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Abstract

Reliability Centred Maintenance (RCM) represents a proven technique for rendering
maintenance activities safer, more effective, and less expensive, in terms of systems
unavailability and resource management. However, it is believed that RCM can be enhanced
by the additional consideration of operational plant risk. This paper discusses how two
computer-based tools, i.e., the RCM Workstation and the Safety Monitor, can complement
each other in helping to create a living preventive maintenance strategy.

1. Introduction

In the United States, the Nuclear Regulatory Commission have introduced the Maintenance
Rule to encourage the raising of the minimum levels of systems availability, and the
reduction of operational plant risk. Reliability Centred Maintenance (RCM) represents a
proven technique for rendering maintenance activities safer, more effective, and less
expensive, in terms of systems unavailability and resource management. However, in order to
comply with the principles inherent in the Maintenance Rule, it is necessary to ensure that
maintenance strategies become risk-aware. This paper describes the way in which two
computer-based approaches can complement each other in achieving this goal effectively.

It is not the intention here exhaustively to describe the RCM procedure. The emphasis is on
the way in which this procedure is enhanced by the additional consideration of operational
plant risk, and on the need to introduce the Safety Monitor (Ref. 2) as a method of evaluating
this risk in a controlled and informative manner. In this way, these two complementary tools
for addressing maintenance practices and requirements are shown to be highly effective in
helping to create a true living Preventive Maintenance Strategy.

At present, with the express objective of enhancing the way in which the USNRC
Maintenance Rule is applied and tracked, installation of the Safety Monitor is almost
complete in the United States at Wolf Creek, Callaway and Comanche Peak. In addition, the
Safety Monitor has been in continuous use at San Onofre since 1994, for which it won the
Top Industry' Practice Award in 1996. Installation is also in the initial stages at six other
power stations in the United States, and is nearing completion at Temelin in the Czech
Republic.

2. Reliability Centred Maintenance

The RCM process first identifies the failed states of a system, or ways in which a system can
fail to live up to its expectations. This is followed by a Failure Modes and Effects Analysis
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(FMEA), to identify all the events that are likely to cause each failed state. Finally, the RCM
process seeks to identify a suitable failure management policy for dealing with each failure
mode, given its consequences and technical characteristics. Failure management policy might
typically include:

• Preventive maintenance
• Failure-finding
• Changing the design and/or configuration of the system
• Changing the way in which the system is operated

The RCM Workstation (Ref. 1) provides an efficient means of developing powerful rules for
deciding whether any failure management policy is technically appropriate. In addition, it
enables the development of precise criteria for deciding how frequently routine tasks should
be performed. The decisions taken in this process take into account the actual operating
environment experienced by equipment, and the functional performance requirements of
individual systems and components.

2.1 What does RCM achieve?

RCM does far more than simply produce new maintenance schedules. Applied correctly,
RCM achieves all the main objectives of maintenance by improving:

Safety and environmental integrity through:

• Systematic review of the safety and environmental implications of every failure
• Clear strategies for preventing failures that can affect safety and the environment
• Improved maintenance of protective devices
• Widespread understanding of the importance of protective systems
• Provision of new protective devices
• Fewer failures caused by unnecessary maintenance

Operating performance through:

• Greater emphasis on the maintenance of critical items
• Extended maintenance intervals, and in some cases the complete elimination of

invasive maintenance
• Shorter shutdown work schedules leading to shorter, less costly and more easily

managed shutdowns
• Fewer maintenance-induced problems after shutdowns
• The elimination of unreliable components
• Quicker fault diagnosis
• Fewer failures caused by operator errors

and by helping to ensure cost effectiveness, longer asset life, and better teamwork and
motivation.

Using the RCM Workstation periodically to reassess the maintenance requirements of
existing equipment, RCM transforms maintenance schedules and the way the maintenance
function as a whole is perceived in the organisation. Such reassessments would be carried out
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taking account of actual operational experience, and benefitting from feedback concerning
equipment and systems unavailability. The result is maintenance that is safer, more effective,
less expensive, and carried out with the agreement of production and maintenance personnel.

The next section describes the way in which the feedback obtained from operational
experience is enhanced and complemented by the consideration of operational risk.

3. The Safety Monitor and Risk-informed Feedback

The requirement to perform preventive maintenance (PM) during on-line plant operation
receives increasing attention as fuel cycles are extended. This fact lends weight to the
argument, in practical terms, that PM becomes risk-aware for maximum effectiveness. By
constructing a real-time model for predicting the risk of day to day operation of the plant, it
becomes possible to generate information that can be used to evaluate the effectiveness of
adopted maintenance strategies and schedules. Armed with this knowledge, the RCM
procedure can be iterated so that the principal safety, reliability and production objectives of
plant operation are progressively optimised.

Naturally, the more realistic the risk model, the greater the confidence in its use for this, or
for any other purpose. With the advent of yet more capable high speed solution algorithms,
aided by ever increasing computer processing speeds, the requirement to optimise the full
PRA models is relaxed. This retains compatibility between the results of risk calculations for
the full models and for the optimised models constructed for evaluation by the Safety
Monitor. The result is that information of the highest integrity is available for feeding back
into the RCM procedure.

Typically, maintenance scheduling covers periods of several months, involving a wide range
of extensive activities with highly complex interactions. The risk implications of such
activities cannot be envisaged without the aid of a capable risk calculation methodology, and
even with such a technique available, the task of compiling the risk profile over the planned
maintenance period can be formidable. Worse still, the day to day activities on the plant,
involving small but necessary changes to the schedule, and encountering random equipment
failures, can cause severe problems in determining the effectiveness of the schedule carried
out, as opposed to the schedule that was planned. It is, of course, important to ensure that
such variations are adequately accounted for in assessing the quality of the feedback
information.

The next section describes the advanced features of the Safety Monitor that have been
developed both to solve these problems, and more generally to enhance the range and quality
of information that can be derived from its use in monitoring operation of the plant.

3.1 The Safety Monitor in Action

One of the features of the Safety Monitor that makes it unique amongst risk calculation tools
is its ability to estimate plant risk by completely solving the plant risk model for every risk
calculation. Pre-solved cut set lists are NOT used, and this removes problems associated with
numerical inaccuracies being introduced through premature truncation. The full PRA model,
expanded to include all anticipated operating alignments, is calculated giving the most
accurate point risk estimates available. In addition to the calculation of Core Damage
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Frequency (CDF), the Safety Monitor also calculates the frequency of Large Early Release
(LERF) to account for containment systems that are important to risk, even though they do
not directly affect the CDF. To complete the flexibility of the risk monitoring capability, the
Safety Monitor can also handle shutdown modes of operation, these being integrated with the
full power mode in a single generic model, modified seamlessly as the need arises.

Originally, the Safety Monitor was designed to enable single calculations of point estimated
risk for real or hypothetical plant status and configuration. In Version 2.0 (Ref. 3), this has
been extensively revised to enable calculations of entire schedules of proposed activities, and
to generate a time-based risk profile for each such calculation. In this way, the maintenance
schedules derived through the RCM procedure can be tested and refined before receiving
final approval.

Periodically, the risk profile of the real operating plant may be reviewed to determine its
accuracy with regard to the actual plant operating conditions, as compared with what might
have been known at the time of the calculations. In this way, revisions to the conservative
assumptions that might have been made in real time can be applied, and the risk profile for
any period in the plant history recalculated in a single step. Such reviews would then generate
the feedback information that would be taken into the next application of the RCM procedure
for further enhancement of the proposed maintenance schedules.

4. Conclusion

This paper has shown that the RCM process, given the additional requirement to incorporate
risk awareness, requires the complementary use of a suitable risk calculation methodology.
The complexity of the tasks associated with the RCM procedure can be greatly assisted
through the use of a software tool that formalises and organises the decision making process,
of which the most capable example is the RCM Workstation. The Safety Monitor represents
the most advanced tool of its kind, and provides the best means available of complementing
the RCM Workstation in its application for the development of progressively optimised, risk-
based maintenance procedures and schedules.

As real experience of the use of the Safety Monitor, at an ever increasing number of
locations, develops, it becomes more and more evident that the greatest benefit is afforded to
Maintenance Planning Personnel. The questions most frequently asked of the Safety Monitor
are of the "What if?" type, as the maintenance planners focus upon obtaining optimal
proposed maintenance schedules. This is. of course, to be expected if we assume a
responsible approach to the management of operational risk, and is concrete evidence of the
major role that the Safety Monitor can play, in conjunction with the RCM Workstation to
develop a closed cycle of activities designed to optimise maintenance on a fully risk-informed
basis.
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