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Abstract

The EPR (the European Pressurized Water Reactor) is an evolutionary PWR developed by Nuclear Power
International and its parent companies, Framatome and Siemens, in co-operation with Electricite de France and German
Utilities. NPI can rely on the huge experience gained by its parent companies; they have constructed more than 100
nuclear power plants throughout the world. The total installed capacity exceeds 100 000 MW - about 25% of the
total world-wide figure. Following the conceptual design phase of the so-called Common Product conducted by NPI,
Framatome and Siemens, from 1989 through 1991, Electricite de France (EdF) and several major German utilities decided
to merge their own development programmes, - the N4 Plus and REP 2000 projects on the French side and the further
development of the KONVOI technology on the German side, - with the NPI project. From that time on, the NPI project
became one single common development line for both countries. In parallel, EDF and the German utilities decided to
establish, together with other European utilities, specifications that would represent common utility views on the design and
performance of future nuclear power plants. These are documented in the European Utility Requirements (EURs). The
basic design has been completed in 1997, and in 1998 a design optimization is being carried out with the goal to even
increase the economic competitiveness of nuclear power. This paper provides a brief design description of the EPR

1. DESCRIPTION OF THE NUCLEAR SYSTEMS

1.1 Primary circuit and its main characteristics

The primary loop configuration is the same as that of existing designs and can be considered well
proven.

The sizing of the reactor pressure vessel (RPV), steam generator (SG) (especially secondary side) and
pressurizer (PZR) incorporates increases of the respective water volumes compared to current designs.

In the RPV design, the water volume between the level of the reactor coolant lines and the top of the
active core is increased in order to improve the mitigation of LOCA (smaller breaks) by prolonging the period
until beginning of core uncovery or minimizing the core uncovery depth, if any.

For the pressurizer a large volume is provided in order to smoothen plant response to operating
transients and accidents.

The larger water volume of the SG secondary side supports smoothing of normal operating transients
and reduces the potential for unplanned reactor trips. In case of a total loss of all feedwater supply (incl.
emergency feedwater), the postulated dryout time of the SG will exceed 30 min.

The valve configuration of the primary side overpressure protection aims at avoiding the response of
"non-isolatable valves" in plant conditions with a potential for radioactivity release. The valves are mounted to
the top of the pressurizer in order to avoid high pressure piping. Each discharge train is provided with two
safety valves in series; this tandem arrangement makes it possible to isolate a stuck-open safety valve without
decreasing overpressure protection capability. Automatic opening of the main valves (of own medium
operated type) is actuated by pilot actuators dedicated to each individual safety valve. During normal operation
the valve assigned to the discharge function is closed, the valve assigned to the isolation function is open. For
operation at lower temperatures, during stretch-out operation, the pilot actuators of at least one train are
provided with remotely adjustable setpoints.

With the chosen arrangement of pressurizer discharge, the following safety functions can be performed:

over-pressure protection of the reactor cooling system by automatically initiated discharge of either
steam, water or two-phase fluid,
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depressurization of the reactor cooling system by discharge of steam, water or two-phase fluid in
plant conditions when pressurizer spraying is not available or not efficient,
discharge of the reactor cooling system to enable residual heat removal in case of unavailability of
the secondary side heat removal (feed and bleed),
discharge of the reactor cooling system in a postulated core melt situation to guarantee
depressurization to a sufficiently low level that would rule out the high pressure core melt accident.

1.2 Reactor core and fuel design

The core is built up by 241 mechanically identically designed fuel assemblies; somewhat more than in
currently operating units. Each fuel assembly consists of 264 fuel rods and 25 guide tubes arranged in a 17x17
array; their active length is 4.20 m.

The fuel rods are made of Zircaloy tubing containing uranium dioxide ceramic pellets, of which the
initial enrichment is below or equal to 5.0 Wt %.

The average linear heat generation rate is about 178.6 W/cm, giving prospect of achieving average batch
burnups of up to 65 GWd/tU. The design offers a high degree of flexibility with respect to cycle length
adaptations, allowing fuel cycle cost reductions by high burnups and low leakage loading patterns.

Basic safety objectives are met by designing Hie core to have stabilizing reactivity coefficients under all
operation conditions. Reactivity control is accomplished by changing the boron concentration in the primary
coolant and by moving control assemblies. Slow reactivity changes caused by changes of xenon concentration
and burnup are compensated by changes of the boron concentration, while fast reactivity changes for
adaptation of the power level are compensated by control rod insertion or withdrawal.

The core is designed for UO2 fuel assemblies and incorporates the capability also to insert MOX-fuel
assemblies up to about 50%.

Some fuel assemblies contain burnable absorber (Gd2O3) to suppress high excess reactivity, especially
in the first core. The reactor power level is monitored by the ex-core instrumentation. The capability to predict
and to measure the tiiree dimensional power distribution in the core is the duty of the in-core instrumentation
system which consists of the aeroball system and the self-powered detector system. The in-core
instrumentation penetrates the reactor pressure vessel head from the top at only very few positions. A cross-
section of the core, showing the location of the core instrumentation, is depicted in Figure 1.
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FIG. 1. EPR — Core instrumentation.
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13 Primary components

/. 3.1 Reactor pressure vessel

The reactor pressure vessel is designed for a life time of 60 years, not exceeding a total neutron fluence
of 1019 nvt. This is achieved by provision of a rather large water gap and a heavy reflector around the core.

The upper part of the reactor pressure vessel will be machined out of one single forging. The flange is
made as an integral part of the nozzle shell. The nozzles itself are of the on-set type so that non-destructive
examination can be easily performed from the inside. The nozzles are located as high as practicable above the
core upper edge to increase the hydrostatic pressure for reflooding and to avoid the loop seal effect.

The reactor pressure vessel is internally cladded with two layers of low carbon stainless steel. The
inside surface is ground after cladding to a finish as required for ultrasonic inspection. Generally, in-service
inspection is performed from inside the vessel; an access from the outside, between the outer wall and the
thermal insulation, is also provided, however. Inspection from the outside will be performed, if the internal
inspection should reveal indications which cannot be adequately characterized from the inside.

1.3.2 Steam generators

The steam generators feature an axial economizer to provide a steam pressure increase of about 3 bar
when compared to a boiler type of the same heating surface.

The material for the tubes will be chosen from either Incoloy 800 or Inconel 690. Both materials have
proven excellent properties regarding corrosion resistance and are exchangeable without affecting steam
generator design parameters. The tubes are supported by perforated plates.

With respect to the pressure boundary, the same material as for the reactor pressure vessel will be
chosen.

1.3.3 Pressurizer

The pressurizer is of conventional design but with an enlarged free volume. The spray systems for
normal operation and auxiliary spray are completely separated from each other.

The spray lines are welded through a blind cover and equipped with a spray nozzle each. This design is
easy to dismantle, inspect and replace. The spray system delivers a permanent flow to the spray nozzles to
minimize thermal transients upon fast valve opening.

The heaters are flanged to the penetrations in order to be easily replaced and inspected.

All pressure boundary parts, except for the heater penetrations, are made of ferritic steel grade; basically
the same as used for the reactor pressure vessel. The penetrations are in stainless steel and welded with an
Inconel material.

1.3.4 Reactor coolant pumps

The reactor coolant pumps are of well-proven design, as already used in plants in France and Germany.
The reactor coolant pumps are provided with a standstill seal in order to assure leak-tightness of the shaft seal
without the need of an active seal water supply system under conditions when the pump is at rest, e.g. in the
event of a station blackout.

1.3.5 Main coolant lines

With respect to the material of the main coolant lines, two options are still under consideration; either
forged ferritic steel with austenitic cladding or forged stainless steel will be used. In any case, the break
preclusion concept will be applied. A high quality in design, construction and surveillance enables preclusion
of the current pipe break assumptions; consequently a catastrophic failure of a main coolant line is ruled out as
regards its possible mechanical effects. However, a mass flow equivalent to a double area break of a main
coolant line is still assumed for the design of e.g. the emergency core cooling system.
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1.3.6 Reactor internals

The core barrel flange rests on a ledge machined from the flange of the reactor pressure vessel and is
preloaded by an elastic system. The fuel assemblies rest on a flat perforated plate, machined from a forging of
stainless steel and welded all around to the core barrel.

The cooling water flows through the core plate through four holes dedicated to each fuel assembly.
These holes can be calibrated in such a way that a flat flow profile is achieved.

The space between the polygonal outside shape of the core and the cylindrical inner surface of the core
barrel is filled by a stainless steel structure to reduce the fast neutron leakage and to flatten the power
distribution. This structure is called the heavy reflector and represents an innovative feature compared to
earlier designs.

The bulk of the internals is made of low carbon stainless steel in line with the current practice to prevent
intergranular stress corrosion cracking in primary water environment.

1.4 Operating characteristics

The EPR is a nuclear island for a net electrical output of about 1750 MW. The primary components are
enlarged relative to current types, and designs of the safety and operating systems have been updated
accordingly.

The EPR is designed for being operated between 20 and 100% of rated generator power. In the power
range between 50% and 100% load, the control systems will keep the average coolant temperature constant in
accordance with the so-called part load diagram; the main steam pressure will vary between 8.4 and 7.25 MPa.
In the lower power range, below 50% power, the main steam pressure is kept constant at 8.4 MPa and then the
average coolant temperature will vary with the load. The advantage of this control strategy is that it results in
the lowest demands on the chemical and volume control system, the loads on the pressurizer surge line and the
control rod drive mechanisms during load changes in the most frequent operation mode.

The control and operational systems are designed to provide the EPR with a high capability to follow
the actual power demands of the grid.

The load changes can either be initiated by the operator or completely remotely controlled. Important
plant parameters are maintained within operational ranges automatically by control system functions, and the
setpoints for the main NSSS controls are adjusted automatically; all plant parameters remain far from the
triggering setpoints of any safety system during normal plant operation.

In addition, the EPR is designed to withstand without tripping of the reactor, events like: turbine trip,
full load rejection, trip of one feedwater pump, and malfunction of a single control system.

2. INSTRUMENTATION AND CONTROL SYSTEMS

2.1 I & C Design concept, including control rooms

2.1.1 I&C structure

The functional requirements and failure models governing the design of the I&C systems are based on
the overall safety criteria for system design and the functional requirements on the process systems. This
implies a requirement for independent I&C subsystems in order to ensure that a loss of one subsystem will
influence the remaining I&C systems only marginally.

The I&C systems and equipment are divided up into three classes (EE1, IE2, IE3) in accordance with
their importance for safety and with respect to required reliability, performance, failure behaviour,
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maintenance, testing, and QA; in addition, there is a non-classified category (NC). The main features of these
categories are:

The I&C of the IE 1 class that is used for automatic actuation and control of safety-grade systems,
shall withstand a single failure also during periods of maintenance and testing. In addition, there
must be no spurious actuation during maintenance or testing in case of a failure occurring anywhere
upstream the last voter. This leads to a need for a fourfold redundant and divisionally separated
structure.

The I&C of the IE2 class, including information means and means for manual actions for mitigating
measures during an accident, has a functional structure that can cope with a single failure - without
the additional requirements related to maintenance and testing. Special emphasis is laid on the
qualification of the back-up control and information means (safety control area), including the
related software.

The I&C of the DE3 and NC classes, that is used for normal operation of the plant, including the
control of major plant parameters, limiting conditions of operation (LCOs), information and
operation and other non-safety I&C functions, is specified in a case by case approach.

2.1.2 Applied technology

The proposed I&C automation and Man-Machine-Interface systems are based on utilisation of digital
technology, preferably with "off-the-shelf electronic components.

The potential for common cause failures is reduced by consequent use of functional diversity, for
initiating parameters and actuation channels, and by distributing diverse I&C functions to I&C systems.
Further, a formal specification of the I&C systems reduces failure potentials of software specification and
makes the software easily verifiable.

2.1.3 Safety I&C (IE1JE2)

The safety I&C functions shall have a high reliability so that they will not be a dominant contributor to
the unavailability of safety systems.

The safety I&C is of redundant architecture, and designed to limit the consequences of equipment
failures or malfunctions that may result from failure inducing events within I&C systems (single failure) and
their consequential effects (with active or passive failure mode). Connections between redundant trains are
necessary for exchange of information and commands, but they must not impair the independence. To this
end, the redundant trains, or divisions, are installed with physical separation and with a minimum number of
interconnections.

Interconnections are energetically decoupled against overvoltages from a disturbed division (e.g. by
means of fibre optics), and erroneous signals from a disturbed division are prevented from affecting the other
divisions by means of majority voting or signal coding. Necessary safety actions must be performed from the
undisturbed divisions independent of the state of a disturbed division.

Appropriate measures are provided to cope with common cause failures (CCF) in order to meet the
overall probabilistic design targets. CCFs and their consequences can result from different sources (e.g. faulty
manufacturing, erroneous design, equipment failures, and environmental conditions during the course of
accidents). CCFs are unavoidable, but the probability of their occurrence must be kept at a low level. Special
probability values for digital I&C are practically nonexisting, and evaluations must therefore be based on
engineering judgement.

The safety I&C functions, systems and associated equipment shall not be jeopardized by the operational
I&C, and they are therefore decoupled from the operational I&C when interconnections can not be avoided.
To this end, a "priority control" strategy is implemented; a safety command to an object used by both safety
and operational I&C overrides any non-safety command.
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2.1.4 Operational I&C

The operational I&C encompasses all I&C functions and associated systems and equipment for normal
operation. It contains the measurements, the signal conditioning, open- and closed-loop controls, the signal
processing and the data transfer to the man-machine interface.

The tasks of the open- and closed-loop controls are mainly to control the nuclear power generation
during normal operation and anticipated operational occurrences in such a way that predetermined setpoints for
relevant process variables are reached and maintained, to protect all mechanical equipment with high
investment costs via redundant equipment protection, and to provide information for displaying the plant status
for normal, upset and accident conditions and for documentation of all relevant process data.

Operational controls are operating in such a way that a sufficient margin to the actuation values of the
safety I&C is maintained.

2.1.5 Man-machine interface facilities, and control rooms

The main control room (MCR) is a screen based control room with an overview panel. It is used for
process control during normal, or accident situations including outages. In addition, the MCR has a safety
control area with back-up control means. Further functions that are ensured from the main control room or
from adjacent rooms are security surveillance, fire protection monitoring, radiation monitoring, management of
maintenance and periodic testing, external and internal communication, access to documentation and to
recorded information.

The MCR contains 3 operator work positions (all of the same design) which are used for process control
in all plant conditions via operational I&C. A shift supervisor console offers operational and safety-qualified
information to the shift supervisor, and/or to the safety engineer. It is equipped with communication means
and space for administration work. The operator work positions are dedicated to the operators of the primary
and secondary loops, and to the auxiliary operation or back-up purposes.

A plant overview panel is visible from all work places and will be used for the co-ordination among the
operators and for the transfer between normal and back-up means.

The safety control area (with the back-up control means) in the MCR is used in the event of major
losses of the normal control means. It can be used for the safe shutdown (hot or cold) of the plant or to perform
post-accident operation. This area could also be screen based. The area constitutes a safety-relevant man-
machine interface, and the related equipment is qualified accordingly.

The EPR is provided with a remote shutdown station (RSS) which is designed for transferring the plant
to and maintaining it in safe shutdown conditions, in case of unavailability of the main control room without
loss of operational or safety I&C systems. The RSS is equipped with internal and external communication
means.

2.2 Reactor protection and other safety systems

The reactor protection system and other safety I&C systems are digital systems. They are characterized
by divisional separation of their independent subsystems and the use of voting functions (2/4,2/3,2/4, etc.) for
protective actions. The structure meets the requirements of the safety I&C functions described above.

3. SAFETY CONCEPT

3.1 Safety requirements and design philosophy

The strategy pursued for the EPR is to further enhance the already very high safety level attained at
French and German plants. This strategy implies improving the prevention of accidents, including severe
accidents, and adding features, mainly related to the containment, to mitigate the consequences of postulated
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severe accident scenarios - including core melt situations - to avoid need for stringent off-site countermeasures.

The probability of such postulated accidents has been significantly reduced.

The plant design is based on a deterministic approach and considers "Risk Reduction" measures.

3.1.1 Deterministic design basis

In the deterministic analysis the different events are categorized in four Plant condition categories
(PCCs) in accordance with their anticipated frequency of occurrence; PCC1 covers normal operation states,
and PCC2 to PCC4 envelop transients, disturbed states and accidents.

Stringent radiological limits are applied for normal operation and anticipated operational occurrences as
well as for accidents.

3.1.2 Risk reduction

The EPR design takes into consideration also events beyond the Deterministic design basis, - events
with multiple failures and coincident occurrences up to the total loss of safety-grade systems, - on a
probabilistic basis in order to quantify the residual risk. Severe accident design release limits have been
specified on the basis that no stringent off-site emergency response actions (such as evacuation or resettlement)
would be needed outside the immediate vicinity of the plant.

The overall safety objectives that have been set for the EPR, require that:

the probability of core damage (CDF) shall be below 1O'Vyear; and
the probability of large releases to the environment shall be below 1 O^/year,

including all events and all reactor operating states.

In order to meet these objectives, some specific probabilistic design targets have been defined for the
design phases:

For internal events at power operation, the CDF shall be < 10"* per year;
The contribution from shut-down states to the CDF for internal events shall be less than from the
power states; and
The CDF for internal events associated with early loss of containment function shall be below 10"7

per year.

Two Risk reduction categories (RRCs) have been introduced, and representative scenarios defined for
both; - RRC-A relates to additional features to prevent accidents from progressing to a core melt situation, and
RRC-B to prevention of large releases, - in order to provide a design basis for risk reduction features.

Typical examples on risk reduction features are:

primary system discharge to the in-containment refuelling water storage tank, in the event of total
loss of secondary side cooling (RRC-A); and
features for spreading and cooling of corium, for hydrogen recombination, and for containment heat
removal in the event of a core melt situation (RRC-B).

3.2 Safety systems and features

3.2.1 Safety systems configuration

Important safety systems are arranged in a four-train configuration as depicted in Figure 2.

The layout comprises four separate divisions, corresponding to the four trains. A simple and straight-
forward system design approach is favoured, thereby facilitating operator understanding of plant response and
minimizing configuration changes. The four-train configuration offers the possibility of extended periods of
maintenance on parts or even entire systems, useful for preventive maintenance and repair work during normal
operation.
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FIG. 2. EPR — Primary side safety systems.

The safety injection systems, for which an overview is presented in Table 1, feature an In-containment
refuelling water storage tank (IRWST) located at the bottom of the containment. During design basis accidents
the residual heat removal and low-head safety injection (LHSI) system transfers the decay heat to the ultimate
heat sink via heat exchangers. The primary side safety systems are designed in accordance with stringent
acceptance criteria to ensure limited fuel damages, even in case of large breaks. The delivery head of the
medium head safety injection (MHSI) system will be adjusted below the steam generator relief and safety
valve set points.

In case of a steam generator tube rupture, the affected steam generator will be isolated on the secondary
side. After the initial transient, the primary and secondary pressures will equalize at a level below the set
points of the safety valves in this steam generator, limiting to negligible levels the radiological releases.

The function of any one of the safety systems can be accomplished by another diverse system (or group
of systems) in the event of malfunctions, as shown in Table 2.

In the EPR design efforts have been devoted to prevent high pressure core melt scenarios. Prevention of
such scenarios implies the need for a highly reliable secondary side heat removal system.

Detailed investigations of active versus passive systems have led to the selection of an active emergency
feedwater system with diversified power supply to the pumps to achieve a very high reliability. This system
consists of four separate and independent trains, each with an emergency feedwater pump supplying feedwater
to one of the four steam generators.

3.2.2 Safety injection systems

The safety injection systems mitigate loss of coolant accidents of all sizes, specific non-LOCA events,
such as main steam line breaks and sequences leading to feed and bleed. The systems ensure heat removal,
coolant inventory and reactivity control.

The medium head safety injection (MHSI) system feeds into the cold legs of the reactor coolant system.
The shut-off head of the system is 8.0 MPa. This shut-off head is sufficient to cope with all LOCA related
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TABLE 1. PRIMARY SIDE SAFETY SYSTEMS

MHSI
Medium Head Safety Injection system

Accumulators

LHSI/RHRS
Low Head Injection and Residual Heat

Removal System

IRWST
In-containment Refuelling Water Storage Tank

4 trains, cold side injection

4 accumulators, one per train, cold side injection

4 trains, combined hot and cold side injection in the
long term

Storage of borated water inside containment

requirements, since a reliable secondary side partial cooldown is provided via safety-grade main steam relief
valves. In conjunction with two small letdown lines, connecting two different hot legs with the IRWST, the
MHSI system can be used for safety-grade boration during design basis accidents (PCC 2-4).

In addition to the medium head injection system, cold leg accumulator injection is provided to cope with
large and intermediate break sizes. Four accumulators are provided, each directly assigned to one cold leg.
The response pressure of the accumulators is designed to 4.5 MPa. The low pressure injection system with a
shut-off head of 2.5 MPa together with the respective accumulator water volume provides a continuous water
injection capability.

The low pressure injection system feeds initially into the cold leg. In order to stop the core outlet
steaming and the steam release to the containment, a switching to combined injection into the hot and cold legs
after 1-2 hours is foreseen. The injection pressure of 2.5 MPa offers advantages for feed and bleed operation
and supports accumulator injection in an optimum way for a large spectrum of break sizes.

3.2.3 In-containment refuelling water storage tank

The In-containment refuelling water storage tank provides the source for emergency core cooling water
and is located inside the containment between the reactor cavity and the missile protection cylinder on the

TABLE 2. DIVERSIFICATION OF SAFETY SYSTEMS

Complete failure of

MHSI

LHSI/RHRS
(LOCA)

LHSI/RHRS
(Shutdown, RCS closed)

LHSI/RHRS
(Shutdown, RCS open)

Fuel pool cooling system

Secondary side heat removal

Diverse system function

Fast secondary side Accumulator LHSI Low head
pressure relief + injection + safety injection

system

MHSI Medium head Containment heat Secondary side heat
safety injection system + removal system (CHRS) removal via SG

(heat removal from (small breaks)
IRWST) or

Secondary side Steam generator feed
heat removal via SG + systems

Steaming into RCS make-up via MHSI
containment, CHRS if
needed +

Fuel pool heat-up Coolant make-up via
(boiling) LHSI/RHRS

Primary side bleed and
feed
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bottom level of the containment. In the case of loss of coolant accidents, or in feed and bleed situations, the
safety injection system draws from the In-containment refuelling water storage tank. The water steam mixture
escaping through the leak, and through the bleed valve, respectively, is returned to the tank. In the case of
severe accidents the In-containment water storage tank will provide the cooling water for flooding the spread
molten corium.

In addition, the storage tank provides water for the operational function of flooding the reactor pit and
the pools during refuelling.

3.2.4 Emergencyfeedwatersystem

The emergency feedwater system consists of four separate and independent trains. Each emergency
feedwater pump takes suction from an emergency feedwater tank. These tanks and the systems are located in
the four divisions of the safeguard buildings.

The EFW system does not have any operational functions. The four emergency feedwater pumps will
be driven by electric motors which are emergency power supplied; in addition, two of them are connected to
small diversified diesels so that the probability of common cause failure of all emergency power supplies is
reduced to the minimum.

For start-up and shutdown a dedicated system is installed. This system is automatically started in case
of loss of main feedwater and provides an efficient feature to minimize the need for the EFW system.

The emergency feedwater system transfers the residual and latent heat from the reactor coolant system
via the steam generators to the atmosphere as long as the steam generator saturation temperature is above 150
°C, following any plant incident or accident other than those reactor coolant boundary ruptures for which
complete residual heat removal by the safety injection system is possible (i.e. moderate to large size loss of
coolant accidents). Following a LOCA in the size range which implies that not all core residual heat is
released through the break flow and that at least a portion of the heat must be removed via the steam
generators, the emergency feedwater system ensures sufficient water supplies to the steam generators.

In the case of a steam generator tube rupture, the emergency feedwater system removes the heat via the
intact steam generators. The pressure in the affected steam generator is allowed to increase so as to reduce and
eventually eliminate the break flow from primary to secondary side; the maximum pressure will remain at a
level below the opening setpoint of the steam generator relief and safety valve.

The emergency feedwater system keeps the water inventory of at least one steam generator above an
adequate level to maintain primary to secondary heat transfer, assuming a single failure.

Safety-grade, normally locked closed headers on pump discharge and on tank side ensure feed of all
SGs and use of all water masses stored even in case of a single failure. These headers can only be opened after
a sufficient grace period.

After a small break LOCA or a steam generator tube rupture, the emergency feedwater system provides
enough cooldown capability so that the saturation pressure of the steam generator of 6.0 MPa is reached within
a time span consistent with safety injection system performance requirements, and the radioactivity release
limits for steam generator tube rupture, assuming a single failure.

The emergency feedwater system shall provide sufficient heat removal capacity and autonomy to ensure
continued removal of decay heat for 24 hours with a final reactor coolant system temperature not exceeding
nominal hot shutdown conditions. This shall be accomplished also under the assumption that no electric
power is supplied from external sources and that the ultimate heat sink is not available.

3.2.5 Function of the combined low head injection and residual heat removal system (LHSI/RHRS)

The residual heat removal system is designed to transfer residual heat from the reactor coolant system
via the cooling chain consisting of the component cooling water system and service water system to the
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FIG. 3. EPR - Retention of molten corium.

ultimate heat sink, when heat removal via the steam generators is not sufficient. Furthermore, it ensures
continued heat transfer from the reactor coolant system or from the In-containment refuelling water storage
tank during cold shutdown or refuelling conditions.

The LHSI/RHRS combines operational and safety functions. The safety function implies that the
residual heat removal system, in conjunction with the component cooling water system and the service water
system, shall maintain the reactor coolant system core outlet and hot leg temperature below 180°C following a
reactor shutdown, assuming a single failure and the maximum design temperature of the service water. The
operational function requires the residual heat removal system to be capable of cooling down the reactor
coolant system to 50°C following a reactor shutdown, with at least one reactor coolant pump in operation and
considering the maximum design temperature of the service water.

The system consists of four separate and independent trains located outside the containment. Each of
the four pumps draws water from a separate line connected to a hot leg of the reactor coolant system. The
pump discharge is routed via heat exchangers to the cold legs of the reactor coolant system. A bypass line of
the heat exchanger is provided to allow control of the cool-down rate. The residual heat removal system heat
exchangers are cooled by the component cooling water system train, which is located in the same division as
the associated residual heat removal train. Switch-over from secondary side cooling to residual heat removal
cooling is foreseen at an average reactor coolant system temperature between 150 and 180°C.

3 3 Severe accidents (beyond design basis accidents)

3.3.1 Severe accident mitigation strategy

The EPR design enhances accident prevention and reduces the residual risk for the public and the
environment by reducing possible releases of radioactive material and radiological consequences arising from
severe core damage sequences

The design target of the EPR is that off-site emergency response actions (population evacuation or
relocation) shall be restricted to the nearby plant vicinity. To this end, maintaining the integrity of the
containment is highly important, and will be achieved by:

Avoidance of early containment failure or bypass.
Cooling of the corium in the containment and retention of fission products by water covering.
Preservation of containment functions, such as low leak rates, reliable containment isolation function
and prevention of basemat melt-through, ultimate pressure resistance to cope with energetic events.
Pressure reduction inside the containment by dedicated heat removal
Collection of unavoidable containment leakages in the annulus atmosphere and release via the stack
after filtration.
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3.3.2 Severe accident prevention and mitigation features

The EPR strategy includes both preventive measures and mitigating features:

prevention of high pressure core melt situations, by ensuring a high reliability of the decay heat
removal systems, complemented by pressurizer relief valves. The depressurization eliminates high
pressure failure of the RPV and the danger of direct containment heating. The consequences of an

instantaneous foil cross-section break of the RPV at a pressure of about 2.0 MPa are nevertheless
taken into account for the layout and support design.
reduction of the hydrogen-concentration in the containment by catalytic H2 -recombiners and, if
necessary, by selectively arranged igniters. The prevention of molten core-concrete interaction
contributes to reducing the amount of hydrogen.
prevention of ex-vessel steam explosions endangering the containment integrity by minimizing the
amount of water in the area where the corium is spread.
prevention of a molten core-concrete interaction by spreading the corium in a spreading
compartment provided with a protective layer (Figure 3), and
connection of this spreading compartment to the reactor pit via a melt discharge channel which
slopes towards the spreading compartment. This channel is closed by a steel plate, which will resist
melt-through for a certain time, in order to accumulate the melt in the pit.
provisions for connecting the spreading compartment with the In-containment refuelling water
storage tank (IRWST) for water flooding after spreading; these pipe connections are closed during
normal operation.
dedicated basemat cooling system supplied by the containment heat removal system to prevent high
temperature loadings in the basemat.

4. PLANT LAYOUT

The plant layout is governed by a number of principles derived from the huge experience gained
through the construction and operation of the French and German nuclear power programmes with an installed
capacity of more than 100 000 MW. The proven design contributes significantly to the economic viability of
the nuclear power plant.

4.1 Buildings and structures, including plot plan

The general layout of the EPR plant is shown on Figure 4. The reactor building with the containment is
surrounded by the safeguard and fuel buildings that contain the safety systems. The safety-grade systems are
designed with a four-fold redundancy, arranged in four independent divisions with complete physical
separation. Each division comprises a combined low head injection and residual heat removal system with the
related intermediate cooling system, a medium head injection system and an emergency feedwater system.

The related electrical systems as well as the instrumentation and control systems are also allocated to
these divisions but on a higher building level.

Other plant buildings, such as the access building and the nuclear auxiliary building, are located in close
contact with the safeguard and fuel buildings, whereas the turbine building and the associated conventional
electrical building are built separated from the reactor building complex and arranged so that the reactor
building is located in the projection of the turbine generator shaft.

4.1.1 Design requirements

The plant is designed to withstand the impacts of internal and external events. With respect to
earthquake and explosion pressure waves, the buildings and structures have been strengthened so that the
function of safety-grade equipment will not be jeopardized by collapsing structures and that the equipment
itself must withstand the dynamic effects inside the buildings. For protection against airplane crash, safety-
related equipment is located in bunkers, or redundant portions will be geographically separated from each other
so that only one train need be considered as impacted.
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Aircraft crash: The assumptions with respect to aircraft crash are based on a probabilistic risk
assessment, since statistical data are sufficiently representative and possible events are quite well known. The
design load case for an aircraft crash has been determined on the basis of stipulations by the safety authorities.

Earthquake: Provisionally, the seismic design is based on the spectrum defined in the EUR (European
Utility Requirements), scaled to 0.25g, for the free field level of horizontal movement, for a wide range of soil
conditions.

Explosion pressure wave: A review of probability data regarding the risk of an impact by an external
explosion for various sites indicates that they are closely related to the industrial environment of each site. For
the EPR, the design is based on an incoming pressure wave with a maximum over-pressure of 10 kPa (100
mbar). The level of protection will be verified on a site by site basis.

The protection against external and internal hazards includes the divisional separation of safety-grade
systems and the physical protection of the containment enclosing the reactor coolant pressure boundary. By
these means, the risk of inadmissible releases or common-mode failures of safety-grade system will be
consistent with the deterministic design basis and the probabilistic targets of the EPR.

4.2 Reactor building

The reactor building (Figure 5) is the central building of the plant complex. In essence, it
coincides completely with the containment, and thus, the following description of the containment
covers also the reactor building.

4 3 Containment

The EPR has a double concrete containment design. The particular design concept uses, for the inner
containment wall, the prestressed concrete technology. The leak-tightness requirement of less than 1 %
volume per day can be ensured without provision of a containment liner. The outer wall, in reinforced
concrete, completes the double containment arrangement.

Reactor Building

Fuel Building Safeguard Building 1

Nuclear Auxiliary
Building

Safeguard Building 2 and 3

Diesel Building 1

Diesel Building 2

Turbine Hall

Safeguard Building 4

Diesel Building 4

Diesel Building 3
Access Building

Electrical Building (Cl)

FIG. 4. EPR-Plotplan.
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F/G. 5. EPR - Building arrangement, section A-A.

To ensure containment leak-tightness, systems for isolation and retention and control of leakages are
required. Leakages through the inner containment wall are released via the annulus air extraction system.
Openings for personnel access or equipment supply to the inside of the containment are permanently closed
hatches or air locks with double sealings on both sides.

This concept is also applied for penetrations of the HVAC systems. Fluid systems penetrating the
containment are provided with double isolation valves, inside and outside the containment.

The structural integrity of the containment is protected by the thermal inertia of the concrete structures
inside the containment (absorbing heat), and the safety injection system and the containment heat removal
system (removing heat).

Accumulation of combustible gases, especially hydrogen, is controlled. Furthermore, the basemat in the
spreading compartment is protected by protective layers and the dedicated cooling system fed by the
containment heat removal system against elevated temperatures resulting of a core melt.

The severe accident conditions described in the previous sections, lead to more severe design conditions
compared to the existing plants, and will thus result in an extrapolation of the design parameters, In this
respect, the most important factor is the increased design pressure, which was defined as 650 kPa (6.5 bar abs).
The prestressed concrete inner wall will also ensure capability to perform an integral leakage pressure test in
air at design pressure.

4.3.1 Containment integrity

The requirement on limitation of the radiological consequences to the environment of the plant even
under severe accident conditions implies strong demands on the containment as the last barrier for radioactive
releases.

The maximum pressure and temperature reached during the most severe transient shall not exceed the
design values, e.g., the design pressure of 650 kPa. The leak rate of the inner containment shall be lower than
1 % of the containment volume per day under accident pressure.

It is important to control the formation of hydrogen, e.g., by zirconium-water reaction, and deflagration
or detonation, the formation of non-condensable gases, e.g., as a consequence of corium-concrete interaction,
and the residual heat generation by the molten core.
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For residual heat removal from inside the containment after severe accidents the containment heat
removal system is provided. Its prime function is to limit the pressure increase inside the containment below
the design pressure, and to decrease this pressure to restrict the fission product releases through postulated
containment leaks. For this purpose, a spray system with heat exchangers has been selected - with all active
components located in a special compartment outside the containment.

The containment integrity and the core melt generated following severe accidents need to be controlled.
Therefore the reactor pit design has been modified compared to earlier designs. The reactor pit bottom is by a
slope connected to a spreading area which is provided to collect the core debris and separate it from the in-
containment water storage tank to avoid steam explosion. In a later stage of the accident, water ingress is
provided by dedicated melting plugs that allow water to cool the molten core material by passive means. The
generated steam is condensed by the containment heat removal system exclusively provided for these accident
sequences.

Interaction between concrete and the molten core material is prevented by a high temperature resistant
protective layer on the reactor pit floor and the spreading area.

4.4 Other buildings

4.4.1 Safeguard and fuel buildings

Connections between the safety systems and the reactor coolant system are made as short as possible.
The individual trains of the safety systems are arranged radially to the primary loops. Each train of the safety
systems is protected against internal hazards from one train to another by location in specific separated areas,
called divisions. The four trains of the safety systems are located in four safeguard buildings that surround the
reactor building. The spent fuel pool is located in the fuel building which is separated from the safety
divisions.

The reactor building, the fuel building and the four safeguard buildings are protected against external
hazards, such as earthquake and explosion pressure wave. All these buildings are situated on a common raft.

Protection against aircraft crash is achieved by bunkerization of the safeguard buildings 2 and 3, the
reactor building and the fuel building. The main control room and the remote shutdown station are also
located in these bunkered safeguard buildings. The inner building structures of these buildings are decoupled
from the outer shell in order to minimize induced vibrations.

The safeguard buildings 1 and 4 are not bunkered but geographically separated, so that only one
division can be affected, the other remaining operable.

The storage pool for spent fuel assemblies is located outside the containment, facilitating fuel transport
cask loading and unloading for the transport of fresh fuel to the plant and of spent fuel away from the plant. A
transfer tube in the containment wall connects the inside of the containment with the fuel building.

The primary system is arranged symmetrically. Concrete walls are provided between the loops and
between the hot and cold legs of each loop to provide protection against consequential failures. The
pressurizer is located in a separate compartment. A concrete wall around the entire primary system protects the
containment from missiles and reduces the radiation from the primary system to the surroundings.

A water pool for storage of the upper core internals during refuelling, and for the entire core internals
during inspection, is provided inside the containment for radiation protection reasons.

4.4.2 Nuclear auxiliary building

This building houses mainly

Boron recycle system (coolant and demineralized water storage, coolant treatment and
coolant purification)
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Fuel pool purification system
Gaseous waste system
Steam generator blowdown system (including purification)

4.4.3 Diesel buildings

The four diesel buildings constitute the four redundancies of the emergency power supply
system. Diesel buildings 1/2 and 3/4 are located at opposite positions adjacent to the reactor building
and are protected against external hazards by physical separation.

The diesel buildings 1 and 4 are housing also the smaller diesel generator sets.

5. TECHNICAL DATA

General plant data
Power plant output, net
Reactor thermal output
Power plant efficiency, net

Nuclear steam supply system
Number of coolant loops
Primary circuit volume, including pressuriser
Steam flow rate at nominal conditions
Steam temperature/pressure
Feedwater temperature/pressure

Reactor coolant system
Primary coolant flow rate
Reactor operating pressure
Coolant inlet temperature, at RPV inlet
Coolant outlet temperature, at RPV outlet

Reactor core
Active core height
Equivalent core diameter
Heat transfer surface in the core
Fuel inventory
Average linear heat rate
Average core power density (volumetric)
Thermal heat flux, Fq
Fuel material
Fuel assembly total length
Rod array
Number of fuel assemblies
Number of fuel rods/assembly
Number of control rod guide tubes
Number of spacers
Enrichment (range) of first core
Operating cycle length (fuel cycle length)
Average discharge burnup of fuel
Cladding tube material
Cladding tube wall thickness
Outer diameter of fuel rods
Active length of fuel rods
Burnable absorber, strategy/material
Number of control rods
Absorber rods per control assembly
Absorber material
Drive mechanism
Positioning rate [ 10x75 or 750 mm/min]
Soluble neutron absorber

1750
4900
36

4
380+75
2776
289/7.36
230/7.36

22240
15.5
292.5
330

4.2
3.8
7975
124
17.86
103
598
Sintered UO2
4 800
square, 17x17
241
264
25
9
<5.0
12-18
65000
Zr4
0.625
9.5
4200
Gadolinium
89
24
Ag-80,In-15,
Magnetic jack
75
boron

MWe
MWt
%

m3

kg/s
°C/MPa
°C/MPa

kg/s
MPa
°C
°C

m
m
m2

tu
kW/m
kW/1
kW/m2

mm

Wt%
months
MWd/t

mm
mm
mm

Cd-5

steps/mi
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Reactor pressure vessel
Cylindrical shell inner diameter
Wall thickness of cylindrical shell
Total height
Base material: cylindrical shell

DTJV UanAKrv neaa
cladding

Design pressure/temperature
Transport weight (lower part)

RPV head

Steam generators
Type
Number
Heat transfer surface
Number of heat exchanger tubes
Tube dimensions
Maximum outer diameter
Shell and tube sheet material
Tube material

Primary containment
Type
Overall form (cyl.)
Dimensions (diameter/height)
Free volume
Design pressure/temperature (DBEs)

(severe accident situations)
Design leakage rate
Is secondary containment provided?

4870
250 + 7.5
13105

mm
mm
mm

16MND5/20MnMoNi55

stainless steel
17.6/351
405
115.5

MPa/°C
t
t

U-tube heat exchanger
4
8171
5980
19
20.1

m2

mm
mm

16MND5/20MnMoNi55
Incoloy 800 or Inconel 690

prestressed concrete
cylindrical
53/45
80000
-650/170
-650/170
< 1

m
m3

kPa/°C
kPa/°C
vol%/day

yes, reinforced concrete (APC-Protection)

6. PROJECT STATUS

At the end of the century, NPI will be ready for marketing of the EPR and construction of the first plant
may start in the beginning of year 2000. No specific site has yet been selected.
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