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ABSTRACT 

The LACOMERA project at the Forschungszentrum Karlsruhe is a 3 year shared-cost 
action within the Fifth Framework Programme which started in September 2002. The overall 
objectives of the LACOMERA project are to provide research institutions from the EU 
member countries and associated states access to large scale experimental facilities at the 
Forschungszentrum Karlsruhe which shall be used to increase the knowledge of the 
quenching of a degraded core and regaining melt coolability in the reactor pressure vessel, of 
possible melt dispersion to the cavity, of molten core concrete interaction and of ex-vessel 
melt coolability. One major aspect is to understand how these events affect the safety of 
European reactors so as to lead to soundly-based accident management procedures. The 
project will bring together interested partners of different European member states in the area 
of severe accident analysis and control, with the goal to increase the public confidence in the 
use of nuclear energy. Moreover, partners from the newly associated states should be included 
as far as possible, and therefore the needs of Eastern, as well as Western, reactors will be 
considered in LACOMERA project. 

The project offers a unique opportunity to get involved in the networks and activities 
supporting VVER safety, and for Eastern experts to get an access to large scale experimental 
facilities in a Western research organisation to improve understanding of material properties 
and core behaviour under severe accident conditions. 

As a result of the first call for proposals a project on air ingress test in the QUENCH 
facility has been selected. A second call for proposals is opened with a deadline of 31 
December 2003. 

1 INTRODUCTION 

During the last years the concern of nuclear safety experts has concentrated on residual 
safety problems associated with core quenching and melt retention during a severe reactor 
accident. The essential ones are: 
1) That the quench process produces an excess of steam and hydrogen at surfaces where 

Zircaloy oxidation had previously been limited by steam starvation. 
2) That the thermal stresses induced in the rapidly cooling material induce cracking and 

spalling of the protective oxide layer on the fuel rod cladding. The new exposed metal can 
then react vigorously with the excess steam thus producing heat and hydrogen and leading 
to additional melt release. The increased temperatures and greater oxidation potential will 
accelerate the release of hydrogen and fission products. 
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3) That the addition of water will not stop the melt progression necessarily and 
instantaneously. In the Three Mile Island accident molten material moved towards the 
lower head following refill and the fact that the lower head was not penetrated in this case 
may have been fortuitous. 

4) That the demonstration of in-vessel coolability of melt pools still does not have a 
profound basis, experimentally and theoretically. The knowledge about melt mass 
relocation from the core to the lower plenum, coolable debris bed formation and formation 
of gaps between solidified melt and Reactor Pressure Vessel (RPV) shell is rather poor. 

5) That the melt mass pouring into the cavity after RPV failure strongly depends on the 
failure location of the lower head, pressure of the primary circuit, the geometry of the 
cavity and melt properties. Experimental evaluation has up to now only been performed 
with simulants at ambient temperature and must be extended to more representative 
reactor conditions. 

6) That for the ex-vessel situations melt retention in the reactor cavity need to be verified as 
mitigation measure against long term Molten Core Concrete Interaction (MCCI) to delay 
or exclude basement penetration and major gas release into the containment. Furthermore, 
to be applicable to existing reactors, proposed core catcher concepts need further 
evaluation, improvements and verification. 

Those issues were highlighted in series of experiments, both in-pile and out-of-pile 
(CORA, LOFT, BETA, MASCA, DISCO, MACE, COMET). Generally computer models 
have difficulties in modelling the quenching behaviour and molten pool formation and 
cooling in the lower head even though the modelling has recently advanced considerably. 
Some models for the molten pool behaviour in the lower head have been developed, but, until 
there is enough data to check the models with, they cannot be considered as reliable. 

The principal objective of the LACOMERA project [1] is to provide the interested 
partners of the European member countries and associated states a focus on core quenching 
and on possible core melt sequences in the RPV and in the reactor cavity, to enhance the 
understanding of severe accident sequences and their control in order to increase the public 
confidence in the use of nuclear energy. Moreover, it is important to include, as far as 
possible, partners from the newly associated states. The needs of Eastern, as well as Western, 
reactors will be considered in LACOMERA 

Specifically, the access to the large scale facilities shall provide answers to the 
following questions: 
1) What are the main factors governing the quantity of hydrogen production and melt 

generation during quenching? 
2) What will be the time span of melt relocation to the lower plenum and what measures are 

needed to regain coolability? 
3) Where will the melt be located after failure of the RPV under moderate pressure, with 

different failure positions? What is the pressure increase in the reactor pit, the sub-
compartments and the containment due to thermal and chemical reactions (hydrogen 
production and burning)? 

4) Is the experimental basis of MCCI sound enough to model long-term erosion rates and 
how can ex-vessel melt coolability be achieved? 

The aim of the project is not only to understand the physical background of severe 
accidents but to provide the underpinning knowledge that can help to reduce the severity of 
the consequences. It is crucially important to understand the whole core melt sequences 
because opportunities exist to lower the risk: 
• by altering the timing or magnitude of reflooding; 
• by implementing hydrogen mitigation measures in the containment (ignitors, recombiners, 

etc.), 
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• by in-vessel melt retention in the lower plenum of the RPV, 
• by ensuring the upper bound of system pressure at vessel failure by dedicated 

depressurisation valves, 
• by installation of devices or implementing accident management procedures to mitigate 

melt dispersion into the containment, 
• by delaying basement penetration or even by regaining melt cooling before containment 

failure or basement penetration occur. 
LACOMERA aims to provide the resources for a better understanding of possible 

scenarios of quenching and of different core melt sequences. This knowledge shall lead to 
improved severe accident measures, which are essential for reactor safety and offers 
competitive advantage for the European industry. 

2 EXPERIMENTAL FACILITIES 

Four large scale facilities at Forschungszentrum Karlsruhe with a broad experience on 
severe accident research are offered to external partners from EU member countries or 
associated states. These facilities are: QUENCH, LIVE, DISCO-H, COMET. Their overall 
purpose is to investigate core melt scenarios from the beginning of core degradation to melt 
formation and relocation in the vessel, possible melt dispersion to the reactor cavity, and 
finally corium concrete interaction and corium coolability in the reactor cavity. In all 
experiments, simulant material is used to investigate the behaviour of the core material. These 
simulant materials were especially chosen to be as close to the real core material for the 
important properties as possible. On the other hand, the use of the simulant material allows to 
cover a wide and broad range of scenarios with the experiments in a relatively small time 
schedule and for relatively low budget/funding. The experiments, post test investigations and 
special effect tests can be performed under well defined conditions and can be completely 
controlled. 

The main thrust of this project is towards large scale tests under prototypical conditions. 
These help in the understanding of core degradation and quenching, melt formation and 
relocation as well as melt coolability in real reactors in two ways – firstly directly by scaling-
up and secondly indirectly by providing data for the improvement and validation of computer 
codes. Although the facilities can only perform experiments with simulant materials, the tests 
can be considered as prototypic since the selected materials represent in important physical 
properties the real core materials. The large masses used allow extrapolation to the reactor 
case. Moreover, the flexibility and variability of the facilities is high due to the rather simple 
handling. Pre-tests, parallel separate-effects tests and post-test analysis can be performed in 
one hand. These tests can be seen as complementary to tests with UO2 in other research 
centres. 

Interested users are invited to make their own proposals of experiments for each of the 
large scale facilities. Researchers will be strongly supported, if they want to participate at 
experiments. On the other hand, due to the existing infrastructure, the personnel is able to 
perform experiments defined by partners without additional support of the possible partners if 
they do not have the ability to participate at experiments. 

 
2.1 QUENCH - Large Scale Quench Tests 

QUENCH is a series of experiments to investigate quenching with water and cooling 
with steam of oxidized and partially degraded fuel rod bundle. 

The main component of the QUENCH test facility [2, 3] is the test section with the test 
bundle (Fig. 1). Superheated steam from the steam generator and superheater together with 
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argon as a carrier gas enter the test bundle at the bottom. The argon, the steam not consumed, 
and the hydrogen produced in the zirconium-steam reaction, flow from the bundle outlet at 
the top through a water-cooled off-gas pipe to the condenser where the steam is separated 
from the non-condensable gases argon and hydrogen. The system pressure in the test section 
is around 0.2 MPa. QUENCH experiments can be terminated either by quenching with water 
from the bottom or from the top or by the injection of cold steam. The test section has a 
separate inlet at the bottom to inject water for quenching whereas the steam for cooldown 
enters the test section through the same line that is used for the superheated steam during the 
previous phases. 

The test bundle (Fig. 2) is made up of 21 fuel rod simulators, each with a length of 
approximately 2.5 m. Twenty fuel rod simulators are heated electrically over a length of 1024 
mm, the one unheated fuel rod simulator is located in the center of the test bundle. Heating is 
electric by 6 mm diameter tungsten heaters installed in the rod center. Electrodes of 
molybdenum and copper connect the heaters with the cable leading to the DC electric power 
supply. The total heating power available is 70 kW distributed between two groups of heated 
rods. The distribution of the electric power within the two groups is as follows: 40 % of the 
power is released in the eight inner fuel rod simulators, 60 % in the twelve outer fuel rod 
simulators. 
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Figure 1: QUENCH test section 

 
Figure 2: Fuel rod simulator bundle 

The fuel rod simulators are held in position by five grid spacers, four are made of 
Zircaloy and the one at the bottom of Inconel. The tungsten heaters are surrounded by annular 
ZrO2 pellets. The rod cladding of the heated fuel rod simulator is identical to that used in 
LWRs with respect to material and dimensions (Zircaloy-4, 10.75 mm outside diameter, 
0.725 mm wall thickness). The heated rods are filled with Ar-5%Kr at a pressure of approx. 
0.22 MPa. The krypton additive allows test rod failure to be detected by the mass 
spectrometer. 

Hydrogen is analyzed by three different measurement systems: (1) a state-of-the-art 
mass spectrometer GAM300 located at the off-gas pipe about 2.7 m behind the test section, 
(2) a commercial-type hydrogen detection system ”Caldos 7G” located behind the off-gas 
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pipe and condenser, and (3) a second, simpler mass spectrometer “Prisma” installed close to 
the Caldos device.  

For temperature measurements the test bundle, shroud, and cooling jackets are equipped 
with thermocouples at different elevations and orientations: In the lower bundle region, i.e. up 
to 550 mm elevation, NiCr/Ni thermocouples with stainless steel sheath and an outside 
diameter of 1.0 mm are used for measurements of the rod cladding and shroud temperatures. 
The thermocouples in the hot zone are high-temperature thermocouples with W5Re/W26Re 
wires, HfO2 insulation, and a duplex sheath of tantalum (inside) and Zircaloy (outside) with 
an outside diameter of 2.1 mm. Shroud thermocouples are mounted at the outer shroud 
surface between –250 mm and 1250 mm. 

The main parameters of the test program are: quench medium, i. e. water or steam, fluid 
injection rate, extent of pre-oxidation at onset of quenching, and the starting temperature at 
initiation of water quenching or steam cooldown. 

 
2.2 COMET - Large Scale Tests on MCCI and Ex-Vessel Melt Coolability 

The test facility (Fig. 3) is able to investigate different scenarios of molten core concrete 
interaction and the possibility of cooling the ex-vessel melt. It is presently used to investigate 
a core catcher concept, which is based on water injection into the core melt from below. Due 
to the resulting strong evaporation process, the melt is fragmented and forms a porous bed 
which is coolable and can be stabilized [4]. 

In these tests, the corium melt is simulated by Fe and Al2O3 melt with initial 
temperature of more than 2000 °C, which is produced by a thermite reaction in a special 
crucible. By using different oxide additives, the solidification temperature of the melt is 
lowered and the solidus-liquidus temperature range is increased. The melt is poured into the 
test device. Decay heat simulation throughout the test is achieved by an induction heating coil 
under the device, which is able to induce about 500 kW/m² into the melt. For cooling 
investigations, the experimental device may be fabricated of different layers. A first sacrificial 
concrete layer serves to lower the initially high temperature of the molten core. After erosion 
of this layer, the melt comes into contact with a specially designed porous water layer, which 
injects water into the melt from the bottom. As required, the cooling insert can be modified to 
allow, for example a longer phase of concrete erosion. 

The test crucible itself is designed to withstand a pressure build-up of 20 bar, which 
might occur due to melt/water interactions at the initial phase of cooling. In the off-gas pipe, a 
complete system of aerosol and gas measurement is installed. Additionally, the water supply 
rate and the steam release rate are measured. In the specially-designed cooling device, 
thermocouples are installed to detect the erosion front progression in the upper concrete layer 
and to give temperature information at the lower, water-filled levels of the device. 

Experiments in the COMET facility generally consist of the following phases: 
- Up to 1000 kg of melt is generated in an external crucible by thermite reaction, resulting 

in steel melt (Fe + Cr, Ni, Zr, ...) and oxide melt (Al2O3 + CaO + SiO2 + FeO ...). 
- Melt is then poured into test crucible, initial temperature 2000 – 2300 K, depending on 

type of generated melt. Steel melt is at the bottom, oxide on top (corresponding to reactor 
situation after admixture of eroded concrete). 

- Steel fraction is continuously heated by electrical induction heating with total power from 
100 – 500 kW (simulation of decay heat). Internal heating of the oxide phase is however 
not possible, oxide is heated by convection and conduction from the steel layer. Therefore, 
erosion in the actual experiments is mostly dominated by the metal phase. 

- End of experiment defined by maximal concrete erosion. 
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Following types of concrete can be used in the COMET facility: siliceous, 
siliceous/limestone, limestone, serpentine (Mg3Si2O7 

. 2H2O in Eastern plants), etc., possibly 
in combination with refractory ceramic liner. 

  
 

Figure 3: Scheme of the COMET test facility 
 

Figure 4: Scheme of the DISCO test facility 
 

2.3 DISCO - Large Scale Tests on Melt Dispersion 

The DISCO test facility (Fig. 4) is set up to perform scaled experiments that simulate 
melt ejection scenarios under low system pressure during severe accidents in Pressurized 
Water Reactors (PWR). These experiments are designed to investigate the fluid-dynamic, 
thermal and chemical processes during melt ejection out of a breach in the lower head of a 
PWR pressure vessel at pressures below 2 MPa with an iron-alumina melt and steam [5]. In 
the frame of these Direct Containment Heating (DCH) investigations the following issues are 
addressed: final location of corium debris, loads on the reactor pit and the containment in 
respect to pressure and temperature, and the amount of hydrogen produced and burned. The 
main components of the facility are scaled about 1:18 linearly to a large PWR: the 
containment pressure vessel (volume 14 m³), the RPV-RCS pressure vessel (0.08 m³), the 
subcompartment (1.74 m³) and the cavity. The RPV model serves as crucible for the 
generation of the melt by a thermite reaction. The hole at the bottom of the melt generator is 
formed by a graphite annulus. It is closed with a brass plate. The reactor pit is made of 
concrete. Besides the flow path along the main cooling lines, there is the option of a flow out 
of the cavity straight up into the containment through eight openings. 

Standard test results are: pressure and temperature history in the RPV, the cavity, the 
reactor compartment and the containment, post test melt fractions in all locations with size 
distribution of the debris, video film in reactor compartment and containment (timing of melt 
flow and hydrogen burning), and pre- and post test gas analysis in the cavity and the 
containment. 
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2.4 LIVE - Large Scale Tests on In-Vessel Melt Relocation and Retention 

This experimental facility (Fig. 5) is designed to study the late phase of core 
degradation, onset of melting and the formation and stability of melt pools in the RPV. 
Additionally, the regaining of cooling and melt stabilisation in the RPV by flooding the outer 
RPV or by internal water supply will be investigated. 

The LIVE test facility is under preparation, first commissioning tests are expected at the 
end of 2003. In the first stage, the LIVE facility consists of the hemispherical test vessel, a 
volumetric heating system in the test vessel to simulate the decay heat, a heating furnace to 
generate and pour the simulated corium melt, and a multitude of instrumentation to 
characterize the status of the melt. The test vessel is a 1:5 scaled RPV of a typical pressurised 
water reactor with no penetrations of the lower head, and is equipped with different 
measurement techniques like heat flux sensors, which provide a 3D picture of hot zones in the 
wall, and thermocouples. For the first and second phase of the experimental programme, only 
the hemispherical bottom of the RPV is realised with a diameter of 1 m. This hemispherical 
bottom is closed by an upper lid and different openings in this upper lid allow the pour of melt 
to the central region or close to the perimeter of the lower head. To investigate the influence 
of different external cooling modes on the heat flux, the test vessel can be cooled by water or 
air at the outer surface. For this purpose the test vessel is surrounded by a second cooling 
vessel. The cooling medium is injected at the bottom of the cooling vessel and leaves the 
vessel at the top. 

The simulant melt will be produced in a separate heating furnace and is discharged into 
the test vessel via a heated spout. The furnace is combined with a suction device to allow the 
extraction of the residual melt out of the test vessel back into the heating furnace to 
investigate the remaining melt crust. 

 

heating system

vessel cooling

heat flux sensor
and thermocouples

camera
 observation

crust detection system

melt pouring

Figure 5: Scheme of the LIVE test facility 

The experiments will be carried out with different simulant materials. The first melt is a 
binary mixture of NaNO3 and KNO3 with temperatures up to about 350 °C. This melt mixture 
shall allow, at a moderate temperature level, the basic phenomenological studies of the 
important physical processes in the lower RPV head. In an advanced stage, the second melt 
that can be used, is a binary mixture of V2O5 with CuO, MgO or ZnO with temperatures up to 
900 °C. The simulated corium melt is continuously heated by an array of electrical heater 
grids to simulate the decay heat of the corium melt. 

The experimental program consists of three different phases. In LIVE1, the 
investigations will concentrate on the behaviour of a molten pool, which is poured into the 
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lower head of the RPV taking into account possible 3D effects. The melt pool can be purely 
oxidic or, in a later stage, a pool with an oxide and metal melt. The objective is to determine 
the time dependent local heat flux distribution to the lower head, and the development of 
crusts, depending on internal melt heating and external cooling modes. Furthermore, the gap 
formation between the RPV wall and the melt crust as well as the role of phase segregation of 
a non-eutectic, binary melt on the solidification behaviour shall be investigated. In LIVE2, the 
experiments will be extended to allow multiple melt pours and the presence of water in the 
lower head. The third phase LIVE3 will deal with processes during in-core melt pool 
formation, the stability of the melt pools in the core region during different cooling modes and 
relocation processes after crust failure. 

3 CONCLUSIONS 

Four large scale experimental facilities at Forschungszentrum Karlsruhe (QUENCH, 
LIVE, DISCO, and COMET) with a broad experience on severe accident research are offered 
to external partners from EU member countries and associated states. Their purpose is to 
investigate core melt scenarios from the beginning of core degradation to melt formation and 
relocation in the vessel, possible melt dispersion to the reactor cavity, and finally corium 
concrete interaction and corium coolability in the reactor cavity. These help in the 
understanding of core degradation and quenching, melt formation and relocation as well as 
melt coolability in real reactors in two ways – firstly directly by scaling-up and secondly 
indirectly by providing data for the improvement and validation of computer codes. Although 
the facilities can only perform experiments with simulant materials, the tests can be 
considered as prototypic since the selected materials represent in important physical 
properties the real core materials. 

Interested users are invited to make their own proposals of experiments for each of the 
large scale facilities. Researchers will be strongly supported, if they want to participate at 
experiments. On the other hand, due to the existing infrastructure, the personnel is able to 
perform experiments defined by partners without additional support of the possible partners if 
they do not have the ability to participate at experiments. 
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