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Abstract

A RCM method has been developped at EDF since 1990 to optimize maintenance through a
prioritization of resources for equipments that are important in terms of safety, availability and
maintenance costs.

In 1994, the Nuclear Power Plant Operations Division decided to apply this method to the most
important systems of the french PWRs. About 50 systems are in the scope of the RCM. Those that
have a role in safety were ranked depending on their contribution to the risk of core melt provided
by PSAs. The RCM studies on the 20 most important to safety systems are performed by the
Nuclear Power Plant Operations division, the other 30 systems are studied on sites.

The RCM study consists first in the research of equipments and failure modes significant to safety,
availability or maintenance costs and the evaluation of the performance of those equipments. Those
studies lead to the distinction of equipements and failure modes that are critical or non critical to
safety, availability and costs. The last part of the study consists in optimizing maintenance on those
equipments.

In this process, risk measures are used to help defining equipements and failure modes critical to
safety. This is done by calculation of risk importance measures provided by PSAs. We explain in
this paper which measures of risk have been defined, how PSAs allow calculation of those
measures, and how we used those results in the RCM studies we processed. We give also extensions
of the use of those measures in the process of defining optimized maintenance tasks.

After having defined a RCM method for the french PWRs, the Nuclear Power Plant Operations
Division decided to start a generalized program of maintenance optimization for the most important
systems. The three criteria on which the method relies are : safety, unit availability and maintenance
costs. We present here the safety aspect of the method and more precisely the use of risk importance
measures in the RCM process.
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1. SAFETY SYSTEMS SELECTION AND RANKING

About 50 systems were selected to be in the scope of the RCM program. About 20 of these have a
significant role in safety. The ranking of the systems for the safety critieria was done using the
system contribution to the risk of core melt provided by PSAs. The safety systems examined are
those for which the contribution to the risk of core melt represents at least 0.5% of the global risk
calculated by PSAs.

The main safety systems studies that require an intensive use of PSAs remain in charge of the
Nuclear Power Plant Operations Division. Other systems are studied on NPP sites.

2. IDENTIFICATION OF CRITICAL EQUIPEMENTS AND FAILURE MODES FOR
THE SAFETY CRITERIA

Safety requirements are taken into account in the functional study of a system by means of a
process intended to highlight :

- the failure modes whose effects result in a significant increase in core-melt risk or initiation
of an emergency procedure,
- equipments whose unavailability is governed by French Technical Specifications.

This process (see Appendix 2) takes the form of a series of questions addressing the
following points:

® Is the equipment modelled in the PSA? If so, what are the core-melt risk importance measures
of its failure modes ?
The definition of these contributions and the thresholds adopted are discussed hereafter.
If one of the values exceeds the threshold, the failure mode is declared to be critical. A failure
mode declared to be critical is mandatorily given special attention through enhanced
monitoring or appropriate preventive maintenance.

® Can an equipment failure constitute an initiating event requiring implementation of an
incident or emergency procedure? If so, the failure is subject to Operating Feedback
examination in order to- determine the appropriate technical choices.

(D Is the unavailability of the equipment governed by French Operating Technical
Specifications? If so, the failure modes inducing its unavailability are identified and strictly
examined, particularly through operating feedback, to deduce the most appropriate preventive
maintenance policy.

© The last step consists in taking into account the regulatory definition of important to safety
equipments, in order to ensure the exhaustivity of this search for critical failure modes.
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3. USE OF PSAS RISK MEASURES TO DETERMINE CRITICAL FAILURE MODES

3.1 Method for selecting critical PSA fault modes

In conjunction with the other criteria defined above, PSAs are used to identify critical safety-
related fault modes.

The selection process involves two risk indicators (one for measuring the risk contribution,
and one for measuring the "risk achievement") which can be used to assess the importance of
equipment failure modes with regard to the risk of core melt.

Care is taken to use both measurements of the importance of risk, for they do not have
exactly the same meaning.

A threshold has been defined for each of these indicators: beyond it the failure mode is said
to be "critical".

3.1.1 Measurement of contribution

The contribution a failure mode for a set of equipment makes to the risk of core melt is the
proportion of risk induced by that mode. It is therefore the difference between the risk calculated
with the failure and the risk calculated without the failure.

It is measured with the Risk Reduction Worth (RRW) which determines the relative
proportion of risk induced by the failure.

It is calculated for each failure mode for sets of equipment. A set of equipment is a group of
identical equipment having the same function for which it is not envisaged to have different
maintenance programmes.

When the measured contribution of a mode is higher than the threshold, the mode is said to
be critical for the set studied, and each equipment item of the set is critical for the mode.

3.1.2 Risk achievement worth

A second calculation determines the Risk Achievement Worth (RAW) resulting from the
failure of the equipment. The RAW gives a relative measurement of the core melt frequency global
increase if the component becomes unavailable (or more precisely, when the failure mode is certain,
i.e. with a probability of occurrence of 1).

The procedure involves measuring the increase in risk due to the failure of equipment items
taken individually, for it is assumed that the equipment failures are independent of each other.

When the RAW for an equipment item is greater than the threshold, the equipment is said to
be "critical for safety".

37



3.13 Choice of thresholds

Contribution threshold

A threshold of 0.1% has been adopted. This corresponds to a 1% increase in risk when the
failure rate of a set of equipment is multiplied by a coefficient of 10.

This threshold matches the criteria for definition of the safety-sensitive equipment,
equipment for which data will be updated every three years.

Risk achievement threshold

A threshold has been adopted, which is coherent with the criterion of the Operating
Technical Specifications (OTS) corresponding to the definition of "group 1" equipment: the
calculation of OTS criteria is based on a maximum increase in the core-melt risk of 10"7. Group 1
equipment is that for which the allowed unavailability time with the unit operating is less than 15
days. The corresponding value for the risk achievement threshold is 5%.

3.2 Results obtained

The equipment items or sets of equipment, and particularly equipment for which at least one
failure mode has been selected after assessment of the risk reduction worth or risk achievement
worth, are taken as critical for safety, following the PSA criteria.

The procedure recalled above therefore makes it possible to obtain a list of safety-critical
equipment, as defined for PSA, and of risk indicators concerning the failure modes of individual
equipment items or sets of equipment.

Besides those quantitative results, these studies lead to a qualitative interpretation. The list of
safety-critical equipements is compared to the list of equipment that are subject to the existing
preventive maintenance program, the differences are analyzed and justified.

This procedure has already been used for ten or so thermohydraulic systems of 900 or
1300 MW nuclear power plants where the systems have an important role with respect to safety.
The resulting list of safety-critical equipment is often very similar to that already subject to a
preventive maintenance programme. However, some differences can be observed: for example, on
the AFWS of 900 MW units, the resulting list revealed the importance of a manually operated valve
common to most of the configurations used for refilling the AFWS tank, and of the sensors
necessary for operating the system under emergency conditions. On the contrary, because of their
redundancy, the steam inlet valves of the AFWS turbine are not critical according to PSA criteria.

The main value of this approach is to lead to a better traceability of the selection of safety-
critical equipment by taking account of the actual level of performance of the equipment and its
exact role in safety functions.

Critical components that will be subject to preventive maintenance are generally better
identified. The method allows optimization of maintenance actions for greater efficiency of the
preventive maintenance program. This should result in enhanced equipements reliability, and
therefore greater safety.
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3.3 Specific difficulties

Limits of the PSA model: example of the hidden missions of a system

One of the major difficulties is to find out which equipement failure mode can be hidden in
the model. For examples, if the mission of a system is initiated by an operator action, the equipment
failure modes are often negligible because of the higher rate of human error. In this case, the
equipment failure modes are not explicitly modelled in the PSA, so that an automatic sensitivity
study would not take into account the failure of the mission due to an unavailability of the system.
Another example is the hidden contribution of a system to an initiating event in the accident
sequences. Those difficulties are common to each type of PSA tool and require a specific study for
each system contribution evaluation.

Datas and operating feedback

This use of PSA requires high-quality data, and therefore makes extensive use of operating
feedback. But feedback introduces a problem of bias: equipment which is not particularly critical
because it is reliable with the current maintenance programme may cease to be so reliable if its
maintenance is reduced, and may then become critical. Importance factors must consequently be
used with caution: no decision can be made to upgrade or reduce maintenance, and even less so to
eliminate it, on the simple basis of an importance factor. These factors must be used in conjunction
with other information obtained from feedback or from expert judgement on equipment. Experts can
indeed judge the predictable evolution of the reliability of equipment in accordance with the
envisaged maintenance programme, whereas safety experts can, with the help of PSA, judge
whether this evolution is acceptable or not. Moreover EDF decided to follow the evolution of the
reliability of equipment and if necessary to fit the maintenance programme according to this
evolution in the framework of a «living RCM programme ».

RCM studies (and particularly the selection of failure modes for critical equipment)
therefore call for different skills to be brought together.

A new maintenance policy is likely to result in an evolution in the reliability and availability
of the equipments. As far as this evolution can be appraised, the impact of the new policy can be
evaluated with PSAs in order to achieve full optimization.

3.4 Perspectives

It was decided to extend this procedure for selecting safety-critical equipment to all the 900
and 1300 MW unit systems with an important role in safety (i.e. a little over 10 systems for each
unit).

A U.S. maintenance rule type approach

This procedure is to be compared to the U.S. maintenance rule. The PSA studies in the
french RCM process result in a list of critical equipments. But they produce also risk measures
concerning the failure modes of these equipments. Those measures could be used to define
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performance goals, and to monitor the equipment performances. It may be envisaged to define
reliability or availability goals for the equipment or functions of the greatest importance with
respect to safety and to measure the efficacy of the preventive maintenance programme by
comparing the actual reliability or availability of the equipment as determined from operating
feedback with the established goals.

Help for defining maintenance task

Similarly, it may be envisaged to use these criticities as decision support in defining
maintenance tasks.

Used in conjunction with the notions of equipment reliability and maintenance task costs
and efficiency, they can also be used to determine trends with respect to upgrading or downgrading
of maintenance (RRW) and upgrading or downgrading of check and inspection tasks (RAW).

A technico-economical tradeoff can be made, involving sustaining or upgrading the overall
level of safety while reducing maintenance costs.

The equipment with a high RRW is that for which a variation in the failure rate has an
appreciable effect on the risk of core melt. It is therefore the equipment for which an improvement
in the level of reliability as a result of tailored preventive maintenance can give rise to an
appreciable improvement in safety.

On the contrary, for equipment with a low RRW, any impairment to its reliability does not
engender any appreciable loss in the level of unit safety.

The equipment with a high RAW is that for which a failure engenders a substantial extra
risk. It is therefore that for which the actual level of reliability must be that called for in the design
Equipment with a high RAW is therefore that for which checking of the level of reliability or
availability is important.

4. CONCLUSION

A distinctive feature of the french RCM process, compared to the US one, seems to be the
definition and use of quantitative performance indicators. We make an intensive use of our PSA
models in this context, taking special care about the limits of the models. But the use of these
performance indicators appears to be a promising aspect of the process.
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Appendix 1 : Phases of research
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Appendix II : Maintenance policy
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