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GENERAL COMMENTS

Correct material thermophysical properties are essential for
good prediction of thermal processes in nuclear power
plants.

• The issues in this area are of (a) need, (b) quality of
evaluation, (c) duplication and (d) acquisition of new data.

- The need should be based on some analysis. One should
ask: "Will the current state of knowledge about a certain
property affect the performance and safety of a plant
significantly?"

- The evaluation of the state of current knowledge ("What
is the accuracy of a data base?") should be performed by
known experts.

- Some duplication may be beneficial; but, in general, it
should be avoided.

- New data acquisition is not an ordinary affair, when
good accuracy is required. Considerable costs may be
incurred; most of the major nuclear countries are cutting
research programs.

148



GENERAL COMMENTS (CONTD.)

Thus, an organised international joint effort, on (i)
evaluation, (ii) documentation and (iii) selective
measurements (as conceived here by IAEA) has great
merit.
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NEEDS

I believe that the draft working material report substantially
addresses the thermophysical properties needed for reactor
design and normal operation.

I believe the temperatures covered will also be sufficient
for most design-basis safety analysis.

The data needed for evaluation of severe accidents is,
generally, not available in the document.

This is not surprising, because severe accident evaluations
are relatively recent in the safety analysis of nuclear plants.

It is also clear that for the advanced water cooled nuclear
power plants, evaluation of severe accident performance
and management will assume an important role.
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NEEDS (CONTD.)

Severe accidents:

- The main characteristics of severe accidents are (a) high
temperatures, (b) core-melt generation and (c) melt
interactions with other materials, e.g., water and
structural materials.

- The melt interactions lead to its cooling from
temperatures above the liquidus temperature to below the
solidus temperature.

- The thermophysical properties change radically during
this temperature regime.

- Thus, the regime of most interest is from the solidus to
some modest amount of superheat (temperature above
liquidus).

- The materials of interest are primarly mixtures of oxides
and metals.

- The phase diagrams of mixtures (binary and higher) have
to be known to relate listed, or measured, properties to
the physical state.
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NEEDS (CONTD.)

Severe accidents (contd.):

- Some properties of currently limited interest become
very crucial, e.g., surface tension, of mixtures from
solidus to above liquidus temperatures, is needed badly
for understanding the melt-water interaction processes,
of quenching, and of steam explosions.

- The viscosity and emissivity are also very important
thermophysical properties since they determine heat
transfer through convection and radiation, respectively.

- The viscosity of UO2 + ZrC>2 melt, with additions of
concrete, as a function of temperature, is a crucial
parameter for the melt spreading and coolability;
important for core catcher designs.

- The emissivity of UO2 + ZrC>2 melt, determines the
radiative heat loss and the crust formation, which play
an important role in melt interactions with structures and
water, as also occurs for lava flow.

- The crust thermophysical properties are also of interest.
Here porosity has to be dealt with, i.e., the porosity-
affected non-isotropic variation of physical properties.
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NEEDS (CONTD.)

Severe accidents (contd.):

- Crust structural properties determine crust stability and
cracking, both important for melt coolability, since
water has to percolate down through cracks.

- There are other interactions during the core heat-up
process; e.g. reactions between B4C and steel, which
lower melting temperature of B4C; reactions between
Incolnel and Zircaloy, and reactions between UO2 and
Zircaloy. All of these change the thermophysical
properties of the interacting materials.

- Thus, thermophysical properties of mixtures, eutectics
metallic compounds etc., which form during the course
of a severe accident, are needed, for temperatures
between solidus and superheats of 100 to 200 K. Phase
diagrams are also needed to understand the variations of
the properties with variations of temperatures, and of the
mixture components.

153



CURRENT ACTIVITIES

There are no significant thermophysical property
measurement activities in Sweden with respect to reactor
material (or mixtures) on-going in Sweden.

There is a group of scientists working on the phase diagram
calculation methodologies at the Royal Institute of
Technology.

There is significant evaluation work on-going at AEA
technology and at Fauske Associates on the thermophysical
and chemical properties, needed for the MCCI and the
melt-coolability phenomena predictions, under the auspices
of the ACEX Project.
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CURRENT ACTIVITIES (CONTD.)

The tasks sponsored by the ACEX Project are:

- Task Prop. A (AEA Tech.): Develop data base on
critically-assessed thermophysical properties for MCCI
and melt coolability.

- Task Prop. B (Fauske-Associates): Develop viscosity
relations for two-phase mixtures.

- Task Prop. C (ANL): Measurements of the thermal and
mechanical properties of MACE crust.

- Task Prop. D (AEA Tech.): Concrete ablation
temperature and review of phase diagrams.

- Task Prop. E (AEA Tech.): Critically assess
thermodynamic data including Gibbs free energies for all
species.

- Task Prop. F (AEA Tech.): Critical assessment of phase
diagrams and of activity coefficients.
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SCOPE AND APPROACH OF NEW CRP

• My suggestion with respect to the scope of a new
Coordinated Research Program (CRP) is to broaden the
scope to include the properties needed for accurate
prediction of severe accident phenomena.

Use the evaluations currently on-going in the ACEX
program, or elsewhere.

• It is conceivable that new data will be required; for which a.0ri*nhi&
measurement program should be established.
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SWEDISH PARTICIPATION IN CRP

No commitment can be made yet. There is interest. The
phase diagram calculation methodology could be a mode of
participation.

RIT can contribute through experiments, and analyses,
performed for melt interactions with water and structures,
to delineate what data bases are needed, and to what
accuracy.
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