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INTRODUCTION

As part of regulatory oversight requirements, the
U.S. Nuclear Regulatory Commission (USNRC) staff
conducts inspection activities to assess operational
safety performance in nuclear power plants.
Currently, guidance in these inspections is provided
by procedures in the NRC Inspection Manual and
issuance of Temporary - Instructions defining the
objectives and scope of the inspection effort. In
several studies sponsored by the USNRC over the last
few years, Brookhaven National Laboratory (BNL)
has developed and applied methodologies for
providing risk-based inspection guidance for the
safety assessments of nuclear power plant systems.'?
One recent methodology integrates insights from
existing Probabilistic Risk Assessment (PRA) studies
and Individual Plant Evaluations (IPE) with
information from operating experience reviews for
consideration in inspection planning for either multi-
disciplinary team inspections or individual
inspections. In recent studies at BNL, a risk-based
methodology was developed to optimize inspection
planning for regulatory activities at nuclear power
plants. This methodology integrates risk-based
insights from the plant configuration risk profile and
risk information found in existing PRA/IPE studies.

APPROACH AND METHODOLOGY

Typically, NRC inspection programs provide an
audit function to assure compliance with regulatory
requirements. The inspection process in these
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programs are Jargely based on deterministic
engineering approaches. Due to increased emphasis
toward performance-based regulations, it has been
recognized that the deterministic inspection process
could be enhanced through the application of PRA
methods and technology in regulatory activities.*
Thus, the development of a risk-based methodology
to enhance the inspection process could provide a
framework for optimizing inspection resources and
help to focus on risk significant areas of plant design
and operational practices. As shown in Figure 1, the
major elements of the methodology include:

1. definition of the plant configuration risk profile,

2. insights from PRAs and plant-specific IPE on the
role of important systems in dominant accident
sequences, potential severe accident
vulnerabilities, and resolution of plant safety
issues,

3. risk-based input augmented with information
gleaned from evaluation of the plant risk profile
to select and rank components for inspection
emphasis, and

4. identification of risk significant areas of licensee
safety performance that require increased
inspection attention.

The first element of the methodology is centered
on the development of a plant configuration risk
profile. Based on review of actual plant records of

* Work performed under the auspices of the U.S. Nuclear Regulatory Commission.
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Figure 1. Risk-based methodology for optimizing inspection planning of regulatory activities at nuclear power plants.
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equipment outages, the real-time snapshots of
equipment outage configurations are systematically
identified to allow risk calculations to be performed
subsequently. Each configuration is a combination of
equipment outages (e.g., single, double, or multiple
components) occurring within a specific time interval
or "time window". Results of risk impact calculations
for the identified configurations are then used to
develop the real-time plots of core damage frequency
(CDF) and core damage probability (CDP) profile.

The second element of the methodology is well
defined for LWR nuclear power plants. Additional
risk insights from the plant PRA/IPE studies can be
used to complement the insights from the plant
configuration risk profile for inspection planning
purposes. The PRA/IPE insights provide a risk
perspective of the role of important systems in
accident mitigation purposes, risk important human
performance actions, potential severe accident
vulnerabilities, and licensee actions to resolve plant
safety issues. :

A key third element in this risk-based
methodology for optimizing inspection planning is the
rationale for selection and ranking of plant
components to focus the inspection effort. In this
study, the rationale is based on augmenting the risk
importance of plant components with insights from
evaluation of the plant configuration risk profile. The
importance of component failures are traditionally
prioritized by PRA-derived risk importance measures
(e.g. risk achievement worth, etc). In addition to
PRA and operational considerations, the importance
ranking of plant components for inspection focus are
determined by including implicit considerations of
potential challenges due to high risk configurations,
and conditional failures to identify the less obvious
but risk significant failure modes, that merit increased
inspection attention at the particular plant. In addition
to risk ranking of component failure modes to focus
inspection planning efforts, the risk-based guidance
includes insights on the risk implications of adverse
configurations, and a catalogue of identified root
causes, generic concerns, and plant-specific safety
issues. This approach to risk-based guidance assures
that the risk perspective is adequately addressed in
the inspection planning process.

The fourth element of the risk-based
methodology is centered on the prioritization of
inspection areas. Once the prioritized list of
components is obtained, an inspection matrix can be
developed to identify the inspection focus on licensee

performance in various functional areas such as
operations, engineering;. and maintenance. An
important aspect of the risk-based methodology is to
determine the risk significance of inspection findings
during and after the inspection. A suitable approach
for evaluating the relative importance of an inspection
finding must include consideration of the risk
implications on plant safety and chariges in system
performance reliability levels due to the suspect
problem. The insights gained from the analysis of
risk significance of each particular inspection finding
can also be used for future inspection planning. Such
feedback would help to focus attention on prioritized
concerns in future regulatory activities on the next
assessment cycle.

RESULTS

Pilot tests of the new risk-based methodologies
have been conducted over the past year. In addition
to PRA/IPE insights to identify vulnerable plant
design features, risk-based guidance included insights
from the evaluation of the plant configuration risk
profiles to provide an overview of significant
component or system failures and recurrent problems.
The catalogue of these risk-based insights on licensee
performance in functional areas such as operations,
engineering, and maintenance was found to be useful
in prioritizing inspection activities, as well as a key
element in ideatifying risk significant inspection
findings.

Previous applications of this risk-based
methodology have been shown to be workable in the
planning for regulatory activities such as the electrical
distribution system functional inspections (EDSFIs)®
and inspections of selected safety systems (e.g., high
pressure coolant injection and high pressure core
spray systems) in BWR plants.? In the EDSFI
activities, risk-based insights on electrical distribution
system (EDS) functionality was found to be useful in
prioritizing inspection activities as well as a key
element in identifying risk significant inspection
findings. In the case of safety system inspections,
insights on risk significant failure modes of the
system provide the flexibility for inspectors to utilize
their own field inspection experience to optimize the
inspection planning process.




CONCLUSIONS

On the basis of lessons learned from actual
application of the risk-based insights to optimize
inspection planning activities, some of the key
benefits include:

a) optimized inspection strategies and possible
reduction inspection planning times,

b) a rational basis for the selection of safety
significant inspection items and subsequent
evaluation of inspection findings, and

c¢) enhanced communication of possibly
"hidden" safety concerns to plant
management responsible for maintaining safe
and reliable operation of the nuclear power
plant.

Finally, potential applications of risk-based
methods for other regulatory activities such as
operator licensing, event assessment and resolution of
generic issues are being explored. The application of
PRA technology in these various NRC regulatory
activities is a supplement to the traditional
deterministic methods which are continued to be
utilized,
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