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ABSTRACT

In the frame of a CEC program concerning studies on the
behaviour of aerosols produced in sodium fire (CONT Group), a test called
TVMA was projected* for the purpose of comparing code calculations with
experimental data. The test took place on May 17, 1988 at the CEA CEN-
Cidarache. CEA looked after execution of the sodium pool fire and the main
parameter measurements. A British (UKAEA) and an Italian (ENEA) team
participated in the test with the aim of carrying ut measurements n
aerosol parameters.

The main results obtained by the ENEA team using its own
instrumentation, concerning m ass aerosol concentration, granulometry
and morphological analyses of particles, are reported. The dynamic shape
factor for particles in the aerodynamic range 1.9 - 7 p. as evaluated by
measuring geometric particle sizes after their aerodynamic separation, is
also presented.

RIA SSUNTO

Nel quadro del programmar europeo di ricerche sul
comportamento di aerosol prodotti in fuochi di sodio (gruppo CONT) ~ stato
progettato un test denominato TVMA con lo scopo di confrontare i codici di
calcolo con risultati sperimentali. Ii test ~ stato effettuato i 17 maggio 1988
presso il centro del CEA di Cadarache. L'equipe francese- ha curato
1'esecuzione del fuoco di sodio in pozza e la misura dei principali parametri
termo-fluidodinamici e relativi' all'aerosol. Altri due team, uno inglese
(UKAEA) e uno italiano (ENEA) hanno partecipato. all'esperienza con lo
scopo di effettuare misurazioni sull'aerosol prodotto.

Nel presente rapporto vengono presentati i principali
risultati ottenuti dal team ENEA, con 'uso di strumentazione propria,
relativi a concentrazione in massa dell'aerosol, granulometria dello stesso e
analisi morfologica delle particelle. Sono' riportati inoltre i valori dei fattori
di forma dinarnici, nel range aerodinamnico 1.9 - 7 pm, determinati
misurando le dimensioni geornetriche delle particelle dopo la loro
separazione aerodinamica.
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1. INTRODUCTION

In the frame of the activities of the Containment Expert
Group (CONT) of the Fast Reactor Coordinating Committee of the
European Communities a specific activity was carried out with the
purpose of comparing and validating both the experimental
techniques and the simulating models concerning the behaviour in
closed environment of aerosol produced during sodium fires. In
1982 a workshop on the aerosol sampling methodologies took
place in Karlsruhe, with the participation of several European
laboratories (CEN-Mol-Belgium, CEA-Cadarache-France, CEA-
Fontenay-aux-Roses-France, KfK-Karlsruhe-Federal Republic of
Germany, ENEA-B ologna-Italy, UKAEA-Winfrith-United Kingdom).

The results of the various tests performed during the
workshop were discussed later in ad-hoc meetings and published
in a specific CEC report (Intercomparison Test of Various Aerosol
Measurement Techniques, EUR 9203 EN, 1984).

At the same time a group of European specialists,
integrated by Japanese contributors, performed a comparative
study of the computer codes used to predict aerosol behaviour
(Comparison of Sodium Aerosol Codes, EUR 9172 EN, 1984).

These activities permitted the expert group to stress
the validity and limits both of the experimental techniques and
the above-mentioned computer codes. The aerosol used in the
tests was that produced during sodium fires, but many results
could be extended to other situations. The Italian participation,
documented in the cited report EUR 9203 EN, was substantially
addressed to the experimental aspects, but also with a strong
interest in understanding what modelling methods can provide.

Thus, there arose the need to participate in an
experiment in which computer models and experimental results
would be compared. This experiment, based on a sodium pool fire
(TVMA test), took place at the CEA. CEN-Cadarache on May 17,
1988.

The Italian team participated in the test, by using its
own instrumentation,. side by side with the French team and an
analogous British team (UKAEA Winfrith).

The French group, which had the responsibility of
managing the experience, cured the aerosol source, the thermo-
fluidodynamic measurements, and a series of determinations
concerning the aerosols and their composition.

The aims of the Italian and British teams, besides the
determinations connected with the aerosol concentration and
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granulometry, were mainly addressed to investigating the
dynamic shape factor and morphology of the particles.

The main results obtained by the Italian team are
presented in this report. It must be noted that the text, except for
a few editorial modifications is the same as that already sent, in
two separate parts, in July and December 1988, to the CEC
responsible for the CONT group.
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2. SCHEDULED CHARACITERISTICS OF THE TVMA EXPERIENT

Test characteristics were chosen among a series of
proposals made by CEA who also performed all the pretest
cal culgtions concerning the trend with time of the main
parameters ()

The main scheduled characteristics of the test were (2):
- pool fire in a 400 m 3 vessel (PLUTON);
- pooi surface 1 M2

- sodium amount 100 kg
- sodium initial temperature 550 C
- fire duration 90 minutes, followed by forced
extinction 

- maximum aerosol mass concentration in the fire
steady state : about 10 g/M3

-total duration of the test 10 hours after fire
extinction.

The forced extinction of the fire 90 minutes after the
beginning simulated a source with a well-defined aerosol emission
rate during the steady phase of the fire, and set this source as the
origin of an aerosol concentration phase decreasing with time.

The 10 hours of the test permitted comparison of code
calculations and experimental data over a long period of time.

TVMA test instrumentation

The instrumentation used by the CEA equipe had the
purpose of measuring, inside the PLUTON vessel (3):

- gas pressure and temperature
- oxygen concentration
- sodium temperature
- wall temperatures 

and to investigate aerosol behaviour, i.e.
- aerosol sedimentation, both in terms of total mass

deposited on the floor and of the deposition rate
during the experience;

- aerosuspended mass concentration at prefixed times
in the course of the test

- aerosol mass granulometric distribution by means of
ANDERSEN impactors, each equipped with a suitable
dilution loop 

- sodium content in the aerosuspended mass.
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3. EXPERIMENTAL ARRANGEMENT OF THE ITALIAN TEAM

The ENEA group participated in' the TVM[A test with
the aim of measuring aerosol mass concentration and distribution,
and of evaluating the dynamic shape factors of the particles.

The instrumentation used was composed of 
- two glass fiber filters running in parallel, each at a

flow rate of 10 pm
-aMini Sierra Impactor running at 2 pm, eight stages

plus back-up filter, with the following cut-off values
21.3, 14.8, 9.8, 6, 3.5, 1.55, 0.93, 0.52 IL

- an Inertial Spectromneter (INSPEC), running at 6 pm
total flow rate and at 0.1 pm aerosol sampling flow
rate, to evaluate dynamic shape factors.

The experimental arrangement is shown in Figure 1.
Because of the low sampling flow rate of the

instruments it was not possible to connect them directly to the
PLUTON vessel; a sampling box was then inserted and' filled at a
flow rate of 20 pm thus allowing the instruments to
simultaneously sample the same aerosol.

This box was a 5.3 liter cylinder (C 5.3 sampling box in
Figure 1) equipped with an internal, slowly rotating fan to better
homogenize the aerosol concentration at the sampling points
(bottom of the box). The aerosol was sucked from the PLUTON
vessel through a 10 mm I.D. pipe placed on the West wall at a
distance of 1 - 1.5 m from the South wall, at a height of 5.4 m
from the vessel floor. The probe protrusion inside the vessel was
about 70 cm; an additional 13 mm I.D., 170 cm long plastic hose
connected the probe to the top of the C 5.3 sampling box as
shown in Figure 1.

Sampling procedure

Sampling flow rates of the instruments were
maintained constant during the course of the experiment; on the
contrary, sampling durations were varied according- to the
foreseen decreasing trend of aerosol concentration, so that the
amount of aerosuspended material collected by the instruments
was always within good operating range and also in the good
operating range of the subsequent analysis methods.

Filters Cl and C2 (see Fig. 1) always operated in.
parallel at the same flow rate: 10 pm each.



Because of the great differences in the sampling
duration from the vessel (from 30 seconds to 15 minutes) two
different sampling modes had to be used (see Fig. 2). For higher
initial concentrations it was necessary to sample from the PLUTON
vessel for shorter periods of time, so that the aerosol
concentration inside' the C 5.3 box did not reach saturation point.
In that case both the sample by impactor and that by INSPEC were
performed after the end of the sample from the vessel in
stationary condit ions (sampling mode 1 of Fig. 2, runs from. A to
5E of Table 1). Complete clear out of the C 5.3 box followed by
means of filters Cl and C2.

For lower subsequent aerosol concentrations and
consequent longer period of sampling from the vessel, the aerosol
concentration inside the C 5.3 box was able to reach the saturation
point and the sampling by impactor was performed during the
period of sampling from the vessel, with a delay of at least 1.5
minutes. In this way the impactor dynamically sampled from the
PLUTON vessel through the C 5.3 box, like filters Cl and C2
(sampling mode 2 of Fig. 2 runs from 6F to 17S of Table 1).

The sample by INSPEC was always performed in
stationary conditions, after the end of sampling from the PLUTON
vessel, because of. problems of balancing, the flowrates in the
instrumental configuration adopted. In any case, the clear out of
the C 5.3 box took place after the samplings, through filters Cl and
C2.

The already mentioned Figure 2 shows details of
operating procedures in sampling modes 1 and 2.

Sampling conditions and time

The sampling frequency and time in the course of the
test were fixed by taking into account
- steady aerosol concentration phase during the fire and fast

decreasing phase subsequent to its being extinguished;
- foreseen trend of the aerosol concentration during the

experience;
- opportunity of a connection with the samplings performed by

the French and the British teams.
All the runs performed are listed in Table 1, together

with the sampling starting time from fire onset, the sampling
mode and the sampling duration for each type of sampling. Fire
extinction occurred at 90 minutes from the fire onset, between
samplings. 2B and 3C.
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4. AEROSOL CONCENTRATION AND GRANULOMETRY

Aerosol mass concentration

Each filter and stage support of the impactor was
weighed before and after the experience in the same conditions of
relative humidity. Between the end of the experience and the end
of weighing (3 days) the samples were maintained at low relative
humidity to avoid as far as possible any chemical evolution due to
water absorption.

The mass collected by each instrument has always
been in the good operating range of the instrument itself, except
for run 12N in which the duration of sampling by impactor was
intentionally kept lower than the aerosol concentration needed;
because of the small quantities of material collected in this case
the errors connected with the weighing method were probably not
negligible.

The aerosol mass concentration values were calculated
from the masses collected on filters Cl and C2 and from the sum
of the masses collected on each stage of the impactor, by taking
into account
- the real volume sucked from the vessel;
- the fact that, for impactor samplings up to 5E (mode 1), due to

the short time of suction from the vessel, the aerosol
concentration in the C 5.3 box did not reach the vessel
concentration value, and also the small concentration decrease in
the C 5.3 box during sampling by the impactor 

- the dead space upstream the C 5.3 box for samplings performed
by filters Cl and C2 and the volumes sucked by the impactor
and INSPEC (corrected by the real concentration fractions in the
C 5.3 box) in mode 1 and the volume sucked by INSPEC
(corrected as above) in mode 2.

The aerosol mass concentration values obtained in this
way are presented in Table 2 and Figure 3. The concentration
values obtained by the impactor are realistic because of the low
losses in the instrument, but up to run E have to be considered
less reliable than those obtained later because of the very short
sampling durations. The value 4D concerning the impactor is not
reported because of uncertainties in the sampled volume. The
values 2B concerning filters Cl and C2 can be affected by an
overestimation of the order of 10 % due to an error in the
sampling phase.
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The reference concentration value is the average of the
couple of values of filters Cl and C2.

The measured aerosol mass concentration inside the
PLUTON vessel was therefore about 8 g/M3 55 minutes after fire
onset, and reached a value of about 1 1 g/M3 at 85 minutes. After
fire extinction a fast decreasing phase followed for about 1 hour,
then a "plateau" for 1-1.5 hours and finally a slowly decreasing
phase happened with a half-time of about 2 hours.

Aerosol size distribution

The granulometric characteristics of the particles were
determined by evaluating the impactor data and are reported in
Table 3. The graphic computer outputs of differential and
cumulative spectra for all the 17 runs are shown in Appendix.

Evaluation of the. granulometric parameters was
carried out by means of an CPF program that provides, in the
hypothesis of a log-normal distribution, better estimation of the
Mass Median Aerodynamic Diameter (MMAD) and Geometric
Standard Deviation (Sg) together with parameter E, which
corresponds to the mean square deviation between the calculated
and experimental values of the cumulative distribution.

The hypothesis of a log-normal distribution for the
sampled aerosol was acceptable for all samplings up to OL; for
the subsequent samplings (except 12N) an abnormal amount of
material was found on the back-up filter of the impactor; this was
not coherent either with the just-mentioned log-normal
hypothesis or the back-up filter data of the previous samplings
(see last column of Table 3); this effect can also be noted by
analyzing the differential spectra reported in Appendix
corresponding to runs A through 17S (see the last five spectra).
A possible explanation for that could be an instrumental artifact
due to transport of material from upper stages to the back-up
filter. This is also suggested: by the long sampling duration for
those. samples for which the effect is more pronounced; by the
absence of this effect in sample 12N, at low sampling duration and
by the log-normality of the distribution for all the impactor data
up to run 10L.

In the already mentioned Table 3 and in Figures 4 and
5 the spectral parameters MMAD and Sg are shown; these
parameters have been elaborated by program ICPF which offers
the possibility of eliminating one or more data in the calculations;
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this elimination has been made for all the impactor back-up filter
data in order to overcome the possible above-mentioned artifacts.

.Sampling 12N was performed with the aim. of obtaining
a low particle concentration on the surfaces of the impactor stage
substrates in order to perform analysis of single particles. The
masses collected were therefore very small and, as previously
mentioned, more affected by weighing errors. The spectral values
reported are consequently less reliable than those reported for the
other samplings.

By examinin~ the data and in particular following the
trends with time shown in Figures 4, 5 and 6, it is possible to note:
a strong MMAD increase subsequent to fire extinction, with Sg
values decreasing from about 3 to about 2.5. This phase has a
duration of about 20 minutes. A second phase of MMAD decrease
follows, in parallel with a concentration decrease (see Fig. 6), for
about 2 hours. Finally, a slowly progressive decrease of MMAD can
be noted. Sg progressively decreases from values of about 2.5
down to values of 1.5 at the end of the experience.

Trend with time of fine and coarse particle fractions

From Table 3 it is possible to derive the trend with
time of granulometric parameters presented in Figure 7; it shows
the modification of particle diameters by considering the 5th, 50th

(MMAD) and 95th percentile of the mass distributions.
As can be observed, in the final phase of the fire (up to

90 minutes from fire onset) the coarse particle fraction, even if
fluctuating, remains substantially constant : one can hypothesize a
balance between particles removed by gravitational settling and
those newly produced. In the next phase, up to 200 minutes from
the fire onset, it is possible to observe a decrease in the median
diameter (50th percentile) and a more pronounced decrease of the
95th percentile, which can be considered as the upper limit of the
aerosol size distribution as "seen" by the instrument.

The decrease of the diameter relative to~ the 95th
percentile can be noted also subsequently: from values of about
15 ptm at 300 minutes to values of about 5 pim at a time of the
order of 10 hours from fire onset. The reduction of the spectral
weight of the granulometric fraction connected to the bigger
particles is therefore evident.

In Figure 8 the diameter values relative to the 5th,
50th and 95th percentile are plotted along with the values of
aerosuspended mass concentration, in a logarithmic scale to better
demonstrate the evolution of the particle fine fraction. A
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continuous reduction of this fraction can be observed, more
pronounced at the end of the fire. From about 200 minutes from
the fire onset (concentration of about 1 g/m 3), while a decreasing
of the concentration of an order of magnitude takes place, a
MMAD slow decrease and a reduction of the interval between the
values relative to the 95th percentile and the- 5th percentile are
noted. This can be explained by agglomeration and losses for the
fine fraction and by gravitational settling for the bigger fraction.
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5. DYNAMIC SHAPE FACTOR

Theoretical background

The settling velocity of an aerosuspended particle
depends mainly on its density and size. Spherical particles can be
characterized by only one parameter, the diameter; non-spherical
particles need additional parameters to take the shape into
account. The dynamic shape factor, introduced for this purpose,
relates the drag on a non-spherical particle to the drag on a
spherical particle having the same volume and the same velocity
of the particle under concern (4,5). The dynamic shape factor can
therefore be expressed as:

FD
K= 1

C(dv)

where PD =drag on the particle under concern;
q =dynamic viscosity of air;
V =velocity of the particle;

dy diameter of the spherical particle having the
same volume as the particle under concern;

C =slip correction factor (4).

By equalizing the drag on the particle under concern
moving at its terminal settling velocity to the gravitational force
acting on it and the drag on the spherical particle of equivalent
aerodynamic diameter o the gravitational force acting on it and
finally dividing side by side, one obtains

r dv2 CQdv)
K= [2]

ro dae2 C(dae)

where dae= aerodynamic equivalent diameter of the particle
under concern;

r.= unit density (1 g/cm3);
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r =density of the bulk material forming the particle.

K takes into account both the particle external physical
shape and the different density with respect to the bulk material.

For those particles of external physical shape not far
from the sphericity (cluster type) one can follow the suggestion of
van de Vate et al. (5) and write the following relations

-equality between the mass of the cluster type particle and
the mass of the compact particle

rsP d 3 = r dv.3 [3]

where r = packing density, i.e. density of the particle having
spatial diameter d;

-equality between the terminal settling velocity of the
cluster type particle and that of the particle of the same
aerodynamic equivalent diameter d.

rs d 2 CQdsp) = r dae2 C(dae) [4]

By using relations [3] and [4] expression [2] becomes

K ~~~~~~~~~~~~~[5]

and

r0 13 C(dae) 1/3

dv dae2/3 dspl/3 [61K r C~(d 5 ,)

The Inertial Spectrometer (INSPEC) separates the
airborne particles according to their aerodynamic diameter (dae)
and collects them on a filter at a distance that depends only on' the
dae. The deposit substrate is suitable for microscopical analysis. It
is thus pos sible to obtain both the value of aerodynamic diameter
(dae) and the value of spatial diameter (d 5p) for the same particle
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(6). From these two data and by adopting relations [6] and [5] one
obtains the dynamic shape factor K.

The method is obviously limited to particles that are
solid at microscopical observation.

An important parameter that can be a source of
uncertainty is the bulk density of the material forming the
particles (r). It must n evertheless be mentioned that, since the
density in [5] is expressed as a cubic root,, the uncertainty about r
hras a reduced influence on K. By way of example, in the case of
sodium compounds, f one uses the density of peroxide (r = 2.8
g/CM 3 ) instead of that of hydroxide (r = 2.13 gM 3 ), compared to
a difference of 31 % in density one obtains a difference of only
10% in the K estimation.

Morphological analysis of the particulate

The collection filters of the INSPEC were kept at low
relative humidity till the moment of analysis. Notwithstanding this
the particulate were, in many cases, hydrated and in a
deliquescent form.

At the observation by Scanning Electron Microscope
(SEM) particles were solid, semisolid and liquid; circular halos
were observed on the membrane filter, probably originated by
droplets that wetted the area around the collection point. Figures
9 and 10 show, as examples, pictures of particles collected at the
INSPEC membrane filter points corresponding to aerodynamic
diameters of 7 and 6 m; the samplings were performed 55
minutes from the fire onset and 5 minutes after its stop,
respec tively.

Visual inspection of the deposit immediately after
sampling, particularly on the mylar collecting surfaces of the
impactor, suggested that the particles were already in hydrated
form before the samplings. and that a possible subsequent
evolution for those samples kept at low relative humidity has
been very limited.

The high relative humidity on the day of the
experience seems sufficient to justify the rapid evolution of the
airborne particles towards hydrated forms.

An attempt was made to evaluate the number of solid
particles in each deposition interval; these evaluations were
performed on the same samples on which the evaluations of
dynamic shape factor were to be made later. The percentage of
solid particles with respect to the total number of particles as
evaluated in sample A (55 minutes from fire onset), is presented
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in Figure 1 1. As can be noted, the percentage of solid particles
decreases drastically when the aerodynamic diameter increases, to
reach only about 10 % for particles of 5-6 g~m aerodynamic
diameter. It must be noted that, because of the difficulties of
interpretation of many microscopical images, data shown in Figure
1 1 must be taken only as qualitative and indicative of a marked
situation of particle hydration.

Evaluation of the dynamic shape factor

On the deposition filter of the INSPEC some zones were
chosen on the basis of the calibration curve, corresponding to
definite values of aerodynamic diameter. In each zone the solid
particles were measured in terms of spatial diameter, intended as
the diameter of the circle having the surface equivalent to that of
the particle. Many residues of semiliquid particles' caused analysis
difficulties; in addition, above all for the greater diameters, it was
not always possible to find a statistically significant number of
solid particles.

The analyses were performed in the interval of
aerodynamic size 1.9 - 7 gim, which is optimal for the INSPEC, at a
resolution better than 5 %. The precision in the valutation of the
aerodynamic diameter in each deposition point is to within a few
percent, as shown in a recent paper by Mitchell and Nichols (7).

In Tables 4 to 6 the data for the calculation of dynamic
shape factors are listed, concerning the samplings performed
respectively during the fire (A, t=55 minutes), immediately after
its extinction (3C, t=95 minutes) and 3.5 hours after this (9I, t=305
minutes).

The time-consuming method and the uncertainties
connected to the different grade of solidification of the particles
did not allow the analysis to be extended to a greater number of
samples.

In each area under observation a certain number of
solid particles were measured; for those of greater diameter it was
not always possible to find a sufficient number of solid particles to
analyse, both because the liquid prevailed and the mass connected
to such a granulometric fraction decreased in the course of the
experiment (see Figure 7).

In each area the value of the spatial diameters
resulted well performable by a log-normal distribution having
1.07 as the mean value of geometric standard deviation (Sg). This
value of Sg corresponds to a variation coefficient of 7 % that
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includes, in addition to the fluctuations of the spatial diameter at
the same aerodynamic diameter, also the already mentioned
uncertainties about the deposition point of particles of fixed
aerodynamic diameter. An uncertainty of the order of 7 % in the
determination of. d~ produces, through equation [5], an
uncertainty of about 5 % in determination of the dynamic shape
factor.

By means of equations [4], [6] and [5] the values of
packing density (rsp), the diameter of the particle of equivalent
volume (d,) and the dynamic shape factor (K) were then
calculated. As the value of density for the bulk material (r) that of
sodium hydroxide (2.13 g/cm3 ) was chosen'; this choice was
justified by the marked hydration of the particles and by the fact
that the absence of the element carbon in qualitative
microanalysis permitted the presence of carbonates in the
collected particulate to be excluded.

The effect of the slip correction on the K value
(equation [511) resulted 1.5 % maximum and 0.9 % mean.

The variance analysis on data showed no dependence
of the dynamic shape factor on the aerodynamic diameter of the
particles (in the range 1.9 - 7 jim) nor relation with time, besides
the cited expected variability.

The mean value of the dynamic shape factor for all
diameters and all the samplings analysed was 1.17, with a
standard deviation of 4.6 %, which is not far from the value
expected on the basis of the only measurement variability of the
spatial diameter (dsp).

In Figure 12 the values of the dynamic shape factor
are presented as a function of the aerodynamic diameter of the
particles. The data obtained by Barbe-Le Borgne et al. (8,9) by
means of particle counting and mass analysis methods are
presented in the same figure. As can be noted the data obtained
are consistent with those reported in the literature.
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6. MICROANALYSIS OF THE PARTICULATE AT THE SCANNING
ELECTRON MICROSCOPE

In order to obtain samples suitable for microanalytical
examination, a support for electron microscopy (stub) was placed
on the base of the C 5.3 sampling box (see Figure 1). The
samplings were performed at the time intervals indicated in Table
7 for durations corresponding to those of samplings from te
PLUTON vessel (see Table 1). Particulates were collected by
sedimentation on the circular surface of the above-mentioned stub
(0 = 1.3 cm).

Samples were kept at low relative humidity until
analysis, performed by an Energy Dispersive X-ray Microanalysis
System (EDAX) integrated by the ECON-2 detector to analyse the
light elements, like carbon, oxygen and nitrogen.

Examination of the samples, performed a week after
the TVMA experiment, without the usual conductive coating to
avoid artifacts in element determination, permitted the presence
of a significant amount of the element carbon on the particulate to
be excluded and then consider the aerosol as not evoluted towards
carbonated forms.

In addition to the element Na small quantities of the
element Cl were found in certain samples; for this reason
systematic analyses were carried out, on single particles and
aggregates of particles, to investigate the ratio between the
amount of these two elements. The results, listed in Table 7, show
a significant presence of chlorine (about 8 % of the Na content)
only in the sample collected 55 minutes after the fire onset (stlb
1). In fact the method of analysis and the type of sample allow us
to affirm the certain presence of chlorine only when it exceeds the
value of about 5 %.

Additional analysis on the granulometric fractions
relative to samplings IA and 12N, performed however after the
gold coating of the particulate deposited on each mylar collecting
surfaces of the impactor, did not show significant dependence of
the presence of chlorine on the particle size.
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Table Sampling conditions and time

Starting Sampling Sampling duration
time mode _ _ _ _ _ _ _ _ _

Run (min)
from Mini Inertial

PLUTON Sierra Spectro-
meter

I A 5 5 1 30" 5"1 30`

2 B 85 1 30" 5` 30"

3C 95 1 30" 5" 40"

4D) 1 05 1 1' 15"1 30"1

5 E 1 15 1 1' 1 0" 1'

6 F 1 55 2 5' 30 1'

7G 2 15 2 5' 1' 3'

8 H 27 5 2 5' 1'3

91 3 05 2 5' 1'3'

IOL 3 35 2 5'1 5'

Ii1m 3 95 2 8' 2' 5

12N 4 25 2 5' 20" 10'

130 4 55 2 5' 2' 1 0'

14P 5 15 2 8' 3' 1 0'

15Q 5 75 2 10' 4' 1 0'

16R 6 35 2 10' 4' 1 0'

17S 6 65 2 15' 5' 1 0'
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Table 2 Total mass concentration values

Cl filter C2 filter. Mini Sierra
Run Impactor

(glM 3) (g/nm3) (g/m3)

A 7.9 1 7. 85 6.54

2 B 11.14 11.36 8.5 9

3C 6.1 4 6.1 6 4.96

4 D 3.22 3.2 1/

E 2.4 1 2.40 1.5 8

6 F .1i8 1.27 1.00

7G 0.77 0.7 8 0.69

8 H 0.75 0.751 0.70

9 1 0.63 0.63 0.60

IOL 0.47 0.45 0.4 8

lI1m 0.3 1 0.31 0.31

12N 0.29 0.28 0.26

130 0.24 0.24 0.22

14P 0.17 0.18 0.17

15Q 0.13 0.13 0.13

16R 0.1 0 0.10 0.10

1 7S 0.09 0.09 0.08
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Table 3 Aerosol size distribution data
from the Mini Sierra Impactor

Run MMAD Sg E Back-up filter
_ _ _ _ _ _ _ (ji m ) _ _ _ _ _

l A 3.3 2.9 3.5 2.2

2B 3.3 3.3 2.8 1.7

3C 4.4 2.4 1.9 1.5

4D 5.2' 2.5 0.6 1.8

5E 5.0 2.4 1.9 1.0

6F 4.0 2.4 1.8 0

7G 3.3 2.1 1.7 1.5

8H 3.5 2.1 1.1 1.8

91I 3.6 2.1 1.5 1.7

IOL 3.3 2.1 1.5 2.1

Ii1m 3.2 1.9 1.6 4.8

12N 2.6 1.9 0.6 0

130 3.0 1.8 1.8 6.8

1 4P, 2.8 1.7 0.3 13.9

15Q 2.6 1.6 0.5 16.4

16R 2.5 1.5 0.3 15.0

17S 2.6 1.5 1.4 20.4
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A - lini Sierra Impactor for granulometric determination...2 pm
B - Inertial Spectrometer for dynamic shape factor.evaluation 0.1 pm

*Cl,C2 - Filters for total aerosol concentration measurements ... 10410 pm

D - Silica gel cartridge

VI,V2,V3,V4 - Operating valves

Figure 1- Sampling arrangement for characterizing
the aerosol produced inside the PLUTON
vessel.
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APPENDIX

DIFFERENTIAL ANT) CUMULATIVE SIZE
DISTRIBUTION GRAPHS
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