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ABSTRACT 

In order to ensure that the problems of describing the physical be
havior of sodium aerosols, during hypothetical fast reactor accidents, were 
adequately understood, a comparison of the computer codes (ABC/INTG, PNC, 
Japan; AEROSIM, UKAEA/SRD, United Kingdom; PARDISEKO Illb, KfK, Germany; 
AEROSOLS/A2 and AER0S0LS/B1, CEA, France) was undertaken in the frame of the 
CEC: exercise in which code users have run their own codes with a pre
arranged input. 
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INTRODUCTION 

Although hypothetical fast reactor accidents leading to severe core 
damage are very low probability events, their consequences are to be 
assessed• During such accidents, one can envisage the ejection of sodium, 
mixed with fuel and fission products, from the primary circuit into the 
secondary containment. Aerosols can be formed either by mechanical disper
sion of the molten material or as a result of combustion of the sodium in 
the mixture. 

The priority accorded to the study of sodium aerosols is justified by 
the fact that they will be the najor carrier of radioactive species and 
hence determine the amount of airborne radioactivity available for release 
via any leaks In the secondary containment or during deliberate venting. 

To ensure that the problems of describing the physical behavior of 
sodium aerosols «ere adequately understood, a comparison of the codes being 
developed to describe their behavior was undertaken. The comparison con
sists of two parts: 

. the first is a comparative study of the computer codes used to predict 
aerosol behavior during a hypothetical accident. It is a critical review 
of documentation available. 

the second part is an exercise 
codes with a pre-arranged input. 

in which code users have run their own 

Both exercises 
group (CONT) of the 
Communities [1]. 

were conducted in the frame of the containment expert 
Fast Reactor Coordinating Committee of the European 

BENCHMARK CALCULATIONS 

The present paper concerns only the comparative study of the results 
given by some computer models used in order to assess aerosol behavior 
inside the reactor containment building (RCB) of a liquid metal fast 
breeder reactor (LMFBR) during hypothetical accidents. 

An exercise In which code users have run their own codes with a pre
arranged set of input has been carried out. The codes included in the pre
sent study are the following: 

Computer models Country Laboratory Calculation method 

ABC/INTG [2] Japan PNC Finite differences 
AEROSIM [3] UK UKAEA Finite differences 
AEROSOLS/ A2 [4] France CEA Moments method 
AEROSOLS/Bl [5] France CEA Finite elements 
PARDISEKO 11lb [6] Germany KfK Finite differences 



The previous computer models are referred to subse.. gently in this 
report simply as ABC, AEROSIM and PARDISEKO; for AEROSOLS, the two versions 
are distinguished. 

N.B.: JAPAN has been contacted by the CEC in order to participate in the 
present exercise. 

Definition of the benchmark calculation 

The present exercise concerns the behavior of a sodium fire aerosol in 
the RCB. The hypothetical accident chosen is a sodium pool fire occurring 
in the RCB of a LMFBR (1200 MWe), the characteristics of which are the 
following: 

Sodium pool mass 
Sodium pool area 
Initial sodium temperature 
Fire duration 
Aerosol release rate 
Reactor containment building 

Volume 
Floor area 
Wall area 

At t«0, there is no airborne material. There is then an injection of 
aerosol at a constant rate (2,000 kg Na 20 2/h) for 10 hours. The behavior of 
the aerosol is investigated for another 24 hours after the end of the source. 

The benchmark input data are given in Table 1. 

In addition to the reference case, nine cases with parameter varia
tions were studied. In each one, only one parameter was varied, the others 
taking the values of the reference case. The parameters chosen for varia
tion were those considered most likely to affect the final results appre
ciably, and the new values chosen attempted to reflect current estimates 
of uncertainty in those parameters. 

Results obtained - Discussion 

Mass concentration (figures 1, 7 and 10) 

The comments about the results obtained are the following: 

- agreement is good between PARDISEKO, AER0S0LS/31, AEROSIM and ABC, 

- discrepancies are large between AEROSOLS/A2 and discrete codes, in parti
cular in the cases where agglomeration rates are high: Y " 5 (figure 7) 
and F * 10** cm /s (figure 10). In these cases, the curves show a rapid 
decline of the mass concentration after source cut-off, 

- during the source period (steady-state period), the mass lost by deposi
tion is equal to the mass supplied by source particles; besides, the mass 
concentration values are about 10-20 g/m for the discrete codes and about 
20-40 g/m3 for AEROSOLS/A2. 

50,000 kg 
100 m 2 

500°C 
10 hours 
20 kg/h. m Z (as Na 20 2) 

180,000 m3, 
2,800 m, 

20,000 m 2 
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There are two distinct features to the mass concentration versus time 
comparison (figure 1), 

a) early in the source period discrete codes show a peak followed by a 
falling back to the lower, steady state value, 

b) after the source period, AEROSOLS/A2 shows a rapid and continuous decline 
of the mass concentration, while the discrete codes show a much more 
gradual decline. 

We think we can understand these phenomena as follows: 

a) the source is so intense and of long enough duration, that a 
shoulder develops very early in the problem. This shoulder is at a particle 
diameter of about 50 pm and is fed by coagulation of the source particles 
faster than it is reduced by sedimentation. The shoulder therefore conti
nues to grow until it reaches a critical size (time 'V 1-2 hours). At this 
time, a significant fraction of the source particles is immediately captured 
by the 50 ym particles by means of gravitational agglomeration and then 
falls out by sedimentation. The mode of the source distribution thus shows 
a drop in height (figures 13, 14 and 15) and the mass concentration curves 
their decline. Obviously, AER0S0LS/A2 cannot model such dynamics since it 
does not permit a shoulder on the distribution. It does however recognize 
that large particles are being formed by shifting the modal value of the 
distribution at the time of the mass concentration collapse. 

b) The very rapid decline in the mass concentration after source cut
off, predicted by AER0S0LS/A2 but not by the discrete codes, can be under
stood with the aid of figures 2 and 3. For AEROSOLS/A2, the curves indicate 
a large modal value (*5Q ^ ? Vu») leading to rapid settling. For the dis
crete codes, the curves indicate smaller "modal" value (^g ^ 2-3 um) 
leading to a much more gradual mass concentration decline. 

N.B. : Additional runs have been performed using for gravitational collision 
efficiency (e) the PRUPPAÇHER-KLETT formulation instead of the FUCHS rela
tion and a changing from y 2 to y (Y: collision shape factor) in the gra
vitational agglomeration rate. The results obtained show a similar trend, 
except that the early collapse during the source period is less and the dif
ferences between AEROSOLS/A2 and the discrete codes are relative*y small. 
This is because for these variations the rate of gravitation agglomeration 
is lower, and so the high-mass shoulder is smaller, and those high-mass par
ticle which are formed are less efficient in removing the low-mass particles. 

Mass median radius (figures 2, 8 and 11) 

At the beginning of the accident (t ̂  1-2 hours) the discrete codes 
show a peak (formation of large particles by coagulation); then, a steady-
state period takes place (rjQ ̂  1.5-2.5 ym) until the end of the source. 
During the steady-state period, the loss of particles by sedimentation is 
equal to the supply of particles by coagulation with source particles. At 
the end of the source, AEROSOLS/A2 and the discrete codes predict large in
crease of the mass median radius (sudden disappearance of small particles as 
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the source ceases); In particular, In the case of AER0SQLS/A2, r^g reaches 
values of 16 ym (y - 5, figure 8) and 11 Um (E » 10 3 cm 2/s, figure 11). 
Finally, at long term, r5Q values are about 2 ym for the discrete codes and 
3 ym for AEROSOLS/A2. 

Note that the discrepancy between the discrete codes is large (except 
the values given by PARDISEKO and AER0SOLS/B1); this is perhaps explained 
from the different ways of calculating r 5 Q used in the computer models; in 
particular, ABC uses definition of geometrical mean radius weighed by the 
mass distribution. 

Standard geometrical deviation (figure 3) 

The results obtained show an initial dip (a e ^ I.7) in the a_ values; 
then a steady-state period occurs until the end of the source. At the end 
of the source, o» decreases quickly and at long term, o e values are about 
1.5. * 8 

As previously, the discrepancies between the codes can be perhaps ex
plained by the different ways of calculating 0., the standard geometrical 
deviation; i.e., for example, o» used in the computer model ABC uses defi
nition based on mass concentration distribution, while the other codes use 
those based on number concentration distribution. 

Mass balance 

Table 2 shows the mass balance, in the reference case, at t • 10 hours, 
for the different codes. 

Note that the released mass are different according to the different 
codes: 

20,000 kg for ABC 
19,950 kg for AEROSIM 
20,000 kg for AEROSOLS/A2 
20,950 kg for AEROS0LS/B1 
19,900 kg for PARDISEKO 

The discrete codes do not release exactly 20 tons because of approxima
tions in the discretization (Table 3). 

Settled mass and diffused mass (figures 4 and 5) 

The results obtained indicate that 95 % of the released mass is settled 
on the floor and 5% is diffused on the walls. Besides, the main part ("u 902) 
of the deposition occurs during the source period. 

For settled mass, the values are very small during the two first hours 
(no large particles formed by coagulation at this time); then, the deposi
tion rate is about 2,000 kg/hour during the source period. Note that for 
AEROSOLS/Bl the mass settled is higher than for the other codes. This is 
explained by the fact that the released mass is higher. 
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The discrepancies between the results can be explained by the different 
methods used in order to discretize the suspended particle size distribution 
(Table 3). In particular, concerning the differences between AEROSOLS/A2 
and the discrete codes, the explanation is that large particles are missing 
in the particle size distribution calculated by moments method. 

For diffused mass, the aerosol deposition occurs as the source releases, 
and the deposition rate is about 100 kg/hour during the source period. The 
differences between ABC and the other discrete codes can be explained by use 
of different constants in the thermophoresis removal formalism. 

Leaked mass (figures 6, 9 and 12) 

The major part of the leaked aerosol mass occurs when high aerosol mass 
concentration exists in the gas phase. In the present case, this corres
ponds to the source period. 

In the reference case, the leaked mass varies from 10.7 kg (AEROSIM) to 
21.6 kg (AEROSOLS/A2). The variation between discrete codes is smaller 
(̂  10 X). 

From the sensitivity analysis (Table 4), the smaller value is given by 
AEROSIM [3.6 kg (Y » 5)] and the higher value is given by AEROSOLS/A2 
[31.8kg (PRUPPACHER-KLETT formulation)]. 

These values show clearly that the mass leaked is most sensitive to the 
rate of agglomeration as governed by the collision shape factor, Y, and the 
collision efficiency, t • 

Mass concentration distribution (figures 13, 14 and 15) 

Figures 13, 14 and 15 show the development of the deviation from log-
normal behavior in the mass concentration distribution during the source 
period. The discrete codes give very similar results for the shape of the 
distributions. 

CONCLUSION 

This study shows that the lognormal assumption is not justified when 
agglomeration rates are high. Therefore, the use of the moments method code 
AEROSOLS/A2 for aerosol calculations should be discontinued. 

The discrete codes produce broadly similar predictions. For the refe
rence case the leaked mass predicted by the different codes (ABC, AEROSIM, 
AER0S0LS/A2, AER0S0LS/B1 and PARDISEKO) varies by a factor of 2. Without 
the lognormal code AEROSOLS/A2, this variation is reduced to 10 %. 

For the sensitivity analysis (in which the parameter variations were 
chosen in order to reflect current estimates of uncertainty in those parame
ters), the leaked mass predicted by the different codes varies between 
approximately 4 kg and 30 kg (between 4 kg and 20 kg without the lognormal 
code). Besides, this sensitivity analysis shows that the result depends 
strongly on the values of those factors which affect agglomeration rates 
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(collision shape factor, gravitational collision efficiency and turbulent 
energy density dissipation rate). 

RECOMMENDATIONS FOR FUTURE WORK 

In order to improve the available aerosol computer models and the nume
rical values of the main parameters, both analytical experiments (small 
scale experiments to investigate individual processes) and integral experi
ments (large scale experiments to simulate reactor accident conditions) are 
necessary : 

- The most urgent topics for study in analytical experiments are gravita
tional collision efficiencies, turbulent agglomeration mechanisms and 
shape factor effects* 

- Integral experiments should address the sensitivity of the aerosol pro
cesses to variations in the mass rate of injection due to a pool fire, and 
to the total mass injected. Such experiments should be adequately instru
mented to give information on particle size distribution and on possible 
deviation from good mixing. Â knowledge of the thermal-hydraulic condi
tions obtaining during the experiment is also important for the interpre
tation of the results. . 

Furthermore, in order to make possible a correct assessment of the ra
diological source term during severe accidents, computer models need to be 
improved by treating mixed aerosols (in particular, fuel and sodium oxide 
aerosols) and deviation from good mixing (multi-compartment code). 
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TABLE 1 - DATA FOR COMPARATIVE CALCULATIONS 

REFEREITE MRAMETtt MIAMI UMEHSNW 

Coagulation shape factor y 15 1 5 -

Source duration 10 - - h 
Geometrical standard 
deviation Og 

2 0 15 3 0 

Collision efficiency c FUCKS 
relation 

rmum-
U.ETT relation 

- -

Emission rate 20 - - t /h 
Dynamic shape factor X 1.5 3 - -
Mass median radius r M 0.5 0 25 2 um 
Containment vessel 
volume 

180.000 
0=60 
H=6Q " 

m» 
m 
m 

Gas temperature 100 - - •c 
Density correction factor 1 - - -
Particle density 2 8 - - gfcm 1 

Gas pressure 1 - - bar 
"Mill area 20000 - - m 2 

Floor area 2.800 - - m» 
Thermal boundary layer 
thickness 

1 - - mm 

Thermal gradient 10 - - •c 
Thermal conductivity ratio AH)' 2 - - -
Brownian boundary 
layer thickness 

0 1 - - mm 

Turbulent energy density 
dissipation rate E 

0 103 - cm 2 /s 3 

leak rate 1 - - voft/day 

TABLE 2 - MASS BALANCE ( IN KO ) AT T = 10 HOURS 

Reference case 

COMPUTE! MODEL ABC AEMSIH AEROSOLS/AZ AEROSOLS/B1 PAROISEKO 

Settled m a s s 16.310 16.900 13.018 17,513 16530 

Diffused mass 1.057 703 1.363 770 797 

Airborne mass 2.619 2.358 5.601 2.627 2.548 

Leaked mass 109 92 18.9 10.3 9.9 

Released mass 19.997 19.970 20.000 20.920 19.885 

TABLE 3-DISCRETISATION OF THE PARTICLE SIZE 
DISTRIBUTION USED IN VARIOUS COMPUTER MODELS 

COMPUTER MODEL NUMBER OF SIZE CLASSES Rminlpm) Rfflax Ipm) 

ABC 20 0.01 158.5 

A E R O S I M 25 0.05 100 

A E R O S O L S / B 1 50 0.05 100 

P A R D I S E K O 100 0.01 100 



TABLE 4 - LEAKED MASS ( IN KG) AT T = 34 HOURS 

ABC AEROSIM AEROSOLS M2 AEROSOLS/B1 PARDISEKO AVERAGE VALUE 
jksfc 

DEVIATION 

Reference case 12.9 10.7 21.6 12.1 11.9 11.9 0 

PRUPPACHER -
KLETT 

21.7 18.1 31.8 21.0 23.2 21.0 • 76 

Y = 1 17.0 14.9 27.8 17.3 17.0 16.5 • 39 

Y = 5 61 3.6 10.1 4.1 4.2 4.0 - 6 6 

Og = 15 12.5 10.8 19.3 12.4 12.4 12.0 • 1 

Og=3 11.4 10.1 26.4 11.7 11.4 11.1 - 7 

X = 3 18 A 16.0 31.2 18.2 18.2 17.7 • 49 

r 5 0 - 2 p m 9 0 7.7 13.9 8.7 8.7 8.5 - 2 9 

^ = 0 . 2 5 urn 12.6 10.3 24.8 12.6 12.4 12.1 • 2 

E = 10 3 cm 2 /s 3 11.A 8.8 20.5 9.9 10.8 10.2 - 14 

* Average value of the leaked masses given by the discrete codes ABC, AEROSIM, AERESOLS / B1 and 
PARDISEKO. 

* * Difference between the average value and that of the reference case ( in Vo). 
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