
XA0054520
RISK BASED MAINTENANCE TO INCREASE
SAFETY AND DECREASE COSTS

J. H. PHILLIPS
American Society of Mechanical Engineers (ASME),
Washington, D.C.,
United States of America

Abstract

Risk-Based techniques have been developed for commercial nuclear power plants for the last
eight years by a team working through the ASME Center for Research and Technology
Development (CRTD). System boundaries and success criteria is defined using the
Probabilistic Risk Analysis or Probabilistic Safety Analysis developed to meet the Individual
Plant Evaluation. Final ranking of components is by a plant expert panel similar to the one
developed for the Maintenance Rule. Components are identified as being high risk-
significant or low risk-significant. Maintenance and resources are focused on those
components that have the highest risk-significance. The techniques have been developed and
applied at a number of plants. Results from the first risk-based inspection pilot plant
indicates safety due to pipe failure can be doubled while the inspection reduced to about 80%
when compared with current inspection programs. Pilot studies on risk-based testing indicate
that about 60% of pumps and 25 to 30% of valves in plants are high safety-significant The
reduction in inspection and testing reduces the person-rem exposure and resulting in further
increases in safety. These techniques have been documented in publications by the ASME
CRTD which are referenced.

Introduction

Risk-Based In-Service Inspection (ISI) and In-Service Testing (1ST) methods have been under
development within the ASME Center for Research and Technology Development for about
eight years. A series of documents have been written by a multi-disciplinary ASME research
task force and published by the ASME. These documents define a four-part process for
managing the inspection and testing of nuclear power plant components.

Risk-Based Process

The four major elements of the process are:

1. Definition of system boundaries and success criteria using a plant probabilistic risk
assessment (PRA) or probabilistic safety assessment (PSA) that has been developed to
meet the Individual Plant Examination (IPE) and Maintenance Rule requirements of the
U.S. Nuclear Regulatory Commission,

2. Ranking of components or piping segments by a plant expert panel that makes the final
selection of where to focus ISI or 1ST resources by considering risk importance measures,
consequences of failures, and other deterministic measures,
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3. Determination of effective ISI or 1ST programs that define when and how to appropriately
inspect or test the two categories of more-safety-significant or less-safety-significant
components, and,

4. Performing the ISI or 1ST program to verify component reliability and then updating the
risk rankings based on the inspection or test results.

RBI Pilot Studies

Pilot tests of the risk-based ISI methodology have been accomplished. A major study has
been completed at Millstone-3 Power Station by Northeast Utilities with support from the
Westinghouse Owners Group (WOG) and Westinghouse. The results from this effort have
been forwarded to the U.S. Nuclear Regulatory Commission via the Nuclear Energy Institute
(NEI) as a Westinghouse Owners Group topical report, WCAP-14572 (1996). This work
adapted the ASME research methods in order to accomplish this full scale study.

A project is underway to perform a verification and validation (V&V) of the risk-based
process through industry and NRC participation in an ASME research project. This
verification and validation project uses Virginia Power's Surry plant for the evaluation. The
use of Surry is significant because of the extensive initial risk-based ISI work performed there
under previous research efforts: a favorable comparison of those previous results with those
produced by the enhanced process is anticipated to assist the acceptance of the process by the
NRC for generic industry use.

Millstone-3 was selected for the pilot study because of the support of the WOG and
Westinghouse. Surry was selected for the V&V effort because of the previous research
efforts performed there. Although it was not a consideration in the selection process, the fact
is that both of the studies were conducted on Pressurized Water Reactors (PWRs). An
application of the developed technique to a Boiling Water Reactor (BWR) has not been
attempted. An application study has been initiated at the Browns Ferry Plant to addresses
plant type differences.

Application Study of RBI at a BWR

Basic differences between PWRs and BWRs that would affect the risk-based process exist in
several areas:

• Some of the more safety-significant systems on a BWR (RCIC for instance) are currently
exempted from Section XI requirements based on size; therefore, scope is different.

• BWRs have a PSA Core Damage Frequency that can be as much as an order of magnitude
less than a PWR. The amount of CDF attributable to piping failures could be such a
small number as to be considered below the cut-off point for significance.

• BWR chemistry and pressure have potential impact on Structural Reliability and Risk
Analysis.
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• BWRs are subject to different significant failure mechanisms than PWRs; for instance,
IGSCC.

Another basic difference that affects BWRs is the applicability of Generic Letter 88-01.
which defines requirements for IGSCC programs. A risk-based selection technique could
potentially optimize the inspections performed under these programs.

The Browns Ferry project will assist industry in the validation of the ASME Research risk-
based in-service inspection approach on a BWR. Currently, the NRC is developing a draft
Standard Review Plan and Regulatory Guide to be submitted for public comment. A pilot
application of the technique at a BWR will provide valuable insight to assure the SRP and
Regulatory Guide are applicable to all the major reactor types. The ASME is also seeking
individuals that will help support this project.

The project is being performed with a team from ASME Research, Tennessee Valley
Authority, and other industry participants. This team would apply the current ASME
Research Risk-Based In-Service Inspection approach to a BWR plant and compare the results
to the previous pilot studies. Comparisons would be made along the way and any technical
issues would be resolved during the course of the project. The project started in July 1997 and
is scheduled to be completed in mid-1998.

Benefits of the BWR RBI Program

Risk-based inspection program development has benefits for the industry, BWR owners, the
owners of the plant being studied (Tennessee Valley Authority in this case.), the NRC, and
the Code writing Body. These benefits are as follows:

a. Industry
- Assure applicability of the approach to all major reactor types.

Provide a better understanding of the risk-based ISI technology.
Increase success of risk-based in-service inspections.

b. BWR owners
Provide a documented basis for potential optimization of the inspection process
mandated by Generic Letter 88-01

c. Tennessee Valley Authority
- Provide a risk-based ISI program for the plant based upon an updated IPE model.

Lead to earlier consideration for program approval.

d. ASME Code
Provide support for Code changes.

e. NRC
Provide insights to the applicability to all major reactor types of the techniques
outlined in their draft SRP and Regulatory Guide.
Provide insights to the potential optimization of the inspection process mandated by
Generic Letter 88-01 for inclusion in their draft SRP and Regulatory Guide.
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e. All parties
- Provide a mechanism to resolve issues in a nonregulatory setting (ASME Research-

CRTD) as they occur during the process (i.e., reduce review cycle time).

Results of the RBI Pilot Studies

The Risk-Based ISI project at Millstone-3 has been completed using the ASME Research
methodology described in WCAP-14572. A total of 119 elements have been selected for
some type of examination under the Risk-Based ISI program as compared to 753 welds now
scheduled under the current ASME Section XI program, representing an 84% reduction in the
raw number of examinations to be performed. In addition, examination of the current ASME
Code locations addresses 44% of the Core Damage Frequency attributable to piping, while
examination of the Risk-Based elements addresses 98%, representing a 122% improvement.
Although total Core Damage Frequency attributable to piping is a small fraction of the total
plant CDF, safety is enhanced with fewer examinations being performed. While the Surry
pilot has not been completed, it is estimated that the number of Risk-Based examinations will
be approximately 40% of the number now scheduled under the current Section XI program.

In economic analysis, these pilots represent a direct cost savings of 60-84% of the current
costs of examination per outage. Additionally, Millstone-3 estimated an exposure savings of
15 man-rem each outage. Other indirect cost savings are expected from items such as
reduction in costs associated with evaluating flaw indications which may not really exist (i.e.,
false calls).

Results are not available for the Surry Verification and Validation Project, but, a reduction in
inspection of 60% is expected.

These results indicate that a risk-based program can be successful in greatly reducing costs,
both dollars and exposure, while improving safety; however, they have only been done on
PWR nuclear steam supply systems. Validation of the process on a BWR in the Browns
Ferry Application also has the potential to provide a path for optimization of the inspection
process mandated by Generic Letter 88-01, and as such makes this a worthwhile project.

The objective of the program is to further validate the ASME Research Risk-Based In-
Service Inspection approach when applied at a Boiling Water Reactor.

Advantages of the Quantitative RBI Approach

The advantages of the ASME Research Risk-Based In-Service Inspection quantitative
approach when compared with the less effective qualitative approaches are:

• Provide a quantitative approach to measure risk reduction
• Provide risk trade off—active components can be inspected or operation changes can be

made to take the place of inspections
• End the subjective percentage of components inspection criteria
• Probabilistic Fracture Mechanics Calculations for inspection and frequency evaluation
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• Augment the generic data and plant specific sources
• Project failure probability into the future to evaluate conditions that have not occurred.

The quantitative approach to risk-based inspection should be as efficient and should be no
more costly than the qualitative approaches which do not offer the advantages.

Risk-Based Testing

The recommend process applying risk-based methods to inservice testing of active
components in nuclear plant systems (Reference 1 ASME RBT Book) is centered on three
major areas. These categories are ranking of component importance, development of the
inservice testing program, and implementation of the testing program.

Ranking of Component Importance. Components are ranked in two groups, those that are
high safety-significant and those that are less safety-significant. The identification of
risk/safety ranking of 1ST components involves the application of the plant PRA to the 1ST
populations of components. Risk ranking is accomplished using the Fussell-Vesely (FV)
measure for the core damage frequency end state. The FV threshold value used for this risk-
rankings is 0.001. Components that exceed this value are initially considered risk-significant,
those below it, less-risk-significant. Components not modeled or truncated out of the PRA
model results are initially placed in the latter group.

Several quantitative mapping and sensitivity studies are performed to determine the effect of
large, early-release frequency, the risk achievement worth measure, the risk-reduction worth
measure, and external events on the 1ST population of components, as required. The
quantitative analysis is blended with the deterministic analysis in the form of a plant expert
panel.

Development of Inservice Testing Programs for High Safety Significant Components.
Components are evaluated using a component 1ST team of plant experts (and other personnel,
as required) that considers the following steps.

(1) Component Review and Failure Modes and Causes Analysis. Key characteristics are
identified that could influence the determination of effective testing methods(component
type, design features, configuration, application, service duty, component age, industry
experience, and plant specific experience). Potential failure causes are identified for the
failure modes shown to be critical from the component importance ranking process. Results
of data bases for component failure are useful to identify the ways components actually fail in
service.

(2) Test Effectiveness Assessment. A qualitative or quantitative assessment of the
effectiveness of each test, based on the components ability, is performed to detect a failure
and any significant conditions that are a precursor to failure. An assessment of a level of
confidence in the testing methods is also made to determine whether the component will
function correctly should a real demand occur at any time during the operation interval before
the next test.
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(3) Strategy Formulation and Evaluation. For each component, a definition of some schedule
of tests is made. An assessment of a level of confidence for each strategy and an evaluation
of the value-impact for the various 1ST strategies, in terms of core damage frequency and
testing costs (direct costs and person-rem exposure) are also performed. An appropriate
strategy is terms of safety and cost is selected from these results for each, component of
interest.

Implementation. The above two steps are used for implementation of the 1ST program and
feedback of the 1ST program results into the prior steps of the process. The effect of this
revised 1ST program must be predicted in order to ensure that a program that could have an
adverse effect on safety is not implemented. The combined quantitative impact of these
changes must be assessed by requantifying the base PRA used for risk ranking. The potential
for initiating test-related transients at the plant and the effect of taking equipment out of
service should also be considered in determining the overall effect of testing on the
performance of system safety functions.

Periodic assessments should be performed to establish the effectiveness of the 1ST program
and to feed back changes to the prior steps of the process. The 1ST program review could be
addressed in conjunction with periodic updating of the plant PRA, industry operating
experience programs, and the Maintenance Rule program.

Each of the above areas includes equipment performance considerations using both plant-
specific and industry experience, as appropriate. The process can be integrated with other
risk-based and performance-based applications (e.g. the Maintenance Rule). While the focus
of the process is on safety/risk, risk-based 1ST can also minimize plant investment and risk.

RBT pilot studies have been completed or are in progress at the Idaho National Engineering
Laborites. Shearon Harris Nuclear Power Plant, the Palo Verde Nuclear Power Plant and
Commanche Peaks Nuclear power Plants. These pilot studies indicate that about 60% of the
pumps and 25 to 30% of the valves are high safety significant.

Conclusions

Techniques have been develop that focus scarce resources on components that most affect
risk. Risk-based approaches focus maintenance activities on components where failures can
occur and have high consequences at plants. Results indicate that safety can be increased and
inspection of piping components and testing of active components can be decreased. These
techniques have been developed by teams working with the ASME Center for Research and
Technology Development. The results of this work is published in documents which have
been referenced.
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