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The French Nuclear Safety Authority (ASN) is organising an international symposium on regulatory aspects of 
ageing issues for nuclear pressure equipment.  
The ageing of nuclear pressure equipment is an issue of growing importance for nuclear regulators and material experts 
from around the world as age-related degradation of major pressure-retaining components challenges the remaining 
operating life of nuclear power plants. International dialogue on these matters is crucial to the sharing of technical 
information and operational experience. This symposium aims at providing a forum for technical exchange among the 
staffs responsible for nuclear pressure equipment within the safety authorities and the associated expertise 
organisations. 

 
 

 
 

18h00  RECEPTION at the Town Hall, Hôtel de ville, “Salon de la Porte aux Lions” 
  Didier MARTIN / COMADI, Christophe QUINTIN /  DRIRE Bourgogne 
 

 
 
08h30 REGISTRATION  
 
09h15 OPENING  
  Sophie MOURLON / ASN, Michel NEUGNOT / Conseil régional, R. William BORCHARDT / NRC USA 
 
10h00 CONTROL AND SUPERVISION OF SAFETY OF NUCLEAR PRESSURE EQUIPMENT PLENARY SESSION #1.1 
   ASN PANEL : Alain SCHMITT, Sophie MOURLON, Laurent FOUCHER 
  
    10h00  POSITION OF THE FRENCH NUCLEAR SAFETY AUTHORITY (ASN / FRANCE)  
   Sophie MOURLON / ASN France 
 

    10h30    REGULATORY PRACTICES OVER THE WORLD 
   Susanne SCHULZ / HSK Switzerland, Karen GOTT / SKI Sweden, Jose Maria FIGUERAS / CSN Spain 
 
11h30  BREAK 
 
11h45  CONTROL AND SUPERVISION OF SAFETY OF NUCLEAR PRESSURE EQUIPMENT PLENARY SESSION #1.2 
     ASN PANEL : Alain SCHMITT, Sophie MOURLON, Laurent FOUCHER 
  
     11h45   REGULATORY PRACTICES OVER THE WORLD 
  Katsuji MAEDA / NISA Japan, Frank MICHEL / GRS Germany, Edmund SULLIVAN / NRC USA 
 
12h45  CONCLUSION  
  Alain SCHMITT / ASN France 
 
13h00  LUNCH 
 
14h30  ROLE OF INTERNATIONAL ORGANISATIONS PLENARY SESSION # 2 
     Takeyuki INAGAKI / IAEA, Eric MATHET / OECD / NEA 
 
15h15  AGEING ISSUES  WORKSHOPS 
  

  Theme 1 :  OPERATION AND EQUIPMENT 
   Pressure vessels / Steam generators  
      Nigel TAYLOR / JRC European C°, Karel BOHM / SUJB Czech Rep., 
      Ray NICHOLSON / HSE UK, Edmund SULLIVAN / NRC USA 
      Presenters : Matthieu SCHULER, Laurent STREIBIG 
 
  Theme 2 :  BEHAVIOUR OF MATERIALS 
                   Embrittlement / Nickel base alloys 

  Edmund SULLIVAN / NRC USA, Sophie MOURLON / ASN France,  
  Guy ROUSSEL / AVN Belgium, Luigi  DEBARBERIS / JRC European C° 
  Presenters : Sophie MOURLON, Dominique ARNAUD 
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  Theme 3 :  FATIGUE DEGRADATIONS 
    Vibratory fatigue / thermal fatigue 
   Shigeki SUZUKI / Mistubishi Japan, Stéphane CHAPULIOT / CEA France 
   Presenters : Laurent FOUCHER, Rachel VAUCHER 
 

 Theme 4 :  CONTRIBUTIONS OF RESEARCH & DEVELOPMENT 
                    Anticipating ageing at design stage / materials 

  Yves MEYZAUD / Framatome France, André PINEAU / ENSMP France, Klaus KERKHOF / MPA Germany, 
  Torill KARLSEN / HRP Norway, Masakuni KOYAMA / JNES Japan 

  Presenters : Laurent MOCHE, Pascal MUTIN 
 

17h30  PREPARATION OF PLENARY SESSION # 4 BY THE PRESENTERS 
 
19h00  WINE TASTING AND OFFICIAL DINNER / CAVES PATRIARCHE - BEAUNE 
   Bus transport from and to Dijon. 
 

 
 

09h00   IN-SERVICE INSPECTION: OBJECTIVES, METHODS AND STRATEGIES PLENARY SESSION # 3 
             EVOLUTION OF METHODS / QUALIFICATION OF METHODS / SURVEILLANCE STRATEGIES   
     President : Rémi GUILLET / Commission centrale des appareils à pression (CCAP) France 
 Gérard CATTIAUX / IRSN France, Yves LAPOSTOLLE / ASN France, Jean SALIN / EDF France,  
 Colin MOSES / CCSN Canada, Wallace NORRIS / NRC USA  
 
11h15 BREAK 
 

11h30  POINT OF VIEW OF UTILITIES 
 Ulrich WILKE / EON Germany, Claude FAIDY / EDF France,  

 Georges BEZDIKIAN / IAEA  
 
12h30  LUNCH 
 

14h00  TECHNICAL SUMMARY AND CONCLUSIONS OF THE WORKSHOPS PLENARY SESSION # 4 
 President : Sophie MOURLON / ASN 
 Presenters of the workshops 
 

15h30  AGEING ISSUES IN NON-NUCLEAR INDUSTRIAL FIELDS      
President : Rémi GUILLET / CCAP    
Christian CREMONA / Laboratoire des Ponts et chaussées (LCPC) France,  
Jean-Marc JAEGER / Setec Tpi, France 

 
16h30  BREAK 
 

16h45  CONCLUDING ROUND TABLE 
 President : André-Claude LACOSTE / ASN 
     Rémi GUILLET / CCAP France, Sophie MOURLON / ASN, Ken BROCKMAN / IAEA 
     R. William BORCHARDT / NRC USA, Philippe JAMET / IRSN France 
 
18h00 CLOSURE 

Louis de BROISSIA / Conseil Général 21 
André-Claude LACOSTE / ASN 

 

 
 
08h00 LEAVING DIJON (BUS) 
 
09h30  VISIT OF FRAMATOME SAINT MARCEL PLANT (CHALON SUR SAONE)  
   THE MANUFACTURING OF LARGE NUCLEAR COMPONENTS 
  
15h00 BACK TO DIJON 
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The French safety authority’s views
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Author : David EMOND, head of sub-directorate « Nuclear pressure equipment » (BCCN),
Directorate general for nuclear safety and radiation protection

1. Introduction: ageing issues

As every human construction, nuclear power plants are subject to ageing phenomena, which
are very similar to those existing in industrial facilities.

First, ageing can affect components through different phenomena, like gradual degradation of
mechanical properties due to environmental conditions (thermal ageing, irradiation-induced
embrittlement). Ageing can also result from corrosion (stress corrosion, erosion corrosion) or
fatigue (mechanical or thermal).

But ageing does not only affect materials. The ageing of organisations also has to be
addressed. Thus, operating teams must be renewed regularly. But engineering teams as well in
the power plants as in their technical supports are also concerned. In France, most of the
power plants were built in the eighties. Many of the engineers hired at that time will retire at
about the same time. The management of the age distribution in the teams challenges the
durability of skills and know-how.

These skills also rely on subcontractors: their going out of business can impair the ability to
repair or replace important components. This phenomenon may happen for electronic
components but also for mechanical components.

Thus ageing phenomena in nuclear power plants question their lifetime, which is necessarily
finite.
In this paper, we will address the regulatory views on lifetime and ageing issues.

2. Plant lifetime from a regulatory point of view

French regulations on nuclear power plants do not define any lifetime or introduce any
lifetime in the licensing process. Of course, a projected lifetime is taken into account for the
design of the plant, but it has nothing to do with any regulatory lifetime. From the French
point of view, a plant can be operated as long as safety is guaranteed. Such an approach
requires periodic checking that the level of safety is adequate.
That is why French regulations give the power to the safety authority to ask for a
comprehensive review of the safety of the plant, at any time.
Practically, such a review is required every ten years and is called periodic safety review
(PSR).



This PSR aims at checking that safety requirements are still met. It also provides the
opportunity to implement improvements in the safety demonstration, for instance to take into
account experience feedback.
The contents of the PSR are discussed with the safety authority and must obtain its approval.
Soon, the oldest reactors in operation in France will be 30 years old: PSRs will start from
2009 on. This step is very important because ageing phenomena will have to be evaluated in
order to decide if the plant may operate for ten more years. In 2001, the French safety
authority required from the utility EDF to be presented, for each reactor reaching 30 years of
operation, an analysis of the condition of the plan with respect to  ageing phenomena and a
demonstration that safety conditions are adequate for plant operation to proceed. EDF started
to prepare these files which are called “Dossier d’aptitude à la poursuite de l’exploitation”
(DAPE – Operation continuation aptitude file). On the basis of these files, at the end of the 30
year-outage of each reactor, the safety authority intends to take a position on the possibility to
carry on with operating the reactor.

3. Ageing of components of main primary and secondary systems

The ageing of the components of the main primary system (MPS) and main secondary
systems (MSS) will play a major role in the assessment of the possibility to operate the
reactors beyond 30 years.
Therefore, to be consistent with the defence in-depth approach, the safety authority requests
the utility to take ageing into account at every stage, from design to operation.

At the design stage, materials must be chosen regarding their behaviour in operation. The
mechanical properties to be considered must be the properties at the end of plant life, taking
into account the relevant ageing phenomena (thermal ageing, irradiation-induced
embrittlement). Fatigue must be prevented through design measures (e.g. limitation of stress
concentration and reduction of vibration phenomena). Moreover, in-service inspection of each
component must be favoured through design measures in order to allow NDE to be performed
with acceptable radiological conditions.

In operation, the parameters which have an influence on the ageing phenomena must be
monitored (temperature, pressure, chemical elements content). The prevention of fatigue
requires dedicated monitoring measures consisting in transient book keeping in order to check
that the usage factor stays inferior to 1.
The order of November 10th,1999 requests the utility to define, for each degradation mode,
“ageing surveillance programmes” and to submit these to the safety authority. These
programmes must be revised as often as necessary, especially to take into account the
experience feedback, and at least every ten years.
In-service inspection (ISI) performed during outages is a key moment to check the state of the
components. ISI aims at detecting flaws before they could lead to a leak: indeed, the integrity
of the MPS and MSS is essential to the safety of the plant. In this framework, the definition of
in-service inspection programmes must be based on a thorough analysis of the degradations
that may occur and of the areas where they could appear. When a control is planned, its goal
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(kind, size, orientation, location of the flaw) and its frequency must be defined adequately.
Moreover, the NDE method must be adapted to the flaw that is looked for and this must be
assessed through a performance demonstration process called “qualification”.
Nonetheless, a programme elaborated through this process is not sufficient. Experience shows
that, despite how clever engineers may be, some phenomena cannot be predicted. That is why
the safety authority requests the utility to add some sample checks to in-service inspection
programmes. Every ten years, the MPS and MSS are submitted to a comprehensive visit,
including sample checks, and to a hydraulic test. This test is very meaningful because it
allows to test all areas of the circuits. It has proved useful in 1991 when a hydraulic test
showed the presence of stress corrosion cracks on a vessel head.
This explains why the safety authority is rather reluctant towards the risk-informed approach,
especially when it is used alone.

Good design, good manufacturing and good surveillance during operation are not sufficient.
Repair or replacement techniques must be prepared in order to act if a degradation should
occur. The French nuclear fleet is made of similar reactors built approximately at the same
time: a degradation would likely affect many reactors, leading to a tremendous need for repair
or replacement. France experienced this situation in 1991 when stress corrosion cracking was
detected on many vessel heads. Since then, the safety authority has required the utility to
prepare for different repair or replacement operations in order to be ready if necessary. This
implies to prepare for the technical skills but also to check the availability of subcontractors.
Some components are said not to be replaceable: the vessel head and the reactor containment.
Therefore, the quality of design, manufacturing and operation must be higher than for other
components and this quality must be checked in a more exacting way.

4. Conclusion

Design and manufacturing must lead to a reduction of ageing phenomena. But, in many cases,
these phenomena cannot be totally prevented. Therefore, in-service inspection programmes
must be performed in order to check periodically the condition of the components. These
programmes rely on scientific analyses but sample checks also have to be implemented within
a defence in-depth approach. The programmes aim at detecting flaws early enough to avoid
leaks. Repair and replacement operations must be prepared and performed when necessary.

The oldest French plants will soon be 30 years old. A comprehensive review of the condition
of each reactor will be conducted, especially regarding their behaviour towards ageing
phenomena. After each review, the safety authority will authorise further operation of the
reactor: in this framework, the French safety authority is convinced that international
experience feedback is essential and believes it is important to share experience with other
countries about the different ageing phenomena.
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Swiss Federal Nuclear Safety Inspectorate's Guideline for Ageing
Surveillance of Mechanical and Electrical Equipment and Civil
Structures in Nuclear Installations

S. F. Schulz, Swiss Federal Nuclear Safety Inspectorate (HSK), CH- 5232 Villigen-HSK,

Switzerland; E-mail: Susanne.Schulz@hsk.ch

Abstract

In Switzerland four nuclear power plants (NPPs) with five reactors are in commercial

operation. Additionally there are a few research facilities as well as installations for treatment

and interim storage of radioactive waste. The oldest NPP reactor Beznau 1 is in operation

since 1969, Beznau 2 since 1971, and Mühleberg since 1972. All NPPs have accumulated

well above 150'000 hours, some even over 250'000 hours on the grid. For that reason ageing

surveillance is of major importance to the Swiss nuclear regulator.

HSK has required, since 1991, that for each NPP there is a comprehensive ageing surveillance

programme (ASP) in place. It covers the aspects of material degradation in the areas of

mechanical and electrical systems and components as well as civil structures. HSK has

recently issued a guideline "Ageing Surveillance of Mechanical and Electrical Equipment and

Civil Structures in Nuclear Installations" (HSK-R-51/d, November 2004) that addresses the

basic requirements of ageing surveillance and organizes the regulatory aspects of the ageing

surveillance programmes and the corresponding documents. This guideline is mainly written

for the operating commercial nuclear power plants but shall also be applied for other nuclear

installations with modified requirements.

One of the main tasks of ageing surveillance is to identify ageing mechanisms that have the

potential to cause damage in structures, systems, and components and thus to influence the

safe operation of the plant or installation. The existing measures to determine the state of a

structure or a component (e. g. in-service inspection programmes, maintenance, monitoring

and testing) have to be evaluated with respect to their effectiveness to detect ageing

mechanisms that act on the component. It has to be determined if additional measures have to

be set up in order to detect and monitor ageing or even to counteract ageing degradation.

Pressure retaining components of the primary coolant system have to be treated in full extent,

as well as the primary containment and the essential parts of the safety systems, where the

selection is supported by the results of probabilistic safety assessment (PSA). The information

on possible ageing mechanisms on all potentially affected positions in a system has to be used

to complete in-service inspection, maintenance and testing programmes and to choose NDT

testing positions. The Swiss regulation on in-service inspections of mechanical components

NE-14 requires the qualification of NDT systems. Test blocks in qualification procedures

shall contain representative defects that are designed on the basis of ASP information.



Chemistry control of the reactor water and transient book keeping are other key issues in the

ASPs of the primary coolant system and last but not least an effective leakage monitoring

system to prevent an external attack to the pressure boundaries. These programmes are well

established in the Swiss nuclear installations.

Introduction

In Switzerland nearly 40% of electric power is produced by nuclear power plants (NPPs). The

characteristics of the Swiss NPPs are given in Table 1. The question of ageing of systems,

structures and components (SSCs) in Swiss NPPs was already addressed by HSK in 1991,

after some unexpected damage due to material degradation had occurred. This raised the

question whether ageing phenomena could seriously challenge the safe operation of NPPs

even before the end of design life had been reached. Furthermore, the question arose if it

would be possible to continue safe operation after the nominal design life of the plant. For this

reason, HSK has required, since 1991, that for each NPP there is a comprehensive ageing

surveillance programme (ASP) in place. In response to this HSK requirement, the Group of

Swiss Nuclear Power Plant Operators (GSKL) established a Swiss utility working group for

ageing management, and worked out a basic programme and guidelines for the ASPs [2]. The

basic programme from GSKL, approved by HSK, describes the principal steps of an ASP.

Table 1: Characteristics of Swiss Pressurised Water (PWR) and Boiling Water (BWR) NPPs.

Status at the end of 2004.

Name Type Manufacturer Net

Capacity

(MWe)

Commercial

Operation

since

Accumulated

operating hours

Beznau-1 PWR

(2-Loop)

Westinghouse 365 1969 260267

Beznau-2 PWR

(2-Loop)

Westinghouse 365 1971 255926

Mühleberg BWR General Electric 355 1972 255742

Gösgen PWR

(3-Loop)

Siemens KWU 970 1979 202029

Leibstadt BWR-6 General Electric 1145 1984 156546

The new Federal Order to the Nuclear Energy Act that came into force in February 2005

requires ageing surveillance for nuclear installations. HSK has recently issued the guideline

"Ageing Surveillance of Mechanical and Electrical Equipment and Civil Structures in Nuclear

Installations" (HSK-R-51/d, November 2004) [1] that addresses the basic requirements of

ageing surveillance and organizes the regulatory aspects of the ageing surveillance

programmes and the corresponding documents. This guideline has to be applied to the Swiss

NPPs which range among the first and second generation of NPPs (Fig. 1). The fulfilment of
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the requirements stated in the guideline is an important prerequisite for all NPPs to continue

operation up to 50 or 60 years as it is envisioned by the Swiss NPP operators.

Figure 1: Number of reactors by age in years according to IAEA statistics.

Recent ageing issues in Swiss NPPs

Core shroud cracking is observed since 1990 in the NPP Mühleberg. Since 2000 the internals

are treated with noble metal chemical addition (NobleChem
TM

) and hydrogen water

chemistry. So far no effect on the crack growth rate in the core shroud could be shown and the

effect on crack initiation is not conclusive. The operator plans to use a modified way of

application (On-line NobleChem
TM

), which is expected to show a better effect on the crack

growth of the existing cracks. The monitoring of core shroud cracking will be an open issue

of ageing surveillance for HSK in the future.

Alloy 600 penetrations of reactor pressure vessels (RPV) are inspected in Swiss NPPs since

about 1992 by volumetric NDT methods such as ET and UT. No cracks have been found until

today. The reassessment of SCC susceptibility of reactor vessel head penetrations in the

course of the ASP in NPP Beznau 1 and 2 now leads to an enhanced ISI programme that

includes ET/UT examinations as well as bare vessel head visual inspections with inspection

intervals of four years. Bottom head insulations in both blocks are modified to grant better

accessibility of the bottom head penetrations.

Beznau 1

Beznau 2

Mühleberg

Gösgen

Leibstadt
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Several steel containment structures show corrosion resulting from reactor pool or other

temporary leakages. The corrosion appears mostly in inaccessible areas between concrete

structures and the steel containment. The results obtained by special ASP inspections show

that wall thickness still meets the design criteria in all NPPs. Future efforts in ageing

surveillance are directed to monitor the state of corrosion and to reduce and stop the leakages

or to mitigate corrosion by other means.

In 2003 cracks were found in the safe end and reducer of the RPV nozzle of the CRD return

line of the NPP Mühleberg. The thermal sleeve which protects the nozzle showed heavy

cracking but was still in place. The damage mechanism was identified as thermal fatigue

(stratification) due to primary water of 40°C being injected though the nozzle during power

operation. This mechanism was underestimated by the plant specific ASP because wrong

values of flow were used in the calculation of the temperature distribution for the nozzle. The

safe end and reducer were repaired by temporary overlay welding and the nozzle will be

closed and capped in 2005. The system flow has been rerouted through the CRD-system since

2004.

Definitions and service life of NPP equipment

The HSK guideline [1] gives the following definitions in relation to ageing

- Ageing: Cumulative, time-dependent change in physical and/or chemical properties of

nuclear equipment that has been caused by one or more ageing mechanisms.

- Ageing Surveillance: All time effective measures of timely recognition, evaluation

and mitigation of the state of ageing of nuclear equipment.

- Ageing Surveillance Programme (ASP): Systematic procedure to check the influence

of ageing on NPP installations, to evaluate the state of ageing and to check existing

measures of ageing surveillance with respect to completeness and efficiency. It aims at

the recognition of deficiencies in ageing surveillance and at measures to close these

gaps.
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Figure 2: Service life of systems, structures, and components (SSC) from design state to the

limits of Technical Specifications (TS).

Ageing surveillance has to take into account that ageing of equipment may be influenced by

undiscovered flaws from fabrication, by single damaging events or by the interaction of

several ageing mechanisms (Fig.2). The driving force of ageing may come from operating

conditions and media as well as from the environment.

Thus the Swiss ageing surveillance guideline concentrates on the aspects of ageing of

materials and devices and the consequences thereof. Other aspects of ageing may be technical

obsolescence, ageing of documentation, or personnel ageing. These aspects are not within the

scope of the guideline [1], but are treated in other areas of HSK activities, e. g. in the

assessments of periodic safety reviews (PSR).

Requirements for ageing surveillance

HSK requires the ASP to cover the following tasks [1, 2]:

- Identification of ageing mechanisms based on the knowledge of ageing degradation

from international experience in NPPs.

- Identification of those parts of the plant that are affected by ageing. The scope has to

include all safety relevant systems, structures and components (SSCs), i. e. classified

and in special cases, also unclassified SSCs, if necessary. HSK considers probabilistic

risk assessments (PRA) / probabilistic safety assessment (PSA) applications to be a

tool to identify components of special importance to safety.
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- Inventory and check for completeness of the existing ageing surveillance (in-service

inspection, testing and maintenance programmes).

- Evaluation of inspection methods and techniques with respect to effectiveness for the

detection of ageing phenomena.

- List of further actions necessary for the surveillance and assessment of ageing

phenomena.

The results have to be summarized in catalogues of ageing mechanisms and plant specific

ASP documents on SSCs. ASPs are carried out in the field of civil engineering, electrical

engineering and mechanical engineering. The NPPs have also to provide interface documents

that describe the treatment of components which belong to more than one of these fields.

Civil engineering

The ageing surveillance of civil structures addresses the following materials:

- Concrete and Reinforced Concrete

- Iron and Steel, Reinforced Steel, Tensioning Steels

- Anchors

- Fire Bulkheads

- Joint Tapes, Seals

- Paints and Coatings

An inspection plan is set up for all important civil structures on the basis of a 10-year

inspection interval. It starts with a basic or main inspection, continues with intermediate

inspections after 5 years and if necessary with special inspections like examination and testing

of concrete samples. The main types of inspections used in civil engineering are visual

inspections.

Electrical engineering

The ageing surveillance of electric equipment address ageing mechanisms of about 30 types

of both active and passive electrical components. The ASP has a strong relation to ongoing

qualification programmes, where pre-aged samples of electrical components are tested for

fitness to operate under normal and upset conditions. The ageing of cables is monitored by

samples that are placed at locations with high radiation levels and high temperatures in the

NPP. Regular testing of the samples reveals if the mechanical properties (e. g. elasticity) of

the insulation of the cables still fulfil requirements.
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Mechanical engineering

Ageing surveillance of mechanical equipment is strongly related to the maintenance

programmes that are in place since the beginning of operation in all Swiss NPPs. A selection

has to be made for ASP documentation in detail. The following mechanical equipment has to

be included in the ASP documentation:

- all components of the pressure retaining boundary of the primary coolant system

(safety class 1)

- Reactor pressure vessel internals (safety class 2 and 4)

- all components of the of the primary containment system (safety class 2)

- essential parts of safety systems that are required in the case of safety function demand

(safety class 2 and 3)

- components of safety systems where the susceptibility to ageing damage has to be

evaluated in order to fulfil the requirements of the regulation NE-14 [3]

- risk relevant components irrespective of safety class where the selection is based on

results of probabilistic safety assessment (PSA)

- other components which are important for reasons like operation and radiation

protection and which are selected by an expert panel of the NPP

Mechanical engineering mostly deals with metallic components. To a minor extent,

elastomers and other materials are involved. Materials like seals and hydraulic oils, which are

exchanged in regular intervals during preventive maintenance work, are supposed to be under

sufficient ageing surveillance and are not addressed in detail. The GSKL-ageing catalogue

lists a number of ageing mechanisms of several types of corrosion, fatigue, embrittlement and

mechanical effects like erosion or deformation. In addition to those ageing mechanisms

generally applicable to the materials present, and known on a global NPP experience basis,

component-specific ageing mechanisms are also included. For example, a mechanism defined

as "Loss of function", is applicable for active components which can fail due to the

accumulation of deposits (e. g. crud, loose parts). International experience with cases of

damage due to ageing is evaluated periodically by both HSK and the Swiss plant operators.

The gathered generic knowledge has to be applied to the plant specific situation (Fig. 3). The

ASP results have to be listed in a detailed ASP documentation where each position of a

system or component which is susceptible to ageing can be identified. Supplementary actions

are initiated in cases where ageing mechanisms are relevant, but no ISI or other suitable

surveillance methods are in place.
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Figure 3: Evaluation of ageing susceptibility of mechanical components. Example of the

summary of the results in the ASP documentation.

The ASP-results can be used for improvements in NDE and maintenance programmes in

order to focus on the sites where ageing seems more likely than on others. The full

documentation of the evaluation gives access to historical data of the system or component

which is useful to the interpretation of findings. Besides NDE other measures in ageing

surveillance may contribute to the actual knowledge of the state of a component.

Important elements of ageing surveillance of mechanical equipment are:

- maintenance programmes

- testing programmes according to technical specifications

- operational surveillance and walk downs

- in-service inspection (non-destructive examination, NDE) programmes according to

the Swiss regulation NE-14 [3]

- transient bookkeeping for fatigue monitoring

- testing of surveillance samples for the assessment of neutron embrittlement of reactor

pressure vessel steel

- control and surveillance of water chemistry

- various types of global condition monitoring, such as leakage detection
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Possible additional activities are:

- instrumentation and temperature recordings in places where thermal fatigue may be

relevant

- recalculation of fatigue usage factors based on measured transient data

- wall thickness measurement programmes in places where erosion-corrosion may be

relevant

- enhanced or modified non-destructive testing programmes

- examination of material samples and other ageing studies

Supervision of ageing surveillance programmes

HSK reviews the ASP documents which are provided by the NPPs or by the Group of Swiss

Nuclear Power Plant Operators (GSKL). HSK encourages the operators to work together in

treating the NPP independent aspects of ageing. The HSK review is not only based on the

plant specific ASP documents but also on the study of periodic reports, Inspections walk

downs and periodic meetings of HSK and NPP specialists.

Application of the results of the ageing surveillance programme

for mechanical equipment

In general all results of ageing surveillance have to be evaluated in the periodic safety reviews

(PSR) that the NPPs have to undergo every 10 years or for purposes like power uprates or

other licensing decisions. In the case of mechanical equipment there are the following special

applications in the area of in service inspections.

Qualification of NDT Systems

The Swiss regulation for in-service inspections of mechanical components NE-14 [3] requires

that non destructive testing-systems and -procedures (NDT) have to be qualified. Today

qualification procedures are generally carried out in conformity with the "Common Position

of European Regulators on Qualification of NDT Systems for Pre- and In-Service Inspection

of Light Water Reactor Components" [4].

The needs for qualification are determined from the regulation as well as from the results of

the ASP for mechanical components. The qualification procedure itself requires the definition

of flaws which have to be detected and characterised by the NDT-system. Size, shape, and

orientation of the flaws are input parameters for the design of test blocks for verification and

blind tests under realistic testing conditions.

The ASP results identify the most relevant ageing mechanisms. From this the types of flaws

are determined that should be used in the qualification procedure. From historic data of the

component and from the documented evaluation of maintenance experience it can be seen if
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flaws have already been found or if manufacturing flaws that are left in place might play a

role in ageing considerations. Fracture mechanics and additional data on the growth rate of

flaws lead to flaw sizes that must be found in order to make sure that the flaw can not grow to

critical sizes within the next testing interval. Since real findings of flaws caused by ageing are

rare, test blocks with simulated ageing damage are vital in the training of personnel.

ISI-Programmes

The current Swiss regulation NE-14 for in service inspections [3] requires a basic programme

for the nuclear pressure retaining equipment, but also makes use of the knowledge of ageing

mechanisms in the area of equipment of safety systems (safety class 2 and 3). It provides a

limited inclusion of risk considerations for safety systems of safety class 2, based on

engineering judgement. Depending on a damage index S and a consequence index K the

testing category of a component is defined according to table 2.

Damage index S:

I: operating conditions of the system may lead to cracks or wall thinning

II: system is in continuous or nearly continuous operation, but no damage 

mechanism is expected

III: system is not in operation most of the time, and no damage mechanism is 

expected.

Consequence index K (consequences of component failure):

A: substantial deterioration of safety functions

B: minor deterioration of safety functions

Table 2: Testing categories of the pressure retaining components of safety class 2 systems

S (damage index)K (index of

consequences) I II III

A high high low

B high low low

Testing category "high" requires ISI programmes with volumetric NDE methods, testing

category "low" consists mainly of ISI programmes with visual testing and walk downs.

Future applications

In Switzerland risk informed ISI (RI ISI) is studied in pilot projects for the purpose of

possible applications in the future. The Swiss ASP provides access to data on the relevant
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ageing mechanisms, on material data and on the history of the component in many respects

(construction, testing, maintenance, and operation). These data have to be included in the

application of the chosen procedure. If there are different views in the relevance of ageing

mechanisms between the statements of the vendor's method and the statements of the ASP

these differences have to be analysed and the application procedure has to be adjusted

accordingly. The principal steps of a possible RI-ISI application are illustrated in Fig. 4.

Figure 4: Role of ASP results in the application of RI-ISI methods (pilot studies).

Conclusions

Although the elaboration of the ASPs in Swiss NPPs was time consuming and bound a lot of

resources, especially in the beginning, the effort pays back in many respects. Systematic

procedures are established in order to determine the current state of ageing of all important

parts of the Swiss NPPs and to support the planning of maintenance and ISI-programmes for

mechanical and electrical components and for civil structures. Data needs for PSRs, for the

qualification of NDT-systems and for the development of RI ISI applications are satisfied.

Although the ASP focuses on material ageing there are useful side effects that address other

ageing phenomena. Historical information is made available from the archives (document

ageing), young personnel learns about the history and operating experience of old components

and systems that are still in use (personnel ageing). The ASPs are an asset for the safe

operation and for plant life management in the future.
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ABSTRACT

Until the late 1990’s the political situation in Sweden was such that long-term ageing

management was not a regulatory concern. All Swedish nuclear power plants were to be shut

down by 2010. In the most recent SKI (Swedish Nuclear Power Inspectorate) regulations

which came into effect 2005-01-01 the utilities are required to submit an ageing management

programme to SKI by 2005-12-31. Currently SKI is drawing up guidelines in preparation for

the assessment of these programmes. One of the aspects which will be considered in forming

the guidelines is the approach taken in other countries. Another of the central considerations

will be the potential degradation mechanisms for different systems ad components in

Swedish plants.

The nuclear power plants in Sweden are required to report all cracks to SKI. This rule applies

to all the systems covered by SKIs regulations concerning the structural integrity of

mechanical components. As a result SKI has over the years gathered extensive information

concerning the history of the various degradation mechanisms which have been observed in

Swedish plants. This information has been put into a database set up specifically for the

purpose, known as STRYK. The information in the base includes details of when and how

the cracks were detected, their dimensions and cause, as well as system and component

details. The database also has a comprehensive reference list of all the related documentation

associated with a crack or group of cracks. STRYK will be described and its use and

limitations illustrated.

STRYK will provide a central tool in evaluating potential degradation mechanisms to be

considered in the aging management programmes. With regard to the Swedish BWR fleet it

is comprehensive. However, the data on the secondary side of the PWR plants are not truly

representative of their degradation history because of the reporting practices in Sweden.

Another important source of information for degradation in plants is OPDE, the international

piping failure database established by OECD-NEA.



THE LEGAL BASIS FOR SWEDISH REGULATION

The nuclear power programme in Sweden comprises twelve reactors: nine Boiling Water

Reactors (BWR) designed and built by ASEA ATOM AB (later ABB Atom AB, and now

Westinghouse Electric AB) and three Westinghouse designed Pressurized Water Reactors

(PWR). There are four separate sites all situated on the coast, two on the west coast and two

on the east with between two and four reactors per site. The first reactor was commissioned

in 1972 and the most recent in 1985. Two BWR reactors have been closed for political

reasons.

The legal basis for the regulatory activities in Sweden is to be found in a number of different

types of documents: laws, governmental ordinances, annual government letters of

appropriation and specific government decision, including licensing decisions. Through

government ordinances and specific decisions the Swedish government delegates specified

parts of the legal authority to the Swedish Nuclear Power Inspectorate (SKI) and the Swedish

Institute for Radiation Protection (SSI). The key legal documents pertaining to nuclear safety

ate the Act on Nuclear Activities and the Ordinance on Nuclear Activities. The general tasks

for SKI and SSI are specified in separate Ordinances (instructions) and more recently in the

annual letters of appropriation. Radiation protection is regulated in a separate law, the

Radiation Protection Act.

The main law which regulates nuclear safety in Sweden is the Act on Nuclear Activities

(1984:3) which came into force in 1984 and was later amended in 1992 and 1994. This law

contains basic provisions on safety in connection with nuclear activities for the operation of

all nuclear installations as well as the handling of all nuclear materials and nuclear waste.

Nuclear activities are to be conducted in such a way as to meet the safety requirement s and

fulfil the obligations pursuant to Sweden’s agreements to prevent the proliferation of nuclear

weapons and the unauthorized dealing in nuclear material and nuclear waste in the form of

spent nuclear fuel. The safety of nuclear activities is to be maintained by taking those

measures required to:

• Prevent errors in, or defective functioning of, equipment, incorrect handling or

anything else that might result in a radiological accident;

• Prevent unlawful dealings with nuclear materials or nuclear waste.

A license is required for all nuclear activities granted either by the Swedish Government or

the authority appointed by the Government. The license may be revoked by the authority

appointed by the Government if the stipulated conditions have not been complied with in an

essential way; there are specific safety issues, severe misconduct on the part of the licensee,

or they have not fulfilled their obligations concerning research and development efforts. In

1997 the Law was amended to permit the Government to close a nuclear power plant for the

purposes of energy system conversion.

The holder of a license for nuclear activities has to ensure that all necessary measures are

taken to maintain the safety of the plant. This is a very general obligation and it is
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complemented with license conditions imposed when the license is issued, but additional

conditions can also be imposed as long as the license is valid.

A licensee shall, if required by the regulatory body, submit all the information and

documentation necessary to execute its supervision, provide access to the installation or site

for investigations and controls necessary for the supervision. The regulatory body has the

right to make all the necessary decisions concerning measures, conditions and prohibitions in

individual cases to ensure the implementation of the Act on Nuclear Activities.

Sweden considers it essential that the public have insight and information concerning nuclear

activities. Basic information is provided by the two regulatory authorities, SKI and SSI. In

municipalities with major nuclear power facilities it is particularly important that the

residents have easy access to qualified information and local liaison committees have been

established to meet this need. The plant must provide the committee with information and

relevant documentation. The committee is not supposed to impose requirements or to

prescribe other measures for implementation by the plant, this right rests exclusively with the

regulatory authorities.

The Ordinance on Nuclear Activities (1984:14) confirms SKI as the regulatory authority in

accordance with the law and permits SKI to issue licensing conditions and general

regulations on measures to maintain safety in matters concerning nuclear safety.

The safety case as the basis for licensing and nuclear supervision

For the currently operated Swedish nuclear power plants the original license to build, own

and operate each plant was granted by the Government based on an application early in the

reactor design process. Consequently the licensing decision was based on a general technical

description of the reactor. In each licensing decision the Government prescribed a number of

conditions to be fulfilled, on the recommendation of the regulatory body (SKI’s predecessor,

the Commission on Atomic Energy). These license conditions required that a preliminary

safety analysis report (PSAR) be submitted and approved by the regulatory authority before

starting major construction activities. A final safety analysis report (FSAR) and the technical

specifications for operation (STF) were to be submitted and approved prior to commencing

nuclear operation. These documents were written following the general guidelines issued by

the Swedish regulatory authority in which reference was made to the US NRC 01CFR50

documentation as it became available.

After approval the FSAR and STF became the legally binding documents regulating the

technical configuration of each reactor and its operating limits and conditions, often referred

to as “the safety case of the reactor”. This can be regarded as defining the minimum safety

level that a licensee is legally committed to maintain as a permit to operate the reactor. It also

provides the basis for the regulatory supervision. Changes in this basic documentation

require the approval of SKI on a case by case basis.
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Additional license conditions are prescribed by SKI based on national and international

operating experience and new research insights but also based upon new international

requirements. Such license conditions can be permanent or applicable for a limited time, for

example stricter in-service inspection requirements pending the replacement of damaged

components. They may also be specific to one reactor or apply to a group of reactors.

Although there a number of common features, the legal basis for the regulatory supervision

of the nuclear power plants is in fact based on individual sets of regulatory documents, one

set for each reactor.

The development of general regulations

Through an amendment to the Act o Nuclear Activities SKI was granted the authority to

issue general regulations from the beginning of 1993. The first regulations concerned the

structural integrity of nuclear components, SKIFS 1994:1. The general safety regulations,

SKIFS 1998:1 “Regulations concerning safety in certain nuclear facilities”, first came into

force on July 1
st
 1999. Both these regulations have been updated, SKIFS 2000:2 and SKIFS

2004:1 respectively. Based on operating experience, safety analysis, research and

development and updated international standards SKI has also issued general regulations on

design and construction that SKI believes are justified for the continued operation of Swedish

nuclear power plants after 2010, SKIFS 20004:2.

In the latest version of the “Regulations concerning safety in nuclear facilities”, SKIFS

2004:1 the requirement for an aging management programme has been introduced in Sweden

for the first time.

“From Chapter 5 § 3: …… Programmes for maintenance, surveillance testing

and control as well as for the management of ageing degradation shall exist. The

programmes shall be documented and shall be reviewed and updated in the light

of experience gained as well as the development in science and technology. ……”

With the accompanying general recommendations: “……The programme for the

management of ageing degradation and damage should comprise the

identification, monitoring, handling and documentation of all the ageing

mechanisms that can affect structures, systems and components as well as other

devices that are importance for safety. ……”

Programmes for ageing management had not previously been deemed necessary since all

nuclear power plants were to be shut down by 2010, but the situation today is very different

with utility plans for power uprates and extended life. All nuclear installations must submit

their programmes to SKI by the end of 2005 and preparations are under way to perform the

appropriate assessments thereafter.
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STRYK – A DATABASE OF STRUCTURAL COMPONENT DEGRADATION

According to the regulations governing the structural integrity of mechanical components

any degradation must be reported to SKI as any other deviation from the legal operating

basis. The exact wording of this requirement has varied over the years but has been in effect

in one form or another since early in the Swedish nuclear programme. The plant may not

restart after a shutdown if there remain serious doubts as to the cause of such degradation,

since the calculations of the remaining life or mitigating actions necessary depend upon the

specific degradation mechanism. It is normal practice in Sweden that damaged components

be replaced, if not immediately as soon as practical in a planned manner. In many cases the

removed components have been examined in considerable detail, and the results reported to

SKI. In recent years there has been an increased tendency to use such components in the

inspection qualification programmes and for training purposes. Thus over the years

considerable information has been submitted, and SKI has used this to establish a database of

all the cracks and other forms of degradation that have occurred in the mechanical

components in Swedish nuclear power plants during their operational lives.

The real work on this database was started in 1993 when the information was systematised

and recorded in an agreed form. The results of this inventory were then sent to the utilities for

control both of the entries themselves, and also to ensure that no defects had been omitted.

This control phase took nearly two years, and the results varied in quality from site to site.

The intention has always been to have as complete a database as possible and not only to

include the major systems and components but everything that is covered by the regulations.

Since this initial stage the database has been populated on a regular basis and errors corrected

and new entries added as information has been found in the various archives that a 30 year

old organisation has.

The electronic database is known as “STRYK”. In association with the electronic records

there is a system of files in which all the background references are stored, and which is part

of the official archives of SKI and includes cross references to the electronic database and

other official records. The main menu, see Figure 1a, comprises a number of pull down

menus, and also enables access to free text fields for more detailed information such as root

cause analysis, and references. An advanced search motor can be used directly in STRYK or

the electronic extracts from the database which are automatically generated regularly can be

used in the applications EXCEL and/or ACCESS.

Analysis of the information in STRYK can be carried out on several different levels.

Comparisons can be made between the different plants or between different systems in the

same plant. As with analysis of any database considerable care must be exercised when

comparisons are made, and conclusions should be limited to areas in which there is sufficient

information that results are not questionable. The knowledge that there are deficiencies in the

database have led SKI to be very restrictive in the release of STRYK for general use, both
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internally and within the nuclear community within Sweden and abroad. The reporting

systems which exist in Sweden have resulted in a comprehensive database, but one which is

biased in a number of respects. One example of this is the reporting of erosion-corrosion

degradation in auxiliary systems where the reporting rules have varied over the years, and

have also been interpreted differently by the plants and representatives of the third party

control organisation. The quality of the information for components in classes 1 and 2 is

considered to be high. The materials experts at the plants have made considerable efforts to

ensure both that all cracks and other degradation reports have been made available, and that

the content of these reports is sufficient for adequate information to be included in STRYK.

Figure 1: The main menu in STRYK

To date there are more than 1800 entries in STRYK covering more than 1350 different

events. An event is defined as all degradation in a given component at a given time (i.e.

information can be available for many separate cracks in one and the same event). It is

possible that information from several different inspections exists for a given event, and these

are included in STRYK in order to aid the studies of the development of degradation, and to

enable comparisons between laboratory and field data. If information is available concerning

more than one separate crack or area of degradation in a specific component at a specific

time, this is entered as a separate data post in order to enable analysis of for example
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inspection efficiency. The following examples will concentrate on damaged components

rather than separate cracks.

Examples of trend analyses made using STRYK

One of the most obvious plots which can be made is the number of events as a function of

time. This can either be calendar time, as shown in Figure 2a, or operational time, as shown

in Figure 2b.
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operational year

The difference in the shape of these two plots is in part explained by the varying age of the

plants. The highest number of events in 1987 after 18 years operation coincides with the

replacement of a large quantity of piping in the oldest two BWRs because of stress corrosion

cracking. Most of the cracks were in fact found after pipe removal in an extensive inspection

and metallographic study. In 1999 there is another peak due to stress corrosion cracking, this

time in vessel internals in the older BWRs. These cracks were first observed in 1999 because

of improvements in the inspection techniques, but they had formed much earlier. In the

STRYK database it is the date of detection which is entered since it is not possible to

extrapolate back in time to the date of crack initiation. No information about initiation times

can be obtained from the database. However by adding information from further inspection

after detection supporting evidence for degradation rates in the plants rather than the

laboratory can be obtained.

The detection methods are illustrated in Figure 3. From this it is evident that over 90 % of the

cracks and other forms of degradation have been captured in the in-serve inspection

programmes. This in turn means that a very small proportion of the cracks are through wall,

less than 10 %.
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Figure 3: Detection methods

It is also possible to see which degradation dominate in the Swedish plants, as shown in

Figure 4. This figure illustrates indirectly that a root cause analysis has been performed for

most of the events. In many cases boat samples have been taken and examined

metallographically. In other cases the damaged component itself has been examined after

being replaced.

IGSCC

Erosion Corrosion

Thermal fatigue

Vibrational fatigue

Corrosion

TGSCC

Other damage

mechanism

Not investigated

Figure 4: Most dominant degradation mechanisms in Swedish plants
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The systems which have had the largest numbers of cracks or other forms of degradation are

shown in Figure 5.

Feedwater

Main recirc

Pressure relief

Residual heat removal

Reactor water cleanup

Auxillary feedwater

Reactor vessel cleanup

Main steam line

Figure 5: Most affected systems in Swedish plants

There are a number of interesting differences between the Swedish plants as illustrated in

Figures 6 and 7. The frequency of erosion-corrosion varies considerably despite the fact that

there have been programmes in place since the plants were first taken into operation.

Erosion-corrosion also illustrates the differences in reporting policies from the various sites.

The three PWR units (Ringhals 2 – 4) have apparently a very low frequency of such damage.

This is at least in part due to their interpretation of the reporting requirements over the years.

The high frequency of the events in Forsmark 1 and 2 are the result of wet steam and this has

recently been remedied by replacing the steam separators. In Barsebäck 1 and 2 the

introduction of hydrogen water chemistry to mitigate stress corrosion cracking led to

increased erosion-corrosion. This was remedied by dosing oxygen to the affected systems.
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Figure 6: Incidences of erosion-corrosion in Swedish plants

Another interesting observation is that two basically identical plants, Forsmark 3 and

Oskarshamn 3 have very different statistics concerning vibration fatigue, as can be seen in

Figure 7. No explanation has been found for this.
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Figure 7: Incidences of vibration fatigue in Swedish plants

CONCLUDING REMARKS

The importance of gathering information concerning component degradation has been

accentuated by the needs of ageing management as well as the increased interest in

probabilistic safety analyses studies of plants. This has been recognised at the international

level through OECD Nuclear Energy Agency’s Committee on the Safety of Nuclear

Installations (CSNI). There is an on-going international effort involving twelve countries

known as the OECD Piping Failure Data Exchange Project (OPDE). However, in order to

follow the development of degradation mechanisms and correlate them to ageing,

maintenance and inspection programmes it is necessary to encompass all the relevant systems
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and components and not to limit information to piping. Sweden will continue to participate

actively in the OPDE project, and try to ensure that the information made available is of good

quality and sufficiently comprehensive to be of use in these and other applications.

The Swedish database, STRYK, demonstrates that the most frequently occurring mechanisms

are similar to those in other countries, but that erosion-corrosion and thermal fatigue have a

more prominent place when all systems and components are considered than when only

piping is considered. Both these degradation mechanisms continue to be found in the

Swedish plants. The causes of IGSCC are dominated by cold work and not sensitisation

which is the area of this phenomenon that has been studied in more detail. There is also an

increasing problem with nickel base alloys, and in recent years more cases of IGSCC have

been found in the PWR plants. The Swedish plants do not in general have components which

would as yet be expected to be subject to irradiation assisted stress corrosion cracking, and

confirmatory inspections have been made of components such as the core shrouds and baffle

bolts.

One of the important conclusions which analysis of STRYK emphasises is that in-service

inspection programmes must continue both to monitor the degradation of components for

which mitigation measures are inadequate, and also to ensure that unexpected events are

caught before component failure. One of the recurring problems in this respect has been the

incidence of cracking associated to weld repairs which are often more extensive than

documented or not documented at all. To date the Swedish programmes have been successful

in this respect and the development of more detailed risk informed inspection programmes

ought to ensure that efforts are directed appropriately.
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Abstract

On ageing management of nuclear power plants in Japan, Nuclear and Industry Safety
Agency (NISA)(1) summarized the basic policy addressing ageing of nuclear power plants and
issued a report entitled “Basic Policy on Aged Nuclear Power Plants” in June 1996.  The
NISA requested the electric utility companies to conduct technical evaluations of each
structures and components in nuclear power plants some time prior to plant’s 30 years
operation from their turn over date, and to establish concrete maintenance plans appropriate
for the followed operation (i.e., long-term maintenance plan).

As of the end of March 2005, 53 commercial nuclear power plants are operating in Japan.  So
far, the NISA has reviewed the submittals of the technical evaluation and the long-term
maintenance plan regarding ageing management that have been conducted and established by
utility companies. The NISA has these review experiences of 9 units.

In 2010, it is expected that 20 units of the plants will exceed to 30 years commercial operation
after commissioning and we will have a few units reaching to 40 year operation for the first
time.  Under these circumstances, the NISA conducts the approaches to fulfillments the
ageing managements in order to ensure the safety and reliability of ageing nuclear power
plants in Japan.

In this paper, current status of ageing management of nuclear power plants and the approaches
to fulfillments of ageing management of the plants in Japan will be presented..

-----------------------------------------------------------------------------------------------------------------
(Note 1) In 2001, the Ministry of International Trade and Industry (MITI) was reorganized
into the Ministry of Economy, Trade and Industry (METI).  The Nuclear and Industrial Safety
Agency (NISA) of the METI was established in 2001.
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Abstract

Based on the German regulatory framework the general objective is to sustain a high level of
safety in line with state-of-the-art developments. This includes that any kind of ageing-related
degradation, which could impair the reliability of systems, structures and components (SSCs),
has to be followed closely in order to take timely actions.

For more than 30 years, GRS has been providing interdisciplinary knowledge, advanced
methods and qualified data for assessing and improving the safety of technical facilities
within the framework of projects sponsored by the German Ministry for the Environment,
Nature Conservation and Nuclear Safety (BMU). This has resulted among other things in a
comprehensive knowledge base on the safety of pressure-retaining components in general and
on ageing-related aspects in particular.

In this paper (1) the corresponding GRS knowledge base is outlined, (2) results of the
evaluation of the ageing behaviour of pressure-retaining components in German NPPs are
presented, and the efficiency of measures taken is discussed; also, (3) information is given on
recent regulatory activities in Germany concerning the implementation and monitoring of
ageing management programmes.



1 Introduction

In Germany, 12 NPPs with pressurised water reactors (PWRs) and 6 plants with boiling water
reactors (BWRs) were in operation at the beginning of 2005. The life time of German NPPs is
restricted by the “Agreement between the Federal Government of Germany and the utility
companies” /1/. Accordingly, the maximum electricity volume which each plant is allowed to
generate from 1 January 2000 until its decommissioning is specified. In principal, for each
plant the residual operating life remaining after 1 January 2000 was calculated on the basis of
a standard operating life of 32 calendar years from the commencement of commercial power
operation. For the Obrigheim NPP, which is scheduled to shut down in May 2005 after 37
years of operation, a transition period has been agreed. Moreover, the utilities can transfer
electricity volumes from one power plant to another. For the remaining 11 plants with PWRs
the operating time ranks from 16 to 30 years, for the 6 plants with BWRs from 20 to 29 years
(see Fig. 1).

Figure 1    NPPs in Germany – Start of commercial power operation, date of 32 years of
operation and date of shut down respectively

The NPPs presently being operated in Germany were mostly constructed at a time when
sufficient knowledge had been gained to avoid detrimental effects of ageing mechanisms from
the beginning. Because of the turnkey approach chosen by the utilities for the design and
construction there is considerable consistency in the overall engineering applied even though
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continuous evolution took place in the design of the different generations of NPPs. This
resulted in numerous differences in technical solutions and details.
Based on the German regulatory framework the general objective is to sustain a high level of
safety in line with state-of-the-art developments. This includes that any kind of ageing-related
degradation, which could impair the reliability of SSCs, has to be followed closely in order to
take timely actions. The general approach followed in Germany to address relevant ageing-
related issues contains as major elements

 a continuous evaluation of operating experience to identify changes in the reliability of
SSCs,

 extended plant monitoring to enhance the understanding of system behaviour and load
conditions of the components,

 evaluation of safety margins for lower bound conditions by experimental and / or
analytical R&D programmes,

 generic studies to identify areas of limited knowledge and potential future problems,

 early replacement of components potentially sensitive to degradation to enlarge safety
margins, and

 enforcing technical requirements in codes and standards to avoid repetition of non-
optimised technical solutions.

For more than 30 years, GRS has been providing interdisciplinary knowledge, advanced
methods and qualified data for assessing and improving the safety of technical facilities
within the framework of projects sponsored by the German Ministry for the Environment,
Nature Conservation and Nuclear Safety (BMU). This has resulted among other things in a
comprehensive knowledge base on the safety of pressure-retaining components in general and
on ageing-related aspects in particular /2/-/5/.

In the following, the GRS knowledge base is outlined and results of the evaluation of the
ageing behaviour of pressure-retaining components in German NPPs are presented. Moreover,
information is given on recent regulatory activities in Germany concerning the imple-
mentation and monitoring of ageing management programmes.

2 GRS knowledge base on safety of pressure-retaining components

There is a long tradition in all industrialised countries to specify requirements for the design,
manufacturing and operation of pressure-retaining components. More and more of good
industrial practice has been codified in detailed codes and standards which in itself represent a
valuable resource regarding the characterisation of the state of the art over the last decades /6/.
Moreover, comprehensive knowledge, resulting from operating experience and R&D
activities, is available on materials and components behaviour and relevant ageing-related
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degradation mechanisms. With the aim to use this information effectively, GRS has
developed and tested qualified databases addressing different issues – such as regulatory
framework, operating experience, ageing-related degradation mechanisms, and analysis /
qualification methods – and networked them (Fig. 2).

Figure 2 Survey on GRS knowledge base on the safety of pressure-retaining
components

In the following, corresponding databases which contain information on German and
international operating experience with pressure-retaining NPP components as well as tools
for quick access to the knowledge on ageing degradation mechanisms are outlined. A more
detailed description on this topic is given in /7/.

2.1 Databases containing German and international operating
experience

A qualified database called KomPass has been developed by GRS which contains detailed
information on the operating experience with pressure-retaining components in German
NPPs. Due to the relatively low number of German NPPs compared with those in operation
world-wide and the expected decrease in the incremental growth of operating experience with
German NPPs in future, the systematic evaluation of international experience and the
following of new findings in R&D is important. For this reason, GRS also participates in the
OECD Pipe Failure Data Exchange (OPDE) Project.
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The current KomPass database contains about 800 safety-related events that have occurred at
pressure-retaining components of German LWR plants in a time span of 30 years (see Fig. 3).
It is based on reportable events, i.e. events which have to be reported to the authorities
according to the German regulations. Moreover, these data were supplemented by information
on design characteristics and operating conditions of the components concerned as well as by
other information, e.g. from root-cause analysis reports.
In order to achieve a fast survey of the existing data under different aspects as well as the
best-possible data management, the data are stored in an ACCESSTM database.

Here, the relevant criteria for queries are:

 plant generation, plant, system, component, part;

 date of the event, operating time;

 damage type, location, mechanism, cause;

 ageing relevance;

 design parameters such as dimension, material used;

 operating conditions such as medium, pressure temperature, water chemistry;

 effects such as isolability and safety significance;

 kind of detection; and

 remedial and precautionary measures.

Moreover, a graphic module was implemented to simplify periodical standard queries to be
undertaken.

Figure 3 KomPass database – recorded events at pressure-retaining components in
German LWR plants (1974 – 2004)
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The OECD Pipe Failure Data Exchange (OPDE) Project includes all possible events of
interest with regard to piping failures in NPPs. It covers piping components of the main safety
systems (e.g. ASME Code Class 1, 2 and 3). Moreover, it covers non-safety piping systems
which, if leaking, could lead to common-cause initiating events such as internal flooding of
vital plant areas. Steam generator tubes are excluded from the OPDE project scope.
12 countries are participating in the project. These are Belgium, Canada, the Czech Republic,
Finland, France, Germany, Japan, the Republic of Korea, Spain, Sweden, Switzerland and the
United States.

Each member state nominates a national organisation which acts as a so-called “national co-
ordinator”. For Germany, GRS is in charge of this. The national co-ordinators interact in turn
with the clearinghouse which is in charge of the preparation and maintenance of the database.
The structure of the OPDE database is comparable to the structure of the KomPass database
described above. The OPDE Project has been running since June 2002. The current version of
the database contains more than 3200 piping events. A complete version will be available at
the end of 2005. After this, a periodic update is planned.

2.2 Development of tools for quick access to the knowledge on ageing
degradation mechanisms

World-wide operating experience and comprehensive research and development have yielded
a large variety of information on damage mechanisms relevant to passive mechanical NPP
components. However, practical experience has shown that quick access to the available
information on damage mechanisms often causes difficulties. An approach to solving this is
being worked out and currently tested at GRS. For these reason, a database system, called
ALMA MATER, is being developed, providing well-structured, browser-based access to
relevant information on damage mechanisms on passive mechanical components /7/.

Starting with a survey of relevant damage mechanisms, materials susceptible to ageing and
components affected, the navigation gives access to relevant information on the individual
damage mechanisms (see Table 1). Following a brief initial statement in which the respective
mechanism is defined and characterised with regard to the relevant boundary conditions and
damage symptoms, the user is guided to more detailed information via corresponding links.
These lead to the 4 categories

 "operating experience" including statistical evaluation,

 "knowledge status", especially influencing factors and model concepts,

 relevant sections in the "regulations", as well as

 "yellow pages", i.e. names of experts, with phone numbers, e-mail addresses, etc..
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The lead-in to the category "operating experience" for the individual damage mechanisms is
via a so-called time bar, showing a summary of national and international operating
experience with the respective mechanism over a period of several decades, including the
counter-measures taken. An example is given in Fig. 4 below for flow-accelerated corrosion
(FAC) in PWRs.

On the basis of such survey diagrams it is then also possible with the help of so-called
hotspots or links to jump to other data containing detailed information, especially in the form
of event reports and the associated documentation on the evaluation of the event.
Furthermore, a special link allows quick access to mechanism-specific statistical data
available. The information and documents pertaining to the further categories can be accessed
via corresponding tables.

Table 1 Survey diagram in the ALMA MATER database system

Damage mechanism Materials susceptible Components affected
neutron activated Carbon steels, low

alloy steels
RPV belt lineEmbrittlement

thermal activated Cast duplex stainless
steels, carbon steels

Piping, housings

Stainless steels BWR piping, core
internals

Intergranular Stress
Corrosion Cracking

Nickel-base alloys SG tubes, nozzles
Transgranular Stress
Corrosion Cracking

Stainless steels Piping

Strain Induced
Corrosion Cracking

Carbon steels, low
alloy steels

Piping, nozzles

Flow Accelerated
Corrosion

Carbon steels, low
alloy steels

Piping of water-
steam circuit

Boric Acid Corrosion Carbon steels, low
alloy steels

Reactor vessel head

Corrosion

Microbiologically
Influenced Corrosion

all Piping of service
water systems

mechanicalFatigue
thermal

all Piping, nozzles,
fasteners

Carbon steels, low
alloy steels

Piping, nozzlesCorrosion Fatigue

Stainless steels Piping, nozzles
Synergisms

Irradiation Assisted
Stress Corrosion
Cracking

Stainless steels,
Nickel-base alloys

Core internals
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Figure 4 Thinning in PWR components made of carbon steel due to FAC

A demonstration version of the ALMA MATER database is available, to be followed by
updates which are also to contain developments as well as an extension of the database. So
far, experience with the system described above has shown that it can be used to classify on
the computer the most important information on comparable events and put them in a
technical and historical context within only a few hours or – depending on the volume of data
available – within a day. The system thus supports in particular all those dealing with issues
of ageing management or the evaluation of damage cases. On the other hand, it is also suitable
as a learning procedure, allowing staff with little occupational experience quick access to the
topic area.

3 Results of the evaluation of the ageing behaviour of pressure-
retaining components in German NPPs

Based on the databases described above, the ageing behaviour of pressure-retaining
components in German NPPs was comprehensively evaluated by GRS. In the beginning, this
work was done on a generation-specific level. Afterwards, detailed evaluations on a plant-
and system-/component-specific level as well as mechanism-specific investigations were
performed.

Fig. 5 shows an overall evaluation of reportable events affecting pressure-retaining
components in German NPPs with light water reactors for a time span of 25 years. A
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distinction is made between different design generations and service periods. As can be seen,
the overall number of events per plant operation years was low, in particular for the plants of
3rd and 4th PWR design generation and BWR construction line 72. So far, no significant
increase in the number of events with service time has been recognisable.

Figure 5 Reportable events affecting pressure-retaining components of German NPPs
with PWR and BWR (as at December 1998)

Fig. 6 gives an example of the detailed investigations that were performed later. It shows the
frequency of reportable events involving piping in PWR plants due to fatigue. The different
areas indicate the significance of the respective annual frequency. The area below the mean
value is coloured green, followed by a yellow and a red area above the twofold mean value,
which indicates that a more detailed analysis of the cause of the corresponding increase in
event frequency is necessary. In addition, it has been investigated whether events due to a
specific mechanism such as fatigue are accumulated in any plants and whether there are any
indications of safety-related shortcomings from the chronology of these plant-specific events.

Corresponding investigations were performed for all types of reported ageing-related damage
mechanisms. Moreover, component-specific trend analyses were carried out and the influence
of different parameters on the failure frequency – such as material, nominal bore of piping,
location and cause of damage – was studied in detail.
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Figure 6 Reportable events involving piping in PWR plants due to fatigue

The results of our studies can be summarised as follows: In the past the pressure-retaining

components used in German NPPs have yielded experience with different ageing-related

degradation mechanisms such as mechanical and thermal fatigue, intergranular and

transgranular stress corrosion cracking, strain-induced corrosion cracking, and flow-

accelerated corrosion. However, the number of events due to ageing-related degradation is

low. Up to now, no significant increase of ageing-related events with operating time has been

recognisable. In other words, the generic evaluation of operating experience has demonstrated

that the comprehensive measures taken to control ageing-related degradation of pressure-
retaining components in German NPPs have so far been efficient

In this connection it is important to note that the introduction of the so-called “basic safety
concept” in the late 70s has considerably contributed to the improvement of the reliability of
pressure-retaining components in German NPPs. Furthermore, expanded measures have given
a better insight into stressors occurring during operation, thus allowing the implementation of
measures to decrease them. In cases where design deficits were identified, comprehensive
replacement / upgrading measures were realised including an optimisation of the components
as well as the operating and monitoring conditions. Examples of measures taken are the

 extensive replacement of piping made of high-strength ferritic steels inside the pressure-
retaining boundary of German BWR plants with steels of high fracture toughness with
restricted chemical composition to avoid strain induced corrosion cracking;

 replacement of stabilised-austenitic-steels piping crack affected in sensitised weld regions
in all German BWR plants with new piping made of stabilised austenitic steels of
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optimised composition using optimised welding techniques to avoid intergranular stress
corrosion cracking;

 replacement of turbine condenser tubes made of copper alloys with new ones made of
stainless steel or titanium to create suitable conditions for the implementation of High-
All-Volatile-Treatment (HAVT) water chemistry in all secondary circuits of PWR pants
to avoid flow-accelerated corrosion of carbon steel piping; and

 development and installation of fatigue monitoring systems in all German plants to follow
specifically thermal loads which were not covered completely in the design phase to
avoid incidents due to thermal fatigue.

Recent regulatory activities on ageing management in Germany

Efforts have been made within the last decade to establish a more systematic ageing
management procedure in all German NPPs. Recently, the RSK, on behalf of the BMU,
submitted a recommendation regarding requirements of an ageing management system to be
applied uniformly that considers all safety-relevant – not only the technical – ageing
processes during the remaining operating lives of the German NPPs /8/. It contains:

 principles on the procedures regarding the management of ageing processes at nuclear
power plants and

 detailed requirements concerning the ageing management of

• SSCs (mechanical components, electrical and I&C components, structures, operating
supplies),

• integrated operation management systems and the documentation; as well as for

• maintaining specialist competence, and

• requirements to remain up to date with the state-of-the-art in science and technology
in relation to the non-physical ageing of concepts and technology.

A graded approach is recommended by the RSK for ageing management of SSCs.
Accordingly, components shall be classified concerning there safety relevance. For
mechanical components it is recommended to distinguish between 3 groups.

Group 1 covers all mechanical components, whose failure or loss of function would lead to a
beyond-design-basis accident, pressure-retaining-boundary components as well as compo-
nents of safety systems which fail to function or where the agreed number of redundant
systems is no longer available. Furthermore, the safety functions of auxiliary systems and
structures must be taken into consideration for these components. For components of this
group it must be guaranteed that degradation or the loss of the component functions due to
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ageing of the component itself as well as any negative effects relating to plant safety have to
be prevented – i.e. effectively ruled out – with a high degree of confidence.
In group 2 all safety relevant components are to be classified that are not associated with
group 1. The safety function as well as the necessary auxiliary systems and structures must be
considered. A breakdown of the components classified in this group, which should be covered
by taking basic precautions, should lead to controllable consequences as a result of utility
planning concepts which also take into account the mandatory precautions against radiation.
Depending on damage prevention in relation to the defence-in-depth principle the prevention
for components of this group must be to avoid failure or loss of function with regard to
ageing.

Group 3 covers all components that are not classified in group 1 or 2. These components are
subject to the general maintenance procedure.

The following concluding recommendations are given within the RSK recommendation:

1. The RSK considers a comprehensive and systematic ageing management, as it is
described in this recommendation, necessary. The RSK assumes that the plant operators
pursue an effective ageing management that fulfils this demand. Organisationally, ageing
management is to be implemented as a permanent task on a high level in connection with
the management responsible for safety. Ageing management requires co-operation
between the different fields of activities and the different organisational units of the plant
operator. This has to be ensured within the organisation.

2. The RSK recommends that an annual report on ageing management be submitted to the
competent supervisory authority, other report cycles being possible in well-founded cases.
If there is already the duty to report on single ageing phenomena, the RSK considers it
advisable to integrate them in the report.

3. In order to reach a standardised procedure with regard to ageing management on a broad
knowledge base, the RSK recommends evaluating the plant-specific reports of the plant
operators generically. The results obtained from the evaluation have to be considered in
the ageing management of the different plants. For this purpose, corresponding
procedures have to be specified.

5 Concluding remarks

The results of the investigations performed by GRS provide a technical basis for the
evaluation of the ageing behaviour of pressure-retaining components in German NPPs that
can be used in the licensing and supervisory procedure. So far, the limited number of ageing-
related incidents affecting pressure-retaining components in German NPPs and the
corresponding trends confirm the conservativeness of the safety concept chosen for the design
as well as the sufficiency of the remedial actions and the ageing management system applied.
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However, the current knowledge of damage mechanisms and the predictive capabilities are
limited. Further plant- and component-specific investigations are required as well as
procedures to maintain a sufficient level of awareness. Due to the relatively low number of
German NPPs compared with those in operation world-wide, the systematic evaluation of
international experience and the following of new findings in R&D are important.

For areas where operating experience is limited, investigations of dismantled components can
provide further general information about ageing behaviour.

With regard to regulatory activities on ageing management, German licensees need to address
ageing management of NPPs on a more comprehensive and detailed level in the future and
have to submit periodical plant-specific reports on it, following the corresponding RSK
recommendation.
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ABSTRACT

Current spanish regulatory framework for renewing nuclear power plants operating permits

requires to perform a Periodic Safety Review and permits are granted for 10 years terms.

Recently, Consejo de Seguridad Nuclear and Spanish Nuclear Industry have reached a

consensus regarding to the licensing requirements that nuclear power plants should meet in

order to be granted with a permit for long term operation (i.e. operation beyond the original

plant design life, typically 40 years).

Besides the traditional PSR requirements, specific requirements regarding to long term

operation include:

1. An Aging Management and Evaluation Program that identifies SSC degradation

effects/mechanisms and mitigating programs. Identification and evaluation of

Time Limited Aging Analysis (TLAA) should be also performed.

2. An updated Radiological Impact Study that considers site changes and new trends

in radiological protection, as well as any accumulative effects or issues that might

contribute to an increased impact.

3. A Radioactive Waste Management Plan

Santa María de Garoña (SMG) is a 466 Mwe General Electric boiling water reactor operated

by Nuclenor S.A. from1971 with a current operating permit up to 2009.

Nuclenor has made the decision to apply for a new operating permit, being Santa Maria de

Garoña the first plant in Spain to face with the new long term operation requirements. In order

to do that Nuclenor started in July 2002 a project, named Project 2019, for performing the

required analyses to support the application. Addressing plant components aging issues

becomes the most important part of the project in terms of allocated resources.

Being the Project 2019 the first long term operation application in Spain, CSN has been

involved since the early stages of the process. Reviews and assessment of the project results

in a continuous basis is allowing a more efficient licensing process.



This paper provides an overview of methodology being used to address the above mentioned

aging issues, gives some preliminary results regarding to important plant components and

describes the approach followed in the licensing process.

 1.- INTRODUCTION

Santa María de Garoña (SMG) is a 466 Mwe General Electric boiling water reactor operated

by Nuclenor, S.A. The plant started its commercial operation in May 1971 and is located in

the province of Burgos (Spain). In July 1999, Nuclenor was granted with an operating permit

for 10 years (up to 2009), based on the results of the first periodic safety review (PSR)

performed on SMG plant. Scope of this first PSR, according to CSN safety guide 1.10,

included assessment of aspects such as operating experience, equipment performance, impact

of regulations changes and status of improvement and safety assessment programs.

Conditions associated to this current operating permit state that in case of applying for 10

additional years of operation (2009-2019), a new periodic safety review should be performed

and submitted to the Consejo de Seguridad Nuclear (CSN) for approval three years before the

end of current operating term, i. e. before July 2006. Actual policy of CSN is to grant

operating licenses every 10 years, associated with the results of periodic safety review, with a

maximum extended period of 20 years beyond the end of 40 years design life.

The new period of operation 2009-2019 will suppose to operate the plant beyond the end of

the life initially considered in the design, i. e. to go into long term operation. Because of that,

the main objective of this second PSR will be to determine whether ageing of certain

structures, systems and components is being effectively managed so that required safety

functions and design bases are maintained, and whether an effective ageing management

programme is in place for long term operation. Additionally, time-limited ageing analysis

must be identified and evaluated in order to demonstrate that systems, structures and

components (SSCs) will remain valid for the new period of operation.

2.- AGEING MANAGEMENT METHODOLOGY

  According to the long term operation requirements it is required to demonstrate that the ageing

effects of structures and components will be adequately managed during the renewed term of

operation. Such a demonstration includes the following steps:

1. Identification of the SSCs and its intended functions within the scope (Scoping)

2. Identification of the structures, components, and commodities subject to ageing

management review (Screening)

3. Demonstrating that the effects of aging will be managed (Ageing Management

Review)
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4. Identification and evaluation of time-limited ageing analyses (TLAA)

5. Preparing the Safety Analysis Report Supplement (Section 6.0), identifying Technical

Specification changes (Section 7.0) and describing the format and contents of the

Long Term Operation application (Section 8.0).

Scoping

Plant systems, structures, and components (SSC) within the scope shall meet any of the

following criteria:

1. Safety-related SSC which are those relied upon to remain functional during and

following design-bases events to ensure the following functions:

a) The integrity of the reactor coolant pressure boundary;

b) The capability to shut down the reactor and maintain it in a safe shutdown

condition; or

c) The capability to prevent or mitigate the consequences of accidents that

result in potential offsite exposure.

2. All nonsafety-related SSC whose failure could prevent satisfactory

accomplishment of any of the functions above mentioned.
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3. All SSC relied on, in safety analyses or plant evaluations, to perform a function

that demonstrates compliance with the regulations for fire protection,

environmental qualification, pressurized thermal shock, anticipated transients

without scram and station blackout.

The intended functions of these SSC are those functions that are the bases for including them

within the scope as specified above in criteria 1 through 3.

Screening

From those SSC within the scope, the structures and components subject to an ageing

management review are identified and encompass those that:

1) perform an intended function without moving parts or without a change in

configuration or properties. These structures and components include, but are not

limited to, the reactor vessel, the reactor coolant system pressure boundary, steam

generators, the pressurizer, piping, pump casings, valve bodies, heat exchangers,

ventilation ducts, the containment, the containment liner, electrical and mechanical

penetrations, equipment hatches, seismic category I structures, electrical cables

and connections, cable trays and electrical cabinets, excluding but not limited to,

pumps (except casing) valves (except body), motors, diesel generators, air

compressors, snubbers, the control rod drive, ventilation dampers, pressure

transmitters, pressure indicators, water level indicators, switchgears, cooling fans,

transistors, batteries, breakers, relays, switches, power inverters, circuit boards,

battery chargers, and power supplies; and

2) are not subject to replacement based on a qualified life or specified time period.

The aim is to guarantee the control of active components through surveillance programmes as

specific IST, Maintenance Rule, etc, and to control passive structures and components by the

Ageing Management Review as well as TLAA.

Ageing management review

The goal of the Ageing Management Review step is, for each structure and component

identified in the screening step, to demonstrate that the effects of ageing will be adequately

managed so that the intended functions will be maintained consistent with the current

licensing bases for the period of extended operation.

 In performing the demonstration, it should be considered all programs and activities

associated with the structure or component. Plant programs and activities that apply to the

structures or components should be reviewed to determine if they include actions to detect

and mitigate the effects of ageing.

Ageing management programs are generally of four types: prevention, mitigation, condition

monitoring and performance monitoring. Prevention programs preclude the ageing effect
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from occurring, for example coating programs to prevent external corrosion of a tank.

Mitigation programs attempt to slow the effects of ageing, for example, chemistry programs

to mitigate internal corrosion of piping. Condition monitoring programs inspect and examine

for the presence of and extent of ageing effects, for example, visual inspection of concrete

structures for cracking and ultrasonic measurement of pipe wall for erosion-corrosion induced

wall thinning. Performance monitoring tests the ability of the structure or component to

perform its intended function, for example, heat balances on heat exchangers for the heat

transfer intended function of the tubes.

To make the required demonstration, it might be elected to rely on a single program/activity

or a combination of ageing management programs/activities. Once the approach is

determined, a review checklist of the following attributes is applied:

- The scope of the program/activity should include the specific structures and

components subject to an ageing management review for long term operation.

- Preventive actions are in effect that mitigate or prevent the onset of degradation or

ageing effects, and their effectiveness is periodically verified.

- Parameters are monitored, inspected and/or tested, that provide direct information

about the relevant ageing effects, and their impact on intended functions.

- The ageing effects are detected by one or more of the credited programs before

there is a loss of the structure’s or component’s intended function,

- Monitoring and trending provides an adequate predictability and timely corrective

or mitigating actions.

- The programs contain acceptance criteria against which the need for corrective

action will be evaluated, and ensures that timely corrective action will be taken

when these acceptance criteria are not met.

- There is a confirmation process that ensures that the corrective actions was taken

and was effective.

- Corrective actions are taken (this includes root cause determinations and

prevention of recurrence where appropriate) in a timely manner or an alternative

action is identified,

- The program is subject to administrative controls.

- Operating experience of the program/activity, including past corrective actions

resulting in program enhancements, should be considered. It provides objective

evidence that the effects of ageing have and will continue to be adequately

managed.

Identification and Evaluation of Time limited Ageing Analyses

TLAA are those license calculations and analyses that:

1) Involve systems, structures and components within the scope

2) Consider the effects of ageing

3) Involve time-limited assumptions defined by the original design plant life, i. e. 40

years;
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4) Were determined to be relevant by the licensee in making a safety determination;

5) Involve conclusions or provide the basis for conclusions related to the capability of

the system, structure and component to perform its intended function (as defined in

the scoping process)

6) Are contained or incorporated by reference in the current licensing bases.

A list of time-limited aging analyses shall be provided, and it shall be demonstrated that:

1) The analyse remain valid for the period of extended operation;

2) The analyses have been projected to the end of the period of extended operation; or

3) The effects of ageing on the intended function will be adequately managed for the

period of extended operation.

3. - PRELIMINARY RESULTS

3.1.- SMG Aging Management Review

One preliminary and very important work that was carried out before the AMR was the

publication of the document LP.00.018 [4]. This document is the basis for the identification of

the aging mechanisms that can potentially affect the structures, systems and components

(SSC) of CNSMG. The document includes the following content:

 The constitutive materials of the CNSMG SCC’s are identified and described.

 The internal and external environments where the CNSMG SCC’s are located are

identified and described.

 AMR groups are defined as the possible material/environment combinations.

 The applicable and not applicable aging mechanisms and their effects are identified.

Not applicability of aging mechanisms is properly justified.

AMR has been performed for all the components resulting from the scoping and screening

tasks. All these components have been evaluated to demonstrate that the aging mechanisms

that affect them will be properly managed in order to guarantee that they will be able to

perform their intended function during the extended operating period. Also, the components,

the aging mechanisms and their effects and the aging management programs (AMP) have

been compared to those included in the GALL report [1]. This comparison is summarized in a

table named TABLE GALL. The GALL report contents a generic evaluation of the AMP’s

addressed in the USA regulation and the technical basis to allow the discrimination between

the programs that are appropriate for the extended operating period and those that require to

be modified, including the recommended modifications. It should be noted that most of the

AMP’s are part of the first group.

José Maria FIGUERAS, CSN (Spain) et al.
Licensing requirements for long term operation in Spain:

case of Santa Maria de Garoña nuclear power plant



The detailed results of the AMR process is summarized in tables. Table 1 illustrate this

process using the RX (reactor pressure vessel and internals) system as an example. Table 1

includes the following fields:

 Component type

 Intended function

 Material

 Environment: internal and external

 Aging effect that requires management

 Applicable AMP

 GALL report volume 2 item number

 GALL TABLE item number

 Notes

Following is described the result of the AMR process using again the RX system as an

example. The same results have been obtained for all the systems included in the scope of this

work.

3.1.1.- Materials, environments, aging effects that require management and aging

management programs

Materials

RX system constituent materials are:

 Carbon steel

 Low alloy steel

 Low alloy steel with stainless steel cladding

 High strength low alloy steel

 Nickel base alloy

 Stainless steel

 Cast stainless steel

Environments

RX system components are exposed to the following environments:

- Internal

 Reactor water

 Condensate (after treating system)

- External

 Reactor water

 Nitrogen / Air in containment
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Aging effects that require management

It has been determined that the following effects on the RX components require management:

- Internal

 Loss of material by general corrosion

 Loss of material by crevice corrosion

 Loss of material by pitting corrosion

 Stress corrosion cracking

 Reduction of fracture toughness by irradiation embrittlement

- External

 Loss of material by general corrosion

 Loss of material by crevice corrosion

 Loss of material by pitting corrosion

 Loss of material by wear

 Stress corrosion cracking

 Reduction of fracture toughness by irradiation embrittlement

 Reduction of fracture toughness by thermal embrittlement

Aging management programs

The programs listed next address the aging effects on the RX system:

 PGE-03: In service inspection of class 1, 2 and 3 components

 PGE-04: Water chemistry control

 PGE-05: RPV internal attachments

 PGE-06: Feed water nozzles

 PGE-07: CRD return line nozzle

 PGE-08: SCC in BWR’s

 PGE-09: RPV penetrations

 PGE-10: RPV internals

 PGE-21: RPV surveillance

 PGE-22: One time inspection

 PGE-36: CRD penetrations control

In order to have the best knowledge of causes and effects of degradation mechanisms, and

with more detail for the passive long-lived SSC, Spanish nuclear industry and CSN

participated actively in the past in international R&D on nuclear safety, and since mid 90´s

have instituted a joint R&D programme which finance in an integrated way the participation

of UNESA (Spanish utilities) and CSN in national and international projects. Examples of this

are projects: Phebus FP, Rasplav, IAEA CRP series, ENDURO, CUPRIVA, REVE and

VENUS series, CIR-I / II / II extension, digital instrumentation, electrical cables ageing, …
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3.1.2.- Aging management additional evaluation recommended by NUREG-1801

NUREG-1801 [2] establishes the basis in order to identify the AMP’s that need an additional

evaluation according to the GALL report. The following paragraphs summarize the NUREG-

1801 evaluations related to the RX system grouped by aging effects.

Fatigue damage (BWR/PWR)

- This aging effect is addressed as a TLAA.

Reduction of fracture toughness by neutron irradiation embrittlement (BWR/PWR)

- Part of the consequences of this effect are considered as TLAA’s.

- PGE-21 monitors the condition of the RPV material.

Cracking caused by thermal/mechanical loading or SCC (BWR/PWR)

- RPV leak detection line has been considered part of the RX system and its aging is

addressed by the one time inspection program.

- Jet pumps instrumentation lines have been considered part of the RX system and its

aging is addressed by the one time inspection and water chemistry control programs.

Actions required in BWRVIP-74-A

BWRVIP-74-A [5] provides guidelines for the inspection and evaluation of BWR RPV’s. The

accomplishment of the recommendations of these guidelines is enough to guarantee that the

RPV aging effects are properly managed. Following are all the actions required by BWRVIP-

74-A.

- Verification that BWRVIP-74-A applies to CNSMG and commitment to comply its

recommendations.

- A summary of the AMP’s and TLAA’s applicable to the extended operating period

should be added to the CNSMG Final Safety Analysis Report, including the programs

and tasks specified in BWRVIP-74-A.

- Modification of Technical Specifications if needed because of BWRVIP-74-A

requirements. This action is not necessary in CNSMG.

- Aging of RPV leak detection lines must be addressed.

- All the applicable AMP’s must cover the ten attributes defined in the GALL report.

- Cracking management must be addressed not only through inspection but also through

water chemistry control.

- The reactor surveillance program for the extended operating period must be identified.

- The fatigue design must consider the thermal cycles estimated for the extended

operating period. Also environmental effects must be taken into account.

- P-T curves must be updated for the extended operating period.

- RPV material end-of-life USE must satisfy the applicable limits.
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- For BWR’s exempted to inspect the RPV circumferential welds, new calculations to

justify the exemption to the extended operating period must be carried out.

- RPV beltline axial welds embrittlement must be monitored. CNSMG RPV does not

have axial welds.

- Neutron fluence calculations must be performed with a methodology approved by

regulators.

- Components with known indications must be re-evaluated for the extended operating

period. CNSMG does not have this type of components.

3.1.3.- Time Limited Aging Analysis

Besides the specific task devoted to TLAA’s, the following analyses have been identified as

part of this review:

 Neutron embrittlement of RPV and internals

 Metals fatigue

3.2.- SMG Time Limited Aging Analysis

The first step of this task is the identification of the “potential” TLAA’s. To achieve this

objective all the possible sources of information have been consulted, that is:

- Generic

 License Renewal Applications from other plants (BWR and PWR)

 NUREG-1800 [1], NUREG-1801 [2], NEI 95-10 [3]

- CNSMG specific

 Licensing documents

 Design documents and calculations

 Archive database

 Interviews with plant personnel

 Expert panel

After the revision of the generic sources of information, including more than 20 LRA’s, 72

potential TLAA’s were identified. The revision of the CNSMG specific sources of

information involved more than 1000 documents and 28 additional potential TLAA’s were

discovered.

These 100 analyses were then checked against the six criteria defined in the methodology that

must be accomplished to be a TLAA and 34 documents remained as “final” TLAA’s, 29

generic and 5 specific.

These 34 documents conform the list of the analyses that must be resolved, for the extended

operating period, using one of the three approaches described in the methodology, that is,

validation, extension or aging management.
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The same process has been applied to “exemptions” and no document has been identified that

needs to be re-analysed.

Among the most common degradation mechanisms, neutron irradiation, fatigue, thermal

aging and gamma radiation exposure are typically source of TLAA’s. On the other hand,

general and localized corrosion, flow assisted corrosion or IGSCC are typically addressed

through AMP’s.

Table 2 contains the final list of CNSMG TLAA´s including the way they have been resolved.

4.- LICENSING PROCESS

4.1 Regulatory framework

The current operating permit allows renewal for an additional period of 10 years. As

mentioned, this new period will suppose plant operation beyond the end of its design life, i.e.

40 year (long term operation). The application and its support documentation would have to

be submitted at least three years in advance (July 2006) of the expiration date for the current

operating permit. Conditions associated to the application of the new license are the

following:

1 Latest revision of licensing documents: Updated Safety Analysis Report, Organization

Chart, Technical Specifications, Emergency Response Plan, Quality Assurance

Manual and Radiological Protection Manual

2) Plant PSR according to the complementary instructions established by CSN,

3) Updated probabilistic safety assessment (PSA),

4) Ageing analysis for safety-related systems, structures and components (SSC), including

TLAA.

5) Operating Experience analysis of the current operating permit period.

The required documentation is the standard one applicable to any plant no matter whether if it

is applying for long term operation or not (with the exception of TLAA). However, the time

of three years in advance shows that a major review effort would be expected.

Efforts has been spent by the licensees and CSN in order to clarify the licensing process in

case of a license renewal that supposes long term operation. Consensus exists between

licensees and the Spanish regulator on the adequacy of PSR process, and a decision has been

made regarding to the additional documentation that should support the application of long

term operation. Such a proposal have been issued by a working group formed by regulators

and licensees, during 2004 and 2005, and actually there is available the document “Conditions

for Long Term Operation of NPP in Spain”.

Regulatory policy on ageing management as well as on long term operation require a

comprehensive regulatory plan of inspections and assessments on the programmes conducted
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by the licensees and documents applied to CSN for renewal of operating license (see above,

points 1 to 5).

CSN is actually conducting inspections and assessments every 2 years for each NPP, for their

ageing management programme, expending some 0,5 person-year-NPP.

For the long term operation, in order to grant a new license to the first applicant (Santa Maria

de Garoña), it is expected to perform an specific regulatory assessment within a timeframe of

approximately 2 years, expending no less than a 3-4 person-year effort.

After the annual regulatory inspection and assessment process developed for each plant, and

on a case-by-case basis, CSN has sometimes redefined the initial requisites on ageing

management, on scoping and screening, on new degradation mechanisms and/or on

maintenance practices developed by the plants. As an example, CSN regulatory inspection

and assessment process takes care on a good scoping and screening methodology for active

and passive SSC so this partition be performed in such manner that all safety related SSC

have a suitable ageing management programme.

5.- CONCLUSIONS

Licensing requirements for long term operation of nuclear power plants in Spain has been stated

and Santa María de Garoña nuclear station will be the first plant facing to those requirements.

Those requirements put emphasis in ageing issues to assure that key plant systems, structures and

components (SSC) will perform its intended function during the extended operating period, in

such a manner that licensing bases are maintained.
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Table 1 – AMR summary. RX system

Table 2 – List of TLAA’s

NO. DESCRIPTION RESOLUTION Type

Neutron embrittlement of RPV and internals

1 USE reduction of RPV material Extension Generic

2 RTNDT shift of RPV material Extension Generic

3
RPV thermal shock caused by low temperature

coolant injection
Extension Generic

4
Shroud (and tie rods) thermal shock caused by low

temperature coolant injection
Validation Generic

5 P-T curves Extension Generic
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Metals fatigue

Reactor pressure vessel

6 RPV fatigue analysis Extension Generic

7 Recirculation outlet nozzles fatigue analysis Extension Generic

8 Recirculation inlet nozzles fatigue analysis Extension Generic

9 Feed water nozzles fatigue analysis Extension Generic

10 Core spray nozzles fatigue analysis Extension Generic

11 Jet pumps instrumentation nozzles fatigue analysis Extension Generic

12 CRD return line nozzle fatigue analysis Extension Generic

13 Shroud support low cycle thermal fatigue analysis Extension Generic

Internals

14 Shroud tie rods low cycle thermal fatigue analysis Validation Generic

15
Jet pump diffuser to shroud support plate weld

fatigue analysis
Extension Generic

16 Core spray internal lines fatigue analysis Extension Generic

17 Nuclear instrumentation housings fatigue analysis Extension Specific

Piping systems

18 Recirculation piping fatigue analysis Extension Generic

19

B31.1, ASME III class 2 and 3 or ASME VIII

class B and C piping and components fatigue
analysis

Validation Generic

Other primary circuit analyses

20 Isolation condenser fatigue analysis Extension Generic

21 Recirculation pumps fatigue analysis Extension Specific

22 Environmental assisted fatigue (GSI 190)
Extension and

aging management
Generic

Primary containment fatigue

23
Fatigue analysis of the suppression chamber, vents

and downcomers
Extension Generic

24 Fatigue analysis of SRV discharge piping inside

the suppression chamber, external suppression

chamber attached piping and associated
penetrations

Extension Generic
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25
Drywell-to-suppression chamber vent line bellows

fatigue analyses
Validation Generic

26
Stress analysis of containment penetrations caused

by pressurization cycles
Validation Generic

27
Primary containment process penetrations bellows

fatigue analysis
Validation Generic

28 ECCS filters fatigue analysis Extension Specific

Other fatigue analyses

29 Reactor building crane load cycles Extension Generic

30 High energy lines break postulated locations
Aging

management
Generic

Environmental effects

31
Environmental qualification of electrical

equipment

Extension and

aging management
Generic

32 Dedication processes Extension Specific

33
Radiation degradation of drywell shell expansion

gap polyurethane foam
Validation Generic

34 Safeguard systems set points calculation No TLAA Specific
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ABSTRACT

There are 103 licensed, operating commercial nuclear power plant reactors in the
United States today.  Based on the Atomic Energy Act of 1954, the U.S. Nuclear Regulatory
Commission (NRC) issues licenses for commercial power reactors to operate for up to 40
years and allows these licenses to be renewed.  A 40 year license term was selected on the
basis of economic and antitrust considerations - not technical limitations.  The first 40 year
operating licenses will expire for four reactors in the year 2009.  The NRC has developed a
license renewal process that establishes the technical and administrative requirements for
renewal of operating power plant licenses and that can be completed in a reasonable period of
time with clear guidance to assure safe nuclear plant operation for up to an additional 20
years of plant life.  During the review process, the applicant must demonstrate that programs
are in place to manage those aging effects applicable to the passive, long-lived structures and
components of the plant.  The review also verifies that analyses that are based on the current
operating term have been evaluated and are valid for the 20-year extended operation.

As of January 2005, the NRC has renewed the operating licenses for 30 nuclear power
plants (NPPs).  If NRC approves the applications currently being reviewed, approximately
40% of the licensed operating reactors will have extended their life span by 20 years.  As
license renewal is voluntary, the decision to seek license renewal and the timing of the
application is made by the licensee.  To further improve the effectiveness and efficiency of
the review, the NRC has established a streamlined process for reviewing license renewal
applications in a consistent and timely manner.  The NRC has developed a number of
internationally available license renewal guidance documents to describe the interrelated
aspects of preparing and reviewing license renewal applications.  As an example, the Generic
Aging Lessons Learned (GALL) Report catalogs plant structures and components; lists the
materials, environments, aging effects and mechanisms; and documents how existing
commonly used plant programs can be used or modified to mitigate or manage these aging
effects.

The objective of this presentation is to provide background information on the
development and evolution of such license renewal guidance documents and to briefly explain
the intended use of these guidance documents singularly and in combination - to facilitate the
renewal process starting from the application development by the plant to the regulatory staff
review including audits and inspections.



1.  INTRODUCTION & BACKGROUND

Three of the five major goals of the USNRC are to ensure protection of the public
health and safety, ensure openness in our regulatory process, and ensure that NRC actions are
effective, efficient, realistic, and timely [1].  The NRC focus on safety, openness, and
effectiveness is of particular importance in the context of license renewal.  The primary
consideration in the license renewal process is to ensure that the effect of aging are monitored,
managed, and controlled such that safety is ensured for the renewal period.  The NRC
openly shares the U.S. experience by placing appropriate technical references and
topical information on its website.  The reactor license renewal site
http://www.nrc.gov/reactors/operating/licensing/renewal.html describes the process,
regulations, guidance, opportunities for public involvement, and status of current activities
associated with renewal of licenses for commercial operating power reactors [2].

License renewal has attracted significant interest among U. S. utilities with nuclear
power plants for the past fifteen years.  The NRC staff has prepared license renewal guidance
(LRG) documents to aid in the development and review of license renewal applications
(LRAs) per the license renewal rule [3], 10 CFR Part 54, “Requirements for Renewal of
Operating Licenses for Nuclear Power Plants.”  Such guidance documents provide a method
for systematic review of plant aging information in order to assess materials and component
aging issues related to continued operation and license renewal of operating reactors.
Literature on mechanical, structural, and thermal-hydraulic components and systems reviewed
consisted of Nuclear Plant Aging Research (NPAR) reports, NRC Generic Letters,
Information Notices, Licensee Event Reports (LERs), Bulletins, NUMARC Industry Reports
(IRs) and literature on electrical components and systems.  The results of these reviews were
systematized using a standardized tabular format and standardized definitions of aging-related
degradation mechanisms and effects [4].  This knowledge base was then expanded upon to
provide credit for existing plant programs and further systematized to increase the LR review
process effectiveness and efficiency of the license renewal review process in the 2001 version
of the GALL report which is used as a reference by license renewal applicants and regulators
[5].  The GALL Report updated the knowledge base to include all aging related events
reported in the LERs up to 1998 and expands the scope to include evaluation of existing plant
programs to determine whether any of the commonly used plant programs can be acceptable
as adequate aging management programs for the identified aging effects.  Concurrently in
2001 [6], NRC published the standard review plan for review of license renewal applications
for nuclear power plants (SRP-LR) and the Regulatory Guide (RG) 1.188, “Standard Format
and Content for Applications to Renew Nuclear Power Plant Operating Licenses,” which
proposes to endorse [7] the Nuclear Energy Institute (NEI) guidance in NEI 95-10, Rev. 3,
“Industry Guideline for Implementing the Requirements of 10 CFR Part 54 - The License
Renewal Rule” [8].  The SRP-LR sections are keyed to RG-1.188; the sections are numbered
correspondingly.  All four documents [9,10,11,12] are being revised to incorporate lessons
learned from operating experience and the past seven years of reviewing license renewal
applications [13].

During the review process, the applicant must demonstrate that programs are in place
to manage those aging effects to which the passive, long-lived structures and components of
the plant are subjected.  The review also verifies that analyses that are based on the current
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operating term have been evaluated and are shown to be valid for the additional 20-year
period of extended operation.  This paper describes the development and evolution of this
LRA review process

2.  COMMONALITY OF INTERNATIONAL EXPERIENCE

There are 103 licensed, operating commercial nuclear power plant (NPP) reactors in
the United States today.  At present there are over 400 operational NPPs in the International
Atomic Energy (IAEA) Member States.  Many of these operating NPPs are approaching the
end of their original design life; the possibility of long term operation is an issue of critical
concern.  Operating experience has shown that ineffective control of the aging degradation of
major NPP components can jeopardize plant safety and life [14].  Safety is affected by what
happens at the plant.  Reactors start to appear very similar when reduced to functions,
components, materials, environment, and aging effects and mechanisms [15].  The effort for
safe LTO also appears more consistent when different designs are conceptually visualized as
aging management and monitoring needs that must be met to ensure safety.

Countries are at different stages of addressing this topic of license renewal and long
term operation.  The extensively documented license renewal program within the United
States [2], by virtue of the size and age of U.S. nuclear power plants, is currently going
through an evolution towards attributable information available through both hardcopy
reference documents and relational databases (Fig. 1).  This process could be improved by
broader technical knowledge gained from international operating experience and,
reciprocally, may provide valuable insight for beneficial multilateral efforts.  Other countries
are conducting similar NPP inspections, audits, and monitoring, without observing
unanticipated LTO-related degradation.  This knowledge of international experience provides
added assurance of the effectiveness of the aging management programs (AMPs) that have
been implemented.
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Figure 1.  Evolutionary process in the United States for developing NPP license renewal
guidance and long term reactor operation (adapted from [15]).

3. COMPARISON BETWEEN THE PSR PROCESS AND NRC REGULATORY AND
OVERSIGHT PROCESS

A preliminary comparison of the periodic safety review process and NRC’s regulatory
and oversight process indicates many similarities [17,18].  PSRs are comprehensive
assessments to: (i) determine, at the time of the review, whether the plant complies with its
licensing basis; (ii) identify the extent to which the current licensing basis remains valid, in-
part, by determining the extent to which the plant meets current safety standards and
practices; (iii) provide a basis for implementing appropriate safety improvements, corrective
actions, or process improvements; and (iv) provide confidence that the plant can continue to
be operated safely.  These PSR objectives are substantively accomplished in the United States
on an ongoing basis [18].  NRC’s regulatory process provides a robust foundation for ongoing
assessments, evaluations, and when appropriate, imposition of new requirements.  NRC and
the U.S. nuclear industry have a 30-year history of implementing broad-based plant
assessments.  As shown in Fig. 2, the US regulatory and oversight process is based upon a
cycle of operational experience, regulations & guidance, licensing & certification, and
oversight with advisory adjudication, research, and advisory activities as the hub [17].
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Figure 2.  Overview of US regulatory and oversight process (from [17]).

4.  LICENSE RENEWAL REVIEW PROCESS

The license renewal process proceeds along two tracks -- one for review of safety
issues (10 CFR Part 54) and another for environmental issues (10 CFR Part 51) [3,19].  The
Statement of Considerations [20] provides a final rule detailing revisions in 10 CFR Parts 2,
51, and 54 pertaining to nuclear power plant license renewal.  An applicant must provide the
NRC with an evaluation that both addresses the technical aspects of plant aging and describes
the ways those effects will be managed.  It must also prepare an evaluation of the potential
impact on the environment if the plant operates for another 20 years.  The NRC staff reviews
the application and verifies the safety evaluations through inspections [21].

4.1  Safety Review

The license renewal rule rests on the determination that current operating plants
continue to maintain an adequate level of safety and, that over the plant life, this level has
been enhanced through maintenance of the current licensing basis (CLB), with appropriate
adjustments to address new information from industry operating experience.  Additionally,
regulatory activities have provided ongoing assurance that the CLB will continue to provide
an acceptable level of safety.  There are two major safety assessments that an applicant must
perform and submit in a license renewal application: 1) an integrated plant assessment and 2)
an assessment of time-limited aging analyses (TLAAs).  Typical TLAAs that must be
evaluated include reactor vessel neutron embrittlement, metal fatigue, environmental
qualification of electrical equipment, concrete containment tendon pre-stress, and
containment liner plate and penetration sleeve fatigue [20,21].
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4.2  Environmental Review

NRC's responsibilities under the U.S. National Environmental Policy Act [22] call for
a review of the impact of license renewal on the environment.  In parallel with aging efforts,
the NRC pursued separate rulemaking to revise its environmental regulation, 10 CFR Part 51
[19], to focus the scope of review of environmental issues.  Certain issues are evaluated
generically for all plants, rather than separately in each plant's renewal application.  The
NRC’s evaluation, Generic Environmental Impact Statement for License Renewal of Nuclear
Plants (GEIS) [23], assesses the scope and impact of environmental effects that would be
associated with license renewal at any given nuclear power plant site.  A plant-specific
supplement to the generic environmental statement is required for each licensee that applies
for license renewal.

5.  LESSONS LEARNED FROM SEVEN YEARS EXPERIENCE

The process of power reactor license renewal has produced considerable experience in
recent years, with 30 NPP operating licenses already renewed and applications for 18
additional NPPs being processed (Table 1).  The NRC is nearly half-way through an
anticipated 12-year cycle for license renewal, beginning with the Calvert Cliffs Nuclear
Power Plant [24].

The NRC is using this experience to update the documents to support the process.  The
license renewal guidance documents published in 2001 [5,6,7,8] have been revised to
incorporate lessons learned from the review of these previous license renewal applications
[9,10,11,12].  Changes to the GALL Report and SRP-LR fall into the following categories:
roll-up changes, staff positions previously approved in other documents, such as safety
evaluation reports (SERs) and approved interim staff guidance (ISGs), operating experience,
and technical or process clarifications or corrections.



Table 1: Status of Existing NPP License Renewal Applications in the U.S.
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The original version of the GALL Report and the SRP-LR contained aging
management reviews (AMRs) that used very explicit component identification, material
nomenclature, and environment definitions.  In some situations, these explicit
characterizations were more specific than technically necessary.  Hence, a license renewal
applicant would need to justify reasons for the content of the LRA not being consistent with
the content of the GALL Report.  This justification would not be needed if the AMR
terminology was based on more practical and consistent component groupings, material
nomenclature, and environment definitions.  The modification of the AMR line items with
these new groupings was part of the “roll-up process.”  The roll-up process also included
standardizing the terminology used throughout GALL, the inclusion of certain technical
criteria to further clarify the applicability of the results, reformatting, and the correction of
editorial errors.  Chapter IX was added to the revised GALL Report to standardize and define
terminology used in the document.

In addition to the roll-up changes discussed above, the revised GALL Report
incorporates specific technical changes based on the incorporation of staff positions approved
in previous license renewal safety evaluation reports and Interim Staff Guidance (ISGs) that
could be accepted generically.  In addition, tables in the GALL Report were updated to
include new material, environment, aging effect and aging management program (MEAP)
combinations that are common to LRAs, including those that have already been reviewed that
could be accepted generically.

An operating experience review was performed to identify AMR line items necessary
for addition or modification in the GALL Report.  This review included both domestic and
international operating experience.  The Licensee Event Reports (LERs) from American NPPs
related to domestic operating experience included failures, cracking, degradation, etc of
passive components.  This 128-item listing was reviewed by the USNRC staff and contractors
and used to revise the GALL report.  The international Incident Reporting System (IRS),
jointly operated by the IAEA and the Nuclear Energy Agency (NEA), compiles and analyses
information on nuclear power plant events and promotes a systematic approach to the
feedback of lessons learned from operating experience.  NPP events reported to the IRS are
significant in terms of causes and safety lessons learned.  The IRS database was queried for
reports relating to passive components with corrosion and cracking.  Thirty-three reports were
identified since 1992 that met these criteria.  These reports were analyzed to determine if
there were any AMR line items that needed to be included in the GALL report.  Many of the
reports identified MEAP combinations that were already in the GALL Report or were
addressed by staff ISG documents.  A few of the items appeared to be specific to foreign
plants and were not generically applicable to US PWRs and BWRs.  Based on the USNRC
review, there were no items warranting addition to the GALL report and, in general, it was
concluded that the GALL Report’s AMR line items were comprehensive.

5.1  Review of License Renewal Applications

The first LRA was submitted in April 1998 by Baltimore Gas & Electric Company for
the Calvert Cliffs Plant, Units 1 & 2.  NRC issued the first SER 20 months later in 1999.
Since that first LRA, 22 additional LRAs have been submitted for 46 additional reactors
(Table 1).  The NRC has issued 15 SERs – 12 related to PWR NPPs and 3 related to BWR
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NPPs.  In the process of studying generically consistent decisions and staff-approved
positions, the NRC has referenced over half of these SERs in the new Bases Document [25]
that accompanies the revised LRG documents.

Previous license renewal SERs were reviewed to identify instances where changes to
the GALL AMR line items should be made to improve the technical accuracy and consistency
of the license renewal process.  Over four hundred individual items were collected from these
two information sources and each was reviewed for its applicability, value, and technical
adequacy as part of the NRC review process.

5.2  The Interim Staff Guidance Process

The ISG documents are those issued by an NRC office to clarify a Standard Review
Plan or other guidance document, or to address issues not discussed in such documents.  In
the context of license renewal, the objective of the ISG process is to capture lessons learned
from license renewal reviews and communicate them to the stakeholders.  The process
includes interaction with stakeholders during the development of the ISG, including
publishing a Federal Register notice requesting comments.  If the ISG is approved, then an
applicant for a renewed license needs to address the specified issue.

Once an ISG has been approved, it is incorporated into the next revision of the LRG
documents under consideration (such as NUREG-1800, NUREG-1801, and Regulatory Guide
1.188).  For licensees holding a renewed license, the license renewal regulations require that
after the renewed license is issued, the final safety analysis report (FSAR) update must
include any newly identified systems, structures, and components that would have been
subject to an aging management review or evaluation of time-limited aging analyses.  This
FSAR update must describe how the effects of aging will be managed such that the intended
function(s) will be effectively maintained during the period of extended operation.  Therefore,
for ISGs involving newly identified SSCs that would have been subject to an aging
management review or evaluation of time-limited aging analyses, the regulations require a
licensee holding a renewed license to submit in its next FSAR update a description of how the
effects of aging will be managed.

6  UPDATED LICENSE RENEWAL GUIDANCE DOCUMENTS

This update, being completed in 2004-2005, incorporates lessons learned from review of

license renewal applications to increase the efficiency for both the applicant and the NRC.

http://www.nrc.gov/reactors/operating/licensing/renewal/guidance/updated-guidance.html  There are three

main documents being revised, the GALL Report [9], the SRP-LR [10], and the RG 1.188

[11].  To clarify the process and the changes, the Bases document of justification for

technical changes [25] and an analysis of public comments on the improved license renewal

guidance documents [26] accompany the release of the revised license renewal guidance

documents.  This supplants the 659-pg NUREG-1739 that accompanied the release of

guidance documents in 2001.
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6.1.  GALL Report

The GALL report provides a generic evaluation of existing programs for the purposes
of aging management required for license renewal.  The NRC staff used this report to
document the basis for determining when existing programs are adequate without change and
when existing programs should be augmented for license renewal.  The GALL report
systematically catalogs aging effects on structures and components, identifies the relevant
existing plant programs, and evaluates the existing programs against the attributes considered
necessary for an aging management program to be acceptable for license renewal.  The GALL
report, Rev. 1, is an update to the July 2001 version; the report format is largely unchanged.
The adequacy of the generic aging management programs in managing certain aging effects
for particular structures and components will continue to be evaluated based on the review of
the following ten program elements: scope of program, preventive actions, parameters
monitored or inspected, detection of aging effects, monitoring and trending, acceptance
criteria, corrective actions, confirmation process, administrative controls, and operating
experience.  The GALL report is a technical basis document for the SRP-LR and should be
treated in the same manner as an approved topical report that is applicable generically.  An
applicant may reference the GALL report in a license renewal application to demonstrate that
the applicant's programs at its facility correspond to those reviewed and approved in the
GALL report, and that no further NRC staff review is required.

6.2  Regulatory Guide 1.188

Regulatory guides (RGs) provide guidance to applicants on implementing specific
parts of NRC regulations.  The current RG applicable to license renewal is RG 1.188, first
published in July 2001 and undergoing revision in January 2005.  Initially released for
public comment in January 2005 as draft regulatory guide (DG-1104), “Standard Format
and Content for Applications to Renew Nuclear Power Plant Operating Licenses,” proposes
to endorse the guidance in NEI 95-10, Rev. 5, “Industry Guideline for Implementing the
Requirements of 10 CFR Part 54 - The License Renewal Rule” with a few exceptions.

The document NEI 95-10, Rev. 5, provides guidance on the scope of 10CFR Part 54,
scoping for aging management review, and maintenance of aging effects, as well as other
issues affecting the format and content of a license renewal application.  NEI 95-10 sections
are keyed to the SRP-LR format to standardize the review.

6.3 Standard Review Plan for License Renewal

The NRC staff has revised the July 2001 version of the Standard Review Plan for
Review of License Renewal Applications for Nuclear Power Plants (SRP-LR).  The SRP-LR
proposes guidance to NRC staff reviewers in performing safety reviews of applications to
renew licenses of NPPs in accordance with the license renewal rule (10 CFR Par 54).  The
principal purposes of the SRP-LR are to ensure the quality and uniformity of NRC staff
reviews and to present a well-defined methodology for evaluating applicant programs and
activities for the period of extended operation.  The SRP-LR is also intended to make
information about the regulatory process for license renewal widely available to the public
and the nuclear power industry.  The individual SRP-LR sections address which group
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performs the review, the matters that are reviewed, the basis for review, how the review is
accomplished, and the conclusions that are sought.  The SRP-LR references the GALL report
as a technical basis document for providing credit for existing programs and provides
guidance to the NRC staff reviewers to focus their reviews on areas where existing programs
should be augmented for license renewal or new programs proposed by an applicant.

The large number of changes made to the GALL Report required a parallel change to
the SRP-LR.  In addition to the technical and rollup changes, the SRP-LR was revised to
better reflect the methodology of performing the safety audit and reviews associated with the
NRC staff review of a LRA.  These changes include a better description of the work split
between the NRC branches performing the safety review.  This was achieved by the addition
of a new section to the SRP-LR, Section 3.0, which adds a step in the safety review of the
Safety Review Project Manager (PM) to assign and document work assignments dividing the
AMR and AMP reviews among various NRC branches and sections.

7.  CONCLUSIONS

As global energy needs continue to grow, nuclear power generation will remain in the
mix of energy production.  Extending the operating life of existing nuclear power stations is,
for some utilities, an economically feasible way to meet future energy demands.  The
responsibility of the NRC is to ensure that plant life extension is safe - that it does not pose
additional risk to public health and safety or to the environment.  The NRC's process for
concluding that a renewed operating license can be issued involves rigorous safety and
environmental reviews to verify that regulatory requirements will continue to be met in the
renewal term.  The license renewal guidance documents that have been described in this paper
were developed as a result of equally rigorous research and evaluation.  The return on this
investment is an efficient methodology for developing and reviewing applications for license
renewal in less time, more consistently, and with fewer resources for the NRC staff as well as
future license renewal applicants.
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Abstract

To assist Member States in managing NPP ageing effectively, the IAEA has developed a set
of programmatic guidelines, review guidelines and component specific guidelines for major
NPP components important to safety, and ageing management review guidelines.

The newest component specific guideline for PWR primary piping was published in 2003 and
covers latest practices in the USA, France, Germany, Japan, Russia and other WWER owner
countries. In addition draft component specific guidelines for BWR Reactor Pressure Vessel,
BWR Reactor Pressure Vessel Internals, Updating of  PWR pressure vessels and Updating of
PWR vessel internals are to be published.

The Agency is also developing a Safety Knowledge-base on Ageing and Long Term
Operation (SKALTO) to preserve the knowledge related to long term operation and share it
with MS,. The goal of SKALTO is to identify and store relevant knowledge (or provide links
to relevant knowledge sites) in order to facilitate its retrieval, updating, extension and
dissemination to potential users.

This paper introduces a summary of the Agency’s activities relating to safety aspects of
ageing management with special emphasis on the new component specific guidelines for
PWR primary piping, BWR RPV and Core Internals, PWR RPV and Core internals as well as
future direction and plans of the Agency’s activities. A basic information on SKALTO is also
provided in the paper.



1. Introduction

At present, there are over four hundred operational nuclear power plants (NPPs) in IAEA

Member States. Operating experience has shown that ineffective control of the ageing

degradation of the major NPP components (e.g. caused by unanticipated phenomena and by

operating, maintenance or manufacturing errors) can jeopardize plant safety and also plant

service life. Ageing in these NPPs must be therefore effectively managed to ensure the

availability of design functions throughout the plant service life. From the safety perspective,

this means controlling the ageing degradation and wear-out of plant components important to

safety within acceptable limits so that adequate safety margins remain, i.e. integrity and

functional capability in excess of normal operating requirements.
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Fig. 1. Number of reactors in operation by age (11 March 2005)

The Agency initiated activities to promote information exchange on safety aspects of NPP

ageing in 1985 to increase awareness of the emerging safety issues relating to physical ageing

of plant Systems, Structures and Components (SSCs). Agency follow-up activities were

focused on understanding ageing of SSCs important to safety and on effective ageing

management of these SSCs. The Agency has developed a technical document on Safety

Aspects of Nuclear Power Plant Ageing [1] and a set of guidance documents to establish

systematic ageing management programmes, in order to assist Member States in managing

NPP ageing effectively.

Currently the Agency activities mainly focus on expanding and updating these guidance

documents and on facilitating Member States to use the IAEA guidance documents through

workshops, seminars and expert missions.
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Above activities are performed by the Department of Nuclear Safety and Security and

therefore from safety point of view. At the same time, the Department of Nuclear Energy is

conducting plant life management (PLiM) activities mainly from economic point of view.

Both departments are closely cooperating for each other.

2. Current IAEA Activities on Ageing Management

(1) Guidance Documents on Ageing Management

The guidance documents the Agency has developed are divided into three groups, i.e.
programmatic guidelines, component specific guidelines for major NPP components
important to safety, and the ageing management review guideline.
The following programmatic guidelines provide guidance on generic Ageing Management
Programmes:

- Data Collection and Record Keeping for the Management of Nuclear Power Plant

Ageing [2];

- Methodology for the Management of Ageing of Nuclear Power Plant Components

Important to Safety [3];

- Implementation and Review of Nuclear Power Plant Ageing Management

Programmes [4];

- Equipment Qualification in Operational Nuclear Power Plants [5];

- Proactive Ageing Management [6];

The component specific guidelines provide component description and design basis, potential
ageing mechanisms and their significance, operating guidelines to control age related
degradation, inspection and monitoring requirements and technologies and assessment and
maintenance methods. Respective roles of major NPP programmes in the management of
ageing and an approach for integrating them within a systematic ageing management process
has been published in the following comprehensive technical documents on Assessment and
Management of Ageing of Major Nuclear Power Plant Components Important to Safety:

- Steam generators [7];

- Concrete containment buildings [8];

- CANDU pressure tubes [9];

- PWR pressure vessels [10];

- PWR vessel internals [11];

- Metal components of BWR containment [12];

- In-containment I&C Cables Volume I and II [13];

- CANDU reactor assemblies [14];

- PWR primary piping [15];

- BWR Reactor Pressure Vessel [16];

- BWR Rector Pressure Vessel Internals [17].
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- Updating of PWR pressure vessels (in preparation);

- Updating of PWR vessel internals (in preparation).

The ageing management review guideline [18] is a reference document for IAEA Ageing
Management Assessment Teams (AMAT) and for utility self-assessments. These reviews can
be programmatic (strategy, organization, activities, results, and monitoring) or problem
oriented (components or structures or mechanisms).

(2) Application of guidance documents through training courses and workshops

Development of the above guidance documents is beneficial in itself because it provides
opportunities to address important issues of common interest and to learn from each other.
However, it is the actual application of guidance that has a more significant impact on nuclear
safety. The Agency, therefore, devotes significant effort in assisting Member States in the
application of its guidance through training courses and workshops.

Interregional, regional and national training courses/ workshops on Ageing Management have
been held within the framework of the Technical Cooperation (TC) programme, primarily for
participants from developing Member States.

The following TC programmes are currently on-going and include workshops and/ or expert
missions on Ageing Management:

• License renewal of Paks NPP operations in Hungary (HUN/4/014)
• NPP lifetime management in Ukraine (UKR/4/013)
• Integrity Assessment and Life Extension of the Laguna Verde Nuclear Power Plant-

Plant
• Life Management Programme (MEX/4/53)
• Development of Ageing Management Programme for NPPs in China (CPR/4/026)

In addition, it is worthy to note that the IAEA extra budgetary programmes (EBP) such as
EBP Asia also provide similar services based on specific requests from Member States.

(3) AMAT mission

The Agency provides review service missions to assist Member States to establish systematic
ageing management programmes, which are called Ageing Management Assessment Teams
(AMAT). These reviews can be programmatic or problem oriented. The scope of a
programmatic review of an NPP Ageing Management Programme (AMP) includes AMP
strategy, AMP organization (including adequacy of resources), AMP activities, AMP results
(e.g. physical condition of SSCs), and AMP monitoring (self-assessment and continuous
improvement process). A problem oriented review is focused on specific age-related problems
or issues which could be specific components or structures, (e.g. pumps, steam generators,
cables, valves, structures) or specific ageing mechanism (e.g. irradiation/thermal
embrittlement, fatigue, corrosion, wear).
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The pilot AMAT mission was conducted in 1999 at Karachi Nuclear Power Plant (KANUPP)
in Paksitan. Full scope AMAT missions were conducted at Borselle NPP in Netherlands in
2003 and at Armenian NPP in 2004. Reduced scope missions were also performed at NPPs in
Lithuania, Armenia and Ukraine.

3. Technical features of new component specific guidelines

The new components specific guidelines include latest information on significant ageing
mechanisms and operational experience and practices in Member States relating to
assessment, inspection/ monitoring and mitigation of ageing mechanisms. The following
subsections provide a scope, significant ageing mechanisms and technical features of
assessment, inspection/ monitoring and mitigation practices shown in the new guidelines.

(1) Primary piping in PWRs (TECDOC-1361)

TECDOC-1361 [15] published in July 2003 provides the technical basis for understanding
and managing the ageing of PWR (including WWER) reactor coolant system piping to ensure
that acceptable safety and operational margins are maintained throughout the plant service
life. The PWR primary system piping constitutes a barrier to the release of fission products
and activated species to the containment during normal, off-normal, accident and test
conditions. The large diameter primary system piping (main coolant piping) carries the hot
coolant from the reactor pressure vessel to the steam generators and then provides cold
coolant back to the vessel. The other piping facilitates plant operation and plays a role in
mitigating any off-normal or accident conditions. Therefore, maintaining the structural
integrity of this piping is essential to the safe operation of a PWR plant.

1) Scope

The reactor coolant system piping is a part of the reactor coolant pressure boundary and
includes main coolant piping, surge and spray lines, Class 1 piping in attached systems, and
small diameter piping (diameter  25.4 mm) that cannot be isolated from the primary coolant
system. The attached systems in US PWRs include safety injection system, charging and
purification system, residual heat removal system, auxiliary spray system, and core flood and
incore monitoring systems. In addition, vents, drains and instrumentation lines up to and
including isolation valves or flow restricting orifices contain Class 1 piping. The Class 1
piping in the attached systems penetrates the reactor coolant pressure boundary and extends
up to and including any and all of the following as defined by Definitions 10 CFR 50.2.3:

• the outermost containment isolation valve in system piping which penetrates the
primary reactor containment,

• the second of two valves normally closed during normal reactor operation in system
piping which does not penetrate primary reactor containment,

• the RCS safety and relief valves.

The scope of the report includes passive components in the primary system piping (straight
pipes, fittings, safe ends, nozzles and thermal sleeves) but no active components such as
valves and pumps.
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2) Significant ageing mechanisms

Six ageing mechanisms are discussed in the report that tend to reduce the life of the reactor
coolant system piping components: thermal fatigue, vibrational fatigue, thermal ageing,
primary water stress corrosion cracking, boric acid corrosion and atmospheric corrosion.
For each ageing mechanism, the related transients and operating environmental factors are
discussed, the most susceptible sites are identified, the field experience is summarized, and
related activities of regulators and the industry are summarized.

After discussion, the significant ageing degradation mechanisms and their susceptible sites
were identified as shown in the following table.

Table 1. Significant ageing degradation mechanisms and their susceptible sites for the
primary piping in PWRs

Ageing degradation mechanisms Susceptible sites
Thermal fatigue Surge line and nozzles

Spray line and nozzles
Other connected lines and nozzles
Dissimilar welds between the main
coolant piping and RPV

Vibratory fatigue Small-diameter pipe lines
Thermal ageing Cast stainless steel piping and welds
Primary water stress corrosion cracking Alloy 600 instrumentation penetrations in

the reactor coolant piping

3) Key factors to manage significant ageing mechanisms

Taking into account the operational experience and practices in Member States, the
TECDOC-1361 provides guidance on dealing with the relevant age related degradation
mechanisms. Some important examples are shown below:

a) Thermal fatigue

• Attention on the specific design (i.e. layout) of the piping system which may promote
thermal stratification, thermal striping, and/or turbulent penetration;

• Effective local leakage detection techniques and thermal fatigue monitoring systems
(e.g. local thermocouple matrices arranged azimuthally on the piping OD);

• Use of enhanced inspection and monitoring techniques to supplement the qualified
techniques.

b) Vibratory fatigue

• Particular attention to monitoring during startup and shutdown operations;

• Visual inspection and radiographic testing to detect cracking at susceptible locations.
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c) Thermal ageing

• Replication of the surfaces of the affected area for metallographic examination (to
determine (delta)-ferrite content);

• Ageing surveillance specimens from the affected (or similar) materials to monitor the
progression of the thermal ageing degradation;

• Volumetric examination of affected locations (possibly).

d) PWSCC

• Development of the in-service inspection programme for the Alloy 600 penetration
and Alloy 182 dissimilar metal weld which uses ultrasonic and/or eddy-current
technologies;

• External visual inspection for boron salt deposits and local leakage monitoring for
those Alloy 600 penetrations deemed most susceptible to PWSCC.

e) Boric acid corrosion

• Adequate monitoring procedures to detect boric acid leakage before it results in
significant degradation of the reactor coolant pressure boundary, such as wastage of
carbon steel and low-alloy steel base metal;

• Visual examination during surveillance walk-down inspections as required by the
USNRC Generic Letter 88-05.

(2) BWR RPV and Core Internals

Recently Inter Granular Stress Corrosion Cracking (IGSCC) of the RPV and core internals is
a common significant problem among BWRs in Member States. To effectively manage
IGSCC and other significant ageing mechanisms is an important issue for BWR owners. In
this regard the Agency has created new component specific guidelines [16, 17] for BWR RPV
and core internals. They are currently under publication process and will be published in
2005.

1) Scope

These new guidelines covers ageing management of the Reactor Pressure Vessel and Core
Internals used in the all types of Boiling Water Reactors, they are:

• GE BWR Product Lines

• Japanese BWRs including ABWRs

• Siemens (Framatome ANP) BWRs

• ABB (Westinghouse AB) BWRs

Since not all Core Internal components are important to safety, the guideline classified them
from safety point of view. Then ageing degradations and management of ageing of the Core
Internals defined as important to safety were discussed into detail.
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2) Significant ageing mechanisms

IGSCC is a common significant ageing mechanism for components of the RPV and Core
Internals which are made of austenitic stainless steel. The guideline also describes recent
operational experience on IGSCC of components made of nuclear grade stainless steel  and
Alloy 182 welds. In case of IGSCC on nuclear grade stainless steel, surface hardening caused
by grinding and machining plays a important role for crack initiation.

Some Core Internals such as top guide, core shroud and core plate received high neutron flux,
Irradiated Assisted Stress Corrosion Cracking (IASCC) is significant for these components. In
addition fatigue is a significant ageing mechanism for CRD housing, Jet pump and shroud
support.

For the RPV, fatigue of some components such as Closure Studs, Feedwater Nozzle are also
defined as significant ageing mechanisms.

3)  Key factors to manage significant ageing mechanisms

For IGSCC and IASCC, the followings are key factors to manage these ageing mechanisms:

• Water chemistry including Hydrogen Water Chemistry and Noble Metal Chemical
Addition (NMCA);

• Material composition and fabrication review and fluence mapping;

• Utilization of databases that contain data on the effect of irradiation on the
susceptibility of reactor internal materials to stress corrosion cracking (including
modes of cracking, materials composition, and fluence/dpa level);

• Periodic in-service inspection performed on the basis of the data given in such
database.

The guidelines also introduces surface treatment technologies such as Residual Stress
Improvement by Peening and Laser De-sensitization Treatment as one of mitigation methods.

It is worthy to note that there were different opinions about NMCA mainly from US experts
and European experts. After discussion, it was agreed to describe in the guidelines that:

• During operation there is a depletion of noble metal from reactor internal and piping
surfaces.  Consequently, every 3 to 5 years a re-application of NMCA is necessary;

• The demonstration of effectiveness to mitigate crack propagation using in-reactor UT
crack size measurements is on-going.

For fatigue of CRD housing, Jet pump, shroud support and RPV components the followings
are key factors:

• Transient monitoring to obtain more accurate estimates of both the total number of
cycles and the stress ranges;

• Review of past operating records to determine the number and type of transients prior
to the installation of the monitors;

• Sampling of flaws, if detected.

Takeyuki INAGAKI et al., IAEA Nuclear Safety
IAEA guidance documents on Ageing Management of key safety components in nuclear

power plants and Safety Knowledge-base on ageing and long-term operation (SKALTO)



(3) PWR RPV and Core Internals

The current component specific guidelines for PWR RPV and Core Internals (TECDOC 1119
and 1120) document ageing assessment and management practices for PWR RPVs and Core
Internals that were current at the time of its finalization in 1997-1998. Safety significant
operating events that have occurred since that time, e.g. involving PWSCC of Alloy 600
CRDM penetrations, boric acid corrosion/wastage of RPV head and IASCC of baffle-former
bolts, threatened the integrity of the RPV heads and core internals involved. These events led
to new ageing management actions by both NPP operators and regulators. In this regard, the
Agency decided to create TECDOC addendums to update relevant sections of the existing
TECDOC-1119 and 1120 in order to provide current ageing management guidance for PWR
RPVs and Core Internals to all involved in the operation and regulation of PWRs and thus to
help ensure integrity of PWR RPV and Core Internals in IAEA Member States throughout
their entire service life.

1) Scope

TECDOC-1119 and 1120 and their addendums cover Ageing Management of the RPV and
Core Internals of Western PWRs designed and manufactured by Westinghouse, Combustion
Engineering, Babcock & Wilcox, Mitsubishi, Framatome and Siemense/ KWU and those of
WWER-440 and WWER-1000.

2) New significant ageing mechanisms

TECDOC-1120 defined only Radiation Embrittlement of Shell (Core Region) as a significant
ageing mechanism. The draft addendum of TECDOC-1120 added PWSCC of Alloy 600
components and Alloy 182 welds and Boric Acid Corrosion of the top head as new significant
ageing mechanisms. The following sites are susceptible to PWSCC:

• CRDM nozzles;
• Bottom-mounted instrumentation nozzles;
• Nozzle safe ends;
• Other locations (Cladding of nozzle bore, Radial keys).

TECDOC-1119 recognized Radiation Embrittlement, Stress Corrosion Crocking (IGSCC,
TGSCC, IASCC) and Fatigue (for some bolts and pins) as significant ageing mechanisms.
The draft addendum of TECDOC-1119 added recent operational experience of IASCC of
baffle former bolts.

3) Key factors to manage significant ageing degradation mechanisms

The draft TECDOC-1120 addendum describes the following factors to manage PWSCC of
Alloy 600 components and Boric Acid Corrosion :

a) PWSCC of Alloy 600

• ISI programmes for the Alloy-600 penetrations  to ensure timely detection of any
Alloy-600 penetration cracking, which include NDE appropriate to the susceptibility
of a specific RPV head to PWSCC as well as bare metal visual examination of 100%
of the head surface;
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• Preparation of a flaw evaluation handbook and development and documenting of
plant-specific criteria in a flaw evaluation handbook.

b) Boric Acid Corrosion

• Visual inspections performed during each refuelling outage to identify potential boric
acid leaks from not only the Alloy 600 penetrations but also from pressure retaining
components above RPV head;

• Determination of the wastage level of affected ferritic steel components, once a boric
acid leak is detected.

In addition the TECDOC 1120 addendum introduces environmental fatigue assessment
methods in USA and Japan and updated radiation embrittlement assessment methods in USA,
France and for WWERs.

The draft TECDOC-1119 addendum provides the key factors to manage IASCC of baffle-
former bolts shown below:

• Ssubdivision of NPPs according to susceptibility of their baffle former bolts to
IASCC. Bolt damage prediction equations/curves that take into account fluence,
temperature, stress as well as operating experience could be useful for this task.

• Development of baffle former bolts inspection programme for the lead NPPs. Perform
UT examination of baffle former bolts of the lead plants.

• Develop baffle former bolts inspection programme for NPPs with lower IASCC
susceptibility on the basis of inspection results from the lead NPPs.

The addendum also introduced an example of IASCC damage prediction equation developed
in Japan.

4. EBP SALTO

Decisions on long term operation (LTO) involve the consideration of a number of factors.
While many of these decisions concern economic viability, all are grounded in the premise of
maintaining plant safety. It was recognized that internationally agreed-upon, comprehensive
guidance was needed to assist regulators and operators in dealing with the unique challenges
associated with the LTO issue.

Therefore, the Agency initiated the Extrabudgetary Programme (Programme) on ‘Safety
aspects of long term operation of water moderated reactors’ (SALTO) in 2003. The
Programme’s objective is to establish guidance on the scope and content of activities to
ensure safe long term operation of water moderated reactors.

The Programme Steering Committee, composed of senior representatives from the
participating Member States (Bulgaria, Czech Republic, Finland, France, Germany, Hungary,
Russia, Slovak Republic, Spain, Sweden, Ukraine, United Kingdom, the USA, European
Commission and WANO), guides the Programme efforts implemented through 4 Working
Groups dedicated to specific technical areas.
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Fig. 2. Programme structure.

The Programme’s objectives include developing guidelines to assist regulators and operators
of water moderated reactors, in assuring that the required safety level of their plants is
maintained during long term operation. The Programme will also provide generic tools to
support the identification of safety criteria and practices at the national level applicable to
LTO, and will serve as a forum in which Member States can freely exchange information and
experience. The combined experience of all Member States participating in this Programme
will be used as an input to developing an optimal approach to safe LTO.

The Programme final outcome, the report ‘Recommendations on the Scope and Content of
Programmes for Safe Long Term Operation of Water Moderated Reactors’ will provide an
overall guidance in this area. Further, the EBP will provide detailed guidance in the areas of
general LTO framework, mechanical components and materials, electrical components and
I&C, structural components and structures as well as a database of LTO related technical
information.

The Programme final outcome will be based on a concerted effort, conducted in several steps:

• collect available information from participating MS;

• review and compare the information collected, evaluate and document common
elements and the differences;

• reconcile the differences and identify future challenges;

• consolidate the information available and develop guidelines.

The Programme will be completed in the end of 2006 and related activities transferred to the
IAEA regular programme.

Detailed information on the Programme could be obtained on its dedicated web pages:
http://www-ns.iaea.org/projects/salto. In particular, information on the Programme objective,
scope, structure, schedule, members is provided there. All finalized documents prepared
within the Programme could be also downloaded from the web pages.
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5. Other activities related to LTO

(1) Periodic Safety Review (PSR)

Periodic safety review (PSR) is an effective means of ensuring the long term safety of nuclear
power plants (NPPs) which is an integral part of NPP life management and a prerequisite for
plant life extension. PSR is a comprehensive safety review addressing all important aspects of
NPP safety which is carried out at ten year intervals to obtain an overall view of actual plant
safety and to identify changes that should be made to maintain a high level of safety.

Since the publication in 1994 of the first version of an IAEA Safety Guide on Periodic Safety
Review of Operational Nuclear Power Plants, the number of countries using and intending to
use PSR has been increasing and significant experience in implementation of PSR has been
accumulated. The IAEA has compiled this experience and revised the Safety Guide on PSR
[19] in 2003 using this experience. Currently the Agency is intended to further revise the
safety guide to incorporate neccesary considerations for subsequent reviews after the first
PSR.

In addition the Agency is preparing the following guidance documents on PSR to supplement
the safety Guide:

1) TECDOC on “Experience of Member States in implementing periodic safety review of
NPPs”;

2) Training Materials on PSR for training courses under TC projects;

3) New TECDOC on the “Role of the PSR, updating FSAR, DBD and CM in the plant
safety”.

(2) Design Basis Management

The design basis for SSCs is the information that identifies the specific functions to be
performed and the controlling design parameters and specific values or ranges of values for
these parameters. The design bases stipulate the function of the SSCs, essential SSC
parameters of the stated functions and processes, the basic safety margins to be included in
the design, accident and fault scenario expectations, environmental considerations and
applicability of safety and industry codes and standards. The design basis of NPPs is used by
the plant staff and the regulatory authority in judging the acceptability of the original design
and of modifications to the NPP with respect to the safety of the NPP’s personnel, public and
environment.

As a pilot project, the Agency has drafted a “Guideline for Design Basis Documents (DBD)
Collation and Maintenance for WWER Reactors” and is providing assistance in this area
through training and the exchange of experience. In the next step, this Guideline will be
generalized to be applicable to all reactor types.

To initiate efforts to consolidate the design basis documentation is particularly important for
LTO of older plants. Older plants may require a number of modifications to meet current
safety requirements, for which the likelihood that the original designer/vendor may not be
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able to provide the needed support is highest, and, which for technical, organizational or other
reasons do not have this information available.

(3) Configuration Management

Configuration management (CM) is the process of identifying and documenting the
characteristics of a facility’s SSCs and of ensuring that changes to these characteristics are
properly developed, assessed, approved, issued, implemented, verified, recorded and
incorporated into the facility documentation [20]. The main challenges are caused particularly
by ageing plant technology, plant modifications, the application of new safety and operational
requirements, and in general by human factors arising from plant personnel turnover and
possible human failures. The IAEA Incident Reporting System shows that on average 25% of
recorded events could have been caused by configuration management errors or deficiencies.
Correctly applied, CM processes ensure that the construction, operation, maintenance and
testing of a physical facility are in accordance with design requirements as expressed in the
design documentation. An important objective of a configuration management program is to
ensure that accurate information consistent with the physical and operational characteristics of
the nuclear installations is available in a timely manner for making safe, knowledgeable, and
cost effective decisions with confidence, including decisions on LTO. CM is another
important element of maintaining plant safety and adequate safety margins during LTO.

The Agency is preparing a safety report on the “Application of Configuration Management in
Nuclear Power Plants “, which focuses also on examples of events, challenges to CM and
good practices.

IAEA is running a European regional project on the “Improvement of Design Basis
Documentation and Configuration Management” (2005 – 2006) to improve the understanding
of the need for and the expected content of Documentation of the Design Basis of NPPs and
the interaction between the design basis documentation management, configuration
management and the safety and operation of the NPP.

6. Knowledge Management: SKALTO

The Agency developed a Safety Knowledge Base on Ageing and Long Term Operation
(SKALTO) of NPPs as a pilot project and a first practical application of knowledge
management techniques in the Department of Nuclear Safety and Security. The IAEA
guidance documents on Ageing Management provide the core for SKALTO’s knowledge
inventory.

The objective and goal of SKALTO is to identify and store relevant knowledge (or provide
links to relevant knowledge sites) in order to facilitate its retrieval, updating, extension and
dissemination to potential users and thus to promote more creative and effective ageing
management and LTO programmes and activities. The scope of SKALTO covers:

- management of physical ageing of nuclear plant SSCs important to

safety; and
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- other LTO programmes, such as periodic safety review (PSR),

configuration management (CM), and design basis data management

(DBDM).

SKALTO consists of the following chapters:

(1) Nuclear Safety Standards and Guides
(2) Basic Knowledge and Guidanc
(3) Relevant Safety Activities
(4) Safety Research and Development
(5) Education and Training
(6) Experts
(7) Links to other organization’s insights
(8) Links to relevant IAEA Data Base

Chapter 1 provides relevant IAEA safety standards and INSAG reports, national requirements
such as US NRC NUREG 1800 (Standard Review Plan for Licensing Renewal) and
recommendations of other international organizations such as OECD/NEA and EC. Chapter 2
provides terminology and abbreviations, key reference documents such as US NRC “GALL
Report” and IAEA guidance documents. Chapter 3 provides past records of IAEA missions
and meetings. Chapter 4 consists of reports of IAEA Coordination Research Programmes
(CRPs) and other national/ international research programmes. Section 5 provides standard
training modules on Ageing Management and Equipment Qualification. Chapter 6 is a yellow
page of experts. Chapter 7 and 8 have links to web pages of other organizations and to
relevant IAEA data-base.

SKALTO users can get actual documents and materials or jump to other sites by clicking
links on SKALTO HTML pages.

Since SKALTO is under development, it is currently carried on only the IAEA intranet.
However the reduced scope SKALTO that includes open documents could be accessed on:
http://www-ns.iaea.org/projects/salto.

The expanded scope version will be accessible in 2005.

7. Future direction of IAEA activities on Ageing Management

(1) Safety Guides

As mentioned in Session 1 of this paper, a comprehensive set of guidance documents on
ageing management for nuclear power plants (NPPs) has been produced by the Agency.
These guidelines are, in general, applicable to all nuclear reactors. They represent a large
volume of technical guidance. The Agency has initiated the preparation of higher level
documents, i.e. Safety Guides with references to the exiting guidelines for ‘how to’ details as
well as to other related Safety Guides.
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(2) Further expansion and updating of guidance documents

Most of the programmatic guideline and components specific guideline documents were
published in 1990s. Member States have been accumulating operational experience and
practices related to component ageing degradations and ageing management programmes
after publication of these guidance documents. In this regard it is important to keep them up-
to-date and add new important guidance documents. The Agency puts priorities on the
following subjects:

(1) Programmatic Guideline
• Publication of Proactive Ageing Management (new document)
• Updating of the AMP methodology (Technical Reports Series No. 388)

(2) Component Specific Guideline
• Updating of the guideline for Steam Generators
• Updating of the guideline for CANDU pressure tubes
• Updating of the guideline for CANDU reactor assembly
• New guideline for  Pressurizers

(3) Maintenance of SKALTO

It is also quite important to keep SKALTO up-to-date and further expand its contents. Since
the current version of SKALTO mainly focuses on the Agency’s documents, there are rooms
to further incorporate requirements, code and standards, guidance documents and research
programme outputs prepared by Member States and other international organizations.

The Agency also plans to modify SKALTO structure and to further focus on ensuring the
qualify of the information and on improving the classification of the information and
enhancing the user friendliness.
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Introduction

The United States Nuclear Regulatory Commission (NRC), as part of its mission to protect

public health and safety and the environment.  In fulfilling this mission the NRC

(1) monitors and assesses steam generator tube operating experience and (2) reviews industry

proposals to revise steam generator tube inspection and repair requirements in the technical

specifications.  This paper reviews significant occurrences, trends, and issues in the recent

past relating to steam generator tube integrity from a regulatory perspective.  This paper

focuses on (1) the status of replacing steam generators, (2) recent experience at plants with

thermally-treated Alloy 600 tubes, (3) recently issued or planned generic communications,

and (4) the status of revising the steam generator portion of the technical specifications.  Each

of these focus topics are discussed in the following sections.

Steam Generator Replacement Status

There are 69 operating pressurized water reactors in the United States.  Each of these

pressurized water reactors have two to four steam generators, and each steam generator can

contain anywhere from 3,000 to 16,000 tubes.  These tubes have an important safety role

because they constitute one of the primary barriers between the radioactive and

non-radioactive sides of the plant.  For this reason, the integrity of the tubing is essential in

limiting the leakage of radioactive water to the environment.

The susceptibility of steam generator tubes to degradation is affected by various factors,

including the steam generator design, the operating environment (temperature and water

chemistry), and operating and residual stresses.  Two of the most important factors affecting

the susceptibility of a tube to degradation are the tube material and the tube’s heat treatment.

During the early-to-mid 1970s, when all plants in the United States, except one, had

mill-annealed Alloy 600 steam generator tubes, tube thinning was the dominant cause of tube

degradation.  In the mid-to-late 1970s, tube denting became a primary concern.  Denting

resulted from the corrosion of the carbon steel tube support plates and the buildup of

corrosion products in the crevices between the tubes and the tube support plates.  The

extensive tube degradation at pressurized water reactors with mill-annealed Alloy 600 steam



generator tubes has resulted in tube leaks, tube ruptures, and in some cases has caused the

NRC to require mid-cycle steam generator tube inspections.  It has led licensees to replace

steam generators at 39 plants in the United States, as indicated in Table 1.  In addition,

extensive tube degradation contributed to the shutdown of Haddam Neck, Maine Yankee,

Trojan, Zion 1, Zion 2, and San Onofre 1.

As mill-annealed Alloy 600 steam generator tubes began exhibiting degradation in the early

1970s, the industry pursued improvements in the design of future steam generators to reduce

the likelihood of corrosion and other service-induced degradation.  One of these

improvements involved subjecting the Alloy 600 tubes to a high temperature thermal

treatment (approximately 705°C) for 10 to 15 hours to promote carbide precipitation at the

grain boundaries and diffusion of chromium to the regions adjacent to the grain boundaries.

This thermal treatment process was intended to reduce the susceptibility of the material to

stress corrosion cracking.  In addition to the thermal treatment process, other design

improvements to increase the tubes’ resistance to degradation included

(1) expanding the tubes into the tubesheet by hydraulic means rather than by mechanical

rolling or explosive methods, (2) use of stainless steel rather than carbon steel for the tube

support plates, and (3) use of quatrefoil-shaped holes instead of round shaped holes.

This latter improvement limits the contact between the tube and the support plate to four

narrow lands, minimizing local dryout and chemical concentration.

The first steam generator replacement in the U.S. took place at Surry Unit 2 in 1980.  These

replacement steam generators have thermally-treated Alloy 600 tubes and all of the design

improvements mentioned above.   In the early 1980s, approximately one plant per year

replaced their steam generators.  All of these replacement steam generators had thermally-

treated Alloy 600 tubes.  In 1989, the first steam generators with

thermally-treated Alloy 690 tubes were placed into service in the United States.  Alloy 690 is

a nickel-chromium-iron alloy that is similar to Alloy 600.   The principal differences between

Alloy 690 and Alloy 600 are the increase in chromium content from about 16 percent to 30

percent, a decrease in the nickel content from 72 percent minimum to 58 percent minimum,

and a decrease in carbon content from 0.15 percent maximum to 0.05 percent maximum.

The higher chromium content in Alloy 690 when compared to Alloy 600 reduces the degree

of sensitization (i.e., the amount of chromium depleted in areas adjacent to the metal grain

boundaries), thus increasing resistance to corrosion attack at the metal grain boundaries.  The

heat treatment, which is intended to improve the stress corrosion cracking resistance of the

material, involves mill-annealing at temperatures sufficient to put all the carbon into solution,

followed by a thermal treatment to precipitate carbides on the metal grain boundaries into the

tube metal microstructure.  [Resistance to stress corrosion cracking in this material is greatest

when the metal grain boundaries are fully populated with carbides.]  Alloy 690 is more

resistant to both primary and secondary side stress corrosion cracking, pitting, and general

corrosion.  The superior resistance of

Alloy 690 to intergranular attack, pitting corrosion, primary water stress corrosion cracking,

and outside diameter stress corrosion cracking has been attributed mainly to the higher

chromium content.
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Since 1989, most of the replacement steam generators installed in the United States have

primarily used tubes fabricated from thermally-treated Alloy 690.  The few exceptions are

Palisades, Salem 1, and Indian Point 2 as shown in Table 1.  Of the 69 currently operating

pressurized water reactors in the United States, 22 (32 percent of plants) have steam

generators with mill-annealed Alloy 600 tubes, 17 (25 percent of plants) have steam

generators with thermally-treated Alloy 600 tubes, and 30 (43 percent of plants) have steam

generators with thermally-treated Alloy 690 tubes as of April 2005.  Figure 1 shows the

percentage of plants with a given tube material and heat treatment have evolved with time.

As shown in the figure, there are currently more plants that have thermally-treated steam

generator tubes than there are plants with mill-annealed tubes.

The decrease in the number of plants with mill-annealed steam generator tubes is expected to

continue.  Currently, approximately 2 to 4 plants with mill-annealed Alloy 600 tubes are

replacing their steam generators per year.  For example, in the fall of 2005, Callaway,

Arkansas Nuclear One 1, and Palo Verde 1 are planning to replace their steam generators.  In

2006, four additional plants with mill-annealed Alloy 600 tubes plan on replacing their steam

generators.

It is important to evaluate the operating experience with replacement steam generators in

order to identify the need for additional (or more frequent) steam generator tube inspections

or repair.  Although thermally-treated Alloy 600 is no longer the material of choice for new or

replacement steam generators, its operating experience can provide insights into the future

behavior of newer steam generators with Alloy 690 tubes.

The operating experience associated with thermally-treated Alloy 600 steam generator tubes

is discussed in the following section.

Thermally-Treated Alloy 600 Steam Generator Tube Experience

There are currently 17 plants with thermally-treated Alloy 600 steam generator tubes in the

United States.  An additional plant has a small fraction of its tubes fabricated from thermally-

treated Alloy 600.  As discussed above, thermally-treated Alloy 600 tubes were first placed

into service in the United States in 1980.  There are approximately 281,000 thermally-treated

Alloy 600 tubes in the 17 plants with this tube material.  All the steam generators in the

United States with thermally-treated Alloy 600 tubes were designed and fabricated by

Westinghouse.
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Table 1:  Plants with Replacement Steam Generators

Plant Name Year Installed Tube Material
1

Surry 2 9/80
600 TT

Surry 1 7/81
600 TT

Turkey Point 3 4/82
600 TT

Turkey Point 4 5/83
600 TT

Point Beach 1 3/84
600 TT

Robinson 2 10/84
600 TT

Cook 2 3/89
690 TT

Indian Point 3 6/89
690 TT

Palisades 3/91
600 MA

Millstone 2 1/93
690 TT

North Anna 1 4/93
690 TT

Summer 12/94
690 TT

North Anna 2 5/95
690 TT

Ginna 6/96
690 TT

Catawba 1 9/96
690 TT

Point Beach 2 12/96
690 TT

McGuire 1 5/97
690 TT

Salem 1 7/97
600 TT

McGuire 2 12/97
690 TT

St. Lucie 1 1/98
690 TT
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Table 1:  Plants with Replacement Steam Generators Continued

Plant Name Year Installed Tube Material
1

Byron 1 1/98
690 TT

Braidwood 1 11/98
690 TT

South Texas Project 1 5/00
690 TT

Farley 1 5/00
690 TT

Cook 1 12/00
690 TT

Arkansas Nuclear One 2 12/00
690 TT

Indian Point 2 12/00
690 TT

Farley 2 5/01
690 TT

Kewaunee 12/01
690 TT

Harris 12/01
690 TT

Calvert Cliffs 1 6/02
690 TT

South Texas 2 12/02
690 TT

Calvert Cliffs 2 5/03
690 TT

Sequoyah 1 6/03
690 TT

Palo Verde 2 12/03
690 TT

Oconee 1 1/04
690 TT

Oconee 2 6/04
690 TT

Prairie Island 1 11/04
690 TT

Oconee 3 12/04
690 TT

1
TT = thermally-treated, MA = mill-annealed
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Figure 1:  Percentage of Plants with a Given Tube Material

and Heat Treatment as a Function of Time

As discussed in NUREG-1771, “U.S. Operating Experience with Thermally-Treated Alloy

600 Steam Generator Tubes”, only 0.5 percent of the thermally-treated Alloy 600 tubes were

plugged as of December 2001.  The dominant degradation mode (and cause for steam

generator tube plugging) in thermally-treated Alloy 600 tubes is wear.  Of the approximate

1400 tubes plugged, 53 percent of the tubes were plugged as a result of wear.  None of the

tubes plugged prior to 2002 were plugged as a result of a confirmed crack in a tube.

As alluded to above, the relatively good operating experience of plants with

thermally-treated Alloy 600 steam generator tubes can be attributed to several factors besides

the heat treatment of the tubes.  For example, the hydraulic expansion of the tubes into the

tubesheet, the quatrefoil design of the tube support plates, and the stainless steel material used

to fabricate the tube support plates contribute to the good operating experience.

In 2002, the first confirmed instance of stress corrosion cracking affecting

thermally-treated Alloy 600 tubing was reported in the United States.  This cracking occurred

at Seabrook.  Since this initial finding, three other plants (Braidwood Unit 2, Catawba Unit 2,

and Vogtle Unit 1) with thermally-treated Alloy 600 tubing have found cracking indications.

Each of these instances of cracking is described in greater detail below.

Kenneth KARWOSKI et al., NRC (USA)
Regulatory perspective on steam generator tube operating experience



Seabrook Station is a Westinghouse four-loop pressurized water reactor with Model F steam

generators.  The unit had operated for approximately 9.7 effective full-power years as of May

2002.  During an outage in May 2002, axially oriented linear indications were detected on the

outer diameter tube surface of the tube at a number of tube-to-tube support plate intersections.

The maximum depth of the indications was estimated to be 62 percent through-wall and the

lengths ranged from 0.3 to 0.75 inch.  All tubes with cracks were plugged.  These findings are

noteworthy because Seabrook was the first plant with thermally treated Alloy 600 to observe

cracking in the U.S. despite having operated for less time than most other plants with

thermally-treated Alloy 600.

An evaluation was performed to determine the root cause of the cracking.  The principal cause

was determined to be elevated residual stresses in the degraded tubes that made them more

susceptible to corrosion in the operating environment.  The elevated residual stress levels

were attributed to non-optimal tube processing.  The precise processing steps responsible for

the adverse stress state could not be conclusively determined from a review of the tube

processing records.  During the root cause investigation, a unique offset or shift on the low

frequency absolute channel between the straight leg portion of the tube and the U-bend region

was observed in the cracked tubes.  This offset was attributed to changes in the residual

stresses in the tube.  No offset in the eddy current data had been expected since the U-bend

region of the cracked tubes had been stress relieved after bending.

Following the 2002 inspections, six additional tubes with the unique offset were determined

to exist at Seabrook.  None of these tubes had cracks during the 2002 outage.  During

Seabrook’s next outage in October 2003, these six tubes were inspected.  Of these six tubes,

there were three tubes with nine indications of outside diameter stress corrosion cracking at

the tube support plate elevations.  All six of these tubes were plugged

(i.e., even those with no crack indications).  Additional details regarding the findings at

Seabrook are contained in NRC Information Notice 2002-21, Supplement 1.

Subsequent to the findings at Seabrook, plants with thermally-treated Alloy 600 tubing began

to review their eddy current data for offsets similar to that observed at Seabrook.  Although

several of the plants found tubes with the offset signal, only one plant (Braidwood 2), to-date,

has found cracks in these tubes (it appears that).  Braidwood Station Unit 2 is a Westinghouse

four-loop pressurized water reactor with Model D5 steam generators.  The unit has operated

for approximately 10.9 effective full-power years as of their 2003 outage.  During their 2003

outage, a total of four hot-leg tube support plate intersections in three tubes with the offset

signal were identified as containing outside diameter stress corrosion cracking.  All tubes

were plugged.

Prior to 2004, most (if not all) of the crack indications in thermally-treated Alloy 600 tubes in

the United States occurred at two plants and were attributed to non-optimal tube processing.

These crack-like indications occurred in the region of the tube where it passes through the

tube support plate.  In 2004 and early 2005, several plants with thermally-treated Alloy 600
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steam generator tubes found cracks in the portion of the tube contained within the tubesheet.

The circumstances surrounding these findings are discussed below.

Catawba Nuclear Station Unit 2 is a Westinghouse four-loop pressurized water reactor with

Model D5 steam generators.  The unit has operated for approximately 14.7 effective full-

power years as of their 2004 outage.  During fabrication of the steam generators,

a portion of the U-shaped tubes are inserted into a thick plate called a tubesheet.

The tubesheet is approximately 21-inches thick and has two holes for each tube (one hole on

the hot-leg side of the steam generator and one hole on the cold-leg side).  The lower ends of

the tubes were tack-expanded into the tubesheet for approximately 0.70-inch.

This tack expansion is performed to facilitate welding of the tube to the primary side of the

tubesheet.  In the case of Catawba Unit 2, this region is frequently referred to as the tack roll

region since the tack expansion was accomplished by mechanically rolling the tube into the

tubesheet.  Following welding, the tubes were hydraulically expanded for the full depth of the

tubesheet.

During an outage in 2004, three discrete circumferential indications were found in an

overexpanded region within the tubesheet region of one tube at Catawba 2.  Overexpanded

regions such as this are sometimes referred to as bulges or tubesheet anomalies.  The

indications were located approximately 7-inches below the top of the hot-leg tubesheet.

In addition to the three indications found in the bulged region of one of the tubes, nine tubes

were found to have circumferentially oriented indications in the tack roll region and several

hundred tubes were found to have indications in the tube-to-tubesheet weld.

In six of the tubes with tube-to-tubesheet weld indications, the indications extended into the

parent tube.  The indications in these tubes consisted of either single or multiple cracks.  The

findings are very noteworthy because potential crack-like indications were first found in

manufacturing anomalies (e.g., bulges or tubesheet anomalies) rather than at other tube

locations such as the expansion transition or U-bend region.  Expansion transitions and U-

bends have high residual stresses and are routinely considered to be the leading indicator that

cracking is occurring in the steam generator tubes.  Additional information pertaining to the

findings at Catawba Unit 2 can be found in NRC Information Notice 2005-09.

Subsequent to the findings at Catawba Unit 2, a few cracks were also found at

Vogtle Unit 1.  Vogtle Unit 1 is a Westinghouse four-loop pressurized water reactor with

Model F steam generators.  During an outage in 2005, three circumferential indications were

found on the inside diameter of two of the tubes.  The indications were associated with bulges

or overexpansions within the tubesheet region.

In general, the operating experience with thermally-treated Alloy 600 tubing has been

favorable in the U.S.  To date, only a limited number of tubes at a few plants have exhibited

cracking.  In addition, the operating experience at the 30 plants that have thermally-treated

Alloy 690 tubes has been favorable with no reported incidence of cracking.
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As noted in the examples given in this section, the NRC uses generic communications to

inform the industry of recent operating experience.  The NRC anticipates that recipients will

review the information for applicability to their facilities and consider taking actions to avoid

similar issues.  The most recent generic communications related to steam generator tube

integrity are discussed in the following section.

Steam Generator Generic Communications

Generic communications have recently been issued on a number of topics related to steam

generator tube integrity.  Information notices were recently issued on experience with loose

parts in steam generators, tube leakage due to a fabrication flaw in a replacement steam

generator, and problems with computerized eddy current data analysis.  A generic letter was

recently issued on the interpretation of technical specification requirements in conjunction

with Title 10 of the

Code of Federal Regulations, Appendix B, pertaining to the inspection for cracks in the

portion of the tube within the steam generator tubesheet.  A draft generic letter was recently

released for public comment on steam generator technical specifications and bending loads.

Details regarding the aforementioned generic communications are provided below.

Generic Letter 2004-01, Requirements for Steam Generator Tube Inspections:

Generic Letter 2004-01 was issued August 30, 2004, to advise the industry of the NRC’s

interpretation of the technical specification requirements in conjunction with Title 10 of the

Code of Federal Regulations, Part 50, Appendix B.  The NRC’s interpretation of these

requirements as they pertain to steam generator tube inspections is that plants must use probes

capable of detecting the forms of degradation that may exist along the length of tube required

to be inspected by the technical specifications.  In the event that a plant does not want to use

such probes to inspect certain portions of the tube, relief from the requirements can be granted

by the NRC.

Information Notice 2004-10, Loose Parts in Steam Generators:

Information Notice 2004-10 was issued May 4, 2004, to inform the industry about loose parts

found in steam generators.  Loose parts are often introduced into steam generators from

maintenance activities or degradation in primary- or secondary-system components.  These

loose parts may result in steam generator tube degradation (i.e., through mechanical

interaction between the loose part and the tube or through introduction of chemical impurities

into the steam generator) and in some cases lead to tube leakage.  This information notice

included several examples where loose parts had been identified in steam generators.  For

example, a piece of weld slag located on the top of the cold-leg tubesheet at Braidwood Unit

2, manufacturing fit-up bars on top of a preheater baffle plate at Braidwood Unit 2, and a

guide tube support pin nut and a locking device found in the primary side of a steam generator

at Wolf Creek.  Loose parts and their locations are not limited to the previously discussed

items and locations.  The information notice discussed the importance of performing

engineering evaluations in cases where the loose part cannot be retrieved to determine

whether the part will impair tube integrity if it is left in service.  The information notice also
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discussed procedures for precluding the introduction of loose parts into the primary- and

secondary-system.  These included maintenance operation tools and equipment

accountability, cleanliness requirements, accountability procedures for components and parts

removed from major components, and post-maintenance inspections.

Information Notice 2004-16, Tube Leakage due to a Fabrication Flaw in a Replacement

Steam Generator:  Information Notice 2004-16 was issued August 3, 2004, to inform the

industry about the potential for steam generator tubes to be damaged during fabrication and

packaging.  The information notice discussed the small primary-to-secondary leak that was

observed at Palo Verde Unit 2 during the first cycle of operation with their replacement steam

generators.  The plant was shut down when the leakage increased to 11 gallons per day in

order to identify the source of the leak.  The leaking tube was identified during a secondary-

side pressure test.  During the root cause analysis, the licensee fabricated a series of mock-up

dents, reviewed manufacturing records for the steam generators, reviewed steam generator

packing records, and reviewed the preservice examination results for the new steam

generators.  It was determined that one tube was discarded during the fabrication of the

replacement steam generators since it was damaged by a packing screw.  This finding

contributed to the conclusion that the damage to the leaking tube occurred during the packing

of the tubes into a shipping crate.

The information notice stressed the importance of monitoring the fabrication process

including packing procedures for the tubes and the receipt inspections performed at the

fabrication facility.  In addition, the information notice stressed the importance of

communicating non-conforming conditions observed during fabrication to the individuals

responsible for the preservice examination so that these individuals can further ensure that

such conditions do not exist in the steam generator.

Information Notice 2004-17, Loose Part Detection and Computerized Eddy Current Data

Analysis in Steam Generators:  Information Notice 2004-17 was issued August 25, 2004, to

inform the industry about challenges associated with the detection of loose parts and recent

experience related to applying computerized data screening algorithms in the evaluation of

steam generator tube eddy current data.  At Shearon Harris, three tubes were identified as

being damaged by a loose part.  One of these tubes had a through-wall flaw and was leaking

during operation.  The leaking tube was identified through a secondary side pressure test.

Even with the information from the secondary-side pressure test indicating that a through-wall

flaw existed in the tube, the standard bobbin coil analysis techniques could not readily detect

the flaw.  The masking of the flaw signal was attributed to the proximity of the flaw to the

expansion transition which is located at the top of the tubesheet.  While evaluating the

sequence of events that led to the damage to these three tubes, it was determined that the

computerized data screening algorithm used during the prior inspection used improper

settings.  These improper settings resulted in the computerized data screening skipping the

evaluation of a small portion of tubing.  As a result of these findings, the information notice

stressed the possibility that tube damage from loose parts may not always be identified with

standard bobbin coil analysis as a result of the presence of interfering signal.  In addition, the

information notice stressed the importance of properly setting computerized data screening

parameters for eddy current data analysis.
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Information Notice 2005-09, Indications in Thermally-treated Alloy 600 Steam Generator

Tubes and Tube-To-Tubesheet Welds:  Information Notice 2005-09 was issued

April 7, 2005, to inform industry about recent operating experience with degradation in steam

generator tubes and tube-to-tubesheet welds.  Details regarding this information notice were

provided in the previous section on thermally-treated Alloy 600 operating experience.

As a result of operating experience and research, the nuclear industry’s understanding of

steam generator tube degradation has improved.  This improved understanding has led to

changes in the design and operation of the steam generators.  Given these improvements, the

NRC embarked on an effort to update the requirements governing steam generator tube

inspections.  The status of this effort is discussed in the following section.

Status of New Steam Generator Technical Specifications

Given that improvements could be made to the existing requirements pertaining to steam

generator tube integrity, the NRC staff embarked on an effort to improve its regulatory

requirements.  Currently, this effort is focused on improving the technical specifications.  The

technical specifications at many plants are modeled after a generic standard technical

specification; however, each plant in the U.S. has its own unique technical specifications.

Nonetheless, the steam generator portion of most plants’ technical specifications was

developed in the 1970s.  As a result, these technical specifications do not reflect the current

understanding of steam generator tube degradation and the improvements in steam generator

design.  In addition, these technical specifications have some unnecessary prescriptive

attributes.

Recently, the NRC approved modifications to the steam generator portion of the technical

specifications at six plants.  These technical specifications are consistent with those developed

under the Nuclear Energy Institute’s 97-06 initiative.  The six plants that have adopted the

new steam generator portion of the technical specifications are

Catawba Units 1 and 2, Farley Units 1 and 2, and South Texas Project Units 1 and 2.  In

addition, several other plants have requested NRC approval to use these new steam generator

technical specifications (Arkansas Nuclear One Unit 1, Callaway Unit 1, and

Salem Unit 1).

The new technical specifications are risk informed and performance based.  In addition, they

reflect the current understanding of tube degradation and the improvements incorporated into

newer steam generators.  In the specification, the goals of the tube integrity program are

defined in terms of performance criteria.  There are criteria associated with structural

integrity, leakage during normal operation, and leakage during postulated accident conditions.

To facilitate the adoption of new technical specification requirements related to steam

generator tube integrity, the industry’s Technical Specification Task Force requested NRC
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approval of a generic revision to the steam generator portion of the technical specifications.

In response to this request, the NRC staff published a draft generic safety evaluation on the

industry's proposal for public comment in the Federal Register on March 2, 2005.  The public

comment period expired on April 1, 2005.  After reviewing the public comments, the NRC

plans to issue a "Notice of Availability" of this Technical Specification Task Force proposal

to allow plants to adopt the new steam generator portion of the technical specifications under

the consolidated line item improvement process.  The consolidated line item improvement

process streamlines the process for modifying plant-specific technical specifications.

In the meantime, on October 7, 2004, the staff also issued in the Federal Register a generic

letter (Generic Letter 2004-xx, Steam Generator Tube Integrity and Associated Technical

Specifications) for a 60 day comment period.  If finalized, this generic letter will request

licensees (1) to discuss the adequacy of their steam generator tube integrity program and their

plans for modifying their technical specifications to ensure they are representative of their

program and (2) to discuss how bending loads are assessed in their evaluations of tube

integrity.  The licensees that have adopted the new steam generator portion of the technical

specifications will not be required to respond to the generic letter.

The public comment period on the draft generic letter expired on December 6, 2004, and the

staff is currently reviewing and incorporating these comments into the draft generic letter.

One of the comments requested that the NRC withhold issuing the generic letter for some

time period after the “Notice of Availability” is issued for the Technical Specification Task

Force proposal.  This would permit plants to voluntarily modify their technical specifications;

thereby, avoiding having to respond to the generic letter. The staff anticipates issuing the

“Notice of Availability” in May or June 2005.

Conclusion

As a result of tube degradation associated with original steam generator designs, many plants

have replaced their steam generators.  The operating experience associated with the newer

steam generator designs has been favorable with only a few instances of cracking being

reported.  The NRC and the U.S. nuclear industry continue to improve their programs for

managing steam generator tube integrity.  In addition, the NRC and the industry are making

advances in improving the regulatory requirements pertaining to tube inspections.

Kenneth KARWOSKI et al., NRC (USA)
Regulatory perspective on steam generator tube operating experience
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Abstract

The Network for Evaluating Structural Components (NESC) was set up over 10 years ago to

address the verification of advanced structural integrity assessment techniques for safety-

critical reactor components. Through its self-funded activities and associated projects, partly

funded by the European Commission’s DG-RTD, it has developed a significant body of

benchmark R&D data, in particular for large-scale tests performed under closely monitored

conditions. Key developments are described in three areas a) fracture assessment for reactor

pressure vessels; b) fracture assessment of dissimilar metal welds in primary piping and c)

thermal fatigue damage in class 1 and class 2 piping. The added value of combining the

efforts of utilities, manufacturers and R&D organisations is stressed.

1 Introduction

Dealing with real or postulated cracks in large structures is a classical engineering problem,

which takes on special significance for components in nuclear power plants. While regulators,

utilities and plant manufacturers have developed effective procedures to assess structural

integrity, a policy of continuous development is required to ensure that safety margins are

maintained as plants accumulate many years of service and that robust technical justifications

can be made for inspection and maintenance performance requirements.

Advanced techniques typically rely on calibration from measurement of fracture toughness or

fatigue parameters on small laboratory specimens. In the case of brittle fracture, for instance,

there is now wide acceptance of methods such as Master Curve to assess shifts in the

transition behaviour from as-received to end-of-life states. However there remain obstacles to

the application of such laboratory-generated representations of the fracture transition

behaviour for assessing postulated defects in critical components. The pattern of crack-tip

stresses and strains causing plastic flow and fracture in components is different to that in test

specimens due to differences in both geometry and loading. This gives rise to the so-called
constraint e_ect, which in many cases can be less in components than in test specimens,

leading to higher effective fracture toughness. Other factors also play a role: uncertainty

regarding local loading conditions, reliability of assumptions of postulated flaws, crack front

length (cleavage site sampling effect), representativeness of the laboratory materials data to

the component; local variations and/or gradients in materials properties and environment.

Finally, the methods use to make the assessment must be verified and have the confidence of

the plant operator and safety authority.



In response to such challenges the Network for Evaluation of Structural Components (NESC)

has worked over the last 10 years to:

- create an international network to undertake collaborative projects capable of

validating the entire structural integrity process.

- support the development of best practices and the harmonisation of standards.

- improve codes and standards for structural integrity assessment and to transfer the

technology to industrial applications.

The network [1] brings together some 30 operators, manufacturers, regulators, service

companies and R&D organisations in large-scale experimental projects. It is operated by the

European Commission's Joint Research Centre (JRC) as part of a family of European

networks [2]. Fig. 1 shows the organisational structure. The Network Steering Committee is

the overall decision-making body in which the key Network partners are represented. It elects

a Chairman for a two year-term. The day-to-day coordination of the activities is done by the

European Commission’s JRC. Its role as operating agent is to support the Steering Committee

and the organisation of the network and its projects. The JRC also contributes its own R&D

expertise for experimental and analytical work.

Fig. 1 NESC network organisational structure

The network projects are generally focussed on large-scale experimental activities capable of

being benchmarks. A strong multi-disciplinary element is aimed for, combining various

aspects of structural integrity assessment, in particular inspection, materials characterisation,

fracture mechanics and instrumentation. Each project has a manager, normally nominated by

the organisation performing the large-scale test. He/she is assisted by a project responsible

provided by the operating agent.
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Two projects have been completed and three are currently running, as indicated in Table 1.

The set of coordinated experimental and analytical studies making up each project are funded

primarily through so-called “in-kind” contributions, whereby participating organisations

contribute work and are then entitled to have access to the contributions of others to any given

project. Members have also benefited from the shared cost actions (SCAs) of the European

Commission’s Research Framework Programmes. In many cases these small dedicated

research projects have been pilot or seed projects for subsequent larger Network supported

actions. Examples of areas being explored for future NESC activities include: verification of

the warm pre-stress assessment methods (extension of the SMILE shared cost action [8]) and

fracture analysis of flaws in repair welds.

Table 1 – NESC Network Projects

Project Main Test Duration

NESC-I spinning cylinder [3] Spinning cylinder pressurised thermal shock
(PTS) test performed by AEA Technology in
March 1997 (main test sponsor HSE)

1993-2001

NESC-II Brittle crack initiation,
propagation and arrest of shallow
cracks in a clad vessel under
PTS loading [4]

Two PTS tests on cylinders with shallow cracks
performed by MPA Stuttgart in 2000/2001 (main
test sponsor BMFT)

1999-2003

NESC-III [5] Integrity of dissimilar
metal welds

Large-scale test on a dissimilar weld pipe
assembly (performed by EDF, as part of the
ADIMEW SCA)

2001-2005

NESC-IV [6] Investigation of the
transferability of Master Curve
technology to shallow flaws in
reactor  pressure  vesse l
applications

Biaxial bend tests on large cruciform-type test
pieces with surface-breaking semi-elliptic
defects and uniaxial bend tests on beams with
simulated sub-surface flaws (performed by
ORNL as part of the HSST programme)

2001-2005

NESC-TF Thermal Fatigue [7] Database of thermal fatigue data for operating
components and mocks has been created

2003 

Looking to the future, the NESC Steering Committee foresees the continuation of its work as

part of an integrated, networked effort in the area of plant life assessment. Several leading

members have been instrumental in submitting a concept document to the European

Commission’s DG-RTD for a European Network on Structural Integrity Research

(SIRENET), to be funded under Framework Programme 6 using the Network of Excellence

mechanism. It stresses the need to create an organisational structure capable of working at

European level to produce and exploit R&D in support of the safe and competitive operation

of nuclear power plants, recognising that the majority of reactors have now been operating for

longer than 20 years and their continuing safe operation needs to be supported by effective

lifetime management tools.

Nigel Taylor, European Commission JRC (Luxembourg) et al.
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2 Reactor Pressure Vessel Integrity

Integrity of pressurised water reactor pressure vessels (RPVs), in particular under design-base

pressurised thermal shock (PTS) conditions has been a major focus of NESC activities. The

following sections summarise the impact of these projects on different aspects of advanced

structural integrity assessment methodologies in some selected areas. In this respect the

Network has collaborated closely with the VOCALIST shared cost action project (Validation

of Constraint-Based Assessment Methodology in Structural Integrity) [9].

2.1 Direct evidence of resistance to brittle fracture

Both the NESC-I [3] and NESC-II [4] tests provided provide striking demonstrations of the

capability of degraded RPV steel containing large defects to withstand a very severe PTS

transient.  In the NESC-I spinning cylinder project the test piece consisted of an internally

clad, 7 tonne steel cylinder into which a total of 18 defects had been inserted, differing widely

in fabrication method, size and location (Fig. 2). The cylinder material was heat-treated to

produce a low toughness, high transition temperature condition (characterised by RTNDT =

101°C and To = 68
o
C). The test piece was subject to mechanical loading due to high-speed

rotation and thermal shock loads resulting from a cold water quench directed at the inner

surface of the heated cylinder. The test realised the planned crack initiation event at the large

through-clad defect, with ductile tearing, then sideways cleavage extension and finally arrest

in a stable condition. In the case of the large sub-clad defect no cleavage occurred, although it

was found to have grown along the entire initial crack front.

Fig. 2 Schematic of the NESC-I spinning cylinder test

Nigel Taylor, European Commission JRC (Luxembourg) et al.
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In the case of NESC-II, two large-scale tests were conducted using the special facility

developed at MPA Stuttgart. The test pieces were thick-walled cylinders of outer diameter

800 mm and wall thickness 190 mm, fabricated in a 17 MoV 8 4 mod steel with a two-layer

austenitic cladding on the internal surface. The base material was heat-treated to produce a

low toughness, high transition temperature condition (characterised by RTNDT = 130°C, To =

66
o
C and a low upper-shelf Charpy impact energy of 70 J). In the test on the NP1 cylinder,

containing two shallow semi-elliptical through-clad defects of depth 21 mm and length 60

mm, although the planned loading transient was achieved, no growth occurred. The test on the

NP2 cylinder, with a fully circumferential sub-clad defect, produced a crack growth and arrest

event; with a maximum extension of approximately 15 mm. Post-test metallography however

revealed that the growth mode was intergranular.

2.2 Safety Margins in Code-Based Assessments

For the NESC-I defects a study  was made [10] using several national codes:  ASME XI

(USA), R6 (UK), BS PD6493:1991 (UK), SKIFS 1994:1 (Sweden), KTA (Germany), and

RCCM/RSEM (France). All the assessments predicted very small allowable defect depths, in

the range 1 mm to 9 mm deep. This contrasts with behaviour during the test, in which only

limited crack growth took place from defects over 70 mm deep. The conservatism in code

assessments springs from a combination of the methods used to estimate crack driving force,

the defect model adopted, and the assumed fracture toughness response. The resulting

recommendations, which were reinforced by an analogous NESC-II study, included:

- Excess pessimism in predictions of crack driving force can be minimised by use of an

appropriate defect model (through-clad for surface defects, sub-clad for buried defects),

and by taking account of secondary stress relaxation in estimates of crack driving force.

- Fracture toughness curves based upon the traditional ASME approach with safety factors

are very pessimistic for the NESC-I and NESC-II materials, whereas a statistical lower

bound based upon the Master Curve provides a much better description of the material

behaviour.

- Assessments should take proper account of differing material zones such as the cladding

and HAZ where suitable fracture toughness data exists.

2.3 Master Curve Representation of the Transition Curve

The Master Curve method [11,12,13] has been used consistently in NESC to capture the

intrinsically statistical nature of cleavage in the transition range and to allow direct use of

fracture data in the assessment process. This has involved extensive testing programmes, each

of which typically involved several specimen types: CT-25, SENB 10x20 mm and SENB

10x20 mm. In all this database now covers 4 distinct materials:

• Artificially embrittled A508 Cl. 3, used for the NESC-I cylinder

• Artificially embrittled 17 MoV 8 4 mod, used for the NESC-II cylinders

• A508 B weld (SAW, Class 1 filler), used for the NESC-IV biaxial tests

• A508 B plate, used for the NESC-IV embedded flaw tests

Nigel Taylor, European Commission JRC (Luxembourg) et al.
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Fig. 3 compares the estimates of the reference temperatures RTT0 and RTNDT. The former is

seen to provide consistently lower values for the datasets considered. The 5, 50 and 95%

failure probability Master Curves are compared to all four sets of the data in Fig. 4. The fit is

seen to be generally good, with the exception of the NESC-II material for which the low

upper shelf (a peculiarity of this artificial embrittlement condition) is not accurately captured.
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A feature of the materials testing performed for the NESC projects has been the systemic

inclusion of shallow-crack specimens (0.1  a/W  0.2) to quantify constraint loss effects.

Fig. 5 shows the shift in To i.e. the difference between the To estimate for the shallow crack

specimens and that for standard deep crack specimens) as a function of the normalised T-

stress parameter (the T-stress [14] at the limit load for the specimen type divided by the yield

stress). It is seen that the shallow flaw effect can reduce To by up to 40
o
C relative to that for

deep flawed CT and SENB specimens (a/W  0.5). Such data is essential for calibrating

fracture mechanics constraint loss models.
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Fig. 5 Illustration of constraint loss effects determined from fracture

tests on materials used in NESC projects.

2.4 Constraint Based-Fracture Mechanics

Advanced fracture mechanics analysis offers a range of possibilities for incorporating

constraint effects into flaw assessment procedures. Study of these and, in particular, verifying

their application to component-like conditions has been a major feature of NESC work.

The NESC-IV project [6, 15] has considered two specific situations in which very different

constraint conditions arise. Following on from the PTS tests, this was a narrowly focussed

experimental/analytical program aimed at developing validated analysis methods for

transferring fracture toughness data generated on standard test specimens to shallow flaws in

reactor pressure vessel welds subject to biaxial loading (representative of PTS conditions) in

the lower-transition temperature region. The benchmark tests performed at the ORNL facility

Nigel Taylor, European Commission JRC (Luxembourg) et al.
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in the US involved two distinct phases and covered rather different constraint scenarios. In

Part A six clad cruciform specimens containing shallow semi-elliptical (a=19.1, 2c = 53.3 and

B = 101.6 mm) surface-breaking flaws located in weld material were successfully tested.

Several NESC member organisation performed detailed stress and fracture analyses to

determine the crack tip driving force along the crack front, as well as constraint parameters

such as T-stress [14] and Q [16].  As shown in Fig. 6, the experimental results correlate well

with the standard Master Curve, showing no apparent shallow flaw effect. Included are results

from other biaxial test series conducted in the ORNL HSST programme [17, 18] and in

VOCALIST [19].  Under such biaxial loading conditions it is concluded that the use two-

parameter model involving T-stress and Q may be non-conservative, unless the formulation

has been specifically modified to account for out-of-plane loading. In Part B four beam tests

were performed using an innovative test piece design with a simulated embedded flaw. The

loading was uniaxial bending.
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 test pieces with the standard Master Curve; To for data set is that determined from

standard CT or SENB tests for the relevant material.

As shown in Fig. 7, the three tests conducted in the transition range (an initial test was

performed in the lower shelf where no constraint effects occur) fractured at considerably

higher crack driving force than would be predicted by the Master Curve. Detailed analysis of

the crack tip conditions has shown that this is due to constraint loss effects and, since the

loading is uniaxial, can be reliably predicted using procedures based on the T-stress or Q

parameters [20, 21, 22].
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Local approach models, using the two-parameter Weibull equation and a Weibull stress term

to describe the local driving force for cleavage fracture at the crack front, provide the

capability to construct a physically based toughness-scaling model between crack

configurations exhibiting different constraint levels.  In NESC-IV two Beremin-type local

approach models have been calibrated (for isothermal conditions) and used to predict the test

outcomes [23]. By defining the Weibull stress parameter in terms of the hydrostatic stress

rather than the crack opening stress, it was possible to incorporate the role of out-of plane

loading in suppressing the shallow flaw constraint loss effect, as evidence in the biaxial bend

tests. In the case of the embedded flaw beams under uniaxial loading, both models were able

to predict the observed constraint loss effects. Local approach models are being further

explored in the PERFECT project [24].

3 Reactor Cooling System Piping

3.1 Fracture assessment of dissimilar metal welds in primary piping

Dissimilar welds (DMWs) are a common feature of pressurised water and boiling water

reactors in connections between ferritic components and austenitic piping systems. Those in

safety critical locations include the connections from the reactor pressure vessel, steam

generator and pressuriser of the primary circuit (safe end welds) and vessel penetrations, for

instance for the control rod drive mechanism and instrumentation. Several features of these
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welds, such as inspection difficulties, variability of material properties, mixed mode loading

and residual stresses all combine to create challenges for structural integrity assessment,

making them also a natural area of interest for NESC.

During 1996-1999 a group of Network members carried out an EC sponsored project called

BIMET [25, 26]. The two benchmark 3-point bend pipe tests were conducted at room

temperature on a nominal 6" piping assembly, containing a ferritic to stainless steel (A508-

308/309SS-304SS) dissimilar weld with a simulated planar defect at the interface between the

buttering layer and the ferrite pipe material.  This lead to a further project called ADIMEW

[27] being launched at the end of 2000 to test a full-scale version of a similar dissimilar weld.

(453 mm diameter pipe, 51 mm wall thickness, A508-308/309SS-316SS material

combination) under four point bending at 300 °C, corresponding to the maximum service

temperature. A simulated defect, consisting of a straight-fronted notch of maximum 17mm

depth, was inserted by electro-erosion at the outer surface in the buttering layer close to the

fusion line of the ferritic steel. This represents a postulated scenario in which an intergranular

corrosion crack would develop on the outer surface. Furthermore, the buttering layer is

considered as a very unfavourable location for such a crack because it is close to the point of

peak residual and bending stresses. The test was successfully performed in 2003 by EDF [28]

and produced extensive crack extension in the buttering layer at the interface to the ferritic

pipe material (Fig. 8). Using ADIMEW as a basis, the NESC-III project was organised,

adding contribution-in-kind support in three main areas: in-service inspection trials, post-test

fracture analyses and modelling the local weld residual stresses.

A major task for NESC-III was to consider the performance of inspection techniques, based

on robin-robin trials. It was intended that participating teams should gain experience in both

flaw detection and sizing in DMWs and furthermore compare ultrasonic responses of sharp

planar defects with those of realistic defects. The JRC arranged the fabrication of a special

mock-up with two DMWs (Weld A with 308L austenitic filler, as in the ADIMEW

Nigel Taylor, European Commission JRC (Luxembourg) et al.
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the assembly, which nonetheless remained intact

(right) the extent of the crack growth at the centre of the

defect (section b).



component, and Weld B with an Inconel 182 type filler). Both of these contained a series of

simulated defects. The bore of the central ferritic section was clad to make the inspection task

more realistic. The exact location, type and dimensions of the defects are kept strictly secret.

The component was circulated to 7 European inspection teams in 2003-2004.  The main

ultrasonic techniques applied were: pulse echo; focused probes; phased array and TOFD. The

JRC then performed a destructive examination to establish the precise shape, dimensions and

location of the simulated defects present in the mock-up. The analysis of the inspection data is

still on-going; however a preliminary assessment [29] has indicated that:

a) Detection performance for Weld A (308L filler) was slightly better than for Weld B

(Inconel 182 filler) with average flaw detection frequencies of 0.88 and 0.75 respectively.

b) There was a large scatter in through wall extent sizing results for both welds (the data for

Weld A is shown in Fig. 9 as an  example). The average RMS error in through wall extent

sizing was 4.2 mm for Weld A (308L) and 5.2 mm for weld B (Inconel 182).
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Fig. 9 Preliminary results from the NESC-III ISI performance trials, showing

measured vs. reference through wall extent for all defects in weld A (308L filler)

The residual stress group (TG6) has focussed on the reliability of finite element calculations

of the residual stress distributions in the ADIMEW DMW. This has involved a series of round

robins benchmarks, starting with a simplified approach considering only the thermal

mismatch between the weld materials and leading to a more complex 3-D simulation of the

entire welding process (Fig. 10). Four organisations have taken part in these studies. The

residual stress measurements made via neutron diffraction [30] provide a reference for the

analysis results. In addition, at the initiative of the NESC-III group, detailed temperature and

strain measurements were taken during the welding process itself to support the calibration of

the model boundary conditions. A detailed report is currently under preparation, with

recommendations on the modelling approach (simple cooling down process from PWHT
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temperatures, lumped vs. bead-by-bead analysis, 2-D vs. 3-D and data requirements for full

welding simulation etc.). It has emerged that the detailed FE simulations of welding process,

although computationally very demanding, produce more accurate results than the simplified

approach [31].

Fig. 10 Comparison of the results of FE simulations with measured

hoop residual stresses for the ADIMEW dissimilar weld [30].

For the fracture assessment of the ADIMEW test, eleven teams have made analyses, in

general using finite element simulations. In general, the FE analyses have reliably predicted

the overall deformation of the test assembly, which is dominated by the plastic behaviour of

the 316L segment since its yield strength is considerably below that of the weld and ferritic

pipe material. Fig. 11 shows the predicted increase in J at the centre of the implanted flaw.

Determination of the initiation load and extent of ductile tearing is highly dependent on the

available weld fracture data. This has proved a challenging aspect, since in several cases the

specimens taken from the weld produced crack growth out of the plane of the pre-crack. Also,

since valid data are only available for small 10x10 SENB type specimens, the J-R curve is
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only fitted to 1 to 2 millimetres of crack extension (whereas a maximum of 25 mm growth

was observed in the test.). These aspects will be further discussed in the project Final Report,

due for the end of 2005.
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Fig. 11 Results from FE fracture analyses of the ADIMEW dissimilar weld test,

comparison the predicted J at the centre of the crack with the applied bending moment.

3.2 Thermal fatigue damage in reactor coolant system piping

Thermal fatigue is the newest area of activity for the NESC Network. Following the

organisational pattern established in NESC-III, a group initiated by NESC members organised

the EC-sponsored THERFAT project [32] to assess the fatigue significance of turbulent

thermal stratification and mixing effects in austenitic piping system tee-connections. A survey

of utilities involved in the JCR’s networks identified strong interest for a further thermal

fatigue project, primarily to address the harmonisation of damage assessment procedures at

European level. Such a procedure would cover guidance on several elements: definition of

component and operational conditions, assessment of thermal loads, assessment of stresses

and integrity analysis (for crack initiation and crack growth). The starting point should be a

systematic analysis of existing data (loads, defects, geometries, systems, operational

conditions) to find the main factors contributing to thermal fatigue. As a result a group of

utilities and R&D organisations have come together under the NESC umbrella to develop a

European thermal fatigue assessment procedure in the so-called NESC-TF project. [7].

NESC-TF kicked-off in 2003 and now involves 10 organisations. Phase 1 has produced a

draft assessment procedure and a verification database with about 40 component damage

cases and 7 laboratory mock-up cases. The “European Thermal Fatigue Procedure” has four
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levels: a) simple screening criteria in terms of the T between the two mixing fluids; b) use of

different level of Tmax and their corresponding duration through a critical frequency and

sinusoidal wave model; c) use of complete local load spectra and d) determination of crack

growth rate and comparison with the critical crack size for a planar defect. In parallel a set of

validation documentation is being assembled to provide the technical background for the

various elements of the procedure. Currently the participants are applying the procedure to the

verification database, which will then be revised to reflect consensus.

Pipe connection

Pipe support

Pump

Mixing tee

Mixing tee with sleeve

Nozzle

Valve

Elbow

Transient

Instability

Turbulence

Stratificaction

Fig. 12 Analysis of the operational cases in the NESC-TF project database:

a) type of component/geometry and b) type of thermal fatigue loading

4 Conclusions

- The NESC network has demonstrated its capability to execute collaborative projects

aimed at developing best practice for structural integrity assessment procedures for

nuclear power plant components

- It has provided a series of large-scale experimental benchmarks and reference analyses,

which are essential to verifying integrity assessment procedures and which would have

been beyond the scope of single organisations acting independently.
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- Wherever possible, and after approval by the Network Steering Committee,

comprehensive details of the test conditions and results are made publicly available to

promote development of advanced techniques and for training purposes.

- NESC-type projects can continue to play a valuable part in developing and validating

structural integrity methods to support extended operation of nuclear power plants. The

impact of such activities can be maximised by their integration in a dedicated European

organisation, such as the proposed SIRENET Network of Excellence for residual life

methodologies.
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ABSTRACT

Surveillance specimen programmes play nonreplaceable role in reactor pressure vessel

lifetime evaluation as they should have to monitor changes in pressure vessel materials

mainly their irradiation embrittlement. Standard surveillance programmes in WWER-1000/V-

320 reactor pressure vessels have some deficiencies resulting from their design –

nonuniformity of neutron field and even within individual specimen sets, large gradient in

neutron flux between specimens and containers, lack of neutron monitors in most of

containers and no suitable temperature monitors. Moreover, location of surveillance

specimens does not assure similar conditions as the beltline region of reactor pressure vessels.

Thus, Modified surveillance programme for WWER-1000/V-320C type reactors was

designed and realized in two units of NPP Temelin, Czech Republic. In this programme, large

flat type containers are located on inner wall of reactor pressure vessel in the beltline region

that assures their practically identical irradiation conditions with critical vessel materials.

These containers with inner dimensions of 210x300 mm have two layers of specimens; using

inserts (10x10x14 mm) instead of fully Charpy size specimens allows irradiation of materials

from several pressure vessels at once in one container. This design advantage has been used

for the creation of the Integrated Surveillance Programme for several WWER-1000 units –

Temelin 1 + 2, Belene (Bulgaria), Rovno 3 + 4, Khmelnick 2, Zaporozhie 6 (Ukraine) and

Kalinin 3 (Russia). Irradiation of these archive materials together with the IAEA reference

steel JRQ (of ASTM A 533-B type) and reference steel VVER-1000 will allow to compare

irradiation embrittlement of these materials and to obtain more reliable and objective results

as no reliable predictive formulae exist up to no due to a higher content of nickel in welds.

Irradiation of specimens from cladding region will help in the evaluation of resistance of

pressure vessels against PTS regimes.

INTRODUCTION

Reactor pressure vessels (RPV) are components with the highest importance for the

reactor safety and operation as they contain practically whole inventory of fission material but

they are damaged/aged during their operation by an intensive reactor radiation.



Surveillance specimen programmes are the best and nonreplicable method for

monitoring changes in mechanical properties of reactor pressure vessel materials if they are

designed and operated in such a way that they are located in conditions close to those of the

vessels. Reactor Codes and standards usually included requirements and conditions for such

programmes to assure proper vessel monitoring [2,3,4].

WWER reactor pressure vessels are designed according to former Russian Codes and

rules with somewhat different requirements using different materials comparing e.g. with

ASME Code.

Standard surveillance programmes in WWER-1000/V-320 reactor pressure vessels

have some deficiencies resulting from their design – nonuniformity of neutron field and even

within individual specimen sets, large gradient in neutron flux between specimens and

containers, lack of neutron monitors in most of containers and no suitable temperature

monitors. Moreover, location of surveillance specimens does not assure similar conditions as

the beltline region of reactor pressure vessels.

Prediction of radiation damage/embrittlement in weld metals of these type of vessels

has been put into great interest when first results from Standard surveillance programmes

(SSP) were obtained – it looks that some of these weld metals showed higher irradiation

embrittlement than was predicted with the use of the standard [1]. One of the reasons could be

a fact that weld metals in most of these vessels contain higher content of nickel as it was

tested within the Qualification tests of this vessel material – 15Kh2NMFA(A). In these tests

nickel content was lower than 1.5 mass % but later Technical specification for the weld metal

was changed and some of weld have as much as 1.9 mass % of nickel while no representative

irradiation tests were performed. This situation can be seen in Figure 1 where results from

some first tests of SSP specimen are summarized.

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

90,0

100,0

0 5 10 15 20 25 30 35 40 45 50 55 60

Neutron fluence, Fx10
2 2

,  Neutron/m
2

?
F,

 ?
?

Karel BOHM, SUBJ et al. (Czech Republic)
Integrated surveillance specimen programme for WWER-1000/V-320 reactor pressure vessels

Figure 1 Shift of ductile-to-brittle transition temperature of WWER-1000 RPV weld material due
to irradiation. Results of surveillance specimen investigation. Full red line represents prediction in
accordance with [1]



1. STANDARD SURVEILLANCE PROGRAMME

Standard surveillance programme (SSP) design was based on the experience with

WWER-440 RPVs (design of cylindrical containers) but tried to decrease their high lead

factor. Thus, new location of containers was put into design – over the reactor active core.

Containers

Specimens are put in stainless steel containers identical to the ones in the SSP of

WWER-440 type, i.e. either two Charpy type (impact of pre-cracked), or six tensile, resp. six

fatigue type specimens. Six, resp. twelve (in two floors) these containers are accumulated into

assemblies with one or two floors. Containers are pressed together by a special spring but they

can practically free rotate within an assembly.

Location of containers

Five assemblies create one neutron embrittlement set. One set of assemblies was

planned to be withdrawn at the same time. These sets are located in the upper part above the

active core shroud near its outer diameter, i.e. above reactor active core – see Fig.2

The neutron field in the location of neutron embrittlement assemblies in the RPV as

well as containers within assemblies is very complicated. Due to their location above the

reactor core, neutron flux gradient is substantial not only between upper and lower floor in

assemblies but also between individual assemblies within one set. Moreover, half of sets

contains assemblies only with upper floor of containers where neutron flux is even lower than

in RPV beltline, i.e. lead factor is lower than one.

Fig.2. Scheme of location of containers and containers assemblies of the SSP in WWER-

1000/320 RPVs
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2. TECHNICAL ISSUES OF A STANDARD SURVEILLANCE PROGRAMME

The review of the existing surveillance programme of the WWER-1000/320 units

confirmed the following facts:

General design

Design of assemblies and their positioning above the core result in nonuniform

irradiation conditions and the number of specimens irradiated to similar neutron fluence is not

sufficient for a reliable determination of the transition temperature shift.

Irradiation temperature

Irradiation temperature of the surveillance is higher (by about 10 to 15 °C) than the

RPV wall temperature.

Temperature monitoring

Temperature monitoring by diamond powder is not adequate for determination of the

irradiation temperature since the results show far too large scatter and mostly even unrealistic

results (lower temperature than inlet water temperature).

Neutron dosimetry

The quantity of neutron fluence monitors (3 sets) and variety in individual assemblies

is insufficient to characterize fully the distribution of the neutron flux within the assembly and

in individual surveillance specimens.

The choice of neutron activation monitors does not enable to monitor fluences on

surveillance specimens properly throughout the entire reactor lifetime.

The lead factor in surveillance specimens is in upper floors lower than one and

therefore the results cannot be used for prediction of irradiation embrittlement of RPV.

The design of surveillance assemblies and containers inside of the assemblies does not

allow clear determination of their orientation (moreover, they can rotate during reactor

operation) with respect to reactor core centre which, together with small number of neutron

monitors, cannot ensure a proper determination of neutron fluence in individual surveillance

specimens without direct autodosimetry (gamma-scanning) on each specimen.

3. MODIFICATION OF THE STANDARD SURVEILLANCE PROGRAMME

Main disadvantage of the original SSP is that it is not capable to provide the

monitoring of RPV material properties in a reliable way. Therefore, a modification of the

programme was elaborated in SKODA Nuclear Machinery, Plzen, Czech Republic for NPP

with WWER-1000/V-320C type reactors for Belene (Bulgaria) and Temelin (Czech

Republic).

Main principles of the design were chosen in such a way to solve problems of the Standard

Surveillance Programme, mainly:

- location of containers should well monitor the conditions of reactor pressure vessel wall in

beltline region, i.e. specimens temperature should be as close as possible (containers must

be washed by a cold inlet water) and lead factor should be less than 5,
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- whole set of specimens for one testing curve should be located in identical neutron fluence

position,

- as much as possible sets of specimens should be located in similar/close neutron fluence

to be able to compare behaviour of different materials,

- withdrawal scheme of containers should assure monitoring pressure vessel material as

well as neutron fluence during the whole RPV lifetime,

- neutron monitoring should assure determination of neutron fluence to each of test

specimens for every container,

- temperature monitoring should be performed using melting temperature monitors with a

appropriate range of melting temperatures,

- cladding materials should be also included in the containers,

- reference material should be added for an objective comparison of results,

- spare containers should be added to monitor vessel annealing as well as further re-

embrittlement if necessary.

Design of such a programme was performed and supported by a set of calculations

(neutron physics, thermal-hydraulics) as well as experiments in a scale 1:1 (thermal-hydraulic

characteristics measured in a hydraulic channel of a pressure loop in SKODA, thermal fatigue

tests of container holders on pressure vessel wall).

Main characteristics of this Modified Surveillance Programme are as follows:

Containers

Containers are of flat type with inner dimensions approx. 200 x 300 x 25 mm and are

made from austenitic stainless steels plates welded on a frame. They contain special holders

for location on pressure vessel wall – see Fig.3.

All specimens for one withdrawal time are located in one irradiation container –

specimens are in two layers, specimens of the same type and one set are touched each other in

layer, only.

Fig.3  Container of the Modified/Integrated Surveillance Programme in NPP Temelin
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Fig.4. Location of containers of the Modified Integrated Surveillance Programme

Location of containers

Containers are located in special holders that are welded on inner surface of reactor

pressure vessel wall approx. 400 mm below the centreline of beltline region – see Fig.4.

Containers are located symmetrically in maximum neutron fluence on vessel wall, i.e.

in hexagonal corner positions.

Two additional identical containers are located between upper nozzles for monitoring

possible thermal ageing effects.
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Neutron monitors

Two types of monitors are used:

- 5 spectrometric sets of monitors in each container located close to both surfaces of the

container and in different ends for absolute dosimetry of the container

activation monitors - Co, Nb, Ni, Fe, Ti, Cu and Mn as foils and

fission monitors  
237

Np a 
238

U with and without Gd shielding,

- two sets of wires – Cu and Fe – located on both surfaces in diagonal directions for relative

dosimetry of each specimen,

- scanning of specimens is prepared to check the neutron dosimetry,

- continuous measurement of neutron fluences on outer pressure vessel wall (in the cavity)

is a mandatory part of the programme,

- detailed calculation of neutron fields within assemblies and the reactor.

Temperature monitors

Several sets of melting temperature monitors are located either in specimens or in

container filling:

Pb - 10% In melting temperature 291°C

Pb - 8% In 300°C

Pb - 2,5% Ag 304.5°C

Pb - 1,75% Ag - 0,75% Sn 309°C

Pb 327°C

Withdrawal schedule

The following scheme is proposed:

2, 6, 10, 18, 26 + x years for radiation damage containers,

14, 34 years for thermal ageing containers,

one container for thermal annealing effect,

one container for re-embrittlement rate effect.

This programme has been loaded into both pressure vessels on NPP Temelin, and was

also prepared for the pressure vessel of unit 1 in NPP Belene, Bulgaria.

4. INTEGRATED SURVEILLANCE PROGRAMME FOR WWER-1000/320 TYPE

RPVs

In principle, it exists a possibility to use this reactor of WWER-1000/V-320C as a

“host” reactor for those V-1000 units that are supplied by the Standard Surveillance

Programme and thus reliability of obtained results is not very high. Possibility of

incorporation materials also from other reactors is given by the fact that containers of flat type

are sufficiently large as they were designed for full size Charpy type specimens but now,

application of reconstitution technique allows to include practically four times more

specimens if inserts of dimensions 10x10x14 mm are used- see Fig.5.

Karel BOHM, SUBJ et al. (Czech Republic)
Integrated surveillance specimen programme for WWER-1000/V-320 reactor pressure vessels



Fig.5. Container of the Modified/Integrated Surveillance Programme with inserts

Integrated surveillance programme for several similar reactors can be realized in

accordance with the [2] if the following main requirements are fulfilled:

- reactors are similar in design and operation,

- neutron fluence determination on all RPV wall is assured for the whole reactor lifetime,

- operation of the “host reactor” is assured for the whole operation of reactors within the

family.

A proper and reliable monitoring radiation damage in materials for WWER-1000/320

units is now under high study and interest as it was determined that in some welds with high

nickel content (in some cases up to 1.88 mass %) radiation embrittlement can be much larger

than that obtained from predicted formula given in [1]. Qualification tests for materials of

WWER-1000 RPVs were performed on welds with nickel content below 1.5 mass %, but later

the nickel content was increased (in most of V-1000 units) to get better fracture toughness

properties but no further study of radiation embrittlement was performed.

Thus, using the opportunity that NPP Temelin was delayed in its start-up due to

changes in I&C system, it was possible to modified content of some containers (for Unit 2) in

such a way that specimens from archive materials of the following units were incorporated

into the programme: Khmelnitsky Unit No. 2, Rovno Units No. 3 and No. 4, Zaporozhye Unit

No.6 (Ukraine) and Kalinin Unit 3 (Russia), as nickel content in all these weldments is well

over 1.5 mass %. In this first part of the programme only weld metals from these RPVs were

included. From all materials, 12 specimens for impact notch toughness and 12 specimens for

static fracture toughness tests are included. It is necessary to mention that all these RPVs

contain still their original Standard surveillance programme.

In this time, second part of this Integrated surveillance programme is under final

realization. New six containers have been manufactured that will replace containers from the

first part in both units in NPP Temelin (design of container holders and containers itself

allows inserting of new containers during reactors shut down where reactor internals are
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removed) – one container was already replaced last year in Unit 1. Base metals from all

abovementioned RPVs will be included in these containers together with base and weld

metals from the NPP Belene. Moreover, standard IAEA reference material JRQ as well as

IAEA reference V-1000 materials are also included for mutual comparison with results of the

first part as well as for better and more objective evaluation of results (there exist a large

database of the behaviour of JRQ steel, e.g. within the IAEA Co-ordinated programmes and

its database).

Realization of such Integrated Surveillance Programme will substantially improve

knowledge about behaviour of WWER-1000 RPV materials during their operation, i.e. about

radiation damage – embrittlement. Comparison of results from different RPVs also allows to

assess the behaviour of materials from other RPVs with only Standard surveillance

programme – based on comparison of chemical composition and operational conditions. It

also allows comparison and analysis of results from testing their SSP and to propose a

correction coefficients (taking into account different irradiation conditions) if necessary.

Results from this Integrated Surveillance Programme also will enlarge existing database of

radiation embrittlement data of this type of materials in a more objective manner.

CONCLUSION

Modified Surveillance Programme for reactor pressure vessels of NPP Temelin with

WWER-1000/V-320C type reactors is used for the Integrated Surveillance Programme for

several RPVs of NPPs in Ukraine, Russia, Bulgaria and Czech Republic as the Standard

Surveillance Programmes in WWER-1000/V-320 type reactors do not fulfil requirements

given by codes and standards.

Such Integrated Surveillance Programme allows to obtain reliable information about

radiation embrittlement of materials in tested reactors pressure vessels that will be also

correlated with the IAEA reference steel JRQ to get more objective results.

Realization of this Integrated Surveillance Programme increases information about the

behaviour of RPV materials of this type of reactors that have only Standard Surveillance

Programme. Moreover, it allows correlation of results from these Standard Surveillance

Programmes with those from other vessels not included in this Programme that also increase

reliability of such results. Generally, this Integrated Surveillance Programme will increase

safety of operating WWER-1000/V-320 type reactors operated in these countries.
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Ray NICHOLSON, HSE (United Kingdom)
Uk regulatory perspective on materials ageing issues in nuclear

reactor components

R D Nicholson, HM Nuclear Installations Inspectorate, Health and Safety Executive, UK

1. Summary

Under UK law, nuclear plants prescribed under the Nuclear Installations Act, 1965 (as

amended) must be licensed. The safety of the plant is the responsibility of the licensee, who is

required to comply with the conditions attached to the licence. This includes submission of a

safety case to the Nuclear Installations Inspectorate (NII) to demonstrate that safety is

properly controlled throughout all stages of the plant’s life. The NII assesses the safety case

using Safety Assessment Principles (SAPs) to be satisfied that the claims of the licensee are

justified and demonstrated.

To ensure the structural integrity and performance of a nuclear safety significant steel

component, the safety case should demonstrate that the component is as defect free as

possible and that it is tolerant to defects, in particular that the critical defect size is large with

respect to the capability of the inspection technique.

Operating conditions that could lead to in-service ageing should be identified and managed.

A quantitative understanding of materials ageing and the effects on mechanical properties are

key inputs to structural integrity safety cases.

This paper describes the UK Regulatory process and the SAPs used by NII in assessing

structural integrity safety cases. Two examples of materials degradation issues relevant to UK

reactors are described; irradiation embrittlement of Magnox Reactor Pressure Vessels (RPV)

and reheat cracking in stainless steel welds in Advanced Gas Cooled Reactors (AGR).

2. UK Regulatory Organisation and Process

2.1 Nuclear Site Licences

The Health and Safety Executive (HSE) regulates the nuclear industry in the UK. HSE

obtains its primary powers from the Health and Safety at Work etc Act, 1974 (HSW). Under

this Act, employers have duties to protect both their employees and other people from their

work activities.

The Nuclear Installations Act, 1965 (as amended) is legislation, subsidiary to the HSW Act,

that applies specific regulatory controls to nuclear plant and provides the HSE with its powers

to license the use of a site for installing or operating a nuclear installation. The Nuclear



Installations Inspectorate (NII), which is part of HSE, is responsible for granting licences and

for attaching appropriate conditions to the licences.

All nuclear site licences have the same 36 standard conditions attached to them. These

conditions concern every aspect of nuclear safety at the plant including the construction or

installation of new plant, modifications to existing plant, operating limits, maintenance and

inspection, and safety case production. The site licence conditions provide NII with a wide

range of powers including the powers to grant or issue a) Consents which are required before

any activity specified in the licence is carried out, b) Approvals for any arrangements under

the licence that NII decides requires its approval c) Directions to legally require the licensee

to take a particular action such as shutting down a plant.

These licence conditions provide a strong regulatory oversight of the nuclear industry through

a non-prescriptive permissioning regime. UK health and safety law is generally goal setting –

setting out what must be achieved, but not how it must be done. In considering whether the

legal requirements have been met, NII take the relevant codes and guidance into account,

using professional judgement about the extent of the nuclear risks and the effort that has been

applied to counter them.

There are specific licence conditions that require licensees to have safety cases to substantiate

safety through all stages of the plant’s life and, from the safety case, to identify conditions

and limits necessary in the interests of safety.

2.2     Periodic Safety Reviews

In addition to requirements to produce safety cases before operations are commenced and

maintain adequate safety cases during operation, the licensing regime requires licensees to

review and re-assess the safety of their plants periodically and systematically. This includes a

review of age-related degradation processes that might limit the future safe operation of the

plant.

Periodic Safety Reviews (PSRs), carried out every 10 years, meet this requirement and HSE

makes its findings on the PSR available to the public. The objectives of the PSR are:

• to review the current safety case and confirm that it is adequate;

• to compare the safety case with modern standards, evaluate deficiencies and

implement any reasonably practicable improvements to enhance plant safety;

• to identify any ageing processes which may limit the operating lifetime of the plant.;

• to revalidate the safety case until the next PSR, subject to the outcome of routine

regulation.

Although the PSR may conclude that the safety case is adequate for another 10 years, this

will be dependent upon the continuing satisfactory results from routine inspections.
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HSE recognises that in order to confirm long term predictions in some areas (ie >10 years),

these areas will be subject to a programme of regular reviews throughout future operation.

For example, the irradiation embrittlement of RPVs is monitored by material surveillance

programmes, in which specimens are periodically removed from locations within the RPV.

Satisfactory results from the testing of these specimens are necessary to underpin mechanistic

understanding of the embrittlement process and confirm the long term mechanical properties

predictions.

Also, maintenance activities compensate, to some extent, for time-dependent deterioration

and maintain the plant in a condition that meets design safety assumptions. The activities

which are relevant to plant integrity and reliability are recorded in the Plant Maintenance

Schedule. Thus, specific ageing issues are dealt with under the arrangements made to comply

with the licence. Prior to the start of a periodic shutdown, the NII agrees with the licensee the

inspections to be undertaken and the ageing and degradation surveillance reviews that are

required to be completed and updated before the reactor may return to service. Satisfactory

completion of the outage programme is required before the NII will issue a Consent for a

reactor to return to routine service after the periodic shutdown.

3. Safety Assessment Principles

The process adopted by the NII in making permissioning decisions requires the safety case

and supporting reports to be submitted by the licensee for assessment by NII.

The NII needs to adopt a consistent and uniform approach to the assessment process and

therefore has a framework for the technical judgements that the assessors have to make. The

“Safety Assessment Principles for Nuclear Plants” (SAPs) provide this framework (Ref 1).

The SAPs are for NII use but are made available to the public.

In some subject areas, the SAPs embody specific statutory limits. Apart from these, NII

assessors are expected to apply professional judgement, based on their knowledge and

experience, in the interpretation of the SAPs.

For structural components that form a principal means of ensuring safety (for example, a

reactor pressure vessel), there are two particularly important aspects that need to be addressed

in a safety case to demonstrate the component’s structural integrity:

(i) the component should be as defect free as possible, and

(ii) it should be demonstrated that the component is defect tolerant, in particular the critical

crack sizes should be large with respect to the capability of the inspection technique.

In order to achieve these fundamental requirements, several related but independent

arguments need to be used, based on the following concepts:
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(a) Design - the use of sound design concepts and proven design features; allowance has to be

made in the design for degradation processes, including corrosion, erosion, creep, fatigue,

and ageing, and for the effects of the chemical and physical environment; the design has to

allow for any uncertainties in determining the initial state of components and the rate of

degradation.

(b) Analysis - the analysis of the potential failure modes for all conditions arising from design

basis faults; stress and fracture analysis to demonstrate defect tolerance; a metal pressure

retaining boundary should, where appropriate, have design characteristics which prevent fast

propagation of any defect; conditions in which components of the coolant pressure boundary

could exhibit brittle behaviour should be avoided; for metal pressure vessels and circuits, the

operating regime should ensure that they display ductile behaviour when significantly

stressed.

(c) Materials - the use of proven materials; quantitative understanding of degradation

processes.

(d) Manufacture, inspection and testing - the application of high standards of

manufacture, including manufacturing inspection, and construction, for the materials and

processes used.

(e) Quality Assurance - high standards of quality assurance throughout all stages of design,

procurement, manufacture, construction and operation.

(f) Inspection - pre-service and in-service inspection to detect defects at sizes below those

which have the potential for causing or developing into a failure mode, and to size these

defects conservatively.

(g) Monitoring - the provision of in-service plant and materials monitoring.

(h) Leak detection - the existence of a leak-before-break case.

For components, which are not of major safety significance, this list of requirements is also

relevant, though the stringency of their application needs to reflect the safety categorisation

of the item.

4. Materials degradation issues

It can be seen from the previous sections that quantitative understanding of materials

degradation is a key input to structural integrity safety cases. This section discusses two

examples of materials degradation issues relevant to UK reactors that have been addressed by

licensees.
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4.1   Irradiation embrittlement of Magnox Reactor Pressure Vessels

Five of the seven Magnox plants built in the UK between 1956 and 1971 have ferritic steel

Reactor Pressure Vessels (RPV). Currently, two are still operating. The RPVs are made from

C-Mn plates and forgings welded together with submerged arc and manual metal arc welds.

The RPVs experience a wide range of irradiation temperatures, neutron doses and neutron

energy spectra.

Neutron irradiation results in hardening and embrittlement processes which increase the

strength and ductile-brittle transition temperature (DBTT) of the steel plates, forgings and

welds. Greatest attention is generally focused on welds, particularly submerged arc welds

containing copper as a residual element, as discussed below.

Safety cases include extensive fracture mechanics analyses which need the fracture toughness

and tensile properties of the material throughout life. The degradation in resistance of an

irradiated steel to fracture is usually monitored by determining, either directly or indirectly,

the shift in a reference fracture toughness curve. Historically, the degradation has

predominantly been characterised by measuring charpy impact transition shifts and changes

in tensile properties.

In the UK, these measured shifts are then used to develop trend curves that describe the

changes in mechanical properties, both tensile and impact properties, as a function of neutron

dose and material condition. The forms of the trend equations are supported by mechanistic

understanding of the factors controlling RPV embrittlement. The detailed parameterising of

the equations is undertaken from the results of RPV surveillance programmes and accelerated

irradiation experiments performed at a number of different irradiation temperatures on

representative samples of vessel materials.

Critical to the functional form of the equations employed are the mechanisms controlling

RPV embrittlement. Three basic mechanisms of irradiation embrittlement have been

identified in extensive world-wide research programmes over the last 40 years:

• Irradiation enhanced formation of copper-rich precipitates

• Matrix damage due to radiation produced point defect clusters and dislocation loops

• Irradiation induced/enhanced grain boundary segregation of embrittling elements such

as P

The first two mechanisms harden the material and increase the yield strength and the DBTT,

whilst the third mechanism is non-hardening but increases the DBTT. Thus, trend curves

have been developed (Ref 2) to describe the changes in yield stress (��) and DBTT (��).

For changes in the yield stress:

�� (Total) = �� (Cu) + �� (Matrix)
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�� (Total) = B + AFT Dose

where B is the maximum hardening from copper precipitation, A is a constant representing

the matrix embrittlement sensitivity, FT is a temperature correction factor for matrix

hardening, and the dose is the total neutron exposure dose in units of dpa x 10
-5

, including

both fast and thermal neutron contributions (Ref 3).

For the change in DBTT:

�� (Total) = �� (Cu) + �� (Matrix) + �� (Gb)

�� (Total) = C + DFT Dose

where the constants C and D include copper precipitation, matrix damage and grain boundary

segregation effects.

Thus, the change in DBTT can be used to shift a reference (start of life) fracture toughness

curve, giving irradiated fracture toughnesses for use in the fracture mechanics analyses.

In 1995, NII published a statement to present the views on the operational requirements for

ferritic steel RPVs in relation to the toughness transition curve of material properties (Ref 4).

The statement is based on the SAPs and is still the NII position.

NII requires steel RPVs to operate on the upper shelf for normal steady state operation. For
metal pressure vessels and circuits, particularly ferritic steel items, the operating regime
should ensure that they display ductile behaviour when significantly stressed. In particular,
for ferritic steel nuclear reactor pressure vessels:

• clear safety benefits derive from operating on the upper shelf of the toughness

transition curve to ensure ductile behaviour;

• for normal steady-state operation, RPVs  must operate on the upper shelf;

• for other conditions, the RPVs should be on the upper shelf wherever possible.
However, where upper shelf conditions cannot be achieved - e.g. during shutdown,
start-up or limited duration transients - it is important that all uncertainties and
conditions are considered and that adequate margins on toughness are shown.

4.1.2 Understanding the sources of scatter

The irradiation embrittlement data (eg shifts in DBTT, changes in yield stress) from in-vessel

surveillance programmes and accelerated research irradiations can show significant scatter.

This is compounded by the limited material generally available from the irradiation

programmes. Thus, embrittlement trend curves need to incorporate uncertainty bands to

obtain appropriate bounds to the data.
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There are many possible sources of the scatter, for example:

• Variability in the start of life properties (eg composition, microstructure)

• Variability in the irradiation conditions (eg dose, temperature)

• Variability in embrittling species (eg Cu, P, Ni)

• Experimental errors

To investigate the variability in the start of life charpy impact properties and to test the

licensee’s approach, NII funded work at Birmingham University on C-Mn submerged arc

weld metal in which transition curves were generated from large numbers of specimens.

Figure 1 shows the impact data from 387 specimens taken from a post weld heat treated C-

Mn submerged arc weld (Ref 5). The variability can be clearly seen. For example, impact

energies of between about 125 and 35J were measured at 0
O
C. Also, the 40J temperature

(�40J ), which is used as a reference energy for measuring transition temperature shift, varies

between about    –70 and 0
O
C.

FIGURE 1: Charpy impact energies for C-Mn submerged arc weld metal

Following testing, the locations of the notches relative to the weld bead microstructure were

determined. Figure 2 shows the impact data for notches located in either the centre of weld

beads or in the reheated regions at the edges of the beads. These locations represent the

extremes of the weld metal microstructure. In the former location, the microstructure consists

of coarse, columnar grains and in the latter location, fine, equiaxed grains.
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Two distinct transition curves can be determined, demonstrating the effect of the

microstructure on the impact properties. Clearly, if a limited number of weld metal specimens

are tested with no information on the notch location, the resulting scatter in the impact data

can be considerable and the possible reason for outliers cannot be explained.

FIGURE 2: Effect of notch position and microstructure on charpy impact energies

The work was extended to MnMoNi weld metal, typical of PWR weld metal compositions.

The effects of pre-strain, strain ageing and microstructure were investigated and the results of

charpy tests are shown in Figure 3 (Ref 6). The different charpy curves for specimens with

notches in either the centre or edges of the weld beads can be seen, as with the C-Mn weld

metal. The effect of 5% pre-strain is to increase the DBTT in both microstructures. However,

the additional strain ageing heat treatment (300
O
C for 2 hours) caused a significant additional

shift (��40J ) of about 35
O
C in the specimens from the centre of the weld beads. The

specimens from the edge of the beads showed little effect of strain ageing.
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FIGURE 3: Effects of notch position, pre-strain and strain ageing on charpy  impact energies

of MnMoNi weld metal (Reheated microstructure (RH) at the edge of weld bead,

As-deposited(AD) microstructure in the centre of the bead)

The above results show the importance of knowing the weld metal microstructure that is

being tested in the charpy test. Microstructural effects also lead to differences in the transition

curves after the yield stress has been increased, in this instance by pre-straining and strain

ageing. This suggests similar microstructural effects after irradiation.

4.1.3   The Ageing Community Project

An important aspect of defining and managing long term ageing of plant is to ensure that key

information and knowledge are not lost.

The knowledge of irradiation embrittlement mechanisms has been developed since about the

late 1950s by national research programmes. Access to data acquired over this period is

required to ensure maximum benefit is gained from the work and to avoid unnecessary

duplication. In this way, the knowledge and data can be used to optimise operation and safety

of existing reactors. However, knowledge and data are lost as people move to different jobs

or retire. Therefore, in the UK, the licensees and NII are developing a computerised

knowledge base on the irradiation embrittlement of RPV steels. This is called the Ageing

Community project which has the following objectives:



• To develop, manage and maintain a knowledge/expertise system

• To capture state of the art knowledge and expert judgement

• To ensure the resulting knowledge base is easily accessible to successors

Its scope is ambitious as shown in Figure 4. The structure reflects UK interest and experience

and consists of “knowledge triangles” on specific topics, arranged so that the information

may be accessed in increasing amounts of detail, depending on the user requirements, Figure

5. An important aspect of the project is that expert judgements are included to ensure that

successors have unpublished information on controversial issues, and can then decide for

themselves the strengths and weaknesses of available information.

FIGURE 4: Structure of the Ageing Community Project
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FIGURE 5: “Knowledge triangle” of  Ageing Community Project

4.2 Reheat cracking

Another materials ageing issue that has been addressed is reheat cracking in Advanced Gas

Cooled Reactors.  The operating temperatures of AGRs are sufficiently high for creep

deformation to occur. This has led to cracking during service in the heat affected zones of

thick section or repaired Type 316H stainless steel welds that were not post weld heat treated.

The licensee has carried out an extensive research programme to identify the key factors for

cracking (Ref 7).

This has shown that reheat cracking is driven by the conversion of elastic strains to creep

strains as the welding residual stresses relax during high temperature operation. Because the

relaxation processes produce small creep strains, reheat cracking by ductility exhaustion can

only occur if the creep ductility is low. Sufficiently low ductilities arise if there is a

combination of three factors:

• Susceptible materials (low uniaxial creep ductility, large grain sizes, strained/work

hardened by the welding)

• Operation in a susceptible temperature range

• Presence of multiaxial stresses from constraint or local stress concentrating features

which further reduce the creep ductility. For example, Spindler (Ref 8) has

recommended the following empirical relationship between multiaxial creep ductility,

uniaxial creep ductility and stress state:

m/ f = exp[ p(1-�1/�e) ] exp[ q(1/2 - 3�H/2�e) ]

where m is the creep ductility under multiaxial loading, f  is the uniaxial creep ductility, �1

is the maximum principal stress, �e is the von Mises equivalent stress, and �H is the
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hydrostatic stress. The constants p and q were calculated to be 2.38 and 1.04, respectively,

from biaxial tests on stainless steel, which exhibits a trend of decreasing ductility with strain

rate.

For example, using the above relationship, when (�H/�e) is unity and �1 = �2, the multiaxial

ductility is reduced by about a factor of 6 compared with the uniaxial ductility.

Figure 6 shows a reheat crack in a superheater header nozzle weld.

FIGURE 6: Reheat crack in superheater header nozzle weld

As part of the assessment of the licensee’s safety cases, NII has funded work at the

University of Manchester to apply a Continuum Damage Mechanics (CDM) based model to

the prediction of initiation and growth of reheat cracking (Ref 9) in a superheater header

nozzle weld. CDM modelling requires a set of mechanism-based constitutive equations that

are calibrated using experimental plastic and creep data to describe the time independent and

time dependent straining of Type 316H stainless steel at 550
O
C. The form of the creep

constitutive equations for 316H stainless steel under uniaxial conditions is given by the

following equations:

d /dt = [A/(1-�1)
n
] sinh [B�(1 – H)] (strain accumulation during creep)

dH/dt = h/�(1 – H/H
*
) d /dt (strain hardening during primary creep)

d�1/dt = D d /dt (creep cavitation during creep)

where � and  are uniaxial stress and creep strain, A, B, h, H and H
*
 are material constants,

and the index n is given by n = B � (1 – H) coth [B � (1 – H)], which is determined from the

n-power creep strain-stress relationship which gives the equivalent hyperbolic-sine stress

dependence of the first equation above.
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The damage variable term is �1. Integration of the creep cavitation equation between initial

and final values of �1 = 0 at  = 0, and �1 = �f at  = f, gives D = �f/ f.

The above equations can be generalised to multiaxial equations. For example, the multiaxial

creep damage rate becomes:

d�2/dt = N D exp[- p(1-�1/�e) ] exp[ - q(1/2 - 3�H/2�e) ] d e/dt

The constants are derived using an incremental integration process in which the time

independent plastic strain and creep strain are separated. The creep strain and damage

accumulation are then determined by integration of the above equations.

The model allows different creep deformation rates and ductilities to be assigned to the

parent, heat affected zone and weld metal of the weldment.  An example of the creep damage

predictions is given in Figure 7 assuming that all locations in the weldment have the same

creep properties but the weld metal ductility is three times that of the parent metal. These are

simplifications of the actual weldment behaviour but nevertheless comparison with an actual

crack in Figure 6 is encouraging. Further work is needed using more accurate materials data

from the constituent parts of the weldment.
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FIGURE 7: CDM model showing the change in creep damage with time for superheater

header nozzle weld

5. Conclusions

(i)       The UK licensing process provides strong regulatory oversight of the nuclear industry

through a non-prescriptive permissioning regime. Specific licence conditions require

licensees to have safety cases to substantiate safety through all stages of the plant’s life and,

from the safety case, to identify conditions and limits necessary in the interests of safety.

(ii)      The licensing regime also requires licensees to review and re-assess the safety of their

plants periodically and systematically in Periodic Safety Reviews. This includes a review of

age-related degradation processes that might limit the future safe operation of the plant.

(iii)     For structural components that form a principal means of ensuring safety, the

structural integrity safety case should demonstrate that the component is as defect free as

possible, and that the component is defect tolerant.

(iv)      A key input to a structural integrity safety case is a quantitative understanding of

materials degradation and the effects on the material mechanical properties.

(v)       Examples of materials degradation issues relevant to UK reactors are irradiation

embrittlement of Magnox Reactor Pressure Vessel and reheat cracking of stainless steel

welds in Advanced Gas Cooled Reactors.

(vi)      The mechanisms controlling RPV embrittlement have been identified in extensive

world-wide research programmes. These are irradiation enhanced formation of copper-rich

precipitates, matrix damage due to radiation produced point defect clusters and dislocation

loops, and irradiation induced/enhanced grain boundary segregation of embrittling elements

such as P. The effects on mechanical properties have been quantified in trend equations that
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describe the changes in mechanical properties (eg shifts in ductile-brittle transition

temperature and changes in tensile properties) as a function of neutron dose.

(vii)     Extensive research has shown that reheat cracking in the heat affected zone of thick

section or repaired welds is driven by the conversion of elastic strains to creep strains as the

welding residual stresses relax during high temperature operation. Because the relaxation

processes produce small creep strains, reheat cracking by ductility exhaustion can only occur

if the creep ductility is low. Sufficiently low ductilities arise if there is a combination of

susceptible materials, operation in a susceptible temperature range and the presence of

multiaxial stresses.
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Introduction

The sensitivity of some nickel-based alloys to stress corrosion cracking (SCC) has been
known for several years: experiments conducted in 1959 at CEA (French atomic research
centre) showed that SCC can appear in alloy 600 under primary water chemical conditions.

In nuclear power plants (NPPs), stress corrosion induced cracks have been detected since
1971 in steam generator (SG) tubes. In France, they were first detected in 1980. This made it
clear that SCC of alloy 600 was also possible out of laboratories and led to an important in-
service inspection and maintenance programme, including the replacement of some SGs, and
to many research studies.

Though, till the late 1980s, SCC had only been detected on SG tubes. In France, the detection
of SCC on pressurizer nozzles in 1989 and on reactor pressure vessel heads in 1991
demonstrated that all alloy 600 components could be concerned. Following the request of the
French safety authority and under its control, the French utility EDF started a comprehensive
review of all components of the main primary system (MPS) made with alloy 600. For each,
the risk of SCC was evaluated and taken into account in the definition of in-service inspection
programmes.

This article aims at presenting the situation about fifteen years later.

The French regulatory approach

The safety of a pressure component is based on a defence in-depth approach. This means that
a high level of quality must be obtained throughout design and throughout manufacturing and
that in-service inspection must check this high level is maintained during operation.
Particularly, the existence of a flaw questions the high level that is expected.
That is why, for the French regulation, flaws must be eliminated or the utility has to justify
their presence does not weaken the safety.
In that frame, in-service inspection aims at detecting flaws before they could damage the
component. The main primary and secondary circuits integrity is a key to the safety of the
power plant. For these circuits, in-service inspection shall allow to detect flaws before they
could lead to a through-wall defect.
The definition of an in-service inspection programme implies:
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- the definition of the goal of the inspection (kind of flaw, size, orientation, position) and its
frequency

- the justification that the goal and the frequency are adequately defined and allow flaws to
be detected early enough

- the demonstration that the method used for the inspection guarantees the goal will be met
(this process is called qualification)

- the revision as often as necessary, especially to take into account the national or
international experience feedback

With such an in-service inspection programme, the utility may detect flaws due to damaging
phenomena that are already known. But it is not sufficient: experience shows that, despite
how clever engineers can be, some phenomena cannot be predicted. To avoid such
phenomena, the safety authority expects the utility to add some sample checks to in-service
inspection programmes.
Every ten years, the main primary and secondary circuits are submitted to a comprehensive
visit, including sample checks, and to a hydraulic test. This test is very meaningful because it
allows to test all areas of the circuits. It has proved to be useful in 1991 when a hydraulic test
showed the presence of stress corrosion cracks on a vessel head.

Review of alloy 600 components in French NPPs

In France, stress corrosion cracks were discovered in 1989 on pressurizer nozzles. These
nozzles were made of stainless steel on the 900 MWe series but for the new 1300 MWe
series, alloy 600 was used. After this discovery, EDF decided to remove these nozzles and to
replace them with stainless steel nozzles.
At the same time, following the request of the safety authority, EDF started to identify all
components of the MPS containing alloy 600.

But in 1991, an unexpected event changed the views on alloy 600. During a hydraulic test, a
small leak was detected on the pressure vessel head at Bugey 3. According to the expertise,
the leak resulted from a longitudinal stress corrosion crack. It was quite a surprise because the
reactor was still young (80 000 hour operation). The need for improvement of the initiation
and kinetics models was then established.
Controls were made on the vessel heads of plants which were on outage at that time: they
confirmed the phenomenon was not specific to Bugey 3.
The ASN asked for a comprehensive in-service inspection programme and requested all
cracks to be eliminated before they could lead to a leak.
This decision consisting in precluding any leak was not only due to the preservation of the
integrity of the MPS but also to the fact that a small leak rate could create circumferential
cracks, which are far more dangerous for safety than longitudinal cracks due to SCC (for
instance, a circumferential crack can lead to a rod ejection accident).
At the beginning, EDF intended to repair the cracks but they eventually decided to replace
defected vessel heads, starting a huge vessel head replacement programme.
Among the components of the MPS containing alloy 600, EDF identified the bottom mounted
instrumentation (BMI) nozzles as particularly sensitive because of the stress level. Indeed,
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some BMI nozzles were straightened on the plant before start-up without any stress-relief
treatment. That is why the ASN asked EDF to implement an in-service inspection programme
of these nozzles. Up to now, no SCC crack has been detected.
In 2000, EDF drew the conclusions of the Inconel review and proposed an in-service
inspection programme. The ASN analysed it and accepted it with some changes and requests
by a decision issued on March 5th 20011.
The main features of this programme are the following:
- continuation of in-service inspection on vessel heads and BMI nozzles
- inspection of some steam generator channel heads
- inspection of repaired areas
This programme implies the development and the qualification of new non-destructive
examination (NDE) methods, for instance for the detection of SCC defects in the welded zone
between the partition stub and the divider plate of the steam generator.
The choice of the plants to be examined was made by EDF according to the so-called
sensitivity towards SCC. This sensitivity was evaluated taking into account the metal casting
batch and the existing measures to lower the residual stresses.
Nonetheless, as an application of the defence in-depth approach, the ASN asked for sample
checks, that is examinations of plants chosen independently of the sensitivity analysis.
For the steam generator channel heads, this led to a choice by drawing lots of 9 steam
generators to be controlled within 7 years.
These sample checks were not useless: since 2001, examinations have been done on channel
heads and some SCC cracks were detected on a channel head which belonged to the random
list and not to the list resulting from the sensitivity analysis.
This event, as well as the detection of a crack during a hydraulic test at Bugey in 1991, shows
the importance of sample checks within a defence in-depth approach. However clever the
scientific analyses may be, the discovery of unforeseen phenomena is still possible. This is
one of the main reasons why the ASN is rather reluctant towards the risk-informed approach,
especially when it is used alone.

The situation in 2005

At the end of 2005, nearly fifteen years after the detection of the first SCC crack on a vessel
head, 46 vessels head will have been replaced over 54 containing alloy 600. The replacement
rate is about 1 to 2 replacements per year which means that all vessels heads could be
replaced between 2010-2015.

Except the initiating event at Bugey 3, no leak has ever been detected. No circumferential
crack has been observed except on Bugey 3 which confirms the fact that this kind of crack is
generated by small leak rates. The preclusion of leakages through in-service inspection and
crack elimination shows its pertinence for safety.

Up to now, SCC has been detected on none of the BMI nozzles or the repaired areas of the
pressure vessel nozzles.
                                                            
1
 The decisions of the ASN are available on its web site : www.asn.gouv.fr
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As for the steam generator channel heads, some SCC cracks have been detected on one
reactor. The cracks will be re-controlled this year in order to evaluate more precisely their
depth and they will be removed in 2006.

Future issues

The in-service inspection programme will be performed as long as alloy 600 areas remain on
the operating power plants. It will be addressed again to take into account the experience
feedback and especially the limitation of the sensitivity analysis which was shown by the
detection of cracks on a steam generator drawn by lots.

With the replacement of vessel heads and steam generators, alloy 600 is progressively
replaced by alloy 690 which is far less sensitive to SCC. This good behaviour shall be
confirmed with sample checks in order to control that no crack appears in alloy 690
components.

The EPR reactor will have no alloy 600 components, which is a good prevention measure to
avoid SCC. But the safety authority will have to address the question of the in-service
inspection programme in the framework of a defence in-depth approach.

Conclusion

The alloy 600 issues have been teaching many things to the French safety authority for fifteen
years.
First, material degradations exist and even good design and good manufacturing are not
guarantees that nothing will happen during operation.
The only way to detect those degradations is to have an adequate in-service inspection
programme. This programme can rely on scientific analyses. But it must also include sample
checks otherwise unknown phenomena have little chance to be detected before they lead to an
incident. The hydraulic test proved to be useful and is the only way to test a whole system.
Eventually, it is very important to share international experience feedback and to compare and
discuss the different approaches in different countries: the Bugey event taught the world in
1991 SCC could occur in vessel heads, the recent South Texas experience taught the world
SCC could also occur in BMI nozzles. All countries must share their experience, their
analyses and their decisions about SCC, one of the main degradations occurring in pressurised
water reactor.
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Abstract

The Nuclear Regulatory Commission (NRC) has assembled foreign and domestic information

concerning Alloy 82/182/600 (and other nickel-based alloys) penetration nozzle cracking and

boric acid corrosion.  The current regulatory framework in the U.S. includes reliance on

inspections beyond the American Society of Mechanical Engineers (ASME) Code

requirements that are performed as a result of related NRC bulletins and industry guidance.

NRC bulletins and industry guidance, in general, involve one-time inspections.  Based on its

review of this information, the NRC staff has concluded that additional inspections beyond

one-time inspections are warranted for identifying leakage from primary water stress

corrosion cracking (PWSCC) and for precluding boric acid corrosion as a result of such

through-wall leakage.

Operating experience in the U.S. and in Europe and Japan has demonstrated that nickel-based

alloy materials used to make dissimilar metal (DM) weld connections in the reactor coolant

pressure boundary (RCPB) of pressurized water reactor (PWR) plants may be susceptible to

PWSCC.  PWSCC has been identified in welds to hot leg piping, pressurizer surge lines,

pressurizer valve nozzles, as well as a drain line weld.  Axial and circumferential PWSCC

has been identified in these butt welds.  This experience does not appear to be widespread;

however, because of its safety significance, additional inspections or mitigative actions are

needed to manage this issue.  Additional inspections are likely to result in an improved

understanding of the actual state of this problem in PWR plants.  While this issue was not

known or considered at the time the NRC granted leak-before-break (LBB) approvals, the

issue applies to all DM welds in the RCPB regardless of the LBB status of the piping.

The NRC has several ongoing activities that address inspection of nickel-based alloy

components susceptible to PWSCC.  A number of inspections have been conducted by

licensees as a result of these activities.  Likewise, industry is developing inspection and

evaluation guidelines to manage degradation, such as PWSCC.  This paper will discuss the

status of the NRC’s regulatory approach to manage degradation in pressurized water reactor

coolant systems.



Introduction

This paper is divided into two principal sections.  Part I is concerned with Alloy 82/182/600

components in PWR reactor coolant system components other than steam generator tubing

and butt welds.  The second section is concerned with PWSCC in Alloy 82/182 butt welds

and Alloy 600 safe ends.  (NRC perspectives on steam generator tube integrity are addressed

in a separate paper for this symposium.)  While both sections of this paper are concerned with

management of PWSCC, there are sufficient difference in operational experience, industry

actions, management strategies, and regulatory involvement to treat these two classes of

components separately.

The NRC can rely on industry actions in response to a materials degradation issue.  The NRC

considers reliance on industry actions to be the preferred approach provided the actions are

technically comprehensive and timely, and provided information from industry is sufficient

for the NRC to conclude that all affected licensees are implementing guidance issued by

industry.  The NRC relied extensively on actions taken by owners of boiling water reactors

(BWR) to address intergranular stress corrosion cracking under the BWR Vessel and

Internals project.  The U.S. industry group known as the Materials Reliability Program

(MRP) undertook an initiative in 2003 to develop a program for proactive management of

materials degradation issues.  Under this program, the MRP can issue guidelines for

inspection and evaluation that essentially become mandatory for all licensees potentially

affected by a particular degradation issue.

The NRC has a history of taking actions in response to materials degradation issues.  The

NRC has a number of regulatory vehicles it can use to address such issues.  Actions taken in

response to materials degradation issues are usually necessitated by a determination that the

ASME Code, Section XI, does not require inspections that address a new degradation

mechanisms and that industry response is untimely.  NRC regulatory vehicles include

bulletins and generic letters that suggest inspections the staff believes are needed to ensure

that broadly framed regulations will continue to be met; bulletins and generic letters also

gather information from licensees on their plans to conduct additional inspections.  Bulletins

are effective upon issuance.  Generic letters are issued for stakeholder comments prior to

being finalized.  Another vehicle that is infrequently used is an order.  An order may be

issued by the Commission and upon issuance becomes a regulatory requirement.  An order

would be issued in the event that the NRC believes that specific actions are needed promptly

to ensure the protection of public health and safety.

Regardless of whether the industry actions on a particular materials issue result from NRC or

industry action, an essential aspect of NRC oversight is the inspections performed by NRC

inspectors to ensure that the actions taken by licensees are consistent with their commitments.
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PART I

Background
Part I of this paper is concerned with Alloy 82/182/600 components in pressurized water

reactor (PWR) reactor coolant systems other than steam generator tubing and butt welds.

In response to a recommendation from a “lessons learned” task force formed after the

Davis-Besse event in 2002, the NRC research staff collected and summarized information

available worldwide on Alloy 600, Alloy 690 and other nickel-based alloy nozzle

susceptibility to stress corrosion cracking for use in evaluating revised inspection

requirements (Reference 1).  In a related task the NRC collected and summarized information

available on boric acid corrosion (BAC) of pressure boundary materials for use in evaluation

of revised inspection requirements (Reference 1).  This same recommendation from the

Davis-Besse Lessons Learned Task Force also stated that the NRC should propose a course

of action to address the results of these studies on operating experience with PWSCC and

BAC.

Discussion
NRC regulatory staff reviewed this report and other supporting information, including

industry inspection activities, ASME Code activities, and industry materials degradation

initiatives.   Based on this review, NRC staff concluded that the positions established by

NRC Order EA-03-009 (the Order) issued in 2003 (and revised in 2004) concerning

inspection of the reactor vessel upper head, penetrations, and associated welds continue to be

acceptable.  The ASME Code is deliberating a Code case to establish a recommended

inspection plan for reactor pressure vessel upper heads and associated penetration nozzles, as

an alternative and, potentially in the long-term, a replacement for the Order.

Regarding other susceptible components, on August 21, 2003, NRC issued Bulletin 2003-02,

"Leakage from Reactor Pressure Vessel Lower Head Penetrations and Reactor Coolant

Pressure Boundary Integrity," to address, in part, the issue of the susceptibility to PWSCC of

nickel-based alloy penetrations in the lower reactor pressure vessel head.  On May 24, 2004,

NRC issued Bulletin 2004-01, “Inspection of Alloy 82/182/600 Materials Used in the

Fabrication of Pressurizer Penetrations and Steam Space Piping Connections at

Pressurized-Water Reactors,” to address, in part, the issue of the susceptibility to PWSCC of

nickel-based alloy pressurizer penetrations and pressurizer steam space piping connections.

On January 20, 2004, the Materials Reliability Program (MRP) issued a letter that

recommended direct visual inspection of the bare metal (or equivalent alternative

examinations) be performed at all Alloy 82/182/600 pressure boundary locations normally

operated at greater than or equal to 350  F in the primary system within the next two

refueling outages at each plant, unless performed during the most recent refueling outage.

These actions provide confidence that appropriate visual inspections are being conducted to

identify leakage that may potentially occur as a result of PWSCC in Alloy 82/182/600
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components.  Nevertheless, these actions have shortcomings from the point of view of long-

term assurance that potential PWSCC in nickel-based alloy components in the primary

system will be promptly identified and corrected.  These actions do not provide for long-term

inspections.  While the bulletins discussed above request information on inspection plans,

they do not ensure that visual inspections will continue to be performed over the long-term.

Also, the possibility that non-visual inspections may ultimately be necessary to manage

degradation by PWSCC in some components will need continual reassessment by the

industry and the NRC.

In addition to the report on information available worldwide on boric acid corrosion (BAC)

of pressure boundary materials discussed above, the NRC issued a report prepared by

Argonne National Laboratory (ANL) entitled, “Boric Acid Corrosion of Light Water Reactor

Pressure Vessel Materials” (Reference 2).  This report presents the results of tests conducted

at specific conditions to better understand corrosion associated with various nozzle-to-vessel

annulus conditions regarding temperature, pressure, flow rate, and boric acid concentrations.

A new finding from these tests is that very high corrosion rates were observed for low-alloy

steel at 140 - 170  C (284 - 338  F) in molten salt solutions of boric acid with addition of

water.  Short-term corrosion rates up to 150 mm/yr (6 in/yr) were measured at 150  C (302

F).  These corrosion rates are in the same range that has been observed in saturated boric acid

solutions at 97.5  C (207.5  F).  The molten boric acid corrosion rate finding may be an

explanation for field observations of boric acid corrosion that were not understood, such as

the Sequoyah Unit 2 event in 2003.  This event was discussed in NRC Information Notice

2003-02, “Recent Experience With Reactor Coolant System Leakage And Boric Acid

Corrosion.”  This is a new finding that enhances our understanding of the conditions under

which BAC may occur and, hence, may influence our understanding of actions that are

appropriate in response to known leakage from borated systems.  Notwithstanding, the new

finding does not alter the fact that the overall consequences of boric acid corrosion have been

well known and reasonably well documented.

There are a number of ongoing activities to address the area of inspection of carbon steel and

low-alloy steel components susceptible to boric acid corrosion and to address BAC

potentially resulting from leakage through stress corrosion cracks in nickel-based alloy

components.  As a result of the staff’s review of the responses to NRC Bulletin 2002-01,

“Reactor Pressure Vessel Head Degradation and Reactor Coolant Pressure Boundary

Integrity,” the staff issued Regulatory Issue Summary (RIS) 2003-13, “NRC Review of the

Responses to Bulletin 2002-01.”  The staff noted in this RIS that the inspections performed

for BAC under the recommendations of Generic Letter 88-05, “Boric Acid Corrosion of

Carbon Steel Reactor Pressure Boundary Components in PWR Plants,” as well as the

inspections performed during ASME Code system pressure testing do not require the removal

of insulation and, thus, are generally not capable of detecting leakage resulting from PWSCC.

Thus, BAC could take place over an extended period of time before it is identified.

By letter dated August 19, 2002, the NRC requested ASME Section XI to create a task group

to re-evaluate the inspection and corrective action requirements for all systems that are
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potentially subject to stress corrosion cracking and boric acid corrosion.  In response to this

letter, ASME Section XI chartered the Task Group (TG) on Boric Acid Corrosion.  The task

group noted that the most recent editions and addenda of Section XI of the ASME Code as

well as earlier editions and addenda do not require the visual inspection of bare metal

surfaces of pressure retaining components when examining these components for evidence of

leakage.  The degradation being experienced in the industry today includes wastage caused

by boric acid attack of susceptible materials such as carbon and low-alloy steel vessels from

pressure boundary leakage resulting from PWSCC of the Alloy 82/182/600 materials.

Nuclear plant operators have relied on their commitments to Generic Letter 88-05, “Boric

Acid Corrosion of Carbon Steel Reactor Pressure Boundary Components in PWR Plants,” to

detect and manage borated water leakage throughout plant borated systems.  In order to

ensure detection of boric acid corrosion in pressure retaining components prior to failure, the

task group concluded that more rigorous inspections than those currently provided by the

ASME Code must be performed in the areas most susceptible to PWSCC.   The task group

developed proposed ASME Code Case N-722, “Additional Inspections for PWR Pressure

Retaining Welds in Class 1 Pressure Boundary Components Fabricated with Alloy

82/182/600 Materials, Section XI, Division 1,” to enhance the current Code requirements for

detection of leakage and corrosion in the components considered to be susceptible to

PWSCC.  The bare metal visual examinations of Proposed ASME Code Case N-722 would

be specified for all pressure retaining components fabricated from Alloy 82/182/600

materials regardless of the component operating temperature.  This Code case has been

approved by the ASME Main Committee.  Based on the scope, methods, and frequency of

inspection, the staff considers that the inspection provisions in this Code case are suitable for

identifying leakage from PWSCC and for precluding BAC as a result of such through-wall

leakage.  When it receives final approved by ASME, the Code case does not become a

requirement but, nevertheless, constitutes a recommended set of inspections for

PWSCC/BAC issued by an industry consensus body.

Proposed Course of Action
As noted above, with the exception of reactor vessel upper heads, the NRC staff concluded

that nickel-based alloy components susceptible to PWSCC warrant additional inspection.

The Discussion section above identifies shortcomings with inspection-related activities that

are currently underway.  The principal shortcoming is that no long-term recommendations or

requirements are in place for inspection of components susceptible to PWSCC.  The issue of

inspections for BAC is closely related to the issue of inspections for PWSCC.  The concern

for BAC identified by both the NRC and industry is that there are no long-term

recommendations or requirements in place for visual inspection of components susceptible to

PWSCC; without suitable inspections for PWSCC, BAC could take place over an extended

period of time before it is identified.  The ANL test results under molten boric acid conditions

reveal a new situation in which very high corrosion rates can occur under conditions

previously believed to be of no concern and underscore the need for a robust inspection

program.
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The staff believes that because of the susceptibility to PWSCC of the RCPB components

covered in Part I of this paper, it is technically appropriate that these components be

subjected to an on-going program of inspections.  PWR owners may be able to rely primarily

on visual inspections, at this time.  If leakage is detected, it is important to characterize the

flaw by volumetric or surface exams and determine the need for sample expansion.

However, future circumstances, such as the occurrence of circumferential cracking in certain

types of components, may dictate the need for volumetric instead of visual examination.  The

NRC is currently deliberating the appropriate regulatory vehicle to address this issue.

Additional details on the regulatory vehicle to be used and recommended inspection methods

and frequencies are expected to be available from the NRC website during the summer 2005

and may be available for discussion during the NuPEER Symposium in June 2005.

PART II

Background
Part II of this paper is concerned with Alloy 82/182 butt welds and Alloy 600 safe ends in the

reactor coolant system (RCS) of PWR plants.

Operating experience, both domestic and foreign, has demonstrated that Alloy 82/182

materials used to make DM weld connections in the RCPB of PWR plants are susceptible to

PWSCC.

A through-wall circumferential flaw was found in 1993 in a pressurizer

nozzle-to-valve DM weld at Palisades.  The flaw was found because of a leak in the

heat affected zone of the Inconel safe end weld.  The circumference of the crack was

about 3.5 inches long in the 4-inch diameter pipe.  Metallurgical analysis of the

sample removed characterized the cracking as due to PWSCC.

In 2000, evidence of a large accumulation of boric acid deposits observed during a

refueling outage at V. C. Summer led to the discovery of cracking in the “A” hot leg

pipe-to-reactor pressure vessel (RPV) nozzle DM weld.  The weld was found to have

a through-wall axial flaw and other small part through-wall axial flaws and a

circumferential flaw.  Based on destructive examination of the piping and weld

material that was removed, the flaws were determined to be due to PWSCC.  The

axial crack growth of the flaw was bounded by the low-alloy steel or stainless steel at

either end of the weld.  The depth of the circumferential flaw was limited by low-

alloy steel it ran into.  Small axial and circumferential cracks were identified in the

“B” hot leg pipe to reactor pressure vessel (RPV) nozzle DM welds; a small

circumferential crack was identified in the “C” hot leg pipe-to-RPV nozzle DM weld;

and a small circumferential crack was found in both the “A” and “C” cold leg pipe to

RPV nozzle DM welds.

Through ultrasonic examination in 2000, a hot leg pipe-to-reactor pressure vessel

nozzle weld at Ringhals 3 in Sweden was found to have four axial part through-wall
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flaws.  Boat samples were removed and the cracking was determined to be due to

PWSCC.

Through ultrasonic examination in 2003, the surge line to hot leg nozzle weld at

TMI-1 was found to have an axial part through-wall indication in a DM weld.

The indication was attributed to PWSCC.

Evidence of boron deposits on the surface of a pressurizer relief valve nozzle at

Tsuruga 2 in Japan led to the discovery in 2003 of five axially-oriented flaws in the

DM weld material used in the fabrication of the nozzle-to-safe end welds.  Subsequent

non-destructive examination (NDE) performed on a safety valve nozzle of similar

diameter resulted in the discovery of two additional axial flaws in its nozzle-to-safe

end DM weld.  Fractographic analysis of the flaw surfaces confirmed PWSCC as the

mechanism for flaw initiation and growth.

In 2003 a shallow axial indication was found by ultrasonic examination in the

pressurizer-to-surge line weld at Tihange 2 in Belgium.  This indication was attributed

to PWSCC.

In 2005 two part through-wall axial indications, approximately 180 degrees apart,

were identified by ultrasonic examination in a 2 inch hot leg nozzle-to-drain line

dissimilar metal weld at Calvert Cliffs 2.  The indications were attributed to PWSCC.

In 2005 an axial part through-wall indication was identified by ultrasonic examination

in a pressurizer nozzle-to-safe end dissimilar metal weld for the pressurizer safety

valve at D. C. Cook 1.  The indication was attributed to PWSCC.

Two of the eight events noted above involve circumferential cracking.  Axial cracking is

likely to be limited in length to the width of the weld between the ferritic and stainless steel

components being joined.  Circumferential cracking is a more serious safety concern because,

if undetected by NDE, it could lead to complete severance of the piping.

The occurrence of PWSCC in nickel-alloy weld materials used in the fabrication of reactor

coolant system piping is not surprising.  PWSCC has occurred widely in partial penetration

welds in pressurizers and reactor vessel upper heads and the temperatures in these locations

are similar to the temperatures in pressurizer surge line welds and in RCS hot leg piping

which have experienced PWSCC.   Further incidents of PWSCC may be expected to occur in

these materials and an effective degradation management program beyond current ASME

Code, Section XI inservice inspection requirements (ISI) is warranted to ensure that the

regulations, including the regulatory requirements associated with leak-before-break,

continue to be satisfied.
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Discussion
RCS piping components, including the DM welds, are an integral part of the RCPB, and their

integrity is important to the safe operation of the plant.  Inspection programs of DM welds

include requirements for volumetric and surface examinations and are based on the

requirements of the ASME Code.

As noted above, several incidents of PWSCC have been identified through the discovery of

boric acid deposits from through-wall leaks or by ultrasonic examination.  The acceptability

of relying on ultrasonic examination as a degradation management program for DM welds is

predicated on the frequency of the examinations and the ability of the examinations to detect

PWSCC before it grows to a size that could challenge the integrity of the piping.

Ultrasonic inspection of dissimilar metal welds poses significant challenges to the detection

and sizing of PWSCC.  For example, when examining from the outside surface the crowns on

some welds have a contour that can result in probe lift off and, consequently, distorted

signals.  Weld surface roughness and misalignment during the original fabrication between

nozzles and safe ends or between other piping products on either side of a weld can similarly

interfere with probe scanning when examining from the inside surface.  Beam scatter in

stainless steel components may pose a challenge to ultrasonic inspection.  Physical

interferences on either or both sides of a weld may limit accessibility needed to perform an

inspection.

Recognizing these challenges, the MRP issued a letter on April 2, 2004, recommending that

licensees take steps not required by the ASME Code by removing insulation from these DM

welds to perform visual examinations and, while performing these examinations, obtain

plant-specific information on weld joint configurations and available access to prepare for

future volumetric examinations.  This letter recommended that with this information in hand,

licensees review the Performance Demonstration Initiative (PDI) library of mockups to

determine if the configurations are qualified for inspection.  If not, the letter recommended

construction of site-specific mockups to qualify NDE procedures as required by ASME

Section XI, Appendix VIII, provided meaningful ultrasonic examinations can be performed

on the as found configurations.

Based on operating experience to date, the NRC staff believes that PWSCC in these RCS DM

welds is not an immediate safety issue but is a serious problem that warrants prompt attention

to ensure that regulatory requirements continue to be met.

The NRC staff considers the current ASME Code, Section XI, ISI requirements for some

RCS DM butt welds to be inadequate with respect to frequency.  In addition, licensees may

have received relief from the NRC to obtain less than full coverage or to reduce the scope of

examination based on risk-informed ISI.  Reduced coverage examination or scope of

examination can be justified when the operating experience indicates that the materials are

not experiencing inservice degradation, but may not be appropriate if examinations are being

performed to manage a potentially active degradation mechanism in susceptible materials.
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The NRC is developing a generic letter that will include a management program of

inspections and mitigative actions that it believes would be acceptable for ensuring that the

integrity of DM butt welds in the RCPB is maintained.  This program is expected to be

available from the NRC website during the summer 2005 after the generic letter is issued for

stakeholder comments and may be available for discussion during the NuPEER Symposium

in June 2005.

The management program is expected to take into account that RCS locations such as the hot

leg and the pressurizer surge line and pressurizer steam space connections will need to be

inspected more frequently than other locations such as the cold leg.  Inspections are expected

to meet performance demonstration requirements of the ASME Code, Section XI,

Appendix VIII.  It is recognized that certain mitigative actions may have the potential for

reducing the frequency of examination to a frequency approaching the original Code

requirements.  These actions may include full structural weld overlays or application of a

stress improvement process.  Mitigative actions may also be needed by licensees to address

inspection issues such as inadequate weld inspection coverage.  Such mitigative actions may

include application of weld overlays.  The program that is being developed for its proposed

generic letter may make use of PWSCC categories such as shown below and provide specific

recommendations for inspections of welds in each category.

PWSCC

Category

Description of Weldments PWSCC

Category

Description of Weldments

A Alloy 52/152 material in

contact with primary coolant

E Alloy 82/182 in cold leg

locations not mitigated by SI

B Alloy 82/182 material

reinforced by full structural

weld overlay (FSWO)

F Alloy 82/182 weldment is

cracked and reinforced by

FSWO

C Alloy 82/182 mitigated by

stress improvement (SI)

G Alloy 82/182 weldment is

cracked and mitigated by SI

D Alloy 82/182 in pressurizer

and hot leg locations not

mitigated by SI

H Alloy 82/182 or Alloy 52/152

con f igu ra t i on  r equ i r i ng

construction of a site-specific

performance demonstration

mockup, mitigative actions,

and/or examination alternative to

Appendix VIII

Conclusions
The NRC staff and, separately, the U.S. industry group known as the MRP have undertaken a

number of efforts related to assessing PWSCC in various locations in the RCPB.  This paper

cites actions taken to date but these actions for the most part call for one-time inspections.

PWSCC has the potential to lead to serious reactor coolant system leaks or failures of the
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reactor coolant system and to cause boric acid corrosion of critical components.

Accordingly, the NRC staff believes that implementation of a long-term program to manage

or mitigate PWSCC is warranted.  The NRC staff has been encouraging the U.S. industry to

take the lead in this effort but is beginning to take regulatory action to ensure that such

programs are implemented in a more timely way.
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ABSTRACT

Following the discovery of Control Rod Drive Mechanism flaws and leaks, the occurrence of

cracking in Reactor Pressure Vessel nozzle dissimilar metal butt welds at some foreign plants

(Ringhals Units 3 and 4 and V.C. Summer) initiated in Belgium several actions addressing the

issue of nickel-base alloy cracking in component nozzle butt welds.  These actions had the

objective of managing the stress corrosion cracking in Alloy 182/82 thick-section weld

metals.  The paper provides an overview of the integrated approach adopted in Belgium to

define a material degradation management program.  An update of the non-destructive

inspection results is also provided.

INTRODUCTION

Alloys 182 and 82 are NiCrFe alloys that are extensively used to weld dissimilar metals such

as low-alloy steel to austenitic stainless steel.  The Alloys 182/82 are the counterparts of the

Alloy 600 for the weld metals.  Typical applications in PWRs are J-groove welds of Alloy

600 vessel head penetrations, pressurizer penetrations, heater sleeves and instrument nozzles.

In addition, Alloy 182/82 pipe butt welds are used in the reactor pressure vessel (RPV) and

steam generator inlet and outlet nozzles, pressurizer surge line nozzle and safety and relief

valves nozzles.  Alloy 182 welding electrode contains approximately 15% chromium and is

used for manual welding with the shielded metal arc process.  Alloy 82 filler metal contains

about 20% chromium and is used for automatic welding with the gas tungsten arc process.

When compared to Alloy 600, Alloys 182 and 82 showed for a while a better service

performance in PWRs.  However the discovery at Bugey-3 (1991) of a through-wall crack in

a control rod drive mechanism nozzle (Alloy 600) with a crack penetration in the weld metal

(Alloy 182) was the first field experience evidencing the sensibility of Alloy 182 to stress

corrosion cracking in primary water environment.  Later primary water stress corrosion

cracking (PWSCC) has been detected in Alloy 82/182 butt welds Ringhals Unit 3 (1999)

between reactor vessel hot leg nozzle and primary coolant pipes at three plants:), V.C.

Summer (2000), and Ringhals Unit 4 (2000). Following the occurrence of cracking in RPV

nozzle welds at foreign plants, an integrated approach has been adopted in Belgium to define

a material degradation management program for the 182/82 butt welds in the Reactor Coolant

System.



OVERVIEW OF THE ALLOY 182/82 BUTT WELDS AT THE BELGIAN PLANTS

Seven PWRs are operated by the Belgian utility Electrabel.  The following table provides an

overview of the Belgian nuclear units.

Unit Capacity

(Mwe, netto)

Year of first operation NSSS designer

Doel Unit 1 392 1974 Westinghouse

Doel Unit 2 440 1975 Westinghouse

Doel Unit 3 1006 1982 Framatome

Doel Unit 4 985 1985 Westinghouse

Tihange Unit 1 962 1975 Framatome

Tihange Unit 2 1008 1983 Framatome

Tihange Unit 3 1015 1985 Westinghouse

Table 1: Belgian Nuclear Units

The reactor coolant piping and fittings in Westinghouse designed Reactor Coolant Systems

(RCS) are made of austenitic stainless steel.  Smaller diameter piping, such as the pressurizer

surge line, spray line, safety and relief lines, and connecting lines to other systems are also

austenitic stainless steel.  All of the joints and connections are welded. The major components

of the RCS are low alloy steel.  These include the reactor vessel, pressurizer, and steam

generators
1
.  Stainless steel safe-ends are applied to the nozzles of the low-alloy steel

components to make easier the field welding of the austenitic stainless steel pipe to the

component.  The low-alloy steel nozzles are joined to the austenitic stainless steel safe-ends

with a dissimilar metal weld, also referred to as bimetallic welds.  The weld filler metal is

usually a NiCrFe alloy (Alloy 82/182) or stainless steel.  A schematic of typical dissimilar

metal weld in a nozzle-to safe end is shown on Figure 1.

Figure 1: Typical safe-end to nozzle Alloy A182 butt weld

                                                  
1
 The reactor coolant pump is austenitic stainless steel.
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A summary of the Alloy 82/182 pipe butt welds in the RCS of the Belgian PWRs is given in

Table 2 below where symbol X is used.to indicate that the nozzle-to-safe end weld is made of

Alloy 82/182 material.  At the exception of the nozzle-to-safe end butt welds at the steam

generator inlet and outlet nozzles at Tihange Unit 1, which are Alloy 82 welds, all the butt

welds are Alloy 182 welds.

Alloy 82/182 Pipe Butt

Welds

Doel

Unit 1

Doel

Unit 2

Doel

Unit 3

Doel

Unit 4

Tihang

e Unit 1

Tihang

e Unit 2

Tihange

Unit 3

Reactor

Vessel (

Inlet and outlet

nozzles

- - X - X X

Steam

generat

ors

Inlet and outlet

nozzles

- - X(*) - X - -

Pressuri

zer

Surge line

nozzle

- - X X - X X

Spray line

nozzle

- - X X - X X

Safety and

relief lines

nozzles

- - X X - X X

(*) + stainless steel cladding

Table 2: Alloy 82/182 pipe butt welds in the Reactor Coolant System of the Belgian PWRs

The RPV nozzle-to-safe end welds have been stress relieved after welding but one repair has

been performed after stress relief in a cold leg nozzle at Doel Unit 4.  The pressurizer nozzle-

to-safe end welds have not been stress relieved after welding and a significant repair has been

performed in the pressurizer surge nozzle-to-safe end weld at Tihange Unit 2.

INSERRVICE INSPECTION OF THE DISSIMILAR BUTT WELDS

Edition 92 without addenda of Section XI of the ASME Boiler and Pressure Vessel Code is

applicable for the current inspection interval at the Belgian plants.  Edition 92 makes

Appendices I (Ultrasonic examinations) and VIII (Performance demonstration for ultrasonic

examination systems) to Section XI mandatory.

Volumetric and surface examinations are required.  The volume examined with volumetric

method is limited to the first (inner) third of the weld over an axial length equal to the width

of the weld plus a quarter of an inch on each side.

In addition to that volumetric examination, a surface examination of the external surface is

required, with an extent equal to the width of the weld plus half of an inch on each side.

These examinations are required to be performed on all the welds following a ten-year

inspection interval.
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Inspection of the dissimilar welds of the reactor pressure vessel nozzle –to-safe-end welds

The ultrasonic (UT) inspection of the dissimilar welds at the reactor pressure vessel nozzles is

performed from the ID of the vessel.  Qualification of the procedure was based on the

requirtements of Appendix VIII to Section XI of the ASME Boiler and Pressure Vessel code,

Edition 92 without addenda but the European (ENIQ) methodology was also used as a

guideline.  The qualification program took place in 1999.

Due to the practical difficulties of performing liquid penetrant testing (PT) on the external

surface of the weld, as required by Section XI of the Code, a proposal was made by the Utility

to replace the PT by the UT inspection of the external surface from the ID.  However, the UT

procedure does not ensure with a high confidence the detection of defects on external surface,

notably the transversal (axial) ones. This limitation is still under discussion between the

Utility/Tractebel and AVN, and the PT requirement is maintained so far.

ID detection of circumferential indications in the first (inner) third of the weld thickness is

achievable from 5 mm depth and characterization from 8 mm depth knowing that the dead

zone can extend from 4 to 6 mm.

ID detection of transverse (axial) indications in the first third of the weld is achievable from 5

mm depth and characterization from 5 mm depth.

ID detection of circumferential external indications is theoretically achievable from 1.3 mm

depth and characterization from 7 mm depth.

Inspection of the dissimilar welds of the pressurizer

All Alloy 182 pressurizer nozzle-to-safe end welds at the Doel and Tihange plants are UT

inspected.  The examination is performed from the OD.  The procedure applies to the

automated ultrasonic examination of circumferential bimetallic nozzle-to-safe end welds with

wall thickness from 10 to 60 mm and diameter from 3” to 14”.

In the 14” weld, OD detection of axial cracks in the first third of the weld is achievable from 2

mm depth and characterization from 4 mm depth according to the latest version of the

procedure.  A revision of the procedure is ongoing to take into account, in the characterization

of the indications, for information coming from both T and L probes.  The modification

would allow a threshold of 3 mm depth for the characterization.

BIMETALLIC BUTT WELD ASSESSMENT BY THE UTILITY

Following the detection of PWSCC in Alloy 82/182 butt welds at Ringhals Unit 3 V.C.

Summer, and Ringhals Unit 4, an assessment program has been launched by Electrabel and

Tractebel (the Architect-Engineer) for managing the Alloy 182/82 material degradation.

Those include:

(1) residual and operating stress

(2) crack initiation model

(3) stress corrosion crack growth model

(4) crack growth analysis

(5) inspection interval
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(6) critical flaw size

(7) leak rate calculation

(8) repair/mitigation processes

Residual and operating stress

The stresses in the welds have been evaluated for most of the nozzle-to safe ends welds.  The

evaluation of the operating stresses is obtained by finite element calculations.  The residual

stresses due to welding are also taken into account in the specific stress reports.  For stress

relieved welds, the adopted value of the welding residual stresses is 30 MPa in the axial

direction and 60 MPa in the circumferential direction.  For as-welded (i.e., not stress relieved)

welds, the welding residual stresses are calculated using formulæ found in the literature.

The calculated normal operating hoop stresses at RPV outlet or inlet nozzle-to-safe end welds

do not exceed 220 MPa.  The calculated normal operating hoop stresses at the pressurizer

nozzle-to-safe end welds are close or above 350 MPa, which is the commonly agreed value of

the threshold for PWSCC initiation.

Axial stresses are found to be much lower than the hoop stresses.

Crack initiation model

Tractebel has developed a model for predicting the probability of crack initiation in Alloy

82/182 butt welds.  The prediction model relies on a methodology developed by EDF to

estimate the crack initiation time of Alloy 600.  The EDF methodology makes use of indices

that are indicative of the three main parameters governing the stress corrosion cracking, i.e.,

material, stress and temperature.

The results of the application of the probabilistic model to the Alloy 182 butt welds at the

Belgian units, as used for the assessment of the dissimilar butt welds, are the “probability of

crack initiation after 20 years” and the “probability of crack initiation after 40 years”.

However Tractebel stresses that the model should be used as a tool for ranking the welds

according to their crack initiation probability rather as a reliable tool for predicting the

lifetime of the component.

As a final result of the application of the crack initiation model, the Alloy 82/182 butt welds

are ranked into four categories as shown in Table 3 hereafter.  Welds belonging to group nr 1

are the most sensitive to PWSCC.

Group Alloy 82/182 butt welds

1 Pressurizer surge nozzle-to- safe end weld

2 Pressurizer discharge line, spray line and safety valve nozzle-to- safe end

welds

3 RPV outlet nozzle-to-safe end nozzle welds (+ 1 RPV inlet nozzle-to-safe

end nozzle repaired weld)

4 RPV inlet nozzle-to-safe end nozzle welds

Table 3:ranking of the Alloy 82/182 butt welds
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Stress corrosion crack growth model

Tractebel used three formulæ available in the literature for PWSCC crack growth in Alloy

182, i.e.,

(1) The EPRI formula that was used by Westinghouse in the analysis performed to

assess the flaws detected in the V.C. Summer reactor vessel nozzle-to-pipe welds as

revised by the NRC in his safety evaluation report

(2) The EDF/CEA crack model developed from crack growth rate tests carried out in

EDF, CEA and ETH (Zurich) laboratories.

(3) The Ringhals 3-4 formula developed by the Swedish utility for the structural

assessment of the flaws detected in the Ringhals 3 and 4 RPV nozzle-to-pipe welds.

The following table provides the various proposed crack growth rates as used b Tractebel  .

EPRI crack growth rate formula as revised by

the NRC

da/dt = 2.1 x 10
-11

 (KI-9)
1.16

 m/s

EDF crack growth rate formula (best

estimate)

da/dt = 3.87 x 10
-11

 (KI-9)
0.55

 m/s

EDF crack growth rate formula (upper

bound)

da/dt = 4.0 x 10
-10

 (KI-9)
0.1

 m/s

Ringhals crack growth rate formula KI< 25.1 mMPa   da/dt = 5.79 10
-20

 KI
9.3

mm/s

KI> 25.1 mMPa   da/dt = 6.00 10
-7 

mm/s

Table 4: Proposed formulae for crack growth rates at 323°C

The following figure provides the comparison between the proposed crack growth rates.  It

should be noted that the formulae shown are those at 343°C.  They are obtained from the

proposed formulae at 323°C by multiplying those by a factor of 2.545 as obtained by the

Arrhenius equation with an activation energy of 130 kJ/mole.
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Figure 2: Proposed corrosion crack growth of Alloy 182 at 345°C

Crack growth analysis

Tractebel has performed crack growth analysis of postulated axial and circumferential flaws

in the various Alloy 182 but t  welds at  the Belgian uni ts .

Tractebel calculated the flaw growth following the procedure of Appendix C to Section XI of

the ASME Boiler and Pressure Vessel Code.  For most of the welds, only the flaw growth due

to stress corrosion cracking has been considered.  Fatigue crack growth has not been

performed for all Alloy 182 butt welds as it has been shown to be negligible based on the

fatigue crack growth analysis performed for the inlet and outlet nozzles of the reactor pressure

vessel at Tihange Unit 2 and Doel Unit 3. ]

The stresses used to determine the stress intensity factors are the operating stresses and the

surimposed welding residual stresses as prescribed in Appendix C to Section XI of the ASME

Boiler and Pressure Code.  The stresses induced by the loads (deadweight, pressure, thermal)

in normal operating conditions at nominal power have been determined in the specific stress

reports of the various Alloy 182 butt welds using non-cracked models of the welds.

The stress distributions along the thickness of the welds as obtained in the stress reports are

used to calculate stress intensity factors KI for the flaws.  The stress intensity factors KI are

calculated according to the formulæ provided in Appendix A to Section XI of the ASME

Boiler and Pressure Code for the surface flaws.

The allowable flaw depth, as determined according to the requirements of the Section XI of

the ASME Boiler and Pressure Code, is 75 percent of the wall thickness.  Hence, the

allowable operation time as determined by the crack growth analysis is the time when the

postulated initial flaw reaches 75 percent of the wall thickness.

The initial objective of the analysis was to determine the maximum (initial) size of the flaw

which, when growing in service by stress corrosion cracking and cycle fatigue, will have at
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the end of the inspection interval, i.e., after 10 years, a size equal to the allowable size as per

the requirements of IWB-3600 in Section XI of the ASME Boiler and Pressure Vessel Code.

However, this objective was later found to be not realistic for most of the welds and the

allowable initial flaw size for 2 and 5 years of operation have been calculated.  The results

depend of course on the selected crack growth model but, for the pressurizer nozzle-to-safe

end weld, the calculated allowable initial flaw size, even for a 2 year operation, is well below

the detection threshold of the inspection technique.

Inspection interval

Tractebel proposed an extended inspection program of the Alloy 182/82 welds with the

objective of increasing the confidence that the stress corrosion cracks are detected before they

reach the maximum size allowed by Section XI of the ASME Boiler and Pressure Vessel

Code.

The proposed extended inspection program is based on the ranking of the Alloy 182/82 butt

welds into 4 groups.

The program includes volumetric examination using qualified ultrasonic testing procedure

and visual examination of the OD of the weld (with removal of the insulation).  The visual

inspection aims at detecting in cold shutdown conditions accumulation of boric acid deposits

from borated reactor coolant leakage.  The visual inspection is performed once approximately

at mid interval between two successive ultrasonic examinations.  The following table

summarizes the proposed extended inspection program.

Group Weld location Max. interval between

UT examination

Max. interval between

either UT or VT

examination

1 Pressurizer surge line nozzle 3 years 2 years

2 Pressurizer safety and relief valve

nozzles

Pressurizer spray line nozzle

5 years

5 years

3 years

3 years

3 PRV outlet nozzles (+ Doel Unit 4

repaired inlet nozzle weld)

5 years 3 years

4 RPV inlet nozzles 10 years 5 years

Table 5: Summary of the proposed extended inspection program
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Critical flaw size

TE performed the stability analysis of a through-wall axial crack bounded by resistant low

alloy steel or stainless steel material.  The analysis is performed for the butt weld at the

reactor pressure vessel inlet nozzles of Doel Unit 4 and at the pressurizer surge line nozzle of

Tihange Unit 2. Those two welds have been considered due to their high stress level.  The

reactor pressure vessel inlet nozzle of Doel Unit 4 has been selected because a repair has been

performed at one nozzle after final heat treatment and the pressurizer surge line nozzle of

Tihange Unit 2 has also been repaired.

It should be mentioned that the objective of such analyses is not to justify plant operation with

a through-wall flaw, which is not permitted by the Section XI of the ASME Pressure and

Vessel Code, but to assess from a defense-in-depth point of view, the behavior of an axial

crack in the case where it would become through-wall while being bounded by the

surrounding corrosion resistant material.  Roughly speaking, the objective is to show that the

critical flaw size for rupture is several times the width of the weld.

The results of the analysis show that the margin on the stress intensity factor for the RPV inlet

nozzle at Doel Unit 4 is well above 1.0 as well for initiation of brittle fracture in the ferritic

steel material of the nozzle as for initiation of ductile tearing in the stainless steel material of

the piping.

The analysis for the pressurizer surge line nozzle at Tihange Unit 2 is rather an estimation of

the margin derived from the analysis performed for the butt weld at the RPV inlet nozzles of

Doel Unit 4.  Corrections are brought to the results of this analysis to account for the data

specific to the critical flaw analysis of the pressurizer surge line nozzle, i.e., nozzle geometry,

flaw dimensions and hoop stresses.  The margin on the stress intensity factor is above 1.0 for

initiation of brittle fracture in the ferritic steel material of the pressurizer nozzle.  The margin

on the stress intensity factor is nearly equal to 1.0 for initiation of ductile tearing in the

stainless steel material of the surge line.  TE has also calculated the margin based on a stable

ductile propagation _a of 2 mm.  For this case, the value of the margin exceeds 1.0.

Leak rate calculation

Expected leak rate in normal operating conditions from a through-wall axial crack bounded

by resistant low alloy steel or stainless steel material has been calculated by Tractebel.  The

objective of this calculation is to verify whether the leakage from such a crack would be

detected by the existing continuous leak detection system.

The calculation is performed for the same butt welds as those for which a crack stability

analysis has been performed, i.e., the weld at the reactor pressure vessel inlet nozzles of Doel

Unit 4 and at the pressurizer surge line nozzle of Tihange Unit 2.  The computer code used for

the leak rate calculation is the PICEP code that is currently used by Tractebel for Leak-

Before-Break analyses.

For the assumed nominal values of the crack morphology parameters, the calculated leak rate

at the reactor pressure vessel inlet nozzle exceeds 3 kg/hr and the calculated leak rate at the

pressurizer surge line nozzle is below 20 kg/hr.

Repair/mitigation processes

Two repair/mitigation processes have been qualified for specific application at the Belgian

plants.
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Specific application of the Mechanical Stress Improvement Process (MSIP) developed par

AEA Technology has been qualified for its application to the conical geometry the pressurizer

surge line nozzle at Tihange Unit 2.  The MSIP is a method developed to eliminate

susceptibility of weldments to stress corrosion cracking by alleviating weld-induced tensile

stresses in the vicinity of circumferential welds.  The MSIP consists of squeezing a pipe

plastically near a weld using a specifically designed set of rings that grip a short length of

pipe.  The squeezing is continued until the tensile residual stresses along the inner region of

the weld are replaced by low tension or compressive stresses.

Qualification of PWSCC repair technique by grinding has also been performed for specific

application at the RPV outlet nozzle also at Tihange Unit 2.

ASSESSMENT BY AVN OF THE PWSCC MANAGEMENT PROGRAM

PWSCC as an ageing mechanism

A prescribed lifetime is attached to each mechanical component.  Life extension may also be

required at the end of the prescribed lifetime.  In general terms, ageing may be defined as any

discrepancy with what has been considered or assumed at the time of initial design and

manufacturing and being susceptible to question the operability and/or ongoing structural

integrity of a mechanical component for the prescribed lifetime or for a potential extended

lifetime.

There is nowadays a consensus that Alloy 182/82 weld metals in primary water environment

will crack and AVN believes that most of the alloy 182 welds at the Belgian plants have been

in service long enough that cracking is increasing likely.  Hence, managing stress corrosion

cracking of Alloy 182/82 weld metals as an ageing mechanism is found necessary.

Assessment of the PWSCC management program

To AVN belief, three aspects need to be considered when managing material degradation: (i)

to predict, (ii) to monitor, and (iii) to repair/replace.

With regard to these considerations, AVN recognizes that the PWSCC management program

as proposed by the Belgian utility and Tractebel meets the objectives assigned by AVN to

such a program.  More specifically, AVN recognizes the adequacy of the degradation

management philosophy based on the qualification of enhanced non-destructive examination

procedures and extended inservice inspections rather than on extensive justification analyses.

However AVN has some concerns mainly about the justification of the inspection intervals.

The regulatory approach to ensure that the integrity of the reactor coolant pressure boundary

is maintained is through requiring periodic inservice inspection and primary coolant leakage

monitoring and through defining specific (allowable flaw size and leak rate) limits.  Section

XI of the ASME Boiler and Pressure Vessel Code requires volumetric inspection of the

pressure retaining dissimilar welds in vessel nozzles with diameter of 4 inch or larger every

10 years.  Past experience as well as knowledge of the initiation and propagation

characteristics of the primary water stress corrosion cracking of the Alloy 182/82 butt welds

puts into question the ability of this inspection interval to allow the timely detection of the

cracks.
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As mentioned above, the Belgian Utility and Tractebel proposed an extended inspection

program of the Alloy 182/82 welds with the objective of increasing the confidence that the

stress corrosion cracks are detected before they reach the maximum size allowed by Section

XI of the ASME Boiler and Pressure Vessel Code.  The proposed extended inspection

program is based on the ranking of the Alloy 182/82 butt welds into 4 groups depending on

the so-called risk of cracking with some consideration of the crack growth calculation.

The crack initiation of Nickel base alloys is known to be a stochastic process.  The experience

shows that, even in laboratory conditions where the parameters (chemistry of the

environment, temperature and stresses ) are carefully controlled, initiation times for various

individual identical test specimens are found to be statistically distributed over a wide range.

Moreover, in service, additional uncertainties arise from the uncertainties associated to the

controlling parameters, i.e., stress, temperature, and sensitivity to stress corrosion cracking.

When comparing the stress corrosion characteristics of Alloy 600 and Alloy 182, Alloy 182 is

characterized by longer initiation times but shortest propagation times.  Then, when

attempting to define an inspection program for Alloy 182 welds, it may be thought adequate

to define inspection intervals on basis of the predicted times to initiation.  Using such an

approach, the objective of the inspection is to verify the prediction model.  This procedure

requires determining for each specific weld the minimum crack initiation time, i.e., the time

of the first crack initiation.  The procedure has also the advantage of not fully considering the

stochastic nature of the corrosion process as no account is explicitly taken of the distribution

of the statistical distribution of the initiation times under given conditions of temperature,

stress and sensitivity to stress corrosion cracking.  Hence, to AVN belief, the objective is

adequate but the method used by Tractebel to achieve it raises some concerns.

To AVN understanding, the probabilistic model developed by Tractebel from the EDF

deterministic model is not an adequate statistical model for calculating the probability of

initiation of a first crack in an Alloy 182 weld at time t.  Defining a statistical model for crack

initiation would require to select a distribution function of the initiation times (e.g., the

Weibull distribution) and to determine the parameters of the distribution function from the

available data.

To AVN understanding, there is so far no validated statistical model for predicting the

probability of a first crack initiation in an Alloy 182 weld at time t.  The median crack

initiation times calculated by deterministic phenomenological models on the basis of best

estimate value of the controlling parameters (temperature, stress, sensitivity to corrosion

cracking…) and possibly corrected to account for the uncertainties associated to these

parameters may be useful for a ranking the Alloy 182 welds.  However, due to the stochastic

nature of the corrosion process, there is no insurance that cracking will occur in service in

conformity with the ranking.

Despite those remarks on the probabilistic model developed by Tractebel, AVN found

acceptable that the selection of the Alloy 182 butt welds to be examined for the first time with

a qualified ultrasonic technique be based on the proposed ranking procedure.  However AVN

has some concerns about the justification of the proposed in service inspection program for

the forthcoming years. This program is still under discussion between AVN and

Electrabel/Tractebel.
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To AVN opinion, for those welds on which no suspicious flaw has been detected so far, the

inservice inspection program must be based on a propagation model, i.e., the inspection

interval shall be shorter than the predicted time period required by the largest non detectable

flaw to reach the maximum allowable size per Section XI of the ASME Boiler and Pressure

Vessel Code.  Even if a strong correlation could be demonstrated between the sensitivity to

initiation and the sensitivity to propagation, i.e., even if the Tractebel crack initiation model

could also be used to rank the welds according to the risk of propagation, AVN does not see

any reason why the ranking of the welds should not be considered as an acceptable tool to

determine the inspection intervals.

Nevertheless AVN recognizes that the crack growth equations used by Tractebel in the crack

growth analyses lead, for some Alloy 182 butt welds, to inspection intervals too short for

commercial power plant operation.  For those welds, AVN expressed his opinion that he was

ready to consider a proposition for using mean crack growth rates in calculations related to

inspection intervals while the use of maximum or upper bound growth rates will be kept when

preparing the justification for continued operation when PWSCC indications have been

detected.

More specifically, AVN is ready to consider inspection intervals based on mean crack growth

equations for axial cracks.  For the circumferential cracks, the justification of the inspection

intervals shall be based on the maximum or upper bound crack growth rates.  While not

satisfactory from a regulatory point of view, using mean crack growth rate would allow to

quantify roughly the confidence to be placed in the so-defined inspection intervals and is

therefore believed by AVN to be better than a method based on qualitative rules.  The main

reason for distinguishing the axial cracks from the circumferential cracks results from the

fact that the safety assessment of the circumferential cracks is less strong especially because

of the difficulty of eliminating the potential occurrence of very long cracks.

The uncertainties associated with the initiation and propagation of the primary stress

corrosion cracks make even more demanding the expected performance of the leak detection

systems.  Visual detection of leaks through the visual observation of boric acid deposits

during plant shutdown has also been proved to be the best available method to detect very

small leaks.

Tractebel has proposed to perform periodic visual inspection of the welds (with removal of

the insulation) at mid interval between two successive ultrasonic examinations.  This

proposal is considered by AVN as an adequate measure to ensure detection of through-wall

cracks leading to very small leaks, i.e., leaks below the sensitivity level of the existing leak

detection systems.  However, AVN also thinks that this measure should be supplemented by

some actions to be taken during the forthcoming refueling shutdown when an existing leak

monitoring system indicates an increase of the non-identified leak but no location can be

assigned thereto.

UPDATE OF THE NON-DESTRUCTIVE EXAMINATION RESULTS

Axial indication in the pressurizer surge nozzle-to-safe end weld at Tihange Unit 2

As inspection findings at Ringhals 3-4 and V.C. Summer have led to questions regarding the

likelihood of similar flaws in other plants, the Belgian Utility decided to anticipate the

inservice inspection of some dissimilar metal welds at the Tihange Unit 2 plant.  Four
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pressurizer nozzle-to-safe end welds, which the inservice inspection program required to UT

test in 2009, were inspected during the October 2002 refueling outage.  One of those nozzles

was the surge nozzle-to-safe end weld.

Indications were detected in five areas of the weld.  Four of those indications are oriented in

the circumferential direction and, assuming that they are planar flaws, their size was found

acceptable according to the ASME Section XI criteria.

The fifth detected indication is oriented in the axial direction, i.e., in the transverse direction

of the weld.  Its evaluation was found to be difficult due to the high noise level obtained on

the UT responses.  As no diffraction signal was observed from the reported indication,

application of the procedure does not allow to size its depth.  Then the depth of that indication

was put on 8 mm, which is the limit under which sizing was proved to be not possible during

the qualification stage of the procedure. The length was measured to be 26 mm by direct

application of the qualified procedure.

AVN believed that the crack growth analysis as provided by the Utility did not provide a

strong technical basis for justifying continued operation for six months in accordance with the

Code requirements.  AVN also believed that no immediate safety concern existed which

would require an immediate shutdown.

The key issue was found to be the real nature of the indication.  Although there was a high

probability that the detected surface planar indication was a crack attributed to stress

corrosion cracking, that remained an assumption.  In order to avoid an immediate and

possibly unnecessary repair campaign, AVN believed that the plant might be operated for

some time period at the end of which a UT inspection of the flawed weld should be performed

to confirm (or refute) the assumption of PWSCC.  Indeed, should the indication be a stress

corrosion crack, then it would grow and the crack growth should be evidenced by the UT

examination.  There was no technical basis for numerically determining the “correct date” of

the inspection, i.e., the date at which the crack growth should be detected by UT examination

if the indication is due to PWSCC.  However, as it seemed to be a consensus that the

occurrence and behavior of PWSCC in Alloy 182 is characterized by a long incubation time

followed by a relative fast growth, it was thought that plant operation for a few months would

allow the potential PWSCC indication to grow by a detectable increment.  AVN accepted

plant operation for a 6-month period.

The re-inspection of the weld at the end of May 2003 led to the following results: (i) no

diffraction signal from indication #5 and (ii) ultrasonic picture of the indication quite similar

to the one obtained in October 2002

Hence, comparison of the May 2003 results with the October 2002 results did not allow

therefore to confirm the PWSCC nature of the indication and re-inspection of the weld was

planned during the October 2003 refueling outage.  The re-inspection of the weld during the

October 2003 refueling outage led to the same results as those obtained in May 2003.

During the March 2005 refueling outage, the weld was re-inspected again and the results did

not show any difference with the October 2002/May 2003 results.

Axial indications in the RPV outlet nozzle-to-safe end weld at Tihange Unit 2

The inservice inspection activities during the May 2003 outage at Tihange Unit 2 also

included the inspection of all the reactor pressure vessel nozzles.  The ID UT examination of
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the RPV nozzle-to-safe end welds did not show any significant indication.  But, for the first

time, an ID Eddy Current examination was also performed on all the welds. The EC

examination of outlet nozzle # H2 showed a 10 mm indication oriented in the axial direction,

i.e., in the transverse direction of the weld.  According to the NDE experts, the indication was

no false call but well a crack type flaw.  Then, the zone with the indication was examined

successively by two specialized UT probes dedicated to the characterization of close-to-

surface cracks.  Those examinations did not show any indication.  As both UT probes cannot

detect cracks within a 1mm thick layer on the ID, it was concluded that the indication was a

10X1 mm crack type flaw.  Visual examination of the zone did not show any indication

looking like a crack.

During the March 2005 refueling outage, the weld was re-inspected again and the results did

not show any difference with the May 2003 results.

CONCLUSIONS

The operational experience feedback as well as the opinion of most of the experts lead to

believe that Alloy 182/82 weld metals in primary water environment will crack and AVN

believes that most of the alloy 182 welds at the Belgian plants have been in service long

enough that cracking is increasing likely.  Hence, managing stress corrosion cracking of Alloy

182/82 weld metals as an ageing mechanism is found necessary.  Electrabel, the Belgian

utility and Tractebel, the Architect-Engineer, have developed a PWSCC degradation

management program for the Alloy 82/182 butt welds mainly based on the qualification of

enhanced non-destructive examination procedures and performance of extended inservice

inspections.  AVN mainly agrees with the basic principles of the management program but is

still discussing the implementation of the inservice inspection program and more specifically

the justification of the inspection intervals.
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Background

In view of the secure and safe supply of electricity, the ageing of the power plants is

becoming of increasing concern in the EU as well as in the rest of the world. In fact,

with operational plant life approaching gradually the original design life, ageing

issues are appearing. The list of issues is very long and research and development

effort is required in order to understand and tackle them properly. In particular, the

RPV and pressure equipment are of fundamental importance and significant R&D

effort is dedicated to their ageing issues. RPV steels are in fact exposed to neutron

irradiation during operation and such exposure is generally inducing a degradation of

the mechanical and physical properties of the materials: e.g. an increase of the ductile

to brittle, DBT, transition temperature and a decrease of the upper shelf energy. Other

ageing mechanisms can take part in inducing material properties changing during the

life of the components; e.g. thermal ageing, strain ageing, corrosion, etc.

This paper gives an overview of the JRC-IE activities in dealing with the issues of

plant life management of nuclear power plants and summarises the obtained key

results and plans for future projects. These activities promote an integrated view of

ageing mechanisms and optimisation of R&D activities for PLIM in view of Safe &

Secure Supply (3S). Such integrated approach is required to support European needs

for sustainable, safe and secure supply of electrical power. To meet this challenge the

European Commission’s Joint Research Centre is supporting networking focussed on

structural integrity for plant life management of key components, covering the main

R&D disciplines involved and considering all LWR nuclear power plants designs

both western and eastern. The intention is to provide a long-term structure capable of

addressing generic issues relating to accident prevention, plant performance & risk

informed methods, and to harness the efforts of the leading European R&D. While the

main focus is on R&D issues related to ageing of existing installations, the technology

is also relevant to proposed advanced reactor concepts.

In particular the paper summarises results recently obtained at JRC-IE including:

results on irradiation embrittlement of model alloys, observed P, Cu effects, Ni effect

from research data and surveillance data analysis, effect of Mn on high Ni steels,

fluence rate effects, stress effects, etc.

In addition, promising results on non-destructive methods to monitor material

properties area also discussed.



Ageing issues

The issue of life management of Europe’s ageing fleet of over 150 nuclear reactors is
very well recognised. The majority of nuclear reactors have been operating for longer
than 20 years and their continuing safe and efficient operation depends crucially on
availability of appropriate engineering expertise. Further, the necessity to ensure in
advance safe operation for 60 years, a period that is typically 20 years in excess of
nominal design life, is becoming increasingly accepted.  The ability to claim increased
benefits from reduced conservatism via improved understanding of damage
mechanisms and their quantification in advanced assessment methods is therefore of
great value.
Nuclear electricity accounts for more than one third of the total EU needs and the life
distribution on the operating plants is such that in 2005 more than 70% of the plants
will have passed the 20-year lifetime and almost 30% the 30-year age limit.
Secure and safe supply of electricity must be optimised with the ageing of the power
plants which is becoming of increasing concern in the EU as well as in the rest of the
world. The list of issues related to plant ageing is very long and research and
development effort is required in order to understand and tackle such issues properly.
Such ageing issues include: RPV embrittlement, core shrouds, upper and lower head
cracking, sticking control rods, cracking in control rod drive mechanism (CRDM) and
upper head penetrations, internals in general, reactor coolant piping issues, steam
generator degradation, electric cable ageing and concrete ageing. In particular RPV
ageing has been the focus of recent R&D effort and it is discussed in details in the
following. RPV steels are in fact exposed to neutron irradiation during operation and
such exposure is generally inducing a degradation of the mechanical and physical
properties of the materials: e.g. an increase of the ductile to brittle, DBT, transition
temperature and a decrease of the upper shelf energy. Other ageing mechanisms can
take part in inducing material properties changing during the life of the components;
e.g. thermal ageing, strain ageing, corrosion, etc. The achievements have been mainly
obtained in the frame of European Networks and related partnership projects which
are briefly described in the following.

European Networks on Structural Integrity operated by JRC

The European networks for structural integrity of nuclear plants were set up in the
early 1990's to exploit the concept that the integrity of safety-critical components can
be best-secured by grouping all the key players within dedicated networks, designed
to integrate fragmented R&D work and promote harmonised practices. The European
Commission's Joint Research Centre acts as Operating Agent, providing a neutral
secretariat and co-ordinating the Reference Laboratory activities. The original
networks focus on three specific areas:
• Materials Ageing: AMES (Ageing of Materials Evaluation and Studies [1,2])
• Inspection:  ENIQ  (European Network for Inspection and Qualification [3])
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• Structural Integrity: NESC (Network for Evaluation of Structural Components
[4])

Such focus areas were identified after intensive negotiations with the European
nuclear industry and its research base, as key areas where knowledge had to be
rapidly accumulated to support the continued safe operation of reactors. The three
Networks have shared common objectives, in particular to:
• integrate fragmented R & D work into clearly defined single projects involving all

interested parties
• facilitate technology transfer and dissemination of information within and outside

the Network
• establish the consensus to support harmonisation of procedures, practices and

eventually standards

More recently three new networks have also been developed:
NET = Network for Neutron Techniques Standardisation for Structural Integrity [5]
AMALIA = Assessment of Nuclear Power Plant Core Internals
SENUF = Safety of Eastern-European Type Nuclear Facilities [6]

For the Commission’s 6th Framework Programme the JRC has integrated its own
support effort for the above networks and the associated R&D activities in an internal
project called SAFELIFE [7].
All the Networks run projects and actions initiated within the Network and supported
by the partners through so called “in-kind” contributions. Equally all the Networks are
associated with projects which are funded (partly) from external bodies including in
particular the Shared Cost Actions (SCA’s) of the European Commission’s 4th and 5th

Research Framework Programmes. In many cases these small, dedicated SCA
research projects are utilised by the Networks as pilot or seed projects for subsequent
larger Network supported actions. In other cases they are used to exploit further the
results of major Network projects which are ostensibly completed but where some
important open questions remain.
Throughout FP4 and FP5, JRC-IE as operating agent of the European networks has
acted to support the various activities and insert them in a broader context of
collaboration with the programmes of other international organisations like IAEA and
OECD. Some networks such as AMES have also provided technical and scientific
support to the TACIS programme (also via the European Plant Life Assessment
Forum, EPLAF).

Several European organisations have been at the forefront of the development of
advanced methods and techniques in this area. Notwithstanding targeted initiatives
such as the JRC networks, these efforts have largely been made at national level and
their overall impact and benefit (in comparison to the situation in the USA) of these
efforts has been reduced by this fragmentation. There is therefore a strategic need to
create an organisational structure capable of working broadly at European level to
produce and exploit R&D in support of the safe and competitive operational of our
nuclear power plants. It is also critical to ensuring the competitiveness of European
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plant life management (PLIM) services at international level. Such a development
would also provide more visible support to promotion of European harmonisation and
of safety culture, coherent with the proposed Commission Directive on Safety of
Nuclear Installations.
JRC started to integrate its own activities in the field under the SAFELIFE Action
also proposing a new umbrella network intended to provide a coherent future structure
for the various networks, and to increase effectiveness and flexibility. Existing
networks and projects will then continue with their work and maintain their identities,
albeit in an overall programme of integrated activities and multidisciplinary projects.

The main objectives of such umbrella network are summarised as follows:
- Establish a long-term structure to improve focus and effectiveness of European

R&D for plant life management for key reactor components in nuclear plants.
- Development and funding of major “integrated” project proposals at trans-national

and EU level, consistent with European Research Area principles.
- Strategic planning and management of R&D actions in this area.
- Promote harmonisation of best practice for nuclear safety.
- Maintain and encourage a strong “bottom-up” approach to R&D issues.
- Organise training and professional development in advanced procedures and to

maintain engineering competence.
- Link and co-operate with all key international and national organizations.
- Optimise access to existing data, facilitate data exchange and support effective

dissemination and technology transfer.
The R&D issues to be addressed include:
- RPV embrittlement
- Reactor Internals shroud cracking, bolts cracking
- Thermal fatigue in piping
- Dissimilar metal welds integrity
- Steam generator degradation cracking
- Electric cable and concrete structure ageing

In the first instance the network will be made up of existing members of the European
Networks AMES, NESC, ENIQ, NET, AMALIA & SENUF, as well as members of
running DG-RTD Thematic Networks and Shared Cost Actions in this area and
observers from other European and international organisations, see Figure 1.
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Figure 1 – SAFELIFE integration of PLIM networks

It is anticipated that the membership base will need to be broadened to ensure
coverage of the relevant technical areas. A steering committee composed of industry
and safety authority representatives will give credibility in determining R&D
priorities. Funding would be provided by the participating organisations on a
contribution-in-kind basis, (drawing from national programmes or industrial
sponsorship). The JRC will act as operating agent and contribute R&D work as
appropriate. A practical possibility to realise the idea is via the EC DG-RTD so-called
“Network of Excellence”. This would involve a smaller core group with a
commitment to long-term collaboration on R&D in several key areas of structural
integrity assessment. If this were to go ahead it would provide a clear focal point for
many SAFELIFE activities, and could involve other networks and/or organisations in
targeted actions and projects. An expression of interest was recently submitted to the
Commission with this aim in mind. The proposed European Network on Structural
Integrity Research’s (SIRENET) overall theme is the development of predictive tools
for life management of safety-relevant structural components for all type of reactors
(including BWR, PWR, WWER).
The possible involvement of the ISCT programme is major enabler for the extended
contributions and participation of the Russian organisations as well as Ukrainian.

Ames Network and RPV embrittlement

The AMES (Ageing Materials Evaluation and Studies) network was set up to bring
together the organizations in Europe having the greatest expertise on nuclear reactor
materials assessment and research on ageing management [8]. The AMES European
network started its activity in 1993 with the aim of studying ageing mechanisms and
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remedial procedures for structural materials used for nuclear reactor components. To
fulfil the strategy developed by the AMES network, in line with the priorities of the
European industry, several key projects on the field of RPV irradiation embrittlement
were executed during the 4th and are currently running in the 5th EURATOM
Framework Programme. Operated by JRC-IE, it has been supporting the co-ordination
of the project cluster, carrying out projects on with plant life management
implications. Among them we can list the development of non-destructive techniques
applied to thermal ageing and neutron embrittlement monitoring (AMES-NDT and
GRETE), improved surveillance for WWER 440 reactors (COBRA [11), dosimetry
(AMES-DOSIMETRY, MADAM and REDOS), chemical composition effects on
neutron embrittlement (PISA) and advanced fracture mechanics for integrity
assessment (FRAME). Their general purpose is to understand the influence of various
embrittlement mechanisms; develop new techniques; improve the dosimetry aspects
and to improve the prediction of irradiated material fracture toughness.
Main frame of the network in the 5th Framework Programme is the ATHENA project,
which is aimed at summarizing the obtained achievements and edit guidelines on
important issues like the Master Curve, Effect of chemical composition on
embritllement rate in RPV steels, re-embrittlement models validation after VVER-440
annealing and genrally the open issues in embrittlement of VVER type reactors (for
example high Ni effects).
The information coming from the running projects is integrated with the results from
other different programs (EU-funded, national, Tacis-PHARE), enabling the
definition of a common European position on these issues. An overview of AMES
projects throughout FP4 is given in [9].
During the 4th EURATOM Framework Program some projects proposed by the
Steering Committee of the AMES network were carried out on non-destructive
monitoring techniques for thermal ageing, reference dosimetry, reconstitution
techniques and comparison of fracture toughness measurements. An overview of the
outcome of REFEREE, RESQUE, MADAM and AMES-NDT projects is also given.
In the 5th FWP several activities related to NPP Plant Life Management have been
carried out also in the context of the NESC, ENIQ and NET networks, which were
recently joined by AMALIA network dedicated to IASCC issues in core internals.

Recent Advances and Example of Results

As an example of recent results we report on the semi-mechanistic model
development for radiation embrittlement. The model, based on three additional
contributions [10], see Figure 2, works very well on model alloys with low nickel for
which it was developed in first instance.
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Figure 2 – Semi-mechanistic model for radiation embrittlement

Further analysis showed that the model results also very suitable for modelling
WWER-440 materials [11], see Figure 3.

Figure 3 – Results of semi-mechanistic model applied to WWER-440 materials

The model has been then been tuned for high nickel RPV model alloys irradiated in
different reactors at very different fluences. The effect of Nickel, as observe in model
alloys, is such that it can significantly enhance radiation embrittlement, see Figure 4.
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Figure 4 – Typical Nickel effect observed on model alloys

Recent efforts to quantitatively include the effect of Nickel into the semi-mechanistic
model have been successfully carried out [12], see Figure 5.

Figure 5 – Results obtained on model alloys irradiated in different reactors
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The model also proves to be suited to predict re-embrittlement after annealing of
WWE-440 materials for example [10].
A further step, after temperature and fluence rate corrections, is to include the effect
of Manganese. This is done with JRC initiative: model steel and realistic welds
programmes; also in co-operation with IAEA (CRP-10).

Novel NDT methods for embrittlement understanding

The potential of novel ND methods to assess materials degradation is also a research
thematic within the SAFELIFE Action of JRC-IE. Several methods are investigated;
including:
- thermal-power and resistivity methods
- positron annihilation methods
- magnetic and Barkhausen noise measurements
- UT, neutron-based methods(SANS) and others
Encouraging results have been obtained regarding thermal-power measurements [13]
and magnetic measurements [14] for detecting radiation embrittlement and fatigue of
materials; also in international round-robin exercises (including the GRETE project).
The measured RCS (Relative Seebeck Coefficient) is in fact changing due to
irradiation; the results obtained for different RPV model alloys (with different nickel
contents) are shown for example in Figure 6.

Figure 6 – Results obtained on model alloys

Recently, a JRC-IE study [15] indicate that thermal power methods are capability to
measure and follow the depletion of copper in the metal matrix due to irradiation;
which indirectly is responsible for the observed embrittlement (copper nano-
precipitates are very effective to impede dislocations movement).
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Similar studies are conducted to exploit the capabilities of the positron annihilation
based methods [14-16]. Encouraging results are obtained showing the capability of
such methods to follow different type of material damage and micro-structural
changes, see for example Figure 7.

Figure 7 – Results obtained on model alloys irradiated with protons

(MLT= mean life time of the positron)

Magnetic measurements, including Barkhausen noise and permeability, are also very
promising and several examples of encouraging results have been produced recently
at the JRC-IE [14, 17]. The methods, can be utilised for damage monitoring also for
different type of material degradation as it is shown for example in Figure 8.
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Figure 8 – RMS Barkhausen signal versus applied magnetic field
conditions: as received, aged in air 400 hours and exposed to H2 by 1000, 2000 and 4000 hours



Due to the fact that the different ND methods and techniques are following particular
micro-structural changes, the combination of different techniques is anyhow believed
to offer the greatest potential for future applications in the area of PLIM.

FP6 running projects: PERFECT & COVERS

The Integrated Project PERFECT (Prediction of Irradiation Damage Effects in
Reactor Components) is co-ordinated by EDF. In nuclear power reactors, materials
may undergo degradation due to severe irradiation conditions. So far, the material
databases needed to allow for these degradations in the design and safe operation of
installations have mainly relied on long-term irradiation programs in test reactors as
well as on mechanical or corrosion testing in specialized hot cells. Getting reliable
and completed material databases is becoming more and more important with the
ageing of reactors. Numerous experimental programs have for example been carried
out on ferritic steels used to make Light Water Reactor (LWR) Pressure Vessels (RPV
steels) or stainless steels used to make the so called Internal Structures (Internals) of
these reactors. This predominantly-empirical approach can now be complemented and
improved. Indeed, continuous progress in computer technology and physical
understanding of radiation damage has made possible the development of multi-scale
numerical tools capable of simulating the effects of irradiation on mechanical and
corrosion properties of materials.
The 4 year Integrated Project PERFECT has mainly for objective to develop such
tools. They will be used to solve issues related to Light Water Reactor pressure
vessels and internal structures (PWR, BWR and WWR types). The Project has also
for objectives
- to ensure the diffusion of these tools among the European nuclear industry,
- to use them to perform a first European collective exercise of component analysis

in which material behavior assessment will be done by numerical simulation,
- to apply the proposed simulation tools to complement previous or current

international projects and
- to form young researchers to the mechanisms of degradation of materials.
PERFECT is run by 12 European organizations involved in the nuclear field and 16
Universities. Representative of manufacturers, utilities, regulators, research
organizations, etc. join the PERFECT Users-Group receiving the information and
training required to get their own appraisal on limits and potentialities of the
developed tools. This sharing of knowledge is a key point for the tools to be accepted
and used on industrial applications. Furthermore, formal collaborations is progressing
with American, Japanese and Russian organizations involved in project similar to
PERFECT. A Users Group consortium agreement will be signed between the Users
Group members and the Joint Research Centre Petten.

COVERS Co-ordination Action
Then Action is co-ordinated by NRI - Nuclear Research Institute Rez plc with the aim
to: “Establish a viable RTD structure with a view to enhance the scientific and
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technical cooperation of actors involved in WWER safety research, in close co-
operation with utilities, manufacturers, regulatory bodies and other end users”.
Due to the fact that the EU already operates WWER units (both 440 and 1000 MW)
and several units are in operation/construction in neighbouring countries (Russia and
Ukraine) it is important to maintain and develop safe and efficient operation of such
units. The general objectives of CA can be summarised as follows:
- to maintain and to improve safety
- to create common database
- to assess “good practice”
- to identify and initiate required R&D
- to strengthen links
- knowledge management & dissemination platforms
- common platform for harmonised Safety Culture
- to exchange of information
- to boost cooperation with ISTC (for improved communication with Russian and
Ukrainian organizations)
And, the impacts of the project can be envisaged in several different areas:
- PLIM - Operational safety
- WWER - Safety Design Basis reconstruction
- Accident and severe accident management
- Ageing management and mitigation
- Development of Best Practices
- Safety Culture harmonisation
- Operational economy improvement
Significant work and management of knowledge on RPV issues will be carried out.

Conclusions

- Nuclear electricity is a key energy source in the EU and secure and safe supply
must be optimised with the ageing of the power plant; a fleet of over 150 nuclear
reactors.

- The majority of nuclear reactors have been operating for longer than 20 years and
their continuing safe and efficient operation depends crucially on availability of
appropriate engineering expertise.

- Safe operation for 60 years is becoming increasingly accepted.
- The RPV is a critical component as well as the expertises and knowledge

management on RPV & pressure equipment aging assessment and modelling.
- Important results have been recently obtained demonstrating RPV integrity

robustness.
- Results are today giving more precise forecasting tools for embrittlement of

materials and more understanding of the degradation mechanisms.
- Further R$D is required and in particular the development of ND methods for

micro-structural investigation (including: thermo-electric, magnetic, positron
annihilation, SANS, etc.).
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- The expertise and experience gained with the JRC’s European Networks, over the
last 10 years together with that from other EC funded and national R&D
programmes can form a strong basis for an integrated European system of
activities in the area of structural integrity and plant life management.

- With the start of the 6th Framework programme and the introduction of new
instruments like the Integrated Projects and the Network of Excellence there is a
need for a broader and more efficient integration of activities and resources, in the
spirit of the European research Area.

- PERFECT IP and COVERS CA are key example of 6thFP large integrated
projects.

- The evolution of the existing European networks towards a network of excellence
on PLIM will produce significant benefits for industry and support safe and
competitive nuclear power.
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Abstract

Vibration or vibration related high cycle fatigue of small bore piping has been one of the

main issues for maintaining the integrity of nuclear piping. Mitsubishi Heavy Industries

(MHI) has been involved in root cause analysis of a number of leakage events in Japan, and

accumulated and developed technology for piping design procedure or preventive

maintenance activities of existing plants, from those experiences over 20 years. The concept

and the outline of these technologies such as vibration measurement evaluation procedure,

selection of vibration sensitive location, structural modification of cantilever type small bore

branch pipe and positive countermeasure device for suppressing vibration, are introduced in

this paper.

For nuclear power plant piping, several other degradation mechanisms are recognized, such

as high cycle thermal fatigue, SCC for austenitic stainless steel pipe, FAC for carbon steel

pipe, etc. The procedure for integrating all the information concerning each degradation

mechanism and programming total maintenance plan is also introduced.

1 Introduction

MHI is the only PWR supplier in Japan, and has been involved in the construction of 23

PWR plants in Japan, and piping remodeling for over 30 years. During this period, MHI has

accumulated wide variety of lessons learned from PWR piping failure events, and has been

contributed the reliability improvement of Japanese PWR plants, through the intense activities

for root cause analysis against such events with mock up tests/laboratory examination, and

studying, planning and implementation of countermeasures for such failures.

Among several kinds of piping failure mechanism, vibration of small bore piping is one of

the key issues. Piping failure events has been reported for over 20 years, but the number of

those events is relatively small due to appropriate preventive maintenance activities to all

Japanese PWR plants. MHI has developed and modified the vibration evaluation procedure,

and has applied it to actual piping design. Some of those examples are introduced.



The most sensitive location of piping for vibration is cantilever type configuration, which

has been often applied to vent/drain lines. Butt weld or special insert weld has been applied

for relatively recent plants and for retrofit of vintage plants, where socket weld were

commonly used to those lines.

MHI has developed not only design procedure, but also the reliable evaluation procedure

for vibration measurement. One of those procedures is to consider the welding defect

(estimated conservatively) and its influence to fatigue strength for socket weld joint, in the

course of setting the allowable stress for vibration measurement result.

As for vibration measurement, MHI has improved the vibration evaluation philosophy from

rigidity measurement to acceleration measurement. Rigidity measurement is based on the

thought that vibration failure can be prevented when resonance is avoided. However, even if

resonance occurs, if the vibration energy source is small enough, the response can be limited

to an acceptable level. And on the other hand, even if resonance is avoided, if the vibration

energy source is big enough, the response can be significant to the level at which vibration

failure may occur. Together with this philosophy change, MHI has extended the range of

vibration measurement objects. In the early period, high energy pumps are the only target for

vibration evaluation. But several failure events have let us learn that it is not sufficient. High

energy flow or pressure fluctuation by decompression device (sometimes cavitation

enhanced) without pump excitation can be a piping vibration failure cause. Therefore, very

wide variety of piping is the vibration measurement object in Japanese PWR plants.

As for vibration evaluation technique, MHI has developed some advanced procedures

based on field experiences. One of these is the natural frequency evaluation of small bore

piping accounting for the antiplane rigidity of main pipe in the design stage. Without

considering this rigidity, the estimated natural frequency at the design phase may differ from

the natural frequency measured in the field.

Another procedure is hydraulic resonance evaluation. Each branch pipe with closed end has

hydraulic natural frequency, and significant vibration can sometimes observed when it comes

close to pump pressure pulsation frequency, or even vortex generation frequency at piping

branch point.

As for the evaluation of vibration measurement for cantilever type small bore pipe,

evaluation procedure is simple. However, the evaluation of complex piping system is not easy.

MHI has developed a sophisticated evaluation procedure for complex piping system using

transfer function with a calibration by tapping test result. This procedure has been applied

both for vibration failure analysis and preventive vibration measurement.

Some positive countermeasures have also been studied and come to the applicable stage to

actual plants. This device is a self-tunig dynamic absorber, and free from the natural

frequency measurement of the object pipe. This device contains some small balls in it, and

they rotate with the exciting frequency with some phase difference, which add meaningful

damping to excited small bore piping.

For PWR piping, vibration is not the only degradation mechanism. High cycle thermal

fatigue (cavity flow type or valve seat leakage type thermal stratification, thermal fluctuation

at T-juncture etc.), IG-SCC for stagnant area, TG-SCC due to vinyl chloride tape or out door

piping near the sea, FAC for carbon steel pipes, etc. MHI has accumulated deep knowledge

for each mechanism and developed procedures with Japanese PWR utilities, which integrate
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the knowledge for all the information on susceptible location and its level of susceptibility for

all the degradation mechanisms, and establish the most rational and economical preventive

maintenance plans for piping.

2 Preventive maintenance activities against vibration of small bore piping

2.1 Chronology of response to vibration issue

Table 1 shows the chronology of Japanese PWR piping leakage event due to vibration and

countermeasure activities following those events. Almost all of the events occur at small bore

piping with socket weld joint. Till 1990’s, cantilever type structure has been the major player.

However, in the late 90’s and 2000’s, the number of cantilever events has decreased (almost

disappeared), and failures of complicated piping system configuration have started to arise

instead. This tendency may be interpreted to be the result of elaborate countermeasures for

cantilever type branch lines, such as systematic vibration measurement or configuration

remodeling following its result.

Table 1 Chronology of response to piping vibration issue

2.2 Modification of socket weld configuration

All vibration fatigue failures in small bore piping at Japanese PWRs are for socket weld

configuration. A possible reason of this fact is_attributed to stress concentration at the root

or the toe of socket weld. As a matter of fact, according to METI Code 501, which is
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comparable to ASME Code Sec.III, the stress indices of socket weld joint for moment loading

K2C2 is 4.2, and it is approximately three of four times bigger than that of butt weld. Another

reason could be that socket weld has relatively high probability to contain weld defect

compared to butt weld, which contributes significant fatigue strength reduction. This effect is

clearly perceived and quantified in Fig. 1.

The best answer to small bore piping vibration issue is the design change from socket weld

to butt weld. However, it is necessary to modify the branch pipe together with the main pipe

when this design change is applied to existing plants, because the branch pipe is connected to

main pipe with socket weld boss, and when the boss is changed, the main pipe has to have

modification. Therefore, “special insert weld” is applied to existing plants as the second best

answer to vibration issue. In this case, socket weld can be eliminated while the socket weld

boss is re-used and no need for main pipe remodeling. The concept of modification of socket

weld configuration is shown in Fig. 2.

Fig.1 Effect of weld defect on fatigue strength

Fig.2 Design change of vent/drain line

(a) Socket weld (c) Special insert weld(b) Butt weYES

or
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2.3 Vibration measurement for cantilever type branch line

Systematic vibration measurement for cantilever type small bore branch pipe has been

implemented. The key issue is how to deal with the amount of quantity, which are

approximately a thousand per one PWR plant. The most basic idea to limit the vibration

measurement scope is to select the small bore piping which is placed in a region where

vibration energy is transmitted. However, the object of vibration measurement has been

expanded based on the lessons learned from field experiences. In 1980s, cyclic pump pressure

pulsation (nZ) or mechanical vibration (n) by rotating shaft imbalance used to be the only

vibration energy source. However, in 1990s, vibration failures due to random excitation by

high energy fluid flow_such as main steam flow, or by high pressure decompression device

such as let down orifice have been observed, followed by expansion of vibration measurement

coverage.

Even though limiting the scope of vibration measurement by excitation source, there still

remains a good amount. Therefore, in case of implementation of the measurement, priority

ordering has been conducted based on excitation energy level, operating hours, whether the

source has a specific dominant frequency or not, possibility of resonance, etc.

As a result of vibration measurement, when the branch pipe is judged to be susceptible to

high cycle fatigue failure, modification described in 2.2 is carried out, usually in the next

refueling outage, and these activities probably contribute to the low failure rate of Japanese

PWR due to vibration.

Table 2 Vibration energy source to small bore piping

Exiting force Evaluation Object 

Pump Mechanical  
Vibration 
(n component) 

 
 
 
 
Anchor to Anchor Range 

Pump Pressure Pulsation 
(nZ component) 

 

Pump Pressure  

Pressure exited by 
high energy flow 
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Exitatio 

Pressure fluctuation by 
decompression equipment 
(sometimes cavitation 
enhanced) 

 

 

(Cooling Water Insert) Pump

(Cooling Water Outlet)

M Pump

Tank, Hx, etc.

Min.-flow line

M

M
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2.4 Natural frequency evaluation considering antiplane rigidity of main

pipe

To avoid resonance with pressure pulsation from pumps, it is very crucial to estimate the

accurate natural frequency of branch pipe at design stage. When the rigidity of main pipe is

high enough, relatively simple procedure such as hand calculation using a handbook will do.

However, as the main pipe bore becomes bigger and the wall thickness thinner, the effect of

main pipe rigidity becomes significant. If this effect is counted incorrectly, unexpected

resonance may occur, which lead to remarkable vibration amplification ratio and fatigue

failure.

Corresponding to this complexity of evaluation procedure and the amount of quantity of

small bore branch pipe, a simplified design procedure has developed. The outline of this

procedure is shown in Fig. 3. The first step is an ordinary way to generate a multi-mass point

analysis model. As a boundary condition at the base of branch pipe, infinite rigidity is used to

be set in traditional way. However, finite rigidity is recognized to be counted, and rigidity

evaluation charts have been prepared. These charts are generated by a series of 3D-FEM

analysis and organized using Bijlaad parameters, Rr /875.0=  and tR /= . The FEM

parameters are selected in much wider range than Bijlaad method’s usage

restriction; 25.0 , so these charts provide much wider applicability to piping designers as

the second step of this procedure. Finally, eigenvalue analysis is carried out using the multi-

mass point analysis model with the finite rigidity as a boundary condition. An example of 3D-

FE_model and rigidity evaluation chart is shown in Fig. 4.

Fig. 3 Outline of main pipe rigidity evaluation

Calculate the rigidity at the

junction of main pipe and

canti-lever branch pipe,
using evaluation chart.

K�X=M/�X

K�Y=M/�Y

�X �Y

M M

Generate a multi-mass
point model.

modelize

Input the rigidity at the junction

as rotary spring to the multi-

particle model.

K� :rotary spring

constant

Impliment the eigenvalue

analysis using a multipurpose

code with the model above, and
calculate the natural frequency.

+ =
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Fig. 4 Example of 3-D FE Model and rigidity evaluation chart

2.5 Hydraulic resonance evaluation

Occasionally, unexpected pressure pulsation at a specific frequency can be observed,

conducting a root cause analysis of piping vibration fatigue failure in thermal, nuclear

or any other processing plants. This phenomenon is attributed to hydraulic resonance.

As shown in Fig. 5, any piping segment has a specific hydraulic natural frequency hf

depending on its length L  and acoustic velocity C  in the fluid. When some excitation

frequency fs  accords with hf , significant amplification ratio appears even though the

sauce level of excitation is small, and as a result, considerable pressure pulsation may

arise, which may result in a  vibration fatigue failure.

                        

3

/RK
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Fig. 5 Hydraulic natural frequency

One typical example that hydraulic resonance is taken into account at design stage is vortex

excitation at the corner of stagnant branch pipe from MCP. Vortex is generated induced by

MCP flow with the frequency of )/( dUSvf = , where S  is Strauhal No., U  is flow velocity

of MCP and d  is inner diameter of branch pipe. Although the excitation energy sauce level is

normally low, it can be amplified by hydraulic resonance to be significant. The only

adjustable parameter is branch pipe length L . Therefore, L  is adjusted at piping routing

design to avoid hydraulic resonance to occur. Otherwise, cantilever type small bore pipes

around the branch line may suffer great pressure pulsation, which may cause considerable

vibration.

Fig. 6 Hydraulic resonance of stagnant branch line with vortex

L

Where, C ; acoustic velocity
in the fluid

L

Chf

4
=

L

Chf

2
=
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Another example is amplification of high order pressure pulsation of reciprocating pump.

Reciprocating pump has several specific frequencies, 1n,2n,3n....in pressure fluctuation.

The energy level of the first order pulsation is the highest, and as the order increases, the

energy level decreases drastically. In traditional piping design, it was recognized that high

order of pressure pulsation, such as 4
th

 order (4n) or higher, is negligible. However, from

the lessons learned, it is necessary to avoid hydraulic resonance even for high order of

pressure pulsation. Fig. 7 shows vibration evaluation flow chart counting on hydraulic

resonance. Piping system shall have higher natural frequency than 4
th

 order of pressure

pulsation to avoid normal resonance with the low order of pulsation, and design check is to

be done to confirm that hydraulic resonance is avoided for high order of pulsation. If

resonance is anticipated, design change of piping rout or piping support shall be carried out.

Pressure pulsation analysis or vibration measurement may be conducted as a pessimistic

option.

Fig. 7 vibration evaluation flow chart

2.6 Vibration measurement and its evaluation for complex piping system

As indicated in Table 1, most vibration failures used to occur at canti-lever type small bore

pipes till the end of 1990s. However, rather complex piping system is becoming a major

player recent years as the decrease of canti-lever failure. This can be interpreted that

systematic preventive maintenance activities such as vibration measurement or configuration

modification to butt weld for canti-lever type have worked well.

Based on the trend described above, the importance of vibration measurement evaluation

accuracy of complex piping systems is growing, and a sophisticated procedure using a

transfer function has been developed and applied to actual plants’ evaluation. Fig. 8 shows

the evaluation flow chart. The first step is to generate a multi-mass point analysis model. If

the tapping test result is available, the analysis model is modified to have the same natural
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frequency as the one obtained by the test. This procedure puts more accuracy to the analysis

result. Conducting a sweep response analysis using the modified analysis model, piping

system vibration response characteristic can be derived in the form of transfer function.

Once the transfer function is acquired, vibration stress at focused point in the piping system

can easily be translated inputting vibration measurement data to it.

Fig. 9 describes a little more detail of the transfer function. Conducting a sweep response

analysis using unit load at any frequency, transfer function from load to acceleration at a

vibration measuring point is generated. And at the same time, another transfer function

from load to stress at a focused point can also be prepared. Mixing these two transfer

functions, transfer function from acceleration at a vibration measuring point to stress at a

focused point is generated. Selecting a vulnerable point to vibration excitation as a

measuring point, vibration stress at arbitrary point can be evaluated preparing a transfer

function for that point.

Fig.8 Evaluation flow chart for complex piping

Fig.9 Generation of transfer function
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2.7 Development of self-tuning dynamic vibration absorber

As a countermeasure against fatigue failure of small bore piping, a self-tuning dynamic

vibration absorber has been developed. This absorber can be used as a temporary measure till

the next refueling outage when notable vibration is observed during plant operation, or can be

applied to a little space location where remodeling execution is difficult.

This absorber has an outstanding advantage compared to traditional dynamic vibration

absorber, which needs manual frequency adjustment. Fig. 10 shows the structural concept of

this absorber. Some balls are built into a ball case, which is clumped to vibrating small bore

piping, with small gaps. The balls rotate synchronized with the piping vibration frequency

with significant phase difference, and this phase difference and rotating friction between the

balls and ball case adds damping effect. The synchronization occurs at any vibration

frequency, so manual adjustment is not necessary.

The characteristics of this device can be summarized as follows.

- simple structure and applicability for high temperature piping

- no need for preliminary vibration measurement and frequency adjustment

- easy installation without any treatment to the pipe

The damping effect of this device is formulated using an engineering model shown in

fig. 11, and verified by theory and experiments. The performance of this absorber is shown in

Fig. 12. Remarkable damping effect is observed in wide range of frequency.

Fig. 10 Structural concept Fig. 11 Engineering model
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Fig. 12 Damping performance

3 Total planning of piping maintenance

Fig. 13 shows the cause analysis of unscheduled shut-down at Japanese PWRs. In 1980s

and 1990s, heavy components used to be dominant, but Steam generators and Reactor vessels

have been replaced. As a result, piping and valves are becoming champion, and effective and

efficient preventive maintenance procedure is required to maintain the integrity of piping and

valves pressure boundary material.

Fig. 13 Analysis of unscheduled shut-down

When considering preventive maintenance of piping and valves, it is inevitable to deal with

the huge amount of quantity and the wide variety of degradation mechanisms. Therefore,

“integration” and “prioritization” are the key words for it. Specialization and segmentalization

has been developed in modern science and technology world, but this tendency is not always
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preferable to nuclear power plant’s piping maintenance. Vibration authority sometimes tends

to think of vibration issue only, and plans modification of the branch pipe after vibration

measurement. After the implementation of the plan, another SCC or thermal fatigue specialist

may consider piping rout change to let the cavity flow front stays at vertical line and make the

isolation valve cold. If the branch pipe just modified is located at the main line where thermal

fatigue is susceptible, re-work becomes reality. This type of activities is completely the

opposite side of rational, effective and efficient preventive maintenance. To avoid this kind of

inefficiency, all the knowledge and experience of each degradation mechanism should be

integrated, and superior preventive maintenance actions to be taken. We call this kind of

activities “total planning of piping maintenance”, whose necessity and concept are illustrated

in Fig. 14 and 15.

Fig. 14 Necessity of total planning of piping maintenance

Fig. 15 Concept of total planning of piping maintenance
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The first step to achieve this goal is organizing a number of degradation mechanisms which

utilities and engineers have encountered. The image of organization is indicated in fig. 16.

Not only mechanism itself, but the conditions on which each degradation mechanism is

susceptible from the viewpoint of material, environment, stressor, operation conditions,

service duration, etc. has to be well organized.

The next step is identification and prioritization of the potential area which is susceptible to

each degradation mechanism. This procedure is conducted base on the knowledge which was

collected and organized in the first step.

Finally, total maintenance plan is built up, integrating all the information organized till the

previous steps. These  plans shall be based on a broad range of piping lines, degradation

mechanisms, priorities, the choice of maintenance method, modification experience, vibration

or temperature measurement experience, etc. Therefore, colored isometric drawings, which

contain any information mentioned above, are effective and put to practical use. Fig. 17 shows

an example of such isometric drawing.

Fig. 17 Example of total planning isometric drawing

4 Conclusion

High cycle fatigue of small bore piping is one of the key issues of nuclear power plant

piping, presumably in most of the countries in the world. MHI has gone through wide variety

of field experiences in Japan, maintenance activities such as vibration measurement and its

evaluation, reforming of vent/drain structure, and developing unique countermeasure device,

etc. The authors would be happy if the utilities and safety authorities in the world find this

paper informative, and provide them a clue to maintain the integrity of piping and its safety

relate functions.
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Abstract

High cycle thermal fatigue is one of the most difficult phenomena that maintenance people,

who are in charge of maintaining the integrity of nuclear piping, encounter. Several efforts,

such as temperature measurement and integrity evaluation, or non-destructive examination,

have been implemented for avoiding the crack or leakage occurrence. However, because of

the complication of the phenomena itself, those efforts have not been fundamental, nor

effective answers. Mitsubishi Heavy Industries (MHI) has been involved in collecting

information about field experiences on high cycle thermal fatigue on PWR piping

domestically and abroad, and studying the radical measures which should be applied at the

design stage of construction or remodeling of existing plants. The concept and the outline of

those countermeasures are introduced in this paper.

1 Introduction

We have encountered several types of phenomena which may lead to piping high cycle

thermal fatigue damage. Two main types are thermal stratification, and thermal fluctuation at

the T-juncture of hot and cold water. Furthermore, thermal stratification is classified into

several types. Valve seat leakage type is a thermal fluctuation phenomena which is induced by

the interference of small cold water flow leaked from the seat of isolation valve and hot

turbulence that penetrates to brunch line form MCP (Main Coolant Pipe). This is so-called

Farley-Tihange type, and several leakage or no-destructive examination indication have been

reported even in resent years, especially in Europe. Another type of thermal stratification is

Cavity flow type. Hot turbulence (vortex) penetrates form the main pipe (MCP) to a small

bore branch line downward, and when it reaches to a horizontal portion of the brunch line, the

hot water is stratified with the cold water in the horizontal line. The cavity flow front

(stratified plane) fluctuates due to the interference between the hot turbulence and cold water

natural convection in the horizontal line. Leakage has been reported in Japan and the United

States, Mihama-2, TMI-1 and Oconee-1. As for Angra in Brazil, any leakage has not been

reported, but significant temperature fluctuation has been reported based on temperature

measurement on the outer surface of RHR branch line. The last type of thermal stratification



is plant operation dependant type, which is famous by the unexpected thermal movement and

interference with the whip restraints of pressurizer surge line.

MHI has studied and verified countermeasures for each type of high cycle thermal fatigue.

For cavity flow type thermal stratification, vortex breaker has been developed. The concept of

this device is to control (or shorten) the penetration length of cavity flow, and let the cavity

flow front stop at the vertical position of the branch pipe, where cavity flow front is stable and

no thermal fluctuation is observed, before reaching the elbow. Cavity flow penetrates the

branch pipe in the form of spiral vortex, so setting a vortex breaker in the branch line near the

branch point from the main line, the vortex is weakened significantly and the hot water stops

near the end of the device. The characteristics of this device to weaken the cavity flow have

been observed by visual experiments and high temperature – high pressure experiments,

which simulates the actual plant condition. Not only thermal hydraulic verification, but also

vibration characteristic has been studied and structural integrity for vibration due to the flow

passing through the device has been verified. Another verification point is safety related

characteristics. This device may be installed in SIS line, and the pressure loss has to be

limited to maintain the injection characteristics in case of emergency. It has been confirmed

that this device has a small resistance to a normal flow in a pipe, while having a large

resistance to spiral vortex when the pipe is stagnant.

900MW plants have been focused for valve seat leakage thermal stratification, because

there installed some dual-purpose high pressure pumps and SIS isolation valves are put at

high pressure difference condition during normal operation. In recent Japanese PWR plants,

Charging/SI-pump is divided into each purpose pumps and possibility of this phenomenon is

eliminated. However, any conventional Japanese PWR plants have alternative charging line,

and this line has a potential for thermal damage due to valve seat leakage. Therefore, MHI has

deleted the alternative charging line for constructing plants and recommending a remodeling

of single-charging line for Japanese utilities.

As for thermal fluctuation at the T-juncture of hot and cold water, mixing device has been

developed. There installed a relatively smaller bore elbow followed by a short straight inner

pipe in a normal T-juncture, the share flow between the potential core flow from the inner

pipe and surrounding flow in the normal T-juncture enhance the mixing of hot and cold water

apart from the inner surface of the pressure boundary. The integrity against high cycle thermal

fatigue for pressure boundary and the device itself (non-pressure boundary) has been verified

under estimated RHRS operating conditions through thermal hydraulic experiments.

Evaluation of vibration characteristics of the inner pipe, and the pressure loss has been

conducted, and satisfactory result has been obtained.

The objective of this paper is to provide the concept and the verification outline of each

countermeasure for cavity flow thermal stratification and thermal fluctuation at T-juncture,

and to contribute to consideration of the utilities and the safety authorities around the world

about appropriate actions to maintain the integrity of nuclear piping.
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2 Countermeasure structure for cavity flow type thermal stratification

2.1 Description of the phenomenon

When a down horizontal stagnant branch line is connected to a main pipe, there sometimes

observed temperature change at the bending portion of the branch line. This phenomenon is

attributed to vortex, which has some instability, induced by the hot main flow. No conclusive

physical model, which predicts the temperature change range or its cycle, has not been

established at this time, but this instability is considered to have some relationship with the

instability of the vortex itself and/or the interference between the vortex and the natural

convection at the horizontal line.

Phenomenologically, there seems to be two types of temperature change characteristics as

shown in Fig. 1. When the cavity flow front reaches close to the upper portion of the

horizontal pipe, hot water penetrates along the top meridian of the horizontal line due to

buoyancy force, and thermal stratification occurs. After some period of time, when the cavity

flow front ebbs a little, the stratified layer disappears and this iteration contributes to thermal

stress cycling and fatigue accumulation. In this case, relatively low temperature change cycle

seems to be observed. Angra 1 RHR line case seems to be categorized in this type, and it is

reported that the temperature change occurs only 36 times a day.

There observed another type of temperature change, which has relatively high cycle

characteristic. This type of temperature change occurs when the cavity flow front passes

through the inlet of the elbow and reaches to its central portion. Cavity flow front and

stratification are maintained at the elbow, but the stratified layer fluctuates, presumably by the

instability of cavity flow enhanced by its interference with the natural convection from the

horizontal pipe. The event at Mihama 2 excess let down line is reported to be this type.

Fig. 1 Temperature change mechanism
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2.2 Countermeasure concept

One of the characteristics of cavity flow is that it induces thermal fluctuation when its front

is located at the elbow or bending portion, while non-significant temperature fluctuation is

observed when it locates in the vertical or horizontal portion of the line. Therefore, the

appropriate pipe routing would be an answer to this issue. When the vertical length of the

branch is designed long enough, the cavity flow front is located at the vertical portion and

thermal fluctuation is completely avoided. On the contrary, when the vertical length is short

enough, its front is led to the horizontal portion, and only a little temperature fluctuation is

observed.

However, when the vertical length is designed short enough, another degradation

mechanism of pressure boundary “corrosion of the valve disc” may arise. The horizontal line,

especially upper portion, would be completely heated up assisted by natural convection, and

the secondary side of the first isolation valve (the portion between the first and the second

isolation valves) is also heated up due to the heat conduction through the first isolation valve

body. When the temperature of the secondary side of the isolation valve becomes higher than

its saturated temperature, vapor is generated and boric acid or chlorine has a potential to

concentrate along the water line which may lead to valve disc corrosion.

On the other hand, layout restriction tends to prohibit the vertical length to be long enough.

As a matter of fact, JSME (Japanese Society of Mechanical Engineers) established a design

guide line for high cycle thermal fatigue in 2003, and the minimum vertical length is defined

under the parameters of main pipe flow velocity Vm, main flow temperature Tm, branch line

size Db, etc. According to this guideline, the vertical line length is required to be more than

33D (D; inner diameter of the branch pipe), that is approximately 8.3 m, for RHR suction line

under the condition of Vm=15 m/s, Tm=320 deg C, Db=300 A, Sch.160. This requirement

forces the designer a very restricted piping layout.

Under the circumstances described above, MHI has started a R&D program in 2003 to

develop a rational and practical countermeasure structure against cavity flow type thermal

stratification. MHI has focused on the cavity flow characteristic which penetrates the branch

line in the form of spiral vortex. Several structural candidates have been discussed and finally

vortex breaker was selected. It is installed in the branch line near the branch point from the

main pipe, and reduces the vortex energy significantly, forces the hot water to stop just

downstream of the structure, and avoids the stratification and its fluctuation to occur at the

elbow or bender. It is a mono-piece structure, and has four vortex restriction fins inside. Its

longitudinal length is approximately 1D, and it applicable not only to construction plants, but

also existing plants without any branch pipe route change nor modification of main pipe

(MCP). Furthermore, the potential of valve disc corrosion is also eliminated.
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Fig. 2 Countermeasure concept for cavity flow type thermal stratification

2.3 Design verification

2.3.1 Thermo-hydraulic characteristic

In order to verify the function and the effectiveness of the countermeasure, visualization

tests and high temperature / high pressure tests which simulate the actual plant condition have

been conducted. In the visualization tests, test section made of acrylic resin was installed in a

test loop, and hot water of 60 deg C is circulated in the main pipe, while cold water dyed in

blue of ambient temperature is filled in the stagnant branch pipe. The branch pipe sizes are 2B

(50A) and 4B (100A), and thermocouples are installed at the interval of 1D to measure the

fluid temperature near the inner surface of the pipe and the countermeasure structure. Fig. 3

shows the thermal-hydraulic condition with and without the countermeasure structure. The
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cavity flow penetrates to 18.5D without the structure under the condition that main pipe flow

velocity is 11 m/s, and the stratified layer is stable and no fluctuation is observed. When the

countermeasure structure is installed at the location of 4D to 5D, the hot water stops at the

distance of approximately 8.4D, and only a small amount of temperature fluctuation occurs at

the stratified layer boundary. The penetration length is suppressed significantly from 18.5D to

8.4D.

Fig. 3 Visualization test

Fig. 4 summarizes the hot water penetration length at various test conditions. Without the

countermeasure structure, the penetration length becomes longer as the main pipe flow

velocity increases and the branch pipe diameter increases. On the other hand, the test data

with the countermeasure structure indicates relatively small dependency on main flow

velocity and branch pipe diameter, and penetration length suppression effect is significant at

any conditions.

Fig. 4 Hot water penetration length by visualization test
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High temperature / high pressure tests have been carried out to verify the effect of density

difference i.e. buoyancy force. Fig. 5 indicates the effect of main pipe fluid temperature. Hot

water penetration length is suppressed as the fluid temperature increases even with or without

the countermeasure, and this tendency is attributed to the phenomenon that buoyancy force

acts as deterrent to hot water penetration from upside.

Based on all experimental data and theoretical model applying Richardson number, MHI

has established a formula which predicts the hot water penetration length under the parameter

of main pipe flow velocity, main pipe fluid temperature and branch pipe diameter, when the

countermeasure structure is installed at actual plants.

Fig. 5 Hot water penetration length by high temperature/high pressure test
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2.3.2 Structural integrity against thermal loading

Fig. 6 shows the fluid temperature fluctuation near the inner surface at actual plant

conditions. The temperature is very stable and no fluctuation is observed at the inner surface

of the structure. The maximum fluctuation point is at the stratified layer i.e. about 8.5D from

the branch point, app. 3D downward from the outlet of the structure. The magnitude of the

fluctuation is minor, app. 10 deg C, and is below the critical temperature difference which

corresponds to the fatigue endurance limit of the pressure boundary material.

Fig. 6 Fluid temperature fluctuation around the countermeasure structure

2.3.3 Structural integrity against vibration

Vibration is one of the key degradation mechanisms to be considered, when new design or

structure is applied to nuclear pressure boundary equipment. To verify the integrity of the

countermeasure structure against vibration, model tests have been conducted under both

conditions on which the branch line is stagnant and is used as a process line. Strain gauges are

installed on the fins of the structure to evaluate the stress level during the plant operation.

Furthermore, pressure gauges are also installed to calculate the vibration stress level and

examine the strain gauge test result.

Strain gauges indicate the vibration stress level is under 0.3 MPa, far below the fatigue limit

of the material, and the calculated stress level from the pressure fluctuation data support its

result. This countermeasure structure is judged to have enough capacity to endure the

vibration during operation.
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Fig. 7 Vibratiion evaluation setup

2.3.4 Pressure loss

This countermeasure structure may be installed in SIS line, and the pressure loss has to be

limited to maintain the safety injection characteristics in case of emergency, while in normal

operation it remains stagnant. Here again, hydraulic tests have been conducted, and the effect

on the safety related function is confirmed. Fig. 8 shows the test results, and it indicates that

this device has a small resistance to a normal flow in a pipe, while having a large resistance to

spiral vortex.

Reynolds number at the tests does not cover the actual plant condition, but pressure loss

coefficient dependency on Reynolds number is understood, so the coefficient at actual plant

condition can be extrapolated. The pressure loss coefficient is approximately 0.2, which is

comparable to one elbow, so no significant effect on safety function is recognized.
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Fig. 8 Pressure loss coefficient of the countermeasure

3 Countermeasure structure for thermal fluctuation at T-junction

3.1 Description of the phenomenon

When hot and cold water mixes at T-junction, thermal fluctuation occurs, which may lead to

high cycle thermal fatigue damage of pressure retaining material at nuclear power plant. Fluid

temperature fluctuation on inner surface of the T-junction transfers to the metal, and

fluctuating temperature distribution appears in the pipe wall thickness, which leads to high

cycle thermal stress fluctuation. The effect of self-constraint from the surrounding area, to the

fatigue damage of the temperature fluctuating location is also discussed recently.

The leakage event at Civaux-1, and non-through wall cracks at most of French nuclear

power plant’s RHR piping are well known, but a Japanese PWR plant experienced NDE

indication at RHR T-junction in 2004.

3.2 Countermeasure concept

As the fatigue damage is derived from fluid temperature fluctuation on the surface of

pressure retaining material, and as the fluid temperature fluctuation is inevitable since fluid at

different temperature mixes, the countermeasure concept is to make the temperature
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fluctuating area in fluid apart from the inner surface of the pressure boundary material.

To put this concept into practice, MHI has conducted R&D program in 2003 and developed

a countermeasure structure whose nickname is EN (Elephant Nose). EN has a smaller bore

inner pipe with an elbow, and it is installed in the T-junction. The flow from the branch line

passes through the inner pipe, and it is discharged into the larger bore run pipe in a parallel

direction. The mixing of the fluid with different temperature is enhanced by share force

between the core flow from the inner pipe and the surrounding flow from the main pipe, apart

from the pressure boundary material.

Fig.9 Concept of EN

3.3 Design verification

3.3.1 Thermal-hydraulic characteristic

The thermal hydraulic experiments were carried out with and without the countermeasure

device, and confirm how much temperature differences were decreased by the device. The

overview of test section and the detail of the device are shown in Fig. 10. The device is set at

the pipe junction and cold water flowing in the branch pipe is mixed in the center of hot water

flow in the main pipe.

Temperature, pressure, pressure difference and acceleration are measured to figure out the

thermal-hydraulic characteristics of the device and verify the integrity against thermal and

vibration load.
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Fig. 10 Test section

The experimental conditions, such as fluid velocity ratio K (branch line flow velocity /main

line flow velocity) or fluid velocity in main pipe Um, are configured on basis of typical RHR

actual plant operating condition. It was confirmed from the experiment that EN could

attenuate the fluid temperature fluctuation.

In the case without the device, the most temperature fluctuating point is just the corner of

the branch pipe in the case that fluid velocity ratio K is 0.1. On the other hand, in the case

with the device, the severest point is moved to downstream portion from the outlet of inner

pipe and the temperature fluctuation is suppressed significantly (Fig. 11).

Fig. 11 The severest point with and without EN

These thermal-hydraulic characteristic is mainly dependant on flow velocity ratio K, and

parametric study has been carried out. Fig. 12 shows a typical example of standard deviation

of temperature fluctuation along the main pipe axis at several circumferential locations.

Remarkable attenuation of the temperature fluctuation can be observed for each temperature

measuring point at each test condition.
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Fig. 12 Temperature fluctuation standard deviation distribution

3.3.2 Structural Integrity against thermal stress

As the severest point is downstream portion from the outlet of inner pipe, axisymmetric

FEM model was prepared, and time history stress analysis was carried out, transforming the

experimental data to actual plant condition with equations below.

( )
CCH

TTTTT += *

      (1)

mix

mix

emixemix

e

U

D

UD

t
t =

    (2)

Where, T : Fluid temperature at the evaluating point

�T* : Non-dimensional temperature fluctuation

TH: : Fluid temperature of main pipe before mixing (Hot)

TC: : Fluid temperature of branch pipe before mixing (Cold)

Umix : Flow velocity after mixing

Dmix : Inner diameter of mixing area

t : Time

Subscript –e: : Experimental data

Fig. 13 shows an example of stress analysis result, compared with the case without the

countermeasure device. This analysis is the case for temperature difference of 150 deg C,

fluid velocity ratio K of 0.1. Stress amplitude becomes under one half of the case without the

device, and the frequency for the stress amplitude to exceed the fatigue endurance limit is
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significantly reduced.

RHR system has wide variety of operating condition, so typical RHR system operating

conditions are estimated, stress analyses are conducted for each condition, and integrating all

of them, total accumulation of fatigue usage factor per unit time is calculated. Table 1

indicates the evaluation result. Considering RHR system operating time during the plant life

of 60 year, it is concluded that there would be no fatigue damage during the plant life.

Table 4.2-1 Usage factor with and without the countermeasure device

Without the device With the device

Usage factor per

second
1.7X10-6 1.4X10-9

Crack initiation time

(hour)
1.6X102 2.0X105

Fig. 13 Example of stress analysis result

3.3.3 Structural integrity against vibration

As this countermeasure structure is cantilevered, and fluid passes inside and outside of the

inner pipe at various velocity and velocity ratio conditions, fluid vibration tests were

conducted to verify the structural integrity against vibration. Acceleration sensors and

pressure gauges are set as shown in Fig. 14 to evaluate the structural response of the device.
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Fig. 14 Vibration evaluation setup

The evaluation flow is shown in Fig. 15. Actual plant’s pressure fluctuation is converted

from the pressure data acquired in the experiments using Euler & Strouhal numbers. The

vibration response analysis of the actual countermeasure device was carried out, and the

vibration stress level was calculated. The maximum vibration stress appears at the elbow

flank and the amplitude was approximately 0.1 MPa (Fig.16), which is far below the fatigue

endurance limit indicated in ASME Code fatigue design curve C.

Fig. 15 Vibration evaluation flow chart

Shigeki SUZUKI et al., MITSUBISHI (Japan)
Prevention of piping high cycle thermal fatigue at the design stage



3.3.4 Pressure loss

Pressure loss coefficient was evaluated conducting series of hydraulic experiments. The

objective of these tests is to check the applicability of this structure to actual plant, satisfying

safety related function. The experimental result was summarized in Fig. 17. The pressure loss

coefficients for both the main pipe and the branch pipe were obtained using the parameter of

flow rate ratio. It should be understood that the pressure loss coefficient has strong

dependency on flow rate ratio. Therefore, this characteristic of this device would be compared

to the design specification of the target plant of application.

Fig. 16 Vibration stress contour Fig. 17 Pressure loss coefficient

4 Conclusion

High cycle thermal fatigue is one of the key issues of nuclear power plant piping all over

the world. MHI has gone through wide variety of field experiences in Japan, collecting

relevant information form abroad, R&Ds to figure out the phenomenological nature of these

events, maintenance activities such as temperature measurement of the piping outer surface

and its evaluation or non destructive examinations of actual plants, and has played a major

role in establishing the JSME standard “Guideline for evaluation of high-cycle thermal fatigue

of a pipe”. Based on all these experiences, radical countermeasures have developed to

completely avoid the concern for high cycle thermal fatigue of nuclear piping. The authors

would be happy if the utilities and safety authorities in the world find this paper informative,

and provide them a clue to maintain the integrity of piping and its safety relate functions.
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1. Introduction

The design of a new Pressurized Water Reactor (PWR) has to take into account past

experience, and in particular the lessons drawn from aging of components already in

operation. The benefit of this process for long term operation can be exceptionally high in the

case of an evolutionary design such as that of EPR, for which the materials and the

manufacturing conditions are the result of a very long term optimization.

Aging of materials in operation encompasses several damages, from the embrittlement caused

by irradiation or thermal aging to the generation of cracks by fatigue or corrosion. These

damages are known and characterized through international field experience and through a lot

of laboratory studies performed worldwide, in France mainly by EDF, CEA and Framatome-

ANP.

Even if some damage mechanisms are not fully understood, good practice rules or empirical

models were developed in order to give accurate predictions of damage kinetics and

consequences. All this experience was taken into account during the design phase of the EPR

project to define materials and/or service conditions allowing to prevent or to minimize aging.

This paper will present the rationale of the selection of materials which constitutes the first

step  to prevent and minimize aging problems over a very long period. The materials have to

be well known to the manufacturers and have to present a good workability, inspectability and

weldability. The objective is here to manufacture high quality components with, as far as

possible, uniform microstructure and mechanical properties. It is also to avoid significant

fabrication defects which could obviously limit the lifetime of the components.

The second step of the process is the optimization of materials in order to prevent or at least to

minimize in service aging. For this, an in-depth understanding of the various damages

susceptible to occur in operation is necessary. Examples of the precautions taken for EPR

manufacturing will be given, regarding the effects of neutron irradiation, thermal aging,

fatigue and stress corrosion cracking.

At the end, it appears that EPR design benefits of the huge amount of R&D dedicated to aging

phenomena in PWRs, from which an optimization of materials and manufacturing is derived

to mitigate aging. It takes also benefit of the field experience to date and of the solutions

progressively developed to repair or replace damaged components. All these precautions

allow to be confident in the aging resistance of EPR materials for 60 years lifetime.



2. Principles of materials selection

 General

Materials selection comes from the main features of PWRs, which can be summarized as

follows:

- the large size of many components or subassemblies such as the Reactor Pressure

Vessel (RPV), the reactor coolant pumps, the Steam Generators (SG), etc.

- the fabrication of these large components which entails forming, welding and cladding

operations. It is important to have easily weldable materials ensuring that the weld

metal  and the heat-affected zone possess adequate properties.

- the condition of stainless steels and alloys which have to provide the best corrosion

resistance (no intergranular sensitization plus guaranteed surface cleanness) in

combination with very strict conditioning of the coolant to obviate stress corrosion

cracking.

- The regulatory requirements to prepare a "Materials File" for all pressure retaining

components in the main primary system. This requires a thorough knowledge of the

materials used and of the effects of the fabrication operations on their properties, so

that it can be demonstrated that they are suitable for application under all plant

operating conditions.

All this means that the materials selected are not necessarily "high performance" materials,

but rather commercial grades that are easy to use and well known to the manufacturers.

As a consequence, the requirements of the RCC-M and of most nuclear construction Codes

integrate:

- Narrower chemical analysis ranges for major components, reactor coolant piping and

steam generator tube materials.

- Very strict control of impurities and inclusions.

- Stringent non-destructive testing at all stages of manufacture.

- Detailed testing of the first fabricated component.

- Recording of essential variables governing materials properties in the supplier's

technical fabrication program.

 Fast fracture

Among the regulatory requirements, one of the most important is the prevention of fast

fracture which can be defined as a fracture occurring without being preceded by any

significant overall deformation. As far as the materials are concerned, the resistance to fast

fracture is controlled through the measurement of:

- the Charpy V-notch toughness at several temperatures (at least 0°C) to check that the

ductile to brittle transition of ferritic steels is lower than the anticipated service

conditions and to avoid any catastrophic failure by cleavage.
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- The total elongation and reduction of area in tensile tests which can be correlated with

the resistance to ductile tearing.

In order to prevent fast fracture, stringent requirements apply to the materials at the

procurement stage. For example, for the main heavy components, additional margins towards

the fast fracture risk were introduced with a specified maximum RTNDT of - 20°C. However

this is not enough, as some aging mechanisms are susceptible to reduce the resistance of

materials to fast fracture as a function of time, either by an increase of the ductile to brittle

transition temperature or by a decrease of the tearing resistance. These mechanisms, as well as

the measures which are taken to prevent or at least to minimize aging of materials, are

presented in paragraphs 3 to 6.

 Corrosion

The corrosion behaviour of the materials is also an important factor not only from a plant

availability point of view but also from a corrosion products standpoint.

All surfaces in contact with primary water are clad with austenitic stainless steel or

constituted with austenitic stainless steel semi-finished products. The materials selected for

EPR have very low carbon contents or are stabilized with Titanium or Niobium, in order to

prevent any sensitization to intergranular corrosion during manufacturing.

Both austenitic stainless steel semi-finished products and weld overlay claddings must

guarantee a high level of protection not only against uniform surface corrosion, but also

against localized types of corrosion, such as stress corrosion cracking, intergranular corrosion,

pitting and crevice corrosion etc.. The undesirable effect of corrosion product transport is also

a relevant factor. Deposits of such products on fuel assemblies or on heat-exchanger surfaces

may lead to deterioration in heat transfer, or result in the formation of radioactive isotopes

after passing through the reactor core.

Concerning the limitation of the Cobalt content for reasons of dosimetry limitation, studies

were conducted in France and Germany, leading to optimized proposals considering the

release potential and the surfaces concerned. The surface consideration led to make a

particular effort for SG tubing, where a Co limitation to 0,015% is retained, the stainless

surfaces of the main components in contact with the fluid being limited to a Co content of

0,060%.

The release potential also led to a particular effort on the development of alternatives to

Cobalt-based hardfacings, in Germany and in France, which are proposed to the

manufacturers in particular for valves applications. Several Iron-based hardfacing alloys

(including "NOREM 02") and manufacturing processes were tested by Framatome-ANP and

EDF regarding the friction behaviour and the corrosion resistance in several environments

representative of normal operation and shutdown conditions. Design evolutions allowing the

suppression of the need for Cobalt-based hardfacings have also been evaluated.

There remain nevertheless some applications where Co-based hardfacings are necessary,

depending in particular on the function, the associated contact pressure and the temperature at

the time the function is required.
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 Conclusion

The selection of materials for EPR derives from the selection previously made for the French

reactors N4 (tables 1 and 2) and for the German reactors Konvoi (tables 3 and 4). The

requirements for the EPR materials take into account the operating experience and the

evolution of the knowledge and as a consequence are more stringent than the previous ones.

3. Neutron Irradiation

Neutron irradiation of materials generates point defects caused by displacement in the crystal

lattice of atoms bombarded by incident neutrons. It also produces nuclear reactions leading to

the transmutation of some elements. The irradiation temperature is an essential parameter: at

low temperatures (  250°C) the potential for recombination of the point defects (and therefore

for "healing" of the material) is very limited; this possibility of thermal annealing increases

with temperature, so reducing the production of defects. At high temperatures (_ 400°C),

other phenomena may occur, like the formation of actual cavities or gas bubbles producing

swelling of the material. As the PWR service temperature is on the order of 300°C, the

behaviour of the materials is mainly influenced by the creation of point defects.

 Reactor Vessel

In the RPV material, the residual elements, copper and phosphorus, interact with the point

defects to cause most of the brittleness. Apart from the chemical composition of the material

and its structure, the other significant parameters are the neutron dose and the temperature.

The flux and the neutron energy spectrum only seem to have second order effects.

The result for the RPV material submitted to a significant neutron fluence (core region) is an

increase in the yield strength, which raises the ductile-brittle transition temperature and thus

entails an increased risk of fast fracture. The factors determining the amount of irradiation

embrittlement are well known. For the RPV materials, these factors are the concentrations in

residual elements, copper and phosphorus. Some alloying elements (Ni, etc.) may reinforce

the effect of the residual elements. The residual elements causing most of the embrittlement

have long been strictly limited by the specifications. In addition, during the reactor vessel

design stage, an analysis of the risk of fast fracture of the reactor vessel is performed using

formulas predicting irradiation embrittlement. The actual embrittlement of the materials is

measured periodically by mechanical tests carried out on test specimens inserted inside the

reactor vessel and subjected to a greater neutron flux than the vessel wall.

As for EPR, due to the large diameter of the reactor vessel, the neutron fluence on the wall is

reduced to very low values, like in the case of German Konvoi plants (1.25 to 2.5 x 10
19

neutrons/cm
2
, E > 1 MeV, .for 60 years, depending on fuel loading conditions). The

requirements relative to the maximum contents in phosphorus and copper are reinforced. The

final result is an anticipated ductile to brittle transition temperature RTNDT of less than 30 °C

after 60 years service.
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 RPV Internals

The internal structures surrounding PWR cores are made from austenitic stainless steel. They

are cooled by the primary water, but  heating means that their operating temperature is

between 300 and 400°C. Very high neutron doses are received and in certain regions these

may approach 1 x 10
23

 neutrons/cm
2
 (with E > 1 MeV). The structure of austenitic stainless

steels makes them much more resistant to irradiation than the vessel steel. However, the

neutron doses experienced by the internal structures are so high that the properties of these

materials may undergo profound changes. The first visible effect is a hardening that increases

with falling irradiation temperature. Important modifications to the microstructure,

particularly near the grain boundaries, are caused by diffusion of the alloying elements under

irradiation and this may make the material susceptible to various forms of corrosion.

Figure 1: Schematic of lower EPR internals (heavy reflector)

Thus intergranular corrosion has been observed in the internals of boiling water reactors, even

for relatively moderate neutron doses. IGSCC has also been associated to local rough grinding

or heavy cold work. For PWRs, the lack of oxygen in the primary water obviates this risk.
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The only degradation so far observed is the rupture of some heavily irradiated internal

structures fastening bolts located in enclosed spaces in old plants.

International research programs are underway to improve our knowledge of the behaviour of

materials used at present and to identify the most resistant materials, which could be

employed for repairs or replacements.

For EPR, austenitic stainless steel heavy reflectors are selected for the RPV lower internals,

which reduce fast neutron leaks and contribute to the reduction of the fluence on the RPV

wall. The design uses forged blocks which are held with tie-rods away from the core in order

to reduce the risk of having welds or bolting submitted to high neutron fluence.

4. Thermal aging

In some materials a diffusion-controlled precipitation mechanism is active even at service

temperatures. This process called thermal aging leads to a loss of ductility, deformability and

toughness. The selection of material is limited to materials that are not or not too much

susceptible to this effect at service temperature.

The conditions required for thermal aging include having an "unstable" material (with a

quenched structure in particular) in which the atoms are able to rearrange themselves by

diffusion. The rate of diffusion is higher for bainitic low-alloy steels or ferritic and martensitic

(body-centered cubic) stainless steels than for austenitic steels or alloys (face-centered cubic

structure). Steels in the first group are therefore more affected by aging. The two main

phenomena causing thermal aging are: (a) intergranular segregation of phosphorus in

martensitic and bainitic steels and (b) "unmixing" of chromium from its solid solution in the

ferrite of duplex austenitic-ferritic stainless steels and in martensitic stainless steels.

Austenitic stainless steels can be assumed to be unaffected by thermal aging. In the special

case of type 600 or 690 nickel based alloys, comprehensive work has been done by

Framatome-ANP to show that aging due to long-range ordering does not occur in commercial

materials.

 Low alloy steels

The low-alloy Mn-Ni-Mo steels used to make the reactor pressure vessels, steam generators

and pressurizers are susceptible to intergranular embrittlement by segregation of phosphorus

and other impurities (Sn, Sb and As). For the base material or deposited weld metal, the shift

of the transition temperature for the Charpy V-notch impact test is not more than 30°C. On

the other hand, considerable embrittlement has been observed for higher service temperatures

(325 to 350°C) in the large-grained areas of zones (HAZs) affected thermally by welding

operations. This risk is minimized by the measures that have long been applied in fabrication

to avoid having large-grained HAZs subsisting locally in the case of joining or cladding

operations on large components.

Since the 1970s, owing to the progress made in steelmaking, reactor vessel steels became

cleaner, notably in terms of reduced sulphur and phosphorus contents. The consistency of
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product analysis has also improved considerably, and today the result is excellent

reproducibility of fabricated items. The 16 MND 5 steel defined in the 2000 edition of the

RCC-M is very close to its optimum level. For the EPR application, the phosphorus content is

reduced further by limiting this element to 0.008 %, thus reducing the material's sensitivity to

thermal aging.

 Cast duplex austenitic-ferritic stainless steels

The cast duplex austenitic-ferritic stainless steels are used to make primary loop piping

(centrifugally-cast straight sections and cast elbows) and pump casings. The grades used

(RCC-M  Z 3 CN 20-09 M, type CF8, and Z 3 CND 19-10 M, type CF8M) are derived from

the standard austenitic stainless steels (type 18-10 and 17-12 Mo respectively). The cast steels

have a dual phase (duplex) structure consisting of  ferrite (typically 10 to 25 %) in an

austenitic matrix. The ferrite is there to forestall any risk of hot cracking during casting and to

raise the tensile properties up to the level of forged or rolled (wrought) austenitic steels. It

also improves the resistance to different forms of corrosion. The ferrite phase can be

considered to be continuous; this has been shown in particular by the experiments to

selectively dissolve austenite.

During aging, a spinodal decomposition of the chromium-iron solid solution hardens the

ferrite (its hardness may reach in the worst cases a Vickers value of 600 to 800) and makes it

susceptible to cleavage fracture, even at a temperature as high as 300°C.

The following important embrittlement parameters have been found from the research carried

out:

- Aging temperature and time.

- Chemical composition and ferrite content: High Cr, Si, Mo and ferrite contents are

unfavourable.

Using the available data, it has been possible to establish embrittlement prediction formulas

employing the chemical composition, the ferrite content and the operating temperature and

duration.

Highly variable aging sensitivities are encountered within the ranges laid down in casting

grade specifications, depending on the chemical composition and service temperatures. It can

therefore be seen that the consequences of aging in service cannot be considered

comprehensively: each component must be treated as a special case depending on the

fabrication and service conditions.

The toughness of aged duplex austenitic-ferritic steels can be characterized using parameters

derived from nonlinear fracture mechanics, JIC or J02 and dJ/da. The lower limit toughness

values for aged austenitic-ferritic stainless steels have been determined. The validity of the

predictions based on laboratory work is being confirmed by appraisals of components taken

out of service. This work was started on some elbows removed when steam generators were

replaced.
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Compared with the materials of the 1970s, austenitic stainless steels have above all improved

in cleanliness from inclusions (the sulphur content has been cut in practice from 0.015 to

0.003 %). The reproducibility of product analysis, owing to advances in steelmaking has also

been improved markedly. As far as cast austenitic-ferritic steels are concerned, consideration

of in-service thermal aging led to dropping the Z 4 CND 19-10 M grade (CF8M type) at the

beginning of the 1980s for applications above 250°C, since it was most sensitive to aging. For

similar reasons, the ferrite content of the Z 4 CN 20-09 M grade (CF8 grade) was limited to

ensure good end-of-life toughness. For primary loop elbows, the final development has been

the use of bent forged steel pipes for Civaux N4 plant.

It can therefore be considered that the austenitic stainless steels grades, as well as the

molybdenum free Z4 CN 20-09M duplex austenitic-ferritic casting grade, have been

completely optimized. In the case of EPR, the application of the RCC-M  Z4 CN 20-09M

grade is restricted to the primary pump casing which operates at the cold leg temperature. A

huge amount of data relative to thermal aging of this grade is available in France. In

particular, long term thermal aging up to 100 000 h at 300 and 350°C, which represents more

than 100 years operation at the cold leg temperature, has been applied to numerous pump

casing samples to determine the lower bound properties of the Z4 CN 20-09M grade. As an

example, in the worst aging conditions, the minimum tearing resistance parameter J0.2 is of the

order of 200 kJ/m
2
 at the operating temperature, which can be considered as satisfactory,

The EPR primary piping loops will be manufactured with forged austenitic stainless steels, a

solution which suppresses totally thermal aging susceptibility.

Figure 2: Example of forged cold leg with integral elbow and nozzle

 Martensitic stainless steels

Forged martensitic stainless steels are used in PWRs mainly for internal and external bolting

(bolts, studs and nuts) and to make valve stems and some parts of control rod drive

mechanisms. The main grades contain either 13 % Cr (RCC-M  Z 12 C 13 and Z 12 CN 13)

or 16 % Cr (Z 5 CND 16-4 and Z 5 CNU 17-4). Precipitation of the chromium-rich ' phase

is responsible for the hardening of these alloys during the aging process. For structural-

hardening steels, like 17-4 PH (Z 5 CNU 17-4), aging leads to additional precipitation of the

hardening phase (here ) within short time periods and then coalescence of all the precipitates
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of the same phase. For steels not containing molybdenum (Z 12 C 13, Z 12 CN 13 and Z 5

CNU 17-4), an intergranular embrittlement phenomenon due to phosphorus segregation may

occur in isolation or be superimposed on the other embrittlement mechanisms.

These materials age relatively quickly. Two years at 350°C are enough to reach maximum

embrittlement. To a first approximation, the hardening or the transition temperature shift

caused by ' precipitation follow a time-temperature equivalence relationship.

The effects of aging were revealed when several valve stems ruptured in difference places in

the world when operated cold.

As a consequence, martensitic stainless steels containing more than 13 % Cr have to be

avoided for permanent operation above 250 °C, if submitted to significant stresses at low

temperatures. In order to be able to replace the 17-4 PH grade in some applications, a

cooperative study was performed by EDF and Framatome-ANP to develop a replacement

grade which remains ductile at room temperature even in the fully aged condition. This grade

will be introduced in the next edition of the RCC-M Code.

5. Fatigue

Another well known mechanism for crack initiation is the fatigue damage.

Cyclic loading can influence the lifetime of components. This is due to the fact that

alternating stresses and the resulting strains affect the microstructure of metallic materials.

The accumulated fatigue strain leads to re-arrangement of the dislocation network and

increase of the density of dislocations in the material microstructure, formation of slip bands

at the surface and then of micro cracks.

This mechanism appears in two steps: firstly an initiation of small cracks in the most stressed

zones, and then a crack propagation stage which may lead to a leak or to a fast fracture risk if

the applied loading is sufficient. This phenomenon is essentially related to the mechanical and

thermal loads, the environment affecting the material resistance to crack initiation and

propagation. These initiation and propagation phases may be observed on sound structures in

highly stressed zones or in a structure with a pre-existent defect.

The prevention of fatigue crack initiation involves a certain number of state of the art rules for

the design of circuits and the drawing of parts, in particular in transition radii, and by doing a

detailed fatigue analysis in the most stressed zones, taking into account all planned in-service

conditions. In-service load follow ensures that the loading effectively applied is enveloped by

the design hypotheses and that the validity of the integrity demonstration may be ensured for

the entire service life of the equipment. Where appropriate, specific surface roughness control

may be imposed by the specification to further extend the fatigue resistance.

As a result of these precautions, fatigue problems do not generally concern zones subjected to

large stress cycles, subject to detailed analyses and in-service surveillance. They concern

fatigue damages under high cycle fatigue conditions (vibrations or local thermal-hydraulic
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phenomena), which were not identified during the pre-operational tests or which result from

malfunctions:

- Thermal fatigue cracking of the ferritic base metal close to the feedwater pipe

connection to the steam generator nozzle, In this location, the environment can reduce

the resistance of the material to low cycle fatigue, except when a careful monitoring of

the quality of the feedwater is performed. It is the case for EPR where, in addition, the

sulphur content of the feedwater line is kept below 0.005 % to prevent the occurrence

of any corrosion fatigue

- Vibration of instrumentation piping not sufficiently supported, as a result of

instabilities in fluid flow, and possible mechanical amplification by mechanical

resonance function of the circuit configuration: these problems are solved by

installation recommendations and more attention paid to pre-operational test results.

- Thermal fatigue in mixing zones between hot and cold water: examples are thermal

barriers in primary pumps and auxiliary mixing zones.

- Stratification or vortex in dead legs of circuits, between two isolation valves or

between the main pipe and an isolation valve on a branch pipe. Such problems are

solved by improving the circuit design: separation of normal and emergency feedwater

systems on steam generators, minimum slope imposed on the surge line sections,

venting or pressurization of pipe portions situated between two isolation devices,

suppression of cold leaks coming from non leaktight isolation valves etc.

These lessons from the field are taken into account for the design of EPR. For detailed fatigue

analyses, considering the good operating experience of components for which fatigue

evaluations were made at the design stage, the methodology of calculation of the usage factor

is considered conservative and kept unchanged.

6. Stress Corrosion Cracking

Stress corrosion cracking may appear in service according to one of the following

mechanisms, under high service or residual manufacturing stresses:

- Strain-induced Corrosion Cracking (SICC) of carbon or low alloy steels can occur if

the following criteria are met:

• strain rates in a range of 10-5 to 10-7 sec-1 with localized yielding,

• high oxygen content in the water phase > 50 ppb under stagnant conditions (in

case of flowing condition the threshold value is higher),

• temperature range of approximately 150°C to 300°C with a maximum sensitivity

near by 240°C.

- Stress corrosion by chlorides, which provoke transgranular cracking of austenitic

stainless steels. Where these steels are sensitized, the cracking may also be

intergranular. This form of corrosion is likely to develop in environments containing
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simultaneously chlorides and oxygen. The consideration of this risk necessitates a

strict surveillance of the chloride content of the fluids during service.

- Intergranular corrosion of nickel base alloys and austenitic stainless steels in caustic

environments (caustic soda and potassium hydroxide), the oxygen content being a

potential cracking acceleration factor.

- Intergranular stress corrosion of nickel base alloys (Alloy 600) in pure water at high

temperature. This damage was first observed on steam generators tubes in primary

water in the expansion transition zones, and then in secondary environment in

expansion zones, limiting as a result the life duration of steam generators themselves.

It was after that observed in pressurizers instrumentation nozzles and in pressure

vessel head penetrations. All these components were constituted of alloy 600, which is

likely to crack in primary water environment as a function of strain hardening, applied

stress level, structural state of the material, and temperature.

After 15 years accelerated testing in several laboratories including those of CEA, EDF and

Framatome-ANP, Alloy 690 and Alloys 52 and 152 weld metals were proven resistant to

primary water stress corrosion cracking. Qualification of manufacturing of all forms of

components were progressively developed in France for steam generator tubes, vessel heads

penetrations, bottom-mounted vessel penetrations, steam generator divider plates and reactor

vessel internals supports.

Concerning RPV internals, one has to note that stress corrosion cracking did affect pins of

guiding tubes manufactured using X 750 alloy. These parts were replaced by parts using the

same material grade, but with an improved design and surface treatments.

The other surfaces of the primary circuit are constituted of stainless steel or protected by a

stainless steel cladding. Taking into account the control imposed on the chemistry of the

primary fluid (limitation of chlorides, fluorides, oxygen...), the risk of corrosion is excluded

for these zones.

For EPR application, Alloy 690 and associated weld metals were chosen for the tube bundle

and divider plate of the SG, for the RPV penetrations and core support. Procurement

specifications for nickel-based alloys have evolved over time requiring tighter chemical

analysis ranges and more precise heat treatments leading to good product reproducibility. It

can therefore be considered that these grades are fairly close to the optimum.

7. Conclusion

Consideration of industrial and safety factors necessitates that PWR NSSS components must

be fabricated from well tried and tested materials that are easy to use. Evolutions are applied

carefully and are generally restricted to chemical composition and thermal treatments

optimization.
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Since the first choices made by the American designers, the materials have changed relatively

little: chemical analysis ranges have been tightened up and impurities reduced thanks to the

considerable advances made in steelmaking technology. It can be assumed, today, that most

of the materials used for major components are close to the optimum and ensure excellent

reproducibility of their properties.

More significant changes have taken place when damage linked to corrosion, thermal aging or

neutron irradiation may occur in service. The changeover from Alloy 600 to Alloy 690, the

optimization of the molybdenum-free duplex austenitic-ferritic cast steel grade or the design

evolutions for reactor internals are the main examples of this.

Although materials have changed little, knowledge of their properties has improved

considerably through the work carried out over the last twenty years, very often in

cooperation. In-depth studies have been undertaken by Framatome-ANP, with the

involvement of the alloy manufacturers, to identify those fabrication parameters that could

modify in-service properties. This knowledge has been put to good use in order to justify the

ability of the materials to withstand all component operating conditions throughout the life of

the plant.

For a long time now, considerable efforts have been devoted to the problem of in-service

aging of PWR steam supply system materials. The main mechanisms have been identified. To

a large extent, their impact on the materials properties has been quantified. In addition, the

laboratory results were confronted with operating experience, particularly when opportunities

arise for making detailed examinations of decommissioned components.

The choices retained for the EPR project are consistent with this approach. They rely

essentially on proven solutions used in France or in Germany, the most significant progresses

aiming essentially at improving the level of safety through plant design, easy operation and

reduced dosimetry. These choices allow to be confident in the aging resistance of EPR for 60

years lifetime.
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Material

grade
C Mn Si P S Ni Cr Mo V Cu Co N Al Ti

Nb

+Ta
Fe B

16MND5 0,22 1,15 /

1,60

0,10 /

0,30

0,02
0,012

0,50 /

0,80

0,25 0,43 /

0,57

0,01 0,20 0,03 - 0,04 - - - -

16MND5

Core shell 0,22 1,15 /

1,60

0,10 /

0,30 0,008 0,008

0,50 /

0,80

0,25 0,43 /

0,57

0,01 0,08 0,03 - 0,04 - - - -

Z2CN19-10

Nitrogen

strengthened 0,035

<2,00 <1,00 <

0,040

<

0,030

9,0 /

10,0

18,5 /

20,0

- -  1,0 < 0,2  0,08 - - - -

0,0018

Z2CND18-12

nitrogen

strengthened 0,038

<2,00 <1,00 <

0,040

<

0,030

11,5 /

12,5

17 /

18,2

2,25 /

2,75

-  1,0  0,2  0,08 - - - -

0,0018

NC15 Fe 0,10 <1,00 <0,50 <

0,025

<

0,015

_ 72 14,0 /

17,0

- - < 0,5 < 0,05 -  0,5 < 0,5 - 6,0 /

10,0

-

NC30 Fe

0,030

<0,50 <0,50 <

0,015

<

0,010

_ 58 28,0 /

31,0

- - < 0,5 <

0,035

< 0,05 < 0,5 < 0,5 < 0,10 8,0 /

11,0

< 0,003

A.48 0,22 0,80 /

1,60

0,10 /

0,40

0,04 0,04 0,05 0,25 0,10 0,25

Table 1:  Chemical composition of main N4 materials (%)

Material RP 0,2 (20°C) Rm (20°C) A % Toughness RP 0,2 (350°C)

16 MND 5 _ 400 MPa 550 / 670 MPa _ 20 Transverse: KV à 0°C _ 40 J

Long: KV à 0°C _ 56 J

_ 300 MPa

16 MND 5

Core shells

_ 400 550 / 670 _ 20 Transverse: KV à 0°C _ 40 J

Long: KV à 0°C _ 60 J

_ 300

Z2 CN 19-10

N strengthened

_ 210 _ 510 _ 35 KV à 20°C _ 60 J _ 130

Z2 CND 18-12

N strengthened

_ 210 _ 510 _ 35 KV à 20°C _ 60 J _ 130

NC 15 Fe

(600)

_ 240 _ 550 _ 30 - _ 190

NC 30 Fe

(690)

275 / 375 _ 630 _ 30 - _ 215

A.48 _ 275 450 / 570 _ 21 KV à 0°C _ 28 J _ 186 MPa

(300°C)

Table 2:  Mechanical characteristics of main N4 materials
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Material C Mn Si P S Ni Cr Mo V Cu Co N Al Ta Sn Ti As

20MnMoN

i 55

0.1

5 /

0.2

5

1,15 /

1,55

0,10 /

0,35

 (*)

0,012

 (*)

0,012

0,45 /

0,85

0,20 0,40 /

0,55

0,02 0,12 0,03

0,013

0,01 /

0,04

0,03

0,011

-

0,025

X6CrNiNb

18-10S

(**)

0,0

4

<2,04 <1,05 <

0,040

<

0,020

8,85 /

12,15

16,8 /

19,2

- - - < 0,2 - - - - - -

X2NiCrAl

Ti 32-20

(800)

(***)

0,0

3

0,40 /

1,00

0,30 /

0,70 0,020 0,015
32,0 /

35,0

20,0 /

23,0

- -
0,75

<

0,018 0,03
0,15 /

0,45

- - 0,15 /

0,60

-

Note: (*): S et P limited to 0,008% and Cu limited to 0,08% for RPV core shell.

(**): Nb _ 10 x %C, Nb  0,7% for PWR applications

(***): Fe remaining content, Ti/C _ 12, Ti/(C+N) _ 8, N+P  0,05%.

Table 3:  Chemical composition of main German materials (%)

Material RP 0,2 (20°C) Rm (20°C) A % Toughness RP 0,2 (350°C)

20MnMoNi55 _ 390 MPa 560 / 700 MPa _ 19 Transversal: KV à 0°C _

40 J

Long: KV à 0°C _ 56 J

_ 343 MPa

X6CrNiNb18-

10S

_ 205 _ 510 _ 35 KV à 20°C _ 60 J _ 130

X2NiCrAlTi32-

20

_ 335 _ 570 _ 30 - _ 295

Table 4:  Mechanical characteristics of main German materials
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Abstract

The Reactor Pressure Vessel (RPV) is an essential component, which is liable to limit the
lifetime duration of PWR plants. The assessment of defects in RPV subjected to pressurized
thermal shock (PTS) transients made at an European level generally does not necessarily
consider the beneficial effect of the load history (Warm Pre-stress, WPS). The SMILE project
- Structural Margin Improvements in aged embrittled RPV with Load history Effects - aims to
give sufficient elements to demonstrate, to model and to validate the beneficial WPS effect.
The project includes significant experimental work on WPS type experiments with C(T)
specimens and a PTS type transient experiment on a large component.



This paper deals with the results of the PTS type transient experiment on a component-
like, specimen subjected to WPS- loading, the so called Validation Test, carried out within the
framework of work package WP4. The test specimen consists of a cylindrical thick walled
specimen with a thickness of 40 mm and an outer diameter of 160 mm, provided with an
internal fully circumferential crack with a depth of about 15 mm. The specified load path type
is Load-Cool-Unload-Fracture (LCUF). No crack initiation occurred during cooling (thermal
shock loading) although the loading path crossed the fracture toughness curve in the transition
region. The benefit of the WPS-effect by final re-loading up to fracture in the lower shelf
region, was shown clearly. The corresponding fracture load during reloading in the lower
shelf region was significantly higher than the crack initiation values of the original material in
the lower shelf region. Some results of accompanying calculations will be shown.

NOMENCLATURE

K - stress intensity factor (MPa·m1/2)
SIF- stress intensity factor (MPa·m1/2)
T - temperature (°C)
E,E’ – Young’s Modulus
t - time (s)

- circumferential position (°)
a – crack depth (mm)
pi – internal pressure (MPa)

1 INTRODUCTION

The integrity of the reactor pressure vessel (RPV) of nuclear power plants (NPP) is
essential to its safe operation. A hypothetical rupture of the vessel has the potential to cause a
massive loss of coolant, overheating of the reactor core, and a subsequent major release of
radioactivity to the environment. As part of the assurance of structural integrity, the RPV
structural integrity analyses on the basis of fracture mechanics considers the behavior of
defects under normal and abnormal loading conditions. It assesses safety margins and
component lifetimes as material degrades due to irradiation and (or) thermal ageing. These
integrity analyses compare load and resistance terms to demonstrate that the crack driving
force does not exceed the vessel material fracture toughness during the entire transient,
(loading and unloading parts of the transient). Generally fracture toughness data are derived
from tests performed on standard (deeply-notched) specimens to ensure data representing
high hydrostatic stresses near the crack tip (high constraint) and plane strain conditions. This
will provide a lower bound material property independent of specimen size. In some countries
(such as France), the structural integrity assessment of a RPV subjected to PTS transients
doesn’t take into account the potential beneficial effect of the load history (‘warm pre-stress
WPS’) on the vessel resistance regarding the risk of brittle failure. This has some major
consequences:
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• A potentially over-conservative assessment of the margins associated with the loading to
which the component (RPV) is subjected,

• A potential economic penalty due to under-estimation of the component safe lifetime.
A 3-years European Research & Development project (SMILE) started in January 2002 as

part of the Fifth Framework Programme of the European Atomic Energy Community
(EURATOM).

At MPA Stuttgart experimental WPS-simulations with C(T)-specimen [1-3] were carried
out to prove the validity of the WPS-principle. These investigations [3] have shown clearly:
“no fracture at constant and decreasing load or dropping temperature”. Fracture was only
initiated if the load increased at lower reloading temperatures. The level of the warm pre-
stress determined mainly the reachable reloading level at fracture. The progress of the
transient, especially the degree of unloading following the maximum and the specimen size,
was identified as additional influencing factor.

2 SMILE PROJECT

SMILE ‘Structural Margin Improvements in aged-embrittled RPV with Load history
Effects’ is one of a ‘cluster’ projects in the area of Plant Life Management. It aims to
demonstrate on small and large scaled specimens, to model and to validate the beneficial
effect of the warm pre-stress in a RPV structural integrity assessment. Finally, this project
shall harmonize the different approaches as the general basis for European codes and
standards regarding the inclusion of the WPS effect in a RPV assessment. The SMILE project
is organized in 6 work packages, Table 1.

2.1 Purpose of project and expected results
The aim of this project is to show and better understand the effect of the warm pre-stress

(WPS) in a RPV structural integrity assessment, and to define and establish some
recommendations and guidelines for a pre-codification in main European codes and standards.
The beneficial effect of the load history (‘warm pre-stress’) on the vessel resistance regarding
the risk of brittle failure can be summarized as follows:

Brittle failure is excluded during the unloading of the vessel (decrease of the stress
intensity factor KJ versus temperature T, even if the loading path KJ – T intersects the material
fracture toughness curve). In case of a final reloading of the vessel at lower temperature, the
brittle failure would be obtained with beneficial and substantial margins compared to material
fracture toughness obtained on a ‘virgin’ material. Elements necessary to propose a
methodology to take into account WPS in a RPV assessment will be investigated. This is to be
carried out by experimental work on conventional fracture mechanics specimens, such as
C(T) specimens, and a ‘large-scale’ component in terms of a cracked cylinder submitted to a
PTS type transient leading to a better understanding of metallurgical and mechanical
phenomena, and through the development (or improvement) of analytical and numerical
models. The results obtained during this project will permit a more precise prediction of a
possible brittle failure in a RPV submitted to a severe overcooling transient.
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2.2 Participants
The consortium consists of 11 partners. The expertise of the members is both

interdisciplinary and complementary in many fields. It includes three utilities (EDF, BE and
E.ON), a manufacturer (Framatome-ANP & Framatome-ANP GmbH, the largest European
RPV manufacturer), four research organizations (CEA, SERCO, IWM Freiburg as
subcontractor of E.ON and MPA Stuttgart), one European research laboratory (JRC Petten,
Institute of Energy), one safety authority (BCCN) and one US National Laboratory (ORNL
with the sponsor of the US NRC). Except of the French Safety Authority, all the participants –
including ORNL - are members of the NESC network [4].

3 WP4 VALIDATION TEST – TEST PROGRAM

A major feature of the SMILE-project is to demonstrate the warm-pre-stress-effect (WPS)
under thermal shock conditions. Thus, a model vessel (hereafter referred to as test specimen)
containing a circumferential crack was tested under combined thermal and mechanical
loading. This validation test was specifically designed to produce a pronounced preloading in
the upper shelf region of fracture toughness without crack initiation and to show the benefit of
WPS-effect by final loading up to fracture in the lower shelf region.

An important boundary condition was determined by the available test technique: cooling
can only be carried out by means of water at ambient temperature (room temperature RT).
This made it necessary to choose a material with a lower shelf fracture toughness in the room
temperature (RT) range.

Table 1: Description of SMILE work-packages

WP Tasks WP
Leader

WP1 Co-ordination and Management EDF

WP2 Calibration tests
WP2.1 Characterization of the degraded material
WP2.2 Confirmation of the WPS effect on degraded material (WPS3)
WP2.3 Calibration of WPS models on undegraded material (18MND5)
WP2.4 Load history effect on ductile tearing

SERCO

WP3 Assessment of models
WP3.1 Selection of models
WP3.2 Validation of models against existing data (WPS3 & 18MND5)

CEA

WP4 Validation test
WP4.1 Test specification and design of test
WP4.2 Validation test
WP4.3 Fractography
WP4.4 INTERPRETATION OF VALIDATION TEST

MPA

WP5 Cases studies
WP5.1 Development of cases studies specifications
WP5.2 Application to a RPV sub clad flaw  with an actual PTS      transient
WP5.3 Application to a RPV through clad surface crack with an actual PTS transient

FRAMATOME-ANP
GmbH

WP6 Programme evaluation, synthesis and recommendations
WP6.1 Guidelines for Codes & Standards
WP6.2 Conclusions and recommendations

EDF
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3.1 Material investigation
A model material, 17 MoV 8 4 mod., denominated WPS3, was available for which the

mechanical properties had been changed by special heat treatment. These properties were
tailored to simulate the properties of a reactor pressure vessel material after irradiation, with
respect to strength, toughness and transition behavior. This meets the requirements of the
planned transient curve and has the advantage that the material is very well characterized
[1,3].

3.2 Geometry of specimen
The specimen consists of a cylindrical thick walled specimen with a thickness of 40 mm

and an outer diameter of 160 mm. It has an internal fully extended circumferential crack with
a depth between 14 mm and 15 mm. An initial crack depth of 12 mm was spark-eroded and
further 2-3 mm were generated by pre fatigue-cracking.

3.3 Load path
The specified load path type is Load-Cool-Unload-Fracture (LCUF). The test

specification was supported by extensive pre-test-calculations [5] to ensure that the objectives
were met. The test program consisted of

• one „dummy test” to check the thermal transient and to define the thermo-physical
parameters and

• the validation test, the main features of which are:

1. Pre-loading in the upper shelf region of fracture toughness.
2. Thermal shock according to the evaluated thermal transient.
3. Fracture by subsequent mechanical loading at RT.

4 TEST LOOP PROCEDURE

To realize the thermal transient in the cylinder, the cooling water feeding is performed
with a water-spraying device, Fig.1. The operating mode of the cooling circuit - see also
Fig. 2 - is:

1. Heating of the air-filled test specimen by means of heating mats
2. When the test specimen has reached the starting temperature of 300°C the pressure

control valve is adjusted at pi = 5 MPa.
3. After this the high-pressure pump (plunger pump) is started.

First the whole water quantity (200 l/min) is delivered over the by-pass channel
around the test specimen. The reason for this measure is that the control valve needs
some time to reach a constant pressure. The advantage is to obtain immediately the
full constant pressure and the full delivery volume at the beginning of the cooling
water feeding.
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4. When achieving a constant pressure in the bypass-channel the bypass-mode will be
switched into the test mode. For this the 3/2-direction valve, see Fig. 2, will be
opened and with a time delay of 50 ms as well the 2/2-direction control valve and the
cooling process starts.

Fig.1: Principal drawing of the dummy and validation test specimen
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Fig. 2: Test loop for pressurized thermal shock experiments

5 INSTRUMENTATION OF TEST SPECIMEN

The situation just before the test is shown in Fig. 3. The geometry of the specimen and the
key features of the instrumentation plan, consisting of clip gauges (G) for displacement
measuring, strain gauges (DL = longitudinal, DU = circumferential) and thermo-couples (T =
temperature of material, TF = temperature of fluid) are given in Fig. 4.

Fig.3: Specimen with instrumentation and insulation before test
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Fig. 4: Cross-sections, position of clip gauges (G) for displacement measuring, strain gauges
(DL = longitudinal, DU circumferential) and thermocouples (T)
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6 SPECIFICATION OF LOAD PATH

The goal for pre-loading was defined in reaching a load level of about 10% under the
lower line of the KIJ – scatter band in the upper shelf region, where K2

IJ = E’Ji. This value
amounts to 75 MPa·m1/2. Since this value cannot be reached by thermal shock loading only, an
initial tensile load is applied. Fig. 5 shows the non-linear design-calculations of MPA by
means of the Finite Element Code ABAQUS. 50%- and 5%- Master Curves, which have been
corrected to the actual component crack length, are shown as well in Fig. 5. The influence of
the total crack lengths on the Master Curves is rather small, so that the presented 50% Fract.
and 5 % Fract. Master Curves (crack length: 346 mm, crack depth: 15 mm) are representative
for all the depth values considered. Consequences for test design are

• Crack depth 4 mm: High risk of initiation during warm pre-stress
• Crack depth 12 mm: Low risk of initiation during warm pre-stress
• Crack depths 15 mm: Nearly no risk of initiation during warm pre-stress

The design calculations show that for crack depths greater than 12 mm the intersection-
point with the Master Curves lies in the decreasing part of the loapaths, where there is no risk
of failure due to the warm-pre-stress-effect. Fig. 6 shows the chosen load path.

Fig. 5: Calculated load paths for crack depths 4, 8, 12, 15 and 20 mm of the Test Specimen
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Fig. 6: Chosen load path

Based on these results, the validation test was performed with a nominal crack depth of
15 mm and a constant tensile load of 2.1 MN during the whole transient. The starting
temperature was T = 290 °C. Reloading up to fracture was carried out at a loading rate of
2 MN/minute.

7 FATIGUE PRE-CRACKING

The initial crack was induced by electrical discharge machining (EDM) and then further
extended by fatigue with internal pressure, Fig. 7. This produced slightly non-symmetric
crack-growth and was stopped at an average crack depth of 14.3 mm based on online
ultrasonic measurements. Post-test investigations of the crack surface yielded an average
crack depth of 14.9 mm.
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Fig. 7: Depth of the circumferential crack in the validation test specimen

8 TEST RESULTS

8.1 Thermal shock and unloading
As mentioned above the specimen was loaded by a combined tensile load and thermal

shock. The tensile load applied by the testing-machine is regulated manually. Immediately
after thermal shock at t ~ 0 s the tensile load was held at a value between 2.0 MN and 2.1 MN
until 400s after starting PTS (Fig. 8). On-line calculations of KI versus time on the basis of
measured temperatures showed that the real load path was close to that specified, Fig. 9.

A reset to zero of all measurement data was carried out at the beginning of heating and
before reloading up to fracture. Fig. 10 demonstrates the temperature distribution versus time
during the transient close to the crack in cross-section C-C. A check that the cooling was
homogenous in longitudinal direction was carried out by means of temperature measurements
in three cross-sections A-A, C-C, D-D (Fig.4). All temperature curves at the inner and outer
wall surface along the cylinder (cross sections) lie very close together. At a depth of 5 mm the
temperature is nearly identical in 3 different cross-sections along the cylinder.

Fig. 11 shows the measured longitudinal strain DL3 in section A-A close to the grip over
the time during the transient with a decrease of 0.6 mm/m due to PTS followed later by
unloading starting at t = 400s. Acoustic emission results did not give any indications of crack
initiation during thermal shock.

Crack opening displacements were measured by means of clip gauges in section B – B
(cp. Fig. 4). Fig. 12 shows the measurement results of crack opening behavior by means of the
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clip gauges G1 and G2. G1 at position 0° gives greater values than G2 at position 180°, which
is corresponding to the final size of the fatigue crack. A first interpretation of test results is
given in [6] and the following chapter 10.

Fig. 8: Tensile load during thermal shock transient PTS

Fig. 9: Comparison of designed load path with online-calculation (MPA)
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Fig. 10: Temperature distribution versus time over wall-thickness in cross-section C-C

Fig. 11: Measured longitudinal strains DL3 in cross-section A-A during transient and
unloading
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8.1 Re-loading up to fracture
Re-loading up to fracture was carried out with a linear loading rate of 2 MN/min. A reset

to zero of all measurement data was carried out before reloading. The final fracture load was
5.39 MN. The corresponding temperature-level during re-loading ranged from 32°C to 42°C,
slightly above RT. Since the lower shelf region of this material remains constant at about
100°C, the re-loading was carried out in the lower shelf region of fracture toughness. The
fracture load was significant higher than the crack initiation values of the original material in
the lower shelf region, confirming the beneficial WPS effect. The acoustic emission results
correspond with the time of fracture. Since the fracture toughness in the lower shelf region
remains constant up to about 100°C, re-loading was carried out in the lower shelf region of
fracture toughness.

Fig. 12: Measurement of crack opening displacements by means of clip gauges, section
B – B, cp. Fig. 4
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9 FRACTOGRAPHIC EXAMINATIONS

Furthermore metallographic sections confirmed that the fracture occurred on several
different planes with frequent instance of multiple cracking. Similar behaviour has been
observed on C(T) type specimens tested using WPS type loading cycles, whereas specimens
tested under standard conditions show a much smoother fracture surface (and lower
toughness).

The post test fractographic evaluation showed that the fracture mode was predominantly
cleavage fracture also with some secondary cracks emanating from major crack.

Fig. 13: Rough fracture surface of specimen

Following the test, the
fracture surface of the test
specimen was examined in
detail. An overall view is shown
in Fig. 13, in which the limit of
the fatigue pre-crack and the
subsequent fracture is clearly
visible. SEM examinations,
confirmed that the fracture
morphology is predominantly
cleavage, as anticipated from the
isothermal and WPS tests
performed on standard fracture
mechanics specimens fabricated
from the same material. No
isolated cleavage initiation sites
were identified, suggesting that
this occurred at multiple sites all
around the crack tip. Only
limited signs of crack tip
plasticity and local dimple
fracture were found. The overall
roughness of the fracture surface
was noted.
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10 ANALYSIS OF THE EXPERIMENT

The interpretation of the WPS experiment on the cracked cylinder is performed by several
partners of the project, involving a large panel of analyses:

- Engineering methods and models account for WPS, such as Chell, Chell & Haigh,
Wallin …

- Global approaches based on the evaluation of the stress intensity factor (elastic KI or
elastic-plastic KIJ) and the comparison with the fracture toughness of the material

- Local approach of cleavage fracture based on Beremin model and
- Energy approach
The EDF interpretation of the experiment is conducted by 2D axi-symmetrical analyses

(due to symmetry reasons) using Code ‘Aster’ finite element code developed by EDF,
including non linear thermal analyses, elastic and elastic-plastic computations.

The first step of the analysis is the evaluation of the temperature field inside the specimen
during the experiment and its comparison with experimental data coming from thermocouples
located at various locations in the cylinder (cp. Figures 4 and 10). The comparison between
numerical results and experimental values showed a good agreement, particularly in the
section near to the crack tip (a=15 mm) as described in [6].

The following interpretation of the test is based on the computation of the elastic-plastic
stress intensity factor KJ and its comparison with the material KJc fracture toughness (using
Master Curve methodology). The crack depth considered in these analyses is 15 mm.
However, in order to validate the analyses (mesh and numerical simulations), an elastic
analysis has first been conducted. Two different ways have been used for the evaluation of the
elastic stress intensity factor KI:

• by the ‘displacements’ method

• using the energy release rate G        
2

)()(

1
=

TT
GE

K

These two analyses brought about that the values of KJ lie very close together validating the
model and the simulation.

Afterwards, the elastic-plastic analysis has been carried out using isotropic hardening
(large strain and large displacements). The elastic-plastic stress intensity factor KJ, deduced
from the computation of the G energy release rate, is compared to the material fracture
toughness KJc, cp. Fig. 14, without any consideration of size effect between 1T-CT specimens
used for KJc experimental investigation and the cylinder specimen. Regarding the KJc fracture
toughness, all experimental data are included in addition to 5 %, 50 % and 95 % Master
Curve failure probabilities (T0 = 140 °C). Fig. 14 shows clearly very significant margins
between KJC values and value of the SIF KJ at the cylinder failure, with a high resistance of
the cylinder regarding the risk of brittle failure. The evolution, during the experiment, of the
elastic-plastic stress Intensity factor KJ on the cylinder is clearly shown:
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• The level of pre-loading (KWPS) during cooling is KWPS  78 MPa·m1/2

• The final failure of the cylinder (KFRACT) is KFRACT  84 MPa·m1/2

• At room temperature KJc (1T-CT) = KIc (1T-CT) < 52 MPa·m1/2

• At the cylinder failure  KFRACT >> KIc (1T-CT)
• At the cylinder failure KFRACT > KWPS

KFRAC KWPS K FRAC/KWPS KFRAC/KJc

Failure of cylinder (no size correction) 84 78 1.08 1.62

By comparing the respective behavior of 1T-CT specimens and cracked cylinder, the
beneficial effect of warm pre-stress is shown, by inducing a significant increase of the
resistance of the cylinder regarding brittle failure initiation. This conclusion is clearly
underlined regarding the influence of the size effect correction between the 1T-CT specimens
and the cracked cylinder, which is described in detail in [6]. Further interpretation based on
the result of other computations will be done in future. Also fracture mechanics assessment
based on physical initiation characteristics will be carried out.

Fig. 14: Comparison between KJ and KJc (without size correction)
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11 CONCLUSION

The experimental results of a PTS type transient experiment on a cylindrical specimen
subjected to WPS- loading are described. The test specimen consists of a cylindrical thick
walled specimen with a thickness of 40 mm and an outer diameter of 160 mm, provided with
an internal fully circumferential crack with a depth of about 15 mm. The specified load path
comprises Load-Cool-Unload-Fracture (LCUF).

No crack initiation occurred during cooling (thermal shock loading) although the loading
path crossed the fracture toughness curve in the transition region. The benefit of the WPS-
effect by final re-loading up to fracture in the lower shelf region was shown clearly. The
corresponding fracture load during reloading in the lower shelf region was significantly
higher than the crack initiation values of the original material in the lower shelf region.

A first numerical analysis of the test is in good agreement with the experimental load level
of failure, showing significant margins due to the WPS effect, with a higher resistance of the
cylinder regarding the risk of failure.
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Abstract

This paper describes experimental facilities at the Halden Reactor Project, dedicated to
studying the behaviour of LWR core component materials in environments simulating those
of operating nuclear power plants in terms of thermal hydraulic, neutronic and water
chemistry conditions. The majority of the materials investigations make use of in-pile
measurements. On-line monitoring techniques, such as the reversing dc potential drop method
for crack propagation monitoring and the use of Linear Variable Differential Transformers
(LVDTs) for crack initiation and creep and stress relaxation studies, are described and results
from studies employing these instrumentation methods are presented.

The development of cracks due to the mechanism of irradiation assisted stress corrosion
cracking (IASCC) is a process that affects the lifetime of nuclear power plants and there is a
need both for the industry and safety authorities to have reliable materials data for use in
safety assessments. IASCC of in-core components is a cause for concern for both BWRs and
PWRs as reactors age, with components such as the core shroud and top guide in BWRs and
the baffle former bolts in PWRs having experienced intergranular cracking attributed to
IASCC. The main objective the crack growth studies that have been performed at Halden for
a number of years are to generate long-term crack growth rate data for irradiated materials in
typical LWR conditions. The effects of fluence, radiation hardening and applied stress
intensity level on cracking are also addressed. Between four to six Compact Tension (CT)
specimens, equipped with pressurised bellows for load application and instrumented for crack
propagation monitoring with the reversing DC potential drop (DCPD) method, are
accommodated in the test assemblies. The specimens are prepared from irradiated 304, 316
and 347 SS (with fluences ranging from 7x 1019 to 2.5 x 1022 n/cm2 (> 1 MeV)) taken from
commercial reactor core components. Examples of crack growth rates measured in BWR
(normal and hydrogen water chemistry (NWC and HWC)), and in PWR conditions are
presented.

In addition to the crack growth investigations, a crack initiation (integrated time-to-failure)
study is being conducted in a BWR loop system. The main objective of the investigation is to
determine the number of specimen failures that occur in irradiated tensile stainless steel
specimens as a function of the water chemistry (NWC versus (HWC), with the aim of
providing information on the effectiveness of hydrogen additions in reducing the
susceptibility to the initiation of cracks in high dose material. A total of 30 miniature,
irradiated tensile specimens, prepared from a 304 L SS control blade (fluence 8 x 1021 n/cm2)
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are installed in the test assembly. Constant load (corresponding to 76-97 % of the irradiated
yield strength of the material) is applied to the specimens by means of bellows which place
the specimens in tension. LVDTs are used to detect sample failures.

Another mechanism that may be detrimental or beneficial to core materials long-term
performance is irradiation enhanced stress relaxation. Many bolts in reactor internals are
stressed to high initial loads and when exposed to high temperature and radiation over a long
time, the bolts may become loose due to stress relaxation. In a study that is currently under
preparation, the effects of irradiation on the creep / stress relaxation in tensile specimens made
from three common structural materials (solution annealed 304 and cold worked 316 SS and
Alloy 718) will be evaluated. Load (stress) is applied to the specimens by means of bellows
and constant displacement conditions are maintained by monitoring sample elongation with
LVDTs and adjusting applied load on-line.

1. Introduction

The OECD Halden Reactor Project is a joint undertaking of organisations in 18 countries
sponsoring a jointly financed programme under the auspices of the OECD Nuclear Energy
Agency. The research and development work conducted at the Project reflects the needs of the
nuclear industry and addresses a number of issues related to high performance fuel (in normal
operating conditions and in response to transients), cladding corrosion, water chemistry, and
the ageing and degradation phenomena of reactor vessel and internals materials.

The studies are performed in the Halden Boiling Water Reactor (HBWR), a test reactor with a
maximum power of 20 MW that is cooled and moderated by boiling heavy water (normal
operating temperature 235°C and pressure 34 bar). At any given time, around 30 test
assemblies are in operation in the reactor, including studies on fuel behaviour and on
materials performance, ageing and degradation issues. Typically, the reactor operates for two
~100-day reactor cycles each year. Depending on reactor position, fast fluxes in the range
from 5  1012 to 7  1013 n/cm2s can be achieved. Typical fluxes are 3  1013 n/cm2s,
equivalent to an accumulated fluence of 6  1020 n/cm2 in a calendar year.

Many of the tests require representative light water reactor (LWR) conditions, which are
achieved by housing the test rigs in pressure flasks that are positioned in fuel channels in the
reactor and connected to dedicated water loops, in which boiling water reactor (BWR) or
pressurised water reactor (PWR) conditions are simulated. An important aspect of the
materials tests is the use of on-line instrumentation situated within the reactor core. For crack
growth investigations, the reversing dc potential drop (DCPD) method is employed, while
Linear Variable Differential Transformers (LVDTs), widely used for fuel performance
investigations, have also been adopted for crack initiation and stress relaxation studies.

2. Irradiation Assisted Stress Corrosion Cracking Studies

The key objectives and priorities of the Irradiation Assisted Stress Corrosion Cracking
(IASCC) test programme at Halden, which was initiated in 1991, are to i) predict behaviour,
in particular the cracking response of irradiated materials; ii) assess possible countermeasures
(e.g. changes in coolant chemistry, post irradiation annealing) and determine the limits of
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operation for existing materials; iii) generate data that provide a fundamental mechanistic
understanding of IASCC.

IASCC, the term used to describe the intergranular cracking of austenitic iron and nickel
based alloys exposed to high temperature reactor coolant and irradiation environments, is
widely recognised as one of the most important degradation phenomena affecting the long-
term integrity of both BWRs and PWRs. Several reviews [1-4]  have been published
describing the factors influencing IASCC initiation and propagation processes, but despite
extensive study over many years the mechanisms controlling the phenomenon are not yet
fully understood.

Exposure to neutron irradiation results in changes in the microstucture, mechanical properties
and microchemistry of the material, while ionising radiation modifies the coolant chemistry
through radiolysis. The formation of small point defect clusters and faulted dislocation loops
results in radiation hardening in the materials, with large increases in yield strength together
with loss of ductility and fracture toughness. Radiation induced segregation results in the
redistribution of major alloying and impurity elements at the grain boundaries (e.g.
segregation of Ni and Si and depletion of Cr and Mo).

In BWR oxidising environments, for materials with low fluence, radiation hardening and Cr
depletion are considered important factors in promoting IASCC. Decreasing the corrosion
potential by the addition of hydrogen is effective in mitigating cracking. However, materials
with higher fluence are found to be susceptible to IASCC also in reducing environments (such
as BWR hydrogen water chemistry and PWR primary water) and while radiation hardening
continues to play an important role, it is believed that other controlling mechanisms, still to be
identified, also become important.

2. 1 Crack Growth Studies

An important area of research in the field of IASCC is the determination of cracking
behaviour in components where cracks already exist and assessing, for different fluence
levels, the benefits of countermeasures such as the addition of hydrogen to the coolant (in
BWRs). Also of importance is the possibility of gaining quantitative information on the rates
of crack growth that can be expected in various core component materials, particularly as a
function of varying stress levels and increasing fluence (where radiation induced segregation
and radiation hardening play a significant role).

An essential requirement for the crack growth tests is the ability to monitor cracking response
on-line in conjunction with the possibility for varying the load that is applied to the samples.
Continuous crack monitoring allows the effects of changing chemistry environments (e.g.
NWC vs. HWC) to be assessed directly, as well as enabling the contributions of loading on
cracking response to be evaluated.

The geometry of the CTs that are used in the crack growth studies at Halden is shown in Fig.
1(a) and (b). The specimens, with width W=16 mm, and thickness B=5 mm, have 8 mm long
machined chevron notches and 10 % side grooves such that Beff was 4.47 mm. Depending on
material availability, either the entire specimen (including “arm” extensions for the
attachment of wiring for the DCPD crack length measurements) is prepared from irradiated
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material (Fig. 1(a)), or only the CT itself is prepared from irradiated material (Fig. 1(b)). In
the latter case, the arm extensions, in the form of unirradiated material, are EB welded to the
specimen. After machining, the CTs are fatigue pre-cracked in air and after installation in the
test assemblies the leads for crack propagation monitoring are spot-welded to the specimen
“arm” extensions. The specimens are instrumented with two pairs of potential leads and one
pair of current leads.

Dynamic load was applied to the CTs by means of individually calibrated loading units which
are equipped with bellows that are pressurised with helium gas through an outer system.
During irradiation, the specimens may be subjected either to constant load or to cyclic loading
conditions. The cyclic loading, with R = 0.5, 0.6 or 0.7 is implemented 1, 2 or 3 times every
24 hours. Typically, the duration of an unloading-reloading cycle is ~500 s.

Typically, four to six CTs may be accommodated in the crack growth test assemblies (Fig. 2).
Of these, four specimens are located in a high 3-4 x 1013 n/cm2s (> 1 MeV) fast flux while
additional specimens are accommodated in the upper test section, where fast neutron flux is
low. Examples of results obtained from two crack growth rate studies, one performed in BWR
conditions and the other in PWR conditions appear below.

The BWR experiment was conducted over four ~100-day irradiation cycles. During the first
three irradiation cycles, long-term crack growth rates were measured in oxidising conditions
(~5 ppm O2) and in the final cycle, the response of the specimens to the introduction of 2 ppm
H2 was evaluated.

Two of the CTs in the test matrix were prepared from Wurgassen NPP 347 SS top guide
material with a fluence of ~1.5 x 1021 n/cm2 (irradiated yield strength (YS) 948 MPa). One
specimen was prepared from Oskarshamn 2 304 SS control blade handle material with a
fluence of ~9 x 1021 n/cm2 (irradiated YS 745 MPa), and the fourth CT was prepared from
irradiated 316 NG with a fluence of 0.9 x 1021 n/cm2 (irradiated YS 650 MPa).

An example of the crack growth rate data generated for the 316 NG SS specimen over one
cycle of exposure to oxidising conditions appears in Fig. 3. Figs 4 and 5 show the response of
the low fluence 316NG SS specimen and the high dose 304 SS specimen to the introduction
of hydrogen. For the 316 NG specimen (Fig. 4), a clear reduction in growth rate was observed
on shifting to low corrosion potential by increasing the hydrogen content.

For the 304 SS CT (Fig. 5), an apparent increase in crack growth rate accompanied the
addition of hydrogen due to a “staircase” effect; i.e. each unloading/reloading cycle was
accompanied by a step or “jump” in crack length as shown in detail in Fig. 6. Similar
increases in crack length have also been observed in other investigations on materials with
high yield strength due either to cold work or to irradiation hardening, and can occur in both
oxidizing and reducing environments [5]. It is still unclear whether the crack increments are
the result of real, rapid crack extension or due to the development of non-uniformities
(uncracked ligaments) along the crack front, followed by breaking of these ligaments as load
is increased (for example during the reloading part of a cycle). In contrast to the clear
reduction in growth rate for the low fluence 316NG SS CT, the crack growth rate for the
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304SS remained high even on switching to constant load, indicating that in some cases
hydrogen may have limited benefit in reducing crack growth rates in very high dose materials.

On completion of the investigation, the fracture surfaces of the specimens were examined in a
Scanning Electron Microscope (SEM). The fracture surfaces showed that transgranular
cracking occurred during the fatigue pre-cracking, with intergranular cracking during in-pile
testing under both constant and cyclic loading conditions. For all specimens the intergranular
SCC had transitioned along the entire fatigue pre-crack front.

The PWR investigation was performed at a temperature of 335 °C (versus the 280 °C
employed in the BWR study) and the test assembly was connected to a loop system operating
with 2-3 ppm H2, 2-3 ppm Li and 1000-1200 ppm B. Three of the CTs in the matrix were
prepared from Chooz A centre filler assembly material with fluences of 1.2 and 2.5 x1022

n/cm2 (irradiated YS 890 MPa), and the fourth specimen was prepared from the Oskarshamn
2 304 SS material that was also included in the BWR study. An example of the crack growth
rate measured on the Oskarshamn 2 304 SS CT over one irradiation cycle is shown in Fig. 7.

As in the case of the BWR study, post-test SEM examination of the fracture surfaces showed
transgranular fatigue pre-cracks while the environmentally assisted cracking was completely
intergranular.

In Fig. 8, some of the crack growth rate versus stress intensity (K) data generated in the BWR
investigation (in oxidising conditions) and in the PWR study are summarised. All the CTs
show similar crack growth dependency on increasing K level. The crack growth rates
recorded for the irradiated CTs in O2 are ~4-5X higher than the disposition curve for
sensitised 304 SS in 8 ppm O2 (NUREG 0313) [6], while the crack growth rates measured on
the CTs in the PWR study are comparable to those of the unirradiated sensitised 304 SS.

In Fig. 9 the crack growth rates measured in the irradiated CTs as a function of yield strength
are compared with the crack growth rates measured in unirradiated specimens with increased
yield strength due to cold work [7,8]. Increases in yield strength due either to cold work or
radiation hardening result in elevated crack growth rates [7,8] both at high and low corrosion
potential. The growth rates measured for the irradiated materials in 5 ppm O2 were higher than
for the solution annealed, cold worked-only materials, as would be expected due to the
combined contributions of radiation hardening and radiation induced segregation (in
particular Cr depletion). In reducing environments where the contribution of radiation-
induced segregation is limited and radiation hardening is the primary factor in producing
enhanced crack growth, the crack growth rates measured in the PWR study are comparable to
those recorded for the unirradiated specimens.

2.2 Crack Initiation (Integrated Time-To-Failure) Studies

While most of the IASCC investigations carried out at Halden have concentrated on
measuring crack growth rates, the initiation of cracks in representative core component
materials has also been investigated in two separate in-pile studies employing two different
specimen geometries.
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Given the stochastic nature of initiation processes, critical features considered essential to
obtaining useful initiation data include an adequate number of repeat specimens, active
loading, and continuous monitoring of individual specimens. To this end use was made, in
both the studies, of LVDTs for continuous monitoring of specimen performance, and efforts
were made to maximise the number of specimens that were incorporated in the test matrices.

In the first initiation study, the effects were addressed of accumulated fluence, stress level and
material type on the initiation of cracks in pressurised tube specimens exposed to BWR
operating conditions.

Thirty-four thin-walled unirradiated tube specimens (Fig. 10), pressurised with argon gas to
different levels of hoop stress, were included in the test matrix. Selected tubes were equipped
with external gas lines which enabled on-line variation of the stress level while the remainder
were pre-pressurised prior to installation in the reactor. Twenty four of the tubes, with stress
levels ranging from 1.2 to 2.75 y (of the unirradiated material), were prepared from
sensitised 304 stainless steel, thereby enabling the separate effect of stress on the initiation of
cracks to be evaluated. The remaining ten tubes were prepared from solution annealed 304
and 316 L and cold worked 347 stainless steel. In the case of these specimens, the primary
objective is to compare the behaviour of the different materials as affected by dose
accumulation, and to this end, all the tubes are pressurised to the same level (1.2 y). The
thirty-four tubes were arranged in six strings, and each string was equipped with an LVDT for
on-line monitoring of total string length. Three of the strings were located in the high fast
neutron flux region of the facility and the remainder were installed in a low flux position (Fig.
10).

During irradiation, the specimens were exposed to a BWR operating temperature of 288 °C.
In order to encourage tube rupture, a comparatively aggressive coolant environment was
created by operating the loop with an inlet oxygen content of 3 ppm and an inlet solution
conductivity of 0.5 µS/cm (increased by the addition of H2SO4 to the feed-water). As
described above, tube integrity was monitored by means of the LVDTs attached to the lower
end of each specimen string and also by means of a gamma monitor installed in the outer loop
system. In the event of crack initiation and subsequent propagation as a through-wall crack,
the monitor was activated by the release of Ar-41 from the tube and into the coolant. An
example of the on-line signal changes accompanying the rupture of a tube is illustrated in
Fig. 11. The rupture is clearly detected by increases in the coolant activity levels and by
corresponding changes in the LVDT signals. In post irradiation examination of the fracture
surfaces of various specimens from this study, clear intergranular stress corrosion cracks,
which initiated on the outer surface of the specimens, have been observed.

In a second crack initiation investigation, which is currently in progress, the main objective is
to record the number of specimen failures that occur in irradiated austenitic stainless steel
tensile specimens as a function of BWR water chemistry (NWC versus HWC), with the aim
of providing information on the effectiveness of hydrogen additions in reducing the
susceptibility to the initiation of cracks in high dose material.
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A total of 60 irradiated miniature tensile test specimens, 30 to be exposed to NWC conditions
and 30 to be exposed to HWC conditions were prepared for the investigation. The specimens,
which have a total length of 20mm and a cylindrical (1 mm diameter, 4 mm long) gauge
section, were all prepared from a 8 x 1021 n/cm2 304L SS control rod material from the
Barsebäck 1 BWR. The fluence of this material is close to the maximum end of life fluence of
BWR components such as the top guide and, because of the high dose, is more likely to
exhibit susceptibility to stress corrosion cracking. In addition, the material will have reached
saturation in terms of mechanical and microstructural property changes and is expected to
behave in a more consistent manner than lower dose materials where saturation has not yet
been reached.

Thirty of the specimens are currently being exposed to the NWC conditions. The specimens
are arranged in pairs (Fig. 12) and constant load is applied by means of bellows that are
compressed by the system pressure, thereby placing the specimens in tension. The load level
is determined by a combination of bellows pre-fill pressure, the system pressure and the
operating temperature. Constant load, producing stresses corresponding to 76 to 97 % of the
irradiated yield strength (718.5 MPa) of the material has been applied to the specimens.

Each pair of specimens is equipped with an LVDT that enables on-line detection of failure,
and the specimens within each pair are identified by means of spacers placed internally in the
bellows. In the event of specimen failure, the bellows collapse, with the extent of movement
being recorded by the LVDT, which enables identification, on-line, of the failed sample. A
typical example appears in Fig. 13.

In total five failures have been detected during ~10000 hours of in-reactor exposure. The
failures occurred after times ranging from ~550 to 8000 hours, at stress levels between 77% -
93 % of the irradiated yield stress (Fig.14). While these results are in contradiction to those
reported by Jacobs et al [9], in which irradiated (0.12-3 x 1021 n/cm2) tensile specimens, with
applied stresses ranging from 3 to 90% of yield strength, typically failed within several
hundred hours of testing, they are in part supported by observations from another uniaxial
constant load study [10], where irradiated (0.5-1x1021 n/cm2) specimens with 75-85% of yield
stress either failed early or did not fail during the ~2000 hour test period.

Operation for an additional two irradiation cycles under oxygenated conditions is planned,
after which the second set of thirty replacement specimens will be exposed to hydrogen
chemistry for a similar period of time.

3. Stress Relaxation and Creep Investigations

Many bolts in reactor internals are stressed to high initial cold pre-loads, which when
subjected to high operating temperatures and irradiation over time, may result in loosening of
the bolts and the pre-load can be lost. In a study that is currently under preparation, the effects
of irradiation on the creep / stress relaxation in austenitic stainless steels commonly employed
in commercial PWR reactors is to be evaluated.

As for the integrated time-to-failure study, use will be made of small tensile specimens (2.5
mm diameter and a gauge length of ~50 mm), which are prepared from unirradiated, solution
annealed 304 and cold worked 316 stainless steel and Alloy 718 (see Table below).
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Table 1 Test Matrix Stress Relaxation / Creep Investigation

Material No. Temp.
(°C)

Stress
(MPa)

Dose
(dpa)

Comment

Instrumented specimens
CW 316 1+2* 330 345 2.0 Replacement baffle bolt + split pin material
CW 316 1 330 275 2.0 *2 specimens to be operated in creep mode
CW 316 1 330 205 2.0
CW 316 1 330 -- 2.0 Qualification sample

CW 316 LN 1 330 345 2.0 Low irradiation creep material
CW 316 N lot 1 370 345 2.0 EBR II irradiation creep test archive

SA 304L 1 290 90 2.0 EBR II irradiation creep test archive
SA 304L 1 290 72 2.0
Alloy 718 2 330 345 2.0 PWR irradiation stress relaxation data

Uninstrumented specimens
CW  316 6 330 275 0.4, 1.6,2.0 Second phase ppt densification data
SA 304 6 290 90 0.4, 1.6, 2.0 Baffle former plate material

Alloy 718 6 330 345 0.4, 1.6, 2.0 Second phase ppt densification data

The specimens will be subject to constant displacement conditions during irradiation in an
inert environment to fluences of ~0.25, 1 and 1.4 x 1021 n cm-2 (> 1 MeV). Load (stress) is
applied to the specimens via bellows that are compressed by gas pressure that is introduced
into the chamber housing the bellows (Figure 15). Constant displacement of the tensile
specimens is maintained by monitoring sample elongation with LVDTs and adjusting
(reducing) the applied load (stress) on the specimens on-line, by decreasing the pressure in the
bellows housing units. Selected specimens will be operated in creep mode by maintaining
constant load on the specimens during irradiation. In addition to the bellows gas lines, the test
units are equipped with gas lines that enable the specimen temperature to be varied in the
range from 240 to 400°C, by altering the composition of helium-argon gas mixture
surrounding the specimens. In order to reduce the amount of scatter in the data, the number of
samples in the matrix has been maximised, incorporating 30 tensile specimens in total (12
will be instrumented as illustrated in Figure 15, and 18 will be un-instrumented and subject to
post irradiation measurements).

4. Summary

The objectives of the materials testing programme at the Halden Project are to improve the
understanding of materials ageing and degradation processes as well as to practically
demonstrate methods designed to increase component lifetime. The focus is on in-reactor
experiments addressing core and vessel materials and, to this end, a range of different studies
are being conducted.

The major focus is on the generation crack growth rate data for irradiated CT specimens,
fabricated from commercial reactor component materials. The effects of stress intensity,
irradiated yield strength and operating conditions (BWR and PWR) on in-core cracking
behaviour are addressed.

The crack growth studies are complemented by studies on the effects of fluence, material type
and stress level on the initiation of cracks in thin-walled pressurised tube specimens and on
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the benefits of HWC in suppressing crack initiation in high dose tensile specimens subjected
to constant load.

A third area of study addresses stress relaxation and creep behaviour of cold worked 316 SS,
304 SS and Alloy 718 as a function of stress, temperature and fluence.

References

[1] P. L. Andresen, F.P. Ford, S.M. Murphy, J.M. Perks, “State of Knowledge of Radiation
Effects on Environmental Cracking in Light Water Reactor Core Materials, Proc. Fourth
International Symposium on Environmental Degradation of Materials in Nuclear Power
Systems-Water Reactors, ed. D. Cubicciotti and G.J. Theus, NACE, 1990

[2] P. Scott, “A Review of Irradiation Assisted Stress Corrosion Cracking”, Journal of
Nuclear Materials, 211 (1994), pp. 101-122

[3] S.M. Bruemmer, E.P. Simonen, P.M. Scott, P.L. Andresen, G.S. Was, J.L. Nelson,
“Radiation-induced material changes and susceptibility to intergranular failure of light-
water-reactor core internals”, Journal of Nuclear Materials 274 (1999) pp 299-314

[4] S.M. Bruemmer, “New Issues Concerning Radiation-Induced Material Changes and
Irradiation-Assisted Stress Corrosion Cracking in Light-Water Reactors”, Proc. Tenth
International Symposium on Environmental Degradation of Materials in Nuclear Power
Systems-Water Reactors, NACE, 2001

[5] P.L. Andresen, P.W. Emigh and L.M. Young, “Mechanistic and Kinetic Role of Yield
Strength /Cold Work/ Martensite, H2, Temperature and Composition on SCC of Stainless
Steels” Proc. International Symposium on Mechanisms of Material Degradation and Non-
Destructive Evaluation in Light Water Reactors, eds S. Ishino, B.L. Eyre, I. Kimura, pp.
215-237

[6] W.S. Hazelton, W.H. Woo “Technical Report on Material Selection and Processing
Guidelines for BWR Coolant Pressure Boundary Piping-Final Report”, NUREG.-0313-
Rev.2

[7] P.L. Andresen “ Similarity of Cold Work and Radiation Hardening in Enhancing Yield
Strength and SCC Growth of Stainless Steels in Hot Water”, Corrosion/02 Paper 02509,
NACE 2002

[8] P.L. Andresen, P.W. Emigh, M.M. Morra and R.M. Horn, “Effects of Yield Strength,
Corrosion Potential, Stress Intensity Factor, Silicon and Grain Boundary Character on the
SCC of Stainless Steels” Proc. Eleventh International Symposium on Environmental
Degradation of Materials in Nuclear Power Systems-Water Reactors, ANS, 2003

[9] A. J. Jacobs, G. P. Wozadlo and S .A. Wilson, “Stress Corrosion Testing of Irradiated
Type 304 SS Under Constant Load”, Corrosion Vol. 49, No. 2, pp 145-155.

[10] R. Katsura et al, “Effect of Stress on IASCC in Irradiated Austenitic Stainless Steels”,
Proc. 6th Int. Conf. On Environmental Degradation of Materials in Nuclear Power
Systems - Water Reactors, San Diego, California, USA, August 1993.

Torill KARLSEN et al., HRP (Norway)
Test facilities and on-line instrumentation capabilities for core

component materials investigations at the HALDEN reactor project



Fig.1 (a) CT specimen including arm extensions prepared from irradiated material and (b)
irradiated CT specimen with unirradiated arm extensions
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Fig. 2 Example of test assembly for crack growth rate investigations. Four instrumented CT
specimens may be accommodated in the high flux region, which is surrounded by high

enrichment fuel rods (booster rods). A further two instrumented specimens may be
accommodated in the upper test section, where fast flux is low.
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Fig. 3 Example of crack growth rates measured on a CT specimen prepared from irradiated
316 NG stainless steel during exposure to BWR operating conditions (280 C) with high

 (5 ppm) O2

Fig. 4 Response of 316 NG SS CT (initial fluence 0.9 x1021 n/cm2) to the addition of hydrogen.
A clear reduction in growth rate is apparent.
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Fig. 5 Response of 304 SS CT (initial fluence 9 x1021 n/cm2) to the addition of hydrogen.
There is no significant change in growth rate for the specimen

Fig. 6 Detail from Fig 5, showing response of specimen to unloading / reloading cycles. Each
cycle is accompanied by a step-like increment in crack length.
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Fig. 7 Example of crack growth rates measured on a CT specimen prepared from irradiated
304 stainless steel during exposure to PWR operating conditions (335C) with the addition of

Li and B and ~3 ppm H2

Fig. 8 Crack growth rates measured on irradiated CT specimens in BWR oxidizing and PWR
reducing environments compared with crack growth rates measured on unirradiated

sensitised 304 SS in high O2 (NUREG-0313)
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Fig. 9 Comparison of the effect of yield strength on crack growth rates measured in oxidizing
environments on unirradiated cold worked stainless steels 5,7,8 and on irradiated CTs

exposed to BWR oxidizing and PWR reducing environments in Halden experiments.
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Fig.10 Arrangement of pressurised tube specimens in in-core crack initiation test

Torill KARLSEN et al., HRP (Norway)
Test facilities and on-line instrumentation capabilities for core

component materials investigations at the HALDEN reactor project



Fig. 11 Example of change in LVDT signal and increase in gamma activity levels
accompanying the rupture of a pressurised tube specimen.

Figure 12. Schematic illustrating on-line monitoring technique used in crack initiation
(integrated time-to-failure) study on irradiated tensile specimens

Torill KARLSEN et al., HRP (Norway)
Test facilities and on-line instrumentation capabilities for core

component materials investigations at the HALDEN reactor project



Figure 13. Irradiated tensile specimen failure recorded on-line in crack initiation / integrated
time-to-failure study

Fig. 14 Summary of specimen failures recorded on-line in time to failure investigation. The
time to failure and the stress levels on the specimens are indicated in the figure.
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Figure 15. Principle of technique employed for irradiation creep / stress relaxation studies
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Abstract

Regarding ageing management of nuclear power plant in Japan [1], it is important to conduct
research and development in the fields of inspection and monitoring, ageing evaluation, and
preventive maintenance and repair technology.  And also, researches on evaluation of material
degradation are of importance to carry out the evaluations of structural integrity for
components.

Since October 2003, Japan Nuclear Energy Safety Organization (JNES) has been conducting
research activities related ageing management and material degradation of nuclear power
plants to ensure nuclear safety and to promote the establishment of code and standards, in
collaboration with the Nuclear and Industrial Safety Agency (NISA) the regulatory authority
of the nuclear safety ensuring in Japan.

In this paper, current research activities related the ageing management and the material
degradation evaluation for components of nuclear power plants in Japan will be presented.

Reference
[1] K. Maeda, “Current Regulatory Approaches to Ageing Management of Nuclear Power

Plants in Japan”, DIJON 2005 Symposium, Dijon, France, June 22-24, 2005
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ABSTRACT

The two main activities of the Reactor Safety Division of the Institute for Radiological
Protection and Nuclear Safety (IRSN/DSR) involve the technical support expertise for nuclear
safety authorities and the research associated with this expertise mission. As regards its
research activities, the IRSN has undertaken research and development actions in the field of
non-destructive testing of materials in co-operation with laboratories of the Atomic Energy
Commission (CEA).
At the outset of the industrialization process, this research work aims at solving the most
difficult problems encountered in the course of inspections performed on the materials of
nuclear installation components during in-service inspection. The purpose is first of all to
demonstrate the capabilities of new inspection techniques based on the use of ultrasonic
phased array transducers, or even eddy current flexible probes, for a better identification of
defects in components difficult to inspect especially because of their complex shapes like
small elbows or because of their coarse grain metallurgical structure. This research work
which takes into account the shapes and the structure of components as well as defects and
pays great attention to the case of real flaws aims also at simulating controls through mock-up
experiments intended to validate simulation models. The contribution of this research work
mostly related to ultrasonics and eddy currents and more recently to radiography simulation is
presented and some examples are described.

INTRODUCTION

Maintenance operations in any nuclear installations include a large part of activities dedicated
to non-destructive examination of materials. These mainly comprise surface inspection
methods such as dye penetrant testing, magnetic particle testing and eddy current testing and
volumetric examination methods such as radiography and ultrasonics.
Of these defect detection methods, the most frequently used on the safety-related components
of nuclear installations involve the use of ultrasonic waves, which led IRSN to undertake
research and development actions in this direction. For this purpose, it is working jointly with



external laboratories and in particular with the Atomic Energy Commission laboratories.
Research is also under way in eddy current testing and radiography.
Among the most stringent requirements that must be imposed on NDT methods, the  essential
are those that concern detection, sizing and identification of the shape of the defects, and
allow us to determine whether a defect, is of planar character as in the case of crack or
volumetric character.
If, for some of well identified cases, the inspection method allows us to easily achieve these
objectives, in several cases it may be less reliable, in particular because of the particular
shapes of the components (elbows, conical, or surface irregularities such as weld crown, the
type of materials, or because a defect may be oriented in such a way as to make its detection
and identification difficult, or because the defects are very narrow.
For these reasons, IRSN considers that it is essential to continue to make progress in the NDT
field, both in order to specify the performances of the currently available methods (using
simulation for example) and to develop new methods. It is for this reason that demonstration
studies are being conducted by IRSN in order to develop ultrasonic probe and eddy current
prototypes capable of better defect detection and better assessing their harmfulness related to
their shape (planar crack, volumetric defects etc.). Of course, after the demonstration and
basic concept validation studies, it will be up to the industrialist to carry on from there.

THE BENEFITS OF RESEARCH

The research into non-destructive testing methods conducted upstream the industrialization
phase are mainly aimed at eventually providing more efficient means adaptable to most
components and types of defect.
IRNS’s safety improvement objectives within the framework of this research are to :
- anticipate the risk of occurrence of new defects induced by the ageing of nuclear

installations by initiating demonstrative or incitive developments upstream the
industrialization phase, on the components that are the most difficult to inspect,

- participate in the development of NDT simulation and modeling means for nuclear
installations, that cover a very wide spectrum of all sectors of industry so that these
simulation means can be used in materials assessment with the aim of determining the
limits of the methods used.

These studies contribute to intensifying the IRSN's materials assessment capabilities required
to better understand new problems arising from the ageing of components. They also help
improve our knowledge of the orientation and  evolution of the new techniques in order to
enhance the safety aspect.

THE MAIN RESEARCH THEMES

The main ultrasonic research actions concentrate in particular on the development of
inspection methods based on phased array transducers or simulation methods technology.
The following are examples of developments :
- the FAUST system (Focusing Adaptive UltraSonic Tomography), an ultrasonic system

prototype to monitor the ultrasonic field of a phased array transducer (ref. 1),
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- a smart contact transducer the main purpose of which is contact-based inspection of
complex shaped components such as small elbows. It has a real-time self-adaptive function
that matches the ultrasonic field to the shape of the component (ref. 2),

- a phased array ultrasonic transducer to inspect primary nozzles with complex shapes and
coarse grain structure material in order to detect and measure planar defects (ref. 3),

- means of simulation and modeling inspection of parts with complex shapes, integrated into
the CIVA software developed by CEA for several sectors of industry (nuclear industry,
aeronautics, etc.).
IRSN participates mainly in simulating complex shaped components and coarse grain
materials, and more recently in integrating real defects. Most of IRSN’s participation is
dedicated to validating models and to defining validations protocols based on experiment
(ref. 4),

- a prototype phased array transducer for the examination of concrete structures (ref. 5).

The developments underway in eddy current methods concern mainly :

- the development of flexible multi-element eddy current probes with a high signal-to-noise
ratio, designed to examine complex shapes (for example detection of fine cracks in Inconel
600 structures affected by stress corrosion),

- simulation (ref. 6).

A FEW EXAMPLES OF RESEARCH

Inspection of complex shape parts using a smart contact transducer

In most cases, ultrasonic examinations conducted on nuclear installation components
generally prove to have acceptable performances for detection, identification and sizing of
defects and their performances are confirmed at the end  of methods qualification.
In some rarer cases, the performances may not be achieved by conventional ultrasonic
examination methods on complex shaped components (small elbows, small nozzles, etc.) or
on components with surface irregularities caused by weld crown or repairs, as shown in
Figure 1. The difficulties may also be aggravated by the presence of coarse grain materials.

Figure 1 – Complex shaped components
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For these reasons, IRSN has undertaken demonstrative and incitive research aimed at
developing a prototype smart contact transducer with the specific capability of adapting the
transmitted acoustic beam to the shape of the component in real-time.

The operating principle of the smart contact transducer and the related multi-element control
system for a 3-D configuration is shown in Figure 2. They comprise :

- For the transducer part :
- an array of small piezoelectric elements arranged on a flexible surface,
- an internal instrumentation adapted to the real-time measured distortion of the flexible

piezoelectric surface and corresponding to the profile of the part,
- For the sensor’s multi-element control system :

- the Multi 2000 system (ref. 7), many functions of which are the result of research work
initiated by IRSN, to develop a prototype multi-element ultrasonic examination system
(ref. 1), that is now industrialized and used in several sectors of industry (nuclear
industry, aeronautical construction, tube manufacturing, etc.).
This system ensures :
- processing of profilometer measurement data for real-time application of delay laws

adapted to each piezoelectric element of the array in order to produce an optimized
beam,

- inspection imaging.

Figure 2 – The smart contact transducer principle
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Correct operation of the 2D and 3D prototypes has been demonstrated. As shown in Figure 3,
defect detection and sizing by this ultrasonic method become possible in areas where
conventional ultrasonic examination is impossible. On the picture in Figure 3 b, tip
diffraction detection and sizing of the planar defect are very well ensured, whereas when there
are no delay laws (Figure 3 a) or when using a planar contact probe, no defect detection is
possible.

(a)

(b)
Figure 3 - Inspection of tilted notches located below the planar and irregular parts of the

complex profile mock-up using the flexible phased array. Specimen and defects geometry and

B-SCAN images using static acquisition mode (a), adaptive mode (b).

The smart contact transducer is now in the industrialization phase.
Figure 4 shows a concrete example of this new technique. In this illustration, it is being used
to examine repaired pipes that have a highly irregular surface. This case of application studied
by CEA for EPRI is described in ref. 8.
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Figure 4 - Mockup provided by EPRI

Simulation research to predict ultrasonic inspection performances

CEA is currently developing a software tool named CIVA that takes into account the
simulation needs of NDTs specified by the various sectors of industry  such as nuclear
industry, aeronautics, metallurgy, etc. This simulation software integrates the ultrasonic and
eddy current techniques and should soon also include radiographic techniques.
IRSN wanted to use this simulation tool for its own needs in order to be able to assess the
performances of examinations methods and to estimate insofar as possible their limits of use
as support for the expert assessment it is currently carrying out for the Nuclear Safety
Authorities.
These simulation developments mainly concern cases of application to nuclear installation
components, for which validation on mock-ups are systematically performed.
Two cases of the use of ultrasonic simulation studied and described in more detail in ref. 4)
are presented. The first concerns simulation of examinations of complex shaped components.
The second concerns simulation of ultrasonic examination of thick components such as
reactor vessel shell rings and takes into account the tilt and skew effect of defects in the
components.

Simulation of ultrasonic contact inspection of complex surface components
Ultrasonic contact examination of complex shaped components using standard transducers
such as  Krautkramer WB45 and WB60 that generate 45° or 60° transverse waves may cause
serious degradation of performances in cases where coupling between the part and the probe
is difficult. This may impair detection or cause serious distortion of the acoustic beam
generated in the part, as shown in Figure 5.

Gérard CATTIAUX, IRSN (France) et al.
IRSN non-destructive testing research relating to the ageing of nuclear installations



4 mm

28 mm

T45°

Planar surface Irregular surface near the weld

Coupling 

layer
Xi

T42° T55°

= tilt angle of the wedge

Figure 5 – Beam splitting induced by the presence of a hollow surface

Moreover, as shown in Figure 6, the shape of the inner face of certain components may
present particularities that complicate defect detection and analysis.
The examination performances can of course be determined on mock-ups with artificial
defects, however this method rapidly becomes very costly. This led IRSN to undertake
simulation studies to predict the examination performances for the most varied cases likely to
occur. For this purpose, mock-ups containing artificial planar defects were manufactured in
order to validate the simulation models.

Planar surface profile

Complex backwall

Complex surface and backwall

Planar backwall

Complex surface profile

3
2
 m

m

3
5
 m

m

2
9
 m

m

Planar surface profile

Complex backwall

Complex surface and backwall

Planar backwall

Complex surface profile

3
2
 m

m

3
5
 m

m

2
9
 m

m

Figure 6 - Examples of machined mock-up of complex surface dedicated to experimental

validation of contact inspection simulations

The description of the examination (shape of the part ; probe characteristics ; description of
the defects) is defined using the simulation software or CAD software. Thus, simulation can
be used to produce images and predict the ultrasonic responses obtained on the defects
(amplitude, detection of tip diffraction signals at the top of cracks). It takes account of :
- transducer-part coupling and the presence of a water gap,
- interaction of the beam with the defined defect,
- bottom geometry.
Figure 7 shows a simple case of inspection simulation using 45° transverse ultrasonic waves
on a part with a complex outer profile and a planar inner profile, containing holes and electro-
eroded notches.
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Figure 7 - Simulation of complex surface mock-up inspection with WB45 probe

Comparison with experiment

The simulation results obtained are comparable to those obtained from experiments on mock-
ups and the effects of the complex geometry are correctly predicted.

Simulation of ultrasonic inspection of thick components ; assessment of the tilt and skew
effect of defects

The second example of simulations performed, concerns inspection of thick components such
as nuclear reactor vessel shell rings, performed with immersed focused transducers. Mock-ups
representing the components concerned were produced and planar defects between 6 and 25
mm high were introduced into the outer skin, below the cladding and in the base material
itself. Some of these artificial defects have a small ligament and are slightly disoriented so as
to study the effect of disorientation on the detection and sizing performances. Figure 8 shows
a diagram of a mock-up used.
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Figure 8 - Example of mock-up for ultrasonic simulation in shell components

Figure 9 shows an example of simulation on this type of mock-up with the most frequent
imaging produced to interpret the results. The figure shows both the results obtained from
mock-up experimentation and those obtained by simulation. The defects used are planar
defects penetrating through to the outer wall. They are perpendicular and disoriented by 10°
(tilt angle) on a 250 mm mock-up. The comparison between experimentation and simulation
in terms of echo amplitude prediction, including at the top of planar defects, is very good .
This demonstrates that the examination simulation tool is capable of predicting the
examination performances for defects of different heights, including disoriented defects.
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Figure 9 - Simulated and experimental results for the inspection of a planar mock-up with

different height vertical and tilted notches
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Similar acquisitions and simulation were also performed on sections of piping in order to
validate the models on small diameters (ref. 4).

Research in the field of eddy currents testing

Development of a prototype flexible eddy currents probe

The need for development and improvement has also been expressed in other fields than
ultrasonics. These needs are generally brought to light by unfavorable operating experience
observed internationally or in nuclear facilities of all categories. These needs are identified in
the eddy current NDT fields, and as for the ultrasonic field they concentrate on :
- Examination of complex shaped parts of components where very small defects must be

detected with a strong signal-to-noise ratio.
- Simulation, to estimate the operating limits of the probes, including on extremely narrow

defects.

For the new eddy current probe technologies also developed to meet aeronautical industry
needs, research is under way to develop new flexible technologies adaptable to the geometry
of complex shaped components with very small curvature in thickness ranges of 4 to 6 mm.
Examples of possible applications :
- Steam generator tubes expansion transition areas,
- Parts of Inconel 600 components or others affected by stress corrosion cracking,
- Parts of components affected by thermal fatigue-induced cracking in thickness ranges

compatible with eddy current methods.

Prototypes of flexible probes have been tested on sections of 316L pipes representative of
reactor residual heat removal pipes (RHR). These pipe sections have been subjected to
heating cycles in order to create cracking and crazing induced by thermal fatigue. Defect
opening occurs within a range from 200µ to 15-20µ.
Figure 10 below is a photograph of the inner part of this section of piping showing its
network of cracks along with the C-scan image obtained using eddy current examination of
the cracked area during the inspection of the inner face.
All major cracks show a very good signal-to-noise ratio. The crazing corresponding to
relatively narrow cracks (around 20 ) also shows signal-to-noise good conditions.
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Figure 10 – Sections of cracked piping and eddy current

 C-scan mapping obtained using a flexible probe

Figure 11 below shows one of these prototype demonstration probes.

Figure 11 – Prototype of a flexible eddy currents probe

Finally, among the various concrete cases of application of the demonstrative development,
IRSN selected a real configuration corresponding to a case arising from international
operating experience. This case shows cracks at a weld on a vessel bottom head penetration in
the South Texas plant in the United States. This case, described in ref. 10, and extracted from
the NRC ADAMS database, is illustrated in Figure 12.
The objective of this development is to demonstrate the technical feasibility of an eddy
current examination, with a flexible probe prototype, on the surface of the weld whose shape
varies constantly due to the presence of small curves, and hence to obtain a high signal-to-
noise ratio capable of detecting the smallest cracks.
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Figure 12 –  Example of possible application of an eddy current probe on a flexible support
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CONCLUSION AND PROSPECTS

Within the framework of the technical expert assessment performed by IRSN for the nuclear
safety authorities, it is frequently noted that NDTs are not always suitable for detecting, sizing
and identifying all defects likely to occur in materials, in particular complex shaped
components, coarse grain components or complex shaped defects. Moreover, the materials of
components which are difficult to examine may be affected by degradation phenomena due to
ageing of nuclear installations.
This has led IRSN to undertake demonstrative and incitive studies aimed at developing new
prototype probes adapted to these difficult cases, and also to contribute to the development of
simulation models for specific examinations in the nuclear sector so as to produce simulation
tools providing technical assessment assistance that will help in assessing the performances
and limits of the methods concerned.
This upstream research, which has no ambition to replace research undertaken by the
operators, enables among others to upkeep and enhance the institute expert assessment
competences independently of the operator, by providing expert assessment assistance tools.
Finally, as concerns the ageing of nuclear installations, this demonstrative and incitive
research should help to find solutions to the most difficult technical problems for which
technological solutions will absolutely have to be proposed in the near future.
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1. Origine du besoin de qualification

Lors du démarrage des grands programmes de construction des centrales nucléaires, la

codification de l'inspection en service s'appuyait sur la pratique des END dans le contrôle de

la construction. Cependant, des problèmes liés à la non-harmonisation des méthodes entre

fabrication et inspection en service sont apparus lors des "points zéro". En effet, en fabrication

les contrôles sont principalement destinés à vérifier une non dérive des procédés; les contrôles

de "point zéro" ont pour objet de fournir une référence pour les méthodes utilisées en service.

Suite à des études de mécanique de la rupture, des recommandations sur la taille des défauts à

détecter par les END ont été éditées en 1976 et 1982. Pour apporter la démonstration que les

examens par ultrasons avaient la capacité de satisfaire ces recommandations, plusieurs

programmes internationaux d'évaluation se sont succédés. On peut citer HSST (Heavy Steel

Section Tests), PISC 1 (Programme for the Inspection of Steel Components) initié par les

Etats Unis, DDT (Defect Detection Trial) par la Grande Bretagne puis PISC 2 et 3 proposés

par le centre de recherche de la Commission Européenne (JRC) et l'OCDE. Pour ces

programmes, des maquettes représentatives de certaines parties de la cuve, contenant des

défauts intentionnels ont été examinés par des organismes pratiquant les END aux USA, au

Japon et en Europe. Les équipes participantes appliquaient les méthodologies des codes

utilisés et avaient la possibilité d'utiliser d'autres procédures qui leur semblaient plus

appropriées. Les maquettes ont ensuite été découpées afin de caractériser les défauts et de

vérifier les conclusions des différents participants.

Les résultats ont révélé les insuffisances des codes ou de certains organismes mais aussi

l'existence de pratiques capables de classer correctement les défauts.

Les conclusions de ces tests ont poussé certaines autorités de sûreté à recommander une

démonstration formelle des performances des procédés utilisés dans le but de vérifier la bonne

adéquation de celles-ci avec les défauts craints.



A partir de ce besoin, les modalités réglementaires mises en place dans les différents pays

concernés pour apporter ces démonstrations ont pris différentes formes. Travaux européens en

matière de qualification

2. Travaux européens en matière de qualification

Deux démarches ont été menées conjointement, l’une par les exploitants et l’autre par les

autorités de sûreté.

En premier lieu, les exploitants se sont regroupés au sein de l'European Network for

Inspection Qualification (ENIQ). Les membres du comité de direction représentent les

exploitants des pays suivant : France, Allemagne, Royaume Uni, Belgique, Italie, Suède,

Finlande, Espagne, Pays Bas, Suisse. D'autres organisations comme des fabricants ou des

sociétés d'ingénieries ont participé aux travaux. La Commission Européenne est représentée

par le "Joint Research Center" (JRC). Les autorités de sûreté ont délégué un observateur. Les

travaux de cette structure ont débouché sur la publication en 1996 d'un document intitulé

"European Methodology for Qualification of non-destructive Testing". Ce document décrit les

principes de qualification retenus, la conduite du processus de qualification, la constitution du

dossier et la responsabilité des différents acteurs.

En parallèle, le groupe de travail des autorités de sûreté (NRWG) de la communauté

européenne, décide en 1992 de mettre en place une "Task Force" avec pour mission d'établir

une vision commune sur les le processus de qualification des END. Les mêmes pays que ceux

participants à l'ENIQ se trouvent représentés. Les travaux de ce groupe de réflexion sont

présentés en 1996 dans le document "Common position of European regulators on

qualification of NDT systems for pre- and in-service inspection of light water reactor

components". Ce document reprend un découpage similaire à celui de l'ENIQ en plaçant les

exigences dans un contexte de sûreté. On notera que l'importance relative des différents

éléments du processus de qualification n'est pas strictement la même selon le document

considéré.

Pour vérifier la faisabilité de la méthodologie proposée, l'ENIQ a engagé une étude pilote

(ENIQ Pilot Study) sur la base de deux séries de tests (en aveugle ou non) sur des maquettes

comportant des défauts. Les modalités de cette étude et les conclusions ont fait l'objet d'un

document de la Commission Européenne en décembre 1999. Cette étude démontre le bien

fondé de la méthodologie mais souligne les problèmes de représentativité des défauts

implantés dans les maquettes par rapport aux conditions réelles d'inspection en service. En

effet plusieurs cas d'écarts entre le processus de qualification et les tests représentatifs

d'inspections ont été constatés. Il est souligné la grande attention à porter aux paramètres

ayant une influence sur les performances du contrôle
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3. Référentiel réglementaire français

L'objectif fixé par la réglementation (arrêté du 10 novembre 1999 relatif à la surveillance de

l'exploitation du circuit primaire principal et des circuits secondaires principaux des réacteurs

nucléaires à eau sous pression) est d'obtenir la démonstration que la méthode d'END utilisée

sur une zone donnée a les performances suffisantes pour détecter et caractériser les

dégradations craintes ou déjà observées.

L'article 8 de l'arrêté introduit cette notion de qualification pour les procédés d'END employés

en exploitation. Il précise que cette qualification doit être

« prononcée par une entité choisie par l'exploitant. L'exploitant présente au directeur général

de la sûreté nucléaire et de la radioprotection une justification probante de la compétence de

l'entité qui prononce la qualification, et de son indépendance ».

Il stipule que

« L'entité de qualification choisie doit être accréditée par le Comité français d'accréditation

ou un organisme d'accréditation reconnu équivalent ».

Les personnels effectuant ces END

« doivent être certifiés par un organisme indépendant habilité au titre de la réglementation

relative aux appareils à pression ».

Une circulaire d'explication de l'arrêté décrit trois types de qualification en fonction de la

connaissance de la dégradation

- Qualification de type spécifique, dans le cas d'un mode d'endommagement avéré

conduisant à un défaut déjà observé,

- Qualification de type général pour un mode de dégradation présumé nécessitant

des hypothèses sur la description du défaut,

- Qualification de type conventionnel pour des zones pour lesquelles aucune

dégradation n'est suspectée et qui consiste à décrire les performances de la

méthode utilisée

Enfin, pour permettre l'utilisation d'examens susceptibles d'apporter des éléments de

caractérisation complémentaires dans l'instruction d'un dossier d'écart, la réglementation

introduit la notion d'expertise.

4. Déclinaison de l'exigence de qualification

Le processus de la qualification des examens non destructifs décrit dans le code "Règles de

Surveillance en Exploitation des matériels Mécaniques des îlots nucléaires des Réacteurs à

eau pressurisée (RSEM) repose sur plusieurs phases distinctes :

 La formalisation des exigences de l’Exploitant,

 La présentation de la démarche de qualification à l'Entité de qualification,

 Les études et expérimentations nécessaires à l'établissement d'un dossier de synthèse

requis par la réglementation,

 L’examen du dossier de qualification par la L'Entité de qualification, et établissement de

l'attestation de conformité en cas de démonstration de bonne adéquation de la méthode

proposée avec le besoin exprimé dans le cahier des charges,
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 La décision de mise en œuvre du procédé par l’exploitant,

 Le retour d'expérience.

Quelques éléments méritent un développement particulier.

4.1. L'entité de qualification

L'exploitant EDF a mis en place une Commission de qualification comprenant des experts

issus de différentes entités d'EDF et extérieurs à EDF. Cette Commission est définie en tant

qu'organisme d'inspection interne de type B au sens de la norme EN 45004 et accréditée par le

Comité Français d'Accréditation (COFRAC) sur la base de ce référentiel le 1
er

 juin 2002.

La commission de qualification intervient à différentes étapes du processus. Elle se prononce

en particulier :

 sur la représentativité des maquettes utilisées (circulaire de l'article 8 de l'arrêté du 10

novembre 1999) ;

 sur la démarche proposée par l'entité conceptrice.

En final elle réalise un examen de conformité de l'application considérée vis à vis des

exigences du cahier des charges  fonctionnel sur la base :

 du sommaire du dossier de qualification,

 de la synthèse de qualification qui comporte le traitement des paramètres essentiels et les

fiches de performances,

 de la procédure de contrôle,

 du rapport de surveillance des essais de qualification.

Cet examen est sanctionné par la délivrance d'une attestation de conformité.

4.2. Le cahier des charges fonctionnel

Le cahier des charges fonctionnel est le document de référence utilisé par l’entité conceptrice

(donnée d’entrée) pour constituer le dossier de qualification. L’exploitant y formalise les

exigences fonctionnelles de qualification des END ou des contrôles non destructifs de

réparation en fonction du type de qualification.

Le cahier des charges définit en particulier :

1. Le composant et ses caractéristiques telles que les données matériaux et de fabrication, les

caractéristiques géométriques des parties concernées par la qualification.

2. La zone soumise à l’examen et son étendue.

3. Les dimensions du défaut recherché (longueur, hauteur ouverture), son orientation et si

possible sa forme (qualifications spécifique et générale) ou la méthode d’examen à mettre

en œuvre (qualification conventionnelle).
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5. Avancement du programme

On peut rappeler que ce processus de qualification s'applique à toutes les techniques mises en

œuvre dans le cadre du programme de maintenance du circuit primaire principal et des

circuits secondaires principaux des réacteurs à eau pressurisée du parc nucléaire français

A ce jour la Commission de qualification a émis 40 attestations qui se répartissent selon les

techniques de la manière suivante :

- Ultrasons 19

- Courants de Foucault 10

- Radiographie 6

- Examens surfaciques 5

Ce programme de qualification basé sur une liste de contrôles établie à la parution du texte

réglementaire sur la base du programme de maintenance appliqué à cette date doit se terminer

fin 2005.

Par la suite , la phase de fonctionnement normale consistera à instruire la qualification de

nouvelles méthodes dont la nécessité résulte de besoins nouveaux, ou de reprendre la

qualification d'examens à la suite du retour d'expérience.

6. Les apports de la qualification

Même si ce processus a pu apparaître lourd dans sa mise en œuvre car s'écartant des pratiques

habituelles, il a provoqué une réflexion sur les attentes du contrôle par une meilleure

définition des objectifs des procédés d'essais non destructifs en termes de zone à contrôler, et

caractéristiques du défaut recherché.

Par ailleurs, l'adéquation des performances des contrôles avec le besoin est vérifiée par une

commission d'experts sur la base d'un dossier de démonstration qui a pris en compte les

paramètres ayant une influence sur les paramètres du contrôle. De ce fait, les modes

opératoires sont mieux encadrés.
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Technical evolutions induced by the qualification process for non
destructive testing methods

C. Birac, Ph. Benoist, J.C. Berger, P. Jardet, D. Villard
(Commission de Qualification END-CND d’EDF)

RESUME

La mise en application par EDF d’une nouvelle réglementation, l’Arrêté du 10 novembre
1999, a entraîné des évolutions significatives pour l’inspection en service des circuits primaire
et secondaire des centrales nucléaires REP.

Ces évolutions concernent l’inspection en service depuis les exigences initiales jusqu’aux
performances finales des procédés d’END.
De plus, une Commission indépendante, chargée de se prononcer sur leur qualification a
également été créée.

L’objectif de la présente communication est de :
• décrire sommairement le processus mis en place par cette Commission pour examiner

les procédés d’END à qualifier,
• dégager, à partir du bilan des qualifications prononcées, les évolutions techniques

induites sur les procédés d’END.

En conclusion, il convient d’abord de souligner que cette démarche représente, pour
l’ingénierie d’EDF et de ses sous-traitants, un effort industriel considérable.
Cette démarche renforce la connaissance des performances des procédés d’END et de leurs
limites ainsi que la maîtrise de leurs modes opératoires.

En s’appliquant aussi bien aux zones sensibles aux dégradations qu’en dehors de celles-ci, ce
processus de qualification conduit à une meilleure évaluation des dégradations et à un
renforcement de la défense en profondeur.
Il participe ainsi au maintien d’un niveau de sûreté satisfaisant pendant toute la durée de vie
des installations.



SUMMARY

The application by EDF of the new french regulation induced important evolution on the in-
service inspection of the primary and secondary circuits of PWR plants.
These evolutions concern all the ISI process from the initial requirements to the final NDT
performances obtained.
An inspection body, the Qualification Commission, has also been created in order to
pronounce qualifications.

The aim of this presentation is to :
• summarize the Commission working process to examine the qualification dossiers,
• bring out, from the pronounced qualification, the technical evolutions induces on

NDT.

To conclude we shall underline first the important industrial effort undertaken by EDF and its
subcontractors in order to perform qualification trials and obtain the related dossiers.

Sensitive to degradations areas and non-sensitive ones are both concerned by this
qualification process so that an adequate evaluation of the degradations and an enhancement
of defence in depth lead to a sufficient safety level for all the plant life.

1. LA REGLEMENTATION : UNE NOUVELLE DONNE POUR LA
SURVEILLANCE EN SERVICE

La garantie de l’intégrité des circuits primaire (CPP) et secondaire (CSP) principaux des
réacteurs à eau sous pression (REP) repose sur plusieurs lignes de défense : la qualité de la
conception et de la fabrication ainsi que la surveillance en service.

Pour ces circuits, une nouvelle réglementation, l’arrêté du 10 novembre 1999 [1], dit « Arrêté
Exploitation » conduit à renforcer la surveillance en service, notamment :

• En identifiant de nouvelles zones sensibles résultant d’analyses systématiques
de résistance à la rupture brutale avec des coefficients de marge renforcés ou
résultant d’une meilleure prise en compte des modes d’endommagement, tels
que la fatigue et la corrosion sous contrainte,

• En qualifiant toutes les applications d’examens non destructifs (END)
préalablement à leur mise en œuvre sur les circuits primaire et secondaire,

• En faisant prononcer les qualifications par une Commission indépendante de
l’exploitant et des entités conceptrices des procédés d’END.

L’Arrêté Exploitation prévoit trois types de qualification.

Dans les zones sensibles, les qualifications générales ou spécifiques sont menées avec
démonstration de performances pour des endommagements présumés ou avérés.
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En dehors des zones sensibles, dans le cadre de la défense en profondeur, les qualifications
conventionnelles sont menées en explicitant les performances.

2. LE PROCESSUS D’EXAMEN DES QUALIFICATIONS
PAR LA COMMISSION

Le rôle de la Commission de qualification est de se prononcer sur la conformité entre les
performances atteintes par les procédés d’END et les exigences initiales acceptées par
l’Exploitant.
La commission est constituée d’une douzaine d’experts dont certains sont externes à
l’Entreprise.

D’une manière générale, la Commission travaille en séances au cours desquelles les experts
examinent les dossiers de qualification présentés par les Entités Conceptrices des procédés
d’END, selon un processus comportant trois étapes principales (cf. figure 1).

Figure 1 : La Commission de Qualification des procédés d’END
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 Première étape

L’Entité Conceptrice présente à la Commission :
• les exigences fonctionnelles de l’Exploitant : zone à inspecter, dimension du

défaut à rechercher, …
• la démarche de qualification pour atteindre ces exigences,
• les justifications techniques du procédé développé,
• les maquettes utilisées pour vérifier les performances sur la base d’essais de

qualification.

 deuxième étape

Quand la qualification comporte des essais de qualification et qu’elle est sous-traitée, ce qui
est majoritairement le cas, les documents présentés sont essentiellement :

• la procédure d’examen et le programme d’essais de qualification, établis par le
titulaire du contrat de sous-traitance,

• le programme de surveillance des essais, réalisé par l’entité conceptrice du
procédé.

Pour sa part, la commission examine ces documents et vérifie l’efficacité de cette
surveillance.

 troisième étape

Au cours de cette troisième étape, le dossier de qualification final est examiné. Il comprend
notamment la synthèse de la qualification où figurent les principaux éléments de
démonstration de performance, ainsi qu’une fiche (de performances) qui résume les
performances atteintes et précise les principales limites du procédé d’END mis en œuvre.
Au final, la qualification est prononcée avec ou sans réserve ou refusée.

Ce Processus technique d’examen des qualifications constitue la méthode d’inspection de la
Commission en tant qu’organisme d’inspection au sens des normes ISO 17020/EN 45004.
Depuis 2002, la Commission est accréditée par le COFRAC et reconnue par l’Autorité de
Sûreté Nucléaire.

En début 2005, sans compter les révisions de qualifications, la Commission a émis une
quarantaine d’attestations de qualification qui se répartissent en fonction des techniques
d’inspection en service et des types de qualification de la manière suivante :

TYPE DE QUALIFICATION
TECHNIQUES Spécifique Général Conventionnel
Ultrasons 4 6 6
Courants de Foucault 10
Radiographie 3 2
Surfaciques 1 3
Total 15 9 11
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3. LES EVOLUTIONS DES PROCEDES D’END
DUES A LA QUALIFICATION

3.1. La problématique des évolutions

Cette présentation s’attache principalement à traiter des apports techniques, induits par la
qualification, des procédés d’END, au sens de l’Arrêté Exploitation.
Auparavant, il convient de préciser un certain nombre de notions.

En premier lieu, la notion de « qualification » : la qualification garantit les performances d’un
procédé sous certaines conditions (dites « limites de qualification ») dans la zone d’examen
avec un personnel qualifié.
A cet égard, bien avant la parution de l’Arrêté Exploitation, EDF avait engagé une réflexion
méthodologique dans le cadre du Code RSE-M [2] et participé à plusieurs programmes
européens dont le PISC et l’ENIQ [3].
Pour mettre en pratique le résultat de ces réflexions, EDF a, notamment, créé en 1992 une
entité d’ingénierie dédiée au développement des procédés d’END. Cette entité conceptrice a
établi les dossiers de qualification en s’appuyant sur ses sous-traitants.

En second lieu, la notion d’ « évolution d’un procédé d’END » : dès les débuts de l’Inspection
en service les procédés mis en œuvre n’ont cessé d’être modifiés pour accroître leur
efficacité : amélioration des procédés, réduction du temps d’inspection, diminution du nombre
d’artefacts, …

Pour les procédés qualifiés, ces évolutions sont généralement initiées par le titulaire du contrat
de sous-traitance. Elles se traduisent, à terme, par une révision de la qualification. Le rythme
de ces évolutions doit être adapté afin de ne pas déstabiliser le référentiel de qualification et
provoquer des effets inverses à ceux initialement recherchés. A ce jour, le quart des procédés
qualifiés a déjà fait l’objet d’une révision. Ces évolutions ne sont pas traitées dans le présent
document.

Ces notions étant définies, il est maintenant possible d’aborder les évolutions des procédés
d’END qui sont la conséquence directe de la mise en application de l’Arrêté Exploitation.

Pour respecter la réglementation, EDF a dû définir ou redéfinir les exigences fonctionnelles
pour chaque procédé d’END.

Dans le cas de nouvelles zones à inspecter, EDF a développé de nouveaux procédés d’END
qui font l’objet d’autres communications. [4] [5]

Dans le cas des zones pour lesquelles des méthodes de contrôle existaient déjà, la question de
la conformité de leurs performances par rapport aux nouvelles exigences se pose :
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• la zone à examiner est-elle totalement couverte par le procédé ?
• la sensibilité est-elle suffisante pour détecter les défauts qui présentent les

caractéristiques requises (nature, forme, dimensions, …) ?
• les critères de recette des capteurs permettent-ils de garantir la sensibilité requise ?
• les paramètres influant les performances – paramètres relatifs à la méthode

d’examen utilisée, au défaut recherché, au composant (géométrie et état de surface
-, etc.) - conduisent-ils à définir des limites en dehors desquelles les performances
sont moindres que celles exigées ?

Les entités conceptrices des procédés d’END sont nécessairement conduites à aborder cette
dernière question au moment où elles élaborent la démonstration qui permet de garantir les
performances dans la zone  à examiner.

C’est au travers d’exemples relatifs aux principales méthodes d’examen (courants de
Foucault, ultrasons et radiographie) que nous allons illustrer les évolutions techniques induites
par le processus de qualification au sens réglementaire.

3.2. Les principales évolutions des procédés d’examen par courants de
Foucault

Que ce soit dans le cadre de la qualification de procédés mis en œuvre industriellement depuis
de nombreuses années ou, pour ce qui concerne le développement de nouvelles techniques,
pour répondre à un besoin particulier, les principales évolutions induites par la démarche de
justification ont porté sur les points suivants :

- maîtrise de la reproductibilité
- relation défaut usiné / défaut présumé ou avéré

L’aspect «  maîtrise de la reproductibilité » s’est avéré central pour l’établissement des
qualifications des procédés d’examen par courants de Foucault des tubes de générateur de
vapeur existant, qu’ils reposent sur l’utilisation de sondes axiales ou de sondes tournantes. La
reproductibilité concernée porte directement sur les signaux délivrés par l’équipement
industriel au moment de l’examen (et non sur les caractéristiques des défauts déduites des
signaux…). Les échanges avec la commission de qualification ont amené l’entité conceptrice
à mettre en cohérence les grandeurs mesurées lors des différentes phases de recette des
appareils et capteurs composant l’instrumentation et les critères d’acceptation associés, avec
les performances globales affichées.
Ainsi, les modalités de recette des capteurs courants de Foucault (domaine peu couvert par la
normalisation et l’état de l’art à ce jour) ont notablement progressé pour répondre aux
objectifs.

Pour ce qui concerne le développement de nouveaux procédés dédiés à la recherche de
défauts du type fissuration par corrosion sous contrainte ou par fatigue (cas des examens par
sondes tournantes à fonctions séparées pour les zones de transition des tubes de générateur de
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vapeur, ou de l’examen des manchettes de cannes chauffantes du pressuriseur), l’utilisation de
défauts usinés implantés dans les maquettes dédiées aux essais de qualification a conduit à
s’interroger sur leur représentativité vis-à-vis des dégradations recherchées. Pour répondre au
problème posé, l’entité conceptrice a porté ses efforts sur l’établissement de relations entre les
réponses de défauts usinés et de fissures de dimensions semblables.
La démarche retenue a consisté à exploiter les données expérimentales sur défauts réels ou
représentatifs disponibles pour établir et justifier les relations. Ces relations se traduisent
généralement par la prise en compte d’un facteur d’atténuation sur l’amplitude des signaux.
Une fois les relations entre défauts recherchés et défauts usinés établies, la prise en compte
des différents paramètres influant (état de surface, géométrie locale, présence de dépôts, de
sur-épaisseur magnétique et/ou conductrice …)  dans les essais de qualification peut être
menée de façon pertinente sur des maquettes comportant des défauts usinés.

3.3. Les principales évolutions des procédés d’examen par ultrasons

Le premier exemple concerne l’influence d’un état de surface dégradé sur les performances du
contrôle ultrasonore.
C’est un phénomène qui est bien connu qualitativement ; mais une évaluation plus
quantitative a été engagée pour les besoins de la qualification du contrôle ultrasonore de la
virole de cœur des cuves des REP.
On rappelle que la surface interne des cuves est recouverte d’un revêtement d’acier
inoxydable déposé par soudage. Sur certaines cuves, un usinage est ensuite effectué. Sur
d’autres, la surface est meulée ou légèrement meulée : la surface comporte alors des sillons
résiduels entre les bandes de revêtement. Le contrôle est réalisé au moyen de traducteurs
focalisés en immersion pour vérifier l’absence de défauts sous le revêtement.
Les essais de qualification sur maquette, ainsi que la modélisation ont montré :

• en ce qui concerne la détection, une baisse de sensibilité de l’ordre de quelques dB, au
voisinage des sillons inter passes : cette baisse est sensible principalement pour les
défauts perpendiculaires aux passes de revêtement,

• en ce qui concerne l’évaluation de la hauteur des défauts, une incertitude de mesure
plus élevée lorsque le point d’impact du faisceau est situé sur un sillon inter-passes :
l’incertitude peut alors atteindre 2,3 mm pour des défauts parallèles aux passes de
revêtement, incertitude qui n’est que de 1 mm pour un état de surface régulier.

Ces résultats ont été pris en compte dans la démonstration de performances et ont permis
d’afficher de manière plus précise les performances qui peuvent être garanties dans chaque
configuration du contrôle : type de cuve, direction de sondage, position de l’indication. [6]

Le deuxième exemple concerne la difficile question de la représentativité des défauts pour le
phénomène physique concerné. La Commission s’est interrogée sur la légitimité de
représenter les fissures de fatigue par des entailles rectangulaires usinées pratique souvent
utilisée pour des raisons de simplicité de réalisation et de reproductibilité. Mais les résultats
sont-ils équivalents ?
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Si l’on s’attache aux phénomènes de réflexion spéculaire ou à l’effet de coin (pour la
détection des défauts, par exemple) toutes les études montrent que les résultats obtenus sur les
entailles et sur les fissures sont très voisins. Mais si l’on s’intéresse aux phénomènes de
diffraction, utilisés pour évaluer la hauteur des défauts par exemple, les conclusions doivent
être nuancées car le profil du fond de la fissure devient un paramètre à considérer.

Il est en effet nécessaire que sa courbure soit assez faible pour que les contributions locales de
l’écho de diffraction soient en phase sur une longueur suffisante. Les études menées lors de
qualification ont conclu que le fond de la fissure peut être assimilé à une droite parallèle à la
surface si les écarts de parcours ultrasonore dus à la courbure sont inférieurs au quart de la
longueur d’onde, sur une longueur correspondant à la largeur du faisceau. Dans ces
conditions, vis-à-vis du profil du défaut, les phénomènes de diffraction sur fissures et entailles
peuvent être considérés comme équivalents.
Ces conclusions ont permis aux entités conceptrices de mieux définir les cas pour lesquels les
performances évaluées sur  des entailles rectangulaires, peuvent être garanties sur des fissures.

3.4. Les principales évolutions concernant les procédés d’examens par
radiographie

Pour la qualification d’une application radiographique existante, l’apport technique de la
démonstration ou l’explicitation des performances, porte essentiellement sur la justification
technique. Elle consiste en l’analyse  des paramètres influents, et précise  les limites à
l’intérieur desquelles la performance est revendiquée.

Ces limites sont la conjugaison des paramètres liés :
• à la pièce (matériaux, dimensions, forme),
• au défaut (forme orientation, dimensions, situation dans l’épaisseur),
• au procédé (fixés par la procédure qui précise les conditions de la mise en œuvre,

telles que les caractéristiques requises pour le radiogramme, la densité, le
recouvrement, les indicateurs de qualité d’image et d’efficacité du blocage),

• à l’environnement (accès, rayonnement parasite, température).

Associée au retour d’expérience, cette justification technique doit permettre de préciser les
conditions indispensables pour atteindre la performance revendiquée dans la zone à surveiller.

Dans le cas de l’examen de la zone de liaison bimétallique des tubulures de cuve, des essais
sont réalisés sur des maquettes qui prennent en compte le désalignement du rayonnement par
rapport au défaut plan recherché et le gradient d’épaisseur.

Ces essais ont montré qu’un défaut plan, situé sur le cône déterminé par le chanfrein, est
détecté avec une densité et un contraste suffisants, quelle que soit la position du défaut dans
l’épaisseur de la paroi.
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Ils ont confirmé la nécessité d’une densité élevée du radiogramme pour la détection d’un
défaut fin, et une importante sensibilité du désalignement entre le plan du défaut et le
rayonnement.

D’autres applications ont fait appel au code de calcul MODERATO [7], lequel permet de
prédire la formation d’une image (visible par l’opérateur) dans des conditions paramétriques
choisies. Les essais peuvent ainsi être limités à ceux nécessaires à des validations ou des
confirmations.

L’étude des paramètres influents a établi l’importance de la mise en œuvre dans les
applications gammagraphiques, en particulier pour assurer la densité du radiogramme, et la
précision de la position de la source en cours d’exposition.

4. DISCUSSION ET CONCLUSIONS

La mise en application par EDF d’une nouvelle réglementation, l’arrêté du 10 novembre
1999, a entraîné des évolutions significatives pour l’inspection en service des circuits primaire
et secondaire des centrales nucléaires REP.

Ces évolutions concernent l’inspection en service depuis les exigences initiales jusqu’aux
performances finales des procédés d’END.

Il a également été créé une commission indépendante chargée de se prononcer sur la
qualification de ces procédés.
Depuis 2002, la Commission est accréditée par le COFRAC et reconnue par l’Autorité de
Sûreté Nucléaire.
Début 2005, la Commission avait émis une quarantaine d’attestations de qualification sans
compter les révisions de qualifications.

Sur le plan technique, il convient de souligner l’effort considérable accompli par EDF et ses
sous-traitants, pour :

a. réaliser les essais de qualifications,
b. revisiter et élaborer les dossiers de qualifications, présentés à la Commission.

Cet effort s’est traduit principalement par les apports techniques suivants :
• une meilleure définition des objectifs des procédés d’END en termes de zones

à examiner et de caractéristiques du défaut à rechercher,
• une meilleure maîtrise des modes opératoires des procédés de contrôle,
• un accroissement notable dans la connaissance des performances des contrôles

et de leurs limites, garanties sur la base d’un dossier de démonstration.
• une validation technique de ces performances par des experts internes et

externes à l’Entreprise.
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Au final, la plupart des modes opératoires des procédés existants ont été reconduits et sont
donc en mesure de garantir les performances exigées.
Simplement pour certains cas, dont des exemples ont été présentés dans cet article, les limites
entre lesquelles les performances sont garanties, ainsi que certains modes opératoires ont dû
être précisés.

Ce processus de qualification, qui s’applique aussi bien aux zones sensibles aux dégradations
qu’en dehors de celles-ci, conduit à une meilleure évaluation des dégradations et à un
renforcement de la défense en profondeur.
Il participe ainsi au maintien d’un niveau de sûreté satisfaisant pendant toute la durée de vie
des installations.
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 ABSTRACT:

Effective in-service surveillance of key safety-related structures, systems, and components
(SSC) is an essential aspect for ensuring the long-term safety and reliability of nuclear power
plants (NPP).  This paper presents the Canadian Nuclear Safety Commission’s (CNSC)
approach towards ensuring that licensees operate and maintain their NPPs in a safe condition.
It describes the processes and requirements in place that ensure prompt notification is given to
the regulator following the discovery of previously unconsidered ageing phenomena through
in-service and periodic inspections or through in-service failures.  The paper goes on to
describe the regulatory response towards these events, which involves requiring the licensee
to investigate the cause of the failure, re-assess the safety of the facility, adjust the controls on
plant operation and surveillance, and implement measures to monitor the condition of the
SSC.  The paper also briefly discusses the known degradation mechanisms of key CANDU
SSCs including dimensional and material changes of CANDU fuel channels, delayed hydride
cracking of CANDU zirconium alloy pressure tubes, wall thinning and cracking of carbon
steel feeder piping, degradation of CANDU steam generators, and degradation of CANDU
containment systems and structures, and describes the requirements in place to ensure
licensees sufficiently monitor the condition of these SSCs and appropriately disposition the
results of these inspections.  Finally, the paper describes the current and planned initiatives to
improve the Canadian regulatory requirements and oversight for the surveillance of critical
NPP SSCs and discusses the need to increase these efforts in order to account for the
increasing effects of degradation mechanisms as Canada’s power reactors approach their end
of design life.
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INTRODUCTION

CANDU NPPs have been supplying electricity to the Ontario power grid since 1962 and to
New Brunswick and Quebec power grids since 1983. At present, there are 20 CANDU units
in Ontario, and one unit each in New Brunswick and Quebec. Currently two units in Ontario
are in a defuelled state and three are in long-term guaranteed shutdown state – these units may
be returned to service after comprehensive upgrading and refurbishment.

Canadian CANDU NPPs had excellent reliability in their early years of operation; however,
as various effects of ageing began to accumulate, outages to address safety concerns resulted
in a reduction of the availability of some plants.  Ensuring the safety and reliability of ageing
NPPs has thus become one of the more important tasks facing both the nuclear industry and
the CNSC.

This paper deals with ageing management of Canadian CANDU NPPs from the regulatory
perspective. The paper also reviews main safety related ageing concerns and mitigation
strategies for key SSCs. It then describes Canadian regulatory approach to ageing
management and licensees’ ageing management programs. Finally, the paper indicates a path
forward involving a proactive ageing management approach.
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1. CANADIAN REGULATORY APPROACH TO AGEING MANAGEMENT

In Canada, the CNSC has been the driver for dealing with many of the ageing concerns discussed
below. In response to early signs of NPP ageing, CNSC staff implemented a “regulation-by-feedback”
process (Fig.1).  This process ensured that when component degradation was

In-service or
periodic

inspections

Indications outside
acceptance criteria

In-service
component

failure Define & Investigate:

-Failure Cause
-Degradation Cure

-Ageing Management
-Consequence of

failure

Assess Safety:
Implications on

functionality and
reliability

Adjust Controls:

-Operating constraints
-Research Models

-Inspection intervals
based on time at risk

-Mitigation measures

Develop
Rejection
Criteria
(FFSG)

Fig. 1:  Regulation by feedback process for managing component degradation

discovered, either through inspection results or component in-service failures, licensees investigated
the degradation, assessed its safety impact, and adjusted controls to mitigate further degradation.
Subsequent inspections verified the adequacy of the mitigating measures.  This process was applied on
a case-by-case basis, as new degradation mechanisms were identified.

In general, new forms of material degradation have been discovered through in-service inspections,
and occasionally through in-service failures, such as pressure tube delayed-hydride cracking (DHC) or
feeder stress-corrosion cracking (SCC).  Through operating licences, the CNSC requires licensees to
comply with in-service inspection standards, which provide extensive inspection requirements for
nuclear safety related systems.  In-service inspections have served to identify, at an early stage,
degradation of safety-critical SSCs.  Cracking on the extrados of feeder piping, discussed in section 4,
is one such degradation mechanism that was identified through in-service inspections.

Recently, staff identified the need to further augment inspection requirements for high-energy non-
nuclear safety important systems.  Failure of these systems would not have significant radiological
consequences, and therefore had not been included in nuclear in-service inspection standard; however
these systems have the potential to affect conventional worker health & safety.  CNSC staff are now
evaluating the available means to incorporate additional inspection requirements in order to ensure
that licensees are effectively monitoring the condition of high-energy conventional SSCs.

Through NPP operating licences, licensees are required to comply with Regulatory Standard S-991,
which describes extensive reporting requirements for events at NPPs. In addition, through
requirements for in-service inspections, licensees must report all in-service inspection indications that
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do not meet defined acceptance criteria. These reports allow the CNSC to remain abreast of the overall
plant condition at our licensees’ sites.

Having identified a previously unknown material degradation, staff require licensees to investigate
extensively the cause of the failure, and to assess the implications of this failure on overall plant safety
and on the existing safety case. Similar systems, which may be subject to this form of degradation,
must also be inspected.  Both staff and licensees use the information from these investigations to make
a risk-informed decision whether to continue operation of the plant.  This information is also shared
with other operators to ensure that they also remain abreast of recent developments in reactor ageing.

Licensees are required to examine and implement measures to reduce the likelihood of further failures.
In general, these measures may include increased surveillance, operating constraints such as reduced
channel power limits, research projects and mitigating measures such as chemistry control.  The
approval to restart is granted only when the CNSC staff are satisfied that the licensee has a clear
understanding of the causes of the degradation and that appropriate measures to mitigate further
failures have been implemented.

Taking into account the information gained from the studies described above, rejection criteria for
future inspection indications are also developed.  These criteria are specified in Fitness-for-Service-
Guidelines (FFSG).  FFSGs include the maximum indication size for flaws based on the predicted
inspection interval.  This maximum size is based on the predicted growth rate of the flaw and ensures
that the flaw will not propagate to failure prior to its next inspection.

The knowledge gained through these studies is used in the development of ageing models and
modeling methodologies to predict component lifetimes.  The operating histories of failed components
also aided in determining the projected service life of similar components.  As new failures occurred,
it was recognized that a more preventive approach towards component ageing was also needed.

The CNSC has not issued explicit regulatory requirements on ageing management. However, a
number of age-related regulatory requirements are included in the following regulatory documents:
Class I Nuclear Facilities Regulations2 (requiring licensees to describe “the proposed measures,
policies, methods and procedures for operating and maintaining the nuclear facility”); R-7,
Requirements for Containment Systems for CANDU Nuclear Power Plants3, R-8, Requirements for
Shutdown Systems for CANDU Nuclear Power Plants4, and R-9, Requirements for Emergency Core
Cooling Systems for CANDU Nuclear Power Plants5 (requiring that safety systems are available to
operate when called upon); regulatory standard S-98, Reliability Programs for Nuclear Power Plants6

(requiring  development of system availability limits and minimum functional requirements, and
description of the inspection, monitoring, and testing activities designed to ensure system availability);
specific conditions of an NPP operating license.

In order to address ageing, the licensees are required to inspect and perform material surveillance
according to the technical requirements of CSA standards N285.47 (Periodic inspection of CANDU
nuclear power plant components), N285.58 (Periodic inspection of CANDU nuclear power plant
containment components), and N287.79 (In-service examination and testing requirements for concrete
containment structures for CANDU nuclear power plants). These requirements include inspection
techniques, procedures, frequency of inspection, evaluation of inspection results, disposition, and
repair.
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Maintenance programs are required for the purpose of limiting the risks related to the failure or
unavailability of any significant SSC. For so-called “destiny components” (pressure tubes, feeder
piping, and steam generator tubes), in addition to the standards’ minimum requirements, the CNSC
requires NPP licensees to develop fitness-for-service guidelines and life cycle management
plans/programs.

2. LICENSEES’ AGEING MANAGEMENT PROGRAMS

By the end of the 1980’s licensees had programs in place related to ageing, however they had not yet
adequately integrated them into a comprehensive and systematic ageing management strategy.  As a
result, in 1990, CNSC Staff requested licensees to demonstrate that:
• potentially detrimental changes in the plant condition are being identified and dealt with before

challenging the defense-in-depth philosophy;
• ageing related programs are being effectively integrated to result in a disciplined overall review of

safety;
• steady state and dynamic analyses are, and will remain, valid;
• a review of component degradation mechanisms is being conducted;
• reliability assessments remain valid in light of operating experience; and
• planned maintenance programs are adequate to ensure the safe operation of the plant.

CNSC staff recommended that the licensees use the International Atomic Energy Agency (IAEA)
guideline “Implementation and Review of a Nuclear Power Plant Ageing Management Programme”10

as an appropriate framework for such a program.  As a result of the above request, the Canadian
nuclear industry put systematic ageing management programs in place that were based on the IAEA
guidelines.  The specific processes and procedures developed in support for the ageing management
plant varied from licensee to licensee, though a summary of the general approach is presented below.

Using the guidance provided by the IAEA documents11, licensees undertook efforts to identify gaps in
their operating policies and procedures with regards to the ageing management of critical components.
Initially the licensees focused on the selection of critical components.  Most licensees decided to
incorporate economically “critical” components as well as the safety critical ones into an overall plant
life management program, the remaining focused only on those components critical to safety.  The
CNSC supports either approach provided the safety critical components are sufficiently addressed.

Programs were developed that considered the known degradation mechanisms of the selected
components.  Licensees also considered operating experience to ensure that all mechanisms that had
previously caused failures were addressed.  The programs already in place to deal with known
degradation mechanisms were evaluated to determine their effectiveness.

Coincident with the above activities, licensees developed, on their own or in conjunction with the
plant designer, generic procedures for evaluating component and system ageing.  Along with these,
condition assessments of the major plant components were and are being performed.  These
assessments evaluated the feasibility, from a safety standpoint, of continued use of the components.

CNSC staff recognize that the current level of licensees’ ageing management effort may need to be
further augmented in order to ensure plant safety as Canadian NPPs continue to age.  This will require
strengthening the role of proactive ageing management utilizing a systematic ageing management
process.  Section 5 describes some initiatives that the CNSC is undertaking to address this concern.
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3. AGEING CONCERNS IN CANDU NUCLEAR POWER PLANTS

This section presents in Table I an SSC-oriented summary of main ageing concerns that challenge
CANDU plant safety as it ages; some of these concerns are unique to CANDU and some are
applicable to nuclear plants in general.

TABLE I:  Summary of Ageing Concerns in CANDU Power Plants

  Component
Degradation Mechanisms

& Effects
Safety Concern

Regulatory

Requirements
Mitigation Strategies

Pressure tube (PT)

Irradiation-enhanced
deformation of PT (sag,

axial creep, diametral
creep & wall thinning),
DHC, material property

changes

Failure of PT,
(small LOCA),

inadequate fuel
cooling

N285.4-95
FFSGs,  Life cycle

mgmt plan

Design/material/manufac
turing improvements

(replacement PTs),
chemistry control,
improved leak detection,

trip set-point reductions,
inspection

Calandria tube (CT)
Irradiation-enhanced
deformation of CT: sag

Impairment of SDS
2 (LISS nozzles)

PROL License
Condition 3.5

CSA N285.4

Monitor CT-nozzle
interference, reposition

nozzle, replace FC

Feeder pipe

Wall thinning due to Flow

Accelerated Corrosion,
Stress Corrosion Cracking,
H-assisted low-T creep

cracking

Failure of feeder

pipes (small
LOCA), primary
coolant leakage

CSA N285.4

FFSGs, Life cycle
mgmt plan

Chemistry control,

addition of chemical
inhibitors, repair/replace,
inspection

Steam generator
tubes and heat

exchangers

Corrosion (SCC, IGA,
pitting, wastage), fretting,

denting, erosion, fouling

Tube leaking or
rupture, possible

releases

CSA N285.4
OP&P Limits,

FFSGs,  Life cycle
mgmt plan

Inspection and tube
plugging.  Chemistry

control, water-lancing
and secondary side
chemical cleaning,

installing additional bar
supports to reduce
vibration

HTS

Surface roughening and
fouling due to magnetite
deposition

Increased reactor
inlet temperature,
flow redistribution

R-8, ROP/NOP trip
setpoint reduction

Primary side cleaning,
alternative flow
measurements,

condition monitoring

PVC cable

Radiation and
temperature-induced
embrittlement

Insulation failure
leading to current
leaks and short

circuits

R-7. R-8, R-9, L.C.
7.1

Develop effective EQ
programs, procedural
controls, test plans,

visual inspection

Containment

structure

Thermal cycling, periodic

pressurizing, fabricating
defects, stress relaxation,
corrosion, embrittlement

Loss of leak

tightness, structural
integrity leading to
possible releases

CSA N287 series,

CSA N285.5, R-7

Pressure testing, visual

inspections, concrete
coating

Reactor assembly
Corrosion (SCC), erosion,
fatigue, creep,

embrittlement

Loss of moderator
containment,

shielding

CSA N285.4
Visual inspection, leak
monitoring, lifetime

predictions
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Fig. 2:  Schematic of a CANDU fuel channel

A distinct feature of the CANDU reactor is that heat generation occurs in 380-480 horizontal Zr-Nb
pressure tubes (PTs), rather than a large pressure vessel (Fig.2).  There are three significant pressure
tube degradation mechanisms: irradiation-enhanced deformation (axial creep, sag, radial creep and
wall thinning), delayed hydride cracking and irradiation-induced changes in PT material properties.
Operating experience and ongoing R&D have enhanced substantially their understanding and
predictability.12-16 Related safety concerns include the following potential problems: CT contact with
reactivity mechanisms and associated impairment of their function; PT rupture and associated
impairment of fuel cooling; reduced margins to demonstrate LBB and increased risk of PT rupture.

The cornerstone of the strategy
for mitigating degradation of PTs
i s  m o n i t o r i n g  a n d
characterization which is
mandatory under Power Reactor
Operating Licenses.  CSA
Standard N285.4-947 establishes
minimum requirements for PT
inspections, including the scope
and schedule for various
inspections (inaugural, periodic
and material surveillance), as
well as acceptance criteria for
inspec t ion  f ind ings  (o r
“indications”); it defines specific
inspections to detect and

characterize indications resulting from each of the above PT degradation mechanisms. Should there be
an indication that does not meet the acceptance criteria, the licensee is obliged to follow CNSC-
approved “fitness-for-service guidelines” (FFSG) to demonstrate that the PT remains fit for continued
service; there are three possible courses of action: returning the tube to service (usually with certain
restrictions); repairing the indication; or replacing the PT.

Current pressure tube FFSGs allow for the use of probabilistic methods for PT condition monitoring,
operational assessments, and inspections.  In order to make use of these methods, licensees must
demonstrate that all existing regulatory requirements are met, that the principles of defense-in-depth
are maintained, that sufficient safety margins are ensured, and that the proposed increase in risk and
cumulative effects are small and do not exceed CNSC safety goals.  The current uses of these tools
include:  risk-informed inspection scoping (inspection size and frequency determination), statistically
based estimation of parameters for fitness assessments (i.e. a percentile of a cumulated distribution of
measured properties), and as an alternative for DHC and hydride blister predictions (although this
option has not yet been explored).

In addition, licensees have recently proposed an update to the existing PT FFSGs.  A part of these
FFSGs include a requirement for a core assessment, for which the CNSC has been a driver.   Under
this requirement, licensees are required to assess the cumulative effects of PT degradation mechanisms
on the integrity of pressure tubes throughout the entire core.  This involves:
• evaluating the adequacy of material fracture toughness;
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• evaluating the identified degradation mechanisms for the balance of pressure tubes that were not
inspected;

• assessing leak-before-cracking in cases where the hydrogen equivalent concentration is greater
than the terminal solid solubility for hydrogen dissolution (TSSD) at sustained hot condition; and,

• assessing the change of PT properties from surveillance information, including hydrogen
equivalent concentration, fracture toughness, DHC growth rate, and threshold intensity factor for
onset of DHC from a crack.

Probabilistic methods for these evaluations, i.e. analysis methods that determine the distributed output
of engineering analyses based on probabilistic representations of distributed input parameters, are an
important and powerful tool.  Prior to making full use of these tools, however, CNSC staff foresee the
need for further refining these methods, including the completion and/or further verification of
probabilistic representations of distributed input parameters, and further justification of the proposed
probability acceptance levels for the results of a probabilistic analysis.

Feeder piping, made from seamless cold drawn carbon steel, is used to supply fuel coolant to
individual pressure tubes (Fig.3). There are two significant ageing mechanisms of feeder pipes:
excessive wall thinning and cracking.  Excessive wall thinning is due to Flow Accelerated Corrsoion
(FAC) and cracking is speculated to be caused by Stress Corrosion Cracking (SCC) and creep
cracking.  These mechanisms have been prominent in outlet feeders, which are subject to harsher
operating conditions than inlet feeders. The mechanistic understanding of FAC wall thinning is
commonly taken to mean corrosion caused by the flow accelerated dissolution of magnetite (Fe3O4) on
the inside surface of the outlet feeder pipe.17 The rate of feeder pipe wall thinning depends on water
chemistry, particularly the coolant pH and on flow characteristics such as velocity and turbulence.
Axial cracking has been observed in outlet feeder pipes at both the inside surface and the outside
surface of the feeder pipe bend downstream of the PT connection. One through-wall circumferential
crack was also discovered at the inside surface at a repaired field weld on the feeder.  All of the cracks
in the feeder pipe show intergranular paths.

The understanding about the cracking mechanism is still in the speculation stage.  The cracking
initiated at the inside surface is believed to be Intergranular Stress Corrosion Cracking (IGSCC) due to
an oxidizing water environment.  High residual stresses in feeder bends (which vary from reactor to
reactor due to different manufacturing techniques) accompanied by the chemical environment
produces favourable conditions for this cracking.  The most likely mechanism of the outside surface
cracking is argued to be a low-temperature creep cracking enhanced by hydrogen. The related safety
concern is a potential pressure boundary failure and leakage of reactor primary coolant, if FAC and
cracking are allowed to progress unchecked.

The strategy for mitigating wall thinning of feeder pipes due to FAC consists of chemistry control
(reduced pH) and corrosion inhibitors to reduce the rate of degradation, inspection and monitoring to
detect cracking and wall thinning of feeders, and repair/replacement of feeder pipes when the wall
thickness is bellow an acceptable limit. Following the discovery of FAC thinning, CNSC staff required
licensees to develop improved techniques, methodology, and accuracy for feeder thickness
measurements and thinning rate assessments; the CNSC has approved licensee developed Feeder
Piping Life Cycle Management Plan and Fitness-for-Service Guidelines.
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Fig. 3:  Schematic showing typical feeder arrangement

CNSC has also approved a methodology for determining the minimum required feeder thickness based
on ASME Sections III and XI.  CNSC reviews the inspection results and wall thinning assessments at
each planned Outage and grants approval of reactor operation based on the predicted thickness of the
feeder piping at the next planned inspection and the minimum required thickness.  Pipe sections with
confirmed cracks must be removed or replaced until an effective methodology to determine the
acceptability of cracks in feeders is developed.  For the stations where cracking has been discovered,
CNSC has required the licensee to expand their inspection scope to cover all the high-risk sites such as
tight radius bends and repaired field welds. CNSC has also requested the licensee to replace feeders
which had been dispositioned due to wall thinning, to ensure sufficient safety margin in the event of a
crack initiating and propagating at the thinned location of the feeder.  CNSC has also asked licensees
to improve non-destructive examination (NDE) for detecting feeder cracks which can be difficult to
detect due to their characteristics such as a scalloped surface, secondary cracking, multiple surface
cracks and discontinuities of cracks causing ultrasound reflections.

Licensees have made efforts to improve leak-detection systems, which provide early detection of
leaking cracks. In addition, R&D effort administered by CANDU Owner’s Group (COG) aims to
develop more effective ageing management for feeder pipes.  Recently COG performed a feasibility
study of the application of probabilistic methods to feeder cracking.  The feasibility study examined
whether a probabilistic model for feeder cracking and feeder rupture can be developed, while ensuring
that the frequency of feeder failure remains sufficiently low so as not to affect the reactor safety case.
The study concluded that it is possible to develop such a model for estimating the probability of feeder
cracking and to support life-cycle management decisions.  CNSC staff feel that research to increase
the level of mechanistic understanding is needed to reduce model uncertainty due to the limited
understanding about feeder degradation mechanisms.  COG has also begun research efforts to
demonstrate that the feeder cracking failure mechanism would be leak-before-break (LBB).  CNSC
staff considers this effort to ensure the defence-in-depth safety concept rather than to disposition
detected cracks.
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CANDU steam generators (SGs) are similar in construction to PWR steam generators and suffer from
similar ageing degradation mechanisms and effects, such as corrosion (SCC, IGA, pitting, wastage),
fretting, denting, and erosion of SG tubes.18-19 Comparable regulatory controls and ageing management
actions are being used in Canada, however to date, no SGs have been replaced.   The SG FFSG,
accepted in 1999, make use of probabilistic tools for performing LBB simulations for the
determination of flaw stability within the entire tube population and for determining flaw size
distributions for condition monitoring and operational assessments.  The SG FFSG considers the
probabilistic approach as an alternative to deterministic methods.  Shortcomings of current
probabilistic methods and SG FFSG include:
• the use of “pattern-based” variables, which do not make use of mechanistic or physics of

degradation tools;
• the lack of a clear basis for probabilities and distribution parameters;
• the tools are primarily reactive, rather than proactive; and,
• FFSG does not address inspection scoping.

Most of the other ageing concerns of Table I are generic nuclear plant problems.  For example, the use
of PVC-insulated cables inside reactor buildings has been a major ageing concern for all NPPs,
including CANDU reactors.  Similar regulatory controls and ageing management actions are being
used in Canada, including cable replacement in connection with NPP upgrading/refurbishment.20

4. PATH FORWARD

CNSC staff recognizes that the current level of ageing management effort may need to be increased to
ensure plant safety as Canada’s NPPs continue to age. Due to the fact that the Canadian regulatory
process to address ageing evolved on a case-by-case basis, the current regulatory approach is reactive
rather than proactive, and lacks consistency by focussing on individual cases.  CNSC staff are
implementing measures to strengthen the role of proactive ageing management by focusing on
important SSCs susceptible to ageing degradation and greater application of the systematic ageing
management process utilizing Deming’s Plan-Do-Check-Act cycle10.

Proactive ageing management means being in control of SSC ageing while, in contrast, reactive ageing
management means using a run-to-failure strategy. Proactive ageing management also involves
providing for adequate understanding and predictability of SSC ageing, minimizing premature ageing
(that is caused by errors in design, installation, operation, maintenance, inadequate communication
between design, technical support, operations and maintenance functions, and unforeseen ageing
phenomena), adjusting the use of proactive and reactive ageing management strategies based on
existing understanding and predictability of SSC ageing, and continuous improvement of SSC specific
ageing management programs.

To strengthen the role of proactive ageing management at Canadian NPPs, CNSC will continue
maintaining and improving regulatory documents, standards and compliance program activities, and
encourage further research on ageing degradation of SSCs important to safety, as needed.

Currently, effective regulatory oversight of licensees’ ageing management programs is hampered by
the lack of explicit regulatory requirements on ageing management.  Without common benchmarks it
is difficult to ensure consistency and uniformity of compliance assessments of ageing management
programs at different licensee sites.  As a result, CNSC staff have undertaken the production of a
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regulatory standard outlining the regulatory requirements for NPP licensees’ ageing management
programs.

The objectives of this regulatory standard are to:
• describe the organizational characteristics of an effective ageing management program;
• describe the general attributes of an effective ageing management program for managing specific

ageing mechanisms and their effects on particular SSCs or types of SSCs;
• inform NPP licensees of CNSC expectations and recommendations relating to ageing management

of SSCs important to safety; and to,
• facilitate CNSC evaluations of the effectiveness of NPP ageing management programs within the

framework of CNSC’s compliance program.

CNSC staff are planning for the regulatory standard to include, as part of licensees’ overall ageing
management programs, such requirements as:
• Plant Reviews:  involving a systematic review of the plant to identify all the SSCs which must be

addressed by the program and the potentially detrimental effects of ageing on the ability of each of
the SSCs to meet their design requirements;

• Gap Analyses:  involving an assessment of the adequacy and effectiveness of existing activities
already in place to manage each SSC’s ageing, and to identify enhancements or additions to these
activities; and,

• Documentation:  including the governing ageing management programs procedures and the
requirements for continuous improvement of the program, as well as the procedures for all
supporting programs and activities.

The regulatory standard is intended for both CNSC staff and NPP licensees:  NPP licensees will use
the document as a benchmark for self-assessments of their ageing management programs, and CNSC
staff will use the document as a regulatory basis for ongoing compliance inspection of ageing
management programs and for comprehensive licensing assessments of licensee long-term operation
applications.  CNSC staff expect that this standard will result in an increased effectiveness of licensee
ageing management programs and an increased reliability of SSCs important to safety, thus improving
NPP safety.

The CNSC also foresees the need to further develop and improve probabilistic tools for condition
assessments and condition monitoring of critical SSCs.  Some specific uses of these tools are
described in section 4, and will result in a more risk-informed approach towards managing the ageing
of Canadian NPPs.  In addition, the CNSC is moving towards the use of process-based approvals
(PBA) for dispositions of certain well-understood ageing phenomena.  PBAs will allow licensees to
self-disposition low-risk inspection indications provided the disposition is performed in accordance
with accepted FFSGs and with an approved and regularly audited procedure.  CNSC staff foresee that
an increased use of PBAs will result in improved regulatory effectiveness and efficiency, while
reinforcing the CNSC’s policy that licensees bear primary responsibility for ensuring the safe
operation of NPPs.
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Ageing damage and in-service inspection

W. E. Norris, D.A. Jackson, J. P. Vora, and M. S. Wegner

Ageing of materials, components, and structures is universal in nature. Ageing occurs in all
large engineered complexes, including petrochemical and fossil fuel plants, aircrafts, and
nuclear power plants. Ageing of nuclear power plants has been broadly defined to cover
many common effects such as radiation induced damage, erosion, corrosion, fatigue, creep,
thermal degradation, and wear out. Thus, « ageing » is the cumulative change in properties
and performance from all such effects that may occur within a component, structure, or
material with the passage of time which, if not recognized and properly managed, can result
in impairment of function or even failure.

Management of the detrimental effects of ageing in safety critical systems, structures, and
components (SSCs) is of significant importance to plant operators and regulatory agencies.
Recently, several age-related events have been reported each year worldwide. Nuclear power
plants must continue to operate safely through their original design life and any extended
operation period, if applicable. One negative event could have a disastrous effect on the
nuclear power industry. In-service inspection (ISI) is a vital element in managing age-related
degradation and ensuring that « surprises » are rare and of little consequence.

In the U.S., initial ISI programs were established from the prescriptive examinations and
requirements used in petrochemical and fossil fuel plants. The philosophy behind prescriptive
programs was that a statistically-based percentage of all SSCs needed to be examined. In the
1990s, the nuclear industry began to optimize ISI programs. This resulted in the elimination
of some examinations and a reduction in the frequency of others. In addition, risk-informed
examinations began to be implemented. Several recent events have resulted in a reevaluating
of ISI programs. It has been recognized that an adequate ISI program must be more forward-
looking; i.e., consider SSCs relative to degradation mechanisms.
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Abstract

Ageing management (AM) programmes have been launched in many countries. In the USA

ageing management activities were initiated to demonstrate the long term integrity of nuclear

power plants for plant life extension purposes. Also in other countries e.g. Switzerland AM

programmes became an important issue. In addition, the International Atomic Energy Agency

(IAEA) has published recommendations concerning the physical ageing of safety relevant

systems. As a consequence of these international developments, the ageing management

aspect was introduced to Germany, too, although plant life extension is definitely not the key

subject in the German nuclear industry, today. The situation in Germany concerning long

term integrity of safety relevant NPP-systems and components is determined by the

requirements stated in regulations and codes. They contain basic requirements for continuous

precaution measures according to the current state-of-the-art starting already with the plant

commissioning. This included demands for redundant safety and for surveillance measures. A

continuous adjustment related to the requirements of the respective state-of-the-art is provided

by the German utilities and submitted to the responsible safety authority to demonstrate an

appropriate integrity status of the safety relevant systems.

In Germany, no specific programme named ageing management exists. The measures

concerning long term integrity of safety relevant components are performed under different

names. Nevertheless, the German utilities understand that the subject “Ageing Management”

is comprehensively covered by the entirety of the different precaution and maintenance

measures and regulations already established. This paper presents the existing German utility

integrity concept and its sound application to ageing management issues.

Introduction

Ageing in nuclear power plants (NPP) can be defined as the time dependent quality change of

technical, personal and administrative issues. Ageing management (AM) is the quantitative

evaluation of the ageing facts correlated to the established requirements to cover the

protection against conceptual, technological and physical ageing phenomena.

Conceptual ageing is dealing with changes in the plant design philosophy. In technological

ageing relevant changes in the state-of-the-art are considered. The physical/material ageing

comprises the operational ageing mechanisms.

The international development of ageing management activities was derived for various

reasons. About 20 years ago AM studies for nuclear power plants were initiated in the USA.



The decisive motive for starting the ageing management activities was the specific nuclear

power plant situation in the USA. The operational licence of nuclear power plants in the US

was limited to a certain time period and the activities to fulfil the premises for plant operation

extension beyond this time limit were summarized under the conception of an ageing

management programme. Such AM programs were also launched in other countries, e.g.

Switzerland, to demonstrate the long-term integrity of the plant and to obtain safety approval

for plant life extension, Fig. 1.

Monitoring ,

continuous

adjustment to 

the current

state-of-the-art

USA CH D

Design Design

PLIM (AM)

PLIM & PLEX

AM

Monitoring ,
alignment to 
the current

state-of-the-art

before 1990

1994

2000

PLIM & PLEX

AM

PLIM

AM

Design

PLIM  - Plant life management

PLEX - Plant life extension

AM     - Ageing management

Figure 1: International development in ageing management

The International Atomic Energy Agency (IAEA) is involved in ageing management

programmes since 1988 and has published recommendations [1] concerning the physical

ageing of safety relevant systems (the Class I-components must be covered completely) for

• mechanical components,

• instrumentation and control components (I&C),

• containment building.

As a consequence of these international developments, the ageing management aspect was

also introduced to Germany, although plant life extension is definitely not the key subject in

the German nuclear industry, today.
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In 1997 a VGB-report was provided by the German utilities containing a comprehensive

listing of potential ageing phenomena and showing the technical and administrative handling

of these ageing effects [2]. The conclusion of the utilities in this report was, that the ageing

phenomena are controlled by the entirety of numerous measures already taken, although no

specific ageing management programme has existed.

Due to the fact, that divergent interpretations existed how to handle the technical contents of

AM and how to execute the administrative issues the conclusion was drawn that a harmonised

understanding and handling is required for German AM activities considering the

international practice.

The Gesellschaft für Reaktorsicherheit (GRS) finalized in 2003 the research program SR 2423

[3] with the objective to support the federal nuclear regulators in the definition of

requirements for the ageing management of NPPs. In 2004 the Reactor Safety Comission

(RSK) published recommendations on the governing of ageing processes in German NPPs.

The RSK recommendation addresses technical and non-technical ageing management features

[4].

In parallel, the German utilities have installed a VGB-Working Group to clarify the German

utilities ageing management approach in order to demonstrate that an ageing management

concept already exists and its application by the German utilities is sound. Various

presentations on this topic have been published by the utilities nationally and internationally

[5], [6]. The following chapters describe the German utilities ageing management concept

elements

• requirements established in the German regulations and codes / standards,

• NPP safety relevance, NPP availability concerns,

• safety relevant systems to be considered,

• component ranking concerning safety significance,

• explanation of AM concept elements,

• examples for AM concept application and

the relevant criteria to be considered followed by an application example for the preventive

maintenance of mechanical systems.

AM requirements in German safety regulation and codes

For the operation of German NPPs requirements for continuous precaution measures

according to the state-of-the-art are stated in the following regulations:

• German Atomic Law,

• German Safety Criteria for NPPs,

• Reactor Safety Commission (RSK) guidelines and the German basic safety concept

for fabrication and design,

• RSK recommendations and GRS generic letters,

• Plant specific requirements imposed by the responsible safety authority.
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These regulations including demands for surveillance and redundant safety measures

concerning the integrity of safety relevant systems have been considered from the beginning

of the plant commissioning. The practical implementation of these requirements is

accomplished in codes and standards or plants specific regulations. For instance for

mechanical Class I components of the primary circuit the rules assembled in Tab. 1 apply [7-

10].

Table 1: KTA 3201 standard for mechanical class I components in the primary circuit [7-10]

Standard Part Description

KTA 3201.1 Part 1: Materials and Product Forms design

KTA 3201.2 Part 2: Design and Analysis design and operation

KTA 3201.3 Part 3: Manufacture design

KTA 3201.4 Part 4: Inservice Inspections and

Operational Monitoring

operation

These rules are comparable with the American ASME code Section III for design and ASME

Section XI for operation [11, 12]. For ageing management issues the basic criteria from

KTA 3201.4 and ASME XI can be applied for mechanical components and adjusted also for

instrumentation and control components as well as for the reactor building.

The KTA 3201.4, released in June 1999, [10] contains an overall concept for safeguarding of

component integrity during plant operation, Fig. 2. The basic idea of this concept is to

demonstrate the quality status of the component.

The first step is to demonstrate that the currently existing component/system quality status

meets the current quality requirements. This current component quality status is determined

by the originally established basic component/system quality by design and manufacturing.

Degradation mechanisms from the past plant operation may have had an impact on this basic

component quality as well as relevant general changes in the state-of-the-art.

The second step focuses on the safeguarding of the quality requirements during the future

operation of the plant using proactive and reactive measures. Proactive measures are applied

by means of the monitoring of root causes of potential operational degradation mechanisms,

e.g. operational loadings, water chemistry. The reactive surveillance of consequences of

potential operational degradation mechanisms deals with degradation effects after they have

had occurred and been detected, e.g. by non-destructing testing (NDT) measures.
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Figure 2: Mechanical components Group M1, integrity concept, KTA 3201.4 [10]
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These both basic criteria may be summarized as follows:

1. determination of actual component quality and

2. safeguarding of component quality during plant operation.

This procedure can be applied for all general and specific ageing management approaches by

the following steps:

• Definition of safety/availability relevant systems/components (mechanical

components, I&C components; building)

• Determination of the currently existing system/component quality status and related

safeguarding measures:

o Was the quality originally provided by design and application affected by any

relevant effects during the operation so far?

o  Are the root causes of operational degradation mechanisms known from

operational monitoring?

o  Have resulting impacts of the component integrity been evaluated and

conclusion been drawn?

o  Are redundant inservice inspection (ISI)-/surveillance-measures of potential

consequences of operational degradation mechanisms still appropriate?

o Have relevant changes of the state-of-the-art been considered?

In addition to the handling of the technical issues, administrative procedures have to be

established for transparent documentation and delivery of results.

German utility management approach

In general, ageing in NPPs is governed by the time-dependent change of characteristic

properties of the technique, personnel, plant specific regulation, documentation and data

processing systems. According to the requirements stated in German safety regulations and

codes, the German utility ageing management approach may be separated into the

• lifetime management,

• ageing management and

• long-term integrity assessment.

In addition to the ageing management for safety relevant systems and components the

German utilities provide a lifetime management for those availability relevant systems and

components which are in the liability of the utility only, Fig. 3. The lifetime management

measures usually correspond to the ageing management measures for safety relevant

components, e.g. for valves which are installed in the same quality in safety and availability

relevant systems. Due to the lifetime management an additional comprehensive base of

knowledge on ageing phenomena is available.
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Figure 3: Lifetime management, ageing management and integrity concept in German NPPs

Basically, the handling of ageing phenomena can be divided into

• the technical and administrative ageing management of safety relevant

systems/components and of safety relevant actions, e.g. PSA-Probabilistic Safety

Analysis, which is supervised by the responsible safety authority and

• the technical and administrative lifetime management of the remaining

system/components and of quality assurance actions and maintenance activities to be

performed mainly on the utilities responsibility.

According to the international scope and the RSK recommendation [4], ageing management

for safety relevant systems can be focused on Class I-systems and systems required for safe

plant shut down. Within the safety relevant systems the following safety categorization of

components is introduced:

Group 1: High safety

relevance

Surveillance of root cause and

consequence of operational

degradation mechanisms

“Guarantee”

required component

quality

Group 1 components are the reactor pressure vessel (RPV), systems with

leak-before-break (LBB) requirements and other components classified in

Group 1 due to specific safety or plant availability reasons.

Group 2: Medium

safety

relevance

Preventive maintenance “Preserve” required

component quality

Group 2 components are mainly redundant components as valves, pumps,

I&C-components, the reactor building and other components with specific

safety or availability requirements. For components existing redundantly, a

single case failure is no safety problem as long as no common cause failure

occurs.
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Group 3: Low / none

safety

relevance

Failure oriented maintenance “Replacement” of

component after

failure

Group 3 components are small components or redundant I&C-components.

A single case failure is no safety problem as long as no common cause

failure occurs.

The assignment of components to the Groups 1 - 3 is directly related to their safety relevance

and the associated proactive and reactive measures to maintain the required quality status.

Consequently, the ageing management approach varies according to the safety categorization

of the components.

The proactive approach tries to avoid/minimise premature degradation effects. The reactive

ageing management approach deals with degradation effects after they have occurred and

been detected. Following the system qualification (safety relevant) and the component

ranking (high, medium, lower safety significance) the ageing management starts with the

evaluation of the current component/system quality status because degradation mechanisms

from operation so far may have had an impact on the original component quality. Also the

considering of relevant changes in the state-of-the-art may have an impact on the evaluation

of the actual component quality status. With the proactive approach the surveillance and

monitoring of root causes of potential operational degradation mechanisms in terms of actual

loads is required. The result of the load monitoring shows whether the original design loads

are still enveloping or if new loadings have occurred. In case of new loads plant operation

procedures may be changed to avoid premature degradation effects due to these new loads.

Based on loads actually occurring, integrity evaluations are performed in terms of stress and

fatigue analyses to determine the actual integrity status of the component. Finally, the

evaluation results may lead to additional surveillance measures: determination of

stress/fatigue relevant locations, implementing additional monitoring, optimising ISI/NDE

measures.

For Group 1 components with high safety requirements in addition to the precaution measures

the redundant surveillance of consequences of potential operational degradation mechanisms

is required, Fig. 2.

For Group 2 components, e.g. mechanical components, with medium safety relevance the

reactive approach is appropriate, Fig. 4. As the first step the current component quality status

has to be determined considering the original design and the impacts from plant operation so

far and from potential changes in the state-of-the-art. For redundant components, e.g. valves,

the failure of a single component is not a safety problem as long as no common root cause for

the failure occurs. Safeguarding measures can than be limited to reactive surveillance of

consequences of potential operation degradation mechanisms which have already occurred

and which have been detected.
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Figure 4: Mechanical components Group M2, maintenance concept

This approach is covered by the common preventive maintenance measures performed in

nuclear power plants, e. g. for valves. Maintenance is performed either as visual inspection,

maintenance issues, repair or replacement. Whereas these measures applied are either time-

orientated or based on the actual component condition. Time-orientated maintenance means

that the corresponding components, e. g. valves, will be inspected in fixed time intervals, e.g.

four years or eight years according to the safety classification. If the maintenance is based on

the existing component condition the time period for inspections will be chosen individually.

It is known from experience that maintenance activities performed too frequently may lead to

additional ageing effects.

For Group 3 components, e.g. mechanical components, with lower safety relevance the

reactive ageing management is sufficient based on the original component/system quality

established by design and manufacturing. Potential degradation effects due to the past plant

operation may be controlled by inspection measures. Impacts of relevant changes in state of

the art may help to modify the inspection measures. Due to the fact that a Group 3 component

failure is not safety relevant the ageing management may be performed by replacement

strategies. If for specific safety or for plant availability reasons the component failure may not

be acceptable an upgrade from Group 3 into Group 2 with defined inspection measures is

necessary.

Ulrich WILKE et al., EON (Germany)
Ageing management in German nuclear power plants



The assignment of components to Groups M1-3, E2.1-E2.2, C2.1-C2.2 in the technical

faculties is carried out by means of the plant specific documentation:

• Mechanical engineering:

M1 e.g. fatigue manual,

M2 e.g. operation manual for preventive maintenance,

M3 e.g. operation manual for failure oriented maintenance,

• Instrumentation and control engineering:

I2.1 Components with required functionality in an accident,

I2.2 Components without a required functionality in an accident,

• Civil engineering:

C2.1 Structures according to KTA 2201.1 (earthquake requirements) [13],

C2.2 Remaining structures.

An overview of the safety categorization of systems and components in groups for the

individual technical fields is presented in Tab. 2.

Table 2: Overall categorization in technical ageing management

Technical field Group 1 Group 2 Group 3

Mechanical

engineering

M1 M2 M3

E l e c t r i c a l  a n d

instrumentation

control engineering

- I2.1 / I2.2

Civil engineering - C2.1 / C2.2 -

In general, in Group 1 only components of the mechanical engineering are present. These are

for instance components and systems of the primary circuit, systems which are mandatory for

the shut-down, leak-before-break system, systems for the residual heat removal and systems

of the reactor protection. In Group 2 for all technical fields valves, pumps, auxiliary

equipment, I&C systems and the buildings e.g. containment or cooling tower are assigned. In

a typical pressure water reactor (PWR) approximately 18.000 valves are installed. From these

approximately 3.400 valves are included in the Group M2 maintenance concept, whereas

approximately 380 are safety relevant. In Group 3 all remaining systems and components are

categorized for which a failure is not safety relevant and, thus, a replacement may take place.

Preventive maintenance for mechanical Group2 components

In a NPP approximately 380 safety relevant valves are represented in the mechanical Group

M2. The main requirements on these components are the safety and the operational

availability during the entire lifetime of the plant. In order to fulfill these requirements a

corresponding concept has been developed consisting of the two basic elements
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• analysis and

• evaluation of the construction

accompanied by a enveloping maintenance concept. These measures also lead to an

appropriate ageing management of these components, Fig. 5.

Operability

Task

Result

Analysis
Evalution of 

construction

Operational availability  

Maintenance
Periodic 

testing *)

*) Inservice inspection:

- Functional testing

- Free movement testing

- Visual inspection

- Diagnosis

Definition

Nominal condition

Check

Functionality

Maintaining,

recovering nominal condition

and functionality

Figure 5: Preventive maintenance

The basic operability will be assured by a proof analysis and an evaluation of constructive

features by means of the definition of the nominal conditions to provide the operational

availability. During the operation of the plant the operability has to be ensured by a covering

maintenance concept to keep or to recover the nominal condition and the functionality.

Safety relevant valves are completely maintained preventively. The corresponding

maintenance periods are fixed within a maintenance concept or by check lists which are part

of the operational plant manual. The detailed amount of the maintenance measures is

described in individual valve-type specific procedures for the periodic inspections based on

the requirements and recommendations of the manufacturer including measures as e.g.

• complete dismantling,

• special aspects of visual inspection,

• measuring of functional geometrical dimensions,

• non-destructural examination of seat surfaces or

• reassembly and

and the operational experience.

The maintenance procedures are attended by secondary technical instructions e.g. for the

installation of packings, supervision of bolts torques etc ensuring the definite nominal

condition after reassembly.
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The maintenance results will be reported and documented. In this way all predictable aspects

of mechanical wear and other influences of e.g. the liquid media as well as the service life of

sealings is controlled.

Therefore, the intensity of the practiced preventive maintenance in German NPP leads to the

reliable identification of failures mechanisms and new ageing effects. The maintenance results

are evaluated and if required modifications of the maintenance procedures are initiated

immediately including the secondary technical instructions if affected.

A further important element to demonstrate the operational availability is the check of the

functionality by periodic testing which may be carried out during the maintenance or the

operation. Functional testing and/or free movement testing supports the preventive

maintenance as such testings recur within short periods (monthly – yearly). The recurring

testings are monitored by means of diagnostic systems which allow the prediction of safety

margins and is useful for trending of characteristic data.

The presented maintenance measures ensure an appropriate ageing management of

mechanical Group 2 components with the ability to detect and reflect ageing effects if

occurring.

Documentation of ageing management activities

All safety relevant long term integrity or ageing management activities are documented in

reports etc. Although there is no specific ageing management documentation fixed in

Germany, there are numerous reports being submitted to the safety authority demonstrating

reliability of the ageing management actions even though being performed under different

names:

• Monthly plant operation report,

• Annual plant operation report (including cycle counting for fatigue relevant

components),

• Annual report about meeting the state-of-the-art requirements,

• Plant specific assessments concerning incidents from other plants,

• Plant specific periodic safety analysis,

• etc.

The current activities of the German utilities focus on the optimization of the description of

the measures in a so-called plant specific basic report on ageing management and on the data

acquisition. This basic report covers the technical as well as the non-technical aspects of

ageing management. In addition, periodic status reports are being prepared showing if new

ageing effects have been occurred and what remedial actions have been taken, Figs. 6 and 7.
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• Main features

• Requirements

• Overall concepts

• Implementation of measures

• Faculty related description

Base Report „Ageing Management“

Instrumentation

and control

engineering

Mechanical

engineering
Civil engineering

Others

e.g. non-technical

Periodic report

Mechnics

Periodic report

Instrumentation

and control

Periodic report

Structures

Periodic report

Others

e.g. as part of the yearly plant report

Figure 6: Example for the documentation structure of ageing management

• Operation management system

• Documentation systems
• Plant specific databases

e.g.

Personell

Others

…

…

Mechanics
Instrumen-

tation

and control

Structures

Ageing management data acquisition

Figure 7: Ageing management data acquisition
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Summary and conclusions

In this paper, the German utilities ageing management concept for NPPs has been presented.

Due to safety regulation requirements ageing management activities have been performed

since the plant commissioning. Although no specific program named ageing management

exists, the German utilities understand that the relevant ageing mechanisms are technically

and administratively covered by the entirety of measures already taken. Nevertheless, the

German utilities intend to demonstrate how and where the ageing management actions have

been carried out in terms of technical and administrative issues based on an overall ageing

management concept.

Aspects of technological and conceptual ageing are long-term ageing mechanisms which are

treated separately, e.g. in periodic safety reports. The essential issue in ageing management

for the technical faculties mechanical engineering, I&C engineering and civil engineering is

the physical ageing. For these the key measures in technical ageing management are the

maintenance, the operational surveillance and the periodic testing for which distinct

procedures exist in the NPP based on the present nuclear standards and regulations. For

components with high safety relevance, proactive and reactive measures are applied in

parallel, i.e. root causes and consequences of failure mechanisms are monitored, e.g. load

determination for fatigue relevant components. For components with medium or low safety

relevance reactive measures are initiated, i.e. preventive maintenance or failure oriented

maintenance. All these measures are entirely described in the plant specific regulations for

safety and/or availability reasons. The detailed application of ageing management is generally

derived from the procedure provided by nuclear standard KTA 3201.4 for the components of

the primary circuit and modified based on the safety relevance of the system or component. In

this evaluation scheme the consideration of an updated state-of-the-art is already an integral

part.

The current activities of the German utilities focus on the optimization of the description of

the measures in a so-called plant specific base report on ageing management. This base report

covers the technical as well as the non-technical aspects of ageing management. In addition,

periodic status reports are being prepared showing if new ageing effects have been occurred

and what remedial actions have been taken to demonstrate adequate lifetime and ageing

management in a more systematic way. The presented approach in ageing management

demonstrates a systematic procedure based on present regulations in German NPPs starting

from the plant commissioning which also ensures a valuable return of experience.
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ABSTRACT

Ageing management of Nuclear Power Plants is an essential issue for utilities, in term of
safety and availability and corresponding economical consequences.

Major nuclear countries have developed a systematic program to deal with ageing of
components on their plants and some of them are working in the same time for long term
operation consequences.

This paper presents the ageing management program developed by EDF and that are
compared with some other approaches in other countries (IAEA guidelines and GALL
report).

The paper presents an example of application to large diameter safety class piping.
Different degradation mechanisms are considered like fatigue, corrosion or thermal aging….
Maintenance and surveillance actions are discussed in the paper.

INTRODUCTION

Managing ageing and remaining lifetime of an industrial facility is a concern that must be
taken in account as soon as possible in daily activities. Bad practices may be detrimental in
the short as well as the long term and the asset is of a considerable value. Collection of
relevant plant data is an important contributor in order to largely reduce uncertainties.

EDF recognized very early the importance of that need for its nuclear facilities: 58 PWR
units built on 20 sites are producing more than 75 % of electricity used in France. So that
keeping these facilities in good operating conditions as long as possible is absolutely vital for
the company (figure 1).

And for nuclear power plants, "good operating conditions" undoubtedly means "safe and
cost-effective".

In the same time, in 2001, USNRC has produced a specific document to be used for US
utility license renewal: Generic Ageing Lesson Learns" (GALL report [1]), a revised version
has been issued recently, EDF has done a comparison of methodology and results for French
and USA PWRs.



LIFETIME MANAGEMENT POLICY
In EDF, the lifetime management policy of the nuclear power plants is based on for

principles:
-  daily operation and maintenance activities, with an effective experience feedback

organization taking advantage of the high level of standardization of the units,
- "Exceptional Maintenance Program" in charge to identify possible future problems, to

estimate potential consequences and to propose appropriate measures to be taken. Of
course, consequences of the "anticipation / no anticipation" choice must be integrated on
the whole plant lifetime.

- every ten years, the periodic safety review of each group of similar plants, includes
ageing evaluation of Systems, Structures and Components (SSC)
This periodic safety review includes:
- up-dating of the initial stress report to check all the data that are different in operation

than in design analysis
- up-dating of all deviations discovered in fabrication and in operation (thinning,

cracks…)
- ageing management program review

maintenance and surveillance program review
- a Life Management Program, at corporate level, which permanently scrutinizes operation

and maintenance activities to identify decisions which could impair plant lifetime and
which surveys research and development programs related to ageing phenomenon
understanding and economical aspects.

Ageing management program (AMP) review
The major objectives of this 10-year basic activity is to justify that all the safety important

systems, structures and components (SSC), concerned by an ageing mechanism, remain in the
design and safety criteria, including all feedbacks from the field.

This ageing occurs along normal operation, including periodic tests and routine
maintenance activities (like opening and closing of components).

This ageing of SSC's is considered under control through different actions:
- prediction and detection, early in the SCC life, of degradations that can affect design rules

(integrity of barriers) or safety function of the plant (final safety analysis report: FSAR),
- definition of mitigation and corrective actions (including repair, replacement) to assure

the safety level of the plant and the economic competitiveness of the final decision on
anticipation process bases.

This ageing management program review [2] is formed of 3 steps (figure 3).
- selection of structures and components and 1st level analysis,
- specific report to continue operation of the more sensitive components and structures
- synthesis report.
All these reports have to be prepared in accordance with the French regulation. As example,

for the pressure boundary equipments : the decree for surveillance of primary and secondary
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system [3] and the different French Codes & Standards, as RCC-M [4] and RSE-M [5]. Any
changes in these requirements has to be analyzed regularly.

A large effort has been done on justification, tracability and references used to prepare all
these reports.

FRENCH PROCEDURE FOR AMP REVIEW

Structure and component selection
The selection is based on the FSAR that defines rules for safety importance of components

and structures:
- mechanical components: class 1-2-3
- electrical components: class 1E
- civil engineering structures: connected to safety

Around 15000 components are concerned by plant. The selection is based on the different
ageing degradation mechanism that can affect a part of each components and structures.

In order to do that systematically and with a minimum of references that support the
decisions, we proposed a specific grid (figure 4) with one line per components, structures or
part of them for each potential degradation mechanism. In the same time different other
information's are collected through the columns:
- is the degradation mechanism potential or encountered in French or International similar

plant?
- is the degradation mechanism analyzed in the design report? If yes, what is the expected

life in this report?
- is the present maintenance program adapted, easy to adapt or un-adapted for this

degradation mechanism?
- is the repair easy or difficult for this degradation mechanism and this location?
- is the replacement of the component easy or difficult?
- do we have any risk of obsolescence of the components (no vendor available or no

manufacturer of this type of components)?
After the fill up of the grid each component or group of components (with similar function

or similar degradation or similar design…) is affected in 2 categories: 0-2 (figure 2):
- 0:no complementary actions needed
- 2:prepare a specific justification report to confirm the continuation of operation
A specific data sheet (figure 5) is attached to each line of the grid in order to collect all the

references used to fill up the grid.

Report to justify continuation of operation
For the category 2 components or structures, a report has to justify on what basis

continuation of operation can be done.
This report has to collect and identify references and present it as follow:
- Part 1 : equipment/ structure description/ construction/ experience description, functions,

safety and regulation requirements, rules and synthesis of design and fabrication reports,
operating conditions, operating experience
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- Part 2 : degradation mechanisms, synthesis of scientific knowledge of each mechanism,
damage rate and fitness for service analysis, mitigation, surveillance and ISI, repair
process

- Part 3: Industry capacity, repair, replacement, industry network, competency and tools
availability.
Obsolescence has been study under a specific procedure.

- Part 4 : Maintenance or surveillance program review, complementary analysis or R&D
program, if necessary.

Synthesis
This synthesis report has to collect the major information of the 2 previous steps: selection

and report to justify continuation of operation in order to compare with existing practices for
the component or the structure.

It has to propose a set of recommendation based on the different information collected and
the economic aspect of the decisions.

STATUS OF FRENCH APPLICATION
The procedure has been applied in 2003- 2004. The corresponding reports are now under

evaluation by French Safety Authority.
The French oldest plant is in operation since 1977 and EDF, all the conclusion have to be

analyzed before the 3rd 10-year shutdown for this plant, in 2008-2009. It's the 1st plant of a
group of 28 similar plants (3-loop PWR).

The application of the procedure lead to around 50 locations in category 2 and 350 in
category 0.

Finally for a large list of components and structures the existing AMPs are adequate. The
list of category 2 location/damage can be attributed to 12 components and structures where
existing AMPs have to be reviewed for, if necessary, improved them on some aspects:
- reactor pressure vessel
- reactor pressure vessel internals
- steam generator
- pressurizer
- main coolant line of primary system
- auxiliary lines connected to primary system
- reactor coolant pump
- containment
- electrical containment penetrations
- civil engineering structures
- I&C components
- cables

COMPARISON WITH INTERNATIONAL APPROACHES
The EDF approaches has been compared with AIEA guidelines [6,7,8], GALL report and

similar programs in Japan, Switzerland or other countries.
For example for the GALL report [1] :
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- the approaches are similar but some degradation understandings are different
- different objectives : LR / PSR
- larger scope in GALL report (PWR and BWR, safety and non-safety SSCs)
- similar, but not identical list of components, locations, degradation mechanisms for

PWRs
For mechanical components : different regulation, C&S, specific AMP.
Different understanding of some degradation mechanisms, as :
- limited “potential” degradation based on laboratory knowledge
- more based on USA than International field experience; more international cross check

in EDF approach
- more environment effect in fatigue in GALL
- less thermal ageing in GALL
- no high cycle thermal fatigue in GALL

APPLICATION TO MAIN COOLANT LINES AND CONNECTED LINES

General description of French MCLs
The French plants have 3 or 4 loops with one reactor pump (RCP) in each loop. The main

connected lines are: a surge line, safety injection lines, charging line and residual heat
removal lines.

The designs for French PWR's are similar to Westinghouse PWR design (figure 6).
Inside diameter of these lines are around 736mm and corresponding thickness around

64mm to 72mm.
The design pressure is 17.23 MPa and design temperature around 343°C, for a lower

temperature of 7°C during safety injection.
The different materials encountered in French plants are: 316L/304L, CF8M/CF8 (for

elbows or some straight pipes)
Specific requirements are imposed to the water chemistry in accordance with EPRI

guidelines.

Design basis: regulations and codes
The MCL and connected line piping are subjected to French regulation and French codes.
French have developed their own codes (RCC-M/RSE-M [4,5]) in order to fulfill specific

regulatory requirements and to fit with their own industrial organization.
The different damages considered in these Codes are mainly:
- plastic deformation
- collapse load
- buckling
- fatigue on the basis of a detailed design transient list
- rupture and, partially corrosion

For different damages the safety factors are clearly expressed in the Code (plastic instability
or buckling), for some others they are not (rupture or plastic shakedown). Some other
potential damages are not necessary strictly covered by the existing Codes (corrosion or
vibration fatigue).
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Different levels of criteria are proposed by the Code in accordance with the frequency of
the transient. For level D criteria a combination of MCL and connected line rupture with
seismic event are generally considered.

The design lifetime is generally of 40 years of operation. Different pilot studies are on-
going to define how this initial design life could be extended to 50 or 60 years.

Operating experience
For MCL :

- no new cracks and no crack growth of fabrication defects have been discovered on MCL
welds after more than 20 years of operation

- few cast fabrication defects have been discovered on duplex steel elbows (227 inspected
elbows, 34 with defects, maximum length 36mm)

- some defects on stainless steel dissimilar metal welds have been encountered in operation
For connected lines :
- thermal fatigue in piping connected to cold leak at valve level:

 Farley2 1987, Tihange1 1988, Dampierre2 1992, Dampierre1 1996
 leaks on safety injection lines, around 6" diameter

- high cycle thermal fatigue in piping
 Obrigheim 1986, Genkai 1988, Biblis 1995, Lovisa 1996 et 1997 , Oconee 1997

et 2000, Mihama 2000
 vortex in connected line without flow rate

- corrosion in piping
 Bugey3 1983, Sequoya 1996, Tricastin3 1996, Tricastin1 1997, Cattenom1 1999,

Fessenheim1 et 2 1999
 different cracks or thinning attributed to different corrosion mechanism (polluted

water by resins, multiple repairs and boric acid water, stress corrosion cracking in
weld areas…)

- field experience on nozzles
 Crystal River, Oconee, Fessenheim, Biblis, Neckar
 generally connected to thermal sleeve vibration

Outside of this experience on class 1 piping we have to consider the different cases of
high cycle thermal fatigue in mixing tees encountered in Sweden, France and Japan;
some of them are encountered on thinner class 2 (or less) piping.systems.

Ageing mechanism
Six ageing mechanisms have been analyzed for MCL piping : thermal fatigue, vibration

fatigue, thermal ageing, primary water stress corrosion (PWSCC) cracking, different
corrosion mechanisms.

Some of these damages have been encountered:
- low cycle thermal fatigue, mainly in connected lines and nozzles
- high cycle thermal fatigue on dead leg piping or mixing tees (figure 9)
- vibration fatigue, mainly on small connected lines and thermal sleeves
- thermal ageing of cast duplex stainless steel elbows and nozzles (figure 7)
- PWSCC of dissimilar metal welds (not in France)
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- boric acid corrosion, mainly on outer surface and connected to a leak
- corrosion on some but-welds or DMW (figure 8)

Some are not encountered in class 1 piping systems, or not completely sure, just possible
through analysis or laboratory tests:

- high cycle fatigue for high DT in mixing tees or nozzles (as charging line nozzle)
- thermal ageing of welds and dissimilar metal welds

Assessment methods
All these degradation mechanisms are not covered by design code rules, except low cycle

fatigue. All the others are considered to be not active by material choices, fabrication
qualification and installation and pre-test analyses. Nevertheless, all the design code rules
considered mainly initial material properties and not end of "real" life values.

Concerning the capability of managing these degradation mechanisms, general assessment
methods are available (low cycle fatigue, thermal ageing of cast stainless steels) or under
development through R&D programs (flaw tolerance of DMW [9] high cycle thermal fatigue
[10]) in order to define the threshold of activation of this mechanism, its kinetic to predict
potential degradation rate and fitness for service criteria.

Operation specification and surveillance programs are used to assure high safety level of
these corresponding lines: fatigue monitoring systems, leak detection systems, in-service
inspection of more sensitive areas (with some limitation of performance for some materials)
using different qualified techniques up to replacement of piping or nozzle for more detailed
expertises, reduction of loads when it's possible… In some cases, repair (welds, surface
degradation) and replacement techniques are available and could be implemented (class 1
nozzles, thermal sleeves).

Conclusions for MCL and connected lines
The MCL and connected line piping systems of existing PWRs have generally a very high

quality standard for design, fabrication and operation rules. The corresponding field
experience confirms very limited degradations encountered in these systems.

Nevertheless, some degradations appears with long operation time, like thermal ageing of
cast components or thermal fatigue in mixing tees. Recently (SCC of DMW in VC SUMMER
and RINGHALS, FAC in MIHAMA), some have no consequences encountered (as loss of
toughness by thermal ageing of welds), some are potential and not encountered for the
moment (but no ISI can justify absence of early degradation due to the thickness of these
piping systems) like high  DT in mixing tees [9].

The MCL and connected line reliability remains very high, but an important effort has to be
maintain to understand, case by case, encountered and potential degradation mechanisms.

All these studies on piping are associated to 2 important aspects for piping systems : leak
before break and risk informed approaches. The corresponding studies have to be reviewed to
assure initial approaches and margins.

It's an essential contribution to assure long term high safety level of PWR plants and cost
effectiveness through anticipated actions at all the necessary levels (R&D, ISI, repair,
replacement including spare parts management).
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CONCLUSION
EDF plant operation include a large Ageing Management Program based on 3 different

steps:
- daily routine maintenance
- exceptional maintenance
- ageing management program review.
The French regulatory practice is based on periodic safety review every 10 years without
maximum life value. Presently EDF has submit a complete set of reports to justify an
acceptable ageing management program for 40 year of operation of 3-loop PWR plants. Some
studies are now on-going to study longer life.
The French regulation has specific requirements on :
- periodic re-assessment of the initial stress report, including re-evaluation of fabrication and

service-induced defects, maximum every 10 years
- ISI performance demonstration, with larger scope and more stringent criteria than in many

other countries [11]
- periodic re-qualification including ISI and hydro-proof test (1.43 time or more the design

pressure at the end of fabrication and 1.2 time design pressure in operation)
The specificities of the program are:
- an anticipation process, essential in front of the number of plants and corresponding

contribution to electricity production in France
- a review of national and international field experience
- a living knowledge data bank on degradation mechanism (encountered and potential)
- a large R&D program in different directions (degradation mechanism, fitness for service

criteria, in-service inspection techniques, repair process and consequences on the residual
life of the components…)
Different on-going developments will be important contributors for future decision process,

like:
- leak before break
- probabilistic approaches
- partial safety factors
- risk-informed approaches
Managing ageing and remaining lifetime of NPPs is an important concern for EDF that has be
taken in account early in daily activities. Bad practices may be detrimental in the short as well
as the long term and the asset is of a considerable value. Collection of relevant plant data is an
important contributor in order to largely reduce uncertainties.
Ageing management of Nuclear Power Plants is an essential issue for EDF, in term of safety
and availability and corresponding economical consequences.
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 Figure 1 : EDF plant first operation year  Figure 2 : Definition of status of each locations

 Figure 3 : General AMP review through 3 major steps
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1 - INTRODUCTION

Nuclear Power Plant (NPP) lifetime has a direct bearing on the cost of the electricity

generated from it. The annual unit cost of electricity is dependent upon the operational time,

and also annual costs and the capital cost assumptions function of Euros/kw. If the actual NPP

lifetime has been underestimated then an economic penalty could be incurred.

But the ageing degradation, of nuclear power plants is an important aspect that requires to be

addressed to ensure that necessary safety margins are maintained throughout service life; the

adequate reliability and therefore the economic viability of older plants is maintained ; that

unforeseen an uncontrolled degradation of critical plant components does not foreshorten the

plant lifetime. Accommodating the inevitable obsolescence of some components has also to

be addressed during plant life. Plant lifetime management requires the identification and life

assessment of those components which not only limit the lifetime of the plant but also those

which cannot be reasonably replaced. The planned replacement of major or “key” components

needs to be considered-where economic considerations will largely dictate replacement or the

alternative strategy of power plant decommissioning. The necessary but timely planning for

maintenance and replacements is a necessary consideration so that functions and reliability

are maintained.

The reasons for the current increasing attention in the area of plant life management are

diverse and range from the fact that many of the older plants are approaching for the oldest

plants more than 30 years in operation, and for important number of NPPs between 20 and 30

years.

The impact of plant life management on the economics of generating electricity is the subject

of ongoing studies and it can readily be seen that there can be both savings and additional



costs associated with these activities. Not all degradation processes will be of significance in

eroding safety margins and there is a need to address all threats to plant lifetime in the

analyses for guidance on maintenance and component replacement strategies. However the

need to ensure that safety related equipment will continue to function in the event of a major

fault or transient, requires that equipment has to be qualified for operation during and after

such incidents. While there is the need to exchange information in these areas there is also the

need to establish methodologies for unqualified equipment/

There is therefore a growing need to exchange information and data in areas of plant life

management. The sharing of information can be of mutual national benefit and the role of the

International Organisation such as the IAEA and the OECD to act as a focus for these

activities is of particular long term importance.

2 - NUCLEAR POWER PLANT LIFETIME

In the plant life management different aspects and definition are to be considered.

The operational lifetime period is the period when the nuclear power plant is in operation and

generates electricity. From the start of the plan and the final shutdown the utilities have to be

considered the ageing mechanism in relation with :

- the maintain time in good operation of all of components and material,

- the identify of degradation mechanisms,

- the safety an/or performance criteria,

- the financial cost/benefit aspect and economical aspect,

- the licence duration or periodic reassessment.

The diagram of ageing mechanism and the management of ageing is developed in the Fig.1.

2.1 - Plant Life Management Process

2.1.1 - Data

Data availability is a key aspect in life management and the quality and availability of

relevant information is directly related to the quality of the decisions on service life and the

reliability of nuclear power plants. While most utilities keep data on key components, the data

requirements have not necessarily been specified with regard to plant life evaluation. The data

needs for this purpose needs to be established at an early stage. In addition there will be the

requirement to include data on component repair and replacement, associated hardware etc.

There does appear to be the need for a common international approach to identify specific

needs and to standardise the methodology and formatting of appropriate date. The aim of the

work should be to enable lifetime of components to be evaluated and should encompass the
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following groups of data to allow the identification of the ageing component and ageing

behaviour :

* component specification data (baseline) :

- materials,

- initial properties,

- design loading,

- anticipated ageing data (ageing sensitivity),

* ageing or failure tracking data :

- operational history,

- in-service inspection,

- in-service monitoring,

* stress or and root cause data :

* failure or degradation mechanism data :

* test and maintenance data:

* measures to improve design and operations:

* relevant generic/other plant/R&D information .

Data sets required for plant life management can therefore be categorised as follows :

* a baseline (including design and basic design from construction),

* operating history,

* current plant state (including ISI),

* maintenance,

* technology developments,

* material properties (including results from surveillance testing),

* relevant generic data.

This list can be developed further. For example, material properties required for plant life

management includes : initial properties ; degraded properties ; quantified impact of

mitigating actions. Such information is not only specific plant, but it can also of generic value

for those plants where there is insufficient data. Recent reviews have shown that existing
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records of baseline, operation and maintenance of reactor components are not sufficiently

comprehensive or readily retrievable to allow for trend analysis and prediction of component

performance, identification and evaluation of the extent of ageing.

2.1.2 - Categorisation of components

Each nuclear power plant has thousands of components. To evaluate the importance of each

of these components in terms of its life would be a daunting task. Therefore, it is desirable to

categorise or “rank” these components in terms of their importance in order to prioritise the

work and to maximise the effective use of resources. This exercise will also assist in the

consideration of the technical and economic aspects of life management.

The categorisation outlined below is based primarily on the economic consequences of a need

for component replacement or repair but the first three categories usually include most of the

safety related components. The categorisation given below is not unique, there are variants.

There are also many categorisation factors such as : cost to replace refurbish ; impact on plant

availability ; loss of revenue ; radiation dose ; regulatory importance ; modifications required ;

replacement precedent ; generic applicability, mode of failure ; consequences of failure on

plant safety, and, consequences on plant safety.

CATEGORY 1 : COMPONENTS are those which are generally considered “not replaceable”.

Examples would include the reactor pressure vessel and also the containment structure. (With

regard to replaceability, it can be argued that even the reactor vessel and the containment

structure could be replaced – but at great cost. Also with regard to irradiation embrittlement of

the reactor pressure vessel in an older NPP it is noted that some fifteen WWEP RPVs have

been annealed and that consideration is being given to the practicality of annealing the larger

US PWR pressure vessels, thus eliminating a possible plant operational life limiting

degradation).

CATEGORY 2 : COMPONENTS are those which are replaceable, but are costly in terms of

capital expenditure and outage time requirements and needed anticipation to order new

components. An example here would be steam generators – which have been replaced on

many plants.

CATEGORY 3 : COMPONENTS are those which are “key” in terms of plant safety and

reliability and are susceptible to ageing, but which are replaceable on a routine basis.

CATEGORY 4 : COMPONENTS (all other components) not included in the above category

and are not related to “life” considerations.
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It has already been mentioned that each NPP is unique. It follows that the categorisation of

components is also unique and there may be site/national features which will produce

particular peculiarities in these lists. For example, the role of climatic and seismic factors may

be also be enhanced for specific sites. However a comparison of such listings may have

common factors which could allow the development of strategies in the area of planned

maintenance. National lists would possibly reflect that Utility’s experience, operation and

maintenance practice, designs and applications, strategies for refurbishment and replacement,

priorities and needs to extend the operational life.

2.1.3 - Examples of description of components for Plant Life Management

There are a large number of examples of these listings for several countries of key

components in Plant Life Management Program. In USA it is called “big ticket” items. It

must be re-stressed that each nuclear power plant is unique so there could be differences

between some countries.

A – Example of “modules of components” – for Spanish PWRs and BWRs

- PWR vessel,

- BWR vessel,

- steam generators,

- pressuriser,

- PWR internals,

- main supports,

- diesel generator,

- alternator,

- pumps,

- turbines,

- piping,

- tanks,

- heat exchangers,

- electrical equipment,

- electrical machines,

- motor operated valves,

- cables,

- instrumentation,

- process instrumentation.
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B – Example of fourteen key components for the CANDU NPP

- fuel channels,

- steam generators including internals,

- calandria vessel,

- reactor headers,

- PHT piping, pressuriser,

- general nuclear piping,

- vacuum building,

- calendria vault & end-shield c.system,

- cables (power, control, and inst.),

- reactor building,

- turbines,

- generator,

- CW intake structure,

- spent fuel bay/liner.

C – Example of key components for Russian WWERs

- reactor pressure vessel and head,

- control and safety systems,

- primary piping (over 11 mm diameter),

- primary pumps, valves, (ps of stream generator),

- volume compensator (pressuriser, …),

- safety related electrical circuits,

- RPV internals,

- Secondary side of steam generators,

- primary water preparation system,

- safety valves,

- all main equipment in secondary circuit,

- all main electric circuits.

D – Example of Eleven key components for US PWRs

- reactor pressure vessel,

- RPV internals,

- Reactor coolant circuit components,

- Reactor coolant pressure boundary piping,

- CRDM ,

- steam generators

- Pressuriser

- auxiliary pipes and equipment

- drywell metal shell

- suppression chamber and vent system

- reactor vessel support,
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- concrete structures : RPV pedestal, wall foundation, biological shield, fuel

pool slabs and walls, reactor building basement, shield wall, reactor

building floor slabs and walls, and turbine pedestal.

E – Example of French lifetime project – 18 major components

- reactor pressure vessel

- primary system-large diameter pipes

- other primary system pipes

- steam generators

- primary pump casings

- pressuriser

- auxiliary pipes

- control rod drive mechanisms

- vessel internals

- containment

- reactor pit

- anchorings

- turbine

- generator

- instrumentation and control

- electrical cables

- cooling tower

- polar crane

The EdF “Lifetime project” has identified eighteen components considered major because

they are either too costly to replace or because of the eventual need for major repairs.

3- PLANT LIFE MANAGEMENT – OVERALL REVIEW BETWEEN DIFFERENT

COUNTRIES APPROACHES

The Plant Life Management (PLIM) strategies in different countries are selected in three

categories of programmes of actions.

3.1 - Case of countries needing Licence Renewal

The first case of Licence Renewal procedures was engaged by American approaches. The US

utilities have to prepare and to present to the Safety Authority (US NRC) all of documents

required by Licence Renewal rules.

In USA the original lifetime is 40 years and for follow Licence Renewal procedures. Several

US utilities were engaged plant by plant Licence Renewal procedures, and were obtained

Plant Life Extension until 60 years.

Other countries are in a similar situation, for example : South Africa.
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3.2 - Case of countries needing Periodic Safety Review for Plant Life

Management

Some countries do not applied Licence Renewal approach, they need Periodic Safety Review

Procedures (PRS). It the case for example of France, Spain, other European Countries. In

France for example, PSR procedures are applied each 10 years, for 10 years reassessment

programme, during the preparation for 10 years outages. There are no limitation of duration of

plants, but it is mandatory to obtain the agreement from regulator to maintain plants in

operation.

3.3 - Case of countries needing Licence Renewal Procedures after original and

basic design lifetime to extend lifetime and needing Periodic Safety Review

for Plant Life Extension

Several Countries : Japan, Korea, Russian Federation, Ukraine are in this case. The basic

design lifetime is 30 years in general and after obtaining Licence Renewal authorization to

extend lifetime it is applied Periodic Safety Review rules.

3.3.1 - Case of Japan - Korea

The original Lifetime is 30 years. Japanese utilities have obtained in general the Life

Extension until 60 years, but from 30 years to 60 years they need to obtain PSR agreement

each 10 years.

3.3.2 - Case of Russian Federation

The original lifetime is 30 years. Specific procedures are applied for life extension :

until 45 years for oldest generation of WWER NPPs,

until 60 years for new generation of WWER NPPs.

The PSR procedures are needed each 5 years for oldest WWER generation of plants. For new

generation of WWER plants, the PSR is applied each 10 years.
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4- MATRIX OF MAINTENANCE CONTRIBUTION TO AGEING MANAGEMENT
BETWEEN COMPONENTS DEGRADATION MODE VERSUS DIFFERENT LEVELS OF

MAINTENANCE

The materials properties change in function of the structure or components and the

identification of degradation mode. The matrix shown bellow presents different aspects for

ageing management in function of type of degradation.

DEGRADATIONS
MODE

COMPONENT
OR SYSTEM

CURRENT
MAINTENANCE

EXCEPTIONAL
MAINTENANCE

ANTICIPATION
MITIGATION

 Réactor vessel ISI

30 years = over

pressure risk at cold
conditions valve
protection

 Surveillance Program

(Regulatory)
 Fuel  loading map

 Réactor internals
(baffle bolts) ISI

Bolts replacement
(at 20 years)

 UP Flow conversion
 End of life data

Irradiation
Embrittlement

(1)

 Electric cables

_  Replacement feasibility

studies

 Cast stainless steel –
pipes – valves bodies ISI

Elbows replacement
(SGR)  Surveillance program

 Low alloy steel ISI Some pipes
replacementTHERMAL

AGEING

(2)
 Austenitic welds
 Electronic

components

ISI
Temperature

 Data collection
 Expertises

Fatigue (3)
(mechanical,

vibrational, thermal)

 Primary circuits and
auxiliary circuits

- Branch connections
- Pumps internals
- Generator

ISI

Pipe or component
repair, replacement

 Service loading decreasing
 Long term management
 Design conditions

accounting
 Dedicated devise

Stress corrosion
type alloy 600

(4)

 RV head
 SG tubes
 Vessel BMI

 SG channel head
 repairs
 pressurizer nozzles

 pipe welds
 core support lugs

ISI
Repair
Replacement (SGR)

Plugging (SGR)
Replacement
(pressurizer)

 Modification of temperature
program

 Industrial ability for repair,

replacement

 internals parts

(with(1).)
 Repair areas

ISI

Repair

Replacement

 Engineering

 R and DAustenitic

High mechanical

properties steels
 Anchor bolts

 Turbine bolts

ISI

Replacement

 Corrosion protection

Erosion

corrosion
(5)

  Carbon steel pipes ISI Replacement  Engineering expertise tools

Concrete :

Reinforcing bar
- Corrosion
- Stress relaxation

(6)

 Containment
 Others

ISI
Repairs _

 Surveillance program
 Long terme challenge

Physical and
chemical ageing

of polymers
(7)

 Silentbloc supports,
cables (with(1).)

 Insulation electrical
machines

ISI
Insulations

measures

Replacement

Replacement
stator bar, or coil

 Laboratories programs

 c o n d i t i o n  b a s e d
maintenance

Wear
(8)

 RCCA
 RCCA guides
 CDRM

ISI

ISI

Replacement
(hard RCCA)
Replacement

 Spare parts
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5- SURVEY OF AGEING MECHANISMS RELATED TO NUCLEAR POWER PLANTS

5.1 - Physical ageing phenomena

Under the effect of degradation mode the properties change in materials during the lifetime of

a nuclear component occur because of ageing phenomena.

All ageing phenomena derive from the consequence of ageing stress or degradation and the

particular ageing mechanisms.

All factors which influence and cause changes to the atomic structure, the binding forces by

increasing temperature or by irradiation and also the action of corrodants, form stress and may

result in ageing. As a consequence of these stress or ageing mechanisms can start to act.

Ageing mechanisms do not act on their own in most cases : they operate together with other

mechanisms. In many cases it is the interaction of single mechanisms which leads to ageing

effects. Every stress and degradation as a consequence, every ageing mechanism,

demonstrates a lower limit, below which no remarkable ageing mechanism occurs. The

combination of two or more objecting mechanism however, may reduce the threshold value.

Working conditions in nuclear power plants normally cause little ageing effect by fatigue.

However, if corrosion is acting simultaneously then corrosion fatigue effects have to be

regarded more thoroughly. Creep on the other hand may assist diffusion processes, therefore,

irradiation by embrittlement may be reduced if rapid over-ageing of hardening particles takes

place.

Design aspects have also to be taken into account : A common of problems may arise when

seams are ot welded properly. Weld characteristics, as weld geometries have to be regarded

very carefully to exclude problems due to inappropriate properties.

Heat treatment of components may decrease the toughness of austenitic cladding. If the

austenitic cladding develops cracking, a corrosion attack of the base metal may result.

Therefore, the heat treatment of clad pieces has to be controlled carefully to reduce the

formation of the brittle sigma phase.

Initial ‘as built’ properties are also very important particularly with respect to defects.

The smaller the initial defect size, the longer the operational will be.

This has been considered in the case of high frequencies of fatigue loading amplitudes : A

pressure vessel is subjected to only few large cycles. Conversely, main re-circulating pumps

work at a very high number of cycles and in this case, fatigue and corrosion fatigue may be

developed. The presence of small initial defects sizes has to be checked very carefully in these

components.
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Initial values, which are the start of ageing have to be taken into account. Even if creeps does

not occur in NPPs because of generally low stress and strain levels. At some highly stressed

regions fatigue and corrosion fatigue may develop. Therefore, not only the threshold level has

to be taken into account if a single mechanism becomes active, but the combinations which

may enhance or reduce the threshold values, have also to be taken into account. Only those

ageing mechanisms, which are above the appropriate threshold values, act as stress due to

ageing.

This consideration requires that temperature is taken into account. The particular temperatures

present have to be considered. Therefore, the temperature aspects of the loading case have

always to be considered parallel to the mechanical loading.

5.2 - Manufacturing aspects of ageing

If property changes are considered as a consequence of the particular degradation mechanism

then the properties at the end of fabrication and at the start of service have to be considered.

For instance in the case of RPV, the initial toughness has great importance, if irradiation

damage has to be considered. The transition temperature in core belt regions was in some

cases near to 0°C. By improving the fabrication methods, the NDT temperature was shifted to

a value below –30°C. The shift of the transition temperature during subsequent service

therefore did not do much harm if the transition temperature was low at the start of life.

If the shift due to irradiation is likely to be about 130°C, then the start of life hydro test

difficulties in the end of life case when the NDT temperature is near to 0°C, whereas an NDT

temperature below –30°C will demonstrate no real difficulties.

The copper content in the submerged arc girth welds contributes strongly to the irradiation

embrittlement of the weld. Therefore, a heat treatment to restore toughness of the irradiated

material will become necessary earlier in life, with high copper content. The phosphorus

content in low-alloyed steels can increase irradiation embrittlement on the one hand, and

thermal ageing and temper embrittlement on the other hand. Therefore, a very careful

specification, of the chemical composition of materials as well as their purity could play a

very important role in the prevention of component ageing.

Surface roughness, in the case of reactor coolant pipes, for instance, may influence corrosion

resistance and also fatigue corrosion behaviour. Therefore, it is very important to measure and

optimise and specify the surface quality.

Also in case the of fatigue, small cracks and also uneven surface geometry can increase

ageing.

Heat treatment has to be evaluated very carefully. As residual stresses may increase internal

stress, stress relief heat treatments are therefore beneficial for fatigue loading. However, the
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degradation of strength and toughness has to be considered and the balance evaluated. At the

same time, an improper heat treatment regime can “sensitize” austenitic stainless steels and

thus enhance initiation of the inter-crystalline type of corrosion damage.

Additionally, the heat treatments may add to fatigue damage by reducing strength and perhaps

decreasing toughness. Therefore, the condition of the component at the start of service has to

be considered as a trend-line start condition.

5.3 - Operational (service) conditions of NPPS

Service conditions of NPP components depend mainly on the type of reactor, the design and,

to a smaller extent, the national/utility practice.

In principle, the most important parameters from the point of view of component/material

ageing, are as follows :

- Pressure of the primary/secondary coolant, which loads mainly to fatigue damage – due

to changes in the operational pressure, i.e. in the calculated stresses in the components,

- Temperature of the primary/secondary coolant which affects all ageing processes,

mainly thermal ageing and radiation damage,

- Neutron fluence which can change the mechanical properties of the beltline part of the

reactor pressure vessel as well as reactor internals materials,

- Water/steam chemistry conditions which can, together with other parameters, result not

only in component wall thinning (homogenous corrosion, erosion-corrosion) but also in

component cracking (stress corrosion, pitting). Two elements are most important –

oxygen and chlorine : while chlorine content is usually held at low values, oxygen

concentration PWR (approx. <<10 ppb).

5.4 - Some examples on the importance of databases reactor pressure vessel
and steam generator

5.4.1 - Reactor pressure vessel

Several parameters and database are important for ageing evaluation. Concerning the RPV the

good knowledge of chemical composition of each vessel (vessel by vessel) and each part of

the vessel are major data to evaluate the initial properties and the RTndt (Fig.2).

The collect of different situations in operation and transient is necessary for ageing

assessment, mainly for the integrity evaluation in each case of situation (Fig.2).
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5.4.2 - Steam generators

5.4.2.1. Main degradation mechanisms taken into account in the monitoring

strategy

Primary Water Stress Corrosion Cracking (PWSCC) occurs at locations on the inside surfaces

of recirculating steam generator tubing with high residual stresses (introduced during

fabrication and installation of the tubes). These locations are primarily the roll-transition

regions in the tube sheets, the U-bend regions of the tubing in the inner rows (i.e., the tubes

with a small bend radius), and any dent locations in tube support plate areas. Tub denting is a

deformation (resulting in residual stresses) due to build-up of corrosion products. PWSCC

generally occurs on the hot-leg side of the recirculating steam generators ; however, cold leg

PWSCC has also been observed.

Dents do not themselves result in tube wall penetration or reduction in wall integrity.

However, denting at some plants in the past has been sufficiently severe to cause structural

damage to the tube supports. Denting is a concern because even small dents can induce tensile

stresses above yield strength in the tube wall. As a result, these tubes may be subject to

PWSCC or IGSCC on the dents during subsequent operation. In addition, severe denting in

tubes with small radius U-bends has accelerated Stress Corrosion Cracking in the U-bends,

due to distortion of the tube legs. Furthermore, tubes with dents at the top tube support plate

in the U-bend region of the SGs are more susceptible to high-cycle fatigue failure.

5.4.2.2. In-service inspection and strategy for replacement

In France, the SG belong to the set of main components on which specific maintenance is

performed.

The objectives of SG tubing maintenance are the following :

- To maintain the tube rupture probability at a sufficiently low level,

- To limit the number of forced outages due to primary / secondary leakage.

Therefore, many surveillance technique are required in the corresponding guidelines.

They are of three types :

1) Leakage monitoring, involving :

- activity of condensates and bleeds (continuous monitoring),

- dosing with nitrogen 16 in the steam,

- hydrotest and helium testing during ten-year outages.

2) Non destructive examinations, including notably :

- eddy current testing (standard bob-bin coil and rotating probes),
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- advanced signal processing,

- ultrasonic testing (under development),

- televisual inspections.

3) Destructive examinations of extracted tubes :

- all analyses, including leak and burst tests,

- correlation with NDE results.

The surveillance programme of the SG depends on the characteristics of their tub bundles :

- Tube bundle having undergone a stress relieving heat treatment,

- Tube bundle without stress relieving heat treatment,

- Inconel 690 tubes (alternative SG).

The lifetime of the SGs depends on the condition of their tube bundles. When the number of

plugged tubes exceeds a certain value, it is no  longer possible, on the basis of present

knowledge, to operate at full power. Typically, “overplugging” tubes beyond the allowed

limit is envisaged as a withdrawal solution, waiting for a SG replacement, and in preference

to other maintenance options (sleeving, etc…) for economic considerations.

6- CONCLUSION AND METHOLOGY TO FOLLOW UP THE AGING MANAGEMENT

The development of methodology to follow up the evolution of life management of each

components, equipments and structures requires a good knowledge of the evolution of

mechanical and metallurgical parameters for initial properties and the increasing of

caracteristics during time in operation.

The identification of different modes of degradation and the combination with normal

maintenance program or exceptional maintenance strategic view are main guidelines for life

management.
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Fig 1 – Aging management  Diagram
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Table1

 METHODOLOGY OF SPECIFIC   RTNDT  EVALUATION VESSEL by VESSEL

A

B1

initial 

RTNDT

  RTNDT in fonction

of chemical parameters

& evolution under radiation

 

Fluence reduced -15%

RTNDT  

conservative value

vessel    at 20 years

               at 30 years

               at 40 years

size of defect

postulated & real

after ISI

Comparison

RTNDT conservative value

and  RTNDT limit

conventional value

Input data

coefficients of  security
Thermohydraulic &

mecanical analysis

RTNDT limit 

conventional value

Transiant  consideration

in level A, level C & level D

safety injection fluid temperature

+

chemical CompositionCoefficients

of security

considered by

hypothesis in

 Level A, C & D.

Prediction Formula

PSI

Fig 2 - RPV  integrity assessment Diagram of methodology

RPV SPECIFIC EVALUATION
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Résumé

L'évaluation des ponts existants est très semblable au calcul des ponts neufs, mais nécessite

des principes fondamentaux moins conservatifs afin d'éviter toute prise de décision inutile aux

lourdes conséquences financières. L’élimination de certaines des incertitudes, mais également

le traitement de nouvelles non prévues lors du dimensionnement est une approche rationnelle

qui peut être traitée par la théorie de la fiabilité des structures, qui exprime la sécurité

structurale en termes probabilistes. L’article introduit les concepts de performance, de cycles

de performance et d’indicateurs de performance utilisables (semi-probabiliste simple et

actualisé, probabiliste simple et actualisé). Ces indicateurs sont présentés au travers

d’exemples, et un cadre général d’application est également proposé. L’article regroupe

ensuite ces concepts pour proposer une évaluation globale de la performance sur la durée de

maintenance d’un élément de structure. Cette optimisation technico-économique de la

maintenance est illustrée sur le cas d’un assemblage soudé fissuré par fatigue. L’article se

conclut par des considérations générales sur la mise en œuvre d’une démarche probabiliste de
l’évaluation des ponts existants.

Abstract

The assessment of existing bridges is very similar to the design of new bridges, but requires

less conservative principles in order to avoid useless decision-making with heavy financial

consequences. The elimination of some of uncertainties, but also the treatment of new

information not taken into account during the design phase, is a rational approach which can

be treated by the structural reliability theory, which expresses structural safety in probabilistic

terms. The paper introduces the concepts of performance, performance cycles and

performance indexes (simple and updated, probabilistic and semi-probabilistic). These

indexes are presented through examples, and a general application framework is also

proposed. The paper gathers those concepts to propose a total assessment of the performance

over a given maintenance period for an element of a structure. This technico-economical

maintenance optimization is illustrated by the case of a welded joint damaged by fatigue. At

last, the paper concludes by general point of views regarding the application of a probabilistic

approach for the assessment of existing bridges.



1. Introduction

La gériatrie des structures pourrait se définir comme la discipline traitant de l’ensemble des

actions relatives au suivi des ouvrages anciens ou existants, c’est-à-dire l’inspection,

l’auscultation, la pathologie, l’entretien, l’évaluation de la sécurité structurale, les différents

types de maintenance (curative, préventive). Le processus d’évaluation d’un ouvrage est donc

d’une importance cruciale pour maintenir une structure dans des conditions d’aptitude au

service et de sécurité acceptables. Ces conditions sont précisées par le maître d’ouvrage ou

l’autorité technique responsable de l’ouvrage. Elles peuvent reposer sur :

 des critères de sécurité qui procurent un niveau de sécurité pour les usagers,

 des critères de fonctionnalité qui assurent un fonctionnement continu de l’ouvrage

durant des événements particuliers comme les tremblements de terre,

 des critères de durabilité, de service, économiques ou autres imposés par les autorités.

Différents cas doivent alors être distingués suivant que la structure est en bon état, n’est pas

en bon état mais la sécurité du public n’est pas compromise, ou dangereuse. Diverses options

sont possibles : la structure peut être maintenue en l’état ou la structure peut être modifiée.

Afin que les décisions de maintenance (réparation, réhabilitation, renforcement ou

modification des conditions d’usage de l’infrastructure, comme la limitation du tonnage pour

un pont) ne soient pas excessives, il est essentiel que la procédure d’évaluation ne soit pas

indûment conservatrice.

De façon courante et dans une grande majorité d’ouvrages de génie civil, les règles utilisées

dans l’évaluation d’un ouvrage proviennent essentiellement des règlements de conception

avec éventuellement des règlements additionnels portant sur les charges exceptionnelles,

l’instrumentation, la surveillance ou les essais de chargement. Il convient également d’insister

sur le fait que les règles inscrites dans les règlements de conception ne sont valides que dans

un certain contexte. Pour une évaluation, des situations peuvent survenir rendant inapplicables

les règlements à cause de conditions structurales particulières ou à cause de la présence de

détails constructifs non conformes. Les coefficients partiels de sécurité sont en fait destinés à

couvrir un large ensemble d'incertitudes et peuvent ainsi s'avérer très peu représentatifs du

besoin réel d'évaluation de la sécurité d'une structure particulière. Ils sont sensés tenir compte

de l'évolution des matériaux et des sollicitations de manière forfaitaire. Pour des ouvrages

exceptionnels ou endommagés, l'évaluation de la fiabilité peut être sur- ou sous-estimée. De

plus, les règlements incluent également un large degré de généralisation en termes de sécurité

et de chargement. Ceci peut être efficace pour les études de conception parce que les calculs

deviennent aisés et parce que les coûts induits sont marginaux dans le budget d’un ouvrage

neuf. Dans le cas d’une réparation ou d’un renforcement, le niveau de sécurité demandé ne

peut parfois pas être obtenu à partir de règlements généraux.

Les règlements présentent des marges de sécurité qui, en général, dépassent celles qu’il est

raisonnable d’admettre pour l’évaluation d’ouvrage existant. Ceci s’explique par le degré de

connaissance de l’état de la structure et des actions extérieures, dès lors qu’ils peuvent être

observés ou mesurés. Aussi, les coefficients partiels de sécurité peuvent-ils être réduits tout en

maintenant un degré de sécurité identique.
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L'utilisation de tels principes aboutit à une certaine complexité des calculs d'évaluation. Le

choix du niveau de sécurité acceptable est actuellement très difficile à fixer en raison du

manque de règles sur la façon dont un tel choix est fait, notamment en termes de

conséquences socio-économiques. Il apparaît donc clair que l’établissement de principes et de

procédures propres à une évaluation de pont existant est souhaité parce que certains aspects de

l’évaluation sont basés sur une approche qui diffère substantiellement d’une conception et

nécessite une connaissance bien au-delà des champs d’application des règlements.

2. De la notion de fonction à la notion de performance

Toute structure de génie civil est destinée à remplir une ou plusieurs fonctions. Un pont

permet ainsi d'assurer la continuité d'un itinéraire. Cette fonction primaire de continuité est

doublée par des fonctions secondaires comme la traversée de câbles électriques, de

télécommunication ou de canalisations. La fonction de l'ouvrage peut être également précisée

en spécifiant la nature du trafic à supporter, le nombre de voies, la durée de vie... La plupart

des fonctions sont permanentes et actives, mais quelques-unes sont passives et parfois

activées sur demande (phase de levage d’un pont levant par exemple). Un ouvrage est un

système complexe généralement constitué de plusieurs éléments qu'il est possible de classer

suivant leur importance structurale et fonctionnelle. Au niveau supérieur du système, une ou

plusieurs fonctions doivent être remplies (continuité d'itinéraire) et au niveau inférieur les

éléments du système peuvent perdre leurs fonctions à cause d'actions extérieures, d'erreurs

humaines ou de processus de dégradation. Cette décomposition ne sera pas sans effet sur les

actions de maintenance qui devront être mises en place et en œuvre sur les divers éléments.

En effet, la stratégie de maintenance menée au niveau de l'élément doit être replacée dans le

contexte de la perte de fonction de l'élément, mais aussi (et peut-être surtout) dans le risque de

perte d'une fonction de l'infrastructure [Cremona, 2003].

Les fonctions d'une structure ne sont pas nécessairement constantes dans le temps. Les

fonctions initiales, c'est-à-dire celles qui ont motivé la construction de l'ouvrage, peuvent être

modifiées soit volontairement à cause d'un changement voulu des fonctions ou d'une

extension de la durée de vie, soit involontairement à cause d'actions externes ou de

dégradations. Trois grandes causes peuvent conduire à la perte de fonctions initiales :

 le vieillissement de la structure. Le vieillissement des éléments d'un ouvrage de génie

civil peut conduire à une perte soudaine ou graduelle de leur résistance, et donc à une

perte de fonction partielle ou complète de l'élément. Suivant la capacité de la structure

à répondre à ces changements, une ou plusieurs fonctions de la structure peuvent être

affectées.

 les causes extérieures (prévues ou imprévues). Divers exemples de cause extérieure

peuvent être cités : pollution, environnement agressif, chocs de véhicules, de navires,

vandalisme, terrorisme, tremblement de terre, tempête… Suivant leur fréquence

d'occurrence et l'importance de la structure, certaines de ces actions extérieures

devront être prises en compte dans la conception. Les chargements exceptionnels

pourront être inclus dans des chargements extrêmes. Signalons également que, pour un

pont par exemple, l'accroissement du trafic constitue également une cause externe
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pouvant affecter les fonctions de la structure par une augmentation des charges à

supporter.

 les causes humaines s'exerçant par des erreurs ou des actions inopportunes. Les erreurs

humaines peuvent intervenir à différents instants de la vie d'un ouvrage :

o à la conception (par exemple, erreur de ferraillage) ;

o à l'exécution (par exemple, mauvaise qualité du béton) ;

o à l'utilisation (par exemple, surcharges) ;

o à l'inspection (par exemple, défauts ou dégâts non détectés) ;

o à la maintenance (par exemple, utilisation excessive de sels de déverglaçage).

2.1. Changement de fonction

Il est également possible que les fonctions initiales soient modifiées non à cause de

déficiences de l'ouvrage, mais par volonté du maître d'ouvrage ou du gestionnaire. Ainsi, la

réutilisation de certains ponts-rails pour le passage de lignes à grande vitesse conduit à se

poser la question de la capacité de ces ouvrages à supporter des effets dynamiques. Il y a donc

changement de fonction (passage d'un trafic ferroviaire standard à un trafic à grande vitesse),

car changement de la nature des actions extérieures. Ce changement de fonction requiert donc

de requalifier l'ouvrage vis-à-vis de ses nouvelles fonctions. Ce problème se pose pour de

nombreux ouvrages de génie civil pour lesquels la réglementation et l'exploitation évoluent

(réglementation sismique par exemple).

2.2. Extension de la durée d'utilisation

Les ponts routiers sont généralement conçus pour être utilisés et utilisables sur une période de

référence ou de service donnée (100 ans en général pour les ouvrages courants). Cette durée

d'utilisation est souvent implicite dans les règlements, pour l'évaluation des actions variables.

Cette durée d'utilisation peut se trouver être remise en cause, notamment dans les cas où

l'ouvrage atteint la fin de cette période dans un état satisfaisant. Il est alors nécessaire de

requalifier la structure, c'est-à-dire de réévaluer la capacité de la structure à remplir ses

fonctions sur une durée d'utilisation étendue.

2.3. Performance

Les fonctions d’un ouvrage décrivent en général les exigences auxquelles elle doit répondre.

La capacité d'une structure à remplir ses exigences est alors dénommée performance. La

plupart des textes officiels regroupent ces exigences (comme la Directive Européenne 89/106

relative aux produits de construction) en exigences de sécurité ou d’intégrité (notion décrite

dans les sections précédentes), d’aptitude à l’emploi ou au service et de durabilité. Le titre de

l’opération de recherche est donc restrictif et trompeur ; les champs d’investigations de

l’opération ont dépassé le simple aspect de l’aptitude au service pour traiter de l’ensemble des

problèmes de performance.
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2.3.1. Sécurité structurale

Un ouvrage doit être en mesure de résister à toutes les actions qu’elle aura à subir pendant sa

construction et son utilisation prévue en situation normale. Cela sous-entend la capacité des

matériaux constitutifs de la structure à assurer l’équilibre statique aux sollicitations de

situation normale, l’absence de dommages irréversibles ou cumulatifs. Un comportement

satisfaisant à des sollicitations non prévues doit être également attendu. Dans ce dernier cas,

l’ouvrage doit être capable de conserver sa forme générale et sa stabilité. Dans ces situations

exceptionnelles, des déformations importantes, des dommages irréversibles sont acceptables

dans la mesure où la sécurité des usagers n’est pas mise en question. La remise en service de

l’ouvrage sera cependant dépendante des conclusions d’une inspection détaillée et des

réparations mises en œuvre.

2.3.2. Aptitude au service

Cette exigence recouvre celles nécessaires au maintien de l’exploitation de l’ouvrage. Leur

non-respect entraîne rarement une remise en cause de la sécurité des usagers, mais peut

engendrer des coûts directs ou indirects liés à l’exploitation de l’ouvrage. Il s’agit dans la

plupart des cas d’exigences sur la déformabilité de l’ouvrage vis-à-vis d’actions permanentes

(fluage…) et d’actions variables (flèches…), d’effets dynamiques (résonance et confort…).

2.3.3. Durabilité

Cette exigence est souvent difficile à définir et plusieurs sens lui sont donnés en pratique.

Dans le cadre d’un ouvrage en béton, il est ainsi essentiel que la structure puisse conserver sa

résistance sans que sa gestion technique ou sa fonction soient modifiées de façon

significative, afin de ne pas compromettre sa durabilité. Il convient de rappeler que la

durabilité n’est pas la garantie d’une durée de vie infinie à la structure, mais un objectif de

qualité orientant aussi bien la conception de l’ouvrage que celle du matériau [AFGC,2004].

Cette réflexion permet l’identification de deux concepts distincts vis-à-vis de la durabilité :

celle du matériau et celle de la structure. La durabilité du matériau se vérifie à partir de sa

capacité de conserver ses caractéristiques et son intégrité pendant la durée de vie prévue pour

la structure. La durabilité de la structure dépend de celle du matériau ; cependant elle ne se

résume pas exclusivement à la qualité du matériau employé. C’est pourquoi la durabilité de la

structure (complète ou d’un élément) consiste dans l’accomplissement de ses performances de

sécurité structurale et d’aptitude au service dans des conditions prévues d’utilisation. De plus,

la durabilité d’une structure doit prendre en compte sa durée de vie. Ce concept peut être vu

sous trois aspects différents : la durée de vie en fonction de périodes de dégradation du

matériau, la durée de vie in situ ou la durée de vie vérifiée à partir d’une approche probabiliste

[AFGC, 2004].

L’Eurocode EN1990 « Basis of structural design » ajoute un élément supplémentaire à cette

definition de la durabilité: celle de maintenance [EUROCODE 1, 1990]. La durabilité d’une

structure est alors sa capacité à remplir ses fonctions durant la durée de vie prescrite avec une

maintenance appropriée. L’ouvrage doit alors être conçue de sorte qu’aucune dégradation

significative n’est susceptible d’apparaître entre deux inspections successives.
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D’une façon générale, la durée de vie ou de service d’un ouvrage peut être définie comme la

période au cours de laquelle l’ensemble des endommagements cumulés subis au cours du

temps ne dépasse pas un niveau critique ou, en d’autres termes, un ou plusieurs états limites

donnés. La durée de vie peut être prise égale à la durée d’usage sans précaution initiale

particulière, sans entretien spécialisé et sans réparation importante du gros œuvre ou de la

structure [EUROCODE 1, 1990]. Cela correspond à un fonctionnement normal et à une

maintenance courante pour un niveau de service donné qui peut également faire intervenir des

considérations d’esthétique [Cremona, 2003].

La durée de vie réelle ou durée d’usage est la période au bout de laquelle la structure est

reconnue structurellement ou fonctionnellement obsolète. Cette notion de durée d’usage est

importante, surtout pour une structure qui a déjà fait l’objet de lourdes réparations ou de

renforcement. En d’autres termes, si une structure qui est structurellement déficiente continue

à être exploitée, son état est situé entre les conditions requises d’aptitude au service et les

conditions de sécurité structurale. Il est à noter que la durée de vie d’une structure peut être

prolongée si l’on la maintient dans une condition d’exploitation réduite. Cependant, une telle

situation n’est pas toujours souhaitable, l’ouvrage pouvant être difficile à gérer.

Lors de la conception d’un ouvrage, il est admis qu’il sera construit, mis en service et exploité

en conformité avec les hypothèses adoptées. Cependant, l’ouvrage peut acquérir certaines

spécificités au cours du temps, soit par le changement d’usage ou des charges d’exploitation,

soit par des phénomènes de dégradation, qui provoquent une réduction de sa résistance. Ces

modifications introduisent de nombreuses incertitudes. C’est pourquoi, il est souhaitable que

la prédiction de la durée de vie d’un ouvrage en service soit réalisée en utilisant une approche

probabiliste. Dans le cadre de l’évaluation de la durée de vie d’une structure existante, les

charges d’exploitation, le poids propre de la structure ainsi que les résistances du matériau et

de la structure sont des paramètres qui possèdent une certaine variabilité. Ainsi,

(sollicitations) et   (résistance) ne peuvent pas être comparées d’une façon déterministe. Dans

ces circonstances, une description aléatoire des paramètres concernés (puisque leurs valeurs

ne sont pas parfaitement connues) semble constituer une approche appropriée. Les modèles de

dégradation des matériaux doivent aussi traités de manière probabiliste. Ceci permet de

décrire l’évolution au cours du temps du profil de dégradation de la structure et des étapes

principales de l’évolution de la performance. Avec cette démarche il est possible de vérifier si

les conditions d’aptitude au service et de sécurité structurale fixées sont ou non atteintes.

Dans l’opération « Aptitude au service des ouvrages », l’approche probabiliste a été retenue

afin de caractériser notamment la durée de vie de certains éléments de structure.

3. Quelques mesures de performance

La notion de performance n'a d'intérêt que si elle est quantifiable, donc caractérisée par une ou

plusieurs mesures. Ces mesures de la performance sont nombreuses suivant la nature de la

structure et de ces fonctions. Ce sont en réalité des exigences qui décrivent des états de

fonctionnement de l’ouvrage. La séparation entre le domaine des états de fonctionnement

possibles (c’est-à-dire susceptibles de se produire) et le domaine des états de fonctionnement

à éviter est alors décrit par des états dites limites. Les actions de sécurité auront alors pour

objectifs de s’assurer que les états de fonctionnement possibles n’atteignent pas les états de
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fonctionnement non désirés. Les critères d’états limites visent à prémunir la construction des

états de dysfonctionnement au travers de marges de sécurité. Plusieurs approches sont

possibles : coefficients de sécurité, coefficients partiels de sécurité, probabilités de défaillance

acceptables. Ces approches sont valables quelle que soit la performance considérée :

durabilité, aptitude au service ou sécurité structurale.

4. Evolution de la performance et conséquences

L'évolution de la performance n’est que le reflet de la capacité d’un ouvrage à remplir ses

fonctions au cours du temps. Elle sera donc caractérisée par la trajectoire d’un ou de plusieurs

indicateurs dans un domaine délimité par des frontières à ne pas violer. La modification de sa

performance va donc entraîner des actions de maintenance pour y remédier. Ces actions

jouent un rôle essentiel dans la maintenance de certaines structures de génie civil dès lors qu'il

s'agit d'une perte d'accessibilité se traduisant par des pertes financières, directes dans le

premier cas, indirectes (temps d'attente, détour…) ou directes (pertes de droits d'entrée de

péage) dans le second.

Les détériorations encourues par la structure affectent sa résistance et peuvent entraîner la

perte d'une fonction de celle-ci. Les ponts n'échappent pas à cette règle, mais doivent assurer

en permanence et en toute sécurité les services pour lesquels ils ont été construits. Il est donc

nécessaire de surveiller systématiquement et attentivement leur état et leurs conditions

d'utilisation et d'exécuter, en temps utile, les opérations de sauvegarde, d'entretien ou de

réparation qui permettent de les maintenir en état de service.

5. Profils de dégradation

En pratique, la durée d’usage se termine lorsque l’ouvrage n’est plus utile, ou lorsqu’il

devient dangereux, obsolète, ou incapable de procurer les exigences de performance

[Cremona, 2005a] en termes de fonction, même en recourant à des réparations. L’expérience

tend à prouver qu’en moyenne cette durée d’usage est de 50 ans dans les pays développés.

Cette valeur doit être prise avec prudence [Cremona, 2005b], car les ouvrages exceptionnels

(comme le viaduc de Millau) ont une durée d’usage prescrite bien supérieur (à savoir

120 ans), et que dire dans 120 ans !

En réalité, cette durée d’usage est assez peu utile. En effet, les durées de service d’un ouvrage

et de ses éléments sont en principe entachées de nombreuses incertitudes. La maintenance des

ouvrages (notamment si elle repose sur une analyse en coût de cycle de vie) implique alors le

choix d’un horizon temporel d’intervention défini par la période sur laquelle les coûts sont

estimés. Cet horizon peut être ainsi très différent de la durée d’usage. Un pont aura toujours

une durée de service bien supérieure à cet horizon d’intervention dans une analyse de coût de

cycle de vie. L’ouvrage aura par exemple fourni des années de service adéquat avant que

l’analyse soit menée, ou en procurera bien après la période utilisée pour l’analyse.

La durée de service est en théorie la durée au terme de laquelle certains critères d’exigence de

performance ne sont plus remplis. Toutes les structures créées par l'homme s'usent et se

dégradent avec le temps à cause de phénomènes de dégradation divers. Ces dégradations sont

principalement dues à l'environnement, qui inclut les conditions atmosphériques et la nature
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du sol, et aux conditions d'utilisation (chargements). Les mécanismes de détérioration ou

profils de dégradation (Figure 1) ont des évolutions différentes suivant la nature du matériau

(acier, béton) et du processus de dégradation (corrosion, fatigue...) :

 l'exemple le plus simple est le processus de dégradation qui est linéaire dans le

temps (1). Dans certains cas, ce modèle peut être utilisé pour décrire et prédire le

processus de corrosion (phase de propagation) sur plusieurs années ;

 le processus de dégradation peut aussi se ralentir, comme dans des processus tels que

la carbonatation ou la pénétration de chlorure dans le béton (2). Mathématiquement,

ces processus sont décrits par des fonctions logarithmiques ;

 lorsque la dégradation est causée par des effets de chargements répétés et s'accélère

dans le temps, suivant une courbe exponentielle (3), le processus peut être associé à la

fatigue ;

 dans les cas de collisions, la dégradation est principalement due à des chargements

importants et le processus de dégradation est discontinu (4) ;

 dans les cas extrêmes, il n'y a pas de dégradation, mais seulement un chargement

important qui cause la ruine immédiate de la structure (5) ;

 plusieurs éléments de génie civil sont conçus de telle manière que le processus de

dégradation est en deux phases. Dans la première phase, c'est la couche protectrice qui

est attaquée, tandis que, dans la seconde, c'est la partie proprement structurale (6) ;

 enfin, certains phénomènes de dégradation peuvent combiner divers types précédents,

comme l'alcali-réaction dont la courbe de vieillissement est supposée en forme de S.

(1) (2) (3) 

(4) (5) (6) 

Figure 1. Processus de dégradation

L'existence de plusieurs types d'éléments – génie civil, électrique, mécanique – introduit des

mécanismes de dégradation (cause, conséquence) très différents. Ainsi, les parties de génie

civil ont fréquemment un petit nombre de mécanismes de dégradation dominants, et pas

forcément prévisibles ou anticipables. Comme ces parties ou éléments sont la plupart du

temps uniques au regard de leur conception, construction, chargements et conditions au

limites, les inspections sont les seuls moyens d'évaluer l'existence ou non d'une dégradation,

et donc leur état. Les parties mécaniques présentent la plupart du temps un nombre très limité
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de processus de dégradation (par exemple, la fatigue). Comme ils sont pour la plupart produits

en série, il existe une information statistique plus importante sur le comportement temporel de

ces dégradations. Cependant, la complexité de certains de ces systèmes mécaniques les rend

souvent difficiles aux inspections. Les parties électriques et électroniques ont également un

nombre très limité de processus de dégradation. Leur production en série permet aussi de

mieux estimer la cinétique de dégradation. Cependant, leur durée de vie relativement courte

rend peu pratique le recours à des inspections régulières.

Ces profils de dégradation sont généralement construites pour inclure les actions de

maintenance de routine durant la durée de service. Elles influencent la vitesse de dégradation,

et les négliger conduirait à des durées de service plus courtes, mais sous ces actions de

maintenance seules, sans réparations ou réhabilitations substantielles, un ouvrage aura une

durée de service en réalité bien inférieure aux valeurs habituelles de 75 et 100 ans.

Indépendamment du caractère vieillissant d’une structure, l’obsolescence est également un

paramètre qui peut réduire la durée de service d’un ouvrage. Elle se traduit par un changement

dans les exigences de performance (liées à des évolutions réglementaires), ou à une

exploitation différente. Ces changements conduisent à relever les exigences de performance et

donc le seuil admissible. Un tel problème se rencontre dans l’augmentation des charges

routières qui peuvent imposer des contraintes et des efforts plus importants ou plus fréquents.

On peut cependant identifier trois facteurs à cette obsolescence :

 les changements technologiques influencent les objectifs et les niveaux de service ;

c’est le cas des charges d’exploitation plus élevées que celles utilisées pour la

conception de l’ouvrage ;

 les changements réglementaires impliquent de nouvelles contraintes de sécurité qui

nécessitent la modification des voies de circulation ;

 les changements socio-économiques peuvent altérer substantiellement la demande,

comme la création de zones industrielles qui mènent à un accroissement du trafic en

volume et en poids.

Dans la plupart des cas, les structures obsolètes continuent souvent de remplir leurs fonctions,

mais avec des niveaux de performance inférieurs aux nouvelles exigences. Dans ce cas, un

ouvrage peut être conserver avec une limitation de tonnage.

Dans la majorité des cas (et ce devrait être même un principe de bonne gestion !), un ouvrage

n’est pas laissé suivre la courbe de dégradation jusqu’à consommer les exigences de

performance sans interventions. L’autorité responsable de sa gestion aura engagé de temps en

temps des actions de réparation qui conduiront à améliorer le niveau de performance

(Figure 2). Le challenge qui est posé au gestionnaire est alors de spécifier de manière

économiquement et techniquement réaliste ces interventions sur l’horizon d’intervention.

Cette séquence d’interventions et d’actions est souvent dénommée profil d’activité du cycle

de vie.
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Figure 2. Profil d’activité et de dépenses sur un ouvrage (réparations ou remplacements)

Les différentes activités ou interventions sont en général associées à des coûts comme

l’indique la figure 2. Ce profil de dépenses (pouvant également inclure les coûts d’usager liés

à des détours) montre leur importance et leur moment d’occurrence.

La figure 3 donne deux exemples d’évolution de la performance. Le premier (en gras)

représente l’évolution de la performance de capacité portante liée à une dégradation. Cette

dégradation se traduit par trois cycles ; le premier se termine lorsque les exigences en

durabilité (performance de durabilité) sont atteintes ; à cet instant, la performance commence

à décroître et à être entamée. Le second cycle correspond à la perte d’aptitude au service

(performance d’aptitude au service) pouvant être caractérisée par le dépassement d’un état

limite de service ; enfin le troisième cycle est caractérisé par la perte de capacité portante

lorsque le seuil admissible de performance exigé est atteint. Ce type de profil de performance

décrit très bien la dégradation de section en béton armé par corrosion. Le premier cycle

correspond à l’attaque des armatures par des chloruration ou carbonatation. Le second cycle

décrit une ouverture de fissure limite autorisée (ouverture favorisée par le gonflement par

corrosion des armatures). Le troisième cycle est la perte de capacité portante.

La courbe en trait continu illustre le profil de performance dans le cas d’interventions

successives pour « redresser » le niveau de performance au cours du temps. L’instant qui

correspond au franchissement de la performance minimale acceptable est alors le dernier

instant pour engager une action. En effet, au-delà de cet instant, le niveau de performance ne

correspond plus au niveau prescrit. Cet instant n’est d’ailleurs pas nécessairement le plus
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optimal par rapport aux coûts de maintenance. Il dépend également de la qualité des

inspections et de leur fiabilité [Cremona, 2003].
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Figure 3. Profils d’évolution de la performance au cours du temps

6. Indicateurs de performance

Toutes les activités de la gestion des ouvrages sont essentiellement destinées à répondre à

deux questions. La première est de déterminer les types d’interventions, si nécessaires. La

seconde est de préciser si la gestion est en elle-même efficace. Pour s’assurer de l’efficacité

d’une stratégie de gestion, il est indispensable de disposer d’indicateurs de performance.

Le concept de base de l’évaluation repose sur la définition d’un indicateur I (rating factor,

dans la terminologie anglo-saxonne) qui représente la sécurité structurale d’un ouvrage. Cet

indicateur peut être déterministe ou probabiliste et peut inclure ou non des données

spécifiques sur l’ouvrage.

Si cet indicateur I prend des valeurs supérieures à 1, la sécurité structurale sera considérée

comme assurée. Dans le cas contraire, cette sécurité ne pourra être assurée sans intervention.

Il convient de signaler que la valeur de cet indicateur peut constituer un outil de

« prioritisation » pour un élément d’ouvrage.

Quatre approches peuvent être employées, chacune nécessitant des efforts de calcul et de

complexité différents. En pratique, les calculs les plus simples devront être menés en priorité

avant de s’engager dans une approche plus complexe. Cette démarche très pragmatique

d’avancer dans l’évaluation en recourant à des modèles et des approches de sophistication

croissante, a largement été développée dans le projet européen BRIME [BRIME, 2001].
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6.1. Approche semi-probabiliste simple

L’approche la plus simple est de réaliser une évaluation semi-probabiliste simple basée sur

les critères de vérification des règlements de conception. Elle est celle la plus pratiquée en

France, en raison de l’absence de règlement spécifique d’évaluation des ouvrages existants.

La vérification d’un élément pour un état limite quelconque peut s’exprimer par la condition :

(1)

où R (.) est une fonction de toute les variables de résistance, S(.) dénotant celle des actions.

Les valeurs ƒic, F jc correspondent à une propriété de résistance de l'élément et une action

appliquée. Pour les résistances, ce sont en général des valeurs caractéristiques qui sont des

valeurs ayant des probabilités très faibles d'être inférieurement dépassées. Les actions sont

définies par des valeurs caractéristiques Fjc estimées ne pas être supérieurement dépassées

plus d'une fois sur 10n  pour une période d'occurrence dans la vie de la structure. Les

coefficients fi, Fj sont les coefficients partiels de sécurité. Rd, Sd représentent des

coefficients partiels de sécurité destinés à couvrir d'une part les incertitudes de modèle des

résistances et des propriétés géométriques, et d'autre part celles du modèle structural et des

actions1.

L’indicateur d’évaluation Isp (sp=semi-probabiliste) est donc défini par :

(2)

Si Isp > 1,0, la sécurité structurale est considérée comme vérifiée. Dans le cas contraire, deux

solutions sont envisageables : intervenir sur l’ouvrage (restrictions, renforcements…) ou

affiner l’évaluation.

Nous ne détaillerons pas dans ce rapport cette approche qui présente de nombreuses lacunes.

En effet, il convient d’insister sur le fait que les règles inscrites dans les règlements de

conception ne sont valides que dans un certain contexte. Aussi, afin d’être applicables, un

ouvrage doit donc se conformer aux règles de conception suivant un certain nombre de

points :

 les types d’ouvrages réalisés,

 les méthodes utilisées dans l’analyse structurale,

 la qualité des matériaux et de la construction,

                                                  

1. Le format semi-probabiliste introduit d'autres coefficients. Par exemple, dans le cas de l'Eurocode 1, des coefficients de

combinaison, 
jF

, et de conversion, 
if

 sont associés aux actions pour tenir compte des conditions de leurs combinaisons et des

effets de la durée de la charge, des effets de volume, d'échelle, d'humidité, de température… sur les résistance.
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 la condition actuelle du trafic,

 l’état de l’ouvrage,

 les erreurs les plus couramment constatées.

Pour une évaluation, des situations peuvent survenir rendant inapplicables les règlements à

cause de conditions structurales particulières ou à cause de la présence de détails constructifs

non conformes. Ainsi, l'introduction et la prise en compte des incertitudes peut concourir à

répondre à un besoin de rationalisation de l'évaluation de la sécurité. Diverses raisons le

motivent :

 on ignore souvent l'évolution des charges dans le temps,

 les propriétés des matériaux sont également susceptibles d'évoluer dans un sens

défavorable telle que la corrosion, la perte de durabilité ou la fatigue,

 les éléments réels sont souvent différents des éprouvettes sur lesquelles leurs

performances ont été mesurées,

 les études de sensibilité aux erreurs de modélisation du comportement des ouvrages

sont généralement omises,

 les malfaçons d'exécution sont malheureusement statistiquement inévitables,

 des sujétions de réalisation découverte au moment de l'exécution des travaux peuvent

conduire à des solutions de substitution qui entraînent un comportement d'ensemble de

la construction légèrement différent de celui prévu au projet.

Pour des structures existantes, une évaluation rationnelle de la performance nécessite une

connaissance parfaite du comportement des structures et de tous les mécanismes de

dégradation. Ceci est illusoire et ces incertitudes font qu'une vérification semi-probabiliste

simple basée sur des coefficients partiels de sécurité ne tenant pas en compte des spécificités

des ouvrages peut s'avérer très peu représentative de ce que l’on cherche à évaluer ! Il faut

également faire remarquer que les coefficients de sécurité couvrent des incertitudes de mise

en œuvre sur des matériaux récents et donc peuvent être sans rapport avec ceux d'une

structure ancienne. Aussi, les coefficients partiels de sécurité peuvent-ils être réduits tout en

maintenant un degré de sécurité identique.

Les règlements incluent également un large degré de généralisation en termes de sécurité et de

chargement. Ceci peut être efficace pour les études de conception parce que les calculs

deviennent aisés et parce que les coûts induits sont marginaux dans le budget d’un ouvrage

neuf. Dans le cas d’une réparation ou d’un confortement, le niveau de sécurité demandé ou la

capacité portante ne peuvent parfois pas être obtenus à partir de règlements généraux. Le

résultat peut conduire à des projets onéreux.

Il est donc clair que l’établissement de principes et de procédures propres à une évaluation de

pont existant est souhaitable et souhaité parce que certains aspects de l’évaluation sont basés

sur une approche qui diffère substantiellement d’une conception et nécessite une connaissance

bien au-delà des champs d’application des règlements. Une approche prenant en compte les

spécificités et les incertitudes liées aux variables semble constituer un critère réaliste
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d’évaluation de la performance. Des indicateurs de performance plus évolués que l’indicateur

semi-probabiliste simple existent ; il s’agit de l’approche probabiliste simple, de l’approche

semi-probabiliste actualisée et de l’approche probabiliste actualisée.

6.2. Approche probabiliste simple

Une deuxième approche consiste à recourir à une évaluation probabiliste. Cette méthode peut

apparaître pertinente si des informations spécifiques sont déjà disponibles sur les

caractéristiques du trafic ou sur les variables de résistance. Dans ce cas, l’indicateur

d’évaluation Ip (p=probabiliste) est défini par :

 (3)

Comme pour l’indicateur Isp, si Isp > 1,0, la sécurité structurale est considérée comme vérifiée.

Dans le cas contraire, deux solutions sont envisageables : intervenir sur l’ouvrage

(restrictions, renforcements…) ou affiner l’évaluation par des résultats d’investigations

complémentaires. 
0

 dénote l’indice de fiabilité cible ou admissible imposé pour l’évaluation

(il peut différer de celui utilisé dans le règlement de conception).

Figure 4. Evolution des indicateurs de performance 
pour une section de pont en béton armé pour diverses classes de durabilité

Christian CREMONA, LCPC (France)
Analyse de la performance des ouvrages existants :

vers une approche basée sur la notion de cycle de vie



La figure 4 donne un aperçu de l’évolution de cet indicateur de performance au cours du

temps pour une section de pont soumise à des catégories différentes de risque potentiels par

corrosion [Cremona, 2004], [Silva, 2005]. Ces catégories ou classes reposent sur les

recommandations du guide de l’Association française de génie civil [AFGC, 2004] qui vise à

fournir une meilleure connaissance des propriétés relatives à la durabilité du béton (armé) et

de ses constituants, et des éléments pour mettre en place de moyens pour maîtriser cette

durabilité. Il propose une méthodologie pour la mise en œuvre d’une démarche

performantielle, globale et prédictive de la durabilité des structures en béton (armé), basée sur

la notion d’indicateur de durabilité. Cette méthodologie vise à obtenir un béton apte à

prémunir les ouvrages neufs d’une dégradation donnée et à partir de cela garantir une durée de

vie plus étendue. Elle porte sur les concentrations en portlandite, la porosité du béton, la

concetration critique en chlorures, l’humidité relative… Appliquée à un ouvrage en béton

armé dimensionné par le règlement BAEL89, l’évolution de l’indicateur probabiliste simple

de performance de capacité portante de deux ponts présente des différences notables suivant

l’agressivité (faible à élevé) de l’environnement et du niveau de durabilité du matériau. Cette

figure met en évidence un palier suivi d’une décroissance de l’indicateur. Cette décroissance

est marquée par le début de la corrosion dans certaines armatures, conduisant de fait à une

perte de capacité portante. L’indice de fiabilité cible correspond à celui sous-jacent dans le

dimensionnement par le BAEL. A titre d’illustration, la figure 5 donne les indices de fiabilité

acceptables pour une famille d’ouvrages isostatiques identifiés par leurs longueurs L, leurs

nombres de poutres g, d’entretoises b, et de voies de circulation l. Le cas de chargement le

plus défavorable a été pris en compte dans le calcul.

Figure 5. Évolution des indices de fiabilité 
0

 des ponts à 10, 20 et 30 m de portée
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6.3. Approche semi-probabiliste actualisée

L’objectif est de réduire les incertitudes sur les diverses variables pour obtenir une évaluation

plus pertinente. L’indicateur d’évaluation Isp,a (sp=semi-probabiliste, a=actualisée) est défini

par :

(4)

Les coefficients partiels de sécurité des variables de résistance sont également modifiés par

des facteurs correctifs. Ces facteurs correctifs portent sur les actions (
iF
), sur les résistances

(
if
) et sur les erreurs de géométrie et de modélisation structurale (

dR
,

dS
).

Comme pour les indicateurs précédents, si Isp,r prend une valeur inférieure à 1, une évaluation

plus fine, probabiliste mais basée sur des données spécifiques, peut apporter une amélioration

dans l’évaluation de la sécurité structurale. Toute la difficulté d’une telle approche est la

tabulation de ces coefficients correctifs en fonction des informations complémentaires

spécifiques que l’on possède sur les résistances et les sollicitations (ainsi que de leur qualité),

et des modélisations retenues (passage d’un modèle de résistance des matériaux à un modèle

aux éléments finis complexe). Si l’on reprend l’exemple de la capacité portante de sections de

pont à poutres en béton armé (Figure 4), on note très nettement une marge de sécurité dans

l’indicateur de performance. Cette marge est due au fait que l’indice de fiabilité acceptable est

calculé avec les charges d’exploitation les plus défavorables, alors que l’indice de fiabilité de

la section est évalué avec les seules charges de trafic. Ce gain de sécurité peut donc se traduire

de manière duale par une réduction des coefficients de sécurité, résultat particulièrement

intéressant dans l’évaluation de la capacité portante d’ouvrages existants dégradés. Le tableau

1 donne un exemple de la modification des coefficients partiels de sécurité �b, � S, � Q

(portant sur la résistance du béton à la compression, sur la résistance à la traction de l’acier et

sur les charges de trafic, avec pour valeurs initiales 1,5, 1,15, 1,35 – le coefficient partiel de

sécurité des charges permanentes est 1,35 et reste non modifié) pour deux ouvrages et 2

profondeurs d’enrobage standards. Ti, Tfissure, Tservice, Téclat, T10% représentent l’instant

d’amorçage de la corrosion (carbonatation ou attaque par chlorures), celui de la première

fissuration du béton, d’une ouverture de fissure de 0,3mm, d’une ouverture de fissure

excessive de 1,0mm, et de réduction de 10% du premier lit d’armatures.
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L205p5e3v ; enrobage = 4cm
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µ 1,39 0,92 0,72 1,38 0,92 0,72 1,39 0,92 0,72 1,38 0,92 0,73 1,40 0,93 0,82

0,01 0 0,01 0,01 0 0,01 0,01 0 0,02 0,01 0 0,02 0,01 0,01 0,03

L205p5e3v ; enrobage = 3cm

i
T fissureT

service
T

éclat
T

10%
T

1

b

1

s

1

Q

1

b

1

s

1

Q

1

b

1

s

1

Q

1

b

1

s

1

Q

1

b

1

s

1

Q

µ 1,40 0,92 0,73 1,39 0,92 0,73 1,39 0,92 0,73 1,38 0,92 0,74 1,40 0,93 0,82

0,01 0 0,02 0 0 0,02 0 0 0,02 0 0 0,02 0 0 0

L204p8e3v ; enrobage = 3 cm

i
T fissureT
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T
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s

1

Q

µ 1,39 0,91 0,70 1,39 0,91 0,71 1,39 0,91 0,72 1,39 0,91 0,72 1,40 0,92 0,78

0 0 0,01 0 0 0,01 0 0 0,01 0 0 0,01 0 0 0.01

Tableau 1. Exemple de réduction de coefficients partiels de sécurité

6.4. Approche probabiliste actualisée

Comme pour la méthode précédente, il s’agit d’utiliser les données d’inspection et

d’auscultation pour actualiser la probabilité de défaillance au moment de l’évaluation :

(5)

Si cet indicateur est inférieur à 1, des inspections ou des auscultations plus complètes peuvent

être éventuellement prescrites : le renforcement ou des restrictions de circulation peuvent

alors être nécessaires.

L’analyse bayésienne est un cadre probabiliste adapté à cette actualisation. L’information

additionnelle fournie par les données d’inspection peut être de deux types : quantitative ou

qualitative. Chaque type est un événement associé à une marge d’événement H (construite de

façon similaire à une marge de sécurité ou fonction d’état limite) et à une probabilité

d’occurrence. Les résultats qualitatifs sont des données par exemple sur la détection ou la non

détection d’un événement lié à un phénomène particulier. Les résultats quantitatifs

d’inspection correspondent à des mesures. En clair, l’information quantitative sera utilisée

pour réévaluer la sécurité structurale après une série de mesures. L’information quantitative

sera employée dans la maintenance conditionnelle où seuls des résultats généraux (tels que

détection ou non détection) sont attendus après une inspection. La Figure 6 donne un exemple

de cette actualisation pour une section en béton armé soumise à la flexion. Une mesure de

courant de corrosion est réalisée à 45 ans (6 A/cm2). On constate très nettement que
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l’actualisation de l’indice de fiabilité est fortement dépendante de l’incertitude sur le résultat

de mesure. Plus grande est cette incertitude, plus petit est l’effet de l’actualisation ; dans le cas

de résultats d’inspection fortement entachés d’incertitude, aucune raison ne justifie que leurs

prises en compte soient plus importantes que les incertitudes du modèle initial. Cette

sensibilité à la qualité des résultats d’inspection est importante et souvent négligée.

Figure 6. Actualisation de la perte de performance de sections en béton armé

Dans un tout autre registre, la Figure 7 donne des exemples de recalage à un instant donné de

l’indice de fiabilité d’un assemblage soudé vis-à-vis du risque de fissuration par fatigue dans

le cas où une fissure est détectée à t=35 ans et pour diverses qualités de matériels de détection

(représentés par des seuils de détection de fissure différents). Ici, l’inspection ne fournit pas

de résultats quantifiés, mais la présence ou non d’une fissure.
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Figure 7. Evolution de la fiabilité d’un assemblage vis-à-vis de la fatigue
suivant des seuils de détection différents

6.5. Principes de base pour l’évaluation des ouvrages existants

Comme nous l’avons rappelé dans les paragraphes précédents, une évaluation d'un pont

existant peut être lancée pour un certain nombre de raisons  :

 introduction de nouveaux règlements sur les charges,

 modification des fonctions de l’ouvrage,

 dégradations impliquant une perte d’aptitude au service ou de capacité portante

La première étape  dans une méthodologie d'évaluation est une évaluation déterministe

utilisant les critères de vérification définis dans des normes courantes de conception. Cette

méthode est pertinente lorsque l’ouvrage évalué n'a pas été conçu suivant les règlements

actuels ou a été soumis à des changements de service ou à des altérations structurales.

L’indicateur de performance appliqué est l’indicateur semi-probabiliste simple auquel

éventuellement de réductions de charges (si une limitation de tonnage existe) sont introduites.

Dans les cas où la performance n’est pas vérifiée (indicateur inférieur à 1), une analyse

probabiliste en fiabilité peut être engagée pour indiquer que la performance est en fait

adéquate. Cette analyse en fiabilité peut également faciliter la planification de l’acquisition de

données [Cremona, 2004].

Une amélioration de l’évaluation peut être obtenue en recourant à une analyse en fiabilité du

pont en utilisant des modèles probabilistes . La détermination des modèles probabilistes

peut se faire sur la base de connaissances éventuelles des propriétés de l’ouvrage (analyse des

documents disponibles) ou sur la base de données de littérature (bases de données). Le calcul

de l’indicateur de performance probabiliste simple présente l’avantage d’éviter les

simplifications conservatrices qui existent dans les modèles déterministes des sollicitations et
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des résistances. L'évaluation s'arrête si l’indicateur pour tous les éléments structuraux est

vérifié.

Si la performance du pont n'est pas vérifiée par les analyses semi-probabiliste ou probabiliste

simples en utilisant des modèles par défaut des sollicitations et des résistances, deux

approches restent envisageables ; des données supplémentaires peuvent être rassemblées ,

ou une intervention doit être projetée . Cependant, il est plus approprié de poursuivre

l'évaluation puisque le gain en coûts d’intervention sera probablement plus grand que le coût

en collecte de données.

Des données complémentaires  sont rassemblées afin d’actualiser les modèles semi-

probabilistes et probabilistes des sollicitations et des résistances. Dans ces cas il est nécessaire

de déterminer les caractéristiques probabilistes des variables. Ces caractéristiques seront alors

employées directement dans l'analyse en fiabilité  ou pour la calibration de coefficients de

réduction  à appliquer aux coefficients partiels de sécurité. Des modèles de calcul plus

sophistiqués peuvent également être introduits et nécessiter une modulation des coefficients

de modélisation.

Une fois que des caractéristiques spécifiques sont disponibles, des modèles semi-probabilistes

actualisés peuvent être dérivés pour l'usage dans une évaluation semi-probabiliste . Le

recours à ce stade d’une évaluation semi-probabiliste s’explique par l’usage dominant d’outils

informatiques déterministes dans les bureaux d’études. Si la performance n’est pas vérifiée au

moyen de l’indicateur de performance semi-probabiliste actualisé, le choix  entre une

analyse probabiliste actualisée  ou une intervention  s’impose.

L’approche la plus rationnelle repose sur une analyse probabiliste actualisée . L’indicateur

semi-probabiliste actualisé nécessite une calibration de coefficients de réduction qui, s’ils

peuvent être associés à des spécificités constatées sur l’ouvrage, couvrent des plages

d’incertitudes et induisent donc une perte de pertinence dans l’évaluation. L’indicateur

probabiliste actualisé présente donc les meilleures garanties de prise en compte des données

disponibles. Dans le cas où cet indicateur de performance n’est pas acceptable (inférieur à 1),

deux stratégies sont possibles   : réduire les incertitudes par des données complémentaires

 ou planifier des interventions de maintenance .

Une action d’intervention  peut être décidée pour n’importe quel indicateur de performance.

Mais il est aujourd’hui acté que toute information complémentaire réduit les incertitudes liées

au processus d’évaluation. Les données disponibles doivent être non seulement utilisables par

les modèles, mais également présenter des niveaux de fiabilité suffisant.
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La figure 8 synthétise les différentes étapes de ce processus d’évaluation introduisant les 4

indicateurs de performance.

Figure 8. Méthodologie d’application des indicateurs de performance

7. De la performance à la maintenance

La maintenance des ouvrages a deux objectifs principaux. Le premier est de maintenir les

performances (et donc les fonctions) de l'infrastructure en concevant et menant de manière

efficace les interventions, inspections, réparations, remplacements, renforcements. A ce titre,

les résultats des inspections, des essais et des évaluations doivent être suffisamment précis

pour y répondre. Le second objectif est de fournir l’information pour programmer les besoins

financiers, ce qui implique notamment une hiérarchisation des interventions par priorité.

Afin d’être tenu informé de problèmes éventuels et d’aider à rationaliser les décisions à

prendre sur le plan technique comme économique, des méthodologies de gestion des

ouvrages, souvent connectés à des systèmes informatiques, ont été développés. Initialement,

ces méthodologies se sont limitées à une normalisation des procédures d’inspection et de

constitution de bases de données. Elles s’enrichissent aujourd’hui de procédures de traitement

permettant la prise de décision. L'architecture globale des systèmes de gestion des ouvrages
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est donc constituée de méthodes, de modèles analytiques, d’outils de traitement, de processus

organisationnels et d’une ou plusieurs bases de données. Ces systèmes fonctionnent sur deux

niveaux : un niveau individuel et un niveau global. Le niveau individuel traite principalement

de la gestion technique et économique d’une structure particulière (un pont, un barrage…) ; le

niveau global porte sur la gestion économique et politique d’un parc d’ouvrages (homogène

ou hétérogène). Bien entendu, ces niveaux interagissent, puisque le niveau global fonctionne

comme la concaténation des informations individuelles et inversement, la politique de gestion

du parc aura une influence sur la gestion des ouvrages individuels. Nous n’aborderons ici que

l’aspect individuel de la gestion des ouvrages.

7.1. Types de maintenance

Deux grandes stratégies de maintenance peuvent s'appliquer aux éléments structuraux d'un

ouvrage. Il s'agit des stratégies de maintenance corrective et préventive. Le recours à l'une ou

l'autre de ces stratégies diffère suivant l'élément considéré, mais aussi le type de structure et la

politique d'exploitation et de suivi.

Une maintenance corrective implique qu'une action n'est engagée qu'à partir du moment où

une perte de performance est constatée. On parlera ainsi de maintenance palliative au coté

provisoire ou curative au caractère permanent. En pratique, cette maintenance est intéressante

si les conséquences de la perte de performance ne sont pas graves et si éviter préventivement

la perte de performance est onéreux. Ainsi, si cette perte intervient, le composant sera réparé

ou remplacé. Ce type de maintenance va induire en général des coûts très faibles pendant les

premières années, puis des coûts élevés. Elle risque également d'induire des coûts indirects de

perturbation de l'infrastructure, ainsi qu'une accumulation de travaux de maintenance.

Une maintenance préventive implique de réduire la probabilité de défaillance ou de

dégradation de l'ouvrage. On distingue alors la maintenance systématique et la maintenance

conditionnelle. Dans le cadre d'une maintenance systématique, les actions de maintenance

sont régulièrement effectuées quel que soit l'état de l'élément. Ce type de maintenance peut

conduire à des coûts élevés, mais réduit le risque de perturbation dans le service de

l'infrastructure. C'est par exemple le cas du nettoyage de petites parties visibles sur les ponts

(caniveaux,…) ou le changement de pièces mécaniques d’usure dans des machines.

Dans le contexte d'une maintenance conditionnelle, les interventions (nombre et type) sont

fonction de l'état de l'élément et des résultats d'inspection. Des réparations peuvent ainsi être

décidées suivant ces résultats. Les instants d'inspections peuvent être prédéterminés, les

intervalles de temps entre chacun de ces instants pouvant être identiques ou différents.

Une maintenance préventive est intéressante si les coûts induits par la perte de performance

sont élevés et si les coûts de réparation et d'inspection sont relativement faibles par rapport

aux premiers.

7.2. Cycles de performance et coûts d’usage

Les concepts de cycle de performance introduits précédemment s’inscrivent idéalement dans

une approche technico-économique de l’évaluation du coût d’un ouvrage pendant toute sa

durée de vie, de sa conception à la fin de sa durée d’usage (y compris sa démolition). Il s’agit
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donc de quantifier les coûts actualisés (c’est-à-dire ramenés en données monétaires actuelles)

des diverses actions prises durant la vie de la structure. La somme de ces différents coûts

actualisés représente le coût actuel net de l’ouvrage. Cette analyse vise donc à évaluer les

investissements nécessaires aujourd’hui pour réaliser ces actions dans le futur. Ceci permet de

déterminer le coût global d’un ouvrage, incluant les coûts de conception, de construction, de

maintenance, de réparation, de réhabilitation, de perturbation d’exploitation et de démolition.

Dans ce contexte, les décisions relatives à la gestion d’un ouvrage ou structure particulière

sont :

 la stratégie de maintenance,

 la méthode de gestion,

 la durée d’application de la maintenance,

 l’âge d’application de la maintenance.

La stratégie de maintenance est souvent une décision politique. Il s’agit en particulier de

retenir la stratégie appropriée qui minimise les coûts et maximise l’efficacité de la

maintenance. Les options de la maintenance incluent :

 ne rien faire jusqu’à ce que la structure devienne non sure ou inapte au service, ou

qu’un renforcement ou des restrictions d’utilisation soient nécessaires ;

 mener des actions préventives afin de réduire la vitesse de dégradation en évitant ou

retardant des travaux de réparation, de renforcement ou des restrictions d’usage ;

 intervenir en fonction des résultats d’inspection suivant des calendriers d’inspection

prédéfinis ou optimisés. Suivant les résultats d’inspection, plusieurs choix possibles du

laisser-aller au renforcement.

Le remplacement de la structure lorsque celle-ci ne remplit plus ses fonctions (perte de

performance) est une alternative au renforcement et le choix entre ces deux stratégies repose

essentiellement sur une décision d’ordre économique.

7.3. Maintenance conditionnelle

Nous nous limiterons dans ce paragraphe à présenter des résultats liés à la maintenance

conditionnelle. Nous renvoyons le lecteur à la référence [Cremona, 2003] pour de plus amples

renseignements sur les autres types de maintenance. Pour une maintenance conditionnelle, les

interventions sont conditionnées par les résultats d’inspection. Les instants d’inspections

peuvent être espacés régulièrement ou non. De façon analogue à la stratégie préventive, une

contrainte de fiabilité exprimée par une probabilité de défaillance acceptable doit être vérifiée.

Supposons que la durée d’usage soit divisée en n inspections. Dans le cas d'une maintenance

conditionnelle, il est important de définir les critères conditionnant les actions à entreprendre

suivant les éventualités rencontrées (Figure 9).
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Inspection

Intervention

Défaillance

Figure 9. Arbre d’événements pour une maintenance conditionnelle

Nous présentons ici une application particulière de la maintenance préventive à l'optimisation

des inspections d'assemblages soudés fissurés par fatigue. La marge de sécurité est définie par

la non atteinte d'une profondeur de fissure critique. Elle combine donc d'une part un modèle

de propagation de fissure (loi de Paris) pour estimer l'endommagement par fatigue au cours du

temps avec d'autre part un modèle de rupture fragile ou ductile pour la détermination de la

fissure critique. L'efficacité des inspections est introduite dans les marges d'événement au

travers de la qualité d'inspection. Cette qualité est liée à la technique employée et est

représentée par la probabilité de détecter une fissure de dimension donnée. Cette probabilité

revient en fait à définir un seuil de détection d'une fissure pour la technique d'inspection

considérée. Cette plus petite fissure détectable est alors une variable aléatoire pour tenir

compte des incertitudes sur la mesure. Le problème posé consiste à déterminer un instant de

prochaine inspection 
1
t  qui minimise le coût total moyen de maintenance, sous réserve qu'un

seuil de fiabilité 
0

 ne soit pas dépassé. La stratégie adoptée ici est de réparer toute fissure

détectée. Les figures 10-11 donnent l'évolution des coûts moyens totaux minimaux de

maintenance et des instants d'inspection optimaux correspondants pour diverses qualités

d'inspections exprimées par une valeur moyenne et un coefficient de variation.
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Figure 10. Coûts optimaux de maintenance

Pour des techniques dont les seuils de détection sont compris entre 0,5 et 1,5 mm, des coûts

totaux minimaux sont obtenus. Cela correspond à des instants d'inspection compris entre 20 et

30 ans. Les taux d'intérêts peuvent changer considérablement ces résultats. Une modification

de 4 % (comme dans les exemples précédents) à 8 % fait chuter les coûts totaux d'un facteur

3. L'influence des coûts d'inspection sur le résultat de l'optimisation est par contre assez

faible. La réparation n'affecte pas considérablement les optimaux technico-économiques, sauf

dans le cas de seuils de détection très faibles. Dans la logique d'une réparation systématique

après détection, la réparation intervient trop tôt (seuil de détection très performant) ce qui

conduit à des interventions très certainement prématurées. Le coût de défaillance est par

contre d'une influence considérable sur l'optimisation et la détermination des instants

d'inspection optimaux. Ils incluent divers paramètres : défaillance de l'élément, de la structure,

pertes en vies humaines… Ils sont donc à choisir avec prudence afin d'éviter des résultats trop

conservateurs.
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Figure 11. Instants d'inspection optimaux

Nombre d'inspections 1 2 3 4 5

Coût d'inspection 0.13 0.28 0.43 0.60 0.75

Coût de réparation 1.22 2.26 2.7 2.75 2.88

Coût de défaillance 2.77 0.02 0.0001 0.0022 0.022

Coût total 4.12 2.56 3.14 3.34 3.65

Intervalle 30 20 15 12 10

 final 2.24 3.76 4.9 4.1 3.52

Stratégie 1

Nombre d'inspections 1 2 3 4 5

Coût d'inspection 0.13 0.28 0.43 0.60 0.75

Coût de réparation 0.72 0.95 1.00 1.11 1.12

Coût de défaillance 3.8 0.66 0.11 0.02 0.27

Coût total 4.66 1.89 1.6 1.73 2.14

Intervalle 30 20 15 12 10

 final 1.98 2.73 3.37 3.64 3.78

Stratégie 2

Tableau 2. Exemple d'optimisation des calendriers d'inspection
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L'analyse précédente se généralise à la détermination de calendriers optimaux d'inspection. Le

problème est alors de déterminer un intervalle d'inspection qui minimise le coût total de

maintenance sur l’horizon d’intervention T. Le nombre d'inspection est alors fixé et le coût

minimal de maintenance évalué. Cette procédure est appliquée pour plusieurs instants

d'inspection et le nombre d'inspections fournissant un coût minimal est retenu comme

l'optimum global. Une contrainte sur la fiabilité est exercée sur l'optimisation technico-

économique, c'est-à-dire . L'exemple suivant donne les résultats pour deux

stratégies de maintenance préventive conditionnelle : réparation systématique après détection

d'une fissure au cours de l'inspection (stratégie 1), réparation après que la fissure ait atteinte

un seuil conventionnel (stratégie 2). Dans ce second cas, une fissure peut être détectée mais

non réparée. Le temps d’intervention est fixé à 60 ans et l'indice de fiabilité minimal

acceptable à 3,5.

Le tableau 2 donne les résultats des optimisations et les calendriers optimaux pour les deux

stratégies. La stratégie 2 conduit à multiplier les inspections, afin de surveiller l'évolution de

la fissuration. Pour la stratégie 1, le nombre optimal d'inspection est de 2 alors que pour la

stratégie 4, il est de 4 inspections. La stratégie 4 offre cependant des coûts moyens inférieurs à

la stratégie 1 puisque les réparations ne sont pas systématiques et interviennent de façon

optimisée.

8. En guise de conclusions

La performance structurale (durabilité, aptitude au service et sécurité structurale) des

ouvrages est en général régie par des démarches institutionnelles, telles que les règlements de

conception et les systèmes d’assurance qualité. Sont-elles cependant suffisantes dans

l’évaluation de leur performance et de leur durée de vie résiduelle face à des aléas potentiels

(dégradations, chargements extrêmes…) ? Les études menées au LCPC ont mis en évidence

que ce n’était pas le cas. En premier lieu, la prise en compte de l’évolution de la performance

est indispensable pour la gestion d’un ouvrage. En second lieu, il est essentiel de mieux

considérer les spécificités des ouvrages.

Le noyau central du contrôle de la performance structurale réside dans les coefficients de

sécurité ou, dans leurs versions modernes, dans les coefficients partiels de sécurité. Ces

notions sont à relier avec les concepts de probabilité de défaillance. Cependant, pour des

raisons techniques, ces concepts sont simplifiés dans un processus de calibration

réglementaire. Le résultat est que la probabilité de défaillance devient une valeur nominale.

Pour des règlements de conception, cette estimation est de plus basée sur des propriétés de

résistance et de charges prédéfinies. Ce processus de calibration conduit également à définir

des coefficients partiels de sécurité couvrant une grande variété de structures. Parce que ces

coefficients s’appliquent de manière générique et non de manière spécifique, la probabilité de

défaillance réglementaire ne donne pas une estimation correcte de la véritable probabilité de

défaillance d’une structure particulière conçue avec le règlement. Cela explique notamment

pourquoi l’application de règles de conception pour la vérification de la sécurité structurale

d’un ouvrage existant tend à être conservatrice.
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Au cours des dernières années, l'état de dégradation du parc des ouvrages a été tel que le

volume des travaux nécessaires a atteint des proportions ingérables dans de nombreux pays, y

compris développés. Certains d'entre eux se sont vus en outre confrontés à la nécessité

d'augmenter la capacité portante de leurs ponts. Les budgets d'entretien, de réparation et de

réhabilitation étant limités et les besoins toujours croissants, trouver un équilibre optimal

entre coût et sécurité constitue aujourd'hui un enjeu fort en matière de maintenance des

ouvrages d'art.

L'évaluation des ouvrages consiste à déterminer leur capacité portante en fonction du

chargement spécifié. Un pont qui satisfait l'évaluation est un pont dont on peut montrer,

généralement par le calcul et en utilisant des méthodes analytiques courantes, qu'il est capable

de supporter toutes les combinaisons de charges d'exploitation à prendre en compte pour

l'évaluation. Un pont qui n'est pas capable de supporter ces combinaisons de charge peut être

désigné comme sous-dimensionné. L'objectif de l'évaluation d'un ouvrage est donc en premier

lieu d'estimer rapidement et avec un minimum d'efforts le degré de sécurité d'un pont existant.

Les critères et les règles d'évaluation doivent néanmoins être établis avec rigueur et de

manière judicieuse. Si les évaluations sont indûment conservatrices, les structures seront

inutilement renforcées, ou bien des limitations de tonnage seront inutilement imposées.

Inversement, si les règles sont trop souples, certains ponts risquent, de fait, de s'effondrer en

service.

L'évaluation des ponts existants est très semblable au calcul des ponts neufs. Les mêmes

principes fondamentaux sont à chaque fois au cœur du processus. Une différence importante

réside néanmoins dans le fait que, lors du calcul initial, être conservateur est généralement

une bonne chose, qui peut être obtenue moyennant un faible coût supplémentaire, tandis que

lors de l'évaluation d'un pont existant, il est important d'éviter toute disposition conservatrice

inutile à cause des lourdes conséquences financières qu'entraînerait le fait de conclure, sans

raison valable, que le pont est sous-dimensionné. Il convient donc d'élaborer des méthodes et

des outils adaptés de manière à effectuer les évaluations aussi correctement que possible.

Lors de l'évaluation d'un pont existant, l'ingénieur peut éliminer certaines des incertitudes

qu'il avait fallu prendre en compte lors du dimensionnement initial. Il lui est par exemple

possible d'établir la résistance réelle du béton ou de l'acier utilisés ; les dimensions des

composants peuvent également être mesurées et les poids propres déterminés. Ceci signifie

que les coefficients partiels utilisés pour le dimensionnement initial, qui visaient à s'affranchir

des variations de ces paramètres, deviennent relativement redondants dans le cadre de

l'évaluation d’un ouvrage existant. Par ailleurs, un nombre important d'incertitudes demeure et

de nouvelles peuvent être apparues depuis le calcul initial.

Une approche plus rationnelle de l'évaluation consisterait donc à modéliser toutes les

incertitudes sur les variables sous-jacentes (et donc à en tenir compte), puis à calculer la

probabilité de défaillance réelle du pont. La modélisation directe de toutes les incertitudes

présente également l'avantage de permettre la prise en compte des particularités importantes

du pont considéré et éviter ainsi le conservatisme inhérent aux coefficients partiels, calibrés

pour couvrir une gamme de ponts étendue. La théorie de la fiabilité des structures, qui

exprime la sécurité structurale en termes probabilistes, peut constituer une réponse pertinente.

Mais une telle approche présente certaines difficultés, tant numériques que théoriques et
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pratiques. Elle constitue néanmoins une solution originale au recalcul des ponts. Le Royaume-

Uni a fait l'expérience d'une telle approche pour l'évaluation des ouvrages d'art.

La fiabilité structurale conduit à un résultat (probabilité de défaillance, ou, ce qui est

équivalent, indice de fiabilité) qui peut être utilisé comme une mesure de performance

indiquant si l’aptitude au service ou la sécurité structurale (et pourquoi pas, le niveau de

durabilité ?) est satisfaisant ou non. Mathématiquement, la probabilité de défaillance d'un

ouvrage dépend des incertitudes sur les paramètres de charge et de résistance ; elle dépend

également d'autres facteurs tels que toute erreur grossière éventuelle, évènement exceptionnel,

mauvaise qualité d'exécution, etc. Cependant, il est difficile, même dans une approche

probabiliste, d’appréhender les erreurs grossières dues à des facteurs humains ou

organisationnels, dont on sait qu'elles sont la cause de la plupart des ruines d'ouvrages. Elles

ne sont d’ailleurs généralement pas prises en compte, ni dans le dimensionnement initial, ni

dans l'évaluation. L'assurance qualité et le contrôle de la qualité constituent la meilleure

manière de les traiter.

Les méthodes de fiabilité structurale sont de plus en plus couramment employées ; elles sont

considérées comme un outil rationnel pour traiter de certaines incertitudes sur les paramètres

de calcul. L'incertitude sur chaque variable de base est modélisée à l'aide d'une fonction de

probabilité appropriée et on calcule la probabilité de défaillance - ou, ce qui est équivalent,

l'indice de fiabilité - soit pour un composant, soit pour l'ensemble de la structure. Deux types

d'incertitudes doivent être analysés :

 les incertitudes sur les connaissances ; elles ne sont pas inhérentes à l'ouvrage, mais

reflètent simplement notre degré de compréhension (ou d'ignorance) du

fonctionnement de la structure ; elles sont une combinaison d'incertitudes statistiques

liées au fait que les données relatives aux variables sont disponibles en quantité

limitée et d'incertitudes "de modèle" dues aux imprécisions des méthodes de calcul

 les incertitudes inhérentes aux paramètres de calcul.

Il est très important de comprendre que la fiabilité calculée pour un ouvrage est une valeur

théorique, sans réalité absolue. Elle ne doit pas être considérée comme une mesure absolue de

la sécurité d'un ouvrage donné. Elle trouve tout son intérêt dans la comparaison des fiabilités

relatives de différents ouvrages ou de différents composants.

De manière analogue, la probabilité de défaillance ne doit pas être interprétée comme une

mesure de la fréquence de défaillance que l'on peut attendre d'un ouvrage en service - au sens

où ce pont, pris parmi n ponts, s'effondrerait. D'une part, le nombre d'ouvrages analogues est

insuffisant pour que cela ait un sens et, de fait, il est rare que des ouvrages s'effondrent en

service. D'autre part, les distributions de probabilité utilisées dans une analyse fiabiliste ont

pour objectif de représenter la variabilité inhérente aux paramètres de calcul, telle qu'on

pourrait l'attendre pour les ouvrages conçus, construits, exploités et entretenus conformément

aux règles de l'art.

Les méthodes et les outils de l'analyse fiabiliste sont bien développés et sont couramment

utilisés dans un certain nombre d'industries telles que les industries pétrolières et gazières

offshore, l'industrie nucléaire et plus récemment pour certains bâtiments et ouvrages d'art

particuliers (pont du StøreBelt au Danemark, par exemple). Néanmoins, un problème fréquent
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est que les valeurs calculées de la fiabilité sont très sensibles aux lois de probabilité retenues

pour représenter les variables aléatoires de base, à la méthode d'analyse employée pour

l'évaluation des sollicitations (calcul d'un réseau de poutres croisées, calcul aux éléments

finis, etc.) et aux modèles utilisés pour le calcul des capacités portantes des composants ou du

système structural dans son ensemble.

On a montré par le passé que les évaluations probabilistes réalisées pour des ouvrages de type

analogue par des ingénieurs différents conduisaient à des résultats différents. Ceci est

essentiellement dû aux différentes hypothèses faites concernant les distributions des variables

de base et aux différentes méthodes de calcul utilisées. Afin d'assurer une meilleure cohérence

et de tirer le meilleur parti de la méthode, il est essentiel de codifier les procédures de

l'analyse en fiabilité pour les ouvrages d'art.

Pour de nombreux ingénieurs, l'évaluation probabiliste est un concept entièrement nouveau. Il

est donc de la plus grande importance que les diverses recommandations soient faciles

d'utilisation, sans ambiguïtés, et structurées de telle sorte que les ingénieurs spécialistes des

ponts puissent réaliser ces évaluations avec l'aide appropriée de spécialistes de la fiabilité.

Dans la pratique, seuls quelques ingénieurs feront appel à des techniques d'évaluation

avancées et il est réaliste d'imaginer que seuls ceux ayant une connaissance de base en matière

d'évaluation probabiliste s'attaqueront à la tâche. Néanmoins, l’existence de recommandations

est indispensable et doit inclure des exemples clairement illustrés et parfaitement traités pour

un certain nombre d'ouvrages types courants.
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Jean-Marc JAEGER, SETEC TPI (France)
Ageing in civil engineering materials and structures

SETEC TPI will address the Aging  theme of the Dijon Symposium by talking about aging
in civil engineering materials and structures, such as the Millau viaduct, the EdF high-riser at
La Defense – Paris, the renovation of the Grand Palais of Paris and special structures with
Monaco’s floating dam and the “number 10” shaped gateway boat at Marseilles.

  

Prevention of aging phenomena

The durability of civil engineering structures has become a major concern for designers. The
Millau viaduct is designed for a service life of 120 years, and the Monaco dam for 100 years.
Calculation rules have been evolving toward the incorporation of the concept of life cycle, for
example, the  Eurocodes 2 rules (reinforced concrete). The speech will expose the factors
which are being taken into account to delay aging versus structure types.  This first part will
be oriented toward materials and corresponding regulations :
- Reinforced concrete (coating of reinforcements, opening of cracks, choice of

reinforcement types), BAEL and Eurocodes 2 rules
- Frame steel (protection, sacrificial anode), CM66 and Eurocodes 3 rules

New materials will also be mentioned :
- Ultra high-performance fiber/concrete, with the example of CERACEM applied at

Millau for the covering of the toll area barrier,
- Titanium, which is starting to appear in the building trades, especially for the Beijing

China Opera House shell.

In-operation monitoring of degradations related to aging

This second part will be devoted to a specific case : the “number 10  shaped gateway bridge,
a prestressed concrete structure immersed in the Port of Marseilles, which will be used to
illustrate the aging phenomenon in a corrosive environment. We will focus on the types of
inspection series performed by the Autonomous Port Authority of Marseilles to check the
behavior of its structure and the repair series which have followed over a period of about 30
years.



Compensatory measures required to maintain a good safety level

SETEC TPI will briefly describe the experience it acquired while repairing the Grand Palais
at Paris.
After expertizing the metallic frame and evaluating the deterioration of the steel, various
reinforcement measures were applied, including a pure and simple replacement of the most
deteriorated parts.

Finally, regarding the nuclear field, the paper will present the measures which SETEC TPI
applied to design concrete containers for the long-term storage of type B wastes : high-
performance concrete, stainless steel fibers, stainless steel reinforcements and titanium bolts.
(study carried out for the CEA Cadarache ; demonstrators were built and are visible at
Marcoule).

Jean-Marc JAEGER, SETEC TPI (France)
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Sophie MOURLON, ASN France - Good 
morning, ladies and gentlemen and welcome to 
Dijon. Nous sommes heureux de vous accueillir 
pour ce premier symposium NuPEER consacré 
au contrôle et à l’expertise en matière 
d’équipements sous pression nucléaires, 
organisé par l'Autorité de sûreté nucléaire 

française (ASN). Je m’appelle 
Sophie Mourlon, je suis le chef 
du BCCN, le Bureau de 
Contrôle des Chaudières 
Nucléaires. Cette sous-
direction de l'ASN est en 
charge du contrôle des 
équipements sous pression 
nucléaires. J’occupe les 
fonctions de chef du BCCN 

depuis peu puisque David Emond, que certains 
d’entre vous connaissent, a été appelé au cabinet 
de la ministre du commerce extérieur la semaine 
dernière. Le changement de gouvernement en 
France lui a ouvert cette opportunité intéressante 
qui a nécessité une prise de décision très rapide. 
Je l’ai donc remplacé à la tête du BCCN. 
 
L’ASN, et plus particulièrement le BCCN, ont 
voulu que ce symposium soit l’occasion, pour les 
équipes techniques en charge des équipements 
sous pression nucléaires au sein des autorités de 
sûreté et leurs appuis techniques, de se 
rencontrer et de partager leurs expériences. Cet 
objectif est déjà à moitié atteint : nous sommes 
aujourd’hui plus d’une centaine venus 
d’Allemagne, de Belgique, du Canada, des Etats-
Unis, de Finlande, de France, de Norvège, de 
République Tchèque, du Royaume-Uni, de 
Slovénie, de Suède, de Suisse. Des 
représentants de l’AIEA, l’Agence Internationale 
de l’Energie Atomique à Vienne, de l’Agence 
pour l’Energie Nucléaire à l’OCDE et du Joint 
Research Center, JRC aux Etats-Unis sont 
également parmi nous. Ce symposium offre donc 
de formidables perspectives d’échanges 
techniques. 
 
Pour cette première édition de NuPEER, nous 
vous proposons de réfléchir ensemble aux 
problématiques liées au vieillissement des 
équipements sous pression nucléaires. Pourquoi 
le vieillissement ? En France comme dans de 
nombreux pays, les centrales les plus anciennes 
encore en exploitation auront bientôt 30 ans.  
Elles subissent de nombreux phénomènes de 
vieillissement qui posent la question de leur 
durée de vie pour une exploitation sûre. L'ASN, 
comme ses homologues étrangers, doit veiller à 
ce que les exploitants des centrales effectuent 

les démarches nécessaires pour maintenir et 
même améliorer la sûreté des réacteurs aussi 
longtemps qu'ils sont en exploitation. Ce contrôle  
doit s’effectuer tant sur le plan réglementaire et 
humain que sur le plan technique, avec rigueur et 
compétence.  
 
L'ASN s'appuie sur les compétences techniques 
de son expert, l’IRSN, chaque fois que c’est 
nécessaire. Mais au-delà, l’ASN doit se tenir 
informée du retour d'expérience international. 
Elle considère également qu'il est important 
d'échanger sur les pratiques de sûreté. En effet, 
les échanges sur les informations techniques et 
les pratiques réglementaires sont susceptibles de 
nous aider à anticiper les dégradations liées aux 
phénomènes de vieillissement. Le BCCN, qui 
assure, au sein de l'ASN, le contrôle de la 
fabrication et du suivi en exploitation des 
équipements sous pression nucléaires, a 
maintenant plus de trente ans de pratique en la 
matière. Les nombreux dossiers qu'il a traités lui 
ont appris que la nature et la physique sont 
souvent plus inventives que les ingénieurs eux-
mêmes, quelle que soit la compétence de ces 
derniers. Nous vous proposons donc de faire 
progresser nos connaissances, mais aussi 
d'initier des contacts et des échanges durables 
en laissant une large place aux débats au cours 
de ce symposium, que ce soit en plénière, en 
ateliers ou en table ronde. Soyons inventifs, 
pertinents et impertinents. 
 
Avant d'entamer les débats proprement dits, 
nous invitons M. William Borchardt, directeur 
adjoint de l'Office of Nuclear Reactor Regulation, 
à la NRC américaine, à nous donner quelques 
mots d'introduction. 
 

 

R. William BORCHARDT, NRC USA - Thank 
you very much.  It is my pleasure to participate in 
the opening of this symposium on ageing issues 
in nuclear power plants.  It is indeed appropriate 
to be holding this symposium on ageing issues.   

OUVERTURE / OPENING 
 
Sophie MOURLON, Responsable de la sous-direction Equipements sous pression nucléaires, ASN France 
R. William BORCHARDT, Deputy Director of the Office of Nuclear Reactor Regulation, NRC USA 



 

4 

There are over 430 operating power reactors 
throughout the world.  While the designs may 
vary within and across borders, the fact is that 
there is much in common in the design, 
materials, fabrication methods and operating 
environments.  It only follows that we, as 
regulators, researchers and operators, gathering 
in a forum such as this, have a special 
opportunity to learn from each others’ experience 
in dealing with ageing issues.  As we exchange 
information, expertise, operating experience and 
ongoing research among the international 
community, we recognise and respond to 
emerging technical issues and promote best 
practices.  For example, implementing robust 
operating experience programmes provide an 
excellent means to highlight past and present 
corrective actions, including root cause 
determinations, and identify ways to prevent 
recurrence. 
 

 
 
Why is ageing management or control of 
materials degradation such an important topic?  
From my perspective, there are three primary 
reasons.  First, ageing management is an 
essential part of our overall mission to maintain 
the safety of the currently operating reactors.  We 
need to ensure that every plant is operated safely 
all the time.  Second, adequate and proactive 
ageing management can help to prevent future 
problems during the current operating cycle.  This 
will have the additional benefit of saving operation 
costs in the long run.  Third, it is an absolute 
pre-requisite for future reactor construction.  We 
must demonstrate that we can adequately 
manage ageing issues of the current fleet of 
reactors since new reactors will also face the 
same ageing issues in the future.  The public will 
not support new construction if the current fleet of 
reactors has a serious safety problem.   
We are all familiar with the many essential 
practices of good ageing management as they 
are applicable to both active and passive 
systems, structures and components.  They 
include routine surveillance, monitoring and 
trending activities, corrective actions, inspections 
and testing.  Each of these activities by itself, or a 
combination of them, can help with the detection 
of ageing.  Thus we may introduce appropriate 
preventative and corrective actions to address 

the associated problems.  These practices of 
good ageing management are absolutely critical 
in the identification of potential or existing ageing 
issues.   
 
The integrity of the reactor coolant pressure 
boundary systems of a nuclear plant is one of the 
most basic and essential aspects of reactor 
safety.  Failure of this boundary would result in a 
loss of coolant accident, one of the most 
challenging accidents within the design basis.  
Degradation of the pressure boundary has 
proven to be one of the most challenging issues 
confronting operators and regulators since plants 
began to operate.  In view of the fact that licences 
to operate nuclear plants are being, or will be, 
extended for many additional years of operation 
and that age-related degradation will continue to 
be an issue, this symposium is of particular 
interest.   
 
The identification and management of ageing 
degradation must be proactive and integrated into 
our daily work.  Most of you are familiar with the 
serious corrosion damage to the reactor pressure 
vessel at the Davis-Besse nuclear power station 
in the United States.  There is an important 
ageing management lesson from this incident: 
ageing issues require our constant vigilance.  
Material wastage of components as a result of 
boric acid corrosion caused by the primary 
system leaks had been reported by the industry 
for more than 30 years. Alloy 600 nozzle leakage 
has been known for more than fifteen years.  Yet, 
despite this knowledge, the operator of this plant 
did not prevent the severe corrosion of 
Davis-Besse reactor vessel head.  Long-standing 
and recurring primary coolant leaks were not 
fixed.  In other words, these known material 
degradation issues were not properly addressed 
or corrected at Davis-Besse.   
Davis-Besse had previously been considered one 
of our better plants in the United States.  
Because operation had proceeded so smoothly in 
the past, plant staff did not bring to the job the 
constant vigilance that nuclear technology 
requires.  Several warning signs were ignored, 
including the clogging of containment air coolers 
and of the filters on containment radiation 
monitors, all of which may be considered part of 
the ageing phenomena.  In addition, there was 
evidence that pressures for production were 
given higher priority than concerns for safety.  As 
a result of this event, the plant outage continued 
for more than one year, increasing public 
concerns about the plant, including demands for 
permanent shutdown, and hundreds of millions of 
dollars were spent for repairs and upgrades.  
Davis-Besse’s reactor head corrosion was 
considered a direct result of a degraded safety 
culture.  At the same time, it has also revealed 
that the physical contributors to the incident were  
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various ageing degradations of plant systems and 
components.  Though we believe that we have a 
comprehensive programme for nuclear safety, 
the Davis-Besse event reinforces the need to 
remain watchful.   
 
This symposium is an excellent forum to 
encourage such vigilance and to learn from the 
experience of others.  This meeting is an 
opportunity to generate ideas and to share 
international experience.  It will also inform and 
enhance our collective efforts to improve 
worldwide safety.  We all benefit because an 
accident anywhere in the world will affect each of 
us.  We can enhance nuclear safety worldwide 
through national measures and international 
cooperation.  As reflected by the programme of 
this symposium, there is a wide spectrum of 
ageing issues which are of interest.  Ageing 
management and safety of nuclear plants are 
primarily the responsibility of operators.  
Regulatory oversight practices vary from country 
to country but we have much to gain by 
understanding each other’s approaches, lessons 
learned, and future plans.  Research plays an 
integral role in the process of ensuring safety by 
contributing in areas such as advancing the 
understanding of degradation mechanisms and 
the progress of these mechanisms and improving 
the tools to identify ageing.   
 
Age-related degradation is a day-to-day issue for 
operating plants.  Let me briefly discuss an 
example that we consider to be of high 
significance, which is the primary water stress 
corrosion cracking and consequential boric acid 
corrosion.  Nickel-based alloys have been used 
extensively in reactor coolant systems of light 
water reactors throughout the world.  As I am 
sure you recognise, the regulatory framework in 
the United States relies in part on inspections 
prescribed by the American Society of 
Mechanical Engineers.  The ASME code was not 
written with the foreknowledge of PWSCC and 
does not require frequent enough inspections to 
address this issue.  Similarly, the ASME code 
does not currently require the types of 
inspections that lead to promptly identifying 
leakage that could cause boric acid corrosion.  
This situation necessitates that the gap be filled 
by proactive and timely steps on the part of the 
industry to develop and implement inspection 
guidelines.  Regulators have the responsibility to 
the public to ensure that such steps are taken.  
The NRC has issued a number of bulletins and 
an order in recent years on the subject of 
PWSCC and boric acid corrosion.  The NRC has 
continuing concerns regarding PWSCC and 
nickel-based alloys.   
 
On the topic of licence renewal, it is important to 
recognise that there are 103, soon to be 104, 
operating reactors – with the restart of Browns 

Ferry 1 in the near future – licensed to operate in 
the United States.  The size of this fleet 
necessitated that the NRC and the US industry 
agreed on a strategy for licence renewal that was 
sufficient and that minimised regulatory 
uncertainty.  The initial licences for power 
reactors in the United States were issued for 40-
year terms.  The NRC developed a licence 
renewal process that established the technical 
and administrative guidelines for renewal of 
plants for an additional 20 years beyond the 
original 40-year term.  Licensees who apply to 
extend their licences must demonstrate that their 
ageing management programmes are in place to 
manage those ageing effects applicable to the 
passive, long-lived plant components and 
structures.  For degradation mechanisms such as 
fatigue and neutron embrittlement, the safety 
reviews must verify that the design and analysis 
conclusions, based on the current operating term, 
have been evaluated and are valid for the 20-year 
extended period of operation.  As of this month, 
the NRC has reviewed the operating licences for 
32 units and approved each of those applications.  
The NRC has developed a number of 
internationally available licence renewal guidance 
documents to describe the inter-related aspects 
of preparing and reviewing licence renewal 
applications.  The industry has provided 
extensive comments and input into the 
development of these documents.  An example is 
the Generic Aging Lessons Learned, or GALL 
Report, which catalogues plant components and 
structures, lists the materials, environments, 
ageing effects and mechanisms, and documents 
how existing commonly-used plant programmes 
can be used to enhance or mitigate these ageing 
effects.   
 

Let me summarise by 
noting that global 
energy needs continue 
to grow.  While nuclear 
power generation will 
remain in the mix of 
energy production, 
extending the operating 
life of existing nuclear 
power stations is, for 
some utilities, an 
economically feasible 

way to meet future energy demand. This 
increases the importance of managing ageing 
issues.  The responsibility of plant operators, 
regulators and researchers is to work in their 
distinctive roles to ensure that ageing issues are 
effectively and safely managed.  I join you in 
looking forward to the presentations over the next 
two days and participating in the workshop 
discussions and debates.  Thank you for your 
participation in this symposium and my best 
wishes to you for a successful and productive 
meeting.   
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Sophie MOURLON - Notre première séance 
plénière va traiter du contrôle de la sûreté des 
équipements sous pression nucléaires. Nous 
allons tenter de dresser un panorama général 
des pratiques et des approches en matière de 
sûreté et de gestion du vieillissement. 
 
Nous avons voulu des panels variés et nous 
avons fait en sorte que des approches 
différentes soient représentées dans chaque 
panel. L'Autorité de sûreté nucléaire française 
sera représentée à la tribune par Alain Schmitt, 
directeur général adjoint en charge des 
réacteurs de puissance à l’ASN, par Laurent 
Foucher, adjoint à la sous-direction chargée 
des réacteurs de puissance à l’ASN et qui est 
également ancien chargé d'affaires du BCCN, 
par moi-même, et par Dominique Arnaud, mon 
adjointe. 
 
This first technical introduction is about control 
and supervision of safety of nuclear pressure 
equipment.  I will try to present the French 
position on this matter.   
 
Ageing issues for nuclear pressure equipment 

are numerous. Among 
them, and very 
important, is the 
degradation of many 
mechanical properties 
of materials.  For 
instance, thermal 
ageing and irradiation 
embrittlement are 
issues for pressure 
equipment because 
they degrade their 
mechanical properties 
over time.  We also 

have the degradation of the equipment itself, 
for example through stress corrosion, fatigue, 
and other kinds of corrosion.  Very important 
and not to be forgotten: the loss of skills and 
know-how and the obsolescence of materials.  
This loss of skills and know-how is important 
because it affects engineering teams of utilities 
and also manufacturers and sub-contractors.  
This is all a challenge for the safe operating 
lifetime of nuclear power plants. As 
Mr Borchardt said, it is very important to take 
this into account now in order not to meet any 

problems in the future with current power 
plants or future power plants.   
 
What is specific to France?  In France, 58 
pressure water reactors are operated by one 
utility.  They are all similar in design.  They 
were built by Framatome.  The oldest one is 
Fessenheim – it started operations in 1977 – 
and the most recent is Civaux, which started 
operations in 1996.  We have quite an 
important fleet of reactors with similar design 
and very close in age, because they all started 
in a period of less than 20 years.  This has 
advantages because we have a large fleet to 
have feedback experience.  That is a good 
advantage for ageing management but it also 
has drawbacks.  In particular, any problem that 
might affect one reactor might, in fact, affect all 
reactors at just about the same time because 
they are all so close in age.  This is taken into 
account in the French regulatory approach to 
ageing management.   
 
It is important to say that, in France, the 
regulatory approach to ageing management 
does not set any licensing lifetime.  There is no 
lifetime introduced in the licensing process.  Of 
course, there are hypotheses on lifetime which 
are taken into account in design studies, but 
the operator is responsible for maintaining the 
safety of the plant and the plant may operate 
as long as safety is ensured.  I said the 
operator is responsible for the safety of the 
plant.  It is responsible for safe operation, of 
course, but also surveillance in operation which 
includes in-service inspection, repairs and 
replacements in time, and provision of safety 
demonstrations.  The Nuclear Safety Authority 
may require a comprehensive review of safety 
at any time and may also stop a reactor if 
safety is challenged at any time.   
 
In fact, this comprehensive safety review is 
done every ten years.  It is a periodic safety 
review every ten years during decennial 
outage.  The utility, during this safety review, is 
required first to check that safety requirements 
are still met although the reactor is ageing and 
degradations are appearing on the reactor.  
This includes improvements in safety 
demonstration if necessary.  Of course, 
improvements in the demonstration are not 
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improvements in safety.  At this point, it is only 
checking that safety requirements are still met 
throughout the lifetime of the plant.  The 
second point, and very important, is that the 
utility is expected to implement technical 
improvements on equipment and operation to 
update reactors to state-of-the-art technology 
and design.  This is improvement of safety.  
The utility is supposed to take into account, in 
particular, the new technologies that are 
designed for new reactors.  The programme of 
the periodic safety review is designed by the 
utility but has to be approved by the French 
Safety Authority.   
 
For nuclear pressure equipment, there is an 
extended number of regulatory texts.  One of 
them is very important: it is the order of  
November 10, 1999 for Main Primary System 
and Main Secondary System of PWRs.  This 
text is oriented towards ageing management.  
All the requirements that are found in this text 
are, in fact, oriented towards ageing 
management.  It uses a ‘defence-in-depth’ 
approach with requirements on design, on 
surveillance operations, on maintenance and 
on feedback experience that we are going to 
detail now.   
 
For design and fabrication, the designer and 
future utility are expected to study materials 
and their fabrication with respect to ageing 
issues and ageing problems.  Materials have to 
be chosen and manufacturing processes have 
to be chosen and studied with respect to 
ageing management.  They are supposed to 
be qualified to known ageing degradations.  
The mechanical properties that have to be 
taken into account for design are expected 
end-of-life mechanical properties.  At the 
design stage, it is expected that the safety of 
the plant be demonstrated for the expected 
lifetime of the plant.  It is also required that the 
designer did what is necessary to prevent 
fatigue.  This means taking into account the 
possibility of fatigue in design and also in future 
operation.  Measures to prevent fatigue can be 
taken as well for the design of the equipment 
as for the operation of the plant. It is also 
expected, it is required, that the designer did 
what is required to favour in-service inspection.  
At the design stage, the reactor must be 
designed so that the utility may perform 
thorough in-service inspection.  No limit on 
in-service inspection should be introduced at 
the design stage.   
 
About design and fabrication, there are other 
texts.  For example, there is a 1974 order on 
construction and fabrication of power plants.  
There is now a new order in preparation on this 

matter to take into account a recent European 
Directive on  pressurised equipment. The 
present reactors in operation in France were 
built under the 1974 order.  The French Safety 
Authority has also issued technical rules for 
construction that are to be applied for new 
reactors, in particular the European 
pressurised water reactor (EPR) that is 
currently being designed in France and built in 
Finland.  For France, these technical rules for 
construction that were issued officially by the 
French Safety Authority have to be taken into 
account.   
 

 
 
The utility, EDF, and the designer Framatome 
in association wrote the RCCM code to codify 
the regulatory requirements.  The French 
Safety Authority has examined the RCCM code 
in its first version and is looking at the newer 
versions of the code.  We do not approve it but 
by looking at it we check that what is written in 
the code helps in meeting the regulatory 
requirements.  When instruction is finished, we 
issue a letter to give a decision, to say that the 
French Safety Authority is okay with the RCCM 
code and this should be the reference of the 
design and construction of nuclear pressure 
equipment.   
 
In the defence-in-depth approach there are 
many important features for operation; in 
particular, a good surveillance of the plant 
should be done by the utility.  It has to monitor 
the relevant parameters – pressure, 
temperature, chemistry – and to do a transient 
book-keeping to check that operating 
conditions are consistent with design 
hypotheses, and also to perform in-service 
inspection to detect degradations and flaws.  In 
France, we require the utility to do its in-service 
inspection in order to detect the flaws before 
they challenge integrity and before they lead to 
a leak.  This is to check that materials behave 
as anticipated.  They are designed with 
hypotheses on operation that have to be 
checked during operation. The design 
conclusions on the behaviour of the materials 
during operation are to be checked throughout 
operation of the plant.   
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The order of 1999 requires that, for each 
degradation mode, there be an ageing 
surveillance programme that is designed by the 
utility and that has to be approved by the 
Safety Authority.  The degradation modes, for 
instance, are irradiation embrittlement for the 
reactor pressure vessel, and thermal ageing.  
Any degradation mode that is linked to ageing 
and that is identified is supposed to be 
addressed through a specific surveillance 
programme.   
 
To design in-service inspection programmes, 
the utility is expected to analyse expected 
degradations and to adapt NDE techniques to 
flaws.  We require performance demonstration 
systems, called qualification, that we will 
present tomorrow during another plenary 
session on ISI.  The NDEs have to be adapted 
to the flaws that are expected – known or 
expected.  Also, the definition of the frequency 
of the examinations has to be defined 
depending on the expected degradation and on 
the growth rate of the expected flaws.  But not 
only that – we consider that it is not enough 
and that sample checks should be performed 
on top of those examinations that are done to 
search for expected degradation and expected 
flaws. As I said in my introductory address: 
nature and physics are always more 
imaginative than men and engineers.  To try 
and meet nature and physics, we require these 
sample checks to find degradations that were 
not expected in case they happen.  Also, of 
course, we require the utility to take feedback 
experience into account for its in-service 
inspection programmes.  In-service inspection 
programmes are expected to be revised at 
least every ten years to take into account 
feedback experience – national and 
international.   
 
As I said, nature is more imaginative than 
engineers so we require sample tests and also 
hydraulic tests that are performed every ten 
years on pressurised equipment.  This 
hydraulic test is a global test that allows us to 
find – if it should happen – important 
degradations that were not expected.  It proved 
useful in 1991 when, during a hydraulic test at 
Bugey 3, the reactive pressure vessel head 
showed a small leak.  This started a whole set 
of issues about reactor pressure vessel heads 
that we will talk about in one of the workshops 
this afternoon.   
 
For us, for the French approach, it is very 
important for sample tests and hydraulic tests 
to be performed.  Although we are trying, 
through feedback experience, through 
analysis, through studies, through research, to 
know what is going to happen, we do not know 

everything.  At some point, we must have 
another type of test, of global test, just to check 
that nothing else that we did not expect is 
actually happening in the plants.  This shows 
also the importance not only of national 
experience but also of international experience 
because the age of the reactors from one 
country to another may be different.  The 
operation of the reactor may be different.  Also 
it allows a bigger statistical set if we look at 
international experience to find what 
degradations are appearing here and there.   
 
I must also insist on the influence of operation 
procedures: the same reactor, operated 
differently, may develop different degradations.  
In France, 80% of the electricity is produced 
with nuclear power plants.  This means that 
some of the power plants follow the electricity 
network so they are not operated on a basic 
operation but there are fluctuations to follow 
the electricity network.  This means that 
operation in some of the plants is a bit different 
and may create new degradations or different 
degradations or accelerate the process of 
degradation.   
 
Maintenance: a defence-in-depth approach is 
also very important.  The utility must make 
sure that repair techniques and repair 
equipment are available.  This means that 
technical skills have to be created and 
maintained, that they have to check that the 
contractors will be available with the right skills 
at the right time, and the right number of 
contractors – this is very important in France 
with 58 very similar reactors – and that the 
industrial capacity is still there for repair 
equipment.  The utility is expected – it is in the 
order of 1999 – to repair cracks as soon as 
they are detected.  Also, we often require that 
utilities perform research on replaced 
elements: when equipment is taken away from 
the reactor and replaced by other equipment, it 
is a good opportunity to perform research on 
the equipment that was taken away.   
 
With respect to ageing management, the 
position of the ASN is as follows. The ASN 
considers that operation of the French reactors 
for 30 years is possible with adequate 
surveillance in operation and considering 
relevant safety cases, of course.  With what we 
know, what we have looked at, and what the 
utility is doing, we consider that operation for 
30 years is possible.  Beyond, a thorough 
analysis is required.  The condition of the plant 
with respect to ageing phenomena has to be 
addressed and the demonstration has to be 
made that operation may proceed safely for ten 
more years.  The utility is submitting operation 
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continuation aptitude cases – in French, DAPE 
– and a very comprehensive review 
programme will have to be performed at the 
third decennial outage when the reactor has 
reached 30 years.  Only after that will we know 
if operation may go on beyond 30 years.   
 
In conclusion, for the French Safety Authority, 
ageing management requires good design, 
thorough surveillance and in-service inspection 
– because design and fabrication are very 
important but not every degradation can be 
prevented at the design stage and we have to 
check that everything is happening the way we 
thought it would happen – and also the 
capacity to repair and replace in time.  
Managing ageing is one thing; more interesting 
is to anticipate. Anticipation requires 
experience feedback, requires sample checks 
and hydraulic tests to find the degradations 
that were not expected, and, of course, 
research that can find new degradations that 
will happen or may happen on the reactors, 
and international experience.  Thank you.   
 
Ulla EHRNSTEN, VTT Finland - I have two 
questions.  I do not know whether they should 
be put to you or somebody else in this 
audience.  My first one is that you said that not 
all French plants operate on steady-state 
operation with full power all the time.  Is that 
seen in the degradations, in that the more you 
have fluctuations in capacity, the more you 
have degradation?   
 
Sophie MOURLON - This is under study.  Of 
course, we think right away about fatigue but 
fatigue degradations have shown that they are 
not linked only to this kind of operation.  One of 
the main examples of fatigue in France is the 
Civaux event, when a crack appeared at the 
very beginning of operation at Civaux.  This 
was not linked to non-steady operation of the 
plant.  The question is under study.  Maybe the 
utility will tell us a bit more about that tomorrow.   
 
Ulla EHRNSTEN - My second question 
concerns the internals for the EPRs.  The 
design basis is 60 years.  You said that for all 
the ageing modes that you might have, you 
need a surveillance.  How are the internals of 
the pressure vessel going to be surveyed for 
the EPR?   
 
Sophie MOURLON - I am sorry, I cannot 
answer that.  BCCN only deals with 
pressurised equipment : the internals are not in 
our scope.   
 
Alain SCHMITT, ASN France - Maybe just 
one complementary remark about the influence 

of load variations.  In fact, up until now we 
have not seen any effect on ageing of load 
variations compared to baseload production.  
The licensee has decided to study this issue in 
more depth and to concentrate on baseload 
production on some reactors and load 
following on the others.  Maybe, in some time, 
we will have new things to say about this topic 
but, for the time being, we have not seen any 
influence on the ageing of pressurised 
equipment.   
 
Dominique ARNAUD, ASN France – 
Susanne Schulz, physicienne, inspecteur de 
l’Autorité de sûreté nucléaire suisse HSK, va 
nous présenter le programme de surveillance 
du vieillissement ainsi que les documents émis 
dans ce cadre en Suisse. 
 
Susanne SCHULZ, HSK Suisse - Thank you 
very much for giving me the opportunity to 
introduce the Swiss Federal Nuclear Safety 
Inspectorate’s guidelines for ageing 
surveillance for 
mechanical 
and electrical 
equipment in 
civil structures 
in nuclear 
installations. In 
Switzerland, 
we have four 
nuclear power plants with five reactors that 
cover about 40% of the electric energy 
production in Switzerland.  We have three quite 
old reactors :  an old Westinghouse 
pressurised water plant with two reactors at 
Beznau and an old General Electric boiling 
water reactor at Mühleberg.  Somewhat newer 
is a Siemens pressurised water reactor at 
Gösgen and then another General Electric 
pressurised water reactor at Leibstadt.  The 
three oldest blocks have accumulated already 
over 250 000 operating hours on the net.  If we 
look at the world statistics of nuclear power 
plants we see that our reactors are all in the 
second half.   
 
The history of the Swiss Ageing Surveillance 
Programme dates back to the early 90s when 
already some damage had been found.  In 
1991, a letter was sent to the Swiss nuclear 
power plants with the requirement to establish 
ageing surveillance programmes.  In response 
to that, a working group of the Swiss nuclear 
power plant operator, GSKL, has developed a 
basic programme for that task, that was 
acknowledged by HSK.  Since about ten years, 
the elaboration of plant-specific Ageing 
Surveillance Programme procedures and 
documentation is underway.  Some of the 
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documentation has already been revised 
several times.  At the end of last year, HSK 
issued guidelines on ageing surveillance of 
mechanical and electrical equipment in civil 
structures in nuclear installations.  It has 51 
guidelines.  It is only in German because all of 
our nuclear power plants are in the 
German-speaking part of Switzerland.  At 
nearly the same time, the Federal Law on 
Nuclear Energy in Switzerland was renewed.  
The new Federal Ordinance on Nuclear Energy 
now has a separate article that requires ageing 
surveillance, Article 35. You can see it on the 
internet in German, French and Italian.   
 
Some recent ageing issues in Swiss nuclear 
power plants are, for instance, the core shroud 
cracking in Mühleberg.  This was found in 1990 
and Mühleberg decided not to replace the core 
shroud but they installed reinforcement.  In 
recent years, there were efforts to slow down 
the crack growth and crack initiation by 
modification of the primary water chemistry of 
this boiling water reactor but it has not been 
successful so far.  This will be an issue in the 
future.  The stress corrosion susceptibility of 
this Inconel 600 penetration that we already 
mentioned is also an issue, although luckily no 
cracks have been found in Swiss nuclear 
power plants up to today.  Beznau nuclear 
power plant, with the Westinghouse reactors, 
recalculated the reactor pressure vessel head 
temperature last year and found it was higher 
than they had thought before.  This 
reassessment led to an enhanced ISI 
programme in the last few years.  I think the 
next test will be in fourteen days or so.   
 
Another issue is steel containment corrosion 
that resulted from temporary leakages.  It has 
been found in recent years and occurs mostly 
on inaccessible areas of the containment and a 
local loss of wall thickness of more than 10% 
has already been detected.  We think it is not a 
very severe condition at the moment but, in the 
future, there shall be additional inspections and 
examinations in order to stop these leakages 
that cause that corrosion.  A single ageing 
issue was the finding of cracks in a safe end of 
a reactor pressure vessel nozzle in Mühleberg, 
that was caused by thermal stratification.  It 
was interesting because this nozzle was in the 
ageing programme and the mechanism of 
thermal stratification was mis-judged because 
the temperature distribution was calculated 
with the design flow which was not true any 
more for operation.  There is a lesson to be 
learned from this.   
 
Our guidelines give a definition of ageing, that 
is, cumulative time-dependent change in 

physical or chemical properties.  The 
guidelines deal only with material ageing.  We 
define ageing surveillance as all measures of 
timely recognition, evaluation and mitigation of 
the condition of ageing.  The ageing 
surveillance programme is the systematic 
procedure to do so and close gaps if the 
analysis shows gaps in ageing surveillance.   
 
The whole service life of our nuclear 
equipment is covered by several guidelines.  
The ageing surveillance guidelines cover the 
whole service life from design to removal of the 
component.  The ageing surveillance shall not 
only take into account normal operation and 
ageing by normal operation but also single 
damaging events and flaws from fabrication 
that are left in place and may influence the 
process of ageing.   
 
The basic requirements of ageing surveillance 
are the identification of the ageing mechanisms 
with the help of catalogues of ageing 
mechanisms; the component-specific 
identification of possible ageing mechanisms 
and the documentation of these assessments; 
the inventory of existing methods of ageing 
surveillance; evaluation of inspection methods 
and techniques and, if necessary, lists of 
supplementary actions; and, of course, an 
interface regulation between the different 
technical departments so that no orphan 
components between the technical 
departments are left over in ageing 
surveillance.   
 
There are several requirements for the 
systematic procedure that is to consider all 
known and possible ageing mechanisms, to 
check the qualification and application of 
ageing surveillance methods, to identify and 
treat possible deficiencies and open questions, 
to evaluate trends from maintenance and 
operating experience, and to evaluate the 
knowledge from research and technical and 
industrial experience.  Then we have the tasks 
to determine the values of risk relevance for 
components – I will come to this later – with the 
help of probabilistic safety assessment studies.  
Last but not least, to document the results and 
proofs of ageing surveillance.   
 
The component-specific evaluation of ageing 
has to take into account, on one hand, the 
generic ageing information and the specific 
local data of the component or system, such as 
material information, water chemistry, 
environment transients and so on.  The 
assessment shall end with a list of positions 
where possible ageing mechanisms have been 
identified, the main method that is 
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implemented as an ageing surveillance 
method, and references to established 
programmes and, if a gap is found, then a 
reference to the action plan that is necessary 
to close that gap.   
 
In our guidelines we have specific instructions 
for civil structures but because of the lack of 
time I will skip them.  Then for electrical 
equipment and mechanical equipment let me 
mention that we look mostly at the classified 
equipment; of course, all the pressure retaining 
boundary of the primary coolant system and so 
on.  There may be important components for 
the safety of the nuclear power plant that are 
not classified; we try to cover these 
components by the evaluation of risk values 
from probabilistic safety assessment studies 
because these studies are done independently 
of the safety classes.   
 
I think we have already heard lots of these with 
the previous speaker so I come to HSK’s 
supervision of ageing surveillance, that 
consists in: assessment of the ageing 
surveillance programme documents, 
catalogues and technical reports; the review of 
regular and event reporting of the plant 
operators’ inspections; plant walk-downs; 
technical and regulatory meetings to discuss 
ageing issues; if necessary, requirements for 
further assessments; and, like in most 
countries, the assessment of ageing 
surveillance activities as part of the periodic 
safety review every ten years.   
 
Let me come to the conclusion.  With our 
ageing surveillance programmes, we now have 
a systematic procedures established to 
determine the current state of ageing of our 
components and support the planning and 
maintenance in this respect.  Although our 
ageing surveillance aims at material ageing, it 
has useful side effects because the historical 
information is made available from the archives 
during the assessment so it counteracts 
document ageing.  Young people learn about 
the history and operating experience of the old 
components and systems so it counteracts 
personnel ageing.  The recent periodic safety 
review reflects successful experience with our 
ageing surveillance programmes.  There have 
been periodic safety reviews for Gösgen, for 
Mühleberg, and for both blocks of Beznau in 
the last few years.  The next one will be for 
Leibstadt.  The slogan is ‘Ageing under 
control?’, but there is a question mark because 
it is a permanent struggle.  Thank you.   
 
Dominique ARNAUD - Spécialiste de la 
physique des métaux à l'Autorité de sûreté 

suédoise SKI, Madame Gott a travaillé sur la 
chimie des réacteurs et possède une grande 
connaissance des différents aspects du 
contrôle. Elle va nous présenter la position 
suédoise vis-à-vis des problèmes de 
vieillissement, ainsi que la base de données 
STRYK qui a été élaborée pour son suivi.  
 
Karen GOTT, SKI Sweden - Good morning, 
ladies and gentlemen.  I am going to give a 
short background, and to explain a little bit 
about the regulatory situation in Sweden, which 
has a political aspect to it which you may or 
may not know about.  After that I will talk about 
what I think is a useful tool in the following of 
materials degradation and, thus, materials 
ageing problems. At the end, I am going to give 
you some concluding remarks.   
 
Bosenbeck One was 
shut down for 
political reasons. It 
resulted from a 
change in the law, 
passed after the 
1978 referendum, to 
phase out nuclear 
power by 2010.  A 
second consequence 
of this law was that 
Bosenbeck II was 
shut down on 31 May 
this year. The current 
situation following the realignment of the 
political situation is that nuclear power may 
now be used and operated as long as it is 
technically viable and it is considered safe.   
 
SKI is a small organisation.  We regulate, react 
to safety, non-proliferation, and nuclear waste.  
We do not have any responsibilities except on 
a collegiate basis with our sister authority on 
radiation protection.  The full and undivided 
responsibility for safety lies with the licensee.  
SKI, being small and using the traditional 
approach of issuing prescriptions and 
regulations – not ‘cookery book’ regulations – 
has adopted a regulatory strategy in which we 
ensure that the licensee has the organisation, 
both with respect to quality assurance, 
documentation and systems and also sufficient 
competent personnel, to handle their 
responsibilities, as defined both by the Act of 
Nuclear Activities and SKI’s regulations.  
Following the changes in the law, the Swedish 
utilities are currently planning power upgrades 
of up to 130% and also an operational life of up 
to 60 years.   
 
Following the recent changes in the law, the 
prescriptive regulations that we originally 



 

12 

issued, known as SKIFS 1998 : 1, have been 
reissued as SKIFS 2004 : 1.  They became 
effective on 1 January this year.  These 
regulations are basically editorial changes and 
the major difference is that we have introduced 
a stipulation that the utilities must provide SKI 
with an ageing management programme by 
the end of this year for us to review.  We have 
also issued complementary regulations – 
2004:2 – which stipulate that utilities must 
modernise their plants so that they comply with 
current safety and design standards.  These 
regulations were issued after extensive 
discussions with utilities and have their 
acceptance.  They are, in fact, seeing this as a 
reason for future investment and have 
extensive investment plans over the next ten to 
fifteen years.   
 
SKI’s regulations may not have required 
ageing management programmes as such, but 
for many years they have required 
maintenance programmes which should be 
based on the results of plant-specific 
probabilistic safety analyses and risk-oriented 
inspection programmes.   
 

 
 
The oldest SKIFS is, in fact, that concerning 
mechanical components.  SKI was first 
formally allowed to issue regulations in 1992 – 
one of my first jobs at SKI was to help 
formulate these regulations.  We modernised 
them in 2000, to comply with the 1998 
regulations.  The mechanical component 
regulations are more specific than the overall 
regulations.  They require inspection and 
testing and other programmes to ensure 
structural integrity.  We have, since 1994, 
required that only qualified inspection and 
repair procedures are permitted.  All 
degradation must be reported and also 
investigated so that we have an assured root 
cause report.  If you find any degradation then 
you have to expand the inspection sample to 
cover 100% of similar components – similar 
either because they have the same material or 
because they have the same operational 
situation.   

We have been using this risk-based inspection 
rule for a long time and it is based on a 
consequence index and a damage index. This 
combination will give you : 
- 100% in the area that is designated “A” , 
- a sampling in the areas designated “B”,  
- and in “C” you must have your own 

non-reportable inspection programmes.   
 
The damage index is assigned on a 
component-by-component, weld-by-weld basis 
and depends on anticipated degradation 
mechanisms.  The utilities now have guidelines 
on, for example, carbon count content, 
temperature for thermal fatigue and such like, 
to designate the damage index.  We also have 
a consequence index.  This is both a more 
global approach but it is also associated with 
the PSA results.  The larger the consequence, 
the higher the risk, the faster you go up into 
100% sampling for your inspection.   
 
In the mid-90s we realised that we had 
collected information from the beginning of the 
nuclear power operation in Sweden from the 
70s and we started to try to get this organised 
into a database.  We have not limited it to 
piping; we have extended it to include all 
mechanical components that are regulated by 
SKIFS.  To date, there are about 1 900 entries, 
which are set for cracks, and these cover 
1 300 different events.  This is what the 
interface looks like.  I would like to point out 
that when you have a database, you have to be 
careful how you analyse it – what you actually 
put in and what you can actually get out.  You 
can only put in what people will give you as 
information.  All countries suffer from the fact 
that reporting level requirements have changed 
over the years, so that older information is not 
necessarily exactly equivalent to current 
information.  This means that you may not 
even have information about some events 
because people were not required to report it in 
the early days.   
 
The time entered for an event is always the 
time at which you discover the crack – it is not 
the time when the crack appeared.  If you have 
a ten-year cycle, you could have a ten-year-old 
crack or you could have a one-year-old crack 
or you could have a two-day-old crack: you do 
not know.  Another problem is that system 
numbering varies between plants.  This may 
sound like a minor detail but it is, in fact, a 
problem.  I have cases where not even the 
utility knows which system they are actually 
reporting on, so some reports have one system 
number and exactly the same event on another 
report will have another system number.  You 
have to make a decision as to which system 
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you are going to report this event under.  This 
can also give you discrepancies when you are 
doing the analysis for inspection procedures for 
the inspection programme.  You can see that 
there are some years in which there were a 
large number of events. 1986 was a year when 
Ringhals I and Oskarshamm I found a lot of 
stress corrosion cracking. This was following 
the events in the United-States.  We had one 
or two leaks and they decided to just replace a 
lot of piping and went into the lab and looked at 
this piping and these events are recorded as 
1986 stress corrosion cracking events.  In the 
early 90s – 1993 and 1994 – Oskarshamm I 
did an inspection and found a major problem 
with its feedwater system.  That is, in fact, 
unique in that the feedwater system goes in at 
the bottom of the reactor vessel and is, in fact, 
an internal pipe in the final stage of that 
system.  That resulted in a major renovation of 
the plant.  They worked for about 18 months, 
finding more and more cracks and problems as 
they proceeded and had permission to restart 
on the condition that they replaced their core 
shroud and the header of the internals – a lot 
of internals have been replaced there.  This 
started a trend in Sweden and several of the 
power plants have replaced their core shrouds 
to avoid cracking problems in the future.  The 
PWR core shrouds in Sweden are bolted in 
place rather than welded so it is a slightly 
easier operation.   
 
Around 2000 we have another example of a 
generic problem. Inconel X750, with the wrong 
heat treatment is a well-known problem for 
stress corrosion cracking. The improved 
inspection procedures that were implemented 
in 1999-2000 found a large number of cracks 
in some internals.  You also have a problem 
that you may not be finding things because you 
have the wrong inspection procedure: even 
though you think it was qualified it may not 
have had sufficient resolution to find the 
cracking.  This is just the same information in a 
different scale.   
 
Since we have had this inspection programme 
in place, detection methods have found almost 
90% of cracks. The major degradation 
mechanisms do not differ in Sweden from 
anywhere else in the world.  You can use a 
database to see if your root causes are the 
same as in other countries.  Again, this is 
always a subjective analysis, it is a personal 
analysis – this is my personal analysis based 
on reading as many reports as have been 
made available to me.  You will notice that it is 
not, in fact, weld sensitisation that is the major 
problem in Sweden but it is cold work.  Cold 
work due to manufacturing practices but not 

least cold work due to grinding and scratches 
on the internal surfaces of the components.  
This continues to be a problem and I think it is 
a problem that is not recognised sufficiently 
around the world.  Cold work and sensitisation 
are an ongoing problem on our plants, as Inter 
Granular Stress Corrosion Cracking is a 
function of operational time.  It is a continuing 
problem despite the fact that several of our 
reactors have been running on hydrogen water 
chemistry.  I do not think that hydrogen water 
chemistry stops propagation and, thus, when 
you increase the inspection resolution, you are 
going to find cracks that have been there for 
some time.  There are also new cases of 
stress corrosion cracking or fatigue. I think you 
have to be careful when you are looking at 
ageing management programmes : they are 
plant-specific.  You cannot say, “This is a 
generic type of plant, therefore we will not have 
problems.  Look at Oskarshamm III –  no 
problems therefore there will be no problems in 
Forsmark III.” – it is not true.  You have to do 
this on a plant-specific basis.   
 
In-service inspection programmes are 
effective.  Many people call these ‘ageing 
management’ programmes but we think that 
an ageing management programme is more 
extensive: it includes maintenance 
programmes; it includes the ageing of codes 
and standards; it includes the ageing of 
personnel, as has been said earlier. However, 
they are an important basis for ageing 
management.  I think a database can be useful 
to help analyse both inspection programmes 
and ageing management programmes.  It 
gives early warning of trends and it can also 
help assess if the individual programmes are 
appropriate.  I think it is necessary to correlate 
degradation mechanisms and inspection 
programmes to include all systems and all 
components and not limit it to piping.  I would 
recommend, to those that do not already know 
about it, the international cooperation on the 
OECD/NEA database, which covers piping.  
Maybe we should, in the future, extend that to 
cover more components.  Thank you.   
 
Dominique ARNAUD – Monsieur Figueras, 
spécialiste de la sûreté nucléaire et de la 
mécanique appliquée au domaine de 
l’industrie, appartient à l’Autorité de sûreté 
nucléaire espagnole CSN. Il va présenter la 
démarche de renouvellement des autorisations 
d’exploitation des réacteurs en Espagne. Cette 
démarche sera illustrée par le cas du réacteur 
Santa Marìa de Garoña, en regard des 
problèmes de vieillissement. 
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José Maria FIGUERAS, CSN Spain - Bonjour, 
Mesdames et Messieurs. Good morning, ladies 
and gentlemen.  I was asked to prepare a 
presentation in cooperation with some people 
from one of the Spanish plants: Santa María 
de Garoña nuclear power plant in northern 
Spain. The presentation mainly refers to the 

specific case of how this 
plant is conducting their 
own analysis and studies 
on long-term operation.   
First, I will make 
reference to the Spanish 
regulatory framework for 
long-term operation 
beyond the 40 years’ 
design life.  Then I will 
give a brief description of 
what an ageing 

management evaluation is, without describing 
it because I think all of you know the problems 
and because it will save some time for the 
discussion later on. I will go directly to the case 
of Santa María de Garoña with the analysis 
specifically of the reactor pressure vessel and 
some examples of ageing management 
programmes and time-limit analysis.   
 
To briefly describe the framework of ageing 
management in Spain, we can say it is divided 
in four major phases or parts.  The first one is 
the management and evaluation of ageing with 
the classical phases of scoping, screening, 
definition of the ageing management review 
and time-limit ageing analysis. The second part 
relates to radiological impact. The third one is 
the analysis of new regulations that could be in 
place beyond the 40-year period – not only the 
actual duration but also new regulations in the 
future, that needs some analysis.  Finally, as 
previous speakers said, we also, in Spain, 
follow the European scheme of ten-year 
periodic safety reviews.  All this information 
must be submitted to the CSN under the 
periodic safety review package.   
Santa María de Garoña power plant started in 
1971 and is almost 33 years old today.  It is a 
General Electric Boiling Water Reactor, model 
BWR 1, and containment type mark 3.  It has a 
roughly 500 megawatt electrical output. It is 
similar to some other plants in Europe and the 
US, such as Mühleberg, Monticello, Dresden 
and some others.   
 
At that plant, the owner has prepared a project 
called 2019 in order to prepare all the tasks 
needed for a long-term operation and to 
prepare the documentation in order to submit it 
to the CSN, to the regulator.  From 2002 to 
2005, they have prepared all those phases.  
The actual project status is that they are 

preparing the other part: the periodical safety 
review documentation and integrating all the 
ageing analysis in that periodic safety review 
application.  They intend to submit to CSN this 
information by next year, mid next year, and we 
hope that in two years or two and a half years, 
we will have the review performed in order to 
grant a renewal of the licence for ten additional 
years in 2009.   
 
What does the ageing management review 
look like? The components of the plant are 
divided into sub-components like, in the reactor 
vessel, the reactor vessel bottom head. Then, 
are identified the intended function, the 
material, the environmental conditions to which 
it is submitted, the degradation which is 
expected, the ageing effects which should be 
hoped for by management and the ageing 
management programmes which are in place 
in the plant.  Finally, – because we follow 
almost fully American regulation 10CFR54 for 
licence renewal rule – we say in which chapter 
and which table of the GALL Report – the new 
1800-1 report – should be found information for 
analysing this type of evaluation.   

Examples of ageing management programmes 
are typically Section XI of ASME, for: in-service 
inspection; water chemistry programmes; the 
reactor head closure stud; for boiling water 
reactors especially, the feed water nozzle and 
the vessel internals; thermal ageing 
embrittlement; and so on.  For time-limited 
ageing assessment analyses, the resolution is 
the classic one, by extension of the actual 
analysis to add an additional period of at least 
ten years and maybe 20 years.  This means to 
reach the 60-year period.  In  some cases, 
generic information can be found in standard 
technical literature but in others, it should be 
analysed specifically for the plant because it is 
a specific item.  
 
Concerning the final values that can be 
obtained for the RTndt, for up to 60 years of 
effective full power years of operation, the 
increase in reference temperature is less than 
the 200-degree limit. For the impulsive energy 
also, the reduction is well over the limit.  That 
means that embrittlement of the vessel wall by 
the neutrons will not challenge the vessel in the 
Santa María de Garoña plant up to 60 years of 
age.   
 
Let me give some conclusions.  The first is that 
the licensing requirement for long-term 
operations in Spain has started.  Santa María 
de Garoña is the first plant to apply for that and 
is now preparing the documentation.  We will 
apply next year.  The nuclear regulatory body 
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has prepared a document entitled 
Requirements for Long-Term Operation of 
Nuclear Power Plants in Spain, that contains 
those aspects that I have reflected in the first 
part of the presentation.  That means that 
those requirements put emphasis on ageing 
issues to ensure that key plant components will 
perform the intended function during the 
extended operation period in such a manner 
that licensing bases are maintained.  The third 
is that, with this first case of the Garoña 
application, it has demonstrated that there is a 
robust methodology available to the relevant 
aging effects of those key plant components 
and equipment.  Finally, the preliminary results 
for the Santa María de Garoña plant show that, 
in principle, there are no technical obstacles to 
the extension to 60 years.  Every 10 years, the 
licence we will grant to Garoña will be to 2019, 
then they can apply again if they wish for a 
further 10 years.  Thank you very much.   
 
Sophie MOURLON - Je souhaiterais d’abord 
remercier les trois intervenants pour ces 
présentations très intéressantes. Ma première 
question va à Monsieur Figueras. 
In relation to Santa María de Garoña.  I would 
like to know if there are maintenance 
operations or replacements that will have to be 
made for you to issue the licence renewals. 
 
José Maria FIGUERAS - Yes, I think so.  I 
think there will be changes on maintenance.  
Personally, they are moving to a more centred 
maintenance than the classical prescriptive 
maintenance.  If you want to know some more 
details I prefer that the owner answers the 
question. 
 
José TORRALBO, NUCLENOR, Santa María 
de Garoña - Last year we changed our 
maintenance programme in accordance with 
ASME, for a more reliability centred 
maintenance. Our maintenance programme 
has been changed recently, in the last six to 
eight years, according to this new approach, 
LCM and maintenance rule.   
 
We are again discovering new changes for the 
passive components.  We have a list of 
improvements to incorporate in our programme 
to adapt our actual programme to these new 
issues that we are discovering.  We have this 
framework from now to 2009 to incorporate in 
our programme, and we have decided to 
incorporate them now and not to wait for a new 
permit. 
 
Laurent FOUCHER, ASN France - Maybe I 
could ask a complementary question on this 
point.  Since the replacement is an element in 

the safety demonstration, sometimes you 
cannot replace parts and you have to justify by 
research and development methods.  Do you 
have such programmes to complete the 
replacement or to complement the safety 
demonstration?   
 

 
 
José Maria FIGUERAS - Yes, there are.  Here 
I will refer only to the Garoña scheme, but this 
scheme is also relevant to all the plants in 
Spain.  With the exception of the Solita Plant 
that is going to be closed next year, there is a 
standard programme for the replacement of 
components.  The most renowned is, of 
course, the steam generator replacement, but 
also the vessel head. The big headache that 
the vessel head has created all over the world!  
But there are also other systematic 
replacements, for instance, turbines low 
pressure and high pressure bodies in the 
turbine.  Also the balance of the plant is more 
or less systematically changed.  And specific or 
particular problematic parts, for instance, in the 
Garoña plant they have replaced the clean-up 
system that is exactly the same system as the 
pressurised water reactor and the chemical 
system.  All the stainless steel parts have been 
replaced.   
 
Laurent FOUCHER - My question is: at times 
you are at the limits of the classical justification 
methods and you have to improve the 
justification methods by research and 
development actions.  For instance, you cannot 
replace the parts or you want to improve your 
knowledge of the margins which are effectively 
available.  To complete the safety 
demonstration files, this is a point which I did 
not find in the presentation.  All the 
programmes are very structured.  We might 
think that the problem is under control but an 
important part of the demonstration is that 
sometimes you are at the limit of the classical 
method, so what do you do?   
 
Karen GOTT - In Sweden we have a 
requirement that any replacement must be 
either identical, or a proven technology or 
tested for that specific application.  For 
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example, in 2003, a thermal sleeve was 
replaced to a T-junction.  According to the 
supplier, it was proven technology, and it had 
been used in other industries.  It very quickly 
suffered from thermal fatigue and wear 
problems and caused problems with the flow 
into the core.  They had to shut down.  It is very 
important that you use proven technology for 
the nuclear industry or that you test the 
components which you are replacing.   
 
Sophie MOURLON - You said yourself that 
you think that problems are client specific.   
 
Karen GOTT - Yes.   
 
Sophie MOURLON - So, of course, the 
problem with qualification of design and 
manufacturing, having proven technologies is a 
good thing, but I think that probably it is not 
enough.  So what is good for one plant, may 
just be very bad in another plant. 
 
Karen GOTT - You can never guarantee, but 
you can always monitor if there are 
uncertainties. 
 
Sophie MOURLON - I also have a question 
about the database.  You told us how careful 
one has to be with such a database because of 
the data that is in it.  The French approach is 
that the utility should have the database, not 
the safety authority.  So we expect the utility to 
have this database and to give us the analysis 
of what is in the database.  What do you think 
of that and what approach is taken in other 
countries? 
 

 
 

Karen GOTT - We certainly would not rely only 
on a utility database.  Over the years, we have 
had four different utilities.  That is one 
advantage you have, you have one utility, so 
you have one French database.  To get a 
national database in Sweden we decided that 
we needed to actually do the work.  The utilities 
have different reasons for having databases.  
In Sweden they have them in a proactive 
manner so they know that if they find cracks in 
one weld, they know all the other welds that 

have similar material.  So they can expand 
their sample to cover all those welds.  They 
also know whether the supplier has supplied 
the same material to another plant, so it may 
be that the sample has to be expanded to 
other units.  I think that you need a national 
database rather than a utility database.   
 
Sophie MOURLON - That is true.  What about 
Switzerland? 
 
Susanne SCHULZ - In Switzerland we have 
 different companies with nuclear power plants, 
so they are in competition with each other.  
They can take advantage of the database of 
Westinghouse or the GE nuclear power plants 
feedback. And of course, can get some 
information through the basis of the Siemens 
world of pressurised water reactors.  The 
working group of the Swiss Nuclear Power 
Plant Operators, the GSKL is not an 
organisation; it is really just a working group 
where specialists come together from their 
respective areas and do some work together.  
There is no institute or anything like that behind 
it. So sometimes it is not easy to get power 
plants to collaborate.  Each one wants to make 
its own way in the cheapest manner possible, 
which can be problematic. We try to encourage 
them to collaborate because we are sure that 
all parties will profit.  We have no database, 
the nuclear power plant operators do not have 
a common database.  We have some 
collections but I would not call it a database. 
 
Katsuji MAEDA, NISA Japan - I think that 
databases should be shared between 
licensees and regulators.  The regulatory side 
should confirm the adequacy of the ageing 
management programme.  They should use 
the same database for the same calibrations.  
Not only should the database be shared by 
utilities and licensees of domestic regions, but 
also I think ageing management databases 
should be established internationally. Many 
people are gathered to discuss how to 
establish or how to make integrity of ageing 
management programme. 
 
Sophie MOURLON - Maybe for international 
cooperation databases, we will have some 
more information at the beginning of the 
afternoon, with the role of international 
organisations. 
 
Matthieu SCHULER, ASN France - I am the 
Deputy Head of École des Mines engineering 
school in Nantes.  My question is again on the 
database.  It is always interesting to look at 
numbers and figures.  I must admit that I was 
astonished by one number that came up.  
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When you add the percentage of degradation, 
discovered by very simple methods, including 
visual control, penetrate testing and work 
down, you have nearly 33% of the detection.  
This means that in the surveillance 
programme, we have to pay attention to this 
very simple method.  As Sophie Mourlon 
outlined in her introduction, when we are 
talking about risk inform programmes, the 
application of sample checking of very simple 
methods is, to me, very useful to detect 
degradations which were not expected before.  
In this database, I did not see anything that 
would be safety relevance of the degradation 
which has been seen.  Do you have an 
analysis of what could have been the safety 
relevance of the degradation if it had not been 
detected?   
 
Karen GOTT - Visual inspection also includes 
the use of TV and video.  For example, 
internals are almost exclusively inspected 
using visual techniques, so they are not 
necessarily the simple walk down type of, 
‘seeing it with your eyes’.  Visual techniques 
used for inspection of internals have to be 
calibrated, as well as ultrasonic techniques 
because of the lighting problems, the oxides 
and the different colorations.  So visual 
techniques can be at least as complex as 
ultrasonic techniques.  I do not think you can 
just call them ‘simple’ techniques.  The safety 
relevance of the degradation, yes, we do 
regular analyses and study trends.  I am due to 
do another complete analysis of the database 
over the next 18 months or so.  To date these 
have been produced in Swedish, but I feel I am 
under international pressure to write it in 
English next time.   
 
Claude FAIDY, EDF France - Concerning 
databases in our country, we have a first 

exchange with the 
safety authority 
because we have 
some databases, 
we probably can not 
answer all the 
questions they have, 
but we are ready to 
discuss that with 
them. I have a more 
general question to 
the three authors. 

You mentioned risk-informed use at different 
levels. This does not apply to France and we 
would be interested in knowing to what level do 
you apply it?  And what are your requests from 
a safety aspect for local crack or fracture or 
low consequences situation.  It is the most 

sensitive aspects which are connected to the 
unknown aspects.   
 
Karen GOTT - We have applied this qualitative 
risk-based approach for more than 20 years.  
You do not know what you do not know and 

you do not 
know where 
it is going to 
happen. We 
have a 
sampling 
system 
whereby 
you have to 

choose components, materials, combinations, 
environments, so that you do get a good 
sample of the plant.  And this sample 
population should be studied in a 10-year 
cycle.  We found PWSCC in safe ends before 
it was through a wall, using this methodology.  
It may not be the answer to everything, but it 
seems to have worked fairly well to date.   
 
Susanne SCHULZ - For Switzerland we also 
have a simple risk-informed procedure in our 
ISI regulation for safety Class 2 components.  
It is only a qualitative method.  We must look at 
the risk relevance of components from PSA 
studies that cover a whole power plant to see 
where are the risk-relevant components, 
independent of the classification system.  This 
way we can get inside the components, which 
might be important for the safety of the power 
plant but are not included in the considerations 
of ageing up until now.  It is a means to 
complete the whole picture of safety. 
 
Laurent FOUCHER - Did you want to 
comment? 
 
José Maria FIGUERAS - Also in Spain we are 
performing that kind of risk inspection activity, 
mainly for Class 1 piping and the primary 
loops.  For instance, you know that on the 
ASME code XI, you do not need to make an 
inspection for each piece of piping.  When you 
perform this risk-informed application, you get 
more risk on the lower than four-inch piping 
than on the bigger ones.  There are some 
important facts that can be obtained by using 
this method.  On the other side, if you are 
performing that, you will normally reduce the 
scope of inspection by a drastic number.   
If you take into account that you are going to, in 
10 or 20 years, you are reducing the quantity of 
inspection, you have to balance it.  There are 
benefits and the non-benefits to the 
application.   
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Susanne SCHULZ - We also had pilot studies 
on applying risk-informed procedures, one for 
the Westinghouse plant and one for GE.  The 
results of these procedures are completely 
different.  At the moment, we are not able to 
make an interpretation of these findings so we 
decided to go slowly in that direction. 
 
José Maria FIGUERAS - I agree.  It’s a case 
by case application. 
 
Karen GOTT - We have never had the ASME 
codes as the inspection procedures.  If, and 
when, our utilities go over to a full risk-based 
inspection procedure they are not going to win 
a lot of inspection.  They are going to direct the 
inspection to areas where maybe the current 
system is not capturing the sampling numbers.   
 
Ann MacLACHLAN, NUCLEONICS WEEK, 
France - You mentioned a requirement for a 
cost-benefit analysis to be integrated into the 
long-term operating licence review.  You did 
not detail that point.  Could you tell us what is 
the importance of that or how is it done?  The 
second question is you told us that you are 
following quite closely the NRC regulations, yet 
you are preparing to issue a licence for another 
10 years.  The question is: why not another 
20?   
 
José Maria FIGUERAS - The first part on the 
cost-benefit analysis is something which has 
been added by the utility.  In essence, I guess 
it will not deal with the safety analysis of the 
application for a long-term period.  There are 
some aspects which could be studied.  The are 
some possible new regulations to be applied in 
the next 10 or 12 years.  It might be worth 
having some cost-benefit analysis; it is really 
important to add a new regulation on how 
much it implies in the balance of cost and the 
balance of benefits to the safety.   
Related to the second question, we follow 
American law-making but not fully.  One 
reason we are not fully implementing that is, for 
instance, we are using the European process 
of instruction for the safety review so we would 
like to be more careful granting permits.  When 
you perform TLAA analysis the opportunity 
normally will perform that for 20, or even more 
than 20, years.  For the regulatory parts, we 
prefer to grant permits every 10 years and not 
to extend, as our American colleagues say, to 
20.  
 

Dominique ARNAUD, ASN France - Avant 
d’appartenir à l’Autorité de Sûreté Japonaise, 
NISA, où il travaille depuis 2003, Monsieur 
Maeda a dirigé le département de métallurgie 
chez Toshiba. Auparavant, sa carrière avait été 

consacrée aux questions relatives à la chimie 
dans les réacteurs à eau bouillante. Monsieur 
Maeda vous présentera l’approche de l’Autorité 
de Sûreté japonaise et la problématique du 
vieillissement et de la durée d’exploitation des 
réacteurs. 
 
Katsuji MAEDA - I will show the situation of 
the ageing management in Japan.   
First, the background of ageing management.  
In Japan, the operating period is permitted only 
about one year.  We will also take account of 
the current legal obligation of implementation 
of ageing management. Now, we consider 
effective cooperation of industry and the 
regulatory side, and the academy. The 
Examination Committee was implemented last 
December to make effective ageing 
management.  We prepared an interim report 
this spring and the final report will be 
distributed in August. 
 
What is the background of ageing 
management in Japan?  53 nuclear power 

plants are operating in 
Japan, 30 nuclear power 
plants, NPP, will have been 
operating over 30 years in 
2010.  Some BWR plants 
have been operating for 
over 40 years.  So this kind 
of situation indicates the 
importance of creating an 
adequate ageing 
management programme.  

We have nuclear power plants operating in 
Japan for over 35 to 40 years.   
 
In Japan, the operating period is permitted 
under this kind of law and regulation.  This next 
piece of background information is very 
important.  Under Section 91 there is limited 
operation.  Beyond 13 months, no nuclear 
power plant can operate without passing a 
legal inspection.  This is a very different 
situation compared to international laws.  
Again, I must say, in Japan, every nuclear 
power plant can operate only 13 months.  This 
means that if the 13 month inspection can be 
passed, any nuclear power plant can operate 
for a very long time period, over 40, 50 or 
60 years.   
 
There is a scheme of regulation related to 
ageing management.  Regulatory inspection is 
required every 13 months to continue 
operation.  PSR is a Periodic Safety Review.  
PSR is evaluated over the validity of past 
maintenance activity for plant safety and 
reliability.  One of the parts of PSR – ageing 
management – will be implemented when the 
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plant is operated just before 30 years.  
Validation is required every 10 years over 30 
years’ operation.  PSR reviews maintenance 
management adequacy of the past, ageing 
management programmes are focused on the 
future.  
 
Basic policy and concepts of ageing 
management.  The office of natural resources 
and energy prepared ‘The Basic Policy on the 
Ageing Management of NPPs’ in April 1996 but 
now, in Japan, many BWR plants have long 
operation of over 30 years.  Basic policy, 
required that these kinds of items, implement 
ageing management review before 30 years 
and established that 10 years’ long-term 
operation and maintenance programme based 
on the above technical evaluations.  And this 
kind of technical evaluation, the long-term 
maintenance, should be evaluated every 
10 years after past ageing management 
reviews.   
 
What is the concept of ageing degradation and 
maintenance?  The ageing degradation 
phenomena copes with routine maintenance 
activities.  Because, when ageing management 
reviews are conducted by utilities, at that time, 
one of the major purposes is to review the 
effectiveness of current database maintenance 
management programme for the ageing 
degradation.  On this evaluation, there is some 
kind of additional requirement for long-term 
operation.  Key ageing phenomena, for 
example some kind of degradation, will occur 
rapidly or will occur maybe in the future in 
many parts or components.  Such kind of 
degradation should be considered to be very 
important.  
 
Then we have the concept of ageing 
management analysis: extraction and 
extraction systems structure, components and 
the ageing phenomena. Ageing phenomena is 
extracted, not only domestic nuclear power 
plant electric production, but also overseas and 
other industries and we can compare this kind 
of phenomena and systems.  One of the major 
viewpoints is the review of current 
maintenance programme adequacy.   
 
And after the evaluation, PRS ageing 
management for long-term operation is 
prepared.  There are three items, one is 
confirmation of current maintenance 
management programme to be continued 
adequately. The second is the extraction of 
additional maintenance programme.  The third 
is extraction of R&D items. Ageing 
management is covered in three categories: 
one is predict evaluation of ageing effect and 

the second is surveillance inspection and 
monitoring.  And the third is repair and 
replacement.   
 
Utility implemented ageing management 
reviewed in nine nuclear power plants in 
Japan.  The government has evaluated the 
adequacy of these licences and reports 
government review for the nation.  As regards 
the implementation of the ageing management 
review, nine NPPs have been reviewed for 
ageing management.  This shows the actual 
names of the plants. 
 
Ageing management has been legally specified 
as an obligation since October 2003.  Before 
October 2003, ageing management was not 
conducted on a mandatory basis.  But since 
October 2003, it has become legally specified 
because the nuclear power plants will operate 
over 30 years in the future. 
 
Ageing management reviews should be 
evaluated every 10 years after the first ageing 
management review.  The ageing 
management review is the one that is based 
on quality management system.  It is very 
important to conduct it as part of a quality 
management system. 
 
There has been improvement and 
consolidation of ageing management.  53 
nuclear power plants were operating in 
June 2005, at that time.  And 20 nuclear power 
plants will have been operating 30 years and 
some of them will have operated 40 years in 
2010.  So ageing degradation will be frequently 
actuated in ageing nuclear power plants, 
therefore more careful maintenance should be 
required. Ageing management is a great 
challenge to ensure safety and integrity.  And 
another viewpoint, as you know, where the 
Mihama accident, a secondary pipe killed four 
people.  It was because of the flow accelerated 
corrosion in the pipe seam.  There is no good 
management of ageing.  This background has 
determined that it is necessary to verify if 
ageing management has an appropriate 
response to the ageing effect and the 
re-examination that the government should 
enforce to the ageing management.  We also 
have actual improvement and consolidation of 
ageing management.   
 
System strengthen of government.  Ageing 
Management Office was implemented in the 
government last December.  The mission of 
the Ageing Management Office was the 
Constitution of Guidance Documents as 
follows:   the constitution and the verification of 
utilities, ageing management implementation 
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and so on.  And another strength is the 
improvement and conservation of ageing 
management is system strengths of JNES.  
JNES means Japan Nuclear Energy Society 
Organisation.  And JNES’s mission is […] 
provides technical support to Ageing 
Management Office of government.  It is very 
important to evaluate technical views, to 
evaluate licences, ageing management review.  
So AEO, Ageing Evaluation Office in JNES has 
responsibility for reviewing that. 
 
There is a relationship between ageing 
management and the guidance documents.  
Publication of the ageing management review 
report is provided by licensees and the 
reflection to routine maintenance program.  On 
the other hand, some kind of ageing 
management document, control document 
should be prepared.  A prescription guide of 
basic policy considerations for ageing 
management is prepared by government, NISA 
and detail relative to ageing management 
document. One is a standard examination 
guidelines.  It is similar to as a standard review 
by NRC.  And another is the Generic Ageing 
Technical Database. This kind of document is 
used and combined with consumer 
specification. And some kind of consumer 
specification, codes, guides or standards 
would be prepared by the requirement of the 
best policy consideration for ageing 
management.   
 
This document is applied for the technical 
review and ageing management programme 
by licensees.  After that, a publication about 
ageing management review report by 
licensees, NISA and the government should 
evaluate the adequacy of the licensees report 
by using this kind of document.   
One of the more important and interesting 
items is the Examination Committee for Ageing 
Management. This Committee was 
implemented last December.  The Committee 
has been reviewed and discussed best policy 
on important matters such as clarification of 
ageing management, constitution of guidance 
documents and technical base for ageing 
management.  The Committee has met four 
times and submitted a final report in August 
2005.  These are the activities of the 
Committee. 
 
Future deliberations in the Committee.  This 
Committee will provide clarification of SSCs in 
the scope of ageing management.  The role of 
PSR, direction and promotion of safety related 
R&Ds, active and effective collaborations, 
among industry and government and NISA.  
The combination of the three parties on the 

industry side and the academia and the 
government.  This should make an umbrella 
network.  That network should be coordinated 
by a responsible coordination function.  And 
this consideration should produce information 
for the nation and other industries and make 
information exchange for overseas. 
 
Establishment of a technical information base.  
The concept of the technical database and 
ageing management is an issue for the safety 
and reliability of NPPs.  This could be 
performed by establishment of technical 
information base.  And that will be for research 
and development.  The results or experience of 
research and development indicates the 
direction of investigation and R&D result.  And 
after that, synthetic technical information will be 
implemented.   
 
Development and consolidation of 
maintenance management and safety ensuring 
activity for ageing management. So reflecting 
on actual operating experience is very 
important.  The development and review of 
maintenance activities should be spiralled, 
umbrella view, at the same time being 
considerate of the time axis.  Experience and 
technology will change and be accumulated 
over time.   
 
We also have to consider emphasis items.  
One is safety ensuring activity and optimum 
and rational maintenance.  We must consider 
the maintenance and the improvement of the 
technical capability by recruiting and 
developing capable people. 
 
In conclusion, constitution of guidelines 
documents for ageing management.  These 
three guidelines will be prepared; and now we 
are discussing what kind of content should be 
implemented or included in these guidelines.  
And that committee discussed the adequacy of 
timing and a period of ageing management.  
Some kind of ageing management review is 
required, especially before 30 years operation.  
But some kind of ageing phenomena will occur 
before 30 years.  So now, we have requested 
to review the ageing management just before 
30 years. The Committee has discussed these 
kinds of points.   
 
Effective and rational safety regulations.  
Measures against non-physical ageing such as 
safety culture, technical transfer, human 
resources, administration management, 
corporate culture, and organisational climate.  
It is one of the most important discussion items 
in the committees. 
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Worldwide effective collaboration.  What kind 
of collaboration should be considered? This 
Committee will prepare some kind of answer 
this August.  The final report will be published 
in August 2005.  And these kinds of above 
items will make some kind of concrete results.   
Thank you.   
 
Dominique ARNAUD - Monsieur Michel qui 
appartient à l’appui technique de l’Autorité de 
sûreté allemande va maintenant nous 
présenter la problématique et les aspects 
techniques du vieillissement des équipements 
sous pression en Allemagne. 
 
Frank MICHEL, GRS Germany - Ladies and 
gentlemen, GRS acts as a technical support 

organisation, in particular 
on behalf of the German 
federal ministry for the 
environment, nature 
conservation and for 
nuclear safety, the BMU.  I 
will spend first a few 
minutes on the service life 
of German nuclear power 
plants and the approach to 
ageing management.  Then 

I will speak about the GRS knowledge base on 
pressurised nuclear power plant components.  
I will present the overall results of the 
evaluation of operating experience.  I will 
inform you about the development of tools for 
quick access to access to information on 
ageing degradation mechanisms by GRS.  
Last, but not least, a few words on recent 
regulatory activities on ageing management in 
Germany. 
 
The nuclear power plants, presently being 
operated in Germany, were mostly constructed 
at a time when sufficient knowledge had been 
obtained to avoid the detrimental aspects of 
ageing from the very beginning.  We 
distinguish between four PWR, design 
generation and two PWR, construction lines.  
The operating time for the eleven PWRs ranks 
from 16 to 30 years, and for the BWR, from 20 
to 29 years.  Since the year 2000, the lifetime 
in Germany is restricted by a so-called 
‘agreement’ between the federal government 
and the utility companies.  Accordingly, the 
maximum electricity volume, which each plant 
is allowed to generate, is specified in principles 
of volume, corresponds to a standard 
operating life of 32 years.  Moreover, the 
utilities can transfer their electricity volumes 
from one plant to another.  However, this 
restriction led to the shut down of the 
Obersheim Nuclear Power Plant last month, 
after 37 years of operation.   

The German approach to address ageing 
issues is, in general, characterised by : 
 

- continuous evaluation of operating 
experience to identify changes in the 
reliability of systems, structures and 
components,  

- extended plant monitoring to enhance the 
understanding of system behaviour of load 
conditions.   

- Evaluation of safety margins for lower 
bound conditions,  

- generic studies to identify areas of limited 
knowledge and potential future problems.   

- Early replacement of components, 
potentially sensitive to degradation and 
enforcing technical requirements in codes  

- standards to avoid repetition of 
non-optimised technical solutions. 

 
The GRS knowledge base on pressurised 
nuclear power plant components consists of 
several modules containing comprehensive 
information on codes and standards, design 
and material, operating experience, analysis 
and qualification methods. To use this 
information more effectively, GRS has been 
developing qualified databases and networks 
called KomPass with regard to the evaluation 
of the ageing behaviour of pressurised 
components. 
 

 
 
Databases, KomPass and ALMA MATER play 
an important role.  The database, KomPass, 
contains detailed information on the operating 
experience with pressurised components in 
German light water reactors.  It is based on 
reportable events.  And the current database 
contains about 800 safety related events, 
occurred in a time span of 30 years.  We 
distinguish between events that occurred at 
different components, such as pipes, vessels 
and housings and also between different 
systems affected, such as the main heat 
generation system, or the auxiliary systems.  
On the basis of this database, GRS has 
performed detailed analysis of the ageing 
behaviour of pressurised components.  In the 
beginning, this was done on generation 
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specific level, later, more specific evaluations 
were performed. 
 
What are the end results of the overall 
operating experience with pressurised 
components in Germany?  We distinguish 
between different design generations or 
construction lines and different operating 
periods.  The overall number of safety related 
events in Germany, at pressurised 
components, was low.  Moreover, no 
significant increase of events with operating 
time has been recognised so far.  A more 
detailed evaluation shows the frequency of the 
events involving piping in German nuclear 
power plants due to fatigue.  The different 
areas indicate the significance of the 
respective annual frequency.  In addition, it has 
been investigated whether events due to a 
specific mechanism are accumulated in any 
plants and whether there are any indications of 
safety related shortcomings from the 
chronology of these events.  Corresponding 
investigations were performed for all types of 
relevant damage mechanisms, as well as 
component specific.  The overall results can be 
summarised as follows.  In the past, the 
pressurised components used in German 
nuclear power plants have yielded experience 
with different ageing-related degradation 
mechanisms such as mechanical and thermal 
fatigue and several types of corrosion such as 
intergranular and transgranular stress 
corrosion cracking, strain induced corrosion 
cracking and flow accelerated corrosion.  The 
overall number of events, due to ageing related 
degradation, is low.  Up to now, no significant 
increase of ageing-related events with 
operating time has been recognised.   
 
A few words on the development of the 
database system, ALMA MATER.  Worldwide 
operating experience and research has yielded 
a large variety of information on ageing-related 
degradation mechanisms.  However, our 
practical experience has shown that the quick 
access to this information often causes 
difficulties.  And for this reason, the database 
system ALMA MATER is being developed by 
GRS, starting with a survey of relevant 
degradation mechanisms, the browser-based 
navigation give access to relevant information 
on the individual damage mechanisms.  
Following a brief initial statement in which the 
respective mechanism is characterised with 
regard to its boundary conditions and damage 
symptoms.  The user is guided to more 
detailed information, these lead to the 4 
categories : operating experience, state of 
knowledge, codes and standards and 
yellow pages.  In the survey results, we 

differentiated between embrittlement, 
corrosion, fatigue mechanisms, as well as 
synergisms such as corrosion fatigue and 
irradiation assisted stress corrosion cracking.  
Moreover, materials susceptible and 
components affected are compiled. 
 
The lead into the category operating 
experience is via a so-called time bar, where 
the international and national operating 
experience with the corresponding mechanism 
is summarised for a time period of several 
decades.  This was done for flow-accelerated 
corrosion in PWRs.  The information about the 
international operating experience, which I 
have outlined, was taken from the OPDE 
database which is available at GRS.  The 
German experience indicates that local 
damage in various parts of the secondary 
systems occurred during the ‘70s in German 
nuclear power plants.  It becomes clear that 
water chemistry plays the key role for a given 
design.  And to avoid further flow accelerated 
corrosion, the utilities changed their turbine 
condenser tubes, made from copper alloys, to 
stainless steel or titanium, creating suitable 
conditions for the evaluation and for the 
application of high or volatile treatment.  And in 
consequence, no safety-related damage 
occurred anymore in these systems. 
 
A few words on recent regulatory activities in 
Germany.  In July, last year, the German 
Reactor Safety Commission, issued a 
recommendation on the management of 
ageing processes at nuclear power plants.  It 
was prepared on behalf of the federal ministry, 
BMU.  It describes principles on the 
procedures of managing ageing processes at 
nuclear power plants.  It considers, in detail, all 
safety relevant, not only physical ageing 
processes.  And it contains requirements of an 
ageing management system to be applied 
during the lifetime of German nuclear power 
plants.   
 
A few concluding remarks.  The results of the 
investigation performed by GRS provide a 
technical basis for the evaluation of ageing 
behaviour of pressure-retaining components in 
German nuclear power plants that can be used 
in licensing and supervisory procedure.  So far, 
the limited number of ageing-related incidents 
and the corresponding trends confirm the 
conservativeness of the safety concept chosen 
by the design as well as the sufficiency and the 
remedial actions and the ageing management 
system applied.  However, the current 
knowledge of damage mechanism and the 
predictive capabilities are limited. That’s why 
further plants and component-specific 
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investigations are required, as well as 
procedures to maintain a sufficient level of 
awareness. 
 
In future, German licensees need to address 
ageing management of nuclear power plants 
on a more comprehensive and detailed level 
and have to submit periodical plant-specific 
reports on it, following corresponding 
recommendations of the German Reactor 
Safety Commission.  Thank you for your 
attention.   
 
Dominique ARNAUD - Monsieur Edmund 
Sullivan va faire une présentation sur le 
processus de renouvellement d’autorisation 
d’exploiter à la NRC en regard des 
phénomènes de vieillissement. Monsieur 
Sullivan travaille à la NRC et sa carrière a été 
consacrée à l’analyse de la sûreté industrielle 
et à l’analyse de la sûreté des systèmes 
industriels, en particulier nucléaires. 
 
Edmund SULLIVAN, NRC USA - Good 
afternoon.  I am going to talk about the nuclear 
power plant licence renewal process in the 
United States.  
As was mentioned earlier this morning by 
R William Borchardt, there are 103 licensed 

plants in the 
United States.  Initially, 
they were licensed for a 
40-year term.  And in 
fact, a couple of those 
plants, by the year 2009, 
will have reached the 
point where the initial 
licensing term will be 
expiring.  As with many 
countries, NRC has 
developed a licence 
renewal process with 

requirements for extending the licence.  In this 
case, as I think we discussed earlier this 
morning, it is for an additional 20 years.  My 
understanding of this process is that it is not 
the end.  A plant can come back for a second, 
or possibly more, extensions.   
 
Applicants for licence renewal must 
demonstrate that there are programmes in 
place to manage ageing effects applicable to 
passive long-lived structural components have 
adequate programmes in place.  We basically 
refer to a number of terms that will keep 
coming up.  The AMR, the ageing 
management review and the other is ageing 
management programme, another is 
time-limited ageing analysis.   
 
The principal focus that I want to devote is to 
the GALL Report.  The GALL Report was 

developed over a number of years but the first 
version was published in the year 2000.  Our 
headquarters are working on a revision to this 
GALL, which will be issued in September.  This 
report was issued to assist utilities in 
developing their licence renewal applications, 
LRA, and to assist staff in performing reviews.  
GALL includes a set of ageing management 
reviews, with typical components, as illustrated 
on the slide.  Ageing management reviews are 
presented in a tabular format.   
 

 
 
We review the applications for consistency with 
GALL and, insofar as these applications are 
consistent with GALL, we give them credit.  
And that basically is the level of review that is 
done.  The GALL also contains a set of 
programmes.  The review consists of looking 
at the components, the materials, the 
environments, the ageing effects and the 
programmes.  In addition, there are detailed 
descriptions of these programmes, where 
ageing management programmes, AMPs, and 
what the applicants need to do is identify those 
exceptions that they are taking to the criteria in 
this report.  Whether it is with respect to the 
way the ageing management review is done or 
with respect to a particular programme.   
 
An interesting feature you will see under 
ageing management programme, ‘a 
plant-specific ageing management programme 
is to be evaluated’.  And what that basically 
means is that in the GALL there have been 
certain place-holders put in place where there 
is no particular ageing management 
programme which has been described in that 
report.  In these cases, it is up to the licensee 
to identify what programme they believe is 
appropriate for their station, so it is not all 
completely cook-booked into the GALL Report.  
Then there are other ageing management 
programmes that you might be familiar with, 
such as the boric acid control programme, 
water chemistry programmes, stainless steel 
and so forth.   
 
As I mentioned earlier, we are in the process of 
updating this report.  I would like to talk briefly 
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about some of the reasons we are pursuing 
this update.  We found it necessary to increase 
the understanding of the use of this report to 
avoid inconsistencies and to avoid the number 
of exceptions that licensees are taking to this 
report by improving definitions.  There is a 
fairly lengthy section on definitions that 
describe what we mean by different materials, 
terms and another section describing the 
environments.  We have incorporated certain 
lessons into GALL.  For example, there have 
been a number of industry standards and 
things like chemistry guidelines that have been 
improved since GALL was first put together.  
These are folded into the new report.  There 
were some inconsistencies that people were 
noticing across systems and these have been 
straightened out.  There has been a certain 
amount of consolidation. 
 

 
 
In the current version, which is being updated, 
there were a number of locations where there 
was essentially redundancy.  A lot of material 
combinations could be put together or 
component combinations could be put together 
to reduce the number of ageing management 
reviews.  I have given a couple of examples 
where for some components, low alloy steels 
and carbon steels grouped together.  Or for 
example, for some ageing effects – obviously 
not all ageing effects – we have been able to 
combine precipitation-hardened steel and cast 
austenitic stainless steel (CASS).  We have 
standardised the terminology of environmental 
effects.  We have established some 
temperature thresholds for certain 
mechanisms.  So for example, there is a 
temperature threshold for initiation of stress 
corrosion cracking that we have put into the 
report.  And this has actually enabled some 
licensees to not take exceptions because for 
example, if a licensee had a stainless steel in 
the application below the threshold, they 
wouldn’t really be able or willing to conform to 
the existing GALL because it would direct them 
to a programme for management that wouldn’t 
be necessary.  So doing things like this has 
reduced the number of exceptions that 

licensees have had to take to GALL.  Ageing 
management of nickel alloys and reactor 
vessel upper-head penetrations.  This is a 
topic that many people are familiar with and 
was referred to extensively this morning.  This 
update basically folded in the new 
requirements of the order that NRC issued in 
2003. 
 
We consider that the changes in the licence 
renewal process and the update of the 
GALL Report will provide for a more efficient 
and approved basis for reviewing the licence 
renewal applications. 
 
A few words on logistics.  It was suggested by 
some of the organisers that we talk a little bit 
about logistics.  The NRC devotes 
approximately 20,000 hours to each review 
that we do.  Who gets involved in doing these 
reviews?  I think first of all we might say that 
the application comes in to a group of project 
managers.  The project managers basically 
handle the whole application through its review 
process.  They also do a little bit of technical 
work in that they identify the exceptions that 
the licensee takes to the GALL or to the 
plant-specific line items that require a little bit 
more detailed review.  And they farm those 
reviews out to the technical folks.  There is 
also a scoping review that is done to make 
sure that we agree with the way the application 
is constructed in terms of the components that 
are covered.  We have a group of systems 
engineers that look at consistency with our 
regulation in terms of scope.  The engineering 
group, of which I am a part, looks at the 
exceptions, the plant specific programmes and 
the time limiting ageing analyses.  There is a 
whole group that does audits.  This is one of 
the efficiencies that we have evolved to in 
recent years.  Instead of the engineering 
review, doing reviews of these programmes, 
they are done on an audit basis by staff and 
contractors who go to the licensee’s facilities.  
This process of doing audits basically cuts 
down on exchange of questions and answers 
because these people who do the audits go 
directly to the facilities and cut down on the 
paperwork by talking directly with the people 
who prepared the application.  The last group 
that gets involved are regional inspectors.  
They have a programme of inspections for 
looking at the effectiveness of the 
implementation of the programme.  In other 
words, they take the programmes to the next 
level and make sure that they are being 
implemented in an effective way.   
 
In terms of schedule, we set a date of 
22 months to complete the review.  They are 



 

25 

very well prescribed, in a detailed prescribed 
fashion.  So far, we have been able to adhere 
to that schedule without any problems.  This 
schedule is the schedule if there is no public 
hearing.  There is an ongoing process in the 
agency to continuously monitor ways to 
improve the process; GALL revision 1 is the 
latest outcome of that.  But afterwards, we will 
continue to look for ways to improve that 
programme and improve the document.   
In terms of programme status we have 
reviewed 32 applications for licence renewals 
so far, and granted those applications.  We 
currently have 16 under review and we expect 
to continue to review about six applications 
per year until they are all completed, at least all 
those interested in licence renewal.  I think that 
concludes my talk. 
 
Sophie MOURLON - Maybe we can start 
talking about the last slides presented by Ted 
Sullivan.  I think it is interesting, as we are here 
as safety authorities, to talk about regulatory 
aspects of ageing issues.  One of the ageing 
issues for the safety authorities, I think, is how 
many people, and how much time, can we, 
should we, must we, devote to these ageing 
issues.  I am very interested in hearing what 
Germany and Japan have to say about that.   
 

 
 
Katsuji MAEDA - In Japan about two years for 
the ageing management review.  And the 
meeting, it will be conducted about 200 times.  
It is very hard work so, in Japan, we are now 
planning to establish standard procedure and 
standard operation analysis method.  And 
prepare the same database with the utility and 
the licences.  They use a corrosion date, for 
example, 15 MDD.  But if that number is 
correct or not, though it is very difficult to judge.  
So now, we licensee, we needed to decide to 
recommend to establish the same database 
and the same analysis method. 
 
Frank MICHEL - GRS has developed 
comprehensive databases on the operating 
experience with regard to the ageing behaviour 
of components, first of all for mechanical 
components.  Of course, we have databases 

for other types of components too.  This was a 
work which was done over a long period of 
years – I think we started 20 years ago with the 
first small database – and this has now been 
developed.  And now I think we are at that 
point where we are able to get new data very 
rapidly inside this and we have a structured 
evaluation of this database so we are able to 
make a new or updated evaluation without too 
much effort.  Again, this is only operating 
experience.  On this basis we are looking for 
trends and things like this. 
 
Sophie MOURLON - Are there any other 
countries in the public which have studied or 
evaluated or decided on a way to handle this 
issue?  
 
Alain SCHMITT - I think that in France we are 
dealing with this subject in a framework of 
periodic safety reviews.  The average time that 
we devote to the evaluation and the topic is 
four or five years.  After four or five years, we 
take a position about ageing management. 
 
Sophie MOURLON - And then we start over 
again for the next periodic safety review. 
I have another question for Mr MICHEL.  The 
situation in Germany is very specific.  The kind 
of operation is limited, you are definitely limited 
in time.  You have not talked about either 
licence renewal or periodic safety review after 
30 years because obviously the topic is not…  
Do you think it is a big difference?   
 
Frank MICHEL - The lifetime is restricted for 
political reasons to a standard time of about 32 
calendar years.  As I said, it is a political 
decision, I am not in a position to predict the 
political situation next time.  And so far, this is 
our current situation. 
 
Sophie MOURLON - Do you mean that the 
safety authority and the technical institute 
would be ready to examine the possible 
continuation of operation for German plants?   
 
Frank MICHEL - On the technical basis we are 
very well prepared.  We have done a lot of 
work under the headline of ageing 
management, not under licence renewal, and 
so far there is a lot on technical phrases to 
evaluate ageing behaviour and its influence on 
the safety of the components. 
 
Ann MacLACHLAN - You spoke of four to 
five years for a periodic safety review for a 
specific unit.  What do you mean, for each 
plant? 
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Alain SCHMITT - With a generic aspect in 
France because we have standardised 
reactors. 
 
Ann MacLACHLAN - Because others have 
spoken of two years or even less.  My question 
is: does standardisation extend the time period 
needed for the periodic safety review.  It should 
shorten it for each unit logically.   
 
Alain SCHMITT - I do not think you could say 
that standardisation extends the time for a 
periodic safety review.  The depth of the 
analysis of the periodic safety review may differ 
from one country to another.  Maybe it is the 
main explanation for the duration of the 
process.  The idea also is that maybe we could 
do it faster but we take our time.  We like to 
prepare things far ahead because then we 
have many reactors undergoing periodic safety 
review.  We have a schedule that starts some 
years before the actual 10-yearly inspections of 
the reactors.  I would not relate that to the 
notion of standardisation.  And then, of course, 
as was said by some of the speakers, the 
ageing issues have a strong plant-specific 
aspect.  We have to look at each plant 
specifically.   
 
Sophie MOURLON - Another question about 
the databases.  In France we only have one 
type of reactor but, as we know, there are 
countries with many types of reactors.  Do you 
cross-reference the information?  Do you share 
it?  Are there totally different issues from one 
type of reactor to another? 
 
Frank MICHEL - I think it is possible to make a 
distinction between PWR and BWR conditions.  
If you think about for example, intergranular 
stress corrosion cracking, it’s an issue for 
BWRs and not for PWRs.  It is important to 
make such distinctions and also to distinguish 
between different generations.  It makes sense 
always to ask if it is a generic issue or is it a 
plant-specific or a generation specific issue. 
 
Ray NICHOLSON, HSE United Kingdom, UK 
Regulator - In terms of PSR timescales as 
applied to UK PSRs.  Essentially what happens 
in the UK that there is a very clearly-defined 
date when the PSR has to be submitted to us 
and we have accepted it.  If we have not 
completed our assessment at that date, 
because either the PSR is unsatisfactory or we 
have raised additional issues, we will not give 
the plant permission to continue to operate 
beyond that date.  Going back from that date I 
think it is about two or three years, we have 
discussions with the licensees about the scope 
that is going to go into the PSR, so they 

produce a fairly detailed summary of what is 
going to go into the PSR from their 
perspective.  We add what additional items we 
expect them to address and then they 
complete the PSR as such and then it comes 
to us for assessment.  And it is over their two 
to three year period, leading up to the decision 
date when the detailed assessment takes 
place.   
 
So I think in the UK, the timescale is perhaps 
consistent with elsewhere, but we do have this 
early stage of discussions with licensees to 
ensure that we know what they are planning on 
putting in the PSR and we can raise any 
additional items that we expect to see 
addressed.  So it does perhaps reduce some 
of the iterations when the timescale is getting 
rather short. 
 
Dominique ARNAUD - Monsieur Alain 
Schmitt, directeur général adjoint de l’Autorité 
de sûreté française, va conclure cette matinée. 
 
CONCLUSION 

 

 
 

Alain SCHMITT, ASN France - I will try to 
conclude these first two sessions briefly with a 
few ideas that I think came out of the 
discussions.  We had a whole range of 
presentations by regulators and by technical 
support organisations about their experience 
and their practices in the management of 
ageing.   
 
The first idea that I would like to stress is that, 
overall, the objective of nuclear safety 
authorities and their technical support 
organisations, seem quite similar.  And this 
objective is to ensure the safe operation of 
nuclear power plants during their total lifetime. 
 
The second idea is that regulatory processes 
seem quite different.  They show quite a variety 
of tools and procedures.  For instance, some 
countries use licence renewal processes to 
deal with ageing management.  Others deal 
with it during periodic safety reviews.  We also 
have different uses of PSAs and the 
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risk-informed approach.  Also, different 
approaches to in-service inspection 
programmes.  I think there are common 
features among all these approaches.  The 
first one is that ageing management is 
identified as a specific issue by all regulators.  
The second one is that ageing management 
programmes are required from the licensee to 
allow further operation.  We have, in all 
countries, it seems to me, something that looks 
like ageing management programmes.  These 
ageing management programmes are based 
on lists of components, lists of ageing 
mechanisms, and sometimes lists of 
environmental conditions.  We have 
differences between ourselves but also 
common features.  And I think we have to learn 
from each other about regulatory practices in 
ageing management. 
 
The third idea is about generic versus 
plant-specific aspects of ageing management.  
One very important theme is that ageing 
phenomena may very strongly differ between 
facilities.  Of course, between different 
technologies, for instance, BWRs, PWRs, 
heavy water reactors, gas cooled reactors, not 
to speak of other nuclear facilities such as fuel 
fabrication plants.  They also can differ very 
significantly between reactors of the same 
type.  And this is, I think, one important thing 
and this leads to the need for a plant-specific 
approach to ageing management.  This is one 
thing that I think was present in all 
presentations.   
 
Also, we should recognise that ageing 
management has a strong generic dimension.  
As one of the speakers said, nature has 
imagination.  The challenge for the licensee 
and also for the regulator is to anticipate the 
outcomes of this imagination.  One of the ways 
to anticipate is to share operating experience 
on a very extended basis.  It is fundamental to 
keep a questioning attitude and to think of 
transposing the conclusions of the 
phenomena, which have been seen on one 
type of facility to others.  For me, one very 
important and very historically fundamental 
example is stress corrosion cracking of 
nickel-based alloys on reactor vessel heads.  It 
also shows the importance of maintaining 
databases, and not only maintaining 
databases, but also to use them properly, 
keeping a qualitative way of assessing things 
and not only relying on indicators and on 
databases.   
 
One last aspect relating to this idea is the use 
of regulatory research.  It is a topic that wasn’t 
touched on very often this morning.  I think 

there is a specific workshop this afternoon 
about this aspect.  What should we do in 
relation to regulated research?  What should 
regulators do, what should regulators have the 
licence to do?   
 
The last idea is that the recognition of human 
factor-related issues in ageing management.  
The loss of skills and know-how in the nuclear 
industry, and sometimes in the regulator, 
sometimes supplies may disappear, 
sometimes components may become 
obsolete.  It is also an important aspect of 
ageing and certainly, the regulators should be 
interested in this aspect and extend their 
supervision to these kinds of problems.  This 
will conclude my summary of this morning’s 
discussions. Thank you for your participation in 
these discussions.   
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Dominique ARNAUD - Nous allons entamer la 
seconde séance plénière de ce symposium. 
Elle sera consacrée au rôle des organismes 
multilatéraux. Monsieur Inagaki va présenter la 
prise en compte par l’AIEA dans ses guides 
techniques de la problématique du 
vieillissement. 
 
Takeyuki INAGAKI, IAEA - Good afternoon 
ladies and gentlemen.  My presentation is 
about major IAEA activities on safety aspects 
of ageing mana-gement, especially the 
redaction of technical features of our 

component specific 
guidelines. And also 
our new activity on 
Safety Knowledge-
base on Ageing and 
Long-term Operations 
(SKALTO).   
 
The total number of 
nuclear power plants 
currently under 
operation is 441 units 
and 81 of them have 
more than 30 years of 

operation and 221 have more than 20 years of 
operation.  So the average age of operating 
nuclear power plants is constantly increasing 
while the number of new constructions is very 
small.  Therefore, a role of ageing 
management becomes more and more 
important. 
 
In this situation, IAEA initiated ageing 
management activities in the 1980s to facilitate 
information exchange on ageing management 
among member states and also to create 
guidance documents on this subject.  As 
regards to the current major activities relating 
to ageing management for nuclear power 
plants, we are creating a series of ageing 
management guidance documents and also 
we are trying to facilitate the application of the 
guidance documents through workshops and 
seminars, which are conducted under the 
technical cooperation and external budgetary 
programme.  Also we are conducting some 
ageing management Assessment Team 
Missions, involving Pakistan, Lithuania, 
Armenia, the Netherlands and Hungary.  The 
next one is to create a knowledge sharing 
system on this subject called Knowledge-base 
on Ageing and Long Term Operation, 
SKALTO. We are also conducting an important 
external budgetary program on long term 
operation called EBP SALTO (Safety Aspects 

of Long-term Operations).  And the last one is 
a new one, but a very important one, now we 
start creating the safety guide on ageing 
management for nuclear power plants and 
research reactors.  I would like to focus on the 
underlined activities. 
 
This slide shows an over all structure of IAEA 
Safety Standards and guidance documents 
related to ageing management and life 
management.  On the top of them, there are 
two safety requirements, design of nuclear 
power plants and operation of nuclear power 
plants.  Requirements on nuclear power plant 
design show basic requirements on ageing at 
the design stage, and the operation 
requirements provide basic requirements, 
mainly from the point of view of maintenance.  
On the other hand, there are series of the 
guidance documents, they are the safety 
reports and also TECDOCs.   The guidance 
documents on ageing management are 
subdivided into programme guidelines and 
component-specific guidelines.  We also have 
related guidance  documents on specific 
ageing phenomena and on life management, 
which were prepared by the Nuclear Energy 
Department, another department in the IAEA.  
The Nuclear Safety Department is focused on 
safety aspects of ageing management.  The 
Nuclear Energy Department is focused more 
on technical and economic-oriented activities. 
To fill in the gaps between the basic 
requirements and technical guidance 
documents, we started creating the new safety 
guide on ageing management.  This will 
provide key elements of the recommendations 
on ageing management.   
 
There are a set of component specific 
guidelines which provide basic tips on ageing 
management for specific components.  They 
provide information on significant ageing 
mechanisms, including past operational 
experience, and also provide tips to manage 
ageing from the point of view of inspection, 
operation, monitoring, maintenance repair, 
replacement and mitigation.  They are not 
mandatory or prescriptive guidelines, they just 
provide tips and good practices among 
member states.  Currently, nine TECDOCs 
have been published and four are under 
preparation.  Two guidelines for BWR reactor 
pressure vessels and core internals are now in 
print, so they will be published in a few months.  
We are also finalising two updated guidelines 
for PWR reactor vessels and core internals.  
They will be TECDOC addendums. 
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This slide explains component specific 
guidelines for PWR Primary Piping.  This was 
published in 2003.  The scope of  this 
TECDOC covers western PWRs and VVERs. 
The main coolant piping, surge and spray lines,  
class 1 piping in attached systems, and also 
small-diameter piping that cannot be isolated 
from the primary system are within the scope.  
As for ageing mechanisms, six ageing 
mechanisms and their significance are 
discussed.  They are thermal fatigue, vibratory 
fatigue, thermal ageing, primary water stress 
corrosion cracking, boric acid corrosion and 
atmospheric corrosion.  Thermal fatigue, this 
does not mean the conventional thermal 
fatigue but means thermal stratification, 
striping and thermal shock.  The susceptible 
sites are the surge lines and nozzles, spray 
lines and nozzles, other connected lines and 
nozzles and dissimilar welds between the main 
coolant piping and RPV.  For vibration fatigue, 
susceptible sites are small diameter pipelines.  
Thermal ageing is significant for the cast 
stainless steel piping and welds, which are 
mainly welded by shield metal arc welding 
(SMAW). And the last one is primary water 
stress corrosion cracking.  And of course, 
susceptible sites are  components made of 
alloy 600. 
 
This slide shows the key factors in managing 
significant ageing mechanisms, just as an 
example for thermal ageing, which are the 
replication of the surfaces of the affected area 
for metallographic examination to determine 
delta-ferrite content. For PWSCC, a 
development of the in-service inspection 
programme and external visual inspection is 
recognised as an important method to manage 
this ageing mechanism. 
 
The next one is about new TECDOCs on BWR 
RPV and the core internals.  They cover the 
RPV and the core internals of GE BWR 
product lines, Japanese BWRs including 
Advanced BWRs, called ABWRs, Siemens 
ABWR and ABB BWRs.  As for ageing 
mechanisms, IGSCC is a dominant ageing 
mechanism and a serious common problem 
for RPV components and core internals made 
of  austenitic stainless steel. These new 
TECDOCs also mention IGSCC of 
components made of nuclear grade stainless 
steel or  alloy 182.  The photo at the bottom 
shows IGSCC of nuclear-grade stainless steel.  
You can see the transformation from the 
TGSCC to IGSCC.  This is a typical 
mechanism of the IGSCC on nuclear-grade 
stainless steel.  The TECDOC for core 
internals also mentions the significance of 
IASCC for  some core internals such as core 
shroud, top guide and core plates.  Fatigue is 

also significant for some RPV components, for 
example closure studs and the feed-water 
nozzle. 
 

 
 

This slide shows key factors to manage IGSCC 
and the fatigue of BWRs.   
 
The next one is our new TECDOC addendums 
on PWR RPV and internals.  The scope is to 
cover western PWRs and also VVER 440s and 
1000s.  A new and significant ageing 
mechanism for RPV and core internals is 
PWSCC of CRDMs, BMI and other products 
such as nozzle safe ends and radial keys. 
Boric acid corrosion was also recognised as a 
significant mechanism.  Of course, the current 
version of TECDOCs mention these aging 
mechanisms to some extent. However, after 
the publication of the current TECDOCs, some 
very serious events such as Davis-Besse took 
place.  The photo on the right side is a new 
event at the Japanese PWR – this is a leakage 
from a CRDM nozzle due to PWSCC. Another 
photo is very famous: the Davis Besse event. 
The new TECDOC addendum change the 
significance of these ageing mechanisms. In 
another addendum for core internals, IASCC of 
baffle-former bolts was added as a significant 
ageing mechanism. 
 
This slide shows key factors in managing those 
significant ageing mechanisms.  For PWSCC 
of alloy 600 (RPV), ISI programmes for the 
Alloy-600 penetrations and preparation of a 
flaw evaluation handbook are important.  For 
the IASCC of baffle-former bolts (internals), the 
TECDOC addendum recommends the 
sub-division of nuclear power plants according 
to the susceptibility of their baffle former bolts 
to IASCC.  Bolt damage prediction 
equations/curves that take into account 
fluence, temperature, stress as well as 
operating experience could be useful for this 
task.  This TECDOC addendum shows one 
example of prediction curve created by 
Japanese PWR utilities.   
 
Our large scale extra-budgetary programme it 
on Safety Aspects of Long-Term Operation of 
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water moderated reactors, we call EBP 
SALTO, is mainly sponsored by the US 
government and a lot of US and outside people 
are supporting this activity.  This covers not 
only the ageing management, but also key 
aspects of long-term operation.  Long-term 
operation means operating periods beyond the 
design lifetime.  This is a 2003-06 
extra-budgetary programme.  Currently, 18 
member states and the European Commission 
are participating in this programme.  They are 
creating reports based on the PSR Safety 
Guide Index.  The outcome of the project is 
‘Scope and Content of Programmes for Safe 
LTO’.  This covers not only ageing 
management but also other necessary 
technical areas such as configuration 
management.  It provides what has to be done 
within an optimal approach as well as indexed 
technical information such as the international 
GALL Report.  This output will become a basis 
for a Safety Guide on Long-term Operation.  It 
also provides a reference for new IAEA safety 
services. 
 
This slide shows another topic: Safety 
Knowledge Base on Ageing and Long-term 
Operation (SKALTO).  The objective of 
SKALTO is to develop a framework for sharing 
knowledge on ageing management and 
long-term operation.  And its scope covers 
ageing management, periodic safety review, 
configuration management, design basis data 
management.  This is not a database, this is a 
kind of road map to guide users to  suitable 
information users want to get. 
 
This figure shows the current image of the 
IAEA intranet of the SKALTO.  It consists of 
nuclear safety standards and guides, they are 
relevant IAEA Safety Standards and INSAG 
documents as well as national requirements 
such as US 10CFR part 54 and the standard 
review plan NUREG 1800.  There are also 
some national recommendations such as 
OECD/NEA and the European Commission.  
The second part contains basic knowledge and 
guidance.  This starts from abbreviations and 
terminologies and also contains key basic 
reference documents, such as US NRC GALL 
Report and IAEA guidance documents.  The 
third part is about the relevant safety activities.  
This includes IAEA AMAT mission records / 
reports and IAEA meeting proceedings.  The 
fourth part is about safety research and 
development: this includes IAEA CRP reports 
and other national and international research 
reports.  The fifth one is about education and 
training, and this includes standard training 
modules on ageing management and AQ and 
also past workshop and seminar materials.  

The last part is links to IAEA database and 
other sites.  The Nuclear Energy Department 
of IAEA has created ageing databases on the 
reactor pressure vessel and on the 
containment vessel.  SKALTO will have links to 
these databases.  However, due to the 
confidentiality of some documents, we are 
considering how to create document 
classifications and  access limitations to open 
the SKALTO to the public. 
 
In terms of access to SKALTO, currently a 
limited scope version is already available at the 
IAEA web page.  We are planning to open an 
extended scope version, which will be available 
to member states in 2005 on the web at 
www.iaea.org.  This slide shows images of the 
limited scope version and the new extended 
version of SKALTO.   
 
As mentioned before we are creating a new 
safety guide on ageing management.  The 
objective of this safety guide is to provide a 
coherent set of high level guidelines on 
managing ageing in systems, structures and 
components important to safety in nuclear 
power plants and research reactors.  The 
scope is a system structure and components 
important to safety in nuclear power plants and 
those of research reactors.  The guide is 
mainly focused on hardware ageing, and 
therefore technical obsolescence is out of the 
scope.  This slide shows the creation schedule. 
The document preparation profile has been 
approved by IAEA safety standard committees.  
We have just started creating the first draft, 
and it will be refined from the third quarter of 
2005 to the second quarter of 2006. We have a 
technical meeting on enhancing safety and 
performance of nuclear reactors through 
effective ageing management.  This will be 
held from 8-10 November, 2005.  This 
technical meeting will provide an opportunity to 
review the first preliminary draft.  In addition, 
after the creation of the EPB SALTO final 
report, we will coordinate the safety guide with 
EBP SALTO outputs: this will be done mainly in 
2006.  This slide is a little confusing because 
this schedule only shows the first part of the 
creation schedule.  After this, the draft safety 
guide will be distributed to the regulatory 
authorities in Member States for their review.  
The final publication goal is the first-half of 
2008.  Although this work has top priority, we 
are also planning to complete one generic 
guidelines on proactive ageing management. 
In addition, we would like to update some 
component specific guidelines, such as for 
steam generators and CANDU reactor 
components, and create a new guideline for 
pressurisers.   
Thank you very much for your attention.   
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Dominique ARNAUD - Monsieur Mathet va 
nous présenter la façon dont le problème du 
vieillissement est abordé à l’agence pour 
l’énergie nucléaire de l’OCDE. 
 
Eric MATHET, OECD/NEA - Good afternoon 
ladies and gentlemen.  It is my pleasure to 
present today the work of the OECD/NEA 
working groups and experts on this topic of 
ageing management.  My presentation will 
present to you a different perspective on 
ageing management programmes, linking 
them to challenges that regulators and safety 
authorities are facing now.  This presentation 

will show you how the 
main committee of the 
OECD/NEA and the 
working groups are 
addressing this issue 
and how it can be 
probably, from what I 
heard this morning, 
very helpful for most 
of the member 
countries.  I will only 
address the metallic 
components in this 
presentation, although 

the scope of the Integrity on Ageing Working 
Group is much broader, as it includes concrete 
structures and seismic issues. 
 
I would first like to introduce the CSNI and the 
CNRA, which are the main committees for the 
safety of nuclear installation at the NEA.  CSNI 
is the Committee and the Safety of Nuclear 
Installation and its membership is directors of 
research organisations within the 
governments.  The CNRA, the Committee on 
the Nuclear Regulatory Activities and its 
members are directors of regulatory bodies in 
the NEA member countries.  How do these two 
committees work together?  I would first like to 
say that under the CNRA a couple of years 
ago, regulators issued a report on ageing with 
regard to regulatory issues.  This report is very 
important and from what I heard this morning, 
most of the issues addressed in the report 
have already been discussed.  The CSNI is 
more dealing with technical issues as opposed 
to the CNRA, who is dealing with soft issues.  I 
will concentrate on the work of the CSNI and 
technical issues now. 
First, it is important to recognise the structural 
integrity in ageing. I think this is a key problem 
for structural integrity because very few of 
them consider it as very important and 
fundamental to the operation of the nuclear 
power plants.  I think they should be more 
aware of that.  There have been historical 
issues with material degradation, I will outline 

them, but you all know them.  After briefly 
presenting the CSNI Integrity on Ageing 
Working Group, I will go through the technical 
topics that the working group is currently 
working on.  Everyone knows that materials 
degradation has been experienced since we 
started the first plants.  Then, all these 
degradations are expected to continue, so this 
is why we are here now.  More importantly, any 
structural degradation could undermine public 
confidence.  This was pointed out this morning 
and I think it is very important.  We are on a 
very thin line, and if anything happened to a 
nuclear power plant, everything we built up 
during the last 10 or 15 years would be totally 
demolished.  It is very important that we are 
aware of this kind of thing.  And of course, 
regulators, licensee and manufacturers should 
be aware of that.  Also, structural integrity and 
ageing is a recent burden for both regulators 
and operators that have to deal with it. 
 
Some of the historical issues, you all know 
them.  One that is important is concrete 
containment, but it is not the topic of today.  
Now we will talk about the structure of integrity 
in ageing and how an international organisation 
can bring added value to discussions on 
ageing management.  This is the structure of 
the Integrity and Ageing Working Group that is 
under the CSNI.  We have three sub-groups, 
and I have written the names of the chairman 
and the vice-chairman because I think it is 
important to recognise the work that they are 
doing.  We have a very good repartition in the 
member countries and I think it is very 
important if you take for example, IA working 
group, the chairman is from the US NRC, 
which is very important for us because they 
have a lot of plants.  The vice-chairman is from 
SKI, which is a smaller country, but is very 
active in this area.  The work of the working 
group is under the chairmanship of 
Claude Faidy from EDF for the metallic 
components.  This group has a good balance 
between the regulators, research organisations 
and utilities.  And I think this is one strength of 
the group. 
 
What does the working group do?  It basically 
addresses issues where an international group 
can add value by sharing experiences, 
recommending best practices and putting 
resources in common.  As opposed to the 
IAEA, the OECD does not write standards and 
does not write any regulations.  We advise 
governments and we give recommendations to 
governments for better policy and better safety 
of the nuclear power plants but we do not write 
standards.  These are the different topics 
which the group is currently working on.  Part 
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of the ageing management programme you 
have the environmental effects, the RPV and 
PTS issues.  The fatigue and piping failures, 
risk inform and service inspection, and its 
counterpart, the non-destructive examination 
qualification.  You also have some containment 
and long-term behaviour of concrete.  And also 
wire system ageing, which is very important.  
As regards external hazards, the group is 
doing work on seismic design and seismic 
input motions and this is important for the 
future and for site issues.  The group is also 
going to put together new medium-term 
strategies that will address the challenges for 
structures for new and advanced reactors as 
things may evolve in the future.  If we start 
building new plants, we will have new issues 
with these new plants.  The group wants to be 
proactive and address this in a timely manner, 
so we are going to start thinking about these 
different issues.  And now of course, we will 
keep an eye on ageing of components and 
structures, which is the basic task of the 
working group. 
 
This is a typical ageing management 
programme.  The group does not write ageing 
management programmes but they address 
some of the topics, technical topics.  For 
example, nickel-based alloy, we will talk about 
what does the group do in this area.  Also, 
RPV and PTS, piping systems, different topics 
will be addressed during this presentation. 
 
What is the regulatory issue on nickel-based 
alloy?  Of course, it is basically related to 
Davis-Besse, where the community decided 
that we should understand what happened and 
see how we can solve the problem or find 
solutions.  So the group is engaged in a survey 
of the different member countries to collect the 
experience, the status of existing data and 
research, and review the regulatory practices 
in various member countries.  The outcome of 
this report would be to address 
recommendations to the CSNI, to maybe 
harmonise regulations in the future or maybe 
to find what kind of measures could be put in 
place to try to address this. 
 
Another topic the group is very active on is the 
reactor pressure vessel and the PTS 
regulation, so the regulatory issue is very easy 
to understand.  The response of the group to 
this regulatory issue is a benchmark on the 
probabilistic structural integrity of the PWR 
reactor pressure vessel.  The objective of this 
benchmark is to issue some recommendation 
on best practices in probabilistic determination 
of the PTS regulation criteria.  This benchmark 
is ongoing now and has reached the second 

phase.  We are aiming to have the results in 
mid-2006.  These is a very important activities 
and about 10 countries and organisations are 
participating in this benchmark.  When I 
mentioned how we can share experiences 
from an international point of view, it is 
basically from state-of-the-art reports, 
benchmarks or international standard 
problems. 
 

 
 
There are several issues regarding pipings and 
we have already touched on some of them.  I 
will address these three points and these three 
regulatory topics.  The first one is passive 
component failures in risk assessment.  You 
have different challenges such as PRA 
challenges and structural integrity challenges.  
There are different mechanisms that you find in 
degradation mechanisms.  So in this area, the 
answer of the Working Group was to set up the 
OPDE database, the OECD/NEA Piping 
Failure Data Exchange Project.  This project 
started three years ago, based on work done 
by SKI and briefly, this database now has 12 
member countries participating.  It is mainly 
regulators, with the support of utilities because 
it is important to have the utilities on board 
because they have the data.  If you do not 
have the utility, you basically miss something.  
This database of 12 countries now is fully 
operational.  We finished the first phase of the 
three-year project in June this year, and this 
database has something like 4,300 events that 
are very well-documented and that can be 
used for deterministic assessment like 
degradation mechanisms.  They can also be 
used to validate your PRA models, to make 
sure you account for all the degradation.  And 
of course, this database can be used for a 
risk-informed service inspection of PRA and 
there are several examples and uses of the 
database in the US, Korea and other countries.  
I wanted to stress a little bit what this database 
is to make sure everybody has the same idea 
about it. Then the group had a lot of activities 
on fatigue and in particular, thermal fatigue.  
That is really a key issue.  Over the years, 
there was a three-fold project within the group.  
One of the activities was to write a 
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state-of-the-art report on thermal cycling in light 
water reactor components.  The second 
activity was the benchmark on how to perform 
calculations, and how to calculate the crack 
propagation and crack initiation under a freely 
loading.  And the third activity that the group 
has, in cooperation with the NRC, is to 
organise every other year, or maybe every two 
or three years, an international conference on 
fatigue that gathers the operators from many 
countries and the regulators and the research 
organisation.  And from this three activities, it is 
possible for the working group to provide some 
recommendations to the CSNI on thermal 
fatigue, and some of the results and 
uncertainties indicates what needs to be done.  
So the working group is really working at a 
technical level at this stage.  There is also a 
very important activity on risk-inform and 
service inspection and something that goes 
together, that is non-destructive examination 
qualification.  The regulatory issue is very clear 
and many countries are now using, or thinking 
of using, risk-informed service inspections.  
There was a request from the regulators at the 
NEA to understand the basis for these different 
methodologies which the licensees are 
proposing for approval to the regulators.   
 
The working group did some work on this and 
they first issued a questionnaire to understand 
what is going on in the different member 
countries.  The results indicated that there 
were different approaches that existed to 
screen components and structures.  Of course, 
you have the WPG methodology, the EPRI, the 
ENIQ.  The European Community group is also 
doing some work and you also have the Nordic 
countries approach.  As regards to the status, 
we have two countries which are using both 
quantitative and qualitative risk-informed 
in-service inspections.  One is using qualitative 
risk-informed service inspections and others 
are either considering using risk-informed 
service inspection or are not considering using 
it at all or they did some pilot studies.   
 
One thing which is very important is the NDT 
qualification.  I would like to emphasise the fact 
that you need a good NDT qualification to use 
risk-informed in-service inspections.  This 
became obvious during our discussions, and 
recommendations were issued by the different 
members of the working group. 
 
So what is the outcome of these discussions 
and different approaches.  It was first a 
state-of-the-art report that was published this 
year, or is about to be published this month, on 
risk-informed in-service inspections.  Starting 
from this state-of-the-art report, there was a 

recommendation to benchmark the different 
risk-informed in-service methodology.  So what 
are the main conclusions of the report?  One of 
the recommendations of this report was to 
compare risk-informed in-service methods 
performance by applying several of the 
qualitative or quantitative methods to the same 
specific scope of piping.  This was presented 
to the CSNI and the CNRA, who agreed that 
this would be very interesting to compare the 
methodologies to the same piping and observe 
the outcomes and how you can explain 
differences and what are the strengths and 
weaknesses and where you can do things 
better in one or other of the methodologies.  
We decided to work in cooperation with 
JRC Petten because, for the ENIQ Working 
Group, they have extensive experience in this 
area.  The group decided to think about 
benchmarks that would be run by the NEA, 
with technical advice from JRC and the ENIQ 
Group.  The first stage was to submit a 
proposal on how we can run this benchmark, 
what do we want to achieve, where do we start, 
what are the problems.  One of the problems is 
getting the piping system description.  We are 
working on the preparation of this benchmark 
and will hold a meeting in September this year 
to finalise the draft proposal and we will 
present it to CSNI in December.  And then we 
can move on and implement this proposal.  So 
this is a very important activity for the CSNI 
and for the working group. 
 
I just want to give you a brief overview of the 
latest reports published by the working group 
over the last year and a half.  So the report 
was published on risk-informed service 
inspection, on thermal cycling, containment 
capacity.  Also on seismic input motion, wire 
system ageing and on experimental facilities 
for earthquake engineering, simulation 
worldwide.  And also on use and performance 
of concretes in NPP fuel cycle facilities.  I 
would like to point out that these reports are 
mainly state-of-the-art reports and they are 
technical reports.  Our cooperation with the 
IAEA is very strong and in particular, several 
members of the group are working in the 
taskforce of the IAEA.  These reports are used 
by the IAEA to prepare their ageing 
management programmes or different 
technical programmes and we have excellent 
cooperation with them.   
 
So to conclude, what are the challenges for 
nuclear regulation and safety in the near 
future?  Things that I have not addressed in 
the presentation are knowledge management.  
This will be one of the key issues in the future.  
Several people are going to retire and there is 
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a need to transfer this knowledge to new 
generations.  Another issue that the CSNI and 
CNRA are going to fact is the new design and 
how to incorporate lessons learned from the 
current nuclear power plants into a new design 
and make sure we do not make the same 
mistakes again.  By implication, there must 
some changes in the codes.  Another issue is 
ageing management, that will become more 
and more important in countries.  I think it is 
going to be very challenging to run ageing 
management programmes in addition to 
building new plants.  That will be an interesting 
challenge.  That completes my presentation.  
Thank you very much.   
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Sophie MOURLON - This morning we are 
talking about in-service inspection. 
 
Ce matin, nous allons parler de l'inspection en 
service. Nous l'avons vu hier, la surveillance en 
exploitation et en particulier en service tient 
une grande place dans la gestion du 
vieillissement. Nous vous proposons d'en 
débattre ce matin avec plusieurs 
problématiques : comment les programmes de 
suivi en service doivent-ils être conçus ? 
Quelles sont les stratégies de surveillance ? 
En ce qui concerne les méthodes d'examens 
non destructifs, quelles sont leurs 
performances ? Quelles sont leurs limites ? 
Les applications doivent-elles être qualifiées ? 
 
Cette séance sera présidée par Monsieur 
Rémi Guillet, Président de la Commission 
centrale des appareils à pression. La 
Commission centrale des appareils à pression 
est un acteur important dans le contrôle 
technique et réglementaire des équipements 
sous pression en France.  
 
Rémi GUILLET, CCAP France - Merci, c'est 
un honneur pour moi d'être parmi vous ce 
matin avec beaucoup de français que nous 
rencontrons régulièrement, mais également 
avec beaucoup de collègues étrangers, de 
tous horizons géographiques, de tous horizons 
techniques avec des préoccupations de 
constructeurs, d'organismes de contrôle, 
d'exploitants. 

Quelques mots sur 
cette Commission 
centrale des appareils 
à pression. Le mot 
commission n'est pas 
à prendre dans le 
sens de nos collègues 
canadiens pour 
lesquelles la 
commission 
correspond plutôt à 
l'Autorité de sûreté 
nucléaire. Cette 
Commission centrale 
des appareils à 

pression est un organe  de consultation, 
composé d'une cinquantaine de membres, 
avec un rôle extrêmement technique qui est un 
rôle d'avis donné au ministre chargé de 
l'industrie et donc de la sûreté nucléaire, sur 
les questions d'appareils à pression. 
 

Notre sujet est aujourd'hui le vieillissement. Il 
est amusant de rappeler que cette commission 
va bientôt avoir 200 ans. Nous rappelons que 
les questions qui nous préoccupent, ont déjà 
préoccupé nos anciens il y a longtemps, et qu'il 
ne faut pas oublier le travail qui a été fait. C'est 
d'ailleurs aussi un encouragement dans nos 
propres travaux. 
 
Je voudrais souligner la qualité des 
participants à cette commission : nous 
sommes particulièrement heureux d'y compter 
deux experts étrangers, Monsieur Roussel de 
Vincotte et Monsieur Gendrich de GRS. 
Participent à cette commission les 
constructeurs, les exploitants, les organismes 
de contrôle et également les diverses 
administrations concernées et un certain 
nombre d'experts. Je crois que ce même 
milieu est réuni ici, et c'est dans un cadre qui 
reste très souvent convivial bien 
qu’extrêmement sérieux et rigoureux que se 
déroulent les travaux de la commission. Je 
soulignerais que nous y voyons deux types de 
problèmes : les questions liées aux réacteurs 
nucléaires sous l'aspect « appareils à 
pression », mais également tous les autres 
appareils à pression depuis l'extincteur ou la 
bouteille de gaz butane jusqu'au gros appareil 
réacteur de l'industrie chimique. Il y a un 
enrichissement mutuel entre ces deux types 
d'appareils, ceux du secteur nucléaire et ceux 
plus ordinaires qui s'est toujours révélé très 
important, très utile des deux côtés. C'est à ce 
titre que je viens ici, non seulement pour 
présider cette séance, mais également pour 
écouter et voir les enseignements que nous 
pouvons en tirer plus généralement pour une 
bouteille butane ou un appareil de l'industrie 
chimique. 
 
Sophie MOURLON - Il est en effet important 
de souligner le fait que nous avons vocation à 
enrichir nos connaissances techniques et nos 
pratiques réglementaires de plusieurs 
manières. Nous sommes ici pour nous enrichir 
par le partage de l'expérience internationale. 
Nous aurons également l'enrichissement par 
des métiers similaires qui concernent la 
mécanique et les équipements sous pression 
avec des applications différentes dans le 
domaine nucléaire et dans le domaine hors 
nucléaire. 
 
De plus nous vous proposerons cet après-midi  
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une ouverture vers des métiers qui ont des 
préoccupations de sûreté et de vieillissement 
similaires, encore différents, ceux des 
ouvrages d'art et du bâtiment. 
 
Dominique ARNAUD - Ingénieur à l’IRSN, qui 
est l'appui technique de l'ASN, Gérard Cattiaux 
est expert dans le service des spécialistes des 
contrôles non destructifs. Par ailleurs, toute sa 
carrière s'est déroulée dans ce domaine des 
méthodes de contrôle et de l'expertise. La 
présentation porte sur les recherches de 
l’IRSN en contrôles non destructifs dans le 
cadre du vieillissement des installations 
nucléaires. 
 
Gérard CATTIAUX, IRSN France - Monsieur 
le Président, Mesdames et Messieurs bonjour. 
Je vais donc parler des actions de recherche 
de l’IRSN dans le domaine des contrôles non 
destructifs engagés dans le cadre du 
vieillissement des installations nucléaires. Je 
présente également les co-auteurs du CEA de 
Saclay qui ont en charge la réalisation des 
études : Monsieur Philippe Benoît, Madame 
Clarisse Poitevin et Monsieur Thierry Sollier.  
 

 
 

Je commencerai par le sommaire de ma 
présentation, une introduction puis ce que 
peuvent apporter ces recherches. Viendront 
ensuite les principaux thèmes de recherche qui 
seront illustrés de quelques exemples. Le 
premier portera sur le contrôle par ultrasons de 
pièces de formes complexes à l'aide d'un 
traducteur contact « intelligent », le second sur 
la simulation de la prédiction de la 
performance des contrôles par ultrasons, le 
troisième sur un exemple de recherche dans le 
domaine des courants de Foucault, qui porte 
sur la mise au point d'un prototype plus souple 
pour des défauts en surface. Je terminerai 
enfin par les conclusions et les perspectives. 
 
Commençons l'introduction par un premier 
constat : une très grande part des activités de 
maintenance des installations nucléaires sont 
réalisées par CND (ultrasons, courant de 
Foucault, radiographie, ressuage ou encore 
magnétoscopie). En ce qui concerne le choix 

des recherches en CND engagées par l’IRSN, 
les orientations prises ont surtout porté sur les 
ultrasons car ils sont majoritairement utilisés 
pour la recherche des défauts dans 
l'épaisseur. Par ailleurs, cette technique 
permet aussi de redimensionner la plupart des 
défauts, et de les identifier. Bien que les 
techniques conventionnelles soient adaptées à 
la plupart des cas courants, elles peuvent être 
aussi sérieusement limitées, par exemple en 
ultrasons, sur des composants de formes 
complexes, par exemple des petits coudes ou 
de très petites tuyauteries ou encore sur des 
composants qui présentent des accidents de 
surface. Les matériaux à gros grains ou 
encore la prise en compte des défauts réels 
fermés, occasionnent également des 
difficultés. En courants de Foucault, les 
difficultés similaires sont rencontrées pour des 
formes complexes, toujours en présence de 
défauts fermés. En conséquence, l’IRSN 
estime que nous devons continuer à 
progresser, ce qui l’a incité à initier des 
recherches dites démonstratives ou incitatives 
en amont de l'industrialisation pour développer 
d'autres prototypes adaptés en cas de 
contrôles plus difficiles, pouvant être 
occasionnés par le vieillissement. Les 
phénomènes sont surtout la fatigue thermique 
et la corrosion sous contrainte. 
 
L’IRSN engage également des études de 
simulation, en aide aux expertises demandées 
par l’Autorité de sûreté nucléaire, pour se doter 
de moyens d'appréciation des performances 
de contrôles non destructifs. La simulation 
porte surtout sur les ultrasons et les courants 
de Foucault. Nous engageons également des 
études en radiographie.  
 
Que peuvent apporter ces recherches ? Ces 
recherches apportent leur contribution à la 
résolution de problèmes de contrôle difficile 
par la mise au point de capteurs CND 
prototypes démonstratifs du futur. Elles 
prennent en compte bien sûr le risque 
d'apparition de nouveaux défauts dus au 
vieillissement des installations. Elles dotent 
également l’IRSN d'outils de simulation, utilisés 
dans nos expertises pour apprécier nos 
méthodes de contrôles non destructifs. Elles 
contribuent au renforcement des capacités 
d'expertise de l’IRSN indépendamment des 
exploitants. Elles permettent aux experts d'être 
très bien informés de l'orientation et de 
l'évolution des techniques nouvelles. Elles font, 
bien sûr, bénéficier l’Autorité de sûreté des 
acquis en recherche et développement. Bien 
évidemment, des relais industriels de 
recherche sont attendus. Ceux-ci se vérifient 
actuellement pour des applications dans le 
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domaine nucléaire mais également pour 
l'aéronautique, l'industrie du tube, l'automobile, 
voire le médical.  
 
Passons maintenant aux principaux thèmes de 
recherche de l’IRSN qui ont porté sur la mise 
au point d'une chaîne électronique de contrôle 
pour les capteurs ultrasons multi-éléments. La 
mise au point du prototype, et les premiers 
travaux ont porté sur le développement d'une 
chaîne électronique appelée Faust 
(Focalisation Adaptative Ultrasonore 
Tomographique). Le relais industriel de cette 
chaîne a été pris et a conduit à la création 
d'une société appelée Multi 2000 qui 
commercialise la chaîne Multi 2000. 
 
Un autre développement important a porté sur 
un contact ultrasons multi-éléments adaptable, 
pour lequel les relais industriels sont en cours. 
Les autres thèmes importants de recherche 
sont les suivants : la mise au point d'un 
prototype de traducteur contact ultrasons multi-
éléments adaptable aux surfaces complexes 
pour les matériaux à très gros grains, un 
prototype de traducteur contact ultrasons multi-
éléments adaptable pour le contrôle de 
structures en béton, une sonde souple courant 
de Foucault pour les formes complexes et 
enfin la mise au point de simulations en 
ultrasons et en courant de Foucault. 
 
Passons maintenant à un premier exemple de 
recherche : la mise au point du contrôle de 
deux pièces de formes complexes à l'aide d'un 
traducteur contact intelligent. Tout d'abord, 
dans la grande majorité des cas, le contrôle 
ultrasons présente des performances 
acceptables, confirmées à l'issue des 
qualifications des méthodes, mais en présence 
de géométrie complexe, ou de petits coudes 
ou de petits piquages ou d'accidents 
géométriques en surface, les performances 
peuvent être fortement dégradées. Il peut en 
résulter une mauvaise détection et un mauvais 
dimensionnement. Et ses performances sont 
encore plus dégradées sur des matériaux à 
gros grains. 
 
L’IRSN a alors engagé des travaux de 
recherche démonstrative visant à mettre au 
point un traducteur prototype de contact 
intelligent dont le champ acoustique transmis 
dans la pièce s'adapte en temps réel à la 
forme du composant contrôlé.  
 
Ce traducteur est composé d'un réseau de 
petits éléments piézoélectriques regroupés sur 
une surface flexible qui s'adapte à la forme de 
la pièce. Il dispose d'une instrumentation 
interne qui est destinée à la mesure. Grâce à 
son instrumentation, les mesures lui 

permettent d’évaluer le profil interne des 
pièces et de le prendre en compte par la suite 
pour les contrôles. Pour compléter l'utilisation 
de ce traducteur, la chaîne de mesures 
industrielle Multi 2000, issue des travaux 
démonstratifs de l’IRSN, assure le traitement 
des données des mesures de profilométrie, 
pour appliquer en temps réel des lois de retard 
en émission sur chaque élément du réseau. 
Ceci permet alors de produire un réseau 
acoustique optimisé dans la pièce. Cette 
chaîne Multi 2000 assure aussi la production 
des imageries du contrôle.  
 
Quels sont donc les résultats obtenus ? Tout 
d'abord, ces résultats sont obtenus dans le 
cadre des études amont. La démonstration du 
bon fonctionnement du prototype 2D, 3D a été 
apportée et des défauts sont détectés et 
dimensionnés par diffraction. Nous observons 
donc les signaux sur les sommets de défauts 
plans comme les fissures et ceci permet de les 
dimensionner par diffraction là où des moyens 
de contrôle conventionnels sont totalement mis 
en défauts. Face à la dégradation de la 
surface, ou à l'accident de surface nous 
sommes capables d'observer l'écho produit par 
le défaut et l'écho produit par le sommet du 
défaut ce qui permet bien sûr de mesurer la 
hauteur du défaut. 
 
En ce qui concerne la suite, des exploitants 
comme EPRI ou EDF, des prestataires et des 
constructeurs font des études. Les industries 
aéronautiques, automobiles et médicales 
engagent également des études avec ce 
traducteur. Un premier exemple d'application, 
qui a fait l'objet de publication aux États-Unis, 
est une étude pour l’EPRI, faite par le CEA, qui 
porte sur l'examen par ultrasons de 
composants qui comportent des réparations. 
 
Autres applications intéressantes, une 
application engagée par l'exploitant EDF qui 
porte sur la mise au point d'un contrôle 
ultrasons des piquages primaires de forme 
complexe, le but étant de détecter mais surtout 
de dimensionner des défauts plans comme 
des fissures en surface interne. 
 
Nous pouvons ici voir le contrôle sur une 
entaille de 7 mm de hauteur qui simule une 
fissure située sous le cône. Le traducteur a 
donc un angle de réfraction de 22 degrés 
permettant d'attaquer correctement le défaut 
mais il a également un angle dans l'autre plan 
de 30 degrés pour suivre le cône. Nous 
constatons donc que surtout le 
dimensionnement par diffraction au sommet de 
l'entaille est parfaitement obtenu. Cette autre 
expérimentation montre qu’un défaut plan de 
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trois mm de diamètre, situé sous la jonction 
cylindre/cône est très bien détecté, avec un 
excellent rapport signal/bruit, ce qui est 
globalement très remarquable à cause de la 
difficulté de couplage entre la jonction 
cylindre/cône. L'image sur le trou à fond plat 
de trois millimètres est particulièrement bonne 
et le couplage est relativement bon sous cette 
jonction. 
 
Nous allons passer à la simulation des 
contrôles. L’IRSN souhaite disposer de 
moyens de simulation des CND pour estimer 
les limites des contrôles dans le cadre des 
expertises qu'il réalise pour l’Autorité de sûreté 
nucléaire. Pour cela, l’IRSN participe au 
développement d’un logiciel de simulation par 
le CEA qui s'appelle CIVA et qui mutualise les 
besoins industries, nucléaires et 
aéronautiques, par exemple. L’IRSN dispose 
ainsi du simulateur CIVA et obtient des 
résultats indépendants de ceux des 
exploitants, sur des aspects techniques liés à 
des contrôles non destructifs, pour ses besoins 
d'expertise. 
 
Les travaux de simulation portent sur des 
contrôles ultrasons de composants à 
géométrie complexe, sur des contrôles 
ultrasons de viroles de forte épaisseur comme 
des matériaux de cuves ou de réacteurs, ils 
portent encore par exemple sur la prise en 
compte du cas des défauts réels sur des 
pièces de formes complexes. 
 
Passons maintenant à un premier exemple de 
simulation, simulation sur une géométrie 
complexe. Le problème, est qu'en présence de 
géométrie complexe, interne et externe, avec 
accidents géométriques en surface, les 
performances du contrôle sont mal connues. 
Par exemple, en présence d'une lame 
d'ombre, il y a déviation ou éclatement du 
faisceau acoustique dont il résulte une 
mauvaise détection et un mauvais 
dimensionnement des défauts. Il y a là un très 
grand nombre de cas possibles, et 
l’expérimentation est coûteuse et compliquée. 
La solution pour apprécier la performance des 
contrôles dans tous ces cas est d'utiliser la 
simulation. 
 
Comment est réalisée cette simulation ? Nous 
définissons les composants et les défauts 
dans le logiciel ou par CAO, c'est-à-dire que 
nous donnons l'épaisseur des composants, 
leur forme, les matériaux utilisés. Ensuite nous 
décrivons le traducteur dans le logiciel, son 
encombrement, les dimensions de l'élément 
piézoélectrique, la fréquence, l'angle de 
réfraction. La réponse permet alors de prédire 

les éléments ultrasonores obtenus sur des 
défauts en prenant en compte le couplage, 
l'interaction du faisceau avec le défaut et 
également la géométrie du fond. 
 
Autre cas de simulation, le développement de 
modèles adaptés aux cas de matériaux de 
forte épaisseur, par exemple des cuves de 
réacteurs nucléaires, réacteurs sous pression 
ou autre. Les développements prennent en 
compte la géométrie du composant, son 
épaisseur, la forme qui peut être plane ou 
courbe, le cas des ultrasons focalisés 
largement utilisés en France, les effets de la 
désorientation des défauts, appelés tilt et 
skew, qui sont des désorientations dans deux 
plans perpendiculaires. Ces développements 
prennent enfin en compte la position des 
défauts définis dans toute l'épaisseur du 
composant. 
 
Nous faisons réaliser des maquettes qui 
servent à valider les modèles de simulation. 
Par exemple dans une maquette, nous avons 
implanté des défauts de 6 mm, 12 mm et 15 
mm en parois interne, externe et également 
dans le milieu de l'épaisseur. Dans ce cas de 
figure, vous voyez qu'il existe un défaut 
désorienté avec une valeur de tilt de 10 
degrés. 
 
Voici donc quelques résultats obtenus en 
termes de comparaison expérimentation-
simulation sur une maquette de 250 mm 
d'épaisseur avec des défauts plans de type 
entailles électro-érodées de 6, 12 et 15 mm, 
avec deux types de défauts : plans débouchant 
par voie externe et inclinés de 10 degrés. Les 
résultats montrent globalement une très bonne 
prédiction de l'amplitude des échos y compris 
ceux qui sont obtenus sur les sommets des 
défauts par diffraction. Nous sommes 
également capables de prédire le 
comportement de défauts inclinés.  
 
Je vais enfin présenter la mise au point de 
sondes souples par courant de Foucault. Des 
besoins  d'amélioration sont identifiés en 
courant de Foucault comme pour les ultrasons. 
Pour les contrôles de composants en surface 
complète, il est nécessaire d'avoir une très 
bonne adaptation de la sonde à la forme du 
composant, un très bon rapport signal sur 
bruit, et également une simulation pour mieux 
cerner les limites des méthodes en présence 
de formes complexes ou encore de défauts 
fermés. 
 
Des composants concernés par ces études 
peuvent être, par exemple, des zones de 
transition de dudgeonnage de tubes de 
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générateurs de vapeur, des composants en 
inconel 600 ou autre sur des installations 
diverses qui peuvent être concernés par de la 
fissuration par corrosion sous contrainte ou 
encore des parties de composants concernés 
par de la fissuration par fatigue thermique et 
dans des gammes d'épaisseur compatibles 
avec les courants de Foucault.  
 
Pour répondre à ce besoin, la mise au point 
des technologies de sondes souples en 
courant de Foucault à fort rapport signal sur 
bruit, j'insiste sur ce terme, adaptable à la 
géométrie des formes complexes, a été 
effectuée. Nous avons essayé, pour la mise au 
point de cette nouvelle technologie, des 
validations expérimentales sur des maquettes 
fissurées et avec un réseau de faïençage par 
fatigue thermique. L'ouverture des fissures se 
situe dans la gamme 5, 20 microns jusqu’à 
200 microns. D'un point de vue résultats, nous 
avons donc une imagerie C-Scan qui montre 
que la détection de l'ensemble de ces fissures, 
y compris des réseaux de faïençage est 
parfaitement assurée.  
 
Voici un exemple d'application possible pour le 
nucléaire, choisi pour sa complexité : il s'agit 
de la mise au point d'un prototype de sonde 
souple, adaptée à l'examen de la soudure de 
pénétration de fond de cuve, pour détecter des 
fissures sur la surface complexe de la soudure 
avec un fort rapport signal sur bruit. Ce cas est 
issu du retour d'expérience internationale qui a 
révélé une fissure sur une soudure de fond de 
cuves d’un réacteur aux États-Unis. 
L'information vient de la base de données 
ADAMS de la NRC. D'autres domaines sont 
concernés par le développement de ce type de 
sonde, il s'agit surtout de l'aéronautique. 
 
En conclusion, partant de faits observés durant 
les expertises,que les examens non destructifs 
ne sont pas toujours bien adaptés à la 
détection et au dimensionnement de défauts 
sur des parties de composants de formes 
complexes avec des matériaux à gros grains 
ou à la particularité de certains défauts, et 
partant également du fait que ces matériaux 
peuvent être concernés par des phénomènes 
de vieillissement, l’IRSN a estimé qu'il fallait 
continuer de progresser. Il a donc engagé les 
études démonstratives et incitatives pour le 
développement de prototypes. Cela porte donc 
sur les ultrasons et les courants de Foucault. 
L’IRSN participe également à la mise au point 
de modèles de simulation pour bénéficier, 
durant les expertises, de moyens d'évaluation 
de performance des méthodes de contrôle afin 
de cerner leurs limites. Ces études, situées en 
amont de l'industrialisation, permettent 

d'enrichir les capacités d'expertise de l’IRSN 
dans ce domaine indépendamment des 
exploitants et devraient aider à terme à 
solutionner les problèmes techniques les plus 
difficiles rencontrés en CND sur des 
composants concernés par le vieillissement. 
 
Dominique ARNAUD - Yves Lapostolle a 
longtemps été chargé d'une unité d'examens 
non destructifs au CEA et est actuellement 
chargé, au BCCN, des référentiels de suivi en 
service des réacteurs à eau sous pression. Il 
va présenter la démarche réglementaire 
d'application des examens non destructifs, qu'il 
suit également au BCCN. 
 

Yves LAPOSTOLLE, 
ASN France - 
Monsieur le Président, 
Mesdames et 
Messieurs, je vais 
expliquer ce que nous 
entendons par le terme 
de qualification des 
méthodes d'essais non 
destructifs dans le 
cadre de l'inspection 
en service des 
réacteurs à eau sous 
pression, et vous 

montrer l'application que nous en avons faite 
dans la réglementation française. Pour ce 
faire, je vais tenter de vous montrer quelles 
sont les origines du besoin de qualification des 
END, vous montrer les travaux européens qui 
ont été menés en la matière, comment les 
résultats de ces travaux ont été intégrés dans 
le référentiel réglementaire français, vous 
donner quelques points de repères de tous ces 
processus de qualification en parlant de l'entité 
de qualification qui est un maillon important du 
processus et vous décrire les différentes 
phases de ce processus de qualification. Je 
vous dirai ensuite où nous en sommes sur le 
plan français quant à l'avancement de ce 
programme et concluerai en vous donnant les 
éléments qui sont l'apport de cette 
méthodologie au niveau des contrôles non 
destructifs.  
 
L'origine du besoin de qualification est 
résumée dans une phrase relativement simple, 
et vous verrez que cela introduit par la suite 
des notions qui ne sont pas aussi simples. Il 
faut apporter la démonstration que les 
examens non destructifs ont la capacité de 
détecter les défauts ayant un impact sur la 
sûreté. Vous me direz que nous avons fait des 
contrôles non destructifs bien auparavant. 
Certes, mais ce besoin est issu de 
programmes internationaux qui ont été menés  
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il y a quelques années déjà et qui ont 
démontré un aspect négatif mais également 
des aspects positifs. L'aspect négatif était la 
non-adéquation des méthodes utilisées – 
parce que dans un premier temps nous avions 
transposé les méthodes de fabrication à 
l'exploitation en service – ainsi que 
l'insuffisance des codes. La démonstration que 
les examens avaient la capacité de détecter 
des défauts que nous craignions n’était donc 
pas satisfaisante. Le volet positif était que les 
laboratoires, qui se sont exercés sur les 
maquettes qui leur ont été proposées, avaient 
leurs méthodes propres et nous avons pu 
démontrer de cette façon qu'il existait des 
pratiques capables de détecter les défauts 
craints et de les placer correctement. 
 

 
 
Sur le plan européen, deux démarches 
conjointes ont été menées. La première sous 
l'égide des exploitants groupés au sein de 
l’European Network for Inspection Qualification 
dont les travaux ont abouti à un document de 
méthodologie qui a été publié en 1996. 
Parallèlement à ces travaux des exploitants, 
les autorités de sûreté de la communauté 
européenne, regroupées au sein du Nuclear 
Regulator Working Group, ont également 
œuvré pour une méthodologie qui avait plutôt 
une vision sûreté, pour aboutir à une position 
commune de ces autorités de sûreté publiée 
également en 1996. Ces deux groupes n'ont 
pas fonctionné de façon complètement 
indépendante, les représentants de l'un des 
groupes allant dans l'autre, et inversement. 
Ces travaux ont abouti à proposer une 
méthodologie dont j'ai repris ici les principaux 
éléments. Cette méthodologie débute d'abord 
par la description des types de défauts à 
détecter ou à caractériser. Cela est le besoin 
de départ, et l'expression de ce besoin. Cette 
méthodologie demande aussi à ce que nous 
examinions les variables essentielles de la 
méthode utilisée, c'est-à-dire les variables qui 
ont une influence sur les résultats du contrôle. 
Ceci pour garantir les performances ou savoir 
si les performances sont dégradées dans 
certaines zones. La méthodologie demande 

également que nous examinions la 
représentativité des maquettes qui sont 
utilisées pour accomplir ce programme de 
qualification, et pour qualifier la méthode. Et, 
compte tenu des positions un peu différentes, 
des cultures différentes des participants, il a 
été décidé de donner la possibilité de qualifier 
les contrôleurs séparément. 
 
Comment cette méthodologie a-t-elle été 
traduite dans le référentiel français ? Elle a été 
prise en compte par l'arrêté ministériel du 10 
novembre 1999, relatif à la surveillance de 
l'exploitation du circuit primaire principal et des 
circuits secondaires principaux des réacteurs à 
eau pressurisée. Je vais vous donner les 
principaux points qui ont été listés et proposés 
dans cet arrêté. Il est d'abord dit que les 
procédés d'examens non destructifs employés 
en exploitation font l'objet, préalablement à leur 
utilisation, d'une qualification prononcée par 
une entité choisie par l'exploitant. Il est donc 
clairement indiqué que l'exploitant a cette 
responsabilité. L'exploitant doit apporter la 
justification de la compétence et de 
l'indépendance de l'entité de qualification qui 
doit être accréditée.  
 
Nous introduisons donc au niveau de cet arrêté 
trois types de qualification selon la sensibilité 
de la zone explorée à une dégradation. 
Certains de ces types sont la transcription des 
documents européens. Les autres points de 
l'arrêté sont des précisions de fonctionnement 
technique. Une synthèse de qualification est 
transmise au DGSNR avant mise en œuvre du 
procédé. Cette synthèse précise en particulier 
les compétences du personnel appelé à mettre 
en œuvre ces procédés. De plus ce personnel 
doit être certifié par un organisme 
indépendant. 

Je reviens sur les types de qualification, sur 
lesquels je suis passé rapidement. Ils sont 
donc de trois types. Nous parlons de 
qualification spécifique lorsqu'un mode 
d'endommagement conduisant à un défaut 
déjà observé est identifié. Cela veut dire que 
nous avons déjà, soit sur des tranches 
voisines en international, soit sur le parc 
français, observé ces dégradations. Nous 
savons donc, dans ce cas, décrire 
correctement le défaut donc le point d'entrée 
du processus de qualification. 
Nous parlons de qualification générale lorsque 
le mode de dégradation est présumé. Par 
analogie à des zones où nous avons observé 
des défauts, à des matériaux, à des 
sollicitations, nous craignons dans des zones 
particulières qu'il puisse se produire le type de 
défauts ayant pu se produire ailleurs, tout en 
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ne l’ayant pas encore observé. Nous sommes 
donc conduit à faire des hypothèses sur la 
description du défaut, sur le moyen d'entrée 
dans le processus de qualification, et le cahier 
des charges. Nous avons souhaité également, 
dans les zones pour lesquelles nous ne 
craignions pas de dégradation particulière, 
faire des contrôles au titre de la défense en 
profondeur et en tirer des éléments sur les 
méthodes que nous allons appliquer dans ces 
zones. Ces éléments sont la description des 
performances de la méthode, et de ses 
moyens d'utilisation. Bien sûr, il n'y a pas dans 
le cahier des charges de défauts décrits à ce 
stade, mais nous aurons des éléments sur ce 
que nous sommes capables de voir en 
appliquant cette méthode. Et, pour que le 
système ne soit pas fermé, nous avons alors la 
possibilité d'utiliser des méthodes de contrôle 
dans des cas particuliers où nous avons 
besoin d'affiner ou de caractériser des défauts 
avec des méthodes plus pointues. Nous 
parlons alors d'expertise et nous avons donc la 
possibilité d'utiliser d'autres méthodes que 
celles qui sont préprogrammées, prévues, 
labellisées au départ. Ce sont donc des 
méthodes qui sont capables d'apporter des 
éléments de caractérisation complémentaire, 
moyennant des conditions particulières de 
garantie de la maîtrise du procédé mis en 
œuvre par des experts dont la compétence est 
démontrée.  
 
Pour être complets, nous avons traité à part 
les méthodes globales, qui sont généralement 
des méthodes de substitution de contrôle 
visuel en requalification périodique. Il s'agit par 
exemple de l'écoute acoustique ou des tests 
d'étanchéité à l'hélium des faisceaux tubulaires 
des générateurs de vapeur. 
 
Je vais maintenant vous dire deux mots 
concernant l'entité de qualification qui sera, je 
pense, plus développée dans l'exposé selon la 
vision de l'exploitant en la matière. Cette entité 
de qualification est une commission définie en 
tant qu’organisme d'inspection au sens de la 
norme ISO 17020. Les premiers travaux ont 
été faits en utilisant la norme EN 45004 qui 
était la version antérieure de cette norme ISO. 
Cette commission de qualification a été 
accréditée par le COFRAC depuis le 1er juin 
2002 et a subi des audits de renouvellement 
de ses accréditations. La commission de 
qualification comprend un Président, expert 
nommé par le Directeur de la Division 
production nucléaire d'EDF ; elle comprend 
également un responsable d'assurance qualité, 
parce que bien sûr, au sens de la norme, elle a 
un système qualité propre et est indépendant 
des autres unités d'EDF ; un secrétaire pour 

assurer la gestion de cette entité et un collège 
d'experts internes ou externes à l'entreprise. 
Ce collège compte actuellement neuf experts. 
Si nous faisons donc le total, la commission 
comprend dix experts nommés pour trois ans. 
 
Je vais maintenant vous détailler, très 
rapidement et très schématiquement, les 
différentes phases du processus de 
qualification. J'ai découpé ceci en trois phases 
principales. Le point de départ est la 
formalisation des exigences de l'exploitant, 
c'est le cahier des charges fonctionnel. 
L'exploitant doit décrire le composant sur 
lequel vont être appliquées les méthodes de 
contrôle, les caractéristiques géométriques et 
du point de vue matériaux, la zone qui sera 
soumise à l'examen, les caractéristiques du 
défaut recherché, sa longueur, sa hauteur, son 
orientation, le maximum d'éléments sur la 
dégradation recherchée et le type de 
qualification qui est associé. 
 
La deuxième phase de cette démarche de 
qualification est technique. Cette phase débute 
par le choix de la technique d'examen par le 
prestataire ou par l'entité en charge de 
conduire ce processus. Vient ensuite la 
définition de la démarche où nous allons 
déterminer la part que nous allons donner aux 
différentes justifications. Ces différentes 
justifications sont techniques et théoriques : 
pourquoi applique-t-on cette méthode, quel est 
le processus physique intéressant pour voir ce 
type de défauts, faut-il la constitution d'une 
maquette avec des défauts représentatifs. Il 
est prévu sous l'aspect réglementaire pour ces 
maquettes, qu'une validation formelle de leur 
représentativité soit faite par la commission de 
qualification. Il s'agit également de connaître la 
part donnée à la modélisation. Le dernier volet 
de cet aspect technique est l'élaboration d'un 
dossier de synthèse de qualification dont nous 
avons vu qu'il est requis par la réglementation. 
Ce dossier de synthèse doit reprendre les 
paramètres essentiels, ceux qui conditionnent 
les performances du contrôle et donner la fiche 
des performances revendiquées pour cette 
méthode. 
 
La dernière phase, la phase où intervient la 
commission de qualification, est l'examen de 
conformité de l'application de la méthode 
utilisée par rapport aux exigences du cahier 
des charges, c'est-à-dire de la bonne 
adéquation des méthodes et des 
performances par rapport au défaut recherché. 
La commission de qualification fait cet examen 
de conformité à partir de la synthèse de 
qualification, de la procédure de contrôle et du 
rapport de surveillance des essais de 
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qualification parce que, lors de ces essais, la 
commission nomme une personne chargée de 
suivre sur la base d'un programme de 
surveillance tous les travaux qui sont faits dans 
le cadre de la qualification. La sanction donnée 
par cette commission de qualification, s'il y a 
conformité, est la délivrance d'une attestation. 
S'il y a non-conformité, des compléments à 
instruire sont demandés. 
 
Le dernier volet, de la responsabilité de 
l'exploitant, est la décision de la mise en 
œuvre de la méthode qualifiée. 
Toute cette partie est un peu théorique. 
Maintenant, où en sommes-nous en France au 
niveau du programme ? Juste une petite 
définition pour nous mettre d'accord sur les 
chiffres que nous allons voir par la suite. Le 
terme d'application définie est la mise en 
œuvre d'un procédé d’END sur une zone. 
Selon cette définition, le nombre d'applications 
utilisées dans le cadre des visites de 
surveillance du circuit primaire principal et des 
circuits secondaires principaux, est de 144. 
Bien sûr cela ne représente pas 144 méthodes 
à qualifier. Compte tenu du fait que les 
géométries sont assez voisines, que les 
méthodes le sont également, un regroupement 
a pu être réalisé. Nous avons donc finalement 
76 dossiers de qualification. Voilà le point de 
départ, le volume global de qualifications. 
 
Voici le bilan proposé à la fin du premier 
trimestre : quarante dossiers de qualification 
sont arrivés à leur terme avec une attestation 
de qualification. Je vous donne la répartition, 
simplement pour situer les techniques 
utilisées, 19 concernent les ultrasons, 10 les 
courants de Foucault, 6 la radiographie et 5 les 
examens surfaciques regroupant les 
pénétrants et la magnétoscopie. 
 
Je terminerai en vous donnant simplement 
notre vision des apports de ce processus de 
qualification.  
 
Le premier qui me semble assez important est 
la réflexion provoquée sur les attentes du 
contrôle. Il a fallu que l'exploitant se pose le 
problème, la vision de ce qu'il attendait du 
contrôle qui était fait, qu'il décrive le besoin des 
performances du contrôle. Ce point important 
était d'ailleurs le point de départ du processus 
de qualification.  
 
L'Autorité de sûreté, pour sa part, a la 
démonstration de l'adéquation des 
performances avec le besoin, c'est-à-dire que 
la méthode est capable de détecter un défaut. 
Je précise qu’il ne s’agit pas d’aspect 
probabiliste. 

L'attestation de conformité est délivrée par le 
collège d'experts à l'exploitant. Un point 
également important sur cette méthodologie de 
qualification est la prise en compte des 
paramètres qui ont une influence sur les 
performances du contrôle. Ceci doit permettre 
de maintenir cette adéquation si l'un des 
paramètres varie dans la plage dans laquelle il 
a été bien ciblé. 
 
Voilà ce que je voulais vous proposer pour 
vous expliquer ce qu’était pour l’ASN la 
qualification et sa traduction réglementaire. 
 
Dominique ARNAUD – Monsieur Salin a une 
formation en génie physique des matériaux. 
Expert en contrôles non destructifs chez EDF, 
il est actuellement suppléant du président de la 
commission de qualification des END créée en 
1993. Sa présentation concerne les évolutions 
techniques induites par la qualification des 
procédés d’essai non destructif. 
 
Jean SALIN, EDF France – Monsieur le 
Président, ladies and gentlemen, it is on behalf 
of the Commission members and its President, 
Claude Birac, that I have the honour of making 
this presentation.  I hope that it will not only be 
a translation of Yves LAPOSTOLLE’s 
presentation.   
We have had to respect the new regulation 
and it was a new deal for in-service inspection.  
I will present the methodology used by the 
Commission to examine the NDT qualification 
dossiers.  In fact, I will try to explain how the 
Commission runs.  I will present and 
summarise the evolutions induced by the 
qualification process on the NDT methods and 
give you some general conclusions.   
 

 
 
The new regulation was a great deal.  I wish to 
emphasise that, in France, this new order 
takes charge of the inspection not only for the 
primary coolant system but also for the 
secondary coolant system.  The job was 
performed also because of the identification of 
increased brittle fracture margins and takes 
more largely into account areas where fatigue 
or stress corrosion cracking may potentially 
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occur.  These areas are called ‘sensitive (to 
damage)’ areas.   
 
We have to qualify all the NDT methods before 
applying them on site.  You have to understand 
from this presentation that we have a schedule 
of the way we are going to manage to qualify 
all our procedures.  We have placed a 
commission in charge of pronouncing this NDT 
qualification and we have defined the 
parameters to prove that this qualification is 
independent of the plant operator and is also 
independent of the NDT department in charge 
of developing the methods and presenting 
them to the commission. 
 
Concerning sensitive areas, we have to carry 
out our performance review on the damage 
presumed or established.  For the other areas, 
out of sensitive areas, we have to apply 
conventional qualifications by explaining the 
performance in the framework of a 
defence-in-depth.  In that case, the procedures 
are sometimes very close to the factory 
procedures but we have to prove more than, 
for example, the curvature of the zone to be 
inspected.   
 
The Commission itself is the entity in charge of 
pronouncing the qualification in terms of 
conformity between the plant operator 
requirements and the performances reached 
by NDT methods.  In case of conformity, an 
attestation of qualification is issued. The 
Commission was established in its first form 
during the ENIG discussions and started in 
1998. The form it reached was completely 
defined in the year 2002 in a deal with 
COFRAC accreditation. At the same time, this 
Commission was recognised by the French 
Safety Authority.   
 
Nowadays, the Commission counts ten NDT 
experts – some belong to the CEA, others to 
the Navy.  In the Navy, people have the same 
type of problems we may have in our units so 
that was a good way to have a large panel of 
people with experience in NDT.  The 
Commission examines the NDT qualification 
dossiers during sessions.  During these 
sessions, the NDT qualifications are presented 
by the developers of the NDT method.  Most of 
the dossiers are now established by the NDT 
sub-contractors and the methodology used by 
the Commission generally includes three 
steps.   
 
The plant operator has to write the 
requirements and these requirements are 
addressed to the NDT department of EDF and 
also to the Commission. The NDT department 
develops through its own efforts, or through a 

sub-contractor or vendor, the application.  In 
fact, EDF takes charge of all the NDT manual 
inspection and the vendors are in charge of the 
automatic inspection, as well as the vessel 
inspection, the nozzle inspection presented by 
Gérard Cattiaux, or the steam generator tube 
inspection.  In fact, this skeleton is quite 
well-known by everybody because, in all 
countries, we have reached the same type of 
organisation – you need only to change some 
names.  For example, in Sweden, there are 
four plant operators, the NDT department is 
the Swedish qualification centre, and part of 
this activity is also involved in the qualification 
commission.  If we use the example of the 
United States, you replace qualification 
commission by PDI and the NDT department 
by APRI.  That is, in fact, we have, in general 
frame, quite the same organisation to 
pronounce this qualification.   
 
The three steps of the examination 
methodology performed by the commission are 
looking to the presentation made by Yves 
Lapostolle. In fact, the NDT department 
presents to the Commission, in the first step, 
the plant operator requirements, defects to be 
searched, areas of the components to be 
inspected, the qualification technical approach 
to reach the requirements, the technical 
justification, and the mock-ups used to verify 
the performances. This step is very important – 
it is the step in which we fix the framework of 
the qualification. When the NDT department 
comes to present the job performed at this first 
step, a lot of work has already been done 
before, between the NDT department and the 
regulator to reach the right value and define 
what is also possible to be done and to fix a 
framework that can be, or might be, obtained. 
In France, in fact, we use very few mock-ups to 
validate performances. A lot of work uses more 
engineering reasoning, computerised 
modelling and some tests.   
 
At the second step, the NDT department 
presents to the Commission the inspection 
procedure and the qualifications trials 
programme before applying it to the mock-up.  
At last, the Commission agrees on the 
sampling programme established by the NDT 
department and also chooses the people in 
charge of witnessing the trials.   
 
The third and final step to getting the certificate 
is the most important.  It is the presentation, in 
a session, to all the Commission members, of 
the qualification synthesis with a performance 
demonstration.  The NDT department has to 
argue how he reaches the performances.  He 
has to argue the framework in which the 
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performances are available and also present 
the criteria that people will use on site to 
ensure that the procedure is always applied in 
the framework of the qualification.  We have to 
demonstrate that the performances people 
assert in the synthesis are available on-site 
during the in-service inspection.  Due to the 
feedback experience, around 30% of the 
dossier are revised after hand. From a 
technical point of view, the NDT method 
provides a more precise definition of the defect 
search and of the areas to be inspected. It 
provides more precision on the length, height, 
and – importantly – the opening of the defect.  
If we have very few radiographic testing 
procedures qualified, it is due to the difficulty of 
defining the opening of the defect.  A deeper 
knowledge of the performance is reached but 
also the qualification domain limits in terms of 
influential parameters and also the accuracy of 
the tool sizing is very dependent on the surface 
geometry and the nature of the width.  By 
evolution induced by the qualification process 
on the NDT methods, from all the qualification 
process points of view, the progress deals with 
a more rigorous approach by using technical 
justifications and demonstrations of 
performance. At this step, all the elements are 
better documented.  It should also be 
understood that a guarantee has to be done.  
We do not try to reach a score but we have to 
guarantee a performance available in the 
long-term and also available on site during the 
in-service inspection. An improvement of 
personal skills of operators at the level defined 
by the qualification : for each qualification, we 
have to specify if it is necessary to update not 
only the inspector’s knowledge, but also other 
engineering and development personnel in 
charge of building the qualification dossier.   
 
This new regulation, in accordance with the 
French code RSEM, leads to develop new 
NDT methods to inspect sensitive zones, as 
was previously presented, and also a need to 
revisit the existing methods for the other zones 
in the scope of defence-in-depth, to be sure 
that what we have done in the past is always 
available.   
 
In conclusion, this needs a very strong effort on 
the part of a plant operator and its 
sub-contractors to improve confidence in the 
in-service inspection results and, therefore, in 
the safety of the installation and lead to a 
sufficient safety level for the full duration of the 
plant life.  Thank you very much.   
 
Rémi GUILLET - Merci, je crois que vous avez 
volontairement choisi de ne pas présenter des 
exemples de progrès qui avaient été apportés. 

Nous pouvons y revenir lors des questions et 
je pense que vous aurez certainement à 
répondre à des demandes sur votre texte, très 
intéressant sur ce point. 
 
Dominique ARNAUD – Monsieur MOSES 
représente l’autorité de sûreté nucléaire 
canadienne. Il va nous présenter l’approche 
canadienne du suivi du vieillissement des 
réacteurs. Il s’agit d’un point de vue spécifique 
puisque la filière CANDU n’est pas une filière à 
eau sous pression. 
 
Colin MOSES, CCSN Canada - Merci.  My 
presentation will take a step backwards from 
these ones, talking about our approach to 
ageing but also highlighting the importance of 
surveillance of systems and components.  For 
my presentation I will give a little background, 
discussing some more CANDU-specific ageing 
concerns and giving a little history lesson, and 
then go on to discuss a regulatory approach 
towards managing the ageing of NPPs, talking 
about the feedback process that we 
incorporated to respond to new degradation, 
called ‘regulation by feedback’, and also 
discussing some of the ageing management 
programmes that are in place at our licensee 
sites and discussing where we want to go from 
here.   
 

 
 
During the early operating years, Canadian 
CANDU plants tended to operate with good 
capacity factors.  However, as plants age – as I 
think we saw with every plant – degradation 
mechanisms that were not previously identified 
began to have an effect.  In the next few slides 
I will highlight some of the specific 
CANDU-specific ageing concerns and discuss 
our approach to managing them.   
 
The first deals with fuel channels.  If you are 
not familiar with the CANDU design, the 
CANDU is pressurised heavy water with online 
fueling, so it has about 480 or 380 fuel 
channels which contain the fuel bundles.  Fuel 
channels can experience radiation-induced 
material property changes, delayed hydride 
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cracking, which actually caused the failure of a 
pressure tube.  Our way to manage the ageing 
of this is, of course, in-service inspection.  The 
licensees have developed fitness-for-service 
guidelines to analyse the results of the 
inspections and to determine the adequacy if 
they receive indications and their ability to 
continue operating.  To respond to indications, 
they have the option – depending on its size – 
to either replace, repair or go on operating.   
 
Feeder piping is the piping that transports the 
coolant from the fuel channel up into the 
headers and into the steam generators.  
Feeder piping is experiencing 
higher-than-expected flow-assisted corrosion, 
which has led to shorter operating intervals to  
maintain inspection before the feeders 
approach their minimum thickness.  It is a 
carbon steel but it is experiencing stress 
corrosion cracking.  They just recently 
discovered a new mechanism that they believe 
is hydrogen-assisted low-temperature creep 
cracking on the outside surface of the feeders.  
Of course, with all of these cracking 
mechanisms, anything could lead to a small 
crack. With feeders, I think the importance of 
developing special, unique NDT tools is 
important. The feeders are very tightly packed; 
during the design phase, they did not 
necessarily count on the need for inspection 
and replacement.  That has led to the 
development of several specific tools and also 
the expansion with the newest degradation 
cracking, which is not the normal location 
expansion, to bring tools that can wrap entirely 
around the feeder, inspecting the entire 
surface.   
 
Steam generators, of course, also experience 
ageing mechanisms.  This is very similar to 
what is seen in the rest of the world so I will not 
go into too much details but we are seeing 
corrosion, erosion, wear, etc.   
 
In response to the degradation of these 
mechanisms, the CNSC staff early on 
implemented a regulation by feedback model. 
This process, I should note, is primarily 
reactive: it responds to detected or failed 
components, detected indications of failed 
components. We have extensive in-service 
inspection requirements through standards that 
are adopted in our operating licences.  These 
inspections can lead to the detection of a new 
type of degradation mechanism.  In some 
cases, unfortunately, we can also learn about 
these through an in-service failure.   
 
Our first response, of course, is to ask the 
licensees to define the degradation mechanism 

and to investigate its causes.  We also ask 
them to assess the safety implications of this 
new degradation mechanism and to justify 
continued operation of the plant.  Our reporting 
requirements also inform us of any new 
detections or new degradations that is 
discovered at the plants.  We require licensees 
to adjust controls, taking into account the 
information that they have gained from the 
previous two steps and also, in some cases, to 
develop a rejection criteria, which is the 
fitness-for-service guidelines I was describing 
earlier for the pressure tubes and the feeders.  
The adjusted controls may also include limits 
on operating or, of course, increased 
inspections on the components and similar 
components.  The feedback is that, from these 
inspections, we learn and maintain knowledge 
about the ongoing degradation of the 
components.  We continue to use the 
regulation by feedback model as new 
degradation mechanisms are identified, but the 
process was developed on a case-by-case 
basis for certain systems, so it lacked a 
systematic and proactive approach to 
component ageing.  As a result, in the early 
90s, the CNSC asked licensees to address 
certain concerns.  Specifically, we asked 
licensees to demonstrate that potentially 
detrimental changes in plant condition are 
identified and addressed, that ageing-related 
programmes are integrated into an overall 
systematic programme, that their steady-state 
and dynamic analyses remain valid taking into 
account the degradation of the plant and the 
ageing of the plant, and to review that they are 
completing reviews of essential components to 
determine their ongoing condition and available 
lifetime.   
 

 
 
Since then, licensees have developed 
programmes based essentially on the IAEA 
guidelines that we suggested they follow.  They 
address not only systems important to safety, 
including those listed here, but they also 
address systems important to economics.  As 
the CNSC we do not enforce this but, of 
course, we have no problem with them 
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incorporating performance ageing issues with 
performance ageing issues into an overall 
programme.   
 
What requirements do we have in place to 
address ageing?  We have several 
requirements scattered through a series of 
different documents.  Some of them are listed 
here.  We do recognise that the current level of 
ageing management effort needs to be 
increased as the plants continue to age in 
order to ensure that plant safety is maintained 
adequately.  This will require a strengthening of 
the role of proactive ageing management, 
utilising a systematic ageing management 
process such as Demming’s “Plan-Do-Check-
Act” Cycle, which I am sure you are all familiar 
with.   
 
In addition, effective regulatory oversight of our 
licensees’ programmes is hampered by a lack 
of explicit regulatory requirements on ageing 
management.  The lack of common 
benchmarks makes it difficult for us to ensure 
consistency in our assessments of licensees’ 
ageing management programmes at different 
sites, so we have embarked on the production 
of an ageing management regulatory standard.  
The objectives of this standard will be: to 
describe the organisational characteristics of 
an effective ageing management programme; 
to describe the general attributes of an 
effective ageing management programme for 
managing specific ageing mechanisms and 
their effects on particular SSCs; to inform 
licensees of our expectations and 
recommendations for ageing management of 
SSCs which are important to safety; and, of 
course, to facilitate our evaluation of the 
licensees’ programmes.   

We are currently in the fact-finding phase in 
the production of this standard, but we expect 
the standard to address such requirements as 
plant reviews, which involves the selection of 
SSCs which are important to safety, and the 
identification of the potential detrimental effects 
of ageing on their ability to meet their design 
intent.  The requirements will also include the 
need for a gap analysis to assess the existing 
programmes at licensee plants and to assess 
their adequacy in accounting for all these 
degradation mechanisms.  We will also include 
requirements for documentation and 
record-keeping.  We believe that the regulatory 
standard will benefit not only licensees and 
their programmes but also ourselves and our 
work and also the public by increasing safety.  
Licensees will use it for developing a 
framework for their programmes and 
reinforcing the already existing programmes.  

The CNSC will use it as a basis for inspections 
and comprehensive licensing assessments of 
long-term operation.  We expect that this will 
result in increased effectiveness of existing 
ageing management programmes, increased 
reliability of critical SSCs, and, also, increased 
safety.   

There is still other work to be done.  In addition 
to the ageing management programme 
requirements, which are our current priority, we 
see a need to further the development in the 
area of risk-informed operation, using 
probabilistic tools for condition assessment of 
critical components and condition monitoring.  
We also need to move towards process-based 
regulatory approvals, for example, allowing 
licensees to disposition based on previously 
accepted fitness-for-service guidelines.  
Licensees have also expressed recent interest 
in risk-informed in-service inspection, which we 
heard about in some of the earlier slides as 
well.  The CNSC, based not only on Mihama 
but also on fatigue cracking of a steam dump 
header that occurred at one of our BWR 
plants, which did not result in a rupture but was 
a very near miss, identified the need to develop 
some inspection requirements for conventional 
systems, not only our nuclear-safety-important 
systems.   
 
In conclusion, I would like to highlight that 
ageing management programmes are in place 
at our licensees and that appropriate licensing 
and compliance activities are carried out by the 
CNSC to ensure the required levels of safety 
are maintained.  The CNSC and licensees are 
moving towards a more proactive approach to 
address the ageing of Canadian nuclear power 
plants.  This regulatory standard that I 
discussed earlier, to increase ageing 
management programme effectiveness, and 
ongoing risk-informed research are examples 
of this.  Thank you very much.   

Dominique ARNAUD – Wallace NORRIS est 
ingénieur dans la partie recherche de la NRC, 

membre du comité de 
qualification des 
inspections en service 
de la SNE. 

Wallace NORRIS, 
NRC USA - I would 
like to briefly discuss 
some of the changes 
taking place in 
in-service inspection 
programmes.  Initially, 
they were prescriptive. 

Starting in the early 90s, there were pressures 



 

47 

to make programmes more efficient and 
decrease costs.  Recently, there has been a 
renewed focus on ISI as a result of 
occurrences of degradation.   
 
The NRC has utilised the ASME Code since 
1971 and Section XI contains requirements for 
ISI. As a result of deregulation, ISI has been an 
area of focus, as utilities try to reduce 
operating costs and improve efficiency.  The 
NRC has relied on utility programmes, to 
identify adverse trends in performance and, 
thus, potential concerns were raised relative to 
efforts by the industry to reduce costs.   
 
It should be noted that while the concern for 
overall raised plant safety continues to 
improve, most plants have become more 
efficient while increasing capacity factors and 
maintaining good safety performance.  As I 
mentioned previously, ISI programmes have 
been an area of focus with regard to efforts to 
find efficiencies.  In particular, there have been 
many changes to ASME Code requirements.  
There have been changes to administrative 
requirements, such as personnel requirements 
and reporting requirements, and there have 
also been changes to technical requirements, 
such as components to be examined or the 
percentage of specific components to be 
examined.  There have been efforts to expand 
the use of risk-informed ISI beyond piping.  
The NRC has encouraged the use of PRA as a 
way to focus ISI resources on risk-significant 
locations.   
 

Some of the changes 
recently proposed, 
however, are based 
on generic or average 
risk-importance 
information rather 
than plant-specific 
PRAs.  It is not clear 
that this approach 
would always be 
bounding.  As a result 
of recent events, there 
has been a renewed 
focus on ISI, such as 

the occurrences of primary water stress 
corrosion cracking.  One goal of this renewed 
focus is to make ISI more proactive.  For 
example, new ASME Code requirements are 
under development to address reactor 
pressure vessel nozzle degradation and boric 
acid corrosion of components due to leakage.  
In addition, the industry and the NRC have 
initiated material degradation programmes to 
anticipate and correct degradation before 
structural integrity is challenged.   

In conclusion, even though industry 
performance continues to improve, recent 
events have highlighted the need to maintain 
effective ISI programmes.  Some of the 
recently proposed changes are not consistent 
with this need.  Examinations must anticipate 
and correct degradation before significant 
structural integrity and safety challenges arise.  
Thank you.   
 
Sophie MOURLON - Thank you Mr Norris.  
Thank you to all of you.  It was interesting to 
have these different presentations at different 
levels.  We talked about methods themselves 
and the principles of the ISI programmes, 
which brings us to questions about the limits of 
the methods themselves and about ideas for 
more proactive ISI programmes.  The big 
question is how to look for degradations that 
we do not know anything about because we do 
not expect them.  Thank you.   
 
Rémi GUILLET - Monsieur Moses, vous avez 
insisté sur le fait que, compte tenu de la 
situation en matière de vieillissement, vous 
aviez besoin d'essais et de contrôles 
particulièrement pertinents, montrant que la 
situation permettait le maintien en service. De 
même, Monsieur Norris a signalé que 
l'inspection en service pouvait être un des 
sujets sur lesquels des économies allaient être 
recherchées. Je voudrais vous demander à 
l'un comme l'autre quel est votre point de vue 
par rapport à cette exigence française qui nous 
a été présentée, cette exigence en matière de 
qualification, qui se situe en amont des 
contrôles qui sont réalisés. Ne pensez-vous 
pas que cela serait un bon outil 
complémentaire, ou peut-être l’avez-vous déjà 
mis en œuvre, et si oui, pouvez vous nous 
préciser ce qui se fait dans votre pays en 
matière de qualification de ces contrôles ?  
 
Colin MOSES - I listened with interest to the 
qualification process used and being put in 
place in France.  I think 
it is essential to ensure 
that our in-service 
inspections are giving 
us meaningful results, 
that we are interpreting 
the results correctly, 
and that we are 
responding to actual 
inspection results.  The 
process in Canada, 
although I am not 
intimately familiar with 
it, is very similar.  We 
require performance demonstration of the 
inspection procedure which qualifies the 
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operator using the specific technique on the 
specific defect.   
 
Wallace NORRIS - As was mentioned in one 
of the presentations, we do have the PDI 
qualification.  We are moving to have all our 
examinations to be Appendix 8 qualified.  It 
was also mentioned that we are using EPRI in 
many ways to do this and we are continuing 
with that process.   
 
Sophie MOURLON - Mr Norris, has there 
been an analysis of what is the feeling in the 
United States about the way the utilities feel 
about this performance demonstration 
requirement?  With respect to what you said, 
there is a requirement for lower costs and 
post-performance demonstration.  Does it 
induce higher costs and what is the feeling of 
the utilities towards this requirement?   
 
Wallace NORRIS - I believe there are actually 
two different things. We are all moving forward 
with the qualification process.  As was 
discussed yesterday, one of the issues is the 
number of examinations and the components 
to be examined. When you apply PRAs to that 
process, very many times you can reduce the 
number of examinations.  That is the process 
that I discussed, where we have some 
concerns with, not a lot, but some of the 
proposals that have been taken to the ASME.   
 
Edmund SULLIVAN - I just wanted to add a 
couple of comments to Mr Norris’s comments. 
I think there are a couple of different issues 
and currents here on this question that we 

need to think about.  One of them is that we 
have been working in the United States, with 
the industry, on the qualification programme for 
a number of years. I think that the industry 
sees that this whole programme is of benefit, 
despite the costs, in order to use ISI to control 
the plant as opposed to having degradation 
and unexpected outages. I think that in the 
NRC in the US, and I am sure elsewhere, they 
see this as money well spent.   
 

In terms of the risk-informed methodologies, I 
think we have to separate types of inspection. 
There are inspections that we do, in a way, to 
make sure that something is not happening 
that we are not expecting. We try to economise 
and prioritise our examinations, but when we 
actually have a degradation that we have to 
respond to, like PWSCC, I think we have to 
face the fact that it is an extra expense, it is 
extra work, it is not anticipated, and it is not a 
thing to be thought of in the same vein as the 
way we approach risk-informed inspections for 
what you might call ‘base’ inspection 
programmes.   
 
Yves RIGAL - Ma question est pour Monsieur 
Cattiaux. Dans votre exposé, vous avez dit que 
vous aviez des limitations au niveau des 
grosseurs de grains dans le métal quand la 
surface à contrôler et la zone de passage sont 
difficiles d’accès. Quelles sont ces limitations ? 
 
Gérard CATTIAUX - Nous devons tout de 
même considérer que ce sont des études 
démonstratives – nous en sommes au stade 
de prototype – qui de toute façon, dès le 
départ, n’ont pas tenu forcément compte des 
questions d’encombrement des palpeurs, bien 
que ce soit un paramètre extrêmement influent 
par la suite pour éventuellement passer dans 
des zones où il y aurait finalement un manque 
d’espace. Les paramètres les plus importants 
qui ont été pris en compte étaient, par 
exemple, les rayons de courbure, nous nous 
sommes imposés de très petits rayons dès le 
départ. Mais par contre, pour ce qui est de 
l’encombrement total, je pense que 
l’industrialisation qui est en cours devrait 
normalement conduire petit à petit à réduire la 
hauteur de ces nouveaux capteurs. Je dirais 
que les industriels vont maintenant prendre le 
relais. 
 
Yves RIGAL, SPN France - Merci. J’ai une 
seconde question pour Monsieur Yves 
Lapostolle. Vous nous parlez des contrôles, 
mais dans aucun des exposés présentés 
aujourd’hui, vous ne parlez du point de départ, 
la notion d’indication ou de défaut. Vous savez 
qu’en contrôle, nous devons partir d’un point 
de départ pour avoir un bon jugement. Lorsque 
nous construisons un appareil, il y a des 
imperfections, ses méthodes de contrôle sont 
très précises, de façon à avoir un bon niveau 
de jugement derrière. Comment est géré ce 
problème ? 
 
Yves LAPOSTOLLE - Je vais peut-être 
répondre de façon un peu indirecte. Dans un 
premier temps, j’aimerais préciser que la 
qualification de contrôle n’a pas pour but de 
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disposer de la méthode la plus performante 
dans des zones données, mais de disposer 
d’une méthode adéquate vis-à-vis de ce qu’il y 
a à rechercher. Il fait partie du processus de 

qualification de déterminer s’il y a un 
parasitage par des défauts qui pourraient être 
issus de la fabrication. De façon à ne pas avoir 
des échos parasites et des classifications 
d’échos ou d’indications de signaux qui ne sont 
pas représentatifs de ce que nous 
recherchons. Voilà comment, très 
caricaturalement, je peux répondre à la 
question. Merci. 
 
Claude FAIDY, EDF France - Again, it is on 
risk-inform, because as you know, you are the 
leaders in the US on that topic and we are 
interested in the limitation and the beneficial 
aspects of that.  First, do you consider that 
qualification benefits in your risk informed ISI. 
It is probably different in terms of risk 
evaluation at the end. If you have no 
qualification, it is completely different.  Do you 
take advantage of that?  Because probably the 
detection of the crack is largely higher and it is 
important for the risk evaluation that you use it 
as a final criteria.   
 
Wallace NORRIS - The inspection process 
and the qualification process usually do not 
change.  It is the number of components to be 
examined, or the percentage.   
 
Claude FAIDY - Is global risk evaluation a 
criteria you use in the US?  This criteria is very 
sensitive to the performance of your ISI.  Don’t 
you consider that the qualification that is an 
important aspect of the probability to detect a 
crack? 
 
Wallace NORRIS - No, it is.   
 
Claude FAIDY - And my second question 
relates to the NRC position.  In front of the 
risk-inform ISI, you reduce the number of 
inspections, number of locations and in some 
cases, some performance reductions.  Do you 
have an extra request at the NRC level to have 

other inspections around these very strange 
results in some cases? 
 
Wallace NORRIS - Could you repeat the 
question please?  
 
Claude FAIDY - At the 
end of risk-inform, you 
started with 300 
locations, you arrive at 
50.  It is very interesting 
for the user.  The 
question is: do you have 
a specific request at the 
regulator level to add 
some complementary 
inspection after the result 
of this fantastic tool of 
risk-inform ISI?  By sampling, as we have done 
in the past with the ASME code. 
 
Wallace NORRIS - No, as I understand it, 
when the licensing groups review the 
programmes, it is approved beforehand. Any 
technical considerations or request the utility 
would propose, like the locations and the 
number of examinations, would be reviewed 
and approved beforehand to address emerging 
mechanisms or, for example, perceive areas 
that do not get enough coverage.   
 
Sophie MOURLON - I think that this debate 
over risk-informed ISI or non-risk informed ISI 
is interesting because I hear that the NRC is 
saying that the use of risk-informed ISI induces 
to important reductions in the number of 
controls.  I think I remember that yesterday, Mr 
Figueras from Spain said that in Spain they are 
using risk-informed ISI but, in the end, it did not 
induce such an important reduction of controls.  
I am wondering if the approach of 
risk-informed ISI is different.  How come the 
results are so different from one country to 
another?   
 
Karen GOTT - I am going to make a comment 
on that and it is a fairly obvious answer.  It 
depends on how large the population is that 
you start with.  If you have a ‘cookery book’ 
approach, where you are trying to sweep a very 
large number of components and the 
risk-informed or risk-based inspection decision 
process indicates that not all of these are 
completely relevant from a risk point of view.  
Then you probably will have a considerable 
reduction in the numbers.  If you are already 
using, as we are, a qualitative risk-based 
inspection programme, you may find that the 
populations in the different groups are larger 
than necessary.  So that you redistribute the 
numbers or the sections rather than reduce 
them considerably.   
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Sophie MOURLON - Which is what you have 
in Sweden.   
 
Karen GOTT - Yes.  We do not have formal 
risk-based inspection programme.   
 
José TORRALBO - I would like to ask to 
Mr Moses what is the position in Canada 
related to licensing in all of the plants.  Is there 
any new regulation coming or any approach 
there? 
 
Colin MOSES - The regulatory position on life 
extension?  
 
José TORRALBO - Yes.   
 
Colin MOSES - Today, to the best of my 
knowledge, we have not received any official 
requests but we are essentially looking at it as 
a refurbishment of the plant.  As you may know 
in Canada, our licences are not defined by the 
lifetime of the plant, but rather periodic reviews, 
every two to five years we re-hear on the 
license and issue a new one.  We look at 
refurbishment to address basically the main 
issues that are not expected to last for another 
20 years of operating or however long the 
licensee chooses.  In Canada, we do not have 
a defined lifetime for the plant.  We expect only 
that the licensee be able to demonstrate that 
sufficient safety margins remain.  That said, at 
some point they will get to the point where 
some of the larger components or some of the 
more critical passive components may 
approach a point where they are basically at 
the end of their lifetime, and that would then 
trigger a refurbishment.  It depends on the 
plant but it tends to fluctuate between the three 
major primary heat transfer components, being 
the pressure tubes, the feeders and the steam 
generators.  All plants, I think, if they were to 
go for life extension, would have to replace at 
least the fuel channels and the feeder piping 
and possibly the steam generators.   
 
From a regulatory position, to justify another 
20 years, we have taken the approach of 
asking for something similar to a PSR.  
Although we do not make use of PSRs in 
Canada, we ask licensees to perform an 
integrated safety review to assess their plant 
against current codes and standards, to do 
comprehensive condition assessment. A 
significant number of important instruction 
components and to lay out what work will be 
needed to justify the plant operating for another 
20 years.   
 
Eric MATHET, OECD - I would like to come 
back on this discussion on risk-informed 
in-service inspection because I feel either 

some misunderstanding at the different 
positions that the countries may take and it is 
very hard to give a complete overview of what 
is going on in a country.   
 

 
 
No countries should be judged on what you 
can hear in this arena because time is too 
limited for proper discussions.  I would like to 
encourage you, if you are interested in this 
risk-informed in-service inspection, to take a 
look at the state-of-the-art report that was 
produced by the NEA.  It is a very complete 
report with the studies in all the countries, with 
the limitations and what they are doing, and is 
there or is there not a reduction in the 
inspection.  And what are the benefits. 
 
Rémi GUILLET - Merci de nous rappeler 
qu’effectivement, nous sommes ici réunis pour 
écouter des expériences qui sont à chaque fois 
des extraits de ce qui s’est fait dans un pays, 
dans un contexte tout à fait particulier, et qu’il 
ne faudrait surtout pas en tirer autre chose que 
des enseignements complémentaires de 
réflexion. Il n’y a pas lieu de porter de 
jugement sur ce que font les autres, ni de 
recopier, sans prendre en compte un certain 
nombre d’autres actions qui existent dans le 
pays. Je crois que cela est un point tout à fait 
fondamental que nous rencontrons dans tous 
les domaines des équipements sous pression 
notamment. Je voulais également rebondir sur 
la réponse qui a été faite par notre collègue de 
Suède. Je vous disais tout à l’heure que je 
m’intéressais au niveau de la Commission 
centrale des appareils à pression, aux 
équipements sous pression beaucoup plus 
banaux que les équipements nucléaires. La 
réponse est bien que nous ne faisons pas 
moins de contrôles, mais  nous faisons des 
contrôles différents, ailleurs, et je crois qu’il est 
très important de pouvoir prouver que nous 
n’avons pas fait moins de contrôles. Je 
voudrais pour ma part, si vous le permettez, 
poser une question à Monsieur Salin. Nous 
pouvons imaginer que la société à laquelle il 
appartient a vu avec intérêt apparaître cette 
réglementation française, l’arrêté du 10 
novembre 1999, qui imposait cette 
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qualification. Je trouvais tout à fait intéressant 
le fait qu’il évoque les progrès qui ont été 
apportés par la mise en œuvre de cette 
procédure et je voudrais, comme promis tout à 
l’heure, lui redonner la parole pour qu’il puisse 
développer un des exemples qu’il envisageait 
de proposer. Je pense par exemple aux 
contrôles par courants de Foucault, à la 
maîtrise de leur reproductibilité, ou un autre 
exemple à votre choix. En quoi cette exigence 
de la réglementation en matière de 
qualification vous a permis de progresser ? 
 
Jean SALIN - La première étape est une 
évolution culturelle : sortir du concept qu’il n’y a 
qu’à faire des contrôles pour répondre à un 
problème. La plus grande évolution qui s’est 
faite, comme l’a montré le mois dernier la 
journée de la COFREND à Beaune, est que  
les avionneurs sont sur la même démarche, et 
que les pétroliers ou les gens d’Air liquide pour 
ne citer qu’eux, sont du même côté pour 
d’autres motifs. Les gens sont soumis à des 
pressions de la réglementation. Et la phase qui 
est vraiment importante est cette activité de 
négociations, de revues de contrats qu’il y a 
entre le métier des END et les gens, selon les 
sociétés, des bureaux d’études, ingénierie 
structure ou autre, pour définir quel est l’END 
le mieux adapté aux problèmes posés. Et cela, 
avant de parler des techniques en elle-même, 
est la première forte évolution qui est donnée 
par cette réglementation. C’est-à-dire donner 
un sens à l’activité d’END et ne pas toujours 
faire de cette activité le poison du système qui 
empêche de tourner en rond.  
 
En ce qui concerne les activités, le rôle 
technique d’END, les faits marquants sont les 
points délicats qui nous ont été révélés, par 
exemple en radiographie. En France, nous 
utilisons beaucoup la radiographie pour 
l’inspection des soudures inox. En fonction des 
modes de dégradation, nous nous heurtions 
effectivement à quelques problèmes à 
résoudre du style de la position de la source en 
fonction de l’ouverture des défauts. Nous 
avons donc là dû effectivement, resserrer les 
pratiques dites industrielles pour répondre au 
problème posé. 
 
A propos de la question qui a été posée à 
Gérard Cattiaux, portant sur le fait que nous 
gardons le contrôle ultrasons et radiographie 
pour les soudures en liaison hétérogène, des 
soudures bimétalliques, inox sur acier noir 
alors que nos collègues américains conservent 
l’option qui était prise de faire le tout 
uniquement par ultrasons. Nous avons dû 
adapter les méthodes de contrôle par rapport à 
l’objectif recherché. Que ce soit en ultrasons 
ou en courant de Foucault, la modélisation a 

beaucoup aidé et les développements ont été 
surtout l’établissement et la démonstration de 
relations entre le signal et le défaut, et le travail 
sur le rapport signal sur bruit. Effectivement, 
les méthodes diffractantes, que ce soit le TOC 
ou l’US focalisés sous eau. Aujourd’hui 
effectivement, il y a des développements côté 
ultrasons qui peuvent être directement 
exploitables. Par contre, ces techniques-là 
posent, en termes de qualification au sens où 
nous le pratiquons, beaucoup plus de 
problème sur la certitude de paramétrage des 
lois focales. Côté courant de Foucault, les 
progrès ont été surtout axés sur la partie 
recettes des sondes, fiabilité de la fourchette 
de recettes de sondes, pour pouvoir assurer 
ensuite la fourchette de reproductibilité, lors de 
l’inspection sur site, qui soit tout à fait 
acceptable. 
 
Rémi GUILLET - Pouvez-vous rappeler ce 
qu’est la COFREND que vous avez citée ? 
 
Jean SALIN - La Confédération française pour 
les essais non destructifs est une association 
loi 1901 dont l’une des finalités est la 
certification du personnel END en accord avec 
la norme européenne 1473 et maintenant son 
homologue au niveau ISO, reconnaissance 
mutuelle. Son autre fonction est la promotion 
des techniques d’END. 
 
Rémi GUILLET - Vous nous avez donné une 
vision, si je puis dire idéale de cette création 
d’une nouvelle contrainte auprès de l’exploitant 
par cette exigence de qualification qui amène à 
progresser. Avez-vous tout de même à 
signaler des difficultés rencontrées dans 
l’application de cette contrainte ? Ceci pour 
ceux de nos amis étrangers qui auraient peut-
être le sentiment que tout se déroule vraiment 
très bien. 
 
Jean SALIN - Les problèmes rencontrés sont 
sous-jacents au tableau qui vous a été 
présenté, puisque nous sommes en phase 
d’atteindre l’objectif, et que nous avons 
commencé en 1998. Cela a donc été un travail 
de longue haleine.  
 
Côté EDF, environ une cinquantaine de 
personnes sont directement impliquées dans 
ces développements, ceci sans compter les 
efforts faits par nos titulaires de marché pour 
répondre aux questions. J’ai évoqué quelques 
écueils comme les problèmes d’ouverture de 
défauts, ou les contrôles par radiographie. 
Côté radiographie, par exemple, un problème 
d’actualité est d’allier qualification d’un bon 
positionnement de source tout en assurant 
dans le même temps un bon niveau de 
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radioprotection dans le cadre de l’intervention. 
C'est-à-dire que si nous utilisons une source 
colmatée par rapport au matériel actuellement 
disponible, nous ne pouvons a contrario plus 
assurer le degré de précision de 
positionnement de ces sources tel que requis. 
Nous avons donc quelques dualités de ce type 
à résoudre.  
 
Rémi GUILLET - Une question qui concernera 
également Monsieur Cattiaux, pouvons-nous 
évoquer le problème de l’évolution des 
méthodes, et en particulier lors de la mise en 
service des nouvelles méthodes, mais 
également sous l’aspect conservation 
documentaire, conservation des archives ? 
Nous parlons de 
vieillissement, donc 
nous parlons de 
documents dont il est 
nécessaire de pouvoir 
retrouver la trace, 
vingt, trente, quarante, 
cinquante ans plus 
tard. Pouvez-vous 
évoquer la manière 
dont la liaison est faite 
entre anciennes et 
nouvelles techniques 
et cette question de la 
conservation des résultats, la conservation des 
observations qui ont été faites à la 
fabrication et ensuite au cours des divers 
essais et contrôles réalisés pendant la vie des 
appareils ? 
 
Gérard CATTIAUX - Pour ce qui est des 
résultats, des ordres de comparaisons, si j’ai 
bien compris, entre anciennes et nouvelles 
techniques, j’aurais tendance à penser que la 
plupart des cas pour lesquels j’évoque des 
possibilités de techniques nouvelles, ne sont 
pas forcément concernés par des archivages. 
Lorsque nous parlons par exemple de 
fissurations par fatigue thermique, nous 
pouvons généralement considérer que des 
contrôles n’ont pas été forcément faits dans 
ces zones. Les techniques qui sont 
développées, dites un peu futuristes, mettent 
en œuvre des moyens intelligents pour arriver 
à pallier les grandes difficultés occasionnées 
notamment par les formes des composants, et 
n’auront pas besoin systématiquement d’être 
comparées avec des techniques antérieures.  
Concernant les anciennes données, je pense 
que tous les cas traités ne sont pas concernés 
par des données parce qu’il n’y a pas 
forcément eu de contrôles réalisés. Pour le 
futur, d’une manière générale, tout ce qui est 
stocké le sera de manière numérique et il faut 
espérer que le stockage de l’information 

numérique pourra continuer d’être traité par 
des moyens informatiques. 
 
Jean SALIN - Nous avons déjà été confrontés 
à ce genre d’analyse. En fait, l’apport de la 
qualification telle que nous l’avons documentée 
peut nous permettre le cas échéant de se 
passer des enregistrements passés puisque 
finalement, nous avons atteint un niveau de 
description de l’objectif de la procédure qui est 
appliquée qui nous permet de dire que nous 
avons fixé à une époque donnée un seuil de 
notation qui était l’équivalent d’un défaut de 10 
millimètres de profondeur par exemple. Cela a 
été figé à ce niveau. C’est pour cela qu’il faut 
bien rester sur les termes d’objectifs.  
En ce qui concerne les archivages, les plus 
régulièrement réutilisés pour l’interprétation 
des résultats sont les films de fabrication où il y 
a effectivement un très fort apport pour 
dédouaner ou compléter l’analyse par rapport 
à des éléments qui seraient présents en racine 
des soudures ou réinterpréter, visualiser de 
nouveau la géométrie des passes de racines, 
la prise en compte des lardages internes, les 
accostages. 
 
Alain SCHMITT - I have a question for 
Mr Norris about NDT qualification in the US.  Is 
this NDT qualification a legal requirement by 
the NRC or not?  You said that there was a 
programme for NDT qualifications.  Does this 
mean that there are still NDTs that are used 
currently that need to be qualified?  And if this 
is the case, is there a time limit that NRC has 
set for a final qualification of all NDTs used by 
licensees?  Or is it something else?   
 
Wallace NORRIS - No, in our regulations, we 
have got several pages of the methods and the 
qualifications, and so that is requirement.  
What I was referring to was that we are now 
looking, in the future, to qualify methods such 
as visual examinations, we have studies that 
are ongoing, and phased arrays and other 
state-of-the-art techniques.  Qualifying those, 
once you have the technique field tested, will 
be the problem.  Once the methods have gone 
through that process, then the PDI qualification 
and the EPRI testing.  We would expect, at 
some point, to add those to the regulation also. 
 
Ladislav HORACEK, Nuclear Research 
Institute de Rez, Czech Republic - You have 
mentioned in the presentation, you asked a 
formal demonstration of the qualification in 
France.  That you have finished and approved 
approximately 40 qualification dossiers for the 
inspections.  So in such a case, 19 of them 
were devoted to UT.  The question is to specify 
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the techniques which are covering these 19 
qualifications, if you would be so kind.   
 
Rémi GUILLET - Je voudrais apporter un 
commentaire sur le premier volet de la 
question qui est de dire « vous avez 
approuvé. » En fait, l’administration n’approuve 
pas, j’ai tenté de le démontrer. L’exploitant 
définit le défaut ou le type de défaut qu’il veut 
rechercher. L’Autorité de sûreté peut faire un 
commentaire sur le type de défaut, mais 
ensuite tout le processus est géré et approuvé 
en final par cette commission d’expert qui se 
prononce sur la conformité de la méthode qui 
lui est présentée par rapport au cahier des 
charges de départ. Dès l’instant où cette 
conformité est prononcée, cela nous convient 
très bien. Tout cela pour expliquer que 
l’Autorité de sûreté n’approuve pas la méthode 
utilisée. 
 
J’ajouterai un commentaire : dès l’instant où 
nous avons décrit le type de défaut, l’Autorité 
de sûreté n’a pas non plus à se prononcer sur 
le type de méthode à utiliser. Si nous arrivons 
au résultat en utilisant des ultrasons d’une 
certaine façon, cela est très bien. Si nous 
arrivons au même résultat avec de la 
radiographie, pourquoi pas ? Le problème est 
d’avoir la méthode en adéquation avec le 
cahier des charges de départ. C’est ensuite à 
l’exploitant de choisir telle ou telle méthode, 
dès l’instant où elles répondent toutes à la 
même question. 
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Sophie MOURLON - Ladies and gentlemen, I 
think we are ready to start again.  One of the 
questions that we have had is why we chose 
NUPEER as the name for this symposium.  
The original meaning is Nuclear Pressure 
Equipment Expertise and Regulation.  The idea 
was to have this PEER name because I think it 
is very important for this symposium, the fact 
that we are all together here as peers to share 
experiences and have debates as peers.  
 
We have talked a lot about control and 
regulatory practices.  We now suggest that the 
operators, the licensees, come and give their 
point of view on the issues related to ageing of 
nuclear power plants and on regulatory 
practices. First, Mr Ulrich Wilke from the 
German utility EON, which operates 
12 reactors in Germany, will speak.  Then we 
will have Mr Claude Faidy, EDF, which 
operates 58 reactors in France and 
Mr Georges Bezdikian, who is also from EDF, 
but he is here as an expert at the IAEA 
technical working group on life management of 
nuclear power plants.  Mr Bezdikian will speak 
as an IAEA member.  
 
Ulrich WILKE, EON KERNKRAFT Germany -  
We have seen in several presentations 
yesterday and this morning, how ageing 
management approaches are given in several 
countries all over the world by the regulatory 
bodies.  I am happy now to demonstrate how 
actually we, in Germany, live or apply ageing 
management in our power plants.   

 
In my presentation I would like to give a 
top-down approach in ageing management.  I 
would like to begin with international ageing 
management activities, what is the actual 
motivation of ageing management.  I would like 
to give a definition of ageing management and 
what the German utility ageing management 
concept looks like.  Ageing management must 
be plant-specific or must be implemented on a 

plant-specific basis. Therefore, we’ll give 
several examples on the classification of 
components with an ageing management, and 
also on what kind of measures we actually 
apply for these components.  And finally, due 
to the fact that ageing management is not an 
issue for one single person, it is rather 
something where we have to combine our 
different technical fields in our power plant.  
We want to demonstrate how preventive 
maintenance is actually applied, and this will be 
presented by my colleague and an expert in 
this field, Reinhard Koring.   
 
Finally, we will present how we comply and 
combine results in ageing management and 
how we document this subject.  And that will 
conclude my presentation. 
 
We saw different developments with an ageing 
management all over the world.  Here we have 
three examples.  In the USA, one motivation 
was plant lifetime management, but also the 
extension of the life of the plant.  We also saw 
in Switzerland that plant life management was 
initiated before the background of thinking 
about plant lifetime extension.  In Germany it is 
somewhat different.  We have several laws we 
have to follow, the Atomic Act and also codes 
and standards which already give certain 
regulations on how to operate our plants.  This 
means we have to survey the relevant plant 
data, we have to monitor all kinds of loadings 
and we are also restricted to a continuous 
adjustment on the current state-of-the-art in 
our plant.  And that is what we call ageing 
management and plant lifetime management. 
 
Again, I will make some remarks on the 
international ageing management activities.  
We have seen some activities for the purpose 
of plant lifetime extension.  This was done by 
several additional evaluation approaches like a 
stress fatigue analysis.  And also in 
Switzerland the utilities were asked by all the 
authorities to settle evaluation on the 
components.  And also parallel to this, a lot of 
documentation and concepts and 
recommendations were published, for example 
by the IAEA, as it was seen yesterday.   
 
When we talk about ageing management, we 
need to define ageing management.  What is 
ageing management?  Ageing itself sometimes 
depends on the quality of technical issues, 
documentation issues, personnel issues.  
What we actually do in ageing management is 
the quantitative evaluation of the quality status 
of our components, and of what kinds of 
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measure we apply to these components to 
ensure this kind of quality status.  When we 
finally break down to the technical ageing 
management, we find the main fields of the 
mechanical components, we find the field of 
instrumentation and control components, and 
also of the building structures.  We have to 
take into account the ageing management 
primarily for these three fields, taking into 
consideration that we have technological and 
also conceptual ageing in our components.   
 
I would like to go into more details on the 
technical aspects, so firstly on what kind of 
ageing we find in these fields.  It is the physical 
or material ageing like corrosion or fatigue.  
This is the core of ageing management, but in 
addition, always considering the current 
state-of-the-art nationally and internationally, 
that is what was actually proved and evaluated 
in the periodic safety analysis.  What we will 
use is the results of the periodic safety analysis 
within our ageing management.  In this way, 
we can ensure that we always remain true to 
the current state-of-the-art within our 
components.  So what we now find in the 
situation in Germany is that ageing 
management is based on our regulation 
standards and atomic acts, given by the 
entirety of measures that we apply in our 
plants, which are the maintenance, the 
surveillance, and also the in-service inspection 
measures.  Therefore, given the fact that there 
are already a lot of measures existing in our 
plants, the current activities primarily focus on 
the documentation of these measures.  We try 
to compile these measures to demonstrate that 
there is an active ageing management already 
existing in our plants.   
 

 
 
This is really a simple picture which gives the 
status where ageing management is settled in 
plant life management.  So from an overall 
point of view, we find a lifetime management 
where we find components with safety and 
availability criteria.  For us, from a utility’s point 
of view, it is not only important to run a really 
safe power plant, it is also important to run an 

economic power plant.  And therefore, we 
consider all components also for their 
availability criteria.  Within the lifetime 
management we have finally found the ageing 
management for safety relevant components.  
You will still find within this ageing 
management a so-called ‘integrity concept’ 
which is the heart of ageing management in 
Germany for mechanical Class 1 components, 
which is the primary circuit.   
 
Now, I want to go a little bit more into details in 
our ageing management.  Before we deal with 
the single components, we need to know 
where to classify these components in order to 
find the correct measures we have to apply to 
maintain the current required quality status.  
First, we find the Group 1 components, which 
are of the highest safety requirements.  We 
have to guarantee the current required 
component quality of these components.  It is 
not allowed that these components fail.  
Therefore, we have to avoid minimised 
degradation effects.  In terms of fatigue, it is 
not possible just simply to avoid degradation 
effects, that means we have to minimise the 
degradation effects that control the 
degradation effects during the run time of the 
plant.  In order to reach this goal, we have 
several measures applied in this group, which 
is the monitoring of root causes of loads which 
result in the fatigue phenomena, and we also 
monitor the consequences of all kinds of 
degradation mechanisms.   
 
Group 2 concerns components which are of 
medium safety requirements.  A single failure 
is allowed in this group, but no common 
failures.  We need to preserve required 
component quality.  And we have also 
minimised any degradation effect.  What we do 
here is preventive maintenance mainly. 
 
In Group 3 we have the components with the 
lowest safety requirements, or even with no 
requirement.  We have also components in our 
plants which have no set requirements at all.  
Therefore, here we have failure-oriented 
maintenance.   
 
In the technical field, we find in the mechanical 
components, components which are settled in 
Groups 1, 2 and 3.  If we go to the electrical 
part, we have components which are settled in 
Group 2 and 3, and building structures which 
are all in group 2.  This is important to know 
because we have to know what kind of 
measures we have to apply to maintain the 
required quality.   
 
How do we classify these kinds of components 
in our plants?  In Group 1, we will find 
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obviously the primary circuit, all kinds of 
systems for the safe shutdown, that is, 
leak-before-break systems, which are reactor 
pressure vessels and steam generator, 
pressuriser, a main coolant line and so on.  We 
have to guarantee that these components will 
not fail.  In Group 2 it is a little bit different: we 
have to evaluate the current quality status and 
monitor the status during the run time.  A 
single failure is allowed.  The kinds of 
components we find here are medium safety 
relevant vessels, like pumps, valves, 
recuperative heat exchange, a feed water 
vessel and so on.  But this is just an example 
based on my own knowledge where these 
components would be classified.  How can I 
really find these kinds of classifications within 
the plant?  Is there any plant-specific 
documentation available which would help me 
to classify these kinds of components within 
these groups?  There is one, we can go to the 
plant – it is different from one plant to another 
– ageing management is always plant-specific.  
So if we look at Group 1, we will find a 
classified fatigue-significant component for 
example, in the fatigue manual.  Or for 
Group 2, which are safety relevant valves, we 
will find this in the maintenance manual as 
well. 
 
As I presented here, we can go through all 
types of components and groups and finally 
find a document with which we can classify our 
components and finally identify the measures 
for these components and what we have to do 
for these components.  Just to get a feeling of 
how many components we actually have in our 
plant, we should consider how many valves we 
have in our plant.  We have approximately 
18,000 valves in each plant.  So what are we 
actually doing for these components?  We can 
identify them first within a maintenance 
concept, which exists for all valves.  From 
these we can classify all valves concerning 
safety and availability.  Then we finally come 
up with 3,400 valves which are time-oriented 
maintained.  And then, breaking down further, 
we find approximately 380 safety-relevant 
valves.  But what we actually do, for these 
3,400 values, we do the maintenance concept.  
We get a lot of information and experience on 
these valves and this experience flows directly 
back to our knowledge database.  So we are 
ensuring that there is a dynamic database 
which will inform us if something happens to a 
non-safety-relevant valve.  We will immediately 
know, we have to check this in our 
safety-relevant valve.  So, in Germany, this is 
even larger than just looking at the 
safety-relevant valves.   
 

This is the so called ‘integrity concept’ which is 
applied in Germany, based on the codes and 
standards we have.  You will find a document 
available on the internet and you will find this 
integrity concept there and we have to apply 
this integrity concept. This says that we have to 
establish a certain required quality in our plant 
by design and manufacturing.  And then, the 
commissioning and the operation of the plant 
start.  Then we have a description of exactly 
what we have to do in our plant to maintain a 
required quality.  And this is, at the same time, 
the beginning of our ageing management, 
which means that the ageing management 
already started in German power plants right at 
the beginning of the commissioning of the plant 
itself, which is always the current quality status 
of our components.  So as soon as we have a 
new degradation mechanism identified, or as 
soon as there is a new state-of-the-art, which 
comes up in a periodic safety report, we go 
back to our evaluation process or integrity 
process and prove that our component is still 
safe within the safety requirements.   
 
Now we go back to the Group 2 components 
with medium safety requirements, where single 
failures are allowed.  This is a concept based 
on our integrity concept, but we do not need to 
monitor proactively our loads on these 
components.  Therefore, we only have to react, 
we have redundant measures in our concept, 
but also, as for the M1 components, our ageing 
management begins here right at beginning of 
the commissioning of our plant.  The current 
state-of-the-art is considered, as well as the 
new degradation mechanisms that are 
identified.  As soon as we find something new 
in our plant, we have to evaluate it, in all plants 
in Germany.  And one important point here in 
our integrity concept for the M2 components is 
preventive maintenance.  As I have already 
mentioned, it is one key issue of the integrity 
concept in German nuclear power plants.  And 
how the preventive maintenance actually 
works, how is it is established in our plant?  
Our maintenance expert, Reinhard Koring will 
now talk to you about this. 
 
Reinhard KORING, EON KERNKRAFT 
Germany - There are 380 safety-relevant 
valves whose main task is to operate safely in 
every way.  Therefore, we developed a concept 
in which these valves are composed and 
manufactured.  That means at first there is an 
analysis and calculation of functional and 
structural values.  There is also a design 
assessment, which is focused on special items 
and features which have to be considered for 
safety-relevant valves.  And the third pillar is 
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the maintenance, which accompanies these 
valves during their lifetime.   
 
Analysis and evaluation of the construction has 
been done, therefore operability is given.  
During the lifetime, this right-turning cycle will 
be followed and it will enter always in 
maintenance.  Maintenance is done on a 
preventative basis.  Therefore this 
maintenance has a concept to ensure and it 
will define the nominal conditions again.  This 
maintenance covers many aspects.  In order to 
recover the nominal conditions of the 
functionality and operability, some special 
aspects are given here: dismantling, visual 
inspection, measuring of functional and 
geometrical dimensions, non-destructive 
testing, functional testing of internals, 
reassemblying and accompanying secondary 
technical 
instructio
ns just 
for 
packings 
and 
sealings, 
how to 
treat 
sealings 
and how to fix torques on bolts and so on.  For 
all these aspects, certain procedures are 
given.  Based upon these procedures, 
measurements, are taken from the object and 
compared to nominal values in order to get the 
margins and to decide whether a repair is 
necessary, or replacement, or whether to just 
keep it as it is.   
 
These results are documented and reported.  
In this way, all predictable aspects of 
mechanical wear influences, such as from life 
of sealings or differences from the media are 
controlled.  Therefore, the intensity of the 
practice of preventive maintenance in German 
NPPs leads to the reliable identification of 
failure mechanisms and even new ageing 
effects.  The maintenance results are 
evaluated, and if required, modifications of 
maintenance procedures are initiated 
immediately, including even the secondary 
technical instructions, if affected.  I mentioned 
earlier a right-turning cycle: there is also a 
left-turning cycle, which is the additional 
approach because all valves are tested.  We 
have periodic testing, just simple functional 
testing, or even we provide a diagnostic 
system which enables us to learn more about 
the constitution of the performance of the 
valve.   
The main element is the measurement of the 
electric power consumption of the actuator.  

And from this report and recordings we can get 
a lot of information about the condition of the 
valves.  And all of this is included in a complete 
maintenance concept and carried out for all 
safety-relevant valves.   
 
I will switch back to my colleague for his 
conclusions. 
 
Ulrich WILKE - My presentation demonstrates 
one part of our integrity concept, just one 
single aspect.  We have an overall integrity 
concept, where we find all these kinds of 
different elements, and finally, this brings 
together our ageing management.  So what we 
actually do with our ageing management 
results, or our results in ageing management, 
is that our current activities focus on the 
documentation of all our new experience in 
ageing management.  We provide so-called 
‘basic’ reports on ageing management, where 
we describe all these different technical fields 
which we cover.  We describe all these 
different types of measures we take in our 
plants.  And starting from this basic report, we 
will provide a so-called ‘yearly plant report’, 
periodic ageing management reports, which 
will contain all the information.  If new 
ageing-relevant phenomena are found, we will 
also document them here.  They were already 
covered in different documents, but we will also 
gather them together in a periodic ageing 
management report so that we can evaluate it 
in our plant and the corresponding flow of our 
experience is given to the plant.   
 
To conclude, firstly, on the international level, 
ageing management is primarily applied this 
year for plant life extension purposes.  In 
Germany we have a different background due 
to our Atomic Act and codes and standards.  
Ageing management activities are actually 
given by our entire measures, which are the 
maintenance, we have already seen.  We have 
the surveillance, which is very important, the 
load monitoring and the in-service inspection 
for all our safety relevant components.  And all 
these components we treat within lifetime 
management.  The key issue is the preventive 
maintenance and in-service inspection and all 
our procedures.  Our procedures in ageing 
management are actually based on our KTA, 
our nuclear code in Germany.  If we compile all 
the results we have in our plant, it reveals that 
there is currently no evidence at all of any 
safety-relevant deficit in our plant using this 
approach.  Therefore, the current utility 
activities rather focus on the description of the 
applied ageing management concept and its 
application.  I must mention that all these 
measures which we have just presented are of 
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course, under the supervision of the 
corresponding authority.  Therefore, there is, at 
present, no need for a new fundamental 
evaluation in terms of ageing management for 
our German nuclear power plants.  Thank you 
for your attention.   
 
Claude FAIDY - Good morning ladies and 
gentlemen. I want to give a quick review of our 
activities in ageing management.  A large part 
is common to many countries; I will give you 
some highlights of minor differences.  I will give 
an introduction on this problem, and the 
methodology that we put in place recently with 
the three classical steps of list of components 
detailing anything that is bought, updates if 
necessary the existing surveillance 
programme.   
 

 
 
I will give you some measured results and I will 
also try to have a short comparison with the 
others.  I will compare the methods and the 
results obtained by the others.  I will take a 
short example on the main coolant line 
connected to a recent event that has been 
discussed in different groups.   
 
As you heard in previous presentations, in 
France we have a lot of plants, 58 PWR.  We 
have two groups, mainly 34 3-loops and 
24 4-loops in operation between the oldest 
one, which is in 77 - as you can imagine, we 
are close to the third ten-year outage - and the 
last one was in 1999.  But we have some 
specific problems with numbers.  78% or 80% 
of the electricity power production comes from 
NPPs and we have some specific 
responsibilities associated with that.  
Regarding the plants in operation in our 
country, we have six plants first in the ‘70s, but 
after that we built 40 plants in eight years.  
Some of them arrive at 30 years of operation 
and we have to discuss now how we can 
manage the ageing of these plants and how we 
plan to replace these kinds of plants.  Part of 
the ageing management is that top 
management gives due consideration to some 
options to replace some of these plants in the 

future.  What we do in our country is not 
exceptional.  We have daily routine 
maintenance that is defined when you start 
your plant on the basis of data collected during 
the design and fabrication.  We have to update 
this routine maintenance programme 
periodically.  If we have an event, and we don’t 
have any event now, we have to review it 
systematically with the periodic safety review 
that is applied every ten years in our country.   

Between routine maintenance and different 
events that can appear in the plants, we have 
developed a special action which is exceptional 
maintenance.  What do we want to treat and 
what are the specific aspects?  First, we have 
already defined something like 20 components 
that are very important for the plant life due to 
the cost of repairing or replacing them.  And it 
is at this time, based on expert judgement of 
the subject, that we defined some actions to 
have a specific look at these components very, 
very early.  And in France, the important one is 
all these generic situations.  Any time you have 
an event somewhere in the plant, we have to 
be sure that it is not a generic problem.  If it is 
a generic problem, we have to take specific 
actions to solve it efficiently due to the 
important consequences on the plant 
availability.  What is the new one?  We 
received a request by the safety authorities to 
include ageing management in 10-year 
periodic safety review, and to answer to that I 
will show you what we added to the existing 
process in EDF.   
 
Life management is surveyed at the top 
management level in the company, but the 
plant life management has to add some 
economic aspects and we have discussed 
some economic strategies with people in 
charge of managing the ageing management 
programme.   
 
The classical three steps to do that is the 
selection of components and a first level 
analysis.  I will show you how we include some 
quality requirements at this level.  The step two 
is detailed degradation mechanism analysis 
that is similar to TLA, that has been used, 
producing some presentation.  And the 
step three is the comparison of the existing 
maintenance programme with the result of this 
analysis.  We have this methodology and it is 
more to assure that we are systematic, 
exhaustive and we have good reference 
documents. 
 
The classical first step is to define which are 
the safety-relevant components among all the 
components that are in the plant.  And instead 
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of these components, as I mentioned, you 
have components that are very important for 
plant availability, and some of them are safety 
concerned and some of them are not safety 
concerned.  We analyse them with the same 
methodology, but we only report to the safety 
authority for this safety-relevant component 
with potential ageing mechanism.   
 
The second step is a basic method: we list all 
these components and we put them in groups 
with mechanical components, composite 
material, concrete structures, I&C, electrical 
components and other types of components 
like oil, gaskets, rubbers, etc.  As in the GALL 
Report, we try to have a very systematic review 
of the different components.  If you look at the 
mechanical components, we have immediately 
the two first ones, primary and secondary 
systems that are covered by a special 
regulation due to their importance from a 
safety point of view.  It is an interesting aspect 
of the work to look also at all these 
components of Class 2 and 3. 

After that, you move to local components and 
local areas in each component.  Belt line, 
nozzles, for example, for the vessel and 
penetration.  In front of that, you put the list, a 
very large list, of the degradation mechanisms.  
We consider about 50 different degradation 
mechanisms.  We have a question for each 
line and each degradation mechanism: is this 
type of degradation mechanism encountered in 
this situation or is it expected based on 
laboratory work?  And our specific ideas 
include, at this level, the maintenance 
programme.  Do we consider this degradation 
mechanism in the existing maintenance 
programme, or justification of the existing 
maintenance programme, or do we not 
consider it?  It is a case for some degradation 
meetings. 

The second aspect you will encounter in our 
classification, it is an important one also, is the 
component easy to repair or easy to replace?  
When you are in front of some components 
that are practically impossible to repair or 
replace, we have to take more precautions.  It 
is a basic grid that many countries use, to have 
one line by location and degradation 
mechanism, with answers of the group and 
utility experts that answer the question 
regarding the ageing data sheet.  On one sheet 
you put the answer to the question and the 
references that have been used to answer.  It 
is not only put across.  You have to justify your 
position for many reasons.  At the end of that, 
we will have a different status.  We consider 
first the degradation mechanism encountered 

or not encountered.  We look at the existing 
programme: is it in accordance with this 
degradation mechanism or is it difficult to do 
this, that is the case in some specific 
locations?  And the third question is: are repair 
and replacement difficult, immediately?  This 
type of component, this type of degradation 
mechanism are considered very, very 
important.  And there are two levels of 
classification: 2 or 0.  As you can see, for the 
first – repair and replacement difficulty – we 
have a predicted degradation mechanism, 
nobody contradicts that, and it is considered in 
the present maintenance programme.  In this 
case, there is nothing more to be done for the 
moment.  And the second list is for repair or 
replacement, which is not too difficult.  In this 
case, the only thing that is difficult or has to be 
analysed is the case where it is difficult to be 
sure that the maintenance can be well-adapted 
to this degradation mechanism.  It appears in 
some cases. 

In terms of the list of degradation mechanisms, 
we use different international documents to 
prepare it, for example EPRI documents, etc.  
Not surprisingly, a more important one is 
radiation embrittlement, radiation 
creep/relaxation, radiation swelling.  The first 
one is for RPV, second is for RPV internals.  
We have fatigue, but there are two categories, 
low-cycle and high-cycle fatigue.  We have 
thermal ageing, that is more important in our 
country than in some other countries.  And we 
have the list of corrosion and wear. 

What are the results of this process?  We 
started with about 15,000 components, and we 
arrive at something like – it is probably not the 
exact number – around 400 couples of location 
and degradation mechanisms.  Of these 400 
couples, we have just 50 that are not 
completely satisfactory.  We have to produce a 
special report to justify that the maintenance is 
adapted for the corresponding degradation 
mechanism. Due to the number of lines of 
components – you can have a few lines of the 
same components – at the end we have just 
12 components that have to move to a detailed 
analysis report.  And these 12 components are 
not a surprise.  Generally, in other countries, 
we have similar lists: the pressure equipment 
plus RPV internals, pressuriser, main coolant 
pumps and loops, auxiliary primary piping, not 
surprising.  RPV internals are not pressurised, 
but are also very sensitive in PWR.  We also 
have to take care of the others: containment, 
electrical containment penetration, that is also 
a very important point for safety.  In the case of 
large openings in the containment, again it is a 
very important requirement to ensure that the 
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containment is still safe.  Nuclear civil 
engineering structures, cables and I&C: it is not 
really a surprise to have this list but it confirms 
that, for the moment, routine maintenance plus 
exceptional maintenance are the answer to the 
major difficulties of the ageing management 
problem.   
 
You have the basic situation, the description of 
the equipment.  We also have to take care with 
the safety and the regulation requirements.  As 
we discussed many times during this 
workshop, we have a specific requirement – 
mainly for Class 1 components – which has 
changed over time, that must be now included 
in our evaluation.  The part 2 is a degradation 
mechanism and the part 3 is an important one 
also, the industry capacity.  The part 4 is: do 
we need, or do we have, to develop some 
complementary R&D work?  And all these 
parts have to be done under a minimum of 
quality assurance. 
 
So you are doing something, you are looking at 
it, and do we have to make recommendations 
to change the maintenance rules, including ISI 
for example?  And at the end it is the utility that 
is in charge to update the documents.  What 
are the major needs in front of that?  And it is 
for each degradation mechanism, we need the 
material sensitivity and more influencing 
parameters.  We need the threshold because it 
is important to make sure that some of these 
situations are not cause for concern.  And the 
threshold is an important tool to limit our effort 
on a real case.  We also need the degradation 
rate and we have to check if we have 
saturation or acceleration of the damage, that 
is important to be sure we don’t have damage 
that appeared due to a specific rate, like 
nothing for 50 years, and then a problem in a 
few years. 

Major uncertainties are observed on the small 
specimens that are transferred to the plant and 
this is another important aspect.  We have a lot 
of data produced on very small specimens.  
How do you transfer that to your plant?  And 
we also have to define fitness for service 
criteria.  Damage synergy must also be done 
along with corrosion fatigue for example, or a 
situation can arise when one degradation can 
appear inside, and another one outside.  That 
has been encountered in some other countries.  
And to progress that, we are developing a 
living knowledge data bank on each of these 
degradation mechanisms.  We have put all the 
information we have collected and developed 
in the company and outside of the company in 
this type of databank. 

We also look at consistency with other similar 
work.  We have a presentation on that from 
IAEA on a series of documents and we use a 
lot of them, or a large part of them, to define 
our process and to perform the detailed 
analysis.  We also compare with the 
GALL Report, (not revision 1 and 2, but 
revision 0 and 1) and we check the draft 
version of revision 1. This process is under 
progress.  What are the major differences 
between GALL and our work?  I think the three 
last ones are the major ones.  The first one is 
that they are more driven by experience 
feedback for the GALL and the limited aspects 
of potential degradation.  If you look, at the 
end, we have three tendencies.  They are more 
sensible to effect in fatigue in the GALL than in 
our estimation process.  We have less thermal 
ageing in the GALL Report than in our 
practices.  And the last one is that there is no 
high-cycle fatigue in the GALL for the moment.  
I am open to correction!   
 
If you take the main coolant line and the 
connected lines, we do the work and we have 
a very useful experience feedback.  It has 
been shown previously by some speakers.  
Concerning thermal fatigue, as well for low as 
for high cycles, we have to take care because 
some of these components are not Class 1 
ones and we must take care when we want to 
transfer it from Class 2 to Class 1. It is not 
necessarily the same problem for Class 2 and 
3.  The different degradation mechanisms that 
you encounter on this type of system are 
classical low-cycle fatigue due to transient, 
high-cycle fatigue due to dead legs or mixing 
tees, vibration fatigue, thermal ageing of cast 
replaced stainless steel.  And PWSCC, not in 
our country because we don’t have Alloy 600, 
or metal wear.  And boric acid and corrosion 
on the outer surface.  This is nothing new, but 
we have to include high-cycle fatigue in mixing 
tees, that is not the case in many other 
applications.   
 
For fatigue, you are familiar with the different 
degradations.  One is the bending load due to 
stratifications.  For a number of locations with 
fluctuation of the interface, this fluctuation 
seems to be negligible in our situation.  The 
second one is dead legs, with or without a leak 
at the valve level.  And the third one is a mixing 
of cold and hot water with different situations.  
And the worst one is the second one, with the 
two flows coming in, and a unique flow out of 
that.  You can find a lot of fluctuations in this 
case.   
 
Here is an example of high-cycle fatigue.  It 
was discovered by a leak in Civaux in 1998.  
The cause was not completely satisfactory in 
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terms of quantification but we consider that we 
understand the phenomenon.  And in this case 
we have to look at a similar situation in the 
plant.  And due to that, we arrive at a different 
situation: we developed a ranking process, 
screening material, ranking process and 
detailed analysis and we discovered that the 
CVC’s nozzle has a very similar type of load 
level compared to the RHRS system that 
cracks.  Another one is the inclined nozzle.  
We looked at the cast tables, but we also have 
to look at the cast inclined nozzle that can be 
submitted at the same time to edging and to 
high-cycle fatigue during fluctuations.   
 
Regarding assessment methods, it is only the 
fact that we do not have rules in any code at 
the moment for many of these degradation 
meetings.  In conclusion, we are in front for the 
main coolant line, just one of the very high 
quality piping systems, and we have to remain 
aware of the possible new event that appears 
in the world like the VC SUMMER event.  Also, 
there is confirmation of the problem in some 
other plants, and the conclusion is we have 
now a detailed, systematic and documented 
methodology.  We have systematically applied 
it in the past two years and we have sent it to 
the safety authorities in 2004 and we are in the 
process of reviewing all this work.  And it is 
now two to three years before the third 10-year 
shutdown.  Presently, under evaluation by the 
French Safety Authority, it is connected to 
design interpretation specification, adapted 
surveillance and maintenance procedure and 
we consider that there is no major problem to 
justify 40 years of operation for the moment.  
We are looking at pilot studies related to what 
can happen over 60 years of operation, but it is 
under evaluation in the company first.   
 
Finally, we have also to look at what can 
change some aspects and two or three ideas 
are: 
- leak-before-break for a specific local 
situation, not for a complex system, 
- as it is done mainly in Europe, we can also 
use more probabilistic approaches to look at 
the uncertainties effects, 
- and as you can understand, we are also 
interested in risk-informed ISI. 
 
Thank you for your attention.   
 
Georges BEZDIKIAN, IAEA – EDF, France - 
My presentation is on the nuclear power plant 
life management, an overview of key 
components in relation with degradation, an 
unusual aspect of life management.  I already 
spoke about competencies, maintenance, cost 
benefit,  other parts, not many technical parts. 

I participate with other member states on the 
technical working group on plant life 
management.  Under this organisation, the 
different documents are published.  Yesterday, 
Dr Takeyuki Inagaki showed a technical 
guidelines document, and obviously it is for 
member states to give a lot of information.  
There are large organisations for life 
management studies inside companies, but 
other member states are not at the same level.  
We would like to have uniformity in our vision 
from the member states, giving some rules for 
plant life management.  IAEA is collecting 
information from other countries and has given 
very useful feedback on the different 
methodologies and has established an 
inventory of methodologies of action, taken it 
out to different countries and proposed a 
guideline document. 
 

 
 
First of all, I will speak about the classification 
of components.  We have evaluated the 
different ranks of those components in terms 
of importance.  It is for all kinds of 
components, not only for PWR; it is for PWR, 
BWR, CANDU, WWER, etc.  The categories 
are subject to different types of components.  
The first point is different evolution of 
categories, the evolution of different rules that 
are not the same evolutions in different 
countries concerning regulation aspects and 
materials technology.  There are many factors 
such as: regulatory importance, loss of 
revenue, radiation dose, modification required, 
cost to replace and to refurbish equipment, 
impact on plant availability, replacement, 
generic applicability, mode of failure, the 
different consequences of mode of failure. 
 
The category of components falls into four 
categories.  The first one is generally 
considered not replaceable.  The two 
examples are the containment and reactor 
pressure vessel.  It is not very easy to replace 
the reactor pressure vessel, it is impossible to 
replace the containment and we have to 
manage those components for life 
management.  The second category is 
classified as replaceable, but it is very costly.  It 
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is not easy to get spare parts.  You cannot call 
the manufacturer to have your components in 
a stock.  You need, from time to time, 
two years, three years and you have to 
anticipate not too early and not too late.  In 
terms of capital expenditure, it is very 
important to manage that with a good outage 
for the replacement.  Category three, it is a 
component which is important in terms of plant 
safety and reliability.  They are not susceptible 
to have a lot of failures.  And the last category 
are components not included in one of the 
above categories, but not related with life 
consideration. 
 
In fact, during the two previous meetings, we 
have studied different ageing mechanisms and 
relation with different points.  The first one is to 
maintain the timing, good operation of all of the 
components on the material.  The second point 
is to identify the degradation mechanisms in 
the good rate and to anticipate if you can get 
large data for anticipation.  Our point is safety 
on performance criteria in addition to cost and 
benefit aspects. We also have the licence 
duration or periodic reassessment. 
 
During the different meetings, we have the 
view that safety periodic review mixed with 
licensing renewal review.  There is no 
competition between licensing renewal and 
periodic review.  We have collected information 
and there are countries with licence renewal 
procedures, like the US, license renewal for 
40 years to go to 60 years.  For countries like 
the Russian Federation, the basic design is 
30 years and to go up to 30 years they need 
periodic safety reviews.  For older plants, it is 
to go to 45 years and for the new generation of 
plants to go to 60 years.  Another example is 
Japan.  In Japan, the first ageing management 
process is 30 years, and after that, PSR, each 
10 years for examination.  It is PSR, and the 
common point of view on licence renewal in 
France; we have a PSR, but there is no 
competition between different approaches for 
life management.  Now we consider nuclear 
power plant, reactor, nuclear system and 
commercial system, certainly related.  You also 
have selection of criteria, categorisation.  And 
the first, very important point, is data collection.  
Data collection for life management is very 
important.  We have data collection from 
general information and from initial database of 
components.  And you need data for the 
plant-specific records.  The initial condition, 
plant configuration, technical, etc.  With a 
database, you need a high surveillance 
programme operating data trends, diagnostic 
data, and test results of the trends.  After that, 
you are in the analysis phase, as described by 

my friend, Claude Faidy.  You need, for the 
decision, the criteria mitigation and 
refurbishment on spare parts.  After that, you 
are in the final step: safety licensing role, PSR, 
etc.   
For the plant management process there are 
different points for data availability on key 
aspects.  The first is the component 
specification data, material properties, etc.  
Ageing management needs tracking data, 
operational history, in-service inspections, 
monitoring.  The other point is stress on raw 
data, failure of maintenance data, measures to 
improve design and operation.  Data sets 
required for plant management can therefore 
be categorised as follows for a base line, 
operating history, coolant plant state, 
maintenance, technology, development.   
 
I would like to focus my presentation on these 
slides for four points that I presented at the 
previous meeting at Vienna.  The first point of 
the ageing management problem is the 
technical aspect – we have largely discussed 
this point during the two days and I would like 
to focus my presentation on other aspects.  
The regulatory aspect is the re-evaluation of 
the safety level and the conformity to the 
codification of the standard.  There are two 
others points: the first one is that we are now in 
a completely deregulated market, and this is 
data we have to take into account for life 
management.  The competitiveness of nuclear 
generation is associated with investment 
decisions, cost effectiveness, and the taking 
into account of the parameters of the 
deregulated market.  The last one, for me, is 
more important: non-physical aspects like 
organisation, documentation – there are plants 
where it is very difficult to obtain original 
documents - competencies, obsolescence for 
INC, for different components which were built 
in different countries 30 or 40 years ago.  How 
do you, in the industrial field, find all 
manufacturers of the original designs?  It is not 
easy.  For the spare parts, you have to design 
the new specifications.  Information systems 
are very important.  Lastly, the competencies 
of people, like those in this room: knowledge 
was acquired during the construction of the 
nuclear power plant.  For the new generation of 
people who will work in the nuclear field, we 
have to interest the new engineers, give our 
knowledge through training to the new 
engineers.  It is very important to have a good 
level of competencies.   

I would like to show this point but Claude Faidy 
has largely described it and I would like to win 
a lot of minutes so I will focus my presentation 
only on other points.  First point: the ageing 
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management mechanisms is related to nuclear 
power plants. Manufacturing aspects needs a 
very good knowledge.  It is very important for 
ageing management to know all the initial 
properties or parameters of the equipment.  
Physical ageing phenomena: they were largely 
discussed during the two days.  The problem 
of degradation and phenomena through the 
mode of the property changing during the time 
in operation.  There are also operational 
service aspects: service conditions of nuclear 
power plants depend mainly on the type of the 
reactors, the design, and, to a smaller extent, 
the national/utility practice, etc.  In principle, the 
most important parameters from the point of 
view of components are as follows: pressure of 
the primary/secondary coolant characteristic 
leads mainly to fatigue damage, etc; 
temperature between primary and secondary 
coolant practice and ageing processes; 
neutron fluence which can change many 
mechanical properties and the beltline part of 
the reactor pressure vessel, as well as the 
internals materials of the reactor; water/steam 
chemistry conditions; chemistry which can, 
together with other parameters, result not only 
for other components in wall thinning, 
(homogenous corrosion, erosion, etc), but also 
in components cracking.  This example is 
shown by everybody for the reactor head 
pressure vessel experience. 

It is the experience in France that I have shown 
during the previous meeting for the Agency.  It 
is for reactor pressure vessel evaluation: it is a 
characteristic of the vessel, of the transient and 
of the distribution of the defects, if there are 
defects in the sub-coating area, of the 
condition of the transient and of the 
stress-intensive factor and it is determined 
from a computation of the two parameters.  
We can have some other evolutions: fluence 
on initial properties of components; parameters 
will change during the time in operation of the 
components; we have the toughness of the 
tear and the computation at crack tips. The 
good safety level is to demonstrate the good 
margin factor for two parameters ratio. 

For my conclusion I have put a picture of a 
steam generator in Japan at Ikate nuclear 
power plant.  The development of methodology 
has followed the evolution in life management 
for each component.  Equipments and 
structures require a good knowledge of the 
evolution of mechanical and metallurgical 
parameters for initial properties and the 
increasing of characteristics during time in 
operation.  For this point, the key factor is to 
have a large database.  The other point is to 
identify the different modes of degradation, in 

combination with normal and exceptional 
maintenance programmes.  It is a strategic 
point of view to have a good decision.   
Thank you very much for your attention.   
 
Susanne SCHULZ - It is a comment on the 
presentation of Mr Wilke.  Yesterday, I 
presented the way of the Swiss authorities.  He 
mentioned we had a requirement for an 
integrity evaluation: that is only part of an 
ageing surveillance programme, of course.  My 
comment is that one must be careful to use 
this integrity evaluation; sometimes it is 
mis-understood that ageing surveillance should 
only comprise the parts of the 
pressure-retaining boundary of a system.  That 
is surely not enough, because integrity and 
function must be maintained for all safety 
relevant components.  My advice is not to use 
integrity evaluations for ageing surveillance.  
  
Ulrich WILKE - One word on this.  In 
Germany, the integrity concept means all 
elements within the flow chart I represented.  
This is also the fracture mechanics and all the 
fracture testing, so it is the framework in which 
we do all our work on the component, such as 
fracture analysis, stress analysis.  It is the sum 
of all the single measures we perform which is 
the integrity concept.  It is the way to keep the 
integrity of our components within a certain 
safety philosophy. 

Sophie MOURLON - I think everybody agrees 
that both integrity of the pressure boundary and 
functionality of the component must be 
maintained and addressed in a life 
management programme.  It was an important 
comment – thank you.  
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Sophie MOURLON - Ladies and gentlemen, 
we shall now start the last afternoon of our 
symposium with presentations of the 
workshops that took place yesterday.  Now the 
different presenters of the workshops of 
yesterday are going to give short talks on what 
was said, what are the interesting points and 
issues that were developed in the workshops. 
First workshop: Operation and Equipment with 
Matthieu Schuler.   
 
Matthieu SCHULER - Good afternoon, ladies 
and gentlemen, and thank you for being on 
time to start this last and concluding session.  
It is always difficult, having exchanged a lot of 
ideas, to be a bit more converging.  I know that 
divergence is better for nuclear plants!  I will try 
to make a synthesis of the very rich discussion 
we had thanks to our four – indeed five – 
speakers yesterday afternoon, and to try to 
answer some of the tight specifications that 
were set by the organisation concerning the 
output of our sessions.   
 
In the coming few minutes we will be talking 
about components in operation.  We have 
focused on reactor pressure vessels and 
steam generators, let us say the core business 
of components in the nuclear islands.  They 
are indeed the typical components that have 
been taken care for a long time, coming from 
the very big vessels with 4-5 metre diameter, 
200 millimetres thick.  This is one on one side, 
RPVs, and, on the other side, you have the 
steam generator tube bundle, with these 
thousands of square metres of millimetre-thick 
alloy 600 or whatever.  We had the task, as 
specified, to identify – concerning ageing for 
those equipment – practices among our 
regulatory organisation; if time was available, 
to identify advantages and drawbacks of those 
practices; identify also interesting points that 
could be deepened or discussed further in 
some kind of complementary session that 
could be set up later; and, if available, some 
element of consensus.   
 
Trying to answer the specification, I identified 
six points that could be divided and grouped in 
front of the specifications given.  I think that all 
regulatory bodies or technical organisations 
that took part gave me the clear conviction that 
there is a great attention to operating events, 
operating results, concerning those 
components.  For example, given the evolution 
of RPV embrittlement, how it is compared to 

what was predicted?  We have also a very 
detailed presentation of US NRC that showed 
us how they were following early signs of 
weakness for the alloy 600 steam generator 
tube bundles for the 600 TT because they were 
installed in the first replacement steam 
generators and also in the late reactors 
installed in the late 80s.  It is, of course, of 
importance because now the fleet of reactors 
for PWRs are more and more equipped with 
this type of alloy – a bit less sensitive 
compared to the 600 MA or the stainless steel 
from the beginning.  This is certainly belonging 
to the common practices.   
 
Another common practice that I have identified 
clearly is that there is a constant 
back-and-forth process between observations 
made, those without events, and the safety 
basis for our plants, being for example the 
safety demonstrations.  For example, we have 
taken time to check whether the different 
plants that the regulators have under their 
control still comply with the initial PTS 
demonstration – Pressurised Thermal Shock, 
of course – and namely how to deal with the 
huge scatters of mechanical properties that are 
to be seen in the RPD.  You have scatter at the 
beginning, when you take a sharp energy 
transition, you have scatter during 
embrittlement and you have scatter at the end.  
How to deal with that uncertainty when you 
have, at the end, to answer very simple 
questions, namely in the PSR reviews, like we 
mentioned yesterday: are we okay for ten more 
years or not?   
 
Other back-and-forth processes that were 
identified were concerning the technical 
specifications, because it is not only the basic 
demonstration that might be challenged by 
eventual results, it is also the frame of 
operation of those components.  We have 
talked about, for example, the way US NRC 
introduced the feedback of experience 
regularly to their utilities through information 
notices or through different types of 
requirements, to have the technical 
specifications of steam generator tube bundles 
evolving.  In a less detailed way, we also had a 
short explanation by NII on potential 
consequences of RPV embrittlement on the 
tech specs for RPV operation, especially when 
you have a very heavily embrittled RPV you 
might have to operate in harder conditions than 
could have been foreseen at the beginning of 
the design.   

Restitution des ateliers techniques / Technical summary and conclusions  
of the workshops 
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The first step that also seems to belong to 
common practices is the common need to 
touch the implicit margins because at the 
design basis there were simple but robust 
demonstrations performed to make people 
confident that we could run this type of 
installation for a long time.  Nevertheless, when 
you add the different results and events that 
are occurring during the operation, sometimes 
you are touching the limits of your design basis 
demonstrations and there is a clear need for 
the regulator – and also, of course, I think, for 
the utility, that is certain –  to have a technical 
conviction on what is behind those initial 
demonstrations.  For instance, we had a clear 
and interesting presentation on how, in the 
case of the Czech Republic, they had to 
enforce a new surveillance programme to get 
more precise information about the 
embrittlement of their reactor pressure vessels.  
We had the discussion of how to have a clear 
understanding of the conservatism, if any, 
between the Charpy transition model and 
fracture toughness, which is definitely needed 
in the PTS calculation.  After, you have another 
type of implicit margin, which is between 
calculation, like the PTS case, and large-scale 
experiment.  In fact, in these installations, we 
are dealing with calculations and studies that 
are more and more detailed.  It is sometimes 
very needed to confront them with reality, with 
experiments.  That was the very interesting 
presentation performed by JRC concerning the 
different large-scale experiments they had 
performed.   
 
On this topic of large-scale experiments, we 
were convinced of the useful and precise link 
that they provided with the studies.  I think, at 
least for myself, that sharing the results of 
these large-scale experiments is of acute 
importance; for example, the results of 
pressurised thermal shock experiments 
compared to calculations.  You also have 
experiments for the behaviour of pre-metallic 
welds, including flows, for instance, and you 
had also a large-scale experiment on thermal 
fatigue.  Maybe Laurent Foucher will discuss 
that later.  It showed that, for instance, in a 
world where we are keen to look at every weld 
in a primary circuit, we might think that a weld 
is not necessarily the most sensitive place for 
crack initiation.  This is a good question for 
regulators I think.   
 
Concerning these large-scale experiments – 
and that is maybe one point that we would 
have liked to discuss more deeply – for the 
moment, regulators – which are definitely 
stakeholders in this type of experiment, or 
maybe final users, the term used by JRC – 

could be associated more at the beginning in 
the decision processes leading to what kind of 
experiments have to be performed or not.   
 
Fifth point, and we did not have much time to 
discuss it – it would have certainly belonged to 
a point where discussions between advantages 
and drawbacks would have been interesting 
but we definitely lacked time – is how 
regulatory bodies take all the event results I 
mentioned before and what they do with this 
information.  Do they inform the utilities?  Do 
they require something straightaway or a bit 
later, after having analysed things?  How can 
things be enforced in terms of policy towards 
utilities?  This has only been slightly touched.   
 
Last point which we have already mentioned 
about yesterday morning: I felt there was a 
common preoccupation concerning… I think 
NII used the term ‘community ageing’.  
Regulators, technical support organisations, 
utilities: we all have in our frame the questions 
of how to keep competences alive.  There are 
certainly initiatives among us, among 
regulatory bodies, among TSO and among 
utilities.  The question could be whether, when 
you have community shrinkage, it would be 
more efficient to have those questions shared, 
even if every type of organisation has to keep 
his own position.  I think, for future discussions, 
it would certainly be interesting to deepen the 
different kind of experiences that have been 
set on that topic.  Thank you for your attention.   
 
Sophie MOURLON - First, I would like to 
thank once again the people who made 
presentations in the workshop.  I think it was a 
very interesting one which had very good 
quality talks.  It was a good workshop.  We did 
not have as much time as we would have liked 
for discussions but still we had time to debate, 
so it was interesting.  In this workshop, we had 
four presentations; three of them tackled alloy 
600 issues and one of them, embrittlement of 
RPV steel.  The first talk was given by Ted 
Sullivan and it was on the regulatory 
perspective and management of alloy 
82/182/600 susceptibility and cracking.  I will 
try, for each of the talks, to give the main 
points.  I hope that the people who made the 
talks will forgive me if I am not as precise as I 
would like to be.   
 
Ted Sullivan told us about issues related to the 
heads, with the example of the Davis-Besse 
vent, and also talked about bi-metallic 
junctions.  He said that the NRC had requested 
the utilities to define surveillance and service 
inspection programmes and that they were 
working on it.  The NRC was willing to give a 
regulatory framework to this process because, 
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so far, what the operators have suggested is 
not totally satisfactory, as they were 
considering more one-time actions to check 
the situation after the Davis-Besse event and 
the events on the bi-metallic junction.  The 
NRC thinks that a regular basis inspection 
service is required so there is regulatory work 
to do here to set regulatory requirements.   
 

 
 
My talk was on stress corrosion cracking of 
nickel-based alloy components.  To give the 
French regulatory experience, I tried to give a 
bit of the historical background of the Inconel 
600 issues in France, starting in the 50s, and 
to explain the strategy that was adopted for the 
different issues.  First, one issue was the 
pressuriser, with the steam generators, with 
the head, and then the adoption of more 
generic strategy to address the global issue of 
alloy 600 zones.  Also, I tried to talk about the 
lessons learned for the safety authority with 
these issues, in particular the fact that relying 
on models and analysis is not always 
satisfactory.   
 
Mr Roussel gave a talk on the management of 
the nickel-base alloy cracking in butt welds at 
the Belgian nuclear power plants.  He told us 
about the butt welds on reactor pressure 
vessel end pressuriser and told us about the 
will to define in-service inspection programmes 
and justify their frequency on the basis of 
scientific analysis.  This was very difficult as 
few models are available and little data is 
available and models, so far, lead to very 
frequent inspections on pressurisers, at least, 
which are not compatible with commercial 
operation.  It is very hard to set an in-service 
inspection on a scientific basis.   
 
Last, Mr Debarberis told us about expertise on 
reactor pressure vessels and pressure 
equipment ageing assessment and modelling 
at the JRC of the European Commission.  In 
particular, he told us about expertise on 
irradiation embrittlement of the reactor 
pressure vessel steel.  He told us about new 
models and the most recent results that were 

obtained on models and how these models 
would address the contribution in its different 
phenomena and elements, such as copper, 
phosphorus, nickel and manganese, give good 
results and, compared to field results, are quite 
satisfactory in terms of prediction of 
embrittlement.   
 
In the discussion, we found out that there were 
common features in the ideas and approaches 
of the different countries.  First – and it was a 
surprise – we have had numerous surprises 
with alloy 600.  I am saying it is a surprise 
because it has been an ongoing issue for 
decades now and still we are getting surprised, 
with the Davis-Besse issue, for instance, with 
VC Summer.  We know that there is a problem 
with alloy 600 and, nevertheless, we still get 
surprised so often with new degradations or 
degradations where they are not expected.  In 
the 80s, there were problems with pressurisers 
and steam generators and then we were 
surprised with the heads and surprised with the 
bi-metallic junction.  I think this is a common 
feature for all countries and we have to 
recognise that we have not probably learned all 
that we have to learn about this issue.   
 
Another important common feature in the 
discussions was the importance of 
manufacturing in addressing material issues.  
Even though degradations may be identified – 
the stress corrosion cracking of alloy 600 or 
irradiation embrittlement – and although we 
know the degradation, there are models – 
satisfying or less satisfying, but there are 
models – for these degradations and we have 
an idea of what these parameters are.  There 
is a great scatter in the results and in the way 
that the degradations appear.  They often 
appear where we did not expect them and the 
sensitivity models are often proven wrong.  
This is probably linked to the fact that the 
scatter of properties of the materials 
themselves, small changes in the properties of 
the materials, that are induced by 
manufacturing processes change the 
appearance and the propagation of the 
degradations a great deal.  This is very 
important.  It should be very important to have 
precise information and data about 
manufacturing conditions and processes but 
that is a problem, because often it was 30 
years ago – or even more – and information is 
not available any more.  That is also a problem 
with models and predictions, because we 
would need information that we do not have 
and that we cannot find any more.   
 
There is also the fact that with these materials 
issues there are more questions than answers.  
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For instance, the goal is to prevent 
degradations from appearing or at least to be 
able to prevent them in time.  How can we do 
that when we do not know the degradation and 
we cannot really model them?  Or, when we 
can model them, it seems to require 
inspections which are not compatible with the 
commercial operation of the plants.  How can 
we do that for present components and for 
future ones?  It seems to be a question.  
Questions about models, because the 
appearance of degradations on materials seem 
very hard to model, rely on a number of 
parameters that we have not mastered.  Also, 
we do not have enough field data about these 
degradations.  There have been events but, in 
the end, if we look at the sample – and it is a 
good thing – there have been few major 
events.  In the end, it means that we have little 
field data on these degradations to check 
models.  This explains why models are often 
proved wrong.  I will talk about one example 
that I know.  The sensitivity analysis for reactor 
pressure vessel heads with respect to stress 
corrosion cracking led to a differentiated hot 
plenum and cold plenum operating plants and, 
in France, cracks and very fast-growing cracks 
were found in cold plenum plants.  There are 
reasons for that and it was understood 
afterwards why the models were wrong but, 
every time we try to rely on the model – well, 
not every time but often – it is proved wrong by 
field data and field facts.   
 
Questions about how to see these issues from 
a generic and specific point of view.  We can 
say that if we have had so many surprises with 
alloy 600 issues, it is because maybe, at the 
beginning, we did not take a view that was 
broad enough; a generic view of the problem 
as an alloy 600 issue instead of being a head 
issue or a pressuriser issue.  At the same time, 
we said how manufacturing is important and 
how, in the end, the appearance of 
degradations and the behaviour of materials is 
very plant specific and component specific.  
There were many questions about how to 
handle these two ways to look at the problem: 
from a generic point of view and from a very 
specific point of view.  There were also 
questions about how to categorise and 
prioritise problems.  When there is generic 
problems, we would like to address the most 
important ones first.  However, to do that, we 
need models and reliable models and then we 
are back to the fact that the models are not 
always satisfactory and very hard to set.   
The last point on which I think everyone agrees 
is that we have to share international 
experience on these matters.  There is little 
field data because degradations, once again, 

do not appear so often.  We need to broaden 
the sample to get enough data and to be able 
to anticipate what is going to happen in plants.  
To get this larger sample there is not other way 
than to share international experience and 
have a broad view of this international 
experience in order to adapt to national cases 
what is happening abroad on different types of 
plants or components.   
 
Differences that we have seen in the way 
different countries meet those problems.  First, 
there are differences obviously on the use of 
models and modelling.  I will take two 
examples.  In France, basically, for alloy 600 
issues we have required the utility to put aside 
models for designing in-service inspection 
programmes.  Models can be used to define 
precursors and to try to prioritise the problem, 
but we cannot rely on them because they have 
been proved wrong so many times.  I said in 
my talk that we required sample checks on the 
in-service inspection programmes related to 
alloy 600 and many of the degradations that 
were found were found on sample equipment 
and not on precursor equipment.  We consider, 
in France, that we cannot really rely on models 
because they are probably not precise enough 
and because of the scatter of the properties 
that we do not master and the lack of 
manufacturing information.   
 
In Belgium, for instance, Mr Roussel from ABN 
explained how they wanted to use initiation 
and/or propagation models for designing and 
defining in-service inspection rate frequency.  I 
see that as a difference in approach.  We see 
this difference because there are different 
ways to use models: models for understanding 
the problem and trying to address and prioritise 
and models for regulatory practices.  
Obviously, in different countries, there are 
different ways to look at this.   That is one 
difference.  Another one: the use of models is 
also true for embrittlement.  My example was 
for alloy 600 but, in the same way, we saw that 
models are not addressed the same way in 
different countries.   
 
An aspect quite specific to inconel – at least in 
the scope of the workshop – was the aims 
which are given to the in-service inspection 
programmes.  Some countries are building 
in-service inspection programmes in order to 
detect leaks in time and monitor and handle 
them in time.  Other countries have chosen to 
require the preclusion of leaks.  There are 
differences there and it is one point that could 
be interesting to address, to understand why 
those differences arise and the advantages 
and drawbacks of each of those approaches.   
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Thank you very much.  During the discussion, 
if anybody who was in the workshop thinks that 
there are things that I said are wrong or are not 
precise enough or if anybody has something to 
add, please just say.  Thank you very much.   
 
Laurent FOUCHER - Bonjour. L'atelier 
numéro 3 portait sur les dégradations par 
fatigue thermique et vibratoire. Cet atelier 
reposait sur la présentation de trois papiers 
essentiellement basés sur des recherches et 
développements. Deux papiers ont été 
présentés par un constructeur qui avance des 
solutions pour supprimer les sollicitations et 
donc les chargements de fatigue. Un autre 
papier, également de recherche et 
développement, a été présenté par le CEA 
pour apporter sa contribution à l'explication 
d'un incident qui a été observé à Civaux il y a 
sept ans.  
 

 
 
Cette question concerne très largement les 
exploitants, quel que soit leur pays. La 
spécificité de ce problème est qu'il présente 
des difficultés d'anticipation particulière. Or 
l'anticipation est en fait un enjeu majeur pour 
ce type de question. Cette problématique 
survient en général en dehors des zones de 
contrôle habituelles, sinon le phénomène serait 
détecté – cela pose donc une réflexion sur les 
programmes de contrôle à développer – ou 
dans des zones particulièrement difficiles à 
contrôler – cela pose alors une réflexion sur 
les développements nécessaires en termes de 
contrôle – ainsi que dans des zones où le 
phénomène n'était absolument pas attendu – 
cela fait donc sans doute référence à la 
limitation de la connaissance des phénomènes 
au moment de la conception, par exemple, par 
le fait de la présence insoupçonnée d'un vortex 
dans une tuyauterie ou l'existence d'une fuite 
particulière d'une vanne qui va générer un 
chargement particulier. Les différentes 
méthodes pour traiter le problème reposent 
essentiellement sur la limitation des 
sollicitations, l'apport d'actions correctives, la 
conduite d'actions de R&D pour développer la 

connaissance du phénomène. Je dirai un petit 
mot en conclusion sur l'enjeu que cela 
représente pour une autorité de sûreté. 
 
En ce qui concerne la prévention des 
sollicitations, un des enjeux est l'évolution de la 
prise en compte de ce phénomène au moment 
de la conception. C'est un enjeu important 
dans le sens où les codes de conception qui 
sont utilisés ne sont peut-être pas très 
développés spécifiquement sur le domaine de 
la fatigue. Ce point est sans doute à 
développer, des phénomènes comportent un 
niveau d'incertitude dans leur apparition qui 
n'est pas facile à appréhender au moment de 
la conception. Nous devons également sans 
doute développer des bonnes pratiques de 
conception. J'imagine par exemple que pour 
les tuyauteurs, il existe des pratiques 
particulières professionnelles qui capitalisent 
en fait le retour d'expérience en termes de 
construction. Ces bonnes pratiques 
représentent des compléments au code de 
conception pour la prise en compte de ces 
phénomènes. Une autre manière de supprimer 
la sollicitation est que, lorsque le phénomène a 
été identifié, ce qui n'est pas forcément facile 
comme nous l'avons vu lors de différents 
exposés, nous devons mettre en place des 
solutions technologiques particulières. Les 
deux présentations de Monsieur Suzuki de 
Mitsubishi étaient des articles qui proposaient 
des solutions, notamment pour ce qui relève 
de la fatigue thermique, rustiques et efficaces, 
comme nous les aimons dans le nucléaire car 
plus le niveau de complexité est important, 
moins les solutions ont de chances de 
fonctionner.  
 
Le second exposé présenté était la 
présentation d'un système d'amortissement 
innovant dans le cadre de la fatigue vibratoire. 
En ce qui concerne les actions correctives, 
lorsque nous rencontrons le phénomène, une 
méthode consiste à supprimer la sollicitation 
lorsque cela est possible, ce qui n'est pas 
toujours le cas.  Cela nécessite donc par 
exemple la modification de mode opératoire ou 
la mise en place de modifications matérielles 
et opératoires. 
 
Comme je l'ai dit précédemment, il est 
extrêmement difficile, lorsque nous 
rencontrons un incident, de tirer un retour 
d'expérience généralisable pour, par exemple, 
l'introduire dans des codes de conception ou 
des codes de bonnes pratiques. Cela est sans 
doute l'un des enjeux. Le niveau de 
connaissance pour pouvoir généraliser un 
certain nombre de conclusions nécessite 
vraisemblablement le développement d'actions 
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de recherche notamment pour la 
compréhension des phénomènes, en 
particulier pour la prise en compte des effets 
locaux et des effets environnementaux. 
L'amélioration de la modélisation, présentée 
par le CEA, est extrêmement intéressante à ce 
titre puisqu'elle montre que la modélisation 
thermo hydraulique, en particulier la 
connaissance du chargement, constituait sans 
doute un point déterminant dans l'explication 
d'un phénomène complexe. La référence à cet 
incident est celui qui est survenu à Civaux en 
1998, pour lequel, à l'époque sans bien 
comprendre le phénomène, nous parlions de 
chargement chaotique, ce qui est sans doute 
une manière de dire que nous n'avions pas 
vraiment compris ce qui s'était passé. La 
modélisation apportée par le CEA introduit 
donc une certaine complexité dans la 
modélisation, ce qui a permis 
vraisemblablement d'expliquer un certain 
nombre de comportements. Cette présentation 
permet de mettre en face des zones de 
variations de sollicitations et d'observation de 
la localisation réelle des défauts. Il y a là une 
vraie valeur ajoutée. 
 
Les autres actions de recherche et 
développement nécessaires sont donc de 
disposer notamment de maquettes 
représentatives, nous restons alors dans le 
problème de la modélisation telle qu'évoquée 
précédemment.  Sans doute aussi faut-il 
développer des méthodes d'inspection en 
service performantes, notamment pour la 
fatigue thermique, et en particulier dans les 
zones de mélange ou les piquages, comme 
cela a été présenté précédemment. 
 
En conclusion, je pense qu'il nous faut rester 
relativement modestes par rapport à ce type 
de phénomène. L'objectif pour une autorité de 
sûreté, pour un constructeur, un opérateur, est 
d'être en mesure de compléter les méthodes 
pour anticiper les dégradations mécaniques 
observées par l'amélioration de la conception, 
par la définition de critères de tri pertinents, qui 
permettent en fait de réduire le champ de 
l'analyse lors de la conception, et le 
développement pertinent de méthodes 
d'inspection en service et pour lequel nous 
pouvons dire également que la définition des 
critères de classification sont utiles pour tirer 
bénéfice de la capitalisation des retours 
d'expérience évoquée avant. 
 
Pascal MUTIN, ASN France - The fourth 
workshop dealt with the contributions of 
research and development, especially with 
anticipating ageing at the design phase and 
materials.  During this workshop, five papers 

were presented and discussed.  The first one 
was presented by Mr Pineau from Ecole des 
mines in Paris, and dealt with the development 
of a local approach to fractures over the past 
25 years.  It dealt, of course, with theoretical 
studies.   
 

 
 
The second presentation was conducted by 
Mrs Karlsen, from the OECD Halden reactor 
project, and dealt with the test facilities and 
online instrumentation capabilities for core 
component investigation.  The results were 
related to crack initiation and growth studies, 
the effect of fluence and water chemistry, 
irradiation enhanced stress relaxation and so 
on .  It deals with experimental studies.   
 
The third one was conducted by the SMILE 
PROJECT, which is part of a EURATOM 
programme, and presented by Mr Kerkhof from 
the Material Testing Institute of Stuttgart, in 
Germany, in cooperation with several partners, 
mainly European ones.   This presentation 
described the warm pre-stress process, which 
makes it possible to increase the margins for 
brittle failure compared to virgin-toughness 
material.  The fourth one was concerned with 
Japan’s nuclear energy safety organisation, 
with Mr Masakuni Koyama.  He presented the 
research activities related to ageing 
management, dealing with technology and 
knowledge on material degradation, mainly 
irradiation embrittlement, production model, 
fatigue, corrosion, cracking, etc.  Finally, the 
concept of Framatome with Mr Meyzaud, which 
was talking about preventive measures taken 
from EPR design and related to neutron 
irradiation, thermal ageing, fatigue, stress 
corrosion cracking.   
 
First of all I have to mention that during the 
workshop we did not have time to have an 
in-depth debate on the contribution of research 
and development because many questions 
were raised.  Nevertheless, I will try to sum up 
the different ideas which came out of this 
workshop and which were mentioned, partly 
before doing the session yesterday.   
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For research and development, it seems that 
the workshop participants have common 
themes and common approaches.  The first 
one is to explore both theoretical and 
experimental fields.  For example, as a 
non-exhaustive list, I can mention these 
different items: material features, chemical, 
mechanical, environmental effects, irradiation, 
corrosion, fracture analysis methods, 
maintenance, repair, in-service inspection, and 
so on.   
 
Concerning common fields, they deal also with 
research project management.  We can 
distinguish national or international projects.  
These two kinds of projects can be managed, 
for example for national projects, by the 
constructor, the facility operator or by 
organisation operating with public funds, such 
as Ecole des Mines, the French Institute for 
Nuclear Safety, the German Testing Institute, 
GRS, and Japanese institutes and so on.  Or, it 
can be also managed with international 
organisations or members of these 
organisations such as OECD, IAEA, 
EURATOM and so on.   
 
Research project management is also 
long-term research projects.  Each time, when 
we describe the different tasks concerned with 
these projects, they last a minimum of three or 
five years.  Human resources involved are also 
important – it requires a high level of expertise.  
The objectives of ageing management of 
existing plants is to improve the existing safety 
demonstration more than the safety.  As you 
can see, there is a question – this question is 
open.  The main problem is to increase the 
margins by refining modelling, by the 
knowledge of mechanical behaviour, for 
example.  It is also to extend the plant lifetime.  
Another objective is, of course, the design of 
the next plants.  In that case, it is to improve 
safety by a better design and material 
procurement specification.  We had some 
questions during the workshop with EPR.   
 
However, we have to keep in mind that 
research and development is concerned with 
human resources management.  We have to 
keep a high-level of competence through a 
worldwide expert network.  I would just remind 
you that three generations of people were 
successively involved in construction, 
operation, failure detection and now, new 
design.  That requires us to store and transfer 
the knowledge through 30 to 40 years of plant 
operation.  Finally, the benefits of this research 
and development project have to be analysed 
and discussed by the consortia of facility 
operators, but also with safety authorities or 

other organisations that I have mentioned 
before.   
 
For research and development there are some 
questions: how to anticipate for unknown 
degradation mechanisms?  As it was 
mentioned before, multi-parameter studies 
have to be developed.  It is an open question.  
Another item is the level and type of decision 
for any research project.  That means facility 
operators, constructors, technical experts, 
safety authorities, international organisations.  
It deals also with coordination, funding, and 
content of projects.   
 
Just to conclude, we think that we have, for the 
next years, to focus on the three main topics.  
The first one, for each technical field, is to 
identify worldwide competence and experts 
and use them for the research projects.  The 
second topic concerns the introduction of the 
results of research projects into the codes and 
standards.  And the third one is to share the 
knowledge through a worldwide database.   
 
Sophie MOURLON - Thank you.  Now, we can 
start the discussion. I would like to make a 
comment and maybe open a question and 
debate.  For simple models and simple 
research, when we try to refine models – and 
refining models often involves research work – 
are we looking for a better safety 
demonstration or are we looking for better 
safety?  Probably these issues do not have the 
same importance for operators and safety 
authorities.  What do you think about that?   
Maybe the operators have something to say 
about it.   
 

 
 
Matthieu SCHULER - Maybe we have been 
too clear in our presentations for questions to 
be raised!  Just one point.  I see that in two 
different sessions – my own and the one that 
was chaired by Pascal Mutin – we have faced 
one question which is rather similar concerning 
the research actions.  I presented it in the 
frame of large-scale experiments and, in fact, 
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as I mentioned there, usually large-scale 
experiments are very expensive operations.   
 
My conviction is that they are really needed at 
a certain point of time to establish that we are 
working on sound conditions and sound 
hypotheses.  The common question that was 
raised in the frame of Pascal Mutin’s session 
and ours is, who is at the table when the 
decisions are made to launch such common 
research experiments?  As they need huge 
funds, there are not a lot that are launched at 
the same time.  My understanding, or my 
conviction, for the moment – maybe it is logic – 
for the moment, end users are not financing 
them, so they are sometimes a bit far from the 
decision to launch them.    
 
Sophie MOURLON - I have a question related 
to that.  Which countries, which safety 
authorities, today have required, or strongly 
asked, operators or operator associations to 
launch certain research programmes or have 
decided to push research or require research 
in one field or another?   
 
Ray NICHOLSON - From the UK point of view, 
we expect the licensees to carry out a sufficient 
and adequate nuclear safety research 
programme which we review and comment on.  
If we do not regard it as being adequate and 
sufficient, we will levy the licensees to carry out 
appropriate research.  Also, in terms of 
large-scale tests, I will go back to a comment 
that Nigel Taylor made in terms of NESC-1 
Spinning Cylinder Test that was carried out.  
That was funded by the UK Health and Safety 
Executive.  Also, we continue to fund UK 
involvement, by contractors or research 
organisations, in some of the European 
framework programmes.  I am singing the 
praises of the UK regulator here in terms of 
supporting nuclear safety research, both in 
terms of large- and small-scale testing.   
 
Claude FAIDY - The end user is implied in 
research and some organisation of research – 
we work very hard at EC level for twelve years 
now to develop some R&D work.  Some 
results, as it has been mentioned previously, 
are very good results: the spinning cylinder.  
There are some very good results, but we are 
defining, for example, the next series of 
questions for R&D.  We have a meeting next 
week on that subject.  The situation is very 
very difficult because we have difficulties to 
have discussions between end users to define 
what we want to do together.  I do not know, 
but my feeling seems to be the same for the 
nuclear safety side.  It is very difficult to have a 
common view on what we have to do for five 

years from now or ten years from now.  My 
experience is, in this time, very hard.  EDF is 
ready to discuss and to share needs with any 
other users but it is very very difficult for the 
moment.  I do not know why, but it is very 
difficult.   
 
Sophie MOURLON - Now, I will try to 
summarise what was said and what seems to 
be important.   
In all these presentations and, in fact, 
throughout these two days, I have the feeling 
that we are mostly all scientific people here 
and that we all have the desire to be able to 
rely on a sound scientific basis to take 
decisions, to design programmes, and to make 
regulatory requirements.  That is very hard in 
this field, obviously.  For that, we would need to 
create better models and to confront models 
with field data more than we can do today.  I 
feel that, in the end, the only solution that we 
have is to work hard on research and so on, 
but also we have to stay very humble with 
these issues.  In the end, we are all engineers 
and science people but somehow we have to 
work with uncertainty and no scientific certitude 
and sound basis.  We have to keep a 
questioning attitude on the regulatory side and 
the operating side, of course.  That was my 
first comment.   
 
Obviously, we all have a good taste for 
discussing and exchanging views.  Time flies 
and, in the workshops, time flew, and there is 
much to say.  We have identified real ideas for 
further discussion for future workshops.  I hope 
that we get other opportunities to meet and go 
on with other talks and thoughts.  Also, it 
appears that obviously we are all looking and 
searching and trying to find answers.  I think 
that we can gain time by sharing, not only what 
has been found elsewhere, but also what has 
been tried elsewhere and which has worked, if 
so, and what has been tried and not worked, 
so that we do not address it any more.  Of 
course, this means that we have to share 
results of research and development and we 
have to share incidents and data.  We also 
have to share practices and regulatory 
approaches to try and find ways – maybe not 
one way, but some ways – to address the 
different issues and to take advantage of the 
good ideas that were found elsewhere and that 
can be adapted locally in our countries. 
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Sophie MOURLON - We said we had to have 
a broad view and share different ideas with 
different people.  We have shared with other 
countries and that was very interesting.  Now, 
what we suggest is to turn to other industrial 
fields because there are other industrial fields 
that are facing similar issues and have similar 
ways, or different ways, to address similar 
issues.  What we are going to do now, what we 
suggest, is that we look at what is done in the 
civil engineering business and bridges and 
major constructions.  We will have two 
presentations.  This session is presided over 
by Mr Rémi Guillet.   
 
Dominique ARNAUD - La prise en compte du 
vieillissement dans l'exploitation des ouvrages 
d'art, va commencer par l'exposé de Monsieur 
Cremona. Monsieur Cremona est ingénieur au 
laboratoire central des ponts et chaussées, 
chef de la section durabilité des ouvrages d'art 
et je pense qu'il va faire un lien entre nos 
problématiques nucléaires et la problématique 
des ouvrages d'art.  
 

 
 
Christian CREMONA - Thank you very much. 
It is a very easy presentation because there 
are so many things to say about bridge 
engineering, especially maintenance, 
inspection and assessment.  What I am going 
to talk about today is more about how to 
assess the performance of existing structures, 
especially bridges.  This is a very important 
topic because, in France, it is different from 
other countries: we do not have what we call a 
‘reassessment code’.  We have, of course, a 
code for constructing new structures, but when 
you have to reassess bridges, it is sometimes 
very difficult and uneasy because you have to 
go back to the initial code, you have to use the 
actual code, and of course, you are talking 
about nuclear power plants, but we have to 
deal sometimes with structures which were 

built by the Romans.  Consequently, it is very 
difficult to reassess this type of structure.   
What I am going to present is, in fact, the steps 
forward which are expected in performance 
assessment for existing structures.  Before 
that, because some people are not familiar 
with civil engineering, I have prepared some 
slides on the main features of bridges.   
 
First of all, a bridge has to fulfil what we call 
‘primary functions’.  One of the most important 
primary functions is to assure network 
continuity.  This is a primary function.  You also 
have secondary functions, because you can 
have cable crossings on the bridge, such as 
telecommunications cables, sewage systems, 
electricity, etc, so you have also to fulfil 
requirements and ensure that there is 
continuity in this secondary network.  The 
function can be permanent and active.  When 
you have a bridge in the land, it stands alone 
and ensures 24 hours in 24 hours the functions 
for which it has been built.  You can have 
passive or active functions on demand.  For 
example, with a moving bridge, you have a 
continuity of the network only at certain periods 
of times.  It can be permanent but it can be 
active on demand too.  It is a very complex 
system in fact.  At the highest level you have 
the bridge functions and at the lowest levels 
you have the bridge components.  Those 
components can lose their function due to 
degradation, human errors or overloads.  In 
fact, when you have losses at the lowest level, 
at the component level, you can lose the 
function at the highest level and you can 
maybe close the bridge or reduce the loading 
because you cannot fulfil all the requirements.   
 
What is structural performance?  Structural 
performance has been clearly defined in some 
European documents: I mention one from 
1989, Number 106, which is related to 
construction products.  The performance is, in 
fact, to check the structural safety and integrity, 
the serviceability and the durability.  Today, we 
find these requirements in the new Eurocode 
standards for designing new structures.    
 
Let us have a look at the different performance 
functions.  You have structural safety.  
Structural safety means you have to check 
static equilibrium; you need to have an 
absence of non-reversible and cumulative 
damages; and when you have non-forecasted 
loads, you must have satisfactory behaviour.  
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This means that, in fact, the users’ safety is not 
concerned.  You can assume some cumulated 
damage, non-reversible damage, but user 
safety is not concerned by the behaviour of the 
structure.   
 
Service ability is availability but also concerns 
requirements on deformation and vibration.  If I 
take, for instance, a high-speed track and 
bridges belonging to the network of high-speed 
trains, this is one of the most important 
requirements.  In fact, deformation of the 
bridge results in deformation of the track and, 
consequently, you have to reduce the speed of 
the train.  It is a very important point when you 
design and when you have to assess the 
performance of the bridge on this kind of 
network.   
 
Durability is a very difficult concept.  Even 
inside my institute you can find several people 
who have different definitions of durability.  In 
some ways, durability is sustainability of 
structural safety and serviceability over a 
period of time.  What is new is that the new 
Eurocode standard introduces something 
more: it means that you have to maintain 
sustainability regarding structural safety and 
serviceability over a period of time with a 
minimum of maintenance actions.  This is very 
new in a standard for design because, in fact, 
there is a word which is already included: the 
word is maintenance.  This is very new for 
bridge engineers.   
 
Consequently, structural performance will help 
to define what is allowable and what is 
forbidden.  The limit between what is allowable 
and what is forbidden is described usually by 
limit states.  This is what you can find in 
standards.   
 
After, you have to define criteria and 
performance measures.  The purpose of the 
criteria and performance measures are 
introduced to avoid dangerous states by safety 
margins.  There are three main approaches.  
One is based on safety coefficients.  It is no 
longer used in Europe but it has been used in 
previous codes, in Germany, for instance, and 
in Japan.  You have partial safety factor, which 
is now the standard – it was already the case in 
the previous French standard - but it is, in fact, 
defined in the new Eurocode and also defined 
in United States standards.  And you have a 
step forward, which introduces allowable 
probabilities of failure.  Actually, allowable 
probabilities of failure are already included in 
the partial safety factor format.  If you take 
Eurocode – I shall come back to this point later 
– you see that there is a duality between the 

partial safety factor approach and the allowable 
probabilities of failure approach.  Of course, 
you have to include maintenance action in 
order to follow the evolution of the criteria and 
the performance measures over a period of 
time, in order to determine if you have to 
perform detailed inspection, repairs or 
replacement.   
 

 
 
Performance evolution: the loss of initial 
functions can be due to several things.  First of 
all – this is the topic of this symposium – 
because you have ageing structures and you 
have to deal with degradations coming from 
several aspects.  You can have human errors 
and you can have external causes, such as 
impact, shocks, on piles in bridges.  You can 
have also modification of functions.  For 
instance, the use of the bridge will be different; 
for instance, you want to have three lanes 
instead of two, so you are changing how the 
bridge is used.  You can have standard 
modifications, for instance, the axle load is 
increased.  This is something which has often 
appeared during the past 20 or 30 years.  For 
instance, this is the case for railway bridges 
where, in fact, they have to reassess the 
bridges in order to increase the axle load and 
to see if they have to replace or reinforce the 
bridges.  Of course, you have lifetime 
extension.  If I take, for example, the Millau 
Bridge, do you think that in 120 years – which 
is the design lifetime period – do you think they 
are going to demolish it and build a new one?  I 
do not think so.   
 
The consequences are numerous.  You can 
have some human factors, if you have a bridge 
which has been closed to traffic.  You can have 
environmental damage, if you have a failure of 
the bridge.  You can have traffic delays, if this 
is one of the most important parts, not really 
because you close the bridge but, for instance, 
if you reduce the loading on the bridge, maybe 
some trucks are obliged to take another way to 
go from one point to another point.  Of course, 
you can have economic factors, for instance if 
you have a toll on the bridge to reduce the 
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liability of the bridge, so there is, in fact, a loss 
of income for the manager. 
 
So in summary, if you want to predict correctly 
the performance of a bridge, you need to 
define clearly what performance is.  I am sure 
that this is similar in your industry.  It means, in 
fact, to specify the concept of performance , 
how to define it and the different limit states.  
The second point is you have to define clearly 
what are the measures of performance.  So 
how much is it performing?  You can use a 
deterministic format or a probabilistic format.  
And a new point, this is quite new, especially in 
bridge engineering, is to introduce an 
evaluation of the consequences if, in fact, you 
have a change in the performance of your 
structure.  It means you have to assess the 
cost of this change.  For this purpose, you 
have several techniques.  One is to make a 
risk analysis, the second one is to introduce 
risk-base inspection and the third one is to 
introduce inspection, maintenance and repair 
procedures.  I will go into more detail on these 
points later. 
 

 
 
As I said, there are three measures of 
performance.  The first one is based on safety 
factors, or based on allowable stress 
principles.  It means that you take the load and 
you reduce the strains and you compare the 
reduced strains with the load.  It is a 
semi-probabilistic format, which is now mainly 
in all the codes.  You use a characteristic value 
for the load, multiplied by a safety factor which 
increases this characteristic load and you 
compare it to a reduced strain.  The 
probabilistic format is to calculate the 
probability that the loading is over the strains.  
This is very classical.   
 
When you do a reassessment for an existing 
structure, you have to deal with some 
problems.  The first one is that these standards 
are only valid in some contexts.  When you 
have stand out, they are related how to build a 
good structure and the question is, if for 
instance, I take my standards and I have a 

steel structure and I want to reassess my steel 
bridge, I am sure it may be a bridge built in the 
early ‘20s, and consequently I am going to 
have some detail which is not very particular 
detail, and is very different from what I can find 
in standards.  The second point is of course, 
that partial safety factors for design are 
including and covering a large set of 
uncertainties.  So when I have a particular 
bridge, I can reduce the uncertainties by 
carrying out testing, inspections and testing 
specimens.  The third point is usually, 
standards are, in fact, covering a lot of 
uncertainties and there is a large 
generalisation degree for accounting for those 
uncertainties.  Consequently, when you make 
a design, if you make a wrong design, and you 
want to build on the right side of your limit 
state, it is not very costly.  But if you have an 
existing structure and you are checking your 
existing structure, and you are on the wrong 
side, it can cost a lot because it is taken on the 
maintenance budget and maintenance budgets 
are usually very low.  For a new structure, the 
cost is mainly the construction cost. 
 
What we are doing is trying to introduce some 
more advanced techniques in order to 
reassess structures.  While this is not 
particular to France, and several other 
countries, the United Kingdom, Germany and 
all Northern Europe, and even in the 
United States, have tried to introduce reliability 
theory in order to reassess existing structures.  
So it is, in fact, a probabilistic approach.  You 
have to assess probabilities of failure and to 
compare to another probability of failure in 
order to take some decisions. The approach is 
sometimes very difficult because you have to 
identify all the influencing parameters to make 
a statistical analysis of the variabilities, to 
determine probability functions, to calculate 
probability failures and to compare all that.  In 
fact, you have some limits because sometimes 
it is very difficult to measure some variables 
and to get information.  The second point is 
that statistical data is sometimes not available, 
calculations may be difficult, and one of the 
most important points is how to select an 
allowable probability of failure.   

This is, in fact, a condition in order to introduce 
a risk-based assessment approach because a 
risk-based assessment approach is mainly 
probabilistic.  When you have done your 
probabilistic analysis, it is possible then to 
introduce consequences.  If you multiply 
consequences, which are mainly characterised 
by the cost of the probability of failure, it 
provides you with an idea of the risk.  Be 
careful, you have to distinguish risk and 
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hazard.  Sometimes there is a 
misunderstanding between the two concepts.  
A risk is really something which includes a 
probability of a hazard, multiplied by the 
consequences of the cost, if that hazard 
occurs.  And of course, you have honourable 
risk and honourable probabilities.  The 
expected result from this kind of analysis is to 
have more efficient assessment and access 
indicators, to take into account socio-economic 
aspects by the cost of the consequences to 
help to define preventative actions, to take into 
account specificities and maybe to reduce 
probabilities of failures for existing structures 
through partial safety factors adapted to 
existing structures.  I have to recall that all the 
partial safety factors you have today in actuel 
standards can only be used for new structures 
and not for existing structures.  You can also 
make an optimisation of the inspection to offer 
better use of inspection results and to test 
different repair and management strategies 
and of course, to predict and create priorities.  I 
am going to show some examples for the 
different points. 
 
The problem in risk assessment is that you 
have to define what is an allowable risk or what 
are allowable probabilities of failure.  And this 
is sometimes very difficult.  What you can use 
is fatality rate or societal risk in order to have 
an idea about what can be chosen as risk, 
allowable risk, for your activity.  This is a 
general view of the fatality rate, which can be 
found.  It is very different, according to the type 
of activity.  What is important is that you have 
not confused the approximate death rate with 
the typical risk of death per year, because it is 
the activities, not the number of deaths that is 
important, but also the number of deaths per 
hour or year of activity.  The second point is to 
define social risk.  A lot of work has been done 
during the Eurocode 1 procedure and process 
especially to define what are the probabilities of 
failure allowable for bridge design.  This type of 
table, used for designing dams in the 
Netherlands, discriminates between voluntary 
and non-voluntary activities.  And if we use this 
table and compare it with the previous one, it 
demonstrates that an allowable risk of 
probability of failure for bridges, per year, is 
between 10 minus 6 and 2010 minus 6.  The 
driver considers that there is no risk in crossing 
a bridge so it is a non-voluntary action for him.  
The maximum boundary is having a car 
accident on the bridge.  So that gives you an 
idea.  And if you look at the probabilities that 
have been taken into account in Eurocode 1, 
the basis of design, they are very close. 
 

What I am doing now is showing very quickly 
what the standards demonstrate regarding the 
allowable probabilities of failure.  The first one 
is what you can find in Eurocode 1 basis of 
design.  You have to look in the annexe to find 
all these tables because in the main 
presentation it is only a summary.  What is 
interesting in Eurocode 1 is that it introduces 
classes of gravity and, consequently, it is 
possible to change from one class to another.  
While this has not been allowed until now for 
new structures, but everything is made to 
improve the standard for existing structures.  
So you can have reduced allowable probability 
of failures according to the type of structure 
and the frequency of use and the 
consequences of failure.  If you take the 
international standard ISO 13822, you have 
target reliabilities expressed in terms of Beta 
values.  You may not be familiar with Beta 
values, but it is related to failure.  Of course, 
your serviceability limit state is reversible, 
non-reversible.  If your fatigue details can be 
inspected or not inspected, you can have very 
different target reliabilities.  It is the same for 
the standard used in northern Europe, in 
Scandinavian countries, according to the 
failure consequences.  If your structure is 
ductile or brittle, you can have several 
allowable probabilities of failures.  If you take 
NKB – it is more a research code – they make 
a separation between the consequences of 
failure and the cost of safety measures in order 
to reduce the consequences.  And you can find 
several target reliability indexes.  If you take 
the most advanced standard it is, in fact, the 
Canadian one.  With the Canadian standard, 
you have target reliability which can be 
different according to the quality of the 
inspection, to the redundancy of your structure, 
to the behaviour of your components and the 
type of traffic crossing the bridge. 
 
If we have a look at the residual and accepted 
risk in bridges, you will note that if you study 
the different hazards, 62% of the problems are 
arising from inappropriate measures.  So there 
is a strong improvement at that point for 
reducing risk.  You have to really use 
appropriate measures.  To summarise failures 
in bridge structures that you can find, 21% of 
design mistakes lead to failures.  You have 
25% due to impact, where cars or trucks 
impact the bridge.  And 16% are due to 
foundation problems, it is sometimes very 
difficult to get a good idea of the quality of your 
foundations.  So there are different problems 
which have the same weight in the failures in 
bridge structures.   
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Of course, you have human errors.  
Sometimes 43% of errors are due to a bad 
appreciation of loads and structural behaviour.  
We recently had a problem with a terminal in 
Roissy Airport, and this was mainly due to 
those 43%.  There are several factors leading 
to human errors like using new or unusual 
materials, new or unusual construction 
processes, new and unusual structures, lack of 
experience at research and development level.  
And of course, financial and industrial and 
political climates, which have sometimes an 
important consequence relating to human 
errors.  There are different ways to reduce 
human errors, to have accompanying 
measures, controlled measures and quality 
assurance. 
 
I am now going to present what can be a step 
forward for bridge reassessment.  I would like 
to introduce the concept of bridge geriatrics.  It 
is a field where you have to take into account 
the full set of actions related to the 
management of existing structures.  That 
means inspection, auscultation, condition 
assessment, structural assessment and 
maintenance.  So why?  Why must we 
maintain the performance of bridges?  You 
have to check safety criteria and functionality 
criteria and serviceability criteria, but also 
sometimes economical and aesthetic criteria.  
There are several cases where you can reduce 
to three criteria, good conditions, bad 
conditions, but user safety is not concerned, 
and dangerous.  You have two steps in the 
condition assessment. 
 
It is mainly based on routine inspection or 
detailed inspection.  So you have a view about 
the state of the bridge.  The structural 
assessment is a bit more difficult because you 
have to make some recalculations of your 
bridge.  And, as I previously stated, we do not 
have for instance, in some countries, 
standards to handle the reassessment of 
existing structures.  You have to do this 
reassessment when you have increased loads, 
degradation, repair, modification of use and 
extended lifetime for very old bridges.  In the 
assessment, you have several stages.  The 
first one is to make a preliminary inspection if it 
is not made previously as a routine one.  The 
secondone is to analyse available documents.  
This is sometimes very difficult because you 
can have a lot of documents dispatched and 
spread over several services.  You have to 
perform detailed inspections, then you must 
analyse specific data and consequently, make 
a refined analysis of the limited state and the 
variables.  Of course, eventually you have to 
make calculations of failure probabilities.  From 

these data, you can make some decisions 
regarding repair, loading restrictions, etc.  You 
have to clearly define some advance and 
assessment indexes.  There are four 
approaches in doing that.  The first one is to 
use characteristic values from standards, 
partial safety factors from standards, and 
compare an increased load to reduced 
strengths.  The second one is to use a 
probabilistic approach based, in fact, on 
available data and compare the reliability index 
to the reliability index given in the standards.  
The third point is what the bridges are doing, to 
provide some calibrated and new partial safety 
factors for existing structures and, according to 
inspection results, to use these reduced or 
increased partial safety factors.  For instance, 
if, on a bridge, you have only cars, it is not the 
same as if you have only trucks crossing the 
bridge.  The weight is completely different and 
the load is completely different.  Of course, if 
you have information regarding the strength of 
your matter, you can also have better partial 
safety factors.  The fourth approach is to use a 
probabilistic approach, an updated probabilistic 
approach.  It means that you update your 
probabilities of failures. 
 
This is a general schematic view of the 
different ways of using the different 
assessment indexes, so, of course, you start 
from the simplest one to the most 
sophisticated one.  The most sophisticated 
multi-level assessment is a work done in a 
European research programme between 
France, Great Britain, Germany, Norway and 
Spain.  This multi-level assessment is now 
used by the United Kingdom in the assessment 
of existing bridge structures and is going to be 
introduced for railway engineering.   
 
When you do reassessment, you need to have 
principles and procedures applied to existing 
bridges and procedures which use specific 
data in the most efficient manner.  The gains 
are to have more performance reassessment, 
to rationalise assessment inspection 
procedures, to update performance easily and 
to compare different solutions.  It is very 
important to have specific data and this is 
dealing with a structural analysis, loads and 
strengths.  So, in the multi-level approach, as 
demonstrated previously, you can have a table 
where, according to the level you are at, a 
guideline is provided in order to choose an 
appropriate structural analysis for the 
assessment level you are performing.  In the 
same way, if you take the loading, you can 
have some information on dead loads, now it is 
possible to have some general information 
regarding the dead loads, chief concrete, 
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pre-cast concrete, pavement.  If you take the 
Eurocode 1 basis of design, it is written in 
deterministic terms.  But if you go back to the 
annex, or if you take all the background 
documents, everything is written in probabilistic 
terms.  That means you can find, in Eurocode, 
the probabilistic descriptions of traffic loadings 
that you can use in a probabilistic analysis or in 
a reassessment when you want to use a risk 
analysis approach. 
 
Let us look now at strengths, steel 
reinforcement, steel parts, pre-stress, etc.  
Regarding the strength of the concrete, we can 
have some information according to the quality 
control.  For the geometry too, this is a table 
which you can find in the British standard.  And 
now I am going to show you some applications 
of the different indexes, based on these kinds 
of tables, based on specific data and how a 
probabilistic approach can be used in order to 
improve your assessment approach.  The first 
index is mainly based on the safety factors and 
characteristic values in standards.  I am going 
to emphasise and show you some applications 
for indexes two, three and four.  For index two, 
this is an application on the reinforcement 
corrosion.  We have several reinforced 
concrete structures to deal with a lot of 
corrosion problems inside concrete.  This leads 
to corrosion of the different steel parts and 
reinforcement inside.  Basically this is due to 
two problems.  The first one is carbonatation. It 
means that CO2 is moving inside the concrete, 
and declining PH levels, leading to an 
increased probability of corrosion.  The second 
point is an increase of chlorides inside the 
concrete, and this can cause corrosion at the 
reinforcement level.  These degradation levels 
can result in several issues.  First of all, cracks 
appear at the concrete surface, then it leads to 
a loss of load-carrying capacity because you 
have a loss of reinforcement, a loss of the 
capacity for the structure to support loading 
and, of course, you can have a change in the 
steel properties.  Cracking at the concrete 
surface is not dangerous for the structure; it is 
dangerous for the user who is beneath the 
structures.  You see, in fact, you can have an 
evolution in the performance.  At the first 
stage, you have no change because the 
aggressive agents are going into the concrete.  
When the aggressive agents reach the 
reinforcement, you can have a critical amount 
of aggressive agents and this can lead to a 
corrosion initiation.  You have a loss of 
serviceability due to cracks, a loss of structural 
safety because you have a loss of 
reinforcement and consequently a loss of 
load-carrying capacity.  This is a general view 
of the different cycles in the performance of 

reinforced concrete.  So you can have initiation 
of the corrosion cracking at the concrete cover, 
then you can have an increase of the cracks 
and a large increase of the cracks which can 
lead to scaling, so you can have a loss of 
concrete.  And you can have an important loss 
of the reinforcement as mentioned earlier. 
What we did recently was to publish guidelines 
regarding how to design good concrete when 
designing new structures.  For instance, this 
table has been used for Millau Bridge in order 
to define what are the good concrete 
characteristics when you want to use them for 
this bridge.  But we used this table as a risk for 
corrosion.  And in fact, we made a statistical 
analysis of the different degradation variables 
and we made some combinations between the 
different parameters and at the end it was 
possible to draw a profile of the degradation.  
So this will give you an idea of all the 
degradation profiles of all the different bridges 
we have selected and analysed.  This will also 
give you an idea of initiation time, mean 
initiation time, the mean cracking and scaling 
time.  This one is the same figure for a 
different concrete cover.  We also used a 
probabilistic approach to check for the integrity 
of the bridge, while the partial safety factors 
used for designing cables the seismic effects. 
 
The third method has been used to reassess 
the load-carrying capacity of the 
Tancarville Bridge, which is the longest 
suspension bridge in France.  The suspension 
cable was replaced recently and it was 
important to assess the load-carrying capacity 
before replacing the suspension cable because 
the bridge was open to traffic during the 
maintenance and the replacement works.  You 
can change the partial safety factors, so what I 
have already mentioned regarding the 
aggressive agents.  The consequences on the 
performance of concrete structures can be 
used in order to get some new partial safety 
factors and to determine through a 
deterministic approach, the strength of these 
structures. 
 
Just to conclude regarding fatigue problems, 
we made a large analysis regarding the fatigue 
in composite bridges.  Composite bridges in 
France are non-redundant structures.  There is 
a very low degree of redundancy.  This kind of 
design is used in the United States, and is 
really used in all of Europe.  And the question 
is, if we detect a crack in a welded joint, what is 
the remaining time before a major problem 
appears?  And we tried to understand the 
performance.  I have to precise that 
Eurocode 3, dealing with steel and composite 
structures allows to reduce partial factor from 
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1.5 to 1, if you are performing good 
maintenance action, but they did not tell you 
what the good performance actions are.  So if 
you want to design for 100 years, you can use 
1.5 factor.  If you want to design for 100 years 
with a safety factor of one, you have to perform 
good maintenance actions.  So we tried to 
understand what was this concept of good 
maintenance actions and to do that, we used a 
risk-based analysis, as used in offshore 
engineering.  So we have assessed the cost of 
failures, the cost of inspection, the cost of 
maintenance and the different parameters for 
an economical analysis.  And when you make 
an inspection, you can detect a problem or 
detect nothing.  If you detect something, 
maybe you can do nothing, or you can do a 
monitoring, or you can do a repair.  If I used a 
two-outcome analysis, if I detect something, I 
repair.  Strictly because it is a non-redundant 
structure, we arrive at a risk-based inspection, 
an analysis of the risk and an analysis of what 
is the most efficient non-destructive technique.  
The most efficient one is the shortest 
inspection period and the cheapest technique.  
We got some results and we found that a rate 
of between 20 and 30 years is quite a good 
approach and it corresponds to a rate of 0.5 in 
the partial safety. 
 
This is a more general approach and you are 
trying to determine your inspection calendar 
and inspection planning over 50 years.  You 
can use this type of technique of risk-based 
inspection approach and this will give you, 
according to different strategies - if you detect 
and repair or if you detect you will only repair 
from a certain degree of degradation - the 
different results of this kind of optimisation 
technique.  You know that reassessment is 
only a part of the maintenance programme for 
bridges.  So we need to define good 
reassessment indexes, how to use them in an 
efficient way from an economical point of view 
because you only have limited projects.  You 
have to know how to use inventories and 
databases in order to provide more 
reassessment, a more rational performance 
assessment of your structure. Thank you very 
much. 
 
Dominique ARNAUD - Merci, Monsieur 
Cremona. Monsieur Viel va nous donner une 
seconde présentation d'un sujet hors nucléaire. 
Monsieur Viel est ingénieur des ponts et 
chaussées. Il travaille à la SETEC qui est 
également dans le secteur d'activité des 
ouvrages d'art.  
 

Grégory VIEL - Je voudrais tout d'abord 
excuser Monsieur Jaeger qui a eu un 
empêchement et que je remplace.  
 
Après une introduction, je parlerai de différents 
aspects de durabilité dans la conception 
générale des ouvrages d’art, les matériaux, les 
méthodes de calcul, les études et essais, les 
dispositions constructives, la qualité de 
réalisation, la surveillance, l'entretien et 
l'expertise. Nous pourrons ensuite passer de 
l’aspect durabilité à l’aspect vieillissement et 
suivi de ce vieillissement.  
 
En ce qui concerne l'étude de la durabilité, 
nous allons prendre l'exemple du viaduc de 
Millau. Loin de nous l’idée de s'arroger la 
conception du viaduc de Millau à laquelle 
beaucoup de gens ont participé et SETEC n'a 
en aucun cas réalisé cette conception. Nous 
avons participé à certaines phases de cette 
conception et au suivi des études. Le viaduc 
de Millau est un bon exemple, parce qu'il est 
un ouvrage marquant et très important 
aujourd'hui qui allie du béton et de l'acier. C'est 
également un ouvrage pour lequel l'objectif de 
durabilité de base était de 120 ans. 
 

 
 
Je vais vous présenter en préambule SETEC 
TPI qui a pour vocation d'assurer les études, la 
maîtrise d'œuvre, la conduite d'opérations et 
l'assistance à maîtrise d'ouvrages pour la 
réalisation des grandes infrastructures de 
travaux publics et d'installations à caractère 
industriel et de leurs équipements. Voici 
quelques références auxquelles nous avons 
participé, qui touchent des tunnels, des 
ouvrages d'art, des équipements sportifs ou 
culturels de grande hauteur : le tunnel sous la 
Manche, le pont de l'Europe à Orléans, la tour 
PV6 à La Défense, l'opéra de Pékin, 
l'extension du port de Monaco. Nous 
intervenons donc aussi bien sur des ouvrages 
neufs que sur des réparations d'ouvrages, 
mais la durabilité doit être prise en compte dès 
le début et c'est ce que nous allons voir dans 
l'exemple de la conception du viaduc de Millau. 
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Comme vous l'avez vu, il y a énormément de 
définitions de la durabilité. L’Eurocode donne 
la définition suivante : une structure durable 
doit satisfaire aux exigences d'aptitude au 
service, de résistance, de stabilité pendant la 
durée de l'utilisation du projet, sans perte 
significative de fonctionnalités, ni maintenance 
excessive imprévue. La durabilité est donc 
l'aptitude à résister, dans le temps, aux 
différentes agressions et sollicitations de la 
structure, qu'elles soient physiques, chimiques 
ou mécaniques. Dans le cas que nous allons 
étudier plus précisément, nous nous 
intéresserons aux piles en béton et aux 
aspects particuliers de durabilité liés au gel, 
aux sels de déverglaçage, aux réactions 
chimiques différées que ce soit l’alcali-réaction 
ou la réaction de gonflement sulfatique interne, 
ou aux protections des armatures. 
 
Pour ceux qui ne le connaissent pas, le viaduc 
de Millau est un ouvrage qui a été achevé cette 
année. C'est un pont à haubans de 2400 
mètres de longueur avec huit travées, des 
portées entre piles principales de plus de 342 
mètres. Il a nécessité dix ans d'études avec de 
nombreuses associations, bureaux d'études et 
architectes. Le maître d'ouvrage du viaduc de 
Millau est la compagnie Eiffel et le SETRAM a 
réalisé les études d'avant-projet. Le 
groupement qui a été choisi pour la conception 
est SOGELERG, Michel Virlogeux, ingénieur et 
Norman Foster, architecte. SETEC TPI a 
réalisé le contrôle des études d’exécution et le 
contrôle de la réalisation sur chantier. Les 
entreprises qui ont construit cet ouvrage sont 
FHTP et Eiffel.  
 
Le premier aspect de la durabilité est donc la 
conception. Face à l'objectif de durabilité de 
120 ans, il fallait concevoir une structure 
simple sans joints ni articulations, utiliser des 
matériaux dans leur domaine d'emploi, l'acier 
pour le tablier, le béton pour les piles, utiliser 
un mode de construction favorisant la qualité 
d'exécution et la durabilité, avec de la 
préfabrication en usine, et des outils coffrants 
adaptés. L'objectif était de réduire les coûts 
d'entretien pour le concessionnaire. Avant de 
parler des matériaux, le premier aspect qui est 
très important est la conception. Il fallait 
imaginer cette durabilité dès la conception. 
 
Le deuxième aspect concerne les matériaux. 
De l'acier pour le tablier, du béton pour les 
piles et les culées. Nous avons utilisé des 
aciers à haute limite élastique pour limiter le 
poids du tablier et pour avoir une qualité du 
matériau maximale. Des bétons à haute 
performance ont été utilisés, quatre formules 
de béton sur les mêmes matériaux de base de 

manière à avoir une meilleure maîtrise de la 
production et du stockage des matériaux, du 
B60 sans fumée de silice pour les piles, du 
B35 avec fumée de silice pour les semelles. 
Même si cet aspect peut paraître le plus 
important pour la durabilité, nous verrons que 
la durabilité des matériaux ne suffit pas à 
assurer la durabilité de l'ouvrage, puisque nous 
pouvons grossièrement avoir un béton parfait 
entre deux fissures parfaites. 

Les règles de calcul qui sont actuellement en 
vigueur ne prennent pas en compte 
explicitement la durée, même si nous pouvons 
imaginer qu'elle tourne autour de cinquante 
ans. Les règles Eurocode traitent clairement le 
sujet en introduisant les classes d'exposition, 
les classes structurales, l'enrobage des 
armatures, et les limitations d'ouverture de 
fissures. Les règles Eurocode prennent en 
compte la durabilité, et dans le cas du viaduc 
de Millau, pour aller plus loin que ces règles 
Eurocode, le concessionnaire qui cherchait 
non pas une durée de vie de cinquante ans, 
qui est une durée minimale en règle Eurocode, 
mais une durée de vie de 120 ans, a durci les 
règles, et les critères de conception sur la base 
des retours d'expériences récents sur des 
grands ouvrages, mais adaptés à des 
conditions particulières que sont le pont de 
Normandie et le pont Vasco de Gama. 
 
Je ferai une parenthèse sur la durabilité du 
B60. La pile du viaduc de Millau la plus haute 
est la pile B2 qui fait 245 mètres de haut, avec 
un fût unique en partie basse et un fût 
dédoublé en partie supérieure, soit 55 000 m³ 
de béton B60. Les semelles sont bétonnées à 
la pompe, et les levées suivantes sont 
bétonnées à la veine. Lorsque l'on regarde la 
coupe de la base de cette pile, avec des 
dimensions de 25,50 mètres sur 17 mètres, si 
nous faisons le calcul des contraintes, nous 
voyons que le taux de contraintes est 
relativement faible en pied de pile, parce que 
finalement l'utilisation du béton haute 
performance a plutôt comme but d'avoir des 
hautes performances en termes de durabilité 
plutôt que des hautes performances en termes 
de résistance mécanique. Je vais passer 
rapidement sur la formulation du béton, elle a 
utilisé les bases de prescription de la nouvelle 
norme européenne sur les bétons EN206. La 
formulation du béton s'est en fait attachée à 
isoler chacun des risques quand à sa 
durabilité, que ce soit donc le gel, les sels de 
déverglaçage, les réactions chimiques 
différées en isolant chacune de ces réactions 
et en donnant dans la formulation et la mise en 
œuvre une réponse précise à chacun de ces 
facteurs. Nous pourrions détailler, pour chacun 
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des caractères, la réponse à un problème 
particulier que ce soit la réaction de 
gonflement sulfatique interne ou l’alcali-
réaction. Donc à base de Clinker pour une 
meilleure réalisation des aciers, un dosage 
réduit en ciment pour un dégagement de 
chaleur minimale pour limiter la réaction de 
gonflement sulfatique, un ouvrage surclassé 
en environnement 2B2 gel sévère du fait de la 
hauteur des piles pour améliorer la durabilité. 
Pour la mise en oeuvre il a été choisi un 
fournisseur avec de bonnes références, un 
temps de malaxage allongé pour améliorer 
l'homogénéité du béton et un transport 
classique du béton sans pompage pour garder 
des techniques de bonne qualité. La précision 
des armatures est garantie par la bonne teneur 
en clinker du ciment, un faible taux d'alcalins 
pour limiter l’alcali-réaction, l’enrobage des 
armatures de 4 centimètres alors que la norme 
en demandait trois pour avoir une bonne 
sécurité vis-à-vis de la carbonatation du béton. 
Les calculs ont donné une carbonatation du 
béton de 15 mm sur 120 ans. La faible 
perméabilité du béton avec un faible rapport 
d'eau sur ciment améliore sa compacité. Le 
super plastifiant et le granulage limité 
améliorent sa maniabilité et enfin l’hydratation 
basse température avec un dosage en ciment 
limité et un faible dégagement de chaleur initial 
permettent de ne pas dépasser la valeur limite 
qui ferait prendre des risques au niveau du 
gonflement sulfatique interne. Des études 
thermiques ont été faites par le laboratoire 
central des ponts et chaussées avec le logiciel 
César, et les températures ont été contrôlées 
par des mesures sur place. Tout cela, pour 
s’assurer de la durabilité du béton depuis la 
conception jusqu'à la réalisation. 
 
Le quatrième facteur important dans la prise 
en compte de la durabilité à la conception est 
la réalisation d’études et essais. Des essais 
ont été réalisés pour valider la conception au 
niveau fiabilité, des études devant être reprises 
par l'Etat avant la concession. Il s’agit des 
essais réalisés par la CSTB dans la soufflerie 
de Nantes, des essais géotechniques, des 
essais sur les haubans de fatigue et 
d'étanchéité des différents composants, des 
essais de fermement statiques et dynamiques 
lors de la réception et enfin l’installation d’un 
laboratoire béton sur le site pour un suivi, à 
chaque coulée, de la qualité du béton. 
 
Un autre facteur concerne les dispositions 
constructives. L'enrobage des aciers de 
40 mm les protège au maximum. Il sera 
possible d'ajouter de la précontrainte 
ultérieurement pour intervenir sur l'ouvrage s'il 
y avait des défauts décelés lors des essais. 
Une épaisseur plus importante des tôles a été 

prévue sur la voie lente : sur la voie rapide les 
tôles ont 12 mm d'épaisseur, sur la voie lente, 
où il y a des chargements ponctuels avec les 
camions notamment, nous avons une 
épaisseur de tout le plus importante. Ce sont là 
des dispositions constructives qui permettent 
d'assurer une bonne conception et une longue 
vie de l'ouvrage. Pour ce qui est du tablier, il y 
a une déshumidification de manière à protéger 
l'intérieur de ce tablier. L'extérieur du tablier 
étant protégé de la corrosion par une peinture 
anticorrosion classique. 
 
Les facteurs importants pour assurer la 
durabilité de l'ouvrage sont les conditions de 
réalisation, l'utilisation de méthodes bien 
connues permettant d'avoir une qualité 
maximale, des coffrages auto-grimpants pour 
les piles, un assemblage du tablier au sol et 
85 % de la main-d’œuvre en usine, avec une 
préfabrication maximale, un travail en atelier 
dans les conditions de qualité maximale, et 
une intervention minimale sur site. Dans le 
cadre du coffrage des piles, les coffrages sont 
auto-grimpants à l'extérieur et grimpants à 
l'intérieur en utilisant la grue. Les coffrages 
sont équipés d'une jupe textile qui a permis de 
protéger pendant dix jours le béton après son 
coulage pour éviter les chocs thermiques et 
contrôler la prise, ce qui permet de réduire les 
fissures. Nous avons donc un bon matériau, et 
en plus nous essayons de le protéger dans sa 
mise en œuvre, pour qu'il ne reste pas de 
fissures dès la construction. La cadence 
globale est de trois jours pour une avancée de 
quatre mètres. 
 
Pour l'assemblage du tablier, des tronçons de 
170 mètres étaient réalisés. Dès qu'un tronçon 
était réalisé, l'ensemble des tabliers avançaient 
pour atteindre une pile. En résumé, pour la 
réalisation du  tablier, 85 % de la main-d’œuvre 
était en usine, le montage était effectué sur 
site à l'aide de portiques et la réalisation des 
soudures et de la peinture était faite sous abri 
de manière à avoir une qualité de réalisation 
maximale. 
 
Une fois l'ouvrage construit et réalisé, l'aspect 
important pour assurer sa durabilité est la 
surveillance et l'entretien. Il y a donc un suivi 
métrologique qui est en place depuis la 
construction, qui reste à la réception et qui 
reste en exploitation : contrôle du 
comportement des haubans et des capteurs 
répartis dans la structure de manière à suivre 
son comportement au cours de sa vie, voire à 
vérifier les hypothèses de calculs qui ont été 
utilisées. Ces capteurs sont thermiques, 
mécaniques et au niveau des déplacements 
entre autres. 
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Dernier point qui a été mis en œuvre dans la 
réalisation du viaduc de Millau, pour assurer sa 
durabilité : en termes d'expertise et de qualité, 
le choix du ciment a été fait selon les 
recommandations du groupe BHP 2000 dans 
les bétons hautes performances. Un comité 
d'experts de haut niveau a été rassemblé par 
les maîtres d'ouvrage depuis la conception 
jusqu'à la fin de la réalisation pour conseiller et 
faire un suivi de la réalisation de l'ouvrage. Il y 
a également eu du contrôle interne et externe 
des études, un contrôle extérieur réalisé par 
une maîtrise d'œuvre indépendante SETEC 
TPI et enfin les audits qualité de l'association 
française d'assurance qualité tous les six mois. 
 
Après avoir abordé la durabilité, parlons un 
peu plus précisément du vieillissement. Des 
essais de fluage ont été réalisés sur le béton 
de manière à bien appréhender le 
comportement différé mécanique de ce béton. 
Des tests de vieillissement de ce béton armé 
par contrôle destructif ont été menés pour 
vérifier la carbonatation et la pénétration des 
chlorures, sur des blocs qui étaient exposés 
aux mêmes conditions d'environnement que le 
viaduc. Il a été ensuite prévu sur l'ouvrage des 
zones de prélèvements où des éprouvettes de 
béton pourraient être prélevées ultérieurement 
pour analyser de nouveau le comportement du 
béton. Il y a donc des zones qui sont un peu 
plus « luxueuses » que prévu pour étudier 
éventuellement ultérieurement le vieillissement 
de l'ouvrage. Et enfin, comme nous l'avons vu, 
des capteurs sont répartis dans la structure 
pour garder un monitoring et une surveillance 
permanente de l'ouvrage.  
 
Les essais réalisés montrent que le fluage était 
conforme à ce qui avait été pris en compte 
dans les calculs. La courbe présentée à 
90 jours, représente le suivi du vieillissement 
durant la mise en œuvre. 
 
En conclusion, je résumerai que cet ouvrage 
est un ouvrage important, avec une 
conjonction de matériaux qui est une belle 
manière d'aborder tous les sujets qui pouvaient 
être évoqués au niveau de la durabilité au 
moment de la conception et ensuite dans la 
réalisation. Pour assurer la durabilité, la 
démarche doit s'intéresser aux aspects 
suivants : le choix sélectif des matériaux, 
l’approche spécifique de chaque critère de 
durabilité, la présentation des retours 
d'expérience des ouvrages précédents, 
l’approche qualité des études de la production 
et du contrôle de celle-ci, et le suivi de la 
durabilité et du vieillissement des matériaux. 
 

Deux autres exemples d’études sur lesquelles 
nous avons travaillé, et qui sont des exemples 
de conception récente dans lesquelles nous 
avons vu d'autres approches de durabilité ou 
dans lesquelles nous avons essayé d'intégrer, 
comme nous l'avons vu, toute cette méthode 
en amont de l’approche de durabilité. Un 
exemple concerne des études pour des 
containers de déchets radioactifs qui ont été 
réalisées pour le CEA. Il a été par exemple 
décidé d'utiliser des aciers inox d'une manière 
à assurer une durabilité dans des conditions 
très agressives. L'acier inox répondant ici 
assez bien aux contraintes des containers qui 
sont en béton armé. Autre exemple, un 
nouveau pont à La Réunion, que nous avons 
conçu et qui sera bientôt en cours de 
réalisation, sur lequel toutes les études ont été 
faites de manière à prendre en compte dès le 
départ l’aspect durabilité. Il y a un tablier en 
acier et des béquilles en béton haute 
performance. Nous pourrions encore égrener 
tous les différents aspects du béton et de 
l'acier qui sont mis en œuvre. Nous nous 
sommes inspirés des expériences récentes, 
notamment Millau, pour concevoir cet ouvrage. 
Sur le tablier métallique, nous avons décidé de 
mettre des déshumidificateurs mais aussi de 
mettre de la peinture anticorrosion intérieure 
de manière à obtenir un degré supérieur de 
protection. 
 
En conclusion, c’est toujours une question 
économique, de savoir jusqu'où il faut aller 
pendant les travaux pour faire gagner sur les 
interventions ultérieures sur l'ouvrage, pour 
assurer finalement une maintenance la moins 
coûteuse possible et une durabilité qui soit la 
plus longue possible. Merci beaucoup. 
 
Rémi GUILLET - Merci pour ce bel exposé sur 
un ouvrage particulièrement intéressant avec 

un certain 
nombre de 
moyens mis 
en œuvre au 
niveau de la 
conception, 
du choix des 
matériaux, de 
la réalisation 

qui sont tout à fait précieux et qui complètent 
bien l'approche que Monsieur Cremona nous 
faisait sur un parc que l'on imagine assez 
gigantesque.  
 
Je ne sais pas l'ordre de grandeur du nombre 
d'ouvrages de ce type évoqués, routiers ou 
ferroviaires au niveau français. 
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Christian CREMONA - Cela représente à peu 
près 30 000 ouvrages au-delà de deux mètres 
de portée. 
 
Grégory VIEL - Je voudrais ouvrir une 
parenthèse et dire que mon exposé et celui de 
Christian Cremona étaient relativement liés 
dans la mesure où les formations de béton du 
viaduc de Millau ont été étudiées par le 
laboratoire central des ponts et chaussées. J’ai 
seulement présenté des informations, sur 
lesquelles beaucoup de monde a travaillé et je 
pense que les deux exposés se recoupaient un 
peu.  
 
Rémi GUILLET - Ils se recoupaient, mais de 
façon tout à fait complémentaire, merci de 
vouloir rendre à César ce qui est à Jules. Nous 
allons peut-être parler du pont du Gard. À ce 
sujet, j'aurais une première question qui est 
cette fameuse durée. Pour Millau, on nous dit 
clairement 120 ans. Par contre, Monsieur 
Cremona, vous faites apparaître ailleurs des 
chiffres avec un point d'interrogation. Vous 
dites que les ouvrages routiers sont faits pour 
être utilisables pour une durée de référence de 
100 ans en général. Un peu plus loin dans 
votre exposé, vous donnez une durée de 
service prévisible qui est a priori de 50 ans et 
qui apparaît de façon plus claire dans 
Eurocode. Qu'en est-il exactement et comment 
se fait-il que nous ayons pu nous passer 
jusqu'à une date récente de cette notion, de 
durée de vie. Je posais la question à un jeune 
ingénieur il y a quelques jours alors que j'étais 
en train de lire votre papier en me demandant 
quelles sont les durées d'ouvrages prises en 
compte actuellement. Il m'a répondu la 
décennale. Donc, la notion de durabilité ne lui 
était pas encore arrivée sur le bon neurone. 
Pouvez-vous nous préciser si cela est dû au 
fait que nous avons des coefficients de 
sécurité particulièrement élevés sur les 
constructions anciennes, que nous pouvons 
oublier. Ou y a-t-il effectivement une 
perspective, une date de durée qui était prise 
par nos anciens il y a 50 ou 100 ans et qui 
étaient effectivement de 50 ou 10 ans.  
 
Christian CREMONA - Je ferai la réponse en 
français, ce sera beaucoup plus simple. La 
question porte sur la notion de durée de vie. 
Cette notion est très difficile à définir et est très 
différente d'un pays à un autre. Elle englobe 
beaucoup de choses sur lesquelles beaucoup 
de personnes ont des avis divergents. En 
premier lieu, si nous prenons des ouvrages 
construits au début du XXe siècle, pour 
beaucoup, il est vrai que cette notion de durée 
de vie est tout de même assez floue. Ils 
construisaient des ouvrages et les géraient au 

jour le jour, faisaient une surveillance et 
voyaient comment ils évoluaient, s'il fallait faire 
de la réparation, etc. Ce qui était surtout pris 
en compte étaient les aspects du chargement. 
C'est pour cette raison que par exemple, si l'on 
prend certains vieux ponts ferroviaires aux 
États-Unis, ils ont été dimensionnés pour des 
machines à vapeur qui sont colossales. 
Actuellement, de tels ouvrages sont capables 
de supporter des charges de trafic ferroviaire.  
 

 
 
Si nous prenons certains ponts français, 
construits avant la deuxième guerre mondiale, 
notamment sur les itinéraires sensibles 
militaires, ils étaient construits suivants les 
types de véhicules militaires, des chars 
d'assaut, par exemple que personne n'a vu 
passer jusqu'à aujourd'hui. Nous avons donc là 
aussi des marges de sécurité qui peuvent être 
très importantes. En termes de chargement, 
les marges sont grandes. Si je prends le 
règlement de 1960 pour les ouvrages de petite 
portée, il est beaucoup plus défavorable que 
ne l'est le fascicule de 1971 qui est à présent 
mis en œuvre. L’Eurocode est beaucoup plus 
sévère, ce qui a notamment obligé les 
britanniques à revoir tous leurs ponts pour 
vérifier qu'ils étaient capables de supporter les 
charges, notamment de poids lourds, données 
par l'Eurocode. Ce qui n'était pas le cas côté 
français parce que nous avions des charges 
de dimensionnement beaucoup plus 
importantes.  
Ce qui pose véritablement problème sont les 
matériaux. Il faut bien voir qu'en Europe nous 
avons des ouvrages en acier et en 
maçonnerie. Je ne parle pas de la maçonnerie 
gallo-romaine, je parle de la maçonnerie du 
XIXe et avant. Le patrimoine de maçonnerie 
ferroviaire en Europe est énorme. Ils 
représentent 40 % des ouvrages. Et certains 
pays, comme la Grande-Bretagne, ont besoin 
de savoir comment les évaluer. Les calculs en 
maçonnerie sont très difficiles. Nous gérons 
des ouvrages en fonte, ou en matériaux qui 
n'existent plus du tout. Nous devons donc avoir 
une connaissance de ces matériaux et de leur 
évolution dans le temps. L'aspect 
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comportement du matériau est actuellement 
délicat pour apprécier la performance de 
l'ouvrage. Sans compter les ouvrages 
construits après la seconde guerre mondiale, 
très vite et très mal, et qui vivent aujourd'hui en 
moyenne une cinquantaine d'années. Nous 
retrouvons donc 100 ans dans l’Eurocode, et il 
n'est pas très grave que quelques petites 
formules mathématiques permettent de passer 
d'une année à une autre. Cinquante ans est 
une durée de vie moyenne assez réaliste 
concernant le patrimoine routier. Nous 
pouvons voir des ouvrages qui sont bien plus 
anciens et les ouvrages exceptionnels du type 
pont de Normandie, ou viaduc de Millau 
dépasseront très certainement leur durée de 
prévision. 
 
Je pense personnellement qu'il faut distinguer 
la durée qui est prise en compte dans le 
règlement et la durée de vie. Lorsque nous 
disons 120 ans cela veut dire que nous allons 
faire des calculs sur une période de référence 
de 120 ans. Cela veut dire que toutes les lois 
de valeur extrême, les charges routières , les 
effets du vent, des séismes, etc. seront 
calculés sur des périodes de retour qui seront 
raccrochées à cette durée de vie. Ensuite, en 
termes de durée d'ouvrages, il est 
déraisonnable de penser à plus de trente ans 
pour la simple raison que nous travaillons avec 
des taux d'actualisation en Europe qui sont de 
l'ordre de 6 %. Donc, faire de l'optimisation 
technico-économique à plus de trente ans n'a 
aucun sens. Cela veut dire que l'ouvrage est 
mort au bout de trente ans. Si vous planifiez de 
la maintenance sur trente ans, cela veut dire 
qu'il faut en fait glisser au fur et à mesure, il 
faut donc la réajuster. Un ouvrage peut 
également être obsolète, il peut avoir deux 
voies de circulation, il faudrait le passage de 
quatre voix de circulation parce que nous 
sommes dans une zone de trafic très intense. 
L'ouvrage n'est pas mauvais mais il est 
obsolète et doit être remplacé. Cette notion de 
durée de vie doit être véritablement décrite 
avec attention en fonction de l'ouvrage que 
nous sommes en train de regarder. Il y a des 
familles d'ouvrages dont nous savons par 
exemple que cinquante ans est la durée de vie 
maximale qui peut être atteinte. 
 
Rémi GUILLET - Nous pourrions en parler 
longtemps dans l'esprit de notre colloque. Il y a 
une question importante que vous avez 
évoquée et qui est celle de l'erreur humaine. 
Je ne sais pas si nous en avions parlé hier, 
mais c'est en tout cas un point important. Vous 
avez évoqué un gros problème récent sur un 
ouvrage de génie civil à usage aéronautique, 
que nous avons eu à connaître en France il y a 

un peu plus d'un an, et l'effondrement d'une 
éolienne dans le Nord dont on s'est rendu 
compte qu'elle avait bénéficié d'une erreur de 
calcul d'un facteur de 10. Les fondations 
étaient sous-dimensionnées d'un facteur 10. 
Elle avait tout de même tenu sept ans. Des 
kilos-tonnes avaient été assimilées à des 
tonnes. Pouvez-vous donner un certain 
nombre de conseils à ce titre ? Cela paraît 
tellement aberrant  de se tromper d'un facteur 
10 d'autant qu'il suffit d'un coup d'œil pour voir 
que cela suffit peut-être pour tenir un gros 
portique de jardin mais que cette fondation ne 
doit pas tenir une éolienne de 40 mètres de 
haut. Avez-vous des conseils ? Nous avons 
bien sûr la revue des calculs par des 
organismes, mais avez-vous d’autres outils et 
y a-t-il eu des précautions particulières dans le 
cadre de Millau, par exemple, de double 
vérification des calculs ? 
 
Christian CREMONA - Je vais d'abord laisser 
répondre mon collègue. 
 
Grégory VIEL - Dans le cas de Millau, il y a eu 
un contrôle extérieur des études avec un 
contre-calcul. Un contre-calcul complet a donc 
été réalisé, et les résultats des calculs, que ce 
soit des plans de ferraillage ou autres, étaient 
vérifiés par ailleurs. Chaque étape était vérifiée 
par un modèle indépendant complet. Les 
efforts étaient donc comparés par ordre de 
grandeur. Nous ne nous attendons pas à 
trouver les mêmes valeurs, bien sûr, mais le 
contre-calcul faisait que le genre d'erreur dont 
vous parlez n'était pas possible dans ce cas 
précis. Pour le dernier ouvrage à La Réunion, 
le maître d'ouvrage nous a donné la mission 
VISA de contrôle, avec des contres-calculs, 
plus les contres calcul sur un certain nombre 
de points comme la flexibilité générale, la 
flexion longitudinale, un certain nombre de 
points importants pour la stabilité de la 
structure. Ce n'est donc pas généralisé, ce 
n'est pas nécessaire dans tous les cas mais 
cela se pratique avec un contre calcul 
complètement indépendant. 
 
Rémi GUILLET - Une méthode différente est 
importante.  
 
Grégory VIEL - Un modèle différent sur les 
contrôles. La mission VISA consiste à regarder 
toutes les méthodes, hypothèses de calcul, et 
à donner un avis dessus. Lorsqu'il y a un 
contrôle interne, un contrôle externe et en 
contrôle extérieur en mission VISA, cela fait 
quand même un certain nombre de missions 
de contrôle même sans aller jusqu'au contre-
calcul. 
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Rémi GUILLET - Cela dépasse largement la 
vérification d'une feuille de calcul lue en 
diagonale qui peut effectivement laisser passer 
une erreur de 10. 
 
Christian CREMONA - Effectivement, pour 
Millau il y avait un certain nombre d'instances, 
l'administration avait son comité d'experts, 
l'entreprise avait son bureau d'études, la 
SETEC assurait la vérification, ce qui a permis 
de détecter un certain nombre de choses. Là, 
nous sommes dans le cadre d'ouvrages très 
exceptionnels. Dans ce cadre, ce type de 
vérification est naturel. Pour quelle raison ? 
Tout simplement parce que les règlements ne 
sont pas applicables. Si vous prenez 
l'Eurocode 1, l'Eurocode de calcul, son 
domaine d'applicabilité est sur des ouvrages 
jusqu'à 300 mètres de portée. Lorsque nous 
sommes à Millau, nous ne sommes plus dans 
la même gamme. Donc à partir du moment où 
les charges de calcul ne sont plus adaptées, 
où nous sommes dans des ouvrages sensibles 
avec effets du vent, où il faut faire des essais 
en soufflerie etc., vous mettez tout en œuvre 
pour faire des études qui sont les plus 
poussées, les plus pertinentes possible. Je 
vais essayer de ne pas être politiquement 
correct et je répondrai à votre question en 
disant qu'à partir du moment où nous mettons 
les moyens financiers pour mener des études 
de conception correcte, nous aurons des 
résultats corrects. Millau est l'arbre qui cache 
la forêt. Il y a des centaines de petits ouvrages 
construits par an, par des petits bureaux 
d'études pour lesquels tout ce qui est mis en 
œuvre pour Millau n'est certainement pas mis 
en œuvre au niveau de la construction. Nous 
sommes également dans un contexte politique 
en France, que d'autres pays ont connu, où le 
transfert des compétences aux collectivités 
locales fait qu'au niveau de l'Etat il y avait 
encore un certain nombre de compétences 
que nous ne retrouverons pas au niveau des 
collectivités locales. Les contre-vérifications 
seront donc nettement moins poussées. Millau 
est vraiment le cas exceptionnel. Les petits 
ouvrages représentent la majorité des cas et 
lorsque nous construisons une structure 
comme un simple bâtiment, je pense à 
l'aérogare de Roissy, nous arrivons à ce type 
de problème. 
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Dominique ARNAUD - Ce premier symposium 
arrive à son terme et Monsieur André-Claude 
Lacoste, directeur général de la sûreté 
nucléaire et de la radioprotection, va 
maintenant présider une table ronde 
conclusive.  
 
André-Claude LACOSTE - Thank you and it is 
a pleasure for me to chair the final session of 
this symposium.  I will invite the participants of 
the panel to join me here.  First we have Rémi 
Guillet, Chairman of Commission Centrale des 
Appareils à Pression.  Philippe Jamet, Deputy 

Director General of 
IRSN, William 
Borchardt, from the US 
NRC.  We have Ken 
Brockman, Director of 
the Nuclear Safety 
Department of the 
IAEA, and Sophie 
Mourlon.  I think that 
the best way to proceed 
now would be to ask 
each one of the 
participants to make a 

short statement on what he or she keeps in 
mind at the end of the symposium.   
 
Philippe JAMET - When thinking about ageing 
in relation to safety, one word strikes me a lot, 
ageing is just reality as opposed to a model.  I 
want to relate what I have heard from 
Sophie Mourlon.  Actually, one thing that struck 
me for a couple of years, and still strikes me, is 
that we have a lot of difficulty in predicting how 
and where we will get ageing in power plants.  
It is very difficult for various reasons, which we 
have already explained, to anticipate the 
ageing and the degradation we get in power 
plants.  Therefore, I think that when we are 
doing research in material science, we should 
never forget that most of the degradations we 
have seen up to now were not predicted by 
research and development.  I am not saying 
that research and development is not useful, 
and I see two reasons for research and 
development being useful.  First, because we 
are not able to predict exactly where we will get 
degradations, I think it is very important that we 
have very efficient observation and inspection 
techniques.  For me, it is definitely one area 
where there should be a lot of effort so that we 
have very efficient methods, and methods that 
are able to detect what we are not expecting.  I 
think that is one big problem with safety, detect 

what we are not expecting or what we are not 
able to predict. 
 
Second, once a degradation has been 
identified, it is usually very important to have 
data to predict how fast it will grow, what could 
be the maximum extension of this degradation, 
because it is the basis for determining what 
kind of strategy will be implemented to repair 
the components or replace them, or whatever.  
These are my two main messages.  For 
research and development it is very important 
to have investments in terms of research and 
development in inspection techniques and 
then, once a degradation mechanism is 
identified, we must be able to predict how fast 
and how far it will go so that we have a sound 
basis for the strategy that has to be put in 
place at that time. 
 
R William BORCHARDT - I would first like to 
thank the organisers of this symposium 
because I think they did a very good job of 
putting together a good programme and 
brought together a number of highly-skilled and 
enthusiastic participants.  So I congratulate 
each of you for your participation.  I leave this 
conference very optimistic because I think that 
this symposium showed that universally there 
is a high level of interest and complete 
agreement regarding the importance of ageing 
issues in nuclear power plants.  It is a job that 
we will never complete, 
however.  The review of 
ageing management is 
part of our daily 
responsibilities to 
operate plants safety.  
And although the plant 
designs are robust, this 
ageing management 
programme, such as ISI, 
help reduce the 
frequency of transience 
in the plants and 
therefore, directly helps to improve the safety 
that these plants are operated by.  Ageing 
management should not be viewed as a 
standalone and an isolated programme, but 
rather be part of the broader operational 
experience programme and the responsibility 
of everyone that has anything to do with 
nuclear power plant operations.  All of the plant 
operators and the regulators and the vendors, 
each, I think, have a responsibility to review the 
latest information and take it on board.  It is 

TABLE RONDE CONCLUSIVE / CONCLUDING ROUND TABLE 
 
Président / President : André-Claude LACOSTE – ASN France 
Rémi GUILLET – CCAP France, Sophie MOURLON – ASN France, Ken BROCKMAN – IAEA, 
R. William BORCHARDT – NRC USA, Philippe JAMET – IRSN France  



 

86 

this kind of symposium that brought out many 
of those ideas. 
 
Rémi GUILLET - Je voudrais évoquer une 
inquiétude, deux mises en garde et deux 
ouvertures. L'inquiétude est que derrière un 
aspect, une préoccupation économique 
légitime, nous avons entendu à plusieurs 
reprises le souci de rentabilité et nous pouvons 
craindre que cela ne perturbe le souci qui nous 
anime en matière de sûreté par rapport au 
vieillissement.  
 
La première mise en garde concerne un 
certain nombre de paramètres qui vont être 
indispensables en vue d'une évaluation des 
phénomènes de vieillissement constatés. Nous 
avons des organisations qui changent, des 
entreprises publiques sont coupées en deux 
ou trois morceaux, des entreprises privées qui 
changent deux ou trois fois et qui sont 
revendues à plusieurs reprises. La 
documentation, les plans, les calculs seront-ils 
disponibles ? La disparition de compétences, 
nous avons parlé des hommes et de tous ceux 
qui ont contribué en calcul, en fabrication, en 
contrôle : ils ont accumulé un certain nombre 
de données dont nous aurons besoin. 
Également l'observation quant à la disparition 
de l'outil de production industriel tel qu'il était 
lors de sa fabrication.  
 
La seconde mise en garde serait liée au fait 
qu'il n'y a pas que la pression. Il faudra être 
homogène et veiller à ce que la sûreté et la 
prise en compte du vieillissement prennent en 
compte également de façon homogène tous 
les autres paramètres, tous les autres secteurs 
touchants à la sécurité. 
 
Enfin, les deux ouvertures. J'en vois d'abord 
une au niveau des appareils à pression et je 
pense qu'il y a un enrichissement tout à fait 
possible dans les appareils que nous appelons 
en France « à pression classiques », ceux qui 
sont hors nucléaire, notamment ceux de la 
chimie et du pétrole, mais pourquoi pas dans 
le cadre d'appareils de grandes séries pour 
lesquelles là encore nous frôlons ou 
dépassons les quarante ans. La deuxième 
ouverture est la multidisciplinarité qui a été 
évoquée à plusieurs reprises. Dans le secteur 
du nucléaire, entre les diverses disciplines, 
mais également hors nucléaire dans le secteur 
aéronautique, le secteur médical, le génie civil 
avec la dernière table ronde sur les ponts. Je 
pense qu'il y a une grande richesse à ce que 
cette ouverture se fasse pour partager les 
préoccupations et décider de risques que nous 
ne connaissons pas encore. 
 

Sophie MOURLON - I think that many 
interesting things have been said about what 

came out of this 
symposium.  As a pilot 
of the organising 
committee, I think I will 
comment on the 
organisation of the 
symposium itself.  First, 
I must say that I am 
very glad to see that 
about 120 people from a 
great number of 
countries have gathered 
in Dijon for this 

symposium.  As William Borchardt said, skilled 
and enthusiastic people came and gave talks 
and shared views and I think that is really 
interesting.  In my opening address I said that 
half of the objective of the symposium had 
already been achieved with everybody here 
and I can now say that the objective of the 
symposium are 100% met because of all of the 
debates that we had.   
 
For next time, I remember one point from this 
experience : we should devote even more time 
than we did this time for debates and 
especially in workshops.  I am saying “for next 
time” because, as we saw this afternoon, 
during the restitution of the workshops, many 
issues have been just tackled and need further 
discussion and further sharing.  I hope that we 
will have other opportunities to meet again, 
here or elsewhere.  Although I am sure you 
enjoyed Burgundy, especially last night, but I 
am sure there are other parts of the world that 
are very good for this kind of symposium. 
 
André-Claude LACOSTE - I would underline 
what Rémi was saying, ageing is very 
unpredictable.  We have known a lot of 
surprises, detecting things which had not been 
adequate.  For me, an important issue was 
stress corrosion cracking on reactor pressure 
vessel heads.  And I think there are two ways 
this has been surprising, one is just 
discovering a new technical phenomenon and 
our way to build a path is to discover 
something which has happened in other 
countries can happen in your country.  That 
raises the question of good management of 
operating experience feedback.  In each 
country there is always a tendency to consider 
that the good experience feedback is national, 
and to give more importance to it than to 
feedback experience coming from other 
countries.  I think we lean too much towards 
this tendency and I do not know exactly how to 
struggle against it.  I think the answer is not to 
make huge databases because the issue is not 
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to establish these databases, but rather how to 
use them in a clever way.  Up to now, this is 
just a question, I do not have the answer. 
 
Ken BROCKMAN - The conference, first of all, 
was extremely interesting and I would agree 
that it has been very well presented in 
providing an opportunity for people from many 
countries to come together and discuss this 
issue.  I think a key thing that we have learned 
is that ageing management is not long-term 
operation, it is not plant life extension.  Ageing 
management starts at day one, day one of the 
design, and continues through the operation 
and we saw that coming in there.  The lessons 
you learn from a good ageing management 
programme can be applied toward long-term 
operations and they can be applied toward life 
extension of a facility, but they are not the 
same.  You have to have an effective ageing 
management programme to operate your 
facility from day one.  You have to be thinking 
about it when the engineer puts the first pencil 
to paper. 
 

We talked during this 
time about operation, 
regulations, design 
organisations, they all 
come together.  We 
talked on technical 
issues, we talked on 
personnel issues, we 
talked on personal 
issues and how they 
all come together.  I 
think one of the key 
things that we have 
learned is that like 

operations which have recurring events, it was 
noted that there are continual surprises.  The 
worst thing that a manager can have is a 
surprise, but I think a part of what is going to 
be there, the issue is to manage these 
surprises, to minimise their impacts, to have an 
ageing management programme that, when 
you have a surprise, is controllable.  And I think 
those are some of the things that we have 
been talking about during this time.   
 
The IAEA is working on aspects with respect to 
plant lifecycle management in this area.  The 
IAEA is working on this very extensively, 
between plant life management and long-term 
operations programmes.  Our roles are to 
make sure that we can provide international 
guidance in that area.  Conferences like this 
are essential to developing that.  We provide 
that guidance through safety standards that we 
promulgate, of which Monsieur Lacoste is the 
Chair right now of our Commission on the 
safety standards.  We need the member 

states’ commitment to bringing their 
experience together so that we can all learn 
from each other.  There is no reason to be 
surprised if someone else has already learned 
the lesson.  And conferences like this are 
essential to that sharing and then it is up to us, 
whom you have charged, to be able to bring 
these together in a proper format to make sure 
they get out for everyone to be able to gain 
from them.  So that is what I am caring about 
in this conference. 
 

 
 
André-Claude LACOSTE - Thank you.  May I 
just add something, the fact that I am 
Chairman of CSS, does not ensure any kind of 
quality of the standards.  I am just chairing a 
body with quite a number of participants and I 
count on their competence and their 
performance. 
 
Ann MacLACHLAN - Mr Lacoste, you 
mentioned the idea of databases.  And in fact, 
if I recall correctly, on the first day I think it was 
Mr Maeda from Japan who proposed the 
creation of an international database on ageing 
management.  I did not hear anybody else 
really pick up that idea, or maybe I was not 
paying attention.  But I was going to ask you 
what people think about this and then you kind 
of anticipated the answer in saying that it does 
not do any good, if I understood correctly.  It 
would not be worth it.  So that is the question, 
what about an international database?  Is it a 
good idea or not such a good idea? 
 
André-Claude LACOSTE - As usual, you are 
asking a provocative question.  What I will say 
is : the issue is not only to constitute a 
database, the question is how will we use it.  
Only after constituting an international 
database, I will say we should use it. With 
priority given to national experienced feedback 
about ageing, there will be no added value.  I 
think the first question is : are we really to 
share international experience, to consider that 
what happens abroad has the same 
importance as what happens inside our 
country?  Otherwise, we could have just a kind 
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of ineffectual satisfaction, we have a database, 
we use it internationally, there will be no added 
value.   
 
Ken BROCKMAN - I would like to go to a 
presentation that was made by my staff 
member.  There is a database out there at the 
moment, it is in early stages.  It is the safety 
knowledge database on ageing and long-term 
operations, it is known as SKALTO.  We 
always have to create a name for everything.  It 
is available through the IAEA’s website right 
now.  But I cannot reiterate enough the point 
that Monsieur Lacoste has just brought up, all 
the knowledge and data in a database in the 
world is worthless if it is not used, applied and 
well-shared.  This database is in its early 
stages but its success will only be in how it is 
applied.  And if it is applied well, there will be a 
call for it to grow and become bigger and 
applied more and more.   
 
Philippe JAMET - I can even go one step 

further : my feeling is 
that there are 
databases and there is 
also analysis of 
incidents that have 
given very clear 
conclusions and that 
have defined what 
should be done and 
what has to be done to 
avoid repeating 
incidents.  And still you 
see repeating 
incidents.  This is a 
very serious problem 

from the IRSN point of view.  Unfortunately, I 
agree with Mr Lacoste when he said that there 
are no obvious solutions to this very simple 
problem. 
 
Claude FAIDY - We have to be careful, there 
is some existing data that is never used.  It is 
part of my job to collect information from other 
users.  And we do different works in different 
organisations, mainly IAEA and also OECD.  
The problem relates to your latter remarks : 
“how you use it?”.  But for the moment it is not 
used at all.  Yesterday, many people 
mentioned OPDE : that is a very interesting 
challenge to collect all the information on 
piping systems, it is a worldwide databank that 
is continuously well updated, but the problem is 
how we use it.  It is a real problem, it is not so 
easy to use it.   
I would also remark to Philippe Jamet : beware 
of simple ideas such as “if you do not know, 
you have to inspect”.  Because if you 
remember the discussion from the ISI people, 

they are efficient only if they know what they 
are looking for.  I think a better example for me 
is VC SUMMER.  If you look at VC SUMMER, 
they make inspections regularly and they 
missed a whole crack in the primary system.  
We also have to be careful not to push only 
one simple idea for ageing management. I 
think it is a combination of many ideas.   
 
R William BORCHARDT - This is part of the 
larger operating experience programme.  I 
would also like to 
raise the question 
regarding databases, 
as to who is the 
responsible party for 
this.  I think this is 
one example where it 
is not the regulator.  
In the United States, I 
know there is a 
programme called 
Apex, and Mr Sullivan 
can amplify if he 
would like to.It is a 
database of 
equipment performance but it is run by the 
operators and, I think, appropriately so.  We 
get involved through review of our operating 
experience that reaches a certain safety 
significance, but there are many equipment 
failures that happen that are more directed 
towards the business end of the operation for 
which the safety regulator does not really have 
a significant role.  I think it is of benefit to the 
industry to set up this kind of programme.   
My other point is that the problems about 
having databases but not using them, brings 
me back to what I said a couple of days ago, 
which was one of the key lessons learned from 
the Davis-Besse experience.  That is that we 
had a lot of operating experience, but we did 
not have a good integrated process to bring it 
in, assess it and then distribute it to the right 
people.  And NRC has made a significant 
adjustment to that programme, and created a 
group that we call the Clearing House, that 
takes in every single operating event, does an 
assessment, and then determines who needs 
to see it and makes sure that it gets to the right 
people in the right communities.  And I think 
the same kind of philosophy is easily adapted 
to ageing management or to equipment 
performance, which is broader than just ageing 
management.   
 
Eric MATHET - I would like to continue on this 
database issue.  You know that OECD is 
running the OPD database, which is the OECD 
piping failure database.  It has been said that 
the use of the database is essential and I 
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totally agree with that.  In that sense, the OPD 
database has been used several times in the 
US to support risk-inform or in-service 
inspection applications.  It has also been used 
in Germany for analysis trends and root causes 
in events.  It has been used in Sweden to 
support inspection practices.  So this database 
is very useful, it has 5,000 events so far so it is 
not everything but it is pretty good.  It goes 
back to the 1970s and I think it is a very useful 
product in that list.  The participating countries 
who are joining this effort are very satisfied 
with it.  I just wanted to make this correction on 
the use of the databases.  I agree, it depends 
on what you do with the database, but this is 
up to the user to define what they want to use 
on the database.  You need to set up a good 
database first, and then you use it. 
 
Yves MEYZAUD - Je voudrais reparler de la 
R&D. Je pense qu'il y a là deux aspects parce 
que vous n'avez finalement mentionné que les 
échecs de la R&D. Je pense que nous ne 
connaissons pas les succès puisque ce sont 
tous des dommages que nous avons évités sur 
les tranches en service d'une part. D'autre 
part, il me semble que le rôle essentiel de la 
R&D est d'apporter la connaissance, les 
compétences qui vont permettre de gérer au 
mieux l'entreprise le jour où nous aurons des 
surprises. Il me semble que dans ce 
symposium beaucoup de personnes insistaient 
sur le fait que nous étions dans une période un 
peu charnière avec des dilutions de 
compétences, des pertes de compétences, 
peut-être également une nécessité de relancer 
l'intérêt des étudiants pour le domaine du 
nucléaire. Je pense qu'aujourd'hui la R&D est 
à promouvoir pour toutes ces raisons, même si 
l'on est sûr qu’elle ne réussira pas à nous 
protéger de tous les dommages qui risquent de 
se produire plus tard. 
 
André-Claude LACOSTE - You are the first 
one to state that it is a very sad job to be a 
regulator because you always have to 
underline what does not go well.  You underline 
any kind of mistake, any kind of error and so 
on.  So it is a sad job, you can rely on me to 
say so. 
 
Second, I will quote a meeting which was 
organised last week in Germany.  It was a 
meeting of INRA, International Nuclear 
Regulators Association, which brings together 
the head of Nuclear Safety Authorities, from 
Japan, US, Canada, Germany, France, 
Sweden, UK and Spain.  And our main topic 
was how to maintain knowledge in the industry.  
Of course, this is quite a difficult issue.  This is 
not a difficult issue when things go smoothly, 
but it is quite a difficult issue when, in some 

countries, almost one generation of people is 
lacking.  And when one generation is beginning 
to retire, there is no intermediate generation to 
take over, maybe they lack or need new 
people.  This is obviously quite a difficult issue.  
In some countries, I would say that this is 
probably the main safety issue. 
 

 
 
Philippe JAMET - Since I was pessimistic on 
research myself, my point was not to say that 
we need less research or I do not like research 
or it is not useful to do research.  My point was 
more “what are your objectives in performing 
research?”  I understand very well that once 
the mechanism is known, and for example, you 
build a new reactor and you need a little more 
research to be sure that you will not get this 
mechanism in your future reactor, I understand 
research is needed.  Once you have identified 
a mechanism in an existing reactor, and you 
need some connected data, then you need 
research, and I understand this very well.  I 
also understand that you perform research to 
get better inspection techniques.  Where I 
would be a little more cautious is where you 
perform research to identify mechanisms in 
advance and reduce control. 
 
R William BORCHARDT - Regarding the 
research, I would just like to make the point 
that given the budget constraints that we are all 
under, that it has never been more important 
that the operational side of the house – which I 
consider myself on the operational side as a 
regulator within the NRC – coordinates very 
closely with the research side so that there is 
an operational use for the results of the 
research which is being done.  We no longer 
have the luxury within the NRC to do 
exploratory research which is just out of 
academic interest.  There needs to be a strong 
operational link and I think we have a stronger 
linkage today than we have ever had before 
and it is proving to be very useful. 
 
Regarding the knowledge management issue, I 
would like to come to the defence of the young 
people of the world.  I have had the opportunity 
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to hire about 50 recent college graduates over 
the last several years.  I do not think I 
personally would have been qualified to be 
hired by myself when I came out of college.  
They are incredibly bright, ambitious and ready 
to take over.  And in some respects, they just 
need us to get out of the way.  I am much less 
pessimistic.  I believe that there is a challenge 
to be able to provide them with the historical 
basis for why things are the way they are 
today.  But they are ready, they are eager to 
learn and so therefore, I am very optimistic 
about the future staffing.  I can only speak of 
the United States in that aspect though.   
 

 
 
André-Claude LACOSTE - But one of the 
concerns is that the designers of sub-insulation 
are just retiring.  Will there be enough time to 
give the explanation for the original design to 
the newcomers? 
 
R William BORCHARDT - Many organisations 
are developing processes by which retiring 
individuals can leave a legacy behind them.  
We have even started a programme where we 
do on-camera interviews with people before 
they retire to ask them : ‘Why did you make 
this decision 20 years ago?  How did that 
happen?’  Then college graduate can look at 
the tape, or the DVD now, 10 years from now 
and understand the basis for those decisions.   
 
Ken BROCKMAN - Let me play on Bill’s 
comments, with one thing: old designers never 
retire; they just become consultants.  So it is a 
key point. 
 
André-Claude LACOSTE - And then they 
become ‘experienced consultants’.   
 
Ken BROCKMAN - A consultant is defined as 
anyone who is more than 25 kilometres from 
his house.  A key thing to realise is that we 
must establish the processes and the 
recognition for this to happen.  There was an 
OECD NEA last week, I believe, 40th birthday 
celebration, if I can use that term.  One of the 
sessions they had was about the young people 

in the nuclear industry (some of us said “we 
are all young people but some are more young 
than others”).  The young people in the industry 
were sharing where their thoughts were.  And it 
plays very much on Bill’s comments.  They are 
anxious; they are talented; they are out there to 
do that.  Some of the systems we have in place 
may not support that transfer of knowledge.  If 
we look at our organisational structures and we 
see that the only way to succeed and grow 
within an organisation is to become a 
manager, how do you encourage young people 
to want to stay interested in research?  And we 
may need to look at some of our systems that 
we have in support of that.  The people out 
there are good and we need to find ways to 
ensure that more of those good people are 
drawn in. 
 
Philippe JAMET - We thought along similar 
lines in IRSN because we also felt that if we 
want to keep good young people in research 
and safety evaluation, we needed to recognise 
that type of career.  What we have done is that 
we have built titles that are equivalent to 
management titles and have equal salaries 
and so on.  But the message is : “you are not 
the boss of 20 people, but you are as valuable 
to the company as if you were”.   
 
Rémi GUILLET - À propos de recherche & 
développement, je voulais quitter le volet 
humain pour revenir sur une phrase qui a été 
utilisée tout à l'heure par Sophie Mourlon et qui 
était très bonne. Nous avons parlé de bases de 
données pour ce qui était des retours 
d'expérience, nous avons utilisé la formule qu'il 
faut partager les résultats de ce qui est essayé 
et trouvé, donc ce qui est des bons résultats, 
mais il faut également penser à partager ce qui 
n'a pas été trouvé et ce qui a échoué. Je 
pense que c'est une formule qui mériterait 
d'être rappelée. 
 
Sophie MOURLON - Ce que j'ai voulu dire en 
effet, c'est que nous partageons les résultats 
de recherche et c'est une évidence pour tout le 
monde mais que l'objet de ce symposium était 
également que les autorités de sûreté et les 
appuis techniques partagent  les pratiques 
réglementaires et d'organisation des contrôles 
et en particulier que nous partagions ce qui n'a 
pas marché, parce que cela fait gagner du 
temps à tout le monde. 
 
Rémi GUILLET - Si je peux ajouter un point à 
propos des bases de données, il faut malgré 
tout veiller à un risque qui est que le partage 
doit se faire en toute connaissance, que ce soit 
le retour sur les incidents ou que ce soit celui 
sur les résultats de recherche. Il faut bien 
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prendre en compte tous les paramètres qui ont 
encadré le fonctionnement de l'installation 
avant tel incident ou tel vieillissement ou tel 
résultat de recherche. Nous n'avons pas le 
droit de faire un patchwork en prenant des 
résultats dans un pays, des données dans un 
autre pays. Il faut vraiment ne pas sortir du 
contexte de fonctionnement et d'une étude 
particulière sous peine de risquer de faire de 
graves erreurs. 
 
André-Claude LACOSTE - I think that the 
consequence of what you are saying is that we, 
the safety authorities, should exchange people 
between our technical decisions.  It is quite 
difficult to understand exactly what has 
happened in another country if you are not able 
to ask the proper questions, if you do not 
understand the complexity of it, if you are not 
able to go and visit the place where it 
happened.  So I feel that the exchange of 
personnel is an obvious way forward.  Once 
more, just looking at a database, it will never 
be the solution to any kind of problem. 
 
Katsuji MAEDA - Mr Borchardt said that 
ageing management should not be separated 
from routine management for it is a very 
operating part of activity. It is very good, I 
understand.  I think fundamental measures 
against ageing management are to implement 
effective routine basic maintenance, a current 
maintenance management programme.   
 
It is very important to learn and show the 
current base or database maintenance 
management programme for every country. 
Because ageing management is not special, it 
should be added on a daily basis maintenance 
management programme.  So the next time, I 
would like to show or discuss or exchange 
information on database programme for 
long-term operation. 
 
Sophie MOURLON - We talked about 
research and about the fact that, as 
Bill Borchardt said, funds and time are limited 
so when we set up research programmes, we 
have to make choices on what is more 
relevant.  Who makes the decision?  Should 
the operator, within its responsibility to operate 
the plant safely, decide what research is to be 
performed, and finance it.  Or do regulators 
have a role to play in that? 
 
R William BORCHARDT - In the 
United States, the research programmes are 
completely separate, the NRC has its own 
research budget and then the industry has one 
of its own.  Those decisions are made largely 
independent of each other, although there is 
good communication between the two 

programmes.  But on a higher level, I would 
say that in everything we do, we need to go 
back to the first principle, and that is the safety 
of the currently operating fleet of reactors.  
Therefore, once you agree on that point, it is 
easy for the research part of NRC and the 
operational part of NRC to agree to a relative 
priority of different projects.  I believe the same 
type of approach is being used in the industry.   
 
Philippe JAMET - To summarise the situation 
in France, I would say that the utility has its 
own programme and decides what they want to 
do and then, on the other hand, IRSN, which is 
a technical support of the safety authority and 
which has independent financing, also decide 
what they want to do.  They talk together and if 
there are common actions that both feel would 
be useful, then they have a common 
programme with common financing.  I do not 
know what the figure is now, but a fairly 
important proportion of the ageing 
management research and development 
actions are co-financed. Two things would 
seem very important to me: the utility must 
perform enough research so that they can 
really take the responsibility for the ageing 
management of their plant, that is the first 
thing.  If there is some doubt within the safety 
authority or technical support, there should be 
enough money to enable us to check one point 
that we feel very specifically potentially 
dangerous. 
Another case where there should be some 
money outside of the utility channel is when 
there is a good idea outside the utility on one 
possible solution.  For example, promising 
inspection technique.  I think it is very useful 
that another company, other than the utility, 
has some money to show that a specific idea is 
a good one and can lead to interesting 
developments.  That is the situation in France. 
 
Claude FAIDY - We have different steps in the 
process.  When we start a design, it is not a 
problem to share R&D action with the safety 
authority, technical support, vendors and 
utilities.  Now we are in another phase and we 
are discussing operation.  And operation, 
degradation, I think it is another challenge with 
the economical aspect. The economical aspect 
generates a lot of very difficult situations.  I 
think it is interesting for us to compare the 
French situation you describe, with the US 
situation, with these two parts of NRC, plus the 
national laboratories that are supporting them 
and it is interesting to look at advantages and 
disadvantages of these two situations. The 
other aspect that is more difficult is to 
exchange : having technical exchange on 
operation between utilities is a dream. The only 
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volunteers are here, the others are not 
necessarily volunteers.  It is very difficult to 
exchange, deeply, experience on components 
that break, that crack, that have elephant skin.  
It is very, very hard.  Maybe it is even the same 
for safety authorities. 
 
Philippe JAMET - At least I can give you some 

examples where 
information was 
there – we are 
going back to the 
previous subject – 
but there are 
practical examples 
where the 
information was 
there and it was 
not properly used.  
I am not sure for 
example, after the 
Mihama steam 
generator ruptured, 
a lot of things were 

learned from this accident.  I am not sure that 
all over the world, all the consequences were 
really taken into account.  My feeling is that it 
was not a lack of information, it was more a 
defect in the process of using the information 
and transferring it to other plants.   
 
Ken BROCKMAN - Two points I would like to 
make with that, as a regulator and as a utility.  
Sharing information openly makes sense : 
there is nothing more expensive than an 
unplanned shutdown.  It is an immediate 
priority to invest money in sharing information, 
it is without a doubt, an economic positive for a 
utility.  Without a doubt it is a regulatory 
positive for a federal regulator authority.  But it 
requires a vision that is longer than the next 
two years.  There is one of the challenges we 
are dealing with.   
 
The second point I would like to address 
relates to the funding for research.  I think we 
want to make sure that we do not confuse a 
national regulatory authority with being the 
government, the member state.  There is 
always a Ministry of Energy, an Atomic Energy 
Commission or something that is responsible 
for the development of the energy policy within 
that individual member state.  And there is 
certainly a will, within that aspect, for funding 
for research in that regard, in support of the 
utilities.  Whereas the safety research, the 
uniquely safety research that regulatory 
authorities identify as being appropriate and 
necessary for them to carry out their 
responsibilities.  So there is a third member 
here that I do not think we really put on the 

table when we were having our initial 
discussions. 
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André-Claude LACOSTE - I think we are 
coming to the end of this final panel.  I will not 
try to make any kind of global conclusion. I 
would just like to say three things. 
 
The first thing I would like to do is reiterate the 
initial aims of the symposium : it was to bring 
together the people in charge of pressurised 

vessels, and people 
in charge of 
pressurised vessel 
issues, within the 
nuclear safety 
authorities, within 
their technical 
support operations 
and within some 
utilities.  We also 
wanted the 
participation of the 
IAEA and the NEA.  
The major issue 
concerning the 

pressurised equipment was ageing 
management.  I think we did it, that is the first 
achievement.   
 
Second, I think there were quite good 
discussions. Obviously, uniformity is not a 
possible aim.  I would go as far as to say 
uniformity is a silly aim or a meaningless aim.  
The only aim we can try to reach is 
understanding what we are doing.  The aim is 
not for us to do the same thing, the aim is for 
us to know, if we do not do the same thing, 
why it is so.  I think this is typically the result of 
the discussion with other safety authorities. 
And of course, we will keep our national 
specificity.  In France, periodic safety 
assessment, in the US, licence renewal.  We 
will keep this at least for the next decades.  But 
is it better to compare what we are really doing. 
 
My third conclusion will be to say that it will be 
up to each one of us to decide the way 
forward.  Did we find that this symposium was 
useful enough to think of another meeting, 
another symposium, within the next two or 
three years.  If we decide to do so, when and 
where?  What kind of operating experience 
feedback from this first meeting will you take in 
order to organise another one?  I think it will be 
up to each one of us to do it. 
 
This will be my final word, so I want to thank all 
the members of the final panel, all the 
participants, all the speakers, all the people 

who organised the meeting, the symposium.  I 
think it was a very good idea to choose Dijon.  
But of course, it will be up to you to draw the 
final conclusions.  I want to thank you once 
more.  Thank you very much. 
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