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ABSTRACT 
This paper is a story of a successful Franco-German co-operation: the EPR project. It is a rundown of the history of 

the EPR, before a decision is made to launch the lead-unit construction. The EPR is expected to progressively replace 
the existing nuclear power plants when they will reach the end of their service life. It integrates the latest technological 
advances, especially in safety and operational aspects and comprises more than 30 years operating experience. Thus, the 
EPR combines the qualities of its predecessors, the French N4 and the German Konvoi. The safety of the EPR was 
maximized both to prevent hypothetical accidents – even severe ones – and to reduce their consequences (corium 
spreading area, pre-stressed double containment with local liner, four-train safety systems...). The n+2 strategy (in the 
event of a problem with one train and even if a second train is undergoing maintenance, the remaining two are sufficient 
to perform the function) allows to perform maintenance during operation which leads consequently to short outage 
periods, highest availabilities and economical operation. Moreover, most of the EPR components are the result of 
mastered evolution. The reactor vessel, as a key element for the reactor service life, is designed to be in service for 60 
years, the core is large (241 fuel elements instead of 205 in the N4 or 193 in the Konvoi) and the steam generators have 
higher efficiency. Along the same line, the core and core barrel design have been modified to allow a reduced uranium 
enrichment and the increase to 65 Gigawatt-day per metric-ton of the fuel discharge burn-up. Finally, the 
instrumentation and control systems minimize human error by giving the operators a grace period of at least 30 minutes 
to make decisions. 

HISTORY OF THE EPR 

Starting with a vision of long-term market demand for 
nuclear power, a Framatome and Siemens decided to 
engage in long-term co-operation on the development, 
marketing and supply of the nuclear islands of pressurized 
water reactors (PWR). 

The co-operation between Siemens and Framatome 
began in September 1989 with the founding of a Joint 
Venture Company : Nuclear Power International (NPI). 

Under the leadership of NPI both companies began 
developing a 1450 MW PWR based on the latest designs, 
i.e. the N4 in France and the "KONVOI" series in 
Germany. The first result of this Franco-German co-
operation was the establishment of a project engineering 
manual which described the so-called "Common Product”. 
This first technical description showed that a combination 
of French and German features can be successfully 
implemented to optimize the design, and proved that 
engineers from Framatome and Siemens, who had 
traditionally been in competition, were able to work 
together and agree on the best technical and economical 
solutions. 

In 1991/1992 the Project Engineering Manual (PEM) 
was presented to Electricité de France (EDF) and nine 
German electric utilities (GU), who expressed their 
interest by joining the development work in 1992.  

In the Conceptual Phase NPI was requested to 
prepare a Conceptual Safety Features Review File 
(CSFRF) as the basis for a next phase which was 

anticipated as a preparatory phase to a basic design, the 
so-called Consolidation Phase.  

During this Consolidation Phase a clear definition of 
the utilities’ requirements was established on the basis of 
the CSFRF. It was used as a comprehensive basis for 
contacts with the French and German licensing authorities 
who agreed to co-operate as well. 

As a result of the CSFRF review by the safety 
authorities (DSIN and BMU) respectively their advisory 
groups Groupe Permanent chargé des Réacteurs nucléaires 
(GPR) and the Reaktorsicherheitskommission (RSK), 
several so-called key issues were identified as crucial. The 
solutions proposed for these crucial issues and accepted by 
the French and German safety authorities have been 
specified by the utilities as a precondition to the basic 
design contract which came into force in February 1995. 

On the level of the safety, joint working groups have 
been set up by Institut de Protection et Sûreté Nucléaire 
(IPSN) and Gesellschaft für Anlagen und Reaktorsicherheit 
(GRS). 

The Basic Design of the European Pressurized water 
Reactor (EPR) was completed on schedule in June 1997 
by issuing a comprehensive Basic Design Report (BDR) 
containing all information required for a preliminary 
safety analysis report.  

Although the technical solution of the EPR seemed 
attractive and satisfied the utilities, it was decided to 
engage into a cost-optimization process to maximize 
product competitiveness with respect to natural-gas-fired 
combined-cycles plants. 



 

 

In order to improve this situation, a Basic Design 
Optimization Phase (BDOP) was launched for the 
purpose of investigating the possibility of reducing the 
specific investment costs without impairing the safety 
level of the plant. The revised Basic Design Report was 
transmitted for analysis to the Safety Authorities. 

Presently, Siemens KWU and FRAMATOME are 
continuing the EPR development defined in the Work 
Program 2000 (WP2000). The decision to start the 
Detailed Design Phase is not yet made, but it will be 
expected within the next months as a strong statement to 
follow the nuclear way. 

Due to the strong discussions about the nuclear energy 
in Europe and the overcapacity of the European energy 
market the green light to enable an electric utility to place 
an order for the lead EPR unit is expected for 2003 earliest. 

SAFETY OBJECTIVES 

In their first common set of recommendations, the 
French and German safety authorities gave a clear guideline 
regarding their point of view for requirements posed to the 
next generation of Nuclear Power Plants (NPP): 
• Preference for an evolutionary design in order to 

derive a maximum benefit from experience 
• Significant safety improvements by reduction of core 

meltdown probability and improvement of the 
confinement function of the containment under 
accident conditions 

• Improvement of operating conditions regarding 
radiation protection, maintenance and human errors 
Prior to the start of the Basic Design for the EPR, these 

general objectives were defined in EPR development targets. 
Preliminary investigations proved that further enhancement of 
the safety level from the already high level in France and 
Germany could be achieved at reasonable costs. The 
combination of safety features derived from the most recent 
developments of nuclear technology, like the feedback of 
experience of reactors in operation, better acquaintance with 
core meltdown phenomena and benefits gained by using 
already proven technologies by an evolutionary development 

target. Consequently, the EPR is easier to operate and 
provides an even lesser potential source for hazards to its 
immediate environment than existing plants. 

The major design features of the EPR with regard to 
the two particular development targets, enhancement of 
safety level and competitive power generation costs can 
be summarized under the following headlines: 
• Increased grace periods for operator actions by designing 

components with larger water inventories and reduced 
sensitivity to human errors. This design enhances the 
safety level by smoothening transients and avoiding their 
propagation to accident sequences. In parallel the 
economic performance of the plant is improved by a 
reduction of the forced shutdown frequency.  

• Although the severe accident frequency has been 
further reduced by deterministic design criteria and 
probabilistic verification of design choices, design 
measures have been taken to limit the consequences 
of severe accidents including core melt scenarios to 
the plant itself. Relocation or evacuation in the plant 
vicinity is ruled out and the restrictions to the use of 
foodstuff are limited to the first year harvest. 
The safety objectives as above are bound in a two fold 

strategy. First, to improve the preventive level of the defence-
in-depth safety concept by provision of redundant safety 
systems and diverse backup safety functions so that the 
probability for the occurrence of severe accidents is further 
reduced from the present status. 

Second, even if the probability of severe accident 
scenarios – up to core melt – has been further reduced, to 
implement additional features in order to mitigate the 
consequences of such accidents.  

Consequently, the EPR design includes the following 
features for core melt mitigation and the prevention of 
large releases: 
• Prevention of high pressure core melt 
• Prevention of hydrogen detonation 
• Prevention of the molten core-concrete interaction 
• Prevention of ex-vessel steam explosion 
• Maintenance of containment integrity 

 

FIGURE 1.  This figure shows the co-operations and the progress of the EPR project 



 

 

COMPETITIVENESS 

Competitiveness with respect to other electricity 
production means has always been a major objective of 
the project partners. 

The economic competitiveness of the EPR after 
BDOP activities is ensured by a number of measures that 
address all components of the power generation cost. In 
particular these are: 
• A preventive maintenance concept leading, among 

others, to an improved plant availability of in average 
92% during the lifetime of the plant. 

• An improved efficiency of 36% due to the optimization 
of the secondary side and an economizer in the 
downcomer of the steam generators. 

• An optimized building layout to reduce building 
volumes, investment costs and construction time. 

• A design lifetime of the plant of 60 years. 
• An increased core consisting 241 fuel elements. 
• A significant reduction of the fuel cycle cost mainly 

by the design of high burn-up cores of up to 60 
MWd/kg with excellent neutron economy and 
supported by a heavy reflector. 

EXAMPLES FOR THE EVOLUTIONARY 
DESIGN OF EPR COMPONENTS 

An evolutionary approach keeps the references for 
the design choices. EPR design features are based on well 
proven design solutions derived from the experience of 
more than 1500 reactor operating years. They find their 
references in the operating KONVOI and N4 units. 

Primary System Design 

The primary system design and the loop configuration 
are very close to that existing designs and can therefore be 
considered as well proven. 

The main components, such as reactor pressure 
vessel, steam generators and pressurizer, will feature an 
increase in size of the free volume compared to existing 
designs. This provides prolonged grace periods in a 
number of transients and accident sequences. 

The larger inventory in the reactor pressure vessel 
between reactor coolant loops and the upper core edge 
provides a longer grace period in LOCA sequences and 
under shutdown conditions, in particular during mid-loop 
operation until the beginning of core uncovery. 

The enlarged pressurizer volume provides benefits 
regarding smoothening transients and reduction of reactor trip 
probability. In some events the opening of the pressurizer 
safety valves can be avoided and under ATWT conditions a 
large pressurizer volume contributes to a relief of the pressure 
transient. In line with that, a large pressurizer volume enables 
a comfortable setting of pressure and water limits, so that 
countermeasures actuated by one set-point can more easily 
become fully effective. 

An increase of the steam generator volume is 
beneficial with regard to steam generator tube rupture 
scenarios as it prolongs the time until the affected steam 
generator is filled up by medium head safety injection and 
coolant transfer from the primary to the secondary side. 
Furthermore, the dry-out time upon loss of all feedwater 
supply is longer than 30 minutes, thus giving ample time 
for appropriate countermeasures. 

Core Design Parameters 

The evolutionary approach for the development of EPR 
led to a core design which is well based on the experience 
gained with the existing plants. The core is designed for 
Uranium dioxide fuel with the capability of mixed oxide fuel 
(MOX) recycling. The fuel is carried by 241 mechanically 
identically designed fuel assemblies, which is somewhat more 
than the currently operating units. Each fuel assembly consists 
of 264 fuel rods and 25 guide tubes arranged in a 17×17 
array. Their active length is designed to be 420 cm (see 
FIGURE 2). 

 

FIGURE 2.  This figure shows the typical  
Fuel Assembly Structure 

The design offers a high degree of flexibility with 
respect to the adaptation of the cycle length allowing fuel 
cycle cost reductions by high burn-up values and low 
leakage loading patterns. 

The basic safety objectives are met by designing the 
core such as to have stabilizing reactivity coefficients. 

Reactivity control is managed by changes in boron 
concentration in the primary coolant and by moving 
control assemblies. As a rule, slow reactivity changes 
caused by changes in xenon concentration and burn-up are 
compensated by changes in boron concentration, fast 
reactivity changes for adaptation of the power level are 
compensated by control rod insertion or withdrawal. 



 

 

Reactor Pressure Vessel (RPV) and Reactor 
Internals 

The RPV is designed for a life time of 60 years, 
accumulating a total fluence of 1019 n/cm2, so as to 
maximize the economic benefit to the operating utility. 
This is achieved by provision of a rather large water gap 
and a heavy reflector around the core (see FIGURE 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3.  This figure shows the RPV inclusive Upper 
and Lower Internals 

The core barrel flange sits on a ledge machined from 
the flange of the RPV and is preloaded by an elastic 
system. The fuel assemblies sit directly on a flat 
perforated plate. This plate is machined from a forging of 
stainless steel and welded all around to the core barrel. 
The fuel assemblies are centered by two pins each, which 
are screwed to the core plate. 

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

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 fast neutron 
leakage and to flatten the power distribution. This 
structure, called the Heavy Reflector (HR), and exhibits 
an innovative feature compared to earlier designs aiming 

at significant savings c
(see FIGURE 4). 
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The in-core instrumentation systems are top mounted 
and penetrated the reactor pressure vessel via its closure 
head. This design avoids vessel penetrations below the 
level of the main coolant nozzles. 

Steam Generator 

The EPR has been designed to obtain the best 
conditions of efficiency with respect to reactors of this 
technology and to use fissile material as efficiently as 
possible. 

On the secondary side, the design of the steam 
generators was improved. 

The steam generators feature an axial economizer in 
the downcomer (see FIGURE 5) to provide a steam 
pressure increase of about 3 bar when compared to a 
boiler type of the same heating surface. The secondary 
pressure (78 bar), which conditions the efficiency of the 
thermodynamic cycle in the secondary system, is the 
highest of its category. In view of the state of the art of 
steam turbines, a net efficiency of more than 36 % can be 
obtained, which is the best known value for a water-
cooled nuclear plant. 
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FIGURE 5. This figure shows the EPR Steam Generator 

Safety Systems Configuration 

Important safety systems and their support functions 
(safety injection, emergency feedwater, component 
cooling, emergency power supply) are arranged in a four-
train configuration. The layout comprises four separate 
divisions, corresponding to the four trains. A simple and 
straightforward system design approach is favored, thus 
facilitating operator understanding of plant response and 
minimizing configuration changes. 

So, Safety Injection System (SIS) consists of four 
separate and independent trains, each providing capability of 
injection into RCS by an Accumulator, a Medium Head 
Safety Injection (MHSI), pump and a Low Head Safety 
Injection (LHSI) pump (see FIGURE 6). 

This configuration permits the N+2 strategy (in the 
event of a problem with one train and even if a second 
train is undergoing maintenance, the remaining two are 
always available) and so allows to perform maintenance 
during operation which leads consequently to short outage 
periods, highest availabilities and economical operation 

 

FIGURE 6.  This figure shows the EPR Safety System 
Configuration 

The SIS features an In-containment Refueling Water 
Storage Tank (IRWST) located at the bottom of the 
containment, and is based on injection in cold legs of the 
RCS in the short term phase, and in both cold and hot legs 
in the long term phase (see FIGURE 7). Together with 
heat exchanger in the LHSI flow path, this concept 
ensures emergency core cooling without the need of a 
containment spray system for design basis accidents (a 
spray system of reduced size is provided for containment 
cooling in case of severe accidents) 

The delivery head of the MHSI system is adjusted 
below the steam generator relief and safety valve set 
points. In case of a steam generator tube rupture, and after 
the initial transient, the affected steam generator will be 
isolated and the primary and secondary pressure will 
equalize in this steam generator thus limiting to negligible 
levels the radiological releases following such accidents. 

A two train Extra Borating System (EBS) is included 
to ensure capability for sufficient boration of the Reactor 



 

 

Coolant System (RCS) to allow transfer to the safe 
shutdown state in case of an accident. 

The Emergency Feedwater system (EFWS) consists of 
four separate and independent trains, each providing 
feedwater to a SG from the EFWS tank by the EFWS pump. 
Headers which are installed between the four tanks, normally 
closed, provide the possibility to use the water capacity of all 
trains and headers which are installed between injection lines, 
normally closed, provide the possibility of injection to all SGs 
in case of, for example, a pump failure. 

SEVERE ACCIDENT FEATURES 

The EPR strategy includes both preventive measures 
aiming at practically eliminating severe accident scenarios 
and mitigating features aiming at keeping radioactive 
releases within the stipulated limits. This is an important 
aspect of the EPR design. 

Consequently, the EPR design includes : 
• The prevention of high pressure core melt scenarios, 

firstly by a high of the decay heat removal systems, 
complemented by depressurization means (pressurizer 
dedicated valve). 

• The prevention of hydrogen combustion with high 
loads (high turbulent global deflagration, detonation) 
by reducing the hydrogen concentration in the 
containment at an early stage by catalytic 
recombiners. 

• The prevention of the molten core-concrete 
interaction by spreading the corium in a dedicated 
spreading compartment with a protective layer. 

CONCLUSION 

EPR is a modern nuclear power plant design on well-
proven references. It is developed in an evolutionary way 
relying on large operating experience.  

Today, 430 nuclear reactors are in operation around 
the world, representing a total installed generating 
capacity of 372 GW. France and Germany together 
account for 84 GW, or nearly one-fourth of this total. This 
figure illustrates the weight of the French and German 
nuclear energy industries in the global picture. 

A large number of existing NPP units will near the 
end of their useful operating lives at about the same time 
in the coming 10 years. Even though public opinion is 
divided over overall as to the prospect of building new 
nuclear power units, no other solution is credible today to 
face up to the need for renewing the world’s electricity 
generating capacity and simultaneously satisfying the 
engagements taken at Kyoto and Buenos Aires to reduce 
the production of greenhouse gases. It is therefore 
necessary to pursue the efforts of transparency and 
exemplarity in the nuclear safety field, to convince the 
public of the advantages of nuclear energy. 

We must prepare now for this coming period of 
renewed investments in new NPP unit construction. The 
EPR will then be a strong competitor in this context with 
its good economic performance and the significant 
improvements it brings in terms of safety. 
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FIGURE 7.  This figure shows a general overview of the EPR Safety Systems including IRWST and Spreading Area 


