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The SURC series of molten core concrete interaction experiments carried.out
at Sandia National Laboratories was selected to be analyzed by CORCON-Mod3 code.
Detailed comparisons between code calculations and -experimental measurements
were performed for thermal behaviors, gas releases and. aerosol generations. It
was found that thermal behaviors such as concrete erosion and melt temperature
history were reasonably predicted by the code. Large discrepancies were shown in
amount and composition of gas released. Especially, CORCON-Mod3 could mot
reproduce the continuous release of combustible gases (H, and CO) during the
interactions. The discrepancies of gas releases might indicate that a kinetic
approach is required on the reaction between metallic materials in the molten
core and the concrete decomposed gases. Difference within one through several
orders of magnitude were predicted for the releases of fission product simulants.
In order to discuss more detail about adequacy of the models on the chemistry
and vaporization of the molten core materials, the database of chemical species

and related thermodynamic properties contained in CORCON-Mod 3 should be extended.
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1. Introduction

Molten Core Concrete Interaction (MCCI) occur when a reactor vessel is molten-through and
molten core materials drop onto the reactor cavity basemat during the late phasc of a postulated
severe accident in a light water reactor nuclear power plant. In the process of MCCI, a large
amount of H,0 and CO, will be generated due to decomposition of concrete. A significant
amount of H, and CO can be also produced by chemical reactions between the decomposed
gases and the molten core materials. If the molten core is covered by an overlying water layer
during MCCI, the water will be vaporized through a coolant boiling process. Accumulation
of these vapors and noncondensable gases and/or burning of combustible gases will lead to
the pressurization of a containment vessel, and continuous melt concrete interactions will
erode the containment basemat, either may threaten the containment integrity. A large amount
of radioactive fission products (FPs) may be released to the environment, should containment

failure occurs.

Up to date MCCI is still an unwell-known area and is one of major contributors to the
uncertainties of severe accident risks[1]. Since the progression of MCCI may significantly
affect severe accident scenarios as well as offsite consequences, great efforts have been paid
to the study on phenomena related to MCCI. I[n recent years, various MCC] experiments,
especially those large scale experiments such as SURC series(2,3,4,5], BETA scries[6] and
ACE project L series[7], have been carried out. An experimental series on MCCI is included
in ALPHA (Assessment of Loads and Performance of Containment in a Hypothetical Accident)
program at JAERI (Japan Atomic Energy Rescarch Institute)[8]. On the other hand, various
computer codes, such as CORCONJ9,10], WECHSL([11] and DECOMP[12], have been
developed to model complicated processes during MCCI. The results from those MCCI
experiments provide a wide range database for benchmarking of these computer codes. The
validation efforts of these MCCI codes are now on going. In the previous research at
JAERI([8,13], the ACE project L series experiments and the MCCI scoping experiment of the
ALPHA program have been selected and analyzed by CORCON-Mod2[9] or CORCON-
Mod3{10]. In the present study, the SURC MCCI experiments were selected to be analyzed
by CORCON-Mod3, the latest version of CORCON code. The purposes of the present study
are to make a better understanding of the MCCI process, and to validate CORCON-Mod3
code through the comparison between the SURC experiments and calculations.

2. Outline of SURC Experiments

The SURC MCCI experiments were designed and conducted at Sandia National Laboratories.
Major characteristics of the SURC experiments arc summarized in Table 1. The purposes of
the SURC series MCCI experiments were to study; (1) heat transfer and concrete basemat
ablation, (2) chemical reaction and combustible gas production, and (3) FP aeroso! generation
and release during MCCI processes. Both separated effect experiments using stainless steel
(SURC-3 and SURC-4) as well as integral experiments using prototypical materials consisting
mainly of UQ, and ZrO, (SURC-1 and SURC-2) were conducted. In the present study, the
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SURC-4, SURC-1 and SURC-2 experiments were selected to be modeled and analyzed with
CORCON-Maod3 code since these were relatively large scale experiments with fairly reliable
instrumentation.

2.1 SURC-4

The SURC-4 was a separated effect experiment. It was designed to investigate the additional
effect of zirconium (Zr) metal on steel melt interactions with basaltic concrete. This type of
concrete has a high SiO, content (56 w/0) and typically releases 5 w/o H,0 and 1.5 w/o CO,
when it is heated to ablation.

The SURC experimental geometry is shown in Fig. 1. The interaction crucible used in the
SURC-4 experiment had a 0.4 m thick basaltic concrete basemat which was surrounded by
an MgO annulus sidewall having an inner diameter of 0.4 m. The interaction crucible was
such designed to limit concrete erosion to a downward or an axial direction. The crucible was
enclosed with a water-cooled aluminum (Al) containment vessel that was purged with argon
gas during the experiment. Gases and aerosols produced during melt concrete interactions
were collected and sampled through a flow tube flanged to the top of the containment vessel.
The experiment was instrumented to measure various parameters, such as concrete ablation,
melt temperature, gas generation, gas composition, and aerosol characteristics.

The charge materials used in the SURC-4 consisted of 200 kg stainless steel as well as 6 kg
FP simulants. During the experiment, the charge materials in the interaction crucible were
inductively heated. After about 105 minutes heating, the steel charge began to melt and that
resulted in rapid ablation of the basemat concrete. After a constant concrete ablation rate was
observed, 20 kg of metallic Zr was added into the melt pool to study the effect caused by Zr
addition. As a result, the concrete ablation rate as well as gas generation rate were drastically
increased. A total depth of 0.24 to (.27 m basaltic concrete were eroded during over 60
minutes melt concrete interactions.

2.2 SURC-1 and SURC-2

The SURC-1 and SURC-2 were large-scale integral experiments on interactions of molten
UO,-ZrQ,-Zr mixture with limestone (SURC-1) or basaltic (SURC-2) concrete. The
experiments were conducted in a very similar thermal history so as to show the differences in
behaviors of limestone and basaltic concrete during interactions with the high temperature

melt,

In the SURC-1 and SURC-2 experiments, the same geomeiry and instrumentation scheme as
in the SURC-4 were used. The charge materials both in the SURC-1 and SURC-2 consisted
of 200 kg mixture of UO, (69 w/0), ZrO, (23 w/o) and Zr (8 w/o) along with 3.364 kg of FP
simulants. Because the oxidic charge did not couple efficiently to the induction power supply,
five tungsten (W) rings were embedded within the charge. The tungsten rings were heated by
the induction power supply and then transferred heat to the oxidic charge during the experiments.

After 130 minutes of heating, concrete ablation was detected. In the early stage, the ablation
—_ 2 —
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rate was quite rapid as Zr in the charge was oxidized. After termination of the Zr oxidation,
the ablation rate decreased significantly. At about 40 minutes after the onset of the concrete
ablation, the power supply was increased, and again a more vigorous interaction was observed
both in the SURC-1 and in the SURC-2. A total concrete depth of 0.24 to 0.27 m in the
SURC-1 and 0.30 to 0.35 m in the SURC-2 was eroded during over 130 minutes melt

concrete interactions.
3. Analytical Methods

The latest version of CORCON code, CORCON-Mod3, was used to perform post-test analyses
of the SURC experiments. In CORCON-Mod3, several new models were added and some
improvements were made over the previous version. Some of these new models and
improvements are listed below;

(1) slag film melt-concrete heat transfer model,

2) coolant film boiling heat transfer model,

3) bubble behavior model,

(4)  inclusion of VANESA[14] model as a subroutine,

(5) condensed phase chemistry model, and

(6) aerosol scrubbing model for subcooled overlying water pools.

3.1 Modeling of SURC-4

In the calculation, all the charge materials were considered to participate in the interaction
and the melt composition were directly taken from the experimental documentation[2]. The
basaltic concrete composition was also from the documentation. As mentioned above, the
melt concrete interaction inthe SURC-4 was one dimensional (limited to a downward direction).
Since CORCON-Mod3 usually deals with two dimensional erosion, the time dependent
debris radius model was activated to restrict the interactions only in the downward direction.
A constant debris radius (crucible radius, 0.2 m) was used, and thus the radial heat flux was
set to be zero. To keep energy balance, the sidewall heat loss in the experiment was subtracted
from the net induction input power to the melt pool. The net induction power history was
prepared based on the experimental documentation. The sidewall heat loss in the experiment
was estimated by means of multiplying the measured sidewall heat flux to the melt pool
perimetric area contacted to the crucible sidewall. Heat loss from the top of the melt pool was
modeled by adjusting emissivity of surroundings so as to match the measured value.

The CORCON calculation started with the onset of melt concrete interaction. The temperature
of melt at the onset of the concrete ablation was assumed to be 1780 K according to the
experimental documentation. The addition of 20 kg Zr to the melt started at 119 minutes into
the experiment and completed within 90 seconds. A two layers melt peol configuration
(metallic and oxidic layers) was assumed with an inter-layer mixing model disabled during
the melt concrete interactions. The new melt-concrete heat transfer model (slag film model)
was used. The condensed phase chemistry model was activated since SiO, rich basaltic
concrete was used in the SURC-4 experiment. The VANESA calculation for acrosol releases
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during the interaction was also included.
3.2 Modeling of SURC-1 and SURC-2

The modeling methods for the SURC-1 and SURC-2 were quitc similar. The post-test
cxaminations showed that a portion of the charge materials was either not molten or remained
in the upper region between the top two of the five tungsten rings. These charge materials
were assumed not to participate in the interactions with the basemat concrete during the
experiments. In another words, only 60% of the 200 kg charge with the same composition as
inthe experiments were considercd in the calculations for the SURC-1 and SURC- -2experiments.
The melt pool temperature at the onset of the concrete ablation was assumed to be 2600 K in

the SURC-1 and 2650 K in the SURC-2 experiment.

As in modeling of the SURC-4 experiment, the melt pool radius was also set to the radius of
the MgO crucible for the SURC-1 and SURC-2 by means of activation of the time dependent
pool radius model to simulate the axial one dimensional melt concrete interaction. The radial
heat transfer was thus set to be zero. The sidewall heat losses in the experiments were
subtracted from the net induction power. The net induction power given in the experimental
documentation[3,4] was multiplied by a factor of 0.6 in consistent with the consideration of
the melt mass. The sidewall heat loss was estimated using the same method as in the SURC-4
simulation. Since there were charge materials remained between the top tungsten rings which
were inductively heated during the experiment, heat loss from the melt pool top was not
considered in the analyses of the SURC-1 and SURC-2. A one layer melt pool configuration
was assumed. The melt was assumed to be well mixed and remained mixing during the melt
concrete interaction. The slag film melt-concrete heat transfer model was used both in the
SURC-1 and SURC-2 simulations. The condensed phase chemistry model was disabled in
the SURC-1 simulation because SiO, poor limestone concrete was used, but enabled in the
SURC-2 calculation since the condensed phase chemistry was realized to be important in
melt interaction with SiO, rich basaltic concrete.

4, Results of Analysis

4.1 SURC-4

Comparisons between the calculations and the measurements for concrete ablation depth and
melt pool temperature of the SURC-4 arc given in Figs. 2a and 3a, respectively. Figure 2a
shows a relatively good agreement for the concrete ablation depth between the calculation
and the measurement. The melt temperature history shown in Fig. 3a indicates that the peak
melt temperature resulted from the violent Zr oxidation was underpredicted by 80 K. In
CORCON-Mod3, it is assumed that the metallic material is added to the metallic layer where
condensed SiQ, is not rich in the two layers melt pool configuration modeling. It can be
expected that thc calculated melt temperature rise caused by the Zr oxidation may be higher
if Zr is added to the SiO, rich region. This was confirmed by another sensitivity calculation.
In this calculation, it was assumed that the melt pool materials were well mixed to form
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single layer. The results are given in Figs. 2b and 3b. Figure 3b shows a good agreement
between the calculated and measured melt temperature. However, the prediction of the ablation
depth shown in Fig. 2b was not as good as the first calculation. The calculated ablation rate
seemed to be lower than the measurements during the initial period when there was no Zr in
the melt pool and during later phase when the added Zr was fully oxidized. On the other
hand, the calculated ablation rate was higher in the middle period during the Zr oxidation,
though the maximum concrete erosion depth was reasonably compared with the experimental
result. The lower ablation rate was due to the lower heat transfer, which might be attributed
to the lower (compared with the metallic layer in the first calculation) averaged thermal
conductivity of the mixed melt adjacent to the concrete bascmat. Energy balance and metal
mass for the above two calculations are given in Figs. 4a, 4b and S5a, 5b, respectively. In
consistence with the higher peak of melt temperature in the sensitivity calculation, Zr oxidation
rate (Fig. 5b) and heat generation rate (Fig. 4b) werc more rapid under the single layer
assumption than those (Figs. Sa and 4a) under the two layers assumption. These comparisons
for the thermal behaviors of the melt concrete interaction should suggest that the inter-layer
mixing between metallic and oxidic layers and accompanied changes of material properties
are of great importance to adequately simulate MCCI thermal processes.

The calculated composition and amount of gases released are given in Figs. 6and 7, respectively.
In the calculation, almost all of the concrete decomposed CO, and H,0 were reduced to CO
and H, due to metal-gas chemical reactions, while in the experiment, the released gas
composition during the initial period when there was no Zr in the melt (100-120 minutes)
was 65% H,, 20% CO, 5% H,0 and 10% CO,, and after Zr addition the gas composition was
83% H.,, 14% CO, 1% H,0 and 1% CO,. The differences of the gas composition between the
calculation and the measurement before the Zr addition may be attributed to a chemical
equilibrium assumption of the code. In CORCON-Mod3, it is assumed that a chemical
equilibrium state is achicved between the reactants during a short time interval. This may not
be true when the melt pool is not so thick and the time for gas bubbles to pass through the
melt is not so long in the experimental conditions. Figure 7 shows that the calculated total
gas generation was 212 moles corresponding to & total erosion depth of 0.23 m basaltic
concrete. In the experiment, the collected gases were 241 moles, and a total erosion depth of
0.24 to 0.27 m was measured. The calculated amount of released gases agreed reasonably

well with the experimental result.

In the SURC-4 experiment, the post-test examination showed that the aerosol sampling pipe
was narrowed or even plugged during some time periods by the foamy materials generated
probably from the Zr oxidation. Also the aerosol data after Zr addition showed a large
discrepancy by different samplers. Thus acrosol data comparison was attempted only for the
initial time period before the Zr addition. The acrosol concentration collected during this
period ranged from 6 g/m*to 17 g/m’at the standard temperaturc and pressure. The calculated
aerosol concentration is shown in Fig. 8, which indicates that CORCON-Mod3 overpredicted
the acrosol concentration by a factor of 10. It should be noted that CORCON-Mod3 calculates
the acroso! concentration: just above the melt surface. Therefore, since the aerosol concentration
decreases due to aerosol deposition over the path from the interaction crucible to the aerosol
sampling system, the difference between the experiment and the calculation should have
been smaller if the comparison was madc at an identical location.
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During this period, the experiment showed that the filtered aerosols were dominated by the
concrete materials and tellurium (Te) as a FP simulant with an averaged composition of
67.9% Te, 4.2% potassium (K), 3.0% sodium (Na), 1.5% silicon (Si}, 3.2% manganese (Mn)
and 1.2% chromium (Cr). Fission product simulants, molybdenum (Mo) and cerium (Ce),
were also found (approximately 0.03% and 0.08% respectively), while barium (Ba) and
lanthanum (La) were under a detectable limit (0.02%). The CORCON-Mod3 calculation
showed that the aerosol was also dominated by the concrete materials and Te but a quite
different composition as 4% Te, 55% K, 35% Na and 5% Si (Fig. 9), accompanied by a small
amount of other FP simulants (Fig. 10). The CORCON-Mod3 calculation overpredicted
release of Ba, but underpredicted releases of Te and Ce by up to one order and Mo by several

orders of magnitude.

The chemistry of the molten materials during MCCIs may include considerably complex
processes due to the formation of a multi-component mixture with the elevated temperature.
These complex processes make it difficult to model the chemical processes of MCCls. A
chemical equilibrium approach is used in many computer codes. The same approach is
adopted in VANESA with a consideration of the surface area limitation available for a mass
transfer. The chemical equilibrium approach requires appropriate chemistry data which include
chemical species and related thermodynamic properties (Gibbs free energy of formation).
The difference between the experiment and the prediction must be partly resulted from
insufficient coverage of the chemistry data in VANESA module of CORCON-Mod3. Further
discussions will be made for assessment of the VANESA approach of the chemistry modeling
by adequately extending the chemical species and thermodynamic properties data. The molten
materials are assumed in VANESA to form two layers, an oxidic layer rested on a metallic
layer. The chemical equilibrium calculations are made for each layers separately. Therefore,
the direct chemical reactions between the metallic and the oxidic materials can not be treated
by VANESA. This assumnption in VANESA on the melt configuration is considered to be
another possible reason to cause the difference.

4.2 SURC-1

Comparisons between the measurements and the calculations for concrete ablation depth and
melt temperature of the SURC-1 is shown in Figs. 11 and 12, respectively. It can be seen
that, the concrete ablation depth was well predicted though the ablation rate during the initial
stage when Zr existed in the melt seemed to be slightly underpredicted by the code. The
calculated melt temperature underestimated the measurement during the initial and the middle
stages, and overpredicted by 100 K to 200 K in the later stage after the input power was

increased in the experiment.

Figures 13 and 14 show the calculated composition and amount of released gas for the
SURC-1. According to the calculation, almost all of the decomposed CO, and H,0 were
reduced to CO and H, due to Zr-gas reactions. Again this might be attributed to the chemical
equilibrium assumption in the chemical reaction model of the code, as was explained in the
analysis of the SURC-4 experiment. After termination of the Zr oxidation, CO, and H,0
were released instead of CO and H,. The experiment showed a gas composition of 5% H,,
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5% H,0, 84% CO and 6% CO, during the initial stage with existence of Zr in the melt, a
composition of 7% H,, 8% H,0, 75% CO and 10% CO, in the middle stage when the Zr
oxidation completed and the input power was still low, and a composition of 5% H,, 5%
H.0,75% CO and 10% CO, inthe later stage when input power was increased. The measurement
showed that CO and H, were continuously released and CO was always the dominant species
(no less than 75% in volume) of the rcleased gas mixture. However this was not predicted
well in the calculation. In the SURC-1 experiment, the total amount of collected gas mixture
(excluding argon gas) was 379 moles, while in the calculation the total amount of gas
mixture was 720 moles. There was large discrepancy between the experimental measurements
and the calculated results for both the gas composition and the total amount of gas released.

It should be noted that the condensed phase chemistry model was not used in the above
calculation, because the metal-gas reaction might be much more important than the condensed
phase chemistry when the interacting concrete contains a large amount of gas species which
was the situation of the SURC-1 experiment. Nevertheless, a comparison calculation was
performed with the condensed phase chemistry model. However, as was expected, little
change was found since the current condensed phase chemistry model takes Zr-5i0, reaction
as a major reaction and there was only 3.6% of SiO, in the limestone concrete of the SURC-1
experiment. Figure 15 shows the calculated metal mass with the condensed phase chemistry
model. The slight formation of metallic Si and Al was predicted due to chemical reactions of

Si0, and Al,O, with Zr in the initial stage.

A simple calculation was also performed to check if the code calculated a correct result for
the total amount of decomposed gases. The content of CO, and H,O in the limestone concrete
used in the SURC-1 was 35.7 w/o and 4.1 w/o, respectively. Considering 0.23 m thick
(calculated total erosion depth for the SURC-1 experiment) limestone concrete slug with a
diameter of 0.4 m and a density of 2400 kg/m’, the total concrete mass, the decomposed CO,
mass and H,0 mass are calculated as follows.

Mg =nD’Hp/4
=3.14 X 0.42 X 0.23 X 2400/4
=09.33 kg

Meo; =35.7%Mcon
=24.75 kg
=562.5 mole

My, =4.1%My
=284 kg
=157.7 mole

Where, Moy, M g and My, denote the mass of concrete, CO, and H,0, respectively. That
means, if 0.23 m limestone concrete ablated in the SURC-1 experiment, the total amount of
decomposed gas mixture of CO, and H,O should have been 720 moles. Some of these
decomposed gases were reduced to CO and H, due to chemical reactions with metallic Zr or
other species. But the total amount of mixture of decomposed gases (CO, and H,0) and the
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reaction products (CO and H,) should have also been 720 moles if no or little other species
such as elemental carbon (C) were generated during the chemical reactions.

The gas mixture of 379 moles consisting primarily of CO, CO,, H, and H,0 was collected
during the SURC-1 experiment. This amount was approximately a half of the initial contents
of CO, and H,Q in the ablated concrete basemat which could be released during the interaction.
The composition of CO, CO,, H, and H,0 in the collected gas mixture was 75-84%, 6-10%,
5-7% and 5-8%, respectively. Taking an average value of the gas composition, 301 moles of
CO and 23 moles of H, were produced by chemical reactions in the melt layer. Metallic Zr
must have been a dominant material to reduce CO, and H,0 to CO and H,, respectively. The
amount of CO and H, in the collected gas mixture is considered to be consistent with the
mass of Zr in the melt (182 moles) since onc mole of Zr could generate two moles of CO or

H,

Regarding the difference between the initially contained amount of CO, and H,0 (720 moles)
and the amount of the collected gas mixture (379 moles), detailed discussions were not
possible due to insufficient information in the experimental documentation{3]. A coking
reaction of CO, with metallic materials to produce C is supposed to be a possible reason for
the disappearance of CO,. According to an oxidation-reduction equilibrium diagram, Zr and
reduced products of the concrete decomposed materials (i. e. reduction of Si0,, MgO, and
ALQ, to Si, magnesium (Mg) and Al) would be candidates to contribute to the coking
reaction. Tungsten, which was used as a susceptor rings in the experiment, could be eliminated
from the candidates since CO is much more stable than tungsten oxide at the elevated
temperature. It is currently uncertain, however, whether the coking reaction progresses
significantly during the interaction of the molten core with a CO, rich concrete basemat.
Further study will be required to well understand the chemical behavior in the molten core

materials.

4.3 SURC-2

Comparisons between the calculations and the experiments for concrete erosion depth and
melt temperature of the SURC-2 experiment are shown in Figs. 16 and 17, respectively. The
comparisons showed good agreements for both erosion depth and melt temperature history.
The rise of the measured melt temperature in the later stage shown in Fig. 17 was an
expected behavior resulted from the increase of the input power, and that was reproduced by

the code calculation.

The calculated composition and total amount of released gases are shown in Figs. 18 and 19,
respectively. The calculated total amount of released gases was 340 moles, while the collected
amount of released gases in the SURC-2 experiment was 272 moles. As in the analysis of the
SURC-1 experiment, almost all of the decomposed CO, and H,0 were reduced to CO and H,
when metallic Zr and/or condensed phase reaction products such as Si existed in the melt
(Fig. 20). After Zr and Si were fully oxidized, CO, and H,0 were released instead of CO and
H,. In the SURC-2 experiment, the released gas had a composition of 75% H,, 5% H,0, 15%
CO and 5% CO, in the initial stage when Zr existed in the melt, a composition of 70% H,,
5% H,0, 15% CO and 10% CO, in the middle stage when Zr was oxidized and the input
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power was still low, and a composition of 75% H,, 5% H,0, 15% CO and 10% CO, in the
laterstage when input power was increased. During the interaction, H,and CO were continuously
released and H, was the dominated species (no less than 70% in volume) among the released
gas mixture. Again this was not well predicted by the code, though the calculated results
were improved compared with the analysis of the SURC-1 experiment.

The VANESA calculation was included in the analysis of the SURC-2 experiment though it
was believed that the difference in released gas composition and amount between the calculation
and the experiment would have corresponding influences on acrosol releases. The calculated
acrosol concentration for the SURC-2 is shown in Fig. 21. Before fully oxidation of Si, the
aerosol concentration was approximately 1.2 kg/m® and after that it dropped to 0.2 kg/m®. In
the experiment, the aerosol concentration ranged from 15 to 300 g/m’, with an averaged
concentration of 90 g/m® in the early stage, SO g/m’ in the middle stage and 40 g/m’ in the
later stage. The VANESA calculation overpredicted the aerosol concentration by a factor of 5

to 13.

In the cxperiment, the relcased aerosol was dominated by concrete materials as shown in Fig.
22, typically 5-30% Na, 1-20% K, 10-25% Si, with a little amount of Mg (0.01-2%, either
from the crucible or from the concrete), uranium (U) (0.1-0.3%, from the melt pool) and W
(0.05-30%, from the tungsten assembly). The FP simulants Mo (0.005-0.4%) and Ba (0.002-
0.06%) were also present, which is shown in Fig. 23, but little or no trace of La and Ce were
found and Nb was under a detectable limit (0.001%). The calculation also showed that the
dominant aerosol materials were concrete decomposed products, Na (5-15%), K (10-40%)
and Si (0-80%) (Fig. 24), with a small amount of FP simulants (Fig. 25) before fully oxidation
of Si (170 minutes). Differences within one to several orders of magnitude were found
between the experiment and the calculation. Especially for the release of Mo, the difference
reached 6 orders of magnitude, and a qualitative tendency in the experiment, that the release
of Mo increased with time, could not be predicted by VANESA module of CORCON-Mod3.
Figures 24 and 25 show that after accomplishment of Si oxidation, the aerosol composition
changed drastically. This was attributed to a sudden change of the chemical conditions
(oxygen potential) of the melt pool.

5. Summary and Conclusions

CORCON-Mod3 code was used to perform post-test analyses for the SURC-1, SURC-2 and
SURC-4 MCCI experiments. The comparisons between the calculated results and the
experimental measurcments showed that when the slag film melt-concrete heat transfer model
was used, the CORCON-Mod3 code was able to give reasonable predictions for thermal
behaviors, such as concrete ablation and melt pool temperature history especially for melt
interactions with basaltic concrete. It was found that the configuration of the molten material
layers (single or multi-layer) strongly influenced the thermal behaviors of MCCIs when the
melt contained a large amount of metallic materials. This suggests that the inter-layer mixing
and its influence on properties of molten materials are of great importance for the prediction

of MCCL.
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The VANESA calculation was included in the analysis of the SURC-2 experiment though it
was believed that the difference in released gas composition and amount between the calculation
and the experiment would have corresponding influences on acrosol releases. The calculated
aerosol concentration for the SURC-2 is shown in Fig. 21. Before fully oxidation of Si, the
aerosol concentration was approximately 1.2 kg/m® and after that it dropped to 0.2 kg/m’. In
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concentration of 90 g/m’ in the carly stage, S0 g/m’ in the middle stage and 40 g/m’ in the
later stage. The VANESA calculation overpredicted the aercsol concentration by a factor of 5
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In the experiment, the released aerosol was dominated by concrete materials as shown in Fig.
22, typically 5-30% Na, 1-20% K, 10-25% Si, with a little amount of Mg (0.01-2%, cither
from the crucible or from the concrete), uranium (U) (0.1-0.3%, from the melt pool) and W
(0.05-30%, from the tungsten assembly). The FP simulants Mo (0.005-0.4%) and Ba (0.002-
0.06%) were also present, which is shown in Fig. 23, but little or no trace of La and Ce were
found and Nb was under a detectable limit (0.001%). The calculation also showed that the
dominant aerosol materials were concrete decomposed products, Na (5-15%), K (10-40%)
and Si (0-80%) (Fig. 24), with a small amount of FP simulants (Fig. 25) before fully oxidation
of Si (170 minutes). Differences within one to several orders of magnitude were found
between the experiment and the calculation. Especiaily for the release of Mo, the difference
reached 6 orders of magnitude, and a qualitative tendency in the experiment, that the release
of Mo increased with time, could not be predicted by VANESA module of CORCON-Mod3.
Figures 24 and 25 show that after accomplishment of Si oxidation, the aerosol composition
changed drastically. This was attributed to a sudden change of the chemical conditions
(oxygen potential) of the melt pool.

5. Summary and Conclusions

CORCON-Mod3 code was used to perform post-test analyses for the SURC-1, SURC-2 and
SURC-4 MCCI experiments. The comparisons between the calculated results and the
experimental measurements showed that when the slag film melt-concrete heat transfer model
was used, the CORCON-Mod3 code was able to give reasonable predictions for thermal
behaviors, such as concrete ablation and melt pool temperature history especially for melt
interactions with basaltic concrete. It was found that the configuration of the molten material
Jayers (single or multi-layer) strongly influenced the thermal behaviors of MCCIs when the
melt contained a large amount of metallic materials. This suggests that the inter-layer mixing
and its influence on properties of molten materials arc of great importance for the prediction
of MCCL.
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Large discrepancies were found betweenthe calculations and the measurements for composition
and amount of released gases. In the analysis of the experiment on the oxidic melt interaction
with limestone concrete, CORCON-Mod3 largely overpredicted the total amount of released
gas by a factor of up to 2 along with a quite different gas composition. Regarding the MCCI
experiments with basaltic concrete, the calculations for the total amount of gas generated
showed reasonable agreement with the experimental observation. However, the continuous
release of reduced products (H,and CO) of concrete decomposed gases could not be reproduced
by CORCON-Mod3. The difference between the experimental results and calculations might
indicate that a kinetic approach is required for the chemical reactions between metallic
materials and concrete decomposed gases.

The VANESA calculations were performed for the SURC-4 and SURC-2 experiments. The
comparison of the calculations with measurements showed that the aerosol concentration was
overpredicted by up to one order of magnitude. However, this discrepancy was partly resulted
from that the comparison was made at the different locations. The releases of FP simulants
were predicted by the code within one to several orders of magnitude. The largest difference
was shown in the comparison of the Mo release. It was found through the present analysis
that further improvements are needed for models on the chemistry and the vaporization of the
molten core. In order to discuss more detail, the database of chemical species and related
thermodynamic properties contained in CORCON-Mod3 should be extended.
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