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SYNTHESE:

L'objectif du projet CEDEM (Conception Integrant la Disponibilite, le retour
d'Experience et la Maintenance) est de maitriser le cout de production du kWh des
futures centrales REP 2000 d'Electricite de France. Cette maitrise des couts exige en
particulier de prendre en compte la maintenance et la logistique des le stade de la
conception des installations futures.

Cette optimisation technique et economique repose sur revaluation et la
comparaison des choix possibles en termes de materiels et de maintenance, et sur la
recherche des ameliorations potentielles. En phase d'avant projet, la methode implique
1'identification d'equipements de reference supposes tres semblables a ceux a
concevoir. En phase de realisation, elle permet la definition anticipee d'un programme
detaille de maintenance et de soutien.

Pour etre efficace, cette approche demande un dimensionnement realiste des
etudes a entreprendre, et la participation d'equipes pluridisciplinaires travaillant dans
un cadre d'ingenierie concourante.
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EXECUTIVE SUMMARY:

The objective of the CIDEM project (French acronym for Design Integrating
Availability, Operating Experience and Maintenance) is to control the per-kW
production cost of future Electricite de France REP 2000 nuclear plants. In particular,
such cost control requires accounting for maintenance and logistic support from the
time of design of the future installations.

This technical and economic optimization is based on assessment and
comparison of possible choices in terms of materials and maintenance, and on the
search for potential improvements. In the Basic Design phase, the method involves
identifying reference components which are supposed highly similar to the components
to be designed. In the Construction phase, it culminates in the early definition of a
detailed maintenance and support plant.

To be effective, the approach requires realistic tailoring of the studies to be
undertaken, and the participation of multidisciplinary teams working in the framework
of concurrent engineering.
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1. INTRODUCTION

Preparing for the new REP 2000 nuclear plant series is a
major challenge for Electricite de France. Success depends on
respect of two objectives: further improved safety and a
competitive per-kWh production cost. To meet this second
objective, EDF has set up the CIDEM program, using the
French acronym for Design Integrating Availability, Operating
Experience and Maintenance.

The CIDEM approach draws on concepts known by the
acronyms RAM (Reliability-Availability-Maintainability),

RCM (Reliability Centered Maintenance) and ILS (Integrated
Logistic Support) (Degrave, Martin-Onraet, and Meuwisse,
1996). ILS is a tried and proven process which is now
internationally recognized, based on a set of methods and
norms developed by the United States Department of Defense
(NAVESEAINST 5000.39, 1987). It allows for simultaneous
development of the installation and its support elements
(maintenance, in particular) beginning in the design phase.

The first CIDEM application is centered on the future
French nuclear unit construction program, known as the REP
2000 Program: these studies were started in 1993 (Degrave,
and Martin-Onraet, 1995). However, the approach could be



applied to other Reactor type or fossil-fired units, in particular
for its methodological aspect.

Amongst the different CIDEM studies, one of the most
important is the maintenance plan. The fact of accounting for
maintenance at the time of design, as described below, fulfills a
twofold ambition: first to ensure that, during plant operation,
the initial cost and availability targets are met; and second to
provide a detailed, realistic maintenance plan together with the
necessary logistic support at the time of plant commissioning.

Following a description of EDF's constraints and
objectives, and an analysis of the challenges involved, this
paper presents the CIDEM method and the rules for its
implementation bearing on key management and tailoring
considerations.

2. EDF'S OBJECTIVES AND CONSTRAINTS
Today's changing political and economic environment,

together with competitive pressure within Europe, requires that
new EDF nuclear plants meet increased demands in terms of
availability and Life Cycle Cost. Improved availability and
cost control depend on a number of factors which are greatly
influenced by initial design choices.

2.1. Availability
Availability is dependent on two main factors, as figure I

shows (Blanchard, 1992):
• performance of the system per se, which is to say its

reliability and maintainability (detection and localization of
damage, facility in replacement of parts, ease in verification of
proper operation, etc.);

• performance of the support system which maintains
the system in condition to operate (availability of staff and
resources needed for maintenance, operating constraints).

Inherent Reliability Maintainability Maintenance Resources

Operating Availability

Figure 1. Synergy between System and
Support System

The operating availability target for the REP 2000 series is
a minimum of 87%. To reach this goal, an overall forced
unavailability allocation of 2 % is required, while the refueling

and maintenance outage duration should not exceed 25 days
(Cordier, Degrave, and Martin-Onraet, 1996).

2.2. Costs
The life cycle cost is linked on the one hand to the

acquisition cost of the plant and on the other to the cost of
operating and maintenance resources. The cost of dismantling
is integrated in the operating cost.

Design parameters such as reliability, lifetime of
components, type of spare parts, testability and maintainability
have a direct impact on operating and maintenance costs
(frequency and length of repairs). While there is a need for
greater safety, the per-kWh production cost of the future ElEP
2000 plants must not exceed that of the most recent "N4" plant
series.

2.3. Multiple interaction
Other constraints must also be considered, in particular:
• nuclear safety imperatives, which impose choices to

achieve specific objectives in environmental terms,
• application of radioprotection standards and the

objective of achieving a significant reduction in the doses
integrated by workers on site (annual radiation exposure goal :
less than 0,5 Men.Sv/unit/year for the nuclear island),

• constraints related to system operation, such as
refueling shutdowns.

These various parameters are interrelated (Meuwisse,
1995). Increasing reliability raises the acquisition cost of the
plant but lowers the frequency of maintenance tasks and,
thereby, the maintenance costs and dosimetry. The problem is
thus one of optimization. Figure 2 sets out the interaction
among these factors.

materials

Radio N /
^protection//

Men
efficiency j X

hours

inherent reliability
maintainability

testability

/

r
Radiation

lability,
™<w/r6me

Availability

J £ ? ? ! L cost of acquisition
delay bme support cost

t t

Figure 2. Multiple interaction



The impact of design choices on achievement of objectives
and on respect of constraints is therefore considerable. It may
be direct (through the RAM characteristics of the system), or
indirect, through system maintenance and support.

2.4. Consistency with the existing nuclear capacity
To optimize the availability/maintenance cost ratio in its

plants now in operation, while ensuring maximum nuclear
safety, EDF has generalized the use of the Reliability Centered
Maintenance approach. This process draws on methods widely
adopted in other industrial sectors, particularly that of
aeronautics (MIL-STD-2173, 1986, and MSG-3, 1989). It
involves:

• identifying the consequences of functional failure
modes of equipment (FMEA: Failure Mode and Effects
Analysis),

• characterizing these failure modes and attributing a
ievel of criticality on the basis of operating feedback from the
54 units (FMECA: Failure Mode Effects and Criticality
Analysis),

• using decision-support logic to select the most
efficient preventive maintenance tasks in view of their induced
costs (RCM),

• organizing the above analysis using a computer tool
especially developed by EDF; this tool provides the analyst
with aid in carrying out the analysis (for example, with a
generic «tree » breakdown of components), and a means of
documenting results.

The approach developed to account for maintenance of
future plants during their design phase integrates all the above
(FME(C)A, RCM, and the computer tool).

2.5. Phases of application of the method
While maintenance factors should already be considered in

the phase of conceptual design, the approach presented here
relates to a very specific period, from the end of the Basic
Design phase through the entire construction phase and the
beginning of the phase of commissioning (See figure 3).
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Figure 3. Phases of application of the method

The BD phase results in system architecture choices and
the definition of the principal components. Taking
maintenance into account at this stage has an impact on the
choice of technical and technological solutions, estimation of

future performance and on clarifying needs in terms of support
as well as technical requirements.

During the construction phase, both the technical
specifications and the maintenance needs are finalized.
Maintenance factors are considered in selecting components
and suppliers. A detailed maintenance and support plan is then
drawn up for the entire plant.

"Preparation for commissioning" is the period during
which the system and the equipment undergo tests to verify
their performance. In terms of maintenance, this is the phase of
validation of support resources.

3. THE CHALLENGE
It is indispensable to consider maintenance factors from

the design phase if one is to benefit from the freedom still open
to the designer, allow for simultaneous finalizing of the plant
and its support system, and avoid later changes in design which
are both difficult and costly.

3.1. Freedom open to the designer
At the beginning of the program, the designer is still free to

make choices as to the definition of inherent plant and
component performance (RAM) on the one hand, and the
definition of the support system on the other, such as the
maintenance organization or the nature of spare parts.

It is generally recognized that the major part of the life
cycle cost of a system is irreversibly engaged by decisions
taken during the design phase. The curve in Figure 4 illustrates
the impact of early decisions on overall life cycle costs.

'AofUfe Cycle Cost
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Figure 4. Impact of the phase in development of an
installation on its life cycle cost



The curve of real costs (actually spent) shows that while
studies are relatively inexpensive, the consequences of the
choices made, on the contrary, are extremely costly.

It is therefore very early in the program that the
"maintenance" function must be integrated in the assessment
and choice of technical options. The impact of a technical or
technological solution on future availability and costs must be
evaluated; this evaluation must be a decisive factor in the
ultimate choice or the search for an optimum trade-off.

3.2. Simultaneous finalizing of the plant and its
support system

"Support" is defined in relation to the principal element
involved (the plant), and therefore later than the plant itself.
Commissioning, however, requires that both the plant and the
support system be available at the same time.

Accounting for maintenance from the design phase enables
minimizing the time gap by conducting studies for both
simultaneously. This simultaneity in design prevents a
compounding of the time for development and finalizing of the
system with the time for development and finalizing of support
elements. It further guarantees an optimum match between
"support elements" and "equipment" because operating
constraints are allowed for. It is therefore indispensable to
integrate plant design teams closely in design of the support
system. Such concurrent engineering is essential to good
communication and efficiency in working groups.

4. THE METHOD
On the basis of the objectives defined during the

Conceptual Design phase, the problem is therefore
simultaneously and coherently to design a "system" which
meets certain performance specifications (a nuclear power
plant) and a "support system" with the needed resources.

A data base is a fundamental tool for this process. It ensure
a proper storage, use and reuse for each input and output of the
analysis (MIL-STD-1388-2A & 2B, 1984). Its structure is
conducted in close relation with the methodology defining
process, so that the data base is progressively filled during the
design phase (Rit, and Beraud, 1997).

4.1. In the Basic Design phase

4.1.1. Basic Design objectives. The reasons for
accounting for maintenance during the Basic Design phase are
(MIL-STD-1388-1A, 1983):

• to influence design choices. Design choices must not
solely be guided by technical considerations. Each possible
option has a different impact on the system's capacity for
support, and therefore on future availability and on

maintenance costs throughout its life cycle. One of the
essential goals of maintenance studies during the Basic Design
phase is thus to estimate these impacts and to confirm design
choices;

• to refine the maintenance concept developed in the
Conceptual Design phase. The initial concept clarifies later
maintenance options; it establishes maintenance strategies and
priorities for optimization, and distributes sets of maintenance
tasks into "levels" (repair location and resources required,
efficiency);

• to estimate the future performance of the
system/support system (availability, costs, etc.),

• to formalize support requirements in the
specifications for the system and its main components.

4.1.2. Phases of the method during Basic Design.
The procedure followed is illustrated in Figure 5:
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: Documentation
of results
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Documentation of results
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Figure 5. The method in the Basic Design phase

1. Analyze each of the technical options open to the
designers in terms of availability, resources and maintenance
costs. This will call for the methods and tools of the CIDEM
project (allocation, evaluation, data base) and for RAM and
RCM studies identical to those conducted for all French nuclear
plant series. If necessary, seek possible areas for
improvement, in terms of both RAM (especially
maintainability) and maintenance/support.

2. Base the analysis on experience acquired with
comparable equipment actually in operation. The method
involves definition of an equipment representative in



functional and material terms of the future equipment (an
equivalent "model"). This will require comparison with one or
several known components, which constitute the reference.

3. Document the results of the above analyses in the
"Basic Design file" (maintenance concept, future performance
of the chosen solution, specifications for the system and its
main components).

4.2. In the construction phase

4.2.1. Objectives in the construction phase. The
reasons for accounting for maintenance during the construction
phase are:

• to contribute to finalizing of the architecture and the
choice of equipment. The RAM targets and the maintenance
requirements figure in the equipment specifications and are a
criterion in their selection;

• to consolidate and optimize predicted support system
performance,

• to define a detailed maintenance and support plan, and
to identify the needed resources.

4.2.2. Phases of the method during the
construction phase.

illustrated in Figure 6:
The procedure followed is
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1. Continue to contribute to engineering, as in the Basic
Design phase, so as to analyze the technical solutions which
may be envisaged on this level of detail.

2. Integrate RAM performance and support requirements
in consultations with suppliers (component specifications).
This may involve including RAM or RCM studies and the
supply of the related support resources in the contract.

3. Contribute to selection of components, taking into
account the level to which the performance called for in the
specifications is respected.

4. Analyze available data on the future equipment so as
to identify operation, maintenance and support tasks applicable
to the system and its components.

5. Evaluate the performance achieved and seek optimum
maintenance and support solutions. This optimization is
indispensable, as the initial version of the plan is essentially
focused on the equipment in question. Re-evaluation is
therefore needed to consider the equipment in its environment:
other similar equipment, the system of which it is a part, the
plant series, perhaps the entire nuclear park.

6. Draw up a detailed maintenance plan based on the
final organizational decisions.

It must be underlined that these repeated analyses most
often merely involve updating previous analyses.

4.3. During preparation for commissioning
The objectives of accounting for maintenance during

preparation for commissioning are to fine-tune the tailoring of
the support system, identify any critical areas which may
remain and take the appropriate measures. The procedure
followed to meet these objectives is illustrated in Figure 7.

1. On the basis of the chosen maintenance organization,
the detailed maintenance plan and the system use hypotheses,
define quantitative needs in terms of human and material
resources and the schedule for their availability.

2. Identify critical areas in finalizing support elements
(problems of deadlines, manufacturing costs, technical
feasibility, etc.).

3. Take the appropriate measures to control the risks
identified.

5. IMPLEMENTATION OF THE METHOD

5.1. Keys to implementation
Three key points are essential to implementation of the

method:
• Specifications for all equipment must contain all

expected performance levels, including those related to
maintenance.

Figure 6. The method during the construction phase
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• During design of the system and its components, equal
importance must be given.to maintenance performance and to
purely technical performance.

• It is indispensable that maintenance considerations be
fully integrated in all other facets of the program/

5.2. Associated evolution
In the design phase, maintenance must be viewed as one

facet of system engineering. The fact of its being taken into
account by designers is an additional guarantee of good overall
coherence. Implementation of the method presented here,
however, leads to evolution in traditional working methods.

Maintenance demands the involvement of plant operators
and maintenance specialists during the design phase:
experience acquired with earlier installations and in the context
of real plant operation and maintenance is a major asset.

The approach presented here also implies an evolution in
the customer/supplier relationship: the industrial structure
around the project must be based on mutual understanding,
exchange of information, etc.

5.3. Management rules
Managing the "consideration of maintenance in the design

phase" is one aspect of managing the system engineering
process.

The same management tools are needed: scheduling,
management plan, development plan (in which the
"maintenance" component is integrated) and management
indicators (such as indicators on the efficient flow of
information).

5.4. Rules for implementation
The method requires appropriate "tailoring" in relation to

the concrete situation encountered. Proper tailoring has a
twofold benefit: first, it limits the number and type of studies
undertaken, and thereby has an impact on the exhaustiveness of
these studies.

5.4.1. Tailoring in light of the program. The first
problem is to know exactly what the target is. One must
analyze the assigned objectives, identify those most difficult to
meet, and adapt the scope of the project consequently.

The tasks envisaged must be compatible with the level of
knowledge of the system at the time they are undertaken. It is
useless and costly to undertake detailed analyses when the
technical definition of the system is as yet incomplete. The
percentage of probable subsequent changes is one key to good
tailoring of studies.

In particular, implementation of this method depends on
the schedule and the available resources. Scheduling
considerations are important. Tasks will have varying levels of
scope and detail in different phases of the program.
Furthermore, certain tasks lose their value if undertaken too
late. Resources are an equally obvious factor: implementation
of the method must be dependent on the available human and
financial resources.

5.4.2. Tailoring in light of potential return on
investment Any action undertaken must have a

measurable economic impact. There is no point in conducting
expensive studies if the expected return is minimal. The
available budget must be devoted to the most "high-yield"
activities.

5.4.3.Tailoring in light of the maintenance
concept The broad maintenance decisions will limit the

scope of studies to be undertaken. Except in certain cases,
there is no point during the design phase in defining a "detailed
maintenance and support plan" for levels of maintenance that
will be the responsibility of the builders.



5.4.4. Tailoring in light of the technical choices.
The nature and scope of tasks will vary depending on whether
they apply to totally new equipment, to existing but modified
equipment or to "off-the-shelf equipment. In the first two
cases, interaction is possible between maintenance and design.
In the case of off-the-shelf equipment, it is possible to act only
on the support system, particularly with respect to
maintenance-task decisions.

6. CONCLUSION
The method described here of integrating maintenance

considerations in the design phase corresponds to a real need:
to guarantee the best possible match between
maintenance/support and real plant operator needs when the
power generation installation is actually in operation. The
potential risks, widely recognized, are loss of control over costs
and inadequate plant availability.

It is a method which relies heavily on operating feedback
and expertise, and, more generally speaking, on experience:
that of maintenance specialists and experts in the equipment
involved. Technical mastery of the method requires a learning
period but is not difficult to acquire. Accounting for
maintenance and support during the design phase merely
requires the participation of experienced teams working in a
framework of concurrent engineering.
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