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ABSTRACT

Chronology of the commissioning orders of the French research reactors illustrates the importance of the
time factor. When looking at older reactors, one must, on one hand, demonstrate, not only the absence of
risks tied to the reactor's ageing, but, on the other hand, adapt the reactor's original technical designs to
today's safety practices and standards. The evolution of reactor safety requirements over the last twenty
years sometimes makes this adaptation difficult.

The design of the next research reactors, after a one to two decades pause in construction, will require to
set up new safety assessment bases that will have to take into account the nuclear power plant safety
evolution.

As a general statement, research reactor safety approaches will require the incorporation of specific
design rules for research reactors : experience feedback for one of a kind designs, frequent modifications
required by research programmes, special operational requirements with operators/researchers
interfaces...
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1 - INTRODUCTION

Handling of research reactors safety requires a total system approach involving the reactor's operating
organisation, as well as in its organisational and human components, as in its technical and operational
components.

Over the years, operating evidence confirms the high degree of safety attained and maintained by
research reactors.

The objective of this paper is not to describe all the areas in which the reactor should be controlled, but
to rather highlight areas in which research reactors require special attention.

In this light and in reference to the current French practices, I wish to submit to your appreciation two
subject areas:

- those in which time is considered as an essential factor;

- those which permanently constitute the safety design bases for these particular nuclear facilities which
are research reactors.

2 - CHRONOLOGICAL EVOLUTION OF RESEARCH REACTOR SAFETY
REQUIREMENTS

2.1 - Some dates

The below table indicates a chronology of the French research reactors commissioning orders.

CIVIL RESEARCH REACTOR
CHRONOLOGY

REACTOR
Melusine
Minerve
Ulysse
Cabri
Siloe
Pegase
Siloette
Harmonie
Eole
Isis
Osiris
Strasbourg (RUS)
EL4
Masurca
Rapsodie
High Flux Reactor (ILL)
Phenix
Phebus
Orphee
Scarabee

SITE
Grenoble
Cadarache
Saclay
Cadarache
Grenoble
Cadarache
Grenoble
Cadarache
Cadarache
Saclay
Saclay
Strasbourg
Brennilis
Cadarache
Cadarache
Grenoble
Marcoule
Cadarache
Saclay
Cadarache

CRITICALITY
58/07/01
59/09/29
61/07/27
63/01/01
63/03/18
63/04/01
64/02/01
65/08/01
65/12/02
65/04/28
66/09/08
66/11/22
66/12/01
66/12/19
67/01/01
71/07/01
73/08/31
78/08/09
80/12/19
82/01/01
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Two points are worth noting:

- the majority of reactors still in service are of an advanced age. Many have been recently closed, others
will be decommissioned within the next few years. However, some of these still offer interesting
technical possibilities. It would be desirable to maintain these in operation for several more years.

- after having constructed fairly regularly new facilities up into the early eighties, the construction of
new facilities came to nearly an abrupt halt. We have relatively little recent experience in their design
and construction. There is also little jurisprudence on recent research reactors emanating from
regulatory authorities.

2.2 Evolution of safety requirements

A very significant evolution of safety requirements has occurred for all nuclear reactors over the earlier
described period. These modifications where initiated by input from both reactor operators and safety
authorities.

Research reactors are totally concerned by this general evolution, although they haven't been at the
centre of the debate. Because of this, safety requirements specifically adapted to their cases are not
always clearly mentioned in official papers. However, it is more and more evident that the objectives
pertaining to nuclear power plants serve as a reference point, including the most recent project
developments (such as, for instance, those related to the EPR project).

Consequently, an important work must be undertaken to determine the modes of adaptation. From this
point of view, next research projects will be very important stakes.

If the duo probabilities/consequences of an accident remains an essential element to the project's
coherence, it can be noted that an increased attention is given to each individual component separately
taken into account as an acceptability element:

- the accident global probability is evaluated no matter its significant consequence. As a corollary to
this, the concept of "defence in depth" has become more refined and one verify more closely
probabilistic coherence of the safety for all types of other possible scenarios.

- the "overall" consequences are evaluated whatever the probability of the accident. Similarly, the
evaluation of confinement efficiency versus all types of accident scenarios has taken on increased
importance.
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Concerning the reactor's more technical aspects, we note requirements strengthening, especially on:

- reliability of the design, construction and operation guaranteed by an organisation of certified quality;
- better control of back end fuel cycle activities (effluents, wastes, dismantling and decommissioning);
- fire hazard assessment;
- external hazards assessment, notably seismic risks ;
- the need to identify and respond to a whole host of scenarios (reactivity control is an example : it will

not be acceptable to limit ourselves to a "overall" approach covering imperfectly identified scenarios;
- assessment, from the initial design studies, of accidental events and scenarios with severe
consequences.

It can be further stated that for each safety system, the concept of "demonstration" has been re-enforced.
No longer is a "strong presumption" sufficient, proof with "quasi-absolute certainty" is now required.

Finally, it should be noted that reactor safety issues are no longer the private matter of specialists.
Safety issues have become more open and readily explained to the public, as are any abnormal
conditions or incidents that may occur.

2.3. Application of these trends to future research reactors.

It is uncertain to foresee what the practical and precise application of these evolutions on the next
research reactors will be. This is yet the difficulty to overcome.

The quality of technical discussions among operators and safety officials will be fundamental. It will be
the operators obligation to provide solid proof of the reactor's safety, taking into account the most recent
requirements references and in carefully justifying specific adaptations necessities, or the possibilities of
less stringent requirements (tied, for example, to the radioactive inventory in the core or to particular
operating conditions).

We clearly can see that safety of future reactors must be demonstrated, and not merely extrapolated
from older research reactors.

Further, these projects do not have necessarily validated set of codes and standards taking into account
their specific nature and the age of their predecessors. Finding usable reference elements and completing
them as needed will be a necessity.

Finally, one would have to question ourselves on the complexity of research objectives assigned to the
future reactors and therefore on the complexity of the reactors themselves . The reduction of the number
of research reactors may make assigning multiple tasks to these reactors tempting (spectrums, flux,
experimental devices...). Safety, under these conditions, should not be reduced or forgotten.
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2.4. Older reactors

The periodic re-evaluation of older research reactors safety has a double objective, "ageing" and
"reassessment":

- verify if there hasnt been any safety degradation due to reactor ageing and that the experience
feedback is correctly integrated to the reactor's safe operations : this is done over the reactor's
continuous conformity to the initial operating licence standards.

- compare older operating safety standards to today's safety requirements and see how the facility could
comply to today's standards. If impossible or unrealistic, the reactor's operating conditions or
remaining life would have to be modified.

2.4.1. Ageing

Maintenance should bring the necessary warranties. Special attention should be placed on
specific modes of reactor's ageing (for instance, under-irradiation ageing).

The major and the one most frequently encountered obstacle resides in the difficulty, even the
impossibility, to inspect in-service certain of the reactor's components. Demonstrations
based on the quality of design and construction are not sufficient to legitimate continued
operation without component controls. The inability to field inspect critical reactor parts is a
leading factor in the shutdown of certain older designed research reactors.

From this, two lessons should be learned:

- the need to develop, in a timely fashion, inspection techniques, tools and inspection
accessibility for existing reactors;

- the importance, to include during the reactor's design, easier access to the reactor's part
requiring inspection.

2.4.2. Adaptation to new regulations

Full compliance of older research reactors to new safety regulations are often problematic in
practice.

It requires a complex discussion between reactor operators and safety authorities, especially
when no clear directives on the assessment determination are presented in regulation papers.

The subsequent strengthening of certain safety regulations and the examination of certain
scenarios not initially foreseen constitute an area requiring profound study, whose
importance for safety is not questionable. It is normal that the level of assurance associated
to earlier safety justifications be reconfirmed.
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But, unfortunately, all is not possible when regulation evolution has not been anticipated.
The most evident example or oversight, technically difficult to retrofit and economically
expensive to correct for, is the seismic risk assessment. Regulatory evolution around
earthquake protection measures has grown considerably. This evolution continues to grow.
Retrofit attempts of older reactors often reveal the limits of both technology and economics,
bringing, without a doubt, to a definitive shut-down of certain facilities in a yet to be
determined delay. The applicable rules to this transitions should be clarified, perhaps while
employing a certain pragmatism. It suffices notably to specify under what conditions a
drastic reduction in radioactive inventory could be used, provisionally, as an acceptable
compensatory measure.

Ill - A FEW OTHER FUNDAMENTAL ASPECTS OF RESEARCH REACTOR SAFETY

3.1. Original characteristic of each facility.

Every research reactor is a special case. Its design and construction requires a broad range of skills.
Proof of its inherent safety is specific : its unique safety system must be justified. Further, the system's
operations, the reliability of its components and their ability to be inspected must be shown.

An optimum should be sought between the existence of important safety design margins making safety
demonstration easier and the economic considerations leading to a smaller margins design and therefore
to more difficult justifications. Nonetheless, we should constantly kept in mind the objective of
inherently safe design characteristics.

Careful research reactor design is even more important than for other reactors, as they are typically of a
unique design and cannot easily profit from the experience gained in designing and operating other
reactors. Further, experience feedback is rarely direct : no event is directly applicable to other
configurations. One must therefore exercise a veritable will and great care whenever transporting or
extrapolating information gain from similar, but not exactly identical or more or less similar situations.
This will should notably express itself in an indispensable periodic re-evaluation of safety parameters
and factors.

3.2. Reactor evolution related to research programmes

The imperatives of research programmes, difficult to anticipate, leads to frequent modifications to the
facilities or the associated experimental devices.

These modifications require a careful, thorough and detailed re-appraisal of the reactors safety
considerations in order to bring coherence to and avoid the most probably potential failures in the
reactor's defence in depth. These concerns, being evidently shared by regulatory authorities, these
modifications often require and bring about a long review of the reactor's regulatory procedures, which
are at odds with the more supple requirements of research programmes.

It is therefore important for research facilities that an increased effort be undertaken to anticipate their
becoming and the associated eventual modifications to their initial designs. In turn, regulatory
authorities, should, as far as possible, integrate the need for future changes, in their procedures.
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3.3. The inviolable character of safety standards

In this changing environment, the organisation of the operator and his operating procedures should be so
construed to insure the application of the inviolable character of safety standards.

These standards should not only be composed of requirements issued by regulatory authorities, but also
from documents provided by the reactor's operator themselves based on established and demonstrated
reactor safe operational procedures. These documents most likely should include : safety reports,
general operating procedures and internal emergency response plans.

Modifications to standard operating procedures should be possible, but only after undergoing an explicit
review and approval procedure.

Eventual older practices or common operating procedures based on past experience that were informally
tolerated in the past should no longer be allowed today. All of today's procedures should be dully
approved and documented before being applied as standard operating procedure.

3.4. The operating context of a research reactor

Research reactors operation presents certain specific situations, notably within the operators/researchers
interface. Safety culture and practices must be similarly followed and practised daily by both functions.

The nuclear reactor plant manager, responsible for both reactor operation and safety, should, without
question, exercise direct authority over both operators and researches present on the plant site. He
should be able to appreciate and control the various risks that may occur during an experiment, be its
risks associated with the experiment itself or associated with the presence of researchers and operating
personnel within the confines of the facilities under his authority.

3.5. Back end operations of research reactors.

Research reactors history sometimes revealed that the attention, and therefore the means, were focused
on the experimental programmes proper progress, at a given moment.

However, the definition of such a programme should imperatively integrate the evaluation and
management of the overall induced effects : effluents minimisation, waste management, control of all
nuclear materials, future of spent fuel, waste treatment, dismantling and decommissioning...

It would be worrisome to put off the management and financing of the one of the above difficult
problems for later.
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CONCLUSION

Through this rapid review of the most important safety aspects of research reactors, we can conclude
that safe operations of these facilities require special attention, under a solid quality context. These
reactors are generally operated by well trained teams, very conscious of the special safety characteristics
posed by these reactors.

But, research reactors are by their very nature innovative facilities, upon which experimental results are
difficult to obtain and interpret. They are also evolving facilities, subject to frequent change.
Consequently, their safe operating conditions and procedures of use must be constantly re-examined and
modified.

To help us better improve our current and future operating procedures, a more careful comparison with
operating and safety procedures employed elsewhere in the world would be precious.


