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Abstract

Since 1992 Electricity de France EDF and German Utilities GU work together with Nuclear Power Inter-
national NPI, a subsidiary of Framatome and Siemens, in the development of the future European Pressurized
Water Reactor EPR. The EPR is an evolutionary concept, based on the French N4 plants and the German
KONVOI plants. From the beginning, experienced operation and maintenance people from the precursor plants
participate at the design process. Their experience will lead to a plant, which is not only characterised by low
investment costs, but also by good operability, high availability and low operation and maintenance costs. No
expensive back-fittings should be necessary after commissioning, to reach these availability and maintenance
targets. The utility specialists give design requirements for outage performance, system design, and layout. These
design requirements are really determining the system performances, and not what was design basis before. It
does not necessarily lead to system increases. Mainly it is a shifting of the emphasis to other items. There are
even cases, where the system performances can be reduced. Mostly very small modifications, which are nearly
cost neutral when implemented early in the design, have big impact on the further operation. If there are big cost
influences, a sound balance between investment and gained availability is made together with the designers.
There is very fruitful discussion between designers and operators, which is highly estimated by both sides. In this
frame also new, revolutionary ideas are coming up, which are going mostly in the direction of investment cost
reduction, without loosing operation freedom. It is the first time in Europe, that designers and operators are
working so close together. It is also the first time, that the management and the decision making is dominated by
the utilities.

1. INTRODUCTION

Since 1992, Electricite de France EDF and German Utilities GU work together with Nuclear
Power International NPI, a subsidiary of Framatome and Siemens, in the development of the future
European Pressurized Water Reactor EPR. The EPR is an evolutionary concept, which is based on
good practices and designs in France and in Germany, combined with enhanced safety features. Also
new ideas are implemented, where weak points are identified. The recent precursors are the French
N4-plants and the German KONVOI plants. The economical success strongly depends on high avail-
ability, combined with low operational and maintenance costs. These targets must be in a sound
balance with the investment.

After commissioning of the current plants, the utilities made big efforts in terms of modifi-
cation of system design and implementation of new practices, to enhance availability and reduce
operation costs. The vendor companies were de-coupled from this post-erection process and have only
little experience in the field of operation and maintenance. Indeed, this double process, first
construction, then stepwise improvement during commercial operation is not the most effective way
to save costs. All retrofitting measures including loss of availability had to be paid by the utilities and
it lasted several years to reach good results in time availability.

For the EPR, the intention was to implement the operator experience from the very first begin-
ning of design, to avoid any wrong investment and to implement beneficial features. From EDF side, a
special working group - CIDEM (French acronym for Design Integrating Availability, operating
Experience and Maintenance) - was founded. All members of this group have practical maintenance
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and operation experience and participate at the EPR working groups. From German Utility side,
operation and maintenance people, outage planners from operating plants work close together with
CIDEM and participate in the most important EPR working groups, like system design and layout.
These French and German operation engineers issued requirements for outage and operation, which
are the basis for the design of the EPR. It came out, that French and German Utilities have nearly the
same thinking. Their harmonisation process was easy. Due to their common position, they had, and
still have, a big influence on the technical options taken in the EPR project.

2. FIELDS OF IMPLEMENTATION OF OPERATOR EXPERIENCE

2.1. Reduction of unplanned unavailability

2.2. Reduction of planned unavailability - outage reduction

2.3. Reduction of investment costs by proper system design and layout

2.4. Optimisation of the operation and reduction of operation costs

2.5. Optimisation of the maintenance and reduction of maintenance costs

2.6. Dose reduction, implementation of the ALARA principle

In the following chapters, examples for each field are given. It is impossible, to describe the full
scope in a short way.

2.1 Reduction of unplanned unavailability

2.1.1 General

Unplanned unavailability means reactor trips or power reductions and the duration when less or
no energy is produced.

2.1.2 Limitation system

The comparison of reactor trip occurrences and their induced plant unavailability in France and
Germany showed, that there was a clearly identified advantage to introduce the German concept of
limitation in a new plant design. This limitation system is acting with staggered measures in addition
to the controls in order to avoid when possible to reach the protection set points and to avoid reactor
trip actuation. The today existing German limitation system has been analysed in detail by the French
and German engineers and an optimised set of functions has been retained based mainly on the
feedback of experience.

2.1.3 Degree of automation

The degree of automation has been fixed by comparison of the French and German existing
solutions. All elements, which have influence on availability will be automated in the future EPR
(e.g.: automatic start of the third main feedwater pump when required, automatic start of main
condensate pumps).

2.1.4 Fixed in-core instrumentation

KONVOI plants are equipped with a permanent in-core instrumentation, the N4 plants have a
very accurate movable in-core instrumentation with long time response and rely on a less accurate ex-
core instrumentation. With the fixed in-core measurements, periodically calibrated by the movable
aeroball system, the on-line core surveillance can be more precise. Therefore, the operation restric-
tions can be reduced ( e.g.: PCI constraints ) and the required operation margins to protection actions
can be optimised. Operation gets easier and the risk to act a core related protection is reduced.
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2.1.5 Digital I&C - Computerised control room

The French N4 plants are equipped with digital I&C and a computerised main control room.
The latest German plants are still based on hardwired technologies. The new French concept gives
advantages in terms of plant surveillance, better overview of the operators, faster capability to restart,
more flexible use of computerised procedures, more freedom for automation, more flexible man
machine interface. The good French experience is implemented in the EPR.

2.1.6 System design - Nuclear island

The degree of redundancy of operational systems, which are important for availability, was
questioned. A typical example is the number of coolant evaporators. French plants have two units, in
Germany there is only one. The good field experience in GU plants showed, that only one unit is
sufficient, but the active components like pumps and control valves should be doubled.

2.1.7 System design - Conventional island

The Conventional Island is, up to now, separately developed in France and in Germany. Never-
theless in each country the operation teams have also strong influence on the design. Major point is
here also the degree of redundancy to be provided for systems and components which are important
for availability. A good example is: how many main feedwater pumps to implement? On coal-fired
plants, the trend is to have 2 x 60 % pumps with capability for overload, that means one pump for a
certain time up to 80 % with speed control. Experience in nuclear power plants shows, that there were
several cases, where the 3 x 50 % design avoided power reduction and partial trip. Considering the
big sizes to implement for a 1750 MWe unit, the today solution for EPR is 4 x 33 %. So far, pumps
which are in operation today, can be used.

2.2 Reduction of planned unavailability - outage reduction

2.2.1 General

The outage duration is the main contributor to the overall plant unavailability. Former general
maintenance outages had a duration of about 30 days. In the last years, the KONVOI plant succeeded
in outage reduction with maintenance down to 15 days. This reduction has been performed with
modification of systems, tests, practices. There was no reduction in plant safety.

Several French CIDEM specialists participated in these outages. Together with the German
outage planners, a general time schedule for EPR was developed, which is the basis for the EPR
system design. In addition, a set of operator outage requirements has been fixed. The outcome was
that these requirements are really driving the system performances which was not the case for the past
designs. In some cases, the system performances could be even reduced.

2.2.2 Outage phases

The outage can be roughly separated into three phases:

• The shutdown sequence, which comprises the following sub-phases

- power reduction
- boration
- cooldown
- mid-loop operation with nitrogen flushing
- opening of the vessel and flooding of the reactor cavity

• The work phase, which comprises the following sub-phases

- removal of the vessel internals
- core unloading
- core loading
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- putting in the vessel internals

- works on safety trains

• The start-up sequence, which comprises the following sub-phase

- lowering the water level in the cavity/vessel to mid-loop
- closing of the vessel
- vacuum venting
- filling of the reactor coolant system
- degasification
- pressurisation
- start of reactor coolant pumps
- heat up of the reactor coolant system
- deboration and power increase

Each phase and sub-phase includes a set of periodic tests, which can be only performed during
this plant state. Based on experience, for each sub-phase a maximum duration was fixed. This maxi-
mum duration determines the system performance, e.g. the capacity of the residual heat removal
system for cooldown. When consideration of a shorter outage duration would have induced higher
investment costs, a sound balance has been found. But most of the benefits in time have been reached
by implementation of small details, which are nearly cost neutral because they are taken into account
at an early design state.

In the following, there are some examples of how to improve the outage performance.

2.2.3 Degree of automation

In former plants, the cooldown is performed manually. For being not too fast and violating
technical specifications, the operators have to operate with a temperature gradient, which is much
lower than what is technically allowed. In EPR, this cooldown will be automated. During cooldown
and start-up, auxiliary systems, like coolant evaporators, degasifiers, have the be started and stopped
depending on the water management status. These sequences need a lot of operator time and attention,
while he should focus on items in the overall plant shutdown or start-up process. Therefore, such kind
of sequences will be automated in the EPR. A lot of time critical tests, like tests on the pressurizer and
steam generator safety valves have to be performed. These typical test sequences are planned to be
done in automatic. In general, functions are automated, when

• they are time critical during shutdown and start-up,

• there is a investment risk, e.g. start/stop of big pumps,

• they disturb the operators during other important work or attention,

• it is a boring and repetitive work, which is a potential for human failure,

• it is important for safety,

• it is important for availability.

These are quite different criteria for automation, when compared with those used by the
designers before.

2.2.4 Full-flow degasifier in the chemical and volume control system

During cooldown, hydrogen and noble gases have to be removed from the primary circuit
before opening. This degasification was formerly done by spraying in the volume control tank and
was always significantly time critical. KONVOI plants are equipped with a full-flow vacuum degasi-
fier which drastically reduces the required time. It is also used to remove oxygen during start-up and
avoids the injection of hydrazine. The same concept has been implemented in the EPR.
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2.2.5 Mid-loop operation

Mid-loop operation is a plant state with reduced water inventory and core loaded. Reduced in-
ventory is necessary for opening of the vessel head. Mid-loop is advantageous for flushing the reactor
coolant system gas phase with nitrogen and air before opening, to reduce the radiological impact on
the workers inside containment. Operators opinion is, that mid-loop operation is necessary and can be
a good practice but the safety in such a situation, with reduced coolant inventory, must be guaranteed.
The retained solutions to reach this required safety level are accurate, reliable and redundant mid-loop
level measurements, automatic mid-loop level control and automatic makeup with the safety injection
system in case of level drop.

2.2.6 Nitrogen flushing during mid-loop operation

Before opening of the reactor coolant system, the gaseous phase is swept first to the gaseous
waste processing system and afterwards, if the noble gas concentration is low enough, to nuclear
ventilation system. Such kind of operation has been foreseen in German plants, since there is a
vacuum venting system. But the procedure was not very effective. The operation engineers found for
the EPR project new injection and suction points and increased the flow rates. With this, the time
critical duration has been reduced. The remaining amount of noble gases in the reactor coolant system
is minimised. Releases in the reactor building during opening of the reactor coolant system are
mitigated.

2.2.7 System capacities for draining of the reactor cavity

After core unloading and after core reloading, about 1800 m3 of borated water has to be drained
from the reactor cavity to the refuelling water storage tank. In order to avoid contaminating the tank,
this flow has to be routed via resin filters. The capacity of the normally used fuel pool purification
filter is about 30 kg/s.

This would lead to a time critical drainage time of 16 hours, twice per outage. Parallel use of
the coolant purification resin filters doubles the flow rate and halves the required time. The connec-
tion lines have been implemented in the EPR design.

2.2.8 Vacuum venting before filling of the reactor coolant system

After tightening of the reactor coolant system during mid-loop, there is still a free air volume of
about 200 m3 inside. During filling and pressurisation, this air volume is compressed and is concen-
trated at the highest points. It has to be vented during pressurisation and after several short starts of
the main coolant pumps. The main concentration points are the vessel head and the U-tubes of the
steam generators. A big part of the air gets dissolved in the coolant. The oxygen content increases.
This is the situation in former German plants and in France. Two problems are coming up. The vent-
ing process is time consuming and during heatup, oxygen limits in the coolant have to be respected. If
a lot of air is dissolved during pressurisation, the degasification process lasts longer. Hydrazine has to
be injected for oxygen elimination. The EPR will be equipped with a vacuum pump, which evacuates
nearly all the air during mid-loop operation, before filling of the reactor coolant system. This system
is intended to be kept in operation also during filling. The remaining air content will be small and the
venting procedure can be drastically reduced. Only a very little air amount gets dissolved and the final
oxygen content will be very low. Even without hydrazine injection, there will be no more start-up
delays to respect the temperature dependent oxygen limits.

2.2.9 N+2 Safety system design

In current plants, the French safety systems are designed 2 x 100 % (N+l), the German safety
systems are 4 x 50 % (N+2). From the first point of view, the 2 x 100 % concept requires less compo-
nents and looks therefore cheaper. For a 4 x 50 % concept, even two additional building compart-
ments have to be implemented to separate the trains. After more detailed analyses of the induced
investment, it has been found out, that the costs are not much higher with a 4 train concept. The
components are smaller, more standardised equipment can be chosen and some important big pipes
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like headers can be deleted. On the other side the safety is somewhat improved considering failure
risk. The overall capacity of 2 x 100 % and 4 x 50 % is the same.

Considering the subject of this paper the 4 x 50 % concept, commonly described as the N+2
concept, induces in addition the following advantages:

• On power maintenance.

The N+2 concept allows to consider the maintenance of one train during power operation and
to postulate in addition a single failure in case of an accident without impairing the safety criteria of
the safety analysis.

On power maintenance can therefore be performed with the following advantages:

• On power maintenance can be carefully planned and carried out with the best staff in a
free time window over the year.

• On power maintenance reduces the workload during outage and makes the outage
planning more save.

• On power maintenance reduces the maintenance costs, because the work is decompressed
and more can be performed by own staff.

• Increase of admissible repair times.

The degree of redundancy is higher. Therefore the probabilistic risk assessments allows longer
repair times during power operation. The repair can be performed with a better preparation and
perhaps with more qualified staff.

• Works on safety trains during outage.

Also during outage the N+2 concept allows a more flexible planing of maintenance work on a
safety train. More trains are kept available. Due to the time dependant decrease of residual decay heat,
the required capacities for heat removal are decreasing too. After a certain time, the 4 x 50 %
configuration becomes automatically a 4 x 100 % configuration considering heat removal. Main-
tenance is possible in phases, where it is forbidden in case of 2 x 100 %. In certain plant conditions,
maintenance can even be performed on two trains in parallel. The combination of these two trains is
nearly free. A degree of redundancy for residual heat removal of 2 x 100 % or 3 x 50 % can be kept
all the time. Even with more trains, the required time for safety train maintenance can be reduced.

• Cost savings considering spare parts.

With 4 x 50 %, the single components are smaller and less costly. Therefore, the costs for the
spare parts in the store are also lower.

2.2.10 Maintenance provisions on electrical busbars

The electrical house load grid is separated in 4 trains. Each train comprises of an operational
part and a safety part. The safety part supplies the safety trains and is fed by the operational part or by
the diesel generators. The operational part and the safety part of one train must be maintained
together. During this phase the assigned mechanical safety train is not available. But there are other
consumers, which have to be kept in operation, like safety lighting, fire detection and fire fighting,
site security, communication equipment, lifts, hoists, coolant evaporators, waste water evaporators. In
former designs, no provisions have been made for these consumers. The operators had to keep them in
operation with a lot of mobile cables through the corridors. Even if these consumers were doubled,
their alignment to the busbars was so unfortunate, that with maintenance on two trains, the whole
function was lost. Another restriction is, that the provisional connection must be from the same
quality, related to diesel supply. A lot of back-fittings have been performed in former plants to relax
this situation.
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For EPR, the operators identified the sensible equipment. They fixed the allowed maintenance
combinations of electrical busbars and put the consumers on the right busbar combinations, to keep
the function under all conditions during outage. For some equipment, double electrical supply has
been foreseen from busbars, which are never isolated at the same time. Special busbars have been
implemented, which are kept under voltage during the whole outage. Their maintenance is performed
during power operation.

2.2.11 Accessibility of the reactor building before and after outage

In German plants the reactor building is permanently accessible during power operation. This is
mainly due the inside spent fuel pool. In French plants, where the spent fuel pool is located in a
dedicated building, the reactor building is not accessible during power operation. All ventilation
penetrations are closed. This is a basic safety feature, which is preferred by the authorities. Some time
critical outage works to be done in the reactor building should better be performed before or after
outage, e.g. tests of the polar crane, tests of hoists, which are permanently used during outage. Con-
sidering these constrains, the less time critical these operations are, the shorter the outages will be.
The French and German operation engineers defined the amount of work to perform before and after
outage and identified the time needed for this work considering a reasonable limit of the number of
workers allowed to enter the containment. With this the accessibility could be limited to 10 days
before and after outage. The work location were clearly defined and the required shielding will have
to be adapted accordingly.

2.2.12 Lay-down areas in the reactor building

Experience shows, that in outage, there is always a lack in storage space for heavy tools and
vessel head equipment inside the reactor building. Each part is used in a dedicated sequence and must
be accessible from the polar crane. A very detailed planning for these movements has to be per-
formed, to avoid additional crane transports or not to block the sequence completely with direct
influence on the outage length. The tools used in France and in Germany are different. The first task
in the project was to get information about the partners' tools and to finally harmonise a set of tools
for the EPR. Afterwards, a handling sequence for the vessel head equipment and for the reactor
internals has been defined. This was the basis for the designers to create the EPR laydown areas
inside the reactor building.

2.2.13 Hatch opening and closing

French plants are equipped with an equipment hatch, German plants with an equipment airlock.
Design basis for the EPR is an equipment hatch. The EPR will be a standardised reactor, with several
units on one site. One multi-stud tensioning machine will be used for several units. Therefore
transport inside and outside the reactor building is essential. These dimensions are only possible with
a hatch. The containment is open, when the hatch is open. The multi-stud tensioning machine has to
be transported in before opening of the reactor coolant system. The hatch must be closed, when the
reactor coolant system is open and when there is reduced water inventory. Several other transports
have to be performed, which are critical when not possible at the right time. Derived from all possible
outage sequences, the required opening times and duration's and the allowed time for opening and
closing of the hatch have been defined and checked considering the confinement requirements.

2.3 Reduction of investment costs by proper system design and layout

2.3.1 General

A large field for cost savings is concerned by the design of the nuclear auxiliary systems and
not the safety systems. They are quite different in France and in Germany. Each of the two designers
knew only their own design. They were not able to harmonise themselves. It was a utility operator
task, to make the best choice.
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2.3.2 Optimisation of the coolant storage capacity

In France there are dedicated tanks for letdown coolant from the primary circuit and for
demineralized water after evaporation. With this, the slightest contamination of the demineralized
water with boron can be avoided. The deboration of the reactor coolant system can become more
effective. But this leads to a high tank storage capacity. The German plants use 6 coolant storage
tanks, interchangeable for letdown coolant and demineralized water but these tanks cannot be drained
completely and potential demineralized water pollution can occur. After long discussions and
calculations between utilities, it has been found out, that this potential pollution was in any case very
limited and couldn't have big impact on the deboration of the primary circuit. The combined tank
solution has been finally chosen for the EPR .

2.3.3 Gaseous waste processing system

The treatment of waste gas is completely different in France and in Germany. In France, all
tanks with a possible contaminated gas surface are connected to an evacuation system which pumps
the gases into big decay tanks. After decay of several weeks, the content is measured and manually
released to the stack. In Germany, the waste gas system is a closed circuit. All tanks and evaporators
are connected to this system and are permanently flushed with nitrogen at a slight under-pressure to
take into account the protection of the operating staff. A part of the flushing gas is routed to charcoal
beds, where the noble gases xenon and krypton are delayed much longer then the nitrogen. Due to the
charcoal, the gas storage capacity is increased. If the pressure in these delay beds increases, there is an
automatic release of the delayed gas to the stack. The advantage of this last conception is, that it
induces less gas releases. All volumes are connected to the same system. If one tank is drained,
another one is filled. The overall gas volume is kept constant. The required storage volumes are
smaller, fewer building volume is required. A drawback, compared to the French solution, is the
automatic release, which is currently not licensed in France.

The final choice was made for a reduced circuit system, where all tanks are flushed and a fewer
number of delay beds are used as breathing storage tanks, with floating pressure. With this, also the
French practice with manual release can be realised.

2.3.4 Fuel pool outside the reactor building

In France, all fuel pools are outside of the reactor building. The reactor building is not acces-
sible during power operation. In Germany the fuel pools are inside the reactor building. The outside
pool has the advantage, that the size of the pool can be changed and the shielding inside the reactor
building can be reduced. Even the overall size of the reactor building can be reduced. It is now driven
by the accident needs. An outside pool has been chosen for EPR.

The outside fuel pool allows the docking principle for the spent fuel cask. The cask is
watertight coupled below a dedicated cask loading pit, which has a direct connection to the fuel pool.
This French solution is preferred by the operators, because the cask is kept dry and is not contami-
nated. It must not be washed afterwards. The cask handling sequence in simpler. In current German
plants the cask is lowered directly in a water filled pool beside the fuel pool. Contamination pro-
tection is performed by a dedicated shirt, which is filled with demineralized water.

2.3.5 Separate independent waste building

In German plants, the waste storage and treatment - liquid and solid - is located in the nuclear
auxiliary building. This means that each unit has the whole equipment. In France, always several units
are located on one site. They have a common building for waste treatment. This waste building has its
own electrical supply and separate cooling means. It is not impacted by outage tagging. This is a big
advantage, even if only a single unit is built. Therefore, for EPR it was an easy choice for the opera-
tors to follow the French design. The only important item is, that there must be a subsoil corridor
connection between plant unit and waste building. It must be possible, that the people can change the
buildings and make transports without leaving the controlled zone.
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2.4 Optimisation of the operation and reduction of operation costs

2.4.1 General

A lot of items, which are indicated in the previous chapters, reduce already the operation costs.
Pure operation costs are costs for fuel, consumption material and costs for the staff.

2.4.2 Fuel costs

The core for the EPR is designed based on plant experience with extreme low leakage and high
enrichment. A further step can be the optimisation of the fuel cycle and the burnup by short cycles.
This know-how is purely on the utility side.

2.4.3 Consumption material

The major cost impact has the consumption of boron which cannot be recycled. There are big
differences between France and in Germany. The cost impact is even higher, when enriched boron is
foreseen, like in the EPR. Weak points have been found in France and in Germany. The vent and
drain system has been optimised, to make it possible to recycle all boron.

2.4.4 Man Machine Interface

Target is, to operate the plant with a reasonable number of staff. A potential reduction of
personnel shall not lead to drawbacks in safety and availability.

The number of operators in the main control room can be reduced by an optimised man
machine interface. The EPR shall be operable with 3 persons in the main control room. The digital
control room opens a large field of new possibilities. EDF has long lasting experience on simulators
and on the recent N4 plants. This experience was gained with operator participation from the very
first beginning. The development process is going on in the frame of the EPR with strong operator
contribution. An improved alarm concept is aimed to a better overview of the plant conditions. The
degree of automation is strongly linked to the required number of personnel and to plant availability.

2.5 Optimisation of the maintenance and reduction of maintenance costs

2.5.1 General

Maintenance is linked to the work on the components themselves, the space around the
components, their location and location and space for workshops. Another item is the possibility to
make adequate system tagging, without significant influence on the overall plant. All this is a typical
field, where the utilities are competent. The input is coming from the operators.

2.5.2 Choice of the components

Proven and standardised equipment is chosen. The number of different components is
minimised, to limit the spare part stock. Industrial standards are used as often as possible.

2.5.3 Arrangement of the components and space around them

The components are arranged in dedicated position and in a dedicated height above the floor.
Depending of the weight of the pieces there are hoists. There must be sufficient space for maintenance
around and there is dose and temperature protection for the workers. All these design conditions are
fixed in a set of'Layout requirements' which are created together by designers and operators.

2.5.4 Work areas and workshops

The needed space, the preferred location and the needed equipment in terms of crane capacity
of each kind of workshop has been given by the utilities, based on French and German experience.
The harmonisation process between French and German operators was difficult, because the main-
tenance strategy is different. EDF relies more on centralised national workshops, while in Germany,
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with several companies, more work is performed on site. The designers tried to implement these
surfaces in the layout without increase of the buildings.

A new, advantageous feature is the space in front of the hatch on top of the fuel building, and
just beside, the large free area on top of the nuclear auxiliary building. These surfaces in the range of
1000 m2 belong to the controlled zone, are equipped with cranes and can be used for storage of heavy
equipment, as well as for workshops. Due to the different maintenance policy, the surface distribution
to different tasks could not be fully harmonised between French and German Utilities. For German
Utilities, some space must be reserved for decontamination and maintenance of reactor coolant
pumps, while this work is performed in France in a national workshop. Nevertheless the pure overall
space requirements for the future EPR are the same for EDF and German Utilities.

2.5.5 Possibility for system tagging

For maintenance or repair, whole systems or parts of systems have to be isolated and drained.
To make these tagging easier and to make isolations during power operation possible without loosing
the whole function, the systems must adapted for tagging. Isolations and re-qualifications in adequate
zones must be possible. Each system drawing is checked with special emphasis for tagging possibili-
ties by experienced outage and maintenance preparation people. Special valves to ease isolations are
added.

2.6 Dose reduction, implementation of the ALARA principle

2.6.1 General

Dose reduction means low activity inventory in the systems, proper possibilities for system
cleaning before maintenance, proper system arrangement in the layout, adequate shielding, and
reduction of the amount of maintenance work. The ALARA principle - as low as reasonable achiev-
able - is a sound balance of all these aspects.

2.6.2 Low activity inventory in the systems

The source term depends on the choice of materials in the primary circuit, mainly in the steam
generators. Over the years, lot of experience has been collected on this field. Important is also to use
as far as possible alloys with the lowest potential to generate activated Cobalt.

2.6.3 System flushing possibilities

After isolation of system parts for maintenance, there must be possibilities to flush them with
demineralized water or even with chemical reagents. The system must be designed for this.

2.6.4 Proper system arrangement in the layout, adequate shielding

The components must be arranged in a way, that irradiation of maintenance people from other
sources around is avoided. Non radioactive components should not be located in rooms with radiation
fields or spots. The back of the working people must be kept free of irradiation sources. Adequate
shielding has to be foreseen in maintenance areas. Fixed shielding is preferred compared to mobile
shielding. The proper appliance of these basic principles is surveyed by the French and German
Utilities within the Layout Working Group.

2.6.5 Reduction of maintenance work

One of the best ways to reduce the dose is not to do the work. Based on former experience, the
maintenance intervals should be increased as far as possible. The fact should also be considered, that
a lot of damage can be caused by the maintenance itself. A good way in this direction is the
reliability-centred maintenance, which is developed by EDF. Developing of a new maintenance
strategy is undertaken under pure utility responsibility.
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3. SUMMARY

From the beginning of the conceptual phase, the operators have big influence on all fields,
where they are competent. Such fields are operation, system design, layout, outage, maintenance.
Their experiences are highly estimated in the project. All these items are fields, which are very impor-
tant for the future economical success of the project. This leads to an operable plant and to high
availability from the very beginning of operation because the operation requisites have been con-
sidered at the very beginning of the EPR design. It is the first time in Europe, that designers and
operators are working so close together. It is also the first time, in the management and the decision
making, that the utilities have the possibility to directly act on the design choices.
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