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1. In this paper, Ï intend to present the trend in reactor safety evaluation 
in Frar.ee folic-ring the publication cf rcSH-l-ICC (the Frereueren Report). First 
I shall cet rid of vhat I shall call "the meteorite case", which, can scherrati-
cally he prceanccd as fcllcv.-a : 

- sir.ee '.v̂ SH-l-'CO concludes that risk arising from nuclear power plants 
is cf the save order of zr-agnitude as ris.k from ir-etecrits fallings 

- and af-rcTir.;: that all reasonable corrections cannot change such a la.** 
risk into an irv.'.cee-tr.ble c:.e .-

- it can be deduced that present safety rales and procedures are adequate 
for public safety, 

- and the enly thing to vcrry ahcut is to insure that rrcre nvrarous nuclear 
units, changes in technology, agir.g of etrpcr.ents, and/or staff routine do not 
reduce the present safety level. s 

Although the last pC'int in this demonstration is undoubtedly a very funda
mental one, which should r.ot be overlooked by safety bedies, I think that the 
v.tiole Ci:re carr.ct he supported because it taJ--.es for granted conclusions -.;hich 
must he -• and have bean - >2 - cpensd to serious cues tiering, and in the earns 
tire neglects unduly scr.ve essential findings freer. ',,l-lS";l-14C0. 

On tha opposite, it sears cbvious that a vcrk such as T.'<ASH-1400 cannot be 
ignored by • anybody involved in the reactor safety field, and cr.e is entitled 
to speak of vr. irreversible change in the prccess cf safety evaluation that 
can already be noticed in rrany countries. 

2. One can find in VSSK-1400 rsthodology and results important conplerents 
to the present "deterministic" safety analysis : '• 

- en accident prevention, study of possible faults in all systsns related 
to safety, using methods similar to those cf K--.5K-14C0, can help to find vreak 
links, false redundancy, cennen redes, and to select the best technical solu
tions : the scram system design for SU?E3-?:-s;iX can bs used as an exarple.^ 

- definition of accidents to be taken into account in safety analyses can 
make use of fault tree techniques to go through all possible inihiatina events, 
so as to r.dni::l::e ris/'.s of crûs s ion and define an ebjective criterion for 
multi-fault events. 
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3. In order to go beyond this first step, and take full advantage of the 
innovations implied in VffiSH-1400, chances in safety rules must be considérée 
When probabilities for various accidental sequences, with the corresponding 
evaluation of all their radiological consequences, can be properly assessed, 
it is only logical to try for each category of consequences to put. the 
maximum effort on the most probable - or less improbable - sequences, and 
simultaneously to lessen the safety requirements on other sequences. 

However, such an introduction of probabilistic criter'a as the basis 
for technical regulations msut come very progressively in practice for the 
following reasons : 

- present quantitative assessments have to be taken with large uncer
tainty margins, which are being solved with a better knowledge of physical 
phenomena involved in canplex accidental sequences - such as LOCA -, and 
acquisition of experience from operating plants 

- the set-up of a complete consistent set of probabilistic safety 
criteria would necessitate a preliminary consensus on the acceptable levels 
of risks, which in my opinion is still a controversial question which will 
bedealt with later in this paper. 

Nevertheless, it can be noted that such criteria are continuously 
beir.g introduced in the safety procedures, and trends in this direction in 
France will be presented with sore examples (criteria for protection and 
safety systems, operating rules with defective or in-tast equipment, externa 
aggression definition in such cases as aircraft crashes or chemical explo
sions, population density around the site^). 

4. I care new to one of the implications of WASH-1400 which raises a quite 
controversial issue : the acceptable level of risk. Since the ANS Washington 
Meeting of December 1972, with the session "Kcw safe is safe enough - and wt.. 
important contributions have been published on this problem^. I would advecs' 
to proceed on this matter with great caution, as discussion with the public 
and their representatives will be terribly difficult ori events so rare that 
eyerr the scientists: da'rob agree chr the meaning.of their predicted values. 

* • 
The answer will probably come only through an analysis of all the risla 

accepted by Society, and this must be done rigorously on the same basis for 
nuclear and non-nuclear activities. This is a long term, objective, at least 
in France, which could necessitate a preliminary harmonization of regulatory 
procedures. 

5. As a conclusion, it could be useful to point out some work which is 
urgently needed if probabilistic safety is to be a reality, and which could 
be the subject of intense international cooperation, especially : 

- better knowledge of all physical phenomena involved in large accident; 
including core melt-down 

- better use of reactor operating expsrier.ee, both to acquire valid 
reliability data on safety related components, and to analyze all incidents. 

http://expsrier.ee
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I shall start by quoting a representative of U.S. industry in a 
testimony given about a year ago before a Comiittee on resources, land use 
and energy. Ke was referring to a large reactor accident, as analysed in 
the Reactor Safety Study, WASH-1400 and said : "The probability of this 
accident is comparable to the probability of a large meteor striking here. 
Further restrictions on nuclear power might be in the category of putting 
£ meteor shield over this city". 

This type of statement is not unusual, in Europe as well as in this 
country, even if the meteor shield is not often presented as an argument 
in favor of nuclear energy. Table I sunmarizes the rationale behind it. 
First, it should be pointed out that in this attitude the only result from 
WASH-1400 which is considered important is the overall comparison of risks, 
overlooking that the Reactor Safety Study has given a large amount- of very 
important results for safety assessments, sane of them quite surprising, such 
as the relatively high probability of a core melt. 

The second point in the demonstration is apparently carmen sense: 
the study has used the best estimates from the best experts, so even if 
they happened to be wrong sometimes, that could not change such a low risk 
into an unacceptable one. 

The consequence is logical : from a safety point of view, everything 
is all right; from an industry point of vie/, let us start now to be 
reasonable and shorten safety requirements. 

However, even in this idyllic situation, last point should not be 
underestimated : we knew from experience hew .aich care and attention is 
needed to ensure the same quality in design, construction and operation 
when you have many more units even if they are standardised, the difficulties 
of evaluating the behaviour of components which have been working for 10 or 
15 years, the risks involved in any technological change, even if it looks of 
minor importance at first sight, the importance of human factor etc... 
So we can conclude that regulatory authorities will not be cut of business 
anyway, and that they do not have to look for new safety problems just to 
keep busy. 

I personnally consider that this approach of WASH-1400, starting 
from the overall risk cemparisen, is not well adapted to the needs of safety 
assessment, for the following reasons : 

a) Accident analysis is enly a part of safety assessments% it is not 
only that risks linked with normal operation have also to be taken into 
account, and I am thinking for instance of radisdicn doses to workers; but 
it is also the fact that a mechanistic analysis such as performed in V?«"-14CC 
necessarily cannot cover unforeseen events or phenomena,"which have to be 
looked at separately ; for instance, all physical phenomena involved during 
a ICCA and which have an impact on core ccolability. 



- 2 - ! 
I 

b) We all recognize the value of WASH-1400, but we should not make 
the safety bible. Progress in knowledge can alterate the results which nvi 
be considered as subject to revision (1) (2). Using the risk, as évalua*^ 
in WASH-1400 as a reference, and requiring for instance that no new nucl} 

plant should be authorised if it cannot be demonstrated that its specif;; 
risks are not larger than this reference, is in my opinion a non-logical 
approach. It is not only the fact that the application of such requirent) 
raises the difficult question of the relative importance given to 
consequence and probabilities (the slope of the Farmer curve) but mainly 
that a limitation on risk should come from an appraisal of the risks t» 
society and individual are ready to accept at a given time for such and 
such activities, aré not from what can be achieved in present reactors. 

c) I think that the findings of WASH-1400 can be introduced in a 
progressive way in the present safety evaluation process, if we proceed 
carefully, going from what is simple towards what is more complex. Since 
publication of WASH-1400, reactor safety has begun to change and will ne> 
be the same. I am new going to present the approach we are following in 
France (Table II). 

Table II gives the three steps that we are following. First, we kes 
the present general approach to safety evaluation, but we use WASH-1400 
results, and more important, WASH-1400 methodology, as an assistance in i 
evaluation. In the second step there is a progressive modification in tha 
evaluation itself, by substitution of quantified probabilistic criteria : 
present deterministic criteria on specific safety issues. Third, for the 
term, we can envisage that all safety criteria will be probabilistic in 
nature and will be deduced, with logics and consistency, from an overall 
risk acceptance criterion. The fourth item in Table II is in fact a périra 
action, parallel to the three steps above: it-is' necessary to match the 
theoretical safety analysis with facta, as they come fron research, tut 
mainly as they cone from thorough analysis of all operating reactor exper 

As regards assistance to safety evaluation, I want to give a few 
examples of what is being dene. In accident prevention, it is quite clear 
that the use of fault trees, as demonstrated by WASH-1400, is a very 
powerful tool to both the designer and the safety reviewer for the analysis 
protection systems; and they have been used in the past, before WASH-1400 
publication, but generally to a limited extent. They can help to find wea 
links, false redundancy, common modes and to select the best available 
design. What you get with WASH-1400 report is a complete set of data and 
results which can at least make a very useful reference for comparison. A 
study on the srram system of Super Phénix has already been presented (3) 
in this case, the safety criteria issued by the regulatory authority 
required both provision in the design to cope with a core disruptive 
accident initiated by a loss of flow without scram, and demonstration of 
reliability of the screm system better than a prescribed value; the relis 
bllifcy analysis of this system was an essential part of the safety procès 
and the design, with 2 main systems and 1 independent secondary system, ' 
finally chosen on the basis of the results of this work. 

In accident analysis, definition of accidents to be taken into accc 
can, and should, make use of fault trees and event trees techniques to cc 
through all possible initiating events in a way as systematic as possible 
in order of minimize risks of emission and define objective rules /or muH 
faults events. 
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Figure I gives an example of one of the simplest trees which can be 
drawn, all readers of WASH-1400 know that the main problem for fault tree 
designers is a question of quantity of paper and space. This one example 
relates to the third barrier, the containment building. 

There is little doubt in my via* that one of the Important consequences 
of the WASH-1400 is that in the accident analyses, the safety evaluation is 
no longer restricted to design-basis accidents, but has now to consider 
also, but in a different way, overdesign accidents, involving potentially 
large radioactive discharges, so as to define ultimate safeguard previsions, 
which can mitigate the consequences of such very lew probability events, 
without involving necessarily large economical or operational penalties if 
they are introduced at a preliminary stage. 

In this general approach, it must be pointed out that present safety 
rules remain fully in use; fault quantification, paying a special attention 
to the consequences of human error, the importance of which being one of the 
important results of WASH-1400, fault quantification becomes an essential 
element in the judgement of the safety level on a given plant. It is in 
fact the only way to install a fruitful discussion between plant construc
tors and operators on one side and regulatory bodies on the other, discu
ssion based on technical objective analysis and not on administrative 
arguments. I shall give in a few minutes an example based on PWR operating 
rules. 

But it becomes quickly obvious that it is necessary to go a step 
further if we want to take full profit from this probabilistic assistance 
and this can be done only by introducing probabilistic concepts into the 
safety criteria philosophy. There is no other logical attitude, and, as was 
emphasized by the authors of WASH-1400, it is the only way to ensure 
consistency betwoen various safety criteria, that is to put the proper 
effort where it is needed and not waste it on non-significant potential 
risks. 

However we must progress very cautiously in this direction for the 
following reasons : 
First, present quantitative risk assessments have to be taken with large 
uncertainty margins duo to insufficient knowledge of all phenomena involved 
in complex accidental sequences. Of course, for PWR's, everybody thinks of 
LOCA and every organisation Involved in LWP. safety research has important 
programs to improve our knowledge in such physical phenomena as critical 
two-phase flow or fuel behaviour. But I will take another example, 
seismic criteria. Very little is known on the probability of occurrence 
of large earthquakes/that is higher than the safe shut-down earthquake, in 
areas of relatively low seismicity . On the other hand, from the results of 
sophisticated calculations recently performed in CEA/we have found that 
there is a considerable safety margin inherent in present seismic designs, 
when you take into account energy absorption in structural deformations. 
So it is not only the question to be or not conservative, but to know 
what is really needed is a realistic evaluation of the plant behaviour 
during the postulated accidents, with the spectrum of dispersion, in order 
to be able to define criteria wMch are not overpessimistic and put 
unnecessary constraints to the designers without any improvement on the 
safety level. 

The second reason in my opinion, to proceed slowly and with care, is 
that wc will be faced sooner or later with the problem of fixing an 
absolute limit for accepted risks. I will cane back to this later, but I 
want to say that we should go as far as we can towards the elaboration of 
quantified probabilistic criteria before having to take a defiidte 
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standpoint on what remains for me a very controversial issue. 
I shall now give two examples of introduction of probabilistic 

criteria in the french regulatory process. I 
Loss of electrical supply is a serious concern far reactor safety. 

2 external sources and 2 internal supplementary sources are provided for 
each plant. Operating rules have to fix the maximum authorised operating 
time in degraded states, that is when one or more sources are unavailable. 

Table III compares the present regulatory position, as defined in 
Regulatory Guide 1.93, with the results of a risk assessment study ; 

performed by a cannon ŒA/EDF team (4), and used new as a basis for french 
regulation. It can be seen that in quite many cases, R.G. 1.93 is too 
conservative, if we assume that the objective is to operate without 
accepting any increase of risk, and this could reduce the plant availabilit 
without any benefit for safety. On the other hand, in a far cases, R.G. l.j 
is not on the conservative side, which, if confirmed, would be unacceptable 
for safety. Obviously such a study is independent of any absolute value fa 
accepted risk. I 

My second example relates to site acceptance criteria related to 
population density around the site. First and second columns of Table IV 
list the cumulated peculation within a radius of 10 or 20 km. In the 
third column, we give the risk for the public, expressed in terms of conca 
people, in case of a large radioactivity release, taking into account the 
weather destribution, in a way very similar to the ccnsequer.ee model in 
KASH-1400. It appears that cumulative population is not the right figure t 
consider and that you need to use a criterion based on risk assessment if i 
want to be able to evaluate correctly the relative merits of proposed sit« 
On this point in France, we have not yet defined any unacceptable limit, ti 
is used for comparison only between various alternatives (5). 

I come now to the last step in the implementation of a consistent 
set of probabilistic safety criteria, that is the definition of an absolute 
risk criterion, which, in theory, should take the following form : , 
- for each category of consequences, either in terms of concerned people or 
of property damage, we define the maximum acceptable probability of | 
occurrence for the cumulated total of all possible accidental sequences . 
falling in that category* 

- • ' I 
The figure camenly in use in this country of 10 ° par reactor per 

year for all accidents, with radiological consequences higher than those 
defined in 10 CFR 100,is a simplified formulation of this criterion, which 
has proven to be in fact quite useful in the practice. 

I think that if we want to go much more in the detail of such an 
acceptance criterion, we will have to face formidable difficulties. I am 
not even speaking of the political or societal problems, but of technical 
difficulties. Under the sponsorship of the Committee for Safety of Nuclear 
Installations of the European Nuclear Energy Agency, a group of experts in 
this field has b&en working for the last few months and found that even the 
concept of very lew probability events, or rare events, is very difficult t; 
be seized rigorously. Each of us in fact from his own experience has in his 
mind a minimum probability figure, whether it is 10~ 7 or*io~8 or sanething el 
below which he is not ready vo accept any real signification. 

So I vruld reccmrend a very pragmatic attitude. By gathering more 
statistical infermatien on unfrequent events, by applying on some specific 
issues, such as scram reliability, the best available analytical methods 
combined with engineer judgement, by studying in depth all aspects of human 
behaviour, wa shall build progressively more and more reference cases, on 
which it could opoear possible to bass a more general philosophy. 

http://ccnsequer.ee
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But it is also clear to me that we should not limit our research 
to nuclear activities, and that much more work has to be done on non-
nuclear risks, not only by collecting statistical data but also by applying 
to those risks a methodology similar to the one used in the Rasmussen report. 
The results of this work would be of the utmost importance in defining an i 
acceptable level of risk for nuclear activities (6). i 

I cane now to the conclusion (Table V ) . ; 
All our effort to base safety analysis on probabilistic assessments ' 

will be ruined if we do not check continuously theoretical evaluations 
versus the actual facts. I already mentioned the importance of research -
we should not overlook the fact that ignorance is one big source of human 
error. I 

I want to elaborate a little more on reactor experience : do we get all 
the information we could obtain ? There is already underway in this country 
as well as in others, such as France, the elaboration of a reliability data 
bank based on the collection of all faults on every safety related component 
of nuclear plants in operation. I 

But there is also a formidable source of information in the numerous 
incidents, without any significant consequence for the workers or the 
public, happening every day in nuclear plants, on which the analysis could 
well be presently insufficient. Let me take one last example in this talk : 
about one year ago in a French power reactor, heavy water water moderated, 
gas cooled, uranium oxide fueled, operating at steady power, with all 
auxiliary safety related systems tested and available, there was a 
simultaneous loss of the two external sources of electricity, and after 
start - up of internal electrical supply, the two diesels, there happened 
a series of faults on the various auxiliary systems, including the diesels 
themselves, which had no consequences on the plant, but which do not fit with 
the analysis of that type of incident as vas done before. The complete 
analysis of such a sequence requires a very big effort, and we are going 
to publish the results of our investigations. I think that if all incidents 
in nuclear plants were the subject of a detailed analysis and compared to 
the analysis done before the incident, we could accumulate a lot of very 
useful information which could substantiate our probabilistic safety 
approach. 

1 

sr 
iiich 

am 
cal 
lear 
s in 
i the 
:.lt t: 
'. his 

won 
on 



_ 6 -

R E F E R E N C E S 

P. TANGUY, Rev. Gen. Nucléaire, 1, 35 (1975) 

J. YETI.TN, The Eell Journal of Economies, 317 (1976) 

R. QUENEE, J.P. SIGNORET, Internai Report (1975) 

A. CARNTNO, J.F. GREPPO, in "Proceedings of the European Nuclear 
Conference, Paris 1975", Pergamon Press (1976) 

P. CANDES, Ph. AUSSODRD, in "Siting of Nuclear Facilities", Proc. 
IAFVNSA Mseting,Vienna, Dec. y-li 119/4) 

W.D. ROME, "An "Anatomy" of Risk, Environmental Protection Agency (1375) 



T A B L E I 

THE METEORITE CASE 

SINCE 

• KASH-1100 SHOWS NUCLEAR RISK EQUIVALENT TO 
«ETECRITE RISK 

• AND REASONABLE CORRECTIONS CANNOT HAKE MANY 
ORDERS OF MAGNITUDE 

CONSEQUENTLY 

• PRESENT SAFETY RULES ARE ADECUATE 

• WILY CONCERN : INSURING SAME SAFETY LEVEL WITH 
- nORE UNITS 
- AGING PLANTS 
- CHARGES IN TECHNOLOGY 
- STAFF ROUTINE 

TABLE I I 

IMPACT OF MASH-WOO ON SAFETY APPROACH 

• ASSISTANCE TO DETERMINISTIC SAFETY ANALYSIS 

• INTRODUCTION OF PROBABILISTIC SAFETY CRITERIA 

• ACCEPTABLE LEVEL OF RISK 

• USE OF RESULTS IN RESEARCH AND REACTOR OPERATING EXPERIENCE 



TABLE I I I 

LOSS OF ELECTRICAL SOURCES IN PWRs 

LIRITED TIRES FOR OPERATION (HRS) 

RE6.6. 1 .93 1 RELIABILITY STUDY 
• 

DEGRADED 
STATUS 

PCWCT OPERATION 
ALLOWED 

DEGRADED 
STATUS 

POWER OPERATION 
ALLOWED 

LCO-1 72 

2 R * 1 D T 

2 R * 2D T 

1 R * 2 D A 

150 
UO 

36 
12 

LC0-2E 24 20 0 

LCO-1E-1I 12 
1 R * 1 D T 

1 R * 1 D A 

5 
0 

LC0-2I 2 2R 12 

TABLE I V 

SITE POPULATION PROBABILISTIC CRITERIOK 

POPULATION (TH) POPULATION (TH) INDEX 
WITHIN IS m WITHIN W m (TH.C.P.) 

AVERAGE FRENCH SITE 16 60 2.3 
POPULATED SITES (ACCEPTED) 

TRICASTIN 87 125 3.7 
6RAVELJKES 32 224 6.1 

NEW PROPOSED SITES 
1 9>. 356 9.2 
2 46 188 10.9 
3 44 438 20.6 

U.S.A. SITES 
BEAVER VALLEY 35 225 6.2 
NORTH ANNA 1 10 .3 
INDIAN POINT 75 330 10.5 



TABUS V 

F U T U R E H E E D S 

• SAFETY RESEARCH t BETTER KNOWLEDGE OF PHYSICAL PHENOMENA 

INVOLVED IN LARGE ACCIDENTS 

• - TO REDUCE PROBABILITIES OF COfflON «ODES 
DUE TO IGNORANCE 

- TO A L U » PROBABILISTIC EVALUATION OF CONSEQUENCES 

• REACTOR OPERATION EVALUATION 

• TO GET RELIABILITY DATA 

• TO CHECK SAFETY ASSESSMENT VS. EXPERIENCE 

F I G U R E 
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