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In-vessel melt retention by reactor pit
flooding. Influencing phenomena

Melt behavior in the RPV
» Heat flux distribution from corium
« Geometry of pool / RPV (elliptic in VVERS)
« Stratified melt pools
— Focusing effect of metal layer

Coolant behavior at the outer RPV wall
» Critical heat flux typical value: 1.2 - 2 MW/m?

Vessel mechanical behavior
 Can the vessel withstand the loads?
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Objectives of corium melt pool
experiments

to reduce uncertainties in the understanding of thermophysical
phenomena influencing the melt pool configuration, composition
and masses/thicknesses of melt layers and interfacial crusts,
relative positions of the layers, heat and mass transfer between
the layers and heat fluxes to the melt pool boundaries

to determine the conditions in the melt pool which are critical for
the system behavior, such as layer inversion, mixing and focusing
of the heat flux

to develop correlations and validate calculation models for
stratified fluid layers

to predict the heat transfer loadings on the vessel wall for
different configurations of the melt pool
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Concentration factor of heat focusing by the top layer
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Transient behavior: melt relocation in debris bed
LIVE L8A and L8B test design:

L8A test: 70 vol % total mass as liquid relocated

L8B test: 50 vol % total mass as liquid relocated
Formation and progression of melt pool during debris melting
melt temperature and heat flux distribution

Debris
20 mol% NaNO; - 80 mol% KNO,
Diameter: 3-16 mm

Liquid melt
20 mol% NaNO; - 80 mol% KNO;
temperature 350°

Debris is preheated

Heating with 21 KW and external
cooling started immediately after
melt relocation
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Transient behavior: melt relocation in debris bed
Melt pool progression in LIVE LS8A and L8B test
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Heat flux, W/m?
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Comparison of LIVE and COPRA

Similarities

Simulant materials: non-
eutectic binary nitrate salt

Heating method: resistance
wires

Similar vessel wall material
and thickness

Melt pour: central and lateral
position

External cooling: water

Crust formation can be
realized with salt simulants

Difference

LIVE COPRA
Dimension 3D, 2D 2D
Ra.. number 10 1016
Phenomena

 Melt/debris transient behavior
* Influence of dimension

* Influence of crust formation

* Influence of Ra number

19
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Transient behaviour

Lateral melt relocation - significantly higher heat flux at pouring area
Vessel flooding
— Quenching of hot wall

— Low crust growth rate after melt pour leads to higher crust conductivity and
thicker crust layer

Melt pour in the debris bed
— Partially freezing of poured melt in the lower part of debris

— Followed by molten pool downward extension and recovery of melt
temperature

— A thin layer of loose debris exists on the lower part of the vessel bottom
Melting of debris bed with different melt temperature

— Void formation and collapse inside the debris bed

— Increase of the heat flux at the position of melt layer atop of solid debris

— Hotspot on the vessel wall as consequence of horizontal progression of
molten melt

— Smaller downward heat transfer 21



TH steady-state behaviour

Cooling vs. insulation of melt upper surface
— Higher Nu,, number during upper surface cooling

— Homogeneous melt temperature and lower local heat flux in the upper
part of the pool during upper surface cooling

Nucleate boiling vs. subcooling on external boundary

— Similar melt pool temperature in the whole pool

— Higher heat flux at the upper part of vessel wall during nucleate boiling
3D vs. 2D geometry

— Higher downward heat flux and melt temperature in the upper part in
2D

Crust vs. crust-free boundary
— Uniform boundary temperature in the presence of crusts
— Higher upward heat transfer coefficient
— Different downward heat flux distribution

22



Some conclusions from previous tests

» Large discrepancy exists between the experimental data and
correlations used for heat generating layers for high Ra numbers
typical for reactor condition (101°-10%°)

» Poor data for side heat flux of top layer externally heated from below
» No correlations exist for a heat transfer in a three-layer pool

» First confirmation of focusing of surface liquid layer atop of solid
debris filled by the melt in LIVE experiment

» Large discrepancy exists in the modeling of the heat flux in the two-
layer melt pool and experimental data due to excessively simplified
assumptions in models
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New data required

» Need of experimental data for 2 and 3 layer pools under following
conditions:
- higher Ra numbers
- interfacial crust between top and bottom layer
- top cooling (transient heat flux evolution) and thermal insulation
- layer mixing/inversion

- high thermal conductivity of top layer

» Such experiments are planned in the IVMR EU project

24



New tests on heat transfer within stratified molten
pool at steady-state and transient conditions

Thermal impact of molten pool stratification and possible transient
evolutions of pool configuration.

Experimental programs address the following phenomena:

Heat transfer between a heat generating layer and an immiscible layer on
top or at the bottom (including a 3-layer configuration) under different
boundary conditions. Effects of relative molten layer positions and of the
top layer thickness on the heat partitioning and focusing

Inversion of layers caused by their density evolution and evaluation of
corresponding transient heat fluxes, e.g. during formation of a new top layer

Influence of turbulence on the mixing and heat transfer between two layers
having different densities

Influence of interfacial crust and partially solidified crust on the heat
transfer between the heat generating layer and the layer atop of it.

25






T,
700 730 760 790 820 850 880 910 940 970 1000




During exposure in Short after exposure
furnace at 250°C




Visualization of melt behaviour in
LIVE 2D

Transparent sidewall in LIVE 2D

» Important phenomena during the
transient state:
- mixing and segregation of
Immiscible layers

- crust formation between layers

- gap formation between the crust
and the vessel walll

- heat transfer in the gap

» Continuous process of
- crust thickness profiles at the boundary and layer interface

- eventually flow patterns in the liquid pools
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