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Abstract

To minimize the kWh cost of future nuclear plants EDF has decided to implement the CIDEM
project (French acronym for Design Integrating Availability, Operating Experience and
Maintenance), an analytic and systematic process for studying new projects.

The first CIDEM application is centered on the future French nuclear unit construction
program, known as the REP 2000 Program but the approach could be applied to other Reactor type.

The CIDEM studies at the beginning, were oriented to the issues strongly impacting the
availability. They have concerned: planned outages forced outages and preventive maintenance.
The studies were carried out by a team grouping engineers from the 3 EDF's Divisions (Engineering-
Generation-Research), ,and working together in a Concurrent Engineering- Mode. This team works in
close collaboration with the vendors and the German Utilities involved in the REP 2000 EPR
program.

The implementation of the CIDEM process constitutes for EDF a new approach to the study of
the new Nuclear Power Plant projects. The studies conducted in the availability field have already
high lighted a number of critical points and have made it possible to establish a series of
specifications for the REP 2000/EPR project. The integration in the design process of Preventive
Maintenance and Logistic Support studies will allow a better control of the maintenance cost. The
competitiveness of nuclear energy greatly depends on the success of such an approach.

1. BACKGROUND OF THE CIDEM PROJECT

Energy self-sufficiency is a major strategic need for France. The competitiveness of nuclear
energy relative to fossil fuel power is an essential goal for EDF. For future nuclear plants to remain
competitive, it is necessary to limit and even to reduce investment and operating cost, while keeping
safety at the right level required.

Considering its plant operating experience, the analysis of foreign practice and the development
of new design approaches and tools, Electricite de France (EDF) is convinced that it is possible to
improve new plant design, operation and maintenance without increasing investment costs too much.

To minimize the kWh cost EDF has decided to implement the CIDEM project (French acronym
for Design Integrating Availability, Operating Experience and Maintenance), an analytic and
systematic process for studying new projects, aiming at a design optimization including investment,
maintenance, availability and radiation exposure objectives [I].
This approach aims at a single goal : to minimize the kWh production cost incorporating investment
operation and fuel cost, based on experience from French and foreign units.

This process, already widely practiced in other industries or services (aerospace, defense,...),
uses concepts known by the acronyms RAM (Reliability, Availability, Maintainability) RCM
(Reliability Centered Maintenance) and ILS (Integrated Logistic Support).

The first CIDEM application is centered on the future French nuclear unit construction
program, known as the REP 2000 Program, particularly in the framework of the design studies of the
new French-German Nuclear Island (European Pressurized Reactor, EPR) but the approach could be
applied to other Reactor type or fossil-fired units in particular for its methodological aspect.

297



2. THE MAIN GOAL AT THE BEGINNING OF PROJECT

Based directly on EPRI/Utilities Requirements Document and on European Utilities
Requirements, a number of goals intended to maintain the overall costs of the future generating units
at a competitive level relative to the other generating modes were set for the REP 2000/EPR project.
These goals are :

-availability of at least 87%
-annual radiation exposure less than 0.5 Men.Sv/unit/year for the EPR nuclear island
-maintenance costs equal or less than those of current units.

To ensure that these objectives can be achieved, it was necessary to define and implement, very
early in the program, a design study process based upon :

-analyses of the operating experience from the EDF park, from foreign power plants, in
particular the German Konvoi series, and other nuclear industrial facilities,
-the techniques borrowed from maintenance engineering and from the field of dependability
studies (mainly reliability, availability and maintainability analyses on structures, systems
and components).
-an organization of the Concurrent Engineering type, bringing together specialists from the
different branches involved in the program.

3. A CONCURRENT ENGINEERING ORGANIZATION

The CIDEM studies are managed by a team grouping engineers from the 3 EDF's Divisions
involved (Engineering-Generation-Research), in charge of activities coordination, implementation of
some specific tasks (allocations definition, validation of results, writing up summary documents or
specifications). This team works in close collaboration with the vendors and the German and other
European Utilities involved in the REP 2000 program.

4. FIELD AND STUDIES AREAS COVERED BY THE PROJECT

The main contributors to kWh can be represented as in Figure 1.

Considering this representation and the main goals assigned to the project, the various fields of
CIDEM studies are oriented towards :

• Operating Experience analysis

• Availability analysis (forced and planned outages)

• Logistic Support

• Radiation Exposure

• O&M costs analysis

• Preventive Maintenance

• R&D needs.

Fuel Cost
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Figure 1 Contribution to the Generated Power
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5. RESEARCH AND DEVELOPMENT PROGRAM

The CIDEM approach calls for the development of methods (and related tools) in the
dependability, logistic support, radiation exposure and operation experience fields.

For this purpose, a 3-year research and development program has been implemented. The main
actions planned are :

• analysis of the approaches used in similar study processes,

• definition of methodologies and associated tools in the following areas:

-functional analysis and FMECA (Failure Mode, Effects and Criticality Analysis),

-reliability centered component behavior models,

-predictive radiation exposure,

-operating experience data processing software,

-cost models,

• definition of a Technical Information System for design and maintenance assistance,

• validation of these methods and tools by a feasibility study on a system chosen from a power plant
in operation.

6. OVERVIEW OF THE STUDIES

The CIDEM studies for the REP 2000 Program were started at the beginning of 1993. A
number of results have already been obtained in the various fields covered by CIDEM. The most
significant results have been obtained in the availability field [1] , [3].

6.1. Availability studies

For Utilities, the availability improvement of Nuclear Power Plants in project or in operation is
a key goal to ensure their competitiveness.

6.1.1. Main causes of unavailability

The main causes of unavailability for a Nuclear Power Plant are (Figure 2):

• forced outages during operation,

• planned outages for refueling and maintenance,

• outage extensions for works or unplanned events.

SOOftWseries 13C0WWseries

[B Planned Outages • Forced Outages •Outages Extensions |

Figure 2 Main cases of unavailability
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This last case is not yet studied in the frame of the CIDEM Project.

6.1.2. The different steps of an availability study

Goal fixing

The first action consists in fixing a global availability allocation (plant in design phase) or an
availability improvement objective (plant in operation) to reach. This allocation depends on the
general technical-economical objective fixed at the outset and refers to the Utilities' requirements
(EPR/URD, EUR...).

Operating Experience global analysis

Any availability study starts with an operating experience feedback global analysis of
performances of current plants :

• of the plant itself, when the study concerns an operating plant,

• of close design plants, when the study concerns a new designed plant,

This analysis aims at emphasizing the main causes of unavailability and to guide the studies.

Example of diagram obtained by operating experience global analysis

Special studies:
Depending on the critical point shown by the operating experience feedback analysis, special studies

are then realized :

either in the field of forced outages

• or in the field of planned outages analysis.

To start these analyses, partial allocations to the main contributors are defined at this step.

These detailed analyses allow drawing up a list of design arrangements (for next plants) or
modifications (operating plants).

6.13. Availability assessment

The CIDEM Project group has developed a calculation method for assessing, in a simple and
user-friendly manner, the availability of a nuclear power plant.

This method allows taking into account the main causes of unavailability : forced, planned,
extensions.

It allows calculating three kinds of unavailability :

• the theoretical availability which represents the maximum technically achievable, and does not
consider any outage extension,

• the target availability, which, in addition to the theoretical availability, takes into account outage
extension for special works,

• the realistic availability, which, in addition to the target duration, considers unplanned events
encountered during the outage. This availability is used for cost assessments.

Method

The method consists in assessing an average availability on a 10 years operating period in order
to take into account all kinds of unavailability : forced outages, planned outages including 10-year
regulatory inspection and outage extensions.
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The yearly availability of a plant can be expressed as below :

100
D = 100-f —(71 + 12 + K.B + I5 + I7) + I4 +16\ •

U0 V ; 7 8760
with :

11 : reference duration of refueling outage including the 10-year inspection activities in hours (from
breaker to breaker)

12 : reference duration of refueling outage including the turbine-generator overhaul in hours (from
breaker to breaker)

13 : reference duration of a normal refueling outage in hours (from breaker to breaker)

K : number of normal refueling outages in a 10 years operating period depending on the fuel cycle
length.

14 : yearly forced outage in hours

15 : total unavailability, in hours, for special works

These special works include modifications (on systems or components) or major components
replacement (for example Steam Generators).

16 : yearly unavailability, in hours, for starting and tests

17 : total unavailability, in hours, for outage extension

These outage extensions include organization problems as unavailability of resources or tools,
or miscellaneous events.

6.2. Forced outage studies

The purpose of forced outages studies is to identify the critical systems or components
responsible for shutdowns of the plant, to propose design modifications and to assess their impact on
the global availability.

The general methodology implemented is very close to the RAM (Reliability, Availability,
Maintainability) approach applied in various industries, Armament, Aeronautics, Chemicals, but
rarely used until now in nuclear power field.

6.2.1. Methodology

The methodology implemented is in 4 steps :
• operating experience feedback analysis, critical systems or components identification and ranking,
• design modifications proposal and quantitative assessment of their impact on the availability
• drawing up of related requirements for design modification

15:
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Figure 3 Unavailability Factor of EDF's Current 900 MW and 1300 MW Units
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Operating Experience analysis

This analysis uses the statistical data bases of the operator or the designer. Figure 3 presents a
diagram resulting from the analysis of data bases concerning EDF's current 900 MW and 1300 MW
series.

The values obtained by operating experience analysis will serve as a basis for the definition of
the forced unavailability partial allocations of the main systems, to reach the overall allocation of 2%
per unit and per year as early as the first years of service. This is an aggressive goal for the French
units, but one which is currently reached by some foreign units. The detailed analysis of the data
bases enabled the main systems and components responsible for the unavailabilities to be ranked.

The main contributors are the main generator, valves, steam generators, the main steam turbine
and I&C. In fact, the analysis shows that 9 systems or components are responsible for nearly 2/3 of
the forced unavailability of the 1300 MW units. This analysis clearly allows the critical contributors
identification and ranking (Figure 4).

Unavailability
(hours)
Cumulative Forced
Unavailability (%)

Figure 4 Unavailability Factor of the main contributors

The next step is to specify the characteristics of these critical items in term of reliability and
maintainability. A software was developed to extract from Operating Experience data bases reliability
parameters as Failure Rate (X), Mean Time To Repair (MTTR, p.).
These parameters are used first to give a qualitative estimation of their impact on the forced
unavailability. Figure 5 gives an example of such a detailed analysis of the EDF's 1300MW series
main generator.

Design modification proposal

The previous analysis allows proposing design modifications of critical systems or
components. As an example, these modifications can be :

-addition of redundancies in some parts of systems,

-reliability improvement or change of type of components,

-decrease the MTTR by arrangements to facilitate the maintenance of the most critical components.
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Figure 5 Unavailability Factors of the Main Generator (components) of an EPR 1300 MW

Quantitative assessment

The impact of these modifications is assessed with reliability tools, based on the Fault Trees
method. The reliability data are taken either in Utility's or International data bases when components
are similar to those of current plants or if not, elaborated with new techniques as the Bayesian
approach (based on experts judgment modeling).

EDF has several detailed reliability data bases used for their own Probabilistic Risk Assessment
(PRA) or Reliability Centered Maintenance (RCM) studies.

6.2.2. First studies implemented

A series of studies on an existing system benefiting from a significant operating experience was
undertaken. The 1300 MW units "Feedwater" system was selected. These studies confirm the
operating experience : the critical components in this system are the feedwater flow control valves.

A sensitivity study was also conducted to assess the influence of different system designs on
the availability of the feedwater system. The results were used for the definition of the new design of
the future Nuclear Plant Feedwater system.

6.3. Reliability Availability Maintainability specifications

AH the availability and reliability studies previously conducted will result in a number of
specifications which will have to be incorporated into the main components purchasing contracts.
These specifications are the logical issue of systems availability analysis.

This approach constitute a new kind of relationship between the Utilities and the vendors.
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Goals
The main goals of these specifications are :
-to define the components availability allocations to reach and the related test means

-to specify the vendors' liability regarding these allocations

-to quantify the maintenance activities in order to control the kW.h cost

-to implement a close collaboration between all those taking part in the project, designers,
vendors, operators, as early as possible (concurrent engineering).

Methodologies implemented

The RAM specifications drawing up use some well-tried methodologies in high tech industries
as :

-Functional Analysis to make a complete description of the various functions of the
material,
-Failure Mode Effect Analysis (FMEA) to assess the influence of the failure of the main
components on the availability of the different functions.

Structure of specifications

General specifications (applied to any kind of components): they aim at specifying the main
Utility's requirements as component availability and reliability assessment, maintainability studies
and definition of logistic support elements.

Special specifications : they specify for the main components the mode of application of the
general specifications, and quantify partial allocations.

First application

EDF has run an investigation in this area and has conducted a first study on the main turbine
and generator.

A first set of General Requirements of the Reliability, Availability, Maintainability has been
drafted. A second study is under way to draw up RAM requirements sufficiently general to be
applicable to most components.

6.4. Refueling and maintenance outage studies

The EDF Nuclear Operation Division organizes the planned maintenance operations around 3
types of outage:

-normal refueling outage

-refueling outage including general turbine inspection (every 5-6 years)

-refueling outage including the 10-year inspection activities.

For outage studies on current or new designed plants, EDF has defined 3 kinds of outage
duration:

-the reference duration, maximum technically achievable by the design of the plant,

-the target duration, which, in addition to the reference duration, takes into account some
additional works (as the replacement of heavy components or modifications)

-the realistic duration, which, in addition to the target duration, considers unplanned events
encountered during the outage (organization problem, failure of components or tools e tc . ) .

Figure 6 shows the relative importance of these 3 kinds of duration for EDF's current plants of
the 900 and 1300 MW plants.

In the framework of the CIDEM Project oriented towards future plants, the studies will be only
centered on the reference duration which is directly linked to the design of the plant.
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6.4.1. Methodology for a refueling outage study

The general methodology for refueling outages study, either for a plant under design or for an
operating plant, is to build up a schedule including the different phases of the physical process (i.e.
cooling, purification), the handling works (i.e. vessel opening, core unloading) and the maintenance
activities (i.e. inspection and control of safety trains ...).

The aim of this schedule is to provide the shortest critical path technically achievable by the
plant, taking into account the design options, the Utility's maintenance policy and the regulatory
constraints.

MAIN PHASES OF A REFUELING OUTAGE

The 4 main phases of a refueling outage are :
-the shutdown and core unloading phase,
-the maintenance and works phase,
-the core reloading and startup phase,
-the power increasing phase.

Figure 7 presents the relative importance of these different phases for the French 1300MW
series, the German KONVOI series and for the European Pressurized Reactor project.

6.4.2. The EPR Refueling Outage study

The specifications of the EUR (European Utilities Requirements) and those of the EPRI
recommend an outage duration for PWR units not exceeding 25 days. In the frame of the EPR
(European Pressurized Reactor) very detailed comparative studies of the French and German
operating experience were conducted and resulted in a refueling outage schedule of 19 days (from
breaker to breaker). The related requirements, allowing one to reach this objective, were drawn up by
the EDF and the German Utilities involved in the EPR and sent to the designer, NPI(Nuclear Power
International).

A simplified schedule is presented in the Figure 8.

OUTAGE TOTAL DURATION
(breaker to breaker)

COOLOOWN-RCS OPENING-REACTOR CAVITY FLOODING

ftCCA DISCONNSCTlON-FUEL UNLOADING |

REACTOR CAVITY DRAIMNG-SG VISIT-CAVITY FLOODING

INSPECTION AT RPV NOZZLE LOW LEVEL

RCCA RESHUFFLING i. FUEL ELEMENTS CONTROL

MAINTENANCE & REQUAUFICAT1ON OF FIRST TRAIN

PARTIAL MAINTENANCE OF SECOND TRAIN

PARTIAL MAINTENANCE OF THIRD TRAIN

PARTIAL MAINTENANCE OF FORTH TRAIN

FUEL RELOADING

RESTART OF THE PLANT (UP TO CONNECTION TO THE SR1D)

S3

53

198

60

SO

47

102

243

Figure 8 EPR Refueling Outage Schedule
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6.4.3. Other EPR planned inspections

Turbine-Generator overhaul

The studies are not yet completed. Two scenarios are presently studied :

-general overhaul of the turbine-generator every 5 to 6 years,
-breakdown of the inspection of the generator and the turbine cylinders on each refueling

outage.

Some other investigations are performed to optimize the handling and maintenance facilities.
The related requirement will soon be provided.

10-Year Regulatory Inspection

The scenario proposed for the 10-year regulatory inspection outage of the EPR units uses the
schedule of the shutdown and start-up phases adopted for the refueling outages.

The schedule of the works common to all these types of inspection (particularly maintenance
and testing of switchboards adopted for the refueling outages) has also been reused.
For the other phases of inspection, works, testing (reactor coolant system hydrotest, containment
pressure test), in the first analysis, the reference schedules for the 10-year inspection outage of 900
and 1300 MW French units have been adopted. The allocation for the EPR project is 49 days.

6.4.4. EPR availability assessment

Table I summarizes the main assumptions fixed for the availability assessment of the
REP 2000/EPR project. These assumptions take into account the current practices in EDF.

Table I EPR's Main Assumptions

Unavailabiities

10-year inspection

Turbine overhaul

Refueling outage

Yearly forced outages

Outage extension for special works
- 10-year inspection
- turbine overhaul

Start-up and tests :

- start -up( by outage)
- yearly tests

Outage extension :

Data

49 days

34 days

19 days

2%

19 days
9 days

24 hours
20 hours

8 days

Table II Three Operating Cycle of EPR

Fuel cycle length
(months)

12

18

22

Theoretical
Availability

91,6%

93,2%

93,8%

Target
Availability

89,1%

91,5%

92,3%

Realistic
Availability

87,1%

90,2%

91,2%

307



Based on the hypotheses defined above, three cases corresponding to operating cycles of 12,
18, 22 months were investigated. The results are given in Table II.

6.5. Logistic Support methodology

The purpose of this methodology is to provide for systems the best balance between cost,
schedule, performance and supportability.
For the future nuclear project, EDF has decided to engage an approach based on such a concept. It
will be based on methods and standards adapted to the nuclear plant design. A detailed presentation of
this approach is given in reference [2].

Early in the project, the CIDEM team engaged three actions :

-to define a list of main support element for a nuclear plant
-to define the methodology
-to apply during the development the methodology on a well known system to validate it.

• List of the main support elements

These elements represent an important cost and need perfect control of the related information.

These support elements are Maintenance Plan, Technical Data, Personnel Certification and
Licensing, Tools & Test Equipment, Supply support, Computer Resources support, Packaging,
Handling, Transportation and Storage, Facilities.

Current
nuclear
plants
data

Logistic
Support
Data
Base i

FUNCTIONAL
ANALYSIS

i
SYSTEM

DEFINITION

- objectives
- availability
-costs

±
RAM
RCM

critical •
not

' critical1
PREVENTIVE

MAINTENANCE
PROGRAM

CORRECTIVE
MAINTENANCE

PROGRAM

I
MAINTENANCE PLAN

& TASKS ANALYSIS

mm
Support elements:
definition of needs

EVALUATION

(doses,
costs,

availability)

Figure 9 Logistic Data Bases of the Main Support Elements
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• Methodology

The first studies implemented by EDF consist in defining the structure of a logistic data base
which contains the specifications of the support elements.

The structuring of the data base in the project is a fundamental step for the process as shown in
the Figure 9.

It is conducted in close relation with the methodology defining process, so that the data base is
progressively filled during the design.

• Application to a System

The system chosen by the CIDEM team was the CVCS (Chemical and Volume Control
System) of the EPR project. A RCM data base concerning this system is yet completed.

6.6. Next studies

The first studies carried out by EDF tend to prove that from a technical standpoint, the initial
availability objective of 87% can be raised to 90%. On the other hand, the preliminary maintenance
studies show that it is possible to control, even to decrease the maintenance costs by implementing the
methodologies described above during the design process.

The next steps of the CIDEM studies will be :

-to perform a functional analysis on all critical systems of a REP 2000/EPR unit,
-to apply during the detailed design the RCM method on systems important for safety

availability and cost, to define the first maintenance plan

-to build up a general program to optimize all spare parts and to integrate this program in the
logistic support studies,

-to improve the unit management configuration,

-to continue studies on other support elements (training, tools, facilities, storage).

-to build and to operate a logistic data base on the REP 2000/EPR.

7. CONCLUSION

The implementation of the CIDEM process constitutes for EDF a new approach to the study of
the new Nuclear Power Plant projects.

The studies conducted in the availability field have already highlighted a number of critical
points and have made it possible to establish a first series of structuring specifications for the REP
2000/EPR project.

The integration in the design process of Preventive Maintenance and Logistic Support studies
will allow a better control of the maintenance cost.

The competitiveness of nuclear energy greatly depends on the success of such an approach.
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