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ABSTRACT 

A steam explosion is a fuel coolant interaction process where the heat transfer from the 
melt to water is so intense and rapid that the timescale for heat transfer is shorter than the 
timescale for pressure relief. This can lead to the formation of shock waves and production of 
missiles that may endanger surrounding structures. A strong enough steam explosion in a 
nuclear power plant could jeopardize the containment integrity and so lead to a direct release 
of radioactive material to the environment. 

Steam explosion experiments have shown that there are important differences of 
behaviour between simulant and prototypical melts, and that also with prototypical melts the 
fuel-coolant interactions depend on the composition of the corium. To investigate the 
influence of the corium composition on the fuel-coolant interaction, we proposed in the frame 
of the EU 5.FP PLINIUS project a steam explosion experiment on the KROTOS facility, 
which was accepted by an international panel. The idea of the proposed experiment is to 
lower the liquidus temperature thanks to the adjunction of steel oxides and oxidic fission 
product prototypes to the melt, while all other parameters would be kept similar to KROTOS 
experiment K-53. 

With the code MC3D, developed for the simulation of steam explosions, pre-
calculations of the KROTOS/PLINIUS experiment K-101 were performed. The pre-
calculations were performed in two steps. In the first step, we simulated the experiment K-53 
on which the experiment K-101 is based. By tuning the model parameters, we tried to get the 
best achievable agreement of simulation results and experimental measurements. And then, in 
the second step, we simulated the experiment K-101 by applying the so established best-fit 
model parameters.  The simulation results showed that one can expect that in the experiment 
K-101 the steam explosion efficiency will be higher than in experiment K-53 due to less 
corium droplets freezing, resulting in a larger corium mass participating in the steam 
explosion. 

1 INTRODUCTION 

Since the TMI-2 accident, intensive research on severe accidents in nuclear power 
plants has been carried out to prevent and mitigate such accidents. One of the most important 
remaining issues in core melt progression during a severe accident is the likelihood and the 
consequences of a steam explosion, which may occur when the hot core melt comes into 
contact with the coolant water. A steam explosion is a fuel-coolant interaction process by 
which the energy of the corium is transferred to the water in a time scale smaller than the time 
scale for system pressure relief, and induces dynamic loading of surrounding structures. A 
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strong enough steam explosion in a nuclear power plant could jeopardize the containment 
integrity and so lead to a direct release of radioactive material to the environment [1, 2]. 

Details of processes taking place prior and during a steam explosion have been 
experimentally studied for a number of years with adjunct efforts in modelling these 
processes to address the scaling of these experiments. Despite great efforts in steam explosion 
research, confidence in prediction of reactor situations is not such that an unambiguous 
position could be taken whether the early failure of the containment due to a steam explosion 
would be possible or not: 
• Past experiments performed with simulant materials (alumina, ...) and prototypical 

materials (corium mixture) showed that, with simulant materials, spontaneous steam 
explosions occurred, whereas with corium materials there were no spontaneous steam 
explosions. But in recent experiments performed in the TROI facility at KAERI, Korea 
spontaneous steam explosions were observed with corium materials as well [3]. 

• Experiments showed that the efficiency of corium melt triggered steam explosions (up to 
x0.1%) is one order of magnitude lower than that of alumina steam explosions (up to 
x1%) [4]. Is this a general rule or is it just the peculiarity of the performed experiments? 
And what would be the efficiency if, instead of the used simplified corium composition 
UO2-ZrO2, a more realistic corium composition would be used, like for example, a metal 
containing corium composition UO2-ZrO2-Zr (in-vessel situation) or UO2-ZrO2-Zr-Steel 
(ex-vessel situation), or if also fission products (non-radioactive isotopes) would be 
added? As recently discovered, the chemical composition of corium has a significant 
influence on the physical and chemical properties of corium (melting temperature, 
solidification range, hydrogen generation during oxidation in water vapour, …) and 
consequently probably also on the steam explosion. 

 
To investigate the influence of the corium composition on the fuel coolant interaction, 

we proposed in the frame of the EU 5.FP PLINIUS project a steam explosion experiment on 
the KROTOS facility, which was accepted by an international selection panel [5]. In the 
frame of the PLINIUS project, free trans-national access to the PLINIUS facilities has been 
offered to EU and Associated States researchers. The PLINIUS experimental platform for 
prototypic corium experiments, which is located at CEA, Cadarache, France, comprises the 
VULCANO facility for 50-100 kg tests (corium-material interactions, corium solidification 
etc.), the COLIMA facility for smaller scale (~1 kg) experiments, the VITI facility for corium 
properties measurement and the KROTOS facility for corium-water interaction (a few kg). 

The aim of our proposed KROTOS/PLINIUS experiment is to study the material effect 
on the steam explosion. The idea is to lower the liquidus temperature thanks to the adjunction 
of steel oxides and oxidic fission product prototypes to the melt, while all other parameters 
would be kept similar to the KROTOS experiment K-53.  

2 KROTOS TEST FACILITY 

2.1 Facility Description 

The KROTOS facility [4] consists of a radiation furnace, a release tube and a test 
section (Figure 1). The furnace includes a cylindrical tungsten heater element, which encloses 
the crucible containing the melt material. A series of concentric tungsten, molybdenum and 
steel radiation shields are placed around the heater element. The top and bottom parts of the 
heated zone are insulated with thermal screens to reduce heat losses to the surroundings. The 
crucible is held in place by means of a pneumatically operated release hook. The furnace is 
designed to operate from vacuum up to 1.0 MPa overpressure. The three-phase electric power 
supply has a maximum power of 200 kW. Depending on the crucible design and melt 
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composition, melt masses in the range of about 1 to 6 kg can be produced. Maximum 
achievable temperatures are 3300 K. The melt temperature is controlled by an optical bi-
chromatic pyrometer measuring the wall temperature of the crucible. 

The lower part of the KROTOS facility consists of a pressure vessel and a test section, 
both made of stainless steel. Both have view ports for visualization purposes. The pressure 
vessel is designed for 4.0 MPa at 493 K. It is a cylindrical vessel of 0.57 m inner diameter and 
2.0 m in height (volume: ~0.35 m3) with a flanged flat upper head plate. The test section 
consists of a strong stainless steel tube of inner diameter 200 mm and outer diameter 240 mm. 
The water level is variable up to about 1.3 m. The bottom of the test section is closed with a 
plain closing plate or with a plate housing a trigger device. The trigger device consist either of 
a gas chamber (volume of 29.5 cm3), which can be charged to a pressure of up to 20 MPa 
(nitrogen) and is closed by a 0.25 mm thick steel membrane, or an explosive charge. Its 
purpose is to produce a well-defined pressure pulse that is capable initiating a steam 
explosion. 

Melt in
crucibleFurnace

Tube

Vessel

Melt in
crucibleFurnace

Tube

Vessel

Furnace

Tube

Vessel

Furnace

Tube
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Figure 1: Scheme of KROTOS experimental facility. 
 

2.2 Test Procedure 

After reaching the desired melt temperature, the crucible containing the melt is released 
from the furnace and falls by gravity through a ~5.2 m long release tube. Halfway down the 
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tube, a fast isolation valve separates the furnace from the test section below. During its fall, 
the crucible cuts a copper wire, which sends a signal to close the isolation valve and generates 
a zero-time signal for the data acquisition. Finally, the crucible strikes a retainer ring at the 
end of the tube where a conical-shaped spike pierces the bottom of the crucible and penetrates 
into the melt, allowing the melt to pour out through the openings in the puncher. The injection 
diameter of the melt jet is defined by guiding it through a funnel of high temperature 
refractory material with an exit diameter of 30 mm. The melt arrival is detected by sacrificial 
thermocouples and by a high-speed video camera (NAC) mounted in the upper view port of 
the test vessel. If the gas trigger device is used, it is activated by a time-delay circuit when the 
melt arrives at the desired mixing depth. 

Dynamic pressures during the melt-water interaction are measured using piezo-electric 
transducers (bandwidth >100 kHz) mounted on the test section walls. These pressure 
measurements, recorded at 50 kHz, also allow the estimation of the starting location of the 
explosion and propagation speed, which are important for modelling. The integral void 
fraction during mixing is determined by measuring the water level in the test section at two 
locations and averaging. Measurements of vessel pressurization help to determine the 
steaming rates and possible pressurization due to hydrogen production during mixing, and 
also permit calculation of the steam explosion expansion work. 

3 EXPERIMENT SIMULATION  

3.1 KROTOS/PLINIUS experiment 

Since the KROTOS/PLINIUS experiment is the first experiment performed at the new 
location of the KROTOS facility, which was moved from JRC Ispra, Italy to CEA, 
Cadarache, France, it got the denotation K-101. For the experiment K-101 set-up we took as a 
reference the experiment K-53. We tried to set the experiment K-101 parameters equal to 
experiment K-53 parameters and change only the melt composition. Due to the slightly 
different pressure vessels in experiment K-101 and K-53, not all experimental conditions 
could be set completely equal. The main experimental conditions in experiment K-101 and K-
53 are presented in Table 1, with the differences highlighted with red colour.    

 
Table 1: Experimental conditions for experiments K-101 and K-53. 

Experiment K-101 K-53 
Corium material UO2 + ZrO2 + FP 

oxides + steel oxides
80% UO2 + 
20% ZrO2

Melt mass 3.6 kg 3.6 kg 
Melt temperature 3129 K 3129 K 
Melt jet diameter 30 mm 30 mm 
Free fall in gas 0.25 m 0.44 m 
Water column height 1.05 m 1.105 m 
Water column diameter 0.2 m 0.2 m 
Water temperature 290 K 290 K 
Free board gas He He 
Free board volume 0.230 m3 0.330 m3

Initial pressure 3.6 bar 3.6 bar 
Trigger  same same 

 
Since we anticipated that the differences of the free fall height, the water column height 

and the free board volume between the experiments will not have a too significant influence 
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on the experimental results (and since these values were not yet completely fixed), we decided 
to perform the K-101 pre-calculations with identical experiment conditions as in K-53, taking 
into account only the different melt properties. In this way we will more directly find out the 
influence of the melt composition on the simulation results, not introducing any additional 
uncertainties due to the slightly different experimental set-up. 

The melt composition was defined so that the liquidus temperature was as low as 
possible, but remaining the melt composition still realistic. The corium composition was 
based on the Krško NPP inventory in which all the zirconium and 30% of the lower head steel 
has been oxidized. Some of the fission products that can form metallic species (e.g. Ru) were 
discarded to prevent any risk of interaction with the crucible. The established K-101 target 
composition is shown in Table 2. 

 
Table 2: K-101 target load composition. 
Phases K-101 (g) K-101 (mol) 
UO2 2609.35 9.66 
ZrO2 728.50 5.91 
FeO1.5 145.63 1.82 
CrO1.5 45.43 0.60 
NiO 25.78 0.35 
BaO 10.65 0.07 
LaO1.5 27.70 0.17 
SrO 6.97 0.07 
Total 3600  

 
Some products in the initial load will be in excess with respect to the target values to 

take into account partial evaporation during the melting process. The actual final composition 
will be verified by appropriate post-test analyses. The target K-101 load material properties 
have been calculated by using GEMINI-2 (Gibbs Energy minimizer) and NUCLEA-06 iv 
database (in-vessel). In Table 3 the corium properties, which differed in the simulations of 
experiments K-101 and K-53, are presented. 

 
Table 3: Corium properties at experiments K-101 and K-53 as used in the simulations. 

Experiment K-101 K-53 
T_solidus 1640 K 2830 K 
T_liquidus 2640 K 2850 K 
cp_liquid 651 J/kg.K 565 J/kg.K 
cp_solid 530 J/kg.K 445 J/kg.K 
rho_sol=liq 7823 kg/m3 7960 kg/m3

 
3.2 MC3D simulation and modelling KROTOS specific melt release 

The simulations were performed with the MC3D computer code, which is being 
developed by CEA/IRSN, France [6]. MC3D is a code for the calculation of different types of 
multiphase multi-component flows. It has been built with the fuel coolant interaction 
calculations in mind. It is, however, able to calculate very different situations and has a rather 
wide field of potential applications. MC3D is a set of two fuel coolant interaction codes with 
a common numeric solver, one for the premixing phase and one for the explosion phase. The 
premixing module focuses on the modelling of the jet, its fragmentation into large drops and 
the coarse fragmentation of large drops. The fine fragmentation phase is dealt with the 
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explosion module. This application focuses on the fine fragmentation of large drops and heat 
exchanges between the produced fragments and the coolant. The steam explosion simulation 
with MC3D is being carried out in two steps. In the first step the distribution of the melt, 
water and vapour phases at steam explosion triggering is being calculated with the premixing 
module. These premixing simulation results present the input for the second step, when the 
escalation and propagation of the steam explosion through the pre-mixture is being calculated 
with the explosion module. 

Visual observations of the melt injection phase with a high-speed video (NAC, 1000 
frames/s) revealed a highly irregular leading edge of the melt jet (Figure 2) [7]. The high 
speed of the leading edge is a result of the delivery method in which the crucible containing 
the melt falls down a 5.2 meter long release tube and is then brought to rest by the puncher 
breaking the bottom of the crucible. The crucible impact and transient flow of the melt into a 
release funnel further accelerate it until quasi-steady state gravity pour conditions are reached, 
i.e. up to the time when the release funnel is filled with melt. In all the tests a coherent jet 
followed after the initial “squirt”. 
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Figure 2: High-speed video pictures of highly irregular leading edge of the melt jet from 0 ms 
to 16 ms (left side) and outlet velocity of jet as a function of time (right side). 

 
These specifics of the KROTOS melt release had to be adequately taken into account in 

the MC3D simulation. If a coherent jet would be assumed, like presented on the left picture in 
Figure 3, the jet penetration velocity through water would be much too high an there would be 
much too less fragmented melt. Therefore we modelled the initial squirt as presented on the 
middle picture in Figure 3 and in Table 4. The first part of the jet is in form of droplets, which 
are followed by a coherent jet. The outlet velocity of the melt decreases with time as was 
measured in the experiments. The volume fractions of the droplets where established so, that 
the total injected melt mass was the same as in the experiment. 

The KROTOS/PLINIUS experiment pre-calculations were performed in two steps. In 
the first step, we simulated the experiment K-53 on which the KROTOS/PLINIUS 
experiment K-101 is based. By tuning the model parameters, we tried to get the best 
achievable agreement of simulation results and experimental measurements. And then, in the 
second step, we simulated the experiment K-101 by applying the so established best-fit model 
parameters. 
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Figure 3: Simulated phases distributions during premixing without (left) and with (middle) 
initial jet squirt modelling at time 0.1 s, and phases distribution at time 0.65 s when the steam 
explosion was triggered (right). The results (middle and right) are presented for premixing 
simulation K53-A (see Table 5). The jet is presented with red colour, water with blue colour, 
gas with white colour and the melt droplets with red, yellow or black circles. 

 
Table 4: Corium jet volume fraction as a function of time and radius. 

Corium volume fraction 
Outer radius (mm) 

 
Time 
(ms) 

 
Velocity 

(m/s) 5 10 15 20 

 
 

Phase 

301 0.1 0 0 0 0 Jet 
300 0.1 1 1 1 0 Jet 
100 1.8 1 1 1 0 Jet 
70 2.4 1 1 1 0 Jet 
50 3.5 1 1 1 0 Jet 
40 4.4 1 1 1 0 Jet 
30 5.6 0.9 0.9 0.9 0.1 Droplets 
20 8 0.7 0.7 0.7 0.1 Droplets 
15 10.5 0.5 0.5 0.5 0.1 Droplets 
10 13 0.3 0.3 0.3 0.1 Droplets 
5 19.5 0.1 0.1 0.1 0.1 Droplets 
0 30 0.1 0.1 0.1 0.1 Droplets 
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4 SIMULATION RESULTS  

Nearly 100 simulations of experiment K-53 have been performed with MC3D version 3.5, 
changing model parameters and code options, to get first some reasonable and convergent 
results, and then a reasonable agreement with the experimental measurements. The MC3D 
code inputs of the best four simulations of experiment K-53 were then taken for the pre-
calculation of experiment K-101, changing only the corium material properties. In Table 5 the 
list of these four K-53 and K-101 simulations is provided with some basic information about 
the calculations. In our simulations we used the recommended MC3D options [6] as far as 
possible. We chose a different option only if the simulation did not converge. So the 
recommended Van Leer model for the calculation of the convection of volume fractions was 
used only for the droplets phase or the droplets and jet phase (Table 5), since otherwise the 
simulations did not converge. For coarse drop break-up, MC3D uses a local correlation 
formulated by Pilch, which is a linearization of a model describing the coarse fragmentation 
by Rayleigh-Taylor instabilities [6]. Strictly speaking, this model should hold only for Weber 
numbers greater than 350. In MC3D this correlation is extended also to Weber numbers 
below 350, with the use of two damping functions, which decrease the fragmentation rate. 
The first damping function is for Weber numbers from 20 to 350, and the second for Weber 
numbers below 20. Since in the simulations the fragmentation was too low, we tried to 
increase the fragmentation by switching off the damping functions. If both damping functions 
were switched off, the simulations did not converge due to too much fragmentation, but if we 
switched off only the first damping function, the simulations remained stable. We performed 
the simulations with included both damping functions and with suppressed first damping 
function (Table 5). 
 
Table 5: List of simulated premixing and explosion cases. For the premixing simulations 
information about the used MC3D options and the convergence of the simulations is given. 

MC3D premixing options  
Simulation 

 
Experiment Van Leer for phases Damping function 

Convergence 
premixing 

K53-A K-53 Droplets ON OK 
K53-B K-53 Droplets OFF OK 
K53-C K-53 Droplets and Jet ON OK 
K53-D K-53 Droplets and Jet OFF 0.68 s (of 0.9 s)
K101-A K-101 Droplets ON OK 
K101-B K-101 Droplets OFF OK 
K101-C K-101 Droplets and Jet ON OK 
K101-D K-101 Droplets and Jet OFF OK 

 
4.1 Premixing phase 

On Figures 4 and 5 the results of the premixing phase simulations are presented in 
comparison with K-53 experimental measurements. The simulations were stable during the 
simulated time of 0.9 seconds, except case K53-D diverged after 0.68 s of the transient. On 
the top diagram of Figure 4, the melt penetration depth is presented. We see that the melt 
front elevation is in quite good agreement with the experimental measurements, and that the 
differences between the simulated cases (Table 5) are small. At cases K53-B, K53-D and 
K101-C it seems that after 0.5 s the melt jet would start to move upwards, but that is only due 
to the postprocessor, which did not consider the fine fragmented melt particles, but only the 
melt jet and the melt droplets. 
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Figure 4: Simulated melt elevation (top), pressure (middle) and water level (bottom) for 
experiments K-53 and K-101 during premixing in comparison with K-53 experimental 
measurements. 
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Figure 5: Simulated mean Sauter diameter for experiments K-53 and K-101 during premixing 
in comparison with K-37 (no steam explosion) experimental measurements. 

 
On the middle diagram of Figure 4, the gas pressure in the vessel is presented. The 

pressure spikes are due to numerical reasons and appear when water comes in the mesh cell 
where the pressure is traced. We see that the K53 cases with included fragmentation damping 
functions (K53-A, K53-C) under predict the K53 measured pressure due to too little voiding, 
and the cases with suppressed first damping function (K53-B, K53-D) over predict it due to 
too much voiding. The reason for the differences is that, by suppressing the damping function, 
there is more fragmentation and consequently the droplets surface area for heat transfer is 
larger. The differences between the equivalent K53 and K101 simulations are not significant. 
The pressure curves of all simulated cases form, dependent on the use of the fragmentation 
damping function, two pressure curve families. If the damping functions are included the 
pressure increase is low, and if the first damping function is suppressed, the pressure increase 
is much higher. A similar trend is visible also at the water level swell (bottom diagram on 
Figure 4) where the water level swell is much higher when the fragmentation damping 
function is suppressed. The dynamics of the water level is not best predicted, but the 
amplitude of the water level swell agrees quite well with the simulations performed with the 
included damping functions (K53-A, K53-C). The differences between the K53 and K101 
simulations are not significant. 

On Figure 5 the mean Sauter diameter of the melt droplets during premixing is 
presented in comparison with the K-37 experimental measurements. Experiment K-37 was 
chosen for the comparison since in K-37 the conditions were similar to K-53 [7], but no steam 
explosion occurred, which is important if we want to make any conclusions about the melt 
droplet size during premixing. On Figure 5, the influence of the fragmentation damping 
functions is most evident. As expected in the cases with the suppressed first damping function 
the Sauter melt droplet diameter is much lower than in the cases with the included damping 
functions. But also in the cases with the suppressed first damping function the Sauter diameter 
is over predicted. The reason for that could be the way the Sauter diameter is calculated in the 
simulations, since the fine fragments produced by the stripping mechanism were not taken 
into account. The differences between the K53 and K101 results are small. 

In general one can conclude that the differences between the premixing simulation 
results for experiments K-53 and K-101 are not significant. 
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4.2 Explosion phase 

On Figures 6 and 7 the results of the explosion phase simulation are presented in 
comparison with K-53 experimental measurements. In the explosion phase simulation the 
corresponding premixing phase simulation results were taken for the initial conditions (Table 
5). It was defined that the steam explosion is triggered at time 0.65 s, approximately when the 
melt in the simulations reaches the bottom of the vessel, which is in reasonable accordance 
with the K-53 experiment conditions. The premixing conditions at the time of steam 
explosion triggering are shown on the right picture of Figure 3 for case K53-A. On Figures 6 
and 7, the simulated pressure histories in the test section at different levels are presented for 
experiments K-53 and K-101 in comparison with K-53 experimental measurements. We see 
that, in general, the pressure in the K53 cases with included fragmentation damping functions 
(K53-A, K53-C) is over predicted and that in the K53 cases with suppressed first 
fragmentation damping function (K53-B, K53-D) the pressure is under predicted. Taking into 
account also the finding of the premixing phase simulation, one can conclude that the 
simulations with the fragmentation damping functions (too large melt drops; consequently 
probably under predicted solidification; consequently probably too large mass participating in 
explosion; consequently too high steam explosion efficiency) and without the first 
fragmentation damping function (size of melt droplets reasonably predicted; consequently 
solidification probably correctly predicted, but probably due to too much voiding the 
efficiency is too low) are some kind of bounding simulations and that consequently the reality 
is somewhere in-between. If we look at the K101 pressure curves we realize that the 
differences between the simulations with (K101-A, K101-C) and without fragmentation 
damping functions (K101-B, K101-D) are much smaller than in K53 pressure curves. The 
reason for that is most probably the lower corium phase transition temperature in K-101. So 
also in the case of suppressed fragmentation damping functions, resulting in smaller melt 
droplets, a significant amount of corium still remains in a liquid state and can participate in 
the explosion. Consequently one can expect that in experiment K-101 the steam explosion 
efficiency will be higher than in experiment K-53 due to less corium droplets freezing, 
resulting in a larger corium mass participating in the steam explosion. 

5 CONCLUSIONS  

To investigate the influence of the corium composition on the fuel-coolant interaction, 
we proposed in the frame of the EU 5.FP PLINIUS project a steam explosion experiment on 
the KROTOS facility, which was accepted by an international selection panel. The aim of our 
proposed KROTOS/PLINIUS experiment K-101 is to study the material effect on the steam 
explosion. The idea is to lower the liquidus temperature thanks to the adjunction of steel 
oxides and oxidic fission product prototypes to the melt, while all other parameters would be 
kept similar to KROTOS experiment K-53. 

With the code MC3D, developed for the simulation of steam explosions, pre-
calculations of the KROTOS/PLINIUS experiment K-101 were performed. The pre-
calculations were performed in two steps. In the first step we simulated the experiment K-53 
on which the experiment K-101 is based. By tuning the model parameters we tried to get the 
best achievable agreement of simulation results and experimental measurements. And then, in 
the second step, we simulated the experiment K-101 by applying the so established best-fit 
model parameters. We performed nearly 100 simulations of experiment K-53, changing 
model parameters and code options, to get first some reasonable and convergent results, and 
then a reasonable agreement with the experimental measurements. The MC3D code inputs of 
the best four simulations of experiment K-53 where then taken for the pre-calculation of 
experiment K-101, changing only the corium material properties. 
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Figure 6: Simulated pressure histories for experiments K-53 and K-101 in test section at 
levels 0 cm (top), 15 cm (middle) and 35 cm (bottom) during steam explosion in comparison 
with K-53 experimental measurements. 
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Figure 7: Simulated pressure histories for experiments K-53 and K-101 in test section at 
levels 55 cm (top), 75 cm (middle) and 95 cm (bottom) during steam explosion in comparison 
with K-53 experimental measurements. 
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We performed the simulations with included two fragmentation damping functions, 

which are used in MC3D to extend the Pilch coarse drop break-up correlation also to Weber 
numbers below 350, and with the suppressed first fragmentation damping function, which 
decreases the fragmentation for Weber numbers from 350 down to 20. The K-53 simulation 
results revealed that the simulations with included fragmentation damping functions 
significantly over predict the explosion efficiency, whereas the simulations with suppressed 
first damping function under predict the explosion efficiency. That means that the simulations 
with and without fragmentation damping functions are some kind of bounding simulations, 
and that consequently the reality is somewhere in-between. In the K-101 simulations the 
differences between the simulations with and without damping functions are much smaller. 
The reason for that is most probably, since due to the lower corium phase transition 
temperatures at K-101, also in the case of the suppressed first fragmentation damping 
function, resulting in smaller melt droplets, a significant amount of corium still remains in a 
liquid state and can participate in the explosion. Consequently one can conclude that in 
experiment K-101 the steam explosion efficiency will be higher than in experiment K-53 due 
to less corium droplets freezing, resulting in a larger corium mass participating in the steam 
explosion. 
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