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Summary

The need for a European review of a Risk-Informed Approach for In-Service Inspection of
Nuclear Power Plant Components (RIBA) was identified in 1998.  This was as a priority item
in the programme of activities conducted in the framework of the Council Resolutions of 22
July 1975 and of 18 June 1992 on the Technological Problems of Nuclear Safety.

The RIBA Project was established in November 1999 as a 24-month Study Contract funded
by the European Commission within the frame of the former DG XI WGCS (Working Group
on Codes and Standards).  The Study Contract was subsequently managed for the EC by DG
TREN.  The participants in RIBA were Serco Assurance (project co-ordinator), Ringhals AB,
EDF, Tecnatom SA and Westinghouse Electric Europe.

The purpose of the present Summary Report is to provide an overview of the RIBA Project
and list the main Conclusions and Recommendations of the work.  The detailed results of the
RIBA Project are contained in three companion reports as follows:

1. Task 1 Report: Review of Existing Risk-Informed Methodologies

2. Task 2 Report: A Comparative Study of Risk-Informed In-Service Inspection Applications

3. Task 3 Report: Conclusions and Recommendations for Risk-Informed In-Service
Inspection Methodology Applied to Nuclear Power Plants in Europe
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Traditionally, regulation of the design and operation of commercial nuclear power plants has
been based on criteria developed using deterministic engineering analysis methods.  These
traditional engineering criteria continue to assure that plants can be placed in a safe condition
following a number of postulated design basis accidents.  These criteria also provide the basis
for identifying what plant structures, systems and components (SSCs) and activities are
important to safety.  Regulation of these "safety-related" SSCs and activities is controlled
through regulatory requirements.  To achieve this goal several levels of safety are established
via the defence in depth approach.  These levels include:

1. Sound design, construction, installation and testing (including inspection) of all safety-
related SSCs, including related training and guidance of operators to manage plant
operation safely and thereby avoid any initiating event.

2. Control systems and related operator training to ensure that the plant is returned to a safe
condition in a timely manner should there ever be an initiating event.

3. Protection systems to stop the production of energy by nuclear fission should an initiating
event occur and should the control systems or the operators not be able to return the plant
to its normal operating condition.

4. Systems, and associated training and procedures for operators, to protect the barriers that
are still intact following an initiating event, and to mitigate the consequences of the event.

5. Plant modifications, operator training and procedures to deal with accidents beyond the
design basis.

6. Emergency preparedness to ensure adequate protection to workers and the public should
the above levels of defence not achieve their objectives.

7. Location of nuclear installations in areas that are not highly populated in order to ease the
burden of emergency management actions and thereby reduce the negative consequences
of an accident.

During recent years, both the nuclear industry and nuclear regulatory bodies have recognised
that probabilistic risk analysis (PRA1) has evolved to the point that it can be used increasingly
as a tool in decision making.  The key to this Risk-Informed approach to decision making is
that it is complementary to the defence-in-depth philosophy.  This has given rise to the advent
of various methodologies for optimising activities related to NPP operation and maintenance.

In determining the ULVN2 associated with operation of a given SSC, there are three aspects to
be considered, namely:

1. what can go wrong, i.e. the specific failure mode

2. the likelihood of failure

3. the consequences of failure

The formal mathematical definition of risk is as follows:

                                                
1 While risk is clearly the quantity being evaluated, the term probabilistic safety assessment (PSA) tends to be
used in preference to the term PRA in Europe.
2 The definition used applies to the assessment of safety risk.  Other considerations apply to the assessment of
economic risk.
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Here, Rc is the risk of consequence measure c (consequence/year), fi is the frequency of the
initiating event i (per year), P(di) is the conditional probability that the initiating event i will
lead to plant damage state d; P(sd) is the conditional probability that plant damage state d
will lead to the source term (radioactive release) s, and C(cs) is the expected value of
conditional consequence measure, c, given the occurrence of source term (release), s.

Probabilistic safety assessments (PSAs) may be carried out at three distinct levels:

Level 1: This features an analysis of the plant design and operation, and focuses on accident
sequences, together with their causes and associated frequencies.  The emphasis is on
understanding how various random and common cause failures (including operator errors)
could lead to core damage.

Level 2: This goes a stage further than Level 1, and features an analysis of the physical
processes of accidents and the response of the plant and the containment system.  The aim is
to assess the likelihood, time, mode and extent of radiological releases to the environment.

Level 3: This goes a stage further than Level 2, and features an analysis of the transport of
radionuclides through the environment.  The aim is to assess the risk of severe nuclear
accidents in terms of consequences for public health and wider economic factors.

Probabilistic safety assessments are performed to assess the design and operational
performance of nuclear power plants (NPPs) subject to various initiating events.  Plant-
specific PSAs yield considerable insights into the dominant contributors to plant risk,
including plant and containment system vulnerabilities.

In a nuclear plant PSA, the resulting risk is usually quantified in terms of the contribution to
the probability for core damage (CDF), i.e. Level 1.  In some cases, quantification is also in
terms of the contribution to the probability for release of large quantities radioactivity to the
environment (LERF), i.e. Level 2.  It should be noted that the inherent uncertainties in a
Level 2 PSA are greater than those in a Level 1 PSA.  Similarly, the inherent uncertainties in
a Level 3 PSA are greater than those in a Level 2 PSA.

In-service inspection (ISI) of pressure-retaining components is routinely carried out by
utilities.  This is in order to detect and characterise possible material degradation in a timely
way, and thus allow for repair or other mitigating measures to be taken before such defects
become a safety concern.  Therefore, it is clear that by performing ISI, utilities are effectively
acting to reduce the OLNHOLKRRG�RI�IDLOXUH of these components.  Furthermore, it is clear that the
selection of systems and components with consideration for their FRQVHTXHQFHV�RI�IDLOXUH has
a direct bearing on the effectiveness of ISI programmes, in terms of their contribution to
overall plant safety.  The application of ISI is entirely consistent with the deterministically
based philosophy of defence in depth.  However, ISI programmes carried out to current Code
requirements essentially reflect qualitative engineering judgements.  This means that without
the benefit of quantitatively based risk-informed insights, a disproportionate effort may be
expended on the inspection of certain items that do not contribute significantly to overall
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plant risk.  Equally, there is the possibility that certain risk significant items may not be
covered in the inspection programme.  The benefit of the risk-informed approach to ISI is that
it augments existing engineering judgement and experience in a way that helps to refocus ISI
according to the assessed contribution to risk of various pipe segments and welds.

�� 7KH�5,%$�3URMHFW

The following section sets out the aims and objectives of the RIBA Project.  The main tasks
of the project are identified, and the way in which the project is implemented is described.

���� %DFNJURXQG

The need for a European review of a risk-based approach for in-service inspection of nuclear
power plant components (RIBA) was identified in 1998.  This was as a priority item in the
programme of activities conducted in the framework of the Council Resolutions of 22 July
1975 and of 18 June 1992 on the Technological Problems of Nuclear Safety.

The RIBA Project was established in November 1999 as a 24-month Study Contract funded
by the European Commission within the frame of the former DG XI WGCS (Working Group
on Codes and Standards).  The Study Contract was subsequently managed for the EC by DG
TREN.  The participants in RIBA were Serco Assurance (project co-ordinator), Ringhals AB,
EDF, Tecnatom SA and Westinghouse Electric Europe.  All of the organisations participating
in the project have significant experience in the development and (or) application of RI- ISI
methodology to nuclear and (or) non-nuclear plant.

���� &RQWH[W

In the nuclear industry, the term ‘Risk-Informed’ has now replaced the term ‘Risk-Based’.
This is in order to reflect the fact that probabilistic safety assessment (PSA) is considered to
provide a complementary insight (rather than a complete alternative) to the traditional
deterministically-based decision making process.  For this reason, the context of the RIBA
Project is that of risk-informed in-service inspection (RI-ISI), rather than risk-based
inspection (RBI).

���� 2EMHFWLYHV

The main objectives of the RIBA Project are as follows:

1. To identify, analyse and assess existing and on-going risk-informed methodologies for
applications to ISI of safety-related components of LWRs.

2. To provide a detailed example of the application of RI-ISI methodology to an LWR plant
in Europe.

3. To work towards Codes and Standards by making detailed recommendations for
establishing generic Guidelines for the application of RI-ISI within Europe.

���� 'HVFULSWLRQ�RI�3URMHFW�7DVNV

The project is divided into the following three Tasks, each of which is the subject of a
corresponding report [1-3]:
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Task 1 comprises a state-of-the-art review and comparative analysis of risk-informed
methodologies for ISI of LWR components.  This task encompasses existing and on-going
projects for nuclear applications as well as other relevant industrial programmes.

The state-of-the-art review encompasses the following aspects:

1. review and comparison of risk-informed inspection methodologies from industrial and
regulatory initiatives

2. identification of relevant factors affecting risk-informed inspection, in particular those
factors and their variability pertinent to the structural integrity of components

3. assessment of benefits and barriers associated with introducing the application of risk-
informed techniques

4. statement on consequences for current inspection codes

5. optimisation of methodologies for inspection of components and requirements for a draft
procedure for a practical application

Task 2 describes the criteria for selection of methodologies and choice of
components/systems for a practical application.  Two practical applications are described.
These relate to the reactor coolant system (RCS) and auxiliary feedwater system (AFWS) of
the Ringhals Unit 4 PWR, which have recently been the subject of an RI-ISI pilot study
performed by Westinghouse Electric Europe using WOG-ASME RI-ISI methodology.

The following items are covered in describing the above pilot study:

1. selection of the system and associated components

2. selection of risk-informed methodology to be applied to the designated system and
associated components

3. implementation of the risk-informed analysis methodology

4. analysis of the results and main conclusions

In addition, a comparison is made between the WOG-ASME methodology and the
requirements of the Swedish SKIFS approach in terms of set criteria.

Task 3 has the objective of deriving a set of general Conclusions based on a consideration of
the results from Tasks 1 and 2.  This is with the purpose of identifying the elements of generic
Guidelines for applying RI-ISI within Europe.  Specific Recommendations for establishing
such Guidelines are presented at the end of the (present) Task 3 report.  It is also the purpose
of Task 3 to assess the likely impact of such Guidelines on Codes and Standards.  The
relationship between Tasks 1, 2 and 3 is shown in the following figure.
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Task 1: State-of-the-art
review and comparative
analysis of methodologies

Task 2: Selection of
methodologies, choice of
components & practical
applications

Task 3: Synthesis,
Elements  of generic
European RI-ISI
Guidelines, Conclusions
& Recommendations

European RI-ISI
Guidelines

Codes & Standards

RIBA Project

Figure 1: Relationships between RIBA Tasks 1, 2 and 3, and Project Outputs

���� 3URMHFW�,PSOHPHQWDWLRQ
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�� 3URMHFW�&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV

The main Conclusions and Recommendations of the project are as follows.

&RQFOXVLRQV

General

1. Considerable progress has been made in the US in promoting the use of risk-informed
decision making techniques for the operation and regulation of nuclear power plants.
This progress has been made within the context of maintaining safety margins and the
principle of defence-in-depth.

2. Plant-specific PSAs are an essential tool in the implementation of risk-informed
decision making techniques.

3. It is now generally accepted that PSA modelling is sufficiently mature as to allow both
the regulator and plant operator to benefit from risk-informed decision making.

4. The most successful application to date of risk-informed decision making has been in
the area of risk-informed in-service inspection (RI-ISI) of LWR plant.

5. Several other countries, notably those that operate LWR plant designed by US
manufacturers, have followed the US lead in implementing RI-ISI applications.  Within
Europe, Finland, Spain and Sweden have been the countries most prominent in
implementing RI-ISI.

6. The higher ISI inspection frequency under Russian Codes, compared with that under
ASME Section XI, is a factor likely to make the application of RI-ISI methodology an
attractive proposition for operators of VVER plants.

7. In the current requirements for ISI in ASME Section XI, welds are selected for
inspection based primarily on highest calculated stresses and fatigue usage factors.
Refocusing inspections to locations where the degradation mechanisms are known and
the consequences of failure are relatively high has eliminated unnecessary inspections
with the potential to decrease risk.

8. Current RI-ISI applications are restricted to pipework.  Numerous partial or full-scope
studies of Class 1, 2 and 3 pipework have been conducted, with the majority of
applications addressing Class 1 piping.

9. All RI-ISI applications have the common feature of reflecting the best information at
the time concerning the degradation mechanisms and potential failure modes of the
elements that make up the various segments considered.  Because this knowledge will
change as a result of research information, industry-wide experience and plant-specific
operating experience, RI-ISI applications should be regarded as living programmes that
need to be updated at appropriate intervals.

10. Although dissimilar metal welds (DMWs) are not precluded from consideration under
current RI-ISI procedures, there is an issue concerning the ability of current
methodology to account quantitatively for the degradation mechanisms that are specific
to welds containing Ni-based alloys.

11. The risk informed approach to ISI has the benefit of providing a more precise
specification of requirements for inspection validation than has hitherto been possible.
However, this benefit has yet to be fully realised.
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Comparison of Methodologies

12. Four RI-ISI methodologies (WOG-ASME, EPRI, SKIFS and EDF-OMF Structures)
have been compared and contrasted in detail.  The major differences between these
methods arise by virtue of the various ways in which the logical steps common to all
RI-ISI methodologies are undertaken.

13. A major feature of the EPRI and SKIFS methodologies is that because they are
essentially qualitative, they preclude a comparison of the impact of risk-informed
inspection on plant safety with that of other risk-informed initiatives.  They also
preclude the use of sensitivity analyses to assess the effect of uncertainties.

14. All four methodologies, although at different stages of regulatory acceptance, follow
existing guides as well as applicable Codes and Standards.

15. A detailed comparison of the WOG-ASME and SKIFS methodologies in relation to the
RI-ISI pilot study at Ringhals 4 has demonstrated the similarities between the two
methods.  However, differences in the methods, mainly in the area of consequence
determination, led to significantly different outcomes in selecting locations for ISI.

16. It is evident that the WOG-ASME, EPRI and EDF methodologies are capable of
providing a significant return on investment to the plant operator.

European Generic RI-ISI Guidelines

17. It is desirable that there should be a common approach within Europe for using plant
PSAs to provide risk-informed insights for optimising ISI.  It is important that this
approach is sufficiently general in order to complement the existing regulation of NPPs
within Europe.  Thus, the generic RI-ISI Guidelines should be non-prescriptive in order
to be adaptable to the nuclear regulation in different countries.  This flexibility should
be such as to accommodate qualitative as well as quantitative approaches.

18. The Guidelines should be produced with reference to developments in the US, as well
as those in Finland, France, Spain, Sweden and Switzerland.  In particular, the
Guidelines should take note of pilot studies carried out in relation to European NPPs.

19. The Guidelines should anticipate potential use in relation to VVERs as well as
Western-type LWRs.  Consideration should also be given concerning their applicability
to RBMKs.

20. The Guidelines should not contradict current deterministic approaches.  Moreover, the
Guidelines should be sufficiently general as to anticipate the application of ‘living’ RI-
ISI applications to components other than pipework.

21. The Guidelines should represent the consensus of utilities, regulators and other
stakeholders within Europe’s nuclear industry.  They should be harmonised with the
Guidelines on RI-ISI already produced by individual European countries.  Moreover,
this process of harmonisation should be with reference to the results of European RI-ISI
pilot studies, and other European risk-informed initiatives relating to activities such as
maintenance, testing and surveillance.

22. The existing Spanish RI-ISI guidelines would enable the various elements of the
generic Guidelines to be identified in a way that is consistent with Conclusions 17 to 21
above.

Likely Impact of European Generic RI-ISI Guidelines on Codes and Standards

23. For countries where regulation considers US practice, or where a non-prescriptive
approach is followed, it is considered unlikely that the adoption of generic Guidelines
would require significant changes to Codes and Standards.
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24. The impact on Codes and Standards of adopting generic Guidelines is expected to be
greatest in those countries that do not currently permit changes in plant operation and
(or) maintenance to be based on probabilistic (PSA) considerations.  However, the
effect of this could be minimised by the regulator taking the initiative in proposing the
use of RI-ISI on a case-by-case basis and (or) with reference to the experience gained in
specific pilot studies.

5HFRPPHQGDWLRQV

1. It is recommended that a small Working Group be set up to produce a set of generic
Guidelines for applying RI-ISI to NPPs within Europe.  It is considered that a
reasonable period for producing a draft document would be 12 to 15months, with the
Working Group meeting on a quarterly basis.

2. Because it is essential that the Guidelines should represent a common position, it is
recommended that arrangements be made to ensure that extensive consultation takes
place during their drafting between utilities, regulators and other stakeholders in
Europe’s nuclear industry.
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Summary

This report, the first of three reports issued by the RIBA project, presents the results of Task 1
of the RIBA project, consisting in the review and comparison of the existing RI-ISI (Risk
Informed In Service Inspection) methodologies in the nuclear industry.

An overview of the RI-ISI planning in different countries is performed, including
methodological developments, pilot studies and regulatory guidance.  The three main existing
processes are then reviewed into details: the WOG methodology, the EPRI methodology, and
EDF’s OMF-Structures process.  They are also compared, using criteria such as technical
soundness, licensability, return on investment, and consistency with other RI initiatives.

The report is complemented by the RIBA Task 2 Report, which presents a comparison of the
RI-ISI processes based on two applications of the WOG/AMSE and the SKIFS
methodologies.  These comparisons are extended in the Task 3 Report, which presents overall
Conclusions and Recommendations for RI-ISI methodology applied to NPPs in Europe.
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�� ,QWURGXFWLRQ�DQG�3XUSRVH
The purpose of the present, Task 1 Report is to present the results of a review of existing RI-
ISI (Risk Informed In Service Inspection) methodologies in the nuclear industry.  An
overview of the RI-ISI planning process in different countries is provided, which includes
coverage of methodological developments, pilot studies and regulatory guidance.  The three
main existing RI-ISI methodologies are then reviewed in detail: these are the WOG
methodology, the EPRI methodology, and EDF’s OMF-Structures process.  The review,
which is performed on a comparative basis, considers criteria such as technical soundness,
licensability, return on investment, and consistency with other risk-informed initiatives.

�� 2YHUYLHZ�RI�WKH�5,�,6,�0HWKRGRORJLHV�DQG�$SSOLFDWLRQV

���� 6FRSH

The scope of this report is limited to RI-ISI methodologies addressing pipes.  Some of the
methodologies presented also address RPV, valves bodies, or tanks, but since it is not the case
for all of them, the scope has been reduced in order to facilitate the comparison.

���� 86�$SSURDFKHV

Inspection requirements for nuclear components at US nuclear power plants are included in
the $60(�&RGH�6HFWLRQ�;,.  Within this code the areas predominantly selected for
examination are those associated with welds in the pressure boundary.  It can be argued that
the present ISI programme, as given by ASME Section XI, is already implicitly risk informed
since it contains the two basic elements of risk.  Consequence is incorporated through the
ASME Section III categorisation of the plant components into three levels depending on the
probability of a failure in a component leading to core damage.  Probability of failure comes
from the ASME Section XI stipulation to select sites having high stress or fatigue usage.

Risk-informed in-service inspections programs were initiated by ASME XI as an alternative to
the current inspection programs.  The progression from an implicit risk informed logic to an
explicit risk informed logic, has been seen by many to be a natural progression.  A principle
difference, however, between the present code and the new risk-informed code, is not only the
use of an explicit evaluation of risk but also that this risk is based primarily on the operational
details of each specific plant rather than the design analysis.

Beginning in late 1988, a multi-disciplined ASME Research Task Force on Risk-Based
Inspection Guidelines has been evaluating and integrating these technologies in order to
recommend and describe appropriate approaches for establishing risk-informed inspection
guidelines.  This task force is comprised of members from private industry, government and
academia representing a variety of industries.

The NRC, as part of the research effort, applied this technology in pilot studies of inspection
requirements for both PWR and BWR plant systems.  Later, it requested the ASME Research
Task Force to make the risk-informed inspection process consistent with other Probabilistic
Safety Assessment (PSA) applications.
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ASME Section XI formed a Working Group on Implementation of Risk-Based Examination
to begin making Code changes based on risk for inspection of passive, pressure boundary
components.  The first efforts of this group have been to develop Code Cases providing risk-
informed selection rules for Class 1, 2 and 3 piping.

During 1997, the ASME Board on Nuclear Code & Standards approved &RGH�&DVH�1���� [4]
“5LVN�,QIRUPHG�5HTXLUHPHQWV�IRU�&ODVV������DQG���3LSLQJ��0HWKRG�$��6HFWLRQ�;,��'LYLVLRQ��”
and &RGH�&DVH�1���� [5] “5LVN�,QIRUPHG�5HTXLUHPHQWV�IRU�&ODVV������DQG���3LSLQJ��0HWKRG
%��6HFWLRQ�;,��'LYLVLRQ”.  First, one incorporates the methodology recommended by the $60(
5HVHDUFK�7DVN�)RUFH on Risk-Based Inspection Guidelines and evaluated in the :HVWLQJKRXVH
2ZQHUV�*URXS��:2*� plant application.  Code Case N-578 incorporates the methodology
developed by the (OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH (EPRI).  The EPRI methodology was
developed as an alternative to the WOG methodology due to the weaknesses shown for some
PSA in US Nuclear Power Plants.

At the same time, the US NRC has been working to develop a framework for expanding the
use of PSA technology in its regulatory activities to improve safety decision making, giving
high priority to the activities that apply PSA technology and take into account risk insights.
As part of this process, the NRC has published several Regulatory Guides to support changes
in current in-service inspection and testing programs, technical specifications and quality
assurance based on risk insights.

2.2.1 Code Case N-577 (:2*)
The present Code Case [4] concerns Class 1, 2, or 3 piping.  The followed approach, normally
refereed as WOG methodology, uses the PSA to divide the plant piping systems into SLSLQJ
VHJPHQWV where a failure has the same consequence as measured by core damage frequency.
Each piping segment is then categorised as being of high or low VDIHW\�VLJQLILFDQFH.  An
assessment of degradation mechanisms and failure probability is used to determine the IDLOXUH
LPSRUWDQFH of each segment as being either high or low.  This may be done by the judgement
of an engineering sub panel or by the use of structural reliability models.  A segment is
deemed to have high failure importance if its probability of failure is greater than 10-4 per 40
year operating life.  The final safety significance category in a 2 x 2 matrix is determined by
an expert panel review using the PSA and deterministic and design insights.
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Figure 1: WOG RI-ISI Methodology

2.2.2 Code Case N-578 ((35,)
This Code Case [5] concerns Class 1, 2 or 3 piping.  The proposed approach, usually referred
as EPRI methodology, starts from a failure modes and effects analysis (FMEA) consisting of a
consequence evaluation (direct and indirect) and an engineering review of the possible
degradation mechanisms and associated failure modes.  Piping systems are divided into piping
segments that have the same degradation mechanism and the same failure consequence for a
given mode of failure.

The piping segments are then categorised into one of seven risk regions within a 4 x 3 risk
matrix.  This is according to their consequence category (high, medium, low or none),
depending on the conditional core melt potential for a limiting leak/break size, and the
degradation category (break, leak, none) depending on the maximum likelihood from industry
experience and piping failure data.  The proportion of the welds of a given piping segment to
be inspected within a ten-year period depends on the risk region that it has been assigned.
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Figure 2: EPRI RI-ISI Methodology
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���� 6SDLQ

The 6SDQLVK�8WLOLWLHV (UNESA) and the 6SDQLVK�1XFOHDU�6DIHW\�&RXQFLO (CSN) are jointly
developing a Risk-Informed In-service Inspection Piping Guide for applying, on a voluntary
basis, the US Risk-Informed Methodology to the Spanish Nuclear Power Plants.  The
objective of the project is to issue a guide for risk-informed in-service inspection of piping,
incorporating both the quantitative and qualitative methodology.  With the US framework as
basis this documents intends to extend the ASME XI scope in order to include other specific
degradation programs, proposing also new examination frequencies, inspection methods, etc.
The project is already completed.  The validation of the guide was carried out through its
application to two pilot studies.  The quantitative methodology was applied to the selected
pilot plants, a PWR (Westinghouse design) and a BWR (General Electric design).

In Spain, the Nuclear Safety Council (CSN) considers the use of all the rules and regulations
in force in the country where the design comes from for the definition of the Inservice
Inspection Programs.  All but one LWRs in Spain are US-designed (both PWR-Westinghouse
and BWR-GE) for which the ISI programs are based on US regulations (ASME Code Section
XI, as well as the NRC requirements such as Bulletins, Generic Letters, Regulatory Guides,
etc.).  The other plant is a German design (PWR-KWU) for which RSK regulations and KTA
guidelines are applicable.  However, the ISI programs in Spain are mainly based on Section XI
of the ASME Code.

Section XI of the ASME Code describes requirements for the inspection of pressure boundary
systems and components.  These requirements are set in accordance with the Class 1, 2 and 3
designations used in the original design and construction of the plant.  For instance the reactor
coolant system is a Class 1 system and receives the highest level of inspection (e.g. volumetric
examination), whereas Class 3 systems (e.g. service water) receive a much lower level of
inspection (e.g. visual examination).  According to the Code, areas predominantly selected for
examination are those associated with welds in the pressure-containing piping and
components with higher stress levels and fatigue usage factors.

However, national and abroad plant-operating experience has shown that failures are mainly
due to service conditions rather than design conditions and that some failures have occurred at
locations not currently inspected with the traditional ISI codes.

Taking into account the above situation and the US developments regarding Risk Informed
ISI, the Spanish utilities and the regulatory body have shown an increasing interest in any
possible optimisation of the ISI programs.  With this framework, a pilot study on risk-
informed ISI has been arranged in a co-operative R&D project between the CSN and UNESA
(Spanish Utilities Group).  Leading contractor is Tecnatom (ISI and Structural analysis), and
others are Iberinco (PSA analysis) and Westinghouse USA (technical expertise).

The main objective of the project is to develop a national generic guideline for plant proposals
and CSN assessment of risk informed ISI programs for piping.  This guideline is mainly based
on US guidance.  With the US framework as basis, the Spanish guide allows the extension of
the ASME XI scope in order to include other specific degradation programs, proposing also
new examination frequencies, inspection methods, etc.  It covers all ASME safety classes 1, 2
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and 3, and non-safety class support systems, but pilot studies have concentrated on partial
applications.

���� )UDQFH

The French utility EDF has devised a scheme [10] for optimising the preventive maintenance
(i.e. inspection, but also visual examination, testing, and operation or design modifications) of
pipes.  The method, called OMF Structures, uses risk-informed principles in order to select
critical components where the preventive maintenance tasks should be located.  The process
takes due account of safety, availability and maintenance costs.  The objective of the exercises
is to identify critical components concerning these three factors i.e. the components whose
contribution to the risk justifies preventive maintenance.

The OMF-Structures process consists of the following main stages:

1. Functional analysis (at the system level)

2. Consequence evaluation (FMEA) at the piping segment level

3. Criticality analysis (FMECA) at the component level

4. Definition of preventive maintenance programmes

5. Preventive maintenance programmes and (or) corrective maintenance programmes
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Figure 3: EDF’s OMF-Structures Methodology (steps 1 to 6)
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���� 6ZHGHQ

Before 1988, inspection programmes for reactor vessels were based on ASME Section XI,
while piping and other components were inspected according to Swedish pressure vessel and
piping regulations.  A Risk-Informed system for ISI allocation of piping components was
however introduced in 1988 and then formalised into Swedish nuclear regulations in 1994.

The approach to inspection adopted by Swedish utilities addresses all pressure retaining
components and is aimed at finding defects.  The approach recognises the design safety class
but is not PSA orientated.  A set of screening criteria (e.g. carbon content in austenitic
components) is used to identify the potential degradation mechanisms for each weld and
expert judgement applied to assess the probability of failure.

The Swedish Nuclear Power Inspectorate’s Regulations use risk-informed principles in
assigning components and parts of components to inspection groups A, B or C.  This
assignment takes into account the probability of cracking or other degradation in a specific
component as well as the potential consequences of a failure.  Structural components for
which the resulting risk is highest are assigned to inspection group A;  those for which the
resulting risk is lowest are assigned to inspection group C.  Inspection group B covers
intermediate risk components.

All butt welds in the RPV and the internal surfaces of RPV nozzles and safe-end welds are
assigned to group A and must be inspected at intervals not exceeding 10 years.  Other pressure
boundary components in group A, and 10% of components in group B, must be inspected at
intervals necessary to ensure adequate safety margins with respect to failure.  These intervals
are based on considerations of damage tolerance.  They are normally set with reference to the
time estimated for a postulated defect to grow to the maximum extent for which adequate
safety margins are considered to exist, when all potential damage mechanisms have been
considered.  Again, the interval between in-service inspections must not exceed 10 years.  The
inspection of components in group C must as a minimum comply with regulations of The
Swedish Board of Occupational Safety and Health concerning the inspection of boilers, and
suchlike.

The risk-informed principles are based on the assignment of components to inspection
groups A-C based on a damage index (I-III) and a consequence index (1-3).  The damage
index provides a measure of the likelihood of crack initiation or the occurrence of other
damage mechanisms in a specific component.  It is determined by the probable loads and
environment in relation to the component’s characteristic dimensions and material properties.
The consequence index provides a qualitative measure of the likelihood that such damage will
jeopardise the fuel, the containment leak tightness or lead to the discharge of significant
amounts of radioactivity.  It is determined mainly by the margin to prevent severe
consequences were a failure to occur.  The following table shows the resulting inspection
groups:
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&RQVHTXHQFH�LQGH[
� � �

'DPDJH�,QGH[ , A A B
,, A B C
,,, B C C

Table 1: SKI Risk Evaluation Matrix

Qualification of non-destructive inspection systems includes all the equipment, procedures
and the accompanying instructions, as well as the personnel.  The qualification procedure
follows in principle the ENIQ methodology.

While the initial approach in Sweden, described here above, is largely qualitative, there is a
strong tendency now to go to more quantitative approaches, making a large use of the plant
PSAs.

�� 'HVFULSWLRQ�RI�WKH�0HWKRGRORJLHV
Three main RI-ISI methodologies are used in Europe: WOG’s [6, 7], Swedish methodology
(very close to EPRI’s [8]), and EDF’s [9, 10].  Some countries adapted these methodologies to
their particular context, but did not add developments that differ from the original methods.
Therefore, these three methodologies have been retained to be described and compared in the
next sections.

There are many similarities in the procedural logic of the various RI-ISI methods.  This means
that they can be described systematically, in order to facilitate their comparison.
The major steps are the following:

1. Piping System Scope and Segment Definition

2. Piping Failure Consequence Evaluation

3. Piping Failure Probability Assessment

4. Risk Evaluation

5. Expert Panel Categorisation

6. Structural Element/Non-Destructive Examination (NDE) Selection

7. Implement Program and Feedback

���� 3LSLQJ�6\VWHP�6FRSH�DQG�6HJPHQW�'HILQLWLRQ

3.1.1 WOG Methodology
A full or partial scope evaluation may be performed given that the evaluation includes all
piping within a system or category, including piping exempt from the current requirements.
For a full scope program, those fluid systems contained in the plant that are modelled in the
probabilistic risk assessment (PSA) model and considered risk-significant for the U.S.
Maintenance Rule (NRC, 1991), as well as those in the current ASME Section XI program
(e.g., ASME, 1989) are included.  For either a Class 1 or a Class 1 and 2 scope program, the
scope of the program will be defined by the respective classification boundaries already
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provided in design basis information for the plant, such as the process and instrumentation
diagrams (P&IDs) and ASME Code boundaries.

The next step is to divide the in-scope systems into piping segments for which a failure at any
point in the segment results in the same consequence (e.g., loss of pumped flow to one
injection line).  The segments define a portion of piping with the same consequence of failure
between major discontinuities such as pumps and valves.  They include piping structural
elements such as pressure retaining welds, base metal areas, weld counterbore areas, nozzle
welds, and welds to valves and fittings.

3.1.2 EPRI Methodology
The EPRI method leaves the power plant carrying out the study completely free to determine
the system(s) to be studied as a function of its own stakes and means.  Therefore, decision
criteria may vary to some extent, nevertheless costs and dosimetry are frequently used.
In practice, many power plants restrict themselves to the primary circuit.  Means used to
determine the scope of the study also vary; they may vary from a simple cost/benefits analysis
to a quantitative analysis carried out to prioritise power plant systems with respect to the
safety risk.  A "simplified" FMECA is then carried out to combine information derived from
PSAs and component failure frequencies estimated by experts.  The CCDP (Conditional Core
Damage Probability) for each system is calculated considering three risk components (the
initiating event resulting from the failure, the loss of standby functions, and the impact of
flooding).

Some lines of the systems studied, assessed as being of low risk significance, are not taken
into account in the EPRI process.  Lines that fall within this category are identified by experts,
and are generally those that satisfy the following criteria:

• A segment failure does not cause an initiating event.

• The line segment is normally isolated and is not required to accomplish or support a
safety function.

• Multiple mitigating trains are available.

• The segment failure is readily detected and can be isolated.

• There are no degradation mechanisms associated with the line segment.

 
 The method use a breakdown of the system into “iso-severity” segments in order to evaluate
the consequences of a failure on the system.  For EPRI, there are four types of direct
consequences (initiating event, impact on a mitigating function, loss of integrity of
containment, and a combination of these points), and internal (flooding, whip, etc.) and
external (earthquake, tornado, etc.) indirect effects.
 
 In practice, the EPRI determines direct effects qualitatively, since it involves assigning a
consequence type to each segment.  The EPRI combines a walkdown on site with these
studies in order to detect any weaknesses.  The information gathered is specific to the power
unit.
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3.1.3 OMF-Structures Methodology
 At EDF, two criteria are used to select the system to be studied in priority:
 
• the safety-severity of the consequences resulting from the loss of important system

functions,

• operating experience is characterised by unexpected failures, confirming that the
preventive maintenance program needs to be optimised.

In practice, the safety-severity is evaluated using the FAR (eq. to RAW) derived from PSAs,
and costs through economic operating experience.

For EDF, prioritisation of systems used to define priorities between studies is based mainly on
safety stakes, and to a lesser extent on considerations related to maintenance costs.  All OMF-
Structures studies carried out in the past have been done due to the importance of the
contributions of the systems towards safety.

The method, like the others, uses a breakdown of the system into segments of equal severity.
For EDF, the FAR of pipe segments and the room configuration and safety classification are
taken into account in determining the system breakdown into Functional Groups (FGs).
Indirect effects are not exhaustively studied at the present time.  However, after the FMEA, a
severity including direct and indirect effects will be assigned to each failure mode of a
segment, rather than to the segment itself, which makes the study more precise.  This step is
partly quantitative since it is based on PSA results, but it is also partly qualitative, since the
safety classification and the room layout are taken into consideration.  EDF considers indirect
effects making use of the results of existing studies.

���� 3LSLQJ�)DLOXUH�&RQVHTXHQFH�(YDOXDWLRQ

3.2.1 WOG Methodology
Each segment is evaluated for both direct and indirect (spatial) effects with and without
operator action to mitigate the piping failure.  Direct effects are those effects associated
directly with the segment being evaluated, such as loss of process fluid flow.  Indirect effects
are those effects on surrounding equipment that may be impacted by mechanisms such as jet
impingement, pipe whip, and flooding.  The PSA is used to quantify these impacts.  In order
to use the plant PSA as input to the pressure boundary failure risk calculations, the postulated
consequences of the failure must be identified.  Then, based on the postulated consequences,
the PSA model must be manipulated to obtain the required information.  The consequences to
be considered from both direct effects and indirect effects include:

• Failures that cause initiating events, such as LOCAs or reactor trips

• Failures that disable a single component, train or system

• Failures that disable multiple components, trains or systems

• Failures that cause any combination of the above.

 The consequences for the Class 1 piping are primarily initiating events and are typically the
various size loss of coolant accidents (LOCAs) modelled in the PSA with the loss of
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connected safety system equipment, as appropriate.  Therefore, the piping segments should be
defined based on the assumed LOCA sizes used in the PSA (e.g., 3/8" to 2" for small LOCA,
2" to 6" for medium LOCA, >6” for large LOCA).  Given that there is limited isolation
capability for breaks in Class 1 piping, there is little difference between the cases with and
without operator action.
 
 For indirect effects, typical plant information to be reviewed is the documentation from
flooding, fire, or hazards analyses, which provide information on plant equipment locations
and potential proximity issues of safety significant equipment vulnerable to flooding, spraying
or pipe whip.  Experience has shown that indirect effects of Class 1 piping failures inside
containment have been adequately addressed in the plant design basis (e.g., equipment
designed to withstand accident conditions, high energy line piping analyses performed).  This
can be verified from plant design basis documentation, and very limited benefit is gained from
a piping walkdown.  For larger scope programs, walkdown of specific areas outside of
containment is needed to revisit locations where existing documentation indicates that
potential indirect effects are possible.  The walkdown for the full scope Sequoyah and Watts
Bar applications only required two days at each site.  A thorough, organised review of
pertinent plant documentation considerably helps to limit the effort.  The direct and indirect
consequences and the PSA model are reviewed, and the associated piping segments are
grouped according to the same consequence.  This reduces the amount of PSA runs necessary
for the program.  Based on the results of this review and comparison, for each group of
segments, one or more components within the PSA are selected such that their failure would
have the same impact on the plant operational and standby systems as that assessed for the
segment (surrogate components or initiators).  It is not always possible to represent a pipe
failure with a single component/event.  Several basic events in the PSA model may be used to
represent a pipe failure.  For example, simulating the failure of piping around a pump may
require that the failure probabilities for the pump and the modelled recovery action for
restoring the pump be set to 1.0 to represent the pipe failure.
 
 The PSA gives the CCDP and the RRW of each segment of the system.  This allows a
quantitative classification of the segments concerning the consequence of a failure.
 
3.2.2 EPRI Methodology
 The consequence segments have been determined.  A severity level must now be attributed to
these consequences.  The EPRI method classifies segments into four severity categories (high,
medium, low, none).  A quantitative indication of the thresholds separating these categories is
given by the CCDP for initiating events related to the failure:
 

• high CCDP > 10-4

• medium 10-6 < CCDP < 10-4

• low CCDP < 10-6

• none no initiating event

Criteria dependent on the type of consequence associated with the segment are used to assign
a category to each consequence segment:
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&RQVHTXHQFH�7\SH 6HYHULW\�&DWHJRU\

initiating event depends on the CCDP

loss of a mitigating ability depends on the frequency of challenge, the number of
backup trains available, and the exposure time

impact on containment depends on the location of the break and the possibility
of isolating the break

combination of the previous effects the most severe category

Table 2: EPRI Severity Categories

PSA considers initiating events.  Mitigating ability, impact on containment, and indirect
effects are taken into account qualitatively in order to reclassify the segment into the higher
category if necessary.  Therefore, at the end of this step, the system is broken down into
segments with the same consequence, classified into four severity categories.

3.2.3 OMF-Structures Methodology
This step consists mainly of a functional analysis (FA) of the system and a Failure Modes and
Effects Analysis (FMEA).  In order to evaluate the safety-severity level, this step will make
use of PSA models and various deterministic aspects (incident and accident procedures,
technical operating specifications, and classified IPS equipment).

The OMF-Structures approach uses the concept of the consequence type, but for segment
failure modes, rather than the segments themselves.  Several potential failure modes can
generally be associated with a segment, for example "external leak", "loss of hydraulic
characteristics", etc.  Furthermore, the severity with respect to availability and cost is also
evaluated.  In addition, indirect effects are taken into account in the FMEA directly, rather
than being added afterwards.  The classification into a category satisfies the criteria
summarised below:

)DLOXUH�0RGH�6HYHULW\ &ULWHULRQ

very severe for safety
(SS/PSA+)

FAR > 1000%,
start an A, H, or U procedure*

severe for safety
(SS/PSA)

5% < FAR < 1000%,
start an I procedure*,

application of a technical operations specification,
equipment classified as Important For Safety

not severe FAR < 5%,
and none of the previous criteria is satisfied

Table 3: OMF-Structures Failure Mode Severity Evaluation

* I, A, H, U procedures concern the events classified into four categories (Incident, Accident,
Out of design criteria, Ultimate).
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3.3.1 WOG Methodology
In general, each pipe segment in a risk-informed inservice inspection is evaluated for its
failure potential.  An engineering team assesses industry experience, plant layout, materials,
operating conditions and experience, and identifies potential failure modes and causes.  The
engineering team then utilises the structural reliability and risk assessment (SRRA) software
code (Westinghouse 1999b) developed specifically for piping risk-informed ISI.  It uses the
input data based upon the assessed information to quantify the failure probability.
Probabilities are calculated for leak (through-wall crack), disabling leak (disables the safety
function of the system) and/or full break.

The SRRA tools are a set of executable personal computer programs to specify input,
calculate and plot piping failure probability with time for the selected input values of key
design, operational, and inspection parameters.  The computer tool for structural reliability
uses Monte-Carlo simulation with importance sampling to calculate the probability of leak or
break for the following degradation mechanisms: low-cycle fatigue crack growth of an
existing (fabrication) flaw, high-cycle fatigue stress (e.g., due to vibration) exceeding the
fatigue crack threshold, stress corrosion crack growth of an existing flaw, and wall thinning
due to material wastage.  In general, the calculations with the SRRA tools are the same for
Class 1, 2, 3 and non-Code piping  Failure probability calculations may use a "One-Flaw"
option for a 100% probability of flaw existence.  This bounds flaw initiation early in life due
to severe high-cycle fatigue (severe vibration or thermal striping) or severe stress corrosion
cracking.  This option is recommended when piping failures (e.g., leakage) has been
experienced on the plant of interest, particularly in the treatment of pump vibration in attached
small piping.  In cases where vibration exists without failures having been experienced, the
calculations assuming vibration, and without modelling the One-Flaw option, will result in
failure probabilities consistent with piping failure experience in the industry.  For piping
segments subject to possible thermal stratification, such as the pressuriser surge line, the
failure probability calculations should use the thermal stresses and fatigue stress ranges
obtained from thermal stratification stress results.  To account for other potential fatigue
loading not analysed in a stress report, such as thermal stratification due to leaking valves, the
cyclic stress range/flow stress should be increased to a medium qualitative value.  Counting
thermal transient cycles is an essential aspect of licence renewal efforts for piping, such as
those underway at Turkey Point Unit 3.  This information, if available, should be used to
provide further insights into the expected stress ranges and estimated failure probabilities for
thermal fatigue throughout the piping systems of interest.  Just as in the PSA calculations,
piping segments can be grouped to greatly reduce the number of SRRA runs, and the
consequence evaluation can indicate the exact runs that are needed.

3.3.2 EPRI Methodology
In the EPRI methodology, the probability of failure of a segment is associated to the
degradation mechanism(s) present on the segment.  The purpose of this step is to determine
the regions (welds, elbows, tees, Heat-affected zones) of the system subject to a degradation
mechanism.  Generic criteria are used, together with operating experience and the expert’s
opinion.  The EPRI then developed these criteria for each of the main degradation
mechanisms.  Different types of parameters are taken into account:
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• design characteristics (material, size, schedule),

• fabrication practices,

• operating conditions (temperature, pressure, fluid conditions, and fluid quality).

 These criteria are drawn up for each failure mechanism, so that it can be determined whether
or not the mechanism occurs on the component.
 
 Two types of failure mechanisms are considered in EPRI’s RI-ISI  method:
 
• firstly, degradation mechanisms (such as flow accelerated corrosion, thermal fatigue and

cavitation-erosion);

• secondly, severe loading conditions such as water hammer, overpressure, frozen pipes,
etc.

 In practice, degradation models are used segment by segment.  The operating conditions used
are the conditions determined in the design, possibly corrected by plant operation experts.
The results obtained by the application of criteria are validated based on operating experience.
An expert judgement may contradict the results obtained by applying the criteria, and in this
case, a justification must be produced for the NRC.
 
Isometric drawings and the simplified mechanical diagram are used to apply criteria and
identify regions sensitive to each degradation mechanism.  Segments sensitive to the same
mechanism(s) are then formed and the database is used to assign this or these mechanisms to
each element (weld, line, elbow, etc.) in the segment.  Depending on the mechanism that may
degrade them, segments are then sorted into three categories (high, medium, low)
corresponding to the conditional failure probability knowing that the mechanism is present.
The personnel who put the method into application do not use this probability directly.  It is
simply a reference, which was fixed based on general operating experience in power plants.
The user assigns a category to the segment directly as a function of the degradation
mechanism present.  This is the same principle that is used in the evaluation of consequences
when the user assigns a consequence category to the segment directly as a function of the
initiating event present, using the CCDP for this initiating event as a reference.

3.3.3 OMF-Structures Methodology
 The OMF-Structures method uses degradation models, which use design characteristics,
operating conditions and operating experience data as input parameters.  An expert judgement
is used if no models are available or applicable, or to evaluate any interactions between
several mechanisms.
 
 In practice, an FMECA is carried out in order to draw up a list of each relevant {component;
degradation mechanism} pair in technological subassemblies of the segments with a severity
related to safety, availability or costs.  Data derived from operation in service are used for the
models, whenever they are available.
 
 Degradation models used in EDF's OMF-Structures method concern degradation mechanisms
only (there is one model for each mechanism); severe loading conditions are either:
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− included in the model input data (for example, overpressures are considered in modelling
input stresses for some mechanisms);

− or analysed by expert’s opinion (frozen pipes).

 
 In EDF’s OMF-Structures method, degradation models are used in the component selection
phase on each component.  They work as a filter designed to identify components that will not
fail by any degradation mechanism, and take them outside the scope of preventive
maintenance.  They are used to identify active degradation mechanisms and localise the
corresponding areas with the highest risks.  This thus helps to determine which defects should
be feared, or to focus maintenance, and decide what maintenance means should be used.
 Degradation models used in EDF’s OMF-Structures method work in two steps:
 
• firstly, a “sensitivity analysis” is carried out to determine if the degradation mechanism is

present on the component being studied.  This is done using generic criteria similar to the
criteria used in EPRI’s RI-ISI method, although they are more complex and include
characteristics specific to the component.  This analysis also removes “non-sensitive”
components outside the scope of preventive maintenance, quickly and at low cost.

• secondly, a “relevance analysis” is carried out to determine if the studied mechanism is
sufficiently intense to cause the failure of the component within the time period Thorizon

(for example, the planned end of life of the installation).  This means that a slightly
conservative mechanical model of the degradation kinetics is necessary to refine the
conclusions of criteria as a function of local operating conditions for each component.

The breakdown into two analyses (sensitivity then relevance) makes it possible to consider
some components with high stakes as being critical at lower cost; sensitivity alone is
sufficient to declare a component as being critical if the stakes are sufficiently high.
Furthermore, the sensitivity analysis gives better knowledge about the systems and
components being studied, so that sensitivity can be traced in the FMEA even if there is no
relevance.  This is an additional protection in case of doubt.

3.3.4 Comparison of the Degradation Mechanisms Addressed
The following tables summarise the degradation mechanisms taken into account in the three
methodologies.



RIBA/ P(01)/Task 1 Report B4-3040/99/23123/MAR/C2

- 17 -

'HJUDGDWLRQ�0HFKDQLVP�RU
2WKHU�)DLOXUH

:2* (35, (')

Vibration Fatigue Model Criteria Model

Thermal Fatigue :

• Thermal Stratification
Cycling and Striping

Model Criteria Model

• Thermal Transients Model Criteria Model

Corrosion :

• Generalised Corrosion Criteria/Experience Criteria Model

• Stress Corrosion Cracking Model Criteria Model

• Microbiologically Influenced
Corrosion

Criteria/Experience Criteria

• Pitting Criteria/Experience Criteria Model

• Flow Accelerated Corrosion Model Criteria Model

Erosion-Cavitation Model Criteria Model

Leak at Flanges Service experience Service experience Service experience

Water Hammer Model Service experience Service experience

Table 4: Degradation Models Comparison

���� 5LVN�(YDOXDWLRQ

3.4.1 WOG Methodology
The total pressure boundary core damage frequency (CDF) and large, early release frequency
(LERF) due to piping failures are determined by the integration of the surrogate PSA
consequence results with the failure probabilities estimated from the SRRA evaluation for
each segment within the scope of the program.  The importance of each segment is then
determined using Risk Reduction Worth (RRW) as the primary measure.  Risk Achievement
Worth (RAW) values are also determined for information.  Spreadsheet calculations are used
for this evaluation.  The results of the consequence and failure probability evaluations are
electronically transferred to construct the spreadsheets, which use the appropriate risk
equations defined in WCAP-14572, Revision 1-NP-A (Westinghouse, 1999a).  Spreadsheets
are constructed for CDF and LERF, both with and without operator action, to readily
categorise piping segments into high and low safety significance.

Segments are initially classified as high safety-significant if the RRW is greater than or equal
to 1.005 for any of the CDF or LERF calculations with or without operator action.  Segments
with RRW values between 1.001 and 1.004 are deemed worthy of additional consideration by
the plant expert panel.  For all piping segments, the safety significance consideration is either
confirmed or changed by the expert panel during the panel review process.

3.4.2 EPRI Methodology
This list of probability of failure of elements is combined with the list of consequence
segments to determine risk segments that have the same severity category and the same risk of
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failure.  These segments are classified into three risk regions (high, medium or low) based on
the following table:

SUREDELOLW\ VHYHULW\�FDWHJRU\

RI�IDLOXUH QRQH ORZ PHGLXP KLJK

KLJK

PHGLXP

ORZ

UHJLRQ�ZLWK�KLJK�ULVN

UHJLRQ�ZLWK�PHGLXP�ULVN

UHJLRQ�ZLWK�ORZ�ULVN

Table 5: EPRI Risk Regions

3.4.3 OMF-Structures Methodology
In the OMF-structures method, the risk evaluation is made during the FMECA and consists of
determining the criticality of components.
The following figure defines risk regions considered in the OMF-Structures, in the case of a
failure mode modelled in the PSA.
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Figure 4: OMF-Structures Component Criticality Evaluation

���� ([SHUW�3DQHO�&DWHJRULVDWLRQ

3.5.1 WOG Methodology
The risk evaluation calculations for each segment, the segment failure probabilities, and other
considerations are presented to a plant expert panel.

The expert panel uses qualitative and quantitative information associated with the PSA and
failure probability calculations in combination with deterministic insights and design/licensing
bases information to develop the final categories of high safety-significant (HSS) and low
safety-significant (LSS) piping segments.  Each segment is classified by the expert panel as
either high or low safety significant.  Other deterministic considerations are those not directly
related to the probabilistic assessments.  These include the segment importance for external
events (seismic, fire, and external flood), safety function performance during shutdown
modes, the importance to design basis analysis and other accident scenarios, and operation
and maintenance insights which should be taken into account.  Worksheets are provided to the
panel on each system for each piping segment, containing information pertinent to the panel’s
selection process.  This information in conjunction with the panel member’s own expertise
and other documents as appropriate are used in determining the safety significance of a piping
segment.  The expert panel (such as the expert panel used to meet the U.S. Maintenance Rule)
evaluates the risk-informed results and makes a final decision by identifying the high safety-
significant pipe segments for ISI.  The piping segments that have been determined by
quantitative methods to be high safety significant should not be classified lower by the expert
panel without sufficient justification that is documented as part of the program.  The expert
panel should be focused primarily on adding piping segments to the higher classification.  The
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expert panel may provide comments to the appropriate engineering personnel that may cause
an adjustment of the numerical results.  Adjusted numerical results should be reviewed by the
expert panel.

The expert panel:

• Considers the PSA, failure probability information, and other inputs to the risk ranking
which initially classifies segments as high safety-significant if the RRW is greater than or
equal to 1.005 for the CDF or LERF calculations with or without operator action.
Consider the RAW values for additional insights.  Segments with RRW values between
1.001 and 1.004 are deemed worthy of additional consideration.

• Considers other deterministic factors to assess the segment safety significance.

• Evaluates segments with similar consequences and/or failure probabilities (e.g., all
reactor coolant hot legs, all reactor coolant pump seal injection and leadoff lines) in a
similar manner to ensure classification consistency among segments within a system and
between systems.  This grouping also enhances the efficiency of the expert panel review.

• Obtains a consensus decision for the safety significance of each segment.  If a consensus
cannot be reached, determine what additional information is needed to reach a consensus
and evaluate the segment(s) again.

3.5.2 Other Methodologies
Expert advice is used in EPRI and EDF methodologies, but it is not formalised like in the
WOG process.

���� 6WUXFWXUDO�(OHPHQW�1RQ�'HVWUXFWLYH�([DPLQDWLRQ��1'(��6HOHFWLRQ

3.6.1 WOG Methodology
A 2x2 matrix, as shown in Figure 5, is used to assist in identifying which piping segments
receive focused inspection, particularly those requiring appropriate non-destructive
examination (NDE) methods, such as volumetric or surface exams.  The expert panel has
already determined which segments are high safety significant.  The importance of pipe failure
directly drives the need for effective examination methods.  This attribute is categorised by a
demarcation of “high failure importance” versus “low failure importance.”  Segments are
placed into the high failure importance category if the probability of large leak exceeds 10-3 -
10-4 per 40 year operating life indicating that there may be a location(s) in the segment
susceptible to a known or postulated failure mechanism.  Referring to Figure 5, all susceptible
locations of the segments in Region 1(A) of the matrix receive 100% examination.  The
remaining non-susceptible locations of the segments in Region 1(B) and the segments in
Region 2 are further evaluated.  The minimum number of welds to be inspected by NDE in
these Regions is determined by a statistical sampling technique using the Perdue model
(Westinghouse, 1999a).  Susceptible locations in Region 3 are recommended for examination
in accordance with an Owner Defined Program.  Only system pressure tests and visual
examinations are required for the many segments of low failure importance and low safety
significance.  System pressure tests and visual examinations shall also be performed for all the
segments in Regions 1, 2, and 3.
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Figure 5: Structural Element Selection Matrix

The segments that are categorised as HSS by the plant expert panels that include socket welds
consist of piping with a nominal diameter of 2 inches or less.  The socket welds in these
segments cannot be individually examined by any currently available NDE methods that are
appropriate for the degradation mechanism of intent.  Therefore, a focused visual VT-2 exam
will be performed for these segments during the system pressure test each refuelling outage
with emphasis on a specific and potentially limiting location within each segment.  WCAP-
14752, Revision 1-NP-A provides guidance in determining the examination requirements for
the HSS piping segments.  VT-2 visual examinations are scheduled in accordance with the
station’s pressure test program that remains unaffected by the risk-informed inspection
program.

3.6.2 EPRI Methodology
The EPRI plans to carry out pressure/leak tests on the entire system.  Other tasks consist of
inspections specific to each degradation mechanism.  The area to be inspected and the
inspection method are predetermined depending on the mechanism.  In each risk region, a
sample of elements is extracted to be submitted to these inspections.  The size of the sample is
proportional to the degree of risk in the region considered (25% for high risk, 10% for
medium risk, and 0% for low risk).  The sample is selected based on severity criteria dealing
with the existing degradation mechanisms, and operating experience.

3.6.3 OMF-Structures Methodology
The conclusion of this phase is a choice of maintenance comprising:

• a corrective maintenance part,

• a preventive maintenance part (visual examination, inspection, testing), in which the
nature of the tasks, their intervals and volume (subset of components to be covered by
tasks) will be specified,

• a part consisting of technological changes, or changes in how equipment is operated, or
functional changes to systems designed to eliminate the causes of some failures for which
there is no satisfactory maintenance program.
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 The purpose of step No. 4 (see Figure 3) is to qualitatively orient maintenance to become
preventive: the objective is to determine guidelines for modifying the current maintenance
program.  Operating experience and the results of predictive models (degradation or
reliability) are used to orient maintenance.  Furthermore, during this step it is intended to
define preventive maintenance tasks on non-critical but very severe safety components.
 
 The purpose of step No. 5 (see Figure 3) is to select tasks that are D�SULRUL effective, applicable
and economic and are designed to eliminate feared failure modes.  These tasks are associated
with intervals and a subset of components to be covered.  The {tasks; intervals; component
subset} triplets determined in this step are called “candidate scenarios”.
 
 The purpose of step No. 6 (see Figure 3) is to generate the future maintenance program by
choosing the most suitable maintenance scenario for each item of equipment.  This final
choice will be made at the same time as scenarios are grouped together at the most suitable
equipment level.  For structures with high stakes, this step may result in committing means
designed to enrich the information used to make the final maintenance decision.
 
 It is essential to clearly understand how this third phase in the method relates to the first two
phases:
 

• The criticality classification output from the FMECA step is the fundamental input data
for the maintenance optimisation phase (see arrow (B) in the figure).  This classification
into critical and non-critical components is used to make an initial decision between
preventive maintenance (on critical components) and corrective maintenance (on non-
critical components).  On very severe safety but non-critical components, in some cases
(following expert opinions) it may be decided that additional measures have to be taken
involving preventive maintenance tasks).

• A detailed analysis of operating experience and information derived from degradation and
reliability models will be essential in selecting candidate maintenance scenarios and in the
final choice of the maintenance program (particularly task intervals).  This analysis is
identified by arrow (C) on the figure.

���� ,PSOHPHQW�3URJUDP�DQG�)HHGEDFN

3.7.1 WOG Methodology
As part of program implementation, defence-in-depth considerations must be reviewed and
the change-in-risk must be estimated to ensure that the proposed program maintains or
enhances safety.  A licensing submittal is prepared for review and approval by the NRC.  The
plant ISI program must be revised and associated documents, procedures, and work schedules
are prepared to maintain and capture feedback from the program once implemented.  Defense-
in-depth has traditionally been applied in reactor design and operation to provide a multiple
means to accomplish safety functions and prevent the release of radioactive material.

A comparison of the results is performed for the proposed risk-informed ISI program against
the current ISI program to evaluate the risk of the proposed change.  This calculation is
required via NRC’s regulatory guides on risk-informed applications (such as RG-1.178), and
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the change-in-risk should meet the guidelines provided in WCAP-14572, Revision 1-NP-A.
If the change-in-risk is not acceptable, then additional NDE examinations should be identified
that would result in an acceptable change in risk.

The primary basis for being able to reduce (or maintain) risk with a reduced number of
examinations is that exams are now being placed on piping segments that are high safety
significant, and in some cases are not inspected by NDE in the current ASME Section XI ISI
program.

Risk-informed ISI programs are living programs and should be monitored continuously.
Monitoring of these programs encompasses many facets of feedback or corrective action
which includes periodic updates based on inputs and changes resulting from PSA updates,
plant design features, plant procedures, equipment performance, examination results, and
individual plant and industry failure information.  As inputs, changes, and results evolve for
the program, it is expected that the impact can be evaluated qualitatively rather than
quantitatively for the vast majority of new information.

3.7.2 EPRI Methodology
The evaluation of the change-in-risk is submitted to the same obligations as the WOG
methodology.

The ISI programs are living programs, and are updated to take into account changes in plant
design, degradation criteria, examination results, etc.

3.7.3 OMF-Structures Methodology
The modifications of the preventive maintenance program proposed by EDF’s central
engineering services after the application of the OMF-Structures process must be adapted by
each plant, in order to take into account any specificity in design or operating experience.

The entire OMF-Structures procedure must be perceived as a “living process”, in other words
the various steps in the method are regularly updated based on feedback from experience.
There are three possible levels in updating a study.

The first update level does not reconsider the list of critical failure modes.  Its purpose is to
readjust maintenance programs defined during a previous study (as a function of their
observed efficiency and cost).

The second update level includes updating component failure mode criticalities.  This level
only updates the FMECA step.  In particular, this update level takes account of:

• recent operating experience (failures, degradations observed by chance or by
maintenance),

• recent developments in degradation and reliability models,

• complementary data on influential parameters.
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 The third update level is much more detailed and is only exceptionally justified.  It includes
updating step No. 1 in the stakes evaluation phase.  This level of updating a study may be
justified in the following cases:
 

• new elements in study files on the indirect consequences of piping segment failures,

• important modification to part of the system, making it necessary to revise the list of
piping segments.

���� 6XPPDU\�RI�WKH�6WHS�E\�6WHS�&RPSDULVRQ

The following table summarises the step by step comparison of the three processes.
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67(3 :2* (35, (')

System Scope and
Segment Definition

• full or partial scope
• division of the system

into segments with the
same consequence of
failure

• full or partial scope
• division of the system

into segments with the
same consequence of
failure

• Class 1 pipework not
strictly addressed

• division of the system
into Functional Groups
with the same
consequence of failure

 Piping Failure
Consequence Evaluation

• PSA Å CCDP
• PSA takes direct and

indirect effects into
account, allowing a
quantitative
classification of
segments

• PSA Å CCDP for
initiating events

• Other direct and
indirect effects taken
qualitatively into
account, allowing a 4-
class categorisation of
segment

• various failure modes
addressed

• consequence with
respect to availability
and costs evaluated

• PSA Å RAW
• RAW and

deterministic aspects
(procedures, tech.
specs., etc) allow a 3-
class categorisation of
failure modes

 Piping Failure Probability
Assessment

• degradation
mechanisms assessed
by quantitative SRRA
models

• operating experience
incorporated in SRRA
models

• degradation
mechanisms assessed
by qualitative criteria

• use of operating
experience

• degradation
mechanisms assessed
by quantitative models

• use of operating
experience

 Risk Evaluation • quantitative
classification of
segments using RRW

• categorisation of
segments in 3 risk
regions

• categorisation of
segments in 5 risk
regions

 Expert Panel
Categorisation

• examination and
validation of the
categorisation of
segment into high /low
safety significant

• no formal expert panel • no formal expert panel

 Structural Element / NDE
Selection

• use of a 2*2 matrix
defining 4 risk regions
to determine the
inspection program

• statistical sampling
depending on target
reliability

• significant sampling of
elements to be
inspected (25%, 10%,
0%) in each risk region
(high, medium, low)

• preventive
maintenance on critical
elements

• light sampling

 Implement Program and
Feedback

• periodic updating
depending on changes
in PSA, plant design or
procedures, NDE
results, etc.

• periodic updating
depending on changes
in PSA, plant design or
procedures, NDE
results, etc.

• three levels of updating
depending on the new
elements of
information available

Table 6: Step by Step Comparison
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�� 5HJXODWRU\�*XLGHV�DQG�$FFHSWDQFH

���� 8�6

The U.S. NRC approved WCAP-14572, Revision 1-NP-A [6], “Westinghouse
Owners Group Application of Risk-Informed methods to Piping Inservice
Inspection Topical Report,” (Westinghouse, 1999a) in December 1998.  The safety
evaluation by NRC (1998c) permits the use of the methodology for either full
scope or partial scope pressurised water reactor (PWR) and boiling water reactor
(BWR) applications, such as only Class 1 piping.  This WCAP is consistent with
NRC regulatory guidance in the form of Draft for Trial Use Regulatory Guide
RG-1.178 [3], “An Approach for Plant-Specific, Risk-Informed Decision-making:
Inservice Inspection of Piping,”(NRC, 1998b).  The document is also consistent
with Code Case N-577 [4] issued by the ASME in 1997.

The U.S. NRC also approved EPRI’s methodology, “Revised Risk-Informed In
Service Inspection Evaluation” in October 1999.  Several applications (Vermont
Yankee class 1, ANO-1 class 1, and ANO-2 full scope), have been accepted.

The Code Cases N-560, N-577 and N-578 are not yet approved by USNRC as acceptable on a
generic basis for ISI since these Code Cases are not listed in the latest issue (Revision 12, May
1999) of Regulatory Guide 1.147 “Inservice Inspection Code Case Acceptability, ASME
Section XI, Division 1”.  However, the use of Code Cases not listed in R.G. 1.147 may be
authorised by the USNRC upon request pursuant to paragraph 50.55a(a)(3) of 10 CFR 50.
Then, a Safety Evaluation Report (SER) is granted by USNRC on the application.  This is the
approach followed for the plants that have submitted Risk-Informed ISI programs for piping
to USNRC.

���� 6SDLQ

Developments in Spain closely parallel those in the US.  National generic ISI Guidelines for
NPPs proposal and regulatory assessment by the CSN have been developed based on USNRC
guidance and industry standards.  For the validation of the guideline two pilot studies have
been performed.  The validation of the guide was carried out through its application to two
selected pilot plants: a PWR-Westinghouse and a BWR-GE, in both cases applying the
quantitative methodology.

The Ascó1 Class 1 pilot study was submitted and approved on September 24, 2001.  The
Almarez 2 Class 1 and Ascó 2 Class 1 applications have been submitted to CSN.  All three
plants are PWR-Westinghouse.

���� )UDQFH

The OMF-Structures methodology and the pilot study on the AFW system have been
submitted to the French Safety Authority.

���� 6ZHGHQ

The new SKIFS 2000:2 [12] has opened the possibility for using other Risk-Informed
methodologies than the one currently used.
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�� &RPSDULVRQ�EHWZHHQ�WKH�0HWKRGRORJLHV
In order to select an adequate risk-based methodology (for ISI or for other plant activities) it is
first necessary to establish appropriate selection criteria.  At the kick-off meeting (Ref.3) the
following criteria were put forward:

• 7HFKQLFDO�VRXQGQHVV:
- Repeatability of results
- Good balance between accuracy and uncertainty
- Holistic approach
- Backed up by operating experience.

• /LFHQVDEOLOLW\�
- Existence of regulatory guidance documents
- Commitment by safety authorities
- Achievement of safety goals (with respect to public and workers)
- Pilot project experience

• (FRQRPLF�UHWXUQ, compared to classical ISI approaches:
- plants should be able to chose between partial scope or full scope applications
- cost of study (incl. licensing) should be outweighed by quantifiable benefits

• &RQVLVWHQF\ with and comparable to other plant RI initiatives:
- this allows plants or regulators to favour or not a particular plant program or

modification

���� 7HFKQLFDO�6RXQGQHVV

5.1.1 Repeatability of results
EPRI: the risk categorisation process is qualitative, but the criteria employed guarantee the
repeatability of results.  Nevertheless, the updating of the ranking (to take into account new
operating conditions or plant modification) is more difficult than with quantitative methods.

WOG: the quantified approach permits to rank the segments, and leads to repeatable results
for given input information.

EDF: the OMF-Structures methodology uses both quantitative and qualitative analyses to
categorise the segments.  The quantification can be used to rank the segments.  The process
ensures the repeatability of results, even for the qualitative part.

5.1.2 Balance accuracy with uncertainty
EPRI: the qualitative evaluation does not permit to make sensitivity analyses.

WOG: the models allow to use accurate values or to use more judgmental values (high,
medium, low), when precise data is not available.  Sensitivity runs are used to evaluate the
impact of uncertainty.

EDF: the models are used with accurate values.  Uncertainty can be quantified through
sensitivity runs, allowing the use of expert judgement to evaluate a given information, when
precise data is not available.
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5.1.3 Holistic approach
EPRI: Four types of direct impacts (initiating event, impact on a mitigating function, loss of
integrity of containment, and combination), and internal and external indirect effects, are
taken into account to assess the global impact on the plant.

WOG: direct effects are addressed by PSA.  Indirect effects are taken into account by using
plant documentation or the results of a walkdown.  The global impact on the plant is assessed.

EDF: direct impacts are taken into account using PSA.  Indirect effects are taken into account
qualitatively.  The global impact on the plant is assessed.

5.1.4 Backed by experience
EPRI: operating experience is used to validate the list of degradation mechanisms that are
present, and ensure that it is exhaustive, and to select elements forming part of the sample to
be inspected (extensive operating experience is a selection criterion).

WOG: the approach makes use of experience data on piping failures and incorporates such
data into SRRA models.  Experience data and knowledge also plays an important role in the
expert panel categorisation process.

EDF: the OMF-Structures method uses operating experience as input data for analyses on the
relevance of degradation mechanisms, and reliability indicators calculations.  In other
respects, the OMF-Structures method carries out an economic analysis of operating
experience to determine the severity with respect to costs, and to select candidate maintenance
tasks.

���� /LFHQVDELOLW\

5.2.1 Regulatory guidance
EPRI: the approach follows the US regulatory guides, as well as the applicable codes and
standards.

WOG: the approach follows the US regulatory guides, as well as the applicable codes and
standards.

EDF: no specific guidance is available.

5.2.2 Commitment by safety authority
EPRI: the method has received in October 1999 the approbation of the NRC.  A Safety
Evaluation Report concludes to the authorisation of the generic application of the
methodology, considered as an acceptable alternative to the 10 CFR 50.55.A concerning the
RI-ISI.

WOG: the methodology has been generically approved by the NRC.

EDF:  the methodology and the pilot study (AFW system of the 900MW plants) have been
submitted to the French safety authority for review.
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5.2.3 Safety goals (public and workers)
EPRI: continue to maintain safety, and reduce the man-rem exposures with those aspects of
the piping inspection program that are not beneficial in reducing risks of severe accidents, are
two of the EPRI technical objectives for the RI-ISI methodology.

WOG: safety goals are used (in terms of CDF and LERF) which are related to public health
and safety.  Concerning man-rem exposure, the application of the methodology to the RCS
system leads to a reduction in exposure of inspection personnel.

EDF: safety is considered as the most important of the three main stakes of the OMF-
Structures method.  The application of the method does not only maintain safety, but enhances
it.  Man-rem exposure is not formally taken into account, since the method is not applied to
the RCS system.

5.2.4 Pilot experience
EPRI: various applications have been approved by the NRC, among them the Vermont
Yankee class 1 pipes, ANO1 class 1 pipes, and ANO2 full scope.

WOG: extensive pilot studies have been carried out in the USA.

EDF: six systems of the 900MW plants have been studied.  The same studies are currently in
progress for the 1300MW plants.

���� 5HWXUQ�RQ�,QYHVWPHQW

5.3.1 Full or partial scope
EPRI: the studies are made system by system, which allows either full or partial scope.

WOG: the approach may be used in a full scope or a partial scope application.

EDF: the class 1 pipes are not strictly addressed today by the OMF-Structures method.  The
studies are done by central engineering services for all the plants presenting the same design
(28 plants for the 900MW  technology, and 20 for the 1300MW).

5.3.2 Cost/benefit
EPRI: at ANO2, the volume of inspection has been reduced from 337 (ASME section XI) to
100.

WOG: in comparing the recommended piping structural elements to be inspected by NDE in
risk-informed ISI programs to current ASME Section XI locations, a greater portion of the
risk associated with piping pressure boundary failures can be addressed with the risk-informed
ISI program with far fewer examinations being required.  At Millstone-3, the risk-informed
program recommended 107 NDE examinations versus 753 ASME Section XI required exams,
and for Surry-1, 140 NDE exams are suggested versus the 386 required by the ASME Code.
At Turkey Point 3, 26 NDE exams are recommended versus the 224 required by the ASME
Code.  All applications show that examinations can be significantly reduced within the Class
1 piping, particularly the reactor coolant system (ranging from 73% to 89%).  The current
Class 2 examinations can also be significantly reduced.  However, some exams are likely to
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be reallocated and added to other Class 2 and Class 3 systems, such as service water, auxiliary
feedwater, and several others related to the specific plant design in a full plant application.  At
Surry-1, 12 NDE exams are even recommended in the non-Action Code class portions of
three systems.  However, the total number of current examinations in the Class 2 piping
systems is also reduced by 50%, even with the new additional exams in the Class 3 and non-
Code class piping segments.  A significant reduction in radiation exposure is also expected
with approximately 60-75 REM being saved over each 10-year inspection interval..

EDF: the reduction in the maintenance volume (including design modification proposals)
varies from 40% to 85%, depending on the system studied.  The application of the OMF-
Structures process has permitted to reduce the preventive maintenance programs, and to gain
on safety and availability of the plant.  The average reduction on the volume of maintenance is
about 50%, considering that the design modifications (mostly concerning vibratory fatigue)
recommended by the OMF-Structures study have been made.

���� &RQVLVWHQF\�ZLWK�RWKHU�5,�LQLWLDWLYHV

EPRI: the impact on plant safety of ISI is difficult to compare to other initiatives, since the
measure of risk is only qualitative.

WOG: the use quantitative measures for failure consequences or risk makes it possible to
compare ISI with other RI initiatives.

EDF: all RI initiatives are part of the OMF-Structures process, which considers not only
inspection, but all maintenance activities, such as testing, and design or technical specification
changes.
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���� 6XPPDU\�RI�WKH�&RPSDULVRQ

7HFKQLFDO�%DVLV

&ULWHULD :2*�$60( (')��20)�6WUXFWXUHV
0HWKRGRORJ\�

(35,

5HSHDWDELOLW\�RI
UHVXOWV

Quantitative approach to
risk assessment leading to
repeatable results

Quantitative and qualitative
approach to risk assessment
leading to repeatable results

Qualitative approach to risk
assessment which
nevertheless leads to
repeatable results, although
updating of assessments
more difficult than with
quantitative methods

$FFXUDF\�YV�
XQFHUWDLQW\

Sensitivity analyses may be
used to assess the impact of
uncertainty

Sensitivity analyses may be
used to assess the impact of
uncertainty

Sensitivity analyses
precluded by qualitative
approach

+ROLVWLF�DSSURDFK Allows assessment of direct
and indirect effects

Allows assessment of direct
and indirect effects

Allows assessment of direct
and indirect effects

6XSSRUWHG�E\
RSHUDWLQJ
H[SHULHQFH

Operating experience
acknowledged in SRRA
models and expert panel
risk categorisation process

Operating experience
acknowledged as an integral
part of the methodology

Operating experience
acknowledged as an integral
part of the methodology

Table 7: Technical Basis Comparison

A major difference between the EPRI methodology and the WOG-ASME and EDF
methodologies is that, because the EPRI methodology is essentially qualitative, it precludes
the use of sensitivity analyses to assess the effect of uncertainties.

&RQVLVWHQF\�RI�$SSURDFK

&ULWHULD :2*�$60( (')��20)�6WUXFWXUHV
0HWKRGRORJ\�

(35,

&RQVLVWHQF\�ZLWK
UHODWHG�ULVN�
LQIRUPHG�LQLWLDWLYHV

The quantitative approach
to risk-informed inspection
allows a direct comparison
with other risk-informed
initiatives.

Since the OMF-structures
process covers all risk-
informed initiatives, the
impact of inspection on
plant safety can be
compared with that of
maintenance, testing, etc on
an equal footing.

It is difficult to compare the
impact on plant safety of RI-
ISI with other risk-informed
initiatives, since the
assessment of risk is only
qualitative.

Table 8: Consistency of Approach Comparison

Because the EPRI methodology is essentially qualitative, it precludes a comparison of the
impact of risk-informed inspection on plant safety with that of other risk-informed initiatives.
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&RQIRUPLW\�ZLWK�([LVWLQJ�5HJXODWRU\�)UDPHZRUNV

&ULWHULD :2*�$60( (')��20)�6WUXFWXUHV
0HWKRGRORJ\�

(35,

&RPPLWPHQW�RI
VDIHW\�DXWKRULW\

Considered by USNRC as
an acceptable alternative to
10 CFR 50.55.a

Methodology and pilot
study (AFWS of French
900 MW plant) submitted to
the French nuclear safety
authority

Considered by USNRC as
an acceptable alternative to
10 CFR 50.55.a

([LVWHQFH�RI
UHJXODWRU\
JXLGDQFH

Follows US regulatory
guides as well as applicable
codes and standards

Follows French regulatory
documentation (RSE-M and
RCC-M)

Follows US regulatory
guides as well as applicable
codes and standards

$FKLHYHPHQW�RI
VDIHW\�JRDOV

Safety goals assessed in
terms of ∆CDF and ∆LERF,
which relate to public health
and safety; application of
RI-ISI methodology to RCS
leads to a demonstrable
reduction in man-rem
exposures

Methodology aims to
maintain plant safety;
reduction in man-rem
exposures not assessed since
methodology is not applied
to RCS

Methodology aims to
maintain plant safety and
reduce man-rem exposures

([LVWHQFH�RI�SLORW
SURMHFW�V�

Various pilot studies
approved by USNRC; pilot
studies carried out in
Sweden, Spain, Switzerland
and Korea

Pilot studies applied to
900 MW plant; pilot studies
on 1300 MW plant in
progress

Various pilot studies
approved by USNRC; pilot
study carried out in
Switzerland

Table 9: Conformity with Existing Regulatory Frameworks Comparison

It is evident that the three methodologies, although at different stages of regulatory
acceptance, all follow existing guides as well as applicable codes and standards.

5HWXUQ�RQ�,QYHVWPHQW

&ULWHULD :2*�$60( (')��20)�6WUXFWXUHV
0HWKRGRORJ\�

(35,

3DUWLDO�VFRSH�YV�
IXOO�VFRSH

Methodology may be used
in full scope or partial scope
assessments

Class 1 pipework not strictly
addressed today

Methodology may be used
in full scope or partial scope
assessments

(YLGHQFH�RI�FRVW
EHQHILW

Significant reductions in
inspection demonstrated
relative to the requirements
of ASME Section XI.

Significant reductions in
plant maintenance with
associated gains in plant
availability and safety

Significant reductions in
inspection demonstrated
relative to the requirements
of ASME Section XI

Table 10: Return on Investment Comparison

It is evident that all three risk-informed methodologies are capable of providing a significant
return on investment to the plant operator.

�� &RQFOXVLRQ
Three main RI-ISI methodologies have been used in Europe: WOG, Swedish (similar to
EPRI) and EDF’s OMF-Structures process.  These three RI-ISI processes are similar in their
principles: the same steps are conducted (segment definition, consequence evaluation, and
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failure probability assessment, risk evaluation, inspection selection).  The methods use the
same elements to evaluate the severity of consequences with respect to safety, and degradation
models or criteria are used to make a decision about the existence of degradation mechanisms.
The major differences concern the means used to perform these steps.  The main distinction to
make is between “qualitative” and “quantitative” methods.

In order to go further into the comparison of the methodologies, the task 2 of the RIBA project
consists in the extended comparison of the processes, based on the application of the SKIFS
and WOG methods on Ringhals 4 AFW and RCS systems.

Appendix 1 of the present report describes the application of the OMF-Structures process to
the French AFW 900MW system, to allow a comparison based on an application between the
methodologies.
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*ORVVDU\�RI�7HUPV�DQG�$EEUHYLDWLRQV

*ORVVDU\�RI�7HUPV

,QVSHFWLRQ: Actions which, by means of examination, observation or measurement, determine
the conformance of an item (materials, parts, components, systems, structures as well as
processes and procedures), with defined requirements.
7HVWLQJ��The determination or verification of the capability of an item to meet specified
requirements by subjecting the item to a set of physical, chemical, environmental or
operational conditions.
1RQ�'HVWUXFWLYH�([DPLQDWLRQ��an examination by visual, surface or volumetric inspection
methods.
,Q�6HUYLFH�,QVSHFWLRQ��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.
,Q�6HUYLFH�7HVW��methods and actions, performed in specified time intervals, for assuring the
operational readiness of safety related nuclear power plant components, in accordance with
specified rules and requirements.
36$: a quantitative assessment of the risk associated with plant operation and maintenance,
and measured in terms of frequency of occurrence different events including severe reactor
core damage or a breach of containment integrity.
&'): an estimate of the likelihood of a severe accident associated with reactor core damage.
/(5)�/55)��an estimate of the likelihood of a severe accident associated with an early
radioactive release from the containment.
,PSRUWDQFH�PHDVXUH��any quantitative measurement used for the risk ranking of structures,
systems and components of an industrial plant.
5LVN: used in a general sense indicate the likelihood of the occurrence of undesirable events.
In the particular sense of risk analysis, can be quantitatively defined as the product of the
frequency of occurrence of an event and the value of a variable characterising the undesirable
result of that event.
)DLOXUH��event involving leakage, rupture or conditions that would disable a component’s
ability to perform its intended safety function.
'HIHFW��an imperfection or unintentional discontinuity of such size, shape, orientation,
location or properties as to be rejectable.
/HDNDJH��hole in the wall of an enclosure, capable of passing liquid or gas from one side of
the wall to the other under pressure or concentration differential existing across the wall.
5LVN�LQIRUPHG�GHFLVLRQ�PDNLQJ�SURFHVV: insights derived from probabilistic risk assessments,
used in combination with deterministic system and engineering analyses, in order to focus
attention on issues commensurate with their importance to the nuclear safety.
([SHUW¶V�SDQHO: a group of experts experienced in operations, maintenance, PARA, ISI/IST
programs and other related activities and disciplines that impact the risk-informed decisions
under consideration.
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$EEUHYLDWLRQV

AFWS Auxiliary Feed-Water System
AOT Allowed Outage Time
ASME American Society of Mechanical Engineers
BPVC Boiler and Pressure Vessel Code
BWR Boiling Water Reactor
CCDP Conditional Core Damage Probability
CCF Common Cause Failure
CDF Core Damage Frequency
CNRA NEA – Committee on Nuclear Regulatory Activities
CSN Spanish Nuclear Safety Council (Consejo de Seguridad Nuclear)
EDF Electricité de France
ENIQ European Network for Inspection Qualification
EPRI Electric Power Research Institute
ESF Engineered Safety Features
EURIS European network of Risk-Informed in-Service inspection
FA Functional Analysis
FAR Facteur d’Accroissement du Risque (eq. RAW)
FG Functional Group
FMEA Failure Modes and Effects Analysis
FMECA Failure Modes, Effects and Criticality Analysis
FV Fussel-Vesely
GDC General Design Criteria
HELB High Energy Line Break
HSS High Safety Significance
IAEA International Atomic Energy Agency
IE Initiating Event
IGSCC Intergranular Stress Corrosion Cracking
IPERS IAEA’s International Peer Review Service
ISI In-Service Inspection
IST In-Service Testing
LERF Large Early Release Frequency
LOCA Loss of Coolant Accident
LRRF Large Radioactive Release Frequency
LSS Low Safety Significance
LWR Light Water Reactor (i.e. PWR or BWR)
MOV Motor-Operated Valve
NDE Non-Destructive Examination
NDT Non-Destructive Testing
NEA Nuclear Energy Agency
NEI Nuclear Energy Institute
NPP Nuclear Power Plant
NRC (US) Nuclear Regulatory Commission
NRWG Nuclear Regulator’s Working Group
OECD Organisation for Economic Co-operation and Development
OMF Optimisation de la Maintenance par la Fiabilité (EDF’s RCM Methodology)
OMF-S OMF-Structures (EDF’s RI-ISI Methodology)
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P&ID Process and Instrumentation Diagrams
PISC Programme for Inspection of Steel Components
PRA Probabilistic Risk Assessment (also known as PSA)
PSA Probabilistic Safety Assessment (also known as PRA)
PSR Periodic Safety Review
PWR Pressurised Water Reactor
QA Quality Assurance
R&D Research and Development
RAB Ringhals AB
RAW Risk Achievement Worth
RCC-M Règles de Conception et de Construction des Matériels Mécaniques (French NPPs

Design and Construction Code)
RCPB Reactor Coolant Pressure Boundary
RCS Reactor Coolant System
RG Regulatory Guide
RIBA Risk-Informed ISI Project of the European Commission
RI-ISI Risk-Informed In-Service Inspection
RPV Reactor Pressure Vessel
RRW Risk Reduction Worth
RSE-M Règles de Surveillance en Exploitation des Matériels Mécaniques (French NPPs

Operating and Surveillance Guide)
SG Steam Generator
SKI Statens Kärnkraftinspektion (The Swedish Nuclear Power Inspectorate)
SKIFS Statens Kärnkraftinspektions författningssamling (Statute-book of the SKI)
SOV Solenoid-Operated Valve
SRP Standard Review Plan
SRRA Structural Reliability and Risk Assessment
SS Stainless Steel
SSC Structure, Systems and Components
STI Surveillance Test Interval
T&M Test and Maintenance
TCM Technical Committee Meeting
TF Task Force
TS Technical Specification
UNESA Unidad Electrica S.A. (Association of Spanish Electric Utilities)
WEE Westinghouse Electric Europe SA
WOG Westinghouse Owners Group
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$SSHQGL[��
$SSOLFDWLRQ�RI�WKH�20)�6WUXFWXUHV�3URFHVV
WR�WKH�$):�6\VWHP�RI�)UHQFK�����0:�3ODQWV

�� 6FRSH�RI�WKH�$SSOLFDWLRQ

The Figure 2. below describes the flow diagram of the studied system.
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Figure 1: Flow Diagram of the System Studied

�� 2UJDQLVDWLRQ�RI�WKH�6WXG\�DQG�6NLOOV

The AFW-FFC study led to identify the organisation needs for several disciplines and between
these disciplines.  Several work groups controlled by a study supervisor are necessary to
achieve the required results:

• a "Functional Description and Consequences Analysis" working group ;

• a "Failure Mode and Effect and Criticality Analysis (FMECA)" working group ;

• a "Selection of Maintenance Tasks and Optimisation" working group.

The "Functional Description and Consequences Analysis" working group makes use of
several centres of expertise, and particularly:

• a Probabilistic Safety Assessment (PSA) study centre must provide an evaluation of
importance measures necessary for the study, taking account of the direct and induced
effects of failures on the Core Damage Frequency (CDF);

• experts in operation and control must provide specific data to complete the basic
documentation.



RIBA/ P(01)/Task 1 Report B4-3040/99/23123/MAR/C2

- 39 -

The "FMECA" and "Selection of Maintenance Tasks and Optimisation" working groups use
multi-disciplinary expertise that may prove to be necessary to achieve study objectives:

• experts in control must be able to provide the necessary system operating data when
requested by the "FMECA" group, to specify the input parameters for degradation and
reliability models ;

• degradation mechanism experts must contribute to select the relevant {components ;
degradation mechanism} pairs, by analysing the operating experience and providing
assistance in using the degradation models ;

• experts in Non Destructive Examination (NDE) must be available in order to approve
proposals for inspection strategies and to evaluate their efficiency ;

• experts in the development and use of reliability models must be able to carry out
reliability analyses at the request of "FMECA" or "Task optimisation" groups.

�� )XQFWLRQDO�$QDO\VLV

This step consists mainly of a functional analysis of the system and a breakdown into piping
segments.  Its purpose is to identify the "process functions" of the system and the associated
piping segments.  By principle, and for reasons of consistency, the functional descriptions of
the AFW and FFC systems made as part of the OMF for "active components" were used as a
reference to determine the process functions dealing with this study.  Process functions in
accident situations are taken into account through Probabilistic Safety Assessment (PSA)
results that are used in the consequence analysis.

For the AFW and FFC piping segments, the "process functions" are:

• "keep available at all times" (AFW) ;

• "feed the 3 steam generators in non-accident situation with the turbo-pump" (AFW) ;

• "feed the 3 steam generators in non-accident situation with one or 2 motor-pumps" (AFW)
;

• "feed the 3 steam generators during normal operation of the plant" (FFC).
 

�� &RQVHTXHQFH�$QDO\VLV

The three stages of the selection phase act as a set of successive filters, used to limit the
number of components where preventive maintenance tasks will be applied.  The first filter of
the selection phase lies in the examination of failure consequences, resulting in the
identification of severe consequence failure modes and segments concerning safety,
availability and maintenance costs.  For this purpose, the severity of each possible failure
mode consequences is evaluated at the plant level.

The feared failure modes for the piping segments are: External Leak (E.L.), Pipe Break (P.B),
Loss of Hydraulic Characteristics by Blockage (L.H.C.B.), Loss of Physicochemical
Characteristics (L.P.C.) and Loss of Thermal Characteristics (L.T.C.).
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In order to evaluate the severity with regard to safety, this step makes use of Probabilistic
Safety Assessment (PSA) models and various deterministic aspects (incident and accident
procedures, technical operating specifications (OTS), classified "Important To Safety"
equipment).

A prior analysis of the induced effects of pipework failures is necessary before PSA models
can be used.  This analysis is based on "High Energy Pipe Failure" existing documents: they
allow taking into account the indirect effects of jet, flooding, whipping...

For a PSA modelled piping segment failure mode, a specific indicator called FAR (equivalent
to RAW) is estimated.  It represents the relative increase of core damage frequency due to the
mode, assuming that the equipment failure is certain.  For the OMF-Structures needs, the FAR
is calculated by taking into account the direct effects and induced effects of the failure,
assuming conservatively that all equipment affected by the failure mode are unavailable.

Definition : FAR = [CDF1 - CDFref] / CDFref, where CDF1 denotes the conditional Core
Damage Frequency when the considered failure mode is certain and CDFref denotes the
reference Core Damage Frequency of the plant.

A piping failure mode is declared :
• "Very safety severe", if FAR ≥ 1000% or if the failure mode realisation leads to an

Accidental Procedure;

• "Safety-severe" if one of the following conditions is fulfilled : 5% ≤ FAR < 1000%, or it
leads to the application of an Incidental Procedure, or it leads to the application of an
Operating Technical Specification (OTS), or the Regulatory Safety Class of the piping
segment is 1, 2 or 3;

• "Non safety-severe" else.

The system is broken down into 19 segments.  Four segments: 01, 04, 13 and 14 (represented
in bold font on Figure 1), are “very safety severe”.  The others are “safety severe”.  For piping
segments 01, 04 and 13, "High Energy Pipe Failure" documents show that no indirect effect is
feared, whereas for the piping segment 14, an indirect effect by whipping on segments 11 and
17 is possible: the latter is considered as certain for the calculation of the FAR (i.e. the FAR
of the piping segment 13 is evaluated, considering that piping segments 13, 11 and 17 are
simultaneously unavailable).  The Table 1 below gives the severity of the failures modes of
the 19 segments.

For the "Pipe Break" failure mode, the severities were identified by using the FAR value
because this mode was modelled in the PSA.  On the other hand, for the severity of the
"External Leak" mode the PSA model was not used.  It was nevertheless declared "safety
severe" for the piping segment 04 because it leads to the application of an Operating
Technical Specification (OTS): the AFW system must be shut down if the failure cannot be
repaired within a 6 hours time interval.



RIBA/ P(01)/Task 1 Report B4-3040/99/23123/MAR/C2

- 41 -

 )*  )DLOXUH�0RGH  6HYHULW\

 01/02/03  External Leak  9HU\�VDIHW\�VHYHUH�
 VHYHUH�IRU�DYDLODELOLW\

  Pipe Break  9HU\�VDIHW\�VHYHUH�
 VHYHUH�IRU�DYDLODELOLW\

  Loss of chemical characteristics  Severe for costs
 13
 19

 External Leak  Safety severe,
 severe for availability

 20  Pipe Break  9HU\�VDIHW\�VHYHUH�
 VHYHUH�IRU�DYDLODELOLW\

  Loss of chemical characteristics  Severe for costs
 04/05/06 A
 04/05/06 B

 External Leak  Safety severe,
 severe for availability

 07/08/09
 08/10/12

 Pipe Break  Safety severe,
 severe for availability

 14
 15/16 A
 15/16 B

 17 A
 

 17 B

 Loss of chemical characteristics  Severe for costs

 18  External Leak  Safety severe,
 severe for availability

  Pipe Break  Safety severe,
 severe for availability

  Loss of chemical characteristics  Safety severe
 

  Loss of thermal characteristics  Severe for costs

Table A1.1: AFW-FFC Piping Segment Severities

�� &ULWLFDOLW\�$QDO\VLV

The purpose of this step is to select critical components and failure modes.  This step
considers equipment in more detail (components = welds, elbows...).  For each significant
failure mode, the objective is to carry out a Failure Modes, Effects and Criticality Analysis
(FMECA) at a more detailed equipment level.  It uses the information derived from operating
experience, degradation models, reliability models and expert judgements.  The FMECA acts
as a "two levels" filter:

• The first level eliminates failure modes for which there is no relevant {component;
degradation mechanism} pair.  This is the case when there is no degradation mechanism
likely to cause any failure until the end of plant life Tplant.  This analysis is based on
operating experience and degradation models.

• The second level refines the first selection and only keeps critical components and failure
modes by performing an evaluation of the failure occurrence frequency at Tplant.  This
analysis is based on reliability models, expert judgements and operating experience.
Quantitative reliability indicators can be obtained by means of reliability models, whereas
qualitative indicators are based on expert judgements.
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Finally, the combination of the potential consequences and the reliability indicators results in
a risk indicator.  By comparison to a threshold, this indicator whether the component is critical
or not with respect to safety.

 'HJUDGDWLRQ�0RGHOV�
The degradation models solve two successive problems:

 

• first, the existence of an active degradation mechanism on the studied component: in such
a case, the {component; degradation mechanism} pair is declared "sensitive" ;

• secondly, the potential for the degradation mechanism to lead the component to fail over
the plant lifetime: if so, the {component ; degradation mechanism} pair is declared
"relevant".

The sensitivity is generally evaluated by using simplified criteria, whereas the relevance takes
account of the degradation kinetics over the plant life.

 5HOLDELOLW\�0RGHOV�DQG�([SHUW�-XGJHPHQWV�
A Bayesian or structural reliability model can be used if the stake of the component (at least
safety-severe or availability severe) justify such a quantitative investigation and if data are of
good accessibility.

On the other hand, qualitative expert judgements are used when either quantitative models to
be used are too expensive  with regard to the stake associated to the component (only
maintenance severity, for example), or there is no applicable reliability model for the
considered {component; degradation mechanism}.  When properly argued and justified,
qualitative expert judgements allow to confirm or to relax the results of the degradation
models: a failure mode for which a degradation mechanism is relevant is generally declared
critical by experts.  Nevertheless, in some cases, considering operating conditions and
analysing the conservatism of degradation models, the experts may decide to classify such a
relevant failure mode as non-critical, (this case was not met in the AFW-FFC study).
 
 6HOHFWLRQ�RI�&ULWLFDO�)DLOXUH�0RGHV�
The critical failure modes are selected  by using the severity of the failure mode (very safety-
severe, safety-severe, availability-severe or cost-severe), the relevant {component;
degradation mechanism} pairs and the quantitative or qualitative reliability indicators (if they
can be assessed) for relevant {component; degradation mechanism} pairs.  This information
are used as follow :

• a very safety-severe failure mode, for which there is at least one relevant {component;
degradation mechanism} pair, is directly declared safety-critical.  If no {component;
degradation mechanism} pair is relevant, the mode is non safety-critical;

• for a safety-severe, availability-severe or cost-severe failure mode :

- if the only available information concerns the relevance of {component; degradation
mechanism} pair, a severe failure mode is declared critical if and only if at least one
{component; degradation mechanism} pair exists;
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- if quantitative or qualitative reliability indicators are available (using reliability models
and/or expert judgements), the failure mode is declared critical if and only if its
resulting risk indicator exceeds a threshold.  The risk indicator (product of the severity
and the reliability indicator) can be expressed by the Fussel-Vesely: FV = CDFl /
CDFbase, where CDFl denotes the core damage frequency, taking into account the
assessed failure rate l of the considered component.  The criticality threshold for safety is
the same than for the active components: FVcritical = 1,001.

$SSOLFDWLRQ�WR�WKH�$):�))&�6WXG\�
The following degradation mechanisms were studied for the AFW and FFC systems:
corrosion-erosion, cavitation erosion, generalised and pitting corrosion, thermal fatigue,
vibrational fatigue, stress corrosion cracking.  For this purpose, specific EDF degradation
models have been applied.

Observation : Due to the limited available input data, conservative assumptions were made
about mechanical stresses, initial defects.  Moreover, for reliability models, the failure
criterion considers that the structure fails when the design regulatory thickness is reached,
whereas this does not really correspond to a failure since it includes safety factors.  Therefore,
the results presented in the Table 2 are obviously quite conservative.
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)* )DLOXUH
PRGH

6HYHULW\ (OHPHQW 'HJUDGDWLRQ
PHFKDQLVP

&ULWLFDOLW\

01/02/03 E.L 9HU\�VDIHW\�VHYHUH�
VHYHUH�IRU�DYDLODELOLW\

Pipe
Pipe

Corrosion-erosion
Thermal fatigue

&6��&$

Nozzle Vibrational fatigue 1&
P.B. 9HU\�VDIHW\�VHYHUH�

VHYHUH�IRU�DYDLODELOLW\
Pipe
Pipe

Corrosion-erosion
Thermal fatigue

&6��&$

04/05/06 A E.L. Safety severe,
severe for availability

Nozzle Vibrational fatigue &6��&$

04/05/06 B
07/09/11

E.L. Safety severe,
severe for availability

Nozzle
Nozzle

Cavitation- erosion
Vibrational fatigue

&6��&$
&6��&$

P.B. Safety severe,
severe for availability

Pipe Cavitation -erosion &6��&$

08/10/12 E.L Safety severe,
severe for availability

Nozzle Vibrational  fatigue &6��&$

13 P.B. 9HU\�VDIHW\�VHYHUH�
VHYHUH�IRU�DYDLODELOLW\

Pipe 1&

15/16/17 A E.L Safety severe,
severe for availability

Nozzle Vibrational fatigue &6��&$

15/16/17 B E.L Safety severe,
severe for availability

Nozzle Vibrational fatigue &6��&$

18 E.L

L.T.C.

Safety severe,
severe for availability

Severe for costs

Nozzle
Nozzle

Pipe

Corrosion-erosion
Vibrational fatigue

Insulation degradation

&6��&$
&6��&$

&&
19 P.B. 9HU\�VDIHW\�VHYHUH�

VHYHUH�IRU�DYDLODELOLW\
Pipe 1&

20 P.B. 9HU\�VDIHW\�VHYHUH�
VHYHUH�IRU�DYDLODELOLW\

Pipe 1&

Table A1.2: Results of the Criticality Analysis

It can be seen that GF 01/02/03 (pipe connection) and GF 13, 19 et 20 (pipework), have been
declared non-critical despite their "Very severe safety" and "Availability" severities, since
there are no relevant "components/degradation mechanisms" pairs.

,Q�JHQHUDO��WKH�ODFN�RI�DQ\�RSHUDWLQJ�H[SHULHQFH�DQG�WKH�FRQVHUYDWLVP�LQ�GHJUDGDWLRQ�DQG
UHOLDELOLW\�PRGHOV�DUH�VXFK�WKDW�WKH�UHOHYDQFH�DVVRFLDWHG�ZLWK�DQ�H[SHUW¶V�MXGJHPHQW�ZDV
FRQVLGHUHG�D�SUHSRQGHUDQW�HOHPHQW�LQ�GHWHUPLQLQJ�FULWLFDOLWLHV�

�� 'HILQLWLRQ�RI�3UHYHQWLYH�0DLQWHQDQFH�3URJUDPV

The maintenance optimisation phase is based on concepts similar to those already developed
in the OMF for active components.  The aim of this phase is to define maintenance policies to
apply against critical failure modes.

The conclusion of this phase is a global choice of maintenance for the system, including:

• a corrective maintenance part;
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• a preventive maintenance part, in which the nature of the tasks, their intervals and volume
(subset of components to be covered by tasks) are defined;

• a part consisting of technological changes, or changes in operating conditions, or
functional changes to systems in order to eliminate the causes of some failures for which
there is no satisfactory maintenance program.

First, the maintenance is qualitatively oriented: the objective is to determine guidelines for
modifying the current maintenance program.  Preventive maintenance must be defined for
critical components whereas non-critical components are let to corrective maintenance.  On
very safety severe but non-critical components, in some cases (following expert opinions) it
may be decided that additional measures have to be taken involving preventive maintenance
tasks.

Then, tasks are selected: they are effective and applicable and are designed to eliminate feared
failure modes.  These tasks are associated with intervals and a subset of components to be
covered.  The {tasks; intervals; component subset} triplets determined in this step are called
"candidate scenarios".  A detailed analysis of operating experience and information derived
from degradation and reliability models are of great importance in selecting these candidate
maintenance scenarios.  Each candidate scenario is selected for its efficiency, applicability
(concerning the feared failure mode) and cost reduction.  Various types of preventive
maintenance tasks are systematically sought : routine servicing, lubrication, in-service
inspection, and testing, systematic replacement.
 
The characterisation of the active degradation mechanisms makes possible an adaptation of
preventive maintenance tasks; knowing the time dependency of reliability indicators (linked to
the degradation kinetics) enables the optimisation of the frequency of the selected
maintenance tasks.  For highly risk-significant components, a probabilistic optimisation may
be recommended.

At end, the future maintenance programmes are generated by choosing the most suitable
maintenance scenario for each item of equipment.  This final choice will be made at the same
time as scenarios are grouped together at the most suitable equipment level.  For structures
with high stakes, this step may result in committing means designed to enrich the information
used to make the final maintenance decision.

The steps of the selection phase have permitted to reject from the scope of the study the non-
critical components.  It is unworthy to develop preventive maintenance policies for them.  A
preventive maintenance task such as an inspection will indeed be expensive and useless if you
do not know the kind of degradation you are looking for.
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 )*  'HJ��0HFKDQLVP  ([LVWLQJ�3UHYHQWLYH�0DLQWHQDQFH
3URJUDP��3%03�

 )UHT�  3URSRVHG�WDVNV  )UHT�

 *)��������7<5  Thermal fatigue  gamma radiography on welds from
check valve FFCS to SG and welds
on SG.
 Ultrasound on AFS nozzle weld on
FFCS - 1 pipe every refuelling
shutdown

 3RS  3%03��QR]]OHV�ZHOGV��SOXJV
IRU�UDGLRJUDSK\��H[KDXVW�QR]]OH

 3RS

  Corrosion-erosion

 
 as above (gamma on welds)
 

 3RS  gamma radiography on welds
from check valve FFCS to SG
and welds on SG.
 Once the mechanism detected,
Ultrasound monitoring.

 defin.
by BRT
Cicero

 *)��������$7<5  Vibrational fatigue  Liquid penetrant inspection of nozzles
510/540,570 VD (odd units) and
512/513/514 VD (even units) and
nozzles without check valves

 1RS  3%03�DQG�QR]]OHV������������
9'��������������9'

 1RS

 *)��������%7<5  Cavitation erosion  Gamma radiography elbow after
11/12/13DI
 1 pipe every 2 RS

 6RS  3%03���*DPPD�UDGLRJUDSK\�RI
ZHOGV�DIWHU�GLDSKUDJPV
���������',�����SLSH�HYHU\���56

 6RS

  Vibrational fatigue  Liquid penetrant inspection - 01/02/03
MP, 838/839 VD(401 KD), 833/834
VD(402KD), 843/844 VD (403 KD),
51,52,53 VD and nozzles without
check valves

 1RS  3%03  1RS

 *)��������7<5  Vibrational fatigue  Liquid penetrant inspection - 57/59/61
YP and nozzles without check valves

 1RS  3%03  1RS

  cavitation erosion  Visual inspection after 12/14/16 VD  10 y.  3%03  10 y.

 *)����������7<5  Vibrational fatigue  Liquid penetrant inspection 58/60/62
YP and nozzles without check valves

 1RS  3%03  1RS

 *)������$�7<5  Vibrational fatigue   1RS  /LTXLG�SHQHWUDQW�LQVSHFWLRQ�RI
QR]]OHV�������<3����������9'�
H[KDXVW�QR]]OHV��UHIULJHUDWLRQ
SXPSV�QR]]OHV�����DQG�����5)
DQG�QR]]OHV�ZLWKRXW�FKHFN
YDOYHV

 1RS

  Vibrational fatigue    /LTXLG�SHQHWUDQW�LQVSHFWLRQ��
,QOHW�������32

 1RS

 *)������%�7<5  Vibrational fatigue  Liquid penetrant inspection - Nozzles
04/05 MP and nozzles without check
valves

 1RS  3%03��OLTXLG�SHQHWUDQW
LQVSHFWLRQ�DQG�PLQLIORZ�QR]]OH�

 1RS

 *)����$  Vibrational fatigue    /LTXLG�SHQHWUDQW�LQVSHFWLRQ�RI
QR]]OHV���<3����9'��H[KDXVW
QR]]OHV���UHIULJHUDWLRQ�SXPSV
QR]]OHV�����5)�DQG�QR]]OHV
ZLWKRXW�FKHFN�YDOYHV�

 1 RS

 *)���%  Vibrational fatigue  Liquid penetrant inspection Nozzle 06
MP and nozzle without check valve

 1RS  3%03���OLTXLG�SHQHWUDQW
LQVSHFWLRQ�RI�PLQLIORZ�QR]]OH

 1 RS

 *)���  Corrosion-erosion
Vibrational fatigue

   9LVXDO�LQVSHFWLRQ�RI�H[KDXVW
V\VWHP��QR]]OHV��ZHOGV�������

 1RS

  Insulation deg.  Visual inspection of insulation  2RS  9LVXDO�LQVSHFWLRQ�RI�LQVXODWLRQ  2 RS

   7DVNV�GHOHWHG    

 *)���  corrosion-erosion  gamma radiography or ultrasound  1st
elbow before 01 ZE and  2d elbow
before 138 VV

 10 y.   

  corrosion-erosion  visual inspection before/after 137/138
VV

 10 RS   
 *)����������7<5  Cavitation-erosion  Visual inspection after 13/15/17 VD  10 y.   
 *)���������%  Vibrational fatigue  Liquid penetrant inspection -Welds of

24/25/26 VD
 10 y.   

 *)���������  Vibrational fatigue  Liquid penetrant inspection -Nozzle
AFS

 1RS   

Table A1.3: Summary of Preventive Maintenance Tasks Proposed
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Globally, these new preventive maintenance programs ensure that all risk-significant failure
modes are covered at a minimal cost.

�� &RQFOXVLRQ

The AFW-FFC pilot study resulted in a very positive balance sheet.

• It permitted to develop and validate the OMF-Structures method.

• It led to the optimisation of preventive maintenance programs for AFW pipes.  These
updated preventive maintenance programs confirmed and justified a large proportion of
existing maintenance, despite a few inspection tasks were suppressed and a few
inspection tasks were added.  Globally, these new programs guarantee a better safety
level, insuring that preventive maintenance is applied on piping segments where risks are
concentrated.

• Moreover, by defining tasks against critical failure modes, OMF-Structures avoids useless
or redundant preventive tasks.  Consequently, it ensures that the safety is maintained
involving an optimal economic cost.
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Summary

This report, the second of three reports issued by the RIBA project, presents the results of
Task 2 of RIBA project, which involves the presentation and evaluation of a selected pilot
study of risk-informed in-service inspection (RI-ISI) of piping that has been performed for a
European NPP.

The pilot study selected for Task 2 was that performed by Westinghouse for the Ringhals Unit
4 PWR of Ringhals AB, using the methodology that was developed by the WOG in
conjunction with the ASME Research task force.

In this report a comprehensive review of the Ringhals pilot study is made taking into
consideration the methodology, results, conclusions and recommendations of that study.
A critical review of the outcome of the pilot study is provided, in which the results of the
study are compared with the current ISI programme at Ringhals and a general comparison is
made between the WOG risk-informed approach and the SKIFS risk-informed approach that
has been followed in Sweden.

The WOG RI-ISI process was applied on a limited scope basis to the Ringhals 4 reactor
coolant system (RCS) and the auxiliary feedwater system (AFW). In this pilot study, 42
piping segments were identified to be high safety-significant out of 102 total piping segments.
The AFW system included 12 high safety-significant piping segments while the RCS system
included 30 high safety-significant piping segments. The 12 AFW segments identified in the
RI-ISI programme should be considered for inclusion in the plant erosion-corrosion
programme. For the RCS system, 34 welds are suggested for inspection in the risk-informed
ISI programme while 44 are currently being examined.

By examining the suggested high safety-significant piping segments for AFW and RCS, the
total piping core damage frequency is reduced when applying the RI-ISI programme. In
addition, at least 89% of the risk associated with potential pressure boundary failures in the
AFW and RCS is addressed with the WOG RI-ISI programme, while less than 50% of this
same risk is addressed by the current Ringhals ISI programme.

Because the RI-ISI study results in fewer RCS weld examinations, if it were implemented the
personnel radiation exposure should also be reduced since fewer examinations would be
performed inside containment.

This study has also allowed to compare and contrast a qualitative RI-ISI methodology (the
current SKIFS approach) with a quantitative RI-ISI methodology (the WOG method). The
study has shown that there is much common ground between the two approaches, however
there are certain differences, mainly in the area of consequence determination, which lead to
significantly different outcomes of the two ISI planning methods.
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��� ,QWURGXFWLRQ�DQG�3XUSRVH
 This, the Task 2 Report of the RIBA Project, describes the criteria for selection of RI-ISI
methodologies and the choice of components/systems for a practical application.  Two
practical applications are described.  These relate to the reactor coolant system (RCS) and
auxiliary feedwater system (AFWS) of the Ringhals Unit 4 PWR, which have recently been
the subject of an RI-ISI pilot study performed by Westinghouse Electric Europe using WOG-
ASME RI-ISI methodology.
 
 The following items are covered in describing the above pilot study:
 
- selection of the system and associated components

- selection of risk-informed methodology to be applied to the designated system and
associated components

- implementation of the risk-informed analysis methodology

- analysis of the results and main conclusions

In addition, a comparison is made between the WOG-ASME methodology and the
requirements of the existing Swedish SKIFS approach in terms of set criteria.

���� 'HWDLOHG�'HVFULSWLRQ�RI�7DVN��

1.1.1 Selection of a system and associated components
Bearing in mind the threefold objectives of implementing RI-ISI, i.e. to:

a) better utilise and focus utility resources,

b) minimise personnel radiation exposure,

c) maintain or enhance plant safety and reliability,

two different systems have been addressed, which serve to highlight and contrast the different
aspects of RI-ISI technology.

The two systems selected in this case were the reactor coolant system (RCS) and the auxiliary
feedwater system (AFW) at Ringhals unit 4, which have recently been the subject of an in-
depth RI-ISI pilot study performed by Westinghouse (Ref.1).

The reasons for the selection of these particular systems are given in Section 2.1. The RCS
and AFW systems and their pertinent components are described in further detail in Section
2.2.  The components forming the subject for this study are the piping and associated welds of
these two systems.

1.1.2 Selection of risk-based methodologies
Of the various RI-ISI procedures to be analysed in Task 1, the WOG methodology was
selected by the project team to be the most appropriate subject for Task 2.  At the time of the
tender, the WOG method (Ref.3) was on the point of being the first RI-ISI approach to be
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approved by the NRC and it was beginning to be applied in pilot projects in a number of
European countries.

The choice of Ringhals as the subject plant for Task 2 allows to contrast the quantitative RI-
ISI methodology of the WOG with the qualitative RI-ISI approach already in place in Sweden
(Ref.2), thus fulfilling the intent to examine two different methodologies in this Task.

In order to select an adequate risk-based methodology (for ISI or for other plant activities) it
is first necessary to establish a basis for selection.  The following criteria were proposed:

• 7HFKQLFDOO\�VRXQGQHVV:
- Repeatable and traceable process
- Good balance between accuracy and uncertainty
- Holistic approach
- Backed up by operating experience.

• 6DIHW\:
- Existence of regulatory guidance documents
- Commitment by safety authorities
- Achievement of safety goals (with respect to public and workers)
- Pilot project experience

• (FRQRPLF�UHWXUQ, compared to classical ISI approaches:
- plants should be able to chose between partial scope or full scope applications
- cost of study (incl. licensing) should be outweighed by quantifiable benefits

• &RQVLVWHQF\ with and comparable to other plant RI initiatives:
- this allows plants or regulators to favour or not a particular plant programme or

modification

These criteria will be compared against the results of the Ringhals 4 application in the
discussion and conclusions section of this report.

1.1.3 Implementation of risk-based analysis methodologies
This report presents the implementation of the SKIFS risk-based ISI methodology in section 3
and the implementation of the WOG RI-ISI methodology in section 4.

1.1.4 Analysis of results and main conclusions
Section 5 of this report presents the detailed results of the Ringhals 4 pilot study, while in
section 6 comparisons are made between the results of the WOG methodology and the current
Ringhals ISI programme.  Conclusions and recommendations, with respect to the above
mentioned selection criteria , are presented in section 6.4.
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��� %DFNJURXQG�WR��DQG�RYHUYLHZ�RI��WKH�5LQJKDOV�3LORW�6WXG\

���� %DFNJURXQG�WR�5LQJKDOV�3LORW�6WXG\

Before 1988, inspection programmes for reactor vessels at Ringhals were based on ASME
Section XI, while piping and other components were inspected according to Swedish pressure
vessel and piping regulations. A risk-informed system for ISI allocation of piping components
was however introduced in 1988 and then formalised into Swedish nuclear regulations in
1994 (Ref.2).

The system uses three risk categories, control groups A, B and C, where the assignment into
such control groups is based on a damage index and a consequence index. The damage index
is a qualitative measure of the likelihood for crack formation or other degradation process will
occur in the specific component, and is determined by the probable loads and environment in
relation to dimensions and material properties of the component. The consequence index
gives a qualitative measure of the likelihood that such a crack or other degradation process
will result in loss of coolant to the reactor core or damage to the reactor containment leak-
tightness.

Since the introduction of this qualitative system, new systems both qualitative and
quantitative have been developed. The promising results achieved in pilot studies using the
ASME-WOG methodology created an interest to investigate the potential benefits of applying
it to Swedish PWRs. Pilot studies in the USA had for natural reasons used the ASME XI code
for comparison. For Swedish purposes a comparison would have to be made against the
control group assignment as described above. The reason for choosing a quantitative approach
instead of a qualitative method, was that Ringhals considered that a qualitative method was
likely to give results that would be very similar to those of the SKIFS methodology. It was
then more interesting to investigate potential benefits of using quantitative methods.

A decision was made to carry out a pilot study for one of the Swedish plants, Ringhals 4. The
Westinghouse Owners Group methodology was chosen and applied to two plant systems. The
first system was the Reactor Coolant system, including the RCS loop piping as well as the
auxiliary piping connected to the RCS loop up to the first isolation valve. The Swedish rules
direct a large portion of ISI to this system. The second system was the Auxiliary Feed Water
system with very limited requirements for ISI.

The application of the Swedish rules has in the past years shown a tendency to move a high
percentage of the ISI to systems close to and connected to the reactor vessel. These
inspections are technically difficult and must be carried out in areas with high dose rates. It
was then interesting to investigate if reduced inspection in these areas could be compensated
by enhanced inspections in other areas without increase in Core Damage Frequency (CDF).
At the same time possible savings in costs and radiation exposure could be evaluated.

The selection of RCS piping segments in the scope is intended to be consistent with the large,
medium and small LOCA initiating events as used in the Ringhals Unit 4 Probabilistic Safety
Assessment (PSA).
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Extending the risk-informed in-service inspection process to the auxiliary feed-water system
provides the advantage of compensating the reduced inspection requirements on low safety-
significant locations by enhanced inspection strategies in some other high safety-significant
areas.  The overall plant risk (core damage frequency) improvement can then be evaluated
from the application of the risk-informed inspection programme to the various plant systems.
This would result in a comparison of risk-significance of two systems and illustrate the
potential impact of risk-informed inspection programmes on overall plant risk.

���� 5LQJKDOV�XQLW���SODQW�VSHFLILF�LQIRUPDWLRQ

Ringhals Unit 4 is a three loop Westinghouse design pressurised water reactor.  Commercial
operation began in November 1983.  The two systems that are part of this study are described
below.  Simplified piping & instrumentation diagrams (P&IDs) for these systems are given in
Appendix B.

The auxiliary feedwater system (AFW) is designed to supply feedwater to the steam
generators during plant startup, cooldown, and emergency conditions when the normal
feedwater supply is unavailable.  The system contains two motor driven pumps and one
turbine driven pump.  Each of the motor driven pumps is sized to supply the steam generators
with 100 percent of the required feedwater flow for a safe cooldown of the Reactor Coolant
System (RCS).  The turbine driven pump is designed to operate with steam produced in the
steam generators and to deliver sufficient feedwater flow to safely cooldown the RCS.  Piping
in the AFW system is of carbon steel.  Suction piping from the raw water reservoir is
galvanised.

The Reactor Coolant System (RCS) transfers the heat produced by the nuclear reaction in the
core to the steam generators, where steam is generated to drive the turbine generator.  The
water also acts as a neutron moderator, reflector, and a solvent for the neutron absorber.  The
piping provides a boundary for containing the primary coolant under operating pressures and
temperatures.  It serves to confine radioactive material and limits its uncontrolled release to
the secondary system and to other parts of the unit.  A portion of the reactor coolant piping is
used by the safety injection system to deliver cooling water to the core for emergency core
cooling during a loss-of-coolant accident (LOCA).  The RCS system provides a closed
pressure boundary that limits the leakage or discharge of radioactive coolant into the
containment, into the turbine cycle (e.g., the steam and feedwater systems), and into
interconnecting supporting and supported systems.

The current in-service inspection programme for piping at Ringhals Unit 4 is already risk-
informed, as the selection of inspection locations is based on considerations of piping
susceptibility to failure as well as consequences of pipe failures.  The risk-informed ISI
application described in this report allows a comparison of the Westinghouse Owners Group
process results to the current Ringhals programme.  Augmented inspections, that are
performed under the plant erosion-corrosion programme in the AFW system, are credited in
the evaluation of both the current Ringhals inspection programme and the suggested risk-
informed ISI programme.  Also, the process will provide a justification of an inspection
programme based on quantified piping structural reliability and corresponding plant core
damage frequency and large early release frequency.
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The Ringhals Unit 4 probabilistic safety assessment (PSA) was performed in which the
likelihood of core damage is analysed (Level 1).  The Level 1 PSA is a method to
systematically survey risks at operation (disturbances at normal operation due to faults
occurring in the plant).  The results of the Level 1 PSA are shown in Appendix A.



RIBA/P(01)/02 B4-3040/99/23123/MAR/C2 : Task 2
_________________________________________________________________________________________

6

��� 6XPPDU\�RI�6ZHGLVK�,6,�5XOHV�DQG�WKHLU�$SSOLFDWLRQ�DW�5LQJKDOV

���� &XUUHQW�,6,�5XOHV�DQG�*XLGHOLQHV�LQ�6ZHGHQ

The approach to inspection adopted by Swedish utilities addresses all pressure retaining
components and is aimed at finding defects.  The approach recognises the design safety class
but is not PSA orientated. A set of screening criteria (e.g. carbon content in austenitic
components) is used to identify the potential degradation mechanisms for each weld and
expert judgement applied to assess the probability of failure.

The Swedish Nuclear Power Inspectorate’s Regulations (Ref.2) use risk-informed principles
in assigning components and parts of components to inspection groups A, B or C.  This
assignment takes into account the probability of cracking or other degradation in a specific
component as well as the potential consequences of a failure. Structural components for
which the resulting risk is highest are assigned to inspection group A; those for which the
resulting risk is lowest are assigned to inspection group C.  Inspection group B covers
intermediate risk components.

All butt welds in the RPV and the internal surfaces of RPV nozzles and safe-end welds are
assigned to group A and must be inspected at intervals not exceeding 10 years.  Other
pressure boundary components in group A, and 10% of components in group B, must be
inspected at intervals necessary to ensure adequate safety margins with respect to failure.
These intervals are based on considerations of damage tolerance.  They are normally set with
reference to the time estimated for a postulated defect to grow to the maximum extent for
which adequate safety margins are considered to exist, when all potential damage mechanisms
have been considered.  Again, the interval between in-service inspections must not exceed 10
years.  The inspection of components in group C must as a minimum comply with regulations
of The Swedish Board of Occupational Safety and Health concerning the inspection of
boilers, and suchlike.

The risk-informed principles are based on the assignment of components to inspection groups
A,B or C on the basis of a damage index (I, II or III) and a consequence index (1, 2 or 3).  The
damage index provides a measure of the likelihood of crack initiation or the occurrence of
other damage mechanisms in a specific component.  It is determined by the probable loads
and environment in relation to the component’s characteristic dimensions and material
properties.  The consequence index provides a qualitative measure of the likelihood that such
damage will jeopardise the fuel, the containment leak tightness or lead to the discharge of
significant amounts of radioactivity.  It is determined mainly by the margin to prevent severe
consequences were a failure to occur.  The following table shows the resulting inspection
groups:
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0DWUL[�IRU�DVVLJQLQJ�LQVSHFWLRQ�JURXSV�DFFRUGLQJ�WR
FRQVHTXHQFH�DQG�GDPDJH�LQGLFHV��5HI���

&RQVHTXHQFH�LQGH['DPDJH
,QGH[ � � �

, A A B
,, A B C
,,, B C C

Examples of parameters used to determine indices:
  Consequence index:
      1) RCPB piping of nominal diameter (DN) > 150 mm
      2) RCPB piping with 150 mm ≥ DN ≥ 20 mm
      3) other ping connected to the RCS and piping forming
          part of the containment barrier
  Damage index:
      I) zones prone to: significant thermal mixing, erosion,
          corrosion, vibration, high fatigue usage, known damage
          in similar locations
     II) zones without active mechanisms but with significant
          fatigue usage or operational stress
    III) zones without active mechanisms and without
          significant fatigue usage or operational stress

Qualification of non-destructive inspection systems includes all the equipment, procedures
and the accompanying instructions, as well as the personnel. The qualification procedure
follows in principle the ENIQ methodology.

���� 5LQJKDOV�&XUUHQW�,6,�3URJUDPPH

The Swedish rules, described above, have been applied to all relevant parts of the plant.
As an example, the application of the rules to the reactor coolant system in Ringhals 4 is
described here below.

The material of the primary loop piping is cast stainless steel. To determine a damage index
the following parameters have been considered:

• Mixing of flows with different temperatures. Temperature difference. > 100 degrees C.
• Erosion/corrosion potential
• Thermal sleeves and/or crevices
• Vibrations
• Dissimilar metal welds
• Usage factor
• Flaws, industrial experience
• Damage mechanisms
• High temp. + Nickel alloys
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• High temp. + cold worked parts
• High neutron flux

For the main loop piping none of these parameters were determined to be relevant and
consequently damage index 3 was chosen. For some of the other parts, such as the 6” SI hot
leg, charging nozzles and surge line, damage index 2 was chosen due to some uncertainties
regarding usage factors.

The consequence index was determined as follows. Main welds in hot leg, cross over leg and
cold leg were given consequence index 1. Cold leg, connecting pipes with diameters between
20 and 150 mm were given consequence index 2. Finally, hot leg and cross over leg
connections with diameters between 50 and 70 mm were given consequence index 3.

The result is that all main welds and some the connections are in control group B. The safe-
end to vessel welds are an exception and fall into control group A, which is due mainly to the
dissimilar metal welds with Inconel butterings. However, as the safe-end to vessel welds are
considered as part of the vessel and are addressed in the vessel ISI programme, they were not
included in the pilot study which focussed on ISI of piping. All other piping welds are
classified as control group C.  For the reactor coolant system a total of 44 piping welds were
selected for ISI.

The figure given in Appendix F gives an overview of the results for a typical reactor coolant
loop, with the control group (A, B or C) indicated for each piping weld.  It should be noted
that this diagram is limited to the welds in the piping inspection programme and therefore
does not show the welds that are part of the reactor vessel and reactor coolant pump
inspection programmes.
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��� 'HVFULSWLRQ�RI�:2*�0HWKRGRORJ\�DV�$SSOLHG�LQ�WKH�3LORW�6WXG\
This section describes the Westinghouse Owners Group (WOG) Risk-Informed In-Service
Inspection (RI-ISI) methodology that has been applied in the pilot study performed for
Ringhals Unit 4.

���� %DFNJURXQG�WR�WKH�:2*�0HWKRG

Risk-informed methods for application to In-Service Inspection (ISI) programmes for nuclear
power plant piping systems have been developed and first applications have been performed
and are currently being implemented in the United States. The RI-ISI process is used:

• to improve the effectiveness of inspecting high safety-significant piping components,
• to reduce inspection requirements on other piping components,
• to evaluate improvements to plant availability and enhanced safety measures, including

personnel radiation exposure, and
• to reduce overall operation and maintenance costs while maintaining regulatory

compliance.

In December 1998, the U.S. Nuclear Regulatory Commission (NRC) approved for generic use
the Westinghouse Owners Group (WOG) Risk-Informed In-Service Inspection (RI-ISI)
methodology for nuclear plant piping systems (Refs.3 & 4).  The WOG methodology is
consistent with the guidelines of the NRC’s regulatory guides concerning the application of
PSA to risk-informed decision making (Ref. 8) and concerning risk-informed ISI of piping
(Ref.9).  This technology was originally developed at the ASME Centre for Research and
Technology Development and subsequently refined and applied in close co-operation with the
WOG. It focuses on piping inspection at safety-significant locations and at locations where
failure is most likely to occur. This approach is an alternative to ASME Section XI Code
requirements for the selection of examination locations in piping and is covered by a specific
Code Case (Ref.10).

The NRC definition of RI regulation is “insights derived from probabilistic risk assessments
are used in combination with deterministic system and engineering analysis to focus licensee
and regulatory attention on issues commensurate with their importance to safety”.

The NRC’s safety evaluation permits the use of the WOG methodology in the US, for either
full-scope or partial-scope Pressurised Water Reactor (PWR) and Boiling Water Reactor
(BWR) applications.

Some key results of applications of the WOG RI-ISI methodology are given in Appendix G of
this document.

���� 2YHUDOO�SURFHVV

The general process that was applied in the pilot study for Ringhals Unit 4 involves several
steps, as shown in Figure 1.

• Scope Definition:
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This step involves identifying the fluid systems, portions of systems and interfaces that are
addressed by the RI process. The selected systems include those modelled in the
Probabilistic Safety Assessment (PSA) and systems inspected in accordance with current
plant licensing requirements.

• Segment Definition:
Each system selected in the scope definition is divided into segments. The segments
define a portion of piping with the same consequence of failure between major
discontinuities such as pumps and valves.

• Consequence Evaluation:
The consequences given failure of a piping segment are established by application of the
plant PSA with additional considerations based on engineering evaluation and operation
reviews. Direct and indirect effects are considered, with and without operator actions to
recover from the failure. Plant walkdowns are performed to identify indirect spatial effects
of pipe failures to supplement information from other related plant evaluations.

• Failure Probability Assessment:
Failure data of piping systems is evaluated and augmented by application of a simplified
Structural Reliability and Risk Analysis (SRRA) tool to estimate failure probabilities at
important locations within each segment.

• Risk Evaluation:
Risk importances are calculated for each piping segment, within the systems of interest,
based on Core Damage Frequency (CDF) with additional considerations given to Large
Early Release Frequency (LERF). This step is further explained in section 4.7.2.

• Expert Panel Categorisation:
A plant expert panel evaluates the risk results, along with other deterministic information
and insights, and makes the determination of each piping segment being high safety-
significant or low safety-significant.

• Element / NDE Selection:
For the high safety-significant segments, a focused ISI engineering team determines the
required number of inspections using statistical analyses and then selects the structural
elements for inspection. This team consists of materials, ISI and Non Destructive
Examination (NDE) experts. The experts also determined the inspection method and
frequency of inspection for each structural element within each high safety-significant
pipe segment.

• Implement Programme:
The RI-ISI programme is submitted to the regulatory body for approval and, when
approved, is implemented by changing the appropriate plant documents, procedures, etc.

• Feedback Loop:
A re-evaluation is performed periodically based on changes such as plant design and
operational changes, industry experience, plant ISI experience, or plant PSA model
changes.
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)LJXUH����7KH�JHQHUDO�SURFHVV�WKDW�ZDV�DSSOLHG�LQ�WKH�SLORW�VWXG\�IRU�5LQJKDOV�8QLW��
LQYROYHV�VHYHUDO�VWHSV�

Feedback Loop
(see section 4.11)

���� 6FRSH�'HILQLWLRQ

The Ringhals Unit 4 study is a partial-scope study, limited to two systems, the Reactor
Coolant System (RCS) and the Auxiliary Feed-Water (AFW) system. The scope of the
evaluations for the RCS and AFW system is defined based on a review of the piping
diagrams. The RCS primarily includes the piping on the main coolant loops and the piping to
the first isolation valve on the auxiliary lines. The AFW system primarily includes the piping
from the condensate storage tank to the steam generators. Instrumentation piping is not
included.

���� 6HJPHQW�'HILQLWLRQ

The approach used to define segments is based on the consequence evaluation. Piping
sections in which failure would result in the same consequences are defined as a segment. The
consequences of a particular piping section failure are postulated based on the review of plant
drawings and insights from the existing PSA studies. Note that, at this stage, only the direct
consequences of the failure are considered. Segment definition is an iterative process, with the
determination of the consequences and the identification of any potential operator recovery
actions.

Several criteria can be used to define piping segments: piping having the same consequences
as determined from the plant PSA, piping to a point at which a pipe break could be isolated,
locations where flow splits or joins, locations where piping size changes, locations where
material properties are markedly different, etc.

For the specific Ringhals Unit 4 case, the RCS and AFW system piping was divided into
piping segments based on the following considerations:
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• Piping located between major system components for which the consequences are the
same.

• Piping having the same diameter.

A total of 69 RCS piping segments and 33 AFW piping segments are identified.  These are
indicated schematically in the figures provided in Appendix B.

���� &RQVHTXHQFH�(YDOXDWLRQ

Each segment is evaluated for both direct and indirect effects.  Direct effects are those effects
associated directly with the system being evaluated, such as loss of fluid flow.  Indirect effects
are those effects on surrounding equipment, which may be impacted by mechanisms such as
jet impingement, pipe whip, or flooding.

The postulated direct and indirect consequences of the segment failure are identified. The
failures and associated consequences to be considered are:

• Failures that cause initiating events such as reactor trips or Loss Of Coolant Accidents
(LOCAs);

• Failures that disable a single component, train or system;
• Failures that disable multiple components, trains or systems;
• Failures that cause any combination of the above.

Based on the identified consequences, PSA calculations are performed in order to get the
inputs for the pressure boundary failure CDF or LERF calculations.

4.5.1 Direct consequence evaluation
The direct consequences for each piping segment are identified.  The consequences for the
RCS piping failures are primarily initiating events in the PSA study.  They are large LOCAs,
medium LOCAs, or small LOCAs, with the loss of connecting system equipment, as
appropriate.  The consequences for the AFW system piping failures include the loss of one or
more trains of auxiliary feedwater, or a loss of main feedwater (initiating event in the PSA
study), with the loss of one train of auxiliary feedwater.

4.5.2 Indirect consequence evaluation
To address indirect consequences of the piping failures, a plant walkdown was conducted for
the entire AFW system and for limited portions of the RCS. The plant walkdown was
conducted using the guidance of Section 3.4.2 of Reference 3 which applies recognised and
accepted procedures for evaluating the effects of postulated pipe rupture, such as Ref.7.  The
indirect consequences, resulting from piping failure, of flooding, spray, high temperature and
humidity on other equipment in the area were assessed.  In addition, for lines classified as
high energy, the indirect effects of jet impingement and pipe whip were assessed.  Pipe whip
and jet impingement effects apply to pipe breaks or ruptures that are postulated to occur in
high energy piping systems, or portion of a system, where either of the following conditions
are met during normal plant operating conditions:

• maximum operating pressure exceeds 275 psig, or
• maximum operating temperature exceeds 200oF
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Note: Piping systems that operate above these limits for only a relatively short portion (less
than approximately 2%) of the time during which they perform their intended function, may
be classified as moderate energy.

4.5.3 PSA Runs
The potential consequences of the piping sections failures have been identified. Those
consequences are identified as failing components or initiating events in the PSA studies. Since
the PSA studies do not model piping, surrogate components are selected to simulate the piping
failure consequences. For each segment defined in the RI study, one or more components within
the PSA are selected such that their failure would have the same impact on the plant operational
and standby systems as that assessed for the segment.

It is not always possible to represent a pipe failure with a single component/event.  Several
basic events in the PSA model may be used to represent a pipe failure.  For example,
simulating the failure of piping around a pump may require that the failure probability for the
pump and the failure probability for the modelled recovery action for restoring the pump both
be set to 1.0.

The new PSA runs performed in this analysis are generally of three types:

• The first type are those runs that estimate the conditional CDF given that the postulated
failure occurs during the progress of another accident.  These runs are labelled as
“mitigating system” runs.

• The second type are those runs that estimate the conditional CDF given that the postulated
failure occurs during normal plant operation, causing a plant trip, but not failing any
accident mitigating component.  These are labelled as “initiator” runs.

• The third type, which is similar to the second type, are those runs that estimate the
conditional CDF given that the postulated event occurs during normal plant operation,
causing a plant trip and failing one or more accident mitigating components. These are
labelled as “initiator and mitigating system” runs.

For a “mitigating system” run, the surrogate components are set to a logical failure of these
components (i.e. failure probability set to 1.0).

For an “initiator” run, the direct consequence of the failure in a segment is, for example, a large
LOCA event. This consequence can be quantified by assigning a value of 1.0 to the large LOCA
basic event and re-quantifying the PSA model to obtain the conditional CDF.

For an “initiator and mitigating system” run, the event tree/accident sequences only for that
initiator are run with the initiating event probability set to 1.0 and the mitigating system surrogate
components set to logical failure (i.e. failure probability set to 1.0).

���� )DLOXUH�0RGHV�DQG�)DLOXUH�3UREDELOLWLHV�(VWLPDWLRQ

Each pipe segment was evaluated for its failure potential. An engineering team assessed
industry experience, plant layout, materials, operating conditions and experience, and
identified potential failure modes and causes.  The engineering team then utilised the



RIBA/P(01)/02 B4-3040/99/23123/MAR/C2 : Task 2
_________________________________________________________________________________________

14

Structural Reliability and Risk Assessment (SRRA) software code (Ref.4) developed
specifically for piping RI-ISI.  It uses the input data based on plant design and operational
records, as well as on other industry data and experience, to quantify the failure probability.
Probabilities are calculated for leak (through-wall crack), disabling leak (disables the safety
function of the system) and/or full break.  The overall SRRA process is outlined in Figure 2,
below.

The SRRA tools are a set of executable personal computer programmes to specify input,
calculate and plot piping failure probability with time for the selected input values of key
design, operational, and inspection parameters. The piping materials that are considered are
types 304 and 316 stainless steel and carbon steel. The SRRA software uses Monte-Carlo
simulation with importance sampling to calculate the probability of leak or break for the
following degradation mechanisms:

• low-cycle fatigue crack growth of an existing (fabrication) flaw,
• high-cycle fatigue stress (e.g., due to vibration) exceeding the fatigue crack threshold,
• stress corrosion crack growth of an existing flaw, and
• wall thinning due to material wastage.(e.g. by flow-assisted corrosion)

Each Monte-Carlo trial simulates the progress of the particular pipe wall degradation
mechanism throughout the plant lifetime.  At intervals the programme checks for the
existence and magnitude of through-wall leakage and also determines whether the degraded
pipe would withstand postulated extreme loading conditions, due to waterhammer or
earthquake for example.

Based on a user-specified inspection interval and NDE accuracy, the SRRA tool also
calculates (reduced) piping failure probabilities taking credit for ISI (these results are used to
evaluate the change in risk between the current ISI programme and the RI-ISI programme).
The tool also includes the option to take credit for plant leak-detection capability in the
calculation of large leak and break probabilities.

A more detailed description of principles, benchmarking and licensing of the SRRA tool is
provided in Appendix C.

For the Ringhals Unit 4 pilot application, the SRRA tools were used to estimate the failure
probabilities of the AFW and RCS piping segments.  For each piping segment, information
was gathered from various sources by the Ringhals Engineering Team to provide the input for
the SRRA model.

Some of the input stresses were taken from the ASME Code stress reports and flaw evaluation
handbooks for the primary loop piping and the class 1 auxiliary lines connected to it.

The input for each segment generally included the highest stresses and the limiting parameters
for each degradation mechanism that could occur in a given piping segment.  This input is
conservative and avoids the uncertainty in determining the most-likely place of failure in a
given segment.
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After the SRRA input was reviewed by the Ringhals Engineering Team, it was used to
calculate the failure probabilities with and without the effects of in-service inspection for each
piping segment.

The SRRA code gives the failure probabilities at 40 years, for all the AFW and RCS piping
segments.  The code also provides the failure mechanism for each AFW and RCS piping
segment.  Examples of these outputs are provided in Appendix D.
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)LJXUH����6WUXFWXUDO�(OHPHQW�)DLOXUH�3UREDELOLW\�$VVHVVPHQW�3URFHVV

���� 5LVN�(YDOXDWLRQ

Once the consequences of the piping failures, the failure modes and the failure probabilities
are determined, the risk (consequence of failure x probability of failure) may be evaluated.
[Note: a complete definition of risk is given in section 1.1.]

The evaluation of the risk is aimed at classifying the segments into two categories: the high
safety-significant segments and the low safety-significant segments. This methodology used
to classify the segments is based on Reference 3.

The risk categorisation process is performed in three steps:

• application of the PSA to calculate the total pressure boundary core damage frequency
(CDF) and importance measures;

• consideration of additional deterministic insights, and
• expert panel evaluation.

The consideration of deterministic insights and the expert panel evaluation being important
steps, they are further developed in the next section.

The risk ranking is generally performed without the benefit of ISI.  However, augmented
inspections (e.g. erosion-corrosion monitoring programme) are credited in the risk ranking.
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For Ringhals Unit 4, the benefit of augmented inspections that are performed under the plant
erosion-corrosion programme are credited for AFW segments AFW-19 through AFW-24.

4.7.1 Calculation of the pressure boundary CDF
To calculate the pressure boundary CDF, different equations have been developed for the
different cases:

• piping failure that causes only an initiating event,
• piping failure that causes only system degradation (with a distinction between the systems

that are in continuous operation and the ones that are in standby), and
• piping failure that causes an initiating event and system degradation.

For instance, the pressure boundary CDF corresponding to a piping failure leading only to an
initiating event is given by:

CDFPB  =  FRPB * CCDPIE (Eq. 4.7.1-1)

Where:
CDFPB = Core damage frequency from a piping failure [per year]
FRPB = Piping failure rate assuming no ISI [per year]
CCDPIE = Conditional core damage probability for the initiating event

The ‘conditional core damage probability for the initiating event’ is determined either from
the existing PSA results or by setting the initiating event frequency to 1.0 in the PSA model
and re-running the PSA analysis. The ‘piping failure rate’ is determined from the SRRA runs.

Similar equations are developed for the piping failures that cause only system degradation,
and for the piping failures that cause an initiating event and system degradation. For piping
segments having multiple impacts, the corresponding CDF is calculated using Boolean
algebra.  For example, the failure of a segment in the reactor coolant system could typically
lead to one of three accident sequences modelled in the PSA; either a large LOCA (LL),
medium LOCA (ML) or small LOCA (SL), depending on the size of the resultant leakage.
The total CDF for this piping segment would then be calculated as follows:

CDF  =  [ FRLL * CCDPLL ] + [ FRML * CCCPML ] + [ FRSL * CCDPSL ] (Eq. 4.7.1-2)

Where:
FRXX = segment failure rate (per year) corresponding to each size of LOCA
CCDPXX = conditional core damage probability associated to each size of LOCA

Once the pressure boundary CDF has been calculated for each segment, the total pressure
boundary CDF is calculated by summing across each individual segment.

4.7.2 Calculation of the risk importance
The categorisation of the segments involves calculating the relative importance of a
component to a pre-defined consequence measure, such as CDF.  Two importance measures
are generally calculated for each component: Risk Reduction Worth (RRW) and Risk
Achievement Worth (RAW).
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The RRW measures the decrease in CDF when the component failure probability is set to 0
(that is, the component is always available/perfectly reliable).  The RRW is calculated as
follows:

RRW  =  CDFBASE / CDF0 (Eq. 4.7.2-1)

Where:
RRW = Risk reduction worth
CDFBASE = Base core damage frequency (per year)
CDF0 = Core damage frequency when the component failure probability is

set to 0 [per year]

The RAW measures the increase in CDF when the component failure probability is set to 1.0
(that is, the component is guaranteed to fail).  The RAW is calculated as follows:

RAW  =  CDF1 / CDFBASE (Eq. 4.7.2-2)

Where:
RAW = Risk achievement worth
CDF1 = Core damage frequency when the component failure

probability is set to 1.0 [per year]
CDFBASE = Base core damage frequency [per year]

The categorisation of the segments is based on the RRW, as required by the ASME Code
Case (Ref.7), while RAW values are used for providing additional insights on risk importance
to the expert panel.

4.7.3 Categorisation of the segments
Before the categorisation of the segments by the expert panel, segments are initially classified
based on RRW considerations.

If the RRW associated to the segment is greater than 1.005, the segment is categorised as high
safety-significant.

If the RRW associated to the segment is between 1.001 and 1.004, the segment is categorised
as intermediate safety-significant and deemed to be worthy of additional consideration by the
plant expert panel.

If the RRW associated to the segment is lower than 1.001, the segment is categorised as low
safety-significant.

This safety significance consideration is either confirmed or changed by the expert panel
during the panel review process�
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���� ([SHUW�3DQHO�&DWHJRULVDWLRQ

The role of the expert panel is to classify the segments into two categories: the high safety-
significant segments and the low safety-significant segments.  The members of the expert
panel base their judgement on the results of the initial segment categorisation, based on RRW,
but also on other considerations, such as external events, design basis and defence-in-depth
considerations. Figure 3 presents the inputs taken into account by the expert panel members.

An expert panel process was not implemented for the Ringhals Unit 4 RI-ISI pilot study,
instead the segment safety-significance determination was based solely on the quantified
piping core damage frequency and associated importance measures. This is justified based on
the purpose of the application, which was intended for evaluation only and not to be used to
license a change to the plant ISI programme.

Should the RI-ISI process be extended to wider plant coverage (as is now the case at Ringhals
2), then it is intended to apply the expert panel process to incorporate deterministic and
operational insights, including evaluation of potential impacts on LERF.  In the USA, expert
panel sessions are required to follow the WOG RI-ISI process and to obtain NRC acceptance
of RI-ISI programme.  The expert panel process is described in further detail below.

A typical expert panel for RI-ISI of piping should include expertise in the following fields:

• PSA
• Plant operations
• Plant maintenance
• Plant engineering
• Safety analysis
• ISI / NDE
• Stress and materials analysis

The expert panel, such as the expert panel used to meet U.S. Maintenance Rule (Ref.17),
evaluates the RI results and makes a final decision by identifying the high safety-significant
pipe segments for ISI.  The piping segments that have been determined by quantitative
methods to be high safety-significant should not be classified lower by the expert panel
without sufficient justification that is documented as part of the programme.  The expert panel
should be focused primarily on adding piping segments to the higher classification. The
expert panel may feed comments back to the appropriate engineering personnel which may
cause an adjustment of the numerical results.  Adjusted numerical results should be reviewed
by the expert panel.

The expert panel is expected to perform the following steps:

• Consider the PSA failure probability information, which initially classifies segments and
consider the RRW values for additional insights. Segments with RRW values between
1.001 and 1.005 are deemed to be worthy of additional consideration.

• Consider other deterministic factors to assess the segment safety-significance.
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• Evaluate segments with similar consequences and/or failure probabilities in a similar
manner to ensure classification consistency among segments within a system and between
systems.

• Obtain a consensus decision for the safety-significance classification of each segment. If a
consensus cannot be reached, determine what additional information is needed to reach a
consensus and evaluate the segment(s) again.

As explained above, an expert panel was not considered necessary for the Ringhals 4 pilot
study, however if such as process had been applied they expert panel would have limited its
scope to the two systems addressed in the study.  For the reactor coolant system the panel
might have been expected, for example, to: compare piping failure probabilities against the
initiating event frequencies in the original PSA model; examine whether defence-in-depth and
other deterministic factors and been adequately addressed; review general assumptions related
to operational and loading parameters, etc.  In the case of the auxiliary feedwater system, the
expert panel may have reviewed in detail the manner in which certain, less common,
degradation mechanisms (e.g. erosion-corrosion, thermal stratification) had been addressed, as
well as examining the correct modelling of system operation and operator actions during
postulated accident sequences and verifying the evaluation of indirect consequences with
respect to other significant systems.
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���� (OHPHQW�DQG�([DPLQDWLRQ�0HWKRG�6HOHFWLRQ

The locations to be inspected are identified for each segment based upon the segment
categorisation and failure potential. The selected Non Destructive Examination (NDE)
method is based upon the postulated failure mechanism(s).
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4.9.1 Structural element selection
The results from the expert panel categorisation are used to determine the inspected elements.
The key factors in determining how many structural elements should be selected for
examination are based on the safety-significance of the segment and on the failure importance
within that segment.

The importance of pipe failure directly drives the need for effective examination methods.
This attribute is categorised by a demarcation of “high failure importance” versus “low failure
importance” using the following definitions:

• A high failure importance segment is a segment that has an active failure mechanism (e.g.
erosion-corrosion, thermal stratification, thermal mixing zone, etc.) that is known to exist,
which may be currently monitored as part of an existing augmented programme, or
alternatively that is highly susceptible to a failure mechanism, which could lead to leakage
or rupture.

• A low failure importance segment is a segment that is not of high failure importance.

The categorisation is performed by an engineering sub-panel. Probabilistic insights from the
SRRA model results may also be used in confirming the engineering sub-panel
determinations.

Figure 4 shows the four regions determined by the classification in high/low safety-
significance and high/low failure importance.
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The segments belonging to Region 1 have been classified as having a high safety-significance
and a high failure importance. The welds in these segments are subdivided into two
subcategories. Sub-region 1A groups the welds or locations that may be affected by a known
or postulated failure mechanism. Sub-region 1B groups the other welds.

All susceptible locations in the segment identified by the engineering sub-panel as being
likely to be affected by a known or postulated failure mechanism, and that are not already in
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an augmented programme, must be examined. Segments with failure modes that have
established augmented programmes would be inspected in accordance with that existing
programme.

Welds and locations belonging to Sub-region 1A, may be affected by a known or postulated
failure mechanism; these should be subjected to 100% inspection. Welds belonging to Sub-
region 1B may not be affected but may be subjected to inspection to ensure that the piping
segment will maintain its integrity and to account for uncertainty and possible unknown
conditions. In this latter case, the inspection programme does not examine all the locations,
but samples are selected. An acceptable statistical evaluation process may be used to identify
how many samples are needed.

Segments belonging to Region 2 have been classified as having a high safety-significance but
a low failure importance. As for piping belonging to Sub-region 1B, the examination
programme doesn’t examine all the locations, but only samples are selected. The engineering
sub-panel shall select locations for examination in these segments using an acceptable
statistical evaluation process. In most cases, fatigue is anticipated to be the failure mechanism.
Portions of the piping segment that would experience higher loads would generally be
selected for inspection. These examinations will account for uncertainty and unknown
conditions in the segment.

Segments belonging to Region 3 have been classified as having a high failure importance, but
are low safety-significant. In this case, all susceptible locations in the segment identified by
the engineering sub-panel as being likely to be affected by a known or postulated failure
mechanism, and that are not already in an augmented programme, should be considered for
examination in accordance with an Owner Defined Programme.  While failure of these
segments would have a minimal safety impact, the impact on plant operations may be
significant in terms of unplanned outage time, repair costs, and other consequential impacts.

Segments belonging to Region 4 have been classified as having a low failure importance and
are low safety-significant. Only system pressure tests and visual examinations of Class 1, 2,
and 3 piping are required for these segments that would be included in an Owner's ISI
Programme.

As explained in paragraph 4.8, for the Ringhals Unit 4 study, an expert panel was not
assembled. The safety-significance was determined by using the calculated RRW values.
Segments with a RRW greater than or equal to 1.005 are considered high safety-significant.
Segments with a RRW less than 1.005 are considered low safety-significant.  For the failure
importance, the presence of an active degradation mechanism was used as the criterion for
which the failure importance is considered to be high.

4.9.2 Sample size selection
Given that the high safety-significant piping segments in Regions 1B and 2 involve a low
failure importance, a statistical model is used to assist in selecting the minimum number of
locations to be examined to insure that an acceptable level of reliability is achieved for this
piping. Engineering insights, as discussed for pipe segments in Region 1A, are also used to
make the final determination of which locations must be inspected in Regions 1B and 2.
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The statistical method used is based on the concept of the consumer risk. Consumer risk is a
concept from the field of statistical inspection sampling. It is illustrated by the following
example. A consumer specifies that a minimum acceptable reliability level for a lot is [
defects. A sample is taken from each lot and is inspected. The lot is judged to have passed if
the sample contains no defects. In this case, the consumer risk is the probability that the lot
will contain more than [ defects. In other words, the consumer risk is the probability that the
inspection plan will let a lot with an unacceptable level of defects get through.

The statistical model used is known as the Perdue model. It has been applied for statistically
evaluating the safety-related reliability afforded by selected alternative sampling plans. The
model requires only inputs that would either be generated by the process or obtained from
SRRA. The model’s outputs allow the user to make conditional probabilistic statements about
the likelihood of exceeding any specified reliability target with a candidate sampling-based
inspection plan. The use of the binomial and hyper-geometric distributions, along with
application of Bayes theorem, are incorporated into the model.  Single-sample schemes and
double-sample schemes, which reflect the current ASME Section XI requirements for
expanding the sample size if an unacceptable flaw indication is found, are also built into the
model.

The Perdue model was applied to the four RCS segments in Region 1B and the 26 RCS
segments in Region 2. For the RCS segments in Region 1B, one susceptible location in each
segment was assumed. The Perdue model was applied to the remaining elements of the
segment, assuming that the small leak probability for the remaining elements is a factor of 10
less than the calculated SRRA probability. This assumption is based on previous SRRA
calculations for US plants.  Results of the Perdue model analysis are given in Appendix E.

4.9.3 Selection of inspection locations
Once the number of locations is determined, the engineering sub-panel identifies the specific
locations for examination, based on the following considerations:
• Component dependent failure modes are usually localised to a single or small number of

locations.
• Materials dependent or operations dependent mechanisms are often present throughout the

segment. In such cases, interactions with other effects must be considered for determining
the location(s).

• Load dependent failure modes typically involve undetected pre-existing flaws or
degradation that could fail under high loads. The high loads could arise from dynamic
events, large thermal expansion loads, or external loading.  Locations where such loads
could have the greatest impact can often be determined.

• Additional insights, based on postulated failure mechanism, are also considered.
Examples of insights are given in Table 1, below.
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Table 1 – Examples of insights for Identifying Inspection Locations

Failure
Mechanism General Criteria Susceptible Areas

Thermal Fatigue Areas where hot and cold fluid mix, areas of
rapid cold or hot water injection, areas of
potential leakage past valves separating hot
and cold water

Nozzles, branch pipe
connections, safe ends, welds,
heat-affected zones, base
metal, areas of concentrated
stress

Corrosion Cracking Areas exposed to contamination and areas with
crevices; high stresses (residual, steady-state,
pressure), sensitised material (e.g. 304 SS) and
high coolant conductivity are all required; lack
of stress relief or cold springing could also lead
to residual stresses

Base metal, welds, and heat-
affected zones

Microbiologically
influenced
corrosion

Areas exposed to organic material or untreated
water

Fittings, welds, heat-affected
zones, crevices

Vibratory Fatigue Configurations susceptible to flow induced
vibration and flow striping or for vibratory
resonance with rotating equipment (pump)
frequencies

Welds, branch pipe
connections

Stress Corrosion
Cracking

Areas of high oxygen and stagnant flow Austenitic steel welds and
heat-affected zones

Flow accelerated
corrosion

Areas of low chromium material content, high
moisture content, and high pH, high pressure
drop or turning losses

Low cycle fatigue Areas with high loads due to thermal
expansion for heat-up and cool-down thermal
cycling.

Equipment nozzles and other
anchor points, near snubbers,
dissimilar metal joints

4.9.4 Selection of the inspection method
Once the piping structural elements are identified for the high safety-significant piping
segments, the inspection methods must be defined and the areas and/or volumes of concern
determined. This determination is based on the postulated failure modes and the configuration
of each piping structural element.

Requirements for inspecting high safety-significant segments are defined in Reference 3. The
Non Destructive Examination (NDE) method for the segments is based on the postulated
failure modes and the configuration and material of each piping structural element. The
following list gives some examples of different NDE techniques and there usage.
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• Ultrasonic testing (UT): the angle-beam variant of this technique is used to detect for
inner-surface or embedded flaws in welds and heat affected zones, that may develop due
to low-cycle fatigue or SCC. The straight-beam UT method may be used for accurate
measurements of material thickness, and is thus useful for monitoring of erosion and
wastage.

• Radiographic testing (RT): is a sensitive method for identifying flaws parallel to the
applied radiation beam. The method, which is also used during the welding process, is
good for the detection of pits, slag and thermal fatigue cracks. It can provide an accurate
plan view of the location of flaws and may be used in conjunction with UT to evaluate
localised areas of pitting, erosion, or corrosion attack.

• Eddy-current testing (ET): is used to detect flaws in non-ferromagnetic materials, in areas
which cannot be accessed by other techniques. It is also used in conjunction with UT to
evaluate deep surface breaking flaws.

• Magnetic particle testing (MT): this examination method may be used to detect cracks and
other discontinuities on or near the surfaces of ferromagnetic materials. The sensitivity is
greatest for surface discontinuities and diminishes rapidly with increasing depth of sub-
surface discontinuities below the surface.

• Penetrant Testing (PT): is a technique using liquid dye penetrant to detect for surface
breaking flaws. This technique is used to inspect elements such as socket-welds, when no
other qualified NDE technique is available.

• Visual testing (VT): visual inspections by qualified personnel may be used to detect for
visible surface degradation or cracking, either directly or indirectly by observation of
leaking fluid or boron crystal deposits.

• Infra-red thermography may be a useful examination method for overall erosion-corrosion
assessments to locate general areas of wall loss in steam or hot fluid systems. This method
should be combined with UT or RT for accurate wall loss measurements.

It is important to note that monitoring for the causes of degradation is strongly recommended
in the overall risk-informed approach to structural integrity, as timely informed action in
response to system behaviour may prevent further degradation or may be used for re-direct
and focus ISI effort. Examples of such programmes include the monitoring of: system fluid
transients, system water chemistry, vibration, and loose-parts.

Requirements for inspecting low safety-significant segments do not include NDE under an
RI-ISI programme. When a location is determined to be low safety-significant, it usually has
no appreciable consequence or failure importance and thus is assigned a low level
examination requirement. This low level requirement consists of a visual examination for
leakage that may be conducted during operational walkdowns or in conjunction with system
pressure tests performed in accordance with ASME Section XI. Low safety-significant
locations that are determined to have a high failure importance and a low consequence are
usually examined by other Owner controlled programmes for the failure mechanism of
concern such as flow accelerated corrosion.  These Owner controlled programmes shall
continue to be implemented based on their own requirements.

For this Ringhals Unit 4 RI-ISI study, the actual NDE methods were identified by the
Ringhals Engineering Team, using the inspection guidance from Ref.3.
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In order to implement a complete programme, several actions still need to be performed.

First, a comparison must be performed between the results of the former ISI programme and
the proposed RI-ISI programme. Some segments were inspected with the current programme
and are not anymore concerned by the RI-ISI programme. Other segments were not inspected
and are now supposed to be part of the RI-ISI programme. While proposing the newly defined
RI-ISI programme, one must keep in mind that the programme must be in accordance with the
defence-in-depth concept.  Defence-in-depth has traditionally been applied in reactor design
and operation to provide a multiple means to accomplish safety functions and prevent the
release of radioactive material.  As defined in Ref.8, defence-in-depth is maintained by
assuring that independence of barriers is not degraded (the barriers are identified as the fuel
cladding, reactor coolant pressure boundary, and containment structure).

In the Ringhals Unit 4 study, the larger diameter reactor coolant piping was not selected in the
RI-ISI process. In order to comply with the defence-in-depth philosophy, as required in the
USA (Ref.8), RAB should consider a small sample of inspections for larger main reactor
coolant loop piping segments. The effect of adding these exams is not reflected in the results.

The second step is to evaluate the change in risk related to the change in ISI programme. For
this purpose, the results from the proposed RI-ISI programme and that of the current Ringhals
Unit 4 ISI programme are compared. This is required as stated in the NRC’s regulatory guides
on risk-informed applications (Refs.8 & 9).

For the risk comparison between the current Ringhals Unit 4 ISI programme for AFW and
RCS piping and the recommended RI-ISI programme calculations, the following conditions
for both with and without leak detection are used:

• The failure probability with ISI credited is used for those segments being inspected by
NDE or within the plant erosion-corrosion programme.

• The failure probability without ISI is used for those segments not being inspected by
NDE.

The programme will be considered valid if the results show that no risk increase occurs in
moving from the current programme to an RI-ISI programme for the considered systems.

An additional calculation is provided to estimate how much risk, associated with piping
pressure boundary failures, is addressed by the current Ringhals ISI programme and by the
suggested RI-ISI programme using the WOG methodology. For any segment being examined in
the current Ringhals ISI programme or in the proposed RI-ISI programme, including
inspections incorporated in the plant erosion-corrosion programme, it is assumed that the risk
associated with that segment would be completely addressed (i.e., 100% inspection
effectiveness).

The programme will be considered valid if the results show that the proposed RI-ISI
programme addresses more of the plant risk than the current ISI programme (i.e. leads to an
improvement in safety), or is at least risk-neutral (i.e. leads to neither an increase or decrease in
risk).
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RI-ISI programmes are living programmes and should be monitored continuously.
Monitoring of these programmes encompasses many facets of feedback or corrective action
which includes periodic updates based on inputs and changes resulting from plant design
features, plant procedures, equipment performance, examination results, and individual plant
and industry failure information.

The Ringhals 4 pilot study was performed primarily for evaluation and comparison purposes
and was not intended to be lead to immediate changes to the Ringhals 4 ISI programme.
Therefore monitoring and feedback experience is not available from this case.

It is clear that, in the case of an implemented RI-ISI programme, the first line of feedback
would come from the results of the piping inspections themselves.  Each inspection or
monitoring campaign provides valuable plant-specific data that should be fed back to the
engineers in charge of structural reliability evaluations and expert panels, to be used to
validate or update the assumptions used in those tasks.  Other feedback would be expected to
come from periodic in-service testing of active components (such as pumps and valves),
which may provide information useful for validating or updating assumptions in the PSA
model.  What is also clear, however, is that the targeting and gathering of feedback must be
systematic and well organised in order to be an effective tool for maintaining the RI-ISI
programme.
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��� 5HVXOWV�DQG�&RQFOXVLRQV�RI�WKH�3LORW�6WXG\
This section presents the results and the conclusions from the RI-ISI pilot study performed for
Ringhals Unit 4. For this pilot study, two systems were considered: the RCS and the AFW
system.

���� 5HVXOWV�RI�WKH�3LORW�6WXG\

As described in the preceding section, the RI-ISI study is performed in several steps.

First, the work scope is defined, then the segments are defined. For this pilot study, a total of
33 AFW piping segments and 69 RCS piping segments are identified. Simplified Piping and
Instrumentation Diagrams (P&IDs) for the AFW and RCS were developed from the plant
P&IDs to facilitate the segment definition process. These diagrams are given in Appendix B.

The piping failure consequences were evaluated, based on PSA studies, while the failure
probability assessment for each segment is carried on through the use of SRRA code.

The segment risk evaluation is based on the Risk Reduction Worth (RRW) calculations.
Segments are initially classified as high safety-significant if the RRW is greater than 1.005 for
the CDF calculations with or without operator action. Segments with RRW values between
1.001 and 1.005 are deemed to be worthy of additional consideration by the plant expert
panel. This safety significance consideration would normally be either confirmed or changed
by the expert panel during the panel review process, however as previously mentioned, the
expert panel process was not implemented in the Ringhals pilot project�

Table 2 provides a summary of high, intermediate and low safety-significant segments for
each system.

Table 2 Summary of Safety Significant Piping Segments

System Total Segments RRW ≥ 1.005 1.001 ≤ RRW ≤ 1.004 RRW < 1.001

AFW 33 12 1 20

RCS 69 30 23 16

Total 102 42 24 36

In the next step, the segments were classified into high safety-significant segments and low
safety-significant segments, as described in Section 4.8.  Then the segments were categorised
into high failure importance segments and low failure importance segments, as described in
paragraph 4.9.1.  Figure 5 below shows the number of segments belonging to each of the four
categories. The 102 segments considered in the pilot study are split as follows:

• Region 1 – 16 segments (12 AFW and 4 RCS),
• Region 2 – 26 segments (No AFW and 26 RCS),
• Region 3 – 7 segments (4 AFW and 3 RCS),
• Region 4 – 53 segments (17 AFW and 36 RCS).
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HIGH

FAILURE

IMPORTANCE

AFW - 22, 23, 24, 29

RCS - 40, 47, 54

                                                   [7]

Region 3

AFW - 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21

RCS - 8, 38, 45, 52

                                                 [16]

Region 1

LOW

FAILURE

IMPORTANCE

AFW - 1, 2, 3, 4, 5, 6, 7, 8, 9, 25, 26, 27, 28,
30, 31, 32, 33

RCS - 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 28, 29,
30, 31 32, 33, 34, 36A, 39, 43A, 41, 46, 48,
50A, 53, 55, 56, 57, 58, 59, 60, 62, 63, 64,
61, 65                                                  [53]

Region 4

AFW – NONE

RCS - 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 35, 36B, 37,
42, 43B, 44, 49, 50B, 51, 66

                                                [26]

Region 2

/2:

6$)(7<

SIGNIFICANT�/66�

+,*+

6$)(7<

6,*1,),&$17��+66�

)LJXUH����7KH�����VHJPHQWV�FRQVLGHUHG�LQ�WKH�SLORW�VWXG\�DUH�FDWHJRULVHG�LQWR�WKH�IRXU
UHJLRQV�GHILQHG�E\�WKH�H[SHUW�SDQHO�DQG�WKH�HQJLQHHULQJ�VXE�SDQHO�

�+66�DQG�/66�DUH�GHWHUPLQHG�DV�GHVFULEHG�LQ�������

For the segments belonging to each of the four regions, an inspection programme is selected.
If needed, sampling processes are established. The Perdue sampling model was applied to the
four RCS segments in Region 1 and the 26 RCS segments in Region 2. For the RCS segments
in Region 1, one susceptible location in each segment was assumed. The Perdue model was
applied to the remaining elements of the segment.

The results of the Perdue model analysis show high confidence levels, even assuming no ISI
programme. This indicates that examining one element will be sufficient to meet the target
leak frequencies suggested by the NRC. With no ISI programme, the probability to meet the
target leak frequency is already greater than 99.5%. With a double sample plan, with a low
detection probability (0.2), the confidence level is also greater than 99.5%.  The use of the
Perdue model suggests that 34 RCS welds be inspected by NDE.

In addition, the Perdue model was used to assess two representative segments which are
included in the current Ringhals Unit 4 ISI programme, but which are designated as low
safety-significant in the RI study. The segments chosen are RCS-2 (main coolant loop) and
RCS-32 (pressuriser safety valve relief line). The results of the Perdue model analysis show
confidence levels greater than 95% for meeting the target leak frequency, without ISI.
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Finally, comparisons are made between the results obtained with the current ISI programme
and the suggested RI-ISI programme. The number of inspected segments is compared
between the two ISI programmes. Then, the change in risk when applying the RI-ISI
programme is estimated.

Table 3 provides a comparison of the piping segments selected as part of the RI-ISI process
with those currently inspected by NDE under the current Ringhals ISI programme. As can be
seen from this table, for the AFW system, the actual piping segments to be credited in an RI-
ISI programme (through inclusion in an erosion-corrosion programme) do not include those
segments currently being inspected but do include 12 additional piping segments. For the
RCS, the piping segments selected by the RI-ISI programme are diverse from those currently
being inspected (refer also to Table F-1 in Appendix F):

• 17 segments are common between those currently inspected and those to be inspected
under an RI-ISI programme;

• 11 segments currently inspected would not be inspected under an RI-ISI programme;
while

• 13 segments would be inspected under an RI-ISI programme that are not currently
inspected.

Table 3: Comparison of Piping Segments from Risk-Informed ISI
Programme with Those Currently Inspected by NDE

System High Safety Significant (RRW ≥ 1.005) Currently Inspected by NDE

AFW AFW - 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21

AFW - 22, 23, 24

RCS RCS - 8, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27,

35, 36B, 37, 38, 42, 43B, 44, 45, 49,
50B, 51, 52, 66

RCS - 1, 2, 3, 4, 7, 8, 9, 10, 11, 12, 13,
14, 15, 17, 18, 19, 20, 21, 22, 23, 25,

26, 27, 32, 33, 34, 35, 66

Concerning the change in risk estimation, the results presented in Tables 4 and 5 show that a
risk reduction occurs in moving from the current ISI programme to the RI-ISI programme for
the two considered systems.
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Table 4:  Risk reduction for AFW and RCS when using RI-ISI

Without leak-detection.

CDF Without Operator Action

System No ISI Current
Programme(1)

RI-ISI Programme(1)

AFW 1.46E-06 1.46E-06 1.23E-06

RCS 1.50E-06 8.13E-07 2.35E-07

Total 2.96E-06 2.27E-06 1.47E-06

CDF With Operator Action

System No ISI Current
Programme(1)

RI-ISI Programme(1)

AFW 1.24E-09 1.24E-09 1.16E-09

RCS 1.49E-06 7.98E-07 2.20E-07

Total 1.49E-06 7.99E-07 2.21E-07

(1) Credit for NDE for segments where ISI suggested.
(2) Erosion-corrosion programme credited in all cases for AFW segments 19-24.

Table 5: Risk reduction for AFW and RCS when using RI-ISI

With leak-detection.

CDF Without Operator Action

System No ISI Current
programme(1)

RI-ISI Programme(1)

AFW 1.46E-06 1.46E-06 1.23E-06

RCS 7.38E-07 5.69E-07 1.55E-07

Total 2.20E-06 2.03E-06 1.38E-06

CDF With Operator Action

System No ISI Current
Programme(1)

RI-ISI Programme(1)

AFW 1.24E-09 1.24E-09 1.16E-09

RCS 7.38E-07 5.69E-07 1.54E-07

Total 7.39E-07 5.70E-07 1.55E-07
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Risk reduction calculations show that the proposed RI-ISI programme reduces the risk from the
current ISI programme by at least 27%, with fewer NDE inspections required.

An additional calculation is also provided to estimate how much risk, associated with piping
pressure boundary failures, is addressed by the current Ringhals inspection programme and by
the suggested RI-ISI programme using the WOG methodology. It is assumed that for any
segment being examined in the current Ringhals inspection programme or in the proposed RI-
ISI programme, the inspection effectiveness is 100%. The results of this estimation are shown
in Tables 6 and 7.

Table 6: With no Leak Detection, the percent CDF addressed by the RI-ISI
programme is larger.

% Addressed by Current ISI
Programme

% Addressed by RI-ISI Programme

Case AFW RCS Total AFW RCS Total

CDF Without Operator
Action

0 24.8 24.8 49.3 47.5 96.8

CDF With Operator
Action

0 49.4 49.4 0.1 94.5 94.6

Table 7: With Leak Detection, the percent CDF addressed by the RI-ISI programme is
larger.

% Addressed by Current ISI
Programme

% Addressed by RI-ISI Programme

Case AFW RCS Total AFW RCS Total

CDF Without Operator
Action

0 10.4 10.4 66.4 30.0 96.4

CDF With Operator
Action

0 31.0 31.0 0.2 89.2 89.4

The addressed risk calculations show that at least 89% of the risk associated with potential
pressure boundary failures in the RCS and AFW is addressed with the WOG RI-ISI process,
while less than 50% of this same risk is addressed by the current Ringhals inspection
programme.
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���� &RQFOXVLRQV�RI�WKH�SLORW�VWXG\

The WOG RI-ISI process was applied on a limited scope basis to the Ringhals RCS and AFW
piping systems. For Ringhals Unit 4 pilot study, 42 piping segments were identified to be high
safety-significant out of 102 total piping segments. The AFW system included 12 high
safety-significant piping segments while the RCS system included 30 high safety-significant
piping segments. The 12 AFW segments identified in the RI-ISI programme should be
considered for inclusion in the plant erosion-corrosion programme if they are not already
incorporated. For the RCS system, 34 welds are suggested for inspection in the risk-informed
ISI programme while 44 are currently being examined.

By examining the suggested high safety-significant piping segments for AFW and RCS, the
total piping core damage frequency is reduced when applying the RI-ISI programme. Table 8
provides the numerical values of the total piping CDF in each analysed case.

In addition, at least 89% of the risk associated with potential pressure boundary failures in the
AFW and RCS is addressed with the WOG RI-ISI programme, while less than 50% of this
same risk is addressed by the current Ringhals ISI programme.

As discussed in 4.10, by demonstrating that the RI-ISI programme would lead to a reduction
in the overall plant risk there is sufficient argument to peruse the licensing of such a
programme, to replace the current ISI procedure.

Because there are now fewer RCS weld examinations, the personnel radiation exposure
should also be reduced since fewer examinations would be performed inside containment.

In summary, the results show that a RI-ISI programme can be established which:

• reduces the number of NDE inspections,
• reduces the risk in terms of CDF from the current ISI programme, or as a minimum is risk

neutral,
• will result in a reduction in the dose rate associated with the RCS piping ISI NDE, and
• will result in an overall cost savings for the plant.

Implementation of a RI-ISI programme using the process and methods described in this report
will yield significant benefits in terms of enhanced safety, reduced radiation exposure, and
reduced cost for nuclear plant piping programmes.
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Table 8: Implementing RI-ISI programme leads to a reduction in the number of inspected segments and to a
reduction in Core Damage Frequency.

System

Current

Programme RI ISI

Programme

Current Programme

Core Damage Frequency

(W/o Leak Detection)

Risk-Informed

Programme Core Damage

Frequency

(W/o Leak Detection)

Current Programme

Core Damage Frequency

(With Leak Detection)

Risk-Informed

Programme Core

Damage Frequency

(With Leak Detection)

RCS 28 segments

(44 welds)

30 segments

(34 welds)

8.13E-07 (w/o Op Action)

7.98E-07 (w/ Op Action)

2.35E-07 (w/o Op Action)

2.20E-07 (w/ Op Action)

5.69E-07 (w/o Op Action)

5.69E-07 (w/ Op Action)

1.55-07 (w/o Op Action)

1.54E-07 (w/ Op Action)

AFW 3 segments 12 segments 1.46E-06 (w/o Op Action)

1.24E-09 (w/ Op Action)

1.23E-06 (w/o Op Action)

1.16E-09 (w/ Op Action)

1.46E-06 (w/o Op Action)

1.24E-09 (w/ Op Action)

1.23E-06 (w/o Op Action)

1.17E-09 (w/ Op Action)

Total 31 segments 42 segments 2.27E-06 (w/o Op Action)

7.99E-07 (w/ Op Action)

1.47E-06 (w/o Op Action)

2.21E-07 (w/ Op Action)

2.03E-06 (w/o Op Action)

5.70E-07 (w/ Op Action)

1.38E-06 (w/o Op Action)

1.55E-07 (w/ Op Action)
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��� &RPSDULVRQ� EHWZHHQ� WKH� 5HVXOWV� RI� WKH� 3LORW� 6WXG\� DQG� WKH
FXUUHQW�5LQJKDOV�,6,�3URJUDPPH

���� 1XPEHU�RI�,QVSHFWLRQV

As outlined above in section 5, the overall effect of the WOG-RI-ISI application with respect
to the current ISI programme, based on SKIS-1994:1 (Ref.2), is to reduce the number of
inspections required in RCS piping from 44 welds down to 34 welds, i.e. a reduction of 10
examinations. The Table F-1 in Appendix F lists the RCS segments and the number of
examinations per segment as required by the RI-ISI and the SKIFS methods. It can be seen
from Table F-1 that in the RI-ISI plan inspections have been eliminated in the main loop
piping and that the number of inspections in certain auxiliary branch lines have been reduced.
On the other hand inspections have been added in some smaller branch lines that were not
previously inspected.

In the case of the auxiliary feedwater system, the WOG-RI-ISI process leads to the
identification 12 inspection zones whereas Ringhals currently inspects just 3 areas in that
system, i.e. an increase of 9 examination zones was obtained.

Globally therefore, in terms of total examinations, there appears to be very little difference
between the WOG approach, with a total of 46 locations defined for the two systems, and the
SKIFS approach, with 47 examination locations.  This result should not be considered
unusual as both methods are risk informed.  (NB: When compared with programmes based on
ASME Section XI, the WOG process has been shown to achieve reductions in the number of
inspections of the order of 80% or more [Ref.3]).

However, what is significant in the case of the Ringhals 4 pilot results is the proposed
redistribution of inspection effort away from the reactor coolant system, towards the auxiliary
feedwater system.  This redistribution highlights a significant difference between the WOG
and SKIFS applications, which is driven by the difference in the way each method determines
the impact of failures on plant safety.  This is further highlighted in paragraph 6.2 below.

In addition, the redistribution of inspections should also have an impact on operating costs
and man-rem exposures. In this last regard, the decrease in the number of inspections inside
containment is expected to offset the increasing inspections outside containment, where
access is less restricted and radiation levels are significantly reduced.  These aspects are
discussed further in paragraph 6.3 below.

���� 6DIHW\�/HYHOV

Explicitly or implicitly, the main reason for performing ISI of NPP piping and components is
to reduce the risk of piping failure, and hence reduce the risk associated with the
consequences of pipe failure, by detecting flaws or indications sufficiently early to permit
mitigating actions that will prevent a breach of pressure boundary integrity.

The pilot programme has established the amount of risk, in terms of CDF, which is addressed
by both the current ISI programme at Ringhals 4 and the programme proposed by the WOG
process.
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As shown in Table 8, the total CDF associated with the WOG-defined programme is found to
be between 1.5 and 3.5 times lower than the total CDF associated with the current inspection
programme, depending on whether credit is taken for leak detection and/or operator action, or
not.

As shown in Tables 6 and 7, the current ISI programme addresses between 10% and 49% of
the total risk associated with piping failure, depending on whether leak-detection and/or
operator action are considered, whereas the WOG-defined programme would address between
89% and 97% of this same risk.

It is expected that a full-scope programme, taking other auxiliary systems and BOP systems
into consideration, would further accentuate this difference in risk addressed by the two
approaches, as such a programme would consider areas with significant risk-impact, which
are currently outside of the inspection programme.

���� &RVW�%HQHILW�&RPSDULVRQ

Due to the technical problems of inspecting welds in cast stainless steel pipe from the outside,
it has not been possible to implement fully the ISI-allocation as shown in Figure F-1 of
Appendix F. In order to overcome these problems Ringhals had initiated a project aimed at
developing an inspection technique and manipulators for volumetric examination of the main
reactor coolant loop welds from the inside. Including a first inspection, the project budget was
in the order of 50 million SEK (8 M¼��

The pilot RI-ISI study categorised these welds in region 4, i.e. as low safety significant and
with low failure importance. After the pilot study had been presented to the SKI, Ringhals
was granted an exemption from inspecting these welds until 2004. The intention was to
provide time for establishing and licensing of modern risk informed methodologies.
Consequently the automated inspection project is no longer being pursued and work is in
progress to implement and license the WOG-ASME methodology for the Ringhals PWRs.

Even when taking into account the costs of implementation of the RI-ISI programme the
potential of total cost reduction is self evident.
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���� &RPSDULVRQ�RI�:2*�	�6.,)6�$SSURDFKHV�YV��6HOHFWLRQ�&ULWHULD

By way of conclusion, the WOG and SKIFS approaches are compared here below against the
selection criteria that are outlined in paragraph 1.3.2.

7HFKQLFDO�6RXQGQHVV

Repeatability of results

SKIFS: As the risk categorisation uses a limited number of discrete categories, it
may be assumed that for given input information and criteria the risk
ranking would be repeatable, however: (i) border-line cases are not readily
identified, and (ii) the qualitative approach does not provide a straight-
forward mechanism for evaluating the impact of variability of plant
conditions or the impact of plant modifications.

WOG: As a quantified approach, given input information will lead to repeatable
results.  Quantification leads to a continuous ranking of segments which
allows to identify boarder-line cases. Plant modifications or changes due to
feedback of experience may be readily evaluated by updating the models.

Balance accuracy with uncertainty

SKIFS: It is difficult to judge accuracy with uncertainty with a qualitative system.

WOG: The models allow to use accurate values or to use more judgmental values
(high, medium, low), when precise data is not available. Sensitivity runs are
used to evaluate impact of uncertainty.

Holistic approach

SKIFS: The assignment of the consequence index is intended to capture the
importance to safety of piping segment with respect to core damage and
radioactive release, however the focus is primarily on RCPB piping (with
differentiation by size) and piping of the containment barrier.  Other
potential IE piping failures (such as in BOP systems) and piping in ESF
systems are not explicitly addressed.  Also, the consequence index
determination considers direct effects only.  In-direct effects are not
mentioned.  Therefore, in its current form (Ref.2), this approach is not
considered to be truly holistic.

WOG: Both in the full-scope application and in a partial-scope application, this
approach considers the influence, both direct and in-direct, of a given piping
failure on the overall plant response to accidents.  Therefore it is a holistic
approach by definition.
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Backed by experience

SKIFS: In the determination of the damage index, this approach makes use of
experience data on piping failures.

WOG: As part of the failure modes and failure probabilities estimation, this approach
makes use of experience data on piping failures and incorporates such data
into SRRA models.  Experience data and knowledge also plays an important
role in the expert panel categorisation process.

6DIHW\

Regulatory guidance

SKIFS: The reference document (Ref.2) is a Swedish regulation, issued by the SKI.
The detailed assignment of inspection groups, selection of NDE techniques,
etc., are incorporated as guidelines appended to the regulation.

WOG: In the USA this approach follows the appropriate regulatory guides (Refs. 8
& 9), as well as the applicable codes and standards (Ref. 10).
In Sweden it is be covered by the recent revision to the SKIFS document
addressing ISI (Ref.14)
In Spain it is covered by recently issued guidance document (Ref. 12).

Commitment by safety authority

SKIFS: The SKI has long been committed to a risk-informed approach to
inspection, as made apparent by the previous regulation (Ref.2) and their
support of pilot studies (Ref. 11).  The SKI has also recently updated the
applicable regulations (Ref. 14).

WOG: The methodology has been generically approved by the NRC (Ref.3).  It has
been presented to the SKI, following the Ringhals 4 pilot study presented
herein, and is intended to be licensed in Sweden through the full-scope RI-
ISI project which has just started at Ringhals 2.
As outlined in Ref. 6, other European regulators are looking favourably at
RI-ISI.  The Spanish authority is clearly committed to the RI approach
(Ref.12) and the Swiss authorities are known to be reviewing their ISI
requirements in view of allowing RI applications (Ref.15).

Safety goals (public & workers)

SKIFS: There is a clearly defined safety goal contained in the consequence index,
which is related to public health and safety.  However, there is no goal or
mechanism in the approach to minimise radiation exposure.

WOG: Clearly defined safety goals are used (in terms of CDF & LERF) which are
related to public health and safety.  There is no implicit goal related to
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personnel safety, however the demonstrated effect of reducing the
inspections that are required in and around the RCS, leads to a reduction in
radiation exposure of inspection personnel.

Pilot experience

SKIFS: The current approach has been used in Swedish NPPs (PWR and BWR)
since 1988, and has proved to be more effective than the previous inspection
methodology.  However, recent experience has shown that improvements
are necessary.

WOG: Extensive pilot studies have been carried out in the USA (Refs. 3).  In
Europe pilot studies have been carried out in Sweden (Refs. 1 & 11), in
Switzerland (Ref.15) and in Spain (Ref.13).

5HWXUQ�RQ�LQYHVWPHQW

Full or partial scope

SKIFS: Not applicable.

WOG: The approach may be used in a full-scope (Ref.3) or a partial scope (Ref.16)
application. This implies that some of the piping (e.g. Class 1 piping) may
be inspected according to a RI-ISI programme, while the other safety-
related piping in the plant is inspected according to the previously approved
method (e.g. ASME Section XI).

Cost/benefit

SKIFS: The current method prescribes significant inspection in high cost areas.

WOG: By demonstrating a significant reduction in inspections required in the RCS,
inspection related costs may be significantly reduced, despite an increase in
secondary side inspections that may result form the process.  The savings
incurred over the remaining plant life are significantly greater than the costs
associated with developing and licensing the RI-ISI programme.

&RQVLVWHQF\�ZLWK�RWKHU�5,�LQLWLDWLYHV

SKIFS: The qualitative approach, employing discreet and limited indexes to
determine risk importance, makes it difficult to objectively compare the
impact on plant safety of ISI with other plant measures, such as testing.

WOG: The use of the living plant PSA model and the use of standard quantifiable
risk measures allows to directly compare ISI measures with other risk-
informed programmes such as testing of active components, Technical
Specification changes and HELB protection measures, for example.
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��� &RQFOXVLRQV
The comparison between the WOG quantitative RI-ISI methodology and the SKIFS
qualitative RI-ISI methodology as applied to the reactor coolant system and the auxiliary
feedwater system of the Ringhals 4 plant, allows to draw the following conclusions:

1. The combined number of inspections required for both systems is very similar, with the
WOG method requiring 46 inspections and the SKIFS approach requiring 47 locations.
On this basis it may be concluded that the two methods show good overall agreement.

2. To compare the impact on safety of the two ISI schemes, the core damage frequency due
to pipe-break events was determined using the Ringhals 4 PSA model, taking credit for
the reduction in failure probability in inspected segments. On this basis it can be
concluded that implementation of the WOG-RI-ISI programme reduces the risk (or
increases safety) by at least 27%. The fact that safety is improved with fewer inspections
is possible due to the redistribution of inspections from low risk areas to areas of higher
risk.

3. The number of inspections required for the reactor coolant system is significantly less
following the WOG method which requires 34 locations to be inspected, compared to the
SKIFS method which requires 44 inspections (see Table F-1 in Appendix F). If the
WOG-RI-ISI were implemented, this reduction would be expected lead to significant
reduction in ISI-related costs and man-rem exposure. The reasons for this reduction in
locations is discussed further below.

4. A significant contributor to the reduction in the RCS inspections is the elimination of ISI
for the main loop piping, which the SKIFS method classifies as control group B. In terms
of failure potential both methods are in agreement, i.e. WOG classifies these segments as
“low failure importance” and SKIFS classifies them with “damage index 3”. Therefore it
is clear that the reduction is due to a different perception of the consequences associated
with failure of the main loop piping segments. This is discussed further below.

5. The SKIFS method assigns a consequence index 1 to failure of large diameter RCPB
piping, which implies that this approach assumes that large LOCA events represent the
main risk of core damage.  The WOG methodology, in applying the plant PSA model,
takes credit for plant features and actions designed to mitigate the consequences of a
large LOCA, which when combined with the low failure probability of these segments
leads to the conclusion that this event is not the main contributor to risk.

6. In contrast to the above, the WOG method recommends inspecting certain small diameter
RCS piping segments that were not inspected following the SKIFS criteria.  The high
safety significance classification of these segments is due to the significant core-damage
contribution of the small LOCA and medium LOCA events in the PSA model, combined
with higher failure probabilities associated with smaller piping.

7. There are 17 segments (out of 69 in the RCS) that require ISI according to both WOG and
SKIFS methods.  However it can be seen from Table F-1 that in 8 of these cases the
WOG method requires just one inspection location per segment while the SKIFS requires
several (between 2 and 5) locations.  This reduction in the number of required inspections
per segment is due largely to the application of the “Perdue” model, which provides a
statistical basis for the selection of a sampling plan in order to meet minimum reliability
criteria.
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8. In contrast to the results for the reactor coolant system, the analysis of the auxiliary
feedwater system showed an increase in the number of required inspection locations from
3 locations according to the current inspection plan to 12 locations according to the WOG
RI-ISI scheme.

9. The 12 AFW segments ranked as HSS achieved this classification due to a combination of
their importance in mitigating the consequences of design basis accidents, as modelled in
the PSA, and their relatively high failure probabilities, due to potential erosion-corrosion
and thermal stratification in some locations. As the latter mechanisms fall into the
category of active degradation mechanisms (or causes), these segments are also classed as
High Failure Importance and therefore fall into region 1 of the risk matrix (see Figure 5).

10. If the results of the WOG RI-ISI pilot study for Ringhals 4 were implemented, it is
expected that the increase in inspections required in the AFW system would be offset by
the reduction in inspections in the RCS, in terms of cost. Furthermore the reduction in
man-rem exposure afforded by the reduction in RCS inspections, and the apparent
increase in safety associated to the risk-informed redistribution of inspections, leads us to
conclude that changing the basis for the ISI plan from the SKIFS to the WOG
methodology would represent an improvement for the plant operator, the regulator and
the public alike.
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*ORVVDU\�RI�7HUPV�DQG�$EEUHYLDWLRQV

*ORVVDU\�RI�7HUPV

,QVSHFWLRQ: Actions which, by means of examination, observation or measurement, determine
the conformance of an item (materials, parts, components, systems, structures as well as
processes and procedures), with defined requirements.
7HVWLQJ�� The determination or verification of the capability of an item to meet specified
requirements by subjecting the item to a set of physical, chemical, environmental or
operational conditions.
1RQ�'HVWUXFWLYH�([DPLQDWLRQ�� an examination by visual, surface or volumetric inspection
methods.
,Q�6HUYLFH� ,QVSHFWLRQ�� 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.
,Q�6HUYLFH�7HVW��methods and actions, performed in specified time intervals, for assuring the
operational readiness of safety related nuclear power plant components, in accordance with
specified rules and requirements.
36$: a quantitative assessment of the risk associated with plant operation and maintenance,
and measured in terms of frequency of occurrence different events including severe reactor
core damage or a breach of containment integrity.
&'): an estimate of the likelihood of a severe accident associated with reactor core damage.
/(5)�/55)�� an estimate of the likelihood of a severe accident associated with an early
radioactive release from the containment.
,PSRUWDQFH�PHDVXUH��any quantitative measurement used for the risk ranking of structures,
systems and components of an industrial plant.
5LVN: used in a general sense indicate the likelihood of the occurrence of undesirable events.
In the particular sense of risk analysis, can be quantitatively defined as the product of the
frequency of occurrence of an event and the value of a variable characterising the undesirable
result of that event.
)DLOXUH�� event involving leakage, rupture or conditions that would disable a component’s
ability to perform its intended safety function.
'HIHFW�� an imperfection or unintentional discontinuity of such size, shape, orientation,
location or properties as to be rejectable.
/HDNDJH��hole in the wall of an enclosure, capable of passing liquid or gas from one side of
the wall to the other under pressure or concentration differential existing across the wall.
5LVN�LQIRUPHG�GHFLVLRQ�PDNLQJ�SURFHVV: insights derived from probabilistic risk assessments,
used in combination with deterministic system and engineering analyses, in order to focus
attention on issues commensurate with their importance to the nuclear safety.
([SHUW¶V�SDQHO: a group of experts experienced in operations, maintenance, PARA, ISI/IST
programs and other related activities and disciplines that impact the risk-informed decisions
under consideration.
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$EEUHYLDWLRQV

AFWS Auxiliary Feed-Water System
AOT Allowed Outage Time
ASME American Society of Mechanical Engineers
BER Break Exclusion Requirements
BPVC Boiler and Pressure Vessel Code
BWR Boiling Water Reactor
CCDP Conditional Core Damage Probability
CCF Common Cause Failure
CDF Core Damage Frequency
CNRA NEA – Committee on Nuclear Regulatory Activities
CSN Consejo de Seguridad Nuclear (Spanish Nuclear Safety Council)
EDF Electricité de France
ENIQ European Network for Inspection Qualification
EPRI Electric Power Research Institute
ESF Engineered Safety Features
EURIS European network of Risk-Informed in-Service inspection
FA Functional Analysis
FAR Facteur d’Accroissement du Risque (eq. RAW)
FG Functional Group
FMEA Failure Modes and Effects Analysis
FMECA Failure Modes, Effects and Criticality Analysis
FV Fussel-Vesely
GDC General Design Criteria
HELB High Energy Line Break
HSS High Safety Significance
IAEA International Atomic Energy Agency
IE Initiating Event
IGSCC Intergranular Stress Corrosion Cracking
IPERS IAEA’s International Peer Review Service
ISI In-Service Inspection
IST In-Service Testing
LERF Large Early Release Frequency
LOCA Loss of Coolant Accident
LRRF Large Radioactive Release Frequency
LSS Low Safety Significance
LWR Light Water Reactor (i.e. PWR or BWR)
MOV Motor-Operated Valve
NDE Non-Destructive Examination
NDT Non-Destructive Testing
NEA Nuclear Energy Agency
NEI Nuclear Energy Institute
NPP Nuclear Power Plant
NRC (US) Nuclear Regulatory Commission
NRWG Nuclear Regulator’s Working Group
OECD Organisation for Economic Co-operation and Development
OMF Optimisation de la Maintenance par la Fiabilité (EDF’s RCM Methodology)
OMF-S OMF-Structures (EDF’s RI-ISI Methodology)
P&ID Process and Instrumentation Diagrams
PISC Programme for Inspection of Steel Components
PRA Probabilistic Risk Assessment (also known as PSA)
PSA Probabilistic Safety Assessment (also known as PRA)
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PSR Periodic Safety Review
PWR Pressurised Water Reactor
QA Quality Assurance
R&D Research and Development
RAB Ringhals AB
RAW Risk Achievement Worth
RCC-M Règles de Conception et de Construction des Matériels Mécaniques (French NPPs Design

and Construction Code)
RCPB Reactor Coolant Pressure Boundary
RCS Reactor Coolant System
RG Regulatory Guide
RIBA Risk-Informed ISI Project of the European Commission
RI-ISI Risk-Informed In-Service Inspection
RPV Reactor Pressure Vessel
RRW Risk Reduction Worth
RSE-M Règles de Surveillance en Exploitation des Matériels Mécaniques (French NPPs

Operating and Surveillance Guide)
SG Steam Generator
SKI Statens Kärnkraftinspektion (The Swedish Nuclear Power Inspectorate)
SKIFS Statens Kärnkraftinspektions författningssamling (Statute-book of the SKI)
SOV Solenoid-Operated Valve
SRP Standard Review Plan
SRRA Structural Reliability and Risk Assessment
SS Stainless Steel
SSC Structure, Systems and Components
STI Surveillance Test Interval
T&M Test and Maintenance
TCM Technical Committee Meeting
TF Task Force
TS Technical Specification
UNESA Unidad Eléctrica Sociedad Anónima (Association of Spanish Electric Utilities)
WEE Westinghouse Electric Europe SA
WOG Westinghouse Owners Group
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$SSHQGL[�$

5LQJKDOV���%DVHOLQH�36$�5HVXOWV

Table A-1

Ringhals Unit 4 Summary of Initiating Events Categories, Frequencies and their
Contribution to Core Damage

Initiating Event Description Designation
Initiating Event
(frequency/year)

Core Damage
(frequency/year)

Large LOCA A 4.0E-4 4.5E-6

Medium LOCA S1 8.2E-4 3.0E-6

Small LOCA S2 1.1E-2 5.6E-6

Transient that challenges relief
valves

T1 3.6E-2 2.3E-8

General transients T2 6.1 1.3E-6

SI needed (offsite power available) T3 8.5E-1 2.2E-6

Loss of offsite power T4 5.2E-1 1.4E-6

S/G tube rupture T5 9.4E-3 2.6E-6

SLB outside PS Tsy 4.0E-4 7.4E-8

SLB inside PS Tsi 4.0E-5 8.0E-9

Break in steamline to turbine driven
AFW-pump

Tsh 3.0E-3 1.7E-9

Gross Reactor Vessel Rupture R 2.7E-7 2.7E-7

Interfacing system LOCA V 1.4E-5 Not evaluated

Total Ringhals 3/4 (exclusive
V-LOCA)

2.01E-05
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$SSHQGL[�%

5LQJKDOV���6HJPHQW�'HILQLWLRQ�'LDJUDPV

IRU�$X[LOLDU\�)HHG�:DWHU�DQG�5HDFWRU�&RRODQW�6\VWHPV
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Ringhals Unit 4
Auxiliary Feedwater System

)LJXUH�%����$X[LOLDU\�IHHGZDWHU�V\VWHP�VLPSOLILHG�3	,'�ZLWK�VHJPHQW�GHILQLWLRQV�
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Ringhals Unit 4
RCS System
Sheet 1 of 5

Figure B-2  Reactor Coolant System Simplified Drawing with Defined Piping Segments (Sheet 1 of 5)
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Ringhals Unit 4
RCS System
Sheet 2 of 5

Figure B-2 (cont.)  Reactor Coolant System Simplified Drawing with Defined Piping Segments (Sheet 2 of 5)
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Ringhals Unit 4
RCS System
Sheet 3 of 5

Figure B-2 (cont.)  Reactor Coolant System Simplified Drawing with Defined Piping Segments (Sheet 3 of 5)
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Figure B-2 (cont.)  Reactor Coolant System Simplified Drawing with Defined Piping Segments (Sheet 4 of 5)
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Ringhals Unit 4
RCS System
Sheet 5 of 5

Figure B-2 (cont.)  Reactor Coolant System Simplified Drawing with Defined Piping Segments (Sheet 5 of 5)
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$SSHQGL[�&

'HVFULSWLRQ�RI�WKH�6WUXFWXUDO�5HOLDELOLW\�	�5LVN�$VVHVVPHQW�7RRO

2YHUYLHZ
The Structural Reliability & Risk-Assessment (SRRA) tool is a personal computer code for
estimating failure probabilities of piping, that was developed as part of the Westinghouse
Owners Group methodology for Risk-Informed In-Service Inspection (RI-ISI) of piping.

%DFNJURXQG
SRRA-type tools have been developed and applied by Westinghouse since the 1980’s, for
probabilistic integrity assessment of equipment such as reactor pressure vessels, reactor vessel
internals and reactor coolant piping. The SRRA tool for piping RI-ISI has been adapted from
these detailed analysis models to provide a tool that may be easily used by utility engineers
using readily available inputs related to piping stress and operating conditions (Ref. C-1).

3ULQFLSOH
The SRRA models apply state-of-the-art Probabilistic Fracture Mechanics (PFM) techniques
which use recognised deterministic failure models in conjunction with Monte-Carlo routines,
to simulate the action of time-dependant degradation mechanisms and infrequent loading
events and to derive the probability of piping failure by a variety of failure modes. The
principle is outlined in Figure C-1 below. In SRRA the user is required to provide best-
estimate (median) values for various input parameters related to pipe material, geometry,
operating conditions, NDE, service stresses and cycles (see Table C-1). Each parameter is
associated a statistical distribution and standard deviation which are based on industry data
and detailed analyses and are not required to be entered by the user. Similarly, assumptions
for initial flaw distributions are built-in to the programme based on industry correlations with
respect to weld geometry and pre-service inspection.

)DLOXUH�0HFKDQLVPV�$GGUHVVHG
The SRRA code has the capability to simulate the effect of a variety of time dependant
material degradation mechanisms for carbon steel and stainless steels, these mechanisms
include:

• Low cycle fatigue crack growth of an existing (fabrication) flaw,
• Stress corrosion crack growth of an existing flaw,
• Wall thinning due to material wastage.(e.g. by flow-assisted corrosion), and
• High-cycle fatigue stress (e.g., due to vibration) exceeding the fatigue crack threshold,

In each Monte-Carlo simulation trial, the code simulates the effect of the modelled
degradation over time and at each time step the pipe stability against rupture is checked with
respect to design-limiting loading conditions.
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,QIUHTXHQW�(YHQWV
Design-limiting stress inputs may also be attributed with a frequency corresponding to the
frequency of occurrence of the corresponding design-limiting event, such as earthquake,
waterhammer, or a pipe-break event.

Similarly, the effects of possible snubber failure may also be simulated by attributing
appropriate snubber failure frequencies, i.e. failure to lock-up and inadvertent lock-up, and
corresponding increased stress levels for design-limiting stress and low-cycle fatigue stress
range respectively.

)DLOXUH�0RGHV�0RGHOHG
The SRRA code calculates the lifetime failure probability for three different types of failure
mode of the piping pressure boundary:

• Small Leak  (i.e. through-wall flaw with minor leakage)
• Large Leak  (i.e. a through-wall flaw that leads to leakage beyond a user-defined value)
• Full Break  (i.e. complete severance of the pipe cross-section)

&UHGLWLQJ�,6,�	�/HDN�'HWHFWLRQ

• ,6,: Based on user-defined inputs for ISI interval and Probability of Detection (PoD), for
the applicable NDE technique, SRRA also calculates the (reduced) failure probability
assuming that flaws detected by ISI will be mitigated before failure can occur.

• /HDN�'HWHFWLRQ: By entering best-estimate leak detection capability, credit may also be
given to the reactor coolant leak detection system in the calculation of large-leak and
break probabilities. Again it is assumed that mitigating actions would be taken on a
detected through-wall flaw, before such a flaw would develop into a large leak or break.

%HQFKPDUNLQJ�	�/LFHQVLQJ
The SRRA model for piping applications has been successfully benchmarked against the
computer code known as pc-PRAISE, which was developed by Lawrence Livermore National
Laboratory in the framework of an NRC sponsored project aimed at determining the
probability of LOCA in PWRs (Refs.C-2 & C-3).

The Westinghouse SRRA model and pilot applications have been reviewed by the NRC in the
framework of the licensing of the WOG RI-ISI methodology and the NRC issued a favourable
Safety Evaluation Report (SER) in December 1998, which is documented in the final WOG
topical report incorporating the resolution of NRC comments (Ref. C-4). Since receiving the
SER, the SRRA code has been used in numerous applications of RI-ISI in the US and
applications are also underway in Spain, Sweden, Switzerland and Korea.

5HIHUHQFHV
C-1. Bishop, B.A., “An Updated Structural Reliability Model for Piping Risk-Informed

ISI”, ASME PVP Vol. 346, pp.245-252, )DWLJXH�DQG�)UDFWXUH – Volume 2, 1997.
C-2. NUREG/CR-2189 “Probability of Pipe Fracture in the Primary Coolant Loop of a

PWR Plant”, LLNL, 1981
C-3. NUREG/CR-5864 “Theoretical and Users Manual for pc-PRAISE, a Probabilistic

Fracture Mechanics Code for Piping Reliability Analysis”, USNRC, 1991
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C-4. WCAP-14572 Revision 1-NP-A Supplement 1, “Westinghouse Structural Reliability
and Risk Assessment (SRRA) Model for Piping Risk-Informed Inservice Inspection”,
February 1999
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Table C-1

Example SRRA Code Simplified Input sheet

Segment Number: #

Material SS 304

Inspection Interval (years between inspections) 10

Inspection Accuracy (wall fraction for 50% POD) 0.15

Temp. @ weld, Celsius 320

Nominal Pipe Size, mm 150

Thickness to OD ratio 0.101

Normal Operating Pressure, Bar 155

Residual Stress Level, MPa 70

Initial Flaw Conditions X-Ray NDE

DW+Thermal Stress / Flow Stress 0.1

Stress Corrosion Potential (0.0 --> 1.0) 0.01

Material Wastage Potential (0.0 --> 1.0) 0.00

Vibratory Stress Range, MPa 10

Fatigue Stress Range / Flow Stress 0.3

Low Cycle Fatigue Frequency, cycles/year 10

Design Limiting Stress / Flow Stress (mean) 0.3

System Disabling Leak, litres/min 6000

Min. Detectable Leak, litres/min 5
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Table D-1

Examples of 40-year leak probabilities for risk ranking of Ringhals unit 4
AFW piping segments

Segment Failure Probabilities Without ISI Probabilities With ISI

Numbers Mechanism Small Large Small Large

1 High Design
Limiting Stress

5.8E-08 2.1E-06 4.6E-08 2.1E-06

2 High Design
Limiting Stress

4.7E-08 2.0E-06 3.5E-08 2.0E-06

3 High Design
Limiting Stress

1.9E-08 1.5E-06 1.3E-08 1.5E-06

4,5 High Design
Limiting Stress

3.2E-08 1.5E-06 2.7E-08 1.5E-06

6 High Design
Limiting Stress

4.7E-08 2.0E-06 3.5E-08 2.0E-06

10,11 Wastage 1.4E-03 8.7E-04 2.9E-06 2.7E-06

12 Wastage 1.1E-03 3.4E-04 9.0E-09 1.0E-04

13,14 Wastage 1.4E-03 8.1E-04 3.3E-08 1.7E-06

15 Wastage 1.1E-03 3.4E-04 9.0E-09 1.0E-04

16,17 Wastage 1.4E-03 8.1E-04 3.0E-08 1.5E-06

18 Wastage 1.4E-03 8.9E-04 3.0E-08 7.9E-05

19,20,21a Corrosion-assisted
fatigue

5.6E-03 5.6E-03 2.3E-04 2.3E-04

19,20,21b Corrosion-assisted
fatigue

1.0E-02 1.0E-02 2.8E-03 2.8E-03

22 Corrosion-assisted
fatigue

3.3E-03 3.3E-03 1.5E-06 1.5E-06

23, 24 Corrosion-assisted
fatigue

3.3E-03 3.3E-03 1.5E-06 1.5E-06

25,26 Fatigue cracking 1.9E-06 3.3E-07 8.1E-09 2.7E-07

27,28 Fatigue cracking 3.1E-06 5.2E-07 9.9E-09 4.4E-07
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Table D-2

Examples of 40-Year Leak Probabilities for Risk Ranking of Ringhals Unit 4 RCS
Piping Segments With No Leak Detection

LOCA Probabilities Without ISI LOCA Probabilities With ISI

Segment
Numbers

Failure Mechanism Small Medium Large Small Medium Large

1,4,5,9 High design
limiting stress

2.9E-07 2.9E-07 2.9E-07 2.9E-07 2.9E-07 2.9E-07

2,6,10 High design
limiting stress

2.5E-07 2.5E-07 2.5E-07 2.5E-07 2.5E-07 2.5E-07

3,7,11 Fatigue cracking 4.6E-07 4.6E-07 3.8E-07 2.1E-08 2.1E-08 2.0E-08

8 Fatigue cracking 9.0E-04 8.8E-04 8.7E-04 3.3E-05 2.8E-05 2.1E-05

13 Fatigue cracking 2.6E-05 2.3E-05 2.3E-05 1.5E-06 1.4E-06 1.4E-06

14 Vibration 2.1E-04 2.1E-04 N/A 4.6E-05 4.6E-05 N/A

15,12,18,
21,25

Fatigue cracking 6.1E-05 5.5E-05 5.2E-05 2.0E-06 1.8E-06 1.7E-06

16,19 Fatigue cracking 4.6E-05 5.3E-05 N/A 5.1E-06 4.7E-06 N/A

17,66 Fatigue cracking 3.2E-05 2.9E-05 2.8E-05 1.2E-05 1.1E-05 1.1E-05

20 Fatigue cracking 2.3E-05 2.0E-05 2.1E-05 2.0E-06 2.0E-06 2.3E-06

22 Fatigue cracking 2.1E-05 2.0E-05 2.0E-05 2.5E-06 2.2E-06 2.2E-06

23 Vibration 2.0E-04 1.9E-04 N/A 3.6E-05 3.5E-05 N/A

24 Vibration 2.2E-04 2.2E-04 N/A 3.9E-05 3.8E-05 N/A

26 Fatigue cracking 6.0E-05 5.5E-05 5.5E-05 6.6E-06 6.1E-06 6.1E-06

27 Fatigue cracking 3.0E-05 2.8E-05 2.7E-05 3.2E-07 3.0E-07 2.2E-07

28,29,30 Fatigue cracking 3.9E-05 3.4E-05 N/A 2.3E-07 3.9E-07 N/A

31 Fatigue cracking 2.3E-04 2.0E-04 1.9E-04 2.9E-06 1.5E-06 1.4E-06

32,33,34 Fatigue cracking 1.1E-05 1.0E-05 1.0E-05 7.1E-08 6.2E-08 7.7E-08

35 Fatigue cracking 2.5E-04 2.3E-04 6.1E-05 3.9E-06 6.6E-06 3.8E-06

36,43,50 Fatigue cracking 3.2E-04 4.2E-04 N/A 2.7E-05 6.7E-06 N/A

38,45,52 Vibration 7.1E-04 7.1E-04 N/A 9.9E-05 9.9E-05 N/A
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Table F-1 Summary of the Perdue Model Analysis

Segment Number of
Welds

Number of
Welds for NDE

Segment Number of
Welds

Number of
Welds for NDE

AFW-10 13 See Note 1 AFW-11 13 See Note 1

AFW-12 15 See Note 1 AFW-15 32 See Note 1

AFW-13 16 See Note 1 AFW-14 25 See Note 1

AFW-16 26 See Note 1 AFW-17 20 See Note 1

AFW-18 16 See Note 1 AFW-19 22 See Note 1

AFW-20 24 See Note 1 AFW-21 21 See Note 1

RCS-8 6 2(2) RCS-13 8 1

RCS-12 11 1 RCS-15 4 1

RCS-14 5 1 RCS-17 4 1

RCS-16 16 1 RCS-19 19 1

RCS-18 5 1 RCS-21 4 1

RCS-20 9 1 RCS-23 21 1

RCS-22 4 1 RCS-25 10 1

RCS-24 9 1 RCS-27 39 1

RCS-26 15 1 RCS-36B 16 1

RCS-35 22 1 RCS-38 17 2(2)

RCS-37 23 1 RCS-43B 13 1

RCS-42 2 1 RCS-45 16 2(2)

RCS-44 22 1 RCS-50B 15 1

RCS-49 2 1 RCS-52 20 2(2)

RCS-51 24 1 RCS-66 4 1

(1) These segments should be considered for inclusion in the plant erosion-corrosion programme if

they have not already been incorporated.

(2) The two recommended welds consist of one location most susceptible to the postulated failure

mechanism plus one other location.
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Table F-1

Number of Inspection Locations for the Reactor Coolant System of Ringhals 4
As Determined by the WOG-RI-ISI and SKIFS Methods

6HJPHQW 5,�,6, 6.,)6 'HVFULSWLRQ 6HJPHQW 5,�,6, 6.,)6 'HVFULSWLRQ
1 - 2 Loop pipe 36A - - 1" RTD loop 1
2 - 1 Loop pipe 36B 1 - 2" RTD loop 1
3 - 2 Loop pipe 37 1 - 3" RTD loop 1
4 - 2 Loop pipe 38 2 - 2" RTD loop 1
5 - - Loop pipe 39 - -
6 - - Loop pipe 40 - -
7 - 2 Loop pipe 41 - -
8 2 1 Surge-line 42 1 - 2" WP loop 1
9 - 1 Loop pipe 43A - - 1" RTD loop 2
10 - 1 Loop pipe 43B 1 - 2" RTD loop 2
11 - 1 Loop pipe 44 1 - 3" RTD loop 2
12 1 1 12" RH loop 1 45 2 - 2" RTD loop 2
13 1 1 6" SI loop 1 46 - -
14 1 1 3" Normal charging 47 - -
15 1 2 12" SI loop 1 48 - -
16 1 - 4" Spray 49 1 - 2" WP loop 2
17 1 1 6" SI loop 2 50A - - 1" RTD loop 3
18 1 1 12" RH loop 2 50B 1 - 2" RTD loop 3
19 1 1 4" Spray 51 1 - 3" RTD loop 3
20 1 2 6" SI loop 2 52 2 - 2" RTD loop 3
21 1 2 12" SI loop 2 53 - -
22 1 1 6" SI loop 3 54 - -
23 1 2 3" CS letdown & WP loop 3 55 - -
24 1 - 3" Alternate charging 56 - -
25 1 2 12" SI loop 3 57 - -
26 1 2 6" SI loop 3 58 - -
27 1 5 6" PRZ discharge line 59 - -
28 - - 60 - -
29 - - 61 - -
30 - - 62 - -
31 - - 63 - -
32 - 1 Between PRZ & safety valve 64 - -
33 - 1 Between PRZ & safety valve 65 - -
34 - 1 Between PRZ & safety valve 66 1 1 6” SI loop 1
35 1 3 4" Spray 7RWDOV�� �� ��
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Plant
(reference)

Scope Current NDE
Exam

Locations

RI-ISI Exam
Locations

% Reduction Change in
Risk

Man-Rem
Saved

over 10
years

Millstone 3
(Ref. 5)

Class 1,
2, 3,
NNS

753 107 86 Risk
reduction

75

Surrey 1
(Ref. 5)

Class 1,
2, 3,
NNS

386 140 64 Risk
reduction

60

Turkey
Point 3
(Ref. 5)

Class 1 224 26 88 Risk
neutral

Not
available

Ascó 1
(Ref. 13)

Class 1 220 87 61 Risk
reduction

Not
available
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Summary

This report is the third of three reports issued by the RIBA project.  It presents the results of Task 3,
which is concerned with helping to establish the elements of a European Generic Guidelines
Document for Risk-Informed In-Service Inspection (RI-ISI) of NPP components with
reference to the results from Tasks 1 and 2.  The report identifies where additional effort is
needed to establish such Guidelines, and assesses their likely impact on Codes and Standards.
The Conclusions and Recommendations are as follows:

&RQFOXVLRQV

General

1. Considerable progress has been made in the US in promoting the use of risk-informed
decision making techniques for the operation and regulation of nuclear power plants.
This progress has been made within the context of maintaining safety margins and the
principle of defence-in-depth.

2. Plant-specific PSAs are an essential tool in the implementation of risk-informed
decision making techniques.

3. It is now generally accepted that PSA modelling is sufficiently mature as to allow both
the regulator and plant operator to benefit from risk-informed decision making.

4. The most successful application to date of risk-informed decision making has been in
the area of risk-informed in-service inspection (RI-ISI) of LWR plant.

5. Several other countries, notably those that operate LWR plant designed by US
manufacturers, have followed the US lead in implementing RI-ISI applications.  Within
Europe, Finland, Spain and Sweden have been the countries most prominent in
implementing RI-ISI.

6. The higher ISI inspection frequency under Russian Codes, compared with that under
ASME Section XI, is a factor likely to make the application of RI-ISI methodology an
attractive proposition for operators of VVER plants.

7. In the current requirements for ISI in ASME Section XI, welds are selected for
inspection based primarily on highest calculated stresses and fatigue usage factors.
Refocusing inspections to locations where the degradation mechanisms are known and
the consequences of failure are relatively high has eliminated unnecessary inspections
with the potential to decrease risk.

8. Current RI-ISI applications are restricted to pipework.  Numerous partial or full-scope
studies of Class 1, 2 and 3 pipework have been conducted, with the majority of
applications addressing Class 1 piping.

9. All RI-ISI applications have the common feature of reflecting the best information at the
time concerning the degradation mechanisms and potential failure modes of the
elements that make up the various segments considered.  Because this knowledge will
change as a result of research information, industry-wide experience and plant-specific
operating experience, RI-ISI applications should be regarded as living programmes that
need to be updated at appropriate intervals.
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10. Although dissimilar metal welds (DMWs) are not precluded from consideration under
current RI-ISI procedures, there is an issue concerning the ability of current
methodology to account quantitatively for the degradation mechanisms that are specific
to welds containing Ni-based alloys.

11. The risk informed approach to ISI has the benefit of providing a more precise
specification of requirements for inspection validation than has hitherto been possible.
However, this benefit has yet to be fully realised.

Comparison of Methodologies

12. Four RI-ISI methodologies (WOG-ASME, EPRI, SKIFS and EDF-OMF Structures)
have been compared and contrasted in detail.  The major differences between these
methods arise by virtue of the various ways in which the logical steps common to all RI-
ISI methodologies are undertaken.

13. A major feature of the EPRI and SKIFS methodologies is that because they are
essentially qualitative, they preclude a comparison of the impact of risk-informed
inspection on plant safety with that of other risk-informed initiatives.  They also
preclude the use of sensitivity analyses to assess the effect of uncertainties.

14. All four methodologies, although at different stages of regulatory acceptance, follow
existing guides as well as applicable Codes and Standards.

15. A detailed comparison of the WOG-ASME and SKIFS methodologies in relation to the
RI-ISI pilot study at Ringhals 4 has demonstrated the similarities between the two
methods.  However, differences in the methods, mainly in the area of consequence
determination, led to significantly different outcomes in selecting locations for ISI.

16. It is evident that the WOG-ASME, EPRI and EDF methodologies are capable of
providing a significant return on investment to the plant operator.

European Generic RI-ISI Guidelines

17. It is desirable that there should be a common approach within Europe for using plant
PSAs to provide risk-informed insights for optimising ISI.  It is important that this
approach is sufficiently general in order to complement the existing regulation of NPPs
within Europe.  Thus, the generic RI-ISI Guidelines should be non-prescriptive in order
to be adaptable to the nuclear regulation in different countries.  This flexibility should
be such as to accommodate qualitative as well as quantitative approaches.

18. The Guidelines should be produced with reference to developments in the US, as well as
those in Finland, France, Spain, Sweden and Switzerland.  In particular, the Guidelines
should take note of pilot studies carried out in relation to European NPPs.

19. The Guidelines should anticipate potential use in relation to VVERs as well as Western-
type LWRs.  Consideration should also be given concerning their applicability to
RBMKs.

20. The Guidelines should not contradict current deterministic approaches.  Moreover, the
Guidelines should be sufficiently general as to anticipate the application of ‘living’ RI-
ISI applications to components other than pipework.
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21. The Guidelines should represent the consensus of utilities, regulators and other
stakeholders within Europe’s nuclear industry.  They should be harmonised with the
Guidelines on RI-ISI already produced by individual European countries.  Moreover,
this process of harmonisation should be with reference to the results of European RI-ISI
pilot studies, and other European risk-informed initiatives relating to activities such as
maintenance, testing and surveillance.

22. The existing Spanish RI-ISI guidelines would enable the various elements of the generic
Guidelines to be identified in a way that is consistent with Conclusions 17 to 21 above.

Likely Impact of European Generic RI-ISI Guidelines on Codes and Standards

23. For countries where regulation considers US practice, or where a non-prescriptive
approach is followed, it is considered unlikely that the adoption of generic Guidelines
would require significant changes to Codes and Standards.

24. The impact on Codes and Standards of adopting generic Guidelines is expected to be
greatest in those countries that do not currently permit changes in plant operation and
(or) maintenance to be based on probabilistic (PSA) considerations.  However, the effect
of this could be minimised by the regulator taking the initiative in proposing the use of
RI-ISI on a case-by-case basis and (or) with reference to the experience gained in
specific pilot studies.

5HFRPPHQGDWLRQV

1. It is recommended that a small Working Group be set up to produce a set of generic
Guidelines for applying RI-ISI to NPPs within Europe.  It is considered that a reasonable
period for producing a draft document would be 12 to 15months, with the Working
Group meeting on a quarterly basis.

2. Because it is essential that the Guidelines should represent a common position, it is
recommended that arrangements be made to ensure that extensive consultation takes
place during their drafting between utilities, regulators and other stakeholders in
Europe’s nuclear industry.
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��� ,QWURGXFWLRQ�DQG�3XUSRVH

The purpose of the present, Task 3 Report is to build on the results of the Task 1 and Task 2
Reports of the RIBA Project in order to derive an overall set of Conclusions and
Recommendations for Risk-Informed In-Service Inspection Methodology Applied to NPPs in
Europe.

��� 6WUXFWXUH�RI�7DVN���5HSRUW

The structure of the present report is as follows.  Section 3 contains a summary of existing ISI
requirements in the US, Spain, Belgium and The Netherlands, France, Sweden, Finland, UK,
Germany and Switzerland.  Section 4 provides a critical review of the conclusions arising
from the reports of Task 1 and Task 2 respectively Refs. [1 and 2].  Section 5 similarly
reviews the conclusions and recommendations arising from related RI-ISI studies within
Europe and elsewhere.  Section 6 provides a summary of current national positions regarding
the adoption of RI-ISI.  Based on the discussions in the preceding sections, the elements of a
generic Guidelines document for applying RI-ISI methodology to NPPs in Europe are
presented in Section 7.  Sections  8 and 9 respectively deal with the implications for
implementing such generic Guidelines and their likely impact on current inspection codes and
standards within the EU.  Lastly, a set of overall conclusions and recommendations presented
within Section 10.

��� 6XPPDU\�RI�([LVWLQJ�,QVSHFWLRQ�5HTXLUHPHQWV

In general, the requirements for ISI in current Codes and Standards in different countries are
based on deterministic principles, in many cases following the ASME Code, Section XI.
Locations singled out for inspection are the ones associated with high stresses and (or) high
fatigue usage factors.  A representative sample of welds in high integrity locations is normally
chosen for inspection.  This, together with stress reports and the results of fatigue assessments
and previous in-service inspections, is used as the basis for determining the extent and ranking
of appropriate NDE measures.  Additional inspections are also carried out (based on
engineering experience and judgement) to cover the possibility of damage occurring in
unexpected locations.

���� 86$

In the USA, in-Service Inspection (ISI) requirements are established in Section XI of the
ASME Code.  Components are generally categorised for ISI/IST as falling within Quality
Groups A, B, C or D, based on the Section III Code Class for their Construction.  (See
Appendix 1 for further details of this classification scheme.)  If the component was optionally
upgraded in classification for construction, that upgrade need not be followed for ISI.  The
following sub-sections summarise the components contained within the various Quality
Groups.

3.1.1 Quality Group A (ASME Class 1 Components)
The applicable rules for ASME Class 1 component are contained in Subsection IWB.

Components and parts of components that are exempted from volumetric and surface
examinations are:
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- Components connected to the reactor coolant system and part of the reactor coolant
boundary that are of such shape and size that upon postulated rupture the resulting flow of
coolant is within the capacity of the makeup systems.

- Components and piping, of NPS 1 and smaller, except for steam generator tubes.

- Reactor vessel-head connections and associated piping, of NPS 2 and smaller, made
inaccessible by control rod penetrations.

- Integral attachments of supports and restraints that are inaccessible because they are
encased in concrete, buried underground, or encapsulated by guard pipes.

The requirements for piping (examination categories B-F and B-J) are summarised in
Tables 1(a) and 1(b) below.

7DEOH���D���([DPLQDWLRQ�RI�&DWHJRU\�%�)��3UHVVXUH�5HWDLQLQJ�'LVVLPLODU�0HWDO�:HOGV�LQ�9HVVHO
1R]]OHV

Parts Examined Examination Method Number of Welds Frequency

Nozzle-to-Safe End Butt Welds
NPS ≥ 4

Vol. + Surf. 100%

Nozzle-to-Safe End Butt Welds
NPS < 4

Surf. 100%

Nozzle-to-Safe End Socket Welds Surf. 100%

Each inspection
interval (typically

10 years)

7DEOH���E���([DPLQDWLRQ�RI�&DWHJRU\�%�-��3UHVVXUH�5HWDLQLQJ�:HOGV�LQ�3LSLQJ

Parts Examined Examination Method Number of Welds Frequency

Circumferential Welds NPS ≥ 4 Vol. + Surf.

Circumferential Welds NPS < 4 Surf.

Branch Pipe Connection Welds
NPS ≥ 4

Vol. + Surf.

Branch Pipe Connection Welds
NPS < 4

Surf.

Socket Welds Surf.

25%

(See Note)

Each inspection
interval (typically

10 years)

NOTE: Examinations shall include:
- All terminal ends connected to vessels

- All terminal end and joints in each pipe branch run connected to other components, where either the primary
plus secondary stress intensity range exceeds 2.4 Sm, or the cumulative usage factor exceeds 0.4.

- All dissimilar metal welds not covered under Category B-F.

- Additional piping welds so that the number of welds selected for examination equals 25% of the welds of
this type in the reactor coolant piping system.  (This total does not include those exempted by IWB-1220).

3.1.2 Quality Group B (ASME Class 2 Components)
The applicable rules for ASME Class 2 components are contained in Subsection IWC.
Components exempted from volumetric and surface examinations are as follows:
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A) Components within the Residual Heat Removal (RHR), Emergency Core Cooling
(ECC) and Containment Heat Removal (CHR) systems:

• For systems, except high pressure safety injection systems in PWRs:

- Piping of NPS 4 and smaller

- Vessels, pumps and valves and their connections in piping of NPS 4 and below.

• For high pressure safety injection systems in PWRs:

- Piping of NPS 1½ and smaller.

- Vessels, pumps and valves and their connections in piping of NPS 1½ and below.

• Vessels, pumps, valves, other components and components connections of any size in
statically pressurised, passive (i.e. no pumps) safety injection systems in PWRs.

• Piping and other components of any size beyond the last shutoff valve in open-ended
portions of systems that do not contain water during normal plant operations.

B) Components within systems or portion of systems other than the Residual Heat Removal
(RHR), Emergency Core Cooling (ECC) and Containment Heat Removal (CHR)
systems:

• Piping of NPS 4 and smaller.

• Vessels, pumps, valves, other components and components connections of any size that
operate at a pressure equal to or less than 275 psig and a temperature equal to or less than
200 ºF.

• Piping and other components of any size beyond the last shutoff valve in open-ended
portions of systems that do not contain water during normal plant operations.

C) Inaccessible welds.

The requirements for piping (examination categories C-F-1 and C-F-2) are summarised in
Table 2 below.

7DEOH����([DPLQDWLRQ�&DWHJRULHV�&�)����3UHVVXUH�5HWDLQLQJ�LQ�$XVWHQLWLF�6WDLQOHVV�RU�+LJK�$OOR\
6WHHO�3LSLQJ�DQG�&�)����3UHVVXUH�5HWDLQLQJ�:HOGV�LQ�&DUERQ�RU�/RZ�$OOR\�6WHHO�3LSLQJ

Parts Examined Examination Method
Number of

Welds
Frequency

Piping Circumferential Welds ≥ 3/8-in.
Nominal Wall Thickness for piping NPS
> 4

Vol. + Surf.

Piping Circumferential Welds ≥ 1/5-in.

Nominal Wall Thickness for piping NPS

≥ 2 and NPS ≤ 4

Vol. + Surf

Socket Welds Surf.

Pipe Branch  Connections NPS ≥ 2 Surf.

See Note
Each inspection

interval
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NOTES:
• The welds selected for examination include 7.5% but not less than 28 welds, of all welds not exempted.  The

examinations shall be distributed among to the Class 2 systems prorated to the degree practicable on the
number of non exempted welds in each system.

• Within a system, the examinations shall be distributed among terminal ends, dissimilar welds and structural
discontinuities prorated, to the degree practicable, on the number of non exempted elements of each type.

• Within a system, examinations shall be distributed between line sizes prorated to the degree practicable.

3.1.3 Quality Group C (ASME Class 3 Components)
The applicable rules for ASME Class 3 components are contained in Subsection IWD.  The
requirements for piping (examination category D-B) are summarised in the Table 3 below.

7DEOH����([DPLQDWLRQ�&DWHJRU\�'�%��$OO�3UHVVXUH�5HWDLQLQJ�&RPSRQHQWV

Parts Examined Test Requirement
Examination

Method

Extent of

Examination

Frequency of

Examination

Piping System leakage Visual VT-2 Each inspection

period

Piping System Hydrostatic Visual VT-2

Pressure Retaining

Boundary
Each inspection

interval

3.1.4 Quality Group D (ASME Non-Safety Class Components)
Non nuclear standards are applicable to Quality Group D, since Section XI does not cover
non-safety classes.

3.1.5 Augmented ISI Programmes
Augmented ISI programmes involve examinations beyond those called for in Section XI that
have been implemented to preclude piping failures.  Depending on the issue that the
augmented programme is intended to address, the following distinction can be made:

- Examinations “for cause”, that is directed to some known degradation mechanism.
Augmented programmes define a population of welds or elements which are exposed
to a given degradation mechanism and specify that inspections need to be performed
on a sample of these welds and at what frequency.

- Examinations to provide assurance of protection from pipe breaks in high or moderate
energy lines, where the installation of restraints or shields is not practical.  The
frequency of these augmented inspections may be higher than that required by Section
XI.  The Break Exclusion Requirements or High Energy Line Break (BER/HELB)
Requirements are plant-specific programmes.  That is, some plants have very few
inspections associated with BER/HELB programmes while, for other plants, the extent
of BER/HELB examinations for some piping may be comparable to the number of
Section XI examinations conducted.
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The augmented ISI programmes are either implemented in response to USNRC mandates or
plant-specific issues.  Table 4 summarises the more common augmented ISI programmes and
their applicability for each type of LWR.

7DEOH����&RPPRQ�$XJPHQWHG�,6,�3URJUDPPHV�DQG�WKHLU�$SSOLFDELOLW\�IRU�HDFK�7\SH�RI�/:5

Augmented Programme Regulatory Document Applicability
Integration into

RI-ISI
Programme

IGSCC in austenitic piping welds
NUREG-0313 Rev. 2 &
Generic Letter 88-01

BWR
Partial
(Note 1)

Thermal Stresses in Piping
Connected to RCS

USNRC Bulletin 88-08 PWR Yes (Note 2)

Pressuriser Surge Line Stratification USNRC Bulletin 88-11 PWR Yes (Note 2)
Thermal Fatigue Cracking of
Feedwater Piping to Steam Generator

Information Notice 93-20 & IE
Bulletin 79-13

PWR Yes (Note 2)

Pipe Cracks in Stagnant Borated
Water Systems at PWR Plants

IE Bulletin 79-17 PWR Yes (Note 3)

Service Water Integrity Programme Generic Letter 89-13 PWR & BWR Yes (Note 4)
Flow Accelerated Corrosion Generic Letter 89-08 PWR & BWR Yes (Note 5)
Feedwater & CRD Return Nozzles NUREG-0619 Rev. 1 BWR Yes (Note 2)
Break Exclusion Requirements or
High Energy Line Break
(BER/HELB)

SRP 3.6.1, 3.6.2 & 6.6 PWR & BWR Yes (Note 6)

Notes:
1. Fully integration of Category A (i.e., less susceptible) welds.  Up to 50% of Categories B through G

welds may be credited towards the RI-ISI programme.
2. Specifically addressed by thermal fatigue evaluation
3. Specifically addressed by stress corrosion cracking evaluation.
4. Specifically addressed by localised corrosion evaluation.
5. Specifically addressed by flow accelerated corrosion evaluation.
6. Specifically addressed by fatigue evaluation.

���� 6SDLQ

In Spain, basic inspection activities are regulated through CSN by those codes and standards
that are addressed in the safety analysis reports (SARs) on which the licences are based.
Because Spain operates mainly US-designed LWR plant, current ISI programmes for Spanish
NPPs are essentially based on US regulations.  The ASME Code is therefore used widely for
all ISI activities, albeit with additional inspection requirements (augmented inspections),
either as a response to experience of specific degradation mechanisms or with respect to the
needs of particular safety cases.  The requirements for the validation/qualification of
inspections are consistent with those of ASME XI, Appendix VIII.  These are supplemented
by other requirements arising from the details of the safety case and the results of European
co-operative initiatives (ENIQ)1.

                                                
1 While the intent of ASME VIII is similar to that of the ENIQ document, the approach to inspection is quite different, i.e.
performance demonstration (ASME) vs. inspection qualification (ENIQ).
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���� %HOJLXP�DQG�7KH�1HWKHUODQGV

The position in Belgium and The Netherlands is very similar to that in Spain, with the ASME
Code Section XI being adopted for basic ISI activities.  However, additional inspections are
required where there is experience of specific degradation mechanisms, or where there is the
need to fulfil the needs of a specific safety case [3].

���� )UDQFH

In France, the licensee, EDF has established inspection codes that include the basic
requirements for (a) inspection during fabrication (RCC-M Code), and (b) in-service
inspection (RSEM Code).  The latter includes requirements for inspection qualification in
respect of those components where defects or degradations have been observed or can be
expected.  Currently, comparatively few Class 1 components are inspected as part of the safety
management of French NPPs.  For example, primary loop butt welds are not inspected, since
no active degradation mechanisms have been identified and critical crack sizes are large.
However, there is a requirement to inspect dissimilar metal welds.

���� 6ZHGHQ

Before 1988, inspection programmes for reactor vessels in Sweden were based on ASME
Section XI, while piping and other components were inspected according to Swedish pressure
vessel and piping regulations.  A new system for ISI allocation of piping components was
however introduced in 1988 and then formalised into Swedish nuclear regulations (SKIFS) in
1994 [4].

The inspection philosophy adopted by Swedish utilities addresses all pressure retaining
components.  The aim is one of finding defects.  The philosophy recognises the design safety
class but is not PSA orientated.  A set of screening criteria (e.g. carbon content in austenitic
components) are used to identify the potential degradation mechanisms for each weld and
expert judgement applied to assess the probability of failure.

The Swedish Nuclear Power Inspectorate’s Regulations (SKIFS) use deterministic risk-
informed principles in assigning components and parts of components to inspection groups A,
B or C.  This assignment takes into account the probability of cracking or other degradation in
a specific component as well as the potential consequences of a failure.  Structural
components for which the resulting risk is highest are assigned to inspection group A; those
for which the resulting risk is lowest are assigned to inspection group C.  Inspection group B
covers intermediate risk components.  A recent update of the regulations (SKIFS 2000:2) [5]
allows for either a qualitative or a quantitative approach to RI-ISI.  This replaces earlier
regulations (SKIFS 1994:1, 1995:1 and 1996:1) which specified a qualitative approach to RI-
ISI.  It should be noted, however, that in comparing and contrasting RI-ISI methodologies, the
present review considers only qualitative aspects of the SKIFS approach.

���� )LQODQG

The Finnish regulatory body (STUK) has issued several regulatory guides (YVL Guides) for
the operation of nuclear power plants.  The latter include guidelines for inspection of nuclear
components during fabrication and in service.  There is a requirement for all ISI methods to be
suitably qualified.  Moreover, Finnish law decrees that only inspectors and inspection
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companies that have been endorsed by the STUK can perform inspections of components and
structures in Finnish NPPs.

���� 8QLWHG�.LQJGRP

In the United Kingdom, regulatory requirements are non-prescriptive, although Safety
Assessment Principles (SAPs) [6] are published for the guidance of utilities/plant operators.
The SAPs indicate the scope of safety case assessments expected by the regulatory body (NII).
Incredibility of failure (IoF) components (e.g. RPV, pressuriser, and reactor coolant pump
bowl) fall within the most stringent safety category.  Here, the SAPs require a special case
procedure to be used, which requires inspection to the highest standards including redundancy
and diversity.  The SAPs also require that all personnel and inspection techniques should be
validated.

The Sizewell B PWR implements routine ISI and IST through a set of Surveillance
Programmes.  These programmes, together with specific Surveillance Test Procedures defined
within the plant Technical Specifications, fulfil specific requirements set out in the Licence
Conditions.  In the case of ISI, the Surveillance Programmes were based on ASME Code
requirements, augmented by specific UK licensing commitments.

���� *HUPDQ\

In Germany, the method, extent and intervals for ISI are specified within the KTA Codes
3201.4 (Class 1 components) and 3211.4 (Class 2 and Class 3 components).  The German
regulatory framework is fully deterministic, and the locations singled out for inspection are
the ones associated with high stresses and (or) high fatigue usage factors, in line with the
general principles stated at the beginning of Section 3.

���� 6ZLW]HUODQG

In Switzerland, the requirements for in-service inspection of piping and components (NE-14)
are similar to the provisions in ASME Section XI for Class 1 and Class 2 components.

��� 5HYLHZ�RI�&RQFOXVLRQV�IURP�7DVN���DQG�7DVN���5HSRUWV

���� 7DVN��

The Task 1 report contains a detailed review of the WOG-ASME, EDF and EPRI approaches
to RI-ISI.  The report concludes that all three approaches are similar to the extent that they
each involve the same logical steps in their implementation:

- Scope definition

- Segment definition

- Consequence evaluation

- Failure probability estimation/failure potential assessment

- Risk evaluation

- Element/NDE selection
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- Implementation, monitoring and feedback

The Task 2 report has enabled the WOG-ASME methodology to be compared and contrasted
with the SKIFS methodology.

Tables 5(a) and 5(b) compare and contrast the four RI-ISI methodologies that have been
considered, including the way in which the various in-service degradation mechanisms are
addressed:
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7DEOH���D���&RPSDULVRQ�RI�:2*�$60(��(35,��6.,)6�DQG�(')�5,�,6,�0HWKRGRORJLHV�±�3URFHVV

6WHS :2*�$60( (35, 6.,)6 (')�20)�
6WUXFWXUHV

System Scope and
Segment Definition

• full or partial
scope

• division of the
system into
segments with the
same
consequence of
failure

• full or partial
scope

• division of the
system into
segments with the
same
consequence of
failure

• full scope • Class 1 pipework
not strictly
addressed

• division of the
system into
Functional
Groups with the
same
consequence of
failure

Piping Failure
Consequence
Evaluation

• PSA Å CCDP
• PSA takes direct

and indirect
effects into
account, allowing
a quantitative
classification of
segments

• PSA Å CCDP
for initiating
events

• Other direct and
indirect effects
taken
qualitatively into
account, allowing
a 4-class
categorisation of
segment

• Consequence
Index related to
size of pipe in
primary system

• various failure
modes addressed

• consequence with
respect to
availability and
costs evaluated

• PSA Å RAW
• RAW and

deterministic
aspects
(procedures, tech.
specs., etc) allow
a 3-class
categorisation of
failure modes

Piping Failure
Probability
Assessment

• degradation
mechanisms
assessed by
quantitative
SRRA models

• operating
experience
incorporated in
SRRA models

• degradation
mechanisms
assessed by
qualitative
criteria

• use of operating
experience

• degradation
mechanisms
assessed

• use of structural
integrity insights
and operating
experience

• degradation
mechanisms
assessed by
quantitative
models

• use of operating
experience

Risk Evaluation • quantitative
classification of
segments using
RRW

• Pf (from SRRA
model) and
CCDP are
combined to
determine
segment risk and
RRW

• categorisation of
segments in 3
risk regions

• categorisation of
segments in three
risk segments
(Control Groups)

• categorisation of
segments in 5
risk regions
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Expert Panel
Categorisation

• examination and
validation of the
categorisation of
segment into
high /low safety
significant

• no formal expert
panel

• no formal expert
panel

• no formal expert
panel

Structural Element /
NDE Selection

• use of a 2*2
matrix defining 4
risk regions to
determine the
inspection
programme

• statistical
sampling
depending on
target reliability

• significant
sampling of
elements to be
inspected (25%,
10%, 0%) in each
risk region (high,
medium, low)

• sampling of
elements
determined by
Control Groups :
A (100%),
B (10%), C (in
accordance with
industrial boiler
requirements)

• preventive
maintenance on
critical elements

• light sampling

Implement
Programme and
Feedback

• periodic updating
depending on
changes in PSA,
plant design or
procedures, NDE
results, etc.

• periodic updating
depending on
changes in PSA,
plant design or
procedures, NDE
results, etc.

• periodic updating
(every 12
months)

• three levels of
updating
depending on the
new elements of
information
available
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7DEOH���E���&RPSDULVRQ�RI�:2*�$60(��(35,��6.,)6�DQG�(')�5,�,6,�0HWKRGRORJLHV�±�'HJUDGDWLRQ
0HFKDQLVPV

'HJUDGDWLRQ
0HFKDQLVP�RU
2WKHU�)DLOXUH

:2*�$60( (35, 6.,)6 (')�20)�
6WUXFWXUHV

Vibration Fatigue Model Criteria Criteria/
service
experience

Model

Thermal Fatigue :

• Thermal
Stratification
Cycling and
Striping

Model Criteria Criteria/
service
experience

Model

• Thermal
Transients

Model Criteria Criteria/
service
experience

Model

Corrosion :

• Generalised
Corrosion

Criteria/
service
experience

Criteria Criteria/
service
experience

Model

• Stress
Corrosion
Cracking

Model Criteria Criteria/
service
experience

Model

• Microbiological
ly Induced
Corrosion

Criteria/
service
experience

Criteria Criteria/
service
experience

-

• Pitting Criteria/
service
experience

Criteria Criteria/
service
experience

Model

• Flow
Accelerated
Corrosion

Model Criteria Criteria/
service
experience

Model

Erosion-Cavitation Model Criteria Criteria/
service
experience

Model

Leakage at Flanges Service
experience

Service
experience

Service
experience

Service
experience

Water Hammer Model Service
experience

Service
experience

Service
experience

It is concluded that the major differences between the four methods arise by virtue of the
various ways in which the logical steps common to all RI-ISI methodologies are undertaken.
The WOG-ASME, EDF and EPRI methodologies are further compared and contrasted by
means of Tables 6(a) to 6(d).  These tables respectively look at various assessment criteria
under the four broad headings of 7HFKQLFDO�%DVLV��&RQVLVWHQF\�RI�$SSURDFK��&RQIRUPLW\�ZLWK
([LVWLQJ�5HJXODWRU\�)UDPHZRUNV��DQG�5HWXUQ�RQ�,QYHVWPHQW:
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7DEOH���D���&RPSDULVRQ�RI�:2*�$60(��(')�DQG�(35,�5,�,6,�0HWKRGRORJLHV���7HFKQLFDO�%DVLV

Criteria WOG-ASME EDF (OMF-Structures
Methodology)

EPRI

5HSHDWDELOLW\�RI
UHVXOWV

Quantitative approach to
risk assessment leading to
repeatable results

Quantitative and qualitative
approach to risk assessment
leading to repeatable results

Qualitative approach to risk
assessment which
nevertheless leads to
repeatable results, although
updating of assessments
more difficult than with
quantitative methods

$FFXUDF\�YV�
XQFHUWDLQW\

Sensitivity analyses may be
used to assess the impact of
uncertainty

Sensitivity analyses may be
used to assess the impact of
uncertainty

Sensitivity analyses
precluded by qualitative
approach

+ROLVWLF�DSSURDFK Assesses global impact of
change

Assesses global impact of
change

Assesses global impact of
change

6XSSRUWHG�E\
RSHUDWLQJ
H[SHULHQFH

Operating experience
acknowledged in SRRA
models and expert panel
risk categorisation process

Operating experience
acknowledged as an integral
part of the methodology

Operating experience
acknowledged as an integral
part of the methodology

A major difference between the EPRI methodology and the WOG-ASME and EDF
methodologies is that, because the EPRI methodology is essentially qualitative, it precludes
the use of sensitivity analyses to assess the effect of uncertainties.

7DEOH���E���&RPSDULVRQ�RI�:2*�$60(��(')�DQG�(35,�5,�,6,�0HWKRGRORJLHV���&RQVLVWHQF\�RI�$SSURDFK

Criteria WOG-ASME EDF (OMF-Structures
Methodology)

EPRI

&RQVLVWHQF\�ZLWK
UHODWHG�ULVN�
LQIRUPHG�LQLWLDWLYHV

The quantitative approach
to risk-informed inspection
allows a direct comparison
with other risk-informed
initiatives.

Since the OMF-structures
process covers all risk-
informed initiatives, the
impact of inspection on
plant safety can be
compared with that of
maintenance, testing, etc on
an equal footing.

It is difficult to compare the
impact on plant safety of RI-
ISI with other risk-informed
initiatives, since the
assessment of risk is only
qualitative.

Because the EPRI methodology is essentially qualitative, it precludes a comparison of the
impact of risk-informed inspection on plant safety with that of other risk-informed initiatives.
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7DEOH���F���&RPSDULVRQ�RI�:2*�$60(��(')�DQG�(35,�5,�,6,�0HWKRGRORJLHV���&RQIRUPLW\�ZLWK�([LVWLQJ
5HJXODWRU\�)UDPHZRUNV

Criteria WOG-ASME EDF (OMF-Structures
Methodology)

EPRI

&RPPLWPHQW�RI
VDIHW\�DXWKRULW\

Considered by USNRC as
an acceptable alternative to
10 CFR 50.55.a
requirements for ISI

Methodology and pilot
study (AFWS of French
900 MWe plant) submitted
to the French nuclear safety
authority for review

Considered by USNRC as
an acceptable alternative to
10 CFR 50.55.a
requirements for ISI

([LVWHQFH�RI
UHJXODWRU\
JXLGDQFH

Follows US regulatory
guides as well as applicable
codes and standards

No specific French
regulatory guidance
available

Follows US regulatory
guides as well as applicable
codes and standards

$FKLHYHPHQW�RI
VDIHW\�JRDOV

Safety goals assessed in
terms of ∆CDF and ∆LERF,
which relate to public health
and safety; application of
RI-ISI methodology to RCS
leads to a demonstrable
reduction in man-rem
exposures

Methodology aims to
maintain plant safety;
reduction in man-rem
exposures not assessed since
methodology is not applied
to RCS

Methodology aims to
maintain plant safety and
reduce man-rem exposures

([LVWHQFH�RI�SLORW
SURMHFW�V�

Various pilot studies
approved by USNRC; pilot
studies carried out in
Sweden, Spain, Switzerland
and Korea

Pilot studies applied to
900 MWe plant; pilot
studies on 1300 MWe plant
in progress

Various pilot studies
approved by USNRC

It is evident that the three methodologies, although at different stages of regulatory
acceptance, all follow existing guides as well as applicable codes and standards.

7DEOH���G���&RPSDULVRQ�RI�:2*�$60(��(')�DQG�(35,�5,�,6,�0HWKRGRORJLHV���5HWXUQ�RQ�,QYHVWPHQW

Criteria WOG-ASME EDF (OMF-Structures
Methodology)

EPRI

3DUWLDO�VFRSH�YV�
IXOO�VFRSH

Methodology may be used
in full scope or partial scope
assessments

Class 1 pipework not strictly
addressed at present

Methodology may be used
in full scope or partial scope
assessments

(YLGHQFH�RI�FRVW
EHQHILW

Significant reductions in
inspection demonstrated
relative to the requirements
of ASME Section XI

Optimisation of plant
maintenance with associated
gains in plant availability
and safety

Significant reductions in
inspection demonstrated
relative to the requirements
of ASME Section XI

It is evident that all three risk-informed methodologies are capable of providing a significant
return on investment to the plant operator.

���� 7DVN��

The Task 2 report contains a detailed review of the Ringhals Unit 4 RI-ISI pilot study carried
out using WOG-ASME methodology.  The partial scope study covered the RCS and the
AFWS, although it is to be noted that the study did not feature reference to an expert panel.
An important feature of the study was that its recommendations were compared with those
based on the application of current Swedish ISI rules at Ringhals.  While there are no
available pilot studies that compare application of the WOG-ASME and EPRI RI-ISI



RIBA/P(01)/Task 3 Report B4-3040/99/23123/MAR/C2

- 14 -

methodologies for the same plant, the Ringhals 4 pilot study comes close to this.  The reason
for this is that the SKIFS methodology is closely similar to the EPRI methodology.

&KDQJH�LQ�YROXPH�RI�LQVSHFWLRQV
As described in detail in Ref [2], the overall effect of application of the WOG-ASME
methodology with respect to the current ISI programme, based on SKIFS-1994:1 [4], is to
reduce the number of inspections required in Class 1 piping from 44 welds down to 34 welds,
i.e. a reduction of 10 examinations.

In the case of the AFWS, the WOG-ASME methodology leads to the identification 12
inspection zones, whereas Ringhals currently inspects just 3 zones in that system, i.e. an
increase of 9 examination zones was recommended.

Globally therefore, in terms of total examinations, there appears to be very little difference
between the WOG-ASME approach, with a total of 46 locations defined for the two systems,
and the SKIFS approach, with 47 examination locations.

However, what is significant in the case of the results of the Ringhals 4 pilot study is the
proposed redistribution of inspection effort away from the RCS, towards the AFWS.  This
redistribution highlights a significant difference between the WOG-ASME and SKIFS
applications, which is driven by the difference in the way each method determines the impact
of failures on plant safety.  This difference is further highlighted below.

In addition, the redistribution of inspections is expected to have an impact on operating costs
and man-rem exposures.  In this last regard, the decrease in the number of inspections inside
containment is expected to offset the increasing inspections outside containment, where
access is less restricted and radiation levels are significantly reduced.  These aspects are
discussed further in the following paragraphs.

Lastly, the results of the Ringhals Unit 4 pilot study are summarised in the following figures.

Low Safety-Significant High Safety-Significant

High Failure
Importance

5&6 = 3 segments
$):6 = 4 segments

Region 3

5&6 = 4 segments
$):6 = 12 segments

Region 1

Low Failure
Importance

5&6 = 36 segments
$):6 = 17 segments

Region 4

5&6 = 26 segments
$):6 = 0 segments

Region 2

Figure 2: Categorisation of Segments Considered in Ringhals Unit 4 Pilot Study [2]
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Segments Welds/Locations

RCS2 RI-ISI = 30/69
SKIFS = 28/69

RI-ISI = 34
SKIFS = 44

AFWS RI-ISI = 12/33
SKIFS = 3/33

RI-ISI = 12
SKIFS = 3

Figure 3: Comparison of Results of Ringhals Unit 4 Pilot Study with Current SKIFS
Inspections [2]

A particular point to note is the increase in the number of AFWS inspections under the RI-ISI
scheme.  This is because of the inclusion of 12 segments in an erosion-corrosion monitoring
programme, none of which corresponds to the 3 AFWS segments currently inspected.
Similarly, for the RCS, the piping segments selected based on RI-ISI methodology are diverse
from those currently inspected:

• 17 segments are FRPPRQ to both inspection programmes

• 11 segments that are currently inspected ZRXOG�QRW be inspected under an RI-ISI
programme

• 13 segments that are not currently inspected ZRXOG be inspected under an RI-ISI
programme

Although the total number of inspections is similar in both programmes, a worthwhile
reduction in inspections of RCS primary pipework would result from adoption of the RI-ISI
programme.  This in turn would result in associated man-rem reductions, with expected
overall cost savings for the plant.

&KDQJH�LQ�&')
The main reason for performing ISI of NPP piping and components is to reduce the risk of
failure, and hence reduce the risk associated with the consequences of failure.  The aim is to
detect flaws or indications sufficiently early to permit mitigating actions that will prevent a
breach of pressure boundary integrity.

The pilot programme has established the amount of risk, in terms of CDF, which is addressed
by both the current ISI programme at Ringhals 4 and the programme proposed by the WOG-
ASME process.  The total CDF associated with the WOG-ASME programme is found to be
1.5 to 3.5 times lower than the total CDF associated with the current inspection programme
(comparisons made within the range 1.55E-07 to 2.27E-06 per year).  The actual factor
depends on whether credit is taken for leak detection and/or operator action.  The current ISI
programme addresses between 10% and 49% of the total risk associated with piping failure,

                                                
2 Scope includes Class 1 piping up to first isolation valve; includes all three coolant loops plus small-bore pipework.
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depending on whether leak-detection and/or operator action are considered.  The WOG-
ASME programme would correspondingly address between 89% and 97% of this same risk.

It is expected that a full-scope programme, taking other auxiliary systems and BOP systems
into consideration, would further accentuate this difference in risk addressed by the two
approaches.  This is because such a programme would be likely to identify areas with
significant risk-impact, which are outside the scope of the current inspection programme.

&RVW�EHQHILW
Due to the technical problems of inspecting welds in cast stainless steel pipe, it has not been
possible to implement fully the current ISI-allocation for the Ringhals 4 reactor coolant loops.
To overcome these problems Ringhals had an ongoing project aiming to develop manipulators
and an inspection technique for volumetric examination of the main reactor coolant loop
welds.  The project budget was in the order of 50 million SEK (8 M¼���ZKLFK�LQFOXGHV�WKH
initial cost of the weld inspections that have not yet been undertaken.  However, the WOG-
ASME RI-ISI pilot study categorised these particular welds as of low safety significance and
with low failure importance.  After the pilot study had been presented to the SKI, Ringhals
was granted an exemption from inspecting these welds until 2004.  The intention is to provide
time for establishing and licensing modern risk informed methodologies.  Consequently the
automated inspection project is no longer being pursued and work is in progress to implement
and license the WOG-ASME methodology for the Ringhals PWRs.  Even when taking into
account the cost of implementing the WOG-ASME RI-ISI programme, it is considered that
the potential exists for a net reduction in overall costs.

:2*�$60(�YV��6.,)6
Tables 7(a) to 7(d) compare and contrast the quantitative WOG-ASME approach with the
SKIFS approach, based on insights from the Ringhals Unit 4 pilot study:

7DEOH���D���:2*�$60(�YV��6.,)6���7HFKQLFDO�%DVLV

Criteria WOG-ASME SKIFS

5HSHDWDELOLW\�RI
UHVXOWV

Quantitative method suitable for evaluating
changes in risk due to variability of plant
conditions and (or) plant modifications

Qualitative method that does not lend itself
easily to evaluating changes in risk due to
variability of plant conditions and (or) plant
modifications

$FFXUDF\�YV�
XQFHUWDLQW\

Sensitivity analyses may be used to assess
the impact of uncertainty

Sensitivity analyses precluded by
qualitative approach

+ROLVWLF�DSSURDFK Allows assessment of direct and indirect
effects

Not considered truly holistic since the
assessment of indirect effects is not an
explicit feature of the methodology

6XSSRUWHG�E\
RSHUDWLQJ
H[SHULHQFH

Operating experience acknowledged in
SRRA models and expert panel risk
categorisation process

Operating experience of piping failures
used in determination of damage index

A major difference between the SKIFS methodology and the WOG-ASME methodology is
that, because the SKIFS methodology is essentially qualitative, it precludes the use of
sensitivity analyses to assess the effect of uncertainties.  A similar conclusion was drawn in
comparing the EPRI methodology with the WOG-ASME methodology.
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7DEOH���E���:2*�$60(�YV��6.,)6���&RQVLVWHQF\�RI�$SSURDFK

Criteria WOG-ASME SKIFS

&RQVLVWHQF\�ZLWK
UHODWHG�ULVN�
LQIRUPHG�LQLWLDWLYHV

The quantitative approach to risk-informed
inspection allows a direct comparison with
other risk-informed initiatives.

It is difficult to compare the impact on plant
safety of RI-ISI with other risk-informed
initiatives, since the assessment of risk is
only qualitative.

Because the SKIFS methodology is essentially qualitative, it precludes a comparison of the
impact of risk-informed inspection on plant safety with that of other risk-informed initiatives.
A similar conclusion was drawn in comparing the EPRI methodology with the WOG-ASME
methodology.

7DEOH���F���:2*�$60(�YV��6.,)6���&RQIRUPLW\�ZLWK�([LVWLQJ�5HJXODWRU\�)UDPHZRUNV

Criteria WOG-ASME SKIFS

&RPPLWPHQW�RI
VDIHW\�DXWKRULW\

Generic approval of methodology by
USNRC, and likely approval by regulators
in Sweden, Spain and Switzerland following
pilot studies in these European countries

Long commitment of safety authority (SKI)
to a risk-informed approach to ISI, as
evidenced by current Swedish regulations

([LVWHQFH�RI
UHJXODWRU\
JXLGDQFH

Follows US regulatory guides as well as
applicable codes and standards

The SKIFS document - see Ref [4] is a
Swedish regulation issued by the SKI

$FKLHYHPHQW�RI
VDIHW\�JRDOV

Safety goals assessed in terms of ∆CDF and
∆LERF, which relate to public health and
safety; application of RI-ISI methodology
to RCS leads to a demonstrable reduction in
man-rem exposures

Clearly defined safety goal defined in
relation to the consequence index; no
explicit statement regarding man-rem
exposure of inspection personnel

([LVWHQFH�RI�SLORW
SURMHFW�V�

Various pilot studies approved by USNRC;
pilot studies carried out in Sweden, Spain
and Switzerland

Current approach used in relation to
Swedish PWR and BWR plant since 1988.
Recent experience has shown the need for
improvements in the methodology

It is evident that the both methodologies, although at different stages of regulatory acceptance,
all follow existing guides as well as applicable codes and standards.  However, there is no
intention to apply the SKIFS methodology outside Sweden.

7DEOH���G���:2*�$60(�YV��6.,)6���5HWXUQ�RQ�,QYHVWPHQW

Criteria WOG-ASME SKIFS

3DUWLDO�VFRSH�YV�
IXOO�VFRSH

Methodology may be used in full scope or
partial scope assessments

Not applicable

(YLGHQFH�RI�FRVW
EHQHILW

Significant reductions in inspection of RCS
demonstrated relative to the requirements of
ASME Section XI; these tend to outweigh
the increase in secondary side inspections
that are usually indicated by application of
the methodology

The current methodology prescribes
significant inspection effort in high cost
areas

It is evident that all risk-informed methodologies are capable of providing a significant return
on investment to the plant operator.  However, these potential benefits are clearly not being
exploited to the full in the current implementation of SKIFS methodology.  It will be seen
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from the qualitative comparisons presented in Sections 4.1 and 4.2 respectively, that the EPRI
and SKIFS approaches to RI-ISI are broadly similar.

��� 5HYLHZ�RI�&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�IURP�5HFHQW�5,�
,6,�,QLWLDWLYHV

In this section, the conclusions and recommendations from a number of recent RI-ISI
initiatives in the US and Europe are reviewed.

���� 5,�,6,�,QLWLDWLYHV�LQ�WKH�8QLWHG�6WDWHV

5.1.1 Safety Evaluation Report for WCAP-14572, Revision 1
In October 1997, the Nuclear Energy Institute (NEI) on behalf of the Westinghouse Owners
Group (WOG), submitted Revision 1 of Topical Report, WCAP-14572, for review and
approval by the staff of the US Nuclear Regulatory Commission (USNRC).  The report was
entitled ‘Westinghouse Owners Group Application of Risk-Informed Methods to Piping In-
service Inspection’ [7].  Supplement 1 ‘Westinghouse Structural Reliability and Risk
Assessment (SRRA) Model for Piping Risk-Informed In-service Inspection’ was included as
part of the submittal [8].  Both reports were subsequently amended in the light of USNRC
comments and reissued in February 1999.  The USNRC’s response to the original documents
was published in its Safety Evaluation Report (SER) of December 1998 [9].

The USNRC’s SER concluded that (subject to certain agreed changes) the proposed RI-ISI
programme as described in WCAP-14572, Revision 1 provided ‘an acceptable level of quality
and safety pursuant to 10 CFR 50.55a for the proposed alternative to the piping ISI
requirements with regard to the number of inspections, locations of inspections, and methods
of inspections’.  The USNRC staff concluded that WCAP-14572, Revision 1 provided the
methodology to conduct an engineering analysis of the proposed changes using a combination
of engineering analysis with supporting insights from a PSA.  The staff further concluded that
defence in depth and quality are not degraded in that the methodology provides reasonable
confidence that any reduction in existing inspections will not lead to degraded piping
performance when compared with existing performance levels.  Moreover, the methodology
was judged to conform to the guidance provided in Regulatory Guides 1.174 and 1.178
Refs. [10 and 11], in that applying the methodology results in risk-neutrality or risk-reduction
for the piping addressed by the RI-ISI programme.  Although the staff found the general
guidance contained in WCAP-14572, Revision 1 to be acceptable, it was noted that
application of this guidance would be plant-specific.  To this extent, specific RI-ISI
applications would need to address various plant-specific issues including:

- The quality, scope and level of detail of the PSA used

- The guidelines and assumptions used for the determination of direct and indirect effects of
flooding, including assumptions on the failure of components affected by the pipe break

- The criteria, and justification for the criteria, used for the categorisation of the safety
significance of piping segments, including sensitivity studies to model human actions and
segment failure probability
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The SER contained a detailed review of the Westinghouse SRRA code, which included a
critical evaluation of the code’s various assumptions and limitations.  The code itself was
found to provide an acceptable method that can be used, in combination with trends from data
bases and insights from plant operating experience, for estimating piping failure probabilities.
Equally, the underlying deterministic models used by the code were acknowledged as being
based on sound engineering principles and making use of inputs that are within the knowledge
base of experts who will apply the code.  However, the staff noted several limitations,
particularly concerning the modelling of IGSCC, lack of benchmarking of the erosion-
corrosion (EC) model compared to current EC programmes, and a lack of modelling of
complex geometries.  The stress corrosion-cracking model was found to have a relatively
simple technical basis, which does not attempt to model the complex failure mechanism in a
detailed mechanistic manner.  Moreover, the associated calculations were found to be based
on a number of significant assumptions.  It was therefore recommended that this model be
further evaluated in respect of applications to BWRs, given that IGSCC is a major factor
governing piping integrity of this type of LWR.

5.1.2 Safety Evaluation Report for Topical Report EPRI TR-112657
The Electric Power Research Institute on behalf of member utilities has also developed
alternative selection rules for ISI of piping based on risk-informed insights.  This
methodology has been validated in a number of USNRC-approved pilot studies (Vermont
Yankee and Arkansas Nuclear One, Unit 2) and subsequently embodied in ASME Code Cases
N-578 [12] and N-560 [13].  Code Case N-578 was issued in September 1997 to provide
alternative inspection requirements for Class 1, 2 and 3 piping.  Code Case N-560 is also in
effect and covers Class 1 piping, excluding socket welds.  The EPRI methodology, discussed
in Topical Report EPRI TR-112657, Revision B-A [14], consists of the following stages:

• System identification and boundary definition

• Segment risk assessment

• Failure modes and effects analysis

• Risk evaluation

• Element selection

• Programme submittal

• ISI programme update and final report

A letter to EPRI from the USNRC dated 28 October 1999 states that:

"….The staff concludes that the proposed RI-ISI program as described in EPRI TR-112657,
Revision B is a sound technical approach and will provide an acceptable level of quality and
safety pursuant to 10 CFR 50.55a for the proposed alternatives to the piping ISI requirements
with regard to the number of locations, locations of inspections, and methods of inspection."

Although the USNRC found the general guidance provided in TR-112657, Revision B to be
acceptable, it noted that application of the guidance would be plant specific.  To this extent, it
concluded that individual RI-ISI applications would need to address the following plant-
specific issues:
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• The quality, scope and level of detail of the PSA used, as described in RGs 1.174 and
1.178.

• The guidelines and assumptions used for determining direct and indirect effects of
flooding, including assumptions on the failure of components affected by pipe break.

• The criteria, information sources, and results of the in-depth review of plant and industry
operating experience to determine the type and location of degradation mechanisms when
modifying existing thermal fatigue and localised corrosion augmented inspection
programmes.

• The review and acceptance of the reactor operating characteristics, reactor design
characteristics, and operating failure experience characterisation.  This was within the
context of estimating state transition rates for the licensee’s reactor type and system types
when the Markov method is used.  [A Markov model is used in conjunction with Bayesian
updating to estimate pipe rupture frequencies as an alternative to using bounding
estimates.]

5.1.3 Additional Comments on WOG and EPRI Methodologies
Both WOG and EPRI approved RI-ISI methodologies are similar to the extent that they are
both consistent with RG 1.174 and RG 1.178, cover Class 1, 2 and 3 pipework (partial or full-
scope applications) and comprise:

• Dividing systems into pipe segments

• Evaluating the consequences of segment rupture

• Determining segment failure potential based on the existence of degradation mechanisms

• Categorising risk significance by considering segment failure potential and consequence

• Selecting welds and elements in higher risk significance segments for inspection and
reducing or eliminating inspection in segments of lower risk significance

In both methodologies, consequence ranking is based upon the assessed impact of events on
CDF or LERF.  In both methodologies CDF and LERF comparisons are used to compare plant
safety associated with the current inspection programme with that corresponding to the
proposed RI-ISI programme.

A major difference however arises from the way in which segment failure potential is
evaluated.  In the WOG methodology, the evaluation is based upon calculations using various
SRRA models that are specific to particular degradation mechanisms.  In the EPRI
methodology, pipe rupture potential, within a given segment, is assessed qualitatively,
according to the degradation mechanism category to which that segment is considered to be
susceptible – see Table 8 below:
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7DEOH����$VVHVVPHQW�RI�3LSH�5XSWXUH�3RWHQWLDO�LQ�(35,�5,�,6,�0HWKRGRORJ\�IRU�'LIIHUHQW�'HJUDGDWLRQ
0HFKDQLVPV

3LSH�UXSWXUH�SRWHQWLDO ([SHFWHG�OHDN
FRQGLWLRQV

'HJUDGDWLRQ�PHFKDQLVP�WR�ZKLFK�VHJPHQW�LV
FRQVLGHUHG�VXVFHSWLEOH

High Large • Flow accelerated corrosion (FAC)
Medium Small • Thermal fatigue

• Stress corrosion cracking (IGSCC, TGSCC,
PWSCC, ECSCC)

• Localised corrosion (MIC, crevice corrosion and
pitting)

• Erosion-cavitation
Low None • No degradation mechanisms present

The other significant difference is that, unlike in the WOG methodology, there is no distinct
and separate stage in the EPRI methodology involving independent expert elicitation to
categorise segments in terms of safety significance.

In the WOG methodology, operating experience is acknowledged via the SRRA models and
expert panel risk categorisation.  In the EPRI methodology, operating experience is
acknowledged as an integral part of the evaluation process.  Both methodologies are
considered by USNRC as providing an acceptable alternative to 10 CFR 50.55.a requirements
for ISI.  Both methodologies lead to repeatable results.  However, the qualitative approach to
risk assessment used in the EPRI methodology precludes sensitivity studies and may make
updating assessments more difficult than in the case of applications involving WOG
methodology.

5.1.4 RI-ISI Pilot Studies and Submittals
RI-ISI applications have been completed in the US at Millstone Unit 3 and Surry Unit 1 in co-
operation with the Westinghouse Owners Group to support generic industry effort on RI-ISI.
A Class 1 piping application for Turkey Point Unit 3 has also been completed as a WOG-
sponsored lead plant effort.  All three plants are Westinghouse PWRs.  Pilot plant applications
of EPRI RI-ISI methodology have also been completed for Vermont Yankee, a BWR, and
ANO-1 and ANO-2, the latter both PWRs.

As of December 2000, it was reported that the USNRC had approved RI-ISI programmes at
four pilot plants and five non-pilot plants, and was reviewing programmes for nine other
plants [15].  Appendix 2 summarises the status of RI-ISI submittals in the US as of July 2001.

���� 5,�,6,�,QLWLDWLYHV�LQ�6SDLQ

In Spain, a co-operative R&D project on RI-ISI has been completed between the Regulator
(CSN) and the Spanish Utilities Group (UNESA).  The project was started in September 1998
and was completed in May 2000.  The main contractors were Tecnatom (ISI and structural
analysis), Iberinco (PSA) and Westinghouse-USA (technical consultancy).  The scope of the
project was to develop national generic RI-ISI guidelines for licensee’s proposals and CSN
assessment based on USNRC guidance and US industry standards, i.e.:

• Regulatory Guides 1.174 and 1.178

• Standard Review Plan (SRP) Chapters 19 and 3.9.8
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• ASME Code Cases N-560 [13], N-578 [12] and N-577 [16]

In addition, the purpose of the project was to exercise the national guidelines in applications
to selected systems of two pilot plants, one a Westinghouse PWR (Ascó 1) and the other a GE
BWR (Garoña).  A feature of the Spanish approach to RI-ISI is that it is applicable on a
voluntary basis to all inspection programmes in place at a particular NPP, i.e. its scope is not
limited to those components covered by ASME Section XI.  A particular feature of the
guidelines is that they include both the technical approach and evaluation process within the
same document.

The Class 1 RI-ISI pilot study of Ascó Unit 1 was a joint undertaking between the newly-
consolidated utility, Associación Nuclear Ascó-Vandellós II (ANA-VII), and Westinghouse.
Following submittal of the Ascó Unit 1 programme to the CSN, ANA-VII, supported by
Westinghouse Spain, have started work on the Ascó Unit 2 Class 1 programme.  ANA-VII is
currently considering a proposal to implement a Class 1 RI-ISI programme at the Vandellós II
plant.  The results of the Ascó Unit 1 pilot programme have been reported by Balkey, et
al [17], and are summarised in the structural element selection matrix shown in Figure 4
below.

High Failure
Importance

��� Owner Defined
Programme

(9)

��$� Susceptible Locations
(100%)
---------------------------
��%��Inspection Location
Process
(27)

Low Failure
Importance

��� System Test &
Examination Only

(42)

����Inspection Location
Process

(24)
Low Safety Significance High Safety Significance

Figure 4: Structural Element Selection Matrix Showing Results of Ascó Unit 1 Pilot
Programme [17]

���� $GGLWLRQDO�5,�,6,�,QLWLDWLYHV�LQ�6ZHGHQ

Brickstad [18] has described the use of PSA for risk-informed inspection optimisation via a
pilot study which addressed primary piping components in the oldest BWR in Sweden,
Oskarshamn Unit 1 (OS1).  Here, the dominant damage mechanism is IGSCC together with
vibration fatigue in some cases.  Reference [18] presents quantitative analyses for both leak
and rupture probabilities and the associated consequences expressed in terms of CDFs.  Both
the WOG-ASME and EPRI RI-ISI procedures were compared as part of this study.  The
overall conclusion is that quantitative risk assessments are an efficient way by which to guide
inspection priorities for primary piping components.  The specific conclusions are as follows:
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• It is important to include a model for leak rate evaluation and detection in order to obtain
realistic estimates of risk.

• The components contributing most to overall risk are those that display IGSCC and fatigue
damage simultaneously.

• It is important for risk reduction to perform qualified inspections as soon as possible, if
previous inspections have not been qualified.

• It is possible to combine a reduced number of inspection sites with a reduction in overall
risk by specifying shorter inspection intervals in certain high-risk locations and more
effective inspection techniques where appropriate.

• Because a number of low risk locations can be excluded from the risk-informed inspection
scheme, there is a net reduction in radiation exposure to plant personnel and these
resources can be redirected to dealing with other safety-related issues.

An important conclusion of the study is that it is possible to apply both the EPRI and WOG-
ASME RI-ISI procedures to Swedish NPPs.  However, if a quantitative assessment of risk is
needed, then only the WOG-ASME procedure is a realistic choice.  Notwithstanding this last
point, the current ISI selection procedure for piping used in Sweden s considered an efficient
method for identifying high-risk locations as well as many low-risk locations.  Moreover, it is
considered to represent an efficient starting point for performing quantitative RI-ISI analyses.
This is because the SKIFS methodology gives information on which damage mechanisms are
likely to be present, and where in the plant they are likely to occur [18].

The following conclusions were drawn from using the EPRI procedure for risk evaluation at
OS1:

• The method is relatively simple to use since failure probabilities do not need to be estimate
quantitatively

• The selection of locations for inspection is largely consequence driven.

• Relatively few locations were selected for inspection (15 welds for Code Case N560 and
43 welds for Code Case N578)

• There is no specific guidance as to how the 10% or 25% of welds should be selected within
each risk category

• It is not possible to assess in quantitative terms how adoption of the EPRI procedure would
change plant risk relative to the risk associated with the current inspection programme.

Lastly, the study highlighted the importance of answering the following questions in any RI-
ISI programme:

• Which systems and locations shall be inspected?

• What are the relevant degradation mechanisms that shall be considered for the various
inspection locations?

• What is the inspection technique that shall be used (for a particular location) and how shall
the requirements for the effectiveness of inspection be defined?
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• What is the inspection interval that shall be defined for a particular location?

���� 5,�,6,�,QLWLDWLYHV�LQ�)LQODQG

In Finland, the Radiation and Nuclear Safety Authority (STUK) initiated a pilot study in 1998
that addressed PSA support to regulatory audits.  The aim of the project was to assess how
plant specific PRAs may be used in relation to ISI, IST (in-service testing) and in the analysis
of technical specifications.  Some safety systems from the Loviisa VVER plant and the
Olkiluoto BWR plant were considered as part of the study.  In each of the following ‘bullets’,
the first item corresponds to a system that was covered in the pre-existing ASME-based ISI
programme, while the second item corresponds to a system that was not so covered.

• High pressure injection system and emergency feedwater system at Loviisa

• Shutdown cooling system and service water system at Olkiluoto

The Finnish utilities contributed to the study by providing the STUK with appropriate data.
The following general conclusions were drawn from the pilot study:

• The most extensive part of the RI-ISI process involves the collation of basic data and
information from disparate sources

• The initial information must include the results pre-operational component and system tests

• The expert panel criticised the project for not having analysed the results of previous in-
service inspections

• The various PSA models required some essential modifications in order to support fully a
risk-informed approach to inspection

• The expert panel found the risk-informed approach to decision making to be beneficial in
planning ISI programmes

• The multi-disciplinary discussions proved to be of significant benefit to all members of the
expert panel, and a particular highlight of the project

���� ,QWHUQDWLRQDO�2UJDQLVDWLRQV

5.5.1 Nuclear Regulators Working Group
Risk Informed In-Service Inspection (ISI) has been considered a priority area within the multi-
annual programme (1996-2000) of the Nuclear Regulators Working Group (NRWG)3 of the
European Commission.

During its meeting in November 1996, the NRWG decided to set up a Task Force (TF).  Its
purpose was to agree on the philosophy and principles governing risk-informed in-service
inspection and testing of mechanical components of Nuclear Power Plants (NPPs), in order to

                                                
3 The Nuclear Regulators’ Working Group 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, Switzerland (observer).  Some Central and Eastern European Countries (Czech Republic, Hungary,
Slovak Republic and Republic of Slovenia) participate also as observers.
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maintain sufficient margins against leakages and failure, considering dose exposures to the
public.

The TF was made up of representatives4 from AVN (Belgium), HSK (Switzerland), BfS
(Germany), CSN (Spain), SKI (Sweden), STUK (Finland) and SONS (Czech Republic), the
latter participating in some TF meetings only.  The Chairman was the representative from SKI
and the “Unit of Safety of Nuclear Installations” (DG XI.C.2) of the European Commission
provided the TF with the corresponding Technical Secretary services.

Based on the Task Force’s report [19] and its discussions, the following specific conclusions
were agreed:

1. PSA has progressed from the study level to a tool applied in many areas of safety related
decisions.

2. ISI and IST programmes are essential to verify that NPPs are operated according to their
specifications (or license conditions).

3. Historically, the ISI and IST requirements were defined according to experience and
expert judgement exercised with different degrees of conservatism.  As a result, some of
the existing programmes contain AOTs, tests and inspection intervals or other
prescriptions that could be modified without unacceptable reduction of safety.

4. There is a broad consensus that the methodology provided by PSA can contribute to the
basis of a more systematic approach to the optimisation of ISI and IST programmes as
compared to the traditional approach.

5. A key step in such an approach is the selection of risk measurements like core damage
frequency or large radioactive early release frequency.  Provided that the component
unavailability model adequately reflects the test outages, test intervals and preventive
maintenance, the importance measures can be effectively employed to support the
selection of an improved IST programme.

6. Because there are presently differences in the implementation of safety objectives in
different countries, there is no general consensus on the risk measures to be adopted and
on the process of optimisation.

7. There is a widespread interest of both utilities and safety authorities in applications and,
as a result, quite a number of projects to study, support and optimise proposed
approaches are in progress.  Some countries are in the process of setting specific
methodologies.

8. In the USA, progress has been made to establish risk-informed decision making.  A
number of other countries, especially those which operate plants from USA
manufacturers, observe the USA developments or have domestic applications along
these lines.

9. It is felt that pilot studies are very important in the development of risk-informed ISI and
IST.  Some pilot studies are underway and others are already planned.

                                                
4 TF members: G. Hedner (SKI, first Chairman), L. Skånberg (SKI), P. Briegleb (AVN), R. Görtz (BfS), J. M.
Figueras (CSN, second Chairman), W. Neumann (HSK), R. Virolainen (STUK) and P. Tendera (SONS,
participating in some TF meetings).  Technical Secretary: J. A. Gómez (EC DG XI.C.2)
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10. The results of pilot studies should help in defining the necessary requirements for PSA
to be used in specific applications.

11. A reviewed, highly detailed, plant specific PSA rather in a living fashion is an important
prerequisite while pursuing a full advantage of risk-informed ISI and IST applications.
In addition, a PSA code of high capacity, with flexible modelling features is of a great
help, especially if additional model extensions need to be introduced in the course of the
application.

12. Safety relevant decisions like applications to modification of ISI or IST programs can be
supported by PSA insights.  There is consensus that changes associated with the
proposed modification should be acceptable in terms of the selected risk measures.
Furthermore, it is indispensable that:

• defence-in-depth has to be maintained, and

• sufficient safety margins have to be kept

13. Risk-informed processes (both risk-informed ISI and IST) should take into
consideration dependencies between NPP systems.  These processes should be
established in an integral scope, comprising classified safety related structures, systems
and components, and non-safety related structures, systems and components that have
been proven important in terms of risk, but also all others.

14. Selection of structures, systems and components when dealing with a risk-informed ISI
programme, should be comprehensive of all class 1, 2 and 3 and non-class related piping
components and supports.

15. In case of an risk-informed IST programme, all related active components should be
included.  The comprehensive scope described above should only be reduced if properly
justified.

16. An essential component of a risk-informed approach is the feedback of actual operating
experience.

The Task Force reached the general conclusion that PSA methodology provides a tool to
improve the effectiveness of ISI and IST programmes.  They noted that the actual advantages
or possible problems of risk informed ISI or IST schemes compared with traditional schemes,
however, will only come forward after operational experience over a sufficiently long period
of time.

The Task Force made the specific recommendation that a new regulatory Task Force should
be established in the medium term.  This would be with the aim of discussing the results and
experience, and reach some common conclusions, when results are available from the actual
risk informed ISI/IST pilot studies.  In addition, it recommended the organisation of a
European-American workshop on risk informed ISI/IST, in order to have a forum to discuss
possible problems, and insights and lessons learnt from the pilot studies underway.

Among its more general recommendations, the Task Force expressed the regulatory view that
risk-informed approaches should not be to minimise inspection costs.  Rather, they should be
to ensure that there are adequate safety margins so that degradation of mechanical components
does not lead to failures of structures, systems and components.
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5.5.2 EURIS Concerted Action Task Group
In December 2000, the European Network for Inspection Qualification (ENIQ) published a
discussion document on risk-informed in-service inspection of NPPs in Europe [20].  The
report represented the outcome of the Concerted Action EURIS, funded by DG.RTD as part of
the Fourth Framework (EURATOM) Programme.  The report provided an overview of RI-ISI
methodology and its applications in the US and Europe.  To the extent that it has been
endorsed by ENIQ (a group composed of representatives of the nuclear utilities), the report
may be considered as complementary to the one produced by the NRWG [19].  In particular,
the ENIQ document lists recommendations for ongoing work to gain wider acceptance for
application of RI-ISI methodology within Europe.  These recommendations are reproduced
below as a series of bullet points:

• Investigate the extent and validity with which the surrogate procedure can be used for
PSAs not targeted at passive component failures.

• Develop current PSA technology to include passive component failures.

• Establish a common approach to the verification/validation of structural reliability and risk
assessment (SRRA) models.

• Improve models to evaluate the leak rate (and leak rate variability) from defects that breach
the containment but do not immediately cause catastrophic failure or fast fracture.

• Review the available databases on passive failures to evaluate their applicability to the RI-
ISI process.

• Identify how future data can better be recorded to assist in both the updating of plant-
specific risk assessments and to aid in evaluating generic failure probabilities.

• Review current methods of eliciting expert opinion for assessing site-specific failure
probabilities.

• Identify how the ENIQ inspection qualification process fits within a RI-ISI programme.

• Attempt to develop a strategy for dealing with virtual risk.

5.5.3 OECD/NEA
The CNRA (Committee on Nuclear Regulatory Activities) of the OECD NEA (Nuclear
Energy Agency) is made up primarily of senior nuclear regulators.  It was set up as a forum
for the exchange of information and experience among regulatory organisations and for the
review of developments that could affect regulatory requirements.

The Committee reviews developments that could affect regulatory requirements.  This is with
the objective of providing members with an understanding of the motivation for new
regulatory requirements under consideration and an opportunity to offer suggestions that
might improve them or avoid disparities among OECD Member Countries.  In particular, the
Committee reviews current practices and experience.

The CNRA has conducted special issue meetings dedicated to PSA questions in the recent
years:

• Regulatory Approaches to PSA (1995)
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• Review Procedures and Criteria for Different Regulatory Applications to PSA (1997)

• Risk Approaches on Regulatory Inspections (1998)

This shows the degree of attention presently being given to PSA by the international
regulatory community.

In the meetings conclusions were reached that are relevant to this review and can be
summarised as follows:

“It appears that the use of PSA is increasing in most countries and that, as a tool, PSA is
sufficiently mature to help in the regulatory decision making process.  Accordingly, many
countries are progressing towards more extensive and systematic PSA use, or even integration
of PSA in the regulatory system.

Numerous licensee activities subject to regulator approval can benefit from the application of
PSA methodology to focus properly the attention of licensees and the regulator on those
aspects that have the largest safety impact.  These activities include

• Verification of the capability of safety-related MOVs to perform their design-basis safety
functions,

• Scheduling of IST, as well as the establishment of more effective and efficient testing and
inspection programmes,

• Development of graded quality assurance (QA) processes,

• Development of a maintenance programme and compliance with associated regulations,
and

• Execution of programmes directed at either the improvement of current (deterministic-
based) technical specifications (TS) through the incorporation of reliability- and risk-
informed methods or the development of new risk-oriented configuration management
TS.”

The findings of the CNRA confirm the relevance of a European commitment to questions
related to risk-informed ISI and IST and encourage future work in this field.

5.5.4 IAEA
IAEA activities in applying risk-informed techniques to the management of NPPs are
reviewed in Ref. [19].

A draft TECDOC on “PSA applications” has been prepared within the framework of the
IAEA activities on PSA applications.  This document is a compilation of general information
on background, uses and advantages, requirements and limitations of a set of PSA
applications in the NPP design area, operational area, and in the area of accident mitigation
and management.  The document also includes a discussion on the use of PSA by regulatory
bodies, and a section on probabilistic safety criteria.
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The draft TECDOC discusses how PSA can be an effective tool for evaluating maintenance
activities.  This is to assure that the risk significant systems and equipment are being
maintained, and to assure that maintenance activities do not reduce plant safety and increase
risk.  Within this context, the most significant PSA applications discussed are the following:

• Use of PSA to support maintenance planning,

• Use of PSA to support reliability centred maintenance programmes,

• Risk-informed in-service testing,

• Risk-informed in-service inspection,

• Risk-informed configuration control, and

• Use of PSA in consideration of NPP technical specifications: modifications to allowed
outages times (AOTs) and surveillance tests intervals (STIs) and exemptions from
technical specifications.

An important activity of this IAEA project on “PSA applications” was a Technical Committee
Meeting (TCM) on PSA Applications to Improve NPP Safety held in Madrid, Spain, from 23 to
27 February 1998.  During this meeting, there was a session on the use of PSA to support NPP
Test and Maintenance programmes.  Here, papers were presented on topics covering the use of
PSA to support surveillance and maintenance planning, in-service inspection and in-service
testing.

The TCM showed that the use of PSA to support NPP testing is one of the most widely used
applications.  The idea of focusing efforts on the most safety significant components, systems
and structures has been received favourably the nuclear community.

Also a Co-ordinated Research Programme on “Development of Methodologies for the
Optimisation of Surveillance Testing and Maintenance (T & M) of Safety-Related Equipment
at NPPs” is being conducted at the IAEA (1996-1999).  Sixteen organisations from 14
countries are co-ordinating efforts to develop strategies, approaches and methods for the
optimisation of NPP test and maintenance.  Within the scope of the research work being
performed are covered optimisation of maintenance (i.e. preventive maintenance),
optimisation of test intervals and optimisation of outage times.  From the work performed so
far, it is clear that the risk informed approaches play an important role in T&M optimisation.

Most recently, an IAEA Specialists Meeting on “Optimisation of Nuclear Power Plant
Maintenance Programmes” was hosted by EPRI in the US in Charlotte, North Carolina, 18-23
June 2001.  A Technical Committee Meeting on “Risk-Informed Aspects of NPP Life
Management with Emphasis on the Integrity of Primary Circuit Components” was held in
Budapest, Hungary, 8-10 October 2001.

��� 6XPPDU\�RI�&XUUHQW�1DWLRQDO�3RVLWLRQV

National positions regarding the adoption of RI-ISI methodology may be summarised as
follows:
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In the USA, the regulation at 10 CFR 50.55(a)(3)(i) permits alternatives to specified
regulatory requirements where authorised by the NRC on the basis that an alternative provides
an acceptable level of quality and safety.  The following points clarify this position further.

• 10CFR50.55a specifies Codes and Standards to be used for the design, fabrication,
installation, inspection, testing, etc of nuclear plant.

• 10CFR50.55a allows alternative approaches to be followed, subject to appropriate review
and approval by the USNRC.  To this extent, no change in 10CFR50.55a is necessary to
accommodate RI-ISI.

• USNRC have issued Regulatory Guides 1.174 [10] and 1.178 [11], which respectively
describe acceptable methods and criteria for RI-decision making and RI-ISI.

• USNRC have also issued Standard Review Plans (SRPs) 19 and 3.9.8 covering RI-decision
making and RI-ISI respectively.

• The WOG and EPRI have respectively submitted RI-ISI methodologies to USNRC, and
have both received favourable Safety Evaluation Reports (SERs).

• ASME has issued Code Cases based respectively on WOG methodology (Code Case N-
577) and EPRI methodology (Code Case N-578 and Code Case N-560).

• The latest revisions of the ASME Code Cases, N-577-1, N-578-1 and N-560-2, were issued
as part of Section XI, Division 1 in March 2000 (see Section 6.1.1 below).

• Plant Operators wishing to implement either the WOG or EPRI RI-ISI methodology must
make a plant-specific submittal to USNRC and obtain a favourable SER.

6.1.1 Acceptance of ASME RI-ISI Code Cases
According to 10 CFR 50.55a, Code Cases that have been approved by NRC as acceptable for
ISI on a generic basis are those listed in Regulatory Guide 1.147, ‘Inservice Inspection Code
Case Acceptability, ASME Section XI, Division 1’.  Code Cases N-577, N-578 and N-560 are
not listed in the latest issue (Revision 12, May 1999) of RG 1.1475.  However, the use of Code
Cases not listed in RG 1.147 may be authorised by NRC upon request pursuant to Paragraph
50.55a(a)(3) of 10 CFR 50.  Essentially, this is subject to NRC granting a satisfactory SER in
respect of a specific application.  This is the approach currently followed in the US for plants
that have submitted RI-ISI programmes for piping to the NRC.

6.1.2 Risk-Informed Revision to 10 CFR 50
The NRC staff have prepared a rulemaking plan that describes an alternative regulatory
framework that enables licensees to use a risk-informed process for categorising Structures,
Systems and Components (SSCs) on the basis of their safety significance [21, 22].  The risk-
informed process will ensure that risk insights will be used in a manner that complements the
traditional deterministic approach.

The rulemaking approach consists of issuing a new rule (10 CFR 50.69) that will allow the
use of the new risk-informed categorisation approach.  This new section will require that

                                                
5 The draft of Revision 13 to RG 1.147 is due to be issued soon.
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licensees use a method that complies with criteria in a new Appendix T to 10 CFR 50 or is
otherwise acceptable by NRC.

A graphical depiction of the changes that are expected to result from a risk-informed re-
categorisation of SSCs is illustrated in Figure 5.  The figure depicts the current safety-related
versus non-safety related SSC categorisation scheme with an overlay of the new risk-informed
categorisation.

� ³5,6&��´�66&V

• Safety-Related

• Safety Significant

6SHFLDO�7UHDWPHQW��������
5HTXLUHPHQWV

� ³5,6&��´�66&V

• Non-safety-Related

• Safety Significant

������5HTXLUHPHQWV⇑
5LVN�
,QIRUPHG

⇓
� ³5,6&��´�66&V

• Safety-Related

• Low Safety Significant

������5HTXLUHPHQWV�WR
0DLQWDLQ�)XQFWLRQV

� 2XW�RI�6FRSH�66&V

• Non-safety-Related

• Low Safety Significant

⇐�'HWHUPLQLVWLF�⇒

Figure 5: Graphical Depiction of the Changes that are Expected to Result from a Risk-
Informed Re-categorisation of SSCs [21, 22]

Box 1 covers safety-related SSCs that a risk-informed categorisation process concludes are
significant contributors to plant safety.  These SSCs are termed risk-informed safety class 1
(RISC-1) SSCs.

Box 2 covers the SSCs that are not safety-related but that the risk informed categorisation
concludes make a significant contribution to plant safety.  These SSCs are termed RISC-2
SSCs.  For these SSCs there will probably need to be requirements to maintain the reliability
and availability of the SSCs consistent with the PSA.  Examples of RISC-2 SSCs could
include the station blackout emergency diesel, startup feedwater pumps, or SSCs that function
for PWR “feed and bleed” capability.

The new rule (10 CFR 50.69) would contain the new regulatory treatment for RISC-1 and
RISC-2 SSCs regarding their reliability and availability.
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Box 3 covers the current safety-related SSCs that a risk informed categorisation process
determines are not significant contributors to plant safety.  These are termed RISC-3 SSCs.
The new rule would revise 10 CFR 50 to contain alternative requirements that will ensure they
receive sufficient regulatory treatment such that these SSCs are still expected to meet
functional requirements, albeit at a reduced level of assurance.

Box 4 covers SSCs that are nonsafety-related and continue to be categorised as not being
significant contributors to plant safety.  These SSCs will be out of the scope of the new rule.
Thus, the requirements for these SSCs will not change from the current situation.

The implementation of risk-informed alternatives to 10 CFR 50 may involve changes in
several sections and appendices of 10 CFR 50, including 10 CFR 50.55a (Codes and
Standards) and Appendix A (General Design Criteria).  It may also affect the implementation
of other regulations (e.g. 10 CFR Part 21, Part 54, and Part 100).

6.1.3 Other Risk-Informed Initiatives
The success of RI-ISI initiatives in the US stems from the NRC’s 1995 policy statement on
probabilistic safety assessment [23], which encourages greater use of this technique to
improve decision making and regulatory efficiency.  As a measure of this success, it has been
estimated that within the next two years more than 75% of US nuclear power plants will have
completed RI-ISI applications [24].  Within this context, more than 90% of owners will be
implementing partial scope (Class 1) applications.  Moreover, USNRC staff consider that the
review period for a RI-ISI submittal could be as short as three months if it follows an
approved topical report without any deviations (template approach) [15].

The NRC’s PSA Implementation Plan describes activities in progress or planned to expand
the use of risk-informed techniques.  As well as covering RI-ISI, these plans cover the
assessment of plants with relatively high core damage frequencies for possible backfits.

Table 9 provides an overview of recent developments of risk-informed applications.  The
paragraphs that follow provide brief details of some specific applications.
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$FWLYLW\�$UHD $SSOLFDWLRQV

In Service Inspection • piping
• reactor vessel internals
• steam-generator tubes
• pressure vessel nozzles & penetrations

In Service Testing • check valves
• pumps
• motor-operated valves
• snubbers

Technical
Specifications

• SI accumulators Allowable Outage Times (AOT)
• Reactor Trip System AOT and  Surveillance Test Intervals (STI)
• Emergency Safeguard Features actuation logic AOT & STI
• Emergency diesels AOT
• Required end states

Maintenance • risk ranking of components for maintenance rule application
• RI/RCM programs

Safety Classification • Risk-informed safety classifications for repair/replacement of
structures, systems and components

HELB Protection • Risk-informed assessment of and protective measures against
High Energy Line Break and Moderate Energy Line Failures

Elimination of nozzle inner radii inspections

The technical basis for eliminating RPV nozzle inner radius inspections (NIRIs) has recently
been reported by Bamford, et al [25].  These authors note that no indications have been found
in inspections of PWR nozzles carried out over the past 30 years.  Indications have been found
in two types of nozzle in BWRs, but all other nozzle types in BWRs have the same
satisfactory inspection history as in the case of PWRs.  In a project that started in 1999, three
independent arguments have been advanced in support of eliminating NIRIs:

• A satisfactory inspection history

• A large defect tolerance



RIBA/P(01)/Task 3 Report B4-3040/99/23123/MAR/C2

- 34 -

• A risk-informed argument based on the finding that elimination of NIRIs resulted in a
negligible change in CDF

The recommendation is that ISI of all RPV nozzle inner radius regions be discontinued, with
the exception of BWR feedwater and control rod drive (CRD) return nozzles.  ASME and
USNRC have accepted these arguments, and ASME approved the corresponding Code Case,
N-648, in December 2000.  Code Case N-648 permits a visual (VT-1) examination of nozzle
inner radii instead of volumetric examination.

Living RI-ISI programmes

Closky, et al [26] have recently reported work in progress to develop a process for updating
the WOG RI-ISI programme, including both qualitative and quantitative evaluations, and
considering integration with existing and future risk-informed applications.  This development
recognises that RI-ISI programmes need to be monitored continuously.  This process has
many aspects, including periodic updates based on inputs and changes relating to:

• Plant design features

• Plant procedures

• Equipment performance

• Examination results

• Industry and plant-specific failure information

Safety significance of passive pressure boundary components

Balkey, et al [27] have reported work in progress on a new ASME Section XI Code Case
entitled “Risk-Informed Safety Classification for use in Risk-Informed Repair and
Replacement”.  The Code Case is being developed to expand the scope of risk-informed
techniques to pressure boundary components.  It is intended that the Code Case will be used in
conjunction with Code Case N-XXX that is also under development [28].  The present Code
Case is based on an adaptation of the existing RI-ISI methods (already described) that have
been approved for nuclear piping systems.  It is reported that the proposed Code Case is also
being developed to be consistent with USNRC and industry efforts to incorporate risk-
informed methodology within 10 CFR Part 50.  It is noted that the Code Case is likely to be
subject to change based on the results of trial use in initial plant studies.

���� 6SDLQ

Developments in Spain closely parallel those in the US.  During 1998, the Spanish Utilities
(UNESA) and the Spanish Nuclear Safety Council (CSN) agreed on a consensus position in
order to use PSAs for defining changes to some licensing requirements (e.g. in-service
inspection programs, in-service testing programs, etc.).  Because of this agreement, guidelines
were issued in October 1998.  This document describes the general process for using PSAs,
including the PSA minimal requirements (scope and level of detail, PSA maintenance and
periodic updates).  There is some information regarding the documentation that should be
developed and submitted to the regulatory body for any application based on PSA
information.  As the guidelines represent a consensus document, they also cover the general
process to be followed by regulatory staff in assessing a particular application based on PSA
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insights.  This includes the different areas that should be reviewed and the acceptance criteria
for the proposed risk-informed changes.

The objective of the above effort was to agree a common position for using PSAs between
utilities and the Regulatory Body, thus simplifying the risk-informed licensing process.
However, because the guidelines represented only a general document, other co-operative
projects were defined.  One of these projects was aimed at the development of specific
guidelines for the definition and assessment of RI-ISI programmes for piping.  These latter
guidelines were developed for applying, on a voluntary basis, US risk-informed methodology
to Spanish NPPs, allowing the application of either quantitative or qualitative methodology.

One of the characteristics of the Spanish RI-ISI guidelines is that they include the technical
approach and the evaluation process in the same document.  The evaluation part of the
document describes the process that has to be followed by CSN staff in order to review a RI-
ISI submittal.  All the activities that should be reviewed and the acceptance criteria for each of
them are included in this part of the document.

The validation of the guidelines was carried out through their application to two selected pilot
plants, a Westinghouse-designed PWR (Ascó 1) and a GE-designed BWR (Garoña), in both
cases applying quantitative methodology – see Section 5.2 and Appendix 3.  CSN approved
the Ascó 1 Class 1 RI-ISI pilot programme on 24 September 2001.  As far as the present
authors are aware, this is the first RI-ISI programme based on RG 1.178 to have been
approved in Europe.

���� %HOJLXP�DQG�7KH�1HWKHUODQGV

Both Belgium and The Netherlands responded to a questionnaire circulated to member states
by the Nuclear Regulators Working Group (NRWG) Task Force on RI-ISI and IST (in-service
testing).  It is noted that Belgium (AVN) was a member of the Task Force that produced
Ref. [19].  Although there are no known applications to date, there does not appear to be
anything in the regulation of nuclear plant in either of these countries that would in principle
preclude the adoption of RI-ISI methodology.

���� )UDQFH

The OMF-structures methodology has been developed to apply risk-informed insights to the
optimisation of plant maintenance, including in-service inspection.  The methodology and an
associated pilot study (AFWS of 900MWe PWR) have been submitted for comment/approval
to the French safety authority.  Further pilot studies are in progress in relation to a 1300MWe
PWR.

���� 6ZHGHQ

In Sweden, regulations define requirements for the design, fabrication, inspection, testing and
repair of pressure retaining components.  These reflect a mixture of part 10 CFR 10 50.55a,
US General Design Criterion 1, and the ASME Code.  As noted previously, a recent update
(SKIFS 2000:2) allows for either a qualitative or a quantitative approach to RI-ISI.  This
replaces earlier regulations (SKIFS 1994:1, 1995:1, and 1996:1) which specified a qualitative
approach to RI-ISI.  Although the current risk-informed approach to ISI optimisation in
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Sweden is largely qualitative, there is now a strong tendency for adopting a quantitative
approach.  This has been reinforced by the successful pilot applications at Oskarshamn Unit 1
and Ringhals Unit 4.  Work is currently in progress on a full scope application for Ringhals
Unit 2.

���� )LQODQG

In Finland the concept of a living PSA is applied in many areas of regulatory decision
making [29].  Finland is expected to rationalise ISI by applying a combination of deterministic
and probabilistic methodologies, under the initiative of the regulator.

���� 8QLWHG�.LQJGRP

Because of the non-prescriptive nature of UK nuclear regulation, there would appear to be
nothing in principle to prevent an UK licensee from presenting a case to the NII for applying
RI-ISI methodology.  However, any agreed changes would need to consider the SAPs as a
minimum.  For British Energy Generation Ltd, and Sizewell B in particular, any proposal to
adopt Risk-Informed NPP management would represent an evolution of existing practices.
Sizewell B benefits from a well-developed and high-quality Level 3 Living PSA (LPSA)
model.  The LPSA was developed from the model used in support of the Pre-Operational
Safety Report (POSR).  Both the POSR and the LPSA models have been used directly to
support proposed plant operation and modifications using appropriate risk-informed criteria to
provide ALARP justification.  Consequently, any proposal to adopt RI-management in
general, and RI-ISI in particular, would build on solid foundations already available to provide
a coherent method of optimising the management of risks and benefits.

���� *HUPDQ\

Recent regulatory guidance for periodic safety reviews (PSRs) of operating nuclear plant in
Germany provides some scope for traditional deterministic decision making to be supported
by insights from PSAs.  However, no RI-ISI applications have been reported to date.

���� 6ZLW]HUODQG

In Switzerland, RI-ISI activities have been in progress since 1997.  Balkey, et al [17] report
that a pilot application of a WOG-type RI-ISI programme for the Beznau Unit 1 reactor
coolant piping has been completed.  Beznau is a W-PWR commissioned in the early 1970s
with two 2-loop units of 350 MWe each.  As a follow-up, a formal RI-ISI study of Class 1
piping is underway by Westinghouse, together with the plant owner NOK
(Nordostschweizerische Kraftwerk AG).  The Swiss Federal Nuclear Safety Inspectorate
(HSK) has followed the expert panel sessions in order to gain further understanding and
insight into WOG methodology.  The project is due to be completed during October 2001,
although the associated RI-ISI inspection proposals are unlikely to be implemented straight
away.  A pilot study involving a sub-set of Class 1 components is also in progress at
Leibstadt, a single unit GE-BWR.  The pilot study is being performed using EPRI RI-ISI
methodology.

Against the background of the above developments, HSK is expected to produce guidance for
applications of quantitative RI-ISI methodology within the next two years.
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����� )RUPHU�8665�6WDWHV�DQG�(DVWHUQ�%ORF�&RXQWULHV

The reported numbers of VVER reactors6 in operation and under construction in former
USSR States and Eastern-Bloc countries [30] are listed in Table 10 below:

7DEOH�����5HSRUWHG�1XPEHUV�RI�99(5�5HDFWRUV�LQ�2SHUDWLRQ�DQG�XQGHU�&RQVWUXFWLRQ
LQ�)RUPHU�8665�6WDWHV�DQG�(DVWHUQ�%ORF�&RXQWULHV

&RXQWU\ 5HDFWRU�7\SH 1XPEHU�RI�8QLWV
Armenia 440 Model 270 1

440 Model 230 4Bulgaria
1000 Model 320 2
440 Model 213 4Czech Republic
1000 Model 320 (2 under construction)

Hungary 440 Model 213 4
440 Model 230 2
440 Model 213 2
440 Model 179 2
1000 Model 392 (1 under construction)
1000 Model 338 2
1000 Model 320 5 (1 under construction)

Russian Federation

1000 Model 187 1
440 Model 213 6 (2 under construction)Slovak Republic
440 Model 230 2
440 Model 213 2
1000 Model 302 1
1000 Model 320 13 (4 under construction)

Ukraine

1000 Model 338 1

Russian Codes for operation of VVER reactors require ISI of NPP components to be carried
out at regular intervals.  This is on the following basis [31]:

• First inspection of piping and components within the first 20,000 h (2.3 y) of operation

• Subsequent inspections of piping and components at successive intervals each of which
corresponds to not more than 30,000 h (3.5 y) of operation

The higher ISI inspection frequency under the Russian Codes, compared with the 10 y
inspection cycle under ASME Section XI, is a factor likely to make the application of RI-ISI
an attractive proposition for operators of VVER plants.  Balkey, et al [17] report that RI-ISI
feasibility studies are in progress in the Ukraine, which, as can be seen from the above table,
is a major operator of VVER reactors.  It is noted that the Czech Republic followed meetings
of the NRWG Task Force on RI-ISI as an observer (along with Hungary, Slovak Republic and
Republic of Slovenia) and responded to the questionnaire reported in Ref. [19].
Reference [19] notes that in the Czech Republic the regulatory body currently requires ISI
based on deterministic considerations, and that it would be a complicated task to introduce RI-
ISI methodology.  Nevertheless, Czech interest in RI-ISI remains.  For example, NRI Rez is
an active participant in ENIQ TG4 on RI-ISI.

                                                
6 RBMK reactors have not been considered within the scope of this review, although one RI-ISI pilot study of an RBMK
plant is currently known to be underway in Lithuania.  In addition, the CANDU plant in Romania and the W-PWR in
Slovenia have not been considered.
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����� &RPSDULVRQ�RI�1DWLRQDO�3RVLWLRQV�LQ�6HOHFWHG�(XURSHDQ�&RXQWULHV

Table 11 compares the national positions regarding the status of RI-ISI in Finland, France,
Spain, Sweden and Switzerland.

7DEOH�����&RPSDULVRQ�RI�1DWLRQDO�3RVLWLRQV�RQ�5,�,6,�LQ�6HOHFWHG�(XURSHDQ�&RXQWULHV

&RXQWU\
&RPPLWPHQW�E\
6DIHW\�$XWKRULW\

5HJXODWRU\
*XLGDQFH

3LORW
6WXG\

6FRSH
0HWKRGR�

ORJ\
Finland Leading role of Safety

Authority (STUK) for
the adoption of RI-ISI
methodology

No Yes Partial:
− High Pressure

Injection System in
a PWR

− Shutdown Cooling
System in a BWR

ASME-
WOG

France Methodology and pilot
study submitted to
French Nuclear Safety
Authority

Follows French
Regulatory
Documentation
(RSEM and RCC-
M)

Yes Partial:
− Auxiliary Feedwater

System (AFWS) of
a French 900 MWe
PWR.

− Studies in progress
for a 1300 MWe
PWR

OMF-
Structures

Spain Considered as an
acceptable alternative
to 10 CFR 50.55a

Yes Yes Partial:
− Class 1 (submitted

and approved) and
some segments of
Class 2, 3 and NNS
systems in a PWR

− Recirculation
System (one Loop)
and some Class 2,
and NNS systems in
a BWR

ASME-
WOG

Sweden Accepted by SKI Yes.  Currently is
largely qualitative,
but there is a strong
tendency to go to
more quantitative
approaches.

Yes Partial:
− RCS and auxiliary

piping up to the first
isolation valve

− Auxiliary Feedwater
System

ASME-
WOG

Switzerland Not directly involved
but observes the
studies

No.  However, HSK
plans to incorporate
quantitative RI-ISI
methodology in its
Regulatory
guidelines within the
next two years.

Yes Partial:
− Class 1 for a PWR
− Recirculation

System and High
Pressure Core Spray
System in a BWR

ASME-
WOG for
PWR and
EPRI for
BWR
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��� (OHPHQWV�RI�*HQHULF�*XLGHOLQHV�IRU�5,�,6,�RI�133V�LQ�(XURSH

���� *HQHUDO�&RQVLGHUDWLRQV

From the foregoing discussion, the following points are important considerations in
establishing the elements of generic RI-ISI Guidelines for NPPs in Europe:

• Current Codes and Standards applicable to European NPPs are deterministically based.

• In many cases, NPPs are of US design, and therefore US Codes and Standards are
referenced in their regulation.

• Applications of RI-ISI to date within Europe have tended to follow US developments
(including Code Cases), and have therefore been concerned with partial or full-scope
studies of pipework.

• It is desirable that there should be a common approach within Europe for using plant PSAs
to provide risk-informed insights for optimising ISI.  It is important that this approach is
sufficiently general in order to complement the existing regulation of NPPs within Europe.
Thus, the generic RI-ISI Guidelines should be non-prescriptive in order to be adaptable to
the nuclear regulation in different countries.  This flexibility should be such as to
accommodate qualitative as well as quantitative approaches.

• The Guidelines should be produced with reference to developments in the US, as well as
those in Finland, France, Spain, Sweden and Switzerland.  In particular, the Guidelines
should take note of pilot studies carried out in relation to European NPPs.

• The Guidelines should anticipate potential use in relation to VVERs as well as Western-
type LWRs.  Consideration should also be given concerning their applicability to RBMKs.

• The Guidelines should not contradict current deterministic approaches.  Moreover, the
Guidelines should be sufficiently general as to anticipate the application of ‘living’ RI-ISI
applications to components other than pipework.

• The Guidelines should represent the consensus of utilities, regulators and other
stakeholders within Europe’s nuclear industry.  They should be harmonised with the
guidelines on RI-ISI already produced by individual European countries.

It has already been noted in Section 6 that explicit regulatory guidance for both qualitative and
quantitative methodology applied to pipework has been published in Spain and Sweden.  To
this extent, either the SKIFS 2000:2 document or the Spanish RI-ISI guidelines would
potentially provide a suitable starting point for the development of generic Guidelines for RI-
ISI of NPPs in Europe.  However, it has previously been noted that the SKIFS are not
intended for use outside Sweden.  Therefore, it has been useful to reference the Spanish
guidelines as the starting point, since they are based on RI-ISI experience in the US, which is
being considered in Switzerland and elsewhere.  The Spanish guidelines (summarised in
Appendix 5) enable the various elements of the generic Guidelines to be identified in a way
that is consistent with the general points above.

���� 6WUXFWXUH�RI�*HQHULF�*XLGHOLQHV

The overall structure of the generic Guidelines may be identified as follows
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1. Introduction
2. Objectives and Scope
3. Basic Principles
4. Methodology
5. Documentation and Submittal of Application
6. Evaluation by Safety Authority
7. References
8. Appendices

Section 1 introduces the Guidelines and the context in which they were written; and it
identifies all supporting Appendices and documents.  The section explains the purpose of ISI
within the context of safety, and how ISI schemes may be optimised based on risk-informed
insights.  The section will serve to make the reader aware of related risk-informed initiatives.
The section will identify the current revision of the Guidelines, since it is accepted that the
Guidelines will need to be updated from time to time in line with developments in risk-
informed methodology in general, and RI-ISI in particular.

Section 2 sets out the objectives and scope of the Guidelines, emphasising the non-
prescriptive nature of the guidance given.  Some examples of possible applications are listed
to set the objectives and scope within an appropriate context.

Section 3 defines the basic principles and stages in any RI-ISI programme.  In particular, it
emphasises the following basic principles relating to the risk-informed change in the current
ISI programme:

• The proposed change should be consistent with the current rules and regulations

• The proposed change should be consistent with the (deterministic) defence-in-depth
philosophy

• The proposed change should not compromise existing safety margins

• If the proposed change results in an increase in risk, then these changes should be small in
relation to existing (PSA based) acceptance criteria

• The ISI programme should be monitored using performance-measurement strategies to
confirm the effect of any change

Section 4 sets out the JHQHUDO�GHWDLOV of the methodology to be used.  In particular, it provides
JHQHUDO�JXLGDQFH on the following items:

• Definition of system scope

• Definition of segments

• Identification of failure consequences

• Evaluation of component failure potential

• Classification of segments

• Decision making, including the role and formation of an expert panel

• Definition of inspection programme

• Assessment of changes to risk due to changes in the inspection programme
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• Strategies for implementation, operating control and corrective actions

While the above guidance will necessarily be based on experience with RI-ISI of piping
systems, it should not preclude applications involving components other than pipework, as RI-
ISI applications continue to develop.

Section 5 provides advice on documentation, including submittal to the safety authority.  The
general requirements for archive documentation may be expected to be common to most
countries.  However, it is appreciated that the format of the report detailing a particular RI-ISI
application and its submittal to the safety authority will likely be different in different
countries.  For this reason, only very general advice is given on the latter.

Section 6 lists some general considerations concerning the evaluation of a RI-ISI application.
However, the content is restricted to making only some very general comments on points that
would be applicable to any review process.  It is not, however, the purpose of the Guidelines
to provide specific advice to safety authorities, since this would be inappropriate.

Section 7 provides a listing of generic references that are considered applicable to any RI-ISI
application.

Section 8 covers relevant appendices.  These appendices may include, for example, general
advice on qualitative approaches, and quantitative approaches (including validation and
verification criteria for SRRA models).  Another possibility is to include a RI-ISI
report/submittal checklist.

���� 3URGXFWLRQ�RI�*HQHULF�*XLGHOLQHV

It is considered that draft Guidelines could be produced within a relatively short time
(approximately 12 to 15 months) by a small Working Group that would come together on a
regular basis (probably quarterly).  Because the Guidelines would need to represent a
consensus document, extensive consultation would be needed with utilities, regulators and
other stakeholders in Europe’s nuclear industry.  It would be necessary to ensure that the
Guidelines were harmonised with existing national guidance on RI-ISI, i.e. the specific advice
in SKIFS 2000:2 and the Spanish RI-ISI guidelines.  Moreover, this process of harmonisation
would need to refer to the results of European RI-ISI pilot studies, and other European risk-
informed initiatives relating to activities such as maintenance, testing and surveillance.

��� ,PSOLFDWLRQV�IRU�,PSOHPHQWLQJ�*XLGHOLQHV

As noted already, the current regulatory framework in the US (and elsewhere) is largely
deterministic.  The risk-informed approach has the potential for providing a degree of
flexibility in plant operation (and design), that can result in economic benefits to the plant
operator without compromising safety.  However, there is an in-built tension between the
deterministic requirement for maintaining defence-in-depth and the probabilistic nature of
risk-informed initiatives.  An appropriate balance must always be achieved in any application
in order to manage this tension successfully.  On the one hand, strict implementation of risk-
informed methodology without appropriate consideration of defence-in-depth could
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undermine the historical benefits of the latter.  On the other, arbitrary appeal to defence-in-
depth might diminish the benefits of the risk-informed approach.

���� *HQHUDO�&RQVLGHUDWLRQV

At the most fundamental level is the general requirement for a regulatory framework that
permits probabilistic considerations to support modifications to plant testing, inspection,
maintenance and surveillance programmes.  This framework should provide guidance on the
submittal of risk-informed changes, including specific criteria to be met in a successful
application.  The framework should also provide guidance to help regulatory staff both assess
and monitor risk-informed changes, the latter in ‘living’ fashion.  As will be evident from
what has been described above, such a framework is already well established in the US.  The
introduction of RI-ISI would clearly be problematic in those countries where the regulatory
framework does not permit changes in plant operation and (or) maintenance to be based on
probabilistic considerations, or where significant modifications would be needed to permit
such changes.

���� 3ODQW�6SHFLILF�&RQVLGHUDWLRQV

The following is a list of the plant-specific infrastructure requirements that would be
associated with a RI-ISI application.  While not exhaustive, the list does cover some of the
more important requirements.

• PSA model

• Identification and location of archive documentation covering a detailed description of the
current safety case and supporting engineering analyses

• Identification and location of applicable industry data to be used in support of the
assessment

• Identification and location of plant operating history and the various design inputs required
for the assessment

• Formation of the project team from suitably qualified and experienced personnel to
conduct the RI-ISI assessment

• Determination of project scope and impact on existing plant operational requirements

• Formation of (independent) expert elicitation panel from suitably qualified and experienced
personnel to carry out the risk ranking of elements

• Formation of regulatory interface with project team and expert elicitation panel

• Formation of administrative support team

• Formation of supporting QA programme to include project interfaces and individual
responsibilities, and to review all documentation, procedures and work schedules

• Provision of an independent audit function to verify quality

• Control of documentation to be included with the submittal

• Control of documentation to be retained on-site

• Establishment of implementation and monitoring programme including inspection
qualification programme
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• Procedures to ensure that appropriate corrective actions are taken if there are changes in
assumptions or information, or if errors are detected

• Procedures to cover the RI-ISI programme updating process

There are a number of important considerations in relation to the first point.  It is clearly
preferable for the assessment to be made with reference to a PSA model.  In addition, it is
preferable for the PSA be plant-specific, and have the capacity to updated periodically so as to
be a ‘living’ model – see Appendix 4 for details of the PRA/PSA peer review process.  There
are a number of important issues that relate to the use of risk-importance measures to
categorise structures, systems and components with respect to safety significance.  These are
summarised in Appendix A of RG 1.174 under the following headings:

• Truncation limit and the ability of the truncated minimal cutsets to capture an acceptable
proportion (at least 95%) of the total CDF

• Choice of risk metrics

• Completeness of the risk model

• Sensitivity analyses for component data uncertainties, common cause failures and recovery
actions respectively

• Multiple component considerations

• Relationship of importance measures to risk changes

• SSCs not included in the final quantified cutset solution

Lastly, some comments are in order in relation to formation and training of the expert panel.
Membership is generally drawn from individuals who have extensive plant-specific
knowledge and experience in the following areas:

• Plant operations

• Systems engineering

• Probabilistic safety assessment

• Structural integrity

• Safety analysis

• Health physics

In applications based on WOG methodology, the expert panel is recognised as an independent
entity, which may be supplemented by outside expertise as appropriate.  Chairmanship of the
expert panel is a vital function, particularly in view of its interdisciplinary nature.  The use of
outside expertise may be especially beneficial in those countries that do not have experience
of using an expert panel for implementing the USNRC Maintenance Rule, or its equivalent.
Following a period of training, the expert panel would typically meet for several days to
discuss in open forum issues relating to the PSA or specific piping segments that may affect
the final categorisation of elements.
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���� 8QH[SHFWHG�(YHQWV

Any RI-ISI application can only ever reflect the best information at the time, both generic and
plant-specific, relating to the likelihood and consequences of failure of each segment
considered.  In other words, the assessment is based on the current state of knowledge
concerning the degradation mechanisms and potential failure modes of the various elements
that make up each segment considered.  Of course, this would be equally true for any
deterministic assessment, and it should be recognised that information will change as a result
of research information, industry-wide experience and plant-specific operating experience.  To
this extent, there are two basic ways in which the possibility of unexpected events may be
factored into a particular RI-ISI application:

• Speculative inspections of elements whose failure would have high safety or economic
consequences

• Inspections introduced into a updated RI-ISI application as a result of new information

The first bullet point may be addressed based on either deterministic or probabilistic methods.
However, the second is a particular strength of the RI-ISI process, particularly where updating
is based upon a ‘living’ PSA model.

The use of speculative inspections of high consequence items is consistent with maintaining
the defence-in-depth principle.  To this extent, this philosophy is essentially the same as that
which requires continued inspection of the RPV and certain pressure boundary components,
since, regardless of risk significance, the consequences of failure would be unacceptable.  Of
course, speculative inspections can equally be introduced under deterministically or
probabilistically based inspection schemes.  However, probabilistic schemes have the
potential advantage of affording a more rational choice of sample size, based on risk-informed
insights.

An important category of component within the context of unexpected events is the dissimilar
metal weld (DMW).  DMWs in the RPV, pressuriser, steam generators and heat exchanger
nozzles are included in Category B-F.  Under the current requirements of ASME Section XI,
all of these DMWs must be inspected on a 10-y basis.  The remaining DMWs are included in
Category B-J.  Although only 25% of Category B-J welds need be inspected every 10-y, this
sample must contain all DMWs as well as terminal ends.

Code Cases N-577 and N-578 specifically address Category B-F (Pressure Retaining
Dissimilar Metal Welds in Vessel Nozzles) and Category B-J (Pressure Retaining Welds in
Piping) items.  However, there is an issue concerning the ability of current RI-ISI
methodology to account properly for degradation mechanisms that are specific to DMWs.  For
example, the standard WOG SRRA model covers carbon steel to stainless steel DMWs,
subject to the availability of specific data on thermal and residual stresses and the degree of
sensitisation of the stainless steel to SCC.  The standard model however does not include
coverage of Inconel welds, although more specialised probabilistic fracture mechanics codes
do.  In view of this, an expert panel would certainly need to pay particular attention to DMWs,
and would be likely to re-categorise a DMW as being in Region 1A (HSS-HFI) of the WOG
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structural element selection matrix.  The need to pay particular attention to DMWs containing
Ni-based alloys is also reflected by French and Swedish experience.

The above view is likely to be reinforced for the immediate future by expert panel risk ranking
exercises in view of the recent experience in the US at the V C Summer plant.  Here, failure
by through-wall leakage of reactor coolant was detected in the Loop ‘A’ outlet nozzle to pipe
weld during a normal refuelling outage in early December 2000 [32]7.  The root cause of the
failure was attributed to the extensive repairs to the Inconel weld that had been made at the
time of construction.  The high residual stresses that originated from the rectification welding
and associated grinding operations resulted in crack growth by primary water stress corrosion
cracking (PWSCC).  Ultrasonic tests subsequently performed on the pipe from the inside
surface revealed a single axial flaw near the top of the pipe.  However, there is concern that a
flaw discovered by eddy current testing in the Loop A hot leg had not been found by the
ultrasonic examinations.  Moreover, several eddy current indications were found when the
other loops were examined.  It was concluded that the irregular surface geometry in the areas
of interest in Loop A were acceptable for measurements using ‘small footprint’ spring-loaded
eddy current probes, but not flat enough for reliable detection by the qualified ultrasonic
method.  This experience has prompted the USNRC to express the following generic
concerns:

• What qualified UT techniques are used by the industry?  Are they capable of assessing the
type of flaw found at the V C Summer plant?

• Are techniques other than UT techniques appropriate for assessing nozzle-to-pipe welds?
How should these techniques be qualified?

The adequacy of current inspection methods for DMWs of the type that failed at V C Summer
is currently being examined within the context of ASME Section XI.  At present the ASME
Section XI, Appendix VIII Supplement 10, ‘Qualification Requirements for Dissimilar Metal
Welds’ does not specifically list the test-piece configuration requirements for DMWs over and
above those listed for similar metal welds.  It appears that, while there is general agreement
that this will have a significant effect on ultrasonic performance, agreement has yet to be
reached on what an adequate demonstration test set should contain.  This is given that it
would be impractical to demonstrate NDE performance for every DMW configuration.

���� ,QVSHFWLRQ�4XDOLILFDWLRQ

In the implementation of any RI-ISI application, the inspection strategy should be designed to
meet the following objectives:

• The criteria to define the minimum number of inspections should be straightforward and
unambiguous so that they can be applied consistently regardless plant design

• The inspections must be targeted with respect to degradation mechanisms that may
potentially be present

                                                
7 The V C Summer plant was not the subject of an RI-ISI application at the time.  Had such a scheme been in operation, and
in the unlikely event that ISI of this weld had been excluded under that scheme, the leakage would still have been detected.
This is because of the general requirement of all three ASME RI-ISI Code Cases to retain visual examination and pressure
testing in accordance with the current requirements of ASME Section XI.
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• The inspections must be weighted with respect to those segments in the higher risk
category

• The element selection process and examination methods used should be designed to
increase the probability of detection (POD) of defects

In the US the qualification of NDE personnel, processes and equipment must comply with
ASME Section XI to meet the requirements of 10 CFR 50.55a.  In general, this means that
procedures must be qualified in accordance with ASME Section XI, Appendix VIII, or in the
spirit of Appendix VIII, for techniques.

Within Europe, inspection qualification is given a broader interpretation than the current
emphasis on performance demonstration in the US.  The European Network for Inspection
Qualification has published a methodology framework document for qualification of non-
destructive testing [33].  There are two main aspects to the qualification process:

• A practical assessment of a particular NDE procedure involving open or blind trials that are
performed on simplified or representative test pieces, which simulate the actual component
to be inspected.

• A technical justification of the effectiveness of a particular NDE procedure based on
previous experience of its application, physical models, mathematical modelling, etc.

The value of inspection qualification from the point of view of RI-ISI is that, by providing
objective information on inspection capability and reliability, it enables the reduction in
failure probability that results from performing the inspection on a particular element to be
determined with greater confidence.  There is a potential synergy between RI-ISI and
inspection qualification (yet to be fully realised), since the RI-ISI approach is in principle able
to specify requirements for inspection validation more precisely than hitherto in terms of:

• Specific degradation mechanisms

• Defect location

• Sample size

• Probability of defect detection

• Defect acceptance criteria

• Inspection interval

The role of inspection qualification is then to identify a suitable technique that can be
validated in accordance with these requirements.  In practice, it is appreciated that
improvements in inspection qualification will need to be made iteratively in consideration of
risk-informed insights.

��� /LNHO\�,PSDFW�RI�*XLGHOLQHV�RQ�&RGHV�DQG�6WDQGDUGV

The implicit intention of the proposals outlined in Section 7 is that generic Guidelines for RI-
ISI within Europe should, as far as possible, complement existing national Codes and
Standards.  Thus, for those countries in particular, where regulation considers US practice, or
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where a non-prescriptive approach to regulation is followed, no significant changes to Codes
and Standards are anticipated.  Indeed, the existing Codes and Standards would be needed to
demonstrate maintenance of defence-in-depth and the safety margins relative to the original
plant safety case in any proposed RI-ISI application.  However, as noted in Section 8.1, the
introduction of RI-ISI would be less straightforward in those countries where the regulatory
framework does not currently permit changes in plant operation/maintenance to be based on
probabilistic (PSA) considerations.  The adoption of European generic Guidelines for RI-ISI
would potentially have the greatest impact on Codes and Standards in these countries.  Here,
however, the impact could be minimised by the regulator taking the initiative in proposing the
use of risk-informed decision making on a case-by-case basis and (or) with reference to the
experience gained in specific pilot studies.

���� &RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV

����� &RQFOXVLRQV

General

1. Considerable progress has been made in the US in promoting the use of risk-informed
decision making techniques for the operation and regulation of nuclear power plants.
This progress has been made within the context of maintaining safety margins and the
principle of defence-in-depth.

2. Plant-specific PSAs are an essential tool in the implementation of risk-informed
decision making techniques.

3. It is now generally accepted that PSA modelling is sufficiently mature as to allow both
the regulator and plant operator to benefit from risk-informed decision making.

4. The most successful application to date of risk-informed decision making has been in
the area of risk-informed in-service inspection (RI-ISI) of LWR plant.

5. Several other countries, notably those that operate LWR plant designed by US
manufacturers, have followed the US lead in implementing RI-ISI applications.  Within
Europe, Finland, Spain and Sweden have been the countries most prominent in
implementing RI-ISI.

6. The higher ISI inspection frequency under Russian Codes, compared with that under
ASME Section XI, is a factor likely to make the application of RI-ISI methodology an
attractive proposition for operators of VVER plants.

7. In the current requirements for ISI in ASME Section XI, welds are selected for
inspection based primarily on highest calculated stresses and fatigue usage factors.
Refocusing inspections to locations where the degradation mechanisms are known and
the consequences of failure are relatively high has eliminated unnecessary inspections
with the potential to decrease risk.

8. Current RI-ISI applications are restricted to pipework.  Numerous partial or full-scope
studies of Class 1, 2 and 3 pipework have been conducted, with the majority of
applications addressing Class 1 piping.
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9. All RI-ISI applications have the common feature of reflecting the best information at the
time concerning the degradation mechanisms and potential failure modes of the
elements that make up the various segments considered.  Because this knowledge will
change as a result of research information, industry-wide experience and plant-specific
operating experience, RI-ISI applications should be regarded as living programmes that
need to be updated at appropriate intervals.

10. Although dissimilar metal welds (DMWs) are not precluded from consideration under
current RI-ISI procedures, there is an issue concerning the ability of current
methodology to account quantitatively for the degradation mechanisms that are specific
to welds containing Ni-based alloys.

11. The risk informed approach to ISI has the benefit of providing a more precise
specification of requirements for inspection validation than has hitherto been possible.
However, this benefit has yet to be fully realised.

Comparison of Methodologies

12. Four RI-ISI methodologies (WOG-ASME, EPRI, SKIFS and EDF-OMF Structures)
have been compared and contrasted in detail.  The major differences between these
methods arise by virtue of the various ways in which the logical steps common to all RI-
ISI methodologies are undertaken.

13. A major feature of the EPRI and SKIFS methodologies is that because they are
essentially qualitative, they preclude a comparison of the impact of risk-informed
inspection on plant safety with that of other risk-informed initiatives.  They also
preclude the use of sensitivity analyses to assess the effect of uncertainties.

14. All four methodologies, although at different stages of regulatory acceptance, follow
existing guides as well as applicable Codes and Standards.

15. A detailed comparison of the WOG-ASME and SKIFS methodologies in relation to the
RI-ISI pilot study at Ringhals 4 has demonstrated the similarities between the two
methods.  However, differences in the methods, mainly in the area of consequence
determination, led to significantly different outcomes in selecting locations for ISI.

16. It is evident that the WOG-ASME, EPRI and EDF methodologies are capable of
providing a significant return on investment to the plant operator.

European Generic RI-ISI Guidelines

17. It is desirable that there should be a common approach within Europe for using plant
PSAs to provide risk-informed insights for optimising ISI.  It is important that this
approach is sufficiently general in order to complement the existing regulation of NPPs
within Europe.  Thus, the generic RI-ISI Guidelines should be non-prescriptive in order
to be adaptable to the nuclear regulation in different countries.  This flexibility should
be such as to accommodate qualitative as well as quantitative approaches.

18. The Guidelines should be produced with reference to developments in the US, as well as
those in Finland, France, Spain, Sweden and Switzerland.  In particular, the Guidelines
should take note of pilot studies carried out in relation to European NPPs.

19. The Guidelines should anticipate potential use in relation to VVERs as well as Western-
type LWRs.  Consideration should also be given concerning their applicability to
RBMKs.
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20. The Guidelines should not contradict current deterministic approaches.  Moreover, the
Guidelines should be sufficiently general as to anticipate the application of ‘living’ RI-
ISI applications to components other than pipework.

21. The Guidelines should represent the consensus of utilities, regulators and other
stakeholders within Europe’s nuclear industry.  They should be harmonised with the
guidelines on RI-ISI already produced by individual European countries.  Moreover, this
process of harmonisation should be with reference to the results of European RI-ISI
pilot studies, and other European risk-informed initiatives relating to activities such as
maintenance, testing and surveillance.

22. The existing Spanish RI-ISI guidelines would enable the various elements of the generic
Guidelines to be identified in a way that is consistent with Conclusions 17 to 21 above.

Likely Impact of European Generic RI-ISI Guidelines on Codes and Standards

23. For countries where regulation considers US practice, or where a non-prescriptive
approach is followed, it is considered unlikely that the adoption of generic Guidelines
would require significant changes to Codes and Standards.

24. The impact on Codes and Standards of adopting generic Guidelines is expected to be
greatest in those countries that do not currently permit changes in plant operation and
(or) maintenance to be based on probabilistic (PSA) considerations.  However, the effect
of this could be minimised by the regulator taking the initiative in proposing the use of
RI-ISI on a case-by-case basis and (or) with reference to the experience gained in
specific pilot studies.

����� 5HFRPPHQGDWLRQV

1. It is recommended that a small Working Group be set up to produce a set of generic
Guidelines for applying RI-ISI to NPPs within Europe.  It is considered that a reasonable
period for producing a draft document would be 12 to 15 months, with the Working
Group meeting on a quarterly basis.

2. Because it is essential that the Guidelines should represent a common position, it is
recommended that arrangements be made to ensure that extensive consultation takes
place during their drafting between utilities, regulators and other stakeholders in
Europe’s nuclear industry.

���� $FNQRZOHGJHPHQWV
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*ORVVDU\�RI�7HUPV�DQG�$EEUHYLDWLRQV

*ORVVDU\�RI�7HUPV

,QVSHFWLRQ: Actions which, by means of examination, observation or measurement, determine
the conformance of an item (materials, parts, components, systems, structures as well as
processes and procedures), with defined requirements.
7HVWLQJ��The determination or verification of the capability of an item to meet specified
requirements by subjecting the item to a set of physical, chemical, environmental or
operational conditions.
1RQ�'HVWUXFWLYH�([DPLQDWLRQ��an examination by visual, surface or volumetric inspection
methods.
,Q�6HUYLFH�,QVSHFWLRQ��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.
,Q�6HUYLFH�7HVW��methods and actions, performed in specified time intervals, for assuring the
operational readiness of safety related nuclear power plant components, in accordance with
specified rules and requirements.
36$: a quantitative assessment of the risk associated with plant operation and maintenance,
and measured in terms of frequency of occurrence different events including severe reactor
core damage or a breach of containment integrity.
&'): an estimate of the likelihood of a severe accident associated with reactor core damage.
/(5)�/55)��an estimate of the likelihood of a severe accident associated with an early
radioactive release from the containment.
,PSRUWDQFH�PHDVXUH��any quantitative measurement used for the risk ranking of structures,
systems and components of an industrial plant.
5LVN: used in a general sense indicate the likelihood of the occurrence of undesirable events.
In the particular sense of risk analysis, can be quantitatively defined as the product of the
frequency of occurrence of an event and the value of a variable characterising the undesirable
result of that event.
)DLOXUH��event involving leakage, rupture or conditions that would disable a component’s
ability to perform its intended safety function.
'HIHFW��an imperfection or unintentional discontinuity of such size, shape, orientation,
location or properties as to be rejectable.
/HDNDJH��hole in the wall of an enclosure, capable of passing liquid or gas from one side of
the wall to the other under pressure or concentration differential existing across the wall.
5LVN�LQIRUPHG�GHFLVLRQ�PDNLQJ�SURFHVV: insights derived from probabilistic risk assessments,
used in combination with deterministic system and engineering analyses, in order to focus
attention on issues commensurate with their importance to the nuclear safety.
([SHUW¶V�SDQHO: a group of experts experienced in operations, maintenance, PARA, ISI/IST
programs and other related activities and disciplines that impact the risk-informed decisions
under consideration.
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$EEUHYLDWLRQV

AFWS Auxiliary Feed-Water System
AOT Allowed Outage Time
ASME American Society of Mechanical Engineers
BPVC Boiler and Pressure Vessel Code
BWR Boiling Water Reactor
CCDP Conditional Core Damage Probability
CCF Common Cause Failure
CDF Core Damage Frequency
CNRA NEA – Committee on Nuclear Regulatory Activities
CSN Spanish Nuclear Safety Council (Consejo de Saguridad Nuclear)
EDF Electricité de France
ENIQ European Network for Inspection Qualification
EPRI Electric Power Research Institute
ESF Engineered Safety Features
EURIS European network of Risk-Informed in-Service inspection
FA Functional Analysis
FAR Facteur d’Accroissement du Risque (eq. RAW)
FG Functional Group
FMEA Failure Modes and Effects Analysis
FMECA Failure Modes, Effects and Criticality Analysis
FV Fussel-Vesely
GDC General Design Criteria
HELB High Energy Line Break
HSS High Safety Significance
IAEA International Atomic Energy Agency
IE Initiating Event
IGSCC Intergranular Stress Corrosion Cracking
IPERS IAEA’s International Peer Review Service
ISI In-Service Inspection
IST In-Service Testing
LERF Large Early Release Frequency
LOCA Loss of Coolant Accident
LRRF Large Radioactive Release Frequency
LSS Low Safety Significance
LWR Light Water Reactor (i.e. PWR or BWR)
MOV Motor-Operated Valve
NDE Non-Destructive Examination
NDT Non-Destructive Testing
NEA Nuclear Energy Agency
NEI Nuclear Energy Institute
NPP Nuclear Power Plant
NPS Nominal Pipe Size, e.g. NPS 1-inch, etc
NRC (US) Nuclear Regulatory Commission
NRWG Nuclear Regulator’s Working Group
OECD Organisation for Economic Co-operation and Development
OMF Optimisation de la Maintenance par la Fiabilité (EDF’s RCM Methodology)
OMF-S OMF-Structures (EDF’s RI-ISI Methodology)
P&ID Process and Instrumentation Diagrams
PISC Programme for Inspection of Steel Components
PRA Probabilistic Risk Assessment (also known as PSA)
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PSA Probabilistic Safety Assessment (also known as PRA)
PSR Periodic Safety Review
PWR Pressurised Water Reactor
QA Quality Assurance
R&D Research and Development
RAB Ringhals AB
RAW Risk Achievement Worth
RCC-M Règles de Conception et de Construction des Matériels Mécaniques (French NPPs

Design and Construction Code)
RCPB Reactor Coolant Pressure Boundary
RCS Reactor Coolant System
RG Regulatory Guide
RIBA Risk-Informed ISI Project of the European Commission
RI-ISI Risk-Informed In-Service Inspection
RPV Reactor Pressure Vessel
RRW Risk Reduction Worth
RSE-M Règles de Surveillance en Exploitation des Matériels Mécaniques (French NPPs

Operating and Surveillance Guide)
SG Steam Generator
SKI Statens Kärnkraftinspektion (The Swedish Nuclear Power Inspectorate)
SKIFS Statens Kärnkraftinspektions författningssamling (Statute-book of the SKI)
SOV Solenoid-Operated Valve
SRP Standard Review Plan
SRRA Structural Reliability and Risk Assessment
SS Stainless Steel
SSC Structure, Systems and Components
STI Surveillance Test Interval
T&M Test and Maintenance
TCM Technical Committee Meeting
TF Task Force
TS Technical Specification
UNESA Spanish Utilities
WEE Westinghouse Electric Europe SA
WOG Westinghouse Owners Group
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$SSHQGL[�������&)5�$SSHQGL[�$�&ODVVLILFDWLRQ�RI�133�&RPSRQHQWV�DQG
3LSLQJ�LQWR�&ODVVHV���'HILQLWLRQ�RI�4XDOLW\�*URXSV

General Design Criterion 1 of Appendix A to 10 CFR 50 requires that structures systems and
components (SSCs) be designed, fabricated, erected and tested to quality standards
commensurate with the importance of the safety functions to be performed. Accordingly, the
NRC developed a quality classification system, which consist of four quality groups A
through D and the specific quality standards applicable to each quality group

In accordance with Section 50.55a of 10 CFR 50 the requirements for Class 1 components of
ASME Section III must be applied to the components of the reactor coolant pressure
boundary.  This corresponds to the quality group A of the NRC System.

The method for determining acceptable quality standards for the remaining safety related
components is described in R.G. 1.26 “Quality Group Classifications and Standards for
Water, Steam and Radioactive-Waste-Containing Components of Nuclear Power Plants”.

4XDOLW\�*URXS�$

The requirements of ASME Section III for Class 1 components are applicable to the reactor
coolant pressure boundary.  According to 10 CFR 50.55a, this boundary is formed by all those
pressure-containing components such as pressure vessels, piping, pump and valves which are:

• Part of the reactor coolant system (RCS)

• Connected to the RCS up to and including all of the following:

- the outermost containment isolation valve on a system piping which penetrates primary
containment

- the second of two valves normally closed during operation in system piping which does
not penetrate primary containment

- the RCS safety and relief valves

In BWRs, the RCS extends to and includes the outermost containment isolation valve in the
main steam and feedwater piping.

4XDOLW\�*URXS�%

The requirements of ASME Section III for Class 2 components should be applied to pressure
vessels, heat exchangers, piping, pumps and valves.  These are components that are either part
of the reactor coolant pressure boundary but excluded from the requirements of 10 CFR
50.55a or are not part of the reactor coolant pressure boundary, but part of:

• Systems of portions of systems important to safety that are designed for (a) emergency core
cooling, (b) post-accident containment heat removal, or (b) post-accident fission product
removal.
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• Systems or portions of systems important to safety that are designed for (a) reactor
shutdown or (b) residual heat removal.

• Those portions of the steam system of BWRs extending from the outermost containment
isolation valve up to but not including the turbine stop and bypass valves and connected
piping up to and including the first valve that is either normally closed of capable of
automatic closure during all modes of normal reactor operation.

• Those portions of the steam and feedwater systems of PWRs extending from and including
the secondary side of steam generators up to and including the secondary side of steam
generators up to and including the outermost containment isolation valves and connected
piping up to and including the first valve (including a safety or relief valve) that is either
normally closed or capable of automatic closure during all modes of normal reactor
operation.

• System or portions of systems that are connected to the reactor coolant pressure boundary
and are not capable of being isolated from the boundary during all modes of normal reactor
operation by two valves, each of which is either normally closed or capable of automatic
closure.

4XDOLW\�*URXS�&

The requirements of Section III for Class 3 components should be applied to pressure vessels,
heat exchangers, piping, pumps, and valves not part of the reactor coolant pressure boundary
or included in quality Group B, but part of:

• Cooling water and auxiliary feedwater systems or portions of these systems important to
safety that are designed for (a) emergency core cooling, (b) post-accident containment heat
removal, (c) post-accident containment atmosphere cleanup, or (d) residual heat removal
from the reactor and from the spent fuel storage pool (including primary and secondary
cooling systems).  Portions of these systems that are required for their safety functions and
that (a) do not operate during any mode of normal reactor operation and (b) cannot be
tested adequately should be classified as Group B.

• Cooling water and seal water systems or portions of these systems important to safety that
are designed for functioning of components and systems important to safety, such as
reactor coolant pumps, diesels, and control room.

• Systems or portions of systems that are connected to the reactor coolant pressure boundary
and are capable of being isolated from that boundary during all modes of normal reactor
operation by two valves, each of which is either normally closed or capable of automatic
closure.

• Systems, other than radioactive waste management systems, nor covered by the bulleted
Group C items above that contain or may contain radioactive material and whose
postulated failure would result in conservatively calculated potential offsite doses that
exceed 0.5 rem to the whole body or its equivalent to any part of the body.

• Other systems not covered by the first four bulleted Group C items above that contain or
may contain radioactive material and whose postulated failure would result in
conservatively calculated potential offsite doses that exceed 0.5 rem to the whole body or
its equivalent to any part of the body.
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4XDOLW\�*URXS�'

Non-nuclear standards should be applied to water and steam-containing components not part
of the reactor coolant pressure boundary or included in quality Groups B or C but part of
systems or portions of systems that contain or may contain radioactive material.
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$SSHQGL[���7DEOH���D���5LVN�,QIRUPHG�,6,���6XEPLWWDO�6WDWXV�LQ�86

$SSURYHG�$SSOLFDWLRQV

3ODQW 8QLW
6XEPLWWDO

'DWH
1HHG�'DWH 6FRSH ��5HOLHI

UHT��DOVR
QHHGHG

6L]H
�0:� 1666�7\SH

&RQWDLQP
HQW�7\SH

0HWKRG

Arkansas Nuclear 1 Complete Complete Class 1 843 PWR - B&W 2 loop Dry EPRI

Arkansas Nuclear 2 Complete Complete Class 1, 2 & 3 925 PWR - CE 2 loop Dry EPRI

Brown’s Ferry 2 Complete Complete Class 1, 2 & 3 1152 BWR BWR 4 Mark I Enertech/
Westinghouse

Brown’s Ferry 3 Complete Complete Class 1, 2 & 3 1152 BWR BWR 4 Mark I Enertech/
Westinghouse

Fitzpatrick 1 Complete Complete Class 1, 2 & 3 883 BWR BWR 4 Mark I EPRI

Nine Mile Point 2 Complete Complete Class 1 & 2 Yes 1259 BWR BWR 5 Mark II EPRI

Pilgrim 1 Complete Complete Class 1 678 BWR BWR 3 Mark I EPRI

South Texas 1 Complete Complete Class 1 1311 PWR - W 4 loop Dry EPRI

South Texas 2 Complete Complete Class 1 1311 PWR - W 4 loop Dry EPRI

Surry 1 Complete Complete Class 1, 2 & 3 848 PWR - W 3 loop Dry Westinghouse

Surry 2 Complete Complete Class 1 848 PWR - W 3 loop Dry Westinghouse

Turkey Point 3 Complete Complete Class 1 760 PWR - W 3 loop Dry Westinghouse

Vermont Yankee 1 Complete Complete Class 1 540 BWR BWR 4 Mark I EPRI

Columbia Gen. Stn Complete Complete Class 1 1199 BWR BWR 5 Mark II EPRI
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$SSHQGL[����7DEOH���E��6XEPLWWDOV�$ZDLWLQJ�$SSURYDO�LQ�86

3ODQW 8QLW
6XEPLWWDO

'DWH
1HHG�'DWH 6FRSH ��5HOLHI

UHT��DOVR
QHHGHG

6L]H
�0:� 1666�7\SH

&RQWDLQP
HQW�7\SH

0HWKRG

Braidwood 1 Oct 00 Aug 01 Class 1 & 2 Yes 1175 PWR - W 4 loop Dry EPRI

Braidwood 2 Oct 00 Aug 01 Class 1 & 2 Yes 1175 PWR - W 4 loop Dry EPRI

Brunswick 1 April 01 Oct 01 Class 1 Yes 867 BWR BWR 4 Mark I EPRI

Brunswick 2 April 01 Oct 01 Class 1 Yes 867 BWR BWR 4 Mark I EPRI

Bryon 1 Oct 00 Sept 01 Class 1 & 2 Yes 1175 PWR - W 4 loop Dry EPRI

Bryon 2 Oct 00 Sept 01 Class 1 & 2 Yes 1175 PWR - W 4 loop Dry EPRI

Callaway + 1 Feb 01 Nov 01 Class 1 & 2 1236 PWR - W 4 loop Dry EPRI

Comanche Peak + 1 Feb 01 Aug 01 Class 1 & 2 1161 PWR - W 4 loop Dry EPRI

Comanche Peak + 2 Feb 01 Aug 01 Class 1 & 2 1161 PWR - W 4 loop Dry EPRI

Diablo Canyon + 1 Feb 01 Sept 01 Class 1 & 2 1137 PWR - W 4 loop Dry EPRI

Diablo Canyon + 2 Feb 01 Sept 01 Class 1 & 2 1164 PWR - W 4 loop Dry EPRI

Dresden 2 Oct 00 Oct 01 Class 1 & 2 Yes 840 BWR BWR 3 Mark I EPRI

Dresden 3 Oct 00 Oct 01 Class 1 & 2 Yes 840 BWR BWR 3 Mark I EPRI

Fermi 2 Apr 01 Sept 01 Class 1 1093 BWR BWR 4 Mark I EPRI

La Salle 1 May 01 Sept 01 Class 1 & 2 Yes 1146 BWR BWR 5 Mark II EPRI

La Salle 2 May 01 Sept 01 Class 1 & 2 Yes 1146 BWR BWR 5 Mark II EPRI

Millstone 3 Jul 00 Jul 01 Class 1 1253 PWR - W 4 loop Dry Westinghouse
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$SSHQGL[���7DEOH���E���6XEPLWWDOV�$ZDLWLQJ�$SSURYDO�LQ�86��&RQWG�

North Anna 1 Apr 01 Sept 01 Class 1 994 PWR - W 3 loop Dry Westinghouse

North Anna 2 Apr 01 Sept 02 Class 1 979 PWR - W 3 loop Dry Westinghouse

Perry 1 Feb 01 Aug 01 Class 1 1250 BWR BWR 6 Mark III EPRI

Quad Cities 1 Nov 00 Nov 01 Class 1 & 2 Yes 828 BWR BWR 3 Mark I EPRI

Quad Cities 2 Nov 00 Nov 01 Class 1 & 2 Yes 828 BWR BWR 3 Mark I EPRI

Seabrook 1 Mar 01 Oct 01 Class 1 1197 PWR - W 4 loop Dry EPRI

Sequoyah 1 Mar 01 Jul 01 Class 1 & 2 1221 PWR - W 4 loop Ice Westinghouse

Sequoyah 2 Mar 01 Jul 01 Class 1 & 2 1221 PWR - W 4 loop Ice Westinghouse

South Texas + 1 Feb 01 Dec 01 Class  2 only 1311 PWR - W 4 loop Dry EPRI

South Texas + 2 Feb 01 Dec 01 Class 2 only 1311 PWR - W 4 loop Dry EPRI

Watts Bar 1 May 01 Oct 01 Class 1 & 2 1177 PWR - W 4 loop Ice Westinghouse

Wolf Creek + 1 Feb 01 Oct 01 Class 1 & 2 1236 PWR - W 4 loop Dry EPRI

+ STARS Units - single review expected
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$SSHQGL[���7DEOH���F���$QWLFLSDWHG�6XEPLWWDOV�LQ�86���5HPDLQGHU�����

3ODQW 8QLW
6XEPLWWDO

'DWH
1HHG�'DWH 6FRSH ��5HOLHI

UHT��DOVR
QHHGHG

6L]H
�0:� 1666�7\SH

&RQWDLQP
HQW�7\SH

0HWKRG

Calvert Cliff 1 Oct 01 TBD Class 1 & 2 Yes 918 PWR - CE 2 loop Dry EPRI

Calvert Cliff 2 Oct 01 TBD Class 1 & 2 Yes 911 PWR - CE 2 loop Dry EPRI

Clinton 1 Oct 01 Feb 02 Class 1 & 2 930 BWR BWR 6 III EPRI

Indian Point 2 Aug 01 Jan 02 Class 1 1013 PWR - W 4 loop Dry EPRI

Indian Point 3 Aug 01 Jan 02 Class 1 1013 PWR - W 4 loop Dry EPRI

Limerick 1 Nov 01 Mar 02 Class 1 & 2 Yes 1055 BWR BWR 4 II EPRI

Limerick 2 Nov 01 Mar 02 Class 1 & 2 Yes 1055 BWR BWR 4 II EPRI

McGuire 1 Jun 01 TBD Class 1 & 2 1305 PWR - W 4 loop Ice Westinghouse

McGuire 2 Jun 01 TBD Class 1 & 2 1305 PWR - W 4 loop Ice Westinghouse

Monticello 1 Aug 01 Feb 02 Class 1 & 2 536 BWR BWR 3 Mark I EPRI

Palisades 1 Jul 01 Jun 02 Class 1, 2 & 3 812 PWR - CE 2 loop Dry Westinghouse

Pt Beach 1 Dec 01 Jun 02 Class 1 & 2 524 PWR - W 2 loop Dry EPRI

Pt Beach 2 Dec 01 Jun 02 Class 1 & 2 524 PWR - W 2 loop Dry EPRI

St Lucie 1 Sep 01 TBD Class 1 850 PWR - CE 2 loop Dry Enertech/
Westinghouse

St Lucie 2 Sep 01 TBD Class 1 850 PWR - CE 2 loop Dry Enertech/
Westinghouse
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$SSHQGL[���7DEOH���F���$QWLFLSDWHG�6XEPLWWDOV�LQ�86���5HPDLQGHU�������&RQWG�

Susquehanna 1 Dec 01 Jun 02 Class 1 & 2 1050 BWR BWR 4 II EPRI

Susquehanna 2 Dec 01 Jun 02 Class 1 & 2 1168 BWR BWR 4 II EPRI

Turkey Point 4 Sep 01 TBD Class 1 PWR - W Westinghouse

VC Summer 1 Dec 01 Jun 02 Class 1 900 PWR - W 3 loop Dry EPRI
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$SSHQGL[���7DEOH����$QWLFLSDWHG�5LVN�,QIRUPHG�,6,�±�$QWLFLSDWHG�6XEPLWWDOV�LQ�86���3RVW�����

0HWKRG �VW����� �QG����� �UG����� �WK����� !��VW�����

EPRI 4 3 4 3 4

Westinghouse 4 2 1 7

TBD 3

TOTAL 8 3 9 4 11
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$SSHQGL[����$SSOLFDWLRQV�RI�5,�,6,�0HWKRGRORJ\�2XWVLGH�RI�86

3ODQW��8QLW 7\SH�RI
$SSOLFDWLRQ
�)XOO�3DUWLDO�

3LORW�

0HWKRGRORJ\ 6WDWXV 8WLOLW\ 3ODQW�7\SH &RXQWU\

Loviisa Pilot – part of
Class 1

WOG/EPRI Completed Fortum VVER-440 Finland

Olkiluoto Pilot – part of
Class 1

WOG/EPRI Completed TVU Asea-BWR Finland

Ulchin Partial –
Class 1, 2

WOG In progress KEPCO CE-PWR Korea

Ascó 1 Partial –
Class 1

WOG Approved ANA-VII W-PWR Spain

Ascó 2 Partial –
Class 1

WOG Submitted ANA-VII W-PWR Spain

Vandellós 2 Partial –
Class 1

WOG In progress ANA-VII W-PWR Spain

Almaraz 2(1) Partial –
Class 1

WOG Submitted AL-DR W-PWR Spain

Ascó 1(1) Pilot – Class
2, 3, NNS

WOG Completed ANA-VII W-PWR Spain

Garoña(1) Pilot – part of
Class 1, 2 and
NNS

WOG Completed NUCLENOR GE-BWR Spain

Ringhals 2 Full WOG In progress RAB W-PWR Sweden

Oskarshamn 1(2) Pilot WOG/EPRI Completed OKG Asea-BWR Sweden

Ringhals 4 Pilot (RCS,
AFWS)

WOG Completed RAB W PWR Sweden

Leibstadt Partial –
Class 1

EPRI In progress KKL GE-BWR Switzerland

Beznau 1 Pilot –
Class 1

WOG In progress NOK W-PWR Switzerland

NOTES:
1. Work done by Tecnatom.
2. Work done by SAQ.
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$SSHQGL[�����2YHUYLHZ�RI�WKH�35$�36$�3HHU�5HYLHZ�3URFHVV

The PSA peer review process was originally developed and used by the Boiling Water Reactor
Owners Group (BWROG) and subsequently broadened to be an industry-applicable process,
through the Nuclear Energy Institute Risk Applications Task Force.

2EMHFWLYH�DQG�$SSURDFK

The objective of the PRA/PSA Peer Review process is to provide a method for establishing the
technical quality and adequacy of a PSA for a spectrum of potential risk-informed plant
applications for which the PSA may be used.  The PSA Peer Review  process employs a team of
PSA and system analysts, each with significant expertise in PSA development and PSA
applications, to provide both an objective review of the PSA technical elements and a subjective
assessment, based on the peer review team members’ PSA experience, of the acceptability of the
PSA elements.  The team utilises a set of checklists as a framework within which to evaluate the
scope, comprehensiveness, completeness, and fidelity of the PSA being reviewed. This is not
intended to be a comparison of the PSA being reviewed against features of other PRAs.  Rather,
it is a review by a group of qualified peers, who are aware of the attributes of a quality PSA and
are also aware of techniques and assumptions used in other PRAs, to identify PSA strengths and
areas for improvement.

One of the key aspects of the review is an assessment of the maintenance and update process
used to ensure that the PSA continues to reflect the configuration of the plant over time, so that
the results and conclusions of PSA applications also continue to reflect the plant.  This is a
necessary aspect of a quality PSA.

3HHU�5HYLHZ�*UDGHV

The Peer Review  process uses grades to assess the relative technical merits and capabilities of
each reviewed sub-element of the PSA.  The grades provide guidance on appropriate use of
the information covered by the sub-element for risk-informed applications.  The four grades
used are:

• Grade 1 corresponds to the attributes needed for identification of plant vulnerabilities, i.e.,
responding to NRC Generic Letter 88-20 (Individual Plant Examinations - IPE).  There may
be substantial conservatisms included in the modelling, analysis, and data for Grade 1.
These conservatisms may still allow the identification of outliers, vulnerabilities, and
prioritise certain issues, but they limit the ability to use a PSA with Grade 1 peer review
grades for its sub-elements for most other applications.  Most PRAs are expected to be
capable of meeting these requirements.

 

• Grade 2 corresponds to the attributes needed for risk ranking of systems, structures, and
components.  A PSA with elements determined to be at this grade would provide assurance
that, on a relative basis, the PSA methods and models yield meaningful rankings for the
assessment of systems, structures, and components, when combined with deterministic
insights (i.e., a blended approach).  Grade 2 is thus acceptable for Grade 1 applications and
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for applications that involve the risk ranking of certain systems, structures, and components
as long as a qualitative check of the process is performed.

 

• Grade 3 extends the requirements to assure that risk significance determinations made by the
PSA are adequate to support regulatory applications, when combined with deterministic
insights.  Therefore, a PSA with elements determined to be at Grade 3 can support physical
plant changes when it is used in conjunction with other deterministic approaches that ensure
that defence-in-depth is preserved.  Grade 3 is acceptable for Grade 1 and 2 applications, and
also for assessing safety significance of equipment and operator actions.  This assessment
can be used in licensing submittals to the NRC to support positions regarding absolute levels
of safety significance if supported by deterministic evaluations.

 

• Grade 4 requires a comprehensive, intensively reviewed study which has the scope, level of
detail, and documentation to assure the highest quality of results.  Routine reliance on the
PSA as the basis for certain changes is expected as a result of this grade.  Grade 4 is
acceptable for Grade 1, 2, and 3 applications, and also usable as a primary basis for
developing licensing positions that may change hardware, procedures, requirements, or
methods (inside or outside the licensing basis). It is expected that few PRAs would currently
have many elements eligible for this grade of peer review.

Establishing the PSA quality such that the PSA can be used over a broad spectrum of possible
applications is judged to be a cost-effective approach of implementing quality standards.  It
should be noted that while each of the four application oriented grades have different
characteristics, as delineated above, the boundaries between grades are not sharp.  This leaves,
in some cases, an element of judgement to be applied when assigning a specific application to
a specific grade, and even in assigning a specific grade to a specific sub-element.  This lack of
sharp boundaries results, in part, from the ability to use varying degrees of supplementary
deterministic considerations or focused PSA studies with any of the four grades to effectively
support a risk-informed application.  This also means that, in preparing a risk-informed
application, a utility may rely more heavily upon deterministic analysis and support to
compensate for relatively low evaluation grades in certain elements of the PSA.

It is important to note that the PSA does not receive one overall grade.  Each sub-element is
graded.  Then, based on the sub-element grades, a summary grade is provided for each of the
eleven technical elements.
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PSA Technical Element

Initiating Events

Accident Sequences Evaluation

Thermal Hydraulic Analysis and Other Engineering
Calculations

Systems Analysis

Data Analysis

Human Reliability Analysis

Dependency Analysis (including Internal Flooding)

Structural Response

Quantification and Results Interpretation

Containment Performance Analysis and LERF

Maintenance and Update Process

/LVWLQJ�RI�36$�7HFKQLFDO�(OHPHQWV�&RYHUHG�LQ�WKH�5HYLHZ

5HIHUHQFHV

1. BWROG-97026, “Transmittal of BWR Owners’ Group Document, ‘PRA Peer Review
Certification Implementation Guidelines,’” Boiling Water Reactor Owners Group, January
31, 1997.

2. NEI-00-02, "Industry PRA Peer Review Process," Nuclear Energy Institute, January 2000.
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$SSHQGL[����6XPPDU\�RI�6SDQLVK�5,�,6,�*XLGHOLQHV

Prepared by:
Carlos Cueto-Felgueroso, Tecnatom, Spain

�� ,QWURGXFWLRQ

The objective of in-service inspection (ISI) programmes is to guarantee plant safety by
minimising possible structural failures through the identification of conditions that might be
the precursors of leakage or ruptures affecting the integrity of the pressure boundary.

The experience of inspection performance acquired since the NRC required the use of the first
edition of Section XI of the ASME Code in the United States, in 1971, demonstrates the small
contribution made by failures in structural integrity to overall plant risk, compared to
equipment functional failure.  In addition, the failures reported to date have in many cases
occurred in locations not subject to inspection, while the areas with defects within those
scheduled for inspection represent a very small percentage of the total.  This has meant that in
certain cases the plants have voluntarily increased their inspection points beyond what is
strictly required by ASME Section XI.

In view of this background and taking into account the new regulatory framework of the NRC,
the decision has been taken to review and optimise the piping inspection requirements and
programmes in order to make them more efficient, guaranteeing that plant safety and
availability are maintained or even increased, while optimising operating and maintenance
costs.

A methodology known as the quantitative methodology has been developed within the
framework of ASME XI, this being described in WCAP-14752 Rev. 1 NP-A, its purpose
being to define risk informed in-service piping inspection programmes.  Subsequently, the
development of a more qualitative methodology was proposed by EPRI, described in TR-
112657 Rev. B-A, due to the PSA load that the quantitative methodology implied and the
quality of many of the PSAs performed in the USA.

�� 2EMHFWLYH�DQG�6FRSH

This document describes a process agreed on by the CSN and UNESA for the definition of
risk informed in-service inspection (RI-ISI) programmes for piping.  These programmes are
alternatives to the traditional programmes of Section XI of the ASME Code.

This document is applicable to non-destructive testing (NDE) programmes on Code 1, 2 and 3
systems piping and non-class piping, allowing systems to be partially or totally analysed as
described in Section 4.1.

The application of the requirements described in this document is voluntary, and the review
and approval of the programme by the regulatory authority will be performed in accordance
with the criteria defined in Section 6 of this same document.
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�� &RPSOLDQFH�ZLWK�%DVLF�3ULQFLSOHV�DQG�(OHPHQWV

All risk informed in-service piping inspections must meet the five basic principles listed
below:

1. The change proposed meets the regulations and standards in force, unless the proposal
explicitly requires exemption or change to it.

The proposed programme, defined as described in this document, is an alternative to the
piping NDE requirements of Section XI of the ASME Code as regards the number of
inspections, their locations, frequencies and methods.  The rest of the programmes in
force at the plants are not altered, including other Section XI requirements.  If the option
is taken to optimise other NDE programmes in segments included in the scope, this
optimisation is accomplished in accordance with the requirements of this document and,
therefore, compliance with this principle continues.

2. The proposed change is consistent with the philosophy of “defence in depth”

ISI is an important aspect of defence in depth.  The objective of in-service inspection is to
identify and repair defects before they affect structural integrity.  Through the RI-ISI
process, classification from the point of view of safety, review and approval by the panel
of experts and the selection of elements to be inspected, maintenance of the objective of
ISI (identification and repair of defects before structural integrity is jeopardised) is
ensured.  Even though the result be a reduction in the number of areas to be inspected,
inspection will be ensured in the areas of highest risk.

3. The change proposed maintains sufficient safety margins

There should be assurance that the impact of the changes proposed in the inspection
programme is consistent with the maintenance of adequate safety margins.

Sufficient safety margins are maintained through the following:

- Compliance with the Codes and Standards or other alternatives approved by the
Regulatory Authority, and

- Compliance with the acceptance criteria of the licensing bases or of other proposals if
they provide sufficient justification of analyses and uncertainties.

With RI-ISI programmes, no changes are made in the evaluation of the final safety
analysis report design basis accidents.  Furthermore, the process of defining the
programme inherently includes the performance of sensitivity analyses, in order for
possible uncertainties to be taken into account.

4. Whenever the changes proposed give rise to an increase in core damage frequency and/or
risk, such increases should be minor and not exceed the acceptance criteria.
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In the process of defining RI-ISI programmes, the risk associated with the change is
quantified and should be compared to the acceptance criteria in force to determine
compliance with this principle.

Likewise, PSAs provide considerations for the safety classification of segments and for
confirmation that changes in risk caused by changes to the in-service inspection
programme are in accordance with the requirements of guideline 1.174 [5].

5. The impact of the proposed change should be monitored by means of plant performance
measuring elements.

In-service inspection as an inspection monitoring programme makes it possible to ensure
hat the estimates made in relation to the impact of changes to the in-service inspection
programme will continue to be valid.

Consequently, the RI-ISI programme should include a description and justification of the
operating and tracking strategies proposed in order to consider possible uncertainties and
correct them suitably.

These principles are described generally for all applications based on risk information in the
CSN-UNESA PSA applications guideline [11].

To verify compliance with the basic principles of the risk informed in-service piping
inspections, the development of a programme through the 4 elements indicated below is
considered to be acceptable.

The process is iterative, since, for example, the description of the proposed change
(Element 1) depends both on engineering analysis (Element 2) and on definition of
programme implementation (Element 3).

Element 1: Definition of changes proposed to ISI programme

The current ISI requirements and changes that would be brought about with RI-ISI should be
identified in accordance with guidelines 1.174 [5], 1.178 [7] and the PSA applications
guideline [11].  In addition, the following aspects should be identified:

- Scope of the systems selected and the analysis process used for the development of the
new inspection programme.

- The approved licensing requirements (ETF, EFS, etc.) affected by the new programme.

- The aspects of the traditional programme proposed for change.

- The piping systems directly and indirectly affected with the proposed inspection
changes.  Identify components of high safety significance (HSS) not included in the
current programme, either due to their being excluded by NDE exclusion criteria or to
their being piping outside the scope of inspection (not code class or not required).

- The information used to support the changes (operating data, traditional analysis, PSA,
decision-making).

- Criteria for future programme reviews.
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Element 2: Engineering analysis

In accordance with regulatory guides 1.174 [5] and 1.178 [7] and with the CSN-UNESA PSA
applications guideline [11], the proposed changes should be analysed using a combination of
traditional engineering analysis and probabilistic safety assessment.  The results of these
analyses should be considered in an integrated manner in decision-making.

Traditional
For RI-ISI programmes, the engineering analyses include definition of the scope of the
systems (Section 4.1), the methodology used to define segments (Section 4.2), evaluation of
the failure potential of each segment (Section 4.3) and analysis of the consequences of failure
(Section 4.4.).

In addition to the activities described in this document, consideration should be given to the
criteria of the CSN-UNESA PSA applications guideline [11].

PSA
The PSA requirements and methodology for their use in applications are described in
Regulatory Guides 1.174 [5] and 1.178 [7], as well as in the CSN-UNESA PSA applications
guideline [11].

In RI-ISI programmes, PSA assessments are used to determine the classification of segments
(Section 4.5) and to evaluate the impact on risk of the new inspection programme (Section
4.8).

Integrated decision-making
Through the establishment of a panel of experts, responsible for the revision and approval of
the results of segment classification (Section 4.6) and the selection of structural elements
(Section 4.7).

Element 3. Performance of implementation and control programmes

The objective of this element is to define a programme ensuring that no adverse degradation
occurs.  The guidelines given in Sections 4.7 and 4.9 of this document are considered to be
sufficient to cover this element.

Element 4. Presentation of change

This element is covered by adhering to the guidelines described in Section 5 of this document.

�� 0HWKRGRORJLFDO�3URFHVV

For the correct definition of a risk informed in-service piping inspection programme it is
necessary to carry out a series of activities in a process that is often iterative.  All the activities
required for the definition of the programmes are described below.  In addition to the
requirements of this document, and for everything relating to the use of PSA, consideration
should be given to the requirements included in the CSN-UNESA PSA applications
guideline [11].
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��� 'HILQLWLRQ�RI�6\VWHP�6FRSH
The first phase of the process is to define what systems or parts of systems are o be evaluated
within the scope of the programme.

Two different system scopes may be considered:

Partial scope: In partial scope a homogeneous sub-group of pipes may be selected for
subsequent evaluation, for example all nuclear class 1 piping.

Full scope: In the full scope option, all nuclear class 1, 2 and 3 system piping must be selected
for subsequent evaluation, along with all those whose failure compromises the following:

- Safety-related systems, structures or components required to operate during and
following a design basis accident in order to ensure the integrity of the pressure
boundary, the capacity to take the reactor to safe shutdown conditions and keep it there
and the capacity to prevent and mitigate the consequences of an accident giving rise to
off-site releases in excess of the limits established in 10 CFR 100.

- Non safety-related SCCs serving to mitigate accidents or transients or used in
emergency procedures, or whose failure affects safety-related systems, structures or
components, or whose failure causes a reactor scram or the actuation of a safety
system.

For both full and partial scope, compliance with the basic criteria described in Section 3
should be demonstrated.

PSA information should be taken into account in the process of identifying the systems scope
to be considered.  PSA considers non-nuclear class systems or those not included in the scope
of the current inspection that serve as a support for or are alternative to the systems
traditionally included in the scope of ASME Code Section XI [1].  Likewise, the revision of
the information generated during the On-Site Flooding PSA analyses may be of use in
identifying systems in the scope.

At the end of the process segments classified as HSS and not included in traditional NDE
programmes (due to their being beyond the scope or excluded) may be identified.  In this
context, an HSS segment is one that makes a relatively high contribution to risk.

The systems selection should be reviewed by the panel of experts defined in Section 4.6.  The
bases for the inclusion or exclusion of systems should be documented.

��� 'HILQLWLRQ�RI�6HJPHQWV
In order to be able to define the importance of the piping of each system, the segments of the
piping are defined.  Annex I describes the criteria for segment definition applicable to the
quantitative methodology, while Annex II describes the criteria applicable if the qualitative
methodology is used.
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Reviewing of the information generated during the PSA assessment of on-site flooding may
be of use for the definition of segments.

The definition of segments should be revised by the panel of experts defined in Section 4.6.
The criteria used should be suitably documented, along with the bases for the definitions.  The
segment definition process is iterative with the definition of failure potential and
consequences. If the initial segment definition is modified by results obtained during
subsequent phases of the process, this should be adequately documented.

��� ,GHQWLILFDWLRQ�RI�)DLOXUH�&RQVHTXHQFHV
The consequences of pipe failure (segment) should be assessed.  The consequences of the
failure of the pressure boundary should be assessed from the point of view of loss of the
assigned safety function.  Other consequences (dose, physical safety, availability, etc.) may
also be taken into account.

The analysis of the consequences of failure should include an analysis of the direct effects
(initiating event, loss of a system, etc) and of the indirect effects (whiplash, jet impingement,
etc).

Annex I of this document describes the criteria applicable to the identification of
consequences if the quantitative methodology is used, and Annex II the criteria to be applied
if the qualitative methodology is used.

In identifying the consequences of failure the information generated during the PSA
assessment of on-site flooding may be of great use.

In the process of assessing consequences, consideration should be given to the impact of
operator actions when mitigating failure effects.

The criteria used to determine the consequences of the failure of each segment should be
adequately documented.  Subsequently, during the final classification of the segments on the
basis of risk, the panel of experts defined in Section 4.6 will review the process applied in
identifying these consequences.

��� (YDOXDWLRQ�RI�3LSH�)DLOXUH�3RWHQWLDO
The determination of the failure potential of a segment of piping, either through quantitative
estimation of the probability of failure (quantitative methodology described in Annex I) or by
categorising in groups (qualitative methodology described in Annex II) will be based on an
understanding of the mechanisms of degradation, operating conditions, potential dynamic
loads, defect size, defect distribution, inspection parameters, previous experience, types of
material, etc.

The methodology and process applied in determining the failure potential of a segment should
be documented, along with the sensitivity or uncertainty analyses performed to analyse the
possible variation in results due to variations in the input data.  Subsequently, during the final
classification of the segments on the basis of risk, the panel of experts will review the process
applied in determining the potential for failure.  This review should be documented.



RIBA/P(01)/Task 3 Report B4-3040/99/23123/MAR/C2

- 75 -

4�� &ODVVLILFDWLRQ�RI�3LSLQJ�6HJPHQWV
Following analysis of the segment failure potential and of the consequences of such failure, it
is necessary to classify the segments into those that are more significant for safety (HSS) and
those others that are less important in this respect (LSS).

The final classification of the segments and the bases for such classification should be
documented.

��� 'HFLVLRQ�0DNLQJ
All the decisions made up to this point should be validated by a panel of experts, which will
be in charge of verifying through a suitable decision-making process compliance with the
basic principles applicable to these programmes.  This panel of experts is in charge of revising
the classification of each of the segments into the HSS or LSS categories.

In addition, the panel should consider all the available information and other deterministic
type considerations (for example, design bases, shutdown risk, etc.) that might affect the
classification of the segments obtained during the earlier phases of the programme. The
decision-making process should be documented, including quorum criteria, voting, etc., along
with the bases for decisions adopted.

The panel of experts shall be made up of people with experience in the following areas:

- Probabilistic safety assessment

- Materials

- In-service inspection

- Operation

- Non-destructive testing

- Maintenance

- Engineering

��� 'HILQLWLRQ�RI�,QVSHFWLRQ�3URJUDPPH
Pressure tests and visual examinations (VT-2) should be performed on class 1, 2 and 3 piping
systems, regardless of their classification, as specified in the In-Service Inspection Manual
(ISIM) .  Pressure tests and visual inspections should be carried out on segments not classified
as being of high safety significance and on those not classified as LSS but with a high failure
potential.

Segments classified as being of high safety significance should be included in a non-
destructive testing programme.  Section XI of the ASME Code shall be used as a reference
wherever possible, in order to establish frequency requirements, acceptance criteria,
extensions, successive examinations, etc.  Structural elements to be included in the NDE
programme are selected depending on the classification of the segment.
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If the quantitative methodology is used (Annex I), in addition to classifying the segments into
high or low safety significance, another classification is performed depending on the failure
potential of each.  The segments, or sections thereof, are classified as having a high failure
potential if the existence of an active degradation mechanism is postulated or known for them.
The structural elements to be included in the NDE programme are selected from the segments
classified as being of high safety significance and high or low failure potential and from those
classified as being of low safety significance but with high failure potential.  The structural
elements of the other segments do not require non-destructive testing.

If the qualitative methodology is used (Annex II), the structural elements to be included in the
NDE programme are selected from the segments belonging to risk categories 1, 2, 3, 4 and 5.
The structural elements of the other segments do not require non-destructive testing.

4.7.1 Size of inspection sample

The size of the sample to be inspected depends on the risk-based categorisation of each
segment established by each methodology.

4.7.2 Selection of inspection locations

Once the number of locations to be inspected has been determined, and based on the
postulated failure mechanism and load conditions for the segment, the most problematical
areas are identified by a sub-panel or “ISI team”, made up of personnel with experience in ISI,
NDE, materials and maintenance/repairs.

In addition to selecting the areas with the highest failure probability, to meet the sample size
defined, the rest of the structural elements should be selected on the basis of plant and
industry experience (national and international) and of the following criteria:

Access: This should be adequate to ensure effective examination.

Radiation: The elements to be inspected should be selected such that dose is minimised.

4.7.3 Examination methods

The examination method associated with each structural element depends on the degradation
mechanism existing or postulated for each and on their configuration.  It should be such that
there be a guarantee of detection of any defect prior to failure occurring.  For each structural
element the adequate examination method and volume of surface to be examined should be
defined.  Table 1 of the Code Cases N-577 [3], N-578 [4] and N-560 [2] may be used as a
reference.

4.7.4 Inspection frequencies

Generally speaking, the inspection interval included in ASME Section XI and in the
applicable Code Cases is considered to be adequate. If, through the analysis performed, it is
determined that this interval should be reduced, or even extended, the proposed changes
should be justified.  A programme similar to ASME Section XI programme B should be
established for distribution of the inspections over the selected interval.
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If during the interval a re-assessment is performed using the RI-ISI process and the areas
scheduled are no longer required to be examined, these may be eliminated.  If the re-
assessment requires new areas to be added, these should be added to the programme.

��� &KDQJHV�WR�5LVN�GXH�WR�&KDQJHV�LQ�WKH�,QVSHFWLRQ�3URJUDPPH

The changes proposed in the inspection programme should be evaluated to determine
compliance with the acceptance criteria established in the CSN-UNESA PSA applications
guideline, and to determine whether additional measures are required or changes to the
programme defined.

This evaluation may be performed both quantitatively and qualitatively.  There are analysis
requirements in Regulatory Guide 1.174 and in the CSN-UNESA PSA applications guideline.

The objective of this verification is to verify that no changes have been proposed that might
give rise to unacceptable increases in risk.  This evaluation is performed by re-quantifying the
PSA to obtain new core damage frequency and early emission frequency values (if possible).
Consideration should be given to changes in the established frequency, the reliability of the
inspection, failure rate, etc.

��� 6WUDWHJLHV�IRU�,PSOHPHQWDWLRQ��2SHUDWLQJ�&RQWURO�DQG�&RUUHFWLYH�$FWLRQV

All RI-ISI programmes should identify segments whose strategy (frequency, number of
inspections, methods) might be improved, and segments for which the requirements might be
relaxed.  In addition to defining the in-service inspection programme, strategies should be
available for implementation, control and corrective actions prior to submitting the proposed
change.

4.9.1 Programme implementation
An implementation programme should be defined for the examination of all the segments
classified as HSS and LSS (that require in-service inspection).  This programme should
include the strategies for inspection and frequencies, inspection methods and samples (number
of areas to be inspected, acceptance criteria, etc.) for the segments classified as HSS.

In most cases, the inspection frequency of ASME Section XI will be adequate for the existing
mechanism. In those cases in which it is proposed to increase or decrease this frequency, this
should be suitably justified.

The risk informed in-service inspection programme (RI-ISI) may be incorporated into the In-
Service Inspection Manual (ISIM) for application as from the date of its approval, under the
following conditions:

If the risk informed piping inspection programme is approved during an inspection interval
(the plant will have initiated its traditional piping inspection programme), the plant shall
complete at least the percentage (ASME Section XI Programme B) of inspections pending
performance in the traditional programme during the period with inspections from the risk
informed inspection programme.



RIBA/P(01)/Task 3 Report B4-3040/99/23123/MAR/C2

- 78 -

If the plant is at the end of an inspection interval, a delay of two years will be allowed in
initiating the next interval, and only as regards the risk informed piping inspection
programme.  In this case, the interval for the RI-ISI piping programme would be reduced by
the period of postponement until approval were obtained, the remaining part of the RI-ISI
programme being completed during the period remaining to the end of the interval (See
Information Notice IN-98-44).

4.9.2 Control of programme operation
A process for periodic updating and control of changes made and potentially impacting the
RI-ISI programme should be defined (definition of scope, classification of segments, etc.).

Periodic updating
Updating should be performed at least during periods coinciding with the ASME XI
Programme B.  If there are more frequent PSA updates or new degradation mechanisms, the
programme should be revised with the new information.

Control of changes
The changes that might affect the definition of segments, selection of structural elements,
FDN/LERF values or the ISI programme and that should be taken into account in the periodic
updating performed are as follows:

- Changes in design characteristics.

- Changes in plant procedures affecting ISI.

- Changes in equipment operation that might impact any of the phases of RI-ISI
programme definition.

- Examination results.

- Plant and industry failure information.

4.9.3 Programme of corrective actions
There should be a programme of corrective actions ensuring that any adverse condition
(failure, deficiency, defective material, etc) is promptly identified and corrected.

The programme of corrective actions shall include the following:

- Root cause analysis of the problem and selection of corrective actions to prevent
repetition

- Assessment of impact of the failure or non-desired situation on the operability of the
system or train since the last inspection

- Analysis of the applicability of the failure or non-desired situation on other RI-ISI
programme components.

- Correction of other susceptible components, if applicable.

- If applicable, the lessons learned should be incorporated in the existing databases and
models.

- Analysis of the validity of failure rates and unavailabilities.
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Any action taken as a result of the programme of corrective actions should be fed back into
the PSA and the RI-ISI programme itself.

�� 'RFXPHQWDWLRQ�DQG�6XEPLWWDO�WR�&61

There are two types of documentation: on the one hand the report to be sent to submit the
proposal to the consideration of the regulatory authority (from hereon the report, as described
in Annex III), and on the other the documentation supporting the analyses performed (from
hereon archive documentation).

��� $UFKLYH�'RFXPHQWDWLRQ
The archive documentation should include a complete and detailed description of the analyses
performed and the results obtained, both deterministic and probabilistic and quantitative and
qualitative.  This documentation should be traceable.

All relevant information on definition of the scope definition of segments, evaluation of
failure potential, evaluation of consequences, PSA assessments for the RI-ISI programme,
selection of structural elements, calculations of change in risk, revision of PSA quality,
documentation required by the ASME Code (personnel qualification, inspection results and
defect evaluation) used in drawing up the change proposal should be kept.

All relevant information on the panel of experts: composition of panel, evaluations, minutes,
etc., should be kept.

This documentation should be part of the normal quality assurance archive programme and
should be conserved in accordance with the standards in force.

��� 5HSRUW
In order to guarantee compliance with the basic principles of the risk informed programmes
(compliance with current “defence in depth” regulations an maintenance of safety margins),
Annex III of this document includes the index of the report to be submitted to the CSN if the
methodology described in Annex I is used, along with the minimum aspects to be included.

��� 6XEPLWWDO�WR�&61
The prepared report, with the scope indicated in the previous section, will be sent to the CSN
for evaluation, in accordance with the normal channels established between the nuclear power
plants and the CSN for all proposals subject to evaluation.

Bearing in mind that different areas of the CSN are involved in the evaluation process, the
Project Manager for each plant at the CSN shall be responsible for initiating and co-ordinating
the process, having received the proposal from the plant, in accordance with the requirements
of Section 6.2.

During the evaluation process, the relations between the CSN and the plant will remain as is
habitual for other work, co-ordinated via the plant Licensing Manager and the CSN Project
Manager.
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�� (YDOXDWLRQ�3URFHVV

The process for evaluation of RI-ISI proposals is based on Regulatory Guides 1.174 [5] and
1.178 [7], on chapters 19 [6] and 3.9.8 of the S.R.P. [8] and on the PSA applications
guideline [11].

��� 6WUXFWXUH�IRU�&61�(YDOXDWLRQ
The tracking and co-ordination of the task is the responsibility of the CSN Project Manager,
who is also the person in charge of relations with the plant licensing department.
For this purpose a specific working group shall be set up, formed by representatives of the
areas affected by the modification, capable of taking risk informed decisions.  A co-ordinator
shall also be defined depending on the different areas affected, who shall undertake
responsibility for the integrated decision-making process.

Once the proposed modification has been accepted, the need for subsequent tracking of its
impact and consequences rises.

As was the case before, the responsibility within the structure of the CSN might vary
depending on the tracking parameters selected, although it should be established between the
members of the original working group and with the participation of certain of them.

��� $UHDV�DQG�5HYLHZ�3URFHVV
6.2.1 Definition of proposed ISI programme changes
The changes to the ISI programme should be defined in general terms.  The licensing aspects
affected by changes in standards, the final safety analysis report and technical specifications
among others should be identified; in addition, all commitments undertaken and compromised
should be identified.

All systems, segments and welds affected by the change should be identified, along with
specific revisions to the scope of the inspection, programmes, locations and techniques.

The process to be used to determine what future changes to the programme require approval
prior to implementation should be defined.

The methodological process selected for performance of the programme should be defined.

6.2.2 Engineering analysis
The objective of revising this element is to verify that the criteria of defence in depth, safety
margins and increased risk are met.  For this purpose a revision will be made to check whether
the engineering analysis of the proposed programme includes a decision-making process
integrating information from traditional analysis and probabilistic assessment.

A check should be made to ensure that the proposed changes meet the objectives of the
ASME Code Section XI, along with the impact of the change proposed in other inspection
programmes existing at the plant, such as for example IGSCC and the erosion-corrosion
programme.
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The following aspects should also be revised:

- Scope of piping system

- Piping segments

- Failure potential

- Consequences of failure

6.2.3 PSA
A check should be made to ensure that the quality and scope of the PSA are adequate for the
definition of risk informed piping inspection systems.  The CSN-UNESA PSA applications
guideline includes criteria for the performance of this verification (Ref. 11 Section 4.2.2.2 and
Section 3.l).

- Assessment of piping failure with PSA

- Determination of significance

- Impact on risk of ISI changes

The process used to analyse the change in risk will be reviewed; a check will be made to
determine that the measures of risk do not increase as a result of decreasing inspections.

Compliance with principle 4 by all risk informed programmes should be demonstrated (see
Section 3 of this document).  The greater the proposed increase in risk, the greater will be the
degree of detail of the analysis.

The evaluation of compliance with principle number 4 is based on revision of the following:

- The measures of significance capable of characterising a specific element, its
consequences and failure potential.

- The process used to combine consequences and failures to determine the significance
of each element.

- Process used to define segments for changes to the ISI programme.  Analysis of the
impact of these programme changes, including the evaluation of uncertainties.

- Change in FDN and LERF as a result of the new programme.

A check will be made of the way in which the number of elements to be inspected and
improved ISI methods have been taken into account in the change in risk.

6.2.4 Integrated decision-making
A revision will be made of the process used to classify segments, the risk measures used, the
process used to verify that segments have been classified suitably and the criteria to determine
the number of inspection locations, and the comparison of the new programme and the
traditional ASME Section XI programme will also be revised.

Things will be considered acceptable if the proposed programme is consistent with the criteria
of defence in depth and safety margins.
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An analysis should be made of the initial classification of the segments on the basis of
measures of significance and conditional CDF and LERF frequencies and probabilities.  In
addition, and to establish the final classification of the segments, the limitations of the PSA
should be taken into account.

Special care should be taken in reviewing piping subject to inspection by the requirements of
Section XI but not having any segment of high significance.

Selection of locations
The proposed sampling programme should be revised, along with the bases for determination
of the number of locations.  In addition, a check should be made to ensure that the location
selection process does not leave out any location having a high failure potential.

Examination methods
A check shall be made to ensure that the proposed inspection methods are adequate, taking
into account the degradation mechanisms present at the examination locations.

6.2.5 Implementation and control programme (tracking)
The control of operation should include feedback and possible modification of the programme
as a result of changes to the plant or the results of inspections and failures in the industry.

The inspection strategies should ensure that the degradation mechanisms of interest are
controlled and that there is a high probability of detecting damage before structural integrity is
affected.  The programme shall be revised to verify that the strategies selected for the
segments will keep the risk of leakage and ruptures below the failure rates experienced in the
industry.

The inspection interval should be established such that degradation is detected before damage
occurs.  The process used to define the new interval should be revised.

The programme should be updated at least every 10 years, coinciding with the updating
requirements of the ASME Code.  If there is new information, it should be revised more
frequently.

A check shall be made to verify that the inspection strategies take into account the failure
mechanism of interest and that there is a high probability of damage being detected before
failure occurs.  The process of selecting inspection areas shall be revise and a check shall be
made to ensure that plant experience has been taken into account.

The programme shall be checked to verify that the pressure tests and visual inspections are
performed as established in Section XI of the ASME Code; possible exceptions shall be
considered requests for exemption and must be duly justified.

The sample extension programme shall be revised to check that it is consistent with the
criteria of Section XI.  The inspection methods shall also be revised to check that they are
adequate, depending on the degradation mechanism and element selected.
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