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Abstract

Current plants have excellent safety records and are cost competitive. For
future plants, excellence in safety will remain a prerequisite, as well as
increased cost competitiveness. When contemplating solutions to Severe
Accident challenges, cost effectiveness is essential in the decision making
process. This cost effectiveness must be understood not only in terms of
capital cost, but also of Operation and Maintenance costs as well as
absence of additional risks to plant operators. Examples are given to
illustrate the recommended approach.

I-INTRODUCTION

As outlined by many attendees to the meeting on "Identification of Severe
Accidents for the Design of Future Nuclear Power Plants" (1), Severe
Accident challenges were not explictly addressed in the design of current
plants. However, it turned out that, due to good engineering practice,
sufficient margin was imbedded in most designs to provide good or excellent
protection against most Severe Accident challenges. To go further into the
understanding of these remarkable results, it must be recognized that,
starting from the evaluation of all available margins, very pragmatic studies
were carried out and came to the conclusion that significant improvement in
public protection could result from the implementation of adequate accident
management and emergency planning provisions. Another very important
conclusion was that, on operating plants, most design modifications
contemplated to cope with specific challenges were difficult to implement,
costly, and, in some cases, would be counterproductive through addition of
unnecessary complexity to plant operation.

Moreover, these excellent safety records have been found to be compatible,
at least in the case of EDF with acceptably low construction and operation
costs.

To summarize the situation, one could say that current plants are safe, allow
electricity generation at low and in general competitive costs and that severe
accident provisions have a minimal impact on inspection and maintenance.
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II-REQUIREMENTS FOR FUTURE PLANTS

For future plants, it is generally agreed that Severe Accidents will have to be
considered at a very early stage of the design. This approach has been
reflected in recommendations issued by Safety Authorities as well as Utilities

Though there could be minor or easily explainable differences between
requirements issued by Utilities, general trends could be identified:

*a balanced approach between prevention and mitigation was favored

*probabilistic risk objectives, either design objectives (Core Melt
Frequency) or health objectives (Large Release Frequency) were based
on internationally agreed recommendations.

A paper presented during the meeting by OPEN members, for instance,
proposed to adopt INSAG3 recommended objectives, i.e.:

*Core Melt Frequency less than 10"5 per reactor year

*Large Release Frequency (Cumulated) less than 10 ^ per reactor year

*Minimum Containment Performance, i.e. Large Release Frequency
lower than Core Melt Frequency by at least a factor of ten.

For practical implementation, the following were recommended:

*consider all Severe Accident related challenges,

*address challenges as appropriate, i.e. those having a real impact on
risk

*eliminate by design challenges with the potential for leading to early
containment failure

*address Delayed Containment Failure through adequate Severe
Accident Management procedures or guidelines or through specific
features

*address Bypass sequences through prevention.

*Severe Accident sequences or challenges should not be Design Basis,
meaning that:

+potential consequences should be assessed using best-estimate
approach

+components needed to mitigate their consequences should
survive under estimated accident conditions but should not be
qualified for such conditions in the regulatory sense
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+systems or components needed to mitigate their consequences
should not be required to be redundant, though redundancy could
be deemed appropriate, after analysis, on a case by case basis.

At last, one could add that Accident Management must remain one of the
cornerstones of investment as well as public protection

This didn't mean that dramatic changes had necessarily to be anticipated at
the design level. More simply, it was expected that through such a process,
it would be possible to deal with Severe Accident challenges in a more
consistent way, contemplated modifications ranging from minor adjustments
in Accident Management procedures or guidelines to specific design
provisions allowing to deal with clearly identified challenges.

HI-FURTHER CONSIDERATIONS

Utilities operating nuclear plants have to face two major constraints:

-plants have to be operated safely: Utilities operatoring nuclear units
cannot contemplate a situation in which plant operation would result in
risks unacceptable from a societal standpoint.

-electricity generation costs must be kept below levels corresponding to
that of either competing energy sources, or of alternate means for
producing electricity.

Up to now, in the French context at least, nuclear electricity has had an edge
on other comparable energy sources. Though EDF are not necessarily in the
best position to give an opinion on the causes of this cost advantage, there
seems to be some consensus on the fact that standardization and good
operating records were the two major factors

In the recent past, however, this cost advantage was decreased. Reasons
for this narrowing are diverse, and range from external causes such as
significant improvement in competitiveness of other energy production
means or low cost of fossil fuels to additional internal burden resulting from
increased maintenance as well as new regulatory constraints.

So, one of the most difficult issues for the future, for current plants as well as
for future plants, is to improve plant economics while maintaining high safety
records.

IV-SEVERE ACCIDENTS AND COSTS

Before deciding what need to be done to consider in a first step, and
address in a second step (and if appropriate) Severe Accident challenges,
some specifics of such accidents need to be considered:
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*the degree of complexity of Severe Accident sequences is much
greater than that of Design Basis Accidents

*plant behavior cannot be actually considered deterministic. General
phenomena can be anticipated, but detailed evolution is difficult to
predict

*in-situ evaluation of plant status is difficult. For example, beyond a
minimum level of core degradation, deciding whether the corium is still
inside the vessel could prove problematic.

*as core degradation progresses, there are more uncertainties in the
understanding of plant status.

It so appears reasonable to limit, as far as possible, core degradation
through appropriate accident management procedures and deal with
challenges to key component integrity (e.g. prevent vessel or containment
structure)

For Utilities, though recognizing that mitigation is needed, prevention is
emphasized. However, this must be done in a very comprehensive way.

*First, prevention must be controlled. In some cases, prevention results
in added (and unnecessary) complexity which, in turn, can increase risk

Then, costs incurred must be commensurate with risk reduction. If risk
reduction is marginal, investing becomes questionable, and the question
to be raised is: would the same (or a smaller) amount of money allow
more significant risk reduction if invested to deal with other challenges?

*Some challenges can be adequately dealt with at minimal cost through
mitigation. This is the case for hydrogen generation or vessel
meltthrough for example.

*For all Severe Accident challenges, many candidate solutions exist, e.g.
for Hydrogen, one can think of:

+inherent protection through an increase of the containment
volume,

+containment inertization,

+mitigating devices such as recombiners or igniters.

Decisions must so be made on a case by case basis, after consideration of:

*the safety significance of the problem

*potential benefit resulting from implementation of each candidate
solution

*costs incurred

At last, when dealing with costs, it must be kept in mind that not only
investment cost is important, but also operation and maintenance costs.
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V-ANALYSIS PROCESS

When assessing the interest of candidate solutions to deal with specific
challenges, many aspects have to be analyzed. Though other aspects could
be found, the following must at least be considered:

5.1-Available experience on current plants

The first question to be raised is whether the challenge has been
identified as a credible safety issue on current plants, and, if it were the
case, how it has been addressed.

Pros and cons of solutions adopted for current plants have to be
outlined to provide a reference for further work.

One important thing to look at is whether the possibility of preventing the
challenge from occurring has been investigated, and understand the
reasons which led to adopt the solutions existing on current plants.

5.2- Credibility of risk

The root cause of the challenge being investigated must be identified,
and the associated risk evaluated. If the associated risk were deemed
negligibly small as compared to potential costs incurred, addressing the
challenge in the design would be highly questionable.

If, on the contrary, risk reduction was deemed "significant" the following
would have to be investigated:

*is it possible to address the root cause of the problem

*candidate solutions for risk reduction (procedures, use of
available systems, specific devices)

In all cases, reliability and cost effectiveness of contemplated
possibilities should be assessed.

5.3- Reliance on plant vulnerabilities

The objective being risk reduction, from a technical standpoint at least,
candidate solutions for specific challenges should not depend on plant
vulnerabilities (systems or components which are significant or dominant
contributors to risk) to perform their intended function.
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For example if Station Blackout were a dominant contributor to Core
Melt Frequency, relying on on-site Diesel Generators to limit melt
progression would be a questionable option. Similarly, if a component
such as a pump of a given type were the dominant contributor to one
key system failure, it would seem unreasonable to rely on systems with
identical components to recover from the situation.

This analysis must be very comprehensive, and the root cause of the
vulnerability would have to be clearly identified; For example, it would be
misleading to incriminate the reliability of a given type of pump if the
problem were in fact on a lubricating system.

5.4- Impact on Normal Operation

The Utility objective being to minimize generation costs, and plant
availability being key to low generation costs, candidate solutions
contemplated to address specific challenges should have minimal
impact on normal operation.

For example, spurious actuation of a depressurization system
contemplated to deal with direct containment heating (DCH) and
recovery time in case of spurious actuation should be sufficiently low not
to affect significantly plant availability during the expected lifetime of the
unit. In this respect, one can note that results on requested reliability for
such a system would probably be different if the discharge were made
directly to the containment atmosphere or to the In-Containment
Refueling Water Storage Tank when one is provided.

5.5- Detrimental impact on more probable events

Candidate solutions proposed for Severe Accident related challenges
should not degrade plant response in case of less improbable perturbed
situations.

One of the principals adopted in plant design is that the most robust
solutions are for the least improbable events. Proposing solutions for
Severe Accident challenges resulting in decreased reliability of systems
expected to operate in case of Design Basis Accidents would not be
tolerated.
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One example could be the decision to blow down the Steam Generators
(SG) in case of Steam Generator Tube Rupture to prevent Containment
bypass in case of a Severe Accident. Depending on the actuation signal
chosen for SG blowdown, blowdown could occur in case of Reactor
Coolant System break, situation in which it is recommended to maintain
the SG inventory to prevent tube creep failure resulting from elevated
temperatures on the primary side of the SG. In such a case, further
assessment would be needed to evaluate the global impact of the
solution, and not the specific improvement in case of a low probability
sequence.

5.6- Impact on maintenance

Candidate solutions can have a detrimental effect on maintenance work
in that they could add burden on the operators either for standard
maintenance activities on other components, or for their specific
maintenance.

5.6.1- Impact on normal maintenance

Most maintenance in the Nuclear Island is performed during
outages. Some activities are on the critical path, both in terms of
schedule and in terms of doses to the maintenance personnel.
Contemplated solutions should not, to the extent possible, create
problems on all standard activities. Examples of issues to be
investigated are:

*no constraint exists on polar crane operation and (or) stud
(de)tensionning,

*if intervention is needed on a candidate solution to allow easy
maintenance on other components, this intervention is not on
the critical path for the outage

*if such intervention is needed, impact on personnel exposure is
negligible

5.6.2- Impact on device maintenance

Candidate solutions should be rugged enough to require no or
minimal maintenance. When maintenance is nevertheless
required, maintenance time should in any case be limited, and
maintenance activities should bear no risk for operators.

A good example could be mitigating devices to deal with Hydrogen
production. Before entering an extensive study to optimize the
location of recombiners for example, the following should be
investigated:
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*areas available in the free volume of the containment after
considering all possible paths of the trolley on the polar crane
during maintenance

in the remaining volume, areas were installation of the devices
would create problems on other maintenance activities

*in the remaining volume, surfaces available to install the
devices

*on these surfaces, identify locations were devices could be
installed without creating risks for maintenance personnel (no
need for very long ladders to have access to the devices, no
risk of accident when operators pass by the devices, negligible
dose,...)

'identify location where maintenance work can be done without
too much difficulty.

VI- CONCLUSION

Though current plants were not explicitly designed for Severe Accidents,
they are quite safe and margins imbedded in the designs as well as
implementation of adequate Accident Management procedures provide
excellent resistance to many Severe Accident challenges.

The trend, for all future designs, is to consider all Severe Accident
challenges at a very early stage of the design, and address them as
appropriate. Taking advantage of lessons learnt on current plants,
technical elements do exist to adequately address all challenges with
risk significance.

However, considering that plant economics is becoming increasingly an
issue for current as well as future plants, and that there are many
possibilities to address specific challenges, thorough investigations will
have to be performed to identify the best compromise between
addressing specific risks and cost-effectiveness. In particular, candidate
solutions will have to be analyzed considering their impact on all plant
activities during normal operation to provide for assessment
completeness.
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