
Alain CHABOD     IRSN, Reactor Safety Division

INDUSTRIAL BACKGROUND



NRC / IRSN Meeting, 24-25 January, 2007 – Page 2

CONTENT

IRSN ACTIVITIES

FRENCH NPP IN OPERATION

EPR

MAIN SAFETY ISSUES

MAIN MILESTONES



NRC / IRSN Meeting, 24-25 January, 2007 – Page 3

IRSN INVOLVED IN INDUSTRIAL PLANTS AND 
MILITARY ACTVITIES

IRSN

INTERNATIONAL

Special Government 
Authority

Military activities

(except weapons)

Military Reactors and plants 
Nuclear powered ships

Civil activities

Nuclear Safety 
Authority

Reactors (EdF, CEA…) – Plants, laboratories, 
Transport, Dismantling  and wastes
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Bugey
Fessenheim

Tricastin, Gravelines
Dampierre, Blayais

St Laurent
Chinon
Cruas

Paluel
St Alban

Flamanville

Cattenom
Belleville

Nogent, Penly
Golfech

Chooz B
Civaux

French NPP series  

900 MWe 
Series 
CP2

10 units

1300 MWe 
Series 

P4 & P’4
8 + 12

1450 MWe 
Series 

N4
4 units

900 MWe 
Series 
CP0

6 units

900 MWe 
Series 
CP1

18 units
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900 MWe plant series 
UOX FUEL - 14 NPP

1994 - 98

CPY - GARANCE UO2

1/4 core – 3.7 % 5U

12 months
BU max~ 47 GWd/tU

2000 - 2002

CP0 - CYCLADES
1/3 core – 4.2 % 5U

16 - 18 months
“Gadolinium” Fuel

BU max~ 52 GWd/tU ~ 2013

« HTC1 »
1/4 to 1/3 core

4.5 % 5U
BU max~ 70 GWd/tU

Note : 2 NPP operate with recycled UO2 in GARANCE fuel management
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900 MWe plant series 
MOX FUEL - 20 NPP

1999 - 2001

hybrid MOX NT

RPut = 7.08% - UO2 :3.7% 5U
1/4 UO2 – 1/3 MOX

12 months

BU max MOX = 47 GWd/t

2007

PARITE MOX 52
RPut = 8.65% - UO2: 3.7% 5U

1/4  - 14 months
BU max MOX = 52 GWd/t

M5 cladding

Licensing demand for "Parité
MOX" in 2002

French NSA required in 2004 
complementary demonstration :  

Cladding corrosion thickness

Fission gas + He release
RIA (rod ejection)

Approval in 2006

2013

ALICANTE
MOX 3.7 % 1/3 to 1/4
UO2: 4.5 % 1/4 to 1/5
BU max MOX = 62 GWd/t
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1996 - 1999

GEMMES
UO2 : 4 % 5U 

1/3 core - 18 months
“Gadolinium” Fuel

BUmax ~ 52 GWd/tU

GALICE
UO2 : 4.5%  5U 

1/4 to 1/3 core - 15/21 months
BUmax ~ 62 GWd/tU

“Gadolinium” Fuel

M5 cladding

2008

~ 2014

« HTC2 »
UO2 : 4.95 %  5U 
1/4 to 1/3 core
15/21 months

BUmax ~70 GWd/tU

1300 MWe plant series 
UOX FUEL - 20 NPP
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1996 - 2001

UO2 : 3.4 %  5U 

1/4 core

12 months 

Mean discharge BU ~ 
39 GWd/tU

2007

ALCADE
UO2 : 4.0 %  5U

1/3 core – 17 months
BUmax = 52 GWd/tU

“Gadolinium” Fuel

M5 cladding

1450 MWe plant series 
UOX FUEL - 4 NPP
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EPR

FUEL MANAGEMENT
• Enrichment 4.5% en 235U

• “gadolinium” fuel

• Cycle length : 18 months (520 EFPD)

• Maximal assembly BU : 62 GWd/t

• Optimized loading pattern / RPV protection

2006 20092007 2008 2010 2011

MAIN MILESTONES

2012

EDF Decision
Authorization decree

Safety analysis Methodologies

Safety analyses
Fuel management feasibility

Intermediate SAR
Loading

FSAR
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MAIN SAFETY ISSUES

New technologies 
Cladding 

M5, ZIRLOPellet Fuel 
assembly

New 
methodologies

Astrum

Criteria validity

LOCA

RIA

Burn up increase

Hot spot factor 
increase

New 
methodologies 
(3D)

RIA

LOCA

SLB

DNB 

Criteria validity

LOCA

RIA

Cladding 
corrosion

Mechanical 
behavior

FA 

Rod

Cycle length increase 

Pellet 
behavior

Gas 
release 

Fuel 
ejection
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MAIN MILESTONES

2006 20092007 2008 2010

1450 MWe : ALCADE  

1300 MWe : GALICE

Safety review on LOCA

Fuel criteria re-examination (LOCA, RIA)

W LOCA : ASTRUM

Fuel management 

RIA 3D 

Decrease of reactor coolant 
flow 3D

SLB 3D

Uncontrolled RCCA bank 
withdrawal 3D

New EPR Methodologies 

LOCA 3D 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

900

VD3

CP0 UOX Tiers 4,2%

6 CYCLADES

VD3

CPY UOX Quart   3,7% Tiers/quart  4,5% 

6 GARANCE

CPY URT Equiv Quart   3,7%

2 GARANCE

MOX 3,25% en tiers MOX 3,7% VD3 MOX 3,7% en tiers/quart

CPY MOX UOX 3,7% en quart UOX 3,7% UOX 4,5% en quart/cinquième

20 Hybride MOX GARANCE Parité MOX ALICANTE

1300 VD2

UOX Tiers/quart 4,5%

20 GEMMES HTC2

1450 VD1

UOX

4 ALCADE

Tiers 4% Quart 3,4%

Tiers 4% Quart 4,95%

GALICE
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