetration was
measured for 5 different glass fibre papers each graded in
quaelity as a function of velocity. For filter material 2,

Pig. 1 shows the results of the tests made with 6 different
test aerosols. Their interpretation is difficult, since
particularly data on the particle size distribution of the
test aerosols used are missing.

To obtain the initial data required for a systematic inter-
pretation of test results, under laboratory conditions the
following ovm experimental inVestiéations were performed with
different test methods: '

- determination of the particle size distributions of test
aerosols (see 3.) underlying the various methods (see 2.),

- determination of penetration as a function of pearticle size
(see 4.1.) and

-~ determination of total penetration with different methods
(see 4.2, to 4.4.).

The tests were made at velocities of 2, 5 and 10 em/s for the
same 5 different filter materiels as in the investigations
described by Dorman.

FProm the measuring results obtained conclusions were dravm
for the interpretation of filter test results (see 5.). Here,
.the connection between total penetration; penetration as &
function of particle .size and particle size distribution of
test eerosols was in the centre of study.

Included in considerations were also comparisons of methods
vased both on own measuring results and on those described by
Dorman.
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Fig.1 Results of comparison of varicus testing methods [1]

Pinally, the assessment of test methods is discussed,
into account the different aims of filter testing (see 6

cien

e)e

2. Survev of the test methods used

To characterize the test methods used for compersiive irvestii-
getions, test aerosol, measured quantity and procedure of
measurement are briefly described below.
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Tlethod A
- polydisperse NaCl test aerosol

~ determination of penetration relative to particle number es
& function of particle size and determination of totel
penetration relative to particle number, respectively,

- measurement of particle size distribution (relative to
particle number) and of total particle number, resuectively,

in aerosol samples taken belore and after the filter material
to be tested.

This method is routinely used for radiation protection type
tegting of aerosol filters at the National Board of Nuclear
Safety and Rediation Protection of the GDR /2/.

liethods B-1 and B=2

~ polydisperse NaCl test aserosol (of different pariicle size
distribution for B-1 and B-2),

~ determinetion of total penetration relative to particle rass,

- measurement of mass concentration of aerosol samples taken
before and after the filter meterial to be tested.

In principle, this metkod corresponds to the so-called sodium
flame test in accordance with the British Standaerd B.S. 3528 /3/.

YMethod C

-~ ghort lived radon daughters attached on polydisperse leCl
gerosol, ot

~ determination of total penetration relative to particle
activity, ' '

- measurement of the activity deposited on two connected in
series specimens of filter material to be tested,

In principle, this method corresponds to the test method in
accordance with DIN 24184 /4/, for which thoron daughters
ettached on atmogpheric aerosol as test aerosol are used.

liethod D

-~ polydisperse paraffin oil test aerosol,
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~ dctermination of total penetration relative to the intensity
of total scattered light,

- measuremént of the intensity of total scattered light ol
aerosol samples taken before end after the filter materiel
to be tested.

This corresponds to the test method in accordance with DIN
24184 /4/ and DINW 3181 /5/ (paraffin oil test aerosol).

3., Test aerosol

3.1. JaCl test aerosols

For methods A, B-1, B-2 and C NaCl is used as test -aerosol.
In all cases the aerosol ig generated by atomizing 2.5%
aqueous NaCl solution with compressed air. The liquid drops develop-
ing ars mized with the testing air flow. The water evaporates.
The filters are tested with NaCl crystals.
To generate aerosols, two different types of aerosol gencrators
are used: Type I consists of a cylindrical vessel partly filled
with an aqueous NaCl solution (see Fig. 2 a). The compressed
air fed in at the bottom bubbles through the NaCl solution.

NaCLfer‘osoL : —
|1 |
; | /
f ' 4 A
| _— NaCl solution —

o \ cc)mpr'essedalr‘V = )
==y \ ‘ E /
. 7 inall

lecompre%ed air NG ‘lr —1

NaCl solution

Fig.2a  Bubble generator Fig. 2b Adjustable atomizer nozzle
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The liquid drops developing are partly precipitated at the wells
and the 1lid of the vessel and partly teken along with tae air
flow out of the generator. Both with respect to concentration
end to particle size distribution the test cerosol exhiibits o
cood long-time constancy. The aerosol parameters mainly depend
on the geometric dimensions of the vessel and the liquid level
in the vessel, the diameter of the compresscd air inlet end the
overating pressure. Type II is & so-called binary nozzle

(see Fig. 2b). The NaCl solution is sucked by compressed air
through & cylindrical tube and a ringlike slot by meens of
injector effect from the supply vessel and atomized by the
compressed air. Larger liquid particles are separated in the
nozzle interior by impaction. Here as well, the aerosol peremeters
depend on the geometric dimensions of the serosol generator and
the operating pressure.

The perticle size distribution of 1laCl aerosols relative to
particle number was determined with the SARTORIUS scintillation
particle counter (SST). The measurement is based on the principle
of light emission of atomic Na vapour which is excited in an air-
hydrogen flame. In contrast with the flame-photometric determinat-
ion of the concentration 6f NaCl aerosols, the NaCl particles
are individuelly and successively introduced into the exitation
space of the flame. This makes the measurement of particle size
distributions possible, since there is a definite relation
between light intensity and particle size /6/. The lower detection
1limit corresponds to a particle size+>of 0.032/um. The measuremen<t
is mede in 10 channels. In a certein channel all particles are
indicated which are larger than the particle size corresponding
to this channel. Thus, declining cumulative distribution curves
are obtained in graphical representation. '

Test methods A, B=1, B=2 and C require different concentrations
and particle size distributions (mean value and scattering) of
test eerosols. Optimal aeroscl properties'were obtained with
Type I and II aerosol generators by chosing appropriate opereting
conditions and adjustment parameters. The particle sgize
distributions measured with the SST can be approximated by
logarithmic normal distributions. Thus the distributions

.

+)

In the present Repox't the term pariicl. size in caze o Lall
aerosols refers to the edge length of NaCl crystals.
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Fig. 3 Measured cumulative distribution of the used NaCl test
aerosols ( methods A, B-1, C), relative to the number
of particles

relative to perticle number are definitely characterized by the
median value (50%~value) CMD (Count Median Diameter) and the
geometric standard deviation &_.. In case of & mass or activity
distribution, the CIMD is to be replaced by the ITD (liass llediern
Diameter) or the AMD (Activity Median Diameter).

Pig. 3 shows the experimentally determined cumulative
dis3rivutions of the particle size distribution relative to
particle number for methods A, B-1, B-2 and C in the logerith-
mic probability peper. Fig. 4 shows the corresponding cumulative
frequency distributions relevant for the measured quantity to
be determined.
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method A

To be able to determine penetrations with sufficient accursacy
for the entire range of particle size of interest, a test serosol
is required distributed as equally as possible over this range.
However, due to unavoidable particle losses in the testing
apparatus, this can hardly be realized.

For the test aerosol used for method A (see Fig. 3 and 4,

curves A) one obtains:
[

Chm = Oo 24 )m, d

g 2.5
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Methods B-1 and B-2

For these methods the mass distribution of the test aercsol is
relevant. A finely dispersed test aerosol should be used, so that
the influence of large'particles on total penetration is not
overrated. To make possible, within the frame of the present
investizations, & qualitative comparison -between the various
methods, mass distribution should lie within the particle size
range covered by method A, To study the influence of mass
distribution on total penetration relative to particle mass,
for methods B-1 and B-2 test aerosols of different particle
size distribution were used.

To reduce the fraction of large particles in the test cero-
sol, for method B-1 & fibre filter used by a high velocity was
located after the aerosol generator.

The test aerosols used are characterized by the following
parameters:

CiD in jam D in pm ég
lethod B-1 0,093 0.20 1.7
liethod B=2 0.1 0.39 " 1.9

Tor logarithmic normal distributions the 1D can be derived from
the ClID /7/:

1n D = lncrm+3m25g

At transition to mass distribution, the standard deviation ég
remains unchanged. '

Pig. 4 (curves B~1 and B~2) shows the mass distributions
calculated as mentioned above from the experimentally determined

particle size distributions relative to particle number (see Fig. 3,
curves 2-1 and B=-2).

w.ethod C

For this method the activity distribution of the test aerosol
is relevant. A NaCl aerosol with the following parameters

(see Pig. 3, curve C) serves as carrier aerosol for the attached
short-~lived radon deughters:

CiD = 0.093 mm, &, = 2.1
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The activity distribution was calculated from the measured
particle size distribution relative to garticle nunber according
to the attachment theory by Lassen /8/7/. For the particle size
renge of interest, the attached activity is proportioneal
R%/(1 + hR) (R = particle diameter in cm, h = 7 10% em™7 for
radon daughters). . '

The values calculated for the activity distribution of thne
test aerosol can be approximated by a lozaritinmic normsl
distribution. One obtains (see Pig. 4, curve C):

Al‘?m %0922/11’3, dg ~ 201

3.2, Paraffin oil test aerosol (method D)

The paraffin oil test aerosol is generated by the aerosol
generator (Type VI of Dréger)'described in DIN 24184 /4/ and
DIN 3181 /5/. The technically pure, non-resinous and non-
alkaline paraffin oil (density = 0.843 g/cm® at 20%) ig
heated in a thermostat to 100°C and atomized by filtered
compressed air. The paraffin aerogol is then fed into a mixing
vessel and here diluted with filtered air.

Pig. 5 shows the cumulative distribution of the test aerosol
relative to particle number in the logarithmic probability
paper as a function of Stokes diameter /5/. The median value
(50% value) of the paraffin oil test aerosol is 0.40/un, the
geometric standard deviation 1.8.

4. Test orocedure and measuring results

4.1, llethod A

llethod A hasg been described in /2, 9, 10/. To determine the
penetration relative to particle number as a function of particle
size, the particle size distribution is measured before and

after the filter material to be tested. From this, the penetrat-
ions of the respective particle size intervals are calculated.

+) The theory valid for spherical particies is used here as an
approximation
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Fig.5 Cumulative frequency distribution of the used paraffin
oil test aerosol relative tothe number of particles(s]

These are represented by way of columns to meke the interval
division given by the SST visible. With the chosen test serosol
(see Fig. 3 and 4, curves A) a particle size range of nearly
two orders of magnitude igcovered.

Fig. 6 shows the experimentally determined penetrations P
es a function of particle size for filter materials 1 to 5 and
& velocity of 2 cm/s. Figs. 7 and 8 show the respective resulic
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for velocities of 5 and 10 cm/s. In the present paper, cll
penetrations are given in absolute values. Tor filter moterials
3, 4 and 5 the maximum penetration lies within the particle

size range investigated and for filter meierials 1 and 2 below
the SST detection limit. For larger pariticles, penetration velues
. strongly decrease. This occurs at particle sizes equal to or
smallexr than 0.3 pm end depends on filter material and velocity,
From thig it follows that, for the f£ilter materials studied, the
critical range of filtration lies below O.-B .
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Additional, using method A one obtains the total penetration
relative to particle number. Fig. 9 shows the results es a
function of velocity for filter materials 1 to 5. The dependernce
on velocity is more strongly pronounced for high-quality filter
materials,
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4.2, Tethods B-1 and B=2

The mass concentration of the serosol before and after tke
filter material to be tested is measured as by a flame photo-
meter by the unit for mass concentration determination in-
stalled in the SST. However, due to the microflame used, lo: zer
concentratlons can be detected. The measuring range is O. 1}1g/m
to 20 mg/m . To Cetect higher concentrestions, a definite
dilution with aerosol-free air is necessary.
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To determine the total penetretion relative to particle
mass as a function of velocity, investigations with two
different test aerosols were performed. Vith the more finely
dispergecd aerosol (see Pig. 3 and 4, curves B-1) filter
rmaterials 1 to 5 were investigated and with the less finely
digpersed aerosocl (see Fig. 3 and 4, curves B-2)- filter
meterials 3, 4 and 5. The results have been represented in
FPig. 10. For.methods B-1 and B-2 significant differences result
for totel penetrations. Thus it becomes clear that alrecady
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(filter materials 1-5/B-1/and 1-3/8-2/)

small changes in the size distribution of the test aerosol
((CD)g_p/(CiD)z_, = 1.18; (ED)p o/ (LD)p_, = 1.95;
( 6z)p_p/( dg)B-‘I = 1,12) considerably influence the values

of total penetration.

4,3, lfethod C

The setup of the test apparatus has been described in /1i/.
The I'aCl aerosol (see Fig. 3, curve C) is in & testing charber
of 12 m3 content equipped with & mixing fan. The radiocactive
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noble gas Rn-222 (half life: 3.8 days) is fed into this

chamber. The short-lived radon daughters Po-218, Pb-214, 2i~214
and Po=214 attach to the NaCl aexrogol. The activity distridbution
of the test aerosol relevant for the method is represented in
FPige. 4 (curve C). In measurements, the so-called free fraction,
i.e. the fraction of short-lived radon daughters not attachecd

to aerosols lay below 3% in order to avoid falsifications of
measuring results (low penetration for free radon daughters

due to their great diffusion coefficient).

The total penetration relative to particle activity was
determined according to the method of Hasenclever /12/. Here
the test aerosol is deposited on two connected in series
specimens of the filter material to be tested. Then alpha
activity (Po-218, Po-214) 1s simultaneously measured for each
of the two specimens. The total penetration follows from the
ratio of pulse rates (N1 for the first specimen, N, for the
second one):

FPig., 11 shows the measured values as a function of velocity
for filter materials 1 to 5.

4.4, ethod D

To determine total penetration, the concentration of the
paraffin oil aerosol is measured before and after the filter
material to be tested as the intensity of total scattered light
with the SARTORIUS aerogsol photometer. The aerosol is fed
through a measuring chamber where it hits a light bean at an
angle of 45°. The scattered light is measured by a photo~
multiplier located at an angle of 4S° to the forward direction
of the beam. The measurable particle concentration relative

to a mean particle size of the o0il fog of 0.3 to 0.5 ,un is
about 5 - j02 to 108 particles/cm3 (about 10712 to 10'6 g/cm3).
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The measuring results obtained with the paraffin oil test
aerosol (see Fig. 11) for the total penetration reletive to the
intensity of the total scattered light are represented in rig 12
for filter materials 1 to 5 as a function of velocity.

S Interoretation of the regults of filter testing

Se1e Fundamentals

Por each particle size or each particle size interval di there
exists a specific penetration Pi‘ At sufficiently small particle
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Fig.12 Results of method D : Total penetration (relative

to the intensity of total scattered light)
versus velocity (filter materials 1-5)

gize intervals, this is independent of the paxrticle size distri-
bution of the test aerosol. By the shape of pecnetration as &
function of particle size the quality of a filter is charac-
terized definitely. Therefore, test methods to determine this
function exceed test methods to determine total penetration
with respect to evidence. They‘are fundamental methods for
filter testing,.

Total penetration P gsummarily reflects the dependence on
particle size., It is considerably influenced by the particle
size distribution of the test aerosol used. Therefore, total
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penetration can definitely characterize filter quality only
if the test conditions are standardized and maintained accura-
tely.

Mathematically, total penetration can be expressed as
weighted sum:

-n
P = fi P;
i =1
i = ruming index for paxrticle size intervals
n = number of particle size intervals considered
P; = penetration for ith .particle size interval
fi = Zfrequencies of relevant particle size distribution for ith

particle size interval (fractions of particle number, mass
and activity of ith particle size interval of total
particle number, total mass and total activity).

If the Pi-values have been obtained with a fundamental method,
the following estimations can be made~

- statement of the minimum value of the £ilter effect (Tax1num
of penetration) reachable in practlce i2 the relevant particle
size distribution of the aerosol to be separated is unknowm.

- asgsessment of the filter effect really reachable in practice
for the aerosol to be geparated if the fi-values of the
relevant particle size distribution are knovm (e.g. the
activity distribution of en aerosol occurring at a Nuclear
Power Plant).

- calculation of the total penetration to be expected when
applying e specific test method if the fi~values of the
relevant particle size distribution of the test aerosocl are
knovm.

Following this procedure, total penetrations were determined
using the experimentally determined Pi-values (see Piz. 6, 7
and 8) and the f;-values of the relevant particle size
distributions of the test aerosols used (see T'ig. 4). These
calculated values were related to the respective total
penetrations experimentally determined with methods A, B-1,
B-2 and C, By way of example these ratios are given for
filter materials 3 and 5:
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Pilter material 3 Pilter material 5
Method Velocity v in cm/s
2 5 10 2 5 10
A 0.99 1.00 101 1.02 0.98 1.00
B-1 127 1,07 | 0.93 1.1§ 1,00 1.02
B-2 1.02 ' 1014 0096 1.01 1.02 0099
C 1.92 1671 1.34 " 1.T4 1.30 1.12

The agreement of the total penetrations derived from P;- and
fi-values ayd determined directly is smaller for the method
relative to activity than for the methods relative to

partic;e number and mass. This can be explained by the errors
occurring at the approximative transition from the distrivution
relative to particle number to activity distribution. Then
judging the degree of agreement, it should be considered that
bo?h the errors in experimental determination of Pi- end
fi-values and the errors in direct determination of totel

penetration will influence the ratio.

VW/ith respect to the assessment of total penetration values
the following conclusions can be dravm:

- Prom the relevant median values (ClLD, &I, AMD) of test esero-
sols qualitative statements on the relation between the totel
penetrations to be expected using different methods can Le derived.

. I£ the relevant median values lie above the particle size

’ corresponding to maximum penetration, total penetration
is the lower, the greater the respective median velue.

. If the relevant median values lie below the perticle size
corresponding to maximum penetration, total penetration is
the lower, the smaller the respective median value.

- Statements on the above-mentioned relation become more reliable
if, instead of relevant median values, the products of relevent
median value and gecometric standard deviation are compared for
the respective test aerosols. In this way 647 of thé relevant
aerosol parameter (particle number, mass, activity) are includ-
ed in the comparison.

- The more pronounced the dependence of penetration on perticle
size, the stronger the dependence of total penetration on the
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relevant particle size distribution of the respective test
eaerosol. Thus, in the filter material investigeted, the
greater difference in the total penectrations obtained with
different methods should be expected for the more efficient
filter materials.

- Prerequisite to standardizing e test method to determine totael
penetratlon is the exact specification of relevant particle
size dlstribution for the test aerosol.

5.2. Comparison of methods to determine total nonetraotion

The meesuring results are to be evaluated by means of the
conclusions dravn in S.1. ‘For this purpose, both methods A,
B-1, B=2 C..and D and the investigations described by Dorman /1/
are included. The evaluation comprises:

- a comparison of different methods to determine total penetration
by means of our owm measuring results,

-~ a comparison of similer methods to determine total pecnetration
by means of own measuring results and those describved by
Dorman for corresponding methods. .

The results of comparisons are denmonstrated by way of filter
materials 3 and 5.

Comvarison of differont. methods

’ig. 13 shows total penetrations for methods A, 2-1, E-2, C
end D as a function of velocity. As expected, the difference
of values for filter material 5 is considerably smaller
{smaller than factor 2) than for filter material 3 (up to
factor 10).

Total penetrations for the investigations made with NaCl
aerogols should decrease in the following series:

lethod B-1: IZD = 0.20 15D .« ¢, = 0.34
llethod C D = 0.22 XD . c, = 0.46
lethod A : CMD = 0.24 CHD - 63 = 0.60
Mlethod B-2: D = 0,39 D + @, = 0.74

This is the case for the total penetration reclative to particle
nunber (llethod A) end mess (methods B-1 and B-2). However, the
total penetration relative to activity (method C) is lower then
expected. Possible causes are mentioned in 5.1.
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For method D only the particle size distribution relative %o
rarticle number as a function of Stokes diameter is knowa. The
ClD value is O.40/nm. The relevant median value relative to the
intensity of total scattered light and necessary for comparison
is unknown. However, it is greater than the median veluez of
methods A, B-1, B~2 and C, So it can be expected that the lowest
values of total penetration will occur using method D. This
becomes particularly evident for the more efficient filter materisl
3 (see Pig. 13).
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Comparison of similar methods

The methods a.,II and a.III described by Dorman correspond to
methods B-1 and B-2. Likewise the methods a.IX and C as well as
the methods a.,VIII and D are comparable. For method A there

is no possibility of compaxrison.

- NaCl test aerosols
The total penetration relative fo particle mass is shoma in
Pig. 14 for methods B-1, B-2, &.II and a.III eas a function of
velocity. liethods a.II and a.III correspond to the MeCl fleme
test in accordance with the British Standard B.S. 3928 /3/.
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They @iffer of each other in the manner of aerosol generation:
Collison atomizer (a.II) and Dautrebande atomizer (a.III),
respectively. For the NaCl aerosols used one obtains the
following MiD=~values:

Ilethad B-=1 B-2 a.1II a.,l1l

MR ln/um 0.20 0.39 0.40-0.45 /1/ 0.65 /1/

As expected, method B=1 yields the highest and method a.ll
the lowest values for total penetration, the differences for
the efficient filter material 3 being particularly evident.
As the ILD-values do not differ considerably for methods

B-1 and a,III, the & -~-values should be included in the con-
sideration. Foxr method a.III, however, no c%—value was given.

gerosols with attached thoron~ and radon daughters

. Method a.IX is the test method described in DIN 24184 /4/.
Thoron daughters attached on etmospheric aerosol are used

es test aerosol, the free fraction of thoron daughters not
belng limited. Fig. 15 ‘shows "“the toteal peneirétioné relative
to activity as a function of velocity. llethod a.IX yields
lower values than method C. The cause could be a higher value
for the free fraction of thoron daughters in method a.IX

(low penetration for free thoron daughteras due to their high
diffusion coefficient).

As expected, the difference of measuring results is more
clearly pronounced for the more efficient filter material 3
and particularly great for low velocities., This is supported
by the fact that the'relevant median value for the extremely
finely dispersed aerosol in method a.IX lies below the particle
size corresponding to the maximum of penetration.

paraffin oil test aerosol

Methods D and a.VIII correspond to the test method standardized
in DIN 18124. As expected, the measuring results show good
agreement, since in both cases gtandardized equipment was used
for generating and measuring the aerosol., For the ratio of the
total penetrations determined with methods a.VIII and D the
following values are obtained:

Velocity in cm/s 2 5 10
Filter materiasl 3 1.05 0.86 0.80
Filter material 5 102 1,00 1.07
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Fig. 15 Comparison of the results of method C with results
described in [1] (filter materials 3and 5

6. Finsl consideration

The results of different test methods can differ considerably, e.g.
for filter material 3 (see Fig. 1 and 13) by about one order of
magnitude, The present paper shows that these deviations are

mainly due to the different relevant particle size distributions of
test aerosols.
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The judging of filter test methods must base on the two
different aims of filter testing:

- determin;tion of characteristic filter properties (e.g. for
filter development, type teating and testing for special

purposes),

- control of the maintenance of specified filter propertie:z
(e.g. for production control and in-situ testing (commiscioningz-
and repetitive test)).

In the first case general statements on penetration independen

of the test aérosol are required. For this purpose methods to
determine penetration as a function of particle size are suitadle.
If a method to determine total penetration is chosen, the relevant
particle size distribution of the test aerosol should be adepied
to the provided aim. If necessary, several methods should be used
to cover all operating conditions of interest. Thié hes been
considered in DIN 24184 (3 test methods). At a too great relevant
median value of the test aeroscl e.g. & too low total penetration
of the filter is simulated.

In the gecond case only relative values have to be determined
for penctration. These can relate to filter penetretion at the
time of commissioning, e.g. in case od repetitive tests. Iere,
the test method should be chosen in a way that a relative value
ofsufficient evidence will be obtained for the provided aim. Then,
the above-mentioned demands for adapting the %tesi aerosol can be
cmnitted,
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COMPARISON OF EXISTING METHODS OF HIGH EFFICIENCY
PARTICULATE AIR FILTER TESTING*

A.A. KHAN, K. RAMARATHINAM, S. RAMACHANDRAN
Air Cleaning Engineering Research Section,

Waste Management Division,

Bhabha Atomic Research Centre,

Trombay, Bombay,

India

Abstract

With a view to carry out detailed studies for the comparison of different
HEPA filter test methods, a set of twenty HEPA filters of 1000 cfm capacity
with the same materials of construction were tested by the polydisperse DOP
method, uranine method and the sodium chloride method. The test rig used for
the test methods was the same and was fabricated based on British Standard BS
3928,

The polydisperse DOP method employs an aerosol generator consisting of
laskin type atomizer nozzles to give an aerosol of DOP in submicron size range
with 0.3 micron MMD. A size selective single particle counter set to count

particles between 0.3 to 0.35 micron was used for measuring the concentration.

The test aerosol of uranine method is a di-sodium salt of fluorescein
with 0.54 micron MMD and is generated by atomization of 1% uranine solution
using collison type nozzles. The concentration of aerosol collected on the

membrane filter is measured by fluorimetry.

The test aerosol of sodium chloride is generated by atomization of 2%
solution of CaCl2 using collison type atomiser nozzles. The mass median
diameter of the aerosol was 0.4 micron. The concentration of NaCl is measured

using flame photometry.

* IAEA Contract No. 2489/RB for the research period 1979-1982.
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A comparison of the penetration results determined by the three methods
indicates that the values of uranine method are always higher than that of
polydisperse DOP and sodium chloride methods. This can be attributed to the
possible cross contamination during downstream sampling and analysis in the
uranine method. The values determined by DOP and sodium chloride method can

be of the same order.

Considering the quickness, reproducibility of the test results and the
quick response and the portability of the particle counter, the polydisperse
DOP method is very much suitable for large scale rig tests of HEPA filters and
the in—-situ test of filter installation. However, this cannot be a quantative
test of a filter medium because of the lower detecting limit of the counter.
The uranine method is more suited only for the laboratory investigations of
filter media because of its main disadvantage of longer duration of testing.
Though the sodium chloride test is fast and reproducible to adapt for large
séale evaluation of filters and as an accurate laboratory test, the method is
difficult to adapt as an in situ test method because of the limitation of

using flame photometry at the site.

1. INTRODUCTION

High Efficiency Particulate Air Filters are used
as the ultimate means for the removal of air borne
particulates from air streams. In nuclear industry they
are used as an important engineering safeguard to prevent
the release of air borne particulates to the enviromment.
HEPA filters are therefore manufactured under strict
quality control and are subject to stringent tests before
being accepted for use in the system. Based on purely
theoritical considerations it has been established that
in the arsence of any damage or manufacturing defect
these filters should have a minimum collection eéfficiency
for a particular size of particulate for the velocity
normally encountered in practice. The pasic principle of
testing of HEPA filters consists in measuring the trace
quantity of test aerosol of specific size characteristics
penetrating the filter. The primary requirements of a
filter testing method to evaluate the particulate removal
effectiveness of a HEPA filter are given in Table-l,
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TABIE - }
PRIMARY REQUIREMENTS OF HEPA FPILTER TEST METHCDS
Reproducibility . size characteristics of

aerosol, concentration levels,
test results, '

Sensitivity analytical instrument

Selectivity particle size

Useability humidity and temperature

Adaptability in-ditu leak tests

Ease and speed mass-scale evaluation of
filters

- Economy cost of installati?n and

operation

Toxicity health hazards

Based on the development works in various countries
presently different methods of testing of HEPA filters have
been standardised and are followed in different countries
to evaluate particulate removal efficiency of these filters
(1-9) . NKew methods are also being investigated for
implementation (10-15). These methods differ from each
other not only in the analytical technigue employed but also
in such basic parameters like size distribution of test
aerosol, mass median diameter, concentration of test
aeroscl, etc, Takle-2 summarises the type of aerosols
employed and detection and measurement system,

A need for comparison of filter testing methods
has arisen from the multiplicity of tests used, hence
an attempt to corelate the results of the different
-methods requires priority consideration. Corelation of
the test results of different methods will enable the
manufacturers and users to compare the products which
they makes.buy and use, with products of other firms,



TABLE - 2

TYPE OF AEROSOLS AND ANALYTICAL METHCD

Aerosol Detection and measureme
Monodisperse DCP liquiad Forward light scattering
droplets of 0.3 micron photometer
generated by condensation
of vapour
Hetero~disperse DOP liguid Forward light scattering
droplets of 0.3 micron MMD size selective single
generated by pneumatic particle counter,

atomization of liquid DCP

Hetero-disperse, cubical NaCl Flame photcometer
particles generated by

pneumatic atomization of

solution of NaCl with

subsequent evaporation to

solid particles

Netero-disperse particles Photo fluorimeter
of Uranine generated by

preumatic atomization of

solution of uranipe with

subsequent evaporation to

solid particles

Hetero-disperse particles of Staining-Densitometer
Methylenpe Blue generated by

atomization of solution of

Methylene Blue with

subsequent evaporation to

solid particles

Natural atmospheric dust Condensation Nucleimetexr
Hetero-disperse paraffin 45° forward angle licht
liguid droplets geperated by scattering photometer

preumatic atomization of
liguid paraffin oil

Radiocactive aeroscl/Radiocactive Nuclear Counting instrument
tagged aerosol

2. SCCPE AND OUTLINE OF THE RESEARCH PROGRAMME

A coordinated research programme on the comparison
of filter testing methods was undertaken by the Air

Cleaning Engineering Research Section of Bhabha Atomic
Research Centre. The cbjective of the project was to
carry out detailed studies for the comparison of the
different test methods of HEPA filters under controllead
conditions by testing a set of standard 1000 cfm HEPA
filters using the aeroscls of DOP, uranine and sodium
chloride, all produced by compressed air atomization and

to investigate the causes for any variations in the test
results,
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3. FILTERS FOR EVALUATION

A set of twenty HEPA filters of 1700 M3/hr (1000 cfm)
capacity of size 610 x 610 x 305 mm size with soft gaskets
on both faces were fabricated specially for this work.

The filter medium used in all the filters composed of
100% micro glass fibre (16), The other materials of
construction were also maintaired the same for all the
twenty filters (17).

4.  TEST RIG

A fi{lter testing rig based on British Standard-
BS 3928 was set up. The test rig was suitable for testing
HEPA filters against DOP, uranine and sodium chloride
aerosols. The details of the filter testing unit are
shown in Figure-1., The test rig consists of a centrifugal
blower to maintain necessary air flow through the filter;
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\[.:!
ol VS — : s RN m— —=
SN

I S

£=F

FLOW FILTER AND AEROSOL GENERATOR
CONTROL HEATER ASSEMBLY HOUSING
VALVE

FIG.1 HEPA FILTER TEST RIG
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an air heater assembly to control relative humidity:; a
long length of ducting before the filter to ensure
thorough mixing and drying of aerosols; a pneumatically
operated test filter holder and effluent ducting with
arrangements for sampling and flow measurement. An
electrical interlock between the air heater and blower
is provided so that the air heaters are deenergised
whenever the blower is off, The pneumatically operzted
test filter holder enabled quick installation and removal
of test filter and alsoc ensured uniform filter gasket
compression,

5. EXPERIME NTAL WCRK

A set of twenty filters already fabricated were
first tested by polydisperse DOP method, then by uranine
method and then by the sodium chloride method at the flow
rate of 1000 cifm.

5.1 Peclydisperse DOP Method

The method employs a prneumatically operzted aerosol
generator and a size selective single particle counter
for measurement of concentrations.

LASKIN TYPE FOR DOP COLL!SON TYPE FOR
URANINE AND Na Cl
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The aercsol generator (18) consists of six standard
dispersion jets immersed in liquid DOP, each jet having
four air delivery holes and four fluid feed holes, For
the purpose of these studies only one jet was operated
at a pressure of 25 psi, The design of the nozzle is
shown in Figure-2, The typical size distribution of the
test aerosol after mixing with the total air flow of
1000cfin is given in Table-3,

TABIE -

SIZE DISTRIBUTION OF DOP AEROSOL

Generator $ Royco Model 258 smcke
generator

Atomising Pressure s 25 psi

Number of nozzle 3 One

Size range Number of particles Percentage

(Mic:onxa? per 0.1 cft of total

0.30 - 0.35 2.60 x 10° 56.0

0.35 - 0.50 ' 6.51 x 10° 14.0

0.50 - 1.40 9.06 x 10° 19.5

1.40 - 3,00 4.83 x 10° 10.4

3.00 and above 2.81 x 103 0.1

The operating conditions of the gererator were
optimised after detailed studies on the generation
characteristics., The size analysis was carried out using
a Royco Particle Counter - Model 225 (19). The threshold
levels of the five channel particle counter were adjusted
SO0 as to count particles in the following size ranges:

Channel No.
Channel No,
Channel No,
Channel No,
Channel No,

0.30 to 0.35 micron
0.35 to 0.50 micron

0.50 to 1.40 micron
1.40 to 3,00 micron
3,00 micron and above

. e W N
o



With one nozzle, operated at a pressure of 25 psi
and 32 litres per mimute air flow, the aerosol generated
satisfied the test requirement with respect to particle
size and concentration. The number concentration of the
test aerosol of size between 0.3 micronm and 0.35 micron
was of the order of 2 x 107 particles per cubic foot,
constituting about 56% of the total concentration,
sufficient enough to accurately evaluate the filter
penetration down to 0,001 percent, The accuracy of
measurement could be enhanced by increasing the sampling
time for downstream concentration,

5.2 Uranine Method

The test aerosol of uranine, i.e., disodium salt of
fluorescein was generated using a collison type atomiser
fabricated as per B.S. 3928. The design of the nozzle is
shown in Figure-2, Two atomisers, each with three holes
were used for generating the test aerosol by atomising 1%
solution of uranine, The atomisers were operated at a
compressed air pressure of 60 psi. The relative humidity
of the air stream in the duct was maintained at 60% RH,
The size analysis of the aerosol was carried out using a
cascade impactor (20). The size distribution of the
arrosol after mixing with the total air flow of 1000 cfm
is given in Table-4, The test aerosol had a mass mediwp
diameter of 0,54 micron.

The filter penetrations for uranine serosol were
evaluated by taking upstream and downstream samples
through membrane filters, (Millipore G.S. 0.22 micron was
used for sampling). The membranes were thorcughly washed,
in distilled water and the uranine concentration in the
solutions were analysed using a photo-fluorimeter (21).
The method followed for determining filter penetrations was

1. Tvwo minutes upstream sample at 30 lpm was
collected on the membrane filter and washed
and made to 25 ml; with distilled water.

2. Downstream sample for 10 minutes at the
identical sample flow rate of 30 lpm was
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3.

collected on the membrane filter, washed
ané made to 25 ml.

The upstream sample was diluted in steps to
correspond to filter penetrations of 0.10%,
0.08%, 0.06%, 0,04%, 0.02% and 0.01%.

The fluorimeter reading was set to 100

divisions for diluted upstream corresponding

to 0.01% filter penetration. Meter readings
were then noted for all other samples
corresponding to various filter penetrations

and also for distilled water, A graph was

drawn between the meter readings and penetration.

The downstream sample was tested in the
fluorimeter and the meter reading was noted.,
The corresponding filter penetration was
cbtained from the graph.

TAELE = 4

SIZE DISTRIBUTION OF URANINE AFROSOL

Generator s Collison type nozzles as
per BS 3928

Atomising

Preassure - t 60 psi

Rumber of

nozzles 3 Two

Size Percentage cumulative
z massg concentration

6 micron & below 100%

2 micron & below 96%

0.7 micron & below 0%

0.5 micron & below 36%

T ey we n om - - - - e
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5.3 Sodium Chloride Method

The test aerosol of sodium chloride was generated by
an aerosol generator using collison type atamiser. The
generator consists of four such atamisers contained in a
PVC box. The whole generator was kept within the duct of
the test rig between the fan and the main ducting. The
atomisers were connected by separate feed pipes fram a
compressor incorporating suitatle flowmeters and valves,

The size analysis of the aerosol was carried out
using a cascade impactor and the size distribution of the
test aerosol after mixing with the total airflow of
1000 cfm, is shown in Table-5. The mass median diameter
of the test aerosol was about 0.4 micron. The atomisers
were operated at a pressure of 70 psi. The relative
humidity of the air stream in the duct was maintained at
60% RH, ‘ '

A flame photometer, as shown in Pigure-3, was
fabricated, assembled and mounted on a panel board,

TABLE -

SIZE DISTRIBUTION OF SCDIUM CHLORIDE AERCSOL

Generator : Collison type nozzle
as per BS 3928

Atomising

Pressure ? 70 psi

Number of

nozzles $ Four

Size Percentage cumulative
mass concentration

6 micron & below 100%

2 micron & below 94X

0.7 micron & below 78%

0.5 micron & below 56%

- - o -
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F1G.3 DIAGRAM OF PHOTOMETER FOR SODIUM
FLAME TEST EQUIPMENT .

The photameter consists of a flame tube assembly to which
a pdttion of the sample air from the test rig is directed.
Inside the flame tube a steady flame can be maintained by
2 hydorgen burner. A photamultiplier views the flame
through a tube fitted with a rotating optical shutter and
a filter box. The filter box contains an optical
interference filter permanently installed to isolate sodium
vyellow lines, ’After passing through the optical filters
the light from the flame is allowed to fall on the cathode
of the photomultiplier eell and the resulting photocurrent
is measured by a sensitive galvanometer. By using neutral
density filters of known values in the filter box the
intensity of the light can be reduced to a convenient
level., A high voltage unit provides a steady negative
voltage of 900 V for the photomultiplier. A highly
sensitive digital piccometer is used for measuring the
photomultiplier tube ocutput.

A dilution set up, as shown in Figure-4, for the main
calibration was designed and was built as a permanent part

of the test rig. The dilution set up consists of two
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chambers for obtaining two stage dilution., By varying the
proportions of clean filtered air and salt laden air from
the test rig concentrations from 0.005% to 100% of the

original concentration could be obtained after two stages,

The following method was followed for determining
filter penetrations.

1. Clean filtered air with a good éuality filter
in line was directed at a constant flow of
35 lpm to the photometer tube with necessary
adjustments for zero reading. A clean flame
background of nearly 50 was cbtained in the
piccometer,

2. The upstream sample was diluted in steps by
mixing varying proportions of clean filtered
air and piccometer readings were obtained for
each dilution using known calibrated values
of neutral density filters in the filter box.
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3. A graph was drawn between the meter reading
and the corresponding percentage penetration
values based on dilution factors,

4. The downstream samples were directed to the
photometer and piccometer readings were
obtained. From the meter readings the

percentage penetration values were obtained,

6. RESULTS OF FILTER EVALUATION

The percentage penetration through the HEPA filters
tested by the above three methods are tabulated in Table=6,

TABLE -

HEPA_FILTER PENETRATION BY DIFFERENT METHCDS

-

81, No, of ' Percent penetration
filter
Dor Uranire NaCl
b 0,058 . 0,120 - .«
2 0.093 0.140 C.013
3 0,019 0.031 0,007
4 0.013 0,044 0.009
5 0,007 0.017 0,011
6 0.006 0,015 0.009
7 0.011 0.022 0,011
8 0.003 0,010 0.007
9 0,005 ©.075% 0.007
10 0.025 0,073 0,024
11 0,015 0,022 0.020
12 0,009 0.01% 0,009
13 0.107 0,185 0,057
14 0,028 0,055 0.013
15 0.042 0.071 *
16 0.014 0,027 0,009
17 0.023 0.037 . *
18 0.014 0.046 0.007
19 0,013 0,044 0.007
20 0.013 0,043 0.007

* Filter damaged during handling and storage
Results of NaCl test nct evaluated.

71



There was a time lag of more than a year between the
uranine tests and sodium chloride tests and a few filters
damaged during this period could not be tested by the
sodium chloride method.

7. DISCUSSION AND COMME NTS

Before commenting on the pumerical valuves of filter
Penetrations cbhtained by the three methods the relative
merits and demerits of the individual methods should be
understood.

The polydisperse DOP method is fast.-and the
evaluation of a filter takes hardly a few minutes because
of the guick response of the counter., The upstream
concentration of DOP is very low and hence the loading on
the filter during the test is minimum. The results are
reproducible to the third decimal. In view of the above
the test is quite suitable for large scale evaluation of
filters. The method is easily adaptable for in-situ leak
tests of filter installations and also during high humidity
conditions, However the size selective single particle
counter used in this test is a costly equipment and needs
primary calibration very often., The lowest size of the
particle that can be measured by this instrument is 0.3
micron and the particles of lower sizes are not accounted.

The uranine method is simple, less costly, and does
not need elaborate arrangements for testing. However the
maln disadvantage is the longer cduration of the testing
of a filter to get a penetration value to the third
decimal. Further this results in substantial locading of
the aerosol on the filter, Cross contamination during
sampling and analysis and the errors in the use of flow
measuring equipment for sampling limits the accuracy and
reproducibility of evaluation. The test is very difficult
to adapt for in-situ leak tests of filter installations,
The test may f£find limited application for large scale
evaluation of filters because of the longer time taken for
evaluation,
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Like the poly disperse DOP method the sodium chloride
method is also fast, accurate and reproducible, The test
is suitable for large scale evaluation of filters, However
the main calibration relating the concentration levels of
sodium chloride with the piccometer readings using the
dilution set up involves certain errors. The fluctuations
in the flame height and the variation of piccometer readings

over a longer period are same of the problems faced during
the testing. The method is not adaptable for in-situ leak

tests.,

A comparison of the numerical values of percentage
penetration determined by the three methods indicates that
the values of uranine method are always higher than that
of polydisperse DOP and sodium chloride methods. However
no such corelation of results of DOP and sodium chloride
methods is possible, The values determined by DOP and
sodium chloride method can be taken as of the same order
with as many as ten filters showing higher DOP penetrations,
five filters showing higher sodium chloride penetration and
two filters showing identical v?lues.

The higher order penetration values obtained by
uranine method may be attributed to the possible cross
contamination during downstream sampling and analysis,
which involves concentrations of wery low order, No
possible explanation can be given for the variation of
results Hetermined by the DOP and sodium chloride methods,

8. CONCLUSIONS

The results of the evaluation of various tests are
only quantitative, in so far as they give figure of merit
towards the particular type of test aerosol and the system
of detection adopted for its evaluation. Further some of
the studies carried out elsewhere have shown that efficiency
results obtained by different methods do vary and sometimes
even results of the evaluation carried out by the
investigators using the same method are different,



In view of this it may not be appropriate at this
stage, to single out a method as "absolute®, Purther
any such conclusion may inhibit further developmental
efforts in the systems improvements,

In making an appraisal regarding adopting a testing
method, careful attention must be given to the assessment
of many of the advantages and disadvantages outlined

above, giving weightage to each of the factors depending
on the site situation,
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COMPARISON OF SOME EXISTING TESTING METHODS
FOR PARTICULATE FILTERS WITH SPECIAL REGARD TO
RADIOACTIVE TRACER MEASURES*

J. HIRLING

Institute of Isotopes,

Hungarian Academy of Sciences,
Budapest, Hungary

Abstract

In Hungary, samples of 17 different filter media were examined using
monodisperse DOP Method (according to ANSI N 510 - 1975 US patent), a modifiea
flame photometric method working with nozzle type aerosol generator and
potassium chloride aerosol (particle size distribution and medium size were
the same as that for sodium chloride according to British Standard 2831, 1957)
and radioactive tracer method developed in Hungary using a spark-excited

. . . 192
aerosol generator producing an aerosol of radioactive metal ( ?

Ir particles
of 0.32 /um mass medium size, and conventional radiometric measurement as
analytical method. The laboratory scale experiments were carried out under
the same air flow conditions in all the three cases for all the filter
samples. The results were compared and advantages and disadvantages of the
different methods were given. The DOP and potassium flame photometric method
was applied in rig tests for examination of industrial-scale HEPA filters made

for nuclear power station purposes,

The laboratory scale experiments using the above mentioned radioactive
tracer method were extended on the reference filter samples received from UK
(filter sheet grade No. 1) and these results were compared to results obtained

by other methods on the same filter media.

l., Introduction:

The determination of the efficiency of particulate filters
is a very important task of the air pollution contirel,
There are diffcrent filter testing meihods, buti the obtained

resulis are also diffcrent,

* IAEA Contract No. 2270/RI/RB for the research period 1979-1982.
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In the last threce ycars our Insititute had o rescarch program
of the Intcrnational Atomic Encrgy Agency

in the field of the investipgation of IHEPA filters,

In the last two parts of the progress report a new radio-
isotopic tracer method developed by our Inslitutle and the
DOY mcasurcmecuits were prescenled,

Qur cxperiments were carried out using different types of

filters, The applicd testiug methods were the following:

1,/ Radioisotopic tracer method
2,/ DOP-test

5./ Potassium—flamcphotouweiric test

Dach filter was investigated by all the above mentioned
methods,

On the basis of the obtained experimental data we are ready
to prescnt an international guidance for filter testing

in the futurc, The knowledge of the cffcct of temperature
and the humidity of the air is nccessary for the preparing
a corrcet guidance in the selcction oi filter testing methods,
We plan to carxry out these cxperimcuﬁs.

The rescarch work of our Department was carried out as a
part of rescarch coordinated prograwm of ithe International
Atomic IEnergy Agency on the developing of intermnational

guidance of the filter testing,

The research work also belongs to the rescarch prograir of
our Institute and the National Encrgy Commission of Ilungary.
The 1list of papers, lecturecs prescnted on the research work

can be seen at the end of the final report.

Existing filter testing mcthods

There are different filter testing methods in the inter-
national practice, The most frequently used arc the

following:

/ DOP-tecst

/ Sodium—flamcphotomectric test
o/ Methylene -blue method

/ Nadioisctopic tecst

/

Others, as uranine test,; gravimetric method, etc,



A general description of these methods was given in our
carlicer reports / 1, 2_7 As in our investigations thrcc oJ
thesc methods /DOP~test, modified Llamcphotometric test

ond radioisotopic test/ were used, the detailed description

of these thrce methods arc given here only,

2,1 DOP~-test

The tcst aerosol is prepared from dioctyl-phtalate /DUP/,

The mcasurand of this system is the mass contcentration of
DOP as mcasured by forward light scattering photometer,

The optical system is designed so that with no light
scattering there will be no light hitting on the photodiodec.
Any particle in the samplc flow strcam will be detectcd by
the photodiode, The scattering is proportional to the density
of particles, per unit time, in the air-stream. Since the
DOP-gcenerator prbvides a definite particle size distribution,
the particle count versus mass is known,

The output of the photodiode is proportional to the light
striking it and the electronic output is thercfore
proportional to the mass cuncentration of DOP in the

sampled air-stream, The DOP equipment consists of two parts,

DOP generator /Fig. 1/ and DOP detector /Fig, 2/

e
0oorP — —An
o i
O—= 3
/F
R
R
—
220V =)
Fig.l DOP generator
1 ~ filter, 2 - rotameter, 3 -~ temperature regulator,
4 - thermostat, P - pressure measuring, R - resistance
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Fig, 2. DOP detector
1 « light source, 2 - lens, 3 - DOP aerosel inlet
jet, 4 - DOP acrosol outlet jet, 5 - ray of light
to phétoeloctrou~mu1tiplicr, 6 - photoelectron

maltiplier, 7 - signal of evaluation

The test aerosol is formed by vaporization from DOP. The
conccentration of DOP aerosol is regulatcd by the temperaturc,
the vapour pressure and the DOP flow-rate. The optimal
concentration of the DOP acrosol is about loo /ug/f.

Using the DOP cquipument the rapid determination of filter
cfficiency is possible, The linear range of the DOP detector
system is 105. It is suitable for the investigation of hLigh
cfficiency filters, In the U.S.A a basic standard / 5_/
contains the application of DOP cquipment for the filter

investigation,

Flame -photomectric test

The method is based on the flame-photomelric determination
of differcnt alkaline-, and alkalince=~carih metals as sodium,
potassium, lithium, ctc,

During the flame-photomectric measurcments the solution of
the determinced compound is pulverized into a suitable
tecuperature flame, where vapour is formed and lhe compound
dissociates to atoms, If the flame has bhigh energy, the

atoms arc induced and the ground level atoms arc emitted,



The wavelenght of the cmitted light characterizes the
quality of the atowm, and there is a tight relationship
between the intensity of the emitted light and the
concentration /the intensity is in-direct ratio to
concentration/, .

The atomization and combustion processes are affected by
the same disturbing processes; so we have to work using

the same experimental conditions,

The advantage of the flame-photomeciric method is that

it is very scnsitive to small councentration of alkaline
and alkaline carth metals, so it is possible to determine
the concentration between the wide conceuntration ranges,
The method based on the usec of sodium-~chloride as test
acrosol was standardized in Great Dritain [—4_7. In our
modified method potassium=-chloride acrosol is used instcad
of sodium~chloride,

The cause of the changing is the following:

1./ There arc different sodium=—compounds in the air, and
these form the natural background of the determinations
/sometimes it means a bigh valuc/. Using potassium=—

—chloride acrosol the background has a very low valuc,

2,/ The Iungarian flame -photometer has a higher scnsitivity

to potassium=than to sodium=-atoms,

For the preparation of potassium-chloride test-aerosol the

folloving asscmbly wus used /Fig.3/. 2
E%
2\5_}_4_ ]

Pig.3. Preparation of potassium=chloride acrosol L—&_7

1 - rotation puwp, 2 = rcgulating cock, 3 - oil filter,
4 - rotameter, 5 ~ acrosol ycnecrator, 6 - spray
catcher, 7°= filter, 8 - filter
*/At the filter testing the first Millipore filtcr-housec
contains the investigated filter, the sccond one contains

the absolute filter/,
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For the preparalion of polassium~-chloride aecrosol an

acrosol-gencrator planncd by us was

used /Fig. & /.

Fig, &, Nozzle type atomizer aerosol-generator L5 7

2 -

1

stdel reserveir, 2 cover, 3 = screcw caps,
4 = polyvinyl-chloevide cup, 5 ~ air inlet jet,
6 -~ manowecter, 7 = nozzle, 8 — ucrosol outloet jet,

The acerosol-generator is suitable for

aqucous solution of inorguanic salls,

pressure air,., The cquipment consiutls

1 1o which a cover 2 is closcd by scr

equipment is pressure—-tight, Inside o

is a labyrinth formation, double wall

cup t which is suitable foy receiving

and for scparation of larger dropleils

form during pulverization, In Lhe axi

~

Lhe inlet

cup air jel 5, manometer O and nozzle 7 are pluced,
The I'iltered air, which enters through the 5 wmwm diameler
duct ot Lhe novzle sucks the sall solutlion Irom a central
capillavy, which has six "I'" Torms 0,9 mm diameter slits,

The sall solution is pulverized in

six radial,

screw cap for solution inlet

pulverization of

It wvorks with mediuwm
of a steel reservoir
ev caps 3. The

f the reservoir there
polyvinyl-=chloridec
loo wl of salt
and agglomerales which

5 of polyvinyl-clhloride

1,5 mm

diame ter tubes, and 1L leaves Lhe equipmenl aller multiple
impacls amd inversion is the menbioned labyrinlh systcem
trough the outlet jet 8, The sall solution is replaced throu
the ~ealed scrvew place Y which is on Lhe cover of Lhe alomsy
The acvosol gencrator pulvevizes o,7-1l,0 ml ol solulion per
manute depending on Lhe pressure ratios, In our experiments
3 ol aqueous potassim—chlovide solution was usced,

solulion

I

1



As it can be seen oon Fig, 5, two filters /7,8/ wevre uscd:
Che tivst was the favesticgoated Filter and the sccomd one

a ro—called "absolute"™ ilter, The velaived amount of Lest-
—acro~ol on these ttwo illevs were determined and rom Lhe
obhtained dala the efljeiency of the investigated Filter
could be ealculated,

1)

-

D

Riadioi~olopic

fracing method

When

Pavticalate Aiv/ Tillers synthetically produced,

‘.(‘h[ill,‘l

the removal

efliciency of HEPA /High Efficicuncy

submicron

disbributic

~ized and practically monodispersed particle size

radiovactive acrosols can be used as test acrosols citheyr for
examinalion ol the celficiency ol filter devices or to compare
ils results ol high sensitivity wilth the results ol olher
envisbing filter Ltesting methods,

tn Lhiis program a spark exited acerosol=-gencerator, o filter
test beneh aud radiomelric cevalualion method were developed

and used with proper results as lollows:

2,3.1 Preparation of radioactive test—-aerosol

For preparation of radioactive test—aerosols a spark-excited

generator was developed,

disperscd,

materials of high specific activity.
construction,

against radiation,

The equipment prepares finely

submicron size aerosol from the ncutron activated

Becaus

e of their

the radiatioa safety manipulator shielded

The spark.cxcited acrosol—-generator

prepares vapouar-—condensaled acrosols by the help of low

inteasilty and high voltage Tesla=current, which regularly

serves as an arc ignition of an emission spectrum analyser

instrument,

Por Lhe

size

aclivily of

rivlintion

wits developed whiech can work

in hot cell /rig,

radioactive

particles Lhe

eleclrode metals is
safety problems,

5/

Because

incresing of
necessary,

of it an

salislaclory scasitivity ol deleclion of submicron

specific
however 1L means

acrosol ~gencrator

by remole controlled manipulator
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Fir.5, The spark-excited aerosol generator
1 - box, 2 - electrode holder, 3 - radioactive
electrode, 4 - spacer strip, 5 - variable spacer
strip screw, 6 - high-voltage jointing,
7 - window, 8 - nozzle, 9 -~ condensation space,
lo - mixing buffle, 11 - input of dilution air,

12 - output of aerosol

During eoperation Lhe acrosol=generator is pul into a lead-
~aslle, it?s mass is 120 kg and it’s wall thickaess is

5 ¢m, The box 1 of spark excitalion is connected to the
removable lead plug of the lecad castle with suitable passeges,
/The removal of the lead plug is carricd out also in hot cell/.
Two, clectrode holders 2 lixed by screws are connected to the
cenlral hole of plastic house on both sides, To the electrode
holders wmushroom-shaped, radicactive elecctrodes 3 about

200 Ci g-l specific activity are fitted with flare nuts by
helping of manipulutor, After that we have to screw the
eleetrode holders with slotied manipulator %4 and so the exact
adjusment of the spark gap is possiblc by variable diamcter

5. During working the spacer strip plug is in

plastic plugs
back drawn position, Since il was made from insulant material,

it does not disturb the formation of bridge of spark,
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The spacer-strip plug is moved also by manipulator.

The power supply of the high-veoltage Tesla current was
connected by plug—in jointing sleeves g. The form of the

bridge of sparks can be perceptible through the plexiglass
window 7 at inactive experiments, The electrode metal
evaporated in the bridge of sparks is removed from the spark
gap by the gas strcam of chengecable bore diameter nozzles 8,
From the blowed out metal vapour of different particle size

and relatively monodisperscd aerosol is condensated depending
on the flow-rale o! gas in the D diameter condensation channel,
The larze size or coagulated particles arc incrtially separated
by the MTdimmncr mixing buffle lo put to the way of air Ilow,
The coagulation can he decrcased by Lhe conducting of dilution
gis intoe Lhe condensation space 11, The gas containing acrosol

removes from Lhe gencerator through the 12 exit hole,

Since in the spark=excited generator the adjusting air flow
deltermines the particle size, we have 1o choose the air flow
ol preparation and application separately, IFor this purpose
2~loo0 litres buffler tanks were used, At first they were
evacualed and then the acrosol prepared by discrete flow-rate,

was blown out by the necessary air flow of filtering experiment

Iuvestigation of aerosol filters by radioisolopic test method

The radioisotopic filter-test apparatus and method is useful
for highly exact determination both of fluid mechanical datu
ol different forws and different bLound filter materials and
for highly sensitive determination of their efficiency.

ln the following the test-method and its filter-test apparatus
is described, The essence of the test-method, the degree of
partition of radiocactive Lest aerosol is mecasured both on the
experimental filter and on the absolute filter-laid after

the experimental filter-by scintillation counter instrument,
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In the filter-test apparatus /Fig. 0./ the gas flow is kept
with Goo kPa /6 atm/ compressed air system A or inert gas

/nitrogen, argon/ vessel 1l or suction air B by vacuum-pump 1l5.

;w ] E:

———

Pig, 6, The rudivisolopic lilter=tesl apparulus

I = #as vessel, 2 = manometer, 3 =~ charcoul [ilter,

h = swilica gel filter, 5 = humidity indicator,

O = cevamic filter, 7 = pressure reducer,

& = rolameter, 9 = uwcruvsol-generator, lo = bLufler
tank, 11 = investigated lilter, 12 = wmicro-manomecter,
15 - absolute filter, 14 = air suction channel,

15 = vucuwm pump, 16 = heater=cooler heal cxchanger,
A = compressed air, B = suctioned air, ¢ - discharge,
D = blowing olf, E= joint of hcater=-cooler medium

The input air is purified by o0il trap filter containing charcoal
2 and ccramic filter Q. For the decreasing of vapour content,
specially when using gencerators working with carburation by
spraying, dricd silica gel column %4 was used for purposec of
decreasing of vapour excess, The colour change of silica geol
impregnated with CoCl,, /coball=chloride/ 5 indicates the
saturation of silica gel c¢column, IFor the adjusting and checking
of pressure and air flow-rate ol prelrcated air pressurec
regulators 7, manometers 2 and rolameters 8 arce used., The
constant pressure and flow=rate gas enters into the acrosol-—
~generator Y /sometimes for disturbing Lhe coagulation togcther
wilh dilution air/. From the generator the air enters into an
eviacualed, loo litres buller tank lo, Irom where it passcs

into a heal exchanger 16, The heal exhanger contains heating or

cvooling medium for the purpose ol temperature control, After that
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the acrosol reaches the filters in the experimental filter-hox
11, The air-resistance of experimental filter is measured by
differential-manometer 12, The acrosol which penctrates to the
cxperimental filter gets Lo the Soviet absolute filters type
rPr-15-35, The absolute filter works on the principle basis of
idea ol total flow air-sampling because of the two filters

~ ¢xperimental and absolutec = arc arranged in cascade system,
This kind of arrangcment of cexperimental and absolute filter
meets the requircments of isokinetic sampling /the mass rate

ol air flow is the same on both filters/. The activity
distribution betwcen the two filters characterizes the efficicncy
of the experimental filier. The pneumatic working, filter house
results in a quick closing, The D filtered air leaves through
the offtake air channel 15 of the 84 m high chimney to the
atmosphere /in the case of suctioned operating with the help

of vacgum-pump/; The draining of buffer tank lo the blowing off
€C is carried out on the underside of the tank., For the measuring

of radioactivity /exactly the count number, which is rational

to it/ of acrosol kept by the . investigated filter, a
2

spccific, high cross-sectional /2,5,10 m2/ lead castle was

made /Fig, 7/.

Pige 7: Special high cross=scctional lead castle
1 = cover, 2 = lecad column, 3 - scintillatioen
counter, " = filter sampling, 5 - ballast,

06 = cable Lo scaler

The cexperimental filters &t were placed about 5 cm above the
scintillation counter, Compressing the filter with ballast
the difference of ihe count-rate of.two sides of it Dbecomes
negligible, The scintillation counter is connected to a
scaler 0, The cover 1 of the lcad castle 2 is openable, its

inner diuameter is 180 mm,
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2.,3.53 Determination of filter efficiency

The total—flow air sampling /Fig.8 / is based on the cascade

arrangcement of the same diameter experimental and absolute

filter in a common filter house,

r

\4

A}

Pig, 8: Total-flow ary sampling method

It is characteristic, that the same quantity of air flows
through 3 both filters with the same mass rate, so the
sampling is isokinctic,

The count rate of acrosol deposited. on the experimental
filter /I, / can be measured directly on the filter and to
comparc to the count-ratec of penetrated aerosol separated

Ly the following, so called absolute filter /Ia/'

The count-rate /Ib’ Ia/ is proportional to +the concentration
ratio before and after the experimental filter %0 it means

the changing of the aerosol concentration before and after the
filter /Cb, Ca/' Using the total flow method we get the wvalue
of rcmoval efficiency /retention/ of experimental filter /R/

in the following way:

Cb- Ca C Ia
R = T =1 - < = 1 - 5
b b b
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rom the next cquation we can get the penetration of the

investigated filter /D/,

As we had a great number of cexperimental data, the calculations
were made by computer, Certainly, the removal efficiency of
used absolute filter is smaller than one, so we can correct

the measured results with the following loss factor:

By our mecasurement in the casce of two layers of absolut type
filter FPP=15-3 the deficit is less than o0,0025%, so it is

negligible,

Comparison of the results obtained by the three test methods

/DOP, potassium—flame-photometry and radioisotopic tracing/

The results of the experiments using the above mentioned thrce
testing methods were given in details in our previous report
g P

/see ref, 2 /., In Table 1, these results are summarized.

From the data of Table 1 it can be seen that the filter
efficiencies determined by different methods are in agreement
within the experimental error. The most accurate results

were obtained by the DOP test and the radioisotopic method.
Using the mentioned mcthods the determination of a small
amount of the test acrosol was carried out with high accuracy.
Summarizing the application of the three filter test methods

we can establish the following:

a./ The DOP test is a traditional method and it is useful
Ior fast and accurate determination of filter cfficiecncy.
The applied test acrosol is a cheap commercial product,
The cost of Lhe DOP gencrator, the optical unit and the
service 1is relatively high, The operation of the cquipment
is very simple, The equipment is applicable for |
determination of the efliciency of diffcerent lilter

cquipmentls and to carry outbl leakage measurcments too,
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Table 1:
Comparison of fllter efficlencles determined by different methods
80 m3w2n-1 160 mdm-2n-1 240 m3m~2p-1 320 m3n-2p-1 400 m3m-2n-1
DM _
DOP FP RT DOP FP RT bop Fp RT Dop FP RT DoP FP RT

Dexiglass 10% (min) {84,011 82,410 | 83,416} 82,054 | 80,347 | 81,319] 80,310 | 7/,942]179,537] 75,304[74,317 [ 74,315} 73,410 | 71,410 | 70,009
3737 ’

Dexiglass 35% (min) }|98,543] 97,013 | 98,113} 96,917 ] 95,792 | 96,452 94,927 | 93,790] 94,265] 92,994192,430 | 92,313) 91,990 | 91,372 | 91,456
3903

Dexiglass F601 (min) 99,100 | 98,091 | 98,649 98,642 § 97,709 | 98,013 | 98,131 | 97,631}97,384} 97,221197,212{ 97,039] 96,989 | 96,840 | 96,649
3938

Dexigless 15% (min) [86,417 | 84,142 | 85,419 84,317 | 82,070} 83,984} 82,093 | 79,752; 81,421} 81,120}78,310 ) 80,316} 79,710 1 72,007 | 78,069
3939

Dexiglass 92% (min) }99,893 | 99,477 ] 99,842 | 99,843 1 99,271 ] 99,713] 99,720 ] 99,152} 99,609 | 99,650{98,853 | 99,403 99,317 | 98,614 | 99,104
3937

Dexter 99.99% 99,997 1 99,993 [ 99,995 99,997 { 99,990 | 99,993 ] 99,646 | 99,950| 99,416 | 99,454]99,917 | 99,223} 99,242 | 98,897 | 99,001
C 1236

Dexter 99 ,996% 99,998 ] 99,994 ] 99,996} 99,899 | 99,899 | 99,844} 99,713 | 99,642] 99,645 | 99,598[99,433 ] 99,511} 99,530 | 99,193 ] 99,430
C 1506

Dexter 99,995% 99,997 199,993 ] 99,996 | 99,717 ] 99,990 | 99,643} 99,550 | 99,405] 99,447 | 99,380199,197 | 99,221} 99,100 | 99,002 | 98,999
2080 5 N SN

Dexiglass 99,97% 99,983 | 99,971 | 99,975 9§,907 99,874 § 99,813 99,7541 99,710] 99,621 | 99,613199,571 | 99,459} 99,472 1 99,310 { 99,300
3913 (max)

Dexiglass 99,97% - 199,980 } 99,965) 99,978} 99,873 } 99,8421 99,811% 99,743 | 99,711 99,700 | 99,680]99,540 | 99,600} 99,468 | 99,316 | 99,015
3905 (max)
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Table 1 (Contd.......)

80 m3m—2p-1 160 m3a~-2n-1 240 m3m~2p-1 320 m3m-2p-1 400 m3m—2n-1
DM
DOP FP RT DOP FP RT Dop FP RT DOP FP RT DoP P RT
Dexiglass *]199,97% {99,982 } 99,944 | 99,963 | 99,846 § 99,791 |} 99,659 | 99,635 | 99,616]99,442} 99,546}99,432} 99,370 } 99,411 ] 99,190 | 98,917
3907 (max)
Dexiglass 99,98% 199,985 | 99,970 | 99,975 99,837 199,907 § 99,714 ]| 99,704 | 99,864]99,547] 99,503]99,641} 99,199} 99,307 | 99,312 ] 98,614
1397

GDR I¥ - 99,810 § 99,635 | 99,7151 99,710 | 99,483 | 99,543 | 99,481 | 99,194]99,280] 99,297]98,732] 99,009 | 98,997 | 98,431 | 98,632
GDR 1IX - 99,963 | 99,944 | 99,975 99,835 199,817 | 99,714 } 99,726 | 99,584}99,529] 99,584]99,278] 99,316 99,294 ] 99,013 | 99,042
RA, XX - 99,742 199,574 | 99,852} 99,691 |99,254 | 99,613 ] 99,53/ | 99,035]199,469] 99,405198,714 | 99,3117 99,230 ] 98,341 | 99,005
Delbag - 94,743 194,313 ] 94,516} 94,033 | 94,001 | 93,205 | 92,873 | 93,547]91,017] 90,327] - 90,016 | 87,882 - 89,836
.Multiglasgs 60
Delbag - 99,947 §99,872 | 99,937F 99,925 {99,732 §98,916 | 99,536 § 99,505]198,728} 99,270 - 98,3421 99,012 - 98,216
Multiglass 95

DM values given by manufactures

FP flame-photometric method

RT radioisotopic tracer method

DOP poP method .

x filter made in GDR

xx filter made in Czechoslovakia




b,/ The (lame-photometric melhod

.

9

is also a traditional filter
test technique, It is usceful for investigation of filter
layers, The potassium~-chloride test acrosol is dissolved
from the surlace ol the filter and the solution is
analysed flame-photometrically, This procedurc has the
longest sampling time, about lo-15 minutecs, The cost of
the flame-photometer islaverage. Maintenance of the
cquipments is necessary only occasionally, The disadvantage
of this laboratory method is, that it is not suitable to test

the efficiency of large scale filter equipments,

c./ The applied fadioisobopic tracing method was developed
in our Department, The equipments /spark-excitcd aerosol
generator, centrifugal aerosol-spectrometer ectc/ were
made by us, The cost of the equipment is relatively low.
The sampling time is short., The obtained result is
very exact because the method by which this small
amount of test aerosol is detectecd is very sensitive,
The method is useful for cxact determination of the
efficiency of filter layers, As the method is highly
sensitive, it is well applicable for investigation of
IIEPA filters, The disadvantage of the method is that the
test is based on the use of radiocactive aerosol, it is
nolt uscful for invesitigation of filter equipments and

for leakage measurcments,

Eaxperimenis carvricd out during the cxtended period of the

rescarch contract /1982/

The ftilter tesxts were extended for comparison Lo the unificd
airv—velocily ou the reference filter samples received from
Uh as a participant of the Coordinated Rescarch I'rogram
Jitccording to the decisioun of the 2ud NMescarch Coordination
Meceting held in Vienna, 8-lo December 19Y8o/,

The use ol the previously applied DO, flame-photometlric

and radioisotopic filier test methods were cxtended to the

scale of rig tests on various HEPA filters,



h,1 Efficiency test on UK filter No,l. using radioactive tracing

me thod

The filter samples were received from the United Kingdom.
These Lypes of filters were carlier distributed in various
Europcan and U,S.A laboratories to be tested by different
particulate tcst methods in the frame of a C.E.C organized
comparison study /Ref. 5 /,

Thus our filter namcd UK No.l.corresponds to the filter
sheet grade No.l.in Ref, 5

According to the decision of the 2nd Research Coordination

Mceting /Vienna, 8-lo December 1980/ the experiments were

made at linear air velocities between 2 - lo cm/s, The
pressurc characteristics of the tested filter detcrmined

parallel to the efficiency tests are shown in Table 2,

Table 2 : Pressure characteristics of the UK.No.,l., filter

samplc

lincar air-velocity pressure drop

/Pa/

m/h cm/s

8o 2,22 lo8
lbo il 2106
2ho 0,00 5353
520 3,88 9o
hoo 11,11 805

The efficicney test were completed by the radioisotopic
tracing method desceribed cavlier in this repoxrt, The

results of Lhe cexpeviments ave shown in Table 5.
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Table "3 : Removal efficiency valaes determined on UK No,l

94

filter sample by radioactive tracing method

- - o —— - —— -

linecav aiv-=velocity Efficiency

m/h cm/s %

8o 2,22 99,985
160 "y h't 99,987
20 '{),66 99,991
520 3,88 99,990
oo 11,11 99,990

The efficiency values seem to be independt of the linear
air velocity within the experimental error and show a
sufficicnt goodl agrcement with DOP values for the same

filter sheet in Ref. S

Rig tests using DOP, potassiumflame —photometric and

radioactive tracer methods

There ave three levels of testing JIEPA filters: a,/ testing
of small samples of the filter medium in laboratory scale,
b,/ Lesting of the whole filter thesc are the so-called

"rig Lests"™ and e¢./ on site or in silu testing of the complele
tilter installation before puttiug into operation and later

for Lhe purpose of periodic control,

The aim of rig test is Lo determine the cefficiency of the
coaplele fillev including the cfficiency of the filier medium
and Lhe effects ol possible damage of the medium while
manutfacturing, transportiug, gasket lecaks or inadequate
tightening inside of the filter housing, Three different
[ilters proJduced for nuclear power statioa were investigated
in a rig lest installatioa, All the three filters were tested
by potussium=flame-photounetlric wethod, and radioisotopic
tracer methol using &2K radioisolope as tracer, The DOP
mothol was applicable lLor one of the filters oaly, having

a filter media of glass fibre, while the synthetic media

of the two other filiters became damaged by di-octyl-phtalate,



2,1 The tested tilters

All the three tested filters were constructed for the

nuclear power station with reactors type VVER 4o, The filter
media in the filter No,l was glass fiber at No.2, and No.>3.
perchlorvinyl type synthetic fiber, type FPP 15-45. The
nominal valuc of air flow for filter No.l was 500 mj/h,

for No.2. looo m°/h and for No.3. 3000 m”/h.

.c-
.
[ =]
.
o]

Rig test equipument

The scheme of the rig test equipment is shown on Fig. 9
In the case of potassium—flame -photometric method and

DOP samples were taken from upstream and downstream ducts
by the help of pump, The distances between the sampling
points and filter housiug were lo D in the upstream duct

and 53D in the downstrcam duct, wher D is the duct diameter,

/

7 -

Fig., 9.:

Schematic diagram of particulate filter test rig

1 - filter to be tested; 2-3 - upstream and downstream mixing baffles

% - sampling points; 5 = change=-over valve; 6 - air pump type Millipore;

7 — digital flame-~photometer or DOP detection system; 8 = adjustment of

air flow; 9 =~ potassium-chloride - or DOP-anerosol generator; lo - ventilator;

A = pathway of test aerosol; B - compressed air duct; P - pressure gauges
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The upstircam and downstream air samples were then directly
bop

generators were the

analyzced cither by I[lame-photomciric or detector,

Bolh polassium-chloride and DO’ acrosol

same as described carlier /chapter 2,/

lu the case of radioactive Lracer method the 5% solution of
IR
KCl labelled with 0,2 GBq/ml UK was put into the acrosol

generalor, Upsiream and downstream samples were collected

in calibrated absolute fillers and measured by conventiional

vadiome tric method /Nal scintillation detector and scaler/.
The reason ol using Lhis method instcad of the spark-excited

acrosol generator was Lhat the filter Lo be tested should not

be contaminated

wilh

Long=ltived radioisotopes as

( [y
l)'311'.

Lo
the olher hand the use of '“R /Tl/° =12,hh/ in the same

acrosol generator provided the
.accuracy of the potassium-flamec-photomectric method, However,

some preliminary experimentis were carricd out using ncutron

!
activated

opportunity to control the

(O S U . .
Cu as c¢lectrode metal in spark-cxcited aerosol

O/
geunerator, Siuce "!Cu has rclatlively short decay time

/,pl/.) =12,8 h /, in the casc of positive results this method

can be

h,2,5 Results

ol the rig

tests

The

Table &% :

resulls of the

Tig

applicable for rig tesls too.

tests are summarized in Table 4,

DOP and radioactive tracer methods.

Efficiency values dectermined in rig tests by potassium-flame-photometric,

! flame -photometry bop radioactive tracer
filter I
air—flow elficiency air=-flow I efficiency air-flow efficiency
= - ' -
m?/h % m’, h % n’/b %
276,2 99,940 300,0 99,918
No, 1. 526,3 99,958 572,35 99,877
& 017 997()27 ‘lijb 99;855 200 991936
/51223/ 606, 3 99,893 387,9 99,852
76%, 99,8062 688,8 99,870
748,53 99,808
562,2 99,817 362,2 99,991
N '2. 5°§11 9(),707 -
° 625,1 99,722 625,1 99,987
/synthetic 778,7 99,7062 7787 99,971
103039 99,359
1196,7 99,0640 1196,7 99,952
37 15 99,807 400’0 99’982
No. 3. lobo, o 99,786
. ; 1517,8 99,715 lo4b,o0 99,965
/synthetic/ 2501, 2 99,743
2972,8 99,685 2972,8 99,954
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5. Some problems of selecting the most proper filter—testing

method

Seclecting a proper testing method from the view point of

a filter we have to take into consideration the following:

a./ Properties of the filter /size, pore size, material of

ihe matrix, etic/

b./ Propertics of the test acrosol /diamcter, cffect on the
filter, ctc/
¢./ Reproducibility of preparalion of test aerosol

do/ The time ol sampling and the analyses; the type
of Lhe oblained resull /directi or indirect/; accuracy

and reproducibility of Lhe result

¢./ The costl of Lhe equipment and the maintenance,

Al tirst we have to know Lhe pore size of Lhe filter, In

the case of NEPA Filters it is very small, ounly monodispersec,
small diameleyr lest acrosol can be used, To achieve acceptable
resulls the correct analysis ol tLhe Lesl acrosol /particle
size distribulion, average diameter/ is necessary.
Conscquently fov investligation of HEPA filters only the

DOP acrosol and the radioanctive iridium=192 acrosol are
suitable, The othcer Lest acrosols are heterodispersce ones,

and their medium diameter is variable /e.g uranine

D =
ma X ax
acrosols which have larger diameter can be used for

o,lS/um, methylene blue D = o,b/um cte/. The

investigation ol other Lypes of air filters, prefilters,
I'ex the investigalion of filters the rcproducible preparation
of the test acrosol is very important, So we have to know
Lhose experimental conditions which have aflfect on the
propertics of the formed acrosol, Usually the air pressure
is the most important of them, but we have to take into
consideration the special requirements by aerosols, as in
the casc of iridium-192 acrosol the distance between the
electrodes of the spark-excited gencrator, in the case of
potassium—chloride, sodium-chloride and methylene blue
acrosol the concentration of the solution ctec,

In practice often a scries of filter—-testing is necessary.
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In this casc the sampling time and the time of the analyses
are very important factors, The DOP cquipment requires the

longest warming=up period /45 minutes/, the others require

the usual warming up period of an clcctrical instrument

/15-20 minutes/. The sampling time and the analysis time

are

1-2 minultes when using DOP tesi or radioactive tracing

me thod, In the case of olher methods Lhe sampling time and

especially the analysis time ave much longer except for the

radioisolopic Lracing method,

The

cost and the necessary servvice of the filter-testing

cquipment were described in Ref.2,

We

proposc

to give the following data of Lhe tested filter:

a./ Material descriplion /materialy, binder content, tickness,

b,/

c./
d./

I'ox

pore size, basis weight/
Piltration eflicicncy /Jdelermination meithod and the size
ol the used aerosol, cfficiency with the filter-load/

Pressure drop /changing the air-resistance via filter-load/

Dithers: water repellency, /sometimes resistance to

chemical gases/

investigation of IEPA filters we have to make laboratory

test and plant control /so called "in silu" measurcment/,

./

L./
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Laboratory test: At the determination of filter cfficichney
we use only a sample material. We can propose the
application of the radioactive tracing method /application
of iridium-192 isotopes/ because of the high accuracy of
the test, /Certainly at the beginning of the measurements

we deiermine the pressurec drop of the filter sample/.

"In situ”™ test: In the case of "in situ" test usually

the DOP test is uscd. By the DOP test the total efficicncey
of the filter system is mcasured, We have Lo take into
consideration the possible loss due to the leakages,

Lhe condition of the gasket scales ctc. Sometimes the
sampling on the optimal place is difficult. So

the obtained cefliciency characterises the filter system

but not the liller ilsclf, We have Lo investigale the



leakage ol the filter system sceparalely., Taking into
account the above menlioned problems the method provides

correclt results,

In Lthe future we wanlb Lo give a proposal for the sclecting
the suitable filler lLesting method, 1t was shown carlicer

/ Ret., 2/ Lhat the filler etfficiency depends on the humidity
ol the air and the temperalure in a lol ol cases, We plan

to carery out Lhese experiments using the described method

in the progress repord,

Summary

Oar Departmenl had a resecarch program coordinated by the
International Atomic Mnergy Agsency int he field of testing
particulate filters, The program had three periods,

AL lirst a radioisotopic Lracing meclhod was developed by
the Department, The cqﬁipmcut ol Lhc method was designed
and mide by us, The analyses of the radioactive iridium-192
tesl acrosol were also carricd out. The cfficicncy of different
Tfilters was determined using radioisotopic tracing method,
This part ol Lhe rescarch work was reported in 1980,

In the sccond part of the rescarch program two tradibional
Lliltexr test methods were compared to the radioisotopic
tracing metihod,

The received DOP cquipment and the potassium—flame-photomecter
wvere sct up and calibrated,

Determination of cefficiency of 17 filters was carried out
using the radioisotopic tracing method, DOP test and
potassium-flame~pholometric methoed. /The experimental
conditions werc the same/,

In Lhe Lhird period the filter tests were cextended on the
reference filter samples rececived from UK for comparison

to the unificed air velocities, and Lhe DOP, [lame-phtltometric
and radioisolopic filter tesl melhods were applied in rig
lest of indusirial scale HBEPA filters,

The results of Lhe Lhree methods were comparced, The cost,
the scervice ﬁnd the accuracy of the methods were also
compivred, .

Some problems of the selecting ol suilable l'ilter test

me Lhod were summarized,
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5. DISCUSSIONS AND COMMENTS

In the considerations in introduction we have broken down the test of the
HEPA filters in three categories. The same considerations may be used for the

general discussion of the research carried out by the investigators.
5.1 Filtermedium Tests

Two groups of the investigators carried out research in this field. It
was stated that capture mechanisms during filtration are influenced through
physical properties e.g., particle size and shape, specific gfavity, the
velocity of the particles, their electric charge and also their chemical

properties,

The penetration of a filtermedium can be relative to the number or mass
or radioactivity (if the mass is not proportional to activity). Values of
penetration are strongly dependent on the test method and characteristics of
that method (aerosol generation and detection). Research to discover
conversion factors that would make possible conversion of filter penetration
measurements made by one method to equivalent values when measured by the
other is only possible after 'investigation of the characteristics of the

aerosol and its detection method.

Determination of the particle size distribution is important from this
point of view. Two of the research projects were concerned with that
problem. In the investigations of the group of Mr. Ullmann, particle size
distributions were determined for the test aerosol. This group stated that
the results of different test methods may differ considerably. This was also
investigated by Dormann [5.1]. Nevertheless the work of Ullmann shows that
the deviations between different methods are mainly due to the different
relevant particle size distributions. The aims of the filtermedium testing

are:

- determination of characteristic filter properties. The knowledge of
this penetration vs. particle size curve can lead to a better
understanding of the filtration process and development of new

filter media;

- determination of the penetration vs. particle size curve also allows
the calculation of the total penetration for a selected method for

filter medium production control purposes.
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The use of particle size dependent detection methods allows to determine
the penetration vs. particle size curve. One of these instruments is the
scintillation particle counter [5.2] (Ch. 4), the lower limit for particle size
is 0.03 /UM nevertheless this imstrument can only evaluate sodium

containing particles., (NaCl, or uranine CZOH10Na2)'

Another instrument used for the evaluation of particle size was the laser
particle spectrometer (De Worm ch. 4). Although this instrument was not used
in filtermedium test it enables obtaining the particle size distribution over
the size range 0.09 - 3 Jum (calibrated with latex particles, the liquid DOP
particles have very similar response due to the little diffefences in
refractive index). Particles with other refractive indices can be used.
Nevertheless one should be aware that for this particles the obtained size is
the "equivalent diameter" i.e. the size of a sphere of pre-determined
refractive index (latex particles n = 1.5905) which gives the same pulse light
as that for the actual particles (for DOP or DEHP n = 1.4850 the index does
not deviated so much in comparison to latex [5.3]. Calibration of the
instrument is possible with a mono-disperse aerosol with the same
characteristics as the actual one but this is a rather intensive work.

Once this penetration curve is obtained one can use every test aerosol
with measured size distribution and this allows the determination of the total
penetration with the specific detector. In this way one can determine the
quality during production of the filtermedium. Nevertheless every test method
will supply other figures. We refer to the research of Hirling and Ullmann,
The method used for medium testing should be well standardized as to obtain
reproducible results. Comparison between different laboratories may give
different values but this is mostly due to differences in the particle size
distribution of the test aerosol or some differences in other physical

characteristics like electric charges.

Ad justment with a least square method to a power function of the results
of penetration in function of face velocity of the filter medium permitted to
. . -b .
obtain the relation - log p = a v (p = penetration value, v = face

velocity in cm/s, a and b are constant) (De Worm Ch. 4).
As conslusion of the filtermedia tests one can state that it is important

to"determine on a regular base during the production the penetration vs.

particle size curve. A standardized method using an aerosol with determined
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size characteristics should be used for quality assurance programme. All the
developed methods are equivalent to each other for that purpose (see Hirling,

Ullmann, Ch. 4, Dorman [5.1]).
5.2 Rig Test Methods

The purposes of the rig test were necessary to assure the quality of the
filter as a unit, (filter medium, sealing method, frame, gaskets). The methoa
to be used by the investigators for that quality assurance programme may be

different from that of the manufacturer for the filter medium.

Nevertheless one should again emphasize the importance of the
determination of the particle size distribution of the test aerosol. The
different researchers in the co-ordinated programme developed to some extent
the determination of this particle size distribution and the influence of the
working parameters on this distribution (see De Worm Ch. 4). Special care has
to be given to the lay out and construction of the test rig, in order to
obtain a good mixed aerosol cloud. Sampling has to be performed in the sense
to obtain a representative sample of the aerosol cloud. (we refer to Phe

research of De Worm, Hirling and Khan). -

The determination of the penetration vs. particle size curve 1is
important. The capture mechanism still depend on particle size, shape,

specific gravity, electric charge, and physical state (liquid or solid).

There is little difference between all the test methods when there are
known leakages. Nevertheless when there is a particle size depending
separation (filtration, very small leakpaths) one obtains different results
depending on the aerosol size distribution. The size distribution of
the aerosol may be different depending on the goals. If this goal is to
obtain a penetration-particle size curve then one should have a poly-disperse
aerosol over the size range below 0.1 and up to 1 Jume If the goal is
rather obtaining the total penetration then a more challenging aerosol should
be used with the majority of particles in the range 0.05 /um and less than

0.3 jum size,
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In case of laboratory testing the feasibility of the method depends on:

- reproducibility: This implies especially the aerosol and thus the
parameters governing this generation e.g. air supplies pressure,
salt concentrations, nominal volumetric air flow through the filter
unit;

- no changes in the filtration characteristics through clogging. This
feature may have a different sense for liquid or solid aerosols;

- The selectivity is more important for' the total penetration methods,
where the use of a more challenging aerosol is important (French
uranine test method De Worm, HCl or NaCl Hirling and Khan, and a
metal evaporated condensated aerosol with very special
characteristics Hirling);

- Sensitivity, this property depend rather on the detection method and
can be very high for certain methods like laser spectrometer 10
or radiocactivity measurements (De Worm and Hirling);

- Limitations of test conditions: Both aerosol and detector are
important. More severe conditions of temperature and humidity are
needed (It was observed that DOP was still useful at 80°C, the
uranine at higher humidity as 80% (De Worm).

One can conclude from the experience obtained in this co-ordinated
programme that all methods are equivalent (see the different investigations).
The polydisperse DOP used with the forward light scattering photometer
nevertheless is not a suitable methodology. It is merely a leak testing
method, and provides a reasonable and often conservative measure of the true
performance for the test aerosols. The American Standard Ql07 penetrometer is
more convenient; the laser spectrometer seemed also more suitable for the

assurance of the monodisperse aerosol as the Owl, in this methodology [5.4].

One has nevertheless some advantage taking the same aerosocl for the
in-situ tests otherwise it will be very difficult to compare the figures

obtained from the rig tests with those of the in-situ tests.
5.3 1In-Situ Test Methods

Particle size distribution is perhaps a less stringent condition because
one is looking for leaks (leaks in the seating of the gaskets, leaks through
damage of the filter medium, gaskets or filter frame, leaks through by-passing

through the dampers). The in-situ method is the quality assurance for the
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filtration system at the commissioning of the nuclear plant or after

periodical invervals,
For in-situ tests, the supplementary features are:

- each of use: some methods have draw backs; the more complicated the
methodology is, the more skilled operator 'is needed;

- speed in obtaining the results is concerned mostly with the
detector, light scattering methods and flame photometer were anyhow
very suitable;

- minimum cost: we can refer to the review given by Dorman for the

different methodologies [5.1].

At present the designers of the gas treatment units are constructing very
compact units for economical reasons. This filtration system consists of a
HEPA-charcoal absorber - HEPA-assembly, sometimes preceded by prefilters and
demister units. A further trend is to replace the rig and the in-situ leak
test through one test at the nuclear plant. With the present single laser
particle spectrometer it was possible to assess penetrations less than 10-6
for the 0.09 - 3 /um light scattering size range. The draw-backs of the
laser detector methodology, as investigated by the group of De Worm (ch. &)
were: the very high investment costs, fragility of the ianstrumenation,
requirements on the qualification of the operators. The problem of extraneous
particles downstream can be overcome by using a fluorescent tagged aerosol

together with a fluorescent laser detector.

The general conclusion that can be drawn from this co-ordinated research
programme is the difficulty to have one standard method. Nevertheless one
should use the same methodology for rig and in-situ testing. In this way one
relies always on the same reference method. The parameters of this reference
method are to be established. The reasons not to recommend one standard

method are:

- economical, most groups have already established their test methods;

- incompatibility with material properties specific for the nuclear
plant or prohibition through the authorities e.g. incompatibility of
DOP and synthetic filter media, sodium chloride and stainless steel or
the hydrogenflame burner in exhausted gas streams containing hydrogen;

- 1impossibility to change through national regulatory guidance.
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The present conventional test methods are adequate for nearly all
requirements, but in the case of extremely high efficiency systems or

compact systems the laser spectrometer methodology seems promising.
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6. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK

One of the major conclusions of the co-ordinated research programme was
that it was not possible to recommend one method as a reference method for in
situ testing of high efficiency particulate air filters. Most of present
conventional methods are adequate for current requirements. The reasons why
no method is to be recommended were multiple, ranging from economical aspects,

through incompatibility of materials to national regulations.

It was concluded that national authorities should be dissuaded from
presenting a specific test method; regulations should be limited to presenting
the air cleaning units. Indeed introduction of specific methods into
regulations may discourage scientific research. This would be an unwelcome
effect, as the field of testing and monitoring of off-gas cleaning systems at

nuclear facilities is still in full development.

The participants in the co-ordinated programme agreed that a training
course should be promoted to assist in the development of expertise in
developing nations. This training course with a duration of fourteen days,
should cover all commonly used filter test methods presented by experts; the
course should include experimental work allowing the participants to compare
for themselves the practical as well as the theoretical differences between

the various methods.

In the field of aerosol filtration there is an insufficient knowledge of
the filtration and retention of particles in the size range below 0.1 micron.
More scientific research has to be performed. Sponsoring basic filtration
research is one of the keys to the development of more effective and more

reliable filters for accident conditions.

The retention of filtered alpha-active particles is a problem of concern
for the high efficiency particulate air filtration for some types of nuclear
plants (plutonium fuel plants, alpha waste incineration, reprocessing
plants). For these nuclear plants, the most radio-toxic challenge offerred to
the air cleaning units are plutonium or other transuranic materials in a
finely divided state. Research should be initiated to clarify the mechanism
of filter penetration by such nuclides. A number of filters mounted in series
is an inadequate remedy, because a particle which has been penetrated the

first barrier, may easily penetrate the second one.
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More effort should be given to the assessment of the behaviour and
formation of aerosols and iodine forms during abnormal (accident) conditiouns
at all nuclear facilities and more precisely to the combined effects of

accidents.

It was the wish of all participants that further scientific
investigations on the general theoretical and experimental basis of filtration

and adsorption, under normal and accident conditions should be performed.

The problem of ageing of the air cleaning units is important enough to

promote further research both as regards HEPA filtration and iodine adsorption.

Currently tests are mostly performed on new units; there exists little or
no information for aged HEPA-filters under normal or accident conditions and
there is a lack of information on combinations of severe conditions (high
humidity, chemical, particulate loading etc...). These tests should be

performed both on the filter medium and on active filters.

The same problems of ageing exist for iodine adsorbers; the long term
behaviour of iodine adsorbed on charcoal has to be established. Because of
such practical difficulties a number of methods will continue to be used in
the foreseeable future and it is therefore important that in order to be able
to compare the standards as defined in terms of one test method with those
applied with reference to other methods. Although not all participants in the
intercomparison programme had a means of establishing the granulometry of the
test aerosols or of deriving the filter media penetration curves - two forms
of information essential to a quantified explanation of results obtained by
different test methods - nevertheless all were able to benefit from a

qualitative understanding of the differences found.
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