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Abstract

The recent emphasis on risk-informed in-service inspection has been taken on by the
Spanish Utilities and the Spanish Regulatory Body in their proposal for a co-operation
project for defining a Risk-Informed In-Service Inspection Guideline for Piping. This paper
describes firstly the main features of this Spanish guideline and the results of the pilot
applications developed in order to check the consistency of the guideline.

Introduction

In Spain the Nuclear Regulatory Body requires the use of all the rules and regulations
endorse in the country of the reference plant, for the definition of the In-service Inspection
Programs for the Nuclear Power Plants. For this reason, the ISI programs for the Spanish
NPP's are mainly based on US regulations (ASME Code, Section XI, all the NRC
requirements such as Generic Letters, Regulatory Guides, etc). The ASME Code is widely
use in all the in-service inspection activities in Spain.

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
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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 optimization of the ISI programs. With this framework, a pilot study on risk-
informed ISI was arranged in a co-operative R&D project between the CSN and UNESA
(Spanish Utilities Group). Leading contractor was Tecnatom (ISI and Structural analysis),
and others were Iberinco (PSA analysis) and Westinghouse USA (technical expertise).

The main objective of the project was to develop a national generic guideline for licensee's
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 and 3, and non-safety class support systems, but pilot studies
were concentrated on partial applications.

Background

Operating in the new deregulated market requires that the nuclear utilities management
pays more and more attention to the cost of operation and maintenance of the plants in
order to be able to deliver electricity at competitive prices.

In order target more efficiently the inspections, technologies for risk assessment of systems
and components have been developed rapidly over the past two decades concurrently with
progress in inspection technology and methods for assessment of component structural
reliability and effects of inspection.

To optimize an inservice inspection program, decisions must be based on functional needs
which are identified by considering the probability of failure on one hand and the possible
consequences of failure on the other.

The philosophy underlying a risk-informed ISI policy was described in detail elsewhere
(ASME Document CRTD-Vol-20-1, 1993, NRC Nureg-1661) and is, therefore, only briefly
described here.
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Risk is defined as consequences times probability. In order to assess risk across the
complete plant it is important to have a method for determining the failure potential
(quantitatively or qualitatively) of individual sites across the plant. Having estimated the
failure probability associated with an individual site, the consequences of failure of the site
is estimated using a probabilistic risk assessment analysis. Combining these two terms,
one can obtain the risk associated with that particular site. Completing this process for all
the sites of the plant one can obtain ISI candidates based on risk information.

The highest ranked sites provide he greatest improvement in plant operating safety and
hence the greatest improvement in plant operating safety and hence the greatest return
from ISI investment.

With the above process, the scope of the RI-ISI program is defined. The next step is the
definition of the ISI program (examination method, acceptance criteria, frequency of the
examination, etc.).

The main objective of ISI is to reduce the plant risk by reducing the probability of failure of
the component being inspected. For this reason an adequate ISI program should be
defined for the selected areas taking into account the failure mechanism of the area, the
examination method selected should be able to detect the degradation mechanism
identified for that area at an early enough stage in the process.

General document for the definition and assessment of PSA applications

As both the Nuclear Power Industry and the Spanish Regulatory Body begin to focus
attention on the use of "performance-based regulation" and "risk-informed approaches", the
plant PSA is going to be used in different programs developed to enhancing safety in a
cost effective manner. A nuclear power plant probabilistic safety assessment (PSA) is an
excellent source of information about the safety importance of various plant systems,
structures and components.

Many proposed changes to a nuclear power plant operation or maintenance require the
review and approval of the Regulatory Body (CSN). When changes are based on a PSA
analysis, a common understanding between the utilities and the CSN of how a PSA should
be applied and how the results should be interpreted facilitates this approval.

During 1998 the Nuclear Utilities Group (UNESA) and the Regulatory Body (CSN) agreed
on a consensus position in order to use the PSA for defining changes to same licensing
requirements (e.g. In-service inspection programs, In-service testing programs, etc.). As a
result of this agreement a draft-guideline was issued in October 1998.

This document describes the general process for using the PSA, including the PSA
minimal requirements (Scope and detail level, PSA maintenance and periodic updates).
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There is some information regarding the documentation that should be developed and
submitted to the Regulatory body for any application based on PSA informafon.

As this document is a consensus document it also includes the general process to be follow
for the regulatory body staff in order to review PSA applications including the different
areas that should be review and the acceptance criteria for this revision.

The objective of this project is to agree on a common position for using the PSA. With this
agreement among utilities and Regulatory Body, the licensing process will be simplified.

As it has been said, this is a general document and after this effort other co-operation
projects were defined. One of them is the development of a Guideline for the definition and
assessment of RI-ISI programs for piping.

R&D project regarding the application of PSA to the definition of a ri-isi program for
piping

In October 1998 a pilot study on risk-informed ISI was arranged in a co-operative R&D
project between the CSN and UNESA (Spanish Utilities Group). Leading contractor was
Tecnatom (ISI and Structural analysis), and others were Iberinco (PSA analysis) and
Westinghouse USA (technical expertise).

Objectives

The objectives of the project were:

• To define the principal characteristics of a suitable methodology in order to define a
risk-informed ISI program for piping, using, as reference, the US NRC rules (R.G.
1.178, S.R.P. 3.9.8)

• Apply the developed methodology to a Spanish NPP, defining the scope of systems
to be include in the program, and analyzing the different cases that could occur in
order to define the necessary steps to be followed and to identify and solve the
potential problems that could come up during the definition of a full scope RMSI
program for piping.

• To define the minimal requirements for the documentation to be submitted and the
basic steps of the CSN staff evaluation process in order to allow an agile
implementation process for future applications.

Activities

The project had three main activities:
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I.- The first activity was the revision and analysis of all the applicable and available
documentation, in order to define the framework for the project, for the Spanish approach.
This activity finished in December 1998.

The following documentation was reviewed:

US NRC Regulatory Guides and applicable S.R.P. (R.G. 1.174, R.G. 1.178, S.R.P); ASME
XI Code Case (CC N-577, N-578, N-560); Methodological documents such as the EPRI
Topical Report, the WCAP report and results from pilot applications; Failure potential
assessment documents (SKI reports)

This activity served as a framework document for the next activity of the R&D project.

II- The second activity was the definition of a generic guideline, applicable to Spanish
NPPs, for the establishment of an In-service Inspection program for piping using risk
information and having as reference the US NRC Regulatory Guide and the experience of
US pilot plant applications. The guideline has a main body with the following structure:

(a) A general part defining the basic steps and principles of any Risk-Informed ISI
program. The principles of a RI-ISI program are:

• The proposed change meets current rules and regulations.
• The proposed change is consistent with defense in depth philosophy
• The proposed change maintain sufficient safety margins
• If the proposed change cause increases in risk, these increases should be

small enough and should be compare with the acceptance criteria. The
acceptance criteria are defined in the general document for PSA
applications.

• The proposed change should be monitored using performance-measurement
strategies

(b) A methodological part defining the general approach to be followed taking into
account both approaches (the quantitative and the qualitative one). This part
includes guidelines for the definition of the scope of the program allowing the
application to a full scope program and to a partial scope program (e.g. all the
Class 1 piping in the plant), general guidelines for the definition of segments,
general guidelines for the assessment of failure potential and failure
consequences, guidelines for the risk evaluation including expert panel
requirements, and guidelines for the establishment of the new ISI program.

(c) A documentation requirement part defining the documentation that should be
maintained at the plant and the documentation that need to be sent to the
Regulatory Body as the "Final Report".
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(d) An Evaluation part which includes the process that has to be followed by CSN
Staff in order to review and approve a RHSI program. All the activities that
should be reviewed and the acceptance criteria for each of them are included in
this part of the document.

The guideline has three attachments: One with the details of the quantitative methodology,
other with the detail of the qualitative methodology and a third attachment with the type of
report that has to be submitted. Each of these attachments develops the details of the
general body of the guideline.

This guideline was issued in its first consensus draft in May 1999 and revised to include the
lessons learned from the pilot studies. Final document was issued during first quarter of
year 2000.

III.- The third activity of the R&D project was the application of the guideline defined to one
or two pilot plants. The objective of this activity was to check the technical consistency of the
guideline. The pilot applications followed the process defined, documenting each activity
and preparing a final report to be submitted to the CSN. As part of this third activity, the
CSN revised all the steps and documentation of the pilot activities to verify the approach
described in the guideline.

Specific characteristic of the Spanish approach

After the revision of all the applicable and available documentation (Activity I) an important
point was detected and proposed for further analysis, This key point is the Scope of the ISI
programs that can be included under a RHSI program. The US Risk-Informed ISI approach
relate to nuclear plant programs required by U.S. regulations by reference to the ASME
Codes and Standards in the U.S. Code of Federal Regulations, 10CFR Part 50 and it does
not include other "augmented" programs that are in place at the NPR for instance the
IGSCC program for a BWR plant or the FAC program.

The approach for the Spanish guideline is not to limit the scope of the program to only
Section XI and to try to include all the ISI programs in place at the NPP, in a voluntary basis.

Other characteristic of the Spanish guideline is that it includes the technical approach and
the evaluation process in the same document due to it has been developed under a co-
operative action.

Pilot applications
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Once the first draft of the guideline was issued, after a process of review and approval by
the Steering Committee (UNESA and CSN) the pilot applications began:

The objective of the pilot studies were to check the technical consistency of the guideline in
order to confirm that "everything that was said could be done" and that "a RI-ISI program will
be approved by the CSN if it is done in this way".

There were two pilot plants, one PWR and the other was a BWR. Once the pilot plants were
defined, the next step was the definition of the scope for each pilot plant. For doing this
activity and taking into account the objective of the pilot study, different situations that have
to be validated were defined and after that, systems or part of systems were selected.

The different situations identified that should be validated were:

• Piping whose failure will produce and Initiating Event
• Piping whose failure will produce a degradation or lost of a train or system Including

stand-by systems and normal operating systems
• Piping whose failure will produce an IE and the lost/degradation of a train/system
• Piping included in an augmented program
• Class 1,2,3 and no nuclear piping

Taking into account the above situation the following scope was defined for each plant:

For the PWR the scope included was:

• All the class 1 piping

• Some piping segments on Class 2, 3 and non-nuclear systems belonging to the
auxiliary feedwater system and to the recovery water to the towers system

For the BWR plant the selected scope included was:

• Some piping segments on class 1, 2 and non-nuclear systems belonging to the
reactor water recirculation system (RWRS), the Main feedwater system (FDW) and
the low-pressure coolant injection system (LPCI).

Segment definition

Once the scope was selected, segments were defined and selected for further analysis.

Table 1 shows the segment selected for each plant:

Table 1: Segment definition
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Consequence evaluation

The consequence evaluation was performed for the selected segments in each plant.

System N° segments
N° Segments

selected
Safety Class

RCS

PWR
102 segments
defined

102 seg. selected for
evaluation

Class 1

AFW, train A 34 segments
defined

10 seg. selected for
evaluation

Class 2 and 3

RAT, sump A
27 segments
defined

7 seg. selected for
evaluation

Class 3 and NC

BWR

RWRALoopA 36 segments
defined

21 seg. selected for
evaluation

Class 1

LPCI, train B (partial) 22 segments
defined

6 seg. selected for
evaluation Class 1 and 2

FDW, train A
72 segments
defined

16 seg. selected for
evaluation Class 2 and NC

Direct and indirect consequences were analyzed with and without operator action.

Failure probability analysis

The Winpraise code was used in order to obtain segment failure probabilities. For the
PWR Class 1 application the SRRA Code was used.

Risk Evaluation

Once the failure and consequences analysis were performed the next step was the risk
evaluation. Risk importance measures were obtained for each segment. Based on the Risk
importance measures, an initial segment classification was performed. Table 2 shows the
resu Its of the risk evaluation:

Table 2: "Initial" segment classification
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N°
segments

HSSC
RRW 1.005

Medium
1.001 RRW<1.005

LSSC
RRW<1.001

PWR
119

seqments
30 segments 23 segments 66segments

BWR
43

segments
9 segments 5 segments 29 segments
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t
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As with all other applications relating to the classification of systems, structures and
components depending on their importance from the point of view of risk, where the
analysis team is multidisciplinary, all the decisions adopted should be validated by an
expert panel. This panel will be in charge of applying a suitable decision-making process to
check for compliance with the basic principles applicable to such programs (defense in
depth, safety margins, impact on risk, tracking of behaviour...).

The expert panels established at the pilot plants verified the classification of segments
established in the previous activity.

Definition of inspection programs

Once the segments have been definitively classified based on their risk significance, it is
necessary to set up an inspection program for them, defining the inspection sample size,
the most adequate inspection method/ technique for detection of the degradation
mechanism postulated for each segment and the optimum inspection frequency.

The greatest differences with respect to American methodologies are found in this task,
since the Spanish guideline allows for the optimization of augmented inspection programs
(for example, erosion/corrosion programs, IGSCC, etc.), and also allows for the analysis of
current inspection frequencies to determine whether they are optimal, depending on the
degradation mechanism present or the calculated probability of failure for each item.

Risk variation calculations

In order to determine compliance with the acceptance criteria as regards the impact on risk
of the changes proposed to the current in-service piping inspection program, these
changes should be quantitatively or qualitatively evaluated with the PSA, with consideration
given to changes in the established frequency of inspection, the reliability of this inspection,
failure rates, etc.



The acceptance criteria for this task are included in the PSA Applications document (CSN-
UNESA), and will be included in Safety Guide GS 1.14 "Basic criteria for the performance
of PSA Applications", which is currently in the preparatory phase.

Final report

The last step in the process of validation of the guideline developed was the drawing up of
the documentation to be submitted to the CSN to justify the proposed change to the In-
Service Inspection Manual based on a process of optimization such as the one described,
in accordance with the importance for risk of the different pipes and their failure potential.

Results and conclusions

The final product of the present project has been the development of a consensus
Methodology Guideline for the definition and evaluation of in-service inspection programs
for piping based on risk information.

The requirements included in this guideline, and the validation activities performed, will
allow for immediate application by interested plants, making it possible to optimize
inspections from the point of view both of safety and of costs and associated doses.

The defined inspection programs, for both full scope and partial scope piping inspections,
will focus on aspects of importance for risk and will include feedback from plant operation,
guaranteeing coherence with other applications based on risk information, through the use
of the same basic tools and the same type of process and methodology.

The information required for the application of this methodology comes from two different
sources: information obtained directly from the PSA and general information relating to
plant design, construction, inspection and operation. In view of the high degree of
uncertainty existing, from the point of view both of the calculation of piping failure
probabilities and of the PSA itself, the correct methodology should lead to a suitable choice
of the sensitivity and uncertainty analyses to be carried out in developing these
applications.

From the deterministic point of view, the most complicated phase has been the
assessment of failure potential, due to the difficulties involved in determining the failure
modes and the parameters for characterization of segments (materials, voltages, etc.) for
efficient use of the available calculation codes. The conclusion is that realistic values
should be used whenever possible.

The use of this methodology requires the participation of different disciplines with
deterministic and probabilistic points of view, which are not always easy to reconcile. As a
result, there is a need for teamwork and effort by all involved, to find satisfactory solutions.


