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The aim of the “Debris bed reflooding” research programme is to gain a better understanding
of the phenomena involved in water and steam flows in a porous medium made up of solid
particles at very high temperature in conditions representative of a core meltdown accident
(or severe accident). The experiments in this programme are conducted in the PRELUDE and
PEARL facilities using the IRSN’s THEMA platform.
Context and objectives
If there is prolonged loss-of-coolant accident, the fuel rods which make up
the core of a pressurised water nuclear reactor (PWR) will be damaged and
the majority of them will collapse and form what is referred to as a “debris
bed”. If it is not cooled quickly, this agglomeration will start to melt and will
become increasingly difficult to cool.
One of the recommended operations to try to prevent the accident
evolving in this way is to reinject water into the core, which is referred to as
“reflooding”. Although this operation is essential for cooling the fuel, it may
however endanger the integrity of the reactor containment vessel, either by
causing a “steam explosion” or by increasing the production of hydrogen,
which may explode once it is inside the vessel.
The “Debris bed reflooding” programme is designed to gain a better
understanding of these phenomena and to model them.
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Principle of the programme
The “Debris bed reflooding” experiments consist in reflooding
agglomerations of metal particles (size: 1 to 8 mm), heated to a high
temperature (1000°C) by an induction furnace. Their spatial distribution
is representative of that expected in a pressurised water reactor during a
severe accident.
The instrumentation placed in the debris bed is used to characterise the
progress of water in the porous medium, the production of steam and
the resulting increase in pressure, according to parameters such as water
injection rate, particle size, power deposited in the bed and total pressure.

Temperature in the debris bed
during reflooding

www.irsn.fr

Following several series of tests in the small-scale PRELUDE
facility which validated the technological options chosen for the
PEARL facility and also provided initial scientific information on
the physical phenomena involved during reflooding, four test
campaigns were planned in the PEARL facility:
• Campaign 1 (2014-2015): Reflooding of a homogeneous debris bed
(particles of the same size) - parameters studied: flow rate, pressure
and temperature;
• Campaign 2 (2016): Effect of the geometrical characteristics of the
debris bed - parameters studied: particle diameter distribution and
by-pass size;
• Campaign 3 (2017): Study of a compact area within a debris bed;
• Campaign 4 (2018): Study of the effect of oxidation of metal
materials and production of hydrogen.
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Test campaigns

