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3.12. DISCO-H - DIspersion of Simulated COrium with Hot fluids

Objective of the facility

The DISCO-H test facility was set up to perform scaled experiments that simulate melt ejec-
tion scenarios under low system pressure in Severe Accidents in Pressurized Water Reactors
(PWR). These experiments are designed to investigate the fluid-dynamic, thermal and chemi-
cal 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.

If the melt is dispersed out of the reactor pit, the mechanisms of efficient melt-to-gas heat
transfer, metal/oxygen reactions, and hydrogen combustion produce a rapid increase in pres-
sure and temperature in the reactor rooms. In the frame of these Direct Containment Heating
(DCH) phenomena the following issues are addressed: (i) final location of corium debris, (ii)
loads on the containment in respect to pressure and temperature, (iii) amount of hydrogen
produced, (iv) loads on reactor pit and support structures, and (v) impact on safety compo-
nents.

Parameters of the facility

The main components of the facility are scaled about 1:18 linearly to a large European reactor:
the containment pressure vessel (volume 14 m³), the RPV-RCS pressure vessel (0.08 m³), the
cavity, the subcompartment, and the steam accumulator (0.08 m³). The subcompartment is an
annular space around the cavity with a volume of 1.74 m³. The flow path from the cavity into
the subcompartment is along the eight stubs modeling the main cooling lines (total flow cross
section is 0.0308 m²). The connection from the subcompartment to the containment is by four
openings with a diameter of 130 mm in its top plate. The RCS-RPV pressure vessel models
the volumes of both the reactor cooling system (RCS) and the reactor pressure vessel (RPV).
The RPV model, that serves as crucible for the generation of the melt, is bolted to a plate car-
rying the RCS-RPV pressure vessel. 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 and is
installed inside a strong steel cylinder. 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 with a total cross section of  0.052 m². Depending on the reactor design, that is to be
investigated, this cross section is  variable.

In case of the modeling of a prototypical scenario, the containment vessel is heated by filling
with steam additional to the atmospheric air until the pressure reaches 0.2 MPa. The  average
gas temperature and the wall temperature inside the vessel is 373 K (100°C) at the end of the
heat-up. A metered amount of hydrogen gas (3 mol-%) is added to the vessel at the end of
heat-up while fans are running inside the vessel. A gas sample is taken just before the start of
the experiment.

The pressure vessel modeling the RPV and RCS volume is electrically heated to the saturation
temperature of the planned burst pressure, e.g. to 453 K (180°C at 1.0 MPa). It contains nitro-
gen at that temperature at 0.1 MPa. The steam accumulator is heated electrically to the satura-
tion temperature of twice the planned burst pressure, e.g. 486 K (213°C at 2.0 MPa). The ac-
cumulator is filled with a measured amount of water by a high pressure metering pump to
reach that pressure. The RCS pressure vessel and the accumulator are connected by a 25 mm
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diameter pipe with an electro-pneumatically actuated valve.

The model of the RPV is filled with aluminum-ironoxide thermite. The experiment is started
by igniting the thermite electro-chemically at the upper surface of the compacted thermite
powder. When a pressure increase in the RPV-RCS pressure vessel verifies that the thermite
reaction has started, the valve in the line connected to the accumulator is opened and steam
enters the pressure vessel. When the pressure has reached a preset value the valve is automati-
cally closed again. About 5 to 8 seconds after ignition the brass plug at the bottom of the RPV
vessel is melted by the 2400 K hot iron-alumina mixture. That initiates the melt ejection. The
melt is driven out of the breach by the steam and is dispersed into the cavity and the contain-
ment.

Instrumentation and measurement

The pressure (P) and temperature (T) history is measured in the RPV (2P, 2T), the cavity (4P,
6T), the reactor compartment (2P, 2T) and the containment (5P, 9T).  Post test melt fractions
are determined in all locations with size distribution of the debris. Three video cameras are
installed, one in the reactor compartment and two in the containment. The pictures show the
timing of melt particle flow and hydrogen burning. A pre- and post test gas analysis in the
cavity and the containment is performed to determine the produced and burned hydrogen.

Table 12.1 DISCO-H Experimental test matrix

Exp.
I.D.

Date Type (Characteristics)

H-02 23.04.02
10.6 kg iron-alumina melt discharged at 1.22 MPa steam, 56 mm central hole,
containment atmosphere air/steam at 0.2 MPa with 3 mole% hydrogen, with
direct flow path from reactor pit to containment

H-03 07.08.02
10.6 kg iron-alumina melt discharged at 1.25 MPa steam, 56 mm central hole,
containment atmosphere air/steam at 0.2 MPa with 3 mole% hydrogen,
without direct flow path from reactor pit to containment

H-04 20.11.02
10.6 kg iron-alumina melt discharged at 0.89 MPa nitrogen, 56 mm central
hole, containment atmosphere air at 0.1 MPa, with direct flow path from re-
actor pit to containment

Documentation

Data are in a preliminary status of short term evaluation in Excel-files and plots. No long term
storage has been prepared yet.
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Fig. 12-1 Scheme of the DISCO-H facility


