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Abstract

To ensure safest possible operation and to get best overall economic performance of its Nuclear
Power Plants, 10 years ago Electricite de France launched a Reliability Centered Maintenance (RCM)
project to optimize the preventive maintenance programs. The principles underlying the RCM
approach are based on common sense: failures must be prevented by preventive maintenance
operations in all cases when the repercussions for the installation could be serious or critical in term
of safety, availability or maintenance costs. The approach is a 3-phases process:

1. Evaluation of the functional consequences of failures
2. Evaluation of performances based on the analysis of experience feedback
3. Optimization of the preventive maintenance tasks

The new preventive maintenance programs are presently almost completed and progressively implemented. Here
and now, the implementation of the RCM approach allows to emphasize some benefits:

• Same or increased level of safety
• Same or increased level of plant availability
• ALARA principles better taken into account
• Cost control
• Positive change in maintenance culture

Some new studies are in progress, such as the development of a "Risk Based In Service Inspection" for passive
components.

1. INTRODUCTION

As every nuclear power plant operator, Electricite de France have two permanent concerns: to
ensure safest possible generation and to get best overall economic performance. These two
concerns are the basement of the maintenance policy and have lead EDF to clarify
maintenance concepts and to initiate large studies aiming to optimize maintenance activities.

For this purpose, ten years ago EDF launched a Reliability Centered Maintenance (RCM)
project to optimize preventive maintenance for its Nuclear Power.

2. MAINTENANCE AT EDF NUCLEAR POWER PLANTS

2.1. Maintenance concepts

It is essential to clarify the concepts before starting any study on the optimization of
maintenance activities. The definition of the different concepts of maintenance used at EDF
are summarized on the figure 1. They can be defined as follows:

Maintenance

All the tasks which enable equipment to be kept in a given state or be able to assure a given
service, or which restore it, so that it can meet these requirements.
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Corrective maintenance

All the tasks carried out on a piece of equipment, so that its operating capability can be restore
after a functional failure. It therefore always has an unplanned nature.

Preventive maintenance

Involves all the tasks carried out on a piece of equipment in order to reduce the likelihood of a
functional failure. The aim of the preventive maintenance is to prevent functional failure and,
consequently, to ensure the possibility of using the equipment for a given time.

Systematic preventive maintenance

Involves the systematic replacement of components, according to a predetermined schedule.
This means the replacement of components whose life span is known. It also includes
systematic lubrication jobs as well as minor upkeep work. This definition avoids confusion
between systematic checking or even continual checking to determine the state of the
equipment (conditional preventive maintenance) and systematic preventive maintenance.

Conditional preventive maintenance

Set of actions including:

• observations which enable the state to be known, under operating or shutdown conditions,
with or without dismantling, including the checks, inspections, tests and surveillance under
operating conditions,

• analyses which assess this state and forecast its evolution, depending on the use of the
equipment (expert opinion, operating experience, harmfulness studies...)

• measures which prevent failures by correcting degradation that cannot be left in the
existing state.

2.2. Main figures

To operate 58 units needs huge financial and human resources. A large part of these resources
is assigned to maintenance.

The main figures which characterize maintenance at EDF NPPs are:
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FIG. 1. Maintenance concepts.
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Maintenance expenses:

• Overall Maintenance Costs: 1500 M€ per year for 58 units (including 900 M€ for
subcontractors) which represent 50% of total O&M costs and 17% of kW.h cost

• 900 M€ spent on Equipment:

- 2/3 Preventive Maintenance (major part carried out during refueling outages)

- 1/3 Corrective Maintenance

- 35% spent on Primary Circuit Components

- 50% spent on 50 Major Systems (i.e. safety and /or availability related)

- 15% spent on the remaining 150 systems

• Personnel:

- 10 000 from EDF

- 20 000 from Contractors

• Capability loss factor due to component failure: 1.5%

3. RCM: EDF APPROACH

3.1. Why a RCM approach?

EDF developed its own Reliability Centered Maintenance Method to better address the choice
between Preventive and Corrective Maintenance. Therefore, the problem is to answer the
following question:

• On which equipment is Preventive Maintenance to be performed?

• What Preventive Maintenance tasks are to be performed on these equipment?

• How to optimize Preventive Maintenance Programs with respect to Safety/Plant
Performance/Costs/Radiation Exposure?

3.2. Methodology

The principles underlying the RCM approach are based on common sense: failures must be
prevented by preventive maintenance operations in all cases when the repercussions for the
installation could be serious or critical in term of safety, availability or maintenance costs.

The methodology developed by EDF to select maintenance activities is based on the
assessment of the couple: "Likelihood of failure - Functional effects of the failure". It follows
a logical sequence represented in figure 2.

It is a 3-phase process.

Phase 1: Stakes assessment

The first step of this phase consists in analysing the role of the selected system and the
possible failure modes and causes. For systems with large stakes; (safety, availability and/or
costs) this is made from the system level to the component level. When the component itself
is considered as a "large stake component" the analysis is performed to the level of detail
required for maintenance. This allows to draw up the list of significant failure modes and
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components. The reliability assessment technique used in this phase is Failure Mode and
Effect Analysis (FMEA).

The second step aims to identify among the significant failure modes and components those
which are critical in term of safety, availability and maintenance.

For this purpose, information on operating experience is necessary and is provided by the
second phase of the approach.

Stakes assessment

System Role
Failure Mode and their Effects

Significant Components
and Failure Modes

Performance assessment

Operation experience review

Identification of critical
components and failures

Equipment Reliability and
Maintenance Costs

I

Preventive maintenance Corrective maintenance
No preventive Maintenance Tasks

Analysis & Selection of Maintenance Tasks

Grouping of Maintenance Tasks

Maintenance Final Choice

PREVENTIVE MAINTENANCE
PROGRAM

Maintenance Optimization

FIG. 2. EOF RCM methodology on a selected system.

Phase 2: Performance assessment

This phase, fundamental for the RCM approach, consists in analyzing the operating
experience. It provides information on the failures and degradations which have actually
occurred on current systems. It is the only mean of showing that an expected failure or
degradation has only rarely occurred and that a given preventive maintenance task is therefore
not needed and may even be harmful.

Phase 3: Maintenance optimization

The final step is the selection of preventive maintenance tasks for all components found
critical. Maintenance tasks are selected according to a specific selection logic which views all
preventive maintenance operation in a ascending order of complexity: lubrication, in-service
monitoring, checks and tests, complete overhaul and scheduled replacement.

At the present time, this final step is essentially based on expert judgment.
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3.3. Implementation

The project is managed at the corporate level but involves in every plant specialists of
different skills such as maintenance, operation, safety, management.

Systems with large stakes (use of complex PRA studies): the studies are carried out at the
Corporate level to deal in priority with the 50 most important systems. Presently 43 out of 50
Preventive Maintenance Programs are performed.

The Sites have been in charge of carrying out the studies of all the other remaining major
systems; 62 out of 70 Preventive Maintenance Programs are already performed.

On every plant, a multi-skills team supported by corporate level departments, analyses 1 or 2
systems per year and defines the related maintenance programs which become prescriptive
after validation.

The Sites have taken over the methodology concepts. The nuclear plant personnel become a
major actor in the development of the preventive maintenance policy and will be ready to
implement RCM on other systems.
Most of the preventive maintenance programs, which only concern active components at this
time, are drawn up using the RCM method, both on 900 and 1300 MW series.

4. MAIN BENEFITS

Here and now the experience feedback of the implementation of the RCM methodology over a
few years period allows to emphasize some benefits, in term of Safety, Availability, Radiation
Protection and Maintenance Costs.

4.1. Same or increased level of safety

Regarding the safety, the application of the RCM to draw up Preventive Maintenance provides
the following benefits:

• Preventive Maintenance programs are now established on new systems which have not
previously (Safety Injection & Containment Spray Pump Motor Room Ventilation System)

• Maintenance re-allocation: more maintenance is required on some components, less on
others (RHRS: on Reactor Heat Removal System more maintenance on some valves, less
on others)

• Periodic tests are better taken into account

4.2. Same or increased level of plant availability

Concerning the plant availability, the positive repercussion of RCM are:

• Not so many Maintenance Tasks are to be performed during outages

Preventive Maintenance Programs are being streamlined: No more "Nice but not necessary
Jobs" filling outages programs,

Fewer problems are encountered when restarting the plant,

No more tight schedules: outages with reduced maintenance are easier to schedule.
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• Surveillance Tasks have replaced some Maintenance Tasks

Operation people are conducting periodical tests allowing a better anticipation of the
problems and consequently a reduction of components failures.

4.3. ALARA principles better taken into account

A rationalization of the preventive maintenance tasks lead to a reduction of the radiation
exposure The main reasons are:

• Some dose costly maintenance tasks are suppressed or their periodicity is lengthened
(Sebim valves, RHR Pumps, RCP pumps.)

• Radiation Exposure is considered in decision making between Preventive and Corrective
Maintenance (Fuel Handling and Storage System)

4.4. Cost control

A first estimation of the reduction of the maintenance costs gives the following results
(Figure 3):

• 15% to 20% cost reduction in Preventive Maintenance

• 50 M€ total saving expected by year 2000

1500 M€

Overall
Maintenance

Costs

50M€

Years

- •
1995 1996 1997 1998 1999 2000

FIG. 3. Evolution of Maintenance costs over the 5 past years.

This preliminary trend has to be confirmed as and when the implementation of the new
preventive maintenance programs will be effective.

4.5. Example of changes on a system: Auxiliary Feedwater System

The table 1 below gives an example of changes on the Auxiliary Feedwater System.

For this system, some valves which was not initially subjected to maintenance activities are
now inspected. On the contrary, the maintenance tasks of some other components have been
canceled (check valves) or their periodicity lengthened (electric motor).
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TABLE I: EXAMPLE OF CHANGES ON THE AUXILIARY FEEDWATER SYSTEM
MAINTENANCE PROGRAMME

Equipement

Check Valves: 5, 6 & 1 1
(down stream of Pumps)

Valves 131,132,133

Valve 115 VD
(Tank feed line manual V.)

Valves 30 to 35 VD
(Steam Genartor isolation)

Elec. Motor driven Pump

Pump Packing replacement

Maintenance Task

Complete periodical inspection
(overhaul)

Complete periodical inspection
(overhaul)

Surveillance task and operability
test

Operability test

Complete overhaul

Time based replacement

Frequency

5 years — • T a s k

canceled

None • 10 years

(PSA)

None » 1 year

(PSA)

None ——• 5 years

8 years ——• 16 years

Eveiv year to
4 years Condition based

4.6. Other benefits

RCM methodology infers a Positive Change in maintenance culture, mainly due to the
functional nature of the approach:

• maintenance people and operation people work together during the studies,

• maintenance is more process oriented,

• maintenance optimization calls for a good knowledge of the required functions, then better
every day decisions are expected.

hi an other hand, the maintenance optimization calls for a detailed analysis of experience
feedback, a better quality of experience feedback is expected with regard to

• collection and analysis of events or maintenance costs

• extraction of reliability data

• definition of indicators (availability, costs).

5. NEW DEVELOPMENTS

New developments are currently in progress, such as

• Development of a methodology "Risk Based hi Service Inspection" for passive components
(pipes). The studies started in 1997 and the first preventive maintenance programs will be
issued soon,

• Development of a "simplified" methodology for components or systems with smaller
stakes,

• Until end of 2000, the maintenance optimization of the 50 important systems will be
completed

• From 2001 to 2005, the maintenance optimization of less important systems will be carried
out.

87



6. CONCLUSION

The implementation of optimized Preventive Maintenance Programs drawn up using the RCM
methodology is now effective at EDF nuclear plants. The first experience feedback shows
some appreciable benefits regarding safety, performance and cost. The impact on the operator
culture is proven positive as well.

RCM can be considered as an important contributor to the safety, competitiveness and
acceptance of nuclear power.
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