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ABSTRACT

The containment expert group (CONT), a subgroup of the CEC
fast reactor Safety Working Group (SWG), has carried out
several studies on the behavior of sodium aerosols which might
form in a severe fast reactor accident during which primary
sodium leaks into the secondary containment.

These studies comprise an intercalibration of measurement
devices used to determine the aerosol particle size spectrum,
and the analysis and comparison of codes applied to the
determination of aerosol behavior in a reactor containment.

The paper outlines the results of measurements of typical
data made for aerosols produced in a sodium fire and their
comparison with results from different codes (PARDISEKO,
AEROSIM, CONTAIN, AER0S0LS/B2).

The sodium fire experiment took place at CEN-Cadarache
(France) in a 400 m3 vessel. The fire lasted 90 minutes and
the aerosol measurements were made over 10 hours at different
locations inside the vessel.

The results showed that the suspended mass calculated
along the time with different codes was in good agreement with
the experiment.

However, the calculated aerosol deposition on the walls
was diverging and always significantly lower than the measured
values.



INTRODUCTION

Many comparative surveys are to be found in technical
literature based on results obtained with codes computing the
behavior of aerosols in suspension in a containment
atmosphere, but there are few examples of comparisons between
calculated and experimental results.

Such an investigation has been organized by the EC group
CONT. It comprises two stages :

an experiment performed at the Cadarache nuclear
research center, whereby the behavior of aerosols produced
during a 90 minutes period by a sodium fire in a 400 m
confined containment was monitored for 10 hours,

an experimental result interpretation calculation,
where the input consisted of operating conditions measured
during the test. The calculated results are compared with the
measured aerosol behavior results.

The organizations participating in this
investigation and the codes used are as follows:

comparative

CODE

PARDISEKO [1]
AEROSIM [2]
CONTAIN [3]
AEROSOLS/B2 [4]

COUNTRY

F.R.G.
U.K.
Japan
France

ORGANIZATION

KfK/LAF
AEA/SRD
OEC/PNC
CEA/IPSN

For all the calculations, a single control volume is used
to model the containment and both thermal hydraulic conditions
and aerosol behavior results are assumed to be homogeneous
within the control volume.

AEROSOL RELEASE TEST

The T.V.M.A. (Test for Validation of Model Aerosol) [5]
test consisted of burning sodium as a pool in a 1 m2 pan and
of monitoring thermodynamic values (eg: gas temperature and
pressure, wall temperature) and airborne aerosol concentration
and size distribution, throughout the test period. After 90
minutes, a cover was placed over the pan and the aerosol
release cut off. Aerosol monitoring and sampling continued for
a further 10 hours.

The total aerosol mass released was 21.93 kg (Na2O2) .
The gas temperature was quite homogeneous, reaching 620C, and
the relative pressure was small enough to avoid a containment



ft...

leakage effect. The wall temperature did not show large
differences from one point to another and the mean value
reached 480C. The gas aerosol concentration was around 10 g
(Na2O2).m-3.

Attention was paid to the aerosol measurement
instrumentation.

the gravitational sedimentation was measured by
rotating plates and static plates on the floor,

inside the vessel, airborne mass concentration was
measured by 4 batteries 5 Whatman grade EPM 1000 filters, and
size distribution by 6 dilution loops including impactor
(Andersen and Mini Sierra),

- through-the-wall piping, usually 1 m long, connected
the internal atmosphere with 3 more filtering systems and 2
more impactors located outside.

In addition to the study prerequisites, the dynamic shape
factor was measured by specific devices [6,7].

The sampling points were distributed at various levels
and various distances from the aerosol source and from the
walls.

AEROSOL BEHAVIOR IM A CONTAINMENT ATMOSPHERE
EXPERIMENTAL RESOLTS

Measurements were made by the CEA and by ENEA and AEA as
regards the granulometry of aerosols in suspension.

The aerosol mass is given on the assumption that it is
released as Na2O2.

Experimental curves are obtained averaging the values of
results of simultaneous measurements.

The experimental results used to make the comparison with
the calculated results concern the change in mass
concentration and in aerodynamic mass median diameter (AMMD)
of the aerosol spectrum (see Figures 1 and 2).

The location of the measuring devices on six levels
showed, Figure 3, that the mass concentration was homogeneous
within the containment atmosphere. However, the AMMD
measurements, Figure 4, made at 1.7 m, the lowest level, give
a reading typically l mn higher than the average during the
first seven hours of the test only. This result could be
associated with agglomeration of aerosols in the control
volume ; beyond seven hours, the numerical concentration of
aerosols in suspension drops to lesthan 5 x 104 particles/cm3,



value, below which agglomeration phenomena are extremely rare.
Since aerosol agglomeration does not affect the suspended
mass, this phenomenon does not, as was observed, affect the
homogeneity of the mass concentration in suspension. This
result could, on the other hand, indicate some low level
statification, or be a persistent instrument error.

CALCOLATION DEFIMITION AND RESDLTS

Data

Each participant was given free rein to interpret the
results of measurements made during the test [5] or abide by
pre-test calculation specifications.

Calculation Results

The results given in Figures 5 to 8 show the following :
- the change in mass concentration of suspended aerosols

in a containment atmosphere,
- the change in AMMD of the suspended aerosol spectrum in

a containment atmosphere,
- the change in settled aerosol mass,
- the change in wall-deposited aerosol mass.

COMPARISON BETWEEN CALCULATED AND EXPERIMENTAL RBSDLTS

The calculated dilutions closely resemble the measured
dilution and the discrepancy between the measured value and
the results obtained with each code is practically constant
over the period observed, Figure 5.

The calculation results give an overall suspended mass
exceeding the measured value, with a maximum deviation of a
factor of about 1.5, the Contain submission being closest to
the experimental result.

As in the case of the suspended mass concentration, the
calculated suspended mass spectrum median aerodynamic diameter
curves resemble the experimental curve, for the period when
the source has stopped.

The overall calculated results give a median diameter
exceeding the measured value. The maximum deviation when the
source ceases is about 1.8 /im and rapidly stabilizes at around
0.75 nm. After 5 hours, the Pardiseko and Contain submissions
give a very similar result to the measured value. Again,
Contain «s internal pool fire modelling may give a different
source particle size. The Pardiseko submission used a
significantly



flarger source particle size than the Aerosim and Aerosols/B2
submissions.

Finally, if we compare the overall distribution results
for aerosol retention by settling or by wall deposition, we
observe a marked disparity between the results obtained with
the different codes together with a considerable difference
between calculated and experimental values, the Aerosim and
Aerosols/B2 submissions being closest to the experiment.

Selective washing of the containment after the test
yielded the following distribution values:

- 70% settling,
- 30% wall deposition.

The calculated results indicate wall deposition values
ranging from 2% to 11.5%, depending on the codes, the mass
emitted being almost entirely deposited before the end of the
fire.

The wall deposition conventions generally used in the
codes, based on postulated homogeneous conditions prevailing
in the volume considered, are ill-adapted to investigation of
this type of problem.

It should be noted that this significant error in the
calculation of the settled and wall-deposited percentages of
the suspended mass, has repercussions, which rapidly become
negligible, on the suspended mass concentration values.

CONCLUSIONS

Experimental data are essential in this type of
investigation and provide a reference for assessment of
calculation results.

The test calculation results indicate a suspended mass
concentration value up to 3.5 times greater than the
experimental values, with an identical attenuation rate over
the test period.

These codes are thus in compliance with safety
requirements in that their results are rather conservative but
nevertheless close to reality.

The degree of uncertainty is strongest in the aerosol
retention calculation, which attributes the wall deposition
and settling percentages in the containment. The wall
deposition calculation results diverge by a maximum of a
factor of 5. The discrepancy between calculated and experi-



mental results ranges from a factor 3.5 to a factor 20, with
the wall deposition values underestimated by all the codes.

Although this deviation has no significant repercussions
on the value obtained for the suspended mass concentration
after the fire, it would be preferable if it could be
diminished.

It is not possible to use these experimental results to
infer stratification of suspended mass concentration in the
containment. At the lowest instrumented level, however, the
aerodynamic mass median diameter slightly exceeds that
measured simultaneously at higher levels in the containment.
This occurs during the time when the suspended mass numerical
concentration is such as to permit agglomeration, that is, the
first 7 hours.
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