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Abstract: The LOCA and ISLOCA frequency estimation in today's PSA studies
remain influenced by the over twenty year old WASH-1400. Increasingly, PSA
applications are performed to support evaluations of modified primary system piping
designs, and definition of enhanced strategies for in-service inspection (ISI). Are the
data and modeling (i.e., 'black box') approach of WASH-1400 commensurate with
today's PSA project specifications? This paper reviews a recently proposed
framework for piping reliability analysis. The framework was developed to promote
critical interpretations of operational data on pipe failures, and to support
application-specific parameter estimation.

1. INTRODUCTION

The maturity of the PSA technology is reflected in current code cases, regulatory
guidance documents2, and applications. Practitioners devote considerable efforts to
quality PSA, peer review, validation and verification, etc. Technical aspects of some
elements of the PSA technology remain in their infancy, however. As examples,
aging risk assessment and analysis of the reliability of structures such as vessels and
piping are not supported by models, data or analysis procedures which are
commensurate with today's expectations on PSA.

Specifically, piping reliability analysis remains largely influenced by the
WASH-1400 study. A study, which reflected the late 1960's state-of-knowledge
about nuclear safety, systems reliability, data, etc. Why do current PSAs continue to
rely on WASH-1400 concepts? Based on currently available operating experience,
the WASH-1400 assumption about the high reliability of piping cannot be disproved.
The WASH-1400 piping reliability estimates were based on approximately 150
reactor-years of insights about the reliability of primary system piping. Now, twenty-
five years later and with about 8,500 reactor-years of data, we have not yet witnessed
a 'large' or 'medium' size loss of coolant accident (LOCA) as a result of a guillotine
break of primary system piping. Hence, it could be argued that the importance of
piping reliability remains negligible. Especially when viewed against the many other
safety issues (e.g., human factors, human reliability, software reliability). Problem is,
our views on PSA applications have evolved in a major way since the early 1970's.

1 Seminar Topic: 'Historical Review' - Paper presented in the am-session on September 30, 1997.
2 As examples, see NUREG-1602 (1997): The Use ofPRA in Risk-Informed Applications, Draft Report
for Comment; Draft SRP Chapter 19 (Rev. L): Use of PRA in Plant-Specific, Risk-Informed
Decisionmaking: General Guidance (March 27, 1997).
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Today's practitioners, plant managers and regulators view PSA as a valuable (even
key) safety management tool. That 'tool' should enable engineers to turn up the
microscope on the PSA models, the data and the result to evaluate the significance of
subtle design changes or subtle equipment degradations, as well as new insights about
physical phenomena concerning degradation and failure mechanisms.

In this paper we review the developments in the approach to LOCA frequency
assessment during the approximate period 1972-19923. Next, we discuss in what way
these developments support modern PSA application requirements. Finally, a
proposed framework for piping reliability analysis is subjected to a critical review4.

2. HISTORICAL DEVELOPMENTS

The early R&D programs in nuclear safety expended efforts on two classes of reactor
accidents: 1) LOCA as a result of a large pipe break; and 2) spontaneous reactor
pressure vessel rupture. In 1972 the then Atomic Energy Commission initiated the so-
called Rasmussen Study (later to be published as the WASH-1400 report). Among the
study objectives was an independent evaluation of the importance of these postulated
accidents. The study results were intended for the prioritization of future nuclear
safety research.

Included with the WASH-1400 was a piping reliability study. This study
remained a primary source of data in subsequent PSA study generations.5 While that
original piping reliability analysis defied basic reliability analysis principles, it was
nevertheless accepted by PSA practitioners. Attempts to update the 'original' piping
reliability estimates (and the LOCA frequencies inferred from those piping data)
produced incremental changes only; c.f. Table 1.

Table 1: Some LOCA Frequency Estimates (Median Values).
LOCA Category

Small
Medium

Large

EPRI(1992)
BWR
1.8E-3
2.8E-4
3.0E-4

EPRI (1992)
PWR
l.OE-3
3.2E-4
1.4E-4

WASH-1400
(1975)
l.OE-3
3.0E-4
1.0E-4

The estimation of LOCA frequencies based on operational data alone is a
highly complex undertaking. Indeed, is LOCA frequency estimation feasible where
the methodology is based solely on operational data?

3 Based on SKI Reports 95:58 and 95:59. Copies of these reports are available from the Swedish
Nuclear Power Inspectorate, Dept. RA.
4 This review is based on SKI Report 97:26: Reliability of Piping System Components: Framework for
Estimating Failure Parameters from Operational Data. The report is to be published in November,
1997.
5 For an in-depth review of the history of PSA, see Lydell, B.: Quality PSA. A Critical Review of the
Role of Probabilistic Safety Assessment in Nuclear Safety. To be published in 1998.
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3. NEED FOR CHANGE

A review of the many projects to improve the technical basis for estimating piping
reliability from operational data reveals the following: 1) The proposed methodologies
have been limited to direct estimation from counts of rupture events; and 2) the scope
of the surveys of experience data has been limited (e.g., to specific failure mode).
Many commercial nuclear plants have been operating for twenty or more years. Plant
life extension programs frequently involve renovation and modernization of primary
piping systems. For PSA to support these programs a drastically improved basis is
needed for piping reliability analysis.

New methodologies for piping reliability analysis need to be broadened by
incorporating consideration of root cause analysis, probabilistic fracture mechanics,
and deeper analysis of the available operating experience. Traditional concepts, based
on variations of WASH-1400, are not fit for today's PSA applications. As was stated
by ASME6, "... the task of estimating piping reliability is complex, uncertain and
costly ..." It is therefore essential that sufficient project resources be directed at
piping reliability analysis in PSA applications. Detailed analyses are feasible
assuming availability of comprehensive, event-based data collections and detailed
analysis procedures, which reflect the current state-of-knowledge about the why-
where-how of piping failure.

4. PROPOSED ANALYSIS FRAMEWORK

There is no one best method to estimate piping reliability from operational data.
Therefore, the estimation process has to rely on insights from the relatively large
number of incipient and degraded failures. Since major structural failures are rare
events, safety engineers and PSA practitioners should always consider the broadest
possible database on operational events.

A fundamental principle of PSA builds on the interpretation and analysis of
operational data, and development of 'data-driven' models. The proposed analysis
framework for piping reliability analysis was fashioned after the results and insights
from analyzing a large volume of operational data. Parameter estimation based
exclusively on experience data is not advisable, nor feasible for all intended
applications. Throughout an estimation process, expert judgment by structural
expertise is highly recommended. The analysis framework, called the 'Pipe Failure
Cause and Attribute Framework' (PFCA)7, is a top-down approach favoring
decomposition of a given piping reliability problem; c.f. Figure 1. It is a top-down
approach since an analysis would begin by specifying the requirements of an
application. That is, the framework builds on the analysts' understanding of the design
and operational factors, and environmental influences that affect piping reliability.

6 Balkey, K.R. et al, 1992. Risk-Based Inspection - Development of Guidelines. Volume 2 - Part 1:
Light Water Reactor (LWR) Nuclear Power Plant Components, CRTD-Vol. 20-2, The American
Society of Mechanical Engineers, New York (NY), pp 24-27.
7 See Section 4 of SKI Report 97:26.
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—»• Step 1: Define Application
Reauirements

The purpose is to determine the
key reliability attribute(s).

Jr

Step 2: Generic Pipe Failure Rate
Based on Step 1, determine demand /

exposure and type of pipe failure to consider.

i

Step 3: Reliability Influence Matrices
Generic matrices used as templates for
reviewing plant-specific operational data
to enable the modification of a generic

failure distribution.

I t

Step 4: Piping Component Boundary
Depending on application requirements and

outputs from Step 3, this step determines how
the piping reliability is modeled / represented

in PSA.

• *

*

Output
Reliability attributes with

justifications.

Output:
Base failure rate & definition
of exposure time / demands

with justifications.

Output:
Definition of plant-specific
influence factors and their
effect on piping reliability.

Output:
Plant-specific piping

failure rates (compatible
with PSA model specs.)

*

Step 5: Sensitivity & Uncertainty Analysis
Using the output from previous steps, the
plant-specific parameters are evaluated

relative to sensitivites / uncertainties.

Output:
'Qualification' of parameter

estimates.

Figure 1: The Five-Step PFCA Framework for Piping Reliability Analysis.

The proposed analysis framework consists of five steps with inputs,
analytical activities or deliberations, rules and outputs. In summary, the five steps are:

(1) Application Requirements. The output is a concise description of the planned
application; e.g., estimation of LOCA or main steam line break (MSLB)
frequency. The intended application determines how to select generic piping
reliability parameters. It also determines how reliability attributes and
influences are evaluated and used. Finally, the application requirements
determine which piping system component boundaries to use; e.g., piping
section/segment definitions. Examples are given of typical requirements with
discussion of the implications for the subsequent analysis steps.

(2) Raw Data. Piping Population Data & Generic Reliability Parameters. The
framework includes the necessary elements (including raw data) for
calculating plant-specific parameters. Examples of generic parameters are
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given. The framework comes with tabulations of raw data and piping
population data. Philosophically, the framework supports a two-stage
Bayesian-type updating of reliability data. First, application-specific priors are
developed, and second, the user performs a detailed evaluation of plant-
specific operating experience (including inspection records and other relevant
information) to estimate the plant-specific parameters. Hence, the framework
makes a distinction between application-specific and plant-specific
parameters. The former enables the selection of the most appropriate and
relevant operating experience to be used.

(3) Reliability Influences & Review of Plant-Specific Experience. The step from
application- to plant-specific parameter estimation is taken via the implemen-
tation of reliability influence matrices (or check lists). The framework
provides summaries of influence factors and information on how these factors
have been known to affect reliability.

(4) Piping Boundary Definition. The review in Step 3 should be done on the basis
of isometric drawings, and the output could be in the form of pipe section/
segment definitions, and a quantitative basis for modifying generic reliability
parameters, with proper justifications. The purpose of Step 4 is to define the
PSA model representation of piping failures. That is, should piping reliability
be considered at the cutset level or at a different level in the PSA model
structure?

(5) Statistical Analysis & Uncertainty Analysis. The framework recognizes the
importance of analyzing uncertainties. The sources of uncertainties are
identified. It is recognized that in the final derivation of plant-specific
parameters, expert judgment elicitation and engineering evaluations will be
combined with estimates that are based on operational data. Ultimately the
goal of performing uncertainty analysis is to qualify those conclusions that are
made about piping reliability based on point estimate evaluations. It should
also be used to identify where improving the state of knowledge can lead to
maximum benefit with respect to an accurate assessment of piping reliability.

Depending on the analysis scope, an application of the framework may involve
only Steps 1 and 2 or all five steps. Rigorous applications would be relatively time-
consuming, and could require extensive inputs from structural expertise. The users of
this framework are encouraged to explore the raw data on piping failures.

5. CONCLUSIONS

A piping reliability analysis methodology based solely on the analysis of actual failure
data (e.g., pipe breaks or ruptures) has inherent limitations. This paper presented a
proposed analysis framework. It builds on insights from a large data collection on
incipient, degraded and complete pipe failures, and includes consideration of root
cause analysis, structural interpretations of data, and traditional reliability data
analysis techniques.
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