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Outline of Presentation1

According to available operational data, catastrophic failures of piping systems are rare
events. Especially in Class 1 and 2 systems. No matter the technical approach to
estimating pipe rupture frequency, the statistical uncertainties associated with the
estimation are considerable. Does it matter in what way the estimation is
performed? The objective of the presentation is to address this question in the context
of five different perspectives:

(1) Historical perspective;

(2) Methodological perspective;

(3) Quality PSA and the specifications for pipe rupture
frequency estimation -verification & validation; w

(4) User-perspectives on frequency estimation;

(5) Data analysis perspectives on the choice of estimation
techniques.

1. The Historical Perspective

The earliest nuclear safety R&D considered the estimation of the
frequency of LOCAs caused by pipe rupture. In the 1960s and 1970s
it was recognized that insufficient operating experience (< a few
hundred reactor-years) made predictions based on failure statistics
impractical. PFM was seen as the only reasonable solution to the
problem.

WASH-1400 and subsequent industry-sponsored PSAs demonstrated
the accident scenarios triggered by transients to be more important
than large to medium size LOCAs. 'Crude' data-driven estimation of
LOCA frequencies largely viewed as acceptable. As long as the
'benchmark' WASH-1400 frequency estimates were not exceeded.

Dilemma -By mid-1970s the first instances of IGSCC in primary
system piping occurred. Designers/plant operators implemented
improvements in material, water chemistry, ISI/NDE by late 1970s.
How should/could PSA practitioners account for such changes in the
estimation of plant-specific LOCA frequency?

In the 1970s, PFM was increasingly applied to analyze the probability
of double-ended-guillotine-break (DEGB). It was seen by some as the
only reasonable alternative to the analysis of operational data.



The large difference between PFM-results and the data-driven results
noticed, but seldom questioned or given detailed explanation.
Although PFM was based on recognized (i.e., proven) methodology,
the practical implementations favored the 'black-box' approach.
Formal reviews seldom (if ever) performed.

Conclusion: The choice of estimation technique obviously mattered.
Some work was pursued to pursue this issue further.

2. Methodological Perspective

Data-driven approach; Several projects initiated post-WASH-1400
to improve the 'quality' of estimation. However, until the late 1980's
these projects followed the approach used by WASH-1400:

Limited collections of low-pedigree operational data. Typically
only counts of complete failures. 'Crude approach' led to 'crude
results', which led to demands for PFM to avoid the 'numbers
game' exercises; c.f. GRS Phase 'B' of 1989.

Recognition of the need for comprehensive data collections, and
in-depth data analyses. The 'BIG DELTA' questioned; why do
data analysis and PFM yield so different results. The only way
to find out is to build large data collections, analyze the data in
order to find out the 'why-where-how1 of pipe failures.

Data analysis results are functions of how data are collected,
how the analyses are performed, which operational data are
considered, etc.

PFM approach; The techniques and methods of PFM are proven.
Large number of applications to NPP problems. By the early 1990s
it became widely recognized:

Results are driven by the input data (e.g., type of degradation
mechanisms considered, ISI data and operating experience
considered). The 'BIG DELTA' reflects what's left out of the
input data. Need for more thorough reviews of operational data.

Reluctance to apply PFM, unless the methods and results are
formally verified and validated (V&V). For the V&V to be
feasible, essential that there is synergy between 'data-driven
approach' and 'PFM' approach.



3. Quality PSA

Modern PSA applications imply that data and models are 'complete'.
In simple terms, the available operating experience should be
explored to the fullest extent possible. Models should reflect the
piping systems as designed, built, managed/operated. Furthermore,
the data and models must be acceptable and understandable to plant
operators, design engineers, safety engineers, regulators, ISI
expertise and scientists.

Quality PSA implies that piping reliability analysis is
supported by a framework which ensures a structured,
auditable data evaluation and model construction. By
following a framework, the PSA practitioner is allowed to
develop justifications (which are logical and reasonable)
for data interpretations and modeling approaches.

In quality PSA the selection of the most appropriate
technique or method is essential. Full use of available
operating experience is essential.

The way piping is being modeled should be determined by
what we know about the 'physics-of-failure'. The
modeling should reflect known degradation and failure
mechanisms, as well as the attributes of piping systems.

In quality PSA the model discrimination reflects intended
applications. The specifications for an application
determines in how the estimation is performed.

Conclusion: The way the estimation is performed reflects our
understanding of the operational data, as well as the intended
applications. The approach to estimation depends on how data are
collected, analyzed.

4. User-Perspective

Who is the end-user of PSA? This question deals with the broad
issue of how to best organize data collections and data analysis.
Ultimately, the choice of estimation techniques reflects the intended
applications.

A modern view on estimation entails the philosophy of
root cause analysis. That is, the estimation process



should reflect our full understanding of the
'why-where-how" piping systems fail.

The choice of analysis technique/method should not be
disconnected from 'failure analysis'. First, we must
understand the experience data. Second, when sufficient
knowledge-base exists we can explore the data to reach
some conclusion about how to proceed with estimation.

The roles of 'data-driven estimation' and PFM needs
clearer definitions. For example, when-and-how does
'data-driven estimation' support PFM, and vice versa.

Do we believe the answers? More emphasis on V&V.
The must be sufficient (non-s) confidence in the
estimation techniques. With increased emphasis on PSA
applications follows specific quality requirements.

Conclusions: The estimation of piping reliability requires expert input
from several sources. Essential that there is synergy between
'data-driven models' and PFM.

5. Data Analysis Perspectives

The validity of the 'old' view about the practicality of direct estimation
given limited data is questioned. From the approximately 8,500
reactor-years of operating experience an impressive data collection
can be established. So far we have 'surveyed' about 50% of this
experience base. Based on the current state-of-knowledge it can be
concluded that direct estimation is feasible. However, the question
how to best utilize the available experience base remains open -not
'wide-open', though, since the 'question' can be better defined than
before.

Many thousands of records on pipe failures in Class 1, 2
and 3 systems. How do we make full use of the data?

For BWRs there exist tens-of-thousands, yet unexplored,
records on flaws in Class 1 and 2 systems due to IGSCC.
Mostly in IG-SS, but some in NG-SS. How do we access
and explore these data on flaws consisting of cracks
which have penetrated < o r « 20% of wall thickness?



Conclusion:. There is no one way of estimating rupture frequencies.
Absolutely essential that there is synergy between 'data-driven
models' and PFM. The latter should be developed as a tool for
enhancing our understanding about the full meaning of flaws. The
former should be used to specify the requirements to be placed on
PFM; e.g., how to define input data for PFM. Herein lies our best
hope for convergence.


