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During the ex-vessel phase of a postulated core melt accident of a LWR, interactions
of core melt with structural materials occur in and below the reactor pit. In case of
existing plants the structural material is represented by construction concrete,
whereas for future reactor applications special protective and sacrificial materials are
foreseen. Therefore, understanding of the behaviour of structural materials
coming into contact with a core melt enhances the knowledge of the course of
postulated core melt accidents. Suitable measures to ensure the integrity of the
reactor containment can thus be developed.

Experiments under realistic conditions are necessary to deepen knowledge and
understanding of the process and to improve analytical tools. Such experiments are
performed in the research project CORESA, sponsored by the German Federal
Ministry of Economics and Technology as well as German electric utilities. In the
following this project with its specific goals as well as first experimental results are
described.

CORESA experimental programme
The research project CORESA started in 1998. CORESA is the acronym for COrium
on REfractory and SAcrificial materials. Partners and scope of tasks for the CORESA
programme are shown in Figure 1.
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Involved partners

• Battelle Ingenieurtechnik GmbH
• RWTH Aachen
• Siemens Nuclear Power GmbH
• Siempelkamp Nuklear- und Umwelttechnik GmbH & Co
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Figure 1: CORESA partners and tasks

The experimental goals are qualitative and quantitative investigations on physico-
chemical phenomena of interactions between a core melt and structural, protective
and sacrificial materials. In Table 1 the functions of protective and sacrificial materials
are listed.

Protective material

• long-term stabilization of a core melt in a
defined geometry

• avoidance of interactions of core melt with
concrete foundations

• thermo-mechanical and chemical long-term
stabilization in contact with high temperature
steel melts

« applicability to large areas

Sacrificial material

Conditioning of the core melt, i.e.
• layer inversion
» lowering the liquidus temperature
» oxidation of metallic zirconium
• retention of fission products
• offsetting inhomogenic melt distribution

Table 1: Functions of protective and sacrificial material [1]

With respect to protective material the work is focussed on the qualification and
selection of different technological applications (ramming mass, bricks, concrete)
based on zirconia (ZrO2). For the sacrificial materials the experimental goals are
related to investigation of 2D-MCCI (Molten Corium Concrete Interaction) behaviour.

The CORESA experimental programme comprises large-scale experiments under
representative conditions with melt masses up to several tons. Furthermore
laboratory experiments are carried out with simulant and real corium melts to
investigate material aspects as well as basic phemonema. Table 2 gives an overview
on the experimental programme.
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CORESA

experiments

3 large-scale experiments
+ laboratory tests

3 large-scale experiments
+ 1 large-scale pre-test
+ laboratory tests

3 large-scale experiments
+ laboratory tests

melt

metallic

metallic

oxidic

interaction
material

zirconia

concrete

concrete

description

long-term interaction

2D-MCCI,
transient

2D-MCCI,
sustained heating

Table 2: CORESA experimental programme

Long-term stability of protective materials in contact with metallic melts
The long-term stabilization of a core melt in a melt retention system lined with ceramics
as protective materials requires a high thermal and chemical resistance of the applied
materials. Zirconia is regarded as a suitable material to fulfil the requirements due to its
excellent characteristics as fireproof ceramics.

In case of direct contact between zirconia-based protective material and the oxidic
corium melt fraction a chemical erosion is expected [2]. This can be avoided by a
suitable conditioning of the melt (lowering the density of the oxidic melt which results in
an inversion of the melt layers). Thus the interaction can be limited to the barely
reactive, metallic portion of the core melt (steel). A corresponding approach is planned
for theEPRp] .

The stability of various ZrO2 applications in contact with steel melts was investigated
in laboratory experiments under different temperatures and durations. Even after 6 h

and a melt temperature of 2,200°C
zirconia stabilized with MgO and CaO
did not show any effects of erosion or
infiltration. Post-test material
investigations with REM indicated the
formation of a thin boundary layer with
low porosity in the contact zone. The
zirconia early starts to form a dense
sintering layer reliably preventing an
infiltration of the metal melt [4].

On the basis of the laboratory
experiments the long-term integrity of
selected zirconia applications was
investigated in three large-scale

, _ . „ , _ . , . experiments under realistic heating
Fig. 2: Experiment for mvestigatmg the c o n d i t i o n s . T h e experimental boundary
integrity of zirconia applications in c o n d i t i o n s ( m e , t composition,
contact with high-temperature metallic t emperature) were based on the EPR
melt spreading concept. Two experiments

were carried out in a cylindrical vessel
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(0 500 mm). A metallic melt was heated by an oxygen-gas burner under typical
temperature conditions to more than 2,000°C (Fig. 2). For a period of up to 11 hours
the melt interacted with different zirconia compounds (ramming mass, bricks,
concrete) on the bottom of the vessel. Moreover, a large-scale experiment in an
induction furnace lined with zirconia ramming mass was carried out. For a period of
more than 17 hours 6 Mg of metallic melt were overheated in the zirconia crucible
under typical conditions to more than 2,000°C (Fig. 3).

Fig. 3: Large-scale experiment for investigating the long-term integrity of
zirconia with 6 Mg of high-temperature melt over a period of 17 hours

Post-test examinations showed that the
surfaces of all investigated specimens
were level. Erosion effects could not be
detected. Similar to the small-scale
laboratory experiments, the early
sintering of the zirconia ramming mass
led to high stability of the surface which
could effectively prevent infiltration of
the metallic melt into the zirconia
ramming mass. Still loose ramming
mass was found below the stable layer
(Fig. 4). This is advantageous with
respect to the prevention of crack
formation due to thermal loads. The pre-
treated materials (ceramics, concretes)
showed practically no metallic infiltration
[5]. Therefore, the tests showed that
zirconia could fulfil the task of a
protective material against the impact by
a metallic melt.

3" V

Fig. 4: Vertical section through the zir-
conia ramming mass after the long-term
test (dense sintering layer on the top,
loose ramming mass on the bottom)
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MCCI behaviour of sacrificial materials (concrete)
Investigations on the MCCI in the frame of CORESA serve to characterize the
interactions between concrete and core melt in one- and two-dimensional
geometries. In these experiments the erosion behaviour of different concrete types in
contact with metallic and oxidic melts is investigated, in particular with view to the
ratio of horizontal and vertical erosion. Furthermore the experiments serve to clarify
open questions concerning the interaction of oxidic melt with concrete [1].

MCCI-experiments with metallic melt
In ID-laboratory experiments the influence of various concrete characteristics, like
chemical composition, grain size of the aggregates as well as type and concentration
of the cement was determined. Besides standard grade concretes as a reference,
sacrificial concretes with aggregates such as iron oxide or borosilicate glass were
investigated. All tests showed a higher
erosion rate for the sacrificial concretes in
comparison to standard silicious
concrete. Furthermore in the tests the
type and amount of cement was varied.
The level of erosion decreased with
increasing cement content [5].

Large-scale experiments were carried
out on the basis of the results of the
laboratory tests. In these tests the 2D-
erosion behaviour (horizontal / vertical)
was investigated. The type and
composition for the concretes were
chosen on the basis of results from the
laboratory tests. The investigated
concretes had a L-shaped geometry with
a melt interaction surface area of
300 x 400 mm2 each in the wall and
bottom planes. Fig. 5: Large-scale 2D-MCCI-experi-

ment with metal melt o12,000°\'C

A technological pre-test was performed with 1,130 kg metal melt (1,650°C)
interacting with standard silicious concrete. In this test experience could be gained
with view to experimental procedure, safety- and measurement-technique.

In three experiments with high-temperature-melts (Fig. 5) the following 3x2 different
types of concretes were investigated:

• 2 standard structural concretes as reference (silicious concrete, limestone
common sand concrete - LCS)

• 2 sacrificial concretes rich in iron oxide (with portland cement and alumina cement)
• 2 sacrificial concretes rich in borosilicate glass (with portland cement and alumina

cement)
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Fig. 6: Final profile of the eroded sacrificial
concrete rich in iron oxide (portland cement) after
the large-scale 2D-MCCI test

In these large-scale transient
tests each concrete profile was
eroded by approx. 1,000 kg of
high-temperature metal melt
(starting temperature of ca.
2,000°C). For different types of
concrete the erosion process
showed strongly different
behaviour with respect to
erosion depth, gas release,
formation of flames and melt
ejection.

The sacrificial concrete rich in
iron oxide showed the highest
erosion. For illustration the
erosion profile of this concrete
is shown in Fig. 6. In correspon-
dence to the laboratory
experiments, the sacrificial
concretes with portland cement
showed a higher erosion than
the sacrificial concretes with
alumina cement.

The time dependent course of melt temperature as well as the 2D-erosion was
measured continuously during the tests. Each of the 6 concrete structures was
equipped with 128 detectors to measure the time dependent progression of the
erosion. Figure 7 gives an overview of the horizontal and vertical erosion for the three
different concrete types. The erosion of the wall versus erosion at the bottom is
plotted. The three concrete types show different erosion characteristics: Sacrificial
concrete rich in borosilicate glass (a) starts with a high rate of wall erosion which
decreases when
approximating the final
state. But LCS
standard concrete (b)
as well as sacrificial
concrete rich in iron
oxide (c) start with
equal erosion of wall
and bottom. However,
starting at a certain
erosion depth the rate
of melt progression in
the wall increases
superproportional in
comparison to the
erosion at the bottom,
see Fig. 7.
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Fig. 7: Ratio of wall-to-bottom erosion for 3 different types of
concrete in the transient 2D-MCCI-tests [1]
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MCCI-experiments with oxidic melt
Special importance is laid on CORESA MCCI experiments with oxidic melt which
are planned for 2001. They will start with laboratory experiments using inactive and
active melts containing UO2 (up to 15 kg) to investigate basic phenomena of the
interaction [1]. Later large-scale 2D-experiments with 1000 kg sustained heated
oxidic melts are planned. These experiments will be carried out in an 5000 Hz
induction furnace which was especially designed for these kinds of tests.

These 2D-MCCI-experiments with oxidic melts serve to provide generic data of the
phenomenology to improve data basis and correlations for the MCCI with oxidic melt
as well as to deepen the phenomenological understanding of this complex process.
On the basis of the CORESA experiments further developments and improvements
for the MCCI code COSACO [6] will be performed.

Moreover, these 2D-MCCI experiments with oxidic melts are also relevant for the risk
evaluation of existing plants.

Conclusions
In the frame of the research project CORESA qualitative and quantitative
investigations on the physico-chemical phenomena in case of an interaction of a core
melt with structural, protective and sacrificial materials are being performed. Large-
scale tests are carried out accompanied by small-scale laboratory experiments to
investigate basic material aspects.

Experiments investigating the behaviour of zirconia protective materials against high-
temperature metallic melts showed a good long-term stability for the investigated
zirconia compounds. Furthermore the MCCI behaviour of various standard and
sacrificial concretes was characterized in experiments with high-temperature metal
melts. In particular with view to the 2D-erosion behaviour (horizontal / vertical) the
experiments provided remarkable data.

Moreover, 2D-MCCI experiments with oxidic melts (which are very rare up to now)
are planned in the frame of CORESA. These experiments will serve to provide
generic data of the phenomenology to improve data basis and correlations for the
MCCI with oxidic melt.
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