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1. INTRODUCTION

The safe and efficient operation of old reactors to produce electricity is a major issue of the
nuclear countries. After about fifteen years, the modernisation of I&C systems is a question
without correct answer. Each reactor has its own needs and generally a plant operator
proceeds to a partial replacement. The replacement of the whole I&C system is neither a
realistic nor an economical solution.
The modernisation of I&C systems is a general issue for all types of reactors and becomes
more crucial due to the situation of the first generation of high power reactors. The first low
power reactors (typically below 100 MW) have been shutdown with only limited
modernisation of the original I&C system. These reactors were considered not profitable
compared to the new powerful reactors. The first high power reactors are between fifteen
and twenty years old and their operation is a top priority due to the importance of their
production economywise.
The case of Eastern Europe reactors is of particular interest. The countries operating such
reactors have built them in an economical context which is completely different from the to
day situation. Due to the amount of the investment to build a new plant and the economic
situation, it is essential to maintain the reactors in operation as long as possible.
Throughout the vision of an equipment supplier, this paper gives a short analysis of the
problems induced by the modernisation of the I&C systems.

2. I&C MODERNISATION : GENERAL CONSIDERATIONS

2.1. Characterisation of modernisation

A modernisation of the I&C system of a NPP should be considered as different and more
complex than designing such a system for a new plant. The specific points which make the
modernisation different are the following :

• the pieces of equipment become aged at various rates
• the modernisation covers only some parts or components
• the design of a new equipment has to take into account the parts which have to be kept

without modifications
• the technology available for I&C systems has considerably changed from the original

implementation.
• the decision for modernisation is taken by the utility and not by the general designer.
• the standards and safety requirements should be higher than those which were used

for the original implementation.
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2.2. Particular situation of the WERs

The motivation for modernisation the I&C system are well known :
• it becomes difficult to find spare parts : the original supplier sometimes has

disappeared
• the operating time for equipment is elapsed : the original specification from the supplier

requests to change the equipment after a limited time of operation.
• it is generally admitted that some safety improvements should be implemented : for

example to insert a third train to shut down the reactor instead of two like today's
situation.

The particular case of WER's concerns the economical and political situation. The
important modifications which occurred in the last ten years make the plant operator more
independent from the original supplier. A clear tendency shows that plant operators prefer
to seek a western supplier to benefit from a proven and modern technology associated
with well adapted financial conditions.

A fully trained personnel has been provided for maintenance by the plant organisation in
order to perform all maintenance operations, including the replacement of elementary
components. This personnel has a perfect understanding of the existing system, even if
the technical documentation could be incomplete. That typical situation for WER implies
that the role of the personnel of the plant is of a particular importance.

2.3. Objectives for modernisation

The objectives of modernisation are fundamentally imposed by the plant operator : as an
economic actor and as responsible for safety his requirements are the following :

• To maintain the plant production at the best level of availability. That implies to reduce
the duration necessary to shut down the reactor for modernisation.

• To improve the safety level of the plant.

• To optimise the economic conditions for modernisation. It means that the costs for
modernisation have to be as low as possible. But these costs have to cover not only
the equipment itself but also all the services which are necessary to achieve the correct
operation of the new system.

• To obtain the best plant operation after modernisation in terms of availability and
safety. This requirement involves the best design and manufacturing of the new system
which are conditions to avoid spurious trips and assure a totally safe operation. The
importance of the experience for the new system is evident.
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2.4. The particular case of safety systems

According to the international classification of systems, the safety systems concern the
equipment used to avoid the reactor to work in abnormal conditions or to mitigate the
consequences of an accident in any situation. Then the safety systems are fundamental for
a safe operation of the plant. The functions of these systems need the maximum level in
term of design quality, manufacturing quality, all being covered by a specific quality
assurance program, and this also covers the qualification issue.
This specific aspect of safety system induces that they are separated from the other
conventional I&C systems. The industrial products are inappropriate to fulfil the safety
requirements, and all the major suppliers propose a specific technology for these systems.
An important point regarding the safety system concerns the functional requirements which
were originally defined by the reactor designer. Any modification has to be processed with
respect to the original design, and the differences have to be analysed.

3. THE STRATEGY FOR MODERNISATION

3.1. Approach to the problem

The plant operator has to define the limits and the conditions to modernise the reactor
according to the situation. He has to choose his strategy between two limits : the upper
limit corresponds to a full modernisation with a modern technology, and the lower limit
which concerns the replacement of an equipment with a modern one but compatible with
the existing one. The main criteria are economic considerations and, as it was said, they
take into account not only the cost of the equipment itself but also the loss of production of
the plant during the modernisation work.

3.2. Full modernisation in one batch

This strategy consists in a complete modernisation of the whole system at the same time.
This upgrading gives a modern and homogeneous system. When the whole system is
changed, it is easier to achieve compatibility and interfaces between all the pieces of
equipment because the supplier defines interfaces by himself. That is the better way for
small installations. In the case of power reactors with many circuits, systems and
components, the one batch strategy is quite more difficult because of the size. The costs
involved in such projects are high and practically impossible to be paid off. In that strategy
the intensity of the effort to be accepted in a short period is also a great difficulty and the
risk is very high.

3.3. Step by step modernisation

The principle of this strategy consists in a partial replacement of the system, limited to
some pieces of equipment at the same time. The modification is implemented only during
the refuelling outages. Then the modernisation lasts several years, with a limited financial
effort for each modification. This way induces higher complexity due to the necessity to
adapt the new equipment to the existing situation which is not the same at each campaign
of modification.
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One important aspect of the step by step modernisation concerns the specification of the
new equipment. This strategy keeps the major part of the original structure of the
equipment. The licensing and validation problems are more simple due to the limited
modification which consists in technological upgrading compared to the original
requirements.

Particular attention shall be paid to interface and cabling aspects at each step of the
modernisation program. That is a rather complex problem which has to be completed with
a combination of site knowledge and good engineering practice.

The supplier has to propose a complete service to follow-up all the stages of the plant
during a long time. His technology should be quite flexible and has to accept easily
modifications.

3.4. The most frequent practices

The modernisation of oldest NPPs begins to be an actual problem. Some equipment has
been changed on some reactors. The general situation shows that the modernisation is
essentially done step by step.

Only some examples for small reactors concerns the one batch modernisation.

4. SUPPLIER'S ROLE

A supplier is asked for providing the plant operator with equipment and services and the
main points are the following :

• The buyer expects a modern, well proven and experienced technology with a
qualification level adapted to the licensing process.

• Should the supplier come from a foreign country, it is prefered or even requested that
the local industry participates to the project.

• The supplier has to give a complete service from the general design up to the
equipment site operation. This includes all aspects concerning schedule, quality,
responsibility.

• The buyer will focuses on economical aspect. This concerns the price level and the
financing support.

• The supplier has to be committed to deliver services such as assistance , spare parts ,
maintenance on a long term basis typically 20 years or more.
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5. THE SCHNEIDER'S EXPERIENCE

5.1. The technological offer

The Schneider group is one of the most active industrial company in the field of the nuclear
safety systems. His references cover various type of reactors including new reactors and
retrofitting of old reactors.

5.2. References on new reactors

In co-operation with EDF and Framatome, Schneider has designed and manufactured the
Digital Integrated Protection System of the twenty 1300 MW reactors and all the safety
systems for the four new 1450 MW type PWR reactors. The Schneider technology is
chosen to equip the new Chinese PWR reactors in Qinshan and Ling AO.
Nowadays, more than 100 reactors operate with Schneider safety systems all over the
world.

5.3. References concerning modernisation of reactors I&C systems

Schneider has upgraded the complete I&C system of a 70 MW research reactor with its
digital technology including safety technology, programmable controllers and computers.
Each equipment of the system is linked to the others through a local area network.
On the WER type reactors Schneider performed with EdF and Russian organisations
(namely AEP-StP, Hydropress) the basic design study to modernise the safety systems for
Kola 440-V213 type reactors.
Schneider has delivered a new generation of Source Range Channels for a partial
modernisation of safety systems of Kozloduy WER-440MW reactors.
Lately, Schneider won the international tender to modernise the Nuclear Instrumentation
Systems on six reactors of the first 900 MW French reactors programme.

6. SCHNEIDER'S POINT OF VIEW

The Schneider technology is fully applicable on all types of safety systems and this is
shown through its various references.
Due to a great experience in the field of digital safety systems, the Schneider technology is
particularly well adapted to modernise the safety systems by keeping the original Russian
design. The equipment supplier has to bring to the plant operator a solution to facilitate his
problem of modernisation : limitation of design effort, simplification of licensing issues, fast
implementation design and on site work.

A modernisation project shows a major risk for the plant operator. The level of the risk
directly depends on the size of the modernisation which is made at the same time. It is
clear that a step by step modernisation is the best way to reduce the risk and to guarantee
a success of the project in the due time. The role of the plant operator is fundamental in
term of organisation. As it was said, a step by step project implies a longer time and
consequently a greater effort to organise and co-ordinate the intervening companies.
Generally, the plant operator has the support of an engineering company to manage the
project.
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The best way to drive the project is to split it in phases with a methodical progress :
Typically, seven phases should be identified . Each phase involves specific activity and
responsability.

Phase 1 : Definition of the strategy and the project organisation. This is really a problem at
the top management level with a major question : how to manage the way to success ?
Who will be in charge of the project responsibility ? Is it possible to transfer the whole
responsibility to an external partner ? The different cases, as observed, show that the plant
operator with his Engineering organisation has the full management of the project.

Phase 2 : Engineering of the modernisation project. This phase is probably the most
important because it defines the conditions to guarantee a full technical success of
modernisation. It involves the safety analysis, the full understanding of the functional
requirements, the clear definition of the principles for modernisation, the general design
rules. The problems appear when the technology for example the computer, the
communication links and the display devices in the control room are different from the
existing ones. The new design cannot be a simple adaptation.

Phase 3 : Identification of the pieces of equipment to be modernised or upgraded. This
phase concerns many aspects including the sensors; actuators, cabling and the equipment
itself. A perfect knowledge of the plant situation is compulsory. The plant operator has the
major role during this phase.

Phase 4 : Specifications for equipment. This phase is rather critical because it needs high
level of skills and it depends on the completion of the phase 2. Nevertheless, it is possible
to consider two different cases according to the work program. If the plant operator want to
keep the original design and functional requirements, the specification phase will be
simple. If the objective is to modify some requirements then this phase will be more difficult
in term of documentation and validation. The reasons to modify the requirements must be
strictly imperative and justified by a safety requirement.

Phase 5 : Selection of prime suppliers . The whole project is generally split in a limited
number of items, each of them being under the responsibility of a prime contractor. The
selection has to take into account the technical quality but also all the aspect related to
economic conditions including the prices, financing, participation of local industry.

Phase 6 : Project execution with detailed design , manufacturing and qualification. This
phase has to be considered for each of the items. The major aspect concerns the
organisation and co-ordination. The local participation is important and brings the
necessary skills related to manufacturing, cabling, site implementation, qualification and
validation. Theses aspects imply to set on a project management program between the
plant operator, the general engineering and the prime contractor.

Phase 7 : on site implementation, erection and putting into service. This phase has to be
considered as independent from the others because it governs the duration of the work on
site, and consequently the risk for loss of production in case of delay. The success of this
phase depends on the quality of the preparation done in the previous phase.

-204-



7. CONCLUSION

The modernisation of I&C systems is a more complex operation than the one
corresponding to a new reactor system implementation. It implies a greater level of
organisation, strong skills and site knowledge. The role of local partners is of particular
importance.
To day, no full modernisation project has started on an operating reactor. Only a partial
and step by step modernisation is considered as economically justified.
The Schneider group with his strong experience in the field of safety I&C systems is one of
the major company able to offer a complete solution to modernise the WER type reactors.
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