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The final session: Conclusions and recommendations

MASCA Seminar – June 2004


During the MASCA Seminar, results from MASCA experiments were presented to the audience. In addition to presentations made by the Operating Agent, participants presented their views on theoretical analyses and applications of the MASCA results. 

The organizing committee considered that one of the key values of the Seminar was to gather experts from project member countries. Those experts, not directly involved in the project operation, mainly addressed the analytical aspects of molten corium behavior in the lower head of the reactor pressure vessel. The project greatly benefited from experts’ opinion which was focused on experimental research, therefore helping to identify future needs in order to bridge the gap between experimental research and applications.

The conclusions presented hereafter are divided into 2 parts: (a) MASCA integrated report conclusions on experiments; (b) conclusions drawn by the Organizing Committee from the presentations and discussions with experts participating in the seminar.

(a) MASCA integrated report conclusions

1. In the MASCA Project experimental technique utilizing induction melting in a cold crucible was developed. This technology allowed experimentations in test sections involving presence of various materials such as steel and corium with limited undesirable interactions among materials;

2. Experiments with the molten steel and corium revealed important peculiarities of interactions. Molten steel extracts metallic uranium from suboxidized corium, forming heavy metallic layer. This resulted in density inversion whereby heavy metallic layer is relocated into bottom of experimental test section. In the medium and small-scale tests final state is believed to be at equilibrium. Transient interactions as it was observed in the large scale RCW test indicated that for reactor case the interaction may be more complex. Both equilibrium and transient behaviors should be taken into account if in-vessel retention concept is considered as an accident management procedure for existing and future NPPs;

3. In the temperature range between corium solidus and liquidus temperatures, steel is sufficiently overheated to above its melting point (about 200 K) and easily penetrated through the porous corium debris bed with the characteristic size between 2 and 3 mm. However, steel zirconium metallic melt does not penetrate through the corium porous debris bed.  This is attributed to the formation of zirconium carbides and oxycarbides on the sufaces of porous debris bed at high temperatures;

4. Partitioning of fission products revealed that metallic FPs are concentrated in the metal phase while oxidic FP concentrated in the oxide phase. The partitioning may depend upon temperature, however, the number of tests performed is believed to be limited, thus, one cannot establish relationship between FP partitioning and  temperature;

5. All tests were performed under a non-oxidizing atmosphere. A steam atmosphere might have a strong impact on the phase separation and stratification process.

(b) Conclusions and recommendations from participants in the seminar

Experimental results:

1. Seminar participants recognized the high quality of the experiments performed and of data delivered during the MASCA project;

2. Experimental facilities employed in the MASCA project are an important source of data for molten corium pool thermochemical behavior; 

3. Participants stressed the importance of the results of this study in support of their work.

Theoretical analyses:

1. Various thermochemistry modeling presented using available data base seems to reasonably  account for gross features of many of the MASCA experiments;

2. Although quite challenging to obtain, accurate thermochemical and physical property data at high temperatures of interest are necessary for thermochemical analyses and predictions of severe accident progression. However the level of accuracy required for adequate modeling of scenarios for reactor applications is not as high as it is for a satisfactory description of all the thermochemical details. It can be considered now that remaining uncertainties in current thermochemical databases have been sufficiently reduced to lead to errors in the prediction of heat flux on the vessel wall comparable to errors induced by other sources of uncertainties (eg initial composition of debris, modeling of species transport in the lower plenum). It must pointed out that this conclusion is valid only around U/Zr = 1.2 for variable steel content and level of Zr oxidation where databases have been recently explored and assessed;

3. Melt progression modeling with chemical interactions in porous corium debris bed is an open issue.  No presentation was made by any participants on this subject.

Applications to reactor cases:

1. Several presentations addressed scaling to reactor conditions;

2. The main source of uncertainty has been recognized to be in-vessel melt progression and therefore the initial composition of the relocated melt in the lower head; 

3. High temperature properties, especially liquid oxidic and metallic phase densities, still remain a large source of uncertainty and therefore need to be addressed.

Further recommendation

Diffusion of species including oxygen in a molten pool of a large scale reactor should be addressed in order to assess its effect on stratification.
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