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AEROSOL BEHAVIOR IN THE REACTOR CONTAINMENT BUILDING DURING SEVERE ACCIDENT 

Y. Berth1on, G. Lhlaubet, J. Gauvaln* 

ABSTRACT 

Thermohydraul1c behavior Inside a PWR containment during severe accident depends 
on decay heat transferred to the sump water by aerosol gravitational settling and 
deposition. 

Conversely, aerosol behavior depends on thermal hydraulic conditions, especially 
atmosphere moisture for soluble serosol Csl, and CsOH. Therefore, a small 
Iterative procedure between thermo-hydraul1c and aerosol calculations has been 
performed In order to evaluate the Importance of this coupling between the two 
phenomena. 

In this paper, i t 1s shown that with this procedure and using our codes JERICHO, 
RICOCHET and AEROS0LS/B1, the steam condensation on aerosol s-is an important phenome-
non for a correct estimation of the attenuation factor of the suspended mass of 
aerosols 1n the alrbone of the containment. Then, we have a more realistic 
assessment of the source term released by the containment. 

INTRODUCTION 

During a severe PWR accident, aerosols ( I . e . , fission products In particle form 
mixed with inactive aerosols) are transferred into the Reactor Containment 
Building (RCB). These aerosols are a potential source of atmospheric contamina
tion, especially Iodine which dominates the short-term radiological consequences. 
Iodine is assumed to be released in the RCB mainly as soluble (Csl) aerosols. 

*CEA/IRDI/DEMT. 



Aerosol behavior 1s linked to thermohydraul1c behavior of the RCB and vice versa. 
The objective of this paper is to study the steam condensation on soluble aerosols 
and to show the Influence of: 

• moisture on the suspended aerosol and 
• droplets settling on the thermohydraul1c. 

METHODOLOGY 

Table 1 shows a flow diagram of the relationships between the different codes used: 

Table 1 

JERICHO Thermohydraul1c calculations 
-moisture—' 

new condensation flowrate 
RICOCHET 
AER0S0LS/B1 

1 
-settling and deposition 

Post processor code 
Aerosol calculations 

From the rate of settling and deposition computed with the AER0SOLS/B1 Code, few 
JERICHO Code Iterations are needed regarding the condensation flow rate on soluble 
aerosols to keep the atmosphere moisture just below the saturation. From these 
iterations we obtain the condensation flow rate from which the moisture for 
AER0S0LS/B1 is easily calculated: this moisture produces the same droplets conden 
sation flow rate as well as the new rate of settling and deposition for the next 
iteration. Other codes and published data have been used. 

JERICHO Code (1),(2) (Thermal hydraulic conditions in the RCB) 

The JERICHO Code calculates the thermal hydraulic conditions in the RCB: 
pressures, temperatures, moisture. This containment volume is modelized with: 

• 1 gaseous volume (N 2, O2, H 20, C0 2, H 2, CO), • 1 liquid phase, 
• up to 12 walls and internal structures as one-dimensional slab geometry. 



Various phenomena are taken into account: heat and mass transfer, leak (natural 
or vented), burning of CO and H 2 (continuous or deflagrating), decay heat 
(15 classes of Fission Product), safety engineering devices (spray,...). 

The numerical treatment U ) consists of integrating first order differential equa
tions by the ADAMS-PECE method. 

Work on core reflooding and multi-layer walls is, however, still in progress. 

N.B.: Near the saturation, there is a discontinuity in the mass and 
heat transfer models. A study is in progress to evaluate the models 
senslvlty of the results shown here. 

RICOCHET Code 

RICOCHET Code Is the post processor code of JERICHO used to analyze results and to 
produce data for the AEROSOLS/Bl Code. „ 

Analysis of JERICHO's results includes: 

• graphs, 
• detailed analysis of heat and mass transfer. 

Main data calculated for AEROSOLS/Bl are: 
• vapor gradient and boundary layer thickness for dlffuslophoresls, 
• temperature gradient for thermophoresls, 
• leak rate and thermodynamic data. 

AEROSOLS/Bl Code (Aerosol behavior) 

The AEROSOLS/Bl Code computes the physical behavior of aerosols in a multl-compart
ment volume or in a circuit as a function of the time. This code uses the linear 
finite element method for the discretization of the particle spectrum. Phenomena 
taken Into account are the following: 

• settling, 
• deposition: BrOwnlan diffusion, thermophoresls, diffusiophoresis, 

turbulent Impaction, Inertial impaction, 
• coagulation: Brownian, gravitational, turbulent, 
• leakage, 
t steam condensation/evaporation on soluble particles, by the reso

lution of the MASON {3) equation. 

Implementation of a two-type particle spectrum is In progress. 



INPUT DATA 

Calculations have been performed for a French 900 MWe PUR unit on the S2CD se

quence according to the "Reactor Safety Study" terminology (£), with the following 

data: 

RCB, Primary Coolant System and Core» Main characteristics are summarized below: 

RCB 
Volume 
Concrete wall surface 
Steel wall surface 

Primary Coolant System (PCS) 

ructure) 
rods) 

49,900 ml 
25,000 m% 
25,000 mz 

200,000 kg 
80,000 kg 

79,600 kg 
18,200 kg 
4.600 kg 
1,900 kg 
1,645 kg 
0,580 kg 

PCS mass of water 
Accumulator mass of water 

Core 
Mass of U02 

Mass of IT, Sn (Clad) 
Mass of Fe, NI , Cr (Core Sti 
Mass of Ag, In, Câ (Control 
Mass of fission products 
Mass of actlnldes 

ructure) 
rods) 

49,900 ml 
25,000 m% 
25,000 mz 

200,000 kg 
80,000 kg 

79,600 kg 
18,200 kg 
4.600 kg 
1,900 kg 
1,645 kg 
0,580 kg 

CO 2 content for the limestone concrete used Is 588 kg/m3. 

Decay heat 

Concerning the decay heat associated with the fission products (F.P.) released 1n 

the RCB, the 3 and y radiation energy dissipation 1s treated 1n the following way: 
Noble gas and gas concentration of F.P. aerosols: 

10% 1n the gas atmosphere, 
90% in walls and structures, * { 

B { 100$ In the gas atmosphere. 

f-.P. deposited and settled: 

Y+ 3 { 100% 1n the sump water. 

For the reference case (5_) the rate of transfer to the sump water 1s 2 10" 4 s~* 

(Insoluble aerosol and no dlffuslophoresls). 



Breach Hypothesis 

The atmosphere and water temperatures are at the boiling temperature. This hypo
thesis maximizes the potentially condensable amount of water on droplets. 

Aerosol Behavior In the RCB 

The aerosol release from the fuel produces 629 kg of alrbone aerosols, but for 
this study we took Into account only 150 kg of soluble aerosols: 

Volatile and soluble F.P. CsOH 129 kg 
(100% of core Inventory) Csl 21kg 

The source rate from the primary circuit Is 0.056 kg/s for 2,700 seconds. 

Aerosol Data 

Mass median radius 0.25 ym 
Standard deviation 2 , 
Aerosol mass density 3,794 kg/m3 

Vant'Hoff factor 1.913 
Collision efficiency 0-25 , , 

0.1 n£/s 3 

830 m2 „ 
50,000 m z 

Turbulent energy dissipation rate 
0-25 , , 
0.1 n£/s 3 

830 m2 „ 
50,000 m z 

Sedimentation area 

0-25 , , 
0.1 n£/s 3 

830 m2 „ 
50,000 m z Total surface deposition 

0-25 , , 
0.1 n£/s 3 

830 m2 „ 
50,000 m z 

Thermohydraul1c data JERICHO output 

Phenomena Taken Into Account: 

Case Settling 
Brownlan Diffusion 

Thermophoresls 

D1ffus1ophores1s Condensation/ 
Evaporation 

1 (5) 
2 ~ 
3 
4 

realistic 

+ 
+ 
+ 

+ 
+ 

Case 3 is for the first iteration, and case 4 for the second. (•• Yes; - No) 

Timing of S?CD Accident Sequence 
Events are reported in Figure 1. 



RESULTS OBTAINED - DISCUSSION 

Thermo-Hydraul1c Results 

Figures 1 and 2 show the RCB pressure and temperature as a function of time. 
There 1s practically no difference between the reference case (noted 0 ) com
puted without condensation and without diffusiophoresis, and the realistic case 
(noted 0 ) which was computed with condensation and diffusiophoresis. 
Results at the pressure peak are given below: 

Table 2 
Case Pressure Atmosphere Sump Water 

Temperature Temperature (MPa) CO CO 
© 0.2956 111.887 95.46 
@ 0.2889 111.064 103.73 

.The sump water temperature (Figure 3) is slightly higher for the realistic case 
due to the fact that the deposition and settling rate of F.P. is much larger: mean 
value 1 10" 2 s" 1. 

The atmosphere remains saturated throughout the accident for the two cases from 45 
seconds onwards. The steam condensation on soluble aerosols has no Impact on the 
thermohydraulic behavior of the containment. In fact, the condensed mass of water 
Is the same whether It 1s condensed just below or just above the saturation. More
over, the potentially condensable mass of steam 1s enough for the atmosphere to 
remain close to the saturation (moisture > 0.990) for this aerosols source. 

However, the increase in the sedimentation rate due to the condensation on the 
aerosols has a slight effect (see Table 2) during the aerosol source and for a few 
minutes after. From the thermohydraulic point of view one can conclude that 
soluble aerosols reach the sump at once. For insoluble aerosols the same conclu
sion applies: diffusiophoresis also produces a high rate of deposition. 

RICOCHET Results 

Figure 4 shows the mean temperature difference between the walls and the gaseous 
phase used for thermophoresis in the realistic case. 



AEROSOLS/Bl Results 

Figures 5 to 8 summarize as a function of time the source, the suspended mass, 

the settled mass, and the deposited mass. The table below shows these results at 

the end of the source (*) and 7,300 seconds after ( * * ) , and the rate of settling 

plus deposition during the source. 

Case Source 
(kg) 

Rate of Settling 
Deposition 

Suspended 
Mass 
(kg) 

Settled 
Mass 
(kg) 

Deposited 
Mass 
(kg) 

1 

2 

3 

4 

150 

150 

150 

150 

2.0 10' 5 

6.6 10"* 

6.9 10"3 

3.3 10"2 

** 

1.2 Ï0-* 

1.7 10"4 

2.1 10"4 

2.3 10"4 

* 

;i47>'0£. 

102.56 

8.89 

1.69 

** 
113.47: 

18.91 

0.15 

0.008 

^0.47 

0.32 

133.11 

142.99 

** 

28.25 

"1.72 

139.87 

144.67 

2.51 

47.12 

8.00 

5.320 

* * 

8 .28 

129 .37 

9 .98 

5 .322 

Figures 9 to 12 show the aerosol suspended spectrum at the end of the source. 

Note that the steam condensation on soluble aerosols produces a large droplet 

radius, and thus a high settling rate. 

Figures 12 to 15 show a spectrum evolution In the realistic case. Figure 16 shows 

the radius change. Note the high increase when the core slumps.. 

The core slump at 11,900 seconds that Is 2,600 seconds after the beginning of the 

aerosols source. The core slumps for 100 seconds during which the breach flow 

produces an high amount of condensable steam. Before this event the droplets 

condensing flow of 2 kg/s maintains the moisture just below the saturation: the 

corresponding moisture computed by AER0S0LS/B1 Code 1s 0.994. After 11,900 seconds 

and for 100 seconds the droplets condensing flow 1s 20 kg/s and produces a mois

ture of 0.9994. After the soluble aerosols source, that Is 12,000 seconds, the 

moisture has been maintained at the same value which 1s conservative because the 

JERICHO'S results show that the containment atmosphere is slightly oversaturated. 

CONCLUSION 

Results obtained show that the settling and the deposlte rate was very high: for 

soluble aerosols, the droplet settling prevails, for insoluble aerosols, diffusio-



phoresis prevails. The gazeous phase thermohydrauiic conditions depend on, breach 

flows (mass and energy) and on the containment atmosphere cooling by concrete 

walls. The water temperature is slightly greater than the one calculated in the 

reference case (£), in which the aerosols transfer rate was lower: no soluble 

aerosols and no diffusiophoresis. With these two phenomena the transfer of aero

sols to the sump water is very fast and so it is not necessary to include AERO-

S0LS/B1 formalism into the JERICHO Code. However it is necessary with the help of 

an additional AER0S0LS/B1 calculation to determine the relation between the drop

lets condensing flow and the moisture. 

FUTURE WORK 

Sensitivity studies are in progress to study the influence of: 

• the heat and mass transfer model near the saturation, 
• the breach hypothesis on phase temperature, 
• the severe accident sequences, 
• the aerosols source, flow rate, insoluble mixed with soluble 

particles, 
• the interaction with the droplets spray. 
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