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Abstract 

 
In the future, the reactors operating at present will run alongside reactors of the EPR 

type or their equivalent, designed for a significantly higher level of safety. This raises the question 
of the acceptability of continued operation of reactors beyond 40 years when there is an available 
technology that is safer. Two objectives are therefore imperative. First, a re-evaluation of the 
safety level in the light of that required of EPR type reactors or their equivalent is necessary, with 
proposals to bring about significant and relevant improvements to the reactors. R&D work in 
France and elsewhere is already indicating orientations that could lead to answers, and 
improvements that would provide significant reductions in release in case of severe accident are 
being studied. Second, strict compliance of the reactors with the applicable regulations must be 
demonstrated. At the same time, ageing and obsolescence of the equipment will have to be 
managed. Where these two points are concerned, ASN expects far-reaching proposals from the 
licensee. With a view to a request for continued operation beyond 40 years, ASN has referred the 
matter to the Advisory Committee for nuclear reactors which will meet at the end of 2011 to 
establish the safety requirements for reactors at their fourth ten-yearly outage.  

 
 

1. Introduction 
 

In France, there is no regulatory lifetime for nuclear power plants, which can operate 
as long as the safety requirements are met. Nevertheless, licensees have to achieve Periodic 
Safety Reviews (PSR) of their plants every ten years. Besides, the French Nuclear Safety 
Authority (ASN) can stop operation anytime in case of danger.  
 

From a strictly regulatory standpoint, in France there is no limit on the time that an 
NPP is authorized to operate: the authorization decrees (DAC) issued by the French 
Government do not specify any limit on the operating life. However, these documents refer to 
the safety analysis report which specifies a hypothetical operating life of 40 years for certain 
components.  

 
As required by French law, a nuclear reactor licensee must carry out periodic 

safety reviews by taking account of the best international practices. This periodic review 
must make it possible to update the assessment of risks or drawbacks the installation presents 
for security, public health and salubrity or protection of nature and the environment. The 
review should take into account in particular the state of the installation, the experience 
learned from operation, and the evolution of knowledge and of the rules applying to similar 
installations.  

 



In 2009, EDF informed ASN that its goal was to extend the operating life of the 
nuclear power plants significantly beyond 40 years, under an industrial program enabling 
this objective to be achieved in terms of nuclear safety.  

 
Issues surrounding continued reactor operation 

 
In the future, the reactors operating at present will run alongside reactors of the EPR 

type or their equivalent, designed for a significantly higher level of safety. This raises the 
question of the acceptability of continued operation of reactors beyond 40 years when there is 
an available technology that is safer. 

 
 

2. Background in France / History 
 
The nineteen French nuclear power plants (NPPs) currently in operation are 

appreciably the same. They each comprise from two to six PWRs, which in total amounts to 
58 reactors. For each of them, the nuclear part was designed and built by Framatome, with 
EDF acting as industrial architect. Lastly, an EPR type 1,600 MWe pressurised water reactor 
is being built at Flamanville, a site already housing two 1,300 MWe reactors.  

 
The NPPs currently in operation in France were built over a relatively short period of 

time: forty-five reactors, representing 50,000 MWe, or three quarters of all the NPPs in 
service, were commissioned between 1979 and 1990 and thirteen reactors, representing a 
further 10,000 MWe, between 1990 and 2000. 

 
In December 2009, the average age of the reactors, calculated from the date of initial 

reactor criticality, was as follows: 
– 28 years for the thirty-four 900 MWe reactors; 
– 22 years for the twenty 1300 MWe reactors; 
– 12 years for the four 1450 MWe reactors. 

 
 The Periodic safety reviews framework 
 

In France, the approach for LTO instruction is primarily based on periodic safety 
reviews. 

The periodic safety review offers the opportunity both to examine the installation 
condition in depth and to check that it actually complies with all the applicable regulatory 
requirements and provisions (conformity check). Secondly, its objective is also to improve its 
safety level in line with the requirements applicable to installations with more recent safety 
objectives and practices and taking into account the latest developments in national and 
international know-how and operating experience (safety reassessment). The purpose of the 
periodic safety review is also to verify that the diverse ageing phenomena of the installations 
will be under control for a minimum period of ten more years. 

The periodic safety review ends with transmission of the report required by the TSN 
Act. After analysis of this report, ASN may impose further technical demands. It notifies the 
ministers responsible for nuclear safety of its analysis of the report. 

 
The periodic safety reviews therefore constitute one of the cornerstones of safety 

in France, by obliging the licensee not only to maintain the level of safety of its NPP but 
also to improve it. 

 



The periodic safety review comprises a number of successive steps : 
 

1.  The conformity check 
 Comparison of the installation status with the safety requirements and 
applicable regulations, in particular comprising its authorization decree and all ASN 
requirements: this is the conformity check. This conformity check aims to ensure that 
changes to the installation and its operation, as a result of modifications or ageing, 
continue to comply with all applicable regulations and do not compromise its safety 
requirements. This ten-year conformity check does not relieve the licensee of its 
permanent obligation to guarantee the conformity of its installations. 
 

2. The safety reassessment  
The purpose of the safety reassessment is to assess the safety of the 

installation and improve it in the light of: 
– French regulations, and the most recent safety objectives and practices, in 

France and abroad; 
– operating experience feedback from the installation; 
– operating experience feedback from other nuclear installations in France 

and abroad; 
– lessons learned from other installations or equipment involving a risk. 
Possibly after consulting the Advisory Committee for nuclear reactors (GPR), 

ASN may rule on the study topics envisaged by the licensee before the launch of the 
safety reassessment studies, during the phase known as the periodic safety review 
orientation phase. 

 
3. Following these two steps, the licensee sends ASN the periodic safety review report, 

which comprises the following : 
– the installation’s operating context for the coming ten years; 
– a ranking of the subjects covered by the safety review, along with an 

analysis to justify this choice; 
– a summary of the conformity check presenting its results, identifying any 

anomalies and the steps taken to remedy them, with justification; 
– a summary of the safety reassessment, presenting the methods used and the 

results plus, when necessary, any improvements envisaged with a justification of the 
expected benefits (possible modifications and corresponding implementation 
schedule); 

– justification of the installation’s ability to operate until the next periodic 
safety review in satisfactory safety conditions. 
 In the installation’s periodic safety review report, the licensee adopts a stance 
on the regulatory conformity of its installation, and on the benefits of whether or not to 
implement the envisaged modifications designed to improve the installation’s safety. 

 
This periodic review should cover all the risks or drawbacks the installation presents 

for security, public health and salubrity or protection of nature and the environment. 
Radioactive waste and releases issues should thus be addressed.  

 
Within this PSR framework, the decision to authorize LTO is likely to require 

anticipating issues on a longer timeframe than ten years. Once the period of extended 
operation is entered, PSRs will continue to be carried out every ten years. 

 
 



3. Managing the ageing of NPPs 
 

To understand the ageing of a NPP, other than simply the time that has elapsed since 
it was commissioned, a number of factors must be looked at. 
 

Main factors in ageing 
 
Many phenomena should be taken into account to meet all safety requirements during 

the whole plant lifetime: material ageing obsolescence, loss of competencies, loss of industrial 
capability… Among those, ageing and degradation mechanisms are very specific and need to 
be dealt with through an ageing management program. In France, this program was built 
before the third ten years outages of the 900 MWe nuclear power plants (NPP). 
 

The lifetime of non-replaceable items 
 
The design of some reactor components was based on a predetermined operating 

period. This is in particular the case of the vessel, designed for a service life of at least 40 
years. The main mode of vessel ageing is irradiation, which modifies the mechanical 
properties of the steel of which it is made. The licensee must therefore take steps to predict 
changes to the vessel’s properties and demonstrate that despite these changes, the equipment 
is able to withstand all normal or degraded operating situations it is likely to encounter, taking 
account of the safety margins set by the regulations. The reactor vessel is thus checked by 
monitoring “control samples” of metal and appraising them at regular intervals. 
 

Deterioration of replaceable items 
 
Equipment ageing is the result of phenomena such as the wearing of mechanical parts, 

hardening and cracking of polymers, corrosion of metals and so on. The equipment must be 
given particular attention during design and manufacture (in particular the choice of 
materials) and be the subject of a surveillance and preventive maintenance program, with 
repair or replacement as necessary. It must also be possible to demonstrate the feasibility of 
possible replacement. 
 

Equipment or component obsolescence 
 

Equipment that is important for safety is “qualified” for installation in NPPs. The 
availability of spares for this equipment is heavily dependent on industrial production by the 
suppliers. Should the manufacturer cease to make certain components, or simply go out of 
business, this could create original part procurement problems for certain systems. The safety 
level of any new spares must then be demonstrated prior to installation. This is to ensure that 
the equipment remains “qualified” with the new spare part. Given the length of this 
procedure, licensees must adopt a vigorous forward-looking policy. 
 
 

4. How EDF manages equipment ageing 
 
This “defence in depth” type strategy is based on three lines of defence. 
 



1) Consideration of ageing in design: during the design and manufacture of 
components, the choice of materials and the installation arrangements must be 
tailored to the intended operating conditions and take account of the kinetics of 
known or presumed deterioration processes. 
 

2) Surveillance and anticipation of ageing phenomena: ageing related phenomena 
other than those allowed for in design may occur during operation. The 
periodic surveillance and preventive maintenance programmes, the conformity 
checks or the operating experience feedback review aim to detect these 
phenomena. 

 
3) Repair, modification or replacement of equipment likely to be affected: this 

type of action has to be planned in advance, given the procurement lead-times 
for new components, the operation preparation time, the risk of obsolescence 
of certain components and the loss of staff technical skills. 

 
 

5. Focus on three major issues 
 
Monitoring the reactor vessel’ strength 
 
The reactor vessel is one of the essential components of a PWR. This component, 14 

m high and 4 m in diameter, with a thickness of 20 cm, contains the reactor core and its 
instrumentation. The 300t vessel is entirely filled with water in normal operation and can 
withstand a pressure of 155 bar at a temperature of 300 °C. 

Regular and accurate monitoring of the state of the reactor vessel is essential for the 
following two reasons: 

- vessel replacement is not envisaged, for reasons of technical feasibility and 
economics;  

- rupture of this component, as initiating event, is not included in the safety 
studies; this is one of the reasons why all steps must be taken, right from the 
design stages, to ensure its strength throughout the reactor's operational life. 

In normal operation, the vessel deteriorates slowly, under the effect of the neutrons 
resulting from the core fission reaction, which embrittles the metal. This embrittlement makes 
the vessel particularly sensitive to pressurised thermal shocks or to sudden pressure surges 
when cold. This sensitivity is also aggravated when defects are present, which is the case of 
some of the 900 MWe reactor vessels that have manufacturing defects under their stainless 
steel liner. 

To protect against all risk of rupture, the following measures were taken as of 
commissioning of the first EDF reactors: 

- a program was introduced to monitor the effects of irradiation: test specimens of 
the same metal as the reactor vessel were placed inside the reactor. Some of these 
are removed regularly for mechanical testing. The results give a good picture of 
the ageing of the vessel metal and can even be used to anticipate it, inasmuch as 
the specimen capsules located near the core receive more neutrons than the metal 
of the reactor vessel; 

- periodic checks verify that there are no defects or, in the case of vessels 
containing manufacturing defects, check that they are not getting worse. 

 



ASN carries out regular examination of the documents on the vessels' in-service 
behaviour forwarded to it by EDF, so as to ensure that the demonstration provided by EDF 
regarding vessel in-service behaviour is sufficiently conservative and that it complies with 
regulations. This file was presented to the advisory committee for nuclear pressure equipment 
in June 2010, and allowed ASN to establish its position on the conditions of operation of 
vessels beyond 30 years. In 2015, ASN will establish its position on the capability of vessels 
to carry on beyond 40 years. 
 

Monitoring steam generator maintenance and replacement 
 

The steam generators are exchangers of heat between the water of the primary system 
and that of the secondary system. The exchange surface consists of a tube bundle comprising 
from 3,500 to 5,600 tubes, depending on the model. These tubes contain the primary system 
water and exchange heat while preventing any contact between the primary and secondary 
fluids. 

Integrity of the steam generator tube bundles is a major safety issue, since 
deterioration of a bundle can cause leaks from the primary to the secondary system. 
Furthermore, a break in one of the bundle tubes (SGTB) would lead to bypassing of the 
reactor containment, which is the third confinement barrier. Steam generator tubes are subject 
to several types of deterioration such as corrosion or wear. 

The steam generators are the subject of a special in-service monitoring programme, 
established by EDF, reviewed periodically and examined by ASN. After inspection, tubes that 
are too badly damaged are plugged to remove them from service. 

Since the early 1990s, EDF has been conducting a replacement programme for steam 
generators with the most heavily damaged tube bundles. This programme will continue at the 
rate of one reactor a year. At the end of 2010, six of the thirty-four 900 MWe reactors will 
still be equipped with steam generators containing tube bundles made of non-heat-treated 
Inconel 600 type nickel-based alloy (600 MA), which are the most affected by stress 
corrosion. 

 

 
(copyright : EDF) 

 



Monitoring and maintaining a high level of containment 
 

The containments undergo inspections and tests to check their conformity with the 
safety requirements. Their mechanical performance in particular must guarantee a good 
degree of reactor building tightness, in the event of its internal pressure exceeding 
atmospheric pressure, which can happen in some types of accident. This is why these tests, at 
the end of construction and then during the ten-yearly outages, include a pressure rise in the 
inner containment. 

The results of the ten-yearly outage tests for the 900 MWe reactor containments have 
so far shown leak rates that comply with the regulations. Their ageing was reviewed in 2005 
as part of the 30-year periodic safety review, to assess their leaktightness and mechanical 
strength for a further 10 years. This review brought to light no particular problem liable to 
compromise the length of the service life. As part of this review process, EDF carried out 
studies to check the correct operation of the reactor building equipment access hatch in an 
accident situation. The studies and the modifications identified by EDF were examined during 
the GPR meeting of 20 November 2008 to close the thirty-year safety review of the 900 MWe 
reactors. 

The results of the ten-yearly outage tests on the 1,300 MWe and 1,450 MWe reactor 
containments showed that the leak rate from the inner wall of some of these containments was 
rising. This was primarily the result of the combined effect of concrete deformation and the 
loss of pre-stressing of certain cables. Although account was taken of these phenomena at the 
design stage, they were sometimes underestimated. Consequently, in the event of an accident, 
certain wall areas would be liable to crack, leading to leaks. To combat this phenomenon, 
EDF has implemented a preventive repair program aimed at restoring the tightness of the 
most heavily affected areas. This work is done at each ten-yearly outage. At the end of 2010, 
work had been carried out on 22 reactors out of 24. All the reactors concerned will have 
undergone the necessary maintenance work by 2012. 

 
 

6. ASN requirement for the safety program associated to LTO 
 

In the future, the reactors operating at present will run alongside reactors of the EPR 
type or their equivalent, designed for a significantly higher level of safety. This raises the 
question of the acceptability of continued operation of reactors beyond 40 years when there is 
an available technology that is safer. This question is even more central in the light of the 
Fukushima accident. Two objectives are therefore imperative. First, a re-evaluation of the 
safety level in the light of that required of EPR type reactors or their equivalent is necessary 
and taking into account the lessons learnt from the Fukushima accident, with proposals to 
bring about significant and relevant improvements to the reactors.  

ASN considers that this extension could only be contemplated if associated with 
a proactive and ambitious safety program. This program will improve the safety of the 
installations by an order of magnitude far greater than the continuous improvements 
resulting from the periodic safety reviews and consistent with the safety objectives 
identified for the new reactors.  

This position is in compliance with WENRA’s position about safety objectives 
addressed to nuclear power plant. In November 2010, WENRA took position : “ The safety 
objectives address new civil nuclear power plant projects. However, these objectives should 
be used as a reference for identifying reasonably practicable safety improvements for 
“deferred plants” and existing plants during periodic safety reviews”1 

                                                 
1 WENRA STATEMENT ON SAFETY OBJECTIVES FOR NEW NUCLEAR POWER PLANTS, Nov 2010 



 
R&D work in France and elsewhere is already indicating orientations that could lead 

to answers, and improvements that would provide significant reductions in radioactive 
releases in case of severe accident are being studied. Second, strict compliance of the reactors 
with the applicable regulations must be demonstrated. At the same time, ageing and 
obsolescence of the equipment will have to be managed.  

Where these points are concerned, ASN expects far-reaching proposals from the 
licensee.  

 
 
 7. Considerations for the Future 

 
In 2010, with the support of the French Institute for radiation protection and nuclear 

safety (IRSN) and the Advisory Committee for nuclear reactors (GPR), ASN has started to 
work to assess the methodology proposed by EDF to justify operation of the reactors beyond 
40 years.  

In 2012, with a view to a request for continued operation beyond 40 years, ASN has 
referred the matter to the Advisory committee for reactors which has been met at the 
beginning of the year, to give its opinion on the required program of studies to be conducted 
by EDF. Then, ASN will give its positions on the program of studies to be conducted by EDF 
in the coming next monthes. 

In the years to come, ASN will continue to examine the conditions for continued 
operation of the reactors currently in service for longer than 40 years and will place this work 
in an international context. 

 
 
8. End of life and decommissioning in France 
 
As for end of life decisions, the procedure for the final shutdown and 

decommissioning authorization is defined by the TSN Act [1]. At least one year before the 
date scheduled for final shutdown, the licensee should submit the authorization request to the 
ministers responsible for nuclear safety. The licensee should send ASN a copy of its 
application along with the dossier necessary for its examination. The licence application 
should contain requirements concerning the shutdown conditions, the decommissioning and 
fuel management procedures, and the surveillance and subsequent maintenance of the 
installation site. The licensee is granted by decree, subject to the opinion of ASN, setting the 
decommissioning characteristics, the time allotted for decommissioning and the types of 
operations for which the licensee is responsible after decommissioning. The final shutdown 
and decommissioning authorization are now systematically subject to a public inquiry. 
 
 

9. Information and participation of the public 
 
Information and participation of the public regarding LTO is carried out in the same 

overall framework as other phases of nuclear reactor operation. The LTO phase can involve in 
particular local information committees (CLIs), which are set up at all sites comprising one or 
several reactors. These CLIs are tasked with a general follow-up, information and 
concertation mission in the field of nuclear safety, radiation protection and the impact of 
nuclear activities on persons and the environment as far as the site installations are concerned. 
 


