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Joint Recommendations of French 
and German Safety Authorities (1993)

Three main objectives:
� Evolutionary rather than revolutionary design;

� Significant reduction of core meltdown probability and improvement of 
the reactor containment capability (also for severe  accidents);

� Improvement of operating conditions:
• radiation protection, 
• waste management, 
• maintenance, 
• reduction of human error risk

For the 1st time, 2 Safety Authorities combine thei r efforts to 
establish a common safety reference 
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Building on the Achievements
of the N4 and Konvoi Reactors

N4

KONVOI

4x100% independent Safety trains

Top mounted instrumentation

DBA: No spray system

Very High output: ~1600MWe

Very large core: 241 FA

Best-in-class APC

Very High steam pressure: 77,2 bar

Computerized MCR

Fuel building

Military aircraft resistance

4 independent Safety trains

Top mounted instrumentation

No spray system

High output (1475MWe)

Large core (205 FA)

Concrete cylindrical containment

High steam pressure (73,1 bar)

Computerized MCR

Fuel building

The EPR™ design combines, and improves on, the best features 
of the French and German technologies 
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EPR™ Design goals meeting
Utilities needs

Decision of EDF and the German utilities to join th e EPR™
development at the earliest stage
� French and German utilities involved in assessment of technical options

As a result EPR™ design meets or exceeds the Europea n 
Utility Requirements (EUR)
� Refueling Only Outage in less than 11 days
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Main Plant Data

Type of plants N4 EPR ™ KONVOI

Core thermal power (MWth) 4250 4590 3850
Electrical output (MWe) 1475 1660 1365
Number of loops 4 4 4
N°of fuel assemblies 205 241 193
Type of fuel assemblies 17x17 17x17 18x18
Active length (cm) 427 420 390
Total F.A. length (cm) 480 480 483
Rod linear heat rate (W/cm) 179 166,7 167
N°of control rods 73 89 61
Total flowrate (kg/s) 19420 22220 18800
Vessel outlet temp. (°C) 330 330 326
Vessel inlet temp. (°C) 292 295.2 292
S.G.: heat exch. Surface (m²) 7308 7960 5400
Steam Pressure (bar) 73 77 64.5
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EPR™ Plot Plan

Fuel Building

Reactor Building

Diesel 
Generators 3-4
Building

Waste Building

Nuclear
Auxiliary
Building

Safeguard 
Building 1

Diesel 
Generators 1-2
Building

Safeguard Building 4

Safeguard Buildings 2+3

Turbine Building

C.I. Electrical
Building
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EPR™ Primary Systems features

Primary System with a 4-loop
configuration is very close to
existing designs

Main components enlarged as 
compared to those in operation 
to increase grace period in 
many transients and accidents

Extensive use of forgings 
with integral nozzles

Materials resistant to corrosion 
and cracking

Proven Design Components 
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EPR™ Optimized Generation Cost

Power level raised to 1650 MWe

Steam cycle efficiency of 37 % (steam pressure of 7 .7 MPa)

Better fuel utilization

Maintenance simplification

Short refueling outages

Reduction of personnel irradiation doses

Plant life time duration of 60 years

7 measures resulting in generation cost per MWh
~ 10% lower than for French 1500 MWe series
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EPR™ Load Follow Capability

Usual load follow : power level variation between 6 0% and 
100% Nominal Power
� Return to 100 % possible at 5%/min during 80 % of t he fuel cycle

Unusual load follow : low power level between 25% a nd 60%
� Return to 100 % possible at 2.5%/min during 80 % of  the fuel cycle

Extended operation at intermediate power level is p ossible 
without restriction neither on the duration nor on the power 
level
� For less than 2 days of operation at intermediate p ower level, no 

additional restriction on load flexibility
� For more than 2 days, some additional constraints a re accepted

EPR™ operating at intermediate power level must cont ribute 
to the spinning reserve by its capability of rapid return to full 
power
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Licensing achieved or under way 
in 5 Countries

EPR™ reactor
� Construction license granted by Finnish, French and  Chinese Safety 

Authorities (First in Feb 2005)
� Design Certification by US NRC expected by 3rd quar ter 2011, GDA by 

HSE by June 2011

First reactor subjected to the Multinational Design  Evaluation 
Program (MDEP) applied by US NRC, ASN (France), STU K 
(Finland) and NNSA (PRC). This sets favorable frame work for 
EPR™ licensing in other countries

EPR™ Reactor fully complies with WENRA objectives fo r New 
Power Reactors

国家核安全局国家核安全局国家核安全局国家核安全局
NNSA

2005 2007 2009

2011 2011
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EPR™ Safety Requirements 
and Design Goals

EPR™ safety approach must meet all French and German  
safety authority requirements and those of European  utilities
� Design based on deterministic approach

� complemented through probabilistic safety assessmen t 

Improvement of the preventive level of the defense- in-depth 
safety concept
� Improved protection against

• internal risks (fire, flood…)
• external risk (airplane crash, earthquake… ) 

� Low frequency of core melt - nevertheless measures t aken from design 
stage to avoid significant consequences 

� Events that are not "dealt with" must be "practical ly eliminated"

Design optimized for radiation protection
� Personnel exposure target < 0.5 manSv/year

• Components and materials, layout, maintenance and In-Service Inspection
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EPR™ Main Fluid Systems
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General Organization of the systems
(1/3)

Deterministic approach implies cummulative effect
� Designed to meet the Single Failure Criterion (SFC)

� Possibility of Preventive Maintenance (PM) during Power Operation

���� Accident + SFC + PM is assumed in the safety analysis

Most safety functions implemented through 4 trains trains, 
each of them capable to fullfill the safety/cooling
requirements :
� SIS/RHRS (Safety Injection System/Residual Heat Rem oval System),

EFWS (Emergency Feed Water System), CCWS/ESWS (Comp onent 
Cooling Water System/Essential Service Water System ), EDGs
(Emergency Diesel Generators) and 10 kV busbars

2-train arrangement retained for :
� EBS (no PM in power operation for this system) 

� CHRS (no SFC during severe accidents).



© AREVA - Jean-Philippe Frontigny – AREVA Day – Warsaw - 29 September 2010 - p.16 AREVA  Proprietary 
All rights are reserved, see liability notice.

General Organization of the systems
Trains and Divisions (2/3)

The objective of separating safety systems in train s is to 
prevent possible common cause failures due to equip ment 
failures , including headers or check valves

The objective of separating trains into divisions i s to prevent 
possible common cause failures due to internal haza rds (e.g., 
fire, flooding) 

The EPR™ radial layout results in separated trains a nd short 
piping lengths

Train : each of several identical 
systems implemented to redun-
dantly ensure the performance
of a given function

Division : a building or
a part thereof housing
a train
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General Organization of the systems
(3/3)

Each train installed in a separated divisions to pr ovide 
efficient protection against Internal and External Hazards 

Protection against complete failure, like "Common C ause 
Failures" (CCF), ensured by functional diversity

Large autonomy of the safety systems
� EFWS tanks : 24 hours in hot shutdown without tanks refilling
� Emergency Diesel Generators (EDGs) : 72 hours of fuel without refueling 

(7,7 MWe each on OL3)
� Batteries : at least 2 hours which is sufficient to actuate the 2 Station 

Black-Out – Diesel Generators, used in case of failu re of the 4 EDGs

Operator actions
� Operator action from the control room is not necess ary during the first

30 mn following an accident
� Local operator actions in the plant are not necessa ry during the first hour

following an accident
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Installation by Divisions
in the Safeguard Building (SAB)

Cours d 'introduction à l'EPR J.P . Py – Février 2004 »C C T/E PR/001 Rev. C
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Severe Accident Approach

Severe Accident: An event beyond the design basis o f the 
plant, leading to core damage
� May progress further to core melt (loss of the first  barrier) and possibly 

to RPV failure (loss of the second barrier)
Then, confinement of radioactivity is ensured only by the containment 
(third barrier)

Goals for SA approach for the third generation of N PPs
� Very low likelihood of reactor core damage
� Regardless, prevention and mitigation of severe acc ident consequences 

• Practical elimination of sequences leading to large early radioactive releases
• Timing and magnitude of possible releases following any plausible core damage event 

sequences must result in very limited off-site doses

� In order to preclude stringent protective measures
• Avoid evacuation of people except for limited sheltering in the immediate vicinity of the 

plant
• Avoid long term relocation of people and restrictions in food consumption 
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Prevention and Mitigation of Severe 
Accident Consequences

Severe accident mitigation approach focuses on ensu ring 
containment integrity

Practical elimination of energetic phenomena that m ay 
lead to an early containment failure
� High Pressure core melt sequences

� Steam explosion

� Hydrogen detonation

Commitments to ensure the confinement integrity for  any 
other sequence following a core melt, including tho se 
leading to the RPV failure at low pressure,
� Core melt stabilization

� Containment heat removal 

� Limitation of radioactive releases
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Containment and Confinement

Double wall containment
� inner wall is a pre-

stressed concrete shell 
with a steel liner

Annulus inside double-
wall containment is 
maintained at a negative 
pressure

All leakages are collected 
in the annulus and a 
reduction of radioactive 
aerosols is achieved by 
filtration prior to the 
release via the stack 
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Protection against Airplane Crash

Provision are made for an 
impacting large passenger or 
military aircraft

A thick shell of highly reinforced 
concrete protects the inner walls 
and the inner structures from 
the direct impact and resulting 
vibrations

� Reactor building

� Fuel building

� Two of the safeguards buildings
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Probabilistic Safety Assessment 
PSA level 1 and 2 were performed at the design stag e 

Scope of the EPR™ Standard PSA:
� Internal Events (all reactor states)

� Internal Hazards (Fire / Flooding during power stat es)

�Risk analysis of fuel damage in spent fuel pool

Results (2006 EPR Standard PSA) :

3.2 10-8/r.y10-6/r.yLarge Early Release Frequency

4.5 10-8/r.yCore Damage frequency for shutdown states

2 10-7/r.y10-6/r.yCore Damage frequency for power states

2.5 10-7/r.y10-5/r.y
Core Damage Frequency (All plant states, all 
types of initiators)

ActualDesign targetPlant condition/Event

All results meet EUR goals with clear margins
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The EPR™ Path to Operational 
excellence

Large core & low power 
density

Heavy neutron reflector

Improved total plant net 
efficiency

High output and 
availability

Best-in-class OPEX

Low fuel cost:
Up to 15% less than

other Gen3/3+ reactors

Low O&M costs:
Up to 20% less than 

other Gen3/3+ reactors

The EPR™ reactor offers unparalleled operational per formance 
with no compromise on safety

Online maintenance of 
Safety trains

Accessible containment
Optimization of outages:

World class <11 days
for refueling only outage

<1 unplanned reactor 
trip/year

92%+ availability over 
60 year design lifetime

Short cool down time
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Operations: best-in class OPEX

Fuel costs
� Large core & low power density: 

241 fuel assemblies, low linear heat rate (7,5% low er than N4)…

� Heavy neutron reflector: reduced neutron leakage en abling
2-3% fuel savings (and reducing RPV irradiation)

� Improved total plant efficiency: high steam pressur e thanks to upgraded 
steam generators…

� Fuel costs up to 15% below those of other Gen3/3+ r eactors

O&M costs
� High output and availability of a single unit reduc e O&M cost/MWh

� Proven evolutionary components based on hundreds of  years of reactor 
operations: large data-base to optimize preventive maintenance

� O&M costs/MWh up to 20% lower than other Gen3/3+ reac tors

EPR™ Reactor operational performance maximizes asset  value



© AREVA - Jean-Philippe Frontigny – AREVA Day – Warsaw - 29 September 2010 - p.27 AREVA  Proprietary 
All rights are reserved, see liability notice.

EPR™ Steam Generator

The EPR™ Steam Generator is a boiler with an axial 
economizer directly derived from the model currentl y in 
operation on the N4 units

The EPR™ Steam Generator incorporates
4 main improvements:
� An increase of water inventory and free volume 

on secondary side in order to make easier 
management of abnormal / accidental transients

� An increased heat exchange area
� A modified feedwater distribution
���� Increase steam pressure (78 bar)

which allows to reach higher turbine 
efficiency, up to 37%

���� Result is a 13% saving regarding 
thermal release and 10% saving
regarding fuel consumption per kWe

»Divider 
plate

»Divider 
plate

»Pressure 
shell

»Bundle 
wrapper

»Double 
wrapper

»100 % 
feedwater

»90 % 
recirculated

»water

»10 % 
recirculated

»water

»Pressure 
shell

»Double 
wrapper

»Bundle 
wrapper
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The EPR™ reactor is designed 
for an efficient fuel cycle

High discharge burn-up by fuel 
assembly design

Enhanced Neutron economy 
� Large core, heavy reflector

- 8% - 13% - 33%

Existing 
PWR

EPR EPR + high 
performance 
steam turbine

1/3 
MOX

Up to 42% less Uranium Consumption
per MWh

100% 92% 87%
67%

* As compared to direct disposal

E W 1 -1

15% reduction of long-lived waste per MWh
4 to 5 times reduction of physical final waste volu me if reprocessed*
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EPR™ has ~20% Less Equipment
than current 4-Loop US PWR’s
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Study based on: RCS, Pzr. 
Spray, RCP seal and Leakoff, 
SI/RHR, CVCS incl. Boration 
and Demin/Seal Water, SFP 
Cooling, CCW, 
FW/AFW/EFW, and MS

EPR™
4-Loop 
PWR

% Change 
(Absolute)

% Change 
(Count/MWe)

Pumps & Turbines 43 37 16 (16)
Heat Exchangers 34 44 (23) (44)

Tanks 23 33 (30) (50)
Valves 2,044 2,766 (26) (47)

Mechanical Maintenance Costs ($/MW-hr) 35% less 
than in-operation 4-Loop PWR
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Operations: flexibility

The flexibility of the EPR™ Reactor enables optimal generation fleet 
management for a utility

Fuel management
� Cycle length: the EPR™ reactor can accommodate fuel cycles from 12 to 

24 months for optimal outage planning and overall g eneration fleet 
management

� Cycle stretch-out: the EPR™ reactor can stretch a fu el cycle by up to 70 
days improving an owner utility ability to cope wit h unforeseen events 
(e.g. unplanned outage of a coal-fired plant)

� MOX-ability: 
• the EPR™ reactor’ initial design can accommodate up to 50% of MOX without any 

additional analysis or features (EUR requirement); 
• 100% MOX core loadings can be envisaged if desired
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Operations: high availability

EPR™ Reactor design target availability: > 92%

Outage duration reduction:
� Preventive maintenance on safety trains (4x100% saf ety trains)
� Large set-down area to prepare outage work
� Fast cool-down of the core
���� Short outages: Refuelling only outage <11 days

Normal refuelling outage <16 days
Ten-year outage <40 days

High reliability:
� Proven evolutionary components based on hundreds of  years of reactor 

operations: improved reliability
� Unscheduled unavailability rate lower than 5 days /  year   (3 days / year 

for NI) : 1,4 % / r.y
� Capability to cope with various grid failure situat ions and loss of 

equipment without Reactor Trip
���� <1 unplanned reactor trip/year
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Designed for maintainability 
and availability

Four train concept
� Preventive maintenance during operation

� Easier Maintainability

� Higher Availability

Optimized layout
� Clear geographical separation

between divisions

� Large setdown areas to facilitate 
maintenance operation in the reactor 
building

Systems designed for high performance
� Residual heat removal system with large capacity

� Spent fuel pool cooling system with large capacity
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Reactor building accessible 
during power operation

: Inaccessible area
(during power operation)

: Accessible area
(during power operation)
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Reactor building accessible 
during power operation

Accessibility into the reactor building during powe r operation 
allows to remove preparatory and maintenance activi ties from 
the critical path of the outage
� 7 days before the outage

� 3 days after the start up

Main activities
� Requalification of the polar crane

� Maintenance and requalification of the handling equip ment of the vessel 
head and the internal structures of the reactor pre ssure vessel 

� Tests of the refuelling machine

� Leak tightness tests on some containment penetratio ns (service 
compressed air, demineralised water and primary wast e systems)
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Main measures to achieve 
16-day outages with maintenance

Fuel unloading started early (end of 3rd day)
� Very fast cooldown from hot shutdown to cold shutdow n

� No oxygenation phase of the primary circuit

� Adequate sizing of the Fuel Pool Cooling System

Early and limited maintenance on the safety trains
� Maintenance works during power operation

� Maintenance of one safety train during fuel unloadin g

� Simultaneous maintenance of two safety trains durin g the steam 
generators inspection and control as soon as the co re is unloaded

Easier and shorter inspection and control of the SG
� When reactor pit is empty and without steam generat or nozzle dams

� Use of robotics and control in parallel of the 4 st eam generators

Fast start up from vessel closing to grid connectio n
� Periodical tests not on the critical path

� Use of the aeroball system allows quick flux mapping
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Preventive maintenance
during power operation

Unavailability of 1 safety train for maintenance is  considered 
in the deterministic safety analysis (N+2 concept)

Most of preventive maintenance of each safety syste m located  
outside reactor building is planned over 4-year per iods
� Within one division simultaneously, over a two week  period (another two 

week period is foreseen for routine maintenance of the other trains)

� Systems maintained :
• Safety Injection System 
• Fuel Pool Cooling System
• Emergency Feedwater System
• HVAC systems
• Reactor Boron Water Make-up System 
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Exemples of preventive 
maintenance in operation

Component Cooling Water System and  Essential Servi ce 
Water System :
� Scheduled so as to concurrently perform maintenance  of the Safety 

Systems same associated train (SIS, CHRS, etc.)

Electrical systems :
� Performed concurrently during preventive maintenanc e of the Safety 

Systems associated train (partially) 

Batteries

Main feedwater pumps (4 x 33% motor-driven pumps)

Start-up and Shutdown System pump

Containment Heat Removal System
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KONVOI plants demonstrate
high availability

Like EPR ™, KONVOI plants are four-train plants, allowing 
maintenance of 1 train and access to the reactor bu ilding at 
power. 

Cumulative energy availability factor since start o f commercial 
operation
� KONVOI Plant A: 93,1%

� KONVOI Plant B: 91,2%

� KONVOI Plant C: 93%
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Operations:
Very Low Collective Dose

Components
� Low frequency and small effort for maintenance work
� Equipped  with quickly removable and reusable therm al insulation

Selection of Material
� Activated corrosion products are kept low
� Reduction of cobalt base alloys to a minimum

Component Layout and Accessibility
� Easily testable regarding operability
� Easily replaceable, if necessary

Maintenance and In-Service Inspection
� Tanks, vessels, and heat exchangers designed to avo id radioactive deposits or at 

least  enable easy removal
� Adequate access and space provided for inspection a nd maintenance of 

components
� Remotely controlled in-service inspection for prima ry components
� Hot/cold separation of rooms and access ways

Protects workers and contributes to achieving 
excellence in fleet operation
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EPR™ Development Goals
are achieved

“ Evolutionary design ”
� to fully capitalize on the design, construction and  operating experience 

based on the 86 AREVA's PWR operating worldwide.

Enhanced Safety compared to operating PWRs :
� Reduce core damage frequency (CDF),

� Accommodate severe accidents with no long-term popu lation effect,

� Withstand large airplane crash.

High availability

Simplified operation and maintenance.

Generation cost at least 10 % lower than 1500 MWe se ries in 
operation

Improved investors, operators and community confide nce


