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ABSRACT 

The WECHSL code, developed at Kernforschungszentrum Karlsruhe, West-
Germany, Is used for core melt accidents in nuclear power plants. The first 
calculations, considering silicate and limestone/common sand concretes of 
different compositions, analyze the influence of the initial mass of Zirco
nium in the corium and, in one case, the effect of sump «ster ingression on 
the top of the melt. Moreover, for a limestone concrete, a sensitivity study 
is made on the melting temperature of the concrete influencing the decompo
sition enthalpy. 

The main conclusion of that paper is that, in any case, the temperature of 
the melt drops rapidly from the initial temperature to a temperature level 
close to the solidification temperature of the metal phase in a relatively 
short period of time (approximately 15 minutes) and then a balance between 
the removed heat from the melt and heating sources inside the melt is esta
blished. 

INTRODUCTIOM 

If a complete and prolonged failure of normal and safeguard systems In a 
pressurized water reactor (PWR) were to occur, the residual heat would cause 
the fuel to overheat. If no corrective actions were taken, the fuel and the 
surrounding steel structures would melt and slump at the bottom of the 
reactor pressure vessel (RPV). Then, this mixture (called "corium") would 
melt through the RPV bottom and drop Into the concrete cavity enclosing the 
reactor vessel. If this cavity Is dry, or if any presence of water cannot 
cool the corium, the cere/concrete interaction would start. One of the most 
important barriers for retention of radioactivity during such an 
hypothetical accident is the containment and the concrete basemat of the 
nuclear plant. The dominant role of core/concrete interaction on the 
possible overpressurization of the containment as well as the necessity of 
the knowledge of the released gas composition into the containment and of 
the basemat penetration by the corium, has led to the development of the 
WECHSL cod! [1] in Kernforschungszentrum Karlsrune. 

Commissariat a l'Energie Atomique, Fontenay aux Roses, France. 
French delegate at KfK, Karlsruhe, from February 1985 to July 1986. 
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The present paper describes the application of the WECHSL code to the 
reactor accident case. The calculations for silicate and limestone common 
sand concretes, study the influence of the initial mass of metallic Zr in 
the corium and of the water ingression on the top of the melt. Furthermore, 
for limeston» concrete, a sensitivity analizis is made concerning the 
melting temperature (and decomposition enthalpy) of the concrete. 

The reactor under consideration is a 1300 M W e l standard PWR with a large dry 
containment. The cavity enclosing the reactor pressure vessel (RPV) is a 
cylinder of concrete of 6.4 m inner diameter. The initial corium after the 
RPV melt through, at a temperature of 2673 K (except for the calculations 
with limestone concrete: 2773 K), is composed of oxidic material (115 t UO,; 
Zr0 2) and metallic material (28.2 t Fe; 5.8 t Cr; 3.5 t Ni and Zr). The 
total mass of Zr 13 30.5 t and can be partly or completely pre-oxidized. The 
compositions of the concretes used in the calculations are listed below: 

species, wt.-%: Ca(OH) 2 CaC0 3 Si0 2 Free AI2O3, 
H 20 CaO, 

MgO, 
type of concrete: 

pure siliceous: 7.3 6.6 76.6 4.2 5.3 2300. 
limestone/common sand: 8.2 48.1 35.8 2.7 5.2 2500. 
pure limestone: 8.2 81.1 3.6 3.9 3.2 2600. 

For each one of these concretes, a liquidus/solidus temperature curve for 
Che oxidic phase is given as input in WECHSL (Figures 1, 2 and 3). Data in 
Che computations for silicate and limestone concretes mixed with corium are 
derived from experimental data {2}. For the limestone common sand concrete, 
Che increase of the solidus temperature of the mixture (UO2, Si0 2) under 
Che presence of calcium oxide, is derived from comparison wich Che melting 
temperatures of a mixture of A 1 2 0 3 with CaO and Si0 2 [3]. In the WECHSL code 
the metallic phase is always at the bottom of the cavity, under the oxidic 
bulk and each phase is either completely liquid or composed of a liquid bulk 
and a crust. The WECHSL version used for these calculations sto>;s when all 
the mer.al phase is frozen. 

The application of WECHSL code to the BETA experiments using limestone/com
mon sand and limestone concretes, are not in as good agreement as for the 
other BETA experiments using a silicate concrete. As a consequence, the 
results of WECHSL code applied to reactor accident with a limestone/common 
sand concrete or a limestone concrete can be considered to be reliable 
concerning the overall gas release and the temperatures of the corium but 
should be considered tentative concerning the cavity shapes and gas composi
tion. 

SILICATB AND LIMESTONE/COMMON SAND CONCRETE: SENSITIVITY STUDT ON ZIRCONIUM 
OXIDATION AND SUMP WATER DIGRESSION 

For the silicate and limestone/common sand concretes, three differenc masses 
of metallic Zirconium in the initial corium are choosen: 15.25 t, 9.15 t and 
0. t corresponding to 50%, 70% and 100% respectively, from the initial Zr 
mass, of pre-oxidized Zr. In this paper, these cases will be called cases A, 
B and C Water ingression occurs in one case (silicate concrete, case A) if 

Density 
at 298 K 
(kg/m3) 
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the inner diaaeter of the reactor cavity reaches 7 a. The WECHSL code allows 
complete reduction of CO2 and H2O to give CO and H 2 under formation of metal 
oxides. First, atl Zr is oxidized, then Cr and finally Fe- The code does not 
take into account the "coking effect", i.e. the chemical reactions: 

Zr + C0 2 -» Zr0 2 + C 
and subsequently C + CO2 — » 2 CO 

Results for silicate concrete 

The temperature of the corium, whatever is the case, drops from the initial 
temperature (2673 K) to nearly the solidification teaperature of the aetal 
phase (around 1750 K) in a short period of time (about 10 aln) due to rapid 
cooling of the aelt because of the high heat transfer between the bulk aetal 
phase and the concrete (Figure 4). Then a aetal crust starts to fora. If 
chromium is the most reactive compound of the metallic material, the metal 
crust formation sets in earlier (6 ain after the beginning of the 
interaction for case C) as the cheaical heat generation is reduced by a 
factor approximately 2. When metallic Zr is present, metal crust formation 
occurs after approximately 9 min (cases A and B). During the teaperature 
drop, the three cases show siailar temperature profiles. When the metal 
crust foras, the teaperature of the oxide bulk for cases A and B stays at a 
stabilized level close to the aetal teaperature, i.e. of the aetal 
solidification teaperature. Due to thin crust formation between the oxide 
bulk and the concrete, the oxide teaperature stays at a higher level (around 
100 K higher) for case C. But as soon as this crust aelts, the oxide 
temperature profile follows the saae profile as in the other cases (after 
about 2 hours). Due to this rapid cooling of the coriua, the erosion speeds 
are nearly equal in all cases: a drop froa 12 ca/aln to 3 cm/Bin. When the 
aetal crust appears, the erosion speed slows down to stabilize around 7 
cm/hr (Fi jures 7 and 10). The thermal decoaposltion of concrete is always, 
in all cajes, the dominant process as long as no aetal crust appears (Figure 
13). Heat due to exothermal chemical reactions, compared to the heat 
transferred to the concrete for the thermal decomposition, is lower by a 
factor of nearly 2 for case A and by nearly 4 for case C during this period 
of tiae. After the aetal crust formation occurs, the gas release decreases 
in a significant way, as for example by a factor of 70 ror the hydrogen 
release (Figure 16). Therefore, the cheaical heat, controled by the gas 
release, drops froa relatively high values (266 MW, 259 MW and 113 MW for 
cases A, B and C) at the beginning of the interaction to low values (nearly 
4 MW, 1 MW and 0.01 MW for cases A, B and C when the metal crust thickness 
reaches 1.5 cm) which is much lower than the decay heat (about 20 MW). After 
the temperature drop, when the metal crust is well formed, a balance occurs 
between the heat sources inside the melt bulk and thé heat removed via the 
coriua surfaces, leading to a nearly stable situation ("long term 
situation"). In this situation, there can be different cavity shapes but the 
integral gas release froa the concrete will not be changed significantly. 
Consequently, the decay heat governs the system. 

When sump water ingression occurs on the top of the coriua during the core 
melt/concrete interaction, the only effect is the increase of the steam 
production delivered to the containment atmosphere. There is no significant 
influence on the coriuo teaperature and, as a consequence, nearly no changes 
in the erosion speed and cavity shape, even for the long term behavior. 

Results for limestone/common sand concrete 

The temperature of the corium drops rapidly froa the Initial value (2673 K) 
to reach values close to the level of the solidification temperature of the 
metal phase (around 1750 K) within 10 min in all cases, as with silicate 
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concrete (Figure 5). This rapid cooling of the coriua leads to metal crust 
formation again earlier in case C (at time 6 min) than in the other cases, 
due to Cr instead of Zr oxidation. The erosion speeds are nearly the same in 
all cases and drop from 8 cm/min to approximatively 2 cm/min within 10 min, 
to stabilize around S cm/hr (Figures 8 and 11). These erosion speeds are 
scalier than for a silicate concrete because of the lower decomposition 
enthalpy (2.07 MJ/kg, 2.55 MJ/kg at 1573 K for silicate and limestone/common 
sand concretes respectively) due to calcium carbonate influence. As long as 
no metal crust appears, the thermal decomposition process is still dominant 
when compared with the chemical heat generation, but not as much as in cases 
with silicate concrete (Figure 14). When a metal crust appears, the gas 
release decreases, i.e. by a factor of 100 for CO (Figure 17). As the 
chemical reactions are controlled by the gas release, the relevant heat 
generation drops from initial high values (305 MW, 295 MW and 113 MW for 
cases A, B and C respectively) to low values compared to the decay heat when 
the metal crust is well formed (nearly 1 MW). As observed precedently with a 
silicate concrete, a balance occurs between heat removal and heat generation 
within the melt, once the metal crust is well stabilized. Then, the further 
process of concrete erosion is governed by the decay he&t-

LZMESTOn COHŒETE: SD5ITIVITT STDDT (M THE MELTIBC TEMPEIATDKE OF THE 
CONCRETE 

To date, the WECHSL code does not allow the temperature of the oxide layer 
to drop below the solidus temperature of that phase. As a consequence, and 
due to the high solidus temperature of the oxidic phase for this type of 
mixture corium/concrete, an initial temperature of 2^73 K was choosen to 
allow the calculation for a sufficient period of time. Three calculations 
are carried out to analyze the Influence of a variation in the melting 
temperature of the concrete: 1473 K, 1573 K and 1673 K, corresponding to 
calculated concrete decomposition enthalpies of 2.92 MJ/kg, 3.04 MJ/kg and 
3.16 MJ/kg, respectively; these cases are named cases X, Y and Z. For all 
these calculations, the mass of pre-oxidized Zr was 50Z of the total mass of 
metallic Zr. 

All calculations are terminated when the temperature of the oxide bulk drops 
below the solidus temperature of the oxide phase, i.e. at time 1900 s, 6500 
s and 1300 s after the beginning of the interaction for the cases X, Y and 
Z. 

Results for limestone concrete 

In each of the cases, the temperature of the corium decreases rapidly 
(within 15 min), due to fast cooling as the heat transfer between melt and 
concrete is high, to reach, for the metal temperature, a level close to the 
solidification temperature of the metal, around 1765 K (Figure 6). But as 
the solidus temperature of the oxide phase is high, there is quickly a thick 
crust between the oxide layer and the concrete, leading, after the drop when 
the metal crust forms, to higher values for the oxide temperature (1950 K) 
than the metal temperature. The metal crust starts sooner for the cases with 
lower concrete ablation temperatures (6, 8 and 11 min for cases X, Y and Z). 
As a matter of fact, the lower the melting temperature is, the bigger is the 
heat flux given to the concrete at the beginning of the interaction (Figure 
15). Consequently, the metal crust forms earlier. But this phenomena is of 
minor importance and the temperatures are similar in all cases. So, the 
erosion speeds have, In all cases, the same values. These values are almost 
similar to those obtained with a limestone common/sand concrete, and drop 
from an initial value of 6 cm/min to 1 cm/min within 15 min, to stabilize 
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around 5 to 3 cm/hr (Figures 9 and 12). As long as no aetal crust appears, 
the thermal decomposition process is still dominant when compared with the 
chemical heat generation (Figure IS), whatever is the case. The released gas 
decreases when the metal crust appears (Figure 18). For example, the release 
of CO is reduced by a factor of 100. The dominant gas is CO, due to the 
composition of the concrete In combination with the reduction of released 
c o 2 by the aetal phase. The second pike observed on figure 18 corresponds to 
a remelting of the metal crust. 

oowxosioa 
For silicate and limestone/common sand concretes, under variation of the 
Initial mass of metallic zirconium in the metal layer, and for the limestone 
concrete, under variation of the ablation temperature of the concrete 
(1473 K, 1573 K and 1673 R), the common observations are: 
• Fast Initial cooling of the corium leading to a rapid drop of the corium 

temperature, from the initial temperature to temperature level close to 
the solidification temperature of the metal phase (between 1750 K and 1770 
K within a short period of time (around 15 mln)). Then, a metal crust 
starts to form. 

- The gas release drops by a factor between 70 and 100 when the metal crust 
formation sets in, concerning the most important released gas (H» for 
silicate concrete, CO for limestone/common sand and limestone concretes). 

- The erosion speed decreases considerably when the metal crust forms (from 
some ca/min to some cm/hr). 

- The effect of crust formation in the oxide phase leads to a difference of 
temperature with the metal solidification temperature for the oxide phase 
of nearly 100 K tor cases with silicate concrete to nearly 200 K for cases 
with limestone concrete. If this oxide crust malts, the oxide temperature 
comes close to the metal solidification temperature. For the silicate 
concrete, an oxide crust may exist only when no metallic zirconium is in 
the initial melt. In this case, remelting of the oxide crust occurs after 
about 2 hours. 

- When the metal crust has been stabilized, a balance between the decay heat 
and removed heat is established. 
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