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Abstract

In France the nuclear safety authority sets out the main safety objectives but
the operator remains the first responsible for the NPP safety. During the operation,
operators have to demonstrate that the safety level remains the same as defined in
the design studies. Maintenance contributes to meet this objective.

The french regulation insists on the quality of the safety related components
maintenance, especially in the 1984 order. All gap between results and requirements
have to be analyzed by operator who provide feedback measures to avoid similar
failure to occur. This gap have to be mentioned to regulators.

The use of probabilistic safety analysis (PSA) and reliability centered
maintenance (RCM) methods is not well developed in France to optimize
maintenance. For the french regulator, the major difficulties in the use of PSA are :

- the impossibility to detect unanticipated failure mode;
- the validity of the input data;
- the validity of model use, based on "engineering judgement".

For the specific case of passive components inspection, such as the vessel of
the primary circuit the french regulator has already indicated to the operator that the
optimization of maintenance by use of PSA cannot be used, for the following reasons:

- the safety analysis does not take into account the failure of the vessel;
- unanticipated failure modes have already damaged part of the primary circuit;
- the use of defense in depth concept requires a systematic detection of any
defect on the vessel.

1 French nuclear power plant regulatory system

In France, the nuclear safety authority (DSIN) sets out the main safety
objectives. This objectives are detailed in the french regulation, in orders, decrees, and
letters to operator.

The operator is the first responsible for NPP safety. He proposes terms and
conditions for achieving these objectives and justifies them.
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The nuclear safety authority checks that terms and conditions suggested by
operator will allow the safety objectives compliance.

The operator put into practices the terms and conditions initially approved by
the DSIN and the DSIN checks that correct measures have been taken. This checking
is carried out through inspections.

2. Regulatory documents for maintenance

2.1 The decree of 11th December 1963

This decree defines basic nuclear installations (BNIs), subjects them to a
licensing procedure, lays down the guidelines for technical regulations, organizes
inspections of BNIs.

The main safety objectives are defined in this decree. During the design
phases, the operator has to prove analytically that no inadmissible risk is able to
occur. During the operating phases, he has to demonstrate that the safety level
remains the same as defined in the design studies. The maintenance contributes to
meet this objective.

2.2 Construction license decree

All the nuclear power plants are subjected to a construction license decree,
delivered by the Prime minister. This decree defines the perimeter of the installation
and the requirements which must be met by the licensee. This decree contains
general prescriptions for maintenance of the installation : the operator has to be sure
that the quality level of the safety related components is sufficient and in accordance
with the regulation requirements.

2.3 Quality order of 10th August 1984

This order explains that all safety related activities are subjected to a quality
insurance program. This requirement includes all the maintenance activities on safety
related components. It recalls that operator is responsible for safety and must check
the contractors intervention on safety components. The operators have to establish
written procedures to ensure that all activities on safety related components are
carried out in proper conditions and to organize internal control of their respect. These
procedures are available to the DSIN. Maintenance results have to be recorded so that
the operator could have feed-back data on operating installation. This records are also
available to the DSIN. All gap between maintenance results and requirements have
to be mentioned to the DSIN. This gap must be analyzed by the operator who then
provides feedback measures to avoid failure mode to occur. The DSIN checks of the
requirement compliance.

2.4 26th february 1974 order concerning the primary circuit

This order is applying pressure vessel regulations to the nuclear steam supply
systems of water-cooled reactors.
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It describes all the requirements concerning the checking of the primary circuit
quality. It stresses on systematic and periodic tests, like pressure vessel inspection.
This global test, in addition to the maintenance program, contributes to detect
unanticipated mode of failure. For example, it has contributed to detect the cracks on
the vessel head penetration in 1991. The utility have to provide means to monitor any
damage on this circuit.

2.5 Basic safety rule II.3.8 concerning the secondary circuit

This rule describes the requirements concerning the design, the building and
the monitoring of the secondary circuit. The utility has to be sure that the secondary
circuit never operates with more severe conditions than the design limits. This is
obtained by a permanent monitoring, periodic inspections, and maintenance.

2.6 Other Safety Authority requirements

DSIN has formulated to operators a lot of specific requirements (more than 300
are still in application) concerning the outages and in particular:

- the organization of maintenance;
- the outage organization (tests, suppliers supervision, gap ...);
- maintenance on specific safety related components;
- fire protection ...

3 French operator procedure about regulatory maintenance requirements

3.1 French codes and standards

French operator EDF is establishing rules for in service monitoring of the
mechanical equipment, "Regies de surveillance en exploitation des materiels
mecaniques des Tlots nudeaires" (RSEM). These rules are created in the same way
as design and construction rules codes, RCC-M (materials), RCC-P (process)...

Discussion with french nuclear safety authorities already started, concerning this
rules.

At the present time, DSIN has approved one part of this rules : chapter A500
(Methods concerning the analysis of cracks). It gives the necessary conditions to
consider a default as acceptable on a component.

3.2 Maintenance programs

Moreover, in accordance with the requirements of the creation authorization, the
french operator EdF has written a lot of maintenance programs for the safety related
equipment, during the operating lives of the NPPs. They were originally based on the
recommendations of the plant designers or manufacturers and have been developed
following plant operating experience and monitoring results. They are periodically
reviewed to take into account the data of the feedback. The maintenance programs
are sent to Safety Authority, who systematically review the most important ones, such
as those concerning the primary circuit.
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4 Outage supervision by Safety Authority

The DSIN checks the safety related activities performed by the operator during
outages. Thi action is devoted to the specialized Nuclear Divisions (DIN), included in
the Regional Directorates for industry, research and the environnement (DRIRE). It
consists in:

- approval of outage program, before the outage. The inspection and
maintenance programs are analyzed, in accordance with the technical maintenance
rules defined for each system (extent and frequency of the planned works).
Preparation of safety relevant modifications and pressure vessel tests are also
examined in view of the approval;

- supervision of the quality during the outage, especially in the field of pressure
vessels test : the DRIREs are legally responsible for monitoring the application of
pressure vessel regulations to all installations, including nuclear installations,

- preparation of the authorization for operation; this phase includes a meeting
with the operator at the end of the outage to check maintenance results and examine
how anomalies were treated.

Plant restart is submitted to the approval of DSIN. The approbation is given on
the basis of the DRIRE report at the end of the outage.

5 Trends in maintenance

Since 1994, EDF has developed the RCM method in the aim to optimize the
maintenance thanks to the data on the reliability of the safety related components.
This method consists first to detect equipment and failure modes significant to safety,
availability or maintenance costs and then in evaluation of the performance of those
equipment. Those studies lead to the distinction of equipment and failure modes that
are critical or non critical to safety, availability and costs. The first part of the studies
consists in optimizing maintenance on those equipment.

French regulatory position :

DSIN wrote a letter to EDF, in September 1994, concerning the specific case
of the optimization on the primary circuit maintenance. In this letter, DSIN explains its
position which could be summarized as follows : to define the maintenance program,
the operator has to take into account the possibility of un-anticipated failure mode. For
example, the cracks on the vessel cover penetration was detected by a systematic
and periodic inspection, without taking into account any consideration of optimization.
The vessel is a component for which the failure is not taken into account in the safety
analysis. That's why, DSIN refuses to try any maintenance optimization on it.
Moreover, the defense in depth concept requires a systematic detection of any default.

This defense in depth requirement can be extend to ail safety related
components. For example, a lot of leaks on safety related circuits was not detected
by maintenance program. This kind of failure appears after 10 years of operating
without any way to anticipate it.
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The RCM method is well adapted to detect component which is critical for
safety and which was not taken into account by the design studies. The use of RCM
method could lead to increase the amount of maintenance on it. If the operator wants
to decrease the amount of maintenance on a component, by using RCM method, the
justification of the input DATA and of the model have to be available to the DSIN.
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