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6. FOUNDATION RAFT PROTECTION 

6.1. CORIUM RECOVERY PRINCIPLE 

During severe accidents leading to a vessel failure and ejection of the corium into the reactor pit, 
the corium stabilisation process outside the vessel is based on the corium retention concept. This 
involves spreading the corium over a large surface area with the aim of making it cool more 
efficiently by increasing the surface area/volume ratio. 

The corium recovery tank, also known as the spreading compartment, is located in a dedicated 
compartment on the reactor pit periphery. It is used for recovering, cooling and stabilising corium, 
in particular to prevent damage to, or erosion of, the foundation raft. 

The connection between the reactor pit and the spreading compartment is made through a 
discharge channel. In normal operation, this connection is sealed by a fuse hatch located at the 
bottom of the reactor pit. The hatch opens under the action of the corium, only in the event of a 
severe accident (see F.2.6 FIG 1). 

To promote corium spreading in the recovery tank, the EPR concept is based on a temporary 
corium retention stage in the reactor pit. It is likely that corium would probably not be ejected from 
the vessel instantaneously, but in several stages. Therefore the retention stage ensures that the 
corium from the vessel will mostly flow in a single stage into the recovery tank. 

The temporary corium retention concept is also based on the interaction of the corium with the 
layer of sacrificial concrete (corium-concrete or ICB phenomenon) which represents the 
spectrum of various possible corium characteristics after the retention process. This stage is 
required so that the spreading process and all of the measures planned for corium stabilisation 
are independent of the uncertainties related to formation of the corium pool in the vessel and the 
vessel failure conditions. 

In the recovery tank, the corium is stabilised by passive cooling after spreading. The recovery 
tank structure effectively incorporates a cooling system that is activated when corium arrives in 
the recovery tank and is supplied passively by water from the IRWST. After filling the channels 
located in the bottom of the recovery tank, water penetrates the lateral space of the structure and 
finally floods the corium surface. 

Interaction of the corium with the structural concrete is thus avoided, since this could cause: 

- embrittlement of the bearing structures which could affect the integrity of the 
metallic liner, 

- long-term overheating and mechanical deformation of the foundation raft 
and the containment , 

- prolonged release of non-condensable gases into the containment 
atmosphere. 
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To summarise, the EPR corium stabilisation concept is characterised by the following stages: 

- vessel failure and consequential corium ejection into the reactor pit, 

- temporary corium retention in the reactor pit, 

- opening of the fuse hatch and corium flow through the discharge channel 
into the spreading compartment, 

- passive flooding and quenching of the spreadedcorium, 

- cooling and removal of the decay heat over the long-term. 

The details of the various mentioned stages, the associated devices and their operating 
principles are provided in Chapter S.2.2.4. 

6.2. DESIGN BASIS 

6.2.1. Limiting conditions, requirements and design of the reactor pit/fuse 
hatch assembly 

6.2.1.1. Limiting conditions and requirements 

The design criteria for the reactor pit/fuse hatch assembly are as follows: 

- To withstand the pressure and temperature loads resulting from a vessel 
failure up to a pressure of 20 bar: these loads include those due to corium 
jets and the possible mechanical impact of the ejected vessel bottom head; 

- To temporarily retain the corium in the reactor pit: the aim is to ensure that 
all of the corium flows in one stage into the discharge channel after the fuse 
hatch is destroyed and that the corium characteristics are as uniform as 
possible (ablation of the layer of sacrificial concrete) irrespective of the 
scenario; 

- To prevent damage to the internal structures by the corium following local 
ablation of the layer of sacrificial concrete; 

- To ensure the absence of leakage paths other than the discharge channel; 

- To channel the corium flow towards the spreading area; 

- To ensure the absence of water in the reactor pit when the corium starts to 
flow out of the vessel; 

- To allow access to the reactor pit for inspecting the vessel bottom head via 
the removable fuse hatch. 
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6.2.1.2. The reactor pit design 

Mechanical load 

The reactor pit is a cylinder equipped with a truncated cone-shaped section in the lower part. Its 
surface is covered by a layer of zirconia, which is in turn covered by a layer of sacrificial concrete 
in the area that is likely to be subjected to the effects of corium (see F.2.6 FIG 1).  

The sacrificial concrete used in the reactor pit is a siliceous concrete incorporating ferrous oxide 
(Fe2O3) (see Chapter S.2.2.4). 

The reactor pit is designed to withstand the loads from a vessel failure at 20 bar. These loads 
include corium jet forces, the load resulting from the weight of the corium which may reach 
400 tonne after ablation of the layer of sacrificial concrete, and the potential mechanical impact 
load from the ejected vessel bottom head. The impact load is absorbed by specific structures, 
located around the reactor pit, which also protect the fuse hatch located at the transfer channel 
inlet between the reactor pit and the spreading compartment. 

The layer of zirconia (see F.2.6 FIG 1) protects the structural concrete from the high corium 
temperature and from direct contact with the corium if local ablation of the layer of sacrificial 
concrete occurs. Zirconia is a stable refractory material. 

Temporary corium retention 

The reactor pit temporarily holds the corium ejected from the vessel and enables interaction with 
the sacrificial concrete to occur. During the corium-concrete interaction, the corium becomes less 
aggressive, for example through oxidation of the metals Zr and U. 

The time period of erosion of the layer of sacrificial concrete and the destruction of the fuse hatch 
ensures that all the corium is collected in the reactor pit before being discharged through the 
discharge channel to the spreading compartment. This occurs irrespective of the corium release 
scenario from the vessel. The thickness of the sacrificial concrete provides a sufficient margin 
over the period for the corium accumulation. 

The corium composition, its temperature, the liquidus temperature, and its viscosity are the main 
parameters involved in the analysis confirming the corium spreading capacity for the various 
corium pool configurations in the reactor pit (stratified or mixed, various masses, etc.). Also, the 
reactor pit sacrificial concrete is of the siliceous type and includes iron oxide (Fe2O3). This 
concrete composition enhances oxidation of the Zr and thus reduces the quantity of hydrogen 
released. It also enables the temperature of the corium liquidus to be reduced and therefore 
favours corium spreading. 

The corium retention period is determined by the time needed for the corium to erode the layer of 
sacrificial concrete and destroy the fuse hatch. 

The above described phenomena are described in detail in Chapter S.2.2.4.3.1. 
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Ventilation of the reactor pit 

Ventilation of the entire cavity between the vessel and reactor pit walls (bottom of the reactor pit 
and lateral space around the vessel) is provided by: 

- a circular channel located outside the reactor pit,  

- 16 distribution channels through the concrete walls of the reactor pit at the same level 
as the circular channel, 

- vertical ducts which transport the air supply to the reactor pit level. 

The lower ends of these vertical ducts exhaust at the height reached by the corium in the reactor 
pit in the event of vessel bottom head failure. No corium leak can therefore take place via this 
ventilation system.  

Dry reactor pit 

To prevent the occurrence of steam explosion phenomenon outside the vessel, taking account of 
state-of-the-art understanding of this phenomenon, the reactor pit ensures the absence of water 
when the corium is discharged from the vessel. Specific design measures are not required since 
the objective is met through the following: 

- leak-tightness between the pool and the reactor pit, 

- the absence of pipes connected to the lower part of the vessel. 

Leak-tightness between the pool and the reactor pit is achieved by a metallic ring filled with 
concrete. This ring is anchored to the concrete wall and fills the space between the reactor pit 
and the vessel (see F.2.6 FIG 1). 

Corium dispersion 

The risk due to corium dispersion in the containment is considered in the design. It is possible 
that corium dispersion could occur through the flow path between the reactor pit and the 
containment. This is particularly relevant in a high-pressure corium ejection scenario. In this 
context, even though analysis shows that the containment pressure doe not exceed 5 bars 
following a high pressure corium ejection, the limiting value of the vessel pressure at failure is set 
at 20 bar. 

No additional design measure is proposed for the reactor pit, taking into consideration the fact 
that the flow path for potential corium dispersion is very limited and that direct dispersion into the 
containment dome is prevented by the concrete slabs used for reinforcing the reactor pit. Also, 
the vessel support structure restricts the flow passage and provides a surface for the deposition 
of corium particles, considerably reducing the quantity of corium that may be dispersed in the 
containment. 
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6.2.1.3. Design of the fuse hatch 

The fuse hatch between the reactor pit and the discharge channel is located at the centre of the 
lower conical part of the reactor pit. In severe accidents, during the corium retention phase, the 
fuse hatch must first resist loads resulting from a reactor pit pressurisation up to 20 bar and to 
the accumulated weight of corium (approximately 400 tonne). Then, by action of the corium, the 
hatch must fail rapidly creating an opening that is large enough to enable complete spreading of 
the corium before passive flooding starts using water from the recovery tank. 

The hatch consists of three sections: a layer of sacrificial concrete placed on a metal plate and a 
support structure which maintains the hatch in place during normal operation. The covering of 
sacrificial concrete forms an integral part of the reactor pit layer of concrete, and is therefore of 
the same composition. The hatch layer of sacrificial concrete is not reinforced by a protective 
zirconia layer and therefore the hatch forms the reactor pit weak point during the retention phase. 

The hatch opening process firstly consists of ablation of the layer of sacrificial concrete by the 
corium (corium-concrete interaction) followed by thermal attack of the metal plate by the corium. 

Detailed analysis of the hatch failure process using very conservative assumptions regarding the 
thermal fluxes imposed, the size of the initial point of contact between the corium and the hatch, 
and the type of corium in contact (oxide or metallic) has resulted in a fuse hatch design that 
ensures a large enough passage area and a short enough failure time to prevent damage to the 
reactor pit and the vessel support that could result from an excessive retention time (see Chapter 
S.2.2.4.3.2). 

Specifically the hatch design is a plug comprising an aluminium plate with a steel grid on top (the 
grid increases the mechanical stability of the hatch). The cells formed by the grid are filled with 
the same type of sacrificial concrete as the concrete covering the reactor pit. Even in the most 
onerous scenario, where only one cell is initially pierced by the corium, the corium discharge time 
is acceptably short. 

In severe accidents, the vessel bottom head may be ejected under pressure towards the reactor 
pit base. Four sacrificial concrete vanes in the shape of a cross are placed around the hatch to 
prevent a direct impact point. In addition, the pressure in the reactor pit, which may reach 20 bar, 
is taken up by a dedicated structure on the underside of the hatch. The former consists of a steel 
support frame on zirconia bricks which absorb and distributes the mechanical load to which the 
hatch is subjected, into the neighbouring layer of zirconia. 

The hatch is locked to the frame by a system of steel bolts which are inserted into the 
corresponding holes in the frame. The bolts and the associated opening mechanism are 
mounted below the aluminium plate. 

In order to allow ultrasonic inspection of the vessel bottom head, the hatch is removable and 
during a shutdown may be moved into the discharge channel to make the reactor pit accessible. 
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6.2.1.4. Design of the discharge channel 

The discharge channel allows corium from the reactor pit to flow to the spreading compartment. 

The channel is constructed from standard structural concrete. It is covered by a metallic liner 
anchored to the concrete of the internal structure by studs.  

The base and walls of the channel are protected by a layer of zirconia bricks that have the same 
characteristics as the bricks that protect the reactor pit. However, this layer of zirconia bricks is 
thinner on the ceiling because corium flowing from the reactor pit may not completely block the 
right-hand section of the channel and therefore the corium cannot come into contact with the 
upper part of the channel. The heat flux towards the ceiling only originates from radiation from 
the corium. The zirconia bricks withstand the load imposed by the corium, even at the point of 
impact directly in line with the reactor pit hatch. They also constitute thermal insulation and allow 
the temperature of the neighbouring structural concrete to be maintained at an acceptably low 
value. 

A metallic liner protects the zirconia bricks lining the channel walls. A steel plate also protects the 
base of the channel from any damage during normal operations. The rail system that is required 
for the carriage which transports the plug during vessel inspections is mounted on this plate. 
Connection of the metallic liner to the spreading area is free in the channel axial direction and 
thus allows thermal expansion movements. 

The discharge channel cross-section is rectangular. Its slope is zero. Corium residue may 
possibly remain in the channel after pouring into the spreading area. Nevertheless, as the corium 
viscosity is low, the height of the residual corium will be very limited. In addition, the residual 
corium will be cooled by later flooding of the channel. 

6.2.2. Limiting conditions, requirements and design of the spreading 
compartment 

6.2.2.1. Limiting conditions and requirements 

The design criteria for the spreading compartment are the following: 

- To ensure the absence of water at the beginning of corium spreading. 

- To protect the compartment lateral structures from damage from the corium. 
However, destruction of a low thickness of structural concrete in the upper 
part, due to thermal effects, is tolerated. 

- To passively cool the corium. 
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6.2.2.2. Design of the spreading compartment 

Description 

The corium spreading compartment is a shallow crucible which allows a thin layer of corium to 
form, facilitating stabilisation and cooling. (See F.2.6 FIG 2). 

The corium spreading compartment comprises two cast iron segments joined together in the 
lower and peripheral parts. During a severe accident, the cast iron protects the structural 
concrete and cools the corium; this is the cooling structure. Since the mechanical joints between 
the segments are flexible, the structure is insensitive to thermal expansion and to the deformation 
caused by strong local thermal gradients. 

The lower parts sit on the internal structure foundation raft. The lateral sections are fixed with U-
shaped components onto a support structure anchored to the peripheral walls. At the lowest 
level, the lateral sections are inserted into the horizontal components with grooves. At the upper 
level, the space between the structural concrete and the lateral wall of the spreading 
compartment is protected from potential corium intrusion, potentially dispersed locally through 
contact with water, by a steel cover. This cover has openings that enable water and steam from 
the cooling structure channels to escape. 

To enhance heat transfer, the lower segments include vanes which form flow channels for the 
cooling water. The channels slope to facilitate steam flow. The channels connect the central 
feedwater channel to the lateral space, located behind the spreading compartment vertical wall. 

The cooling structure is covered with standard siliceous sacrificial concrete (see Chapter 
S.2.2.4). The purpose of this layer of concrete is to protect the cooling structure from potential 
thermal and mechanical transient loads due to corium spreading and to modify the physico-
chemical characteristics of the corium. 

Cooling 

In a severe accident, the arrival of corium in the spreading compartment activates the opening of 
two flood valves and initiates gravity flow of water from the IRWST to the spreading 
compartment. The water first fills the central channel, from where it is distributed into horizontal 
cooling channels and then into the vertical channels of the lateral walls. This filling process takes 
approximately 5 minutes. The water then flows out of the tops of vertical channels and 
submerges the surface of the spread corium from the edge towards the centre. The flow 
continues until the hydrostatic pressure levels in the IRWST and the spreading compartment are 
balanced; the discharge channel and the lower part of the reactor pit become flooded (see F.2.6 
FIG 3). 

Initially, the water that flows onto the corium is completely boiled off. The stored and decay heat 
released by the corium produce surface boiling. Eventually a saturated water pool forms and a 
crust develops on the surface of the corium. The corium cooling is then carried out by boiling and 
the steam formed is released into the containment. By the time that the spreading compartment 
is completely flooded, the quantity of steam released corresponds to the total decay heat of the 
corium . 
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Experiments have demonstrated that the cooling structure is able to remove very high heat fluxes 
(up to 120 kW/m2). This is greater than the values estimated by analyses for various types of 
corium (distribution of oxide and metal) which are a maximum of 90 kW/m2. The formation of a 
layer of steam in the upper part of the channels does not degrade the overall cooling. Thus, heat 
transfer to the water circulating in the cooling channels is sufficient to remove the heat released 
by the corium and this occurs with large margins compared to the maximum thermal fluxes 
expected (see Chapter S.2.2.4.3.5). 

Although not required, the EVU [CHRS] can be used for long-term corium cooling by supplying 
the spreading compartment with cold water. At this stage, the water which flows in the channels 
and floods the surface of the corium is subcooled. The decay heat is thus removed by single-
phase flow and not by boiling. 

Corium-concrete interaction 

Whilst the water flows into the recovery tank, the spread corium interacts with the sacrificial 
concrete covering the cooling structure. This process protects the cooling structure from potential 
corium damage during its spreading and reduces the corium temperature before it comes into 
contact with the metallic structure. Thus, the corium-concrete interaction ensures a long enough 
time period for the structure to be completely flooded before the corium comes into direct contact 
with it. Using siliceous concrete reduces the radiological source term by reducing the quantity of 
radioactive aerosols in the containment atmosphere (see Chapter S.2.2.4.3.4). 

Dry spreading compartment  

To ensure the absence of water in the spreading compartment before the arrival of the corium, 
the following provisions are made: 

• the spreading compartment space is protected by walls to prevent any water jets, 
resulting from a pipe rupture, from directly penetrating the recovery tank; 

• water condensed on the containment internal walls following an APRP [LOCA] is 
directed towards the IRWST; 

• condensation inside the spreading compartment is very low and may be tolerated with 
regards to its effect on potential corium-water interactions. 
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