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Preamble 
 
The documents published by the European Commission which relate to the 
implementation of the Council Resolutions of 22 July 1975 and 18 June 1992 on the 
Technological Problems on Nuclear Safety may fall into one of the following categories: 
current practices, good practices or consensus document. 
 
(i) Current Practices Document 
A current practices document results from a review and inventory of current practices in 
different countries. 
 
(ii) Good Practices Document 
A good practices document presents one or more different approaches to reach safety 
objectives. 
 
(iii) Consensus Document 
A consensus document stresses the degree of harmonisation achieved between 
practices and sets out the consensus reached in NRWG1. 
 
The present document ”Report on the Regulatory Experience of Risk-Informed Inservice 
Inspection of Nuclear Power Plant Components and Common Views” falls under the 
category  ”Consensus Document” according to the advice of the NRWG. 
 

                                                 
1 The Nuclear Regulators’ Working Group (NRWG) is an advisory expert group to the European 
Commission and is made up of representatives from safety regulatory authorities and technical 
support organisations from EU member countries and, in anticipation of their accession to the EU, 
representatives from candidate countries. Switzerland participates as an observer.  
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Preface 
 
In the mid nineties, the regulatory risk-informed approach was developed in the USA, and 
began to emerge in several European countries. To better understand the gist and the 
limits of that approach, and to share the experience among its members, the Nuclear 
Regulators’ Working Group (NRWG) decided in November 1996 to set up a task force 
(TF) to agree on the philosophy and principles governing risk-informed inservice 
inspection and inservice testing of mechanical components of Nuclear Power Plants 
(NPP) in order to maintain sufficient margins against leakages and failures, considering 
dose exposures to the public. 
 
The TF performed a review and inventory of the existing approaches to risk-informed 
inservice inspection and testing, and completed its work in 1999 with a Current Practices 
Document2, titled “Report on risk-informed in-service inspection and in-service testing” 
(EUR 19153 EN). In November 2001, the NRWG held a “Special session on risk-
informed applications, with emphasis on risk-informed inservice inspection”, where results 
and experiences from pilot studies on risk-informed inservice inspection (RI-ISI), 
performed in several European countries, were presented and discussed. As a follow-up 
in May 2002, the TF was reconvened with the objectives 
 
•  to analyse from the regulatory point of view key aspects associated with the 

application of risk-informed inservice inspection, and 
•  to go beyond a state of the art report, presenting a series of recommendations of 

good practices or common positions reached by the regulators represented in the 
Task Force. 

 
The TF3 was made up of representatives from AVN (Belgium), BfS (Germany), CSN 
(Spain), IRSN (France), HSE/NII (United Kingdom), HSK (Switzerland), SKI (Sweden), 
and STUK (Finland). The Chairman was the representative from HSK, and the “Unit of 
Nuclear Energy, Nuclear Safety“, Directorate General Energy and Transport, provided the 
Task Force with the corresponding Technical Secretary services. 
 
In parallel, the European Network for Inspection and Qualification (ENIQ), a utility driven 
group, had set up a Task Group on Risk (TGR) with the objective to produce a “European 
Framework Document“ on RI-ISI, which is intended to assist licensees that want to 
implement RI-ISI programmes. 
 
The TF held six meetings, and information on the progress was reported to the NRWG at 
its plenary sessions. The TF work concerned RI-ISI of passive components in NPPs in 
general, but was focused on RI-ISI of piping, because this is at present the major area of 
application and the existing methodologies relate to it. 
 
The TF studied the different existing RI-ISI approaches and considered the results from 
pilot studies and actual applications, in particular of those carried out in relation to 
European NPPs. The TF conducted meetings with representatives from organisations 
that had developed RI-ISI methods, i.e., Westinghouse Electric, Electric Power Research 
Institute (EPRI), Electricité de France (EDF), and Det Norske Veritas (DNV), and 
interfaced with the ENIQ TGR, which included a joint discussion meeting in September 
                                                 
2 Report on risk-informed in-service inspection and in-service testing, EUR 19153 EN, European 
Commission, Directorate General Environment, Nuclear Safety and Civil Protection, 1999. 
3 Task Force members: P. Briegleb (AVN), R. Görtz (BfS), J. M. Figueras and F. Olivar (CSN), 
C. Le Doaré and R. Bertrand (IRSN), A. Gómez-Cobo and V. Green (HSE/NII), W. Neumann 
(HSK, Chairman), L. Skǻnberg and K. Xanthopoulos (SKI), and R. Virolainen (STUK). 
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2003. The TF also presented its work at the OECD Workshop on RI-ISI, Stockholm, April 
13/14, 2004. 
 
The present report represents the work product of the activities conducted by the TF. The 
previous report EUR 19153 from 1999 served as a starting point for the TF’s work. 
 
The common views, as stated in this document, are agreed in general by all the 
participating regulatory bodies of the European Union4, or their representatives. They 
express what should be considered by the regulatory body when establishing guidelines 
on RI-ISI and assessing licensees’ RI-ISI applications. They are not to be understood as 
a regulatory commitment to the introduction of RI-ISI programmes. Whether RI-ISI 
programmes are introduced is and will be decided at the national level.  
 
The RI-ISI methodology is multidisciplinary in nature and still in development. During its 
work, the TF underwent a permanent learning process, and the insights gained 
correspond to the current state of knowledge of the TF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
4  and Switzerland. 
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1 Introduction 
 
The term risk as used in the probabilistic safety assessment (PSA) of NPPs has been 
explained in ch. 1 of ref. [EUR 99]. Briefly speaking, it is the product of the frequency of 
occurrence of events and the value of a variable characterising the undesirable 
consequences or outcomes. The latter are the end states of the analysis, e.g., core 
damage or large early release of radioactivity. 
 
The term “risk-informed” has been introduced by the USNRC. It characterises an 
approach, where insights from risk assessment are considered together with other factors 
to make integrated decisions. “Risk-based” would mean to rely solely on the numerical 
results of a risk assessment. In this report, risk assessment is mainly seen as probabilistic 
risk assessment.  
 
In Sweden, a qualitative risk-informed system for selecting pressurised components in 
nuclear power plants (NPP) for inservice inspection (ISI) has been in place since 1988. 
This system, described in ref. [SKI 96, EUR 99], defines a qualitative measure of risk for 
core damage, which is used to guide the ISI selection. In practice, this means that the 
severity of consequences is determined basically by the potential loss of reactor coolant 
in the case of component failure. This scheme makes no use of PSA results. 
 
During the mid nineties, several methods emerged, that used results or insights from 
plant PSAs to estimate the consequences of component failure and estimated risk in 
terms of core damage frequency (CDF) or large early release frequency (LERF). The 
present report deals with those methods but makes reference to the above-mentioned 
qualitative Swedish method for reasons of comparison. 
 
The only risk-informed inservice inspection (RI-ISI) methodologies being in widespread 
use, the WOG and the EPRI methods, have been developed in the USA and are 
“calibrated” to the USA environment, which is characterised by the NRC regulation, 
ASME Code Section XI, and licensees’ commitments in response to NRC requests. In 
Europe, these methodologies find different environments. The different regulatory 
environments are outlined in ch. 3 of this report. The different ISI Codes and Standards 
and national guidelines in use are treated in ref. [EUR 97a] and listed in ref. [EUR 99]. 
They have to be supplemented now by the Russian ISI code, ref. [GOS 90]. It should be 
noted that the ISI schemes used can be rather different from that of the ASME Boiler & 
Pressure Vessel Code, Section XI. This concerns, for instance, France, Germany, 
Sweden, and Switzerland. These differences have to be taken into consideration. 
 
This report relates to RI-ISI of passive components in NPPs in general, but focuses on 
RI-ISI of piping, because this is at present the major area of application and the scope of 
the existing methodologies and procedures. Special questions will certainly arise, if the 
scope of application were to be extended to vessels, pumps, valves, heat exchangers, or 
steam generator tubing. 
 
The report considers the basic safety reasons for performing inservice inspection, 
describes the USA context of RI-ISI, and explains the regulatory environments in 
European countries. In the Appendix, following an overview of the existing methods and 
the recent and ongoing developments, key aspects of regulatory concern are analysed 
and discussed, considering the state of the art. On the basis of this analysis and 
discussion, common views on key principles and important aspects and 
recommendations for future work are formulated. 
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The introduction of risk-informed ISI strategies includes complex technical and 
methodical aspects and touches upon fundamental issues. 
 
The purpose of the report is to assist regulatory bodies in establishing RI-ISI guidelines 
and in the review and assessment of RI-ISI methods and applications submitted by 
licensees for approval. The purpose is also to provide information about the common 
views of the regulatory bodies on key principles and important aspects of the 
implementation of RI-ISI programmes to industry co-operation groups such as the 
European Network for Inspection and Qualification (ENIQ). 
 

2 ISI Objectives and Motivation for RI-ISI 

2.1 Objectives of ISI 
The objectives of inservice inspection are anchored to the Basic Safety Principles for 
Nuclear Power Plants [IAE 99a] and to the concept Defence-in-Depth [IAE 96, IAE 99a]. 
They dispose inservice inspection as an important measure for the assurance of physical 
barrier integrity and the avoidance of failure, placing special attention on the inservice 
inspection of the primary coolant system boundary. Thus, the objectives are twofold: 
 
First, inservice inspection is intended to reveal any flawed conditions of pressure 
boundary components and their supports that might lead to failures and thereby affect the 
safety of the plant. In particular, service-induced degradation of the pressure boundary 
should be detected at an early stage in order to prevent leakage or rupture. 
 
Second, inservice inspection is relied upon to verify that design assumptions are 
maintained and to demonstrate the components’ continued acceptability for service with 
an adequate safety margin against failure. This is to provide information about the 
components’ current condition and to provide assurance in their future structural integrity. 
 
Thereby, ISI contributes to the prevention of incidents and accidents and to the 
availability of safety functions. As such, it is an element of the defence-in-depth levels 1 
and 2. 
 
Regarding the objectives, it is necessary that ISI addresses both foreseen and 
unforeseen or unexpected degradations. Operating experience shows that most 
problems have been caused by damage mechanisms which were not foreseen. From this 
perspective, in the previous NRWG report on risk-informed inspection and testing 
[EUR 99], the objectives of ISI were expressed as follows: 
 
•  Verify that no unexpected degradation mechanism is degrading the systems, 

components and structures of the plant, and 
 
•  Verify that known degradation mechanisms do not cause damage or deterioration 

which is significant from a safety point of view. 

2.2 Effectiveness of ISI 
The effectiveness of ISI depends mainly on the strategies and procedures for 
 
- identification and ranking of reactor system parts and components in which failure can 

have an impact on the safety level, 
- identification of components which can be degraded under different kinds of operating 

conditions, 
- determining the extent, number, and frequency of inspections, 
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- qualification by demonstration of the performance of non-destructive testing (NDT) 
systems to be used during inspections, 

- quality assurance in preparing and executing the inspections. 

2.3 Background to the Introduction of RI-ISI 
An overview of regulations, guidelines, codes and standards for inservice inspection in 
use and of national approaches was given in the previous report EN 19153 [EUR 99]. 
Recent developments in the area are treated in chapter 3. The report EN 19153 also 
summarises the deterministic ISI schemes traditionally applied in most countries and the 
experience gained with them. 
 
The service experience from piping inspections in accordance with ASME Sect. XI can be 
summarised as follows. ASME Sect. XI concentrates the inspection of class 1 piping on 
terminal ends, dissimilar metal welds, and welds with higher stress levels and fatigue 
usage factors, and the inspections of class 2 piping are essentially allocated at random. 
Experience showed that a large inspection effort was spent at locations where few flaws 
were found, while degradation mechanisms not anticipated by the Code, such as 
intergranular stress corrosion cracking (IGSCC), flow accelerated corrosion (FAC), and 
excessive thermal fatigue, caused damage at locations that were not inspected [ASM 98]. 
This caused the establishment of augmented inspection programmes dedicated to 
particular degradation mechanisms such as IGSCC. These programmes were successful. 
Based on experience, piping in NPPs, which is not prone to degradation mechanisms 
unanticipated by the Code can be regarded as being highly reliable. These observations 
more or less also apply to ISI schemes other than ASME XI, where the selection of 
inspection sites is based on design considerations or random sampling. An example was 
the former Swedish ISI scheme, which did not follow ASME XI. 
 
It should also be recognised that several causes for piping failure, such as vibratory 
fatigue, water hammer, and human error, are only amenable to mitigation by ISI to a 
limited degree or not at all. 
 
On this background, risk-informed inservice inspection schemes have evolved since the 
mid eighties [EUR 99] with the objective to make ISI more effective and efficient by 
utilising service experience and analytical tools being developed. 
 
The service experience from about twenty years of commercial nuclear power plant 
operation has led to improved knowledge of degradation mechanisms, of component 
susceptibility to degradation, and of the corresponding failure modes and failure 
potentials. Structural reliability models (SRMs) and associated computer software, using 
probabilistic fracture mechanics, have been developed to allow traditional engineering 
information on wall thinning, crack growth, and pipe break to be converted into a 
probability of failure with time. At the same time, probabilistic safety assessment (PSA) 
had developed to the point that it could be used to quantitatively estimate the 
consequences of piping failure. Thus, it became feasible to estimate the risk associated 
with piping segments or locations in terms of the product of frequency of piping failure 
occurrence and severity of failure consequences. The measures of risk that have been 
used are core damage frequency (CDF) and large early release frequency (LERF). 
 
RI-ISI methodologies were first developed for piping, as this was regarded to be a 
relatively easy problem. The development, however, took much longer than anticipated. 
RI-ISI methodologies or procedures have been developed by the Westinghouse Owners 
Group (WOG) in conjunction with the ASME, the Electric Power Research Institute 
(EPRI), Electricité de France (including maintenance in general), and SAQ Kontroll. Also 
regulators, i.e., the USNRC, SKI, and STUK, have been active in the development or 
have funded developments. 
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2.4 Basic Ideas, Objectives and Strategies of RI-ISI Methodologies 
The basic ideas, objectives and strategies of existing or emerging RI-ISI methodologies 
or procedures the European regulators are currently facing are summarised below. 
 
The basic idea of RI-ISI is to integrate service experience, plant and operating conditions, 
other deterministic information, and risk insights. This means that RI-ISI will be plant-
specific. The main role of risk in the process is to guide the ranking of segments or 
locations and thereby support decisions on locations to be inspected. Evaluation of the 
risk requires identification of anticipated degradation mechanisms and how likely these 
are to lead to various failure modes. The anticipated degradation mechanisms may be 
used to guide inspection methods whilst the kinetics of the anticipated degradation 
mechanisms may be used to guide the frequency of inspections. 
 
The basic objective of RI-ISI is to make ISI programmes more effective and efficient from 
a safety and economic point of view. Worker radiation exposure should also be reduced. 
 
To accomplish this, the strategies pursued are: 
 
•  To focus the NDT inspections on areas with the highest potential for reduction of plant 

risk by ISI. 
•  To reduce or eliminate NDT inspections in areas where the potential for the reduction 

of plant risk by ISI is low. 
•  To perform an inspection „for cause“ that is targeted at the anticipated degradation 

mechanisms. 
•  To design an inspection programme, which reduces the higher pressure boundary 

risks, and where the inspection effort is reduced if safety can be maintained or 
enhanced at the same time.  

 
Most RI-ISI methodologies and procedures stipulate that the change in plant risk, when 
introducing such a programme, should be neutral or a reduction. An increase in risk, if 
any, should be small. This is also one of the key principles the USNRC has established 
for risk-informed changes to a plant’s current licensing basis. 

2.5 RI-ISI, Motivation and Expectation 
The motivations and expectations of those who are in favour of RI-ISI, industry as well as 
regulators, can be summarised as follows: 
 
- Resources are allocated where the plant risk, according to our best knowledge, can 

most be reduced. Inspection efforts are optimised. 
 
- Fewer inspections focused on piping locations known to be subject to an active or 

suspected degradation mechanism or associated with high risk will be more effective 
and efficient than a larger number of less focused or random inspections. Safety will 
likely be improved. 

 
- Worker radiation exposure can be reduced in accordance with the ALARA principle. 
 
Naturally, the driving force for the industry is mainly an economic one, i.e., optimising and 
reducing inspection efforts, while plant safety and reliability are maintained or improved, 
and regulators are primarily concerned to maintain and possibly increase safety of the 
overall plant, for instance, by making ISI more effective and by better mapping of 
locations vulnerable to ageing mechanisms. 
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2.6 RI-ISI in the USA Context 
Risk-informed ISI programmes utilising PSA analyses were first developed and 
implemented in the USA. In December 1998, the NRC approved for generic use the 
WOG method [WOG 99a, b] and, in October 1999, the EPRI method [EPR 99a]. The 
NRC assessment and approval is based on the Regulatory Guides (RG) 1.174 [NRC 02a] 
and 1.178 [NRC 03a] and the Standard Review Plan (SRP) Chapters 19 [NRC 02b] and 
3.9.8 [NRC 03b]. Both methods have also been applied in Europe in pilot projects and 
actual applications. Therefore, it is worthwhile to discuss the context of their applicability 
and approval in the USA. 
 
Both methods have been approved as a valid alternative to ASME Sect. XI. The 
prerequisite for the approval is that the proposed alternative represents an acceptable 
level of quality and safety compared to existing performance levels, which are given by 
ASME Sect. XI. Further, the five key safety principles of RG 1.174 for risk-informed 
changes of the Current Licensing Basis must be met. The performance level defined by 
the requirements of Sect. XI is acknowledged to provide reasonable assurance that 
public health and safety will be warranted. It should be noted, however, that the 
NRC-directed augmented inspection programmes for IGSCC in BWRs and FAC, which 
overlap with the Sect. XI scope, remain unchanged. Such augmented inspections are 
credited and integrated to some extent, however, only piping made of IGSCC resistant 
material and contained in augmented IGSCC programmes may fully be subsumed in 
RI-ISI programmes. This means that the required equivalence of the RI-ISI schemes with 
Sect. XI only refers to piping that is recognised to be highly reliable. 
 
The five key safety principles of RG 1.174 are: 
1. The proposed change meets the current regulation. 
2. Defence-in-depth is maintained. 
3. Sufficient safety margins are maintained. 
4. An increase in risk should be small and consistent with the Commission’s safety 

goals. 
5. The impact of the proposed change is monitored by using performance measurement 

strategies. 
 
In Appendix B of this report, some features of the demonstration of acceptable quality 
and safety are explained. 
 
There exist also special ISI programmes for Break Exclusion Regions (BER), where 
100 % of the welds have to be inspected. BERs are the segments of high-energy pipes 
that penetrate the containment between inner and outer containment isolation valves or, 
in some cases, other high-energy pipes. The BERs were originally excluded from RI-ISI 
programmes. In 2002, the NRC has accepted the modified EPRI RI-ISI method for the 
application to BERs [EPR 02a], and recently also the extended WOG method. The 
consequence analysis of the modified methods is more conservative than that of the 
standard methods. 
 
The WOG and EPRI methods normally use a 10 years inspection interval. The reason is 
again that the methods are normally applied to highly reliable piping, where aggressive 
degradation mechanisms requiring shorter inspection intervals are not present. However, 
should active degradation mechanisms surface, the inspection intervals could be 
modified as appropriate. 
 
All Class 1, 2, and 3 piping systems must continue to receive visual examination for 
leakage in accordance with the applicable system pressure test requirements of ASME 
Section XI. 
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Clearly, ASME Sect. XI is the criterion against which the acceptability of a RI-ISI 
programme is measured. The augmented programmes for IGSCC in BWRs and FAC play 
a particular role. Also for break exclusion regions, the methodologies had to be modified. 
This needs to be considered, when the WOG and EPRI methodologies are applied in a 
European country, where a different ISI scheme is in place. 
 

3 Regulatory Attitudes/Environments towards RI-ISI in Europe 
 
The regulation in the European countries shows considerable differences as regards its 
nature and extent. It may be based upon or supported by the USNRC regulation, for 
instance in Spain, or even non-prescriptive in nature as in the United Kingdom. 
Consequently, there exist different regulatory attitudes and environments towards risk-
informed regulation, in particular towards risk-informed inservice inspection. For instance, 
RI-ISI is an established regulatory requirement in Sweden and in Finland, and an option 
in Spain. The regulatory bodies in other countries have an observing attitude or are in 
favour of deterministic approaches. In the following, the different regulatory situations and 
attitudes are described in more detail. 

3.1 Belgium 
In Belgium, ISI is organised according to the requirements of the ASME Code, Section XI. 
Some Belgian adaptations to the code are implemented. These adaptations are usually 
justified taking into account risk information. In Belgian NPPs, risk-informed 
methodologies have not yet been applied. The present strategy of AVN is to remain 
informed about RI-ISI developments in the USA and Europe. A pilot study could be 
launched in the future to test the feasibility of this methodology. There is, however, no 
plan for systematically applying RI-ISI in the near future. 

3.2  Finland 
STUK is in the process of moving towards risk-informed regulation, and therefore the 
scope of PSA based regulation activities has gradually been extended. A pilot project 
dealing with PSA support to regulatory audits was initiated at STUK in 1998. The aim of 
the project was to explore how the plant-specific PSAs could best be used to support 
specific tasks such as inservice inspection, inservice testing, and analysis of Technical 
Specifications. In the framework of this project, a pilot study on RI-ISI was carried 
through. The insights from this study have been utilised in the revisions of the regulatory 
guides YVL 3.8 [STU 03b], Inservice Inspection, and YVL 2.8 [STU 03a], Risk Informed 
Safety Management. These revised regulatory guides, issued in 2003, require inservice 
inspection programmes of piping to be risk-informed. This requirement is mandatory for 
new plants, while existing plants may decide to stay with the previous scheme. 

3.3 France 
In France, PSA has been used in an extensive way in evaluating the safety of the 
operating plants, i.e., mainly to reveal weaknesses of plant design and procedures and to 
improve safety. Considering the increasing role of PSA in safety analysis, the French 
safety authority decided to establish a basic safety rule defining the acceptable PSA 
methods and applications. A final version was examined by the advisory committee for 
nuclear reactors (GPR) in 2002. In its present status, the basic safety rule describes 
acceptable methods for the development of a PSA Level 1 without internal and external 
hazards, and five acceptable applications: use of PSA for safety assessment, for 
probabilistic analysis of events, for the design of future plants, for the determination of 
important systems and components, and for Technical Specifications. Due to the 
experience gained with PSAs and their uncertainties and limitations, the French Nuclear 
Safety Authority (ASN), however, emphasises that PSAs should be used with an 
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appropriate care. The use of PSA for relaxing regulatory requirements is not encouraged. 
In particular with regard to inservice inspection, the French Nuclear Safety Authority, at 
present and in the near future, favours a deterministic approach strongly supported by 
experience feedback. Since the issuance of the ministerial decree of November 10, 1999, 
the service inspection programme of both main primary and secondary circuits must be 
established and justified by the utility. The requirements emphasise the following aim: the 
in-service inspection programme must ensure the detection of every flaw that could lead 
to a loss of integrity. This aim is met by the utility in accordance with the following 
methodology which has been reviewed by the regulator: 
- First, establish the list of the so-called sensitive zones, that is, zones in which a flaw 

could occur or zones in which a flaw could compromise severely the integrity. 
- Second, determine for each sensitive zone the goal of the inspection (nature of flaw, 

size, orientation), the method that is used, and the frequency. 
- Third, assume the coherency of the inservice inspection programme towards the aim 

at detecting flaws that could lead to a loss of integrity. 
- Fourth, qualify the method that is used, that is, assume the method guarantees, with a 

high level of confidence, the detection of the flaw that is looked for. 
- Fifth, revise as often as necessary the whole analysis, particularly according to the 

experience feedback. 

3.4 Germany 
The current German Nuclear Safety Standards, issued by Kerntechnischer Ausschuss 
(KTA), which also comprise inservice inspection, are primarily based on deterministic 
rulemaking. An important point is that the German ISI scheme for the primary circuit is a 
self-reliant one embedded in the Assured Safety Concept, which aims at low failure 
probability by design, material, and manufacture.  
 
PSA has been used in the licensing of the most modern plants, in voluntary periodic 
safety reviews, and, on a case by case basis, in safety related decisions within the 
framework of normal supervision. Coming into effect on 27 April 2002, the Atomic Energy 
Act was amended to introduce the phase-out policy for the use of nuclear energy for 
electricity production and subsequently several other nuclear regulations. During the 
residual operating periods, the high safety level of the German nuclear power plants shall 
be maintained. One cornerstone of the nuclear-phase-out policy related to this objective 
are Safety Reviews, that are legally binding requirements laid down in § 19 a of the 
revised Atomic Energy Act. This requires revising an existing PSA guide with respect to: 
- Extension of the event spectrum regarding internal and external initiating events 

which shall be analysed, 
- Determination of core damage states and their frequencies including accident 

management measures, 
- Involvement of low power and shutdown states. 
According to the international state of the art, Level 2 PSA for all NPP shall be included in 
the comprehensive Safety Reviews to broaden the information of the overall safety level 
of the plants. This work is ongoing [BER 02]. 
 
To simplify the classification and integration of international standards into the national 
framework of regulations the Nuclear Safety Standards Committee KTA had initiated its 
programme “KTA 2000”. Central objective of this project was to present the regulatory 
requirements in the area of nuclear safety (design, construction and operation of nuclear 
power plants) in a complete and hierarchically structured way as a pyramid of regulations 
consisting of the three levels KTA-fundamentals, basic rules and technical rules. In June 
2001, first drafts were approved. Concrete requirements with respect to this project had 
been defined by BMU, especially regarding the implementation of safety requirements 
according to the state of science and technology as well as their further development. 
These key requirements were not met and so this project could not be completed 
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successfully. The development and update of the German sublegal nuclear safety 
regulations with respect to facilitating new assignments of the German safety rules and - 
to a certain extent - the integration of international rules and specifications into the 
national regulations are now being undertaken within the direct responsibility of the BMU. 
An investigation has been launched in which a new and adequate set of sublegal nuclear 
safety regulations shall be proposed. It is scheduled to be completed in 2005 and - 
amongst others - supposed to cover PSA applications like RI-ISI. However, applications 
lowering the existing safety level of the German Nuclear power plants will not be 
accepted under any circumstances. 

3.5 Spain 
In Spain, the development in the USA towards RI-ISI was closely followed. A joint pilot 
project of CSN and the Spanish utilities (UNESA) was carried out with the objective to 
develop and validate an application guide for RI-ISI of piping systems. This guide 
[CSN 00], issued in 2000, follows the principles established in the USNRC Regulatory 
Guides 1.174 and 1.178. RI-ISI is not a regulatory requirement but an option. 
Assessment and approval of applications by CSN is required. Several licensee 
applications for RI-ISI programmes, using the WOG methodology, have already been 
approved by CSN. These approved RI-ISI programmes are restricted to class 1 piping, 
but each Safety Evaluation Report issued on them by CSN contains a recommendation 
for extending the RI-ISI programme to a full scope application. In 2001, a Safety Guide on 
basic criteria for PSA applications was issued [CSN 01]. A Safety Guide on RI-ISI is 
planned. 

3.6 Sweden 
In Sweden, for piping and other components in piping systems a qualitative risk-informed 
approach was introduced in 1988. After a transition period of five years, it became 
mandatory in 1992 for all components and part thereof, except reactor pressure vessels 
and steam generator tubes [SKI 96, EUR 99]. The regulation SKIFS 2000:2 [SKI 00], 
which came into force on April 1, 2001, allows to use both qualitative and quantitative 
RI-ISI methods. The extent of inspections and the inspection interval shall be determined 
with respect to what is necessary with respect to assessed relative risks for core damage, 
release of fission products etc.. Specific criteria for acceptance are not delineated, but 
assessment and approval of applications by SKI is required.  

3.7 Switzerland 
In Switzerland, for safety class 2 components, a simple qualitative risk-informed 
approach, based on engineering judgement, has been pursued from the beginning 
(though it was not called „risk-informed“). The approach was revised in 1999, but still 
needs further development. Selection for inspection is based more on degradation 
potential than on failure consequences. The existing interest in risk-informed inservice 
inspection was recently strengthened by licensees‘ desire to adopt the WOG and EPRI 
risk-informed methods to class 1 piping systems. Pilot projects have been carried out, 
and the HSK followed them as an observer. The HSK has launched an internal project to 
establish the prerequisites and appropriate guidance for the application of risk-informed 
methods to piping systems. The HSK favours risk-informed inservice inspection, because 
it believes that the inclusion of service experience and PRA insights can provide a 
broader technical basis and make ISI more effective and efficient. 

3.8  United Kingdom 
In the United Kingdom, health and safety law is mainly goal-setting rather than 
prescriptive.  Thus RI-ISI may be acceptable to the nuclear regulator (NII) provided 
various factors have been adequately considered. This section describes the most 
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relevant United Kingdom law dealing with ISI and some of the main factors NII considers 
when judging the adequacy of an ISI programme (risk-informed or otherwise). 
 
Nuclear safety is mainly regulated by a nuclear site licence to which is attached 
36 standard Licence Conditions [HSE 99]. Licence Condition 28(1) is most relevant to ISI 
and states that “The licensee shall make and implement adequate arrangements for the 
regular and systematic examination, inspection, maintenance and testing of all plant 
which may affect safety”. In addition the conventional safety hazards of stored energy 
and/or the scalding effects of steam are regulated by the Pressure Systems Safety 
Regulations 2000 [HSE 00]. The following deals with nuclear safety rather than 
conventional safety. 
 
Nuclear site licensees have to demonstrate that they have reduced risks “as low as is 
reasonably practicable” (ALARP). ISI is one important control measure which licensees 
can use to demonstrate this.  Thus an important factor that NII considers when judging 
whether or not a licensee’s arrangements for ISI are adequate are the licensee’s 
arguments that the resultant ISI programme is consistent with risks being ALARP. 
 
To assist NII in judging whether licensees have reduced risks ALARP a suite of five 
public documents providing guidance have been produced [HSE 01a, 01b, 02, 03a, 03b]. 
NII’s Safety Assessment Principles (SAPs) for nuclear plants [HSE 92] also provide 
relevant public guidance. Some of the most important factors dealt with in this public 
guidance are noted next. All relevant factors would be taken into account during NII 
assessment of any RI-ISI programme proposed by a licensee. 
 
For many structures, systems & components (SSCs) important to safety the potential 
consequences of failure are high. In such cases the public guidance notes that NII will 
take a precautionary approach by giving more weight to the use of sound engineering 
and operational practice than to arguments about the probability of failure (paragraph 3.7 
of ref. [HSE 03a], paragraph 40 of ref. [HSE 01a] etc.). Paragraph 200 of the SAPs 
further notes that “The general lack of adequate reliability data for structural components 
leads to assessment being based primarily on established engineering practice”. 
 
These considerations apply most particularly to those SSCs which form a principal means 
of ensuring nuclear safety and for which failure would lead directly to an event beyond the 
design basis. For such SSCs the SAPs (paragraphs 117 and 201) call for application of a 
“Special Case Procedure”. This is approached by UK licensees through the concept of 
Incredibility of Failure (IoF). The United Kingdom Technical Advisory Group on the 
Structural Integrity of Nuclear Plant (TAGSI) has recently considered demonstration of 
IoF [BUL 01] in response to questions from NII. TAGSI noted that application of sound 
engineering principles and allowance for the unforeseen or unexpected were two of the 
key principles that should be used in demonstrating IoF. TAGSI also noted that 
“monitoring-based” legs (including ISI) can be used to provide defence against 
unforeseen or unexpected events or phenomena. 
 

4 Common Views 
 
The Task Force has analysed and discussed Key Principles and important aspects 
associated with the application of risk-informed inservice inspection. In doing this, the TF 
started from the basic safety reasons and objectives of ISI, as outlined in section 2.1. 
This analysis and discussion is conducted in Appendices F-1 to F-15 in a systematic 
fashion. Related information is contained in the Appendix chapters A, B, D, and E. 
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From the analysis and discussion, the Task Force has developed common views on the 
subject. The common views account for the different regulatory environments in the 
participating countries, different existing ISI schemes, and the option to include all 
degradation mechanisms in a RI-ISI scheme. They are composed of a common view on 
Key Principles and a common view on important aspects. The Key Principles set out in 
chapter 5 are expected to constitute a prerequisite for the regulatory approval of RI-ISI 
methods and programmes.  The important aspects set out in chapter 6 should also be 
taken into account.  Chapter 7 presents recommendations for future work, and chapter 8 
conclusions and final remarks. 
 
The Key Principles have been established with reference to the USNRC Regulatory 
Guide RG 1.174 and taking into account INSAG 10 and 12, but are somewhat more 
specific to inservice inspection and are adapted to European needs. In the common view 
on important aspects, the Key Principles are developed into more detail, and further basic 
safety principles and also methodological aspects of regulatory concern are addressed. 
 

5 Common View on Key Principles of RI-ISI 
 
1.   The introduction of risk-informed inservice inspection must be in accordance 
with the legal and regulatory framework of the European countries. 
 
Any individual European country may therefore have legal and regulatory requirements 
with respect to RI-ISI not captured in the common views of this report. This includes 
authorative requirements such as pressure equipment legislation and publicly available 
documents on regulatory principles, policy, and guidance. 
 
2.   An ISI programme must be in place that is consistent with the defence-in-depth 
philosophy.  
 
The concept of defence-in-depth is fundamental to the safety of nuclear power plants. It is 
applied to address uncertainties and limitations in our state of knowledge and to 
compensate for human and equipment failures. The central feature is to provide multiple 
layers of protection, so that if a failure were to occur it would be compensated for or 
corrected.  
 
The concept has evolved over time reflecting the knowledge acquired. It has been 
formulated deterministically, but insights from PSA have been incorporated. Defence-in-
depth is a philosophy, and PSA can be used as a tool to improve it and to optimise efforts 
in implementing it. Attempts to redefine defence-in-depth in a risk-informed manner are 
on the way [FLE 02]. In this document, defence-in-depth is understood as formulated in 
INSAG 10 and 12 [IAE 96, IAE 99a]. 
 
The Basic Safety Principles for Nuclear Power Plants [IAE 99a] position inservice 
inspection as a means to ensure that the structural integrity of passive components 
important to safety is maintained. As such, it is a measure of the first and second levels of 
defence-in-depth, as outlined in section 2.1, “Objectives of ISI”, and cannot be purely risk-
based. 
 
This Key Principle thus implies that any ISI programme must be designed such as to fulfil 
the objectives delineated in section 2.1. Common views on specific defence-in-depth 
aspects to be considered are contained in chapter 6, particularly in section 6.10. 
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3.   Risk-informed changes to ISI programmes must maintain safety margins 
against leakage and failure. 
 
It is a general technical safety principle that “Nuclear power technology is based on 
engineering practices that are proven by testing and experience, and which are reflected 
in approved codes and standards and other appropriately documented statements” 
[IAE 99a]. Implementation of this principle in the context of RI-ISI means that proven 
engineering practices should be applied during all stages of development and 
implementation of the ISI programme. Its aspects most important to ISI are in connection 
with the safety margins of passive components. 
 
Safety margins are applied in design and operation of a system or component. They are 
related to margins between the operating conditions foreseen at certain levels of loading 
with high assurance of performance and levels of loading at which equipment failure must 
be expected. Safety margins are intended to account for uncertainties, and are based on 
proven engineering practices and appropriate standards. As such, safety margins in the 
conservative design of systems and plant components are a measure at the first level of 
defence-in-depth. 
 
In the context of ISI, safety margins are those related to passive components. They are 
established when designing the components against failure. These safety margins can be 
eroded during service by degradation mechanisms. Some of these (cracking and wall 
thinning) are amenable to control by ISI, whilst others (e.g., embrittlement, vibration 
fatigue), are only amenable to control by ISI to a limited degree or not at all. ISI codes 
and alternatives approved by safety authorities provide guidance on evaluating flaws for 
continued service and on allowable flaw sizes, taking safety margins into account. By 
detecting flaws and wall-thinning in an early stage, ISI contributes to maintaining safety 
margins. Moreover, inservice inspection, and other means, are relied upon to 
demonstrate that the safety margins of components important to safety, in particular of 
the reactor coolant pressure boundary, are maintained throughout the lifetime of the plant 
[IAE 99a]. This demonstration by ISI consists in producing favourable examination 
results. 
 
In order to effectively contribute to the assurance that the components important to safety 
will operate with safety margins for all envisioned normal, incident and accident 
conditions, ISI programmes should address both locations that are susceptible to a 
degradation mechanism and locations where one should know about jeopardised safety 
margins, if this occurred for an unexpected reason.  
 
Where significant defects or degradation has been detected, margins of safety will have 
been reduced. ISI programmes will need to compensate to ensure that uncertainties are 
reduced to an acceptable level by selection of ISI technique(s) and inspection frequency 
commensurate with the risk. This may mean, for example, deploying more sophisticated 
ISI techniques than those used to detect the defects and more frequent ISI to confirm 
defect stability or growth rate. 
 
This Key Principle has also to be considered when inservice inspection is weighted 
against leak detection. 
 
Maintaining safety margins represents a requirement at the component level. For 
components important to safety, safety margins, as a layer of defence-in-depth, have to 
be maintained. Thus, this Key Principle is not to be interpreted as a corollary to the next 
one.  
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4.   Risk should be reduced to a level derived from national legal requirements, 
regulations and regulatory guidance. When changing to a risk-informed ISI 
programme,  risk reduction or neutrality should be achieved. 
 
The risk of pressure boundary failures of NPP components should be estimated in terms 
of core damage frequency (CDF) and in terms of a measure of the risk of fission product 
release, e.g., large early release frequency (LERF). Criteria that define acceptable and 
tolerable levels of risk and the allowable increases in risk, if any, are needed to make 
decisions. Such criteria have been defined in some countries but not in others. They are 
a national matter. 
 
An inservice inspection programme should be designed to effectively reduce the risk of 
pressure boundary failures, considering factors such as accumulated radiation doses to 
workers carrying out ISI work, costs and practicability. The ALARP principle (risk As Low 
As is Reasonably Practicable), which is legally binding in the United Kingdom as regards 
the risk to health and safety of workers and the public, presents an example of a national 
policy for such an optimisation. 
 
When moving to a RI-ISI programme, the change in risk should be estimated. This may 
be done in a quantitative or in a qualitative way. It is the common view that risk reduction 
or neutrality should be achieved. National regulation or guidance may permit a small 
increase in estimated risk as an exceptional case.5 
 
Various aspects of risk reduction by ISI and change in risk issues are discussed in 
Appendix F-11. 
 
5.   Risk-informed ISI programmes should be monitored using performance-
measurement strategies. 
 
RI-ISI programmes should be living. Performance measurement strategies should be 
used to account for uncertainties in the analyses, to provide feedback and updating in 
due time, and to confirm the approach.  
 
RI-ISI programmes must be regularly updated to take the new information into account 
that could have an impact on the programme. The information from detected 
degradations, component failures, and damage analyses as well as enhanced knowledge 
on degradation mechanisms and influential factors should be incorporated into RI-ISI 
programmes continuously. Other changes such as PSA updates and plant design and 
operating changes should be considered periodically. For more details, refer to Appendix 
F-15. 
 

6 Common View on Important Aspects 
 
These common views on important aspects of RI-ISI have been extracted from the 
analysis and discussion contained in the Appendix of this report. Relevant Appendices for 
each section below are identified where appropriate.  More details and reasoning can be 
found there. 

                                                 
5 For example, in Spain risk acceptance criteria have been defined [CSN 00, CSN 01]. On the 
other hand, the German and the French position is strictly to observe risk reduction or neutrality. 
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6.1 Methods and Procedures 
Methods and procedures used must be repeatable, adequately justified, and traceable. 
New methods and new or extended applications with existing methods should be 
evaluated through pilot studies. The procedures should be robust and stable. 

6.2 Qualified and Experienced Personnel 
Personnel engaged in activities bearing on RI-ISI must be suitably qualified, experienced, 
and trained for these duties. Application of RI-ISI should obtain advice from personnel 
who have previously applied the methodology or procedure. 
 
Emphasis needs to be given to the multidisciplinary character of the task and integrated 
decision making as well as the need for a profound knowledge on degradations and the 
use of complex models. Moreover, the capabilities must be maintained in order to keep 
the RI-ISI programme living. 

6.3 Scope of a RI-ISI Application (Appendix F-3) 
The logic of plant risk assessment advocates class 1, 2, 3, and non-class piping (“full 
scope”) to be included in the RI-ISI evaluation. Partial scopes (e.g., class 1), however, 
are acceptable when justified. Partial scopes should not be chosen just to reduce the 
number of inspections, but they should be sufficiently extended and balanced, to also 
reduce risk where the current ISI scheme is not effective in this respect. The choice of a 
partial scope must be in accord with the underlying concept of the current ISI scheme, in 
a way that the plant ISI programme as a whole will fulfil its objectives. 

6.4 Quantitative versus Qualitative Assessment (Appendix F-4 and F-9) 
From the regulatory point of view, quantitative as well as qualitative methods or 
combinations of both are acceptable. However, it is important that users and regulators 
are aware of the strengths and weaknesses in each of these approaches.  
 
Qualitative methods are transparent and relatively easy to understand. They emphasise 
the most important features, i.e., susceptibility to degradation mechanisms and severity of  
consequences. Their selectivity and resolution, however, is low. Quantitative methods 
offer better resolution, selectivity, and capabilities to tailor and optimise inspection 
strategies. But the results are only correct, if the models, computing codes, and input 
data reflect the actual plant situations. Therefore, the licensee must provide adequate 
validation, verification, uncertainty analysis, and quality assurance of the models and 
computational tools. 
 
In applications where quantitative and qualitative assessments are combined, the 
procedure should provide guidance to ensure consistency of the overall approach. 

6.5 Input Data (Appendix  F-5) 
All input data to the process must be justified and subject to quality assurance.  

6.6 Level of Evaluation (Appendix F-6) 
The determination of the safety significance6 of piping items and thus of the extent of 
inservice inspection by NDT, based on evaluated risk, can be performed at the level of 
piping segments or at the level of piping structural elements (e.g., welds).  If the failure 
potential or probability is evaluated at the level of segments, it is important that those 
elements within a segment which are susceptible to degradation and govern the failure 
potential or probability are identified and selected for inspection. 

                                                 
6 Refer to the glossary of terms. 
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6.7 Failure Analysis (Appendix F-7) 
6.7.1 For any RI-ISI methodology to be effective, it is a prerequisite that components‘ 
susceptibility to different kinds of degradation mechanisms can be determined.  
 
In the evaluation of susceptibility, all known degradation mechanisms or combined effects 
of them have to be taken into account and evaluated in a systematic manner, considering 
the influential parameters such as loads and other operating and environmental 
conditions in relation to design, dimensioning, and material properties of the components. 
The evaluation should be based on established susceptibility criteria, industry experience, 
available industry data bases, plant-specific experience, and research results. 
 
6.7.2 The estimation of failure potential and failure probabilities should be based to the 
extent possible and useful on comprehensive failure data bases, with detailed information 
of not only the type of degradation, but also actual environmental and other relevant plant 
conditions. 
 
For the purpose of risk ranking and safety significance categorisation the probability of 
failure must be estimated ignoring the effect of inservice inspection. When exploiting 
historical failure data, one should be aware of the possible influence of past ISI and leak 
detection on the data. 
 
With respect to the consequence analysis, the different failure modes, i.e., small leak 
(through-wall crack), large (system disabling) leak, and full break, have to be adequately 
defined and evaluated. 
 
6.7.3 Structural reliability models (SRMs) and associated software, which are used to 
estimate failure probabilities, should be verified and validated. The concept delineated in 
Appendix F-7.6 should be followed as a minimum. 
 
It is recognised that a full validation with applicable plant and industry failure data bases 
is not possible because of scarcity of data. This is most acute for high consequence and 
low probability of failure items. Hence, continued effort to validate SRM software is 
necessary. The performance monitoring and feedback process included in the risk-
informed approaches should actively be utilised for this purpose. Detailed criteria for 
fulfilling quality assurance aspects of SRMs and associated software should be 
developed on a national level. 
 
6.7.4 When using SRMs to estimate failure probabilities or to optimise inspection 
strategies, it is important that  
 
- the inputs to the SRM calculations reflect the actual plant conditions as close as 

possible, 
- the existing limitations, simplifications, and uncertainties with regard to modelling and 

quality of the input data are recognised, 
- the analysts have a good understanding of the underlying models, the computing 

program, and the technical meaning of the inputs, 
- sensitivity analyses are carried out to study the influence from different key 

parameters on the results, to check the results for reasonableness, and to support 
decision making, 

- the results together with the input data and assumptions are reviewed, preferably by 
an expert panel, to exclude unrealistic and unreasonable features considering plant 
and industry experience. 
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6.8 Consequence Analysis and PSA Aspects (Appendix F-8) 
6.8.1 Direct and indirect effects of all component failure modes (e.g., small leak, large 
leak, break) have to be considered. The impact of component failure on containment 
performance must also be evaluated. Due attention must be paid to low power and 
shutdown states. The consequences of component failure are quantified or categorised 
with the help of PSA results or insights. 
 
6.8.2 The PSA should reflect the actual status and operational practices of the plant. It 
should use best estimate models and data, as opposed to conservative assumptions. 
Living Level 1 PSA is a prerequisite. A further prerequisite is that the models are 
sufficiently detailed in order to adequately support the application to RI-ISI. Ideally, living 
full scope Level 1 and Level 2 PSAs should be available.  PSAs of lower scope can be 
used but areas not covered need to be taken into account, for example, by deterministic 
considerations or engineering judgement.  
 
Pipe failures must either be modelled in the PSA or be represented by so-called 
surrogates which are modelled. In order to avoid truncation problems, the base PSA 
should be requantified with the surrogate set failed. In certain cases, a change of logic 
model structure may become necessary. Manual operator actions and automatic isolation 
actions must be correctly taken into account. 
 
Requirements with regard to quality assurance such as peer review, regulatory review, 
and details of living PSA are a national matter. 

6.9 Risk Assessment and Risk Ranking Criteria (Appendix F-9) 
6.9.1 The items of a piping scope (segments or structural elements) are ranked or 
categorised according to their associated risk, which is determined from their failure 
probability (or potential) and the severity of the failure consequences. This ranking or 
categorisation controls the proposed extent of inspection by NDT. The ranking or 
categorisation criteria can be expressed as thresholds in terms of CDF and LERF or 
pertinent importance measures such as risk reduction worth and risk achievement worth. 
 
6.9.2 The risk ranking or categorisation can be performed on the basis of absolute or 
relative risk values. If risk is used to optimise ISI programmes, the rationale must be to 
confine or reduce the risk for the public. Absolute risk is easier to correlate to the risk for 
the public than relative risk. However, variabilities in PSA models as well as in structural 
reliability assessment techniques can cause the absolute risk values of an application to 
deviate systematically from the true values, which results in difficulty to set robust risk 
criteria based on absolute numerical values (cf. Appendix F-9.3).   
 
The existing qualitative RI-ISI methods are ultimately based on absolute risk. Associating 
the items of the scope to broad ranges of risk, they conservatively discriminate “low” risk 
from “high” risk. In this, and making allowances for uncertainties, they are robust, but 
offer only poor resolution.  
 
For the purpose of risk categorisation with quantitative methods, the use of absolute 
numerical risk values and criteria is not supported by the state of the art. In particular, a 
bias possibly present in all individual risk values of the items would be a problem. Making 
relative use of the calculated risk values helps to overcome adverse effects due to lacking 
absolute accuracy. In particular, a multiplicative bias common to all individual risk values 
will be eliminated. Therefore, the preferred approach for the time being is to use relative 
risk and relative risk criteria. 
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When using relative risk criteria, the user and the regulator must be aware of the factors 
that impact the application of relative risk criteria and of possible pitfalls. Factors that can 
significantly influence the results are, for instance, the shape of the risk profile and undue 
conservatisms in the analysis. Sensitivity analyses are a suitable means to identify such 
influences and to take them into account. For example, in order to reduce the sensitivity 
of the result to the shape of the risk profile, items with outlying high risk can, for trial, be 
removed from the analysis.  
 
6.9.3 There is a possibility of conflicting situations between defence-in-depth provisions 
and risk considerations. In order to find a solution, the safety reasons for the defence-in-
depth provisions have to be considered. Defence-in-depth considerations should not 
invalidate the risk insights, and risk considerations should not undermine defence-in-
depth. In such situations, a decision with due consideration of plant-safety is required. 
One example of this type of conflict is the question whether the effect of leak detection 
should be taken into account when calculating failure probabilities. This example is 
developed further in the next paragraph (refer also to Appendix section F-2.5). 
 
Inservice inspection by NDT and leak detection are two different layers of defence-in-
depth. On the other hand, risk is more realistically evaluated when leak detection is taken 
into account. To support a solution, the risk ranking should be investigated both with and 
without leak detection and accounting for both the engineering and human reliability 
aspects of the leak detection process. 
 
6.9.4 Relative risk and pertinent criteria are well suited for risk ranking or categorisation 
of the items and to identify higher risk items, but not so well suited to determine the extent 
and the number of inspections, which are required to fulfil all objectives of ISI. Therefore, 
they have to be supplemented by criteria based on defence-in-depth and safety margins 
considerations in accordance with Key Principles no. 2 and 3. 

6.10 Complementary Defence-in-Depth Selection Criteria (Appendix F-2) 
Any ISI programme is by itself a measure of defence-in-depth. Beyond that, existing 
RI-ISI methodologies contain deliberate features and explicit provisions of defence-in-
depth. However, in order to ensure full compliance with the defence-in-depth concept and 
the objectives of ISI, in particular to make allowances for uncertainties and 
incompleteness of our knowledge, complementary defence-in-depth criteria should 
explicitly be formulated. This is particularly important with regard to low predicted failure 
probabilities, since uncertainties in this area are often large.  
 
This leads to the need for the risk-informed ISI programme to: 
 

a) Have an element directed towards addressing unforeseen or unexpected 
degradation mechanisms. This element addresses one of the two 
objectives of ISI (see Table 1). 

 
b) Adopt a precautionary approach by giving more weight to the 

consequences of failure than to the probability of failure in cases where the 
consequences of failure are severe and the uncertainties in the probability 
of failure are significant. 

 
Thus additional ISI, beyond that considered appropriate only on the basis of risk, should 
be considered to be directed at components with high consequences of failure. Such ISI 
will help identify unforeseen or unexpected degradation mechanisms and improve 
confidence in the very low failure frequency required for such components. 
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This concerns particularly the main coolant pressure boundary, which is the second 
barrier between the radioactive fuel and the public. It should also be kept in mind that 
safety concepts such as incredibility of failure, leak-before-break, and break exclusion 
presuppose effective inservice inspection as an ingredient. Table 1 summarises the 
proposed scheme. 
 
Table 1: ISI objectives and inspection selection criteria. 
 

ISI objectives 
 

Inspection selection criteria 

Identified degradation 
mechanisms 

Verify that known degradation 
mechanisms do not cause damage 
to the SSCs of the plant 

Evaluated risk, 
based on best estimate of 
current knowledge / 
defence-in-depth 

Heatup/cooldown only * 
→ sampling 

Verify that no unforeseen or 
unexpected degradation is 
degrading the SSCs of the plant 
 

 
High consequence areas / Representativeness: 
→ sampling 

* Fatigue anticipated in the design basis. 
 
A risk-informed inspection programme should also be well balanced with regard to all 
types of degradation. There may exist cases where aggressive degradation mechanisms 
such as IGSCC or FAC, affecting large portions of piping, are present. They will dominate 
the risk associated with piping failures. Therefore, a risk-informed procedure must ensure 
in such cases that all other types of identified relevant degradation, which would have to 
be inspected in the absence of the dominating degradation mechanism, are inspected to 
the necessary extent. 
 
Sites with low consequences of failure and categorised as low risk but being subject to 
relevant degradation and thus enhanced failure probability, may still warrant some NDT 
inspections besides pressure and leak testing. This is, albeit the low risk and 
consequences, for regulatory concern with respect to safety, safety culture, and public 
confidence, and not only for licensee’s economic reasons (cf. Appendix section F-10.5). 
 
The above mentioned complementary criteria do not prejudice that an ISI selection based 
on evaluated risk is not acceptable. Such a selection may completely meet these criteria. 

6.11 Selection of the Inspection Elements (Appendix F-2 and F-10) 
The selection of structural elements for inspection should be weighted towards the higher 
risks. Most higher risk elements being susceptible to a degradation mechanism and 
100 % of those which govern the failure potential within a segment should be selected.  
 
Structural elements that from the risk evaluation turned out to be safety-significant but 
have no degradation mechanism besides fatigue anticipated in the design basis and 
structural elements with low risk but high consequence should normally be sampled. 
Fixed sample sizes or statistical methods may be used for this purpose. 
 
In order to fulfil the second ISI objective of Table 1, the selection of high consequence 
items for ISI should be representative of the sites concerned, for instance, as regards 
pipe sizes and materials. Similar high consequence sites could be grouped and sampled. 
The selection could be at random or guided by information on high stress, repair areas 
etc., as appropriate. 
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The sample size will be important for the success of inspection when inspecting for 
unexpected and unforeseen degradations. It should be large enough that an eventual 
occurrence of generic degradation would be discovered with high likelihood. For the 
reactor coolant pressure boundary, defining a minimum sample size may be suitable. 
 
A successful inspection strategy must use inspection frequencies that are adapted to 
the kinetics of the targeted degradation mechanisms. A risk-informed procedure should 
use this information as appropriate to specify inspection intervals adapted to the relevant 
degradation rate and performance of the NDT system. 

6.12 Expert Panel (Appendix F-9.4) 
The expert panel process is the licensee’s responsibility. The requirements as regards 
personnel, formulated in section 6.2, particularly apply to expert panels. Panels, made up 
from experts covering all involved technical areas, can provide valuable insights in the 
process of deciding on safety significance and selecting structural elements for 
inspection. Their use is recommended. In order to support the repeatability of the expert 
panel process, detailed guidelines should be developed for it. External experts, who are 
familiar and experienced with the methodology and expert panel activities and 
organisationally independent from production pressures, would be helpful to open and 
conduct the discussions and to draw attention to important issues. Expert panel decisions 
and their justifications should be well documented. 

6.13 Link to NDT System Qualification (Appendix F-10.3) 
NDT system qualification is a cornerstone to achieve reliable ISI. A RI-ISI evaluation will 
provide input to specify an NDT system qualification. This concerns the degradation 
mechanism to be addressed and the NDT performance to be achieved. If quantitative 
methods are used to demonstrate sufficient risk reduction, the assumed performance in 
terms of probability-of-detection curves should be validated to the extent practical through 
the qualification of the NDT system used. 

6.14 Uncertainties (Appendix F-12) 
The safety significance determination and the change in risk estimates are subject to 
considerable uncertainties inherent in the estimation of failure probabilities as well as of 
data and models in PSAs. Some of these uncertainties are difficult to quantify and to 
propagate. When quantitative methods are used, sensitivity studies, which cover certain 
aspects of uncertainty, have to be performed. 
 
Uncertainties must be accounted for. This can be achieved by suitable features inherent 
in the methods, by conservative estimates not leading to adverse effects (as discussed in 
more detail below), and by precautionary provisions as delineated in section 6.10.  
 
One way to deal with the effect of uncertainties is to use conservatism. Particularly, in 
view of the assessment whether a degradation mechanism is of relevance for a 
component, defence-in-depth advocates to be conservative. However, when using risk 
importance measures (e.g., RRW), especially if normalized to the pipe failure risk, or 
change in risk arguments (e.g., neutrality) to determine the risk or safety significance of 
items or the number of inspections, undue conservatism will distort the analysis results 
and may reduce the importance at places where the assessment was realistic. Therefore, 
in such analyses, conservatism must be avoided, but can be introduced outside the 
quantitative procedure, for instance by an expert panel. 

6.15 Larger Context than ISI (Appendix F-14) 
RI-ISI evaluations of piping systems may identify segments or structural elements as 
safety-significant that, however, cannot be inspected by NDT commensurate with their 
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importance for risk. In a relative risk scheme, such items can even cause a decision to be 
made not to inspect other items from a risk point of view.    
 
Such situations suggest to adopt a wider perspective than inservice inspection alone. 
NDT inspection is not the only and sometimes not the most suited way to reduce the risk 
associated with the potential failure of passive components. Possible other actions are 
replacement of components, modifications to equipment or operating conditions, and 
enhanced monitoring of operation and operating conditions.  

6.16 Documentation 
The methods used must be well described and documented. The evaluations, 
calculations, relevant assumptions, deliberations and decisions as well as the existing 
documents used must be thoroughly documented in a manner that the process is 
traceable and repeatable. 

6.17 Regulatory Review 
The methods to be used should be subject to regulatory review and approval in 
accordance with the national regulatory arrangements. Pilot studies or pilot applications 
are a useful means to support the development of regulatory guidelines and review 
procedures and the regulatory review of methods. 
 
Proposed RI-ISI programmes should be subject to regulatory review and approval in 
accordance with the national regulatory arrangements. Data and methods used to 
support criteria and decisions, e.g., on failure potential or failure probabilities, must be 
available for regulatory review.  
 
The Key Principles set out in chapter 5 are expected to constitute a prerequisite for the 
regulatory approval of RI-ISI methods and programmes. The important aspects described 
earlier in this Chapter should also be taken into account. 
 
A RI-ISI evaluation is a multidisciplinary task. Therefore, the regulator must also have the 
necessary expertise available to assess applications.  Effective review procedures and 
audit tools should be in place. 
 

7 Recommendations for Future Work 
 
The TF discussions have identified a number of recommendations for future work.  These 
apply to regulators, licensees, methodology developers, owners groups, and international 
organisations as appropriate. 
 
1. If it is decided to implement a RI-ISI approach on a scope of piping, where IGSCC or 

FAC are affecting large portions of piping, it should be demonstrated that all other 
relevant degradation mechanisms and also condition monitoring are adequately 
addressed in the resulting ISI programme. The scope of piping should be sufficiently 
extended to allow all relevant aspects to be studied. 

 
2. The application of different RI-ISI methods to the same scope of piping of a plant 

would be one means of establishing confidence in the consistency of different 
approaches. This might most effectively and efficiently be achieved by owners groups 
or international organisations attempting to coordinate a comparison of methods on a 
particular plant or plant type. 
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3. What is the adequate evaluation level, i.e., segment level versus structural element 
level, and what can be regarded as a sufficient statistical sample including conditions 
for this should be investigated further. 

 
4. International degradation and damage data bases such as the OECD Piping Failure 

Data Exchange (OPDE) should continue to be supported. 
 
5. Continued efforts to validate SRMs and associated software using degradation and 

damage data bases are needed. 
 
6. A consensus on criteria, that define when a piping component is susceptible to any 

degradation mechanism, should be established at the level of ISI codes and 
standards. 

 
7. The selection of ISI locations with and without taking leak detection into account and 

accounting for all relevant aspects including human reliability aspects of the leak 
detection process should be investigated. 

 
8. Detailed procedures for risk ranking and criteria for risk acceptance deserve further 

development. 
 

9. The sensitivity of the selection of ISI with respect to the shape of the risk profile, 
especially accounting for outlying high risks should be systematically investigated. 

 
10. More detailed criteria for ensuring defence-in-depth should be developed. 
 
11. The influence of different assumptions about probability-of-detection curves and 

independent versus dependent inspections on calculated failure rates and the link to 
inspection system qualification should be studied. 

 

8 Conclusions and Final Remarks 
 
The analysis and discussion in the Appendix clearly shows that there are still complex 
technical aspects and some more fundamental aspects that need attention. Certainly, 
current ISI selections are subject to uncertainties, too. However, risk-informed 
approaches can relax the provisions of the traditional ISI schemes. Thus, regulators have 
to ask for validation and verification of the approaches and for allowances for 
uncertainties of the approaches. Carefully developed guidelines need to be implemented 
for such applications. 
 
The application of the WOG and EPRI methods typically brings about reductions in the 
number of inspections of about 80 % compared to ASME Section XI programmes. Similar 
drastic reductions are not to be expected with regard to all the different European ISI 
schemes, which differ from ASME Section XI. Some of them are already qualitatively risk-
informed (without using PSA) or strongly based on service experience and targeted at 
damage mechanisms. This view is supported by pilot study results. 
 
Different approaches on how to develop RI-ISI programmes exist. Though the main steps 
are similar, the different methods and procedures differ considerably from each other in 
the way the evaluation and the selection of inspection sites are performed. Due to the 
diversities in methods and due to observations made, it has to be expected that the 
results from the application of different methods to the same scope of a plant would 
diverge to some extent. The Task Force is, however, not in the position to be more 



 

 28

specific in this respect. For different RI-ISI methods that use PSA input, no comparative 
studies related to the same scope of piping of one plant exist (cf. Appendix F-13). 
 
All known RI-ISI methodologies and procedures are restricted to piping. Only the WOG 
and the EPRI method have presently obtained regulatory approval (from the USNRC, and 
WOG applications from CSN) and are in widespread use in the USA. (In Europe: WOG 
applications in Spain, one proposed WOG application in Sweden, and WOG and EPRI 
pilot studies in Switzerland.) 
 
The WOG and the EPRI methods have been developed in the USA and approved by the 
NRC as valid alternatives to ASME Section XI, maintaining the augmented inspection 
programmes for IGSCC in BWRs and FAC in place. That is, they do not include the most 
aggressive degradation mechanisms, which can affect large portions of piping, and they 
are „calibrated“ to this bandwidth of applications. The actual Spanish applications have 
also been of this type, though the Spanish Application Guideline does not restrict the 
application to this case as regards the WOG method. Two other RI-ISI approaches, which 
have been developed in Europe and used in pilot studies, are also still limited in their 
applicability: A procedure developed by SAQ Kontroll (Sweden) has been dedicated to 
the IGSCC degradation mechanism, and the OMF-Structures method, developed by 
EDF, is not applicable to the reactor coolant system. A Finnish approach is still in 
development.  
  
In Europe, the regulators that at present either require RI-ISI of piping or permit it as an 
option pursue the aim of a full comprehensive application covering all degradation 
mechanisms and all plant systems. The European Network for Inspection and 
Qualification, which is utility-driven, also aims to embrace all degradation mechanisms in 
a RI-ISI evaluation.  
 
The development of RI-ISI methodology is not finished. Two directions of further 
development can be observed: 
 
First direction: The ENIQ Task Group on Risk advocates the development of a 
comprehensive and fully quantitative methodology to approach risk from pressure 
boundary failures numerically as realistically and precisely as possible, placing high 
reliance on analytical models and tools. (However, no concrete efforts can be seen that 
this could be accomplished in the near term.) 
 
Second direction: A recently proposed ASME Code Case pursues the aim to drastically 
simplify and to standardize the RI-ISI approach by utilising generic insights from a large 
number of applications. 
 
The first choice would clearly need significant effort to be realised, while the second 
choice would reduce the workload and the challenge associated with RI-ISI at the price of 
lower resolution and selectivity of the process.  
 
From a regulatory point of view any approach to RI-ISI would need to meet the Key 
Principles and address appropriate important aspects discussed in this report.  
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APPENDIX 
 

A RI-ISI Methods in Use 
 
The procedure to establish a risk-informed inservice inspection programme includes 
several main steps: definition of scope (systems selected), division of piping systems into 
segments, failure analysis, failure consequence analysis, risk ranking of the items 
(i.e., segments or structural elements), safety significance categorisation of the items 
based on integrated decision making, structural element selection for inspection, 
establishing an inspection plan including inspection methods, frequencies and schedule, 
and defining a performance monitoring programme to trace the effectiveness of the RI-ISI 
programme and to provide feedback and updating. These steps are essentially common 
to all RI-ISI methodologies currently in use. 
 
The WOG methodology [WOG 99a, ASM 00a] makes extensive use of analytical models. 
The failure probabilities of piping segments are calculated by means of a Structural 
Reliability and Risk Assessment (SRRA) computer code [WOG 99b], using probabilistic 
fracture mechanics methods. The initial risk ranking of the piping segments is based on 
the risk importance measure risk reduction worth (RRW). The final safety significance 
category, “high” or “low”, is determined by an expert panel in a process of integrated 
decision making. The expert panel combines all affected engineering disciplines. This 
method is a quantitative and relative one. 
 
The EPRI methodology [EPR 99a, ASM 00b, ASM 00c] uses a more qualitative 
approach. Based on criteria derived from service experience and pipe failure data, each 
piping segment is checked whether it is susceptible to a certain degradation mechanism, 
and accordingly assigned to a rupture potential category (high, medium, low). The 
consequence categorisation (high, medium, low, none) of each segment is based on the 
conditional core damage probability (CCDP) and conditional large early release 
probability (CLERP), connected with the segment’s most severe postulated failure mode. 
The CCDP is estimated from the plant-specific PSA for initiating events and derived from 
general PSA-based rules for loss of mitigating system events. In a matrix (“risk matrix”), 
the rupture potential categories are combined with the consequence categories to risk 
categories. Each pipe segment is assigned to a risk category. The risk categories are 
associated with three “risk regions”, high, medium, and low. As the EPRI methodology is 
designed to be process-driven, no expert panel is used. This method is a qualitative and 
absolute one. 
 
The OMF-Structures7 methodology [EUR 01] was developed by EDF. It is conceived to 
be applied to the maintenance of piping outside the reactor coolant system of the 
900 MW and 1300 MW reactor series. An application study is generic to an entire reactor 
series. Inservice inspection is included as being one measure of maintenance. 
OMF-Structures combines quantitative and qualitative methods as well as probabilistic 
and deterministic information and criteria in a systematic way. The quantitative evaluation 
uses risk importance measures. Though the use of structural reliability models (SRMs) is 
provided for to estimate pipe failure probabilities, up to now failure potentials have been 
estimated qualitatively. OMF-Structures supports the optimisation of maintenance 
programmes with respect to safety, availability, and maintenance cost. These aspects, 
however, are decoupled, and this report considers the safety stakes only. 
 

                                                 
7 OMF = Optimisation de la Maintenance par la Fiabilité (Reliability Centered Maintenance). 
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SAQ Kontroll, now Det Norske Veritas (DNV), developed a quantitative procedure 
[BRI 00] with software NURBIT (“Nuclear Risk Based Inspection Tool”), which is 
dedicated to piping systems prone to intergranular stress corrosion cracking (IGSCC). 
The piping failure probabilities are calculated for individual welds by means of a 
probabilistic fracture mechanics computer code, taking leak detection systematically into 
account. Risk ranking is made in terms of the CDF assigned to the failure of individual 
welds, i.e., in terms of an absolute risk measure. To determine the extent of inspection, 
however, a plant-specific relative scheme is suggested. The effect of inspection 
frequency is systematically included in the quantitative optimisation process.  So far, no 
expert panel has been used. The software package NURBIT provides means to optimise 
the inspection programme with respect to minimum risk, inspection costs, failure costs, or 
radiation dose for the inspection personnel. 
 
The STUK procedure has the perspective of full scope application. Consequently, at the 
starting point, all systems important to safety should be exposed to a selection procedure 
irrespective of the ASME class (1, 2, 3, or even non-class piping). Once the systems 
have been selected, the risk ranking procedure at the piping segment level is generally 
based on the EPRI scheme, but exhibits the following differences. The failure potential 
categorisation is somewhat more differentiated and more conservative: also degradation 
mechanisms other than flow accelerated corrosion such as IGSCC and aggressive 
thermal fatigue can be assigned a “high” rupture potential, whereas in the EPRI method 
they would always be categorised as “medium”. Further, the STUK procedure makes full 
use of the plant-specific PSA to estimate the severity of failure consequences in terms of 
CCDP. The STUK procedure is not as prescriptive as the EPRI method and consequently 
uses, as an essential part, an expert panel to make the final integrated decisions. 
 
The qualitative SKIFS 1994:1 scheme [SKI 96], which makes no use of PSA results, is 
briefly described in ref. [EUR 99]. 
 

B RI-ISI in the USA Context 
 
This appendix refers to section 2.6 of the report. Some features of the demonstration of 
acceptable quality and safety are discussed in the following.  
 
For the WOG methodology, the equivalency of a proposed RI-ISI programme with the 
ASME Sect. XI programme is underpinned in the following way: 
 
(i) The piping segments within the scope of the programme are ranked as high or low 

safety-significant. Only the high safety-significant segments will undergo non-
destructive testing (NDT) ISI. When replacing the Sect. XI programme by the 
RI-ISI programme, the change in pressure boundary failure risk, related to a 
period of 40 years, is estimated by assuming that for segments that are inspected 
the risk is reduced (using a probability of detection), while for segments that are 
not inspected risk is not reduced. The risk reduction per segment is assumed to 
be independent of the number of welds being inspected in the segment. The 
effect of leak detection is taken into account. The change from Sect. XI to RI-ISI 
should bring about a risk reduction or be risk neutral. This is the aim of the method 
and also the expectation of the NRC. 

 
(ii) In a second step, using a statistical model, it is demonstrated that, with the 

proposed inspection plan, the performance of highly reliable piping segments will 
not be degraded compared to existing and acceptable performance levels. For 
each segment, it is demonstrated that a target leak frequency in the range of 10-5 
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to 10-6 per weld and year will be met with a confidence of > 95 %. This is regarded 
as an estimate of maintained safety margin against leakage. For welds 
susceptible to an active or suspected degradation mechanism (“high failure 
importance”) such an analysis is not needed, because all of them have to be 
inspected. 

 
The EPRI methodology is designed to yield for class 1 pipe welds (ASME XI examination 
category B-J) a sample size of 10 %, while ASME XI requires 25 %. It is argued, based 
on the performance history of this piping (apart from IGSCC, which is covered by 
augmented programmes), that a 10 % sample, selected in a risk-informed manner, would 
provide at least an equivalent level of protection against piping leakage or rupture, as the 
Section XI sample of 25 % and selection criteria. 
 

C Recent and Ongoing Activities and Developments 

C-1   Europe 

C-1.1  European Commission 
Risk-informed inservice inspection was considered a priority area within the multi-annual 
programme (1996 – 2000) of the Nuclear Regulators’ Working Group (NRWG). In 1997, a 
NRWG Task Force on risk-based inspection was formed. In 1999, its report, a Current 
Practices Document on risk-informed inservice inspection and inservice testing, was 
published [EUR 99]. In November 2001, the NRWG held a Special Session on Risk-
Informed Applications, with emphasis on risk-informed in-service inspection. At this 
session, progress in the field of RI-ISI in Europe was presented. Subsequently, in 
May 2002, the Task Force was re-activated to continue its work. 
 
In parallel to the NRWG Task Force on risk-based inservice inspection, the European 
Network for Inspection Qualification (ENIQ), a group of European utilities, set up a Task 
Group for risk-based inspection, named ENIQ Task Group 4. 
 
A European Network for Risk-Informed In-Service Inspection (EURIS), consisting of 
experts from industry and from technical support organisations, was funded by the 
European Commission DG Research with the objective to establish a EU framework on 
risk-informed inservice inspection and to harmonise the different national positions. 
EURIS identified and analysed the main elements of a RI-ISI approach. The outcome 
from its work was issued as a Discussion Document by the ENIQ Task Group 4 in 
December 2000 [EUR 00b]. 
 
The existing RI-ISI methodologies were reviewed in a project, called „Risk-Based 
Approach for In-Service Inspection of Nuclear Power Plant Components“ (RIBA), carried 
out by a Group of Experts from industry in 1999 to 2001 and also funded by the European 
Commission. The RIBA report [EUR 01] contained a review of existing RI-ISI 
methodologies, a comparative study of RI-ISI applications, and conclusions and 
recommendations. One recommendation was that a European Guideline on RI-ISI should 
be established. 
 
In the frame-work of EURATOM research, a project called “Nuclear Risk Based 
Inspection Methodology” (NURBIM) is carried through from 2002 to 2004. Its objective is 
to progress the recommendations of EURIS and to develop procedures to identify where 
the highest likelihood of component failure is located in a plant. The point of main effort is 
the review and benchmarking of structural reliability models (SRMs) and associated 
software to establish the current state of the art and to define a set of criteria that should 
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be met by a suitable SRM. The work will be finalised with a “handbook of best practices” 
for the implementation of RI-ISI. 
 
In spring 2002, ENIQ decided to strengthen its work on RI-ISI and established the ENIQ 
Task Group on Risk (TGR), which replaced the Task Group 4. This group took up the 
objectives of EURIS and will, using the input from EURIS and NURBIM, come up with a 
„European Framework Document“ for the implementation of RI-ISI programmes. It is 
intended that this document should play a similar role as the European Qualification 
Methodology Document in the field of NDT system qualification [EUR 97b], being in line 
with the views of the European regulators. 
 
A Joint EC-IAEA Technical Meeting on Improvements in In-Service Inspection 
Effectiveness, which included RI-ISI as a main topic, was held at Petten, 
November 19 - 21, 2002 [EUR 02]. A JRC Workshop on Use of PSA for RI-ISI was held 
at the JRC Institute of Energy, Petten, March 30 - 31, 2004. 

C-1.2 European Countries 
On the national level, many initiatives, pilot studies, and formal applications of RI-ISI have 
been going on. 
 
In Spain, a co-operative R&D project between CSN and UNESA, carried out from 1998 to 
2000, included two partial scope RI-ISI pilot studies related to a PWR (Ascó 1) and a 
BWR (Sta. Ma de Garoña), respectively, and the development of a Spanish application 
guide [CSN 00] for RI-ISI of piping. Though the Application Guide addresses both 
quantitative and qualitative methods, only the WOG method was validated in the pilot 
studies. There are now four formal applications for RI-ISI of class 1 piping (PWRs Ascó 1 
and 2, Almaraz 1 and 2), approved by CSN, all of them by the quantitative 
WOG methodology. Further applications are expected in the short-medium term. 
 
The Swedish qualitative risk-informed approach to ISI, introduced in 1988 [SKI 96], puts 
strong emphasis on loss of coolant from the core as a subsidiary measure of risk. To 
explore further development using quantitative and PSA-supported methods and to 
suggest possible improvements, a pilot study was carried through, related to primary 
piping at NPP Oskarshamn 1 [BRI 00]. The study was funded by the Swedish Utilities and 
SKI, and SKI joined the project team. The quantitative procedure was developed at 
SAQ Kontroll (now Det Norske Veritas, DNV).  
 
Ringhals AB took the initiative to conduct a RI-ISI pilot study using the quantitative 
WOG methodology [EUR 01]. The study was related to two pipe systems of Ringhals 
unit 4. SKI was kept informed. Subsequently, a full scope application was performed for 
unit 2, and submitted to SKI for approval. The extension to units 3 and 4 is planned. 
 
In France, to optimise maintenance of piping components, Electricité de France (EDF) 
has developed the risk-informed method „OMF-Structures“, and performed a pilot study 
related to the auxiliary feedwater system of the 900 MW reactor series [EUR 01]. The 
resulting maintenance programme was to be implemented in 2003. More systems outside 
the primary and main secondary circuits are planned to be treated in the future. 
“OMF-Structures” is designed to make use of structural reliability models to determine 
pipe failure probabilities. EDF has suggested a working group on SRMs including 
representatives from the authorities. It has started to work. 
 
In Finland, STUK’s project to investigate PSA support to regulatory audits included a 
RI-ISI pilot study on selected piping systems of the Finnish NPPs [MON 00]. The study 
was conducted by STUK, using a procedure developed by STUK. The licensees 
contributed to the study providing the qualified system information data to STUK. The 
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objective was to provide experience on how to apply RI-ISI methods for piping systems 
and to make STUK and licensees ready for the introduction of RI-ISI. The utility TVO has 
taken up the STUK initiative and has performed developments of its own. 
 
In Germany, in the frame-work of the federal regulatory investigation programme a study 
has been carried out on the use of probabilistic methods for the assessment of 
NDT inservice inspection of NPP pipes [RUM 03]. The study combines experiences 
gained from safety evaluation based on probabilistic fracture mechanics analyses with 
insights from probabilistic safety assessment of German NPP. As a prerequisite, the 
information gained from probabilistic considerations would have to be integrated into an 
overall concept based on the proven deterministic approaches. 
  
In Switzerland, two licensees have taken the initiative to perform RI-ISI pilot studies. At 
NPP Beznau 1 (PWR), the WOG methodology was applied to all class 1 piping. At 
NPP Leibstadt (BWR), the EPRI methodology was applied to the recirculation loops and 
to the high pressure core spray system. The HSK followed both studies as an observer. 
 
In the United Kingdom, to date there have been no pilot studies or real applications of 
RI-ISI to civil nuclear reactors. The Nuclear Installations Inspectorate (NII) is part of the 
Health & Safety Executive (HSE), which is the safety regulator for many industries. 
 
As part of the Industrial Management Committee (IMC) nuclear safety research 
programme, overseen by the HSE, a review of the status of RI-ISI was commissioned. 
Two reports arising from this review were issued in November 2001. The first [SER 01a] 
considered international developments whilst the second [SER 01b] considered 
application to civil nuclear reactors in the United Kingdom. 
 
RI-ISI is now increasingly being used in a number of industrial sectors. RI-ISI is routinely 
used, for example, on onshore and offshore process plant.  HSE’s activities in these two 
particular sectors are of interest in the present context. This is because a) three public 
documents have been produced, b) these documents deal with pressure systems which 
maximises the relevance to typical nuclear applications of RI-ISI and c) much of the 
information in these documents is generic. The three public documents on RI-ISI are 
briefly described next. 
 
Best practice for RI-ISI as part of plant integrity management is discussed in 
ref. [HSE 01c]. Based on the best practice identified, an audit tool for RI-ISI is provided. 
 
As the first stage of a two stage programme commissioned by HSE, ref. [MIT 02] reviews 
RI-ISI methodologies, including several used in the nuclear industry. The second stage of 
this programme involved a case study evaluation of onshore process plant [HSL 02]. In 
this work seven participants, each using a different RI-ISI methodology, considered up to 
four case studies (e.g., distillate hydrotreater). One of a number of important conclusions 
from this work was that for a particular case study, where each participant had access to 
identical information, there was significant variability between the damage mechanisms 
each participant considered to be active. 
 
In Lithuania, a pilot study, related to primary piping of the RBMK-1500 type reactor of 
NPP Ignalina 2, was carried out [BRI 01, BRI 02]. The DNV procedure was used. 
 
The Nuclear Research Institute Rez, Czech Republic, and EPRI organised an 
“EPRI/Europe Risk-Informed Inservice Inspection Conference” in Prague, October 2002. 
The Nuclear Research Institute Rez has started studies related to RI-ISI. 
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C-2     USA 
Since the USNRC Regulatory Guide 1.178 [NRC 03a] was issued for trial use in 
September 1998, RI-ISI of piping has come into widespread use. As of April 2004, 
52 units had received permission from the USNRC to implement a RI-ISI programme. 
About one half of them were class 1 & 2 applications, most of the rest class 1 and only a 
few of them full scope (class 1, 2, 3, and non-class) applications. 17 submittals were 
under USNRC review. The Regulatory Guide 1.178 has been updated to a final version in 
2003 according to the experience the NRC had gained by the review of the numerous 
licensee applications. The first revision of the Regulatory Guide 1.174 [NRC 02a], which 
forms the framework for risk-informed changes to plants’ current licensing basis, was 
issued in November 2002. 
 
Recently, the WOG and EPRI [EPR 02a] RI-ISI methodologies have been extended to be 
applied to augmented inspection requirements for break exclusion regions (high energy 
piping penetrating primary containment between the inner and outer isolation valves), and 
were approved by the NRC. 
 
A new ASME Code Case N-663 [ASM 02b] provides alternative risk-informed 
requirements for surface examination of piping welds of Section XI categories BF (NPS 4 
and larger), BJ (NPS 4 and larger), C-F-1, and C-F-2. Surface examinations may be 
limited to areas identified to be susceptible to outside surface attack. A pilot plant 
application of this Code Case has recently been approved by the NRC. A non-mandatory 
appendix to ASME Code Section XI has been developed that incorporates Code Cases 
N-560 [ASM 00b], N-577 [ASM 00a], and N-578 [ASM 00c], which define the RI-ISI 
process. It is not yet approved. A proposed Code Case deals with risk-informed pressure 
testing.  
 
In the Code Case N-660 [ASM 02c], the EPRI RI-ISI methodology has been extended to 
the safety classification of pressure-retaining components for use in repair/replacement 
activities. This is related to NRC’s proposed rulemaking on the risk-informed 
categorisation of SSCs with respect to special treatment requirements (new Section 
10 CFR 50.69, “Risk-Informed Categorization and Treatment of Structures, Systems, and 
Components”). 
 
In October 2003, a new Code Case for inservice inspection of piping was proposed 
[ASM 04]. It uses insights from about fifty approved plant-specific RI-ISI applications and 
provides a more generic risk-informed alternative to Section XI, which is drastically 
simplified compared to the Code Cases N-560, N-577, and N-578. This is understood as 
a further step to risk-inform Section XI. 
 
In the framework of the Material Research Program, conducted at EPRI, a task group on 
thermal fatigue is in charge of developing guidance and tools for assessing the 
susceptibility of small bore piping in unisolatable portions of the reactor coolant pressure 
boundary to thermal fatigue. The results will be of interest for RI-ISI methodologies and 
programmes. 
 
The industry and the NRC have been in the process to define the minimum capabilities of 
PRAs that are needed to support risk-informed decision making. The NEI submitted a 
guidance document for peer review of licensees‘ PRAs to the NRC [NRC 03a]. ASME 
has published a PRA standard [ASM 02a] that addresses a Level 1 and limited Level 2 
PRA for full-power operation for internal events (excluding internal fire). The limited 
treatment of Level 2 is sufficient for estimating LERF. Other standards for external events 
(i.e., seismic, wind, and flood), low power and shutdown conditions and internal fires are 
under development by the American Nuclear Society (ANS). A Regulatory Guide 1.200 
for trial use [NRC 04a] and SRP 19.1 [NRC 04b] provide guidance to licensees in 
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determining the technical adequacy of a PRA used in risk-informed decision making, and 
the NRC’s positions on PRA standards and industry PRA review guidance. 
 

C-3 International Organisations 

C-3.1 OECD/NEA 
Following an interest expressed by the Committee on Nuclear Regulatory Activities 
(CNRA), the Committee on the Safety of Nuclear Installations (CSNI) mandated the 
Integrity and Ageing Working Group (IAGE) in 2001 to establish a state-of-the-art report 
addressing the present situation and regulatory aspects on risk-based/risk-informed 
inservice inspection developments and qualification of NDT systems to be used for 
inspections. The IAGE Working Group released a questionnaire on these subjects to the 
participating countries. In the context of this action, a CSNI Workshop on “International 
Developments and Co-operation on Risk-Informed In-Service Inspection (RI-ISI) and 
Non-Destructive Testing (NDT) Qualification” was organised in Stockholm, April 13-14, 
2004. 
 
Several member countries of the Nuclear Energy Agency (NEA) of the OECD have 
established in 2002 the OECD Piping Failure Data Exchange (OPDE) project to collect 
and analyse data relating to pipe failure events in NPPs. This project is based on SKI’s 
pipe failure data bank. 
 
CSNI’s Working Group on Risk Assessment (WGRISK) has recently set up a study group 
on risk-informed regulation, which is supposed to develop a proposal on a state-of-the-art 
report. The CNRA has conducted an in-depth discussion on risk-informed regulation at its 
meeting in June 2001 and will take up the subject as soon as the WGRISK status report 
is available. 

C-3.2 IAEA 
This section summarises examples of recent IAEA activities in the areas of PSA and 
structural integrity, in particular RI-ISI, that are relevant in this context. 
 
Department of Nuclear Energy 
 
In October 2001, a Specialist Meeting on ‘Risk Informed Aspects of Nuclear Power Plant 
Life Management’ was held in Budapest. The purpose of the meeting was to provide an 
international forum for information exchange on the role of risk assessment in improving 
the operation and life management of NPPs. The meeting mainly addressed issues in the 
area of integrity of primary system components and included topics such as inspection 
requirements, quality assurance and repair and maintenance procedures. 
 
In November 2002, a Joint EC-IAEA Technical Meeting on ‘Improvements in In-Service 
Inspection Effectiveness’ was held in Petten [EUR 02], which included RI-ISI as a main 
topic. During this meeting, special attention was given to RI-ISI studies and applications 
in relation to European NPPs as well as to methodological aspects and to the role of PSA 
in RI-ISI. 
 
An IAEA TECDOC on ‘Improvement of In-Service Inspection in Nuclear Power Plants’ will 
be published shortly. This technical document describes strategies for improving the 
effectiveness of inservice inspection and addresses areas such as effective selection of 
the appropriate inspection scope, inspection interval and NDE effectiveness. RI-ISI is 
specifically discussed in Section 3 of the draft TECDOC.  
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The IAEA Division of Nuclear Power is planning to prepare a new TECDOC on 
’Methodology for Risk-Informed In-Service Inspection for Nuclear Power Plants’.   
 
Department of Nuclear Safety 
 
Since the eighties, the IAEA Department of Nuclear Safety has been very active in the 
field of PSA and its applications. In 2001, the Division of Nuclear Installation Safety 
published IAEA-TECDOC-1200 on ‘Applications of probabilistic safety assessment (PSA) 
for nuclear power plants’. This report compiles information on a comprehensive set of 
PSA applications, discusses the regulatory perspective on the use of PSA, and 
addresses general issues regarding numerical criteria used in decision making using 
PSAs.  
 
As a follow-up to the publication of IAEA-TECDOC-1200, the IAEA started two new 
activities in 2001 on ‘PSA quality for applications’ and ‘Risk-informed decision making’.  
 
The objective of the IAEA task on ‘PSA quality for applications’ is to prepare a guidance 
document to address the technical quality required for specific areas of the PSA to 
support modern applications including RI-ISI. Technical features of a typical “Base Case 
PSA” (a PSA aimed to assess the overall plant safety) are also described on the basis of 
contemporary state-of-the-art in PSA. The current draft report covers technical aspects of 
the Level 1 PSA for internal initiating events occurring during operation at power. It is 
acknowledged that once this report is published, activities will have to follow to address 
other aspects of the scope of the PSA. 
 
The IAEA task on ‘Risk-informed decision making’ has addressed the different steps of 
the process, in particular the combination of the various relevant inputs according to their 
importance or weight. It has also addressed the relevance of risk-informed decision 
making in the activities of the regulatory authority. The results of this task are compiled in 
a draft TECDOC on implementation of risk-informed regulation concept, which is 
expected to be published in 2004.  
 
In February 2004, a workshop on ‘PSA Quality for Decision-Making’ was held in Vienna. 
A definition for PSA quality was prepared during the workshop which is built on two 
fundamental pillars: 1) technical adequacy, 2) state of completeness. This leads to two 
important attributes that define a high quality PSA suitable to support decision making, 
i.e., credibility and acceptability. The discussions and conclusions of the workshop lead to 
several recommendations to the IAEA for future work in the area of PSA and PSA 
applications.  
 

The IAEA Department of Nuclear Safety has several Extra-Budgetary Programmes  
(EBPs) that address the topic of RI-ISI.  
 
In the framework of the EBP on the ‘Safety of Nuclear Installations in South East Asia, 
Pacific and Far East Countries’, which started in 1997, a workshop on ‘WWER Horizontal 
Steam Generator Tubing and Primary Composite Material Pipe Examination Technology’ 
was held in China in November 2003. During this workshop the codes and standards that 
affect ISI were addressed. In this context, the participants showed a significant interest in 
RI-ISI. Follow-up activities to cover more specifically the topic of RI-ISI are being 
considered. 
 
One of the objectives of the Working Group on Comprehensive Assessment Techniques 
of the EBP on ‘Mitigation of Intergranular Stress Corrosion Cracking in RBMK Reactors’, 
which was completed in 2002, was to exchange and transfer knowledge on risk-based 
inspection procedures that can be relevant for RBMK rectors. In this context, the results 
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of a pilot study on RI-ISI carried out for Ignalina 2 NPP [BRI 01, BRI 02] were contributed 
to this project. A workshop on risk-based inspection was also held in the framework of 
this EBP. 
 
Activities addressing the topic of RI-ISI are being planned in the framework of the new 
EBP on ‘Safety Aspects of Long Term Operation of Water Moderated Reactors’. 
 
Department of Technical Cooperation 
 
The Department of Technical Cooperation (TC) of the IAEA also covers RI-ISI in its 
programme of work. For example, under the Regional Project for Europe RER/4/024 on 
‘Improvement of Primary Circuit Component Integrity’ a Workshop on ‘Risk-Informed 
In-service Inspection’ was held in Brno, Czech Republic, in September 2003. The 
purpose of this workshop was to familiarise the participants with the evolution and current 
status of the field of RI-ISI and to discuss the level of implementation of RI-ISI practices in 
the region.  Another workshop on RI-ISI is planned to be held in Croatia in October 2004. 
 

D Experience from RI-ISI Applications in the USA 
 
Experience from applications of RI-ISI in US nuclear power plants has been compiled in a 
recent ASME white paper [ASM 04]. This is based on a review and analysis of the result 
of almost 50 approved plant-specific RI-ISI applications. The review covered 17 class 1, 
27 class 1 & 2, and five class 1, 2, 3 & non-class („full scope“) applications. 
 
The number of welds contained in the scope of class 1 & 2 is typically between 1500 and 
3000. A typical RI-ISI programme for class 1 and 2 piping comprises about 100 welds. 
Compared to ASME Section XI programmes, RI-ISI programmes typically bring about 
reductions in the number of inspection sites of approximately 80 %, the spread ranging 
from 45 % to 84 % [BIL 04, LYD 04]. If there are extensive augmented programmes, it 
can happen that only few non-augmented programme welds are determined by the risk-
based procedure as being safety-significant.  
 
For class 1 systems, resulting sample sizes of RI-ISI programmes are at or below 10 % 
(Section XI: 25 %). Class 2 piping tends to be at 0.1 to 2.0 % range (Section XI: 7.5 %). 
Risk-informed sample sizes in break exclusion regions are around or below 10 %. It 
should be noted that there are ongoing discussions on a minimum class 1 sample size. 
Only very few inspection sites were identified in class 3 and non-class piping, most of 
them in the WOG pilot study Surry 1. The two non-pilot full scope applications contained 
in the review, did not identify any class 3 or non-class locations to be inspected. 
 

E Pilot Studies and Applications in Europe 

E-1 Overview 
This chapter will give an overview and a summary on pilot studies and first applications of 
RI-ISI to European NPPs. The weight is on the results, on the comparison with the 
current or previous ISI schemes, and on experiences. Insights gained and observations 
related to special key aspects are discussed in more detail and systematically in 
Appendix chapter F. Table 2 summarises the RI-ISI pilot studies and formal applications 
performed in Europe. All pilot studies and applications are on piping. 
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Table 2: RI-ISI pilot studies and formal applications in Europe considered in the report. 
 
Method 
 

Pilot / 
Appli-
cation 

Reactor 
Type 

 

NPP ISI-Code 
 

Scope Notes 

WOG pilot PWR Ascó 1 ASME XI Class 1  
Class 2: parts of auxiliary feed water 
system (AFW) 
Class 3: rest of AFW + cooling towers 
makeup system (RAT) 
Non-class: rest of RAT 

a 

WOG appl. PWR Ascó 1+2 ASME XI Class 1 a 
WOG appl. PWR Almaraz 1+2 ASME XI Class 1 a 
WOG pilot PWR Ringhals 4 SKIFS 1994:1 Reactor coolant system 

Auxiliary feedwater system 
b 

WOG pilot PWR Beznau 1 NE-14 Class 1 c 

WOG pilot BWR Garoña ASME XI Class 1: one recirculation loop + 
parts of LPCI and feedwater systems 
(FWS) 
Class 2: parts of LPCI and FWS 
Non-class: parts of FWS 

 

EPRI pilot BWR Leibstadt NE-14 Recirculation system 
High pressure core spray system 

 

OMF-
Struct. 

pilot PWR EDF, 900 MW
reactor series  

RSE-M Auxiliary feedwater system  

STUK pilot PWR Loviisa 1+2 ASME XI High pressure injection system 
Emergency feedwater system 

 

STUK pilot BWR Olkiluoto 1+2 ASME XI Shutdown cooling system 
Service water system 

 

DNV pilot BWR Oskarshamn 1 SKIFS 1994:1 Primary piping (1192 welds)  
DNV pilot RBMK Ignalina 2 Russian Code Main circulation piping (1240 welds)  
 
a   Class 1 includes ASME XI examination categories B-F and B-J. 
b    Reactor coolant system including the piping of the auxiliary lines up to the first isolation valve, dissimilar     
    metal safe end welds excluded. No expert panel process. 
c    Class 1 piping up to the second isolation valve, dissimilar metal safe end welds excluded.  
 

E-2  WOG Method and EPRI Method 
RI-ISI applications are plant-specific. Accordingly, the comparison of a series of WOG 
method applications to class 1 piping of PWRs showed different results for similar plants, 
and even for twin units. This concerns damage mechanisms identified and systems 
affected by them as well as the ranges of failure rates related to them, and also the 
numbers of high safety-significant segments.  
 
Damage mechanisms identified for PWR class 1 piping in European studies and 
applications of the WOG method were thermal stratification, vibration, and in one case 
stress corrosion cracking. Thermal fatigue due to heatup and cooldown is always taken 
into account; in one plant, it was the only relevant degradation mechanism identified in 
the engineering evaluation. 
 
Failure probabilities of piping segments are calculated using the SRRA computer code. It 
is important that the inputs to the SRRA calculations reflect the actual plant conditions as 
closely as practicable. However, some input parameter values may not properly be 
available, and judgements on them have to be made. This concerns stress and fatigue 
inputs in some cases and, for instance, the grade of stress corrosion potential. Different 
degrees of realism and conservatism of input data to the SRRA code raise difficulties, 
and it is important that the analyst who works with the code has a good understanding of 
the underlying models, the program, and the technical meaning of the inputs. Sensitivity 
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analyses are useful in such cases. Failure probabilities calculated can cover a broad 
range. For thermal fatigue (heatup/cooldown) ranges over 7 to 8 powers of ten were 
observed. The results from the quantitative analysis are presented to the expert panel 
that ultimately decides on high and low safety-significance of the piping segments. The 
expert panel proved to be an important step in the procedure. It was observed that 
relevant and necessary corrections were made to the preliminary categorisation. 
 
Compared to the previous ASME XI class 1 piping programmes of the four Spanish units, 
the RI-ISI programmes according to the WOG method bring about reductions in the 
number of inspection sites between 53 % and 79 %. The smaller reductions of 53 % and 
63 %, are due to inclusion of a greater number of inspection sites by the defence-in-depth 
concept. Surface examinations are largely eliminated from the programmes, as damage 
mechanisms starting at the outside surface of the weld are rarely identified.  
 
Less or no reductions in the number of inspection sites may occur in relation to ISI 
programmes based on schemes other than ASME Section XI. This can be seen from the 
WOG pilot studies related to Ringhals 4 and Beznau 1. The reactor coolant systems of 
both plants have in common that sites with “high failure importance” (i.e., failure 
probability) only play a minor role. Thus, the risk profiles of their piping segments are 
rather similar. 
 
In the case of Ringhals 4, the total number of inspection sites in the reactor coolant 
system (RCS) and the auxiliary feedwater system (AFW) would only be changed from 47 
to 46. However, nine sites to be examined would be moved from the RCS to the AFW 
system. Thus, the number of inspection sites of the RCS would be reduced from 44 to 34. 
In the case of Beznau 1, the pilot study yielded a 60 % reduction in inspection sites 
compared to the current programme in accordance with the Swiss ISI Provision “NE-14”, 
Rev. 4, but essentially no reduction compared with “NE-14”, Rev. 5 [SVT 99], which is in 
force since 1999 and would be applicable for the new inspection interval starting 2006. 
The change from Rev. 4 to Rev. 5 was deterministically based. SKIFS 1994:1 as well as 
NE-14 direct the inspection effort towards large bore piping, only relatively few locations 
with size less than DN 100 being inspected. In both plants, a redistribution of the 
inspection sites to smaller pipe sizes would be effected. In both cases, about 55 % of the 
segments identified as high safety-significant by the risk-informed evaluation have also 
been addressed by the current inspection programmes. There is, however, a difference. 
In the current scheme, often more than one weld per segment is inspected. In the WOG 
method, if there is no aggressive degradation mechanism active or suspected in the 
segment (“low failure importance”), typically one location per segment is inspected. 
 
It should be noted that the Ringhals 4 pilot study did not use an expert panel. Thus, the 
results are solely based on the quantitative estimates. Of course, it is expected that the 
expert panel would make some substantial changes, but the general features would not 
be changed. 
 
With the WOG method, there is the tendency that the large bore main coolant pipes will 
be categorised as low safety-significant by the quantitative analysis because of low failure 
probability, and thus eliminated from NDT inspection. In such cases, it will be the decision 
of the expert panel to allocate volumetric examinations to it because of defence-in-depth 
reasons. It was also experienced that an appreciable part of the high safety-significant 
segments can consist of small bore piping with socket welds, which presently cannot be 
inspected effectively. 
 
Only one limited WOG method pilot study was performed on a BWR (Sta. Ma de Garoña). 
It is remarkable, that all high safety significance is drawn to segments susceptible to 
IGSCC, while all feed water system segments are categorised as low safety-significant. 
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Only one pilot application of the EPRI method is known in Europe (NPP Leibstadt). The 
evaluation is done system by system. For the recirculation system, it was very simple. 
The piping material is IGSCC resistant, thus the potential for pipe rupture is categorised 
“low”. Based on the CCDP for LOCA events derived from the PSA, most of the segments 
are assigned to the “high” consequence category. Low break potential and high 
consequence combine to “medium” risk, which means 10 % volumetric sample 
inspection. The study on the High Pressure Core Spray (HPCS) system is not as easy, 
and has not yet finished. But it can be foreseen that, for the class 1 part of the system, 
the extent of inspection will also be 10 %, but directed to segments with a potential for 
thermal fatigue. 
 
It is an integral part of the WOG and EPRI methods to estimate the overall risk impact of 
the change from the current ISI programme to the proposed RI-ISI programme. In most 
cases, the change in risk was neutral or a reduction in risk. In two pilot studies of rather 
limited scope, a small increase in risk was stated (∆CDF < 10-6 y-1 and ∆CDF < 10-8 y-1). 
 
In order to perform a RI-ISI evaluation, utilities normally have to contract external experts 
that are familiar with the RI-ISI methodology and its techniques, and have experience 
from previous evaluations. This dependency is even stronger with the quantitative 
method. 

E-3  Methods Developed in Europe 
Two pilot studies were performed using the DNV procedure (Oskarshamn 1 and 
Ignalina 2). They are unique in that  
- their scopes address a large number of primary pipe welds susceptible to IGSCC,  
- the quantitative failure analysis is performed at the level of individual welds, 
- leak detection is credited when evaluating the risk of welds for ISI selection, 
- the effect of inspection frequency is quantitatively taken into account to assess risk 

and to optimise the inspection programmes. 
 
In the pilot study Oskarshamn 1 [BRI 00], 996 of the 1192 welds included in the scope 
were susceptible to IGSCC. With leak detection taken into account, their calculated 
rupture rates showed a wide spread from 10-7 to 4∗ 10-4/year, and welds with a high 
rupture potential due to IGSCC and vibratory fatigue acting at the same time were clearly 
distinguished from the other welds by their high risk. When leak detection was ignored, 
this distinction by risk was not possible. 
 
It is of interest to compare the results of the study with the current inspection programme, 
which is based on the qualitative SKIFS 1994:1 system. The welds with the relatively 
highest calculated risk, i.e., 26 welds with CDF ≥ 10-9/year, are already included in the 
current programme; whereas out of 1166 welds with lower or very low calculated risk  
(CDF < 10-9/year) also 331 welds are in the current programme. An inspection extent of 
116 welds was suggested, compared to 357 welds in the current programme, with a risk 
reduction of 9.5 %. Since the higher risk welds are already included in the current 
inspection programme, reducing the number of low risk inspection sites would result in 
risk increase. The reduction in risk was achieved by increasing the inspection frequency 
for some of the high risk welds and by proposing ultrasonics instead of surface 
examinations for certain welds. 
 
In the pilot study Ignalina 2 [BRI 01, BRI 02], all 1240 welds (nominal diameter 300 mm) 
contained in the scope of the study were potentially subject to IGSCC as an active 
degradation mechanism. As the pipe failure consequences considered in the study 
formed a narrow band of CCDP values, the dispersion in risk for different welds was 
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essentially the dispersion in their failure rates, the values of which covered six powers of 
ten. The existing and the planned inspection programme included all welds. Therefore, a 
reduction in the number of low risk inspection sites could be combined with a reduction in 
overall risk only by increasing the inspection frequency for high risk welds. Possible 
improvement in inspection performance did not lend itself to quantification. The proposed 
inspection programme brings about a reduction in future inspections by 44 % and a risk 
reduction by 35 % compared to the planned inspection programme. Several important 
uncertainties were identified, and a cautious use of the results was recommended. As the 
reactor confinement does not cover all the primary piping, the risk evaluation should also 
be based on PSA Level 2 risk measures, which was not yet possible with sufficient 
reliability. 
 
The Swedish BWR and the Ignalina plant statistics on discovered IGSCC cracks were 
used to determine plant-specific crack initiation rates for Oskarshamn 1 and Ignalina 2, 
respectively, as input for the probabilistic fracture mechanics calculations of failure rates. 
Based on these crack initiation rates, the rate of leakage events predicted by the 
probabilistic fracture mechanics computer code is indeed in coarse agreement with the 
statistics on leakages due to IGSCC in Swedish BWRs, but not with the Ignalina 
experience. The predicted rate of leakage events for Ignalina was by far overestimated, 
no leakages have occurred so far. This is still an unexplained issue. 
 
For the OMF-Structures method, only a pilot study on one system, the auxiliary 
feedwater system, has been reported. The failure potential was still estimated 
qualitatively and probably conservatively. The study resulted in some changes in ISI, 
proposed changes in operating conditions as alternative to one part of NDT, and a 
proposed design modification. Maintenance cost is judged to be the same, but the 
proposed ISI to be commensurate with a higher level of  safety.  

E-4  The STUK Pilot Study 
The STUK pilot study is the only one that was conducted by a regulatory body [MON 00]. 
Therefore, and because of the hybrid nature of the procedure, the experiences and 
insights gained from the whole process are of special interest. The aim of the study was 
not to make a proposal for new inspection programmes. Thus, questions of the number of 
inspections were not addressed. 
 
The basic work and the collection of information and initial data was the most extensive 
part of the process, in particular with regard to the evaluation of the degradation 
mechanisms and the indirect effects of pipe failures to the environment. The preparation 
work has to be performed with high quality and documented accurately in order to carry 
out an essential decision making process. 
 
The evaluation of degradation potential was qualitative. It was felt that the rupture 
potential in some cases of IGSCC (carbon content ≥ 0.045 %) and thermal fatigue (hot 
and cold water mixing points) should be categorised “high”, instead of “medium” as 
required by the EPRI methodology. To obtain better resolution in this respect, it may be 
necessary to compare the results with quantitative approaches. 
 
Careful assessment and modelling of the potential indirect effects of a pipe failure 
(cf. F-1) are needed for valid results. The insights received from existing documents, e.g., 
on flooding and fire analyses, gave an important ingredient to the pilot study, but did not 
answer all questions. Walk-throughs to identify possible indirect effects of pressure 
boundary failure are important. 
 
A prerequisite for the high quality application of risk-informed ISI is that the scope of PSA 
is extensive and the models are detailed enough in order to adequately support the 



 

 42

application. The study indicated that the PSA models may need some essential 
modifications in order to fully support risk-informed ISI applications. This concerned the 
following points: 
 
- Modelling asymmetry in multi-train systems related to testing and maintenance may 

distort the results. 
- Conservative modelling assumptions, e.g., assuming LOCAs in most conservative 

locations, may lead to incorrect conclusions of the risk importance of piping 
segments. 

- Difficulties to select a relevant event tree were encountered in cases where a pipe 
failure does not cause a LOCA or causes an isolated LOCA of very short duration and 
the plant experiences a demand to shutdown. Adequate modelling of low power & 
shutdown states (e.g., startup and shutdown) is of importance in some cases. 

 
Emphasis should be put on the bypass accident sequences, which may lead to a 
situation in which radioactive substances are released through pipelines without the 
retention effect from containment function, e.g., a direct containment bypass and low 
power  phase.  
 
Insights from Level 2 PSA can be important in the consequence evaluation (e.g., LOCA 
outside containment). 
 
The consequence categorisation based on CCDP, as defined by the EPRI method, did 
not fit the Finnish situation well. The resolution with three categories was found to be too 
low in many cases. In one of the case studies, the consequences of pipe failure were 
almost always dominated by the failure probability of reactor shutdown, which 
automatically led to the medium consequence category. The consequence categorisation 
may need to be reassessed (plant-specific criteria?). 
 
PSA results alone do not constitute an adequate basis for decision making. The expert 
panel was an essential part of the process. It consisted of STUK’s experts representing 
the engineering areas involved and of two external normative experts that conducted the 
panel. The discussions between the experts from several disciplines were effective and 
found to be especially useful. The expert panel made important changes to the 
preliminary results, to the categorisation of failure potential as well as to the 
categorisation of consequence severity. 

E-5 A Study in Germany 
In the frame-work of the federal regulatory investigation programme, the TÜV NORD 
GRUPPE has carried out a case study on various NPP piping elements in order to 
explore the feasibility of using probabilistic methods to assess NDT inservice inspection 
scope, selection, and frequencies. The results of the study are summarised in 
ref. [RUM 03]. An approach was chosen which started with a statistical evaluation of all 
findings related to pipes in German NPPs. The basic concept used for risk-informed 
evaluation was closely related to NUREG 1661 [NRC 99] und the WOG method 
[WOG 99a]. A point of main effort was to calculate leak and break probabilities and to 
investigate the influence of various input parameters on the results. The pc-PRAISE 
probabilistic fracture mechanics code [HAR 92] was used for these calculations, taking 
into account specific operational conditions and materials of German NPPs. 
 
Among the PRAISE code input parameters investigated, it was found that the assumed 
initial crack depth distribution and, so far as stress corrosion cracking (SCC) cannot be 
excluded, the assumed SCC growth parameters had by far the greatest influence on the 
calculated results. The initial crack depth distribution as well as the susceptibility to SCC 
under PWR conditions are associated with large uncertainty, and thus will strongly 



 

 43

contribute to uncertainties in the calculated absolute leak and break probabilities. It was 
therefore concluded that the great uncertainties in these parameters prevent the absolute 
use of calculated values of pipe failure probabilities, and only permits their relative use in 
estimating the effect of other influential parameters on the failure probabilities of similar 
pipe components. 
 
With respect to the existing requirements on inservice inspection, the study has 
concluded that the available probabilistic methods can be used to better define the scope 
of inspection, e.g., the selection of locations to be inspected, but with respect to 
inspection intervals the uncertainties are too large to improve the existing schemes. To 
enable an assessment of the current KTA ISI scope requirements for piping, the 
availability of plant-specific risk-informed evaluations of the full scope of piping to be 
taken into consideration would be a necessary prerequisite. 
 

F Analysis and Discussion to Support Views on Important 
Aspects 

F-1 What is Peculiar with ISI of Passive Components? 
The failure modes of passive components are normally not explicitly and individually 
modelled in PSAs. Existing PSAs can therefore not be used in a straightforward way. 
 
Passive component failures, that can be prevented by non-destructive testing, are due to 
degradation mechanisms. The failure rates are low, typically about a factor of 1000 
smaller than for active components. Generally, not enough service experience exists 
(failure statistics) to derive failure probabilities for specific situations. In particular for 
highly reliable components, there is a lack of historical data and statistics. Failure rates 
for specific situations have to be estimated by predictive means. Very low predicted 
failure rates have accompanying large uncertainties. 
 
Consequences of component failure, that must be considered, include both the direct 
effects of the failure and the indirect effects. Indirect effects are effects on systems in the 
environment such as those due to flooding, increased temperature, humidity, pipe whip, 
or jet impingement.  
 
The risk of component failures has to be evaluated with respect to initiating events and to 
the degradation or loss of mitigating systems. 

F-2 Defence-in-Depth and Safety Margins 
Inservice inspection supports defence-in-depth by contributing to the prevention of 
initiating events and to the prevention of failures of mitigating systems when demanded. 
An ISI programme, risk-informed or not, is by itself a measure of defence-in-depth. The 
question is only, whether it adequately serves its objectives. Risk-informed methods are 
used to optimise inservice inspection with regard to the safety benefit-to-cost ratio, which 
also offers the possibility to improve safety. 
 
This optimisation, however, is based on our present knowledge, which is subject to 
uncertainty and incompleteness. Within the defence-in-depth philosophy, it is important 
not to rely on a lean path of optimisation but to account for uncertainty, incompleteness, 
and human error. This is discussed further in section F-2.1. 
 
There is also a possibility of conflicting situations between defence-in-depth provisions 
and risk considerations. A resolution should always exist. Defence-in-depth 
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considerations should not invalidate the risk insights, and risk considerations should not 
undermine defence-in-depth. An example is discussed in section F-2.5. 
 
The choice of core damage frequency as a measure to guide the risk-informed 
optimisation of an inservice inspection programme with the aim to limit or reduce the 
probability of core damage, is in agreement with the barrier concept of defence-in-depth, 
as fuel cladding is the first physical barrier. When core damage occurs, heavy reliance is 
placed on the containment to prevent radioactive release to the environment. Therefore, it 
is logical also to evaluate the impact of failure on containment performance and to use an 
additional measure representing the risk of radioactive release together with CDF. Large 
early release frequency (LERF) has come into use for this purpose. 

F-2.1 Treatment of the Unexpected / Unforeseen 
The concerns about incompleteness and uncertainty are largely related to the 
determination of the failure potential of passive components. All risk-informed 
methodologies are built on the extensive experience, that has been gained over several 
decades of nuclear power plant operation, and on the use of this knowledge to predict 
future events. Consequently, questions must be raised about how we can be sure that 
current experience and knowledge of degradation mechanisms, that occur in nuclear 
plants, is complete.  
 
Unexpected and unforeseen forms of degradation caused the problems in the past. 
Examples were given in ref. [EUR 99]. Even in the recent past, since 1990, several 
surprises were experienced. This concerns 
- IGSCC in stabilised austenitic steel welds in BWRs [SCH 95], 
- core shroud stress corrosion cracking, also in low carbon stainless steel, 
- thermal fatigue in lines connected to main coolant pipes, 
- RPV head penetrations stress corrosion cracking in Alloy 600, in particular 

circumferential cracking, 
- unexpected fast effects of boric acid corrosion. 
 
It is reasonable to assume that unexpected or unforeseen degradations will also appear 
in the future. Moreover, experience shows that, once a degradation problem is known, 
corrective and mitigating measures are taken, which considerably lower its importance in 
the future. An example is IGSCC in austenitic steel pipe welds in BWRs. This should also 
be considered when weighting foreseen degradation against the unexpected or 
unforeseen. 
 
The main concern is not the truly unknown, i.e., degradation types other than fatigue, 
corrosion etc., that have never previously been seen and can affect any site within the 
inspection boundary, but more the appearance and activity of (known) degradation types 
under conditions where we do not expect them, due to our incomplete knowledge of 
influential factors related to initiation and kinetics. The main concern is therefore 
unforeseen damage mechanisms. 
 
In ref. [EUR 00b, CHA 02], strategies are sketched that describe how to include these 
concerns in a quantitative risk-informed scheme. It is shown that the probability to inspect 
a location where a truly unknown degradation is present, during a single inspection 
campaign, is independent of the underlying inspection philosophy, risk-based or not, but 
depends only on the size of the inspection sample. To further cover the unknown, it is 
suggested to utilise the information from the inspections performed to reassess the failure 
probabilities, and then to reassemble the inspection sample for the subsequent inspection 
campaign in accordance with the changed risk profile. By this strategy, the risk as well as 
the unknown could be covered in recurrent inspections [CHA 02]. A disadvantage is that 
the procedure strongly depends on the assumed probability-of-detection (POD) curve 
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used in the analysis, which can be rather uncertain (cf. Appendix F-11.2). Also the 
question of dependence or independence of recurrent inspections would become 
important (cf. Appendix F-10.4). A second strategy concerns the concept of postulated 
situations. In a postulated situation, a known degradation mechanism is suspected at a 
particular site, but the probability of occurrence is not known, for instance because of lack 
of knowledge on the influential parameters. Within the risk-based scheme, this would 
imply a postulated failure probability. The primary objective of the resulting inspection 
would be to find out whether the postulate is true or false. 
 
An alternative to these integrative strategies, which should be tested in practical 
applications, would be an independent selection complementary to the risk-based 
selection. This selection could be at random or guided by information on high stress, 
repair areas etc.. 
 
Clearly, the sample size will be important for the success of inspection when inspecting 
for unexpected and unforeseen degradations (even though they may not be the truly 
unknown). If a risk-based selection is large and representative enough, it will be 
sufficient. It may, however, be difficult to maintain adequate levels of defence-in-depth 
and adequate confidence in detecting unforeseen or unexpected degradation if the size 
of the inspection sample is too small.  

F-2.2 Low Failure Probability / High Consequences 
For many passive components the consequences of structural failure would be severe, 
whereas there is no credible degradation mechanism known that might cause failure. In a 
risk analysis, such components could be assigned a low risk and categorised “low safety- 
significant” solely due to a very low estimated failure probability.  
 
Failure probabilities so low are beyond practical experience and can only be predicted by 
analytical means. They are known to be associated with large uncertainties. Besides, 
there is the question of unexpected and unforeseen degradation. 
 
Given such failure probabilities are best estimates, based on our current knowledge, 
nevertheless, considering the existing uncertainties and the conditional risk, prudence 
dictates that these low risk but high consequence components or an appropriate sample 
of them should undergo NDT inservice inspection for reasons of defence-in-depth. This 
could also concern, when using the EPRI risk matrix, important primary piping 
categorised as medium consequences and thus low risk, if the LOCA CCDPs fall in the 
range below 10-4. 
 
A high degree of confidence is placed on the structural reliability of such components. ISI 
is intended to underpin and justify our confidence. 
 
This concerns primarily the main coolant pressure boundary, which is the second barrier 
between the radioactive fuel and the public. It should also be kept in mind that safety 
concepts such as incredibility of failure, leak-before-break, and break exclusion 
presuppose effective inservice inspection as an ingredient. 
 
In these cases, the selection for inspection should be driven by the consequences of 
failure, because this is the reason for inspection. 
 
For class 1 piping, for example, setting some arbitrary level of consequence such that all 
sites with a consequence above this level should be inspected may probably not be 
suitable. Similar high consequence segments could be grouped and sampled. The 
selection should be representative for the high consequence sites, for instance, as 
regards pipe sizes and materials. 
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F-2.3 Integration of Augmented Inspection Programmes 
When the Swedish qualitative risk-informed ISI scheme [SKI 96] was introduced in 1988, 
one objective was to create a unified scheme, which superseded augmented inspection 
programmes. This objective has also been pursued by European regulators involved in 
introducing RI-ISI as well as by industry initiatives and the ENIQ. 
 
The situation is different in the USA. ISI programmes in accordance with ASME Section 
XI are clearly separated from the augmented inspection programmes addressing generic 
degradation problems, though their scopes overlap. The WOG and EPRI RI-ISI 
methodologies are designed to be alternatives to the Section XI programmes, whereas 
the augmented programmes for IGSCC in BWRs and FAC remain essentially unaffected. 
The augmented programmes are not risk-based or risk-informed but designed to prevent 
failures. Thus, the RI-ISI programmes mostly deal with highly reliable piping, where active 
degradation mechanisms are rare. Consequently, they are not well developed to treat 
situations comprehensively where IGSCC and FAC play a major role or to replace 
corresponding augmented programmes. It also seems that they have not been used for 
this purpose up to now. In the USA, maintaining the augmented programmes for IGSCC 
and FAC is understood as part of the disposition to maintain defence-in-depth. 
 
If aggressive degradation mechanisms such as IGSCC or FAC, which can affect large 
portions of piping, are included in the risk-informed evaluation, they will dominate the 
evaluated risk. In a relative quantitative scheme it could happen that only locations 
subject to this degradation appear to be worth inspecting. This was demonstrated by 
sensitivity studies carried out for the WOG reference plant Millstone 3 and the pilot plant 
Surry 1 [WOG 99a]. Therefore, a risk-informed methodology must warrant in such cases 
that all types of identified degradation, which would have to be inspected in the absence 
of the aggressive degradation mechanism, are inspected to the extent necessary and that 
also an appropriate and representative sample of high-consequence sites is inspected. 
 
Methodologies for this purpose should be tested in pilot applications and modified if 
appropriate. The DNV pilot studies Oskarshamn 1 and Ignalina 2 give valuable insights 
on risk-based evaluation of piping subject to IGSCC, but do not show how the inspection 
programme can be balanced with regard to all types of degradation and high 
consequence sites. 

F-2.4 Representativeness of an Inspection Programme 
Inspections for unexpected and unforeseen degradations should be done in high 
consequence areas. This is logical, since these areas are inspected because of 
uncertainty related to the small estimated failure probabilities, and unexpected failures 
there would have the most severe consequences.  
 
For inspection sites that are selected based on evaluated risk, elements such as material, 
pipe size, environment, loadings etc. are a part of the failure probability analysis and 
hence influence the risk. Sites, however, that are determined to be inspected because of 
high consequence should be chosen, to the extent practical and reasonable, to obtain 
some representativeness of these different elements and the piping systems concerned. 

F-2.5 Should Leak Detection be Credited? 
Probabilistic fracture mechanics codes may have the capability to credit leak detection 
when calculating large leak and break probabilities of items. Leak flow rate detection 
limits used are those stipulated by Technical Specifications for unidentified leakage.  
 
The purpose of inservice inspection is to identify degradation prior to leakage or rupture 
and thereby to prevent failures. Non-destructive testing in particular is applied to detect 
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degradations before they become unacceptable for continued service. This is a matter of 
maintaining safety margins. On the other hand, leak detection serves to detect failures, 
before they can develop to accidents. As such, ISI and leak detection are two different 
layers of defence-in-depth (though there is some overlap: ISI encompasses system 
pressure and leak tests, VT-2). Therefore, from the viewpoint of defence-in-depth and 
safety margins, failure probabilities to be used for the purpose of ranking items for ISI 
selection should be calculated without crediting leak detection.  
 
This has been the position of USNRC staff [NRC 99] and is followed by the WOG 
method. It should be noted, however, that ref. [NRC 99] also states that a licensee who 
chooses to credit leak detection should provide adequate justification for the credit. On 
the other hand, the effect of leak detection implicitly enters the rupture potential 
categorisation of the EPRI method, since this categorisation is based on historical event 
data. (Certainly, that leaks but no ruptures have occurred caused by stress corrosion 
cracking is attributable to leak detection.) Thus, the WOG and EPRI methodologies, in 
principle, treat the effect of leak detection on pipe failure probability or potential and 
therewith on the ranking of items in different ways.  
 
From the viewpoint of risk assessment, leak detection should be credited, when 
calculating failure probabilities for ranking purposes, in order to get a more realistic 
evaluated risk. To strive to evaluate risk as realistic and accurate as possible is a 
fundamental requirement in risk assessment. It has been demonstrated in a pilot study 
[BRI 00] that crediting leak detection can be important to identify locations where risk is 
particularly high, due to a degradation situation where break would occur before a 
detectable leak could develop. The argument is convincing in this case (cf. Appendix 
E-3). 
 
The straightforward way, in which leak detection is taken into account by probabilistic 
fracture mechanics calculations and in which the results are used for risk ranking, would 
imply that ISI is subsidiary to leak detection: The effect of leak detection can reduce the 
large leak and rupture probabilities of a location by several powers of ten (a factor of 103 
to 104 is reported for rupture of DN 100 pipes in ref. [BRI 00]), which in a risk-based 
scheme can determine inspection or no inspection. However, leaking flaws in the reactor 
coolant pressure boundary are not allowed during operation, not even if “leak-before-
break” has been qualified [EUR 00a]. Inservice inspection programmes must be designed 
to be in agreement with this regulatory practice. 
 
There is obviously a conflict between deterministic defence-in-depth and probabilistic risk 
arguments, which has to be resolved. 
 
Independent of safety philosophy, there are several implications and items related to this 
topic that should also be considered: 
 
- In RI-ISI applications that comprise not only class 1 but also class 2 or class 2, 3, and 

non-class piping, crediting leak detection for risk ranking would lower the importance 
of class 1 piping compared to other piping, where leak detection is not effective. 
Within class 1, the importance of larger bore piping would be lowered compared to 
small bore piping. The impacts could be considerable. 

 
- The inclusion of leak detection brings about more complexity with regard to modelling 

and human factors. The leak flow rate evaluation and detection must be modelled 
realistically taking the random properties of the leak detection into account. For a 
discussion of the uncertainty of leak detection see ref. [EUR 00a, BRI 00]. In plants 
where leak detection is not a qualified part of the automatic initiating of safety 
systems, operator actions and thus human reliability have to be considered. 
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The conflicting situation should be resolved in a way that neither the defence-in-depth 
philosophy nor the risk insights are invalidated, with due consideration to plant safety. 
Practically, leak detection could be considered by evaluating the failure probabilities with 
and without leak detection, and taken into account by means of sensitivity studies. 
Procedures should be developed and tested in pilot applications. 

F-2.6 Defence-in-Depth Features Inherent in Existing RI-ISI Methodologies 
In the following, the defence-in-depth features inherent in the WOG and EPRI 
methodologies are outlined. These methodologies were chosen for consideration, 
because they are well established, widely used, and comprehensive with respect to their 
plant scope of application. 
 
Both methods ensure that ISI programmes will be established. The case that the risk-
informed evaluation may lead to the conclusion that no ISI is necessary will not happen. 
 
Inservice inspection and leak detection are regarded as two different layers of defence-in-
depth (prevention versus detection of failure). Therefore, the determination of pipe failure 
probabilities for ranking purposes by means of probabilistic fracture mechanics 
calculations (WOG) is made without crediting the reducing effect of leak detection on 
large leak and break probabilities.  
 
Common cause failures (CCF) are prevented by evaluating the direct and the indirect 
effects of pipe failures. 
 
Barrier defence-in-depth is supported by using CDF and LERF as risk measures and by 
pursuing the goal to limit or reduce their values. The change in risk, when turning to a 
RI-ISI programme, is also controlled at the system level, in order not to create dominant 
system contributors to the pressure boundary risk. 
 
Both methodologies imply that existing augmented inspection programmes for 
aggressively growing degradation mechanisms, i.e., IGSCC in BWRs and FAC, are 
essentially maintained [WOG 99a, EPRI 99a]. 
 
Both methodologies include provisions to account for unexpected or unforeseen 
degradations and for monitoring the condition of low-risk but high-consequence piping. 
However, they differ in the way how this is accomplished. It is explained in the following. 
 
WOG methodology: 
Those high safety-significant (HSS) regions where no degradation mechanism other than 
fatigue anticipated in the design basis was identified and which exhibit relative low failure 
probability are inspected to some extent by NDT to address unexpected or unforeseen 
degradation and condition monitoring. The extent of inspection is determined, with the 
help of a statistical model, to what is necessary to meet acceptable leak frequency target 
goals. For most such segments, it turns out that the goals are met without the need for 
ISI. For defence-in-depth, however, one inspection is allocated to such a segment. On 
the other hand, there may be segments with severe consequences of failure, e.g., main 
coolant pipes, which were initially evaluated not to be HSS because of very low failure 
probability. They will only receive NDT inspection if the expert panel, which is in charge of 
defence-in-depth considerations, decided to vote HSS based on high consequence 
alone. The WOG method does not prescribe a minimum total sample size for inspection. 
 



 

 49

EPRI methodology: 
No expert panel is used. All defence-in-depth provisions are prescribed by the procedure. 
Piping segments with high failure consequences but low rupture potential (no known 
degradation mechanisms other than fatigue anticipated in the design basis), irrespective 
how low it is, are assigned „medium“ risk and result in inspection of 10 % of the welds. 
Further, a segment of a mitigating system is ranked „high“ consequence and at worst 
medium risk, irrespective of its CCDP, if, as a result of its failure, there is no mitigative 
equipment available to respond to an event. For class 1 piping, maintaining a minimum 
sample size of 10 % for inspection is either prescribed [ASM 00b] or recognised 
[ASM 00c]. 
 
With both methodologies, all components continue to be subject to system pressure tests 
and visual examinations for leakage. 
 
A more general but important defence-in-depth feature of RI-ISI is that plant operators will 
develop an increased understanding of the causes of piping unreliability and of where risk 
is located in the plant. 
 
It can be concluded that the methodologies considered contain essential defence-in-
depth features. There is, however, also the question of adequacy. How much defence-in-
depth is enough?  
 
In the case of the WOG methodology, it may be questioned that segments not initially 
classified as HSS, but whose failure would have severe consequences or which are 
subject to relevant degradation, are not regularly considered for NDT inspection, but left 
to the expert panel without particular guidance. (For main coolant pipes, whose segments 
in many cases have been categorised low safety-significant, the Regulatory Guide 1.178 
stipulates some NDT, even if the target leak frequency goal is met.) One also may 
question the lack of a minimum sample size for the reactor coolant pressure boundary. In 
case of the EPRI methodology, one may question whether a 25 % sample size for the 
“high risk” region is always adequate. It should be noted, however, that part of these 
doubts is covered, in the USA, by the existence of augmented programmes. 

F-3 Scope of a RI-ISI Application 
The scope describes which systems, portions of systems, and components are included 
in the RI-ISI evaluation and what the boundaries are. The RI-ISI programmes that have 
been implemented so far in the USA and in Spain as alternatives to ASME Section XI 
embrace either class 1 or class 1 & 2 piping (“partial scope”), or class 1, 2, 3 & non-class 
piping (“full scope”).  
 
Considering the different legal situations, regulatory practices, and ISI schemes currently 
in use in European countries (see ch. 3), there will exist different valid options as regards 
the scope of an application. The crucial question is whether a plant ISI programme as a 
whole fulfils its objectives. 
 
PSA analyses are independent of safety classes. Moreover, they systematically take 
credit for non safety-related components as support or backup to safety-related 
components. Importance analyses have indicated that some systems exempted from 
current volumetric and surface examination requirements or outside the safety 
classification scheme may have a significant contribution to risk. One example is service 
water systems. From this, it seems logical to include in the RI-ISI evaluation all safety-
related piping systems and other systems modelled in the PSA and to perform a 
“full-scope” application.  
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However, only a few full scope applications have been performed so far. The results from 
three pilot studies and from two follow-on projects show few or no inspections in class 3 
and non-class piping systems. In a recent ASME white paper [ASM 04], the value of a full 
RI-ISI evaluation is questioned and a simplified procedure is proposed. It is asserted that 
most of the inspections identified in class 3 and non-class piping would already be 
covered by augmented programmes for erosion-corrosion and localised corrosion, being 
in place in U.S. NPPs. It should also be noted that for class 3 or non-class piping no 
provisions have been made during design and construction for non-destructive 
examination, so that those components may not lend themselves well to NDT. It may thus 
occur that such locations, though identified as safety-significant, cannot be inspected 
effectively.  
 
Some of the Task Force members, who favour full-scope applications, are also of the 
opinion that a slower phased step by step approach, in order to gather experience and to 
benefit from lessons learnt, would be preferable. 
 
When defining the scope of a RI-ISI application, safety classifications, pipe sizes, and 
deterministic ISI code exemptions are not valid a priori. Every restriction of the scope of 
application must be well justified. 
 
If a partial scope is chosen, this should not be just to reduce the extent of inspections, but 
also to reduce risk, where the current ISI scheme is not effective in this respect. The 
choice of a partial scope must be in accord with the underlying concept of the current ISI 
scheme, in a way that the plant ISI programme as a whole will fulfil its objectives. 
 
The Task Force is of the opinion that the inclusion of all passive components (piping, 
vessels, supports) in a RI-ISI evaluation would not be supported by the state of the art. In 
the early Surry-1 pilot study, the RPV was included. It seems that this was not solved 
satisfactorily (the RPV was dominant), and the final Surry-1 report was limited to piping 
[VO 97].  

F-4 Quantitative versus Qualitative Assessment 
Quantitative methodologies make extensive use of analytical tools. Failure probability is 
calculated by means of structural reliability models (SRMs), based on probabilistic 
fracture mechanics methods, the severity of failure consequences is taken from PSA in 
terms of conditional core damage probability, conditional large early release probability, 
or equivalent quantities, and the number of inspections may be determined using 
statistical models. Qualitative methodologies use a few broad ranges of failure potential, 
which may be coarsely related to numerical ranges of failure rates but offer qualitative 
criteria for categorisation, and a few broad ranges of severity of consequences, which, if 
based on PSA, are related to ranges of CCDP and CLERP or equivalent quantities. The 
failure potential categories and the consequence categories are combined in a matrix 
scheme to give risk categories.  
 
Quantitative methodologies, if they are aimed at being comprehensive, will in some cases 
be left to qualitative assessment. This concerns, for example, the treatment of 
degradation mechanisms for which no quantitative model exists. Qualitative 
methodologies may be enhanced by quantitative assessment, for instance, to better 
differentiate failure probabilities.  
 
Quantitative and qualitative methods should be combined in a systematic way and 
consistently. Whereas quantitative assessment should be as realistic as possible, 
qualitative assessment should use conservative assumptions as appropriate. The 
combination of quantitative and qualitative assessment should be subject to guidance in 
order to ensure consistency of the approach. With this regard, the OMF-Structures 
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method provides an interesting example, it is systematically designed to combine 
qualitative and quantitative assessment. 
 
Quantitative methods using structural reliability models allow:  
- Evaluation of the risk associated with single structural elements (e.g., welds) and 

discrimination between them. 
- Consideration of the influence of mitigating measures on degradation (e.g., the 

influence of hydrogen water chemistry on SCC). 
- Evaluation of the influence of leak detection on large leak and rupture probabilities 

and thus on risk. 
- Investigation of the influence of inspection system performance and inspection 

frequency on risk, and thus evaluation of the risks associated with different inspection 
programmes and strategies. 

- Selection of suitable NDT system qualification defect sizes. 
 
These are clearly advantages compared to a qualitative approach. However, the 
dependency of the results on modelling is considerable. Model predictions are only valid, 
if the models correctly describe reality and the input data is correct. If more and more 
models are linked together in order to fully exploit the benefit offered by the RI-ISI 
methodology without tracing the uncertainties, a quantitative approach may become more 
detailed and comprehensive than is justified by the reliability and accuracy of the 
calculations used. To trace and accumulate the uncertainties would be difficult and 
cumbersome. As a minimum, sensitivity studies, which are easier to perform, must be 
carried out.  
 
While exploiting our best knowledge, we should not forget that inservice inspection is also 
thought of as an independent measure to account for uncertainty and the incompleteness 
of our knowledge.  
 
Qualitative methods are transparent and relatively easy to understand. They emphasise 
the most important features, i.e., susceptibility to degradation mechanisms and severity of 
consequences. Their selectivity and resolution, however, is low. This will be illustrated in 
the following by examples. In the pilot study Oskarshamn 1, out of 996 welds susceptible 
to IGSCC a number of welds were identified where the rupture probability significantly 
exceeded those of the other welds due to a combination of IGSCC and vibrations. In the 
pilot study Ignalina 2, 1240 welds susceptible to IGSCC could be ranked in five 
categories from very high to very low risk by differences in failure probability alone (the 
consequences were similar). In a qualitative scheme, these distinctions would not be 
possible and all those welds would probably be ranked equal. Further, as to consequence 
categories defined by CCDP ranges, difficulties with borderline cases could arise. In the 
STUK pilot study, both kinds of deficiencies were recognised. Refer also to Appendix 
section F-7.4. 
 
From the regulatory point of view, quantitative as well as qualitative methods are 
acceptable. One should, however, be aware of the deficiencies being present in both 
kinds of approaches.  

F-5 Input Data 
Data collection is an important part of the process. This concerns in particular existing 
documents with regard to the analysis of indirect effects of pipe failure and input data for 
the failure analysis. The input for structural reliability model calculations must be plant-
specific and real data as far as possible and carefully verified. All input data must be 
subject to quality assurance.  
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F-6 Level of Evaluation 
The evaluation of risk, and therefore the determination of safety-significance, is done at 
various levels, ranging from subdivisions of pipe systems, called segments, to individual 
structural elements (locations), i.e., welds or areas of base material. The level of 
evaluation must be consistent with the methodology as a whole. The same holds true of 
the detailed definition of segments. 
 
The consequences are always evaluated at the level of pipe sections or segments. In a 
segment, a failure mode at any point must result in the same consequence.  
 
Important differences between methodologies exist as regards the evaluation of the 
failure potential. The WOG and the EPRI method evaluate the failure probability and 
rupture potential, respectively, at the segment level. The EPRI method also requires that 
the potential degradation mechanisms present are the same at any location in the 
segment. In segments that have been determined to be safety-significant, the locations to 
be inspected are selected by means of qualitative engineering considerations. In contrast, 
the OMF-Structures and the DNV method evaluate the failure potential or probability 
directly at the level of individual structural elements, where the inspection will take place.  
 
The WOG method determines a segment‘s failure probability for its limiting condition. 
That is, all significant degradation mechanisms present in the segment are assigned to a 
single location, and the loading, operating, and environmental conditions of the segment 
are imposed to it. The failure probability thus calculated for this location using a SRM is 
used to represent the failure probability of the segment, regardless of the number of 
welds in the segment or the length of the segment. In the OMF-Structures method, the 
failure potentials or probabilities determined at the element level are “aggregated” at the 
level of segment sub-sets failure modes. 
 
Risk and safety-significance are evaluated at the segment level (WOG, EPRI, STUK), at 
the level of segment sub-set failure modes (OMF-Structures), or at the level of structural 
elements (DNV). 
 
Certainly, these different approaches as to the level of evaluation may lead to different 
inspection selections. However, no comprehensive comparison exists, and there is no 
experience of which way is the more successful.  

F-7 Failure Analysis 

F-7.1 General Considerations 
Estimating failure potential and probabilities for passive components is probably the most 
difficult and uncertain part of the overall process of RI-ISI. It is also a very important part. 
The evaluated failure probability can be the determining factor whether a segment or 
location becomes safety-significant or not. An extreme situation was encountered in the 
pilot study Ignalina 2: since the pipe failure consequences formed a narrow band of 
CCDP values, the dispersion in risk for the different welds was essentially the dispersion 
in their failure rates, the values of which covered six powers of ten (cf. Appendix E-3). 
 
There is a wide variety on how the failure potential is evaluated and interfaced with the 
consequences, ranging from criteria that can simply be applied to predictive analytical 
tools. 
 
The first step, which must be common to all methodologies and procedures, is to 
determine whether a component is susceptible to a degradation mechanism. Industry-
wide service experience (observed piping failures and degradations) has been used to 
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establish susceptibility criteria. These are, however, not suited to derive failure 
probabilities. The EPRI method uses only this step. In the second step, in order to make 
a quantitative estimate of failure rates, structural reliability models (SRMs), based on 
probabilistic fracture mechanics, have to be used. Expert opinion is regarded as an 
alternative. In an intermediate step, the OMF-Structures method uses degradation 
models, that include kinetics, to decide, whether the failure due to a certain degradation 
mechanism on a component can be excluded during a certain period of time. 
 
For the purpose of risk ranking, the probability of failure must be evaluated ignoring the 
effect of inservice inspection. 
 
With respect to the consequence analysis, the different failure modes, i.e., small leak 
(through-wall crack), large (system disabling) leak, and full break, have to be adequately 
defined and evaluated. 

F-7.2 Identification of Degradation Mechanisms 
For any RI-ISI methodology to be effective, it is a prerequisite that components‘ 
susceptibility to different kinds of degradation mechanisms can be determined. If they are 
missed, all further steps, as for instance the quantitative evaluation of fatigue due to 
heatup and cooldown will be of limited use. 
 
In the evaluation, all known degradation mechanisms or combined effects of them have 
to be taken into account in a systematic manner, considering the influential parameters 
such as loads and other operating and environmental conditions in relation to design, 
dimensioning, and material properties of the components.  
 
This requires good knowledge of industry experience, available industry data bases, and 
susceptibility criteria as well as a review of plant’s experience and pertinent documents 
with respect to component degradation. Therefore, the results will be dependent on the 
background and expertise of the analysts. Moreover, different degrees of conservatism or 
non-conservatism may be applied in the judgement. When is a potential degradation 
mechanism to be regarded as relevant? And when has it to be taken into account when 
deriving the failure probability? 
 
To overcome this source of uncertainty, a consensus on criteria, that define when any 
degradation mechanism has to be taken into account, should be established. The criteria 
compiled in ref. [ASM 00c] could be a starting point. This step has the same basic 
significance in all qualitative and quantitative RI-ISI approaches. It would also be 
desirable to extend such a consensus to degradation models.  
 
Degradation history shows clearly that the factors influencing degradation must be 
continuously updated based on research results and detailed damage analyses, which 
often reveal circumstances other than those expected. 

F-7.3 Service Experience and Data Bases 
Criteria to identify degradation mechanisms, estimated failure probabilities as well as the 
validation of SRMs have to be based to the extent possible on comprehensive failure 
data bases, with detailed information not only of the type of degradation, but also actual 
environmental and other relevant plant conditions. Detailed information is necessary to 
judge whether a set of data is relevant to a specific plant or not. Further work is needed to 
compile failure data. The ongoing OPDE project serves this purpose (see Appendix 
C-3.1). 
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When using information from historical data bases, several aspects and potential 
difficulties must be borne in mind. A broad discussion was given in ref. [EUR 00b]. Some 
aspects will be discussed in the following. 
 
The data base of pipe failures used implicitly reflects benefits from inservice inspection 
and leak detection. Both these effects on the data must be critically considered. This is 
relevant for the EPRI method because its pipe rupture potential categories are based on 
conclusions drawn from such data bases. As regards the influence of ISI, it has been 
concluded from service experience that Section XI ISI programmes, in contrast to 
augmented inspection programmes, had little impact on observed failure and rupture 
frequencies [ASM 98, EPR 99a, VO 97]. Consequently, the EPRI RI-ISI scheme is only 
used to establish an alternative to Section XI programmes, but refers to existing 
augmented programmes as regards IGSCC in BWRs and FAC. The aspects of leak 
detection are discussed in Appendix F-2.5.  
 
A further question is, whether the historical failure data are representative of future 
events. First, corrective and mitigative measures induced by degradation experience will 
influence future failure rates. Second, degradation mechanisms with incubation, wear out, 
or slow growth will provide no or only limited early experience valid for the future. 
 
Large uncertainties inevitably exist with respect to rare events like gross structural 
failures and failures of large pipes. More data is available on identified cracks and small 
leakages. 

F-7.4 Aspects of Uncertainty in Qualitative Failure Potential Categorisation 
The qualitative Swedish SKIFS 1994:1 approach, the EPRI methodology, and the STUK 
approach use three failure potential categories, high, medium, and low. While stress 
corrosion cracking and thermal fatigue are classified as “high” by the Swedish approach, 
they are classified as “medium” by the EPRI method, which of course entails significantly 
different amounts of inspection. In STUK’s pilot study, it was felt that stress corrosion 
cracking and thermal fatigue should be classified as “high” in certain cases of higher 
rupture probability. 
 
It should be noted that the EPRI categorisation is based on coarse differences in 
“maximum” rupture probabilities derived from historical data (cf. Appendix F-9.2). From 
this, it is conservative in the majority of cases, but does not allow for extraordinary cases 
of high rupture probability, as were encountered in the pilot study Oskarshamn 1 
(cf. Appendix E-3). 

F-7.5 Structural Reliability Models – Capabilities and Limitations 
Structural reliability models and associated computer codes allow traditional engineering 
information to be converted into a probability of failure with time. Thus, they can be used 
in the process to identify the locations to be inspected. Further, the benefit of more 
frequent or more capable inspections can be quantified. 
 
A useful SRM and the associated software should be able to treat the relevant 
degradation mechanisms under consideration and to evaluate failure probabilities for 
small leaks (through-wall cracks), large (disabling) leaks, and ruptures. 
 
The results of the analysis can only be true, if the modelling and the input data are 
correct. To approximate the truth, the analysis requires extensive knowledge and 
adequate modelling. Inevitably, the results will be subject to considerable uncertainties. It 
is therefore important that the existing limitations, simplifications, and uncertainties with 
regard to modelling and quality of the input data are recognised. 
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Some of the limitations, simplifications, and uncertainties of SRMs presently in use in 
RI-ISI will be addressed in the following. 
 
The capabilities as regards addressing the degradation mechanisms active in NPPs are 
limited. The Westinghouse SRRA code, which is widely used together with the 
WOG method, is well developed for low-cycle fatigue and benchmarked against the pc-
PRAISE code, its capabilities, however, are limited for stress corrosion cracking and 
wastage (e.g., erosion-corrosion). The PRAISE code [HAR 92] is designed for IGSCC in 
BWRs and fatigue; its application to stress corrosion cracking in PWRs, however, is 
difficult because of input modalities. NURBIT is applicable to IGSCC only. It seems that 
currently no SRM is able to deal quantitatively with the Alloy 600 stress corrosion 
cracking damage mechanism [EUR 01, FLE 03]. For degradation mechanisms not 
covered by SRMs some qualitative assessment will be necessary. The formal expert 
elicitation process as described in ref. [VO 97, NRC 99], however, seems not to be in 
use. 
 
The SRMs currently used were developed to address circumferential cracks in the simple 
pipe-to-pipe butt weld geometry. More complex geometries, e.g., pipe-to-elbow, could be 
treated by properly adjusting the stress input, but the Task Force has not heard that this 
adjustment has routinely been applied. 
 
The modelling of crack initiation is not well developed. The Westinghouse SRRA code, 
for example, uses only pre-existing (manufacturing) cracks. NURBIT uses constant rate 
initiation, the rates being derived from service experience. It has been found that the 
calculated results strongly depend on the assumed initial crack size distribution 
[e.g., RUM 03]. 
 
The United Kingdom Technical Advisory Group on the Structural Integrity of Nuclear 
Plant (TAGSI) has recently considered the probability of ‘large’ defects in thick-section 
butt welds in nuclear components [BUL 01b]. This reference provides advice on using 
defect distributions, including their use when welds at different locations are being 
compared. 
 
Failure rates derived from the calculated failure probabilities with time are currently 
assumed to be constant in time. Progressive or degressive failure rates are not taken into 
account. For some important degradation mechanisms such as stress corrosion cracking 
and excessive thermal fatigue, this is obviously not realistic and not suited to the design 
of an adapted inspection strategy. The OMF-Structures method, however, intends to take 
the variation of failure rates with time into account. 
 
It is important that the inputs to the SRM calculations reflect the actual plant conditions as 
closely as possible. However, some input parameter values may not properly be 
available, and judgements on them have to be made. This concerns stress and fatigue 
inputs in some cases, the potential for stress corrosion cracking, the wastage rate, and 
loading cycles. Resulting different degrees of realism and conservatism in the input data 
raise difficulties. 
 
The values obtained are sensitive to the decisions of the analysts who identify and select 
the input parameters to the code. It is therefore important that the analysts have a good 
understanding of the underlying models, the program and the technical meaning of the 
inputs. Sensitivity analyses are useful to check for reasonableness and consistency of the 
results. 
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For high safety consequence components, which require high reliability, calculated failure 
probabilities tend to be due to “tails of distributions”. The uncertainties will thus be large 
for such components. In ref. [WOG 99b], a discussion of uncertainties is given. See also 
Appendix F-12. Although absolute values of failure probabilities may have large 
uncertainties, it is generally assumed that the relative values will be less affected by 
uncertainties (cf. Appendix F-9.3). 

F-7.6 Structural Reliability Models – Validation and Verification 
Structural reliability models and the associated software must be validated and verified. 
Validation of computer software is generally interpreted (e.g., ref. [HSE 92]) as 
comparison of model predictions with experiments or other available data. Verification is 
generally interpreted (e.g., ref. [HSE 92]) as the process of ensuring that the product of a 
phase in the software development cycle meets the requirements placed on it by the 
previous phase. 
 
Validation and verification should include: 
 
- The theoretical and technical basis of the SRM and the code as well as their 

capabilities and limitations must be documented, publicly available, and peer 
reviewed. This includes, for example, the parameters of the model and their 
distributions, the input, and the numerical methods used. 

- Sample calculations should be presented with a description of the input parameters 
and the data sources. 

- The SRM software should be benchmarked against at least one other publicly 
available  validated and verified SRM software. 

- The SRM software should be validated to the extent possible with applicable plant 
and industry failure data bases. 

- The influence of variations of input parameters on the results should be investigated 
by sensitivity studies and checked for consistency with expectations and the given 
SRM theory assumptions. 

- Appropriate uncertainty analyses should be performed. 
 
More detailed guidelines will probably result from the NURBIM project (cf. Appendix 
C-1.1), which is scheduled to be finished in 2004. 
 
The validation with historical failure data is very important but limited by the data 
available. The following must be recognised. Quantitative RI-ISI methods require means 
to assess the failure probability of individual sites numerically. As the historical data does 
not provide such means, predictive tools must be used. Again, because of the lack of 
historical data, in particular for highly reliable components, these predictive tools cannot 
be fully validated. Benchmarking and sensitivity studies do not render validation 
unnecessary. Continued effort to validate SRM software is necessary. The performance 
monitoring and feedback process included in the risk-informed approaches should 
actively be utilised for this purpose. 
 
In relation to the pilot studies Oskarshamn 1 and Ignalina 2, validation exercises were 
done for the probabilistic fracture mechanics code PIFRAP, which is incorporated in 
NURBIT, with respect to IGSCC. As no ruptures have occurred for IGSCC, leak 
frequencies were used for the comparison. The results were satisfactory for Swedish 
BWRs but not for Ignalina NPP (see also Appendix E-3). 
 
During the CSN/UNESA pilot study, the Westinghouse SRRA code and the WinPRAISE 
code were analysed and cross compared for thermal fatigue, thermal stratification and 
vibrations sample cases with acceptable results. 
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F-8 Consequence Analysis and PSA Aspects 

F-8.1 Failure Modes, Direct and Indirect Effects 
The consequences of the failure of a section of piping are identified through engineering 
evaluations considering plant design and operation and through PSA. The various failure 
modes, small leak, large leak, and rupture, must be considered. Consequences that must 
be considered include both direct effects (LOCA, loss of a system or train, etc.) and 
indirect effects such as those due to flooding, temperature, humidity, pipe whip, jet 
impingement, or loss of inventory. The impact of component failure on containment 
performance must also be evaluated. Due attention must be paid to low power and 
shutdown states. 
 
Indirect consequences of passive component failures are generally not considered in 
PSAs. Indirect impacts of leaks should be analysed carefully. Information derived from 
existing documents, e.g., flood analysis, should be supplemented by walk-through. 

F-8.2 Application of Plant PSA 
The consequences are quantified by means of the plant PSA.  
 
Passive components are normally not explicitly modelled in PSAs. This deficiency is 
usually surmounted by use of the so-called surrogate component approach. In this 
approach, a pipe segment or location that fails is represented either by an initiating event 
or by the failure of an active component (basic event or group of basic events) modelled 
in the PSA. The use of such a surrogate should be equivalent to modelling the failure of 
the pipe segment or location. The basic events must be carefully chosen with due regard 
to essential details such as recovery action or CCF. In order to avoid truncation problems, 
the base PSA should be requantified with the surrogate set failed. In certain cases, the 
surrogate approach does not work well, and a change of logic model structure may 
become desirable or necessary. Such a situation was found in STUK’s pilot study 
(cf. Appendix E-4). 
 
The PSA has to meet certain quality requirements. The quality of a PSA analysis is 
judged in terms of scope, level of detail, and the adequacy of the actual modelling and 
the reasonableness of the assumptions and approximations.  
 
The PSA should realistically reflect the actual status and operational practices of the 
plant. It should use best estimate models and data, as opposed to conservative 
assumptions. Living Level 1 PSA is a prerequisite. A further prerequisite is that the 
models are sufficiently detailed in order to adequately support the application to RI-ISI. 
Ideally, living full scope Level 1 and Level 2 PSAs should be available. PSAs of lower 
scope can be used but areas not covered need to be taken into account, for example by 
deterministic considerations or engineering judgement. Insights from Level 2 can be 
important in certain cases. Manual operator actions and automatic isolation actions must 
be correctly taken into account. More explanations on PSA quality with respect to RI-ISI 
can be found in ref. [EUR 99]. 
 
An example where Level 2 PSA turned out to be important was the pilot study Ignalina 2, 
where the primary circuit is not fully covered by the containment. 
 
A means to ensure PSA quality is the peer review. This is described in detail in 
ref. [EUR 99]. 
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F-9 Assessment of Risk Significance and the Extent of Inspection 

F-9.1 Risk Measures in Use 
Risk is measured in terms of CDF and LERF. These measures, however, do not capture 
all of the regulatory objectives. LERF is related to the risk of early health effects. It does 
not embrace the risk of long term health effects, food interdiction, and land contamination.  
 
CDF and LERF are absolute risk measures. Importance measures such as risk reduction 
worth (RRW) and risk achievement worth (RAW) are relative risk measures. 
 
RRW indicates the maximum possible reduction factor in risk, if the piping segment is 
assumed perfectly reliable. If the RRW is high, this means that reducing the probability of 
failure of this location has a significant reducing effect on the total risk. From this, RRW is 
the appropriate importance measure for risk-based ISI selection. 
 
RAW indicates the increased factor in risk, if the piping segment is assumed failed 
completely. If the RAW of a segment is high, the safety consequences of its failure would 
be severe. Low RRW but high RAW indicates that the low RRW solely originates in the 
low evaluated probability of failure of this segment. 

F-9.2 Criteria that Determine Safety-Significance and the Extent of 
Inspection 
It is the purpose of a risk-informed inspection selection to address the higher risk sites, 
reduce these risks, and not to spend an unnecessary inspection effort on sites where risk 
reduction is not efficient. Of course, risk gives an importance ranking of segments or 
elements, but does not determine by itself the extent and number of inspections. Thus, it 
is necessary to define risk-informed criteria which determine the extent of inspections, 
that is, those segments or elements which are to be considered for NDT inspection. 
 
Different criteria are in use. They are qualitative or quantitative in nature and relate either 
to relative risk or to absolute risk. These criteria, their deterministic ingredients, and their 
justification are outlined in the following. 
 
WOG methodology: 
 
The piping segment safety-significance assessment is primarily a quantitative one, 
supplemented by qualitative considerations. 
 
In the quantitative assessment, the risk associated with the failure of each segment is 
calculated in terms of CDF (and LERF, if possible), using quantified pipe failure 
consequence input from full-power operation internal events PSA and failure probabilities 
from structural reliability models (or expert judgement). The calculation is made for an 
operation period of forty years; the effects of ISI and leak detection are not taken into 
account. Safety-significance assessment is primarily based on the importance measures 
RRW related to CDF and LERF. According to their RRW value, the individual segments 
are initially divided into three categories: high (RRW ≥ 1.005), intermediate (1.001 ≤ RRW 
< 1.005) and low (RRW < 1.001) safety-significant. RRW and RAW are normalised 
against the total pipe failure CDF and LERF under consideration. RAW is only used as 
additional information to the expert panel to support its decisions. The quantification in 
terms of RRW is not used to rank individual segments against each other but just to 
distinguish between high and low safety-significant. The intermediate RRW range allows 
for the large uncertainties inherent in the risk quantification of rare events. 
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In the qualitative part of the assessment, relevant information not covered by the 
quantitative assessment should be incorporated into the safety-significance assessment. 
This concerns external initiating events and shutdown operation (PSA information if 
available may be used), maintenance and operating insights, and any other relevant 
deterministic aspects. Considering all this information, the expert panel finally classifies 
the segments, in particular those in the intermediate RRW range, as high or low safety-
significant. Segments determined to be high safety-significant by the quantitative method, 
however, should not be classified lower without sufficient justification given by expert 
panel members.  
 
The quantitative criteria are justified as follows. The EPRI PSA Applications Guide 
[EPR 95] suggests criteria to assess the risk-significance of components, i.e., RRW > 
1.005 and RAW > 2, where RRW and RAW are normalised against the base CDF and 
LERF of the plant. A component with RRW 1.005 yields a 0.5 % contribution to the plant 
CDF. These criteria, however, proved not to be useful to categorise piping segments: as 
a consequence of the relatively low failure rates of piping segments, RAW is mostly much 
larger than 2 and RRW much smaller than 1.005. Relating the criterion RRW ≥ 1.005 not 
to the total plant CDF but to the total pipe failure CDF (and LERF) led to the development 
of pilot RI-ISI programmes that were assessed to be of similar safety and quality as the 
ASME Sect. XI programmes, in the sense as described in section 2.6 and Appendix B.  
 
Since the importance measures RAW and RRW are normalised against the total pipe 
failure CDF and LERF of the piping scope under consideration, they are not a common 
yardstick for all plant components (e.g., passive and active components). 
 
A more general risk-based justification for these criteria is given in ref. [ASM 98]. 
Segments representing 10 % or more of the pipe failure risk should be inspected without 
question. A reduction factor of ten by ISI is assumed. Thus, after inspection they would 
represent a risk of ≥ 1 %. Given this, it is judged to be not useful to inspect segments that, 
prior to inspection, represent < 1 % of the risk. An uncertainty between 2 and 10 is 
assumed. This leads to the thresholds 1.005 and 1.001. 
 
In summary, the pipe segments are determined to be high or low safety-significant 
primarily based on quantitative relative risk criteria; reference figures are the total pipe 
failure CDF and LERF under consideration. Relevant aspects beyond the quantitative 
assessment have to be incorporated into the safety-significance assessment by the 
expert panel. Only high safety-significant segments will deserve NDT. 
 
EPRI methodology: 
 
The consequence evaluation is primarily based on full-power PSA and internal events, 
but takes shutdown operation and external events into account. The consequence 
categories are defined in terms of CCDP and CLERP. The boundaries between the high 
and medium categories (CCDP = 10-4, CLERP = 10-5) and between the medium and low 
categories (CCDP = 10-6, CLERP = 10-7) are justified as follows. Assuming that 10-2 per 
year is a conservative estimate of the total pipe rupture frequency of a plant, all pipe 
failures occurring in low consequence ranked segments will give a CDF contribution not 
higher than 10-8 per year and all pipe failures occurring in medium consequence ranked 
segments not higher than 10-6 per year. The differences in CCDP and CLERP thresholds 
are motivated by the fact that, at the plant level, the conditional large early release 
probability, given core damage, is generally of the order of 10-1. The medium 
consequence category, which separates the high and low consequence categories, is 
intended to allow for uncertainties in the CCDP and CLERP values. 
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The pipe rupture potential categories are associated with degradation mechanisms 
(high: FAC; medium: other degradation mechanisms; low: no degradation mechanisms). 
To justify this qualitative ranking, the categories have been brought into a mutual relation 
with a scale of order of magnitude rupture frequencies, which are derived from historical 
data [EPR 99a]. These rupture frequencies are conditional on the segments’ susceptibility 
to the indicated degradation mechanisms and represent the maximum values of different 
piping systems. From category high to medium and medium to low, their values descend 
at each time by approximately one order of magnitude. 
 
The failure potential and failure consequence categories are combined to risk categories, 
forming the elements of the risk matrix, which correspond to rather broad and overlapping 
ranges of CDF (or LERF). These risk categories are associated with three risk regions, 
representing high, medium, and low risk. Because of the maximum character of the 
rupture probabilities assigned to the rupture potential categories, this risk categorisation 
is conservative in the sense that the high risk region can also contain segments, which, 
by a quantitative rupture probability calculation, might result in medium or low risk, and 
the medium risk region correspondingly might also contain low risk segments.  
 
The higher risk segments will deserve NDT inspection, while low risk segments will 
normally not. The contribution of low risk segments to the total plant CDF is indeed small: 
a bounding estimate, reported in ref. [EPR 99a], indicates that several thousands of low 
risk welds would contribute to the plant CDF by less than 10-7 per year.  
 
In summary, the EPRI safety significance assessment, using broad consequence, pipe 
rupture potential, and risk categories, is ultimately based on absolute estimates of CDF 
and LERF, though in a qualitative or at best semi-quantitative manner.  
 
STUK procedure: 
 
As regards risk categorisation of piping segments, the STUK procedure is similar to the 
EPRI method, as outlined in Appendix A. Also the SKIFS 1994:1 procedure, though not 
using PSA, can be considered as belonging to this group of basically absolute methods. 
 
OMF-Structures methodology: 
 
OMF-Structures combines qualitative and quantitative methods as well as results from 
PSA and deterministic aspects in a systematic manner.  
 
The “safety-severity” of the consequences of pipe segment failure modes is quantified 
by means of an importance measure equivalent to RAW, related to CDF. The values are 
obtained from re-analysis of the reference PSAs of the pertinent EDF reactor series. 
These PSAs, at present, include shutdown operation but not external events. Three 
severity categories are defined: “not severe”, “severe”, “very severe”. They coarsely 
correspond to the EPRI consequence categories low, medium, and high [EPR 99b]. The 
threshold between severe and very severe is chosen to retain the initiating events of the 
categories infrequent incidents and hypothetical accidents in the very-severe category. If 
there is no importance information from PSA, failure modes that lead to an accident 
procedure or to an incident procedure are classified as very severe and severe, 
respectively. Failure modes that lead to an Operating Technical Specification or concern 
segments of safety classes 1, 2, and 3 are always classified at least as “severe”, even 
though the RAW importance may indicate “not severe”. Failure modes of segments that 
are classified as not severe are excluded from preventive maintenance. 
 
Failure modes of segments, classified as severe or very severe, are further evaluated 
considering the failure probability whether they are “safety-critical”. Using plant 
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operating experience and degradation models, components’ susceptibility to degradation 
mechanisms and their “relevance” with respect to the pertinent failure modes are 
investigated. A degradation mechanism on a component is “relevant” with respect to a 
failure mode, if failure cannot be excluded during the time period under consideration 
(i.e., the following maintenance interval or the remaining operating period). Relevance of 
a degradation mechanism or even susceptibility to it are sufficient to declare a segment / 
failure mode, classified as very severe, to be critical. For failure modes classified as 
severe, a graded procedure is applied. The criteria used to declare a failure mode critical 
depend on the information and means available and on the accuracy desired. First, 
segments for which no relevant degradation mechanism exists are excluded from 
preventive maintenance. Criticality can be declared solely based on the qualitative 
outcome from the degradation model (“relevance”). This outcome can be refined in a 
qualitative way by expert opinion to the statement that failure is “probable”, “rare”, or 
“improbable”. Then, probable or rare, depending on the case, will be sufficient for 
criticality. Finally, the failure probability may be determined numerically from a structural 
reliability model, whereby the effect of maintenance is not taken into account. The 
threshold improbable/rare is identified with a failure rate of 10-4 y-1 and rare/probable with 
10-1 y-1. If a RAW importance exists and if it overrules the deterministic safety-severity 
aspects, it is combined with the calculated failure probability to give an importance 
measure equivalent to RRW (reference figure is the total plant base CDF). The 
quantitative criterion that determines whether the failure mode of a segment is safety-
critical, is a RRW value that represents > 0.1 % of the total plant CDF. The justification is 
that this threshold is also used in the OMF methodology for active components with the 
intention to apply a common risk yardstick to active and passive components. This is 
different from the WOG method. It is not known how satisfactorily this quantitative 
criterion works, because it has not been used up to now. Segments with a safety-critical 
failure mode will deserve preventive maintenance, which may include NDT inspection as 
appropriate. Segments that have a very severe failure mode but are non safety-critical 
because of the absence of a relevant degradation mechanism, are candidates for 
specially adapted preventive maintenance, which has to be defined for each individual 
case based on expert opinion. 
 
In summary, OMF-Structures integrates qualitative and quantitative methods. A 
conservative safety-severity threshold is used to select failure modes for further 
evaluation. Criticality is strongly driven by the existence of degradation mechanisms that 
could lead to failure. A graded evaluation procedure allows, as appropriate, to apply 
various degrees of precision and thus conservatism when estimating failure potential and 
probability. The risk importance measures used are defined as relative quantities, but in 
fact, when the method is applied to different units of an EDF reactor series, they can be 
interpreted as absolute quantities, since they are referred to the base CDF of the 
reference PSA of the series. Because of this and because of the substantial qualitative 
ingredients of the method, OMF-Structures is closely related in its nature to the group of 
the EPRI, STUK, and SKIFS 1994:1 methods. 
 
DNV procedure: 
 
The risk in terms of CDF associated with the failure of each weld is calculated for the 
remaining operation period of the plant. For the past, the effect of ISI on failure 
probabilities is taken into account. In that, the procedure differs from the WOG method. 
The DNV procedure presents the estimated risk of each weld in a risk plot “failure rate 
versus CCDP”. That is, the welds are initially sorted by an absolute risk measure. No 
importance measures are used. In a second step, relative risk categories, very high, high, 
medium, low and very low, differing by one power of ten in CDF, are assigned to the risk 
plot, starting with the highest individual weld risks and covering the total range of weld 
risks. This assignment will be application-specific and depend on the risk profile of the 
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evaluated welds. In a further step, percentage sample sizes will be assigned to the 
different risk categories. This will be application-specific, too. It is discussed in Appendix 
F-10, “Inspection Strategy”. 
 
Summary: 
 
Completely or preponderantly based on risk categorisation, the segments or structural 
elements of a piping scope are divided into two groups: one group that deserves NDT 
inspection, termed “safety-significant”8 by the USNRC RG 1.178, Rev. 1, and “safety-
critical“ by OMF-Structures, and another group termed “low safety-significant” (“non 
safety-critical”) which normally deserves no NDT inspection within the risk-informed 
scheme. It should be noted, however, that augmented IGSCC and FAC inspections of 
low safety-significant segments are not affected by the NRC approved WOG and EPRI 
methodologies, and that the OMF-Structures method provides for special sampling 
inspections in the case of “non safety-critical” but high-consequence segment failure 
modes. For the existing methodologies, it can be concluded that quantitative methods 
base the risk categorisation of piping segments or elements on relative risk, qualitative 
methods on absolute risk. The meaning of relative risk and the effect of its use, however, 
depend on whether the reference quantity is the total plant CDF or the total pipe failure 
CDF. 

F-9.3 Absolute versus Relative Risk Measures and Criteria 
If risk is used as the cardinal parameter to optimise ISI programmes, the rationale must 
be to confine or reduce the risk for the public. From this, absolute risk is relevant.  
 
However, many voices advocate the relative use of risk values [e.g., BRI 00, KOP 02, 
RUM 03, SKI 00], because it is felt that the use of absolute numerical risk criteria is not 
supported by the state of the art as regards the accuracy of evaluated risk levels. 
Variabilities in PSA models as well as in structural reliability assessment techniques can 
yield significantly differing absolute values of pipe risk, and this results in difficulty to set 
robust risk criteria based on absolute numerical values. In particular, biases present in 
the individual risk values of the segments or structural elements would be a problem. One 
possible source of such a bias are differences in the modelling and evaluation of pipe 
failure modes by SRMs. This can be seen from the studies on the WOG reference plant 
Millstone 3 and the WOG pilot plant Surry 1, where the calculated total pipe failure CDF 
values differed by about three powers of ten [WOG 99a]. The main reason was that in the 
Millstone study only full breaks caused by rare design limiting events were evaluated, 
whereas in the Surry study breaks during steady state operation and large leaks were 
also evaluated. Compare also the conclusions given in section E-5 of the Appendix. 
 
On the other hand, EPRI emphasises the advantages of the absolute character of its 
method as regards the robustness of risk categorisation [EPR 02b]. The risk 
categorisation of each segment is independent of the risk categorisation of the other 
segments. Conservatism or error in the analysis (under- or overstating) at one place does 
not influence the risk categorisation at other places, and the categorisation is stable 
against changes of the scope. The above mentioned variabilities connected with absolute 
numerical values are avoided or smoothed down by the qualitative nature of the EPRI 
method: the use of degradation categories instead of numerical failure frequencies, the 
use of broad consequence ranges, and the built-in allowances for uncertainties. The 
robustness, however, is gained at the price of lower discernment and resolution 
compared to quantitative methods (cf. Appendix F-4 and F-9.2). 
                                                 
8 Previously, according to RG 1.178 Rev. 0 and the WOG Topical Report [WOG 99a] this was 
termed „high safety-significant“. In this report, „safety-significant“ and „high safety-significant“ are 
used synonymously. 
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The above objections against absolute risk criteria are serious with respect to quantitative 
methods. Possible adverse effects of absolute risk threshold criteria can be 
circumvented, when appropriate threshold criteria based on relative risk values are used. 
Such criteria must be referred to a risk reference figure associated with the assemblage 
of the items within the scope under consideration (item denotes segment or structural 
element), e.g., to the totalled risk or to the maximum individual risk value of the 
assemblage. In such a relative scheme, the effect of a multiplicative bias common to all 
individual risks is eliminated. Relative biases between items or groups of items, however, 
remain effective.  
 
If the relative threshold criterion is a certain percentage of the plant base CDF, e.g., 
0.1 % as in the OMF-Structures method, possible adverse effects due to lacking absolute 
accuracy of the calculated failure probabilities will not be overcome. A bias present in the 
calculated pipe failure probabilities would not be removed. That is, though 
OMF-Structures uses a relative risk criterion (0.1 % of the plant base CDF), its results 
with respect to the „safety-criticality“ of items will depend on the absolute values of failure 
probability. Therefore, high quality absolute failure probability estimates will be required. 
 
If relative risk criteria are used that are referred to the assemblage of items under 
consideration, as described above, one certainly can avoid difficulties associated with risk 
criteria based on absolute numerical values, but such an approach has characteristics 
which may be regarded as undesirable under certain conditions. They must be known 
and taken into consideration. The most important feature is that the outcome from the 
application of relative risk criteria is strongly dependent on the shape of the risk profile9 of 
the items under consideration. 
 
Let us first consider the case that the importance measure RRW, referred to the total pipe 
failure risk of the scope considered, is used to determine safety-significance and that 
there is a RRW threshold, which distinguishes between high and low safety significance, 
say RRW = 1.005 or 1.001. In this case, the RRW values of the items are not 
independent of each other. Once one item within the scope is varied, the RRW values for 
the other items will change, and consequently other items can pass the threshold in either 
direction. The result is controlled by the number of items included and by their relative 
risk profile. The following characteristics and possible problems were identified. 
 
1. The RRW values depend on the number of items included in the evaluation. By 

adding items, that is, by enlarging the scope, for instance from partial to full, other 
items can be changed from high to low safety-significant. The magnitude of the effect 
will depend on the increase in total risk associated with the enlargement. If the 
increase in risk is large, the effect can be drastic. If the increase is small, the effect 
may be negligible. 

 
2. Given the number of items, high and low safety-significance will be solely controlled 

by the relative risk profile, irrespective of the underlying degradation mechanisms and 
the absolute risk level. For instance, class 1 piping systems in one unit could be 
subject to IGSCC and in another unit not because of resistant material. Their relative 
risk profiles could nevertheless be rather similar. 

 
3. If the assemblage contains items with outlying high individual risk or a risk profile 

starting with a steep slope, high safety-significance can be concentrated at very few 
items. With flatter risk profiles, high safety-significance would be distributed to more 

                                                 
9 The term risk profile has the following meaning: In the risk profile, the items of the scope are put 
in order according to descending individual risks, starting with the highest individual risk. 
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items. This feature could  also lead to a situation where eliminating high risk sites by 
modification, replacement, or change of operating conditions flattens the piping risk 
profile and thus introduces more high-safety-significant items to be inspected. This 
would present a paradox and a disincentive to plant safety improvement. 

 
4. Assumptions or errors in the analysis, that overstate or understate items, can distort 

the importance results. In particular, undue conservatisms in PSA, allocation of 
degradation, and estimation of failure probabilities can overstate certain items and 
change others from high to low safety-significant. 

 
5. Items that cannot be effectively inspected by NDT or cannot be inspected by NDT at 

all, for instance, socket welds or if vibratory fatigue is the damage mechanism, may 
become high safety-significant at the expense of others that would better deserve 
inspection.  

 
Some of these aspects can be illustrated by observations from the DNV pilot studies 
Oskarshamn 1 [BRI 00] and Ignalina 2 [BRI 01]. These studies are of particular interest 
because they treat scenarios quite different from the „alternative to ASME Section XI“ and 
provide valuable practical information with regard to the European interest in RI-ISI. 
 
In both studies, the scope encompassed approximately one thousand primary pipe welds 
susceptible to IGSCC. At Oskarshamn 1, only eight items (welds) satisfied the criterion 
RRW ≥ 1.005 and twelve items the criterion RRW ≥ 1.001. At Ignalina 2, only five items 
(welds) satisfied the criterion RRW ≥ 1.005 but more than 200 the criterion RRW ≥ 1.001. 
At Oskarshamn 1, the eight welds exceeding the threshold RRW = 1.005 represent 
outlying risk because of a combination of IGSCC and vibrations. When the vibrations are 
removed, these high risk locations are eliminated. Then, twelve items satisfy the criterion 
RRW ≥ 1.005 and about 65 items the criterion RRW ≥ 1.001. Thus, more items have 
become safety-significant or candidate for safety-significance, though the plant has 
become safer. In any cases, the small numbers of items exceeding the threshold 
R = 1.005 is due to the large number of items in the scope and the shape of the risk 
profile. 
 
A way to estimate the influence of situations such as no. 1 to 5 above is to perform 
sensitivity studies where, for instance, dominating risk contributors (or risk outliers) are 
removed from the analysis. When applying the WOG methodology, the expert panel 
would be challenged. 
 
Let us secondly consider a relative risk criterion that refers to the maximum value of the 
individual item risks, which has been suggested in ref. [EUR 00b]. 
 
The items included in the scope of evaluation are sorted according to their evaluated risk. 
Starting with the highest individual risk, the items are successively included in the 
inspection programme as long as the projected risk of the already included items after 
inspection would be lower than the risk associated with the next item being candidate for 
inclusion in the inspection programme. Within a risk-based logic, this is plausible, but 
there are serious drawbacks and a possible pitfall. The extent of inspection would be 
strongly dependent on the risk profile of the items and on the inspection performance. 
Real data from pilot studies [BRI 00, BRI 01] show that in the case where the risk sorting 
starts with a steep profile unacceptably small inspection amounts could result. Also, the 
better the inspection performance, the more items would have to be included in the 
inspection programme and vice-versa. This would again present a paradox and a 
disincentive to NDT performance improvement. Besides, this procedure would strongly 
depend on realistically modelling the inspection effectiveness, which is known to present 
considerable difficulties.  
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In summary, absolute risk criteria are easier to correlate to the risk to the public than 
relative risk criteria, but they can be unduly biased by variabilities in PSA and structural 
reliability models, when quantitative methods are used. Relative risk criteria are less 
subject to uncertainties, as a common bias would be eliminated. However, they can imply 
characteristics which may be regarded as undesirable and must be known and taken into 
consideration. They are not directly correlated to the risk to the public. 

F-9.4 Role of an Expert Panel 
The risk-informed ISI process constitutes a multidisciplinary task. Throughout the 
evaluation process, information from plant engineering, operation, and maintenance as 
well as from industry experience are combined with PSA results and insights or used to 
adapt plant PSA results and to provide input for probabilistic structural reliability models. 
With respect to the crucial decision on the safety-significance of piping segments or 
structural elements, it is always worthy to review the completed process to provide 
confidence that all relevant aspects have been properly considered. It has been 
recognised, however, that this is more important, the greater the analysis is based on 
calculated results from probabilistic models. Due consideration must then be given to the 
limitations and uncertainties resulting from PSA and structural reliability models. This 
includes to resolve possible problems and open issues such as discussed in sections 
F-9.2 and F-9.3 and to consider defence-in-depth aspects. 
 
Consequently, it depends on the particular methodology, how the final determination of 
the safety-significance of items and the integration of the pertinent information are 
organised.  
 
In the WOG methodology, a formal “expert panel” is entrusted with the completion of 
these tasks. On the other hand, the EPRI methodology is designed to be “process-driven” 
and thus not to use an expert panel for safety-significance determination. Instead, the 
multidisciplinary team, which is primarily in charge of element selection for inspection, 
reviews the process leading to the risk ranking to make sure that all relevant factors have 
been considered. However, no particular guidance is given for this task. The STUK 
procedure, though it generally follows the EPRI scheme, is less prescriptive than the 
EPRI method and makes more use of plant-specific PSA results. Consequently, an 
expert panel is used to review the collected and evaluated information and to make the 
final decision on safety-significance. In the OMF-Structures methodology, the process to 
determine the safety-criticality of items is prescribed in detail. At various stages of the 
process, expert opinion is utilised, but it seems that no explicit formal expert panel is 
provided for. The DNV procedure has not used an expert panel in the pilot studies 
published. However, in the pilot study Ignalina 2, an expert panel was recommended for 
continued work in order to resolve open issues, which could not satisfactorily be resolved 
by the quantitative methods applied, and to make the final decisions. 
 
The expert panel process is the licensee’s responsibility. Expert panels need to include 
adequate expertise from the disciplines involved, such as probabilistic safety 
assessment, plant operations and engineering, structural and material engineering, 
maintenance, and inservice inspection. The results of the probabilistic calculations 
including the preliminary safety-significant categorisation as well as all other pertinent 
information are presented to the expert panel. Its main tasks are as follows: 
 

•  To review the definition of piping segments, the assignment of failure 
consequences and degradation mechanisms, and the inputs to SRM calculations, 
to consider sensitivity analyses, and to ensure the overall consistency of 
categorisation. To feedback comments to the engineering personnel, responsible 
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for producing and revising numerical results, and to make changes as 
appropriate. 

•  To compensate for limitations of the quantitative analyses resulting from PSA 
scope (e.g., missing external events or shutdown PSA), PSA modelling (e.g., lack 
of resolution), from risk importance measures, and from structural reliability 
models, taking into account qualitative and traditional engineering analysis. 

•  To respect defence-in-depth and to consider various deterministic aspects. 
•  To determine the final safety-significance category for each item. 

In the WOG methodology, the expert panel is particularly in charge of considering the 
intermediate importance range 1.001 ≤ RRW < 1.005, whether those segments should be 
declared high safety-significant, thereby taking account of uncertainties in the quantitative 
analyses (cf. Appendix F-9.2). It is also important that the expert panel looks at unduly 
conservative assumptions that could distort the importances and cause misjudgement of 
safety-significance. In particular, calculated failure probabilities can be very sensitive to 
the input parameter values chosen. The expert panel is also called upon to consider the 
RAW values, which are indicative of the severity of segments’ failure, for additional 
insights; there is, however, no conclusive guidance how to use them. 
 
Expert panel sessions typically take one day per piping system, that is, about four or five 
days for a class 1 piping scope, including iterations. In order to make well-founded 
decisions within this time-scale, the panel members must not only be experts in their field, 
but should also have a good overall understanding of the risk-informed ISI methodology 
and the expert panel process, and they must know what to do with the information they 
get. For this purpose, in particular, it is important that the expert panel is informed of 
existing model limitations and uncertainties and on their potential impact on the 
categorisation of the pipe segments. This understanding by all panel members is 
important to avoid undue preponderance of PSA in the panel. 
 
In the USA, expert panels were already a well established part of the Maintenance Rule 
implementation, when the implementation of RI-ISI began. Thus, their practice and 
experience could be utilised. If expert panels are not a permanent institution for risk-
informed applications, an ad hoc expert panel established for just one RI-ISI application 
may still be in the learning curve when it has finished its work. In such situations, as they 
may occur in Europe, a good preparation and training course for an expert panel is 
essential. External experts, who are familiar and experienced with the methodology and 
expert panel activities, would be helpful to open and conduct the discussions and to draw 
attention to important issues. 
 
The WOG methodology does not provide specific guidance how to treat the intermediate 
importance range 1.001 ≤ RRW < 1.005, how to use RAW information, and how to treat 
“other deterministic insights”. Thus, the expert panels have large degrees of freedom in 
this respect, which may lead to considerable variabilities, and questions the repeatability 
of expert panel decisions. Expert panels may declare intermediate range segments high 
safety-significant because of deterministic or defence-in-depth deliberations, or they may 
primarily aim at reviewing the quantitative analysis to have it more realistically adjusted, 
adhering to the refined numerical values and stressing RRW = 1.005 as the threshold of 
high safety-significance. 
 
Expert panels have made significant changes to the preliminary results presented to 
them. This concerns adjustments to failure potential, consequence severity, and safety-
significance categorisation. The process is important and must be capable of being 
scrutinised. This implies that the panel decisions and their justifications should be well 
documented. 
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F-10 Inspection Strategy 

F-10.1    Risk/Safety Significance – Inspection Strategy 
After having categorised the segments or structural elements with regard to risk- or 
safety-significance, the next step is to determine the number of elements to be inspected 
and to select the individual elements for inspection. It is important that those locations are 
identified and chosen where degradation or failure is most likely. Further, the inspection 
method, the NDT system, and the inspection frequency have to be properly selected in 
order to detect degradation in a timely manner and thereby prevent failure. For the 
inspection of a given structural element, the sensitivity and performance of the 
NDT system and the inspection frequency are linked. Their optimisation can be supported 
by fracture mechanics calculations [BRI 00]. The inspection strategy also includes 
provisions for the extension of the sample, when flaws are detected during inservice 
inspection. 

F-10.2   Number and Selection of Structural Elements to be inspected 
Just as the extent of inspection, the number of inspections is not determined by risk itself. 
It is obvious that for components with a dominating influence on risk, the sample size 
should be greater than for less risk-significant components. In total, RI-ISI methods aim at 
a reduction of the number of inspections. However, to maintain adequate levels of 
defence-in-depth and adequate confidence in detecting unforeseen or unexpected 
degradation, the size of the inspection sample must be large enough. An eventual 
occurrence of generic degradation should be discovered with high likelihood. In moving to 
a RI-ISI programme it should not be assumed that the result will always be a significant 
decrease in the size of the inspection sample. 
 
The methods and procedures to determine the number of inspections used by the 
different methodologies are outlined in the following. 
 
WOG methodology: 
 
Besides the division into high and low safety-significance, the segments are divided into 
high and low failure importance. A segment has a high failure importance (HFI), if it is 
subject to a degradation mechanism that could lead to leakage or rupture (e.g., excessive 
thermal fatigue, stress corrosion cracking etc.) or if its large leak failure probability is 
greater than 10-4 to 10-3 per 40 years operating life. Locations that are found to govern the 
failure probability of a HSS/HFI segment are prescribed with 100 % inspection. Non-
susceptible locations in such segments and HSS segments of low failure importance will 
undergo statistical sampling (see Appendix B), which typically yields one element per 
segment to be inspected by NDT. For the purpose of statistical sampling, similar 
segments can be put together. This, if used, would control the number of inspections to 
some extent. Generally, the number of inspections will depend on the number of 
segments subjected to the statistical sampling process. 
 
The number of inspections can also be influenced by the existence of augmented 
inspection programmes that remain unchanged. This, however, would already be 
effective at the stage of safety-significance determination. For segments contained in 
such augmented programmes, the failure probability and thus the risk is calculated taking 
the effect of the augmented examination into account. In the case of an aggressively 
growing degradation mechanism, the augmented examination for it being not perfect, 
such segments may nevertheless turn out HSS. Then, care must be taken that such 
segments do not dominate the CDF and withdraw inspections from other segments that 
would deserve inspection.  
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Once the number of inspection locations is determined, an engineering sub-panel selects 
the individual elements for examination. Qualitative engineering criteria are used to 
determine locations, where degradation or failure are most likely to occur. 
 
EPRI methodology: 
 
The number of inspections is defined by fixed percentage sample sizes. When following 
Code Case N-560 (class 1 piping only), a sample size of 10 % is required, the distribution 
of which should be weighted to the higher risk segments. Augmented examinations may 
be credited, under certain conditions, up to one half of the 10 % sample size. When 
following Code Case N-578, a sample size of 25 % is required for the elements of high 
risk categories and 10 % for the elements of medium risk categories. This refers to 
elements having degradation mechanisms assigned other than those covered by FAC 
and IGSCC augmented programmes. In total, a minimum sample size of 10 % should be 
maintained for class 1 piping. For a given scope, the number of locations to be inspected 
is always independent of the number of segments. 
 
The sample sizes are basically justified as outlined in Appendices B and F-9.2. Further, it 
is asserted that the sample sizes of 25 % for high risk and 10 % for medium risk are at 
least as effective as the Section XI sampling requirements because of RI-ISI focusing on 
degradation mechanisms and using examination volumes and methods adapted to them 
(“inspection for cause”). 
 
When using the Code Case N-578 selection procedure, it may happen that safety-
important class 1 piping without a degradation mechanism, e.g., BWR recirculation 
piping, is categorized “low risk” because of LOCA events falling at most in the medium 
consequence category. In such situations, the 10 % sampling target for class 1 piping 
may become effective to provide inspections for defence-in-depth. 
 
Once the number of inspection locations is determined, a multidisciplinary team selects 
the individual elements for examination. Engineering judgement is used to select 
locations, where degradation or failure are most likely to occur. Further selection criteria 
are distribution among systems and segments, plant service and ISI history, 
inspectability, radiation exposure, and costs. 
 
OMF-Structures: 
 
To select structural elements for inspection, the OMF-Structures methodology is strict, 
and ambitious with respect to accuracy. Structural elements of a segment, which, 
because of the same relevant degradation mechanism, belong to a safety-critical failure 
mode and for which NDT inspection was chosen as the maintenance task, have to be 
inspected completely, unless it can be shown by means of a degradation model or 
structural reliability model that the degradation kinetics is significantly faster on a sub-set 
of them. In the latter case, NDT inspection is applied only to the sub-set of elements 
subject to the fastest kinetics. For segment failure modes not safety-critical but very 
safety-severe, inspection tasks will be defined based on expert judgement. 
 
DNV procedure: 
  
As described in Appendix F-9.2, relative risk ranking categories “very high” to “very low” 
are assigned to the risk plot, covering the whole risk profile of the structural elements 
included in the scope. The number of elements to be inspected is defined by assigning 
percentage sample sizes to these categories, in analogy with the current Swedish ISI 
scheme: 100 % for “very high”, “high”, and “medium“ risk and 10 % sampling for “low“ risk 
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and possibly “very low” risk. The 10 % sampling is made for each pipe system concerned 
and starting with the highest individual risk value. The assignment of risk categories to 
CDF values (cf. Appendix F-9.2) and of percentage sample sizes to the categories are 
plant- and application-specific and, in particular, adjusted to the features of the structural 
elements’ risk profile under consideration. 
 
STUK procedure: 
 
The inspection strategy was not within the scope of the pilot study. 
 
SKIFS 1994:1: 
 
In the present qualitative system used in Sweden, the sample size required for high-risk 
components is 100 %, for medium risk components 10 %. For low risk components, the 
workers’ protection regulation applies. 
 
To summarise, the methods and procedures used by the different methodologies and 
procedures to determine the number of structural elements to be inspected are quite 
different. They encompass statistical evaluation, fixed and adjustable percentage sample 
sizes referred to safety-significance or risk categories, the use of analytical tools, and 
expert judgement. They all have in common that the selection of elements is weighted in 
some manner towards higher risk-significance or failure importance. In spite of the 
diversities stated, the WOG and the EPRI methods yield comparable total numbers for 
comparable larger scopes such as class 1 or class 1 and 2 piping (cf. Appendix D and 
E-2). For class 1 piping, the EPRI method targets a 10 % minimum sample size, whereas 
the WOG method can yield significantly less than 10 %. A recently proposed Code Case 
[ASM 04], which utilises experiences from about fifty RI-ISI applications, stipulates a 
minimum 10 % sample size for piping of “Category A”, which mainly comprises class 1 
piping. With OMF-Structures, the number of inspections will depend on the capacity of 
the predictive models to be used and on the reliance put upon them; little experience is 
available. The DNV procedure is still rather open, it is designed to be adjustable to the 
needs of the application. 
 
At the level of selecting individual structural elements for inspection, the WOG and EPRI 
methods utilise qualitative engineering criteria and deliberations. OMF-Structures utilises 
expert judgment, degradation models and – tentatively – structural reliability models in 
order to be as accurate as possible. The DNV procedure relies on the quantitative risk 
ranking, based on probabilistic fracture mechanics calculations and PSA. 

F-10.3    Relationship to NDT System Qualification 
Concentrating inservice inspection on the higher risk sites only makes sense, when the 
risk associated with these sites can be appreciably reduced by inspection. Thus, the 
RI-ISI concept inherently requires the use of capable and reliable NDT systems. 
 
Consequently, both the WOG and the EPRI methodology bring forward the concept of 
“inspection for cause”. This means that NDT methods should be chosen and NDT 
procedures designed to target the degradation mechanisms and their characteristic 
appearance on the components. The EPRI methodology provides detailed guidance on 
how to achieve it. 
 
It has been widely recognised for many years that a formal or standardised qualification 
process is necessary to establish and confirm the required capability and reliability of 
NDT systems used for inservice inspection. In the ASME Code, Section XI, such a 
process, termed “performance demonstration”, has been introduced by Appendices IV 
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and VIII. In Europe, a platform for the development of NDT qualification programs was 
established by the common position document of the NRWG [EUR 97a] and by the basic 
methodology document of the ENIQ [EUR 97b]. Meanwhile, NDT qualification 
requirements based on the principles in ref. [EUR 97a] have been introduced or are on 
the way of being introduced in most of the European countries [EUR 03]. 
 
As understood in the common position document [EUR 97a], the purpose of qualification 
is to provide reliable confirmation that the NDT system in question is capable of achieving 
the required performance. Thus, qualification is directed towards the required NDT 
system performance, independent of whether the underlying ISI scheme is risk-informed 
or not. A particular need for qualification, however, arises from a RI-ISI application, if 
probability-of-detection (POD) values or curves are utilised to demonstrate the 
acceptability of the change in risk, to determine meaningful risk reduction factors, or even 
to design and justify the risk-informed inspection strategy. Such assumptions on POD 
need to be validated (by qualification) to the extent possible and practical. 
 
The principles for the derivation of basic NDT qualification requirements, as delineated in 
ref. [EUR 97a], are consistent with the RI-ISI philosophy:  
- The qualification requirements for a specific situation should be based on the safety 

relevance of the component, the structural significance of potential defects, the 
consequences in the event of failure, and on the purpose of the inspection; 
considerations should include the relevant degradation mechanisms. 

- Different qualification levels, adapted to the derived qualification requirements, can be 
used to define how stringent and rigorous the qualification should be for a given 
situation. 

- General qualifications in situations, when no relevant degradation mechanism was 
identified, may be distinguished from specific qualification, when components are 
known to be susceptible to a degradation mechanism.  

 
A central feature of the methodology, delineated in ref. [EUR 97a] is that qualifications 
must be carried through with respect to the essential parameters of the NDT system, of 
the inspection conditions, of the component, and of the defects to be detected and 
sentenced. This principle  covers the intentions of “inspection for cause”. 
 
A RI-ISI evaluation will provide input to specify an NDT system qualification. This 
concerns the degradation mechanisms to be addressed, and the NDT performance to be 
achieved. One should recognise, however, that it will generally not be possible to derive 
complete POD curves from qualification exercises. 
 
Qualification is primarily to be understood as a demonstration of capability. It does not 
always mean an improvement in NDT performance. Sometimes, it may merely be the 
verification of good performance. 
 
An NDT capability commensurate with the importance of an inspection should always be 
regarded as a prerequisite when selecting a location for inspection. Qualification, when 
compared with a situation of poor NDT performance, should not be used to reduce the 
number of locations to be inspected.  

F-10.4    Inspection Frequency 
A successful inspection strategy must use inspection frequencies that are adapted to the 
kinetics of the targeted degradation mechanisms. This holds true not only for RI-ISI 
programmes.  
 
The goal can be expressed as a deterministic one or as a probabilistic one:  
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- Inspection intervals must be sufficiently short so that degradation too small to be 
detected during one inspection does not grow to an unacceptable size before the next 
inspection. 

- Inspection intervals must be sufficiently short to effect a reduction in risk or in 
component failure probability that is regarded as suitable. 

 
The deterministic goal is closer to the objectives of ISI. 
 
The WOG and EPRI methodologies retain the 10-years inspection interval, since they 
were developed as alternatives to ASME Section XI. It is expected that this will be 
appropriate in most cases. However, it is anticipated that the interval would be shortened 
as necessary, if faster growing degradations appeared. The OMF-Structures 
methodology, addressing all possible degradation mechanisms, systematically adjusts 
the inspection intervals to the specific task. This adjustment may be based on operating 
experience, information from degradation and structural reliability models, and 
degradation expert judgement. The DNV procedure adjusts the inspection strategy 
including intervals by means of probabilistic fracture mechanics calculations, respecting 
regulatory constraints for inspection intervals. The qualitative Swedish SKIFS 1994:1 
scheme uses inspection intervals between 3 and 10 years based on deterministic defect 
tolerance analysis. 
 
There exist several valid sources of information that are worthy to be considered when 
selecting inspection intervals: 
- operating experience with respect to degradation and failures  
- performance of the NDT system to be used 
- deterministic flaw tolerance analysis 
- degradation models 
- structural reliability models (probabilistic fracture mechanics) 
- expert judgement 
- risk reduction considerations. 
 
A risk-informed procedure should use this information as appropriate to specify inspection 
intervals adapted to the relevant degradation rate and performance of the NDT system. 
 
Structural reliability models simulate the effect of ISI on failure probabilities by means of 
POD curves and inspection frequencies. When using them to optimise inspection 
intervals, care must be taken with respect to the following: 
- The calculated degradation rates (e.g., crack growth rates) should be as realistic as 

possible. This includes realistic assumptions on initial flaw size distributions and flaw 
initiation during service. 

- The POD curves used should realistically reflect to the extent possible the capabilities 
of the specific NDT systems on their specific inspection tasks (for the existing 
limitations, see Appendix F-11.2). 

- It is generally uncertain whether detection or non-detection of a flaw in recurrent 
inspections are independent or dependent events. Non-detection can, for example, be 
caused by material properties. Assuming independent inspections can yield too 
optimistic reductions in calculated failure probabilities. 

F-10.5   Low Risk Sites 
The WOG method defines for piping segments a low safety-significance / high failure 
importance region (cf. Appendix F-10.2), which is left to an owner defined inspection 
programme. In the USA reality, however, this region overlaps with mandated FAC and 
IGSCC augmented inspection programmes. The same holds true for the low risk 
categories of the EPRI method. 
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Low risk does not mean “no risk” or “not related to safety”. For sites with severe 
consequences of failure, this issue is addressed in Appendix F-2.2. Sites with low 
consequences of failure but being subject to a degradation mechanism and thus 
enhanced failure probability, may still warrant some NDT inspections besides pressure 
and leak testing. This is also for regulatory concern with respect to safety, safety culture, 
and public confidence, and not only for licensees’ economic reasons. 

F-11 Risk Impact by Inservice Inspection 

F-11.1   Risk Impact Evaluation Procedures 
When passing from an existing ISI programme to a RI-ISI programme, the associated 
change in plant risk is of interest. Quantifications as well as bounding estimates of the 
change in risk are in use. If quantification is used, the quantitative knowledge of the effect 
of inservice inspections in reducing the failure probability of the inspected items is an 
essential input. 
  
In the WOG approach, the risk associated with individual pipe segment failures is 
recalculated, taking the effect of inservice inspection into account. In addition, reactor 
coolant system leak detection is credited in order to obtain a more realistic estimate of the 
impact on plant risk. For both ISI programmes, the individual segment risks are summed 
up to give the risk associated with the programmes. One particular source of uncertainty 
in this estimate arises from the fact that a segment’s failure probability is determined for 
its limiting condition (cf. Appendix F-6), and it is assumed that the effect of ISI in reducing 
this segment’s failure probability is independent of the number and locations of welds that 
are inspected within the segment in each of the programmes. Further, the calculations 
are usually made assuming independent inspections, which is optimistic. 
 
The EPRI method preferably uses qualitative assessment and bounding estimates. It 
proceeds to a simplified or more refined quantitative assessment, or even to a piping 
reliability model only if absolutely necessary to establish risk impact acceptability. The 
simplified quantitative assessment uses, as a first approach, upper bound rupture 
frequency estimates from service data and upper bound consequence category values 
for CCDPs; probability of detection estimates are only included if necessary. The 
evaluation is done at the level of structural elements. The procedure serves to show that 
there are no significant adverse risk impacts from implementing the RI-ISI programme. 
 
The DNV procedure quantifies the change in risk at the level of individual welds, taking 
the effect of inservice inspection (including variable intervals) and of leak detection into 
account. The calculations are normally made assuming dependent inspections, which is 
pessimistic. 
 
OMF-Structures includes no procedure to estimate the change in risk, but the 
development of such a procedure is provided for. 
 
Besides the change in risk, when passing from an existing ISI programme to a RI-ISI 
programme, also the cumulated risk reduction achieved by an ISI programme, compared 
to the case without ISI, is of interest. The ratio between the risk “without ISI” and the risk 
“with ISI” is termed risk reduction factor. The risk reduction factor depends on the NDT 
system performance level and on the inspection frequency. Probabilistic fracture 
mechanics calculations for fatigue growth have indicated that the reduction factor also 
depends on a “Q-Factor” representing the loading condition for the piping location being 
addressed [ASM 98, NRC 99]. The Q-factor can be related to the predicted leak 
frequency. The calculations show decreasing reduction factors for low and high Q-values, 
i.e., towards the range of typical cyclic stresses and frequencies of piping systems (very 
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low leak probability) and in the range approximating a leak probability of 1 per weld and 
40-year operating life, and a maximum in between. Thus, to achieve a high risk reduction 
factor is not only a matter of NDT performance and examination frequency. 

F-11.2   Uncertainties in Risk Impact Evaluation 
There are considerable uncertainties associated with the risk impact analysis. Apart from 
the uncertainties in pipe failure rates and in the consequences of failure, there arise 
additional uncertainties in how the failure rates are decreased by the effect of inservice 
inspections and by the effect of leak detection. In structural reliability models, the effect of 
inspections is simulated by means of probability-of-detection (POD) curves and 
inspection frequencies, and the effect of leak detection is simulated by means of leak flow 
rate models and leak detection models. Uncertainties are addressed in the following. 
 
NDT system performance: Given the nature and the state of the art in NDT, it will 
generally not be possible to specify a validated POD curve for a particular NDT system. 
Round robin tests and qualification exercises can help to approach POD curves for NDT 
procedures, but there still remain the human factor, which is important in NDT, as well as 
differences in components, flaw conditions, inspection conditions, and the examiners’ 
expectations between laboratory or test exercises and application in the field. POD 
curves do not reflect the problem of false calls and of the decision making process when 
a relevant indication has been detected. Thus, the assumption of a defined probability of 
detection as a function of flaw size and that detection of a flaw automatically induces 
successful repair is a considerable simplification. The realism and the accuracy of POD 
curves, in general, should not be overstated. In most cases, they represent no more than 
a rough estimate or merely a guess.  
 
Assuming independent inspections can yield too optimistic risk reduction (cf. Appendix 
F-10.4). 
 
Leak detection: The modelling of leak flow rate and leak detection as well as the leak 
detection limit are connected with uncertainties. Human reliability should be addressed. 
 
Evaluation at the level of segments: If the evaluation is made at the level of piping 
segments in a way that the number and locations of welds that are inspected is ignored 
(cf. Appendix F-11.1, 2nd par.), additional uncertainties arise. 
 
Conservative assumptions in the analysis may lead to artificially enlarged risk reduction. 
 
Possible bias towards risk reduction: Items, which were not inspected in the existing ISI 
programme, but will be inspected in the proposed RI-ISI programme because of 
overstating their risk due to conservatism or uncertainty, will count as risk reduction. 
Items, which were inspected in the existing programme, but will not be inspected in the 
RI-ISI programme because of understating their risk, will count as risk increase. Since 
spurious risk reduction due to overstating will systematically be greater than spurious risk 
increase due to understating, a spurious tendency towards risk reduction may result.  
 
To model the risk of piping failures realistically is a difficult task. The existing uncertainties 
must be recognised.  

F-11.3   Risk Impact Acceptance Criteria 
The change in risk when moving from an existing ISI programme to a RI-ISI programme 
is a relevant aspect when judging a proposed RI-ISI programme for acceptance.  
 



 

 74

In both the WOG and the EPRI methodologies, the change in risk analysis serves the 
purpose to finally confirm that the proposed RI-ISI programme does not adversely affect 
plant safety. They are designed to follow the risk acceptance guidelines in the USNRC 
Regulatory Guide 1.174 [NRC 02a]. However, since an existing ASME Section XI 
programme normally offers the possibility to achieve the change to a RI-ISI programme in 
a risk neutral or risk reducing manner and defence-in-depth and safety margins have to 
be maintained, the risk acceptance guidelines are interpreted more restrictively and only 
very small risk increases if any are permitted. The expectation is that risk will be reduced. 
Both plant and system level risk acceptance criteria are applied. If the programme, 
established through the RI-ISI process, does not meet these criteria, additional 
inspections are added to satisfy the criteria. However, the criteria are not used to 
eliminate inspections from the initially established selection. 
 
In the WOG methodology, the total change in piping risk should be neutral or a reduction. 
System level criteria are applied in addition to avoid dominant risk contributors and to 
keep system risk increases small. 
 
In the EPRI methodology, the change should result in either a reduction in risk or at most 
a negligible increase in risk. The cumulative risk increase at the system level is confined 
to ∆CDF < 10-7 y-1 and ∆LERF < 10-8 y-1 (in Code Case N-560 applications, class 1 piping 
is treated as one system) and at the plant level in full scope applications to 
∆CDF < 10-6 y-1 and ∆LERF < 10-7 y-1. 
 
The WOG and EPRI methodologies realise one way to balance the risk associated with 
an ISI programme and the number of inspections. In the DNV procedure pilot studies, a 
somewhat different approach was chosen. On condition of risk reduction or neutrality, the 
risk associated with the ISI programme, the welds to be inspected, the inspection 
frequencies, and the inspection methods, were used as variables in probabilistic fracture 
mechanics calculations to design and suggest ISI programmes with respect to different 
optimisation goals. Thus, the change in risk was directly utilised to design RI-ISI 
programme options and not only to check them for final acceptability. 
 
From its very logic, a risk-informed ISI approach should engender ISI programmes that 
meet two basic risk impact acceptance criteria: 
 
1. Referred to the starting point ISI programme, the change in risk should be a reduction 

or neutral, 
2. The risk associated with the RI-ISI programme should be reduced effectively, e.g., to 

a level as low as is reasonably practicable (ALARP). 
 
Whilst the first criterion is clear-cut, the second criterion needs interpretation and, for 
instance, an understanding of what is “reasonably practicable” in a specific situation.  
 
Fulfilling the first criterion alone, still permits a great variety of different programme 
selections. Two distinguished optimisation goals would be as follows: 
- Maintaining the number of inspections of the previous programme while minimising 

the risk. 
- Maintaining the risk level of the previous programme while minimising the number of 

inspections. 
 
Furthermore, various balances between reduction of risk and reduction of inspection 
effort could be chosen. These different options can be controlled and cut down by the 
second criterion. The latter could also effect, though probably only in rare cases, that the 
amount of inspection activity had to be increased compared to the previous programme. 
The ALARP principle, when interpreted reversely, could also justify, likewise in rare 
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cases, a slight increase in risk while reducing the amount of inspection activity. This might 
occur, if the previous programme already adequately reduced the piping failure risk, but 
also included many locations with (very) low risk. Whether such risk increases are 
acceptable and to what extent would be a matter of the national legal situation and 
regulatory position and practice. 
 
The first criterion can lead to a paradox when applied in situations where changes other 
than those solely related to ISI are in play or when different starting conditions are 
compared. We illustrate this by an example from the pilot study Oskarshamn 1. As 
already mentioned (cf. Appendix F-9.3), the scope contained some welds subject to 
IGSCC and vibrations, which showed particular high calculated rupture probabilities due 
to the combined effect of both degradation mechanisms. The risk-based analysis led to a 
suggested inspection programme containing 118 welds, while the risk is reduced by 
9.5 % compared to the current programme. If no vibrations were present or if they were 
eliminated by a plant modification, 156 welds would be needed to be inspected in order to 
achieve a risk reduction compared to the current programme of only 2 %. Though the 
plant is safer, more inspections have to be done. The reason is that, without vibrations, 
the risk profile is much flatter, and more higher risk welds have to be included in the 
programme in order to compensate for eliminating inspections of lower risk welds. 
 
No attempt is made here to quantify the second criterion. It deals with the question 
whether risk reduction and inspection effort are proportionate, and this has to be 
assessed in the particular cases. However, we are faced again with the question of 
absolute or relative risk. Clearly, relative as well as absolute risk have to be considered. It 
is obvious that the absolute risk is relevant, but uncertain to quantify (cf. Appendix F-9.3).  
 
In light of the uncertainties connected with the change in risk analysis (see Appendix 
F-11.2), it would not be useful to press the quantitative treatment too much for the 
purpose of programme acceptability from a risk point of view. The case for the 
acceptability of a RI-ISI programme would be better completed by qualitative and 
defence-in-depth arguments such as weighting aggressive degradation mechanisms 
more than design based fatigue, weighting high consequence of failure more than the 
failure probability estimates, and by providing a sufficiently large sample size for 
inspection. 

F-11.4   Risk Reduction 
Cumulated risk reduction factors achieved in RI-ISI pilot studies are compiled in Table 3. 
The reduction factors are referred to the risk “without ISI” as described in Appendix 
F-11.1. Leak detection for the reactor coolant system is always accounted for. 
 
It can be seen that cumulated risk reduction factors can be rather modest and quite 
different in magnitude. One reason is that items may be determined to be safety-
significant but cannot be inspected effectively (e.g., only visually for leakage). Another 
reason is that steep risk profiles lend themselves to significant risk reduction, while, with a 
flat risk profile, it is hard to effect an appreciable risk reduction and a reduction of the 
inspection amount at the same time (example: Oskarshamn 1). The relatively high value 
of 14.3 in the case of Ignalina 2 was obtained assuming an inspection amount during the 
remaining operation life which numerically corresponds to inspecting all welds every four 
years.  
 
Risk reduction factors will depend on the evaluation method. The WOG method assumes 
that the recurrent inspections are independent and that the risk of a segment is reduced 
according to the probability of detection of the NDT system used irrespective of the 
number welds in the segment selected for inspection. The DNV method assumes 
dependent inspections and evaluates the risk with and without inspection for each 
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individual weld. From these differences, it appears that risk reduction factors calculated 
by the WOG method will tend to being optimistic compared to those calculated by the 
DNV method. 
 
 
Table 3: Risk reduction factors for the scope of evaluation or for systems from pilot 
studies. 
 

Pilot Study 
 

Ref. Scope/
Piping 
System

Risk 
Reduction

Factor 

Remarks 

    ≈ 3.0  LERF with operator action. 
 

Surry 1 (WOG) [WOG 99a] full 
scope 

    < 3.0 LERF without operator action and  
CDF with and without operator action. 

RCS 
 

4.8 
 

Risk reduction factor without leak detection: 
≈ 6.8. 

Ringhals 4 
(WOG) 

[EUR 01] 

AFW 1.1 / 1.2 With / without operator action (the absolute 
risk values with and without operator action 
differ by a factor of ≈ 103). 

17.1 
 

Some welds with IGSCC + vibrations. Oskarshamn 1 
(DNV) 

[BRI 00] scope: 
primary 
piping 1.6 Assumption of no vibrations in addition to 

IGSCC. 
7.8 Optimised for both reduction in risk and 

reduction of the inspection amount. 
Ignalina 2 
(DNV) 

[BRI 01] scope: 
primary 
piping 14.3 Maintaining the inspection amount of the 

current program, while minimizing risk. 
 
Risk reduction should not only be considered in relative but also in absolute terms. The 
importance of this issue can be illustrated by an example from the pilot study Ringhals 4 
(CDF values obtained “with leak detection” and “without operator action”): The risk 
reduction factor achieved for the auxiliary feedwater system (AFW) of 1.2 appears to be 
marginal, but the absolute reduction ∆CDF = 0.23⋅10-6 y-1 is comparable to that achieved 
for the reactor coolant system (0.58⋅10-6 y-1).  
 
Risk reduction factors make the effectiveness of inspection strategies transparent and 
can help to eliminate ineffective strategies. However, in light of all the above and the 
uncertainties concerned, it would not be useful to require numerical values of the risk 
reduction factor for acceptance.  

F-12 Uncertainties 
Uncertainties entering the safety-significance determination and the change in risk 
estimates are relevant, and have already been addressed in the foregoing discussions, 
particularly in Appendices F-2, F-4, F-7, F-9.3, and F-11.2.  
 
The uncertainties of concern are of the “state-of-knowledge“ kind. They are present in 
both qualitative and quantitative assessments. While qualitative assessment methods per 
se offer little capabilities to evaluate uncertainties, quantitative methods, which, using 
complex models, produce numerical results to be relied upon, are expected to also 
provide an uncertainty analysis.  
 
Uncertainties affecting quantitative assessments arise from structural reliability and PSA 
modelling (including model incompleteness) and from the input parameters to the models. 
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Some case studies, quoted in ref. [WOG 99b], and an “example uncertainty analysis“ 
[NRC 99], carried out for fatigue in a stainless steel pipe due to welding defects with 
regard to parameter and to some extent model uncertainty using the PRAISE code, 
indicate considerable uncertainties in failure probability estimates. The uncertainty 
bounds obtained were largest for rare events and amounted up to several orders of 
magnitude. In ref. [WOG 99b], the sources of uncertainty in failure probability assessment 
are discussed. It is pointed out that the biggest uncertainty, which bounds all the other 
uncertainties, is due to the lack of knowledge “about what is the true behaviour at the 
piping location being analysed” compared to the assumptions of the modelling and 
calculation. This concerns in particular the initial flaw size distribution (or flaw initiation), 
the stresses, and the degradation process itself. This uncertainty “is also the most difficult 
to predict”. 
 
Uncertainties in PSAs due to lack of data, modelling limitations, and incompleteness, that 
are relevant to RI-ISI, have been discussed in ref. [KOP 02, FLE 03].   
 
A special source of error potentially arising from PSAs has been addressed in 
ref. [VO 97, KOP 02]. The LOCA frequencies used in PSAs are usually generic 
estimates. For large LOCAs and also for medium LOCAs, these estimates are 
conservative and can be appreciably overestimated. When quantifying the risk of pipe 
segment failures causing only the loss or degradation of systems that mitigate the effects 
of LOCAs, the initiating LOCA event frequencies that enter into the CCDP are those of 
the PSA. If the CCDP is dominated by large and medium LOCA initiating events, 
overestimated large and medium LOCA frequencies can lead to overestimating the risk 
significance of such mitigating system pipe segment failures compared to pipe failures 
causing initiating events. 
 
The Task Force is not aware of any process that has been established to systematically 
analyse the uncertainties connected with the results of a RI-ISI evaluation. Even 
parameter uncertainties, which are evaluated by most PSAs, are not known to be 
transferred. A “simplified uncertainty analysis” is included in the WOG methodology: For 
each segment, the point estimates of the failure rate as well as the CCDP are identified 
with the median of a lognormal probability distribution having a predefined spread. From 
these distributions, a probability distribution of the resultant piping segment CDF is 
generated. However, no technical justification is given for this procedure, and it is not 
clear what kind of uncertainties it really covers and what kind of evidence on uncertainty it 
presents. 
 
While the results of a RI-ISI evaluation are difficult to analyse for uncertainty, they are 
easily amenable to sensitivity studies, by which certain aspects of uncertainty can be 
investigated. The WOG methodology includes the conduct of sensitivity studies, in which 
data are changed or assumptions of the analysis are replaced by alternative 
assumptions, in order to determine the impact of the change on the categorisation of the 
piping segments. One example is, on trial, to exclude risk outliers from the analysis. Also 
the effect of conservative assumptions can be examined in this way. In the course of the 
DNV procedure pilot studies, beyond that, extensive sensitivity studies were carried out 
on the different input parameters of the probabilistic fracture mechanics computing code. 
By variation of the input parameter values, it can be investigated what are the most 
influential parameters and the most influential ranges of parameter values and whether, 
upon variation, the calculated failure probabilities change in a consistent manner. 
 
Even though no true uncertainty analysis is in use, nevertheless, to some extent 
uncertainty is accounted for in the different methodologies through various features: 
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- WOG: HSS assignment without ranking segments individually against each other, 
intermediate RRW range (1.001 ≤ RRW < 1.005), sensitivity studies, expert panel 
process, some conservative provisions when selecting locations for inspection. 

- EPRI: conservative provisions in the evaluation, “medium” failure consequence 
categories, a 10 % sample size trigger for class 1 piping. 

- OMF-Structures: integrating deterministic provisions, conservative estimates and 
provisions. 

- DNV: extensive sensitivity studies, flexible approach when determining the final 
inspection programme. 

 
In addition, the performance monitoring and feedback program, which complements a 
RI-ISI programme, is an important means to allow for uncertainties. 
 
One way to deal with uncertainties is conservatism. Particularly, in view of the 
assessment whether a degradation mechanism is of relevance for a component, defence-
in-depth advocates to be conservative. However, when using risk importance measures 
(e.g., RRW), especially if they are normalised to the pipe failure risk, or change in risk 
arguments (e.g., neutrality) to determine the safety-significance of items or the number of 
inspections, undue conservatism in the applied PSA results and in failure probabilities will 
distort the analysis results and lead to non-conservatisms otherwise. Therefore, in such 
analyses, conservatism must be avoided, but can be introduced outside the quantitative 
procedure, for instance by an expert panel. The existing qualitative methods are robust 
with regard to conservatisms. 

F-13 Consistency of Approaches 
The foregoing discussions in Appendix F show that the different methods can 
considerably differ from each other in the way the evaluation is performed and that 
uncertainties inherent in the methods have to be addressed. This gives rise to the 
question how consistent the results from a distinct methodology would be from plant to 
plant and from plant type to plant type. Another question is how the results from applying 
different methods to the same scope of a plant would compare. 
 
Some comparisons as to the WOG and EPRI methods are reported in Appendices D, 
E-2, and F-10.2. It appears that the total numbers of resulting inspections, given 
comparable scope of application, indeed follow a similar tendency, but significant 
differences in results can be observed from the same method when applied to similar 
plants and even twin units. When appraising such differences, it is important to keep in 
mind that a RI-ISI evaluation, from its very nature, is already plant-specific. Apart from 
this technical issue, differences may also come from subjectivities, for instance, when 
defining or combining segments, when choosing the inputs to a probabilistic fracture 
mechanics code, or from different attitudes of expert panels in considering defence-in-
depth. It would be of interest to present the same case to different expert panels and to 
compare the results, but the Task Force is not aware of such a test. 
 
Nor is the Task Force aware of any comparison carried out applying different PSA-based 
RI-ISI approaches to the same scope of a plant. Comparisons have been made between 
ISI programmes based on the qualitative Swedish SKIFS 1994:1 scheme and results 
from WOG and DNV pilot studies related to Ringhals 4 [EUR 01] and Oskarshamn1 
[BRI 00], respectively. Results are discussed in Appendices E-2 and E-3. As the SKIFS 
method is already risk-informed, albeit not PSA-based, the differences are significant but 
not dramatic. In the Oskarshamn 1 case, the SKIFS programme already included all 
higher risk welds, but also included a large number of low and very low risk welds. In the 
Ringhals 4 case, the total number of inspections did not significantly change, but a 
significant redistribution of locations did result. In ref. [BRI 00], an attempt was made to 
contrast the results from the DNV pilot study Oskarshamn 1 with outcomes from the 



 

 79

application of WOG and EPRI criteria. In part, this is discussed in Appendix F-9.3. A 
rather low inspection amount would be selected by applying these criteria. However, it 
should be recognized that the WOG and EPRI methods are not designed to be applied to 
a scope of about one thousand primary piping welds subject to IGSCC. To summarise, 
due to the diversities in methods and due to observations made, it has to be expected 
that the results from the application of different methods to the same scope of a plant 
would diverge to some extent. The Task Force is, however, not in the position to be more 
specific. 

F-14 Larger Context than ISI 
Experience has shown that RI-ISI evaluations of piping systems often identify segments 
or structural elements as safety-significant that cannot be inspected effectively or  
commensurate with their importance for risk. This concerns components which are 
subject to degradation mechanisms such as vibratory or thermal fatigue, which can 
develop very fast, components that are difficult to inspect because of materials or design 
(e.g., socket welds), or risk outliers. Furthermore, depending on the safety-significance 
and risk impact acceptance criteria used, such cases could cause understating the 
safety-significance of other components, which could effectively be examined.   
 
Such problems suggest to adopt a wider perspective than inservice inspection alone. 
NDT inspection is not the only and sometimes not the most suited way to reduce the risk 
associated with the potential failure of passive components. Other measures and means 
can be used to reduce the probability of failure and to mitigate the consequences of 
failure, thereby supplementing or replacing NDT inspection. Possible actions are 
monitoring of operation and operating conditions (e.g., enhanced leak detection, thermal 
transient monitoring), modifications to equipment and operating conditions (e.g., water 
chemistry, loads), and replacement of components (e.g., to those of degradation resistant 
materials). 
 
The existing RI-ISI methodologies have different attitudes in this respect. The WOG and 
EPRI methodologies, as alternatives to ASME Section XI, are confined in scope to ISI. 
The EPRI methodology is clearly and intentionally limited to NDT, excluding damage 
mechanisms from consideration which are not amenable to NDT such as vibratory 
fatigue. The WOG methodology is somewhat less sharply outlined against other 
measures than NDT - it considers vibratory fatigue – and thus makes at least allusion to a 
wider scope. In the DNV procedure pilot studies, to envisage a wider scope is discussed 
and its importance emphasised. The OMF-Structures methodology is fundamentally 
designed to encompass all kinds of maintenance actions. 

F-15 Performance Monitoring and Updating a RI-ISI Programme 
A RI-ISI programme is based on the knowledge available and on the status of the plant 
existing at the time when it was established. Because the knowledge as well as design 
and operation of the plant will change with time, RI-ISI programmes must regularly be 
updated to take the new information into account, that could have an impact on the 
programme. 
 
The knowledge on degradation mechanisms and influential factors improves with time 
based on industry-wide experience, plant-specific inspection and operating experience, 
and research results. Detected degradations, component failures, and damage analyses 
need to be evaluated. Important new knowledge in this respect should be incorporated 
into RI-ISI programmes continuously. 
 
Other changes that should be considered for having an impact on RI-ISI programmes are 
the following: 
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- PSA updates, e.g., new initiator, more detailed model, revised initiating event and 
failure data. 

- Plant design changes, e.g., piping replacement, new equipment. 
- Changes in operating conditions, e.g., power uprating, water chemistry change, new 

information on pipe stress. 
- Changes in operating procedures, e.g., test intervals, emergency/abnormal operating 

procedures. 
- Change in postulated conditions and assumptions (e.g., assumption on check valve 

leaking). 
- New inspection methods. 
 
The timing of the updating should take place regularly but could be phased as 
appropriate. 
 
A further extension of updating and feedback would be to periodically re-assess the 
failure probabilities of the items in the scope also on the basis of the inspection results, 
and to rearrange the inspection programme accordingly. This procedure would require 
each time to recalculate the failure probabilities for the remaining operating time of the 
plant, considering the inspection history in the past. To some extent, different items would 
be inspected each inspection interval. This approach was proposed in ref. [EUR 00b, 
CHA 02]. Its motivation is described in Appendix F-2.1. It is asserted that risk would more 
effectively be reduced and the unexpected and unforeseen covered at the same time. 
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Glossary of Terms 
 
Core damage: Prolonged oxidation and severe fuel damage due to uncovering and 
heatup of the reactor core. 
 
Core damage frequency (CDF): An estimate of the frequency of severe accidents 
associated with reactor core damage. 
 
Expert panel: A group of plant personnel (possibly assisted by external experts) 
experienced in the activities and disciplines that impact the risk-informed decisions under 
consideration. 
 
Extent of inspection: Extent of inspection denotes those piping segments or structural 
elements that are classified as „safety-significant“ and thus are considered for NDT 
inspection. 
 
Failure: Events involving leakage, rupture, or conditions that would disable a 
component’s ability to perform its intended safety function. 
 
Failure mode: The way in which a pipe failure occurs. In this report, small leakage 
(through-wall crack) that does not cause a loss of system process functions but only 
indirect (spatial) effects, large (system disabling) leakage, and full break that can cause 
indirect effects other than leakage (e.g., pipe whip) are distinguished. Other uses of the 
term failure mode exist (e.g., in terms of degradation mechanisms; or initiating event, 
standby failure, demand failure). 
 
Failure probability, failure rate, failure frequency: In this report, failure probability is a 
probability of failure with time. It is calculated for a certain period of time, e.g., 40 years or 
the remaining service time. Failure rate or failure frequency is referred to unit time, i.e., it 
denotes the calculated failure probability divided by the period of time for which it is 
calculated. 
 
Importance measures: Measures used in PSA to rank systems or components in terms 
of risk significance. 
 
Initiating event: Any event that perturbs the steady state operation of the plant, if 
operating, or the steady state operation of the decay heat removal systems during 
shutdown operations such that a transient is initiated in the plant. Initiating events trigger 
sequences of events that challenge the plant control and safety systems. 
 
In-Service Inspection: Methods and actions, performed in specified time intervals, for 
assuring the structural and pressure retaining integrity of safety-related nuclear power 
plant components, in accordance with specified rules and requirements. 
 
Inspection: For the purpose of this report, inspection means an inservice inspection 
action, i.e., non-destructive examination as well as system pressure and leak tests. In 
cases where it seemed useful to make a clear distinction, the terms “inspection by NDT” 
or “NDT inspection” are used. 
 
Inspection strategy: Number and selection of locations to be inspected, inspection 
method, and inspection frequency. 
 
Large early release frequency (LERF): An estimate of the frequency of those accidents 
leading to significant, unmitigated releases from containment in a time frame prior to 



 

 82

effective evacuation of the close-in population, such that there is a potential for early 
health effects. 
 
Living PSA: A PSA of the plant, which is updated as necessary to reflect the current 
design and operational features, and is documented in such a way that each aspect of 
the model can be directly related to existing plant information, plant documentation or the 
analysts’ assumptions in the absence of such information. The living PSA would be used 
by designers, utility and regulatory personnel for a variety of purposes according to their 
needs, such as design verification, assessment of potential changes to the plant design 
or operation, design of training programs and assessment of changes to the plant 
licensing basis [IAE 99b]. 
 
NDT inspection: See inspection. 
 
NDT system: An NDT system consists of NDT procedure, equipment, and personnel. 
 
Non-Destructive Testing / Non-Destructive Examination: Examination by visual, 
surface or volumetric methods. 
 
Piping segment: A portion of piping for which a failure mode at any point must result in 
the same consequence (e.g., loss of a system). More conditions, e.g., on degradation 
mechanisms, should be imposed by the pertinent RI-ISI methodology, as appropriate. 
 
Probabilistic fracture mechanics: An analysis methodology which combines 
deterministic analysis models (e.g., crack growth) with probabilistic representations of 
uncertain parameters (e.g., material properties, loading conditions) to calculate a 
probability of component failure with time. 
 
Probabilistic safety assessment: A quantitative assessment of the risk associated with 
plant operation and maintenance, and measured in terms of frequency of occurrence of 
different events including severe reactor core damage or a breach of containment 
integrity. 
 
Probability-of-detection curve: Detection probability versus flaw size curve, 
corresponding to a specific NDT system and inspection task. 
 
Risk: Used in a general sense, the term risk indicates the likelihood of the occurrence of 
undesirable events. In the particular sense of risk analysis, risk can quantitatively be 
defined as the product of the frequency of occurrence of an event and the value of a 
variable characterising the undesirable result of that event. 
 
Risk achievement worth: Risk achievement worth is a risk importance measure that 
indicates the increased factor in risk, if the item under consideration (e.g., a pipe 
segment) is assumed failed completely. A more detailed explanation can be found in 
ref. [ASM 00a]. 
 
Risk categorisation: See risk ranking. 
 
Risk-informed decision making: An approach where insights from risk assessment are 
considered together with other factors such as deterministic system and engineering 
analyses to make integrated decisions. Risk assessment is mainly understood as 
probabilistic risk assessment. 
 
Risk ranking: Risk ranking is the most general term that denotes the ranking of items 
(pipe segments or structural elements) according to their associated risk or their 
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contribution to risk, i.e., their risk significance. It includes risk categorisation as well as 
ranking individual items against each other. Risk categorisation denotes the ranking of 
items in two or more categories, e.g., high, medium, low risk. (The EPRI method uses 
seven risk categories which are associated with three risk „regions“, high, medium, and 
low.) 
 
Risk reduction worth: Risk reduction worth is a risk importance measure that indicates 
the maximum possible reduction factor in risk, if the item under consideration (e.g., a pipe 
segment) is assumed perfectly reliable. A more detailed explanation can be found in 
ref. [ASM 00a]. 
 
Risk significance: See risk ranking and safety significance. 
 
Rupture: Unstable propagation of a defect (crack or wall thinning) under the predicted 
stress. (In the EPRI methodology, also any pipe failure event whose leak flow rate 
exceeds 50 gallons/minute is regarded as a rupture.) 
 
Safety significance: Based on the risk categorisation - and in the case of the WOG 
method on the expert panel decisions - the items (i.e., pipe segments or structural 
elements) are categorised into two classes: a first class of items that have a relatively 
high contribution to risk and that are considered for NDT inspection, and a second group 
that have a relatively low contribution to risk and that normally will not undergo NDT 
inspection. In the USNRC RG 1.178 Rev. 0 and by the WOG methodology, the first group 
is denoted “high safety-significant” and the second group is denoted “low safety-
significant”. The NRC RG 1.178 Rev. 1 has changed “high safety-significant” to “safety-
significant”. The first class may be further divided into more categories (e.g., high and 
medium risk), if a finer graded approach is desired. The OMF-Structures methodology 
uses the corresponding terms “safety-critical” and “non safety-critical”. In this report, the 
two classes are generally termed in accordance with the RG 1.178; the terms “high 
safety-significant” and “safety-significant” are used synonymously. However, if reference 
is made to individual methodologies and procedures, the terminology preferred by them is 
used for reasons of consistency. 
 
Segment: see piping segment. 
 
Sensitivity study: Varying parameters to assess impact due to uncertainties. 
 
Structural element: Location, i.e., weld or base material area (e.g., elbow), where 
degradation may occur.  
 
 

Abbreviations 
 
AFW  Auxiliary feedwater 
ALARP As low as is reasonably practicable 
ASME  American Society of Mechanical Engineers 
AVN  Association Vinçotte Nucléaire 
BER  Break exclusion region 
BfS  Bundesamt für Strahlenschutz (Federal Office for Radiation Protection) 
BMU  Federal Ministry for the Environment, Nature Conservation and Nuclear 

Safety  
BWR  Boiling water reactor 
CCDP  Conditional core damage probability 
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CLERP Conditional large early release probability 
CCF  Common cause failure 
CDF  Core damage frequency 
CFR  Code of Federal Regulations 
CNRA  NEA – Committee on Nuclear Regulatory Activities  
CSN  Consejo de Seguridad Nuclear 
CSNI  NEA – Committee on the Safety of Nuclear Installations 
DNV  Det Norske Veritas 
EC  European Commission 
EDF  Electricité de France 
ENIQ  European Network for Inspection and Qualification 
EPRI  Electric Power Research Institute 
EU  European Union 
FAC  Flow-accelerated corrosion (erosion-corrosion) 
FWS  Feed water system 
HFI  High failure importance 
HPCS  High pressure core spray system 
HSS  High safety-significant 
HSE  Health and Safety Executive 
HSK  Swiss Federal Nuclear Safety Inspectorate 
IAEA  International Atomic Energy Agency 
IAGE  Integrity and Ageing Working Group 
IGSCC  Intergranular stress corrosion cracking 
IRSN  Institut de Radioprotection et Sûreté Nucléaire 
ISI  Inservice inspection 
JRC  Joint Research Centre 
KTA  Kerntechnischer Ausschuss (Nuclear Safety Standard Committee) 
LERF  Large early release frequency 
LFI  Low failure importance 
LOCA  Loss of coolant accident 
LPCI  Low pressure coolant injection 
LSS  Low safety-significant 
NDE  Non-destructive examination 
NDT  Non-destructive testing 
NEA  OECD Nuclear Energy Agency 
NEI  Nuclear Energy Institute 
NII  Nuclear Installations Inspectorate 
NPP  Nuclear Power Plant 
NPS  Nominal pipe size 
NRC  Nuclear Regulatory Commission 
NRWG  Nuclear Regulators’ Working Group 
NURBIM Nuclear Risk Based Inspection Methodology 
NURBIT Nuclear Risk Based Inspection Tool 
OECD  Organisation for Economic Co-operation and Development 
OPDE  OECD Piping Failure Data Exchange 
OMF  Optimisation de la Maintenance par la Fiabilité (Reliability Centered 

Maintenance) 
POD  Probability of detection 
PSA  Probabilistic safety assessment 
PWR  Pressurised water reactor  
RAW  Risk achievement worth 
RCS  Reactor coolant system 
R&D  Research and development 
RG  Regulatory Guide 
RI-ISI  Risk-informed inservice inspection 
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RPV  Reactor pressure vessel 
RRW  Risk reduction worth 
SCC  Stress corrosion cracking 
SKI  Swedish Nuclear Power Inspectorate 
SKIFS  SKI’s regulations 
SRM  Structural reliability model 
SRP  Standard Review Plan 
SRRA  Structural reliability and risk assessment 
SS  Stainless steel 
SSC  Structures, systems and components 
STUK  Finnish Radiation and Nuclear Safety Authority 
TF  Task Force 
TGR  (ENIQ) Task Group on Risk 
UNESA Unidad Eléctrica S.A. (Association of the Spanish Utilities) 
VT-2  Visual examination for leakage 
WOG  Westinghouse Owners Group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 86

References 
 
[ASM 98] The American Society of Mechanical Engineers, CRTD-Vol. 20-4, “Risk-
Based Inspection – Development of Guidelines Volume 2 – Part 2, Light Water Reactor 
(LWR) Nuclear Power Plant Components”, 1998. 
 
[ASM 00a] American Society of Mechanical Engineers, Code Case N-577-1, 
“Risk-Informed Requirements for Class 1, 2, or 3 Piping, Method A”, Section XI, 
Division 1, March 2000. 
 
[ASM 00b] American Society of Mechanical Engineers, Code Case N-560-2, 
“Alternative Examination Requirements for Class 1, Category BJ Welds”, Section XI, 
Division 1, March 2000. 
 
[ASM 00c] American Society of Mechanical Engineers, Code Case N-578-1, 
“Risk-Informed Requirements for Class 1, 2, or 3 Piping, Method B”, Section XI, 
Division 1, March 2000. 
 
[ASM 02a] American Society of Mechanical Engineers, “Standard for Probabilistic 
Risk Assessment for Nuclear Power Plant Applications“, ASME RA-S-2002, April 2002. 
 
[ASM 02b] American Society of Mechanical Engineers, Code Case N-663, “Alternative 
Requirements for Classes 1 and 2 Surface Examinations”, Section XI, Division 1, 
September 2002. 
 
[ASM 02c] American Society of Mechanical Engineers, Code Case N-660, “Risk-
Informed Safety Classification for Use in Risk-Informed Repair/Replacement Activities”, 
Section XI, Division 1, July 2002. 
 
[ASM 04] P. O’Regan and K. Hall, “A Blended Approach To Defining Examination 
Requirements”, ASME Section XI Working Group on the Implementation of Risk-Based 
Examinations, Report No. 2002-02A-01, Revision 0, February 2004. 
 
[BER 02] H. P. Berg, R. Görtz, and T. Fröhmel, “Actual Regulatory Developments in 
Germany Relevant to PSA”, International Topical Meeting on Probabilistic Safety 
Assessment PSA’02, Detroit/Mich., October 6 - 9, 2002, p. 517 – 524. 
 
[BIL 04] A. Billington et al., ”Developments and lessons learned on implementation 
of risk-informed inservice inspection methodology”, Proceedings CSNI Workshop 
International developments and co-operation on Risk-Informed In-service Inspection 
(RI-ISI) and Non-Destructive Testing (NDT) Qualification, Stockholm, April 13/14, 2004, 
to be published. 
 
[BRI 00] Björn Brickstad, “The Use of Risk Based Methods for Establishing ISI-
Priorities for Piping Components at Oskarshamn 1 Nuclear Power Station”, SAQ/FoU-
Report 99/05, January 2000. 
 
[BRI 01] B. Brickstad et al., “Risk Based Inspection Pilot Study of Ignalina Nuclear 
Power Plant, Unit 2, Final Report”, Report No. 10048500-4, Det Norske Veritas, 
Stockholm, 2001. 
 
[BRI 02] B. Brickstad et al., “Development of Risk-Informed ISI for Ignalina Nuclear 
Power Plant in Lithuania”, Proceedings Joint EC-IAEA Technical Meeting on 



 

 87

Improvements in In-Service Inspection Effectiveness, Petten, 19–21 Nov. 2002, Report 
EUR 20690 EN. 
 
[BUL 01a] R Bullough et al.,  “The demonstration of incredibility of failure in structural 
integrity safety cases”.  International Journal of Pressure Vessels and Piping 
78 (2001) 539-552. 
 
[BUL 01b]  R. Bullough et al., “The Probability of ‘Large’ Defects in Thick-Section Butt 
Welds in Nuclear Components”, International Journal of Pressure Vessels and Piping 
78 (2001) 553-565. 
 
[CHA 02] O. J. V. Chapman, “The Concept of the ‘Unknown’ Within a Risk Based 
In-Service Inspection Programme”, Proceedings Joint EC-IAEA Technical Meeting on 
Improvements in In-Service Inspection Effectiveness, Petten, 19–21 November 2002, 
Report EUR 20690 EN. 
 
[CSN 00] CSN-UNESA, ”Guía para la realización y evaluación de programas de 
inspección en servicio de tuberías basados en información del riesgo”, 2000. 
 
[CSN 01] CSN, Guía de Seguridad 1.14, “Criterios básicos para la realización de 
aplicaciones de los Análisis Probabilistas de Seguridad”, 2001. 
 
[EPR 95]  EPRI, “PSA Applications Guide”, EPRI TR-105396, August 1995. 
 
[EPR 99a] EPRI, “Revised Risk-Informed Inservice Inspection Evaluation Procedure”, 
TR112657, Rev. B-A, December 1999. 
 
[EPR 99b] “Comparison Between EDF and EPRI of Pipe Inspection Optimization 
Methods”; EPRI, Palo Alto, CA; Electricité de France: 1999. TR-113315. 
 
[EPR 02a] EPRI, “Extension of the EPRI Risk-Informed Inservice Inspection (RI-ISI) 
Methodology to Break Exclusion Region (BER) Programs, Rev. 0-A”, Final Report, 
August 2002. 
 
[EPR 02b] P. O’Regan, “Requirements for the Development of an Integrated (Risk-
Informed) Inservice Inspection Program”, Proceedings Joint EC-IAEA Technical Meeting 
on Improvements in In-Service Inspection Effectiveness, Petten, 19-21 November 2002, 
Report EUR 20690 EN. 
 
[EUR 97a] European Commission, Nuclear Science and Technology, “Common 
position of European regulators on qualification of NDT systems for pre- and in-service 
inspection of light water reactor components“, Nuclear Regulators‘ Working Group, 
Report EUR 16802 EN, 1997. 
 
[EUR 97b] European Commission, “European Methodology for Qualification of Non-
Destructive Testing”, Second Issue, Report EUR 17299 EN, 1997. 
 
[EUR 99] European Commission, Nuclear Safety and the Environment, “Report on 
risk-informed in-service inspection and in-service testing“, Nuclear Regulators‘ Working 
Group, Report EUR 19153 EN, June 1999. 
 
[EUR 00a] European Commission, Nuclear Safety and the Environment, “European 
safety practices on the application of the leak before break (LBB) concept“, Nuclear 
Regulators‘ Working Group, Report EUR 18549 EN, January 2000. 
 



 

 88

[EUR 00b] European Commission, Directorate General Joint Research Centre, 
“Discussion Document on Risk Informed In-Service Inspection of Nuclear Power Plants in 
Europe“, ENIQ Report nr. 21, EUR 19742 EN, December 2000. 
 
[EUR 01] European Commission, Nuclear Safety and the Environment, “RIBA 
Project, Risk-Informed Approach for In-Service Inspection of Nuclear Power Plant 
Components”, Report EUR 20164 EN, December 2001. 
 
[EUR 02] European Commission / IAEA, Proceedings Joint EC-IAEA Technical 
Meeting on Improvements in In-Service Inspection Effectiveness, Petten, 19–21 
November 2002, Report EUR 20690 EN. 
 
[EUR 03] European Commission, “Report on the Regulators’ Experience of NDT 
Qualification for In-Service Inspection of Nuclear Components”, Nuclear Regulators’ 
Working Group, Report EUR 20819 EN, August 2003. 
 
[FLE 02] Karl N. Fleming, Fred A. Silady, “A risk informed defense-in-depth 
framework for existing and advanced reactors“, Reliability Engineering and System 
Safety 78 (2002) 205 – 225. 
 
[FLE 03] K. N. Fleming, “Issues and Recommendations for Advancement of PRA 
Technology in Risk-Informed Decision Making“, NUREG/CR-6813, April 2003. 
 
[GOS 90] Rules of the Arrangement and Safe Operation of the Equipment and 
Pipelines of Nuclear Power Installations (PNAE G-7-008-89) 2nd issue, 
Gosatomenergonadzor USSR Moscow, Energoatomizdat, 1990. 
 
[HAR 92] D. O. Harris and D. D. Dedhia, “Theoretical and Users’ Manual for 
pc-PRAISE, A Probabilistic Fracture Mechanics Computer Code for Pipe Reliability 
Analysis”, USNRC, NUREG/CR-5864, July 1992. 
 
[HSE 99] HSE-NII, “Nuclear Site Licence Conditions”.  
(http://www.hse.gov.uk/nsd/silicon.pdf) 
 
[HSE 92] HSE Books, ISBN 0 11 882043 5.  “Safety Assessment Principles for 
Nuclear Plants”.  1992. (http://www.hse.gov.uk/nsd/saps.htm) 
 
[HSE 00] HSE Books, ISBN 0 7176 1767 X.  “Safety of Pressure Systems.  Pressure 
Systems Safety Regulations 2000.  Approved Code of Practice L122”.  2000. 
 
[HSE 01a] HSE Books, ISBN 0 7176 2151 0.  “Reducing Risks, Protecting People.  
HSE’s Decision-Making Process”.  2001. 
 
[HSE 01b] HSE, Web-based document.  “Principles and Guidelines to Assist HSE in 
its Judgements that Duty-Holders Have Reduced Risk as Low as Reasonably 
Practicable”, added to HSE website December 2001.  
(http://www.hse.gov.uk/dst/alarp1.htm) 
 
[HSE 01c] HSE Books, ISBN 0 7176 2090 5.  “Best Practice for Risk Based 
Inspection as a Part of Plant Integrity Management”.  2001.  
(http://www.hse.gov.uk/research/crr_htm/2001/crr01363.htm) 
 
[HSE 02] HSE-NII, Technical Assessment Guide T/AST/005 Issue 001.  
“Demonstration of ALARP”, July 2002.  (http://www.hse.gov.uk/nsd/tast005.pdf) 
 



 

 89

[HSE 03a] HSE, Web-based document.  “Assessing Compliance with the Law in 
Individual Cases and the Use of Good Practice”, updated on the HSE website June 2003.  
(http://www.hse.gov.uk/dst/alarp2.htm) 
 
[HSE 03b] HSE, Web-based document.  “Policy and Guidance on Reducing Risks as 
Low as Reasonably Practicable in Design”, updated on the HSE website June 2003.  
(http://www.hse.gov.uk/dst/alarp3.htm) 
 
[HSL 02] HSL, Report HSL/2002/20.  “Risk Based Inspection – A Case Study 
Evaluation of Onshore Process Plant”.  2002.  
(http://www.hse.gov.uk/research/hsl_pdf/2002/hsl02-20.pdf) 
 
[IAE 96] IAEA, “Defence in Depth in Nuclear Safety”, INSAG 10, Vienna, 1996. 
 
[IAE 99a] IAEA, “Basic Safety Principles for Nuclear Power Plants”, 75-INSAG-3 
Rev. 1, INSAG 12, Vienna, 1999. 
 
[IAE 99b] IAEA, Living Probabilistic Safety Assessment (LPSA), 
IAEA-TECDOC-1106, Vienna, 1999. 
 
[KOP 02] V. Kopustinskas, “Methodological aspects of PSA use in RI-ISI”, 
Proceedings Joint EC-IAEA Technical Meeting on Improvements in In-Service Inspection 
Effectiveness, Petten, 19 – 21 November 2002, Report EUR 20690 EN. 
 
[LYD 04] B. Lydell, “Experience with RI-ISI applications: The role of pipe failure data 
in RI-ISI programme development”, Proceedings CSNI Workshop International 
developments and co-operation on Risk-Informed In-service Inspection (RI-ISI) and Non-
Destructive Testing (NDT) Qualification, Stockholm, April 13/14, 2004, to be published. 
 
[MIT 02] Mitsui Babcock Technology, Report F/70-02-003.  “Assessment of RBI 
Methodologies for HSL.  Review of European and Relevant Approaches”.  2002. 
 
[MON 00] J. Mononen et al., “A Pilot Study on Risk-Informed In-Service Inspection”, 
Proceedings of the 5th International Conference on Probabilistic Safety Assessment and 
Management (PSAM5), Osaka (Japan), November 27 – December 1, 2000. 
 
[NRC 99] USNRC, “Technical Elements of Risk-Informed Inservice Inspection 
Programs for Piping”, NUREG-1661, Draft Report, January 1999. 
 
[NRC 02a] USNRC, „An Approach for Using Probabilistic Risk Assessment in Risk-
Informed Decisions on Plant-Specific Changes to the Licensing Basis“, Regulatory Guide 
1.174, July 1998; Revision 1, November 2002. 
 
[NRC 02b] USNRC, “Use of Probabilistic Risk Assessment in Plant-Specific, Risk-
Informed Decisionmaking: General Guidance”, NUREG-0800, Standard Review Plan 
Chapter 19, Revision 0, July 1998; Revision 1, November 2002. 
 
[NRC 03a] USNRC, “An Approach for Plant-Specific Risk-Informed Decisionmaking, 
Inservice Inspection of Piping”, Regulatory Guide 1.178, September 1998; Revision 1, 
September 2003. 
 
[NRC 03b] USNRC, “Standard Review Plan for the Review of Risk-Informed Inservice 
Inspection of Piping”, NUREG-0800, Chapter 3.9.8, September 1998; Revision 1, 
September 2003. 
 



 

 90

[NRC 04a] USNRC, “An Approach for Determining the Technical Adequacy of 
Probabilistic Risk Assessment Results for Risk-Informed Activities”, Regulatory Guide 
1.200 for Trial Use, February 2004. 
 
[NRC 04b] USNRC, “Determining the Technical Adequacy of Probabilistic Risk 
Assessment Results for Risk-Informed Activities”, NUREG-0800, Standard Review Plan 
Chapter 19.1, February 2004.  
 
[RUM 03] J. Rumpf et al., „Probabilistic Methods for the Assessment of Non-
Destructive Testing of NPP Pipes“, 29. MPA-Seminar, Stuttgart, October 9/10, 2003.  
 
[SCH 95] H. Schulz, “The Evolution of the Break Preclusion Concept for Nuclear 
Power Plants in Germany“, Proceedings of the Seminar on Leak Before Break in Reactor 
Piping and Vessels, Lyon, October 9 – 11, 1995, NUREG/CP-0155. 
 
[SER 01a] Serco Assurance, Report RD02027 R002 Part (A) Issue 1.  “Status of Risk 
Informed Inspection – Final Report:  Part A – International Developments”.  November 
2001.  IMC Contract PC/GNSR/5150. 10 
 
[SER 01b] Serco Assurance, Report RD02027 R002 Part (B) Issue 1.  “Status of Risk 
Informed Inspection – Final Report:  Part B – Application to UK Reactor Systems”.  
November 2001.  IMC Contract PC/GNSR/5150. 10 
 
[SKI 96] SKI, The Swedish Nuclear Power Inspectorate’s regulations concerning 
structural components in nuclear installations, SKIFS 1994:1 including changes in 
accordance with SKIFS 1995:1, SKIFS 1996:1, Stockholm, August 1996. 
 
[SKI 00] SKI, Statens kärnkraftinspektions förskrifter om mekaniska anordningar i 
vissa kärntekniska anläggningar, SKIFS 2000:2, Stockholm, December 2000. 
 
[STU 03a] STUK – Guide YVL 2.8, “Probabilistic safety analysis in safety 
management of nuclear power plants”, May 2003. 
 
[STU 03b] STUK – Guide YVL 3.8, “Nuclear power plant pressure equipment – In-
service inspection with non-destructive testing methods”, September 2003. 
 
[SVT 99] Swiss Association for Technical Inspections (SVTI), Nuclear Inspectorate, 
“Festlegung NE-14, Wiederholungsprüfungen von nuklear abnahmepflichtigen 
Komponenten”, 1999. 
 
[VO 97] T. V. Vo et al., “A Pilot Application of Risk-Informed Methods to Establish 
Inservice Inspection Priorities for Nuclear Components at Surry Unit 1 Nuclear Power 
Station”, NUREG/CR-6181, Rev. 1, February 1997. 
 
[WOG 99a] Westinghouse Electric Company, WCAP-14572, Revision 1-NP-A, 
„Westinghouse Owners Group Application of Risk-Informed Methods to Piping Inservice 
Inspection Topical Report“, February 1999. 
 
[WOG 99b] Westinghouse Electric Company, WCAP-14572, Revision 1-NP-A, 
„Westinghouse Owners Group Application of Risk-Informed Methods to Piping Inservice 
Inspection Topical Report“, Supplement 1, February 1999. 

                                                 
10  These reports have been cleared for release to members of the NRWG. Specific applications 
for wider release of these reports should be made to jim.dickson@magnox.co.uk. 


