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SUMMARY & CONCLUSIONS Electricité de France is currently carrying out a project called CIDEM with the objective of integrating availability, operational feedback, and maintenance in the design of future power plants (especially nuclear power plants) in order to improve their profitability. The work reported in this paper was performed in the framework of the research part of the CIDEM project, managed by the R&D division of EDF.



The paper gives the modeling schemes we had to devise in order to take into account various dynamic features, along with an estimation of the corresponding errors. It also gives a quick description of the tools we use to carry out real studies : the FIGARO workbench, which enables the building of knowledge bases to automate the fault-tree construction, and the ARPO tool, to perform allocation, with two different methods.



The paper shows that the availability assessment of an electric power plant raises a number of specific modeling problems.



1 - INTRODUCTION



These problems are especially acute in the case of nuclear plants, for which safety procedures can affect availability.



The CIDEM project, which involves several EDF divisions, is aimed at developing a design process applicable to a future nuclear reactor (REP 2000 project), taking into account availability, doses, and maintenance cost goals.



In fact, a dynamic simulation model could easily take into account all the particular features of the plant operation. But the quantification of such models (which are not Markovian) necessarily relies on Monte-Carlo simulation, and thus is rather slow.



The Tender Design of this reactor, the nuclear island of which is a Franco-German design, began in February 1995, and is scheduled to be completed in 1997.



Computation times could still be acceptable for evaluation purposes. But in the design stage, we need to allocate the global objectives (in terms of availability, costs) to the main functions and/or components of the plant. If the system to be studied is a bit more complex than a simple series assembly of components (which means that the sum of the components' unavailabilitites is a fairly good approximation of the global unavailability), doing an allocation requires numerous evaluations. This makes the use of a simulation model totally unthinkable. This is why we have chosen to use only fault-tree models, in spite of the fact that they are essentially static models: they can be calculated in very short times, especially with the new generation of fault-tree processing codes, based on BDDs (Binary Decision Diagrams).



In connection to this, the CIDEM team of the Engineering & Construction and Generation & Transmission Divisions is in charge of the validation of the project options proposed by NPI, the designer, with regard to the design goals. In order to guarantee the coherence and rapidity of these validation activities, the R&D division has been working since 1993 on a project whose objectives are to develop methods and tools, including an information system. At the present time, the global process is not yet precisely defined, although a preliminary version has been proposed[1]. However, some (partial) problems have led to operational solutions. Availability assessment and allocation are among them, and this paper gives the solutions that we have chosen. It is organized as follows : - section 2 defines the scope of the paper, - section 3 lists the typical features one has to model when he wants to assess the availability of any power plant,
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- section 4 lists the additional features one has to model when he wants to assess the availability of a nuclear power plant, - section 5 is about reliability data, - section 6 gives a brief description of the tools we use. 2 - SCOPE This paper exclusively addresses the problem of forced plant outages due to random failures which occur during the normal operation of the plant. We neither consider planned unavailability, nor the transient stages of the restart, after a refuelling period. We only consider asymptotic availabilities. In this context, we call: - availability allocation the fact of assigning availability objectives to the components, such that the global availability goal for the plant is met, at a reasonable, if not minimal, cost. - availability evaluation the quantification of the plant forced unavailability as a function of the components' availabilities. Obviously, we need operational feedback data for both problems. In the case of allocation, it is necessary to rely on such data, in order to assign realistic objectives to the components. We assume that all components have constant failure and repair rates, for each failure mode (a component may have several failure modes, which induce different effects on the system). This means that for a given failure mode, with a failure rate λ, and a repair rate µ, the asymptotic unavailability equals:



λ λ ≅ λ +µ µ



if



λ 
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