
COMMISSARIAT A L'ENERGIE ATOMIQUE 

INSTITUT DE PROTECTION ET DE SURETE NUCLEAIRE 

DEPARTEMENT D'ANALYSE DE SURETE 

A 
RAPPORT DA5 N° 5*4e 

THE USE OF CRITERIA 
IN THE REGULATORY SAFETY ANALYSIS 

IN FRANCE 

û. QUENIART * 

Colloque international sur les pratiques 
réglementaires et les normes de sûreté 

pour les centrales nucléaires - AIEA 
M l i , » ; / - l i 7 I T i n n u o n h r o ï q S 9 "1 



RAPPORT DA5 N a 5**e 

THE USE OF CRITERIA 
IN THE REGULATORY SAFETY ANALYSIS 

IN FRANCE 

D. QUENIART * 

Colloque international sur les pratiques 
réglementaires et les normes de sûreté 

pour les centrales nucléaires - AIE A 
(Munich, 7-10 novembre 1988) 

*CEA/IP5N/DAS Décembre 1988 



THE USE OF CRITERIA 
IN THE REGULATORY SAFETY ANALYSIS 

IN FRANCE 

ABSTRACT 

This paper describes the framework set up in France to allow continuous 
technical dialogue between operators and safety organizations. The 
operators, who have primary responsibility for the safety of their 
installations, propose the measures implemented, or to be implemented, 
in their installations. Each of these measures is then subjected to a 
detailed technical examination carried out by the Institute for Nuclear 
Safety and Protection, without reference to any technical regulations 
defined a priori. This approach has resulted, particularly in the case of 
pressurized water reactors (PWRs), in significant progress in the field of 
safety. This has been achieved by progressively completing the initial 
approach, derived from American practice for PWR plants, by 
probabilistic considerations, by a specific approach to severe accidents 
and by constant use of experience feedback. This last method seems 
particularly fruitful, and there would appear to be a need also for an in-
depth study of containment. 

1 . THE ORGANIZATION OF SAFETY IN FRANCE 

The French nuclear power programme is based on the design, 
construction and operation of series of identical units, the only 
differences being those required to adapt to the particularities of the 
sites chosen for the different units of a given series; these units are 
of the pressurized water reactor (PWR) type. For the nuclear steam 
supply system, only one single constructor is involved, Framatome, 
and the plants are operated by one single operator, Electricité de 
i i cii I U C . 

Today, in addition to the two units of Fessenheim and the four units 
of Bugey, the French PWR plants include: 
• twenty eight 900 MWe units comprising two slightly different 

series (CP1 andCP2), 
• twenty 1,300 MWe units comprising two slightly different series 

(P4 and P'4); 14 units have been loaded with nuclear fuel, 
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• two 1,400 units of the N4 series, currently under construction on 
the Chooz site; the remaining units of the N4 series will be started 
in the coming years in accordance with the electricity 
consumption forecasts. 

On account of the potential risks associated with the production of 
nuclear energy the French authorities have set up a system of 
specific authorizations which are more restrictive than those applied 
in the case of other industrial installations liable to be a source of 
environmental nuisance. Schematically, the major nuclear 
installations — and this concerns nuclear power plants as well as 
fuel cycle installations — are subject to three successive principal 
authorizations: the creation permit — which is issued by the 
government and must be received prior to any irreversible work on 
the site — the fuel loading or start-up test authorization, and the 
authorization for putting into normal operation — which follows the 
start-up tests and the start of operation of the installation — the two 
iatter authorizations being issued at ministerial level. In addition, 
the construction and operation of these nuclear installations are 
subject to constant follow-up by the public authorities in the form of 
special authorizations for certain modifications to the installations or 
their operating conditions and are checked by inspectors 
responsible for checking that the conditions of the authorizations 
granted to the operators are respected. 

Of course, in order to obtain the necessary authorizations for the 
construction and operation of their installations, the operators must 
submit justificative dossiers to the public authorities — the Central 
Service for the Safety of Nuclear Installations (SCSIN). The 
technical examination of these documents is entrusted to a specific 
organization, independent of the operators, the Institute for Nuclear 
Safety and Protection (IPSN) which gives the SCSIN, either directly 
or to groups of experts, after discussions with the operators, an 
opinion on the arrangements proposed by the latter. It should be 
noted that the IPSN forms part of the French Atomic Energy 
Commission (CEA), a public body devoted to research and 
development, and that the IPSN therefore enjoys the support of the 
technical resources of the CEA in assessing the dossiers submitted 
by the operators and in carrying out a certain number of research 
activities designed to improve safety or the evaluation of safety in 
nuclear installations. It is in this way that the basic studies relating 
to the improvement of the management of severe "beyond design 
basis" accidents are carried out by the IPSN, principally with the 
resources of the CEA. 

The French system set up for the organization of safety matters is 
therefore based on three poles: the operators, who have main 
responsibility for the safety of their installations — they alone are 
able to take the actions necessary to ensure safety — the safety 
authority, the SCSIN, which is responsible for ensuring the 
protection of persons and property, its actions mainly concerning 
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the authorization procedures of whicn it is in charge, and the 
surveillance of the installations by special inspectors, the 
independent technical expert, IPSN, which is responsible for 
proposing the technical measures necessary for the protection of 
persons and property and is, as such, safety authority advisor. 

In addition to the three regulatory stages described above, which 
constitute the principal activities involved in the examination of the 
safety arrangements made or planned by the operators, other less 
formal stages have been set up (such as the preliminary 
examination of the safety options for a new series, the ten yearly 
reassessment of units in operation) and, most importantly, safety 
analysis is conceived as a continuous technical dialogue between 
the operators and IPSN, beginning prior to the choice of safety 
options even and continuing throughout the design, construction 
and operation stages, and ending only with the definitive shutdown 
and decommissionning of the installations. The priority thus given 
to technical dialogue, which is doubtless facilitated by the industrial 
structure of nuclear energy activities in France, enables a constant 
climate of study and research to be maintained, a necessary 
condition for the high level of safety required both nationally and 
internationally for nuclear installations, without needlessly blocking 
the authorization procedures themselves. 

The safety approach thus adopted explains why France has not 
made the development of technical regulations, fixing more or less 
defailed criteria, a priority. In this connection, there is, even today, 
only one truly technical regulatory text. It concerns the primary 
circuit of pressurized water reactors, and is an adaptation of the 
traditional regulations applying to pressure vessels to the case of 
this circuit, the integrity of which is, of course, absolutely essential to 
safety. It should, moreover, be pointed out that this text is mainly 
concerned with the fixing of objectives, leaving the constructor to 
choose the means by which these objectives are to be reached and 
to justify the choice. In addition, based on the experience gained 
from the design and operation of a certain number of units, a set of 
"rules of the game" has been decreed in the form of fundamental 
safety rules, the observance of which is considered to be the 
equivalent of observance of French regulatory practice, the purpose 
being to "facilitate the safety analyses and correct understanding by 
persons concerned with matters relating to nuclear safety". 
However, an operator may, if he wishes, refrain from applying a 
fundamental safety rule "if he provides proof that the objectives 
aimed at by the rule are achieved by other means proposed by the 
operator in the context of the regulatory procedures". 

In other words, French practice avoids the fixing of objectives which 
are too precise, a priori, more or less abstract and with insufficient 
attention to feasibility. Safety can only be a compromise; what is 
required above all is to undertake an in-depth examination of the 
various technical problems and then to issue an overall opinion on 
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each installation, taking into account the reality of the construction 
and the operation. 

The operators, who have primary responsibility for the safety of their 
installations, m_st therefore, propose and justify, case by case, the 
measures which they have adopted or plan to adopt to ensure the 
safety of their installations, while at the same time taking into 
account those imperatives other than safety which they must also 
allow for. In so doing, they assume their full responsibility in safety 
matters, knowing that each of these measures will be subject to 
critical examination by IPSN who, after technical discussions with 
the operators, will advise the safety authority of the acceptability of 
the measures proposed. This dialogue, of course, develops in line 
with the technical progress and the advances in safety-related 
knowledge resulting from operational experience and specific 
studies and research. 

2. THE DETERMINISTIC APPROACH 

Electricité de France therefore relied extensively on the notion of 
reference plant and on the American regulations to justify safety in 
the design of the first PWR units of the French nuclear power 
programme, which involved NSSS constructed under a 
Westinghouse licence. Similarly, the safety organizations also 
referred to these regulations to a great extent at first, while at the 
same time developing certain ideas of their own. After technical 
discussions with Electricité de France, these ideas led the latter to 
adopt certain improvements, some of which were applied to the 
units in operation. 

Even now, in the framework of the "in-depth defence" approach 
arising from American practice, the operators, in their safety reports, 
justify the design measures adopted for the PWR units by the 
deterministic study, with safety margins, of a limited number of 
conventional situations. These conventional situations are 
categorized in terms of frequency, the seriousness of the 
consequences considered acceptable being inversely proportional 
to the estimated frequency. However, on the basis of worldwide 
operating experience, it has been decided to modify the 
classification of ihe situation "steam generator tube rupture" from the 
N4 series onwards as, in view of the data obtairfed, the probability 
of such a rupture is considered too high for it to be retained in the 
4th category (estimated frequency of 10"6 to 10' 4 per year). The 
situation "rupture of two steam generator tubes" has in addition 
been put into the 4th category. 
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3. PROBABILISTIC APPROACH 

It was soon decided by the French safety authorities that it would be 
useful to fix an overall objective serving as a reference in the 
context of safety studies. In 1977, during the examination of the 
principal safety options for the 1,300 MWe units, the SCSIN fixed an 
overall probabilistic objective in the following terms: 

"In general, the design of the installations of a unit comprising a 
pressurized water reactor should be such that the overall probability 
of this unit being at the origin of unacceptable consequences does 
not exceed 10"6 per year. 

Therefore, when a probabilistic approach is used to decide if a 
family of events must be allowed for in the design of such a unit, it 
must be considered that this family of event must in fact be allowed 
for if the probability of it leading to unacceptable consequences is 
greater than 1Q-7 per year. 

In application of the above, Electricité de France shall carry out an 
examination, on a case by case basis, to determine whether the 
simultaneous failures of redundant trains of systems important to 
safety must be allowed for in the design.... For these studies, 
realistic hypotheses and calculation methods can be used". 

Two comments can be made on the above text: 

a) The overall objective and resulting objective by family of events 
are fixed in terms of "unacceptable consequences"; these 
"unacceptable consequences" are not given a precise and 
general definition by reference for example to the known or 
supposed effects of ionizing radiation or to comparative studies 
of the risks associated with various human activities. In fact, the 
notion of "unacceptable consequences" is a political notion, like 
that of safety level, which can be the subject of progressive 
interpretations according both to the problem examined and to 
time. In practice, for each application, the notion of 
"unacceptable consequences" is defined in a conservative 
fashion (maintenance of containment integrity in the aircraft 
crash case, no prolonged uncovering of the core for 
simultaneous failure of ihe redundant channels of systems 
important to safety etc.) 

In this context, there is, today, no reason to modify this overall 
objective. At most, after the Chernobyl accident, the notion of 
"unacceptable consequences" should make greater allowance 
for questions raised by the long term contamination of soil and 
subsoil in the event of accident. There is, moreover, no point in 
fixing an "acceptable" probability for core meltdown as it is not 
clear how this probability can be reconciled with the overall 
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objective and, in any case, this probability would vary with the 
type of reactor. Also, the probabilistic approach is not adopted as 
a design method in France and, finally, the value generally 
advanced (of the order of 10"5 per reactor per year), seems now 
to be more or less reached according to the initial results of the 
probabilistic stud'es carried out a posteriori for the 1,300 MWe 
units. It would then be deduced that no improvements are 
required for future series of units, which would be contrary to the 
approach of permanent research which should be adopted in the 
domain of safety. 

b) The probability of 10 - 6 is a "goal" value and Electricité de France 
has not been asked to demonstrate that this objective is 
achieved. In this connection, the SCSIN commented on the text 
mentioned above as follows: 

"I would emphasize ... that my avowed aim of using probabilistic 
approaches for the greatest possible number of families of 
events does not imply the direct use of such methods for the 
design of units comprising pressurized water reactor. 
Probabilistic verifications can very well be carried out a posteriori 
to demonstrate the adequacy of the measures adopted and such 
studies can moreover improve the definition of the deterministic 
criteria used, if necessary, for the design of future units. 

Nor does my letter... imply that the demonstration of the safety of 
a unit comprising a pressurized water reactor must be made by 
means of a comprehensive probabilistic analysis. On the other 
hand, by using probabilistic approaches it should be possible to 
provide better justification of, or even to improve, the definition 
and classification of the situations allowed for in the design of 
such a unit", (which was the case, as we saw above, for the N4 
series). 

The studies which followed the letter of 1977 showed the need for 
supplementary measures to achieve a satisfactory level of safety 
with respect to certain situations which do not appear in the list of 
conventional situations. Specific procedures, called "H" 
procedures, (H for "hors dimensionnement" in French moaning 
beyond design basis), if necessary implementing supplementary 
equipment (to which the strict design rules are not applied), have 
been established. There are for example the H1 procedure "total 
failure of the heat sink outside the installation", the H2 procedure 
"total failure of the steam generator water supply" and the H3 
procedure "total failure of the electrical sources (external and 
internal)". These procedures reduce the probability of 
"unacceptable consequences" to a value of approximately 10~7 per 
year. As mentioned above, "unacceptable consequences" also 
cover prolonged uncovering of the reactor core. They are 
implemented in all the units, including, retroactively, the 900 MWe 
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units and constitute a significant progress in the domain of safety, 
defined in a pragmatic fashion. 

We can also consider using the probability calculations for core 
meltdown to evaluate the periods of operation which it is possible to 
authorize in the event of equipment unavailability. Such studies 
cm be used to verify that, in the context of the hypotheses adopted, 
i, e increase in the probability of core meltdown resulting from the 
application of the technical specifications relative to these periods of 
operation is not excessive. Where necessary, in the light of the 
resuts obtained, these periods will be reduced or supplementary 
measures will be taken. On the other hand, it would not be correct 
to deduce these periods automatically from the application of a 
criterion for an increase in the probability of core meltdown (for 
example 10" 7 per year). Thus, the implementation of the H3 
procedure in the French PWR units leads, by the simple application 
of such a criterion, to accepting a very long period of unavailability 
for the emergency generators. However, it is clear ihat it is not 
desirable to have to use the H3 procedure, a "beyond design basis" 
accident procedure, involving the implementation of 
"supplementary" equipment, with which the operators are not 
familiar. There is, above all, no advantage in including in the 
technical specifications — which should be of a nature to 
encourage — acceDtable periods of long unavailability when, in 
99% of cases, the necessary repairs can be carried out within 3 to 
4 days. In other words, the use of probabilistic calculations can 
clarify safety problems; but it would be contrary to the idea of safety 
to reduce the latter to the application of systematic rules. 

4. THE APPROACH TO SEVERE ACCIDENTS 

The French studies have included consideration of the fact that, 
despite all the precautions taken we cannot absolutely exclude the 
possibility of severe accidents, including core meltdown and a more 
or less significant loss, at an early or later stage, of the confinement 
of the radioactive substances in the containment. For a given 
scenario, one can almost always imagine a more severe scenario 
by imagining additional failures, but it is obvious that as the severity 
of the scenario imagined increases, the probability of its occurrence 
tends towards zero. However, it does not appear reasonable to 
attempt to fix a probability threshold below which the scenarios 
should be "excluded". First of all, the greater the improbability of the 
scenarios, the greater the uncertainty in the calculation of their 
probability, with the result that the calculation is not very meaningful. 
Secondly, and more importantly, this approach ignores the 
essential problem of accident situation management. 
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The French studies have, from the beginning, been oriented 
towards the control of the development of these situations and the 
mitigation of their consequences by means of a series of 
appropriate actions involving, on the one hand, optimum use of the 
resources available in the installation during the ccuice of the 
accident and, on the other, the taking of protective measures for the 
population. 

As regards this last point, examination of the French sites indicates 
that it is possible, in the first 24 hours, to evacuate the population 
within a radius of 5 km and to confine indoors the population within 
a radius of 10 km. 

The study of severe accidents of internal origin leads to the 
establishment of three major categories of accident for PWR units, 
each including core meltdown: 
• accidents resulting in early failure of the containment and to the 

release, after several hours, of the radiocctive content of the 
containment, without filtration (source term S1), 

• accidents resulting in deferred failure of the containment and to 
the release, after at least 24 hours, of the radioactive content of 
the containment without filtration (source term S2), 

• accidents resulting in deferred failure of the containment and to 
the -elease, after at least 24 hours, of the radioactive content of 
the containment through a filtered channel (source term S3 ), 

These source terms are specified in the following table (in terms of 
percentage radioactive content of the reactor com): 

S1 S2 S3 
% % % 

Noble gases 80 75 75 

Organic iodine 0.6 0.55 0.55 

Non organic iodine 6*0 2.7 0.3 

Caesium 40 5.5 0.35 

Strontium 5 0.6 0.04 
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The calculations show that the source term S3 is compatible with 
the implementation of the measures for the protection of the 
population described above. 

Under these conditions, the method adopted was to examine the 
possibility of reinforcing by simple means, without affecting the 
initial design, the ability of the containment to fulfil its role as 
ultimate barrier against the dissemination of a significant quantity of 
radioactive substances in the event of a severe accident. For this 
purpose: 
• a procedure, known as the U2 procedure, involving 

measurements of the activity of the air and the water in the 
sumps, is used to determine any leaks in the containment and to 
remedy them; it is implemented as soon as an accident situation 
is observed; 

• the ducts situated in the rafts of the containment which could, in 
the event of the raft being traversed by a "corium", constitute early 
pathways towards the environment for radioactive substances, 
will, by the end of 1989, be closed under the reactor pits (U4 
procedure).; 

• a device comprising a sand filter is currently being installed in all 
French nuclear power units in order to prevent containment 
failure due to overpressure; this device provides a means of 
reducing the pressure in the containment to its design value by 
effecting filtered releases; an effectiveness factor of 10 for the 
aerosols was sought and obtained, reducing a level S2 release 
to level S3 (procedure U5). 

Research carried out elsewhere indicates that early failure of the 
containment can be considered as totally unrealistic. Rapid 
interaction between melted fuel and water, general deflagrations or 
localized detonations of hydrogen are considered as being still 
realistic physically, whereas sudden detonation of steam, general 
explosions of hydrogen, direct heating, theoretically capable of 
resulting in early failure of the containment, are considered to be 
absolutely unrealistic physically for the large "dry" containments 
used in France. However, despite this conviction, studies are still 
carried out to arrive at an even better understanding of these 
phenomena and to increase still further the in-depth defence, for 
example, by examining the possibility of cooling "corium" by the use 
of water. 

The above enable us to exclude the source term S1 and to reduce 
the source term S2 to the source term S3 for which, in strictly 
technical terms, satisfactory protection of the population can be 
ensured. Studies are being carried out on the more long term 
management of the consequences of a severe accident situation, 
taking into account the contamination of the waters on the surface, 
in the soil and in the subsoil which can result. 
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EXPERIENCE FEEDBACK 

The large number of PWR units, the series of which comprise many 
analogies in spite of the progressively improving technological 
solutions, makes experience feedback very fruitful in improving both 
the safety of the units in operation and the design of new units. Both 
the operators and the safety organizations have set up considerable 
resources designed to identify the lessons provided by experience, 
in particular incidents, and to implement the appropriate corrective 
measures on all units. Of course, the precursors of possible severe 
accidents are particularly sought among the incidents. 

In addition, the rapid increase in the number of reactor-years, with 
the corresponding accumulation of reliability data, results in an 
increase in the understanding of the behaviour of the different kinds 
of equipment, making it easier to recognize any anomalies, signs of 
design faults or aging. 

Hundred of modifications relating to safety have thus been made, or 
are currently being made, on the 900 MWe units. 

This fund of information is also used by the intermediary of 
probabilistic safety evaluations. IPSN for the 900 MWe units and 
Electricité de France for the 1,300 MWe units, are currently 
developing tools designed for the estimation of The probability of 
core meltdown. All necessary precautions in terms of the 
standardization of data and methods have been taken to ensure the 
consistency of these two tools which are designed to enable a 
relative evaluation of the nuclear facilities by the introduction of 
actual reliability data and also the opportunity for modification of the 
installations or their technical specifications. 

CONCLUSION 

The ideas developed above contribute to a greater understanding 
of the French nuclear installations, particularly the PWR plants. 

It is clear today that the use of operating experience from existing 
ir**»*'ill'^*ir*r*<-» /-»/-*nr**i + iitf"\tf* n n rtrcûnlinl e n i i ma r\$ r\rr\n r a c e in t h o 
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domain of safety. This means that due importance must constantly 
be attached to technical study and dialogue between operators and 
safety organizations, taking particular care to avoid the imposition of 
a policy based on theory, the value of the latter being restricted 
mainly to ensuring better consistency of safety measures. 
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Very special attention must be given to the improvement of 
containment, given the sensitivity of the question of radioactive 
releases. This also is to be defined in pragmatic fashion in the light 
of the difficulties encountered and the results of the research 
currently being carried out. 
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