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Abstract :   The lifetime extension of the French nuclear fleet, significantly beyond 40 years (initial 
design basis) is presently one of the major objectives for EDF, in order to smooth the commissioning 
flow for the new build program. A lifetime extension up to 60 years should be reasonably achieved, 
owing to the compliance with additional safety and environmental requirements, an adequate LTO 
strategy including an exceptional maintenance program periodically updated, and a LTO support 
program (R&D) consisting of aging knowledge improvement and decision–making tools and methods. 
The LTO program is illustrated with some examples of replaceable components and a focus is placed 
on the complementary analysis in progress for RPV and containment safety assessment. 
 

1. Introduction  

The EDF NPP fleet consists of 58 PWR Units in operation for a 63 GWe installed capacity. The 
annual nuclear electricity generation is around 430 TWh (2011), that represents about 80% of the total 
electricity generation in France. 
At the end of 2011, this fleet had an average age of more than 25 years, the youngest unit being 12 and 
the oldest one more than 30. An EPR is under construction on the Flamanville site (Fig.1). 
 

Fig 1 : EDF Nuclear Fleet 
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The high level of standardization (3-loop and 4-loop series) is a specific feature of the French fleet, 
which represents a true benefit in terms of performance improvement but also a possible source of 
vulnerability in terms of potential generic degradations. 

In that context, the lifetime extension of the NPP fleet, significantly beyond 40 years (initial design 
basis for mechanical structures) is one of the major objectives for EDF. As most of the EDF Nuclear 
Power Plants were built and connected to the grid in the eighties, a lifetime limited to 40 years would 
lead to an important investment program for new nuclear units as soon as 2017 over the next 20 years 
to compensate the shutdown of the oldest ones  (Fig.2). Operating nuclear units for 10 or 20 additional 
years would allow EDF to smooth the commissioning flow for the new build program (from 2020 to 
2050), which represents an undeniable industrial advantage.  
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Fig.2 : NPP Life extension program and new build 
 
On the other hand, it requires an adequate LTO program from a technical and economic point of view. 
 
The EDF strategy for Long Term Operation (LTO) is based on three main principles:  
- Regulatory context characterized by 10-year periodic safety reassessment (PSR) including 

continuous safety improvement, 
- Adequate maintenance policy and performance improvement to increase operational capacities 

and availability of the units, in compliance with safety requirements,  
- Aging and obsolescence management process for main NPP components to cope with aging 

degradation mechanisms, including operating experience feedback.  
 
The paper will present the LTO program, set up to support operation of the main components up to 60 
years, taking into account these three aspects.  
 
 

2. Regulatory context  
 
• 10-Y Periodic safety review (PSR) 

 
Unlike the US regulation, no limited licensing lifetime has been defined, even though a design basis of 
40 years has been taken into account to justify the structural integrity of the major mechanical 
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components. As a consequence, Periodic Safety Reviews (PSR) (every 10 years) have to be performed 
in order to check the compliance with the safety requirements (Safety references) in the frame of the 
“Nuclear Transparency Act” (2006). The PSR assessment is based on a continuous safety 
improvement process including operating feedback experience (national and international) taking into 
account the best international practices in order to cope with the WENRA1 reference levels. 
 
After the 10-year inspection, the Nuclear Safety Authority will report on the ability of the plant (case 
by case analysis) to continue operation for another ten-year period. 
Presently, Safety reviews are being focused on the ability of the plants to operate from 30 to 40 years 
(3rd 10Y PSR 900 started in 2009, 3rd 10 Y PSR 1300 will start in 2015). The first PSR dealing with 
lifetime extension beyond 40 years will take place in 2019 (4th 10Y PSR 900). 
 

• Post Fukushima impact 
 

Even though the post Fukushima Lessons Learnt analysis is still in progress, it is not likely to ignore 
the consequences of such a dramatic event on the current Plant Life Management (See ref.[1]). 
Post Fukushima accident analysis highlights new potential issues related to loss of water and power 
supply in case of earthquake and flooding.  

As a result, the current Design Basis (DB) must be reassessed whereas additional improvements and 
modifications (“hardened safety core” of SSCs) have to be defined before end of June 2012 in four 
areas : 

• Increase protection against external hazards (earthquake and flooding),  

• Prevent fuel melting (in reactor vessel) or uncovery (in spent fuel pools) with 
additional water storage capability and on site Diesel generator, 

• Limit fission product release with improved containment filtration capacities, 

• Enhance crisis management (setting up of a Nuclear Rapid Response Force). 

 

From a general point of view, modifications already planned in the frame of LTO should remain 
appropriate but some of them should be brought forward to comply with NSA requirements related to 
Complementary Safety Assessment (CSA). 

 

3. Operating performance 

 

The EDF maintenance policy is based on routine maintenance to ensure the functional capacities of the 
equipment and the availability of the Units, in compliance with safety requirements. Moreover, EDF 
has optimised the fuel management policy in terms of outage schedule and duration. 

Recently, EDF has improved the availability of the fleet, benefiting from the INPO AP913 Equipment 
Reliability Process, already implemented in the US nuclear plants. The Equipment Reliability Process 
was designed with the participation of several utilities actively involved in improving and 
reengineering their own processes. 

 

 

 

                                                           
1  WENRA : Western European Nuclear Regulators’ Association 
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4. Aging and obsolescence management 

 

In preparation for the NPP third 10-year outages, an Ageing Management Program (AMP) has been 
developed by EDF in order to justify that all the structures, systems and components (SSC) concerned 
by an ageing mechanism remain within the design and safety criteria throughout the plant lifetime, i.e. 
enable NPPs to operate for up to 40 years at least.  

The AMP procedure, described in a generic guide [2], is carried out in 3 main steps : 

• Selection of Safety Structures, Systems and Components (SSC) concerned by an ageing 
mechanism,  

• Review of all the couples SSC / degradation mechanism selected by experts and synthetic 
analyses in Ageing Analysis Sheets (AAS), taking into account maintenance adaptability, 
difficulty of repair and replacement as well as risk of obsolescence,  

• Detailed Ageing Management Reports (DAAR) required for some “sensitive” components 
(such as reactor pressure vessel, reactor internals, civil works, I&C or electrical cables ) 

 

All these reports have to be prepared in agreement with the French regulation. 

This procedure is globally in agreement with IAEA Safety guide NS-G-2.12 on Ageing Management 
for Nuclear plants, according to the comparison recently carried out by EDF [4].  

 

Moreover, on the basis of the generic procedure described above, each NPP has to set up an internal 
procedure in order to provide Plant Ageing Management reports to the Nuclear Safety Authority at 
least 12 months before 3rd 10Y outage. After a thorough aging analysis of the safety components of 
the plant, the objective of the report is to justify the ability of the plant to operate 10 years more (from 
3th PSR to 4th 10Y PSR). 

 

A detailed, systematic procedure is now available in France to review the ageing consequences on 
Safety components. A key condition for the success of the Ageing Management Review is an effective 
understanding of ageing mechanisms and a relevant integration of operating feedback.  

The procedure was approved by the Nuclear Safety Authority in 2006. This procedure will now be 
systematically applied to each next 10-year Safety reviews of 900 MWe NPPs and soon, to the other 
series of French NPPs (1300 MWe) in agreement with surveillance and maintenance programs 
updating. 
 
 

5. LTO strategy 
 

The LTO strategy follows the 3 main steps of the decision making process illustrated in Figure 3 : 
 

- Diagnosis based on aging analysis and operating feedback, 
 
- Prognosis on the ability of the main components to continue operation (estimated End Of Life 
(EOL) criteria), taking into account the LTO limitations as well as the factors extending lifetime, 
 
- Strategy (Asset Management actions) including an exceptional maintenance program 
periodically revised by the EDF’s LTO Executive Committee.  
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PLIM 2012 - 14-17 May 2012 - Salt Lake City, USA.
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Fig.3 : LTO decision making process for major NPP components  

 
The strategy is chosen according to the estimated EOL : 

 
• If estimated EOL is beyond 60 Y, a strategic file “LTO 60 years” is periodically updated 

by the Executive Committee in order to be assessed. At the same time, a Component 
Replacement Feasibility File is prepared to cope with availability of spare component, 
repair /replacement process …, to anticipate complete modification of strategy and/or an  
unexpected need of replacement. Moreover, a R&D program (characteristics of materials, 
evolution of methods, NDT evaluation, modifications…) is carried out as a support. 
 

• If estimated EOL is between 40 and 60 Y, the LTO strategy includes an Exceptional 
Maintenance Program periodically revised by the Executive Committee. In order to justify 
investment from a technical and economic point of view and its appropriate planning 
(during 3rd or 4th  10-Year outage), decision – making tool and method are implemented to 
test various schedules and assess the consequences on operating conditions. 

 
• If estimated EOL is below 40 Y, replacement / refurbishment of components are decided 

by  the Executive Committee in the frame of the routine asset management program taking 
into account a lifetime extension up to 60 years.  

 
In terms of plant life management, a distinction has to be made between replaceable and non 
replaceable components such as Reactor Pressure Vessel (RPV) and containment building.  
 
Appropriate strategies must be set up in both cases. 
 
 

5.1 Non replaceable components (RPV and Containment )  
 

Generally speaking, the structural integrity assessment of non replaceable components is of a major 
concern as it could be a time-limiting issue. The objective of the strategy is to reassess the structural 
integrity up to 40 years and to set up new methodologies and/ or mitigation actions to reduce excessive 
conservatisms and get complementary safety margins to justify lifetime extension beyond 40.  
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o Reactor Pressure Vessel (RPV) 
 

Irradiation embrittlement associated with brittle fracture risk is the major issue regarding RPV plant 
life management.  
At the design stage, this risk was anticipated through the adequate choice of materials, the good 
quality of manufacturing, the reduced number of welds and the low leak core management. During 
operation, integrity assessment is periodically controlled through irradiation surveillance program   
(on-site capsules) and in service inspections of the core zone.  
Every 10 years, the safety margin assessment must be updated on the basis of operating feedback and 
in-service inspection results. The French procedure follows a deterministic approach including 
conservatisms on input data and regulatory safety factors. Recently, the integrity of the 900 MWe 
series RPV was justified up to 40 Years.  
In the frame of a 60-year LTO program, new methodologies are required in order to reduce 
conservatisms and get complementary margins [5]. 
 
Currently, two axis of research are in progress : 
- to improve the deterministic approach, for instance by taking into account warm pre-stressing 

(WPS) effect or /and 3D thermo-hydraulic analysis of specific transients,  
- to carry out a probabilistic approach as an in-depth justification of the conservative 

methodology.  
 
Up to now, EDF is reasonably confident on the results of these R&D developments. In any case, 
increasing the safety injection temperature remains an option to get complementary margins to justify 
a lifetime beyond 40 years.  
 

o Containment  
 

For the simple wall containment design (900 MWe series), the expected EOL should exceed 60 years 
without any major change in the present strategy based on current routine maintenance and in service 
inspection program including periodic air leak tests. The corrosion rate of inner metallic liner has to be 
especially controlled in the frame of the ISI program. 
As for the double wall containment design of the 1300 and N4 series, the inner wall local tightness is 
the major issue to be solved. Some units may have some difficulties to cope with the decennial leak 
test criteria without any further additional measures. 
 
The EDF strategy consists firstly in repairing and reinforcing works for preserving the inner wall 
tightness ; secondly an experimental program with R&D support has just been launched in order to 
improve the leak treatment system and to assess the containment resistance to severe accident 
conditions.  
These evolutions in progress should enable to get complementary margins in term of tightness of the 
double wall containment and as a consequence, to improve the EOL criteria. 
 

5.2 Replaceable components  
 

Concerning the replaceable components, R&D tools and methods, intended to evaluate various 
operational schedules from a technical and economic point of view, will be used as a support to the 
decision making process in some sensitive investments [see ref 6] 
Moreover, various R&D and engineering programs as support to LTO, such as studies of materials 
properties, NDT evaluation, assessment of operational modifications are currently developed in 
collaboration with CEA, EPRI, IAEA … 
 
This LTO process is illustrated below by some typical examples taken in the Nuclear Island as well as 
in the Conventional Island (see Fig.4). 
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Electrical Switchboards : Replacement of  
HV and LV circuit breakers  

Screening Drums : Replacement of shafts 
case by case

Main Feedwater Pumps : Replacement of 
sensible parts

Heaters & Superheaters : Replacement
Main generators : rotor renovation and stator 
rewinding.
Etc..

:

Nuclear Island Conventional Island

Steam generators with Inconel 600 tubes
RPV Internals : Replacement of some parts of 
the upper  and lower internals

Auxiliary Heat Exchangers : Replacement of 
some equipment
RCS Cast Pipes : Replacement of  some 
elbows
Inconel Parts : Replacement of some sections 
(RV Head replaced)
NB Polar Crane : Renovation of I&C 

Cables : Replacement of some specific cables 
(NIS, FLRCS)

Qualification : Replacement of accessories of 
K1 classified valves
Fatigue monitoring : Installation
Snubbers : Refurbishment

etc…

FIG. 4 : Some examples of replaceable components and corresponding LTO strategy 

 

o Reactor Vessel Internals (RVI) 
 
The case of RVI is a specific case of replaceable components in the Nuclear Island because RVI are 
neither submitted to French regulation on main and secondary systems nor to regulation on pressurized 
equipment. 
As the various components may be affected by so many aging mechanisms, a single EOL criteria is 
not likely to be defined. The major aging degradations are linked with irradiation effects such as 
embrittlement, swelling and IASCC, but other mechanisms such as wear or fatigue may affect active 
components. 
 
Taking into account these aging phenomena, a lifetime extension up to 60 Y is not yet completely 
justified for all the components. As a consequence, an exceptional maintenance program is being 
analyzed to decide the optimised strategy to be chosen between two alternatives ;  
 
- Replacement of some components : screws, pins, guide tubes…  
- Partial or complete replacement (upper and/or lower internals)2  
 
As a support, several R&D program and actions are being performed : 
 
- Knowledge improvement of aging mechanisms : swelling, wear, IASCC 
- Decision–making tools and methods to evaluate scenarios of repair or replacement [7];  
 
The results of these R &D programs will enable to choose the best LTO strategy in the next future. 
 
 
 

                                                           
2
 International feedback : Replacement of upper and lower internals in 4 plants in Japan.   
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o Main generators  
 

Among the numerous components to be replaced in the Conventional Island, the main generators are a 
good example of heavy refurbishment [6].  
Current maintenance activities are performed on generators in order to monitor in service behaviour of 
each component : insulation measurements, humidity measurements, end winding vibration 
monitoring, lamination isolation tests, core tightness tests. Repair methods used to cope with some 
damages, such as stator bar replacement, water box laser repair, chemical flushing… but more 
important maintenance appeared to be necessary in the frame of lifetime extension program, the 
prognosis of EOL being lower than 40Y. 
 
Depending on monitoring results, repair history and health check-up on each generator, generator 
stators are classified in different groups (group A : good stator, group B : slightly degraded stator, 
group C : highly degraded stator). Based on this classification, an exceptional maintenance program 
has been defined which consists of stator rewinding or replacement, priority being given to the most 
degraded stators, in order to prevent unplanned forced outages, as well as rotor rewinding. 
 
On 900 MWe units, such an Exceptional Maintenance has been planned on 22 generator stators over 
the next 10 years. This program is updated every year, according to the monitoring/inspection results 
and health check-up conclusions. 
 

6. Licensing context  
 
In parallel to the analysis of Fukushima accident consequences, the first meeting of the Advisory 
Committee for Reactor Safety (ACRS) on EDF LTO program took place on 18-19 January 2012.  
The main trends of the LTO program were considered as satisfactory by the Committee but subject to 
some complementary studies, especially for RPV and containment, that will be analyzed in dedicated 
meetings [8]. 
Concerning aging and obsolescence management aspects, the Committee considered the EDF 
procedure as applicable in a lifetime extension perspective.  
 
Three requirements were added, as follows : 
- To complete and improve the EOL criteria definition for the most sensitive components, 

taking into account the results of R&D program in support, 
- According to the operating feedback on Alloy 600 BMI, to implement a systematic NDE of all 

the BMI and develop a definitive repair process, 
- To extend the NDE program to some areas likely to be sensitive to aging. 
 
Moreover and after several exchange meetings with ASN, EDF has decided to launch and/or to 
complete actions on some specific areas such as : 
 
- Knowledge assessment on materials characteristics and aging mechanisms : dissimilar welds, 

nickel alloys, austenitic welds.. 
- Fatigue analysis code and methods taking into account environmental effect, 
- On-going qualification in accidental conditions up to 60Y based notably on on-site samplings 

(e.g. electrical cables and instrumentation),  
- Buried pipes in collaboration with EPRI (BP works) 
- NDE methods (e.g. numerical radiography.) 

 
All these actions aim at reinforcing LTO strategy. 
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7. Conclusion and perspectives  

 

A lifetime extension up to 60 years should be reasonably achieved for the French Nuclear fleet, owing 
to the compliance with additional safety and environmental requirements, an adequate LTO strategy 
including an exceptional maintenance program periodically updated and a LTO Support Program 
(R&D) consisting of aging knowledge improvement and decision–making tools and methods.  

A specific effort has to be focused on the two main non replaceable components (RPV and 
containment building) to get complementary margins.  

Generally speaking, EDF will carry out an important investment program over a 20-year period to 
allow lifetime extension of the French Nuclear fleet.  
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